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ABSTRACT

The 16 publications presented in this thesis summarise the author’s contribution to sero-
epidemiological approaches for the diagnosis and monitoring of animal diseases of
importance to New Zealand.

The first four publications not only contribute to the above in relation to three important
animal pathogens, namely Brucella ovis, Mycobacterium avium spp. paratuberculosis
and Bovine Leukaemia Virus but also give an insight into more general consideration
associated with the optimisation and validation of serological assays, namely regarding
the definition and choice of gold standard reference sera, the determination of the cut-
off threshold and discrimination between negative and positive reference populations.
Two further publications deal with the establishment and validation of serological
assays for the diagnosis of Neospora caninum infection and abortion in New Zealand.
Then, baseline data were obtained for the sero-prevalence of the infection in dog and
cattle populations in New Zealand. Three case studies provided initially information
about the kinetics of serological responses after a N caninum abortion outbreak, and
information about the usefulness of herd-based techniques rather than individual cow-
based abortion diagnoses. A further study provided some early information about the
mode of transmission seemingly predominating in New Zealand, which tends to be
mainly via post-natal infection, in contrast to evidence provided by overseas
researchers. A final case study, a longitudinal study of serological and other responses
over a period of three years also provided data on the production effects of N caninum.
The dissertation is completed by a number of reviews on sero-diagnosis of N caninum
infection, its presence in Australasia and suggests finally control options, based on the

present state of knowledge.



1. INTRODUCTION

1.1. General considerations about immunological assays

(validation, performance characteristics).

Diagnostic tests are used in veterinary medicine to distinguish between diseased and
non-diseased/infected and non-infected individuals. In order for that distinction to be
reasonably accurate, information is required about the degree of agreement between the
test result and the true status of the animal. The assessment of the accuracy of a test
system should be the subject of a detailed study plan, which preferably follows
generally accepted guidelines. The Office International des Epizooties (OIE) has
published such guidelines (Anonymous. 1996) and they describe in some detail the
requirements in regards to a diagnostic assay. Pivotal to the performance of a test
system is its accuracy, i.e. the ability to describe the true status of an individual animal
and the precision of the assay, i.e. its ability to repeatedly arrive at the same result when

testing the same sample.

In reality the latter performance characteristic is linked to adherence to strict quality
control measures in the laboratory, the setting up of standard operating procedures and
conditions under which the assay is run. The former, accuracy, is described by two
independent measures: sensitivity and specificity. Sensitivity describes the (prob)ability
of a test system to arrive at a positive test result when the individual is truly infected or
diseased, specificity, the prob(ability) to arrive at a negative result when the animal is
not infected or diseased. Strictly speaking, measures of either describe the performance

characteristics of a test only for the reference population for which they were



determined. The validity of those characteristics depends strongly on the conditions
under which they were determined (i.e. the laboratory, the definition of the gold

standard population, cut-off determination, etc.).

The definition of the “gold” standard is a very critical determinant and the future
characteristics of the assay depend very much on the careful selection of the standard.
Often the standard itself, however, might be flawed, or has some serious drawbacks.
Sera drawn from reliable not infected animal populations will make the best negative
reference population (such as the Johne’s disease negative sera from Western Australia
or ram sera from Brucella ovis accredited flocks, which will be introduced in the
following papers). Often however one will have to rely on test results of another assay,
such as microbiological culture, which are in themselves subject to less than perfect

performance characteristics and hence the standard is only relative to another.

Positive reference populations may be from infected or diseased animals where their
infection status may have been determined by a methodology, which is, at the time,
regarded as the standard against which every other assay is compared. This may, in the
case of Brucella ovis infection be semen culture, in the case of Johne’s disease
demonstration of the causal organism in the faeces. These methodologies are usually

highly specific and the positive reference population well defined.

In the case of Neospora caninum infection the definition of the reference populations is
fraught with a great number of problems: while very specific methodologies (such as
PCR and Immunohistochemistry) allow the clear identification of infected calves, the
pathogenesis of abortion is still not clearly understood (calves with N caninum

infections acquired in utero may well live to term and not be aborted and concurrent
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infections with other abortifascients frequently occur) making it difficult to clearly
describe a positive aborted calves serum population. Historically the Indirect
Fluorescent Antibody Test (IFAT) was developed first for N caninum serology and
frequently new serological assays are compared to it. As our knowledge of N caninum
and its epidemiology increases, the IFAT and other serological assays need to be
constantly re-evaluated. The same however is probably true for most other diagnostic

assays, which require re-evaluation as our knowledge of the specific diseases grows.

Biological factors of the animals are equally important and will determine the
performance characteristics of a diagnostic assay. The clinical stage of a disease may
determine the sensitivity of an assay, as has been described for cattle varying between
preclinical to clinical stages of the disease (Ridge et al. 1991, Sockett et al. 1992).
Generally speaking the time between infection and the first production of antibody (in
the case of immunological assays) may vary from weeks to years (Burgess 1982,
Chiodini et al. 1984). The recent development of molecular techniques often allows to
determine the presence of genetic material from a particular pathogen very early on and
at very low numbers, but might not be able to distinguish between viable and non-viable

organisms, causal or non-causal association with the disease.

The following four papers set out to determine the performance characteristics for

serological and molecular techniques for three animal pathogens, namely:

Mycobacterium avium spp paratuberculosis, the cause of Johne’s disease (a chronic
wasting disease) of cattle, sheep and a number of other species. Brucella ovis, the cause
of chronic epididymitis and infertility of rams and bovine leukaemia virus (BLV), the

cause of enzootic bovine leukosis (EBL) in cattle. All three pathogens present(ed)
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significant disease problems in New Zealand and serological tests system were in use
for their diagnosis. However, the (re-)validation of serological assays at the beginning
of an eradication campaign (as in the case of EBL) seemed warranted. Several test
systems, mostly serological assays, had been employed overseas, but recently molecular
techniques have also been used (Miller et al. 1982, Mammerickx 1989, Klintevall et al.
1991, Beier and Siakkou 1994, Klintevall et al. 1994). When the New Zealand dairy
industry elected to embark on an eradication effort in 1996, and as a prerequisite to
testing the national herd, a number of serological and molecular assays needed to be
evaluated for their respective performance characteristics (sensitivity and specificity)

for the accurate detection of the infection status of dairy cows.

In an existing accreditation scheme (in the case of B ovis) the larger number of sera
tested annually afforded the opportunity to re-validate a serological assay with a very
large number of gold standard positive and negative sera. Also, recently, infection with
B ovis in deer had been recorded in NZ (Bailey 1997) and western blotting and the more
traditional test systems were employed to investigate the spread of this infection to a

new species.

In the case of Johne’s disease, diagnosis is complicated by the long lag between
infection and clinical disease, and the late onset of immunological responses to the
infection in the host (Hietala 1992). Serological and bacteriological test systems have
been plagued by low sensitivity and specificity (Hilbink et al. 1994, Jark et al. 1997).
Here an effort was made to better understand and possibly improve on the notoriously

under-performing immunological assay.
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These papers also establish the baseline standard for the subsequent larger body of work
presented on neosporosis, and some of the techniques mentioned here will also be used

in establishing and validating the immunological assays for the diagnosis of Neospora

caninum infection and abortion.
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1.2. Paratuberculosis (Johne’s disease)(Mycobacterium avium spp.

paratuberculosis)

Reichel, MP; Kittelberger, R; Penrose, ME; Meynell, RM; Cousins, D; Ellis, T;
Mutharia, LM; Sugden, EA; Johns, A and de Lisle, GW (1999).

Comparison of serological tests, immunoblot and faecal culture for the detection of M.
avium spp. paratuberculosis infection in cattle and analysis of the antigens involved.

Veterinary Microbiology 66, 135-150
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Abstract

Three hundred and forty-one sera from cattle in Western Australia and 106 sera from
Mycobacterium paratuberculosis faecal culture positive cattle were used to evaluate the
performance of two absorbed enzyme-linked immunosorbent assays (ELISA) (one locally
produced, the other a commercial test) and a complement fixation test (CFT) for the detection of
Johne’s disease in cattle. The diagnostic sensitivity (47.2%) of the local ELISA was significantly
higher than that of the commercial ELISA (31.1%), and significantly higher than that for the
complement fixation test (17.9%) and immunoblot (20.8%). Diagnostic specificity for the two
ELISAs was 99.7% and 97.9% and similar for CFT and immunoblot (97.1% and 97.7%,
respectively). The diagnostic sensitivity rose for both ELISAs and the CFT as the number of M.
paratuberculosis isolated from the faeces increased. The ELISA antigen was characterised by
polyacrylamide gel electrophoresis and electrophoretic immunoblotting and was found to consist

* Corresponding author. Tel.: +64-4-527-4481; fax: +64-452-74485; e-mail: reichelm@mqgm.govt.nz

0378-1135/99/$ — see front matter © 1999 Elsevier Science B.V. All rights reserved.
PII: S0378-1135(98)00311-3
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mostly of a carbohydrate-type macromolecule of 32-42 kDa. This macromolecule was identified as
lipoarabinomannan (LAM) by using a LAM-specific monoclonal antibody in immunoblots and
purified LAM in absorption experiments. By applying more complex antigen preparations in
immunoblots, serum antibodies against proteins of 47, 37, 30, 24 and 21 kDa, and against the 32—
42 kDa carbohydrate component were frequently found in infected cattle, and of these the 47 kDa
protein and the 32-42 kDa antigen were immuno-dominant. Pre-absorption of the sera with M.
phlei sonicate indicated that the protein antigens contributed markedly to non-specific serological
cross-reactions, while the 32-42 kDa non-protein macromolecule appeared to be specific. © 1999
Elsevier Science B.V. All rights reserved.

Keywords: Cattle-bacteria; Johne’s disease; Mycobacterium paratuberculosis; Mycobacterium avium; Faecal
culture; ELISA; Immunoblotting; LAM; Antigens

1. Introduction

Johne’s disease is a chronic granulomatous enteritis of ruminants caused by
Mycobacterium avium subsp. paratuberculosis (M. paratuberculosis) (Chiodini et al.,
1984). It is of economical importance worldwide and affects cattle, sheep, goats, deer and
members of the camelid family. The disease is characterised by intermittent diarrhoea
with bacillary excretion. It progresses through several stages and, in the majority of cases,
takes several years from infection to manifest itself with clinical signs.

Currently available serological tests for Johne’s disease including the complement
fixation test (CFT), the gel diffusion test (GDT) and various forms of enzyme-linked
immunosorbent assays (ELISA) have significant limitations (Kreeger, 1991). A major
reason for this is that seroconversion occurs relatively late during the course of the
disease which reduces the sensitivity of such tests. Furthermore, the specificity of
serological tests is affected by cross-reactivities with mycobacterial, nocardial and
corynebacterial species (Chiodini et al., 1984; De Kesel et al., 1992; Gilot et al., 1992;
Hilbink et al., 1994). The specificity of ELISA tests for sheep and cattle was improved by
removing cross-reacting antibodies by absorbing sera with Mycobacterium phlei (Ridge
et al., 1991; Hilbink et al., 1994). This increased the specificity of serological testing to
98.8% (Cox et al., 1991) and 99.8% (Ridge et al., 1991). Depending on the disease status
of the animals tested, the sensitivity has been reported as 57% under field conditions in
faecal shedders (Milner et al., 1990). The CFT, however, is still the most frequently
prescribed test in international trade of cattle (Anon., 1996).

Here we report results from a comparison of the performance (diagnostic sensitivity
and specificity) of two absorbed ELISAs with the CFT, using sera from infected (faecal
culture-positive cattle) and Johne’s disease-free cattle. Changes to the diagnostic
sensitivity were assessed in relation to the degree of bacterial shedding. Furthermore,
electrophoretic immunoblotting (EIB), a technique which enables the identification of
serum antibodies to individual antigenic macromolecules was used for the analysis of the
sera used in the comparison of the serological tests. This technique had previously been
applied only to small numbers of sera (Bech-Nielsen et al., 1985; Milner et al., 1987,
White et al., 1994; El-Zaatari et al., 1997).
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2. Materials and methods
2.1. Bacterial culture and antigen preparation

A New Zealand isolate of the M. avium complex, not containing IS 900 (WAg 1001),
M. avium strain 18, formerly identified as M. paratuberculosis (Chiodini, 1993) and M.
paratuberculosis Teps were used for antigen production. The type strain of M. phlei
(ATCC 11758) was used as immunosorbent. Bacteria for antigen and absorbent were
grown as pellicles on modified Watson—Reid medium. Bacteria from the pellicles were
washed three times in distilled water by centrifugation for 15 min at 3500 g. Soluble
antigen preparations were made by disrupting the bacteria using a VirTis 550 W sonicator
(Gardiner, NY, USA). Bacterial cells were chilled during sonication and disrupted for a
total of 30 min. Following sonication the suspensions were centrifuged at 15000 x g for
60 min. Lipoarabinomannan was purified from M. paratuberculosis laboratory strain V as
described previously (Sugden et al., 1987).

Protein determinations were performed using the Bio-Rad DC protein assay (Bio-Rad
Laboratories, CA). Polysaccharide determination was carried out as previously described
(Severn et al., 1997).

2.2. Sera and faecal culture

Sera and faecal samples were collected from all the 450 adult animals from three New
Zealand dairy cattle herds with a history of Johne’s disease and 341 sera were obtained
from cattle from Western Australia, a region which is considered to be free of Johne’s
disease (Cox et al., 1991).

Faecal culturing procedure was a modification of the method described previously
(Collins et al., 1993). The modification was that after decontamination in 1%
cetylpyridinium chloride for 24 h, the samples were centrifuged for 20 min at
3500 x g. The supernatants were discarded and the pellets resuspended in 0.4 ml of
sterile distilled water. The resuspended pellets were inoculated onto three slopes of
Herrold’s medium supplemented with mycobactin.

2.3. Serological tests

The CFT and Wallaceville Animal Health Laboratory absorbed ELISA (W-ELISA)
were performed as described by Hilbink et al. (1994) with minor modification to the
ELISA, using as antigen a sonicate produced from isolate Wag 1001 (prepared as
described in 2.1) and as conjugate a horseradish peroxidase conjugated protein G from
Zymed, San Francisco, CA.

A reaction of 4 (100% complement fixation) at the 1/4 serum dilution was regarded as
positive in the CFT, a reaction of 3 (75% fixation) regarded as suspicious. An absorbed
Johne’s disease ELISA (C-ELISA) from Commonwealth Serum Laboratories, Australia
(Parachek™), was performed according to the manufacturer’s instructions.
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2.4. Polyacrylamide gel electrophoresis (PAGE)

Bacterial sonicates were diluted in sample buffer (62 mM Tris-HCl of pH 6.9,
5% SDS, 1% mercaptoethanol, 10% glycerol), boiled for 5 min and then centrifuged
for 5 min at 5000 x g and the supernatants collected were used for gel electrophoresis.
Proteinase K digestion of antigens were performed by adding 1pl of a 1 mg/ml
solution of proteinase K (Boehringer Mannheim, Germany) to an aliquot of 100 pl
of antigen, and by incubation at 37°C for 1h. The reaction was stopped by
diluting the antigen in sample buffer and boiling for 5 min. Electrophoresis was
performed on homogeneous polyacrylamide gels (12%T, 2.7%C) of 1.5 mm
thickness using 5% stacking gels with a discontinuous Tris-glycine buffer system
(Laemmli, 1970) in a Mini-Protean II electrophoresis cell (Bio-Rad, USA). Samples of
100 pl of antigens in sample buffer were applied over the whole length of the gel for
immunoblotting or 10 pl of sample per well on gels that were used for gel staining. Gels
were run for 45 min at 200 V and then either Coomassie-stained or transferred to
membranes for EIB.

2.5. Electrophoretic immunoblotting (EIB)

Electrophoretic transfer onto PVDF membranes (Immobilon-P membrane,
Millipore, USA) was carried out in a Trans-Blot SD cell (Bio-Rad, USA) at 15V
for 30 min. Membranes were blocked overnight at room temperature in TBS (50 mM
Tris-HCI, 150 mM NaCl, 0.02% sodium azide, pH 7.5) containing 3% non-fat dry
milk powder (Anchor, New Zealand; TBS-MP), then incubated for 2h at room
temperature with bovine serum samples of 50 ul, diluted 1 : 100 in TBS-MP (or absorbed,
see below) in a Cassette Miniblot System (Immunetics, Cambridge, USA), followed by
three washes with TBS-T. Membranes were subsequently incubated for 1h at room
temperature with alkaline phosphatase (AP)-conjugated recombinant protein G (Zymed,
San Francisco, CA), diluted 1 : 5000 in TBS-MP and followed by three washes with TBS-
T. Finally, they were incubated for 10 min at room temperature with substrate
solution (0.1 M Tris-HCI, 0.1 M NacCl, pH 9.8, 60 mM nitro blue tetrazolium and 30 mM
5-bromo-4-chloro indolyl phosphate) followed by two 5 min washes with distilled
water.

Some membranes containing proteinase K-digested antigens were washed three times
in water after electrophoretic transfer, then incubated with an aqueous solution of 0.7%
periodic acid for 20 min at room temperature, washed again three times in water, and then
blocked and further processed as described above.

Absorptions of all sera were performed by diluting the sera 1:100 in TBS-MP,
containing 30 pg/ml of M. phlei sonicate (based on protein content) and
incubation for 30 min at room temperature. A few sera were absorbed with double
dilution series of sonicates ranging from 2 mg/ml to 2 pg/ml (protein content) of M. phlei,
M. avium S18 and M. paratuberculosis Teps from 0.4 mg/ml to 0.4 pg/ml (polysaccharide
content) W-ELISA antigen, and from 0.1 mg/ml to 0.02 pg/ml pure LAM, diluted in
TBS-MP.
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2.6. Immunoblots with a monoclonal antibody (MAB)

The cell culture supernatant of MAB PII/BI (IgM, anti 35-47 kDa carbohydrate)
(Mutharia et al., 1997) was used in blots on membranes to which antigen (M.
paratuberculosis, M. avium, W-ELISA antigen) had been transferred. All incubation steps
with this MAB were carried out as for cattle sera, except that goat anti-mouse Ig (IgG,
IgM, and IgA)-alkaline phosphatase conjugate (Sigma) was used.

2.7. Statistical evaluation

Correlation coefficients (faecal colony counts versus absorbance values for the
ELISAs, CFT results and blot staining intensity) were calculated using Microsoft Excel,
Version 5. CFT titres were converted on a linear scale as follows: no complement fixation
at any serum dilution indicated by 0, a reaction of 1/4 (i.e., 25% fixation at the 1:4
dilution) by 1.25, a reaction of 2/4 indicated by 1.5 and so forth adding increments of
0.25. Staining in blots was graded visually by allocating values to the strength of the
reaction: negative denoting 0, very weak positive, weak positive, positive to strong
positive graded from 1 to 4.

Diagnostic sensitivity and specificity were calculated as previously described (Martin
et al., 1987), with the Johne’s culture-positive cattle as the positive reference population,
the Western Australian cattle as the negative reference population.

The chi-square and McNemar’s test were used for statistical significance. Optical density
values for the Western Australian cattle sera in the W-ELISA were log;( transformed and the
distribution tested for normality. The cut-off value for the W-ELISA was established, based
on the mean of the optical density values of the Western Australian cattle sera plus 3.09
standard deviations (99.9% target specificity). The distribution of W-ELISA results for the
negative reference population was tested for normality using tests for skewness, kurtosis and
the Kolmogorov—Smirnov test (Pearson and Hartley, 1972)

3. Results
3.1. Infection status of cattle from which sera were obtained

M. paratuberculosis was isolated from the faeces of 106 (23%) of the animals
indicating a high level of infection in all three herds. Prevalence of infection did not differ
significantly (p = 0.53) between herds, ranging from 20.6% to 26.3% (Table 1).

Contaminants were observed in the cultures of 26 of the 450 animals. In no case were
contaminants observed on all the three slopes inoculated for each animal. In only two
cases were there contaminants on two of the three slopes and on one slope only for the
remaining 24 cases.

3.2. Establishment of cut-off value in the W-ELISA

For the 341 WA negatives, the log;( transformed W-ELISA values were well fitted by a
normal distribution (mean = —0.9331, S.D.=0.1088) when the highest value was
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Table 1

Number of Johne’s disease faecal culture positive cattle on each of three New Zealand dairy farms

Farm Number cultured Culture positive Jopositive
A 133 35 26.3

B 176 42 239

C 141 29 20.6
Total 450 106 23.6

p =0.053

excluded as an outlier. This value was 3.90 S.D. above the mean: the probability of the
largest of a normally distributed sample of 341 reaching this level is about 1.6%. The
normality of the remaining 340 log transformed results was tested using the third and
fourth moments (skewness, p = 0.23; kurtosis, p =0.99) and using a Kolmogorov—
Smirnov test (p > 0.15).

3.3. Comparison of the serological tests

Using faecal culture positivity as the gold standard signifying true infection, the sera of
the 106 culture positive animals were used to assess the diagnostic sensitivity of the
serological assays. The overall diagnostic sensitivity of the W-ELISA (50/106 = 47.2%)
was significantly higher (p = 0.003) than that of C-ELISA (33/106 =31.1%) and
significantly higher (p <0.001) than the sensitivity of the CFT (19/106 = 17.9%).
Sensitivity increased with increasing faecal culture colony counts and reached 87.5% for
W-ELISA, 75% for C-ELISA and 56.3% for the CFT for counts above 100 colonies/
culture (Table 2).

Absorbance values in W-ELISA showed the highest correlation (r = 0.619) with faecal
colony counts, followed by C-ELISA (r = 0.471) and CFT (r = 0.452). The correlation
between the absorbances in the two ELISAs was r = 0.575, comparable to the correlation
between W-ELISA and the CFT of r = 0.583. The correlation between the C-ELISA and
the CFT was only with r = 0.4 (Table 3).

Testing of the 341 sera from Western Australian cattle showed comparable diagnostic
specificity (p > 0.05) for the two ELISAs and the CFT, at 99.7% for W-ELISA, 97.9% for

Table 2
Number of serological reactors (% in brackets) in two ELISA and CFT tests (including suspicious results) in
relation to faecal culture counts from M. paratuberculosis infected cattle

Number of Number positive Number of positive sera (sensitivity %)
colonies/culture

W-ELISA C-ELISA CFT
1-10 56 (52.8) 18 (32.1)* 5 (8.9)° 3 (5.4)°
11-100 34 (32.1) 18 (62.9)* 16 (47.1)* 7 (20.6)°
>100 16 (15.1) 14 (87.5)* 12 (75.0)* 9 (56.3)"
Total 106 (100) 50 (47.2)* 33 31.1)° 19 (17.9)°

Figures in the same row with different superscript differ significantly from each other.
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Table 3
Correlation (correlation coefficients) of serological test results for 106 sera from cattle herds with positive faecal
culture

Faecal colonies W-ELISA C-ELISA CFT
W-ELISA 0.619
C-ELISA 0.471 0.575
CFT 0.452 0.615 0.400
EIB Antigen-T, all bands, non-absorbed 0.405 0.731 0.564 0.548
EIB Antigen-T, all bands absorbed 0.459 0.802 0.566 0.522
EIB Antigen-T, 3242 kDa, non-absorbed 0.459 0.784 0.560 0.593
EIB Antigen-T, 3242 kDa, absorbed 0.480 0.777 0.608 0.543
EIB Antigen-A , all bands, non-absorbed 0.376 0.516 0.377 0.232
EIB Antigen-A, all bands, absorbed —0.015 0.220 0.170 0.141
EIB Antigen-A, 47 kDa, non-absorbed 0.258 0.359 0.318 0.129
EIB Antigen-A, 47 kDa, absorbed —0.020 0.169 0.192 0.169

W-ELISA: Wallaceville Animal Health Laboratory’s enzyme-linked immunosorbent assay;
C-ELISA: CSL ELISA; CFT: complement fixation test; EIB: electrophoretic immunoblot.

C-ELISA and 97.1% for the CFT. One serum sample was positive in W-ELISA, seven
sera were positive in the C-ELISA and ten in the CFT.

3.4. Immunoblot analysis

3.4.1. Antigen characterisation

Three antigen preparations were used for this study of which two (M. paratuberculosis
Teps (Antigen-T) and M. avium Antigen-A) were used for immunoblotting, while the
third was the antigen used in the W-ELISA (Antigen-W). Fig. 1 shows the Coomassie-
stained SDS-PAGE profiles of the various antigen preparations and the ELISA absorbent,
a M. phlei sonicate. Antigen-T, Antigen-A and the absorbent exhibited complex protein

MWM 1 2 3 4
MW/kDa

97 —
66 —

45—
31—

22—
14—

Fig. 1. Polyacrylamide gel electrophoresis analysis of various antigens used in this study in Coomassie- stained
gels. (1) Antigen-T, a M. paratuberculosis Teps sonicate; (2) Antigen-A, a sonicate of a M. avium; (3) Antigen-
W, a sonicate used in W-ELISA. (4) M. phlei sonicate (used as absorbent in W-ELISA). MWM: molecular
weight markers.
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staining patterns of protein bands ranging from about 8 to 200 kDa and comprising at
least 20 individual bands. The protein concentrations of antigens T, A and the absorbent
were 1.9 mg/ml, 10.0 mg/ml and 18.7 mg/ml, respectively. In the gel in Fig. 1, the
concentrations are adjusted to 5 mg/ml for all except Antigen-W. Because of their
complexity, Antigens T and A presented ideal preparations for immunoblotting in order to
identify immuno-dominant antigenic components within these complex macromolecular
mixtures.

Antigen-W showed no Coomassie-protein staining in the gel (Fig. 1), which was in
accordance with the protein determination. At 0.3 mg/ml this was slightly above the
detection limit of 0.2 mg/ml. Polysaccharide determination showed concentrations of
0.14 mg/ml, 0.01 mg/ml and 0.39 mg/ml for Antigens T, A and W, respectively.
Therefore, Antigen-W contained predominantly polysaccharide while Antigen-T was
composed of proteins and polysaccharides. Antigen-A contained mostly proteins with
very little polysaccharide (the value of 0.01 mg/ml was the detection limit).

For immunoblotting Antigen-T and Antigen-A were used at protein concentrations of
I mg/ml, resulting in 0.07 mg/ml polysaccharide concentration for Antigen-t and a
0.001 mg/ml polysaccharide concentration for Antigen-A.

3.4.2. Immunoblot analysis of sera obtained from M. paratuberculosis faecal
culture-positive and non-infected cattle

Immunoblotting results are given in Table 4. The 32-42 kDa antigenic component was
the most frequently stained band in blots using Antigen-T. In sera from faecal culture
positive animals, 23.6% showed this type of staining which was reduced to 20.8% after
pre-absorption of the sera with M. phlei sonicate. Bands of 47, 37 and 30 kDa and of
variable molecular weight under 21 kDa appeared with low frequency. Highest
correlations between the intensity of staining in the immunoblot and other serological
tests were found between total bands of Antigen-T or the 32-42 kDa band alone and the
W-ELISA. There was little difference between absorbed and non-absorbed sera. All other
correlations were poor (Table 3).

Sera from Johne’s disease-free cattle showed staining of bands with Antigen-T in 41
sera, which was reduced to nine sera after pre-absorption with M. phlei sonicate. The
major band recognised was the 3242 kDa band by 6.7% non-absorbed and 2.1%
absorbed sera. The absorbed EIB showed staining of the 32-42 kDa band with five of the
C-ELISA positives but not with the one W-ELISA positive serum. One serum, which
exhibited the 32-42 kDa staining, was not positive in any of the other serological tests and
one was only positive in the CFT. Bands of 47, 37, 30 and 24 kDa and of low molecular
weight below 21 kDa stained with low frequency. These bands were mostly absorbed out
except for a low frequency of low molecular weight bands staining in 1.2% of absorbed
sera.

In faecal culture-positive cattle sera the 47 kDa protein band stained most frequently
with Antigen-A, and was observed in 28.3% of non-absorbed and 8.5% of pre-absorbed
sera. Other antigenic components (37, 32-42, 30, 24 and 21 kDa and lower) appeared
with much lower frequency. Staining at 37 and 21 kDa and below was completely
absorbed out, and the frequency of staining reduced for the other bands. Fig. 2 shows a



Table 4
Electrophoretic immunoblotting results (% positives) for sera from Johne’s disease faecal culture positive cattle (positive) and non-infected cattle from Western Australia
(negative), non-absorbed and absorbed with M. phlei sonicate

Antigen No. of EIB (all bands) Individual bands
used sera
47 kDa 37 kDa 3242 kDa 30 kDa 24 kDa 21 kDa <21 kDa
non abs non abs non abs non abs non abs non abs non abs non abs
Antigen-T
Positive® 106 27.4 24.5 0.9 0.0 2.8 0.0 23.6 20.8 0.0 0.9 0.0 0.0 0.0 0.0 2.8 0.9
Negative® 341 12.0 2.3 2.6 0.0 5.0 0.0 6.7 2.1 1.2 0.0 0.3 0.0 0.0 0.0 32 1.2
Antigen-A
Positive® 106 31.1 94 28.3 8.5 4.7 0.0 5.7 0.9 0.9 0.9 1.9 0.9 0.9 0.0 5.7 0.0
Negative® 341 14.1 4.1 9.4 2.3 1.2 0.0 0.9 0.0 3.2 0.9 1.8 0.3 1.5 0.0 6.2 2.9

“Indicates infection status.
EIB: electrophoretic immunoblot; non: non-absorbed; abs: absorbed.
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Fig. 2. Staining in blots of a random selection of sera (1-18) from M. paratuberculosis faecal culture-positive
cattle. Sera were either non-absorbed or pre-absorbed with M. phlei sonicate. Antigen-T: a M. paratuberculosis
Teps sonicate, Antigen-A: a sonicate of a M. avium isolate. Molecular weights (MW) indicate antigenic
components identified in blots.

selection of these sera and the effects of absorption. Correlation between staining in
immunoblots and other serological tests was poor for Antigen-A.

Sera from Johne’s disease-free cattle immunostained mostly a 47 kDa protein band
with Antigen-A (9.4% non-absorbed, 2.3% absorbed). Three of those sera were identical
to those exhibiting the dominant 3242 kDa staining with Antigen-T. One of those sera
was the one positive in the W-ELISA, and three were positive in the C-ELISA. Other
bands (37, 32-42, 24, 21 kDa and molecular weight below 12 kDa) stained with low
frequency and were generally totally absorbed out.

3.4.3. Characterisation of the 32—42 kDa antigenic component

The finding that the ELISA antigen (Antigen-W) contained mostly polysaccharides,
the relatively good correlation between W-ELISA and the immuno-dominant 32-42 kDa
component in the M. paratuberculosis sonicate (Antigen-T) and the low appearance of
this staining in Antigen-A which contained little polysaccharide, suggested that the 32—
42 kDa component may represent a polysaccharide. A selection of 12 sera from cattle
herds with Johne’s disease was used to further analyse the various antigens by
immunoblot after proteinase K and periodic acid treatment (Fig. 3).

With Antigen-T the bands of 47, 37 and 30 kDa disappeared after proteinase K
digestion, while staining of the 32-42 kDa band remained at equal strength, indicating
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Fig. 3. Immunoblot analysis of antigens by using a panel of twelve sera (lanes 1-12) from cattle herds with
Johne’s disease. Antigen-T: a M. paratuberculosis Teps sonicate; Antigen-A: a sonicate of a local M. avium
strain; Antigen-W: current W-ELISA antigen. Molecular weights indicate antigenic components identified in
blots. LMW-low molecular weight components, ranging from 8-20 kDa. Upper panels show results with
antigens not treated with proteinase K (—P.K); lower panels show results with proteinase K-treated antigens
(+PK).

that this band represented a non-protein macromolecule. Pre-treatment of the membrane
with periodic acid resulted in the disappearance of the 32-42 kDa band, confirming its
polysaccharide character. When using the W-ELISA antigen in blot with or without
proteolytic degradation, mainly the 32-42 kDa band was immuno-stained. This staining
disappeared completely after periodic acid treatment or was strongly reduced depending
on the staining intensity of the serum used. With Antigen-A bands of 47, 37, 30, 24 and
21 kDa were visible and only little 32-42 kDa staining. The latter appeared only with sera
that stained this component strongly in Antigens T and W. Except of the 32-42 kDa
staining, all other bands disappeared after proteolytic digestion. After periodate treatment
the 32-42 kDa staining disappeared.

The staining of the 32-42 kDa component in blots by cattle sera was also compared
to the immuno-staining of Mab PII/BI, which is specific for a LAM-like molecule from
M. paratuberculosis (Fig. 4). Staining with this MAB was similar in appearance and size
to the staining of the cattle sera, showing a diffuse band of 32-42 kDa. Only Antigens T
and W exhibited staining with this MAB.
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Fig. 4. Comparison of staining in blots of sera from two faecal-culture positive cattle with medium and strong
staining of the 32—42 kDa antigenic component of M. paratuberculosis (lanes 1 and 2) and two negative cattle
sera (lanes 3 and 4), with the staining of the anti-polysaccharide monoclonal antibody PII/BI (lane 5). Antigen
was a M. paratuberculosis Teps sonicate (Antigen-T).

3.4.4. Absorption studies

Absorption studies were performed with four sera from M. paratuberculosis faecal
culture positive cattle in order to further characterise the 32—42 kDa component and to
identify the presence of M. paratuberculosis-specific epitopes in this polysaccharide. The
sera used showed medium or strong staining of the 32—42 kDa band in blots absorbed and
non-absorbed in the initial screening. Sera were pre-absorbed with increasing
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Fig. 5. Immunoblot staining of a serum from a faecal culture positive cow, non-absorbed (lane 1) or pre-
absorbed with increasing concentration of mycobacterial sonicates (double dilution series, lanes 2-11, 1/2 to 1/
1024). Antigen in blots was M. paratuberculosis Teps sonicate (Antigen-T). A: absorption with M. phlei
sonicate, which had no effect on the staining of the 32-42 kDa band. B, C and D: effect of absorption with M.
avium S18, M. paratuberculosis Teps sonicate (Antigen-T) and the W-ELISA antigen (Antigen-W). Similar
results to B, C and D were found with pure LAM as absorbent (not shown).



M.P. Reichel et al./Veterinary Microbiology 66 (1999) 135-150 147

concentrations of LAM and sonicates from M. phlei, the W-ELISA antigen (Antigen-W),
M. avium S18 and M. paratuberculosis Teps (Antigen-T). They were run in blots with M.
paratuberculosis Teps sonicate (Antigen-T) as antigen. All sera exhibited similar
behaviour to absorption (Fig. 5). While absorption of the sera with M. phlei had no or
only a minor effect on the intensity of staining of the 32—42 kDa band in blots, pre-
incubation of sera with pure LAM, Antigen-T, the M. avium S18 sonicate and Antigen-W,
however, completely removed this staining.

4. Discussion

The sensitivity of serological tests for Johne’s disease is limited by the nature of M.
paratuberculosis infections, with seroconversion occurring relatively late during the
course of the disease (Kreeger, 1991). Another limitation is the potential reduction in
specificity through cross-reactions with environmental bacterial species (Chiodini et al.,
1984; De Kesel et al., 1992; Gilot et al., 1992; Gilot and Misonne, 1994). The specificity
of serological testing was improved by the introduction of absorbed ELISAs, which
reduced serological cross-reactivities (Yokomizo, 1986; Ridge et al., 1991). In this study
the diagnostic specificity of the serological tests was high and comparable to those found
in previous reports (Milner et al., 1990; Sherman et al., 1990; Cox et al., 1991; Ridge et
al., 1991; Sockett et al., 1992). The W-ELISA compared well with the commercial
absorbed C-ELISA and with the other serological tests used. While the C-ELISA is
reported to be up to 57% sensitive under field conditions (Milner et al., 1990), none of the
serological tests were able to attain such sensitivity in the present study. The diagnostic
sensitivity, however, is dependent as demonstrated in the present study on the degree of
bacterial shedding. The relative sensitivity of different serological tests can only be
determined by examining the same groups of sera. The high proportion of cattle shedding
low numbers of mycobacteria in the faeces in this study (43.4% <5 colonies,
52.8% < 10 colonies) explains the low level of serological reactions observed. The
complement fixation test is still a prescribed test in international trade (Anon., 1996), but
its ability to detect culture-positive cattle is less than half of that of the W-ELISA at
comparable specificity. Even in high bacterial shedders (>100 colonies/2 g) the sensitivity
of the CFT is more than 30% lower than that of W-ELISA, suggesting that the CFT
should be replaced by the ELISA in import/export testing, as well as in diagnostic testing.

The total number of infected animals in the three study herds is likely to be
considerably greater because many minimally infected animals will not be detected by a
single faecal culture (Chiodini et al., 1984).

Analysis of the antigen used in the W-ELISA, by gel electrophoresis and
immunoblotting revealed that this antigen preparation consisted mostly of a 32-42 kDa
polysaccharide bacterial component, suggesting that this polysaccharide may be immuno-
dominant during infections. Polysaccharide antigens such as lipoarabinomannan were
used by others in ELISA with sheep sera, attaining 70.6% sensitivity and 95.2%
specificity (Sugden et al., 1989). Subsequently, all sera used in the ELISA comparison in
the present study were screened in immunoblots, absorbed and non-absorbed with M.
phlei sonicate against two antigen preparations in order to identify specific and dominant
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antigenic components. The 32-42 kDa antigenic component was confirmed as the
immuno-dominant component and, because serum antibodies against it could be absorbed
out by pure LAM, it represents LAM or a LAM-like molecule. It is most likely identical
to the previously reported carbohydrate of 31-43 kDa of similar appearance in blots
(Valentin-Weigand and Moriarty, 1992) and it may also be identical to a cluster of
diffusely-appearing bands in blots of a 34-38 kDa band, then considered a polypeptide
(Bech-Nielsen et al., 1985). The relatively low diagnostic sensitivity of 20.8% for the 32—
42 kDa antigen in EIB compared to 47.2% for W-ELISA in this study may be partially
due to the loss of carbohydrate epitopes during sample preparation for EIB, which
included boiling in denaturing reagents. This would make an immunoblot unsuitable in
routine serological diagnosis of Johne’s disease in cattle, but the sensitivity is comparable
to the one shown by the CFT in this study.

Protein antigens have been reported which are supposed to be specific for M.
paratuberculosis. These include a 34 kDa protein, a component of the so-called A36
complex, which has been shown to be immunodominant and to contain M.
paratuberculosis-specific epitopes (Vannuffel et al., 1994). Furthermore, proteins of
43 kDa (Tizard et al., 1992), 42 kDa (White et al., 1994), 34.5 kDa, containing a
specific epitope (Mutharia et al., 1997) and 27 kDa (Valentin-Weigand et al., 1991) have
been described. In the immunoblotting study reported here, serum antibodies against
proteins of 47, 37, 30, 24 and 21 kDa were frequently found, of which the 47 kDa protein
was immuno-dominant. It is likely that some of these proteins are identical to the
previously reported antigens. In addition, our results show that protein antigens also
contribute to non-specific cross-reactivities. This became obvious from the EIB results of
sera from Johne’s disease free cattle herds directed against protein components of the
antigens and the ability to reduce most of these reactivities by pre-absorbing the cattle
sera with a M. phlei sonicate. There was also a poor correlation between the faecal colony
count and the 47 kDa protein band in blots. Others have shown with a limited number of
sera in blotting/ absorption studies that certain bands, presumably protein bands, were
absorbed out by M. phlei sonicate, while staining in the 40—43 kDa region remained
unaffected (Milner et al., 1987). These results are identical in principle to our findings,
assuming that the 40-43 kDa antigen is identical to the 32-42 kDa polysaccharide
reported here.

Attempts were made to find M. paratuberculosis-specific epitopes on the 32-42 kDa
macromolecule. Absorption of sera with M. phlei sonicate even at increased
concentrations revealed that epitopes exist in the 32-42 kDa molecule which are not
present in M. phlei (and thus could not be absorbed out). Absorption experiments with M.
avium S18 and with Antigen-W, the latter mainly containing the 32-42 kDa
polysaccharide of a M. avium strain, showed that these epitopes are not unique to M.
paratuberculosis. Sonicates of both mycobacterial species completely absorbed out
immunostaining of the 32-42 kDa component in blots. M. avium S18, which was used in
the past as a M. paratuberculosis reference strain, is now considered another species of
slow-growing mycobacteria (Collins and de Lisle, 1986; Chiodini, 1993). These results
strongly suggest that M. paratuberculosis specific antigens or epitopes, which are also
immuno-dominant in infected animals, do not exist and that the 32-42 kDa
polysaccharide appears to be specific to the genus M. avium only.
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Performance of an enzyme-linked immunosorbent assay for the
diagnosis of Brucella ovis infection in rams

M.P. Reichel*, G. Ross*, J. Drake* and ]J.H. Jowett'

Abstract

Aim. To describe the performance characteristics (sensitivity and specificity) of an enzyme-linked immunosorbent
assay (ELISA) for the diagnosis of Brucella ovis infection in rams.

Methods. Sera from a negative (n = 2535) and a positive (n = 589) reference population were tested in an ELISA for
anti-B. ovis antibodies and cut-off values calculated from the raw, log, -transformed and fitted data. Statistical methods
were used to fit curves to the frequency distribution of the data and receiver-operated characteristics analysis used to
optimise the cut-off values.

Results. Analysis of the frequency distribution of the positive ELISA values suggested a normal distribution of the
data, whereas, in the case of the negative population, a Pearson type IV curve appeared to best fit the data. The cut-
off values calculated as the mean plus 1.96 standard deviations (s.d.) from the raw, log-transformed and fitted ELISA
data did not differ markedly. The differences were much greater at the mean plus 3.09 s.d. cut-off, with the cut-off
value calculated from the log-transformed data giving a much better estimate of specificity. Optimisation (minimisation
of classification error) of the cut-off calculated from the fitted curves suggested varying cut-off values, depending on
the prevalence of B. ovis infection.

Discussion. Calculation of cut-off values from curves that were fitted from the observed data give more accurate
estimations of the performance characteristics of an assay than traditional calculations from observed values. They
also allow the calculation of optimal cut-off values taking into account the prevalence of B. ovis infection and give
additional information about the performance of the assay at cut-off values varied according to the epidemiological
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situation.

Key words. Brucella ovis, rams, ELISA, sensitivity, specificity, ROC-analysis.

Introduction

Brucella ovis infection in rams causes epididymitis and may
lead to infertility (Burgess, 1982). Since the infection was
first described in the early 1950s (Buddle and Boyes, 1953;
Simons and Hall, 1953) it has been reported in most sheep-
rearing countries around the world (Burgess, 1982). No-
table exceptions are the United Kingdom, where it has
never occurred, and the Falkland Islands, where it has re-
cently been eradicated (Reichel ez al., 1994). Diagnosis of
infection is usually achieved by serological testing, and in
New Zealand the official test of the voluntary B. ovis ac-
creditation scheme is the complement fixation test (CFT)
(Reichel and West, 1997). Occasionally, however, anti-
complementary reactions occur with a small number of
sera and no result can be given. Also, chronically infected
rams may appear consistently negative in CFT testing
(Worthington et al., 1985) and this may hinder eradica-
tion attempts due to an inability to identify those residual
foci of infection. Additional serological tests, such as the
enzyme-linked immunosorbent assay (ELISA) are required
to detect those CFT-negative yet infected individuals. An
ELISA (Worthington er al., 1984) has been described in
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New Zealand for such situations, but some of the critical
parameters (incubation temperature and time), reagents
(conjugate, control sera) and cut-off levels of the assay have
been changed. It was therefore necessary to revalidate this
ELISA for use in the accreditation programme.

Materials and Methods
Sera

Negative sera

"Two thousand five hundred and thirty-five ram serum sam-
ples were obtained from routine submissions for re-accredi-
tation in the New Zealand B. ovis voluntary accreditation
scheme from sheep flocks which had been accredited free
from B. ovis infection for several years.

Positive sera

Five hundred serum samples were obtained from rams in
infected flocks which had reacted in the agar gel immuno-
diffusion test (AGID) and 89 serum samples from B. ovis
semen culture-positive rams.

Serological testing

The AGID test was performed as previously described
(Worthington, 1983).The ELISA was carried out as previ-
ously described (Worthington ez al., 1984), except that a
protein G HRPO-conjugate (Zymed, San Francisco, USA)
and a different positive control was used in the assay. The
incubation temperature and time for the assay was also
changed. The antigen concentration was optimised for each
batch by checkerboard titration, as was the dilution of the
conjugate.
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Table I. Cut-off values (and sensitivity and specificity) for the B. ovis ELISA from results of 2535 negative sera calcu-
lated from raw ELISA units, after logarithmic (log,)) transformation, and from fitted distributions

Specificity (%) Sensitivity (%)

Data type Cut-off Observed Fitted Observed Fitted
Mean + 1.96 s.d., target specificity 97.5%
Raw ELISA units 100 97.5 97.2 97.8 98.1
Log10 ELISA units 96 97.1 96.9 98.0 98.4
Fitted curve 105 97.8 97.5 97.4 97.8
Mean + 3.09 s.d., target specificity 99.9%
Raw ELISA units 139 98.8 98.7 94.9 95.1
Log10 ELISA units 219 99.4 99.6 86.0 85.7
Fitted curve 408 99.9 99.9 60.8 60.3

Appropriately diluted serum samples and controls were
incubated with the antigen overnight at +4 °C, the plates
emptied, tapped dry and washed six times. Conjugate was
added to all wells and the plates incubated for 37 °C for 2
hours. After six further washes, the substrate (OPD) was
added and the colour developed for 7 minutes before the
reaction was stopped with 6% sulphuric acid. Absorbance
values were read on a Titertek Multiskan MC reader (Flow
Laboratories) at 490 nm and 630 nm. ELISA unit (EU)
values were calculated from a standard curve derived from
four dilutions of the positive control serum, given an arbi-
trary value of 1000 ELISA units/ml.

Results

Untransformed ELISA unit values for the 500 AGID and
89 semen culture positive sera were markedly non-normal
and skewed. After log-transformation and exclusion of five
outliers > 4.6 s.d., the data appeared approximately nor-
mally distributed. The means for the two positive groups
were not dissimilar at 2.688 (s.d. = 0.303) and 2.699 (s.d.
= 0.342).The difference between means and s.d. did not
approach statistical significance (p = 0.25 and 0.12 re-
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Figure 1. Frequency distributions for B, ovis ELISA val-
ues from negative (n = 2535) and positive (n = 589) sera
with fitted distribution curves.

spectively). The combined data (mean = 2.698;s.d. = 0.
336) were normally distributed, supported by the coeffi-
cient of skewness and kurtosis (p = 0.20 and p = 0.099)
and a Kolmogorov-Smirnovtest (Pearson and Hartley, 1972)
of goodness of fit (p > 0.10).

For the negative sera (mean = 1.353; s.d. = 0.320), a
normal distribution did not fit the log-transformed data
well (skewness and kurtosis both p < 0.001). However, a
type IV distribution from the Pearson system (Keendall and
Stuart, 1958) did fit the data, both over the bulk of the data
and in the tails, without any need for discarding observa-
tions as outliers. The fit was confirmed by a chi-squared
test of goodness of fit (p = 0.70). Fitted curves and the
relative frequency distribution for the ELISA unit (EU)
values of the negative and positive reference populations
are given in Figure 1.

For the untransformed EU data, the cut-off values (es-
tablished as the mean plus 1.96 and 3.09 s.d.) resulted in
100 EU and 139 EU, respectively while for the log-trans-
formed data, mean EU values plus 1.96 and 3.09 s.d. re-
sulted in cut-off values of 96 EU and 219 EU, respectively.
Cut-offs obtained from the fitted curve (to give fitted
specificity of 97.5% and 99.9%) were 105 and 408, re-
spectively. The observed specificities (i.e. percentage of
the negative sample at or above the cut-off) and resulting
sensitivities for these cut-offs are shown inTable I.

A two-graph receiver operating characteristics (ROC)-
type analysis (Greiner ez al., 1995) of the fitted negative
and positive distributions allows the operator to select cut-
off values, according to circumstances, from a range of
specificities and sensitivities (Figure 2).The likelihood ratio
(Smith, 1995), calculated from the fitted curves, is graphed
in Figure 3. Varying cut-off values, which minimise the
total number of classification errors as a function of preva-
lence, are shown in Figure 4.

Discussion

In New Zealand the CFT is the official test in the Brucella
owvis accreditation scheme (Reichel and West, 1997). Occa-
sionally, however, serum samples react in an anti-comple-
mentary manner and a result cannot be given. Chronically
infected rams may also consistently not react in the CFT
(Worthington ez al., 1985).To overcome these situations,
an enzyme-linked immunosorbent assay has been used to
be able to give serological results for anti-complementary
samples, or to successfully detect chronically infected rams.
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Figure 2. Sensitivity and specificity of the B. ovis ELISA
calculated from the distribution curves fitted to the nega-
tive and positive reference populations.

The determination of appropriate cut-off criteria in sero-
logical assays relies in the first instance on the definition
of reliably negative and positive reference populations and
secondly on the similarity of those reference groups with
the target population. In the case of B. ovis-infected ani-
mals, semen culture isolation of the organism constitutes
the “gold standard” for positivity. Previous publications
have also demonstrated that the AGID test possesses 100%
specificity (Worthington ez al., 1984) and thus the 500
AGID-positive sera appeared to be a reasonable choice as
a positive reference population. The comparisons of the
log, -transformed ELISA values (frequency distribution,
mean, s.d. and kurtosis, skewness and KS-test) suggested
no significant difference between the two populations and
the combined data set of the two groups appeared to be
normally distributed. However, some outliers with very low
EU values were ignored in the calculation. It was assumed
that these values were aberrations in the performance of
the assay, but their existence should be noted, as they may
conceivably represent some small subpopulation of rams
in which B. owis is essentially undetectable using the ELISA
tests with any reasonable cut-off.

Traditional cut-off calculations are based on establishing
the threshold between negative and positive populations as
the mean plus 2 or 3 standard deviations of the negative
population (1.96 s.d. and 3.09 s.d. have been used to achieve
a specificity 0of 97.5% and 99.9% more precisely). Implicit
in this method of using standard deviations from the mean
of negatives is the assumption that the data from the nega-
tive reference population is normally distributed. As there
was evidence of non-normality for the ELISA values of the
negative reference population, even after log-transformation,
a more valid approach seemed to be to determine cut-offs
from the fitted Pearson curve to achieve the relevant target
specificities. Values for specificity, sensitivity and related
parameters can then be estimated with significantly better
precision from the fitted data. Cut-off calculations using the
two and three s.d. method from the ELISA-values result in
a cut-off at 2 s.d., which was very similar for all three meth-
ods. However, the 3 s.d. cut-off for un-transformed and log-
transformed EUs differed significantly, both from each other
and from the one derived from the fitted curve.
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Figure 3. Likelihood ratio for B. ovis ELISA results.
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Figure 4. Optimal cut~off values (minimising error rates)
in the B. ovis ELISA depending on the prevalence of B.
ovis infection.

Derivaton of the cut-off using this method, however, does
not take into account effects on the sensitivity. ROC-analysis
gives a measure of the impact of changes of the cut-off to
both sensitivity and specificity, and allows the operator to
pre-select from the available combinations of the two char-
acteristics to suit the circumstances.

The point at which the specificity and sensitivity curves
intersect (Figure 2) has some merit if a single cut-off value
is to be chosen. The ELISA value of 107.1 results in sensi-
tivity and specificity both being equal at 97.7%.This cut-off
is optimal in the sense that it minimises the total error rate
(false positives + false negatives) as for any other cut-off
there will be prevalences at which this error rate would be
exceeded. The total error rate for this cut-off is fixed at 2.3%
for all prevalences. This error rate of 2.3% is in fact the
minimum obtainable for a prevalence of 45%, and does not
change significantly within the range 20-70%, the minirmum
possible error rate for prevalences within this range all be-
ing above 2%. However, if reasonable limits can be placed
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on prevalence, better error rates can be achieved. If we could
be confident of a prevalence of B. ovis infection of 10% or
below, a cut-off of 170 ELISA units could be used, with a
maximum error rate of 1.5% (Figure 4). In accredited flocks
of long standing an assumption of prevalence close to 0% is
not unreasonable. The optimum cut-off, as suggested by
Figure 4, would thus be well in excess of 400 EU. Test sen-
sitivity at 400 EU is still reasonable at about 60%.

Ideally, one would like to determine, for a given ELISA
result, what the relative probabilities of the animal being
positive or negative are. Likelihood ratios (Smith, 1995)
give these relative probabilities (or “odds™) for a prevalence
0of 50% when the ELISA value is known only to the extent
that it falls below (likelihood ratio negative) or above (like-
lihood ratio positive) a specified cut-off. In common use
among statisticians is an alternative definition of likelihood
ratio, as the ratio of the relative frequency curves. This would
be more appropriate where an actual numerical value is avail-
able.This is graphed in Figure 3, calculated from the fitted
curves. It gives, for any ELISA result, the factor by which
the pre-test odds of an animal being positive should be
multiplied to give post-test odds. For example, if the pre-
test probability of an animal having B. ovis was 10% (i.e.
the prevalence of B. ovis infection is 10%), and that animal
gave an ELISA result of 150, then the pre-test odds of 10%
1 90% or 1/9 would be multiplied by about 7 (from the
graph in Figure 3) to give post-test odds of 7/9 and a post-
test probability of 7/(7+9) or about 44%. Graphs, tables or
computer programmes can be constructed reasonably easily
to convert a prevalence (or prior probability) and ELISA
result into an estimate of the probability of an animal hav-
ing B. ovis, using the likelihood ratio. .

An ELISA result of about 100 units is essentially uninforma-
tive, as this result is equally likely, whether an animal is in-
fected or not.This value is in the vicinity of the 2 s.d. cut-off.
The 2 s.d. cut-offis designed to classify as many infected ani-
mals as positive as possible subject to it correctly classifying
97.5% of negatives. The 97.5% have already been obtained by
the time we reach 100 ELISA units, and thereafter we count
everything as positive. If the distributions of positives and nega-
tives were further apart, a 2 s.d. cut-off could even classify as
positive those animals for which the likelihood ratio strongly
suggested negativity. Fortunately such animals would be rela-
tively rare, but the situation highlights the difficulties involved
in basing a cut-off on specificity alone.

An alternative approach is to try choose a cut-off that
optimises some measure of long term test performance, such
as the percentage of incorrect decisions, or an appropriately
cost weighted combination of the percentages of false posi-
tives and false negatives. Such a cut-off will again vary with
prevalence, low prevalence suggesting high cut-offs. In Fig-
ure 4 the performance criterion being minimised is the per-
centage of incorrect decisions, but simple calculations would
enable the graph to be used in the cost-weighted situation.

Greiner et al. (1995) suggested that an intermediate range
be set between 95% sensitivity and specificity. In the present
example this would suggest a “suspicious” range from 78
to 139 ELISA units.

However, an accreditation scheme such as the one for B.
ouis, which gives a fairly reliable estimate of the pre-test
probability (prevalence) based on the testing history of a
flock, affords the opportunity to operate with two thresholds
— one maximising sensitivity (in infected flocks), the other
specificity (in accredited flocks). From Figure 2, maximum
sensitivity and specificity (at 99.9%) arrives at cut-off values
of 47 and 408 EU, respectively. The cut-off value of 408

EU could be used in sera requiring ELISA testing in ac-
credited flocks (minimising the probability of a false-posi-
tive result) and a cut-off value of 47 EU in flocks where B.
ovts infection is likely (i.e. other evidence corroborates the
infection). For a non-accredited flock (where infection is
not suspected, or of low prevalence), a cut-off of 170 EU
would minimise the mis-classification rate.

The sensitivity and specificity for the ELISA described
here (at a cut-off of 114 and 133 ELISA units) are not
dissimilar to those presented by Worthington ez al. (1984),
which were 97.2% (sensitivity) and 98.6% (specificity),
respectively, at a cut-off of 400 and 500 ELISA units. How-
ever, the Worthington ez al. (1984) ELISA gave perform-
ance characteristics for essentially two cut-off points only,
and the evaluation was limited to a smaller number of sera.
The statistical evaluation of the test results and the fitting
of the curves in the present study provides additional in-
formation regarding the performance characteristics of the
assay at varying cut-off values, and gives flexibility in choos-
ing a cut-off best fitting the epidemiological information
regarding the flock or ram being tested. This will optimise
the test performance and minimises misclassifications.

Guidelines issued by the Office International des Epizooties
(OIE) (Anonymous, 1996), recommend the testing of 1000
positive and 5000 negative sera for the full assessment of
the performance characteristics of a serological assay. Fur-
ther work is in progress and it remains to be secn whether
additional testing (essentially doubling the current dataset)
will provide even more accurate fits of the curves and bet-
ter estimations of the assay’s performance.
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Evaluation of electrophoretic immunoblotting for Brucella ovis infection
in deer using ram and deer serum
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Abstract

Aims. Recently the first case of natural infection of deer with Brucella ovis was discovered. The aim of this study was to develop
and evaluate an electrophoretic immunoblotting method for testing deer serum for specific B. ovis antibodies.

Methods. An existing immunoblotting method for sheep serum was altered by using a recombinant protein G-alkaline phosphatase
conjugate and Tris-buffered saline containing 3% non-fat dry milk powder for the blocking step and the serum and conjugate
dilutions. The method was evaluated using 106 sheep sera from B. ovis-negative, accredited flocks, 69 sera from chronically
infected rams shedding B. ovis in their semen, 110 sera from a B. ovis-infected flock, 18 sera from stags from which B. ovis was
isolated, and 48 sera from deer flocks free from B. ovis infections. The immunoblotting method was applied to another 85 deer
sera.

Results, The sensitivity of the new immunoblotting method was 98.6% for sheep and 94.4% for deer, and the specificity 99.1%
for sheep and 100% for deer. Sixty-nine out of 97 deer sera, originating from the property from which the first B. ovis deer case
had been reported, tested positive or suspicious in the complement fixation test. Of these, 53 sera exhibited staining patterns in
blots typical for B. ovis infections and also one serum which was negative in the CFT. Only six out of 1498 deer sera from
throughout New Zealand had positive or suspicious reactions in the B. ovis complement fixation test. Of these, one exhibited a
staining pattern in the blot suggestive of a B. ovis infection, while four showed patterns of suspicious reactions.

Conclusion. The new immunoblotting technique is useful as a confirmatory serological test method for B. ovis infections in

1998

deer.
Key words: Brucella ovis, deer, immunoblot.

Introduction

Until recently, Brucella ovis infection in deer has only been
reported from experimentally infected animals'), The first
case of naturally acquired B. ovis infection in deer was re-
ported in New Zealand from a commercial deer herd com-
prising 1375 stags, 385 hinds and 420 weaners®?®, Brucella
ovis infection was diagnosed in one stag (Stag A) by the
complement fixation test (CFT), enzyme-linked
immunosorbent assay (ELISA) and gel diffusion test (GDT),
and confirmed by isolation of B. ovis from the semen. One
in-contact hind (Hind B) was also positive in the CFT and
suspicious in the ELISA and GDT, while eight in-contact
deer were negative in all three serological tests. At the time
of testing, electrophoretic immunoblotting (EIB), which is
in routine use as a confirmatory serological method for B.
ovis infection in sheep in our laboratory®® (sheep EIB), could
not be applied to the deer samples because of the poor reac-
tivity of the monoclonal anti-bovine/ovine-alkaline phos-
phatase conjugate with deer immunoglobulins (IgGs).

An alternative EIB method (sheep-deer EIB) was developed
and applied to the 10 sera mentioned above, to a further 87
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sera from the property from which Stag A and Hind B had
originated, and to six CFT-positive and 48 CFT-negative sera
from 1498 routinely submitted deer sera from throughout New
Zealand which had been tested in the B. ovis CFT.

Methods

The newly developed sheep-deer EIB used recombinant protein G-
alkaline phosphatase conjugate (Zymed, San Francisco, CA), and
Tris-buffered saline, containing 3% non-fat milk powder for the
blocking step and for the serum and conjugate dilutions. Other con-
ditions remained the same as in the sheep EIB test®. Equally strong
binding of protein G-alkaline phosphatase conjugate to both sheep
and deer IgG was confirmed in an indirect ELISA, using pure sheep
and deer IgG. The sheep-deer EIB procedure was evaluated using
106 sheep sera from B. ovis-negative, accredited flocks, 69 sera from
chronically infected rams, 18 sera from stags from which B. ovis
had been isolated, 48 sera from deer herds presumably free from B.
ovis infections, and against 110 sera from a B. ovis naturally in-
fected flock, comprising 45 serologically positive and 65 negative
animals. Data were processed as reported elsewhere™®.

Results and Discussion

Test evaluation data for the sheep-deer EIB test are given in
Table 1. The performance of the new sheep-deer EIB method
was comparable to the traditional sheep EIB. In an uninfected
sheep flock its specificity was marginally lower, which was
due to the very weak staining of a 19 kDa band in one serum.
None of the negative sera exhibited staining of non-specific
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bands with the new sheep-deer EIB method, while such stain-
ing was found at a 4.5% frequency in the traditional sheep
EIB test®. As B. ovis infection in deer has only been dia-
gnosed recently, one can assume that deer herds testing nega-
tive in the CFT are free from the disease. By using deer sera
from such a herd, the specificity of the new sheep-deer EIB
for deer was 100%. As was the case with the negative sheep
sera, none of these deer sera exhibited non-specific staining.
The sensitivity was 98.6% in 69 sera from infected rams shed-
ding B. ovis in their semen and 94.4% in 18 sera from in-
fected stags, from which B. ovis was isolated. A direct com-
parison of both EIB tests by using sera from a naturally in-
fected sheep flock resulted in a kappa-value © of 0.924, indi-
cating very good agreement between the two blotting meth-
ods (Table II). Both the traditional EIB and the new sheep-
deer EIB were in close agreement with the other serological
test results (K = 0.989 and 0.968), when the combined results
of CFT, ELISA and GDT were used (a serum was considered
positive when it showed a positive or suspicious result in at
least two tests).

Sera from Stag A and Hind B, which were either positive or
suspicious in the CFT, showed staining patterns in the blot
which are typical for B. ovis infections. Sera from eight in-
contact deer were negative in the CFT and in the EIB test. In
a further 87 sera from the property from which Stag A and
Hind B had originated, 67 samples were CFT-positive or sus-
picious (titres ranged from 3/8 to 4/128) and B. ovis was iso-
lated from 17 stags (from 23 animals tested). Forty-three of
these sera, the serum from Stag A and one serum which tested
negative in the CFT exhibited staining patterns in blots typi-
cal for sera from B. ovis-infected sheep (Figure 1), showing
immuno-dominant bands of 19 and/or 29 kDa, representing
outer membrane proteins, and frequently a broad band of 8-
12 kDa, typical for rough lipopolysaccharide (RLPS) ", which
represents another immuno-dominant antigen. Eight of these

Table 1. Serological test results for the sheep and the sheep-deer
EIB

Number of sera Sheep Sheep-deer
tested EIB EIB
Sensitivity in sheep (%)* 69 98.6 98.6
Sensitivity in deer (%)" 18 n.a‘ 94 .4
Specificity in sheep (%)* 88/106° 100 99.1°
Specificity in deer (%)' 48 n.a. 100
Agreement* 110 0.968 0.989

a All sera were from rams which were shedding B. ovis in their
semen. One serum was negative in all tests.
Sera from stags from which B. ovis was isolated.
n.a. = not applicable.
Sera were from accredited ram flocks which were free from B.
ovis infections for more than 4 years. All sera were negative in
the CFT. Negative sera used for the sheep EIB (88) and the sheep-
deer EIB (106) were not identical. This was due to the unavail-
ability of the sera previously used in the sheep EIB, and the una-
vailability of the commercial Mab anti-bovine/ovine IgG-alka-
line phosphatase conjugate.

e One serum showed very weak staining of a 19 kDa band.

f Deer sera from a herd where all animals tested negative in the
CFT.

g The level of agreement (K) between combined serological re-
sults and the two blots. Sera were from a B. ovis-infected flock,
comprising 45 serologically positive and 65 negative animals. A
serum was considered positive when it showed a positive or sus-
picious result in at least two tests of the CFT, ELISA and GDT.

a0 o

87 sera and the serum from Hind B showed weak to strong
staining of RLPS without the appearance of other bands, a
feature found in about 5% of the sera from the naturally in-
fected sheep flock.

Six CFT-positive deer sera (titres ranged from 3/8 to 2/128)
were identified in a further 1498 deer sera from 127 submis-
sions to this laboratory. These six sera were tested in the sheep-
deer EIB test. Four had weak RLPS staining but no other
bands, indicating possible B. ovis infections. Only one serum
was definitely positive in the EIB test, showing bands of 19
and 29 kDa. One of the sera with a high CFT titre (2/128)
tested negative in the EIB, ELISA and GDT. The appearance
of weak RLPS staining was reported in about half of the cases
of false positive sera in sheep®. The four deer sera here which
exhibited this type of staining may well be from animals not
infected with B. ovis, which is further supported by the ab-
sence of other reactors in these submissions.

Table II. Level of agreement (K = 0.924) of the sheep and the
sheep-deer B. ovis EIB methods in 110 sera from a naturally B.
ovis-infected sheep flock

Sheep EIB
Positive  Negative  Totals
Sheep-deer EIB Positive 41 3 44
Negative 1 65 66
Totals 42 68 110

Serum number
12345678

RLPS

Figure 1. Electrophoretic immunoblot (sheep-deer EIB) of vari-
ous sera. Lane 1: positive sheep serum; lane 2: negative sheep
serum; lanes 3-8: positive deer sera. Numbers on the left show
the molecular weights of immuno-dominant antigens of 19 and
29 kDa. RLPS = rough lipopolysaccaride. Note: Negative deer
sera had the same appearance as the negative sheep serum in
lane 2.
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If these reactions are in fact with sera from uninfected ani-
mals, then they are false positive reactions, so the specificity
of the sheep-deer EIB test may be less than 100% with cer-
tain batches of deer sera.

After the first case of B. ovis-infection in deer was discov-
ered more than a year ago, which triggered the development
of this sheep-deer EIB test, another two submissions from
the same property were derived and included in the evalua-
tion of this method. The relatively large number of B. ovis
serologicaily positive deer on this property alone suggests
that infection may spread easily in this species. While the
serological test results in this study from deer sera from
throughout New Zealand indicate that B. ovis infections in
deer are generally uncommon, further work is needed to as-
certain the route of spread from sheep to deer and into whether
further foci of infection may be present on isolated deer prop-
erties. The sheep-deer EIB results here show that this blot-
ting method is well suited as a confirmatory test for such
studies and for routine serological testing.
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Evaluation of alternative methods for the detection of bovine
leukaemia virus in cattle

M.P. Reichel ', K.M. Tham’, S. Barnes”and R. Kittelberger”

Abstract

Aim. To evaluate commercially available enzyme-linked immunosorbent assays (ELISAs) and the polymerase chain
reaction (PCR) for their ability to detect antibodies against or nucleic acid of the bovine leukaemia virus (BLV), the
causal agent of enzootic bovine leukosis (EBL), and to assess their usefulness in a national eradication programme.
Methods. Eighty-two well-defined sera (including 18 from an OIE reference laboratory) and 399 field sera from New
Zealand cattle were tested in five ELISAs and the results compared with the agar gel immunodiffusion (AGID) test
and electrophoretic immunoblotting (EIB) results. A polymerase chain reaction-based technique, which could detect
BLV-RNA and proviral-DNA, was also evaluated on a subsample of the field cases.

Results. Two commercial ELISAs classified 99% of the defined sera correctly, with the other three ranging in their
correct classification between 88% and 95%. The ELISAs agreed in their general classification on the majority of the
399 blood samples (91.7%), and with the AGID for more than 95 % of the sera. In a dilution series of the international
reference serum E4, the highest dilution with a positive (or suspicious) result ranged from 1: 80 to 1:5120. A dilution
series of 202 field positive samples tested in the preferred ELISA detected 98% of positive sera at a 1:5 and 1:10
dilution, reducing to 78% at a 1:80 dilution of the sera. Agreement between serological tests and PCR was poor,
mainly due to failure of the PCR to detect a number of serologically positive animals.

Conclusion. ELISA tests detected about 10% more reactors than the AGID and the EIB combined. Some ELISA-
positive animals were not detected by PCR, raising doubts about the usefulness of PCR-based technology in EBL
eradication programmes.

Key words. Enzootic bovine leukosis, ELISA, AGID, PCR, electrophoretic immunoblotting, assay evaluation, disease
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eradication.

Introduction

Bovine leukaemia virus (BLV), the causal agent of en-
zootic bovine leukosis (EBL), is a retrovirus which natu-
rally infects cattle and sheep, causing clinical disease
associated with lymphosarcoma in a small percentage
of infected, mainly mature, cattle (Ferrer, 1980). Clini-~
cal cases of lymphosarcoma are occasionally reported
in New Zealand (Thompson et al., 1993). Once in-
fected, cattle remain virus carriers for life and start to
show a serological reaction within a few weeks of infec-
tion (Klintevall ez al., 1994). Serological tests have been
used for a number of years to identify infected cattle
and traditionally the agar gel immunodiffusion (AGID)
test (Miller and van der Maaten, 1976) has been used.
In more recent years, the enzyme-linked immunosorbent
assay (ELISA) (Portetelle ez al., 1983) has replaced the
AGID in eradication programmes and there are several
commercial ELISA kits available to detect antibodies
mainly against the glycoprotein gp51, which occur ear-
lier in the course of an immune response than antibod-
ies against the core protein p24 (Mammerickx et al.,
1980; Klintevall ez al., 1994).

* Central Animal Health Laboratory, Wallaceville, MAF Quality
Management, P.O. Box 40063, Upper Hutt, New Zealand.
T Author for correspondence. Email: reichelm@mqgm.govt.nz

(New Zealand Veterinary Journal 46, 140-146, 1998.)

In New Zealand, it is estimated that about 6.5% of the
15 000 dairy herds have infected cattle, with an estimated
within herd prevalence of 3.7% (Burton et al.. 1997). In
previous surveys on milk in New Zealand, a commercial
ELISA kit had been used to estimate herd prevalence on
the basis of bulk milk samples, while in routine diagnostic
testing of blood samples the AGID has been the serologi-
cal test of choice, based on its high sensitivity and specificity,
estimated to be 98.5 and 99.8%, respectively (Monke ez
al., 1992).

Before the start of an eradication campaign for BLV
infections in dairy cows in New Zealand, a number of
commercially available BLV ELISA kits were evaluated
and compared with the AGID for their usefulness in the
eradication campaign. Initial screening of dairy herds is
being carried out on milk samples obtained from the dairy
industry’s national milk analysis centre (Hayes er al.,
1997) and blood samples of milk-positive animals are to
be tested in a confirmatory second test. Because of the
low initial herd and within-herd prevalence, in the eradi-
cation campaign the test to be used must have a high
level of specificity, to ensure the highest possible positive
predictive value for the test (which was estimated to be as
low as 37.9% for milk ELISA testing alone (Hayes ez al.,
1997). This will minimise the number of test- (false-)
positive reactions, thus preventing disease-negative reac-
tors being slaughtered unnecessarily. However, the over-
all sensitivity of the combined (serial) testing strategy is
another consideration, as false-negative test results may
unnecessarily prolong the eradication effort if truly in-
fected animals are not detected.
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Materials and Methods

Eighty-two defined sera (45 positive, 37 negative) of which
eighteen (eleven positive, seven negative) were obtained
from the OIE reference laboratory, Tibingen, Germany,
the others from infected or all herd-negative New Zealand
herds and tested in the AGID test (Miller and van der
Maaten, 1976), were tested in each of five commercially
available BLV ELISA diagnostic kits (Institut Pourquier,
Montpellier, France; Svanovir, Svanova Biotech, Uppsala,
Sweden; Serelisa Monoblocking, Rhone-Mérieux, Lyon,
France; Chekit Leucotest Dr. Bommeli AG, Bern, Swit-
zerland; and Dako A/S, Copenhagen, Denmark) for the
presence of specific anti-BLV antibodies. Assays were car-
ried out according to the test protocols provided by the
manufacturers. In addition, all five ELISAs were used to
test a dilution series of the EBL reference serum E4.

Three hundred and ninety-nine bovine sera originating from
19 New Zealand dairy herds which contained reactors were
tested using the AGID and the five commercial ELISAs.
All sera were also tested by electrophoretic immunoblotting
(EIB), as previously described (Kittelberger ez al., 1996).

Two hundred and two BLV-antibody positive New Zea-
land field sera were tested by the preferred ELISA assay in
a dilution series of five doubling dilutions, starting with an
initial serum dilution of 1:5.

One hundred and sixty-eight EDTA blood samples obtained
from a sub-sample of the above animals (137 AGID-positive
and 31 AGID-negative) were tested by PCR for both viral
RNA and proviral DNA (the application of RT-PCR in this
study was to determine whether gene amplification assay could
be used to identify animals with active infections, as has been
demonstrated by others previously (Murtaugh ez al., 1993;
Poon ez al., 1993)) of the BLV-virus as follows.
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Nucleic acid extraction

EDTA blood was centrifuged at 3000 rpm for 20 min and
the buffy coat was collected and treated with 10 ml of ice
cold 0.17 M ammonium chloride to lyse any residual red
blood cells. The cell suspension was then centrifuged and
the cell pellet was washed once with sterile phosphate-buff-
ered saline, pH 7.4. The buffy coat cells were resuspended
in sterile PBS and aliquoted into sterile tubes for RNA
and DNA extraction.

RNA was extracted from the buffy coat cells using the
commercial Tri-zol LS (Life Technologies, Gaithersburg,
MD, USA) protocol according to the recommendation of
the manufacturer. Briefly, 750 ul of Tri-zol LS was added
to 250 ul of buffy coat cells and the mixture was left at
room temperature for 5 min. A 200 pl volume of chloro-
form was added to the mixture which was vortexed vigor-
ously for 15 s and then incubated at room temperature for
15 min. After centrifugation to remove cellular debris, the
aqueous phase was transferred to a clean Eppendorf tube,
500 pl of isopropylalcohol added and the mixture was incu-
bated at room temperature for 10 min. The mixture was
centrifuged and the supernatant was transferred to a clean
tube containing 1 ml of 75 % absolute ethanol. The mix-
ture was vortexed, centrifuged and the supematant discarded.
The pelleted RNA was air-dried and resuspended in 50 pl
of water pretreated with diethyl pyrocarbonate.

Enzootic bovine leukosis provirus DNA was extracted
from the buffy coat cells using a commercial high pure
PCR template preparation kit (Boehringer Mannheim,
Heidelberg, Germany).

Primer and probe oligonucleotides

Three sets of primers (B5.1/B5.2, B5.3/B5.4 and B5.5/
B5.6) and their corresponding internal probes (B5.a, B5.b
and B5.c) (Figure 1) were constructed based on the

a gag pol X-1I X1
I | [ I—
prt env
SLTR 1] [ | (- 3LTR
| | X-1I I | |
/ 828 bp \ 1026 bp 1009 bp
647 1474 4677 5703 6992 8001
b —> - - —> - - — - -
BS5.1 BS.a B5.2 B5.3 B5b BS54 B5.5 BS.c BS.6
c Primers and Probes 5'-sequence-3' Location in genome
(Orientation) (bp)
B5.1 (sense) TGGCCACCCTAAACGAAGTA 647-666
B5.2 (antisense) TGAGGCATCGATAGCATGGT 1474-1455
B5.3 (sense) TCTTACTCTCCTCGCTCTCT 4677-4696
B5.4 (aniisense) CACAGAGGCCACATTAAGCA 5703-5684
B5.5 (sense) CTTCGGGATCCATTACCTGA 6992-7011
B5.6 (antisense) GGCCTGCATGATCTTTCATA 8001-7982
B5.a (antisense) AATGTGCACAAGCCTGCAGT 1357-1338
B5.b (antisense) GGAGGAAACCGTAGAGAGAT 5493-5474
B5.c (antisense) GTCATGGAGGAAGCGTTGTA 7862-7843

Figure 1: a. Schematic representation of the genomic organisation of EBL provirus T15(11) showing the enlargement
of the amplified fragments of the gag, pol and X-II genes. b. Locations of the primers and probes used in the EBL PCR

assays. c. Nucleotide sequences of the primers and probes.
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Table 1. Dilution series of the international reference
serum (E4) for EBL and correct classification (CC), sen-
sitivity (se) and specificity (Sp) by five commercial ELISA
Kits of 82 defined sera

Table II. Level of agreement (measured as correct classi-
fication (CC) and kappa-value®) between agar gel im-
munodiffusion test results (AGID) and electrophoretic
immunoblotting (EIB) for 399 bovine sera

ELISA cC Se Sp E4 detection limit
Bommeli 98.8 97.1 100.0 40° (80 suspicious)
Dako 90.8 1000 86.0 5120

Pourgquier 98.8  97.1 100.0 160 (320 suspicious)
Rhéne-Mérieux  95.1 97.1 93.6 320 (2560 suspicious)

Svanovir 87.8 100.0 78.7 640

a Reciprocal of highest E4 dilution positive or suspicious.

published nucleotide sequences of the gag, env and XII
genes of the BLV provirus T15 DNA (Weiss et al., 1985).

PCR assays
For the RT-PCR, pilot experiments were performed to
optimise the reaction conditions for cDNA synthesis and
for gene amplification by PCR using the procedures de-
scribed previously for another RNA virus (Tham ez al.,
1995). Briefly, the optimised standard RT-PCR consisted
of the synthesis of first strand cDNA at 37 °C for 1 h with
250 ng per reaction of antisense primers B5.2, B5.4 or
B5.6 for the gag, env or XII genes respectively. A 10 pl
aliquot of the cDNA template was used for PCR as fol-
lows. A 5 pl volume of 10X buffer (500 mM Tris-HCI,
pH 9.0, 200 mM NH,SO,, 15 mM MgCl)), 2 ul of an
equimolar mixture of 2 mM dN'TP, 500 ng of each primer
B5.1 and B5.2, B5.3 and B5.4 or B5.5 and B5.6 (Figure
1) per reaction and 5 U of Tub polymerase were added in
a final volume of 50 pl. With a programmable thermocycler
(Hybaid Omnigene, Hybaid Ltd, Teddington, Middlesex,
UK), the mixtures were amplified by 30 repetitive cycles
of denaturation at 94 °C for 1 min, annealing at 55 °C for
2 min and extension at 74 °C for 2 min, with a final exten-
sion of 10 min for the completion of the reaction. Positive
(foetal lamb kidney cell line, persistently infected with BLV
(FLK-BLYV) and negative (a primary bovine foetal lung
cell culture) controls were included in all experiments.
For EBL provirus PCR, the cDNA amplification proto-
col described above was used.

Analysis of PCR products
The amplified products were analysed by agarose gel elec-
trophoresis and visualised by ethidium bromide staining

Table III. Performance characteristics (relative sensi-
tivity (rSe), specificity (rSp), correct classification (CC)
and kappa-value (95% confidence interval)) of five com-
mercial enzyme-linked immunosorbent assays relative
to the agar gel immunodiffusion test (AGID) for 399 bo-
vine sera from infected herds

ELISA rSe rSp cC Kappa 95% CI
Bommeli 99.4 97.8 98.5 0.969 (0.945; 0.994)
Dako 100.0 90.3 94.5 0.889 (0.845; 0.934)

Pourquier  100.0 94.3 96.7 0.934
Rhéne-M 93.0 96.5 95.0 0.898
Svanovir 100.0 93.4 96.2 0.924

(0.899; 0.969)
(0.854; 0.941)
(0.887; 0.962)

EIB
AGID Positive Negative Total
Positive or suspicious 162 10 172
Negative 7 220 227
Total 169 230 399

a Kappa= 0.913 (Cl 95%: 0.872, 0.953); CC = 95.7%.

and UV fluorescence as described previously (Tham and
Stanistawek, 1992). The specificity of the PCR products
was confirmed by the appearance of the fragments of 828
bp, 1026 bp or 1009 bp for the gag, env or XII genes
respectively and chemiluminescence Southern blot hybridi-
sation with digoxigenin (DIG)-labelled probes B5.a, B5.b
and B5.c for the 828 bp, 1026 bp, and 1009 bp fragments
respectively (Tham and Stanislawek, 1992; Tham et al.,
1995).

Thirty-three buffy coat preparations were also sent to the
OIE reference laboratory for EBL in Wusterhausen, Ger-
many, where they were tested by the PCR (Proviral, env-
nested) in use at that laboratory.

Analyses of tests

Kappa-values were calculated using Winepiscope 1.0
(EPIDECON, Veterinary Faculty Zaragoza, Spain; Agri-
cultural University Wageningen, The Netherlands). Dis-
criminatory values for the separation of negative and posi-
tive populations were calculated as previously described
(Lusted, 1971).

Results

Testing of 82 defined sera resulted in between 87.8% and
98.9% of samples being correctly classified by the commer-
cial ELISA kits (Table I). The sensitivity was very similar
at between 97.1% and 100% for all the ELISAs, the
specificity ranged from 78.7% to 100%. In a dilution series
of the international EBL reference standard E4, the highest
dilution of E4 still classified by the ELISAs as either posi-
tive or suspicious ranged from 1:80 to 1:5120 (Table I).

Table IV. Comparison (correct classification (CC) and
kappa-values) of agar gel immunodiffusion (AGID), elec-
trophoretic immunoblotting (EIB), enzyme-linked
immunosorbent assay (ELISA) and polymerase chain
reaction (PCR) results for 168 cattle from BLV-infected
dairy herds

Correct classification

Kappa AGID EIB ELISA PCR
AGID 0.869 0.928 0.833 -
EIB 0.800

ELISA 0.780 0.722

PCR 0.578 0.668 0.565
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Table V. Dilution series of 202 New Zealand BLV anti-
body-positive field samples tested in the Pourquier ELISA
and percentage with positive and negative results

Dilution®
1 5 10 20 40 80
% + ve 100 98 98 96 92 78
% - ve 0 2 2 4 8 22

a Reciprocal of serum dilution.

Of the 399 sera from reactor herds characterised, 168
were positive by the AGID, four regarded as suspicious
and 227 were negative. Electrophoretic immunoblotting
was in very good agreement with those results, with 382
(95.7%) of sera having the same classification. Immuno-
blotting identified a further seven reactors. The resulting
kappa (K) value (as a measure of agreement beyond chance)
was 0.913 (Table II).

The number of sera identified by the various commercial
ELISAs as either positive or negative varied, but agreed
for a core of 91.7% of samples. Compared to the AGID,
the percentage of correctly classified sera ranged from
98.5% (relative specificity (rSp) 96.9%, relative sensitiv-
ity (rSe) 94.2%) for the Bommeli-ELISA, to 94.5% (rSp
90.3%; rSe 100%) for the Dako-ELISA. Kappa values
varied accordingly, ranging from 0.969 (Bommeli) to 0.889
(Dako) (Table III).

Three ELISAs identified all AGID positive samples cor-
rectly (100% relative sensitivity). One ELISA (Rhone-
Mérieux) failed to identify twelve AGID (and EIB) posi-
tive serum samples, and the Bommeli-ELISA failed to iden-
tify just one AGID positive serum sample. Overall, ELISAs
identified an additional 20 sera (11.6%), which had not
been identified in either the AGID or EIB as positive,
increasing the total number of samples with serologically
positive or suspicious results to 199, Agreement between
the five ELISA tests over the 20 additional positive sam-
ples was poor, however, with only five of the 20 samples
being identified by four or five of the ELISAs.

Of the two ELISA assays with the highest correct classifica-
tion score (Bommeli and Pourquier), the Pourquier-ELISA
discriminated better between AGID-positive and negative
serum samples. The discriminatory value was 7.2 for the
Pourquier-ELISA, 4.5 for the Bommeli-ELISA. Frequency
distributions for the two assays are shown in Figure 2a and
2b. Frequency distributions of AGID positive and negative
sera for the other ELISAs are given in Figures 2c - 2e.

The proviral DNA PCR and RT-PCR assays combined,
using three sets of primer (Figure 1) correctly identified
83.8% of blood samples compared with the AGID results,
but failed to identify 20/129 (15.5%) of AGID and 17/129
(13.2%) of EIB-positive animals. Thus the PCR results
had only moderate agreement with the AGID results (K =
0.578), and slightly better agreement (0.668) with the EIB
results. Compared to the results of the preferred ELISA
(Pourquier), the PCR correctly classified 84.4% of sam-
ples characterised by ELISA, and the agreement was mod-
erate (K = 0.575), due to the failure to identify 25/140
(17.9%) of ELISA-positive animals in the PCR (Table
IV). The PCR detected an additional two (0.5%) animals,
which had not been identified by the ELISA, as BLV-in-
fected.

Of the 20 animals which had been identified by the five
ELISA assays as additional positives (over and above the
number of AGID positive reactors) only two were also
positive in the PCR. The Pourquier ELISA was the only
serological test which detected both of those two animals.

The comparison of PCR results with the results of the
reference laboratory showed agreement for 28 (84.8%) of
33 of the samples, resulting in a high kappa-value of 0.693.
Comparison of the results of the two PCRs with the pre-
ferred ELISA showed moderate agreement at kappa-val-
ues of 0.433 and 0.476, respectively.

A dilution series of 202 New Zealand BLV-antibody posi-
tive field samples resulted in the mis-classification as nega-
tive of 2% of sera at the 1:5 and 1:10 dilution, rising to 4% at
1:20, to 8% (1:40) and 22% (1:80), respectively (Table V).

Discussion

The AGID test has been the prescribed test for interna-
tional trade for a number of years (Anon., 1996). It is
characterised by a high level of sensitivity (98.5%) and
specificity (99.8%) (Monke ez al., 1992), but doesn’t lend
itself to large scale testing regimes and cannot be used on
milk (Mammerickx er al., 1985). In more recent years,
ELISA-based testing has replaced the AGID in eradica-
tion campaigns in several countries (Mammerickx and
Strobbe, 1986; Klintevall ez al., 1991; Straub and Bruchhof,
1994; Gibson, 1995) and is used for testing of milks in the
New Zealand Dairy Industry eradication campaign (Burton
etal., 1997).

An ELISA test for BLV-antibodies in the New Zealand
EBL eradication programme should possess a high degree
of specificity, relative to the AGID, as blood testing is
used as a confirmatory test to complement the initial screen-
ing on milk. The milk ELISA testing has demonstrated a
low positive predictive value of only 0.37 (Hayes et al.,
1997). The specificity of two ELISA assays (Bommeli and
Pourquier) was 100% over the defined sera, and not too
dissimilar compared over the 399 field sera. The Pourquier-
ELISA showed good (100%) sensitivity, relative to the
AGID,.and overall good agreement with the AGID with a
kappa value of 0.934 and correctly classified (CC) 96.7%
of the 399 field sera. The Bommeli-ELISA attained higher
values for relative specificity, kappa and CC, but the dis-
crimination between negative and positive population was
not as good as for the Pourquier-ELISA. In routine appli-
cations of the ELISA test, the ease with which positive and
negative samples can be distinguished becomes important;
good discrimination between positive and negative test re-
sults obviates any unnecessary expenditure on further (and
costly) re-testing or confirmatory testing with alternative
test systems.

Also, the five ELISA assays combined detected an addi-
tional 20 sera as positive, which had not been detected by
the AGID (or EIB), but only two of them could be con-
firmed as positive in the PCR. While all ELISAs detected
one of the PCR-positive animals, only the Pourquier-
ELISA detected both of them. The AGID-status was used
in this study as the “gold” standard, but all the AGID-
negative sera were drawn from infected herds, and it is
reasonable to assume that a number of additional animals
were EBL-infected — this would include the seven addi-
tional reactors in the immunoblot, the two PCR-positive
animals and a number of the ELISA-positive animals.
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a. Frequency distribution of percentage positivity values for AGID-positive () and AGID-negative ([0) values in the

Pourquier ELISA.
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b. Frequency distribution of percentage positivity values for AGID-positive (B) and AGID-negative (0) values in the
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c. Frequency distribution of percentage inhibition values for AGID-positive (M) and AGID-negative () values in the

Dako ELISA.
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Figure 2. Frequency distribution of test results from five commercial BLY-ELISAs for the testing of 399 bovine sera for
BLV-antibodies
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Further work is needed when more field sera can be ob-
tained from reliably BLV-free dairy herds as the eradica-
tion campaign pro-gresses.

The specificity of the confirmatory assay will become even
more important as the eradication campaign progresses in
future years, with declining numbers of truly infected cat-
tle and the choice of assay (and/or cutoff) will need to be
re-addressed.

In eradication campaigns it may be economical to test
pooled blood and it is generally accepted that the recipro-
cal value of the highest dilution of E4 detected as positive
should be 10 times greater than the number of animals
used to make up a pooled blood sample (Hoff Jorgensen,
1989). The Bommeli-ELISA showed positive (or suspi-
cious) results for a dilution series of E4 only to a 1:40
(1:80) dilution, while the Pourquier-ELISA detected a
1:160 dilution of E4 as positive and 1:320 as suspicious.
Thus the Bommeli-ELISA would allow pooling of sera of
up to four animals only, while the Pourquier-ELISA would
allow the pooling of the blood samples of up to 16 ani-
mals. However, the testing of dilution series of 202 New
Zealand BLV-positive field samples in the Pourquier-
ELISA, suggested that pooling (even of only up to five
sera) may result in a slight loss of sensitivity (2%) com-
pared to individual test results. This suggests that the E4
dilution series should only be seen as a theoretical guide-
line and that criteria for the number of sera making up a
test pool should be ultimately be derived from field sam-
ples. The loss of sensitivity relative to individual test re-
sults became clearly unacceptable for dilutions equal or
greater than 1:40, with only 92% relative sensitivity.

The highest technical sensitivity (i.e. highest dilution posi-
tive of E4) was achieved by the DAKO-ELISA, theoreti-
cally allowing up to 500 blood samples to be pooled. Gen-
erally, however, the performance of the DAKO-kit was
not sufficiently satisfactory for it to be used as a confirma-
tory blood test.

The failure of the PCR-based test to identify a large number
of the animals which were positive by the indirect methods
(AGID, EIB, ELISA) is disappointing, as, at least theo-
retically, the PCR should have the potential to be a very
sensitive and specific test, being able to identify a very
small number of BLV genome copies against a background
of millions of negative lymphocytes (Ballagi-Pordany ez
al., 1992). In this comparison with antibody-based tests,
the PCR showed the least agreement of any test with the
AGID, and failed to detect a large number of AGID-,
EIB- and ELISA-positive animals. The failure of PCR
assays to detect BLV gene sequences in some BLYV serop-
ositive animals has been reported previously (Eaves ez al.,
1994; Murtaugh ez al., 1991). A plausible explanation for
the failure of the PCR assays to detect some seropositive
animals is that a low proportion of circulating lymphocytes
was infected with BLV at the time of sampling of these
animals. A similar observation has been noted with human
immunodeficiency virus (HIV) infection in which it was
difficult to find the infectious virus, even in people suffer-
ing from the acquired immune deficiency syndrome. This
was shown to be a result of virus sequestration into the
lymphoid organs, in which large amounts of virus were
present even during the asymptomatic stage of the disease,
although it was not always in the form that might have
been expected (Embretson ez al., 1993; Luque et al., 1993;
Pantaleo ez al., 1993). Indeed, re-examinations of some
BLV seropositive blood samples which initially tested PCR-

negative showed that following lysis of the blood clots in
the EDTA samples, BLV gene sequences could be de-
tected by PCR assays, suggesting that the number of virus-
infected lymphocytes in the blood samples is an important
factor that affects the sensitivity of the PCR assays. Other
authors report BLV genome copies detected by PCR in
spleen extracts, but not in PBL (Klintevall ez al., 1994). In
our study it was not possible to obtain tissue samples for
PCR from any of the animals, and thus the question of
whether or not tissues may have yielded PCR-positive re-
sults remains unanswered. Jacobs et al. (1992) reported a
level of agreement between ELISA and PCR of 83.6%,
not dissimilar from the 84.4% in the present study. In the
present study, however, the numbers of serologically posi-
tive yet PCR-negative animals was disproportionally greater
than the number of serologically negative, PCR-positive
ones. Recent PCR results for a related virus (bovine im-
munodeficiency virus (BIV)) point to similar problems in
detecting virus in field samples, as compared to cell cul-
ture or experimentally infected animals (Suarez and Whet-
stone, 1997). The unsatisfactory performance of the PCR
compared to the serological tests suggests, however, that
using blood samples for PCR assays is not appropriate for
large scale application in an eradication campaign, but may
in selected cases be of use as a confirmatory test where the
AGID fails to give a positive result.
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1.5. Discussion and Conclusions

Diagnostic assays were established for three animal pathogens of significant proportion

in New Zealand, and the general principles for the validation of those assays followed.

Serological assays had previously been used in New Zealand for paratuberculosis
(Hilbink et al. 1994), the sera used however had not been as well defined as in the
present study. The quantitative analysis of faecal culture results, in particular, allowed
to establish a clear correlation between an increase in the extent of faecal shedding and
increase in the serological responses in ELISA. The serological response in high faecal

shedders was equal to or exceeded that reported in other studies (Milner et al. 1990).

Brucella ovis infection of rams is thought to be an economically important disease in
New Zealand and an accreditation scheme has been in place for a number of years
(Reichel and West 1997). The complement fixation test is the standard test in use, but
additional serological tests for the diagnosis of the infection had previously been
evaluated, however only with a small number of sera (Worthington et al. 1984). The
ELISA in use had also been extensively modified and was in need for re-validation. The
present study was hence the first major validation of the serological tests in use in NZ
for 15 years and used in excess of 500 positive and 2500 negative “gold-standard” sera.
It established reliable performance criteria for the ELISA, and with ROC-analyses
(Greiner et al. 1995) tools that allow the operator to select cut-off thresholds and with it
a desired sensitivity and specificity, in line with the epidemiological situation.
Likelihood ratio analysis was only gaining respect as an appropriate use of non-
dichotomised data in 1999-2000 and its use is a significant enhancement of the

interpretation of the results.
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Naturally occurring B ovis infection had previously only once been described in deer in
the US. When it emerged in NZ farmed deer (Bailey 1997), another livestock industry
of increasing importance, there was an urgent need to re-validate all serological assays
presently used in rams, for their utility in deer. Electrophoretic immunoblotting and
ELISA had not been previously used in deer, and hence their validation for use in deer

were novel.

Enzootic bovine leukosis was thought to be infecting a small number of herds only and
within those herds a small percentage of animals (Burton et al. 1997). Tests of high
sensitivity and specificity were required to identify the infected individuals within those
herds. Previously (Hilbink and Penrose 1990), two ELISA assays had been evaluated,
but the eradication campaign called for a two-stage sampling plan: the first test being
based on milk sampling, the second on blood sampling. The milk sampling was highly
sensitive, but suffered from deficiencies in its specificity (Hayes et al. 1997). Hence the
blood testing had to be both, highly sensitive and specific (with particular emphasis on
the latter). Previously, overseas, ELISA assays had been established and performed with
high characteristics (Mammerickx et al. 1985, Klintevall et al. 1991), however in the
present study, clear differences emerged between the five commercial assays compared,

confirming the need for re-validation.

In addition, confirmatory tests in the form of electrophoretic immunoblotting and PCR
were established and validated. Surprisingly, PCR failed to establish presence of pro-
viral DNA in about 15% of ELISA-positive blood samples. This is partially in
agreement with other studies, which report similar levels of agreement between ELISA

and PCR for the diagnosis of BLV infection in cattle (Jacobs et al. 1992). In the present
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study, however, there was a clear bias towards failure of the PCR to detect ELISA-
positive cattle, while the former also detected pro-viral DNA in ELISA-negative cattle

in an equal number of cases.
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1.6. Neosporosis (Neospora caninum)

Another animal pathogen of major importance in New Zealand appeared to emerge
towards the end of the 1980’s in the form of N caninum, which was soon recognised as
a major cause of epidemic abortions in dairy cattle and, to a lesser degree, as a disease
of dogs. Epidemic abortions were still being reported after the conclusion of the
successful eradication of the abortifascient Brucella abortus from New Zealand
(MacDiarmid 1994) and the CNS of aborted bovine foetuses was examined more

closely for the characteristic lesions simultaneously reported from overseas.

Neosporosis was first described from dogs in Norway in 1984 (Bjerkas et al. 1984) and
the causal agent (Neospora caninum) was described in detail by (Dubey et al. 1988).
Since then neosporosis has also been recognised as a an important cause of abortions in
cattle world-wide (Dubey 1999). Some species have been known to be (rarely) naturally
infected, such as white-tailed deer (Woods et al. 1994) and horses (Lindsay 2001).
Other species, such as mice, gerbils, sheep and others can be experimentally infected
(Dubey et al. 1990b, Dubey and Lindsay 1990, Cole et al. 1995, Dubey and Lindsay

2000).

While the recognition of this disease was only relatively recent, infection had
previously, most likely, been misdiagnosed and retrospectively was now reported from
stored tissues of dogs and cattle, dating back to 1957 (Dubey 1992) and 1974 (Dubey et
al. 1990a), respectively. In New Zealand, N caninum infection was diagnosed

retrospectively in tissues of dogs dating from 1972 (Patitucci et al. 1997).
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1.6.1. Identification

N caninum is a protozoan parasite with a close relationship to particularly Toxoplasma
gondii and Hammondia heydorni. In fact, discussions are still quite heated, as to
whether N caninum is not in fact H heydorni, and this issue may yet need to be resolved
(Ellis et al. 1999, McAllister 2000, Mehlhorn and Heydorn 2000, Hill et al. 2001,
Heydorn and Mehlhorn 2002). Very recently, however, a re-description of N caninum
by a great number of eminent workers in that field has shown its relationship to, and

distinctiveness from, closely related protozoan (Dubey et al. 2002).

A closely related species of Neospora, with only subtle differences in the ITS-1 region,

occurs in horses (Dubey et al. 2001).

1.6.2. Presence and disease in dogs

Since its first description in dogs in 1984 (Bjerkas et al. 1984), there have been a great
number of reports of neosporosis in dogs around the world (Dubey and Lindsay 1996).
The clinical aspects of the disease in dogs have been extensively reviewed by

Ruehlmann et al. (1995) and Barber and Trees (1996).
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Disease in dogs

In the majority of clinical cases in dogs, signs are those of an ascending paresis or
paralysis of the hind limbs (Ruehlmann et al. 1995) with dogs under 6 months old more
often affected. Clinical signs may include difficulty in swallowing (Hay et al. 1990),
myocarditis (Odin and Dubey 1993), dermatitis (Dubey et al. 1995) and pneumonia
(Greig et al. 1995). Disseminated infection is more common in older dogs (Dubey et al.

1988, Hoskins et al. 1991, Barber and Trees 1996).

An early sero-epidemiological, cross-sectional study was initiated to establish the sero-
prevalence of N caninum infection in various canid populations around the world
(Barber et al. 1997a). This was thought to establish data regarding the prevalence of
infection, versus the level of clinical disease alone, which had hitherto been the focus of
scientific attention. The study would also provide a more complete picture of the level
of infection in the canid populations. It would also provide better information for the
understanding of the epidemiology and possibly the life cycle of the parasite, by
establishing the presence or absence of the parasite in different continents and different

ecological niches.

An additional paper discussed the utility of diagnostic test systems (serological,
histological and molecular) for confirmation of clinical neosporosis in a dog (Reichel et

al. 1998h)
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Prevalence of serum antibodies to Neospora caninum in different canid populations
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PREVALENCE OF ANTIBODIES TO NEOSPORA CANINUM IN DIFFERENT CANID

POPULATIONS

J. S. Barber, R. B. Gasser*, J. Ellist, M. P. Reichelt, D. McMillant, and A. J. Trees
Veterinary Parasitology, Liverpool School of Tropical Medicine and Facully of Velerinary Science, Pembroke Place, Liverpool L3 5QA, United

Kingdom

ABSTRACT: A total of 1,554 dogs from 5 countries on 3 continents were tested for antibodies to Neospora caninumn using an
indirect fluorescent antibody test. In Australia. overall, 42/451 (9%, 95% confidence interval {CI] 6-12%) dogs were seropositive
(Melbourne | 1/207 [5%. 95% CI 2-9%}; Sydney 18/150 [12%. 95% CI 7-18%]. Perth 13/94 [14%. 95% CI1 8-22%]). Antibodies
to N. caninum were also detected in dogs in South America (Uruguay [20%. 95% C| 16-24%, n = 414]) and sub-Saharan Africa
(Tanzania [22%. 95% CIl 12-36%, n = 49]). In contrast, only 1 of 500 dogs tested from the Falkland Islands and none of 140
dogs from Kenya was seropositive. Of wild canids, 1/54 (2%. 95% CI 0-10%) British foxes and 15/169 (9%, 95% CI 5-14%)

Australian dingoes had antibodies to N. caninum.

Neospora caninum is a recently recognized sporozoan para-
site, closely related to Toxoplasma gondii but from which it is
ultrastructurally and antigenically distinct. Since it was de-
scribed by Dubey, Carpenter et al. (1988), N. caninum has
emerged as a significant pathogen, causing predominately neu-
romuscular signs in dogs. What is probably the same parasite
also causes abortion in cattle, and naturally acquired infections
have been found in other farm animal species and in a wild
California black-tailed deer (Woods et al., 1994). Cases of neos-
porosis in dogs have been reported from most of the developed
countries of the world, including North America, Europe, South
Africa, Japan, Australia, and Costa Rica (Dubey and Lindsay,
1993; Morales et al., 1995).

The life cycle and modes of transmission of the parasite re-
main unclear, and no definitive host (in which sexual reproduc-
tion of the parasite occurs) has yet been identified. Vertical
transmission, from a subclinically infected dam to her offspring,
is the only proven natural route of infection, although epide-
miological evidence suggests that postnatal infection can occur
in dogs (Barber et al., 1997). Although many cases of canine
neosporosis have been reported, the prevalence of disease is
difficult to estimate. Many cases will not be confirmed because
the clinical signs are not specific for neosporosis, and it is often
not possible to conduct immunohistochemistry to make a de-
finitive diagnosis. Hence, surveys to estimate the prevalence of
serum antibodies to N. caninum can help to indicate the number
of dogs exposed to the parasite in a given geographic area and
thus the proportion of the population that could be considered
to be, or have been, “‘at risk’ of developing the disease.

Seroprevalence studies carried out in different groups of dogs
may help to elucidate the epidemiology of the parasite, partic-
ularly with regard to transmission. Studies have been reported
from Kansas (Lindsay et al., 1990), where 2% of 229 dogs were
seropositive; Liverpool (Trees et al., 1993), where 17% of 163
dogs had titers of =1:50 in an indirect fluorescent antibody test
(IFAT), Denmark (Rasmussen and Jensen, 1996), where 15.3%
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of 98 dogs were seropositive; and Sweden (Bjorkman et al.,
1994), where only 0.05% of 398 dogs were seropositive in an
iscom-enzyme-linked immunosorbent assay. Recent age prev-
alence studies have shown an overall prevalence of around 8%
(but with evidence that this is declining) for U.K. dogs (J. S.
Barber, pers. comm.) and 11% in 300 Belgian dogs (Barber et
al., 1997). This study examined seroprevalence of antibodies to
N. caninum in dogs and other canids from several parts of the
world.

MATERIALS AND METHODS

Sera were obtained from different canid populations from Australia,
the United Kingdom, Africa, and South America (Table I). Blood sam-
ples were obtained between 1991 and 1995 from dogs of both sexes
and of various ages (from 3 mo to 8 yr). Blood was collected by jugular
venipuncture or by cardiac puncture from dead animals. Blood wax
allowed to clot for 8-12 hr at 22-37 C, and the serum was collecteu
and stored at —20 C. Individual sera were tested for the presence of
IgG antibodies to N. caninum by the IFAT as described by Trees et al.
(1993) using cell culture-derived tachyzoites of either NC-1 (Dubey,
Hattel et al., 1988) or NC-Liv (Barber et al., 1995) isolates as antigen.
We have no evidence from [FATs conducted in this laboratory that the
choice of isolate for antigen affects the IFAT result. All sera were tested
at a dilution of 1:50 in phosphate-buffered saline (PBS, pH 7.2), allow-
ing 30 min incubation at 20 C, prior to rinsing in PBS and 30 min
incubation with an anti-dog [gG fluorescein isothiocyanate conjugate at
20 C. Those sera giving uniform fluorescence of tachyzoites werc iv-
garded as positive and were then titrated in quadrupling dilutions until
fluorescence was lost.

RESULTS

Seropositive dogs were identified in Australia, South Amer-
ica, and Africa (Table II). In Australia, the overall prevalence
was 9% (95% CI 6-12%). The prevalences between cities were
similar, although in Melbourne the prevalence was significantly
lower than in Sydney and Perth. However, these were not
matched, equivalent population samples. Seroprevalence varied
from O in 140 Kenyan dogs and 0.2% (95% CI 0—1%) in 500
Falkland Island dogs to 20% (95% CI 16-24%) in Uruguayan
dogs and 22% (95% CI 12-36%) in Tanzanian dogs. The titers
in all cases were low; none exceeded 1:800, and 92% (125/136)
were <1:200. One (urban) of 54 foxes (2%; 95% CI 0-10%)
was positive at a dilution of 1:200. One of 117 (0.9%, 95% Cl
0-5%) New South Wales and 14/52 (27%, 95% Cl 16-41%)
Queensland dingoes were seropositive, with titers of 1:50 (n =
4), 1:200 (n = 4), 1:800 (n = 3), and 1:3200 (n = 4).
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TABLE b Serum groups from canid popujations tested for the presence of antibodies to Neospora ceninum.

Geographic origin -~ Number tested Speciex af\cnnid Description
Australia ”
Melbourne 207 Cunix fumiliaris Domestic peis; urban, semiurban, rural; killed a1 lost dogs bome
Sydney 150 C, familiaris Domestic pets; killed at lost dogs home*
Perth 94 C. familiuris Domestc pets and farm dogs; killed at lost dogs home
Queensland 52 C. familiuris dingo Feral; mainly rural; trapped and shot ’
New South Wales 117 C. funtiliuris dingo Feral; mainty rural; trapped and shot
United Kingdom
United Kingdom 34 Vulpes vitlpes Feral; urban, semiurban, rural; 35 wapped and bled, {5 shot and
bled, 4 RTAst
South America
Uruguay 4]4 C. fomiliarts Domestie farm dogs; bled
Falkland [slands 500 C. familiaris Domestic farm dogs and pets; bled
Africa
Kenya 140 C. jamillaris Feral dogs; rural; shot and bled
Tanzania 49 C. familiaris Domestic dogs; rural; bled for various serological tesia
* Pidgood and Collins (1996).
1 Road traffic accidents.
DISCUSSION (day 0), and the N, caninum antibody status of the donor dogs

Assessing seroprevalence, and hence the exposure of dog
populations to N. carinum, is an important part of investigating
possible transmission routes of the parasite as wel as idend-
fying populations in which necsporosis may occur. The IFAT
is a wel) established test for detecting anti-N. caninum antibod-
ies in dogs. An IgG response occurs within 3 wk of infection
(Cole et al,, 1995) and persists for years (J. S. Barber, pers.
comm.). Thus, positive reactivity in the IFAT is an indicator of
past exposure as well ag recent infection Antbodies to 7. gon-
dii, Sarcocystis spp., and Babesia canis do oot cross-react with
N. caninum tachyzoites ip the IFAT at dilutions of 1:50 or more
(Dubey and Lindsay, 1993; J. S. Barber, pers. comm ). Yamane
et al. (1993) showed that annbodies produced by 2 dogs ex-
perimentally infected with Babesia gibsoni reacted with N. can-
tnum antigen in an [FAT. However, 1 of the dogs was seropos-
itive in a N. caninuwn IFAT at the time of experimental infection

Tars U. Neospora caninum IPAT titers in domestie dogs from S coue-
tries.

Number

Origin of Number positive Sexoprev- Teers
samples tested  (Z1:50) alence*  1:50 1:200 1:800
Australia
Melbourne 207 11 5% 8 2 1
Sydney 150 18 2% 12 4 2
Peth 4 13 14%> 9 2 2
Total Austraha 451 42 9% 29 8 M
South America B
Uruguay 414 .82 20% 45 32 5
Palkland Islands 500 1 02% .
Africa
Kenya 140 0 0%
Tanzania T 1 22%= s L1 1
Tota] all countries 1,554 136 5% g0 45 11

- * Prevalences with commaon suporscripts are noe significantly different (P > 0.08,
Fishar's cxsct test).

providing the B. gibsoni infected erythrocytes was not shown.
Babesia gibsoni infections occur primarily in Asia and Rgypt
and, more recently, in the U.S_A. but have not been recognized
in Australia, sub-Saharan Africa, or South America. It is not
certain that at low dilutions antisera to other protazoz, especial-
ly those infecting canids in tropical areas, would not crogs-react
with N. caninum tachyzoites in an IFAT, but in ummunohisto-
chemical sdies, crass-reactions with a variety of protozoa, in-
cluding Sarcocysiis sp., Besnoitia jellisoni, Caryospora sp., and
Hepatazoon canis, did not occur (Lindsay and Dubey, 1989).

Although cases of canine neosporosis have been described
from Australia (Muoday et al., 1990; Gasser et al., 1993), these
data give the first indication of the prevalence of infection in
the Australian dog population, which is similar to that observed
in Burope. No case of neosporosis has been described from
South America, but the data from Uruguay suggest infection is
common there, in marked cogtrast to the insular populahion of
the Falkland Islands. Epidemiological studies in the UK. car-
rled out by the authors have indicated that dogs may be post-
patally infected from meat of bovine origin, and it is tempting
10 speculate that the disparate prevalences in Uruguay and the
Falkland Islands may be connected to the difference ip the sizes
of the catile populapons in these 2 countries. If, additionslly,
the Falkland Islands canine population has beep derived from
a restricted sumber of noninfected breeding bitches, this would
account for the almost complete abscoce of infection. The re-
sults from the Falkland Yslands are interesting becausc a large
proportion of the entire dog population in 199) bas been in-
cluded (Reichel et al., 1996). Hence, the results geguinely re-
flect an almost complete absence of neosporosis in that dog
population. In Africs, there i5 10 report of neosporosis in dogs
or cattle north of Zimbabwe. The results from Tenzania suggest
wnfection may be common, although they are w marked contrast
to results from Kenya. Both samples are small, and these data
way not reflect truc differences in prevalence.

Antibody titers were geperally low in the dogs tested in this
survey. These dogs were pot known to be clinically affected,
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and these results are consistent with other seroepidemiological
studies (J. S. Barber, pers. comm.) that have indicated that IFAT
titers are low in subclinically infected dogs cémpared with clin-
ically ill dogs, which latter may have titers of up to 1:51,200.

The serological results suggest that foxes in the UK and din-
goes in Australia can become infected, but the specificity of the
IFAT in these species has not been established, so interpretation
of the significance of these titers must bc made with caution.
It is likely that vertical transmission could occur in these ani-
mals, but epidemiological studies in Britain (J. S. Barber, pers.
comm.) suggest that an oral route of postnatal infection may
occur in dogs, and this could be an important route of infection
for scavenging foxes and dingoes. Because of the gaps in our
knowledge, a wider ranging investigation of N. caninum infec-
tion in both domesticated and wild animals might help to elu-
cidate the life cycle and transmission patterns of this parasite.
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Neosporosis in a pup

M.P. Reichel’, R.N. Thornton', P.L. Morgan*, R.J.M. Mills’ and G. Schares'

Abstract

Case. A 13-week-old female boxer pup was found to be suffering from rigidity of the left hindleg. Antibiotic and anti-
inflammatory treatment over a 3-week period failed to improve the condition and the pup was humanely killed.
Methods. Serological examination for Neospora antibodies was carried out by the indirect fluorescent antibody test
angd for Toxoplasrma gondii antibodies with a latex agglutination test. A variety of tissues were examined histologically,
and the central nervous system by immunohistochemisiry and the polymerase chain reaction.
Results. The IFAT for anti-Neospora antibodies showed a titre of 1:51 200 in the clinically affected pup while the latex
agglutination test for Toxoplasma antibodies was negative. The dam and one of two tested litter mates had anti-
Neospora IFAT titres of 1:1600, the other litter mate was negative. All three were not clinically affected. Histological,
immunohistochemical and polymerase chain reaction examinations of the affected pup confirmed the diagnosis of
Neospora infection.
Conclusion. In the live animal, serological examination is thought 1o be the most useful specific test. Post-mortem
examination by traditional histology, immunohistochemistry and the polymerase chain reaction confirmed the diagnosis.
The case is discussed in the context of present knowledge about Neospora infection in New Zealand.

(New Zealand Veterinary Journal 46, 106-110, 1998.)

1998

Introduction

Neospora caminum infects a variety of hosts, but mainly
dogs and cattle (Dubey and Lindsay, 1996). Neospora
canminumn infection was recognised as a new disease entity
in 1984, when it was reported for the first time in Norway
(Bjerkas et al., 1984). Retrospective analysis, however,
suggests that the organism has been infecting dogs for a
much longer period of time (Dubey, 1992). Since 1984, it
has been reported from many countres around the world
(Jardine and Dubey, 1992; Gasser et al., 1993; Barber ez
al., 1993; Burkhardt ez al., 1992; Dubey ez al., 1988a;
Flagstad ez al., 1995; VanHam et al., 1996; Weissenbdck
etal., 1997; Uggla et al., 1989). In dogs, it affects mainly
animals under 6 months of age with an ascending paralysis
of the hindlegs and shows no predilection for sex or breed
(Ruehlmann et al., 1995). In New Zealand, clinical cases
of neosporosis in dogs have not previously been reported,
although it has been diagnosed, retrospectively by immu-
nohistochemistry in tissues held at Massey University
(Patitucci et al., 1997). Infection with N. caninum, how-
ever, appears 1o be relatively common in dogs, as evidenced
by the relatively high number of dogs in New Zealand
with anti-Neospora antibodies (Reichel, 1998).
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Clinical History and Diagnosis

A 13-week-old feale boxer pup, one of a litter of five,
was presented with a fixated left stifle (Figure 1). Two
other litter mates had died. One had “faded” when only a
few days old, and the other had died after an episode of
head pressing when 3 weeks old. Neither had been ex-
amined.

The serum creatine kinase concentration of the affected
pup was slightly elevated at 889 IU/1 (normal 53-821 TU/N)
and the aspartate transaminase concentration was normal at
54 1U/N (normal 2-79 1U/N).

Serology

An indirect fluorescent antibody test (IFAT) of the affected
pup for Neospora (Veterinary Medical Research and De-
velopment, Pullman, USA) was positive, up to a serum
dilution of 1:51 200. A latex agglutination test (Toxore-
agent, Eiken Chemical Co., Tokyo, Japan) for Toxoplasma
antibodies was negative.

Sera from the dam and two clinically normal male litter
mates of the affected pup were tested using the IFAT for
anti-Neospora antibodies. The dam and one pup tested posi~
tive at a serum dilution of 1:1600, while the second pup
tested negative. The positive pup was re-bled and tested
using the IFAT 3 months later, with a positive result at the
1:800 dilution. The dam and the positive pup were re-tested
a further 9 months later, and were positive with an IFAT
titre of 1:3200 and 1:800, respectively.

Treatment

Treatment of the pup with the fixated leg was initiated
with prednisolone (5 mg daily) for a fortnight, with the
addition of trimethoprim (120 mg twice daily) and
sulphamethoxazole (600 mg twice daily) for a further week.
There was no clinical improvement and the pup was hu-
manely killed.
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Laboratory Investigations

Pathology

The left stifle was fixated in extension due to atrophy and
fibrosis of the quadriceps muscles (Figure 1). No other
gross abnormalities were visible.

Histology

Brain and sections of cervical, thoracic and lumbar spinal
cord, peripheral nerve, heart, lungs, liver, kidney, adrenal,
bladder and hind limb muscles were fixed in formalin,
paraffin embedded and stained with haematoxylin and eosin
(H&E) for histopathological examination.

Numerous foci of gliosis were visible throughout the grey
matter of the brain, including the cerebellum. Occasional
foci of leucomalacia and mild neutrophil infiltration were
also present. Moderately severe mononuclear vasculitis was
a common finding, particularly in medium sized blood ves-
sels close to the foci of gliosis. Both intact cysts and free
tachyzoites were occasionally visible near foci of gliosis.

Areas within the left quadriceps muscle showed general-
ised fibre atrophy and mild, diffuse interstitial fibrosis. Also
present were occasional small foci of acute myonecrosis, with
small numbers of infiltrating neutrophils and mononuclear
leucocytes. More frequent were larger foci of lymphocytes
and plasma cells that appeared to have replaced muscle fi-
bres. Individual regenerative fibres were identifiable by their
basophilic cytoplasm and large, central, nuclei. Very occa-
sional muscle fibres contained aggregated tachyzoites.

No histological abnormalities were detected in the right
quadriceps muscle or in the other tissues examined.

No abnormalities were detected in any other tissues, in-
cluding the heart and sections of cervical, thoracic and
lumbar spinal cord.

Immunohistochemistry

Sections of phosphate-buffered formalin-fixed brain were
tested by immunohistochemistry using using a peroxidase-
anti-peroxidase (PAP) reaction described previously
(Schares eral., 1997).

Immunohistochemistry of tissue sections of the CNS, us-
ing rabbit serum developed against N. canznum tachyzoites,
revealed numerous small groups of protozoan stages re-
acting strongly with the antiserum (Figures 2 and 3). In
addition, large groups of protozoan stages were also ob-
served reacting with the antiserum (Figure 4).The stages
observed in large groups seemed to be smaller in size than
those observed in small groups. In some cases a thin cyst-
wall like structure was visible surrounding the larger groups
of organisms.

Polymerase chain reaction

To confirm the diagnosis of neosporosis, sections of two
immunohistologically positive tissue blocks were analysed
by the polymerase chain reaction (PCR) for N. caninum and
T. gondii DNA. For the PCR, three 15 pm sections of paraf-
fin-embedded central nervous system (CNS) material were
deparaffinised with xylene and the resulting tissue pellet
washed three times in ethanol. After evaporation of the etha-
nol, the tssue pellet was digested with proteinase K and the
DNA isolated using a DNA extraction kit (NucleoSpin C+T,
Macherey & Nagel, Diiren, Germany) following the instruc-
tions of the manufacturer. The resulting samples were ex-
amined by PCR for N. caninum DNA using primers Np6
and Np21 (Yamage et al., 1996). For the detection of Toxo-

plasma gondit DNA, a B1 gene fragment was amplified us-
ing oligo 1 and oligo 4 (Burg et al., 1989).

The PCR specific for N. caninum amplified in both CNS
DNA samples a product with an expected size of 328 bp
(Figure 5A, lanes 3 and 4). In addition, a fragment of 150
bp could be observed.The T. gondii PCR revealed in both
samples no product of the expected size (194 bp; Figure
5B). However, in one of the CNS samples, a fragment of
about 310 bp was amplified (Figure 5B, lane 3).

Discussion

This is the first full clinical report of canine neosporosis in
New Zealand. Previously, three cases of N. caninum infec-
tion in New Zealand dogs had been diagnosed retrospec-
tively from tissue sections held at Massey University, one
of which dated back to 1972 (Patituccietal., 1997). Most
(over 90%) canine infections with N. caninum appear to
afflict younger animals, less than 12 months of age
(Ruehlmann ez al., 1995). As in the case presented here,
nearly 90% of these younger dogs show ataxia and a pro-
gressive, ascending paralysis of (often) the pelvic limbs,
with hyperextension of the pelvic limb being a common
finding in pups less than 4 months of age. Other clinical
signs may include difficulty in swallowing (Hay et al.,
1990), myocarditis associated with sudden death (Odin and
Dubey, 1993), dermatitis (Dubey et al., 1995) and pneu-
monia (Greig et al., 1995). As in the present case, creati-
nine kinase concentrations are often elevated in clinical
cases, and so too are liver enzymes (Ruehlmann et al., 1995).

Clinical signs in older dogs are often not characteristic
(although hind leg ataxia leading to paralysis was reported
from all three Massey dogs) and may include signs of dis-
seminated infection (Dubey et al., 1988a; Barber and Trees,
1996; Hoskins et al., 1991), including pneumonia (Greig
et al., 1995) or dermatitis (Dubey ez al., 1995).

Most specific diagnostic tests for neosporosis (such as
histology, immunohistochemistry and PCR) are post-
mortem tests. The most useful test for neosporosis in live
animals appears to be serology. Titres of 1:50 in the IFAT
are thought to be specific and indicative of N. caninum
infection (Dubey et al., 1988b). IFAT titres of 1:800 occa-
sionally occur in clinically normal dogs (Trees et al., 1993)
but in dogs presenting with clinical signs titres at this level
or greater (as in the present case) should be regarded as
diagnostic (Barber andTrees, 1996).

Clinical cases in puppies are thought to be due to
congenital infection and this is supported in the present
case by the strongly positive titre (1:1600) in the N.
caminum IFAT, in the dam of the pup. The dam may have
been infected with N. caminum and passed the infection to
her offspring. Her serological response did not appear to
change much over time and was, at an IFAT titre of 1:3200
9 months later, quite similar to the first serological result.
Two litter mates of the present case were available for
serological testing, and one was also positive at 1:1600
initially, reducing to 1:800 at 3 and 9 months later. These
reactions were within one serum dilution of the original
1:1600 reaction and are within the accepted limits of
variability for laboratory testing and not likely to present
real changes in antibody levels. Another litter mate was
negative, however, and neither litter mate, even the
serologically positive litter mate, showed any clinical signs.
These results are in agreement with overseas findings, which
have so far demonstrated only transplacental infection in
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Figure 3. Section of CNS tissue. Small group of proto-
Zoan stages reacning with an andserum against Neospora
canimuon tachyzoites (PADP rcaction counterstained with
Papanicolaou stain).
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Figure 2. Section of CNS tissue. Small group of proco-
zoAan stages reacoug with an antiserum against Veospora
candrem tachyzoites (PAD reacton counterstained with
Papanicolaoy stain).

Figure 4. Section of CNS 1issue. [.arge group of groto-
zoan stages reacSng with an antiserum against Neaspoya
caninum tachyznites (PADP reactian counterstained with
Papanicolaon stain).
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doys, rhar mav alwo occur repeatediv in subsequent
gestanions (Bjerkas 1020, 10845 Dubey v, 1988b; Duhey
ol 1980Y, Avin e cane pwesented here, not 2 individuoals
of an altected liter <how cliteal signs (Burber and raes,
L994; Dubey ¢ .. 1905 Juconson and Jardine, 1993). It
has, however, been suggested that clinical neosparssisan
older dogs may be a resultof reacrivation of @ previousty
acduired infzction gssaciated with immunasuppression,
sometines only temparary, suct: as mav be caused by
vacaition with an atrenuared viros JPantucc of @, 10977,
Inthis case, the serologseally positive, presuntably infected
pup may be a1 nixk ol developing climical neosporuosis 4t a
future Jdate. A Laree proportion of New Zealand dogs have
aatibodies 1o N vanonsr (Rechel, 19983 and they moy
therefore be bt nisk of developing chinical disease s they
hecame immuno-compromised inmny way.

The histologica findimgs i the wise reporwed here arean
geneysl agreement with the hisiology reponed from aver-
seis cases (Dubes o ol 193843 and findings fron the ihree
cascs reported rom Massey Ursvensity which were il older
{ 1-6 vear-r than the present case.

[.estonswere tound only 1n the CNS and skelctal muscle
i the present aase, dand the CNS was also the most re-
warding xite for examinaton In previous cases reperted
Irom New Zeatsrnd (Patitueey ez ol 19970 Howeve s, Bar-
ber ¢ i (1000) have reported lesions ferom a variery af
organs, inchuding heot, lung and liver, and noted that
tachyzolies were contmon in stciated musele, parhiculary
e gquadriceps muscle in dogs prescnting with hindleg
paresidparalyss and Ui torelmb museles in puppic- which
had devetoped locomuotor problems in those limbs, Barber
oLl 11908 alve sugrested that parasine stuges may be
found in more dssues dunng the acute phase of mfectian
with N cannnton while they appear to be confined e ¢hy
CNS 1 more chronic cases, gt leastin younger dogs. Tt
Wy seem surpnsing that there were no maee geners] CNS
s3gns in the prosent coase, i view of the extensive histologi-
¢l leswons, bur Barher o2 @ 1096 also acsted no clear
relitionship between pareeite distzbution and seeerney of
lesiny and chuical signes.

Immuonohisiachemstey confinmed the histelorncal drag-
nasts through the speafic ctaimng of N anpion parasotic
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Figure 3. Products of Neospora canmumi-specific (A)
and Toxoplasma gondii-specific (B) avaplification ot nu-
cleic acid i the polvoierase chain reactinn ofs (1) \.
caninum positive cantrol; (2) T yondii pasitive control;
(3+4) CONS tisxue samiple DNA, (3) negadive control. The
100 bp tadduer is the marker (M),

stiaes. This -ludy glso revealed nwvo ddfferent nvpes ol paca-
sitic stage ccacting with an anti- N, casgmeni serum. [ts
likelv that the lacacr orgammsms lvimg in small groops cup-
resent tachyzoites whereas the smaller organisms lving in
larger groups may reprowent bradyzoites. Howeter, the lat-
ter were nof alwavs surraunded by 2 cystwell Further con-
firmation was obtaned by the amplificaion of a N, canini-
specitic DNA fragment by PCR. The addstional umplifica-
tion product of 130 bp mov have been causcd by ao vospe-
cific raachon of primers, c.g. with the hosi DXAL

Ireatmeni for neosporosis invalves a number of drugs.
including clindamycin, pyreacthamne and patentiated
walphonamides (Rarber and Treey, 1906 Ruchhmans or ul..
19455 (see Dubeyand Lindsay, 1990, for a review of deaps).
\While our case (il Rt respond 1o treatment, proanosis ts
usugily good m cases which ace meated corly Jacabhson
and Jurdine, 192035 NMceGlennon 2 of. 1990; AMavhew o
L, 19 2 Barber andTrees, 1906) where clinical signs are
ity ot severe, progress slowly and dn nocinvalve at-
ruphy and Gbros:s (Knowter and Whecler. 1003),
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1.6.3. Discussion and Conclusions

The work described in the former paper established the widespread nature of N caninum
infection in dog populations around the world, with many shown to be infected with
percentages exceeding 10%. The sero-prevalences for canid populations demonstrated
in that paper were in-line with the observations of others. These describe the sero-
prevalence of infection ranging from single figure percentages to around 30% (Lindsay
et al. 1990, Trees et al. 1993, Bjorkman et al. 1994, Barber et al. 1997b, Sawada et al.
1998, Gennari et al. 2002). Gennari et al. (2002) describe a 4-fold higher sero-
prevalence in stray dogs over that of domestic dogs. (Sawada et al. 1998) also report a
4-fold increase in sero-prevalence in dogs on dairy farms with abortions versus urban
dogs. Both studies hence provide valuable epidemiological information about N
caninum-infection in canid populations. Nothing however was known about the

prevalence and distribution of infection in dogs in New Zealand.

The full life cycle of N caninum was not completely understood at that time, but this
paper demonstrated the widespread nature of infection in canid population on almost all
continents (with the exception of Asia, which was not part of the study). This suggested
then that the hitherto unknown definitive host must be very common and present in all

those countries.

Recent sero-epidemiological work appears to demonstrate some correlation between the
sero-prevalence in dog populations in Germany and that in dairy cattle (Schares 2001).
A number of further recent publications point to associations between the presence of
dogs and abortions on dairy farms (Sawada et al. 1998, Wouda et al. 1999, Dijkstra et

al. 2002a, Dijkstra et al. 2002b). In hindsight, therefore, it would have therefore been
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extremely useful to test cattle populations in the same geographical regions at the same
time.

The Reichel et al. paper (1998) describes a clinical case of N caninum infection in a dog
in New Zealand. Prior to this paper, work performed in New Zealand hat described
neosporosis retrospectively in specimen of dogs that had previously been diagnosed as
suffering from toxoplasmosis (Patitucci et al. 1997). Similarly in Australia, diagnostic
cases were re-evaluated and reassigned a diagnosis of N caninum (Munday et al. 1990)

or singular clinical cases described (Gasser et al. 1993).

This was the first full description of the clinical features of N caninum infection in a dog
in New Zealand, with the entire state-of-the-art diagnostic work-up, but into the context
of contemporary knowledge. The clinical symptoms were in accordance with overseas
observations, i.e. that of an ascending paralysis of the hindlimbs in a dog less than six
months of age (Ruehlmann et al. 1995, Barber and Trees 1996), which was refractory to
treatment (Ruehlmann et al. 1995). Some of the littermates had died shortly after birth,
an occurrence not uncommonly also reported from overseas (Dubey and Lindsay 1989).
Serological testing by IFAT demonstrated high titres in the clinically affected pup, as
well as in the dam and in clinically unaffected littermates, suggesting that the infection
was acquired from the dam (Dubey and Lindsay 1989, Barber et al. 1998) as is

observed overseas.

Histological testing demonstrated characteristic lesions of meningoencephalomyelitis in
the Central Nervous System (CNS) and myositis (Dubey et al. 1988),
immunohistochemical and molecular techniques demonstrated N caninum in the brain

(Ellis 1998).
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1.6.4. Presence and disease in cattle

Not long after the first detailed description of the causal agent of neosporosis in dogs by
Dubey et al. (1988) came the realisation that N caninum was also a major cause of
infectious abortion in (dairy) cattle (Dubey et al. 1989). Subsequent years added a long
list of countries with N caninum- induced abortions (Thornton et al. 1991, Anderson et
al. 1995, Collery 1995, Jardine and Last 1995, Obendorf et al. 1995, Bjorkman et al.
1996, Conraths et al. 1996, Klein et al. 1997). Several epidemiological studies
established that N caninum infection increases the risk of abortion in cattle threefold
(Moen et al. 1998, Wouda et al. 1998). In addition, some reports suggest that infection
of N. caninum-infected cows with bovine pestivirus increases the risk of Neospora
abortions threefold (Pfeiffer et al. 2000). A Swedish study (Bjorkman et al. 2000) also
reports a significant association between Bovine Viral Diarrhoea Virus (BVDV)-
infection in cattle, Neospora, and abortion risk while another failed to demonstrate this

association (Gottstein et al. 1998, Mainar-Jaime et al. 2001).

1.6.5. N. caninum in Australia and New Zealand

Not long after the first published descriptions from North America of N caninum
causing abortions in cattle came its description as an abortifascient in dairy cattle in
Australia and New Zealand (Thornton et al. 1991, Boulton et al. 1995, Obendorf et al.
1995). Subsequent years added a small number of further reports, which also started to
address epidemiological aspects of the disease (Thornton et al. 1994, Patitucci et al.

1999).
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The history and epidemiology of N caninum in Australasia was reviewed in the

following paper:
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Reichel, MP (2000)
Neospora caninum infections in Australia and New Zealand

Australian Veterinary Journal 78, 258-261



Australian

VETERINARY
JOURNAL

SCIENTIFIC SECTION

EDITOR
COLIN WILKS

ASSOCIATE EDITOR
KL HUGHES,

EDITORIAL COMMITTEE
NORMAN ANDERSON, GLENN BROWNING,
COLIN CHAPMAN, ROBIN CONDRON,
JOHN DUFTY, TREVOR FARAGHER,
KEITH HUGHES, ALAN LAWTHER,
CARL PETERSON, ANDREW TURNER,
COLIN WILKS

EDITORIAL ASSISTANT AND
DESKTOP PUBLISHING
ANNA GALLO

The Australian Veterinary Journal welcomes
original contributions on all aspects of

veterinary science.

Submission of a manuscript for publication
will be held to imply that it is a record of
unpublished original work of the author(s)
and, if accepted will not be published else-
where in whole or part without permission.
The Journal reserves the right to reject any

manuscript.

Send contributions to the Scientific Section
of the AVJ to:

Editor,

AVA House, 272 Brunswick Road,
Brunswick, Victoria 3056.

Telephone: (03) 9387 2982, 9387 8808.
International -61 3 9387 8808

Telefax: (03) 9388 0112,

International +61 3 9388 0112.

Email avjsc@ava.com.au.

‘Instructions for authors’ were published in
the February 1999 issue. They can be found
in http://www.farmwide.com.au/nff/vetasscn/

aboutava/instruct.htm.

‘Statistical guidelines for authors’ were published
in December 1998. They can be found in
http://www.farmwide.com.au/nff/vetasscn/

aboutava/statguid.htm.

258

Invited Review

Neospora caninum infections in
Australia and New Zealand
MP REICHEL

Novartis Animal Health Australasia Pty Ltd, 245 Western Road, Kemps Creek,
New South Wales 2171

Objective  To review the current state of knowledge of Neospora caninum infec-
tions with particular reference to Australia and New Zealand.

Procedure Several databases were searched electronically including Medline,
Current Contents, Vet CD using several key words (Neospora caninum, neosporosis,
abortion, cattle, dogs) and authors names. References in original articles were also
traced and use made of the author’s own original research in the field.

Conclusion N caninum is recognised worldwide and is also widespread, in partic-
ular in dairy cattle, in Australia and New Zealand. It has been reported in both coun-
tries retrospectively (in dogs) from the early 1970s. Abortion storms in dairy herds
appear to be the most common feature. Recent reports indicate that the dog is the
definitive host, in which the sexual cyle is completed. Further studies are however
required to establish important aspects of the epidemiology, such as mode of trans-
mission. In the absence of an effective vaccine, the most effective control strategy is
selective culling of infected animals and the prevention of access of dogs to expelled
placentas and foetuses and, possibly, to raw beef.

Aust Vet J 2000;78:258-261

eospora caninum is a protozoan parasite that was first described in a litter of

dogs in Norway in 1984.1 Today it is recognised world-wide as an infection of,

predominantly, dogs and cattle.2 Other species, such as sheep, goats, deer and
horses®-® have also infrequently been reported as naturally infected. Infection has been
reported retrospectively from stored tissues of dogs and cattle, dating back to 1957° and
1974,10 respectively.

Since its recognition, N caninum has emerged as a major cause of abortion in cattle.
The economic impact of N caninum infection in cattle has been estimated at A$85
million per annum for the dairy and $25 million for the beef cattle industry in
Australiall and NZ$17.8 million for the dairy industry in New Zealand.1? The true
costs are probably higher, since these calculations only take account of abortion
outbreaks. It is likely though, that sporadic and low-level endemic abortions also occur,
as they do overseas.!® In addition, a study from the USA reported a decrease in milk
yield of approximately 1kg/day4 in cattle that had serum antibody to N caninum.
Cattle with serum antibody to N caninum are considered to be persistently infected.

Occurrence in Australia and New Zealand

A paper published in 1990 reports that N caninum infection in Australia occurred as
early as 1971.15 Infection was retrospectively diagnosed in canine tissues by immunohis-
tochemical techniques; clinical neosporosis was first described in a dog in 1993.16 In
both beef and dairy cattle, infection has been described from the early 1980’s
onwards.17.18

From the end of the 1980's, N caninum infection has been described in New Zealand
mainly as a cause of abortion in dairy cattle.1%20 However, infection of dogs has also
been described,21:22 and retrospective immunohistochemical analyses of stored canine
tissues have established that N caninum infections have been present in that country since at least
1972.21 Serological surveys indicate that the prevalence of Neospora infection in New
Zealand dairy cattle is stable® and suggest that neosporosis is not a recently introduced
disease.

Aust Vet J Vol 78, No 4, April 2000



Epidemiology and Life cycle

It has recently been shown that the sexual part of the life cycle
of N caninum is completed in dogs, where oocysts are released
in faeces.?* Nonetheless, it is still unclear how the disease is
transmitted naturally.

There is serological evidence, which indicates that dogs are
the reservoir of infection for cattle.25-27 However, it appears that
the number of oocysts shed in dog faeces is low, except when
dogs were immunosuppressed,28 and it is difficult to understand
how they could initiate the abortion epidemics that have been
observed.

In cattle, evidence suggests that the vertical route represents
the major mode of transmission with greater than 80% effi-
ciency.29:30 Experimentally, colostrum has also been reported as
a vehicle of infection for calves.3! In dogs the efficiency of
vertical transmission appears more variable.32 Many published
reports, however, also assert transmission from bitch to pup.33:34
Modelling suggests that, at least for cattle, vertical transmission
alone is not sufficient to sustain infection.3> There are reports,
which suggest that horizontal transmission patterns exist, with
point-source exposure accounting for the abortion pattern in
cattle.20.36-38 At this time the relative importance of horizontal
compared to vertical transmission remains unclear.

The prevalence of antibodies to N caninum in affected dairy
herds in Australia and New Zealand is remarkably similar,
usually about 30 to 35%,20-38-40 pointing to a large number of
already potentially infected animals. Abortion may be the result
of recrudescence of chronic infection triggered by an
immunomodulating or suppressive event, such as concurrent
infection with bovine viral diarrhoea virus.3?

Given the relative ease with which they can be infected exper-
imentally*1:42 one might expect N caninum abortions to occur
naturally in sheep. Recent surveys suggest, however, that
neosporosis is not a significant cause of abortion in sheep.*

Disease in dogs

In the majority of clinical cases in dogs, signs are those of an
ascending paresis or paralysis of the hind limbs,*3 with dogs
under 6 months old more often affected. Clinical signs may
include difficulty in swallowing,** myocarditis,*> dermatitis46
and pneumonia.*” Disseminated infection is more common in
older dogs.#8-50 Diagnosis in dogs is usually on the basis of clin-
ical signs, aided by serology (Indirect fluorescent antibody test
[IFAT]) and can be confirmed at necropsy by histological,
immunohistochemical and molecular techniques.?2 From 5 to
15% of Australian and 22% of New Zealand dogs have specific
antibodies to N caninum,2351 which suggests that a relatively
large proportion of them are infected with, or have been
exposed to the parasite. This prevalence is similar to that in
countries such as Uruguay, Tanzania and the UK, but differs
from the situation in Kenya, the Falkland Islands and the USA
where the dog population appears to be unaffected or to have a
low exposure.51-53

Disease in cattle

Abortions are the most dramatic and visible effect of infection
in cattle, but congenital infection with no clinical signs appears
to be by far the most frequent outcome. Congenitally infected
calves may be born underweight, unable to rise with limbs
flexed or hyperextended and with neurological signs including
ataxia, decreased patellar reflexes and loss of proprioception.2

Overseas authors differentiate between sporadic, endemic and
epidemic abortion patterns.13 In Australasia, outbreaks appear

Aust Vet J Vol 78, No 4, April 2000

to be more often of the epidemic type,1217.20.37-40 with the
proportion of aborting cattle ranging from 5 to 33%. Repeat
abortions appear to be rare, however.3°

Lesions in aborted foetuses are usually only visible upon
histological examination and are located predominantly (> 85%
of cases) in the CNS, but heart, skeletal muscle, liver and
kidney may be affected.13.5455 Characteristic is a multifocal,
non-suppurative encephalitis, but lesions are often difficult to
detect. Myocardial lesions may be more pronounced and
causally associated with foetal death,5 but these can be masked
by autolysis.

Diagnosis

In dogs, clinical signs of paresis or paralysis in an animal that
is less than 6 months old are suggestive of N caninum infection.
Toxoplasmosis may present with similar signs and serological
testing should be performed for differentiation. Titres of greater
than 800 in the IFAT for N caninum are rarely found in clini-
cally normal dogs*® and can be considered diagnostic.
Histology, immunohistochemistry and polymerase chain reac-
tion can be used at necropsy to confirm the clinical diagnosis.

In cattle, diagnosis is somewhat more complicated. Aborted
foetuses are frequently not available or are in advanced stages of
autolysis, making histological diagnosis difficult. Serological
testing of foetal body fluids can yield false-negative results as
infected foetuses may lack the immunocompetence to produce
significant amounts of anti-Neospora antibodies. In one study,
only 21% of 3- to 5-month-old Neospora-aborted foetuses had
specific antibodies compared with 93% of 8- to 9-month-old
foetuses.>” Antibodies in cows decrease in titre within a matter
of weeks following an abortion.3958 The prevalence of N
caninum infection in some herds can be high, with a subse-
quently high level of congenital infection. The presence of
congenitally infected calves that have not been aborted as a
consequence of N caninum infection may falsely suggest that
other abortions occurring in the herd are due to neosporosis.>®
In order to determine whether or not there is an association
between the abortion and N caninum infection, calculation of
odds ratios and relative risk have been advocated.39-60

Recently, differences in pattern of the serological reactions
between endemically and epidemically affected herds have been
demonstrated, and these may be useful in epidemiological
investigations.5?

Zoonatic aspects

Nonhuman primates have been shown to be susceptible to N
caninum infection by intra-uterine inoculation, or by transpla-
cental spread, after intravenous and intramuscular infection of
their dams with tachyzoites.52 Serological evidence of human
exposure to N caninum has recently been obtained from testing
blood samples at a blood bank.53 Of 1029 sera tested in IFAT,
69 (6.7%) were positive for N caninum at a titre of 100, and 50
of those were negative for T gondii antibodies. The specificity of
this test for N caninum antibodies in human serum was confirmed
in 12 sera by immunoblotting. The general consensus appears
to be however, that N caninum does not naturally infect
humans®4 and antibodies to N caninum have not been detected
in sera from women who have experienced abortions.%5

Conclusions

Neospora caninum has emerged as a major cause of abortion in
cattle world-wide and, in the past decade, consistently rated as
the single most important infectious cause of abortion in cattle
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in Australia and New Zealand. It causes significant losses to
cattle producers, estimated to exceed A$100 million per year.
While the life cycle of N caninum has been fully described,
much of the epidemiology remains poorly understood. Vertical
transmission appears to be the main route of infection in cattle
in the Northern Hemisphere. In Australia and New Zealand, on
the other hand, there is evidence for horizontal transmission,
which suggests that cattle may be infected by a definitive host,
the dog or possibly other canids. Preventive measures to break
the protozoan life cycle should at least include the prevention of
access of dogs to aborted foetal tissues from cattle. It may be
prudent however to exclude also foetal membranes and fluids,
as well as raw beef. Modelling suggests that vertical transmission
can be effectively controlled by selected culling of antibody-
positive cows, provided external sources of infection are
controlled.3> Vaccine development is being pursued®® but
currently there is no effective vaccine available that prevents the
shedding of oocysts in dogs or abortions in cattle.?
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1.7. Serological diagnosis of neosporosis

1.7.1. Introduction

Serological tests were only just becoming available for routine diagnosis of neosporosis
in cattle (Paré et al. 1995b, Pareé et al. 1995a). In addition, a considerable amount of
work was still required to determine the magnitude of a specific antibody response
indicative of a causal association between Neospora infection and abortion in cattle
(Trees et al. 1994, Barr et al. 1995) as well as clinical disease in dogs (Barber and Trees

1996).

Neospora abortions are a major cause of reproductive failure in the New Zealand dairy
industry. Little was known about the prevalence and epidemiology (in NZ or globally)
in the late 1980s and early 1990s and there was no serological diagnostic testing
available for N caninum at the time. In New Zealand, Neospora abortions were being
diagnosed in dairy cattle, by histopathological means, in increasing numbers (Thornton
1992, Thornton 1996) but the lack of any immunological, biochemical or molecular
biological test in that country hampered epidemiological investigations. Two papers on
N caninum abortions had been published in the NZ Veterinary Journal at that time
(Thornton et al. 1991, Thornton et al. 1994). One of those utilised serological data, but
the serological testing needed to be performed overseas. Interpretation of the data
however was difficult, because there was only limited knowledge and understanding at

the time of the kinetics of antibody titres.

The serological diagnosis of N caninum infections in cattle was extensively reviewed in

the following paper:
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Progress in the Serodiagnosis of Neospora
caninum Infections of Cattle

R. Atkinson, PAWV. Harper, M.P. Reichel and J.T. Ellis

Neospora caninum is an apicomplexan protozoan that has
become the focus of significant research attention worldwide.
This organism infects a range of host species, including dogs,
from which it was originally reported in 1984, but it is most
important as a major cause of bovine abortion. As a result of
the global importance of N. caninum, researchers have de-
veloped a number of serological tests to investigate the epi-
demiology of infection and disease. In this article, Robert
Atkinson, Peter Harper, Michael Reichel and John Ellis
consider progress made in the serodiagnosis of N. caninum.

Neospora species are cyst-forming coccidia of the
family Toxoplasmatinae, which is probably a mono-
phyletic group composed of Toxoplasma gondii,
Besnoitia, Neospora and Hammondia species!. There are
believed to be at least two species in the genus
Neospora: N. caninum and N. hughesi2. Neospora caninum
is associated with reproductive loss in cows world-
wide and is also responsible for clinical disease in
dogs3. As with all cyst-forming coccidia, there are three
major life cycle stages. Tachyzoites are rapidly divid-
ing forms that invade a variety of cell types, often in as-
sociation with adverse pathology in bovine foetuses,
congenitally infected calves and clinically affected
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pups and dogs. Bradyzoites appear to represent the
latent stage of infection and encyst in the tissues of the
central nervous system of cows and dogs. Oocysts
have been shown to be shed in the faeces of experi-
mentally infected dogs at very low levels, thereby con-
firming this species as a definitive host for N. caninum?.
The global importance of N. caninum has prompted the
development of a number of serodiagnostic tests that
are currently based on antigenic extracts and antigens
of N. caninum tachyzoites.

Antigens of N. caninum

A wide range of immunoreactive antigens has been
described from N. caninum?’. Immunodominant anti-
gens (IDAs) of N. caninum tachyzoites were first iden-
tified in 1992 using the western immunoblot tech-
nique®. In Fig. 1, an immunoblot (IB) is presented that
shows the antibody responses of sera from seroposi-
tive cows in a Neospora-infected herd® to non-reduced
soluble tachyzoite extract of N. caninum. Neospora can-
inum IDAs are detected as a group comprising mol-
ecules of molecular mass 37,29/30,16/17 and 46 kDa5".
At lower antibody titres, it is clear that some antigens
might not be detected at all. The 37 kDa and 29/30 kDa
IDAs (p37 and p29/30) are the most commonly de-
tected antigens®® and might be considered as the main
target for a diagnostic serological test. These antigens
have recently been cloned®!! and the gene sequences
obtained reveal homologies to those encoding the
SRS-2 (surface antigen 1-related sequence 2) and SAG1
(surface antigen 1) antigens of T. gondii. No results
have yet been presented on the utility of these antigens
in serological tests.

Parasitology Today, vol. 16, no. 3, 2000
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Table 1 lists a number of antigens =
that have been characterized from
N. caninum. NCDG1/N57, NCDG2,
N54 and p65 have been used in
serological tests and shown to be of | 44
value'>1417. NCDG1, NCDG2, N54 |
and NCGRA2 are cloned antigens |
that were isolated by immuno- |31 - |
screening cDNA expression libraries :
with serum from infected cows.
NCDG1 and NCDG2 appear to be
minor tachyzoite antigens associated
with dense granules>'>. NcGRA1
and -2, by analogy to T. gondii, are
also likely to be located in the dense
granules of the tachyzoite.

22.5 -

Serodiagnostic tests for neosporosis 1

Table 2 lists serological tests that
have been used successfully in
diagnosing exposure of cattle to N.
caninum infection (for further infor-
mation see Ref. 28). The indirect

2 3 4 5 6 7 8 9

Fig. 1. Immunoblot responses and indirect fluorescent antibody test (IFAT) titres of
Neospora-infected cows. Lane |, uninfected cow; lanes 2-9, infected cows with IFAT
titres of 160 (lanes 2 and 3), 320 (lanes 4 and 5), 640 (lanes 6 and 7) and >1280 (lanes
8 and 9). Sera were diluted |:100 for immunoblottingé. Molecular mass values (kDa)
are shown on the left.

i

I | R |

fluorescent antibody test (IFAT),
which was first applied to neosporo-
sis serology in 1988, has since been used widely for di-
agnosis of infection in dogs and cows and is a useful
standard for comparison with other tests. A positive re-
sult is indicated by whole-tachyzoite fluorescence,
which occurs when moderate or high-titre sera are
tested. When low-titre sera are tested, apical or reduced
fluorescence occurs'®?’. This might also occur as a result
of crossreactivity with T. gondii, so results should be in-
terpreted with caution. The conoid, a prominent struc-
ture in the apical complex, is known to contain epitopes
that are crossreactive among Eimeria spp, T. gondii and
N. caninum?. A cut-off for foetal serology of 1:80 might
also be useful3, whereas for adult cows, titres between
1:25 and 1:640 have been suggested?31830,

The IB is often used as an adjunct to other tests al-
ready in use, rather than as a tool for routine screening
of herd sera. However, IB is important in identifying
IDAs and has been used in limited herd surveys®20. A
cut-off for a positive result was proposed to be when
two or more of four IDAs are present?’30. Highly im-
munogenic IDAs might still be evident when low titre
sera are tested (Fig. 1), suggesting that a cut-off of two
IDAs (p37 and p29/30) is appropriate. Crossreactivity
to T. gondii appears neglible in IBs but this depends on
the particular antigen extract and serum dilutions
used. If it occurs, crossreactivity is not associated with
any of the IDAs®-920.

ELISAs enable more rapid analyses of samples than
the IFAT or the IB and so are extremely useful in large-
scale screening of cattle herds. For the soluble ELISA,
immunostimulatory complex (ISCOM) ELISA, recom-
binant (r)-ELISA and IFAT-ELISA, absorbance values
above the cut-off indicate a positive result. The cut-off
is determined from reference sera, often characterized
by the IFAT, and is carefully selected to minimize false
negative and false positive results. Cut-offs are chosen
within 2-3 standard deviations of the mean value
given for the negative reference serum group?3?2!. In the
CI-ELISA, anti-Neospora antibodies compete for an epi-
tope on p65 with a conjugated monoclonal antibody,
thereby altering absorbance readings. Based on reference

Parasitology Today, vol. 16, no. 3, 2000

sera, a level of 58% inhibition was proposed as a cut-off!3.
MASTAZYME and AHS ELISAs compare absorbance
values with that of a positive control serum and express
results as a percent positivity value? or ratio’. The
kinectic ELISA compares antibody-binding kinectics of
samples with a positive control serum?. Similar to the
IFAT and IB, crossreactivity with T. gondii has been re-
ported in some ELISAs’. MASTAZYME and IDEXX
ELISAs are available in kit form from distributors in sev-
eral countries and have already been used in serological
surveys and seroepidemiological studies?.26.27,

Table |. Antigens of Neospora caninum

Antigen Localization? Refs

Native
p37 dg, pv 57
p29/30 dg, pv 57
Ncp35 cm 9
Ncp29 cm 9
plé/17 rh 57
p46 ? 5
Ncp43 cm, dg, rh 10
Ncp36 cm, dg I
p33 dg 12
p65 cm 13

Recombinant
NCDGI/N57 (NcGRA7) dg 12,14
NCDG2 (NcGRA®6) dg 15
N54 ? 14
recNcp43 cm, dg 10
NcSAGI cm 9
NcSRS2 cm 9
NcGRA2 ? 16
NcGRAI ? b

* Abbreviations: cm, cell membrane; dg, dense granule; rh, rhoptry; pv,
parasitophorous vacuole; !, unknown.

b Ellis, ). (1999) Gene discovery and prospects for vaccination against
Neospora caninum. Proceedings COST-Action 820 Workshop on ‘Vaccines
against animal coccidioses’ (Gottstein, B. and Hemphill, A, eds), Interlaken,
Switzerland.
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Table 2. Serological tests for diagnosis of Neospora caninum?

Test Antigen Specificity/Sensitivity? Cut-off Refs
IFAT Tachyzoite 82.4-97/85.7-90 1/25-1/640 18,19
Immunoblot Soluble extract NS/NS Refer to text 5-7,20
ELISA Sonicatec 96.5/88.6 Vo =0.45 8
ELISA Soluble extract 100/89-97 A4,=0.17-0.40 21
ELISA ISCOM extract 96/97.6-100 A45,=0.20 22,23
CI-ELISA p65 NS/NS Refer to text 13
r-ELISA NCDGI-2, N54 93-96/82-95 A45,=0.06—-0.14 14,17
IFAT-ELISA Tachyzoite 96/95 As=0.77 24
MAT Tachyzoite 97/100 Refer to text 25
Commercial ELISAsd

MASTAZYME Tachyzoite 90-100/85-97 PP=15-25% 24,26

IDEXX Sonicate 87-92/98 S/P=0.5 8,20,27

AHS Detergent extract 92-100/98 S/IP=0.7 27

 Abbreviations: ELISA, enzyme-linked immunosorbent assay; CI-ELISA, competitive inhibition ELISA; r-ELISA, recombinant ELISA; IFAT, indirect fluorescent
antibody test; ISCOM, immunostimulatory complex; MAT, modified agglutination test; NS, not stated; P, positive control; PP, percent positivity; S, sample.

b Expressed as %.
¢ Kinetic ELISA.

d Mast Diagnostics, Bootle, Merseyside, UK. IDEXX Laboratories, Westbrook, Maine, USA. Animal Health Service, Drachten, The Netherlands.

An agglutination test has also been introduced into
Neospora research?. After incubation with test sera in mi-
crotitre plates, a precipitate of agglutinated tachyzoites
indicates a positive result. This is the only serological test
listed in Table 2 that does not require secondary antibody
conjugates or colorimetric reagents, enabling a range of
species to be tested. However, its performance charac-
terisitics will still need to be determined for each species
studied, and cut-offs might also vary, as is seen with the
agglutination test used for T. gondii.

Practical applications and limitations of serology
All these serological tests are useful for identifying
sera with moderate to high levels of anti-Neospora anti-
bodies (high-titre sera). Examples include sera from
infected cows with recrudescing titres during preg-
nancy'832, cows that have aborted as a result of N.
caninum infection® and infected cows or calves during
the calving period3334. High-titre sera are often found in
clinically affected dogs®. Sera with low levels of anti-
Neospora antibodies (low-titre sera) can be found in a
number of circumstances, including cows with fluctuat-
ing or declining antibody levels, as occurs several
months after parturition or abortion'$, recently serocon-
verting cows, or calves a number of months postpar-
tum32. Low-titre sera are also found in dogs with sub-
clinical infection®. In such situations, test performance
declines3203136, Thus, there are a number of limitations
placed on the use of these serological tests for diagnos-
ing N. caninum infection. An appropriate cut-off point is
selected for each of these tests and for different appli-
cations. The specificity and sensitivity data given in
Table 2 are not definitive for N. caninum, but are simply
values indicated for the nominated cut-off for each test.
The application of ELISAs, including r-ELISAs based
on NCDG1 and NCDG2, has revealed discrepancies
between tests, especially when low-titre sera are
tested!73136, highlighting the importance of selecting
appropriate cut-offs for each test and each application.
When high-titre sera are tested (which tend to be sera
from recently aborted cows) all ELISAs perform well.
However, evidence suggests that individual cow sero-
diagnosis is difficult®*3” and, therefore, seroepidemio-
logical approaches have been suggested, testing groups

112

of aborted versus unaborted cattle3$3%. Other difficul-
ties arise from the application: seroepidemiological ap-
proaches might need to maximize the sensitivity of the
assay (by choosing a low cut-off threshold), whereas di-
agnostic applications (in the case of abortion diagnosis)
might try to maximize specificity (to exclude ‘back-
ground’ reactions to N. caninum, which were not
causally associated with the abortion).

Serology enables rapid determination of the preva-
lence of N. caninum. Seroprevalences of N. caninum are
high in many cattle populations, worldwide, and may
reach 100% in some herds®. In some dog populations,
seroprevalences of more than 20% have been reported.
These data provide strong evidence on the global distri-
bution and importance of N. caninum, which had been
previously predicted by histopathology.

A high proportion (80-100%) of seropositive cows
transmit infection to their offspring, indicating that verti-
cal transmission is the major mode of infection20334142,
This situation appears to predominate in endemically in-
tected herds. In herds that experience epidemics or “abor-
tion storms’, another mode of transmission also appears
to operate. This might result from horizontal transmis-
sion involving dogs, or an immunosuppressive event
leading to the reactivation of a pre-existing, latent infec-
tion that results in the transplacental infection of the
foetus+30 (W. Wouda, PhD thesis, University of Utrecht,
The Netherlands, 1998). Serological responses have been
shown to differ in endemically and epidemically infected
herds®. Higher ELISA indices in non-aborting and abort-
ing cows are found in endemic herds compared with epi-
demic herds. Furthermore, higher IFAT titres are seen in
aborting cows in epidemic herds compared with those
in endemic herds. This information is consistent with
different transmission patterns being in operation.
Specifically, vertical transmission in endemic herds
might be reflected by higher ELISA indices, which are
associated with a latent or chronic infection (ie. release or
recrudescence of cytoplasmic or bradyzoite excretory/
secretory antigens). Horizontal transmission or immuno-
suppression in epidemic herds may be reflected by
higher IFAT titres, which result from a recent infection,
such as oocyst uptake or tachyzoite proliferation as a re-
sult of an immunosuppressive event (W. Wouda, op. cit.).

Parasitology Today, vol. 16, no. 3, 2000
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Seropositive cows do not display detectable clinical
signs of infection and most deliver healthy, congenitally
infected calves. Therefore, seropositivity has a high pre-
dictive value for congenital infection in cows but not for
abortion (although there is an increased probability of
abortion of 2-3-fold compared with seronegative
cows?). Dogs with clinical disease appear to carry
higher levels of anti-Neospora antibodies than subclini-
cally infected dogs®%®, probably reflecting increased
antigenic stimulation as a result of parasite proliferation.

Implications for farmers

If N. caninum is present in a herd, the farmer can ex-
pect infection to be maintained through successive
generations (where vertical transmission is the main
route of infection), and will need to monitor this using
currently available tests. A battery of serological tests
might be required (either in parallel or serial interpre-
tation) to achieve an accurate diagnosis. Selective
culling strategies may be applied, but this might be im-
practical in herds with high levels of infection. Where
necessary, culling needs to be incorporated into a
whole farm management approach. A clear benefit of
serology might be in the selection of replacement
stock?e. A farmer can be advised on the serological sta-
tus of cows or calves before purchase. It has been sug-
gested that an appropriate time to test potential re-
placement heifer calves should be after parturition?.
The cut-off threshold for a positive result should be as
low as is practical to minimize the likelihood of select-
ing an uninfected animal. However, further seroepi-
demiological studies are required to determine the sus-
ceptibility of seropositive or seronegative replacement
stock to abortion when introduced into herds of differing
infection status.

Seroepidemiological and experimental studies sup-
port practical control measures that should be adopted
to reduce abortion risk in cows. These include protection
of feed from dogs (ie. reducing the likelihood of oocyst-
bearing faecal contamination), eliminating the practice
of feeding raw offal from slaughtered cows or calves to
dogs, and preventing or limiting access of dogs to cattle-
grazing areas through adequate fencing practices 4434
(W. Wouda, op. cit.). Furthermore, identification of a
higher proportion of cows at risk might soon be possible
based on the serology of endemic and epidemically in-
fected herds. Farm dogs could also be tested. Those with
detectable antibody titres could be periodically treated
with drugs (which are effective against tachyzoites) to
reduce or prevent oocyst shedding.

Despite some of the advantages of serology, there are
a number of practical limitations. Problems with low-
titre sera exist, as already discussed. Present serological
methods are unable to identify cows at certain stages of
infection in endemic and epidemic situations. This oc-
curs in cows where no detectable antibody response
exists, such as during seroconversion in epidemic situ-
ations, or as a result of fluctuating titres in endemic or
epidemic situations. Furthermore, the prognostic limi-
tations of serological tests severely limit the ability to
inform farmers of prospective abortion rates.

Future prospects

Further studies are required to identify the different
stages of infection in Neospora-infected animals. Events
such as stage conversion, recrudescence, oocyst uptake,
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tachyzoite proliferation and release of latent or brady-
zoite-specific antigens will become important. Devel-
opment of tests such as the r-ELISA will also evolve fur-
ther and be evaluated. A test that can accurately predict
the risk of a Neospora-induced abortion in endemic or epi-
demic situations would be useful for farmers, veterinari-
ans and researchers alike. This might result from im-
provements in interpretive serology. Alternatively, novel
approaches might prove beneficial, such as measuring
cell-mediated immune responses with, for example, an
interferon <y assay. Investigations on the maternal en-
docrine environment during pregnancy in infected cows
might also prove worthwhile. In either case, it might be
possible to identify at-risk cows early on in pregnancy.
Ideally, this would enable the veterinarian to apply clini-
cal amelio-ration, thereby enabling foetuses that would
otherwise have been aborted to be carried to term.

Acknowledgements

The authors apologize to researchers whose work has been referred
to indirectly through a review article3. We thank Alexander |. Trees
and Willem Wouda for sharing their data with us before publication.

References

1 Jenkins, M.C. et al. (1999) The relationship of Hammondia ham-
mondi and Sarcocystis miicosa to other heteroxenous cyst-forming
coccidia as inferred by phylogenetic analyses of small subunit
ribosomal DNA sequences. Parasitology 119, 135-142

2 Marsh, A.E. ef al. (1998) Description of a new Neospora species
(Protozoa: Apicomplexa: Sarcocystidae). J. Parasitol. 84, 983-991

3 Dubey, J.P. (1999) Recent advances in Neospora and neosporosis.
Vet. Parasitol. 84, 349-367

4 McAllister, M.M. et al. (1998) Dogs are definitive hosts of Neospora

caninum. Int. J. Parasitol. 28, 1473-1478

Barta, ].R. and Dubey, J.P. (1992) Characterisation of anti-Neospora

caninum hyperimmune rabbit serum by western blot analysis and

immunoelectron microscopy. Parasitol. Res. 78, 689-694

6 Atkinson, R.A. et al. Seroprevalence of Neospora caninum infection
following an abortion outbreak in a New South Wales dairy cattle
herd. Aust. Vet. ]. (in press)

7 Bjerkas, I. et al. (1994) Identification and characterisation of Neospora
caninum tachyzoite antigens useful for diagnosis of neosporosis.
Clin. Diagn. Lab. Immunol. 1, 214-221

8 Paré, J. et al. (1995) An enzyme-linked immunosorbent assay
(ELISA) for serological diagnosis of Neospora sp. infection in cattle.
J. Vet. Diagn. Invest. 7, 352-359

9 Howe, D.K. et al. (1998) The p29 and p35 immunodominant anti-
gens of Neospora caninum tachyzoites are homologous to the
family of surface antigens of Toxoplasma gondii. Infect. Immun. 66,
5322-5328

10 Hemphill, A. et al. (1997) Characterisation of a cDNA clone
encoding Ncp43, a major Neospora caninum tachyzoite surface
protein. Parasitology 115, 581-590

11 Hemphill, A. et al. (1997) Identification and partial characteris-
ation of a 36kDa surface protein on Neospora caninum tachyzoites.
Parasitology 115, 371-380

12 Lally, N.C. et al. (1997) A dense granule protein (NCDG1) from
Neospora caninum. Mol. Biochem. Parasitol. 87, 239-243

13 Baszler, T.V. et al. (1996) Serological diagnosis of bovine
neosporosis by Neospora caninum monoclonal antibody-based
competitive inhibition enzyme-linked immunosorbent assay.
J. Clin. Microbiol. 34, 14231428

14 Louie, K. et al. (1998) Cloning and characterisation of two recom-
binant Neospora protein fragments and their use in serodiagnosis
of bovine neosporosis. Clin. Diagn. Lab. Immunol. 4, 692-699

15 Liddell, S. et al. (1998) Isolation of the cDNA encoding a dense
granule associated antigen (NCDG2) of Neospora caninum. Mol.
Biochem. Parasitol. 93, 153-158

16 Ellis, J. et al. Isolation, characterisation and expression of a GRA2
homologue from Neospora caninum. Parasitology (in press)

17 Lally, N.C. ef al. (1996) Evaluation of two Neospora caninum re-
combinant antigens for use in an enzyme-linked immunosorbent
assay. Clin. Diagn. Lab. Immunol. 3, 275-279

18 Conrad, P.A. et al. (1993) Detection of serum antibody responses
in cattle with natural or experimental Neospora infections. J. Vet.
Diagn. Invest. 5, 572-578

Ul

113



Focus

19 Trees, AJ. et al. (1993) Prevalence of antibodies to Neospora
caninum in a population of urban dogs in England. Vet. Rec. 132,
125-126

20 Schares, G. et al. (1998) The efficiency of vertical transmission of
Neospora caninum in dairy cattle analysed by serological tech-
niques. Vet. Parasitol. 80, 87-98

21 Osawa, T. et al. (1998) A multiple antigen ELISA to detect
Neospora specific antibodies in bovine sera, bovine foetal fluids,
ovine and caprine sera. Vet. Parasitol. 79, 19-34

22 Bjorkmann, C. ef al. (1994) Neospora caninum in dogs: detection of
antibodies by ELISA using an iscom antigen. Parasite Immunol. 16,
643-648

23 Bjorkmann, C. et al. (1997) An indirect enzyme linked im-
munoassay (ELISA) for demonstration of antibodies of Neospora
caninum in serum and milk of cattle. Vet. Parasitol. 68, 251-260

24 Williams, D.J.L. et al. (1997) Novel ELISA for detection of
Neospora-specific antibodies in cattle. Vet. Rec. 140, 328-331

25 Packham, A.E. et al. (1998) A modified agglutination test for
Neospora caninum — development, optimisation, and comparison
to the indirect fluorescent-antibody test and enzyme linked
immunosorbent assay. Clin. Diagn. Lab. Immunol. 5, 467473

26 Williams, D.J.L. et al. Evaluation of a commercial ELISA to detect
serum antibody to Neospora caninum in cattle. Vet. Rec. (in press)

27 Paré, J. et al. (1995) Interpretation of an indirect fluorescent anti-
body test for diagnosis of Neospora sp. infection in cattle. J. Vet.
Diagn. Invest. 7, 273-275

28 Bjorkman, C. and Uggla, A. (1999) Serological diagnosis of
Neospora caninum infection. Int. |. Parasitol. 29, 1497-1507

29 Sasai, K. et al. (1998) A chicken anti-conoid monoclonal
antibody identifies a common epitope which is present on motile
stages of Eimeria, Neospora and Toxoplasma. ]. Parasitol. 84,
654-656

30 Schares, G. et al. (1999) Serological differences in Neospora can-
inum-associated epidemic and endemic abortions. ]. Parasitol. 85,
688-694

31 Wouda, W. et al. (1998) Serodiagnosis of neosporosis in individual
cows and dairy herds, a comparative study of three enzyme-linked
immunosorbent assays. Clin. Diagn. Lab. Immunol. 5, 711-716

32 Paré, J. et al. (1997) Neospora caninum antibodies in cows during
pregnancy as a predictor of congenital infection and abortion.
. Parasitol. 83, 82-87

33 Anderson, M.L. et al. (1997) Evidence of vertical transmission of
Neospora sp. infection in dairy cattle. J. Am. Vet. Med. Assoc. 210,
1169-1172

34 Davison, H.C. et al. (1999) Herd-specific and age specific sero-
prevalence of Neospora caninum in 14 British dairy herds. Vet. Rec.
144, 547-550

35 Barber, J.S. and Trees, A.J. (1996) Clinical aspects of 27 cases of
neosporosis in dogs. Vet. Rec. 139, 439443

36 Dubey, ].P. et al. (1997) Antibody responses of cows during an
outbreak of neosporosis evaluated by indirect fluorescent anti-
body test and different enzyme-linked immunosorbent assays.
J. Parasitol. 83, 1063-1069

37 Schares, G. et al. (1999) Bovine neosporosis: comparison of sero-
logical methods using outbreak sera from a dairy herd in New
Zealand. Int. |. Parasitol. 29, 1659-1667

38 Thurmond, M. and Hietala, S. (1995) Strategies to control
Neospora infection in cattle. Bovine Practitioner 29, 60-63

39 Cox, B.T. et al. (1998) Serology of a Neospora abortion outbreak on
a dairy farm in New Zealand: a case study. N. Z. Vet. ]. 46, 28-31

40 Barber, J.S. et al. (1997) Prevalence of antibodies to Neospora can-
inum in different canid populations. J. Parasitol. 83, 1056-1058

41 Paré,]. et al. (1996) Congenital Neospora caninum infection in dairy
cattle and associated calfhood mortality. Can. J. Vet. Res. 60, 133139

42 Bjorkmann, C. et al. (1996) Neospora species infection in a herd of
dairy cattle. J. Am. Vet. Med. Assoc. 208, 1441-1444

43 Harper, P.A.W. (1999) Are your cattle aborting? Agfact AO. 9. 58,
1st edn 1994. New South Wales Agriculture

44 McAllister, M.M. (1999) Uncovering the biology and epidemiology
of Neospora caninum. Parasitol. Today 15, 216-217

Tsetse — A Haven for Microorganisms

S. Aksoy

Arthropods are involved in the transmission of parasitic and
viral agents that cause devastating diseases in animals and
plants. Effective control strategies for many of these diseases
still rely on the elimination or reduction of vector insect popu-
lations. In addition to these pathogenic organisms, arthropods
are rich in microbes that are symbiotic in their associations and
are often necessary for the fecundity and viability of their hosts.
Because the viability of the host often depends on these obligate
symbionts, and because these organisms often live in close
proximity to disease-causing pathogens, they have been of in-
terest to applied biologists as a potential means to genetically
manipulate populations of pest species. As knowledge on these
symbiotic associations accumulates from distantly related
insect taxa, conserved mechanisms for their transmission
and evolutionary histories are beginning to emerge. Here,
Serap Aksoy summarizes current knowledge on the functional
and evolutionary biology of the multiple symbionts harbored in
the medically and agriculturally important insect group, tsetse,
and their potential role in the control of trypanosomiasis.

Tsetse (Diptera: Glossinidae) are the vectors of African
trypanosomes, the causative agents of sleeping sickness
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disease in humans, as well as various diseases in animals.
Recently, tsetse-transmitted diseases have been on the
rise, causing severe economic hardships in many already
stressed communities. The extensive antigenic vari-
ation the parasites display in their mammalian host has
hampered efforts to develop effective vaccines, and
disease management strategies currently rely on the
treatment of infected hosts by chemotherapy and on
reduction of tsetse challenge by eradication or sup-
pression approaches. However, the success of active
surveillance attempts requires the development of im-
proved methods with greater diagnostic sensitivities
than the traditional detection techniques!. The tryp-
anocidal drugs used for treatment are expensive and
highly toxic, with adverse side effects; in addition,
their efficacy has recently been challenged in the pres-
ence of increasing parasite drug resistance detected in
patients2. Efforts to control vector populations have
been based largely on ground and aerial spraying, as
well as the direct application of insecticides to cattle in
farming communities. Recently, traps and targets have
been used extensively to reduce vector challenge, but
reports on their sustainability have been mixed be-
cause their long-term success relies heavily on com-
munity participation, awareness and resources. In
geographically isolated areas, such as the island of
Zanzibar, eradication attempts using the ‘sterile insect
technique’ (SIT) have been successful, and have resulted

Parasitology Today, vol. 16, no. 3, 2000
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1.7.2. The situation in New Zealand

There was no serological testing available in New Zealand for N caninum at the
commencement of my studies and the interpretation of serological data for the diagnosis
of abortions was still under investigation overseas (Conrad et al. 1993, Barr et al. 1995).
The goal was to introduce serological diagnostic testing for N caninum, initially
utilising a commercially produced test (IFAT) and then to validate it in New Zealand.
Thereafter, an ELISA was standardised as it was thought to be more suitable for sero-

epidemiological studies.
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The diagnosis of Neospora abortions in cattle

M.P. Reichel** and J.M. Drake*

Abstract

An indirect immunofluorescent antibody test (IFAT) and an enzyme-linked immunosorbent assay (ELISA) for specific anti-
Neospora antibodies in bovine sera and foetal fluids were compared with histological examination results on aborted foetal
material. The agreement between serological and histological examination results was poor, while the two serological tests
showed a high degree of agreement. Serological testing of diagnostic serum samples and foetal fluids suggests that the prevalence
of anti-Neospora antibodies in cattle which recently aborted is around 40%, in line with previous estimates of the number of
abortions in dairy cattle caused by Neospora sp. A sero-epidemiological approach to the diagnosis of Neospora abortions in cattle

may be suggested from these data.

Introduction

Neospora caninum, an apicomplexan protozoan parasite, was
first recognised as the cause of protozoan infection in dogs(®.
1t has since been found to infect naturally a variety of differ-
ent host species, including sheep, cattle, horses, goats and,
under experimental conditions, laboratory animals®. Clini-
cal disease, however, is mainly seen in dogs and cattle. In
dogs, disease commonly presents as an encephalitis in ani-
mals less than 1 year of age, with neuromuscular deficiency
of the hindlimbs a common clinical sign®. Neospora caninum
has been found to be a cause of abortion in dairy cattle, and
has been described in the United States, Canada, Great Brit-
ain and in Australia®®®®® In New Zealand, it is estimated
to be the cause of abortion in up to 40% of diagnosable sub-
missions sent to animal health laboratories®. Average abor-
tion rates due to Neospora have been estimated at 7% of preg-
nancies, compared with 4% due to other causes®, but may be
as high as 33% in individual affected herds. With the New
Zealand seasonal calving system, abortions tend to occur most
frequently in April and May"?. Diagnosis is based on char-
acteristic histopathological changes, detecting Neospora in
foetal tissues and, recently, an indirect fluorescent antibody
test (IFAT)UY on foetal fluids and/or maternal sera. Very little
information, however, has been collected on the epidemiol-
ogy of the parasite in this country, and serological testing on
a sample of dairy cattle sera should allow for an assessment
of the prevalence of anti-Neospora antibodies in the cattle
population. Enzyme-linked immunosorbent assay (ELISA)
tests have been developed with crude tachyzoite derived an-
tigen and are expected to facilitate large scale sero-epidemio-
logical studies®?.

The complete life cycle of Neospora sp. is not yet known.
Aspects that are not yet understood include the mode, as well

* Central Animal Health Laboratory, MAF Quality Management, P.O. Box
40063, Upper Hutt, New Zealand.
+ Author for correspondence. Email: reichelm@wallaceville. mqm.govt.nz.

(New Zealand Veterinary Journal 44, 151-154, 1996.)

as the rate of, infection. Abortions due to Neospora may oc-
cur in clusters!”? but, as with the closely related organism
Toxoplasma gondii, which causes abortions in sheep, there is
probably a low incidence of infection occurring all the time.
To what extent this occurs with Neospora sp. has yet not been
determined. Observations on naturally infected cows have
shown that cattle may abort Neospora-infected calves and in
subsequent pregnancies deliver calves with congenital infec-
tions and neurological signs'Y. Whether abortions occur dur-
ing subsequent gestations under natural conditions is uncer-
tain. This communication reports on initial experiences with
serological tests for Neospora caninum in routine diagnostic
submissions in our laboratory and discusses the relative mer-
its of diagnostic tests (serology and histology) and their diag-
nostic value.

Sera/fluids from 656 cattle, from submissions sent to the
Central Animal Health Laboratory between January and Au-
gust 1995 for the investigation of abortion outbreaks, were
tested for specific anti-Neospora antibodies using the IFAT
(VMRD, Pullman, USA). A positive reaction was recorded if
the typical peripheral staining pattern of the tachyzoites was
observed!"(Figure 1). For the ELISA, microtitre plates were
coated in the odd columns with Neospora caninum antigen
(NC-1 strain, VMRD, Pullman, USA; 338.5 mg/ml) and in
even columns with an equal volume of carbonate buffer only.
Seventy-six sera (27 positive for Neospora in the ELISA/IFAT,
49 negative in the ELISA/IFAT) were also tested for Toxo-
plasma gondii antibodies by latex agglutination (Toxo-
reagentEiken, Eiken, Chemical Co., Tokyo). Statistical analy-
sis of data (correlation, chi squared test) was carried out us-
ing Microsoft Excel 5.0.

Results and Discussion

Enzyme-linked immunosorbent assay and [FAT test results
for sera and foetal fluids showed a high degree of correlation
on a logarithmic scale between the respective results, as shown
in Figure 2, with increasing titres in the IFAT generally asso-
ciated with higher corrected absorbances. With a titre of 200
in the IFAT (“gold standard”) as the discriminatory threshold
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Figure 1. Immunofluorescence of Neospora caninumtachyzoites
in the IFAT of a positive bovine serum.

signifying negativity or positivity, a negative to positive
threshold in the ELISA of a corrected absorbance of 0.15 (at
450 nm) is suggested from these data. The level of agree-
ment (measured as k = kappa)('® between IFAT and ELISA
results was a high « = 0.79 (n=656). Seropositivity for Toxo-
plasma gondii did not differ significantly between Neospora
positive and negative sera (p>0.05) and the reaction was
generally at low titres, which should not have interfered with
either the ELISA or IFAT, as higher dilutions were used in
these assays.

Histological examination results were only available for tis-
sues corresponding to 119 of the foetal/maternal sera/fluids.
The histological and serological results showed generally poor
agreement, when comparing the histology and ELISA results
(k = 0.37), and histology and IFAT results (k = 0.39) (Table
I). Enzyme-linked immunosorbent assay and [FAT results for
this series showed again a high level of agreement (k =0.96).
The lack of agreement between serological and histological
results may be due to a number of reasons. Serologically nega-
tive, histologically positive cases may be caused by immuno-
incompetent foetuses of early gestational age that have not
been able to produce appreciable levels of anti-Neospora an-
tibody before they were aborted. This explanation is supported
by recent observations in California where the sensitivity of
foetal Neospora-serology was directly related to the gesta-
tional age of the foetus, which was low (21%) in calves aborted
up to 5 months gestational age, reaching 93% between 8 and
9 months of gestation'®. Serologically positive yet histolo-
gically negative cases may be caused by a failure to detect
small focal lesions caused by Neospora or the advanced state
of autolysis of the examined tissues. Also, serologically posi-
tive dams do not always abort their foetuses and other causal
agents may be implicated in the abortion. The causality of
abortions in cattle is notoriously difficult to diagnose and the
diagnostic rate may not exceed 34% at best!'?. Diagnosis of
Neospora infections may be difficult on the basis of necropsy

Tablel. Level of agreement (x) between the results of an IFAT,
an ELISA and histological examination for Neospora
infection (n=119)

IFAT ELISA Histology
IFAT 1.0
ELISA 0.96 1.00
Histology 0.39 0.37 1.00

Q6

OD at 450 nm

14

2] IFAT titre

Figure 2. Correlation of titres in the IFAT and absorbance val-
ues for the ELISA titres for 656 diagnostic sera.

and histology alone because of the variability of lesions and
the low number of parasites present'®, resulting in a lower
diagnostic sensitivity for histology than for the serological
techniques. Immunohistochemistry (utilising poly- and
monoclonal sera) may improve the diagnostic value of his-
tological examination and aid in the detection of Neospora in
tissue sections®.

Both [FAT and ELISA have been shown to detect antibod-
ies specific for Neospora infection overseas!"!?, with the
latter study also suggesting that Neospora caninum of dog
origin and the Neospora species found in cattle are very
closely related antigenically, if not identical. The use of a
Neospora isolate of canine origin (NC-1) as the source of the
ELISA antigen should, therefore, not have affected the
specificity of the assay. The results obtained in this study show
that cross-reactions with a closely related apicomplexan pro-
tozoan, Toxoplasma gondii, do not occur in New Zealand
cattle. This was also supported by the low frequency with
which an apical staining pattern was observed in the [FAT in
our study, compared with results reported from overseas(').
A recent study in the USA"? observed no cross-reaction in
serological tests for Neospora (IFAT and ELISA) in Toxo-
plasma gondii and S. hirsuta infected cattle, but observed

TableII. Comparison of positive and negative serological re-
sponses in the Neospora ELISA with reactions in the
latex agglutination test for Toxoplasma gondii (n=76)

Toxoplasma
Neospora Positive® Negative Total
Positive 22 5 27
Negative 49 0 49
Total 71 5 76

a p>0.05.
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cross-reactions in Sarcocystis hominis and S. cruzi infected
calves in the ELISA. Transient cross-reactions in the ELISA
could also be observed in an uninfected calf. The IFAT titres
in those Sarcocystis calves remained negative throughout and
the serological response in the ELISA may be more a reflec-
tion of technical aspects of that ELISA (antigen preparation,
plate coating or serum dilution) than of a true cross-reaction.

Neospora abortions have been described in New Zealand since
1991, Immuno-histochemistry has shown Neospora to have
been present in tissues of a dog dating back to 19729, suggest-
ing that the parasite has been in this country for considerable
time. Up to 39% of adult cattle which had a recent history of
abortion had specific Neospora antibodies in this study, a figure
similar to the 40% of abortions being caused by Neospora re-
cently reported from diagnostic laboratories in this country®.
While the presence of antibodies does not indicate a causal as-
sociation per se, it suggests that possibility.

Different cut-off titres had been suggested in various sero-
logical studies, using either IFAT or ELISA. Patitucci®, in
New Zealand, used an IFAT titre of 1:400 as the determina-
tive cut-off signifying a causal association between Neospora
and an abortion. Paré et al.*" selected a titre of 1:640 in a
Californian study. Trees et al.®” suggested an IFAT titre of 3
1280 as indicative of Neospora being the cause of an abor-
tion. In their ELISA evaluation, Paré et al.('? suggest a cut-
off value of 0.45 for their assay, but conclude that “practical
significance of a seropositive or seronegative result, however,
remains unclear until further epidemiological information on
infection outcome becomes available”. The difficulties of di-
agnosing Neospora abortions based on individual serologi-
cal results are illustrated by a recent report from the United
Kingdom by Dannatt et al.?» who reported high IFAT titres
in nine out of ten dairy cattle which had aborted, but also
from 48 of 85 cows from the same herd that didn’t. In our
study, it was decided to use a low “cut-off® value of 1:200 in
IFAT, and a net extinction of 0.15 in ELISA to maximise sen-
sitivity of the serological assays for acute sera, especially when
it was observed that titres (IFAT) may fall from as high as
1:4000 to 1:200 within 2 months after an abortion “storm”
(unpublished observations).

The lack of agreement between histology and serology re-
sults for diagnostic samples and observations on affected farms
(unpublished observations) suggest that an alternative ap-
proach to diagnosis may be needed, as has been proposed by
Thurmond and Hietala®, Exposure to Neospora would be
assessed on a farm by serologically screening a statistically
valid number of recently aborted cattle for specific anti-
Neospora antibodies and a similar group of cattle which have
not aborted. Significant differences (odds ratios, relative risk)
between the two groups will indicate whether a relationship
between the abortions and Neospora infection exists.

Further serological studies, such as sequential serological
testing of seropositive and seronegative cows in a herd that
has experienced Neospora abortions, are in progress. This
should give some indication of sero-conversion rates in in-
fected herds, and the changes (and possible exacerbation) of
a serological response in infected animals at subsequent preg-
nancies, as has been observed by others®?, The identification
of infected and non-infected herds by serological means and
an investigation of possible risk factors may lead to recom-
mendations for the management of infected herds, which
would attempt to minimise further abortion losses. While the
life cycle of Neospora sp. remains unclear, the route of infec-
tion in cattle also remains a mystery. Overseas studies® have
suggested that congenital infection could be the most frequent
route of infection in herds exposed to Neospora, a mode of

transmission which would not require a definitive host for
the perpetuation of the life cycle. In that case, disease man-
agement could be based on the serological identification of
positive animals and their elimination from the herd. Vacci-
nation, as used in Toxoplasma control®®, may be an alterna-
tive approach to control.
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1.7.3. Discussion and Conclusions

While there was excellent agreement between IFAT and ELISA results, serological
results did not correlate well with histological test results. This may have several
reasons: others (Barr et al. 1995) have shown that gestational age influences the
sensitivity of serological assays. Early gestational calves may not yet have acquired
immune-competence, and so may not have developed antibodies against N caninum.
Also, in most cases, vertical transmission appears to result in live, clinically normal, yet
N caninum-infected calves (Paré et al. 1994, Schares et al. 1998). If these are aborted

for other reasons this may falsely be diagnosed as having been due to neosporosis.

Other workers validated their serological tests against sera of animals with diagnosed N
caninum abortions and non-affected controls (Paré et al. 1995a) or experimental
infections (Conrad et al. 1993). Others again used similar approaches as in the current
paper and validated the serological assay against results obtained in a reference assay,
mostly the IFAT (Bjorkman et al. 1997, Williams et al. 1997). Sometimes it was also
the combination of these approaches, where specificity was assessed with sera from
experimental infection with other apicomplexan parasites and sensitivity against a panel
of sera defined by another assay (Schares et al. 2000) or combinations of other

serological assays and histology and immunohistochemistry (Baszler et al. 2001).

Subsequent analyses of the performance characteristics of that ELISA and a
commercially available ELISA (IDEXX) were undertaken when a larger set of sera
were available for comparative analyses. The performance characteristics of the ELISAs

were compared against the IFAT as the “gold standard”. The analyses confirmed the
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cut-off threshold for the in-house ELISA, but suggested lower ones for the commercial

ELISA:
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Abstract

Aims: To analyse the performance characteristics (sensitivity/specificity) of two enzyme-linked
immunosorbent assays (ELISA) against the indirect fluorescent antibody test (IFAT).

Methods: A total of 1199 sera were tested in two ELISAs and the IFAT and results analysed
utilising software that performed a receiver-operating characteristic (ROC) analysis.

Results: Sensitivity and specificity for the two ELISAs were calculated for a range of different
cut-offs. Minimal misclassification was achieved at cut-offs that, in the case of the Central Animal
Health Laboratory (CAHL)-ELISA were in line with previously published cut-off values. In the case
of the IDEXX-ELISA lower cut-off values than suggested by the manufacturer were calculated.

Conclusions: ROC-analysis resulted in optimised, as compared to the IFAT, cut-off thresholds
for the CAHL and IDEXX-ELISA which can be further adjusted depending on the purpose of the
investigation.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Neosporosis isincreasingly recognised around the world as an important cause of abortion
in cattle and, to alesser degree of clinical disease in dogs and has been the subject of anumber
of reviews recentlyDubey, 1999; Reichel, 2000; Antony and Williamson, 2D@iagnosis
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is based on histopathology and immunohistochemistry on the aborted foetus, but in many

cases, when foetal tissues are not available, on the basis of serology. Serological diagnosis
has advanced considerably from the early development of indirect fluorescent antibody tests
(IFAT) (Dubey et al., 198Band enzyme-linked immunosorbent assays (ELISA) (Bjorkman

et al., 1997Paré et al., 1995; Williams et al., 199°Electrophoretic immunoblotting and

the polymerase chain reaction are also employed in diagnostic cases, but generally not on
a routine basisHayne and Ellis, 1996

There appears to be general agreement about the diagnosis of individual abortion cases
(Conrad et al., 1993; Barr et al.,, 1995n sero-epidemiological approaches however,
there is still discussion about the meaning and usefulness of individual tRedshel,

2000.

In New Zealand, an ELISA, developed at the Central Animal Health laboratory (CAHL)
for the detection of antNeospora antibodies, was originally validated against the IFAT
and histopathological results from abortion cases. The assay showed good correlation with
the other serological assay, but not with histological resitsichel and Drake, 1996
Since then this ELISA (CAHL-ELISA) has been extensively used in sero-epidemiological
studies in New ZealandP(eiffer et al., 1998; Reichel, 1998; Schares et al., J9B0the
latter paper, the performance of the ELISA was also compared with that of a number of
other serological assays. These included the IDEXX-ELISA (IDEXX Laboratories) (based
on the ELISA by ParéRaré et al., 199% and the MAST Diagnostics ELISA (MAST
Diagnostics Ltd., Liverpool, UK), which is based on the ELISA developed by Williams et al.
at Liverpool Williams et al., 1997, the IFAT and Western blotting. While all serological
tests diagnosed an association between the abortions in a New Zealand dairy herd and
Neospora infection, the differences between these serological assays in identifying the
infection status of individual cows were of concern.

In the current work, a large number of cattle sera were tested in both IDEXX- and
CAHL-ELISA. Results of the IFAT, which is regarded the “gold-standard” of serological
diagnosis, were deemed to determine the true infection status of the animals. ELISA values
were subjected to receiver-operating characteristic (ROC) analgsisngr et al., 1996
and the performance characteristics of the assays (sensitivity/specificity, optimal cut-off)
were determined.

2. Materials and methods

2.1. Sera

A total of 1199 cattle sera were obtained from whole-herd bleeds of three commercial
New Zealand dairy herds, which had experieniledspora abortion outbreaks. Sera from
all 306 cattle were obtained from one herd (Herd 1) where 16 (5.2%) out of the total
milking herd had aborted. The other dairy herd (Herd 2) experieNeegpora abortions
in 17 (5.3%) out of 320 milking cows. A total of 241 sera from that herd were available for
this study. A further 652 sera were obtained from a whole-herd bleed (Herd 3) where 11.3%
of cows had aborted due tdeospora caninum. The herd bleeds were performed within 1
month of the abortions occurring.
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2.2. Serological assays

Serawere tested inthe IFAT and ELISA (CAHL-ELISA) as previously descriBeéthel
and Drake, 1996and in a commercial ELISA (IDEXX Laboratories Inc., Westbrook,
Maine, USA). A total of 1199 sera were available for the comparison between the CAHL-
ELISA and the IFAT and a subset of 306 of those sera (Herd 1) were also tested in
the IDEXX-ELISA. Positive results in the IFAT at either200 or >600 serum dilution
were regarded as the “gold-standard” positive diagnosis and the resultant data pairs ana-
lysed.

2.3. Data analysis

Two-graph receiver-operating characteristic (TG-ROC) analysis was used to assess the
diagnostic performance of both ELISA tests against the IFAT redsBltsifer et al., 1996
A cut-off value was estimated from the TG-ROC plot, using the non-parametric method, as
the optical density (OD)-valueld) where sensitivity and specificity were equég). The
90% intermediate range was calculated which defines OD-values outside this range as being
at least 90% accurate. The cut-off value that minimises misclassification costs (MCT) was
estimated using the IFAT prevalence in the sample populaGaaifer, 1995 Sensitivity
and specificity were calculated for cut-offs based on the manufacturer’s recommendations,
do based on the TG-ROC plot and for minimised MCT.

While the above analyses were conducted using 1199 and 306 sera for the comparison
of the IFAT with CAHL- and IDEXX-ELISA, respectively, a direct comparison between
both ELISA tests was conducted using the 306 sera (Herd 1) for which both sets of ELISA
results were available. The permutation test described/egkatraman and Begg, 1996
was used to test the null hypothesis that the curves of the two diagnostic tests are identical
at all possible cut-off values. The Bland—Altman plot was used to visualise the differences
between paired OD values at different average OD le\&lsnd and Altman, 1986 The
areas under the curve were calculated using the Mann-Whitney rank sum test as a test
statistic. A 95% confidence intervals were obtained using the 5th and 95th percentile of 2000
bootstrapped replications as described Bfrg¢n and Tibshirani, 1996and implemented
in the computer softwar€omputational methods for diagnostic tests (CMDT, FU Berlin,
Germany).

3. Results
3.1. CAHL-ELISA versus|FAT

3.1.1. Positive equals IFAT >200

Out of a total of 1199 sera available for this comparison, 403 sera were classified by the
IFAT as positive, 796 as negativéable ).

Non-parametric analyses of the data suggested a cut-off @p-6f0.12 for the ELISA,
resulting in equalfp) sensitivity and specificity of 81%. The intermediate range ranged
from an OD of 0.06-0.16H(g. 1).



Table 1
Sensitivity (Se) and specificity (Sp) of two enzyme-linked immunosorbent assays (compared against the “gold-standard” of the indirect fluorescent antibody test (IFAT)
at published and “minimised cost” cut-offs (n = 306 or 1199, respectively)

Tests IFAT Cut-off IFAT > 200 IFAT Cut-off IFAT > 600
Positive Negative Method Level for  Se Sp Positive Negative Method Level for  Se Sp
positive positive
IDEXX 92 214 Manufacturer >0.5 05 098 47 259 Manufacturer >0.5 0.77 0.95
CAHL 403 796 Reichel and Drake, 1996 >0.15 0.76 0.88 227 972 Reichel and Drake, 1996  >0.15 0.91 0.80
IDEXX 92 214 Min misclassification >0.21 0.79 0.92 47 259 Min misclassification >0.22 094 0.83
CAHL 403 796 Min misclassification >0.15 0.76  0.88 227 972 Min misclassification >0.21 0.86 0.90
IDEXX 92 214 Sensitivity = specificity  >0.11 0.81 0.81 47 259 Sensitivity = specificity  >0.28 0.87 0.87
CAHL 403 796 Sensitivity = specificity ~ >0.12 0.81 0.81 227 972 Sensitivity = specificity  >0.19 0.87 0.87
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Fig. 1. Non-parametric results for sensitivity (red) and specificity (blue) and intermediate range (green) for Se/Sp
>0.9 for 1199 sera tested in the CAHL-ELISA compared to the IFAT gold-standard (1:200).

If MCT were minimised Fig. 2), an optimal cut-off with an OD= 0.15 (equal to the
published cut-off) in the CAHL-ELISA was suggested by the data, resulting, at the cut-off
in sensitivity of 76%, specificity of 88%Tléable ).

3.1.2. Positive equals IFAT >600

At an IFAT titre >600 as the gold-standard positive result, 227 sera were classified by
the IFAT as positive, 972 as negativiaple J).

At the published cut-off value for the CAHL-ELISA, sensitivity was 91%, specificity
80%. Non-parametric analyses of the data suggested a cut-eff of 0.19 for the
CAHL-ELISA, resulting in equalfp) sensitivity and specificity of 87%.

If MCT were minimised, an optimal cut-of£0.21 in the CAHL-ELISA was sugge-
sted by the data, resulting in sensitivity at the cut-off of 86%, specificity of 90%
(Table 1.

3.2. IDEXX-ELISA versus IFAT

3.2.1. Positive equals IFAT >200

Out of the 306 sera analysed in this comparison, 92 sera were classified by the IFAT,
using this threshold value, as positive, 214 as negafiablé J).

The published cut-off value of a sample/positive (S/P) ratio of 0.5 resulted in sensitivity
of 50%, specificity of 98%. Non-parametric results suggested a cut-dff ef 0.11 for the
ELISA, resulting in equalfp) sensitivity and specificity of 81%. The intermediate range
ranged from an S/P ratio of 0.03—-0.1Hd. 3).
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Fig. 2. Minimal misclassification cost (MCT) for 1199 sera tested in the CAHL-ELISA (compared with the gold-standard of a titre of >1:200 in the IFAT).
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Fig. 3. Non-parametric results for sensitivity (red) and specificity (blue) and intermediate range (green) for Se/Sp
>0.9 for 306 sera tested in IDEXX-ELISA compared to the IFAT gold-standagd0).

If MCT were minimised Fig. 4), an optimal cut-off with a S/P ratig-0.21 in the
IDEXX-ELISA was suggested by the data, resulting in sensitivity at the cut-off of 79%,
specificity of 92%.

3.2.2. Positive equals IFAT >600

At this cut-off value for the IFAT, 47 sera were classified as positive, 259 as negative
(Table .

The published cut-off value of a S/P ratio of 0.5 resulted in sensitivity of 77%, specificity
of 95%. Non-parametric results suggested a cut-offgof= 0.28 for the ELISA, resulting
in equal sensitivity and specificity 6§ = 87%.

If MCT were minimised, an optimal cut-off with an S/P rati®.22 in the IDEXX-ELISA
was suggested by the data, resulting in sensitivity at the cut-off of 94% and a specificity of
83%.

3.3. Direct comparison of CAHL and IDEXX-ELISA

The permutation test for IFAR 200 using 1000 samples and a bin width of 4 resulted
in a reference distribution with a me&avalue of 1588 compared with an observed value
of E = 4340 reflecting &-value of 0.03. With IFAT> 600, the results were a mean
E = 2282, observed = 1054 andP = 0.01. The area under the curve (AUC) for the
IDEXX at IFAT cut-off >200 was 0.87 (95% CI 0.82-0.92) versus 0.76 (95% CI1 0.7-0.83)
for the CAHL-ELISA.
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Fig. 4. Minimal misclassification cost (MCT) for 306 sera tested in the IDEXX-ELISA (compared with the gold-standard of a titre of >1:200 in the IFAT).
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Fig. 5. Bland—Altman plot (blue and red crosses represent IFAT negative and positive sera, respectively based on
an IFAT cut-off at 1:200).

The Bland—Altman plot is shown iRig. 5. There is fairly good agreement between both
ELISAs at low OD values, however, with increasing average OD, the IDEXX-ELISA tends
to result in higher OD values than the CAHL-ELISA.

4. Discussion

The IFAT is still regarded as the gold-standard test for the seroldgyaahinuminfection
in cattle and dogsfubey and Lindsay, 1996A positive IFAT result at the 1:200 serum
dilution is generally considered to be indicative of infecti@ubey et al., 199Fand the
sensitivity and specificity of the IFAT have been cited as between 85.7 and 90% and between
82.4 and 97%, respectiveltkinson et al., 200p However, some researchers have used
serum dilutions as low as 1:25 in the IFAT to indicate infection wttcaninum (Schares
et al., 1999 and for foetal serology, IFAT dilutions of 1:80 are generally considered to be
specific Barr et al., 199k In the case of abortion diagnosis, IFAT titres of 1:640 have been
suggested as appropriate cut-offofirad et al., 1993

In a previous paper, the optimal cut-off value in the CAHL-ELISA had been determined
on the basis of a comparison with the IFAT and histological data from abortion case material
(Reichel and Drake, 1996However, the number of serum samples and herds was limited
in that comparison. The results from the present study, with a much larger dataset of sera
available, however, are generally in line with the previous determination of an optimal cut-off
value for this assay. The analysis of the serological data suggests that at the published cut-off
(of 0.15 or 15% positivity), MCT are minimised, when the CAHL-ELISA is compared
against a gold-standard result for positivity of an IFAT titre of 200. Sensitivity at that cut-off
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(compared to the IFAT) is then estimated to be 76%, specificity lies at 88%. Compared to
an IFAT titre of 600, the optimal cut-off (min MCT) is suggested at 0.21 with sensitivity at
86%, specificity at 90%.

Itwas unexpected for the optimised cut-off thresholds for the IDEXX-ELISA to deviate so
considerably in the ROC-analyses from the vendor-suggested thresholds. MCT estimates are
dependent on the prevalence of disease/infection in a given dataset, and this will therefore
have influenced the threshold suggested by the analysis. Howevéry the-off values
(which are free from that bias), where sensitivity equals specificity, are also consistently
considerably lower than the cut-off suggested by the manufacturer.

The intermediate range, outside which either sensitivity or specificity reach values larger
than 90%, is much smaller in the case of the CAHL-ELISA than in the case of the
IDEXX-ELISA, suggesting better discrimination between positive and negative serum pop-
ulations by the former assay. This better discrimination is also supported by the steeper slope
of the TG-ROC curve for both, sensitivity and specificity in the case of the CAHL-ELISA.

Ata S/P ratio of 0.5, the IDEXX-ELISA performance characteristics are cited as 98% for
sensitivity and between 87 and 92% for specificRaié et al., 1995; Atkinson et al., 2000
However, in this comparison of IDEXX-ELISA with IFAT results, the CDMT optimised
thresholds suggested minimal MCT at a cut-off of a S/P ratio of 0.21 or 0.22, depending on
whether an IFAT titre of 200 or 600 is used as the reference value, giving IFAT prevalences
of 34 and 19%, respectively. At the vendor-suggested threshold of an S/P ratio of 0.5, only
the comparison with the IFAT titre of 600 resulted in reasonable performance characteristics
with an estimated sensitivity for the assay of 77% and a specificity of 95%. This cut-off
may hence be usefully applied in abortion diagnoses, where high specificity is required. In
sero-epidemiological investigations, where a high sensitivity might be desired, however, a
lower cut-off, such as 0.22 might be suggested from the present study.
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1.8. Sero-epidemiology

1.8.1. Sero-prevalence

There was limited information available internationally on the prevalence of N caninum
infection in dog and cattle populations (Lindsay et al. 1990, Trees et al. 1993, Barber et
al. 1997a), but none from New Zealand. Information about the prevalence of N caninum
infection in New Zealand dog and cattle populations however would provide an
estimate of the size of the problem, which would help with planning ways to deal with

the infection.

Further work therefore assessed the national prevalence of N caninum infection in New
Zealand dairy (Reichel 1998) and beef (Tennent-Brown et al. 2000) cattle, and in the

dog population (Reichel 1998):
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Prevalence of Neospora antibodies in New Zealand dairy cattle and dogs

(New Zealand Veterinary Journal 46, 38, 1998)

Neospora caninum is a major cause of disease in cattle and
dogs, manifesting with abortions in cattle, and hind limb pare-
sis in mostly young dogs!". Previous reports from New Zea-
land suggest that around 30% of bovine abortions may be
due to Neospora®® and that about 40% of recently aborted
dairy cows have antibodies against Neospora.

In an effort to establish the national prevalence of Neospora
infection, 400 sera from dairy cattle (dating from 1985 and
1995), selected to be representative of the distribution of dairy
cattle in New Zealand and which did not have a history of
recent abortion, were tested in ELISA for Neospora antibod-
ies as previously described®.

The serological testing of that serum bank showed that be-
tween 6.75% (95% CI £ 2.4%) in 1995 and 8.5% (95% CI +
2.7%) in 1985 of New Zealand dairy cattle had antibodies
against N. caninum (Table I).

The serological reactions in sera from 1985 precede previous
diagnoses of Neospora as the cause of abortions in New Zea-
land cattle by a few years®?, The serological testing results from
1985 and 1995 show the seroprevalence in non-aborted dairy
cattle stable at between 8.5% and 6.75%. It is also likely that
Neospora has been affecting New Zealand cattle for a consider-
ably longer period of time, similar to the situation in Australia,
where the earliest recorded case of neosporosis in cattle dates
from 1974®. In dairy herds experiencing abortion storms in New
Zealand, the within herd seroprevalence is higher than the na-
tional seroprevalence, generally about 30%®". This suggests
that Neospora infection may only be found in some dairy herds
and that the majority of dairy herds may be totally uninfected.
More work is needed in order to collect further information about
the distribution of Neospora infection, within herds and nation-
ally. Similarly, no information on the prevalence of Neospora
infections and abortions in beef cattle in New Zealand is avail-
able.

Two hundred randomly selected blood samples of clinically
unaffected dogs were tested in a commercially available in-
direct fluorescent antibody test for Neospora antibodies (Vet-
erinary Medical Research and Development (VMRD) Inc.,
Pullman, WA, USA). Twenty-two percent (95% CI + 5.7%)
had a positive reaction at the 1:40 and 9% (95% CI + 3.9%)
at the 1:200 dilution (Table I). Some authors'” report that the
higher titres are usually associated with clinical neosporosis
in dogs, yet these dogs showed no clinical signs. A similar

Table I. Numbers of samples with anti-Neospora antibodies from
a serum bank of 400 New Zealand dairy cattle, dating from
1985 and 1995, and 200 dogs from 1995 (95% CI in brackets)

Year .Number tested Positive Negative
Cattle

1985 400 8.5% (= 2.7)* 91.5%

1995 400 6.75% ( 2.4)* 93.2%
Dogs 1:40 1:200

1995 200 22% (= 5.7) 9% (+ 3.9) 78%

* p>0.05.

seroprevalence in clinically unaffected dogs has been reported
from dogs in Australia®, the United Kingdom and Den-
mark®!'®, but it was lower in dogs from the Falkland Islands®,
the United States and Sweden'""'2, While the study in Den-
mark suggests that an association with cats may be responsi-
ble for Neosporainfection in dogs, other overseas work indi-
cates that dogs and cats are not the putative definitive host of
Neospora in which the sexual cycle is completed”. In con-
trast to the evidence which suggests that transmission of
Neospora infection in cattle is mainly via the congenital
route’?, serological studies in dogs suggest that in this spe-
cies the infection may be acquired mainly via horizontal trans-
mission, as evidenced by the increase in age-specific sero-
prevalence‘'*.
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Abstract

Aim: To estimate the prevalence of Neospora infection in a sample of New Zealand beef cattle.

Methods: The prevalence of Neospora caninum infection in New Zealand beef cattle was estimated by collecting blood
at slaughter from 499 beef cattle from 40 different farms at 2 slaughter plants in the North Island and 1 in the lower
South Island. Sera were tested using an ELISA against Neospora tachyzoite antigen.

Results: The prevalence of seropositive cattle was 2.5% (n=120), 3.6% (n=166) and 2.3% (n=213) at the plants
surveyed, the overall prevalence being 2.8%. The serologically positive cattle came from 9 farms, 3 of which had more
than 1 positive animal. The highest prevalence recorded amongst animals from 1 farm was 4/13 (31%), in a group of
young steers.

Conclusion: Neosporosis appears to be present at a lower level in the New Zealand beef cattle population than in the
New Zealand dairy cattle population. Nevertheless, from the high seroprevalence evident amongst young cattle on 1
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farm, we suggest that Neospora may be a cause of infertility in beef cattle in this country.
Keywords: Neospora, epidemiology, serology, ELISA, beef cattle.

Introduction

Neospora caninum is a protozoan parasite that has only
relatively recently been identified as a cause of animal
disease; it was recognised as a cause of disease in dogs in
1984 (Bjerkas et al., 1984) and bovine abortion in 1988
(Dubey et al., 1989). Re-examination of archived mate-
rial from overseas, however, has identified Neospora in
canine tissue dating from 1957 (Dubey and Lindsay,
1996) and in bovine tissue from 1974 (Dubey et al., 1990),
indicating that it is not a new disease. Retrospective studies
of dogs in New Zealand have shown that it has been
present since at least 1972 (Patitucci et al., 1997). In New
Zealand, N. caninum has been identified as the cause of
at least 38% of diagnosed bovine abortions (Thornton,
1992). Neosporosis may present as only one or a few cows
in a herd aborting, ranging up to abortion storms in which
as many as 30% of cows in a herd may abort (Thornton
et al., 1991). Seroprevalence in non-aborting dairy cows
was estimated to be 6.75% in 1985 and 8.5% in 1995
(Reichel, 1998), indicating that it is a relatively common
infection and has a stable prevalence in the New Zealand
dairy cattle population.

Neospora caninum is documented as a cause of abor-
tion in beef cattle overseas (Boulton et al., 1995, Dubey
et al., 1992, Hoar et al., 1996, Venturini et al., 1995), but
survey work in this country to date has been principally
carried out on dairy cattle because they predominate in
abortion submissions to animal health laboratories. Con-
sequently, there is no specific information on the preva-
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lence of Neospora infection or abortion in New Zealand
beef cattle, and there are no documented cases of
Neospora-induced abortion storms in beef herds in this
country. The primary aim of this study was to estimate
the seroprevalence of Neospora infection in a small sam-
ple of New Zealand beef cattle.

Materials and Methods

A total of 499 blood samples were collected from beef
cattle at the time of slaughter from 3 beef slaughter plants.
Two were situated in the North Island and processed cattle
from throughout the North Island, and the other was in
Invercargill, in the lower South Island, which processed
cattle from Southland and Otago. Lines containing at least
5 animals were selected for sampling, and 5-20 individual
samples per farm were taken. The sex of individuals, and
their approximate age determined from the pattern of
eruption of permanent incisor teeth, were recorded. Sam-
ples were collected in April and December 1998. Serum
was analysed for anti-Neospora antibodies using an indi-
rect ELISA as previously described (Reichel and Drake,
1996). A corrected absorbance value of 0.15 or greater
indicated a positive result, from which infection with
Neospora was inferred.

Results

The majority of anti-Neospora antibody titres were low;
only 14 animals returned a positive result. The prevalence
of seropositive results at the 2 North Island plants was
2.5% (3/120) and 3.6% (6/166), and in Invercargill was
2.3% (5/213); the estimated overall prevalence of Neospora
infection in beef cattle in this study was 2.8% (14/499).
The serologically positive cattle came from 9 farms. Of
these, 3 had more than 1 animal that was serologically



150 New Zealand Veterinary Journal 2000

positive, including 1 farm from which 4/13 (31%) young
steers sampled were positive. The animals from this par-
ticular farm were identified on the plant’s records, com-
piled by plant staff at the time of slaughter, as Simmental,
Charolais, or Angus-cross. Consequently, it was consid-
ered unlikely that this high prevalence was influenced by
congenital transfer from dairy cows.

Discussion

Neosporosis is an important cause of abortion and re-
productive inefficiency in dairy cattle in New Zealand,
but little is known about its potential significance in beef
cattle. Identification of beef cattle seropositive for
Neospora, and the high seroprevalence evident amongst
young steers on 1 farm in this study, raises the possibility
that this organism may be playing some role in beef cattle
infertility in this country.

It has been shown that the seroprevalence of Neospora
infection in dairy cattle in New Zealand is between 6.75%
and 8.50% (Reichel, 1998), using the same assay that
was used in the present study. However, the dairy cattle
tested by Reichel (1988) were all mature lactating cows,
whereas a large proportion of the beef cattle sampled in
the present study were younger prime steers, 1.5 to 2
years of age. Comparison between these 2 groups is, there-
fore, difficult. Nevertheless, the low seroprevalence (2.8%)
recorded for beef cattle in the present study might reflect
a difference in the epidemiology of neosporosis between
dairy and beef cattle. One problem with serology for this
infection is that titres may decline from high levels to
around threshold levels over 1 to 2 months (Cox et al.,
1998), which may result in a serological survey underes-
timating the true prevalence of infection.

Dogs have recently been shown to be definitive hosts
for Neospora caninum (McAllister et al., 1998) and cattle
may presumably become infected by ingesting oocysts
shed by infected dogs. The only other known route of
infection is via congenital transmission, by which as many
as 80-90% of calves from infected cows become infected
(Paré et al., 1996). There is no reason to suppose that
there is a difference in the rate of congenital infection
between dairy and beef cattle, so any difference in the
prevalence of infection between breeds would presum-
ably be due to differences in the rate of infection by other
means, such as ingestion of oocysts.

The lower prevalence of seropositive results evident in
beef cattle in this survey, compared to dairy cattle in the
study of Reichel (1988), may reflect differences in manage-
ment between dairy and beef farms; possible reasons for
lower exposure to infection on beef farms remain to be de-
termined. One hypothesis is that the more regular stock
movement on dairy farms may result in dogs more frequently
moving over pastures on dairy farms than on beef farms.
This could increase the chance of infected dogs defecating
on pasture, and more regular cattle movement over dog fae-
ces could result in more widespread contamination of dairy
farms. Nevertheless, dogs are kept on the majority of beef
farms in New Zealand, and the reasons why Neospora has
not yet been identified as a cause of abortion and that no
Neospora-induced abortion storms have been reported in
beef cattle in this country, remain an enigma.

Because of the limited number of positive results in
this study, it is not possible to draw any conclusions about
the epidemiology of Neospora in beef cattle from these

results. There were too few positive results to measure
differences in age-specific prevalence, which can indicate
whether vertical transmission is the predominant means
of infection or whether there is a significant component
of horizontal transmission. However, it is clear that N.
caninum infection is not limited to the dairy industry in
New Zealand. Causes of reproductive failure are often
difficult to identify in beef cattle because of the extensive
nature of most beef farming systems. We suggest from
the results of this preliminary study that Neospora may be
less of a problem in the beef industry than it is in the
dairy industry, but even so, it may still be an economi-
cally important disease. Further studies are required to
determine whether Neospora is a significant cause of abor-
tion and reproductive failure in the beef cattle popula-
tion in New Zealand, and a more formally structured
comparison of beef and dairy cattle would be useful to
confirm these preliminary findings and to identify differ-
ences in risk factors for neosporosis between dairy and
beef cattle.
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1.8.2. Discussion and Conclusions

This sero-prevalence work produced useful “baseline” data for these host populations,

and demonstrated differences between dairy and beef cattle populations.

The dog sero-prevalence reported in my own study was in line with reported N caninum
sero-prevalence in Australia, Belgium, Tanzania, the United Kingdom and Uruguay, but
higher than in the Falkland Islands, Kenya and Sweden and the US (Lindsay et al. 1990,

Trees et al. 1993, Bjorkman et al. 1994, Barber et al. 1997a, Barber et al. 1997b).

The sero-prevalence in the New Zealand dairy cattle population was about 3 times
higher than in the beef cattle population tested, suggesting that the former population is
at greater risk of N caninum abortion than the latter. This would be in line with
anecdotal reports, suggesting that N caninum abortion epidemics are rarely reported
from beef cattle, although they have been reported in almost equal numbers from beef
and dairy cattle in Australia (Boulton et al. 1995). Overseas sero-prevalence data in
cattle show a very large range, from nationally 2% in Sweden (Bjérkman et al. 2000) to
7% to 45% herd sero-prevalence in the UK (Davison et al. 1999a) to nationally 11.5%
in Switzerland (Gottstein et al. 1998). In aborted herds in Australasia, the within herd
sero-prevalence reported tends to be around 30-35% (Thornton et al. 1994, Patitucci et

al. 1999, Atkinson et al. 2000b).
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1.8.3. Case studies and Transmission patterns

At the time of the investigation there was only scant knowledge (from few animals and
experimental infections only) of the kinetics of serological responses to N caninum
infection (Conrad et al. 1993). Field investigations were needed to obtain data from a
larger number of animals that had been infected naturally. The first case study (Cox et
al. 1998) defined the duration of peak titres in one serological test, the IFAT,
established the within-herd prevalence and made an assessment of the usefulness of
serological testing for the diagnosis of Neospora abortions in the field. Sero-
epidemiological approaches to Neospora abortion diagnosis were demonstrated to offer

advantages over the traditional, individual abortion case diagnosis.

Some overseas data indicated problems with the use of serological assays in the
diagnosis of N caninum infection/abortions (Dubey et al. 1997). Overseas work also
indicated that vertical transmission was responsible for the majority of new infections in
cattle (Bjorkman et al. 1996, Paré et al. 1996, Schares et al. 1998), but no information
existed in New Zealand about the mode of transmission. In a case study (Schares et al.
1999) involving a dairy herd of several hundred cows, which had experienced an
abortion outbreak, the two serological tests established were compared with a series of
serological diagnostic tests (two ELISA and Western Blot). All tests were evaluated for
their utility in diagnosing Neospora abortion outbreaks. As in the first case study (Cox
et al. 1998), sero-epidemiological approaches to diagnosis proved more useful than

individual case diagnosis.

In accordance with studies carried out overseas, this study also analysed the relative

importance of vertical versus horizontal transmission of the parasite. The evidence
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suggested that horizontal transmission patterns exist (and predominate) in the New

Zealand dairy situation, and that vertical transmission patterns only play a minor role.
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Abstract

Aim. To describe the kinetics of serological titres after an abortion outbreak in April-May 1995 due to Neospora caninum affected
17 dairy cows in a herd of 320.

Methods. Thirty-five cows, that had either aborted, carried mummified calves, were not pregnant or calved normally were bled
several times at regular intervals and the sera tested for Neospora antibodies in the indirect fluorescence antibody test (IFAT).
Results. Maximal IFAT titres of up to 1:4000 occurred within 6 weeks of the abortion outbreak, decreased over the next 2 months
to < [:200 and remained at this level until the next scheduled bleed a further 2 months later. A rise in titres was subsequently
observed in the cows that had aborted or were not pregnant (at the time of the abortions) or had carried mummified foetuses.
Seroconversion was also observed in some of the control cows, which had, up until then, remained seronegative. A dog and cat in
contact with the cows in the herd investigated were, however, negative in the IFAT.

Conclusions. Maximal serological titres in Neospora abortions are observed within weeks of the abortion event and then quickly
return to very low levels. Subsequently, a recrudescence of titres can be observed in infected cows during the next pregnancy,

1998

without it being associated with repeat abortions.

Introduction

Neospora caninum is recognised as a major cause of abor-
tions in cattle worldwide™. In New Zealand it has been iden-
tified as a cause of close to 40% of bovine abortions in which
a diagnosis could be reached®. The life cycle of N. caninum
is poorly understood and the definitive host unknown. The
only proven route of transmission is by congenitally acquired
infection®™®®., Diagnosis is based on the finding of charac-
teristic lesions in tissues of aborted foetuses, immunohisto-
chemistry and serological testing of the dam and foetus. Re-
cent serological studies have suggested that indirect fluores-
cent antibody test (IFAT) titres of > 1:200 are specific for N.
caninum infection® but various (higher) titres have been sug-
gested for the diagnosis of abortions™®. There are indica-
tions that titres may decay quickly after the abortion event®,
thus the choice of cutoff titre and time of testing appears to be
critical for an accurate diagnosis.

The incidence of repeat abortions due to neosporosis under
natural conditions is uncertain. In one study, four of 41 cows
had a repeat Neospora abortion!'?, In contrast, Thornton et
al."V reported few repeat abortions in New Zealand from an
analysis of dairy farmer questionnaires, but it was unclear
how many aborted cows were rebred. The most common opin-
ion is that repeat abortion is not the rule!". Congenital infec-
tion of the calf, however, may occur frequently®.
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In this study, the serological response, dynamics of anti-
Neospora titres and calving performance of cows that had ei-
ther aborted or calved normally in a herd in which a Neospora
abortion episode occurred was studied over a 1-year period.

The Abortion Outbreak

An abortion outbreak started in mid-April 1995 on a high-
producing 320 cow South Island dairy farm, running mostly
Holstein Friesians. Foetal tissue samples from the first abor-
tion were submitted for histological examination to the Lin-
coln Animal Health Laboratory and lesions suggestive of pro-
tozoal abortion were found. There were focal areas of non-
suppurative necrosis and gliosis of the brain (Figure 1). There
were scattered foci of non-suppurative interstitial myocardi-
tis in the heart as well as infiltrates of mononuclear cells in
the endo- and epicardium (Figure 2). Although no protozoan
organisms were detected, such lesions were typical of those
previously seen in Neospora abortion cases. Serological test-
ing for anti-Neospora antibodies, using an indirect fluores-
cent antibody test (IFAT) (Veterinary Medical Research and
Development (VMRD) Inc., Pullman, WA, USA), was nega-
tive in samples taken from the aborting dam on the day of the
abortion.

A further three cows aborted a week later and foetal tissues
were examined bacteriologically and histologically. Typical
lesions were found once again in the myocardia of the three
calves, even when tissues of two calves were too autolysed to
allow the brain to be examined. Pasteurella haemolytica and
Escherichia coli were isolated, but the histological changes
raised the suspicion of Neospora caninum being the cause of
the abortions. Titres in the [FAT were 1:200 for one dam and
1:1000 for the other two dams. Abortions continued on the
property for a period of 3 weeks into early May 1995, by
which time 17 out of the 320 cows had aborted, all at about
the same stage of gestation (5-6 months).
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A total of 35 cows were part of the study: ten serologically
negative animals, introduced from another property, eleven
cows that had aborted, five which had mummified calves,
three that were found not to be in-calf and six cows that calved
normally. These were sequentially bled in June, August and
October 1995, and January, February and April 1996. In Feb-
ruary 1996, a random sample of 62 further adult cattle from
the farm were bled and tested using the IFAT.

A dog and cat on the farm were bled by venepuncture, and
the sera tested in the IFAT for anti-Neospora antibodies.

Odds ratios and confidence intervals were calculated using
Epilnfo 6.03 (WHO, Geneva).

Results

In June 1995, nine of the 11 aborted cows had IFAT titres
ranging from 1:200 (three cows) to 1:4000 (one cow) and
two were negative. Two of the six pregnant cows which had
carried to full-term had titres in the IFAT of 1:1000 and 1:4000.
All the cows with mummified calves had titres ranging from
1:200 to 1:1000 and two of the three empty cows had an IFAT
titre of 1:200 (Table I).

By August 1995, the highest IFAT titre in all cows was 1:200,
and one cow that had aborted and one cow with a mummified
foetus had become serologically negative. Indirect fluores-
cent antibody test titres did not change much by October, with
1:200 remaining the highest titre. In January 1996, titres had
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Figure 1. Section of brain showing a focus of necrosis surrounded
by mononuclear inflammatory cells and glial cells (H&E, X 800).

»

increased to 1:1000 in three cows which had been seroposi-
tive since June 1995. Two of them remained at this titre in
February and one cow seroconverted to negative. Six of the
ten control animals seroconverted to positive in January, with

Figure 2. Section of myocardium showing large interstitial in-

filtrates of mononuclear inflammatory cells (H&E, X 400).
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Figure 3. Changes in mean geometric anti-Neospora IFAT titres
of three groups of cattle in a dairy herd from June 1995 to April
1996 (—M— aborted group, **®- in-calf group, - -A~ - con-
trol group).

Table I. Number of reactors with anti-Neospora antibodies / total number of cows tested in each of three groups of dairy cattle (range
of IFAT titres in brackets) on a dairy farm which experienced a Neospora abortion outbreak, and odds ratios (OR) (95% CI in
brackets) for the aborted/mummified/empty group versus the non-aborted group

Date of bleed Aborted/Mummified/Empty Non-aborted OR Controls
June 95 17/19 (200-4000) 2/6 (4000) 17 (1.22; 268.77) o/10
August 95 6/10 (200) 2/6 (200) 3(0.25; 45.77) 077
October 95 6/9 (200) 2/5 (200) 3(0.2; 52.02) /10
January 96 11/11 (200-1000) 1/5 (1000) NC* 6/10 (200)
February 96 10/12 (200-2000) 1/5 (200) 20 (0.96; 1079.14) 1/9 (200)
April 96 8/8 (200) 2/4 (200) NC 1710 (200)

a NC = not calculated.
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an IFAT titre of 1:200, but five of them reverted to negative
at the next testing in February. One control animal remained,
however, at an IFAT titre of 1:200 over the next three months.
In February, another cow, which previously had a mummi-
fied calf (titre 1:1000 in June 1995), had a resurgence of the
IFAT titre. After several months at a titre of mainly 1:200,
the titre increased to 1:2000, the highest titre observed in all
cows bled during that month. In April the titre in only one
cow exceeded 1:200. Mean geometric IFAT titres for the
aborted group were above 1:200 in June 1995, and again in
January and April 1996 (Figure 3). Odds ratios for an asso-
ciation between Neospora positivity and the abortions were
calculated to be the highest at 17 in June 1995 and 20 in
February 1996 (Table I).

Of the 62 additional cows bled in February, 15 (24.2%) had
titres in the IFAT (range 1:200-1:1000), resulting in an over-
all seroprevalence for the herd at that time of 30.7% (95% CI
+ 9.6%).

None of the cows in this follow-up study aborted, although
two further Neospora (histologically and serologically con-
firmed) abortions occured on the property. One of these cows
had been included in the group of 62 cows bled in February
(IFAT titre 1:200) and aborted in late April 1996 with an IFAT
titre of 1:4000. In addition to the cows, a cat and a dog from
the property were also bled, and tested for Neospora anti-
bodies in the IFAT, both with negative results.

Discussion

The abortions observed on this dairy farm in April-May 1995
followed the usual pattern for Neospora-induced abortions
in this country'?. The serological follow-up study reported
here suggests that IFAT titres decline to 1:200 soon after a
cow has aborted, in this case in less than 3 months. A decline
in titre to similar levels has been previously reported in ex-
perimentally infected cows®., Cows that aborted, as well as
cows which carried to full-term, had titres which are usually
thought to be specific for Neospora-induced abortions ™13,
thus making a causal diagnosis based on individual sera dif-
ficult. A Neospora outbreak on a dairy farm in California®
showed a similar pattern of serological reactors in both abort-
ing and non-aborting cows, with only the frequency distribu-
tion of titres distinguishing the aborting cows from those that
did not abort. A seroepidemiological approach has been sug-
gested by Thurmond and Hietala!'® for the diagnosis of
Neospora abortions. In the case study presented here, an odds
ratio of 17 after the abortion outbreak (at the June bleed),
suggests that there was an association between the Neospora
serological status and abortions.

The estimate of the within-herd seroprevalence is in line
with previous estimates for dairy herds experiencing an “abor-
tion storm” in New Zealand'? and considerably higher than
the national prevalence!®, This suggests that Neospora may
only be found in some herds and that the majority of dairy
herds may be totally uninfected.

A stimulation of an anti-Neospora imimune response ap-
peared to have occurred in the cows in this study between
October 95 and January 96, which suggests that some expo-
sure to Neospora-antigen occurred during that time. In some
animals which had either aborted or been found not to be in-
calf, this led to a resurgence of IFAT titres, with similar mean
titres for this group as shortly after the abortions. This expo-
sure to (or reactivation of) a Neospora infection, however,
did not result in repeat abortions in the cows that were part of
the study. It could be speculated that these dams may have

carried a congenitally infected calf to full-term, especially
where arise in titres could be observed. Unfortunately, none
of the calves were available for serological evaluation.

Californian data suggest that a majority of infections (> 80%)
with Neospora may be congenitally acquired®, resulting in
clinically normal calves. Whether some of those in turn abort
(and if so, why) is not known. Whether congenital infection
alone is sufficient to maintain Neospora infection in the cat-
tle population is doubtful, although congenitally acquired
Neospora infection appears to positively influence calfhood
mortality up to 90 days'®. The offspring of two (of originally
34) Neospora-positive cows in a Swedish dairy herd made
up 45% of the female herd 14 years later, further indicating
that the effects of Neospora infection may not all be negative
and that Neospora infection may confer a selective advan-
tage®.

The one cow (out of the group of 62) in this study which did
abort the year after the initial “abortion storm™ had an IFAT
titre of 1:200 in February 1996 (suggesting it was infected
prior to that date) and aborted in April with a titre of 1:4000.
In experimental infections, Neospora-infected dead foetuses
could be removed from their dams as early as 17 days after
infection!!”. Other authors, however, report 74 and 101 days
from infection to abortion®, and the abortion in this cow
suggests that this is similar under field infections. Alterna-
tively, the abortion in this cow may have been the result of a
reactivation of a previously acquired or congenital infection
with Neospora. Tissue cysts of the closely related organism
Toxoplasma gondii may persist for several years'” so this
may also occur with Neospora. One can only speculate as to
the reasons for the reactivation of the Neospora infection,
but factors such as advancing gestation, stress and BVD vi-
rus infection may affect the ability to maintain an effective
immune response.

All of the cows with mummified foetuses were seropositive
in June 1995, suggesting that Neospora-infection may have
been the cause of the mummification. Also, two of the three
empty cows had low titres, raising the possibility of early
reproductive failure being another feature of Neospora-in-
fections in dairy cows in New Zealand, as has been reported
overseas®, Other detrimental effects of Neospora-infection
which have been noted overseas include premature culling
and diminished milk production®,

The dog and cat on the farm did not have any anti-Neospora
titres in the IFAT, whereas a considerable number of bloods
in arandom sample of New Zealand dogs have anti-Neospora
titres!'®. Overseas work suggests that dogs and cats are not
the putative definitive host of Neospora in which the sexual
cycle is completed !

The results of this study and other studies indicate that the
serological tests for Neospora are most usefully employed as
a herd test. Collection of about 20 samples from a herd is
recommended, and positive titres of 1:200 or higher provide
a definite indication of infection and give an indication of the
extent of the infection in the herd. In individual animals, low
positive titres of 1:200 indicate infection, but may or may not
indicate that an abortion was caused by Neospora. Titres at
this level are also commonly encountered in animals that do
not abort. Titres of 1:1000 or higher at about the time of abor-
tion provide strong evidence that an abortion was caused by
Neospora. High titres generally decline rapidly after abor-
tion but low positive titres persist for a prolonged time.

Histological findings in foetuses from this and other abor-
tion outbreaks and overseas data®? suggest that cardiac mus-
cle is frequently the tissue of choice for histopathology, espe-
cially when the brain is too autolysed for examination.
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Abstract

Serological methods developed to detect Neospora caninum specific bovine antibodies were compared using sera
from an abortion outbreak on a dairy farm in New Zealand. These methods included four ELISAs, IFAT and
immunoblot. The abortions (n = 16) on the farm were restricted to one of two groups of the herd which consisted
of 194 adult dairy cows. All ELISAs, IFAT and immunoblot (applying stringent cut-off levels) revealed a
statistically significant association between seropositivity and abortion among the adult cows from the afflicted
group 1. The strength of this association varied between different tests, and different seroprevalences were
determined for various animal groups. Among the different ELISAs, the strength of the relationship between single
test results was characterised by a considerable variation in the determinants of correlation. Discrepancies in
positive—negative classification between the two commercial ELISAs and one of the in-house ELISAs were due
mainly to differences in the cut-off selection. © 1999 Australian Society for Parasitology Inc. Published by Elsevier
Science Ltd. All rights reserved.

Keywords: Abortion; Apicomplexa; Commercial test; Cut-off; ELISA; IFAT; Immunoblot; Neosporosis; Neospora caninum; Out-
break

1. Introduction

Neospora caninum is one of the most frequently
diagnosed causes of epidemic and endemic
bovine abortion [1]. The dog is a definitive host
of N. caninum, but its importance for the epide-

* Corresponding author. Tel.: +33979-80193; fax: +33979-
80222.

E-mail address: g.schares@wus.bfav.de (G. Schares)

! Present address: Novartis Animal Health Australasia Pty,
245 Western Road, Kemps Creek, NSW 2171, Australia.

miology of bovine neosporosis is not yet clear [2].
Vertical transmission seems to be of major im-
portance in the spread of N. caninum, and most
congenital infections result in the birth of appar-
ently healthy calves [3-5].

Neospora caninum infections can be diagnosed
using histological and immunohistochemical tech-
niques, such as immunoperoxidase staining (IPX)
or by PCR [1, 6]. Recently, a low positive predic-
tive value of foetal histopathology and IPX in
diagnosing N. caninum abortions has been
reported [7]. This underlines the importance of
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approaches to diagnose neosporosis in cattle
herds by demonstrating statistical association
between  seropositivity and abortion  [8§].
Serological techniques for the specific detection
of bovine antibodies to N. caninum include
IFAT [1, 6], immunoblotting (IB) [4,9], and sev-
eral ELISAs [1,6,9-12].

The application for which a serological test has
been developed strongly influences the cut-off
selection: cut-offs meant to detect specific anti-
bodies in aborting or non-aborting N. caninum-
infected cattle [9] might differ from cut-offs
selected to demonstrate association between sero-
positivity and the abortions [10] or to detect M.
caninum specific antibodies in foetal fluids [13, 14].
Therefore, the aim of the present study was to
compare serological tests with respect to the cut-
offs applied. As an example, abortion outbreak
sera from a dairy cattle herd from New Zealand
were used.

2. Material and methods
2.1. Study population

A dairy herd of 306 milking cows experienced
a series of abortions over a period of about
3 weeks during March 1997. The milking cows
had been kept in two different lots (groups 1 and
2) for a 3—4 month period prior to the abortions.
The abortions (n = 16) occurred only in group 1,
which consisted of 194 milking cows. In addition
to the abortions, four cows were found to be not
pregnant after the abortion series, although all
cows had been artificially inseminated 4.5-5
months prior to the abortion series, and had
been tested pregnant by rectal examination
2 months prior to the abortions. The adult cows
were solely pasture fed. No abortions occurred
within the group of heifers (n = 70). The heifers,
all raised from the adult herd, had been grazing
away from the property for about 9 months prior
to the abortion series. Calves (n = 69) raised
from the adult herd at least 9 months prior to
the abortion series were also grazed separately
from the adult milking herd. A dog (male cross-
bred border collie, mature age) was kept on the

farm. After the abortion series, all animals in the
herd and the dog were bled by venipuncture in
early April and the sera subjected to testing for
N. caninum antibodies.

2.2. Serology

2.2.1. ELISAs 1-4

ELISA 1 (IDEXX Laboratories), a test derived
from an ELISA originally described by Paré et
al. [10], was run according to the manufacturer’s
instructions, and test results were expressed as S/
P ratio based on a positive and a negative con-
trol serum. S/P results <0.50 were classified as
negative and >0.50 as positive.

ELISA 2 (MAST Diagnostics), a test described
by Williams et al. [12], was run as recommended
by the manufacturer and test results expressed as
a percentage of the O.D. readings of a high posi-
tive control (percent positivity, PP). A test result
>25 PP was regarded as positive.

ELISA 3 was performed as described by
Schares et al. [9]. Test results were expressed as
S/P ratio. As cut-off, an S/P of 0.034 was used [9].

ELISA 4 was performed as described by
Reichel and Drake [11] using antigen from a
commercial supplier (VMRD). Results were
expressed as percentage of the O.D. readings of a
positive control (percent positivity, PP). Values of
>15 PP were considered positive.

2.2.2. IFAT

Sera were diluted 1:200, 1:600, 1:1000 and
1:2000, and tested on commercially available N.
caninum (NC1) tachyzoite-coated IFAT slides
(VMRD), following the manufacturer’s instruc-
tions. Only a complete peripheral immunofluores-
cence of tachyzoites was considered as specific.

2.2.3. Immunoblots

Immunoblots (IBs) were performed as
described [4,9]. The reactivities of the sera with
immunodominant tachyzoite antigens of M, 17,
29, 30, and 37 kDa, as well as the responses to a
33 kDa antigen were recorded [9]. To analyse the
IB reactions, the number of immunodominant
antigens recognised by a single serum was
counted and categorised using five different cut-
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off levels (levels 1-5). The cut-offs differed in the
minimum number of recognised immunodomi-
nant bands (1-5) required to consider a single
serum as positive.

2.3. Analysis of data

2.3.1. Differences in seroprevalences between
groups

The statistical significance of differences in the
seroprevalences was tested using y> (Yates cor-
rected) or Fisher exact tests as appropriate. P
values <0.05 were interpreted as significant.

2.3.2. Association between seropositivity and
abortion

The distribution of seropositivity among abort-
ing and non-aborting pregnant cows in group 1
(n = 190) was tested using y°> (Yates corrected)
or Fisher exact tests. Four non-pregnant cows
were excluded from the analysis. The strength of
statistically significant associations between N.
caninum seropositivity and abortion was esti-
mated by calculating odds ratios (OR). A P value
<0.05 was considered to indicate a significant as-
sociation, and OR with a lower limit of the 95%
confidence interval (CI) >1 was interpreted as an
indication of significant strength of the associ-
ation.

2.3.3. Homogeneity of OR

To test the hypothesis of homogeneity of OR,
the Breslow—Day test was used. P < 0.05 was
regarded as an indication of a significant differ-
ence between OR.

2.3.4. Regression analysis

ELISA results obtained with the different tests
were plotted pair-wise. To analyse whether the
results of two ELISAs were correlated, a re-
gression analysis was performed to determine the
Pearson correlation coefficient r and the signifi-
cance of correlation (P < 0.05) using a computer
program (Statistica 5.0; Stat Soft). The strength
of the relationship between results of different
ELISAs was expressed as r2 (coefficient of deter-
mination). If > was lower than 0.5, the strength
of relationship between the results was con-

sidered to be low. A r2-value between 0.5 and
0.7 indicated moderate and a r*-value >0.7 high
strength of relationship.

2.3.5. Two-graph receiver operating characteristic
(TG-ROC)

Based on the positive—negative classifications
of ELISA 1 or 2, the sensitivity and specificity of
ELISAs 3 and 4 were described as a function of
the cut-off selected in the respective test. The cut-
offs dy at which ELISA 3 or 4 had equal sensi-
tivity and specificity (6y) relative to ELISA 1 or 2
were determined by a TG-ROC analysis using
non-parametric methods [15].

3. Results

3.1. Seroprevalence as determined by ELISAs,
IFAT and IB

The seroprevalences determined by ELISAs 1-
4 differed considerably (Fig. 1A). Using ELISAs
1-3, the seroprevalences in group 1 were signifi-
cantly higher than in the other groups (group 2,
heifers, calves). In contrast, ELISA 4 detected
nearly equal seroprevalences in groups 1 and 2,
which were significantly higher than those in hei-
fers and calves.

The seroprevalences determined by IFAT
(Fig. 1B) and IB (Fig. 1C) depended markedly
on the cut-offs used. An IFAT cut-off of 1:200
led to significant differences between group 1 and
group 2, or between group 1 and the heifers
(Fig. 1B). The differences between calves and the
adults in group 1 or group 2 were not significant.
Using cut-off titres of 1:600 or 1:1000, the IFAT
detected significantly higher seroprevalences in
group 1 than in the other groups (group 2, hei-
fers, calves). With a cut-off titre of 1:2000, the
seroprevalence in none of the groups differed sig-
nificantly from 0% (Fig. 1B).

In the IB (Fig. 1C), the seroprevalences among
adults from groups 1 and 2 decreased with
increasing cut-off (defined by the minimum num-
ber of recognised immunodominant antigens).
With increasing cut-off, the differences in seropre-
valences between group 1 and group 2 increased.
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Fig. 1. Prevalence of antibodies against N. caninum as deter-
mined by four ELISAs (A), IFAT (B) and immunoblot (C) in
various animal groups (adults in group 1, adults in group 2,
heifers, calves). The IFAT was performed using four different
positive cut-off titres: 1:200, 1:600, 1:1000, and 1:2000.
Immunoblot results were classified using five different cut-off
levels, 1-5 (one to five immunodominant antigens recognised).
Significant differences (Yates corrected y2, P<0.05) between
the seroprevalences in various animal groups are indicated by
different numbers. (2%*) The seroprevalence (IFAT, cut-off
1:200) among the adults in group 2 is not significantly differ-
ent from that among the calves, but significantly different
from the seroprevalence among adults from group 1.

The difference was statistically significant only
when cut-off levels >3 were applied. The seropre-
valences observed in heifers and calves were in
no case significantly different from 0%. When
the most stringent cut-off level was applied in IB,
the prevalence observed in the adults from group
2 was no longer significantly different from those
observed in heifers and calves.

A serum of the dog living on the farm prior to
and during the abortions was tested negative by
IFAT (titre <1:50).

3.2. Association between abortion and
seropositivity, positive and negative predictive
values of tests

Among the pregnant cows of group 1, there
was a statistical association between seropositiv-
ity and the abortions which was detected by all
but one of the tests (IB, cut-off level 1). The
strength of the association (expressed as OR)
varied between the tests (Table 1). Differences
between OR determined for the four ELISAs
or for different cut-offs in the IFAT and IB
were not statistically significant when tested by
the Breslow—Day test. Based on the hypothesis
that all abortions had been caused by N. cani-
num, negative and positive predictive values
(NPV and PPV, respectively) were calculated
(Table 1).

3.3. Association between seropositivity of dams
and their daughters

With none of the tests could a significant as-
sociation between seropositivity of dams and
their daughters (heifers or calves) be demon-
strated (Table 2).

In all but one of the tests the proportions of
calves and heifers born by seropositive mothers
were low. Using the IFAT with a cut-off of
1:200, 60% of the calves and 23.5% of the heifers
born by seropositive mothers were seropositive
themselves. However, also considerable pro-
portions of calves (33.3%) and heifers (14.3%)
born by seronegative mothers were tested posi-
tive. In all other tests, only small proportions of
calves and heifers born by seronegative mothers
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Table 1

Association between abortion and seropositivity as determined by four ELISAs, IFAT using cut-offs from 1:200 to 1:2000, and
immunoblot (IB) with different cut-off levels 1-5 (one to five immunodominant antigens recognised)®

Test OR (95% CI) P NPV PPV
ELISA
1 69.2 (9.0, 1457) < 0.0001° 0.99 0.33
2 69.2 (9.0, 1457) < 0.0001° 0.99 0.33
3 15.0 (2.0, 311) 0.002¢ 0.98 0.15
4 33.3 (4.4, 694) < 0.0001°¢ 0.99 0.22
IFAT Cut-off
>1:200 31.6 (4.2, 657) < 0.0001° 0.99 0.21
>1:600 15.0 (4.1, 59.9) < 0.0001¢ 0.97 0.29
>1:1000 27.3 (7.3, 109) < 0.0001°¢ 0.97 0.46
>1:2000 14.2 (2.6, 80.2) < 0.0001°¢ 0.93 0.50
1B Cut-off
Level 1 NS 0.2009° 0.98 0.10
Level 2 10.9 (1.5, 225) 0.0112¢ 0.99 0.13
Level 3 20.3 (2.7, 420) 0.0002¢ 0.99 0.17
Level 4 25.2 (3.4, 522) 0.0004¢ 0.99 0.19
Level 5 66.6 (8.7, 1400) < 0.0001° 0.99 0.32

“The strength of association is expressed as odds ratio (OR) with the 95% confidence intervals (CI). Analysis is restricted to cows
from group 1 (n = 190). NPV and PPV (negative and positive predictive value) are calculated for each test.

® Fisher exact test.
° Yates-corrected 2.

were seropositive. The only test which detected
no seropositive calves or heifers born by serone-
gative mothers was the IB employing cut-off
levels 1-4.

3.4. Correlation between different ELISAs

To determine whether the results of the
ELISAs were correlated, regression analyses were
conducted using the data from all adult cows
(Fig. 2). High coefficients of determination were
observed between ELISAs | and 3 and between
ELISAs 1 and 2. A moderate strength of re-
lationship was observed when ELISA 2 was
tested vs ELISA 3. The strength of the relation-
ship was always low when ELISA 4 was tested vs
any other ELISA.

When the results of ELISA 1 were plotted
against those of ELISA 2, the intersection of
lines representing the respective ELISA cut-offs
was near to the regression line (Fig. 2A). By
contrast, the distances between the respective
cut-off line intersections and the regression lines

were greater in the scatterplots of ELISA 3 vs
ELISA 1 or 2 (Fig. 2B, C), as well as in
the scatterplots of ELISA 4 vs ELISA 1-3
(Fig. 2D, E, F).

Table 3

Results of analyses to adapt the cut-offs of in-house tests
(ELISAs 3 and 4) to the cut-offs of ELISAs 1 or 2 (commer-
cial tests)®

ELISA 3 ELISA 4

Gold standard (0.034 S/P%)° (15.0 PP%)®

ELISA 1 dy = 0.19 S/P° dy = 15.8 PP¢
0=93.9% 0=79.0%

ELISA 2 dy=0.14 S/P° do = 13.7 PP¢
0 =87.6% 0=171.0%

4ELISA 1 or ELISA 2 were used as gold standards. By two-
graph receiver operating characteristic (TG-ROC) analyses
the cut-offs (dy) were determined at which ELISA 3 or 4 had
an equal sensitivity and specificity (6y) relative to the respect-
ive gold standard.

®Published cut-off.

°S/P = sample to positive ratio (see Material and methods).

9PP = percent positivity (see Material and Methods).
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Table 2

Proportion of seropositive daughters born by seropositive (M +) or seronegative mothers (M—)?

ELISA IFAT

1B

1 2 3 4

>1:200 >1:600 >1:1000 >1:2000 Level 1 Level 2 Level 3 Level4 Level5

Calves

M + 0.0 8.3 10.3 10.5 60.0 0.0
0/9 1/12) (3/29 @19 ©/15)  (0/)5)

M- 3.7 3.9 8.1 4.5 33.3 6.9
(2/54) (2/51) (3/34) (2/44) (16/48) (4/58)

Heifers

M + 22.2 8.3 13.0 43 23.5 0.0
(29 1/12) (3/23) (1/23) @/17)  (0/5)

M- 2.3 0.0 34 0.0 14.3 6.4
(1/43) (0/40) (1/29) (0/29) (5/35) (3/47)

0.0 38 5.0 8.0 8.7 9.1
(0/1) (2/53) (2400 (225 (2/23)  (1/11)
0.0 0.0 0.0 0.0 0.0 2.0

(0/62) (0/10)  (0/23)  (0/38)  (0/40)  (1/52)

0.0 4.7 6.3 9.5 10.0 12.5
(0/1) 43 @32 @21 (2200 (1/8)
0.0 0.0 0.0 0.0 0.0 0.0

(O/51) (09 (0200  (0/31)  (0/32)  (0/44)

#Calves (n = 63), heifers (n = 52), and their mothers were analysed by four ELISAs, the IFAT using cut-offs from 1:200 to
1:2000, and the immunoblot (IB) with different cut-off levels 1-5 (one to five immunodominant antigens recognised).

3.5. Optimisation of cut-offs used in ELISAs 3
and 4

Two-graph receiver operating characteristic
analyses (Table 3) were conducted to optimise
cut-offs used in the in-house tests (ELISAs 3 and
4) with respect to the positive—negative classifi-
cations of ELISAs 1 and 2. If ELISA 1 was used
as gold standard, the optimised cut-off (dy) for
ELISA 3 was reached at a S/P of 0.19. If ELISA
2 was used as gold standard, the optimised cut-
off (dy) for ELISA 3 was reached at a S/P of
0.14. ELISA 4 gave optimum results to ELISA 1
using a cut-off of dy = 15.8 PP. When ELISA 2
was used as gold standard, ELISA 4 had equal
sensitivity and specificity at a cut-off of
dy = 13.7 PP.

4. Discussion

In the present study, various serological tests
were compared using sera from an abortion out-
break. Regarding the following aspects, the
results of most of tests agreed: (i) Among the
adult cows from group 1, all ELISAs, IFAT and
IB (applying stringent cut-off levels) revealed a
statistical association between seropositivity and
the abortions. (i) Among heifers and calves, all
tests except the IFAT (using the lowest cut-off)

detected only a low seroprevalence. (iii) The
results of none of the tests led to statistically sig-
nificant association between the serological status
of dams and that of their daughters. Together
with previous experiences which demonstrated
that N. caninum is congenitally transmitted rather
efficiently [3, 4, 16], these results may indicate that
the serological reactions and the abortions
observed among the adults from group 1 were
due to recent postnatal infection, and that calves
and heifers grazing away from the property had
not been exposed to the parasite. Using the
IFAT, however, no evidence was found that the
dog on the farm was infected with N. caninum
and had been the source of infection for the
cattle. However, it is known that not all dogs
shedding oocysts develop a detectable antibody
response to the parasite [2].

In most of the tests used, the seroprevalences
in group 2 were significantly lower than in group
1. However, the seroprevalences in group 2 as
recorded by ELISA 4 or IB (cut-off level 1 and
2) might indicate that dams from this group were
also infected with N. caninum. Given that group
2 was also exposed to N. caninum, one or more
parameters of this exposure (e.g. infection dose)
might have been different as compared with
group 1, since abortions occurred only in the lat-
ter group of adults. It is also possible that some
of the serological reactions observed in group 2



G. Schares et al. | International Journal for Parasitology 29 (1999) 1659-1667 1665

by ELISA 4 or IB (cut-off level 1 and 2) rep-
resent false-positive reactions. However, in the
analyses to determine associations between the
serological status of dams and their daughters,
the IB (cut-off levels 1-4) was the only test in
which no indications for false-positive reactions
were observed (seronegative mothers never had
seropositive daughters).

Among the adult cows from group 1, the
strength of the association between seropositivity
and abortion (expressed as OR) varied between
the different tests. Also, the PPV (calculated on
the basis of the hypothesis that all abortions

2.6

2.2
1.8
1.4
1.0
0.6}.
0.2
-0.2

[S/P]

ELISA 1

2.6
2.2
1.8
1.4
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0.6

[S/P]

ELISA 1

0.2

ELISA3 [S/P]

'-20.2 00 02 04 06 08 1.0 12 1.4

ELISA3 [S/P]
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ELISA2 [PP]

40 50 60 70 80

were caused by N. caninum) varied, while the
NPV was rather stable. In the IFAT and the IB,
the PPV generally increased with increasing cut-
off. This is in accord with earlier observations in
herds with N. caninum-associated abortions
where dams that had aborted often showed
stronger antibody responses to the parasite than
non-aborting dams [9, 17-19]. Therefore, among
infected cattle, tests with more stringent cut-offs
might better discriminate between aborting and
non-aborting dams, as more stringent cut-offs
reduce the number of ‘false positive’ results.

ELISA 1 [S/P]
P

“30  -10 10 30 50 70 90

ELISA 2 [PP]

ELISA 3 [S/P]

ELISA 4 [PP]

Fig. 2. Results on sera from adults in group 1 and group 2 of ELISAs 1-4 are plotted to each other (A—F). ——— = regression
line; - - - = cut-offs of the respective ELISA. The strength of the relationship is expressed as coefficient of determination (r2).
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The cut-off used in the in-house ELISA 3 was
selected to maximise sensitivity [9], i.e. it was
less stringent. Therefore, it was not unexpected
that this cut-off was not ideal (too low) for
diagnosing N. caninum-associated abortions, as
evidenced by the low strength of the association
between seropositivity and abortion and by a
low PPV. ELISAs 1 and 2 seem to be better
optimised for this purpose. Regression analysis
demonstrated that the results for single sera of
ELISA 3 were highly correlated to those of
ELISA 1 and moderately to those of ELISA 2.
Therefore, for ELISA 3, differences in the posi-
tive—negative classification based on ELISAs 1
or 2 seem to be due mainly to differences in the
cut-off selection. This is confirmed by the obser-
vation that in the respective scatterplots of the
results of ELISA 3 vs the results of ELISAs 1
and 2, there is a marked distance between the
intersection of the cut-off lines and the re-
gression line. By contrast, the cut-off line inter-
section of ELISA 1 vs ELISA 2 is very close to
the respective regression line. This might indi-
cate that the cut-offs for ELISAs 1 and 2 have
been selected according to similar criteria. This
is in contrast to findings of an other working
group comparing ELISAs 1 and 2 [20].
However, using a different set of sera or
another batch of ELISA might influence the
results. Using TG-ROC analyses, cut-offs for
ELISA 3 were determined which were optimised
to the positive—negative classifications made by
ELISA 1 or ELISA 2. As expected, these opti-
mised cut-offs were considerably higher than the
cut-off originally used in ELISA 3.

Like ELISA 3, in-house ELISA 4 also had a
lower PPV compared with the commercial tests,
ELISAs 1 and 2. However, in ELISA 4, differ-
ences in the positive—negative classification of
sera by ELISAs 1 and 2 do not seem to be due
to differences in the cut-off selection. This is
demonstrated by TG-ROC analyses (cut-offs
determined are close to the original cut-off) and
by a generally low strength of relationship
between ELISA 4 and the other tests. These
differences might be explained by other differ-
ences in the ELISA protocols (e.g. the antigen
used) [9-12].
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Abstract

A 600-cow New Zealand dairy herd experienced an abortion storm in 1997 and was monitored
(blood sampling at about 3-month intervals) from May 1997 until January 1999. Abortion risk
reached 9% in 1997 and was highest in heifers at 19%. The abortion risk decreased in 1998 to 3.2%
(still somewhat higher than during the years prior to the outbreak). The serological reaction pattern
for Neospora caninum showed an association with abortion risk only around the time of the 1997
outbreak when seropositive cows were 4.2 times more likely to abort than negative ones. Over the
whole study period, only 27% of cows that were sampled on all nine visits always tested negative.
Offspring from dams which had positive tests for Neospora caninum were 2.4 times more likely to
abort than those from dams testing consistently negative. Controlling for age and breed, seropositive
cows produced more milk than those that were consistently negative. Infection might have been
present endemically within this herd prior to the epidemic, but in 1997 an additional factor appeared
to have triggered the outbreak. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Neospora caninum; Cattle; Parasitological disease; Abortion; Production; Serology

1. Introduction

Neospora caninum infection is an important cause of abortion in dairy cattle in many
countries with intensive dairy production (Dubey, 1999). The epidemiology of the
infection is still poorly understood. Transmission occurs vertically from cow to calf
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(Bjorkman et al., 1996; Paré et al., 1996; Schares et al., 1998) and has been postulated to
occur post-natally through indirect contact (Schares et al., 1999). Definitive hosts such as
dogs (McAllister et al., 1998) or other unidentified species might cause new outbreaks and
an association between the presence of dogs and abortion outbreaks has been demonstrated
(Paré et al., 1998; Wouda et al., 1999; Barling et al., 2000). The relative importance
of the different transmission paths is not known and is likely to vary between different
cattle-management systems as well as habitats.

Over the last 10 years, N. caninum abortion outbreaks have been described in New
Zealand (Thornton et al., 1991, 1994; Cox et al., 1998; Patitucci et al., 1999) and are now
considered a major problem affecting dairy herds.

This paper describes an investigation into the epidemiology of N. caninum infection on a
dairy farm in New Zealand.

2. Materials and methods
2.1. Herd history

In the first half of 1997, an abortion outbreak occurred in a spring-calving 600-cow
crossbred Friesian/Jersey dairy herd in the North Island of New Zealand. The last recorded
outbreak in that herd had occurred >10 years previously. At the time of the abortions in
1997, serum antibodies to N. caninum were identified in some of the cows involved.
Abortions were confirmed by negative pregnancy diagnosis during June and July 1998 in
the current study. Histopathologic diagnosis of neosporosis was confirmed in four of six
aborted foetuses submitted to the local Ministry of Agriculture diagnostic laboratory. No
other bacterial or viral cause of abortion was identified.

Eleven leased cows were introduced to the herd in 1996/1997. Ten of these animals
originated from a herd with a history of abortions possibly associated with N. caninum
infection. No history was available on the herd from which the remaining cow was leased.
Yearling Murray Grey bulls were purchased every year from the same breeder.

2.2. Data collection

Blood samples were collected from bulls, steers, calves (<12 months of age), heifers (12
to <24 months of age) and cows (>1 parity) in May, June, July, and October of 1997,
January, May, June, and November of 1998 and in January 1999. These samplings included
all animals present in the herd on the respective occasions. An ELISA test developed at
Wallaceville Animal Health Laboratory was used to test the samples for the presence of
antibodies to N. caninum (Reichel and Drake, 1996). ELISA values >0.15 corrected
absorbance at 450 nm were classified as positive. The cut-off for this test was developed
using indirect fluorescent antibody test (IFAT) results as a gold standard, yielding relative
sensitivity and specificity values of 92% (unpublished data). Blood samples were taken
from three dogs on the farm during June 1997 and tested for N. caninum antibodies using
the IFAT as previously described (Reichel, 1998). A positive result in the IFAT for dogs at a
1:50 serum dilution is regarded as specific (Dubey and Lindsay, 1996).
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2.3. Data analysis

Cow histories (age, family relationship, milk-production parameters (milk volume, fat,
protein, and solids), time to culling) were obtained from a database generated using the
dairy cattle-herd management software DairyWIN (Livestock Improvement, Hamilton,
New Zealand). The data were manipulated using the database management software
Microsoft Access 2000 (Microsoft, Redmond, WA). The relational database underlying
DairyWIN was used to identify dams and their offspring which were included in the
samplings, so that it was possible to assess the association between serological status of the
dam and seroreactivity or abortion risk of the offspring.

Confidence intervals of proportions were calculated using Wilson’s method as described
by Newcombe and Altman (2000). Relative risks and their 95% confidence limits were
used to quantify the strength of the association between abortion risk, seropositivity and
categorical risk factors using the methods described in Morris and Gardner (2000).
Significance statistics for chi-squared and Mann-and-Whitney U-tests were calculated
using the Monte Carlo method available in SPSS for Windows 10.0 (SPSS, Chicago, IL)
based on 10 000 samples (Mehta and Patel, 1996). The Kaplan—Meier product-limit
method was used to conduct survival analyses of time from birth until culling. The
resulting survival curves were compared using the log-rank test. The temporal pattern of
serological responses in relation to abortion date was analysed using loess regression (a
non-parametric method for estimating locally weighted regression lines). The relationship
between serological-test result and milk-production parameters was examined using a
linear mixed model for longitudinal data (Verbeke and Molenberghs, 2000). Analyses were
conducted separately for milk volume, fat, protein and solids as dependent variables. In
these models, seropositivity (positive on at least one test vs. never positive), herd-test
number within lactation (ranging between 1 and 4), lactation year (1996/1997, 1997/1998
and 1998/1999), breed category (<50% vs. >50% Jersey) and age group (2—4 years vs. 5-8
years vs. 9—-13 years) were used as fixed effects. Main effects and their first-order
interaction terms were included, if the type-3 test of the fixed effects was significant at
P <0.05. The denominator degrees of freedom for the F-tests were estimated using
Satterthwaite’s approximation to take into account the unbalanced nature of the data. Herd-
test number was also used as a repeated-measures effect, for each cow nested within
lactation year. The compound-symmetry covariance structure was chosen to model the
covariance between observations. Least-squares means (which express the mean estimates
of the effect categories adjusted for other effects in the model) are presented. The
procedures PROC MIXED and PROC LOESS in SAS for Windows version 8.0 (SAS
Institute, Cary, NC) were used for the repeated-measures ANOVA and the loess-regression
analysis, respectively. P < 0.05 was used to indicate statistical significance.

3. Results
3.1. Descriptive analysis

A total of 6341 blood samples from 1037 female and from 35 male cattle were included
in this analysis. Over the lactation periods 1996/1997 and 1997/1998, 90 abortions were
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recorded in 858 adult cows at risk (1474 cow years), an abortion risk of 6.1% (95% CI: 5.0—
7.4%) per cow year. One cow aborted in two successive lactation years.

Two of the three dogs were positive in the IFAT with titres of 1/50. Examination of faeces
from one of the positive dogs revealed coccidial oocysts.

Seventy-seven heifers were leased to replace culled cows and 38 aborting heifers were
retained after the abortion outbreak in 1997. Of the 10 leased cows coming from a property
with abortion history likely to be associated with N. caninum, two were seropositive in May
1997 and one subsequently aborted.

3.2. Temporal pattern of abortion occurrence and serological reactivity

The herd experienced an abortion outbreak during the lactation year 1996/1997. Until
then, abortion risk had been between 2 and 4% per year. Sixty-seven abortions amongst 745
animals at risk (9% abortion risk; 95% CI: 7.1, 11.3%) associated with the 1996/1997
outbreak began on 17 February 1997 and continued until 18 July 1997. The peak incidence
was 28 abortions occurring during the first half of April. In 1998, only 23 abortions
amongst 729 animals at risk (3.2% abortion risk; 95% CI: 2.1, 4.7%) occurred in the entire
comparable 5-month period.

Calves born in 1996 and heifers born in 1995 showed a high seroprevalence during the
May 1997 sampling (Table 1). Seroprevalence declined in both groups during June and July
1997, but increased again in both groups at the October 1997 sampling (which included
calves born during this year). In the following year, seroprevalence remained low in calves
in contrast to heifers, which experienced another peak in prevalence in June 1998. Cows
had seroprevalences around 30% during the May and June samplings in 1997 and 1998.

The distribution of optical density values for each of the sampling months varied widely
around the cut-off value of 0.15 (Fig. 1). Variability was reduced during July 1997,
November 1998 and January 1999. The pattern of serological reactivity relative to the
abortion date of individual heifers and cows is presented in Fig. 2. This scatter plot of

Table 1
Percentage seroprevalence of N. caninum in a NZ dairy herd stratified by stock class and sampling month
(n: number sampled)

Sampling Calves Heifers Cows
month (age: <12 months) (age: 12 to <24 months) (>1 parity)
% Positive n % Positive n % Positive n

May 1997 53 123 53 19 28 473
June 1997 27 112 42 95 34 445
July 1997 15 111 21 174 11 443
October 1997 36 193 42 162 32 431
January 1998 3 59 nt* nt* 48 590
May 1998 8 145 26 99 32 497
June 1998 13 145 49 99 31 509
November 1998 7 139 20 96 9 488
January 1999 4 70 6 50 7 578

? Not available for testing.
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Fig. 1. Box-and-whisker plot for optical density distributions by sample month and abortion status of heifers
and cows in a New Zealand dairy herd (1997-1999).

optical density is from sequentially sampled animals. While visual inspection suggests the
presence of three peaks occurring at annual intervals before, at and after abortion, the flat
loess-regression line indicates that this pattern is not supported by the majority of
serological results in aborting heifers and cows. Inspection of the reactivity pattern in
individual animals indicated that these apparently repeated annual peaks did not occur in
the same animals.

In a comparison of the temporal pattern of serological reactivity between aborting and
non-aborting heifers and cows, it appears that those which aborted in one of the two years
had higher titres than the ones that did not (particularly during May 1997, June 1998 and
January 1999; Fig. 1). During the remaining months, the difference between the two groups
of heifers and cows still existed but was much reduced.

Cows and heifers with an ELISA optical density >0.15 at the May 1997 sampling were
four times more likely to abort during 1997 as cows that had a lower optical density
(Table 2). During the following sampling months, the risk of a seropositive cow or heifer
having aborted or going to abort reduced substantially and none of these relative risks is
significant.

The number of serological reactions above the cut-off value increased with the number
of repeated samples taken from individual animals (Table 3). However, amongst cows with
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Fig. 2. Scatter plot of seroreactivity relative to abortion date of heifers and cows including loess-smoothed
regression line for a New Zealand dairy herd (1997-1999).

between six and nine longitudinal samples, between 18% (eight samples) and 35%
(six samples) were consistently negative on all samples. Seroconversion risk between
May 1997 and January 1999 in this study was 55% (95% CI: 51, 60) when aggregating
409 animals from all age groups that had tested negative during the May sampling and were
re-sampled at least once during that period.

3.3. Abortion risk, serological status, age and culling

The abortion risk was highest in heifers in 1997 at 19% compared with the other ages
(;(2 =45.3, 8 d.f.,, Monte Carlo P < 0.0001). During the 1998 gestation, there was no
increase in abortion risk with age (x> = 7.0, 8 d.f., Monte Carlo P = 0.52; Fig. 3). Cows
and heifers that aborted during 1997 and 1998 had a median survival time from birth to
culling of 1680 days (95% CI: 796, 2564) and non-aborting animals of 3402 days (95% CI:
3195, 3609) (Fig. 4; log-rank test for equality of survival distributions (;{2 =27.6,1d.f.,
P < 0.001)). Of the cows and heifers which aborted, about 80% were culled within 100
days after the abortion. There was no difference between the survival curves for age at
culling between heifers and cows without any positive serological test result and those with
at least one (log-rank test: ;{2 =0.14, 1 d.f., P =0.7).
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Table 2
Abortion status of heifers and cows (May 97-January 1998 aborted in 1997, May 1998-January 1999 aborted in
1998) by their serological status for N. caninum in a New Zealand dairy herd

Sampling ELISA Abortion risk Total Relative risk
month result -
% N RR 95% CI

May 1997 + 10.6 15 141 42 1.9,9.3
— 2.6 9 351

June 1997 + 32 6 189 1.1 04, 3.0
— 2.8 10 351

July 1997 + 4.8 4 83 2.0 0.7, 5.9
_ 2.4 13 534

October 1997 + 24 5 205 1.6 0.5, 5.1
— 1.5 6 388

January 1998 + 1.8 5 282 0.9 0.3, 3.0
- 1.9 6 308

May 1998 + 3.1 5 160 1.8 0.5, 5.7
— 1.8 6 337

June 1998 + 1.9 3 156 Not estimated Not estimated

0 0 353

November 1998 + 23 1 43 52 0.5, 559
— 0.4 2 445

January 1999 + 3.6 1 28 8.1 0.8, 86.7
- 04 2 454

3.4. Status of dam

Samples from both dam and offspring were available for 571 calves, heifers and cows.
The risk of being serologically positive at least once in calves, heifers and cows was not

Table 3
Percent of seropositive samples for N. caninum per cow by total number of samples taken per cow (one New
Zealand dairy herd, 1997-1999)

Number of samples Positive samples per cow Number
collected per cow of cows
0 1 2 3 4 5 6 7 8 9
1 77 23 134
2 50 33 17 6
3 35 30 22 13 63
4 58 27 7 5 3 108
5 38 20 14 13 11 5 96
6 35 39 11 5 3 3 5 66
7 30 25 15 13 7 5 3 2 121
8 18 21 21 13 11 5 6 2 1 136
9 27 20 14 14 12 5 2 4 2 0 307
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Fig. 3. Bar chart of abortion risk (including 95% confidence intervals) in heifers and cows by age and year of
lactation for a New Zealand dairy herd (1997-1999).
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associated with the serological status of the dam (RR = 1.14, 95% CI: 0.98, 1.3). Offspring
from aborting dams were 1.6 times (95% CI: 0.64, 4.04) more likely to abort as offspring
from non-aborting dams. However, heifers and cows born from a dam which had ever been
positive had 2.4 times the risk (95% CI: 1.2, 5.0) of aborting as those from consistently
seronegative dams. Seropositive offspring had dams with a higher number of positive tests
than seronegative offspring (Mann—Whitney U: z = —2.4, 2-sided Monte Carlo P = 0.02).
The same comparison between aborting and non-aborting offspring showed a trend
towards statistical significance (Mann—Whitney U: z = —1.9, 2-sided Monte Carlo
P =0.07).

3.5. Milk production

After inclusion of indicator variables for amount of Jersey genetics, age category, herd
test number and lactation year, the linear mixed models included significant fixed effects
for serological test category as a main effect as well as its interaction with lactation year in
the case of the dependent variables milk volume and protein. With milk fat and solids as the
dependent variable, the main effect of serological test category was not significant
(Table 4).

Table 4

Least-squares means for linear mixed models of milk-production parameters (one for each parameter) including
type-3 tests of main effect serological status category and its interaction with lactation year (other fixed effects in
the models include breed category, age group and herd test number)

Milk Interaction with ~ Serological test category Type-3 tests of fixed effects
parameter (kg) lactation year . —
Positive at least once Never positive F d.f. P
Mean S.D. Mean S.D.

Volume - 15.2 0.22 14.8 0.12 6.0 11,1480  0.01
1996/1997 15.6 0.14 15.5 0.22 29" 2,1479  0.06
1997/1998 15.1 0.13 14.3 0.19
1998/1999 14.8 0.13 14.7 0.21

Fat - 0.76 0.004 0.75 0.005 0.8* 11,1437 038
1996/1997 0.80 0.006 0.80 0.009 3.9 2,1437  0.02
1997/1998 0.76 0.005 0.74 0.008
1998/1999 0.72 0.006 0.73 0.009

Protein - 0.56 0.003 0.55 0.004 6.2* 11,1456  0.01
1996/1997 0.59 0.005 0.59 0.007 41°  2,1456  0.02
1997/1998 0.54 0.004 0.51 0.006
1998/1999 0.55 0.004 0.55 0.007

Solids - 1.32 0.006 1.30 0.009 2.7 1,1440 0.1
1996/1997 1.38 0.001 1.38 0.02 43> 2,1440  0.01
1997/1998 1.30 0.009 1.25 0.01
1998/1999 1.27 0.01 1.28 0.02

# Test for main effect “serological test result category”.
® Test for interaction between “serological test category” and “lactation year”.
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4. Discussion

Identification of the cause of an abortion outbreak can be a difficult task, if aborted
foetuses are not available for pathological examination. In the current investigation,
serological testing was used as an indicator of infection with N. caninum. As with all
serological tests currently available for N. caninum diagnosis, the ELISA test used in this
study has limitations with respect to its performance parameters. It still is a useful tool for
an epidemiological investigation into possible causes of an outbreak, because there are no
alternatives. But it is important to remember that it will classify 8% of uninfected animals
as false-positives, and amongst infected animals it will diagnose 8% as false-negatives if
interpreted as single samples. If one then applies aggregated parallel interpretation to
multiple test results for the same animal (as was done with some of the following analyses)
the number of false-negatives will be reduced, whereas the number of false-positives
increases.

A likely causal link between serological status and abortion based on a relative risk of
4.2 could only be inferred from data collected in May 1997, which was when the abortion
outbreak occurred. This is consistent with reports from The Netherlands and Switzerland,
which report a 3- to 4-fold increase in abortion risk in seropositive cows (Moen et al., 1998;
Sager et al., 2001) and a previous serological investigation of a Neospora abortion outbreak
in NZ using the IFAT which found a clear association between abortion and serological
status only immediately following the abortion storm (Cox et al., 1998). Serological
reactions at the given cut-off value on any other sampling occasion did not show a
significant association, but the relative risk was around or above 2 during many of the
sampling months. Hence, a positive serological reaction to this ELISA is a poor predictor
of abortion occurrence, except shortly after the abortion event. In the current study, it is also
notable that a number of abortions occurred without the cow reacting positively. In general,
the serological reactivity patterns in the current study confirm its and others’ (Cox et al.,
1998; Schares et al., 1999; Anderson et al., 2000) conclusion that serological tests cannot
be used to establish that N. caninum caused an abortion in an individual animal. But those
authors did emphasise test usefulness at the herd level. Therefore, the presence of
histopathologic neosporosis lesions in four of six foetuses examined together with the
increased risk of seropositivity in aborted cows allows the conclusion that this outbreak
was caused by N. caninum.

One of the main objectives of an outbreak investigation is to identify potential sources of
infection; this might allow prevention of such events in the future. The importance of
identification of cause and source cannot be emphasised enough, because such outbreaks
are extremely traumatic experiences for farmers. In the current outbreak, hypotheses
include that in the presence of endemic N. caninum infection within the herd some other
factor may have caused clinical expression of the infection (Guy et al., 2001). Others have
speculated about possible involvement of immunosuppressive agents, such as infection
with bovine pestivirus (Cox et al., 1998). Recently, an association between N. caninum
infection and bovine viral diarrhoea virus (BVDV) infection was shown in Sweden
(Bjorkman et al., 2000). Also, other workers have shown immunomodulation of the
cell-mediated response in mid-gestation, which might be sufficient to permit recrudescence
of the parasite, and infection of the foetus (Innes et al., 2001). Alternatively, N. caninum
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infection could have been introduced recently into this herd by, e.g., the leased heifers
(which had high serological reactivity) or another vector. But considering the high
prevalence in calves that were unlikely to have been exposed to the leased heifers in
May 1997 (because they were kept on another property, as is common farming practice in
NZ), it seems unlikely that the heifers were the source of infection. It is possible though that
both heifers and calves had been exposed to an external source during early 1997, such as a
farm dog or a wild animal shedding oocysts of N. caninum. Comparing both scenarios, the
recrudescence of endemic infection seems to be the most likely cause of this outbreak.

Instead of interpreting the serological results purely using seropositivity (because that is
based on a cut-off value set to produce a compromise between sensitivity and specificity),
additional epidemiological information can be gained from examining the serological
reactivity patterns. Fig. 2 shows that serological reaction levels in aborting cows did not
have a clear pattern, because optical densities varied considerably longitudinally for the
same animals as well as at abortion time between animals. This finding suggests
considerable variation in individual animals’ ability to respond immunologically to
infection. Paré et al. (1997) found that in a dairy herd with endemic infection, 87.5%
of seropositive cows were seropositive (based on monthly blood samples) throughout their
pregnancy. In the current study, animals were sampled at much longer intervals during their
pregnancy; therefore, results could not be directly compared with the above finding.
Waldner et al. (2001) sero-sampled a Canadian dairy herd four times at about 6-month
intervals following an abortion outbreak. They report a decrease in seroprevalence from
>80% immediately after the abortion outbreak down to <50% in the following spring.
Sager et al. (2001) also reported changes in seropositivity in both directions when sampling
3551 cows twice at 3- to 12-month intervals. However, fluctuating serological titres have
been observed in another New Zealand study (Cox et al., 1998) using the IFAT. It also has
been reported that IFAT titres are higher than ELISA responses in epidemically affected
herds possibly explaining the fluctuating serological responses observed in the current
study (Schares et al., 1999).

Paré et al. (1997) reported a seroconversion rate of 8.5/100 cows/year in a herd with
endemic infection. On conversion of this estimate into a risk (13% over 1.5 years), it would
result in a lower risk estimate than that obtained in the current study (55% over 1.5 years).
These data are difficult to interpret because seropositivity in individual animals fluctuated
considerably, i.e. animals which already had been infected could well have responded
negatively during the May 1997 sampling.

There was an increased risk of abortion in offspring from seropositive dams, but there
was no association between the serological status of the offspring and dam. Anderson et al.
(1997) found (in their prospective study) that all calves from 25 seropositive heifers were
seropositive for N. caninum infection in pre-colostral blood samples. A similar result was
described by Par€ et al. (1996). Such findings suggest vertical transmission from dam to
offspring. In a study of herds with abortion outbreaks, the lack of an association between
seropositivity of daughter and dam was interpreted by Thurmond et al. (1997) as an
indication of infection having occurred post-natally. No pre-colostral samples were
collected in our study, but there was no indication of a link between serological status
of dam and offspring. If dams and offspring both had been exposed to infection during
1997, there should not have been a difference in seropositivity/abortion risk between both
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groups (assuming random mixing within the herds). This would present another indication
that infection was likely to have been present within this herd before 1997, and thereby
gave rise to some level of vertical transmission.

Dogs are a definitive host for N. caninum (McAllister et al., 1998), and epidemiological
evidence has identified the presence of dogs as a risk factor in abortion epidemics (Wouda
et al., 1999). Two of the farm dogs appeared infected with N. caninum in 1997, as
evidenced by their positive serological reaction in the IFAT. But given that the baseline
seroprevalence for NZ dogs has been reported to be as high as 22% (Reichel, 1998), this is a
relatively common occurrence and therefore, unlikely to be an indication of a causal
linkage. One of the farm dogs appeared to be shedding coccidial oocysts; however, these
oocysts could not be identified. It is notable that oocyst output in dogs in all experimental
studies has been low, and dogs therefore are unlikely to cause abortion outbreaks.

Analysis of the milk-production data indicates that seropositive cows were higher
producers. It is unlikely that this was causally related to the serological status; perhaps the
farmer was inclined to keep aborting cows if they were of higher genetic/production value.
A consequence of this management decision would be that in the presence of long-term
endemic herd infection and vertical transmission, farmers will unknowingly contribute to
maintaining the infection within their herds. The survival analysis of the culling data could
not test this hypothesis, because testing for such an effect would require detailed abortion
records over a longer period of time.

5. Conclusions

The serological and abortion history of this herd suggests that the classic epidemic N.
caninum abortion outbreak pattern observed in 1997 was the result of a combination of
endemic infection presence and an additional factor resulting in increased abortion risk in
this herd. Such an additional factor could have been a stressor having an immunocom-
promising effect (such as an infectious agent, which could have been introduced by the
heifers or bull).
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1.8.4. Discussion and Conclusions

The three case studies established sero-epidemiological approaches as the appropriate
tool for the diagnosis of N caninum abortion epidemics in dairy cattle. In all three cases,
the calculation of odds-ratios or relative risks established an association between
abortion and the infection status of the cow, while individual cow serology proved to be
subject to considerable variation over time. Serological titres were higher immediately
after the abortion event (Cox et al. 1998) and declined within two months. This has
been reported by others after natural and experimental infection (Conrad et al. 1993).
Long-term monitoring established considerable changes in the serological status of
individual cows (Pfeiffer et al. 2002), thus also suggesting that individual cow testing
at, even, several time points is fraught with difficulty. Others have reported more stable
serological responses in cows (Thurmond and Hietala 1997). Even the application of
several serological tests did not secure a more reliable diagnosis in individual cows
(Schares et al. 1999). It did, however, suggest that in New Zealand post-natal
transmission might be more important than vertical transmission, which is pre-
dominantly reported from overseas (Pareé et al. 1994, Bjorkman et al. 1996, Schares et
al. 1998, Davison et al. 1999b). In more recent years, less efficient vertical transmission

has also been reported from overseas (Bergeron et al. 2000, Dyer et al. 2000)

With the increase in knowledge about the prevalence of neosporosis in New Zealand
and a better understanding of the epidemiology in that country and overseas, further
thoughts were directed at what efforts could be made at controlling infection with N
caninum. A review paper on control options for N caninum was accepted for publication

in the New Zealand Veterinary Journal:
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Abstract

This article reviews control options for Neospora caninum
infection and abortion in cattle, drawing on published literature
and the authors’ own research in this field. Apart from the
successful use of embryo transfer to prevent congenital infection
in calves born to infected cows, there are currently no accepted
control methods for the prevention of abortions in cattle.
The epidemiological data at hand suggest that concomitant
infections with bovine pestivirus increase the risk of abortion
significantly and that these infections, for which effective
vaccines exist, should therefore be controlled. While vertical
transmission appears to be the major route of infection in
cattle, there is also a role for postnatal transmission, involving
a definitive host. Presently, the control of dogs and their access
to bovine tissues, particularly potentially infected placentae
and other foetal tissues, appear to be the most prudent control
methods. There are some indications that vaccination against
N. caninum may aid in the prevention of abortions. Suggestions
for control options are limited by our current lack of actual
experiences with control strategies. Further practical fieldwork
is needed in this area.

KEY WORDS: Neospora caninum, abortion, cattle, epidem-
iology, immunology, control

Introduction

Neospora caninum is a protozoan parasite that was first described
in a litter of dogs in Norway in 1984 (Bjerkas et al 1984). Today
it is recognised worldwide as an infection, predominantly, of
dogs and cattle (Dubey and Lindsay 1996). Other species such
as sheep, goats, deer and horses (Dubey and Porterfield 1990;
Dubey et al 1990b; Barr et al 1992; Woods et al 1994) have also
infrequently been reported to be naturally infected. Infection has
been reported from retrospective examination of stored tissues
from dogs and cattle, dating back to 1957 (Dubey 1992) and
1974 (Dubey et al 1990a), respectively.

Since its recognition as a new parasite entity, N. caninum has
emerged as a major cause of abortion in cattle. The economic
impact of N. caninum infection in cattle has been estimated at
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Key Points
e Neospora caninum is recognised as a major cause of
abortions in (dairy) cattle around the world.

e Control options have rarely been explored and hitherto
only embryo transfer has been successfully applied,
resulting in uninfected calves born from infected
dams.

e Treatment appears to be uneconomical in cattle, but
better knowledge of the interaction between parasite
and host during pregnancy might yet identify a period
for strategic, preventive treatment of short duration.

e Test-and-cull, and replacement policies hinge on highly
sensitive assays for which cut-off thresholds may need
to be redefined.

e Infection with bovine pestivirus appears to increase
the risk of Neospora infection threefold, hence control
of pestivirus infection by means of vaccination seems
indicated where cattle are at high risk from Neospora
infection.

e Recent research indicates an association between
Neospora abortions and dogs on farms — it seems
prudent to advocate that dogs and cattle should not
mix on dairy farms.

AUS$85 million per annum for the dairy and AUS$25 million
for the beef cattle industry in Australia (Ellis 1997), and NZ$17.8
million for the dairy industry in New Zealand (Pfeiffer et al
1998). In comparison, Dubey (1999b) summarised the economic
losses in California to be US$35 million/year. The true costs are
probably higher, since these calculations only took account of
losses in animal and milk production after abortion outbreaks of
epidemic proportions. Sporadic and low-level endemic abortions

BALB/c Bagg albino inbred mice

BVDV Bovine viral diarrhoea virus

IFAT Indirect fluorescent antibody test

IFN-y Interferon gamma

19G Immunoglobulin G

IL-4 Interleukin 4

NcSAG1  N. caninum surface antigen 1

NcSRS2 N. caninum surface antigen-1 related sequence 2

Thl T cell helper 1
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also occur (Thornton et al 1991; Boulton et al 1995; Wouda et
al 1997), but their costs and relative importance are less well
defined.

Cattle with serum antibody responses to N. caninum are thought
to be chronically infected. A study from the United States of
America reported a decrease in milk yield in seropositive cattle
(Thurmond and Hietala 1997). Recently, Barling et al (2000a)
demonstrated that seropositivity was associated with significant
reductions in average daily weight gain and liveweight at
slaughter. Serologically positive animals also had higher veterinary
treatment costs and showed significantly lower economic returns
(Barling et al 2000a). Trees et al (1999), in their review, discussed
additional costs such as early foetal death, stillbirth, neonatal
death, and reduced breeding value. Early culling would further
increase the cost of N. caninum infection to primary producers
(Thurmond and Hietala 1996). Because of our poor knowledge
of their relative contribution, the total cost of these factors
remains to be quantified.

More than 10 years have passed since the realisation that N.
caninum is a major cause of abortion in cattle and, less frequently,
of disease in dogs. The general structure of the life cycle was
elucidated recently and some of the modes of transmission
clarified. Dogs were demonstrated to be a definitive host of N.
caninum. Oocysts of N. caninum were excreted by experimentally
infected dogs, if only in low numbers (McAllister et al 1998;
Lindsay et al 1999a). Vertical transmission of infection occurs
both in dogs and cattle (Paré et al 1994; Barber et al 1998). In
the latter species it appears to be the main pathway for infection
from one cow to the next (Paré et al 1996; Schares et al 1998).
However, epidemiological investigations point to postnatal
infections with N. caninum as the cause of abortion storms
(McAllister et al 1996). Antony and Williamson (2001) and other
authors (Thornton et al 1994; Schares et al 1999) have suggested
that postnatal infection occurred more often in New Zealand
than is reported from other parts of the world.

Diagnosis and diagnostic techniques have been improved and
optimised (Atkinson et al 2000). Control of Neospora infection
or prevention of abortions is the critical issue for primary
producers. Control or treatment options have been discussed in
the literature, but rarely tried in the field. This paper discusses
possible strategies for the control of N. caninum infection and/or
abortions in cattle in the context of the current state of knowledge
about the parasite, its life cycle and epidemiology, and makes
recommendations for its control.

Control of infection

Treatment options

Presently, only dogs with clinical signs of neosporosis receive
treatment. Barber and Trees (1996) reviewed 27 clinical cases and
their treatment. In vitro data suggest that a number of chemicals
might be effective (Lindsay and Dubey 1989b; Lindsay et al
1994, 1996, 1997), and in dogs the drugs of choice appear to be
clindamycin (Dubey et al 1995) and potentiated sulphonamides.

In vivo data for cattle are few. Gottstein et al (2001) recently
presented data that suggest that the severity of clinical outcome
of experimental infection with 2x108 tachyzoites of N. caninum
in calves could be modulated by treatment with toltrazuril and
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ponazuril at 20 mg/kg/day. However, the economics of treating
cattle are questionable. The fact that treatment could only be used
as a preventive measure and hence be long-term, might do little to
curb an ongoing abortion epidemic. Additionally, it would result
in considerable and likely unacceptable milk or meat residues or
withdrawal periods, which would be further restrictive. Also, the
treatment was directed at a tachyzoite challenge, whereas it is
doubtful that encysted bradyzoites are as susceptible to chemical
treatment.

Guy et al (2001) reported a rise in antibody response in pregnant
cows, and thought this was due to recrudescence of the parasite
resulting in congenital infection of the calves. Innes et al (2001b)
demonstrated a transient immunosuppression during gestation.
Thus, chemical treatment of very limited duration during preg-
nancy might be efficacious, assisting the dam’s immune system
during this period of immunosuppression. The aim of such treatment
would be to prevent recrudescence of the parasite. However, just
when in relation to stage of pregnancy such a treatment would
need to be administered to be effective is uncertain and more
research is needed before the practicalities of this option can be
evaluated.

Control of concomitant infections

It has been reported that N. caninum infection on its own
increases the risk of abortion in cattle by a factor of at least three
(Moen et al 1998; Wouda et al 1998). In addition, several reports
suggest that concomitant infection of N. caninum-infected cows
with bovine pestivirus increases the risk of Neospora abortions
a further threefold (Pfeiffer et al 2000). A Swedish study
(Bjorkman et al 2000) has also reported a significant association
between bovine viral diarrhoea virus (BVDV)-infection in cattle,
Neospora, and abortion risk. Conversely, a study from Spain could
not find any increased risk of abortion in dairy cows that were
infected with both BVDV and N. caninum (Mainar-Jaime et
al 2001). It is hypothesised that infection with BVDYV or other
potentially immunosuppressive agents such as mycotoxins might
lead to or facilitate a recrudescence of a chronic N. caninum
infection. Recrudescence could result in parasitaemia, and then
transplacental infection of the foetus, foetopathy, and ultimately
abortion. Depending on the timing of the parasitaemia (Guy et
al 2001), it may also result in congenitally-infected asymptomatic
calves.

Effective vaccines for the control of bovine pestivirus exist
(Brownlie et al 1995). However, there are currently no reports
of the effect of controlling pestivirus-infection, whether by
vaccination or other means of control (Mainar-Jaime et al 2001),
on the incidence of N. caninum infections/abortions in cattle.
Such an approach might decrease the risk of abortion due to N.
caninum, and further research is clearly warranted in this area.

Control of the route of transmission

Vertical transmission

There is alarge body of evidence suggesting the predominant route
of infection with N. caninum is via vertical transmission, namely
from dam to daughter in utero. Studies in several countries have
provided strong evidence that this mode of transmission may be
very efficient (Bjorkman et al 1996; Paré et al 1996; Schares et al
1998; Davison et al 1999), resulting in infection of more than
80%, and up to 95%, of offspring of seropositive dams. Some
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more recent studies have reported that the efficiency of vertical
transmission may be lower than 50% (Bergeron et al 2000; Dyer
et al 2000).

Test and cull

It has been proposed that infection and hence abortion could be
controlled by testing cows and culling those that are seropositive.
Culling infected cattle and replacing them with uninfected
animals hinges on the ability of serological tests to accurately
identify animals according to their true infection status. Several
serological tests have been validated over recent years and
these have been recently reviewed by Atkinson et al (2000).
Care must be taken to select the performance characteristics
of any test for maximum sensitivity, in order that all infected
individuals are removed from the herd and only non-infected
replacements bought in. Serological responses are highest at the
time of abortion and then decline (Conrad et al 1993; Cox et al
1998). Commercial tests are optimised for the diagnosis of N.
caninum abortions, and tend to use more conservative (higher),
highly specific threshold values. For a test-and-cull-policy these
thresholds would have to be adjusted downwards to maximise
sensitivity, so that all infected cattle in a herd could be reliably
identified (Reichel and Pfeiffer 2002).

Testing and culling, as proposed and modelled by Thurmond
and Hietala (1995), and French et al (1999), may be an option
for herds that have a high seroprevalence of infection, if the
predominant mode of transmission is vertical. Even in herds
where the seroprevalence exceeds 20%, as is frequently reported
(Jensen et al 1999), it should be possible to replace culled animals
with non-infected animals over a number of years, provided there
is no postnatal transmission.

The general consensus is that repeat abortions are a rare event in
cattle and that <5% of cows that have aborted once abort again
(Innes et al 2000). There is also experimental evidence suggesting
that previous infection with N. caninum may protect foetuses
against an otherwise lethal challenge with N. caninum tachyzoites
(Williams et al 2000; Innes et al 2001b). It is unlikely that
chronically infected dams that have previously aborted will abort
again. Thus, culling may eliminate those animals from the herd
that have established a strong immunity. If postnatal transmission
is thought to present a high risk in the herd, it may be advisable to
keep such cows in the herd, as they provide the strongest protection
against subsequent challenge from the parasite. The benefits of
retaining those animals in the herd in terms of protecting against
abortions, however, need to be carefully balanced against the
known lower production (e.g. milk) of infected cows (Thurmond
and Hietala 1997; Barling et al 2000a).

Embryo transfer

Congenitally infected calves appear to become infected late rather
than early in gestation. Recrudescence of N. caninum infection
leading to infected calves also occurred late in gestation in some
of the experiments reported by Guy et al (2001). Protecting calves
from congenital infection by embryo transfer into uninfected
recipient cows has been tried successfully. This resulted in
seronegative offspring born to seropositive, infected dams
(Baillargeon et al 2001). As this is an expensive way of breaking
the life cycle of N. caninum, it will most likely be reserved for
valuable dams and their embryos.

Postnatal transmission
Control of dogs and their access to bovine tissues
While the main route of bovine infection appears to be vertical,
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transmission between cattle and their offspring by means of foetal
fluids, and from cattle to dogs via ingestion of infected tissues,
has been suggested. There is epidemiological evidence linking the
presence of dogs to abortion epidemics in cattle.

McAllister et al (1998) demonstrated that dogs are a definitive
host for N. caninum. While many cattle appear to be born
congenitally infected, and hence may not get infected by oocysts
produced by a definitive host, there is evidence that point-source
infections may have caused some of the abortion epidemics that
have been recorded (Thornton et al 1994; McAllister et al 1996).
Mathematical modelling also supports the notion that vertical
transmission alone is not sufficient to maintain infection in a
population (French et al 1999). Investigations in North America
and Europe suggest an association between serological status
or infection of cattle and the presence and density of domestic
and wild canids (Paré et al 1998; Wouda et al 1999; Barling et
al 2000b). It thus seems prudent to restrict numbers of dogs
and their association with cattle and access to bovine tissues,
especially foetal, placental and aborted tissues. Dijkstra et al
(2001) demonstrated that dogs shed N. caninum oocysts after
they had been fed placentae from cattle naturally infected with N.
caninum. However, others (Bergeron et al 2001) have argued that
the presence of N. caninum in the bovine placenta is rare. The
dogs in the study by Dijkstra et al (2001), and some dogs in the
earlier transmission experiments conducted by McAllister et al
(1998) and Lindsay et al (1999a), did not seroconvert, and hence
were impossible to identify as a potential source of infection for
cattle. This is not dissimilar to the situation with Toxoplasma
gondii, in which not all infected cats seroconvert (Dubey et al
1977; Ruiz and Frenkel 1980). This suggests that all dogs must be
considered a potential source of N. caninum infection for cattle,
whether or not they are serologically positive.

The role of colostrum as a potential source of infection for
cattle and dogs is equivocal. Infection in calves was based on
demonstration of the parasite (Uggla et al 1998), or on the
production of antibodies (Davison et al 2001), whereas other
authors (Dijkstra et al 2001) provided no evidence that dogs may
be infected in this way.

Dijkstra et al (2002ab) have reported epidemiological associations
between abortions and postnatal infection, and the presence/
arrival of dogs on farms. In controlled epidemiological studies,
access by dogs to foetal fluids and placental tissue appeared to be
linked to postnatal transmission in cattle. However, little direct
evidence exists that cows may be infected in any way other than
by the well-documented vertical route of transmission. Trees et al
(2001) reported experiments in which three cows were each fed
approximately 600 N. caninum oocysts but apparently did not
become infected. The number of oocycts shed by experimentally
infected dogs always remained very low (McAllister et al 1998;
Lindsay et al 1999a) and it is difficult to understand how such
low faecal shedding of oocysts could cause the abortion outbreaks
observed in cattle.

Vaccination approaches

A vaccine that is claimed to aid in the control of abortions
associated with N. caninum in cattle (Bovilis Neoguard, Intervet,
Auckland, New Zealand) has recently been released and is
currently the subject of field trials in New Zealand. However,
to date there are no published data on which its efficacy can be
assessed.



Reichel and Ellis

Previous attempts to formulate a vaccine against N. caninum have
met with limited success (Dubey 1999a). It is generally considered
important in the control of protozoal infections to elicit an
effective T cell helper-1 (Th1) -type response, which is evident in
experimental N. caninum infections in cattle (Williams et al 2000).
However, a very strong Th1-type response might be incompatible
with a successful outcome for pregnancy (Raghupathy 1997),
as it may lead to rejection of the developing foetus. Thus, the
generation of a strong and successful Th1-response by vaccination
needs to be compatible with the successful continuation and
completion of gestation in the vaccinated dam. Successful
vaccines have been introduced for some coccidian infections,
such as the live attenuated vaccine Toxovax™ for T. gondii and
the protective immunity-inducing antigens in the case of Eimeria
(Wallach 1997). These might be examples of the direction to take
in the development of a potential vaccine for N. caninum.

Several experimental studies (Williams et al 2000; Innes et al
2001b) and reports from the field (McAllister et al 2000) support
the view that protective immunity develops in chronically
infected dams. This is further supported by observations that
repeat abortions due to N. caninum in cattle are rare (Anderson et
al 1995). It has also been demonstrated that the time of challenge
with N. caninum in relation to stage of gestation is an important
determinant of the outcome of infection. Infection at 70 days
gestation in naive cows reliably resulted in foetopathy, whereas
infection at 30 weeks resulted in congenitally infected, clinically
asymptomatic calves (Williams et al 2000; Innes et al 2001b).
Cows chronically infected with N. caninum and challenged at
10 weeks gestation did not abort (Guy et al 2001). One might
therefore expect that vaccination could be successful in either
preventing abortions or infection, or both.

Most research to date has been conducted using animal models
such as dogs, mice, sheep and cows, and as some of those models,
especially those involving non-target species, might not reflect the
natural situation, results should be treated with caution.

Liddell et al (1999) vaccinated female BALB/c mice with a crude
N. caninum tachyzoite lysate preparation co-administered with
IMMUMAXSR™ adjuvant. The mice were subsequently mated,
and pregnant dams were challenged with N. caninum tachyzoites
at 10-12 days gestation. Results demonstrated that this single
inoculation appeared to confer complete protection against
vertical transmission of infection to the offspring. All pups in
the experimental group were free from parasitic infection. No
results have yet been reported on the efficacy of this vaccine
formulation in cattle. Baszler et al (2000) examined the possibility
of vaccination of BALB/c mice with a soluble N. caninum antigen
either trapped in nonionic surfactant vesicles or formulated with
Freunds Complete Adjuvant. This approach, however, resulted in
exacerbation of encephalitis and neurological disease in the mice.
Observations were characterised by increased antigen specific
interleukin-4 (1L-4) secretion and increased 1gG1:1gG2a ratios in
vivo, possibly suggesting an inappropriate immune response was
generated in that experiment.

Andrianarivo et al (1999) tested four different adjuvants
and a killed whole N. caninum tachyzoite preparation for
immunogenicity in cattle, and compared these with responses
to experimentally-induced infection with culture-derived
tachyzoites. The humoral immune responses, determined by
indirect fluorescent antibody test (IFAT) titres, were always
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significantly lower in immunised cattle than the experimentally
infected cattle. Cell-mediated responses were studied in two
adjuvant groups immunised with the tachyzoite preparation;
POLYGENT™-adjuvant-immunised cattle produced interferon
(IFN) levels similar to those of infected animals.

Andrianarivo et al (2000) also studied the effect of a killed
N. caninum tachyzoite preparation in pregnant cattle using a
POLYGENTMadjuvant. Heifers were immunised at 35 and 65 days
gestation, and then 4 weeks later challenged with an intravenous
or intramuscular inoculation of tachyzoites. Immunised heifers
developed both humoral and cell-mediated immune responses,
characterised by an increase in production of IgG1 and IFN-y,
respectively. Following a challenge with N. caninum tachyzoites,
there was no significant cell-mediated immune response. Since all
foetuses from control and experimental cattle developed lesions
characteristic of N. caninum infection, it was concluded that this
formulation did not prevent foetal infection in pregnant cattle.

Choromanski and Block (2000) formulated vaccine preparations
from N. caninum tachyzoites using Havlogen and Bay R1005
adjuvants. Initial inoculations were followed by booster
vaccinations 2 weeks later. Experimental heifers had greatly
increased IFAT antibody titres, but were not challenged with
N. caninum. There is some anecdotal evidence of efficacy of
this tachyzoite formulation after a series of three inoculations.
However, unvaccinated controls were not kept in the herd,
making it difficult to draw conclusions from the study (Wren
2000).

Nishikawa et al (2001) used live vaccinia virus vectors to deliver
NcSRS2 and NcSAG1 N. caninum antigens to pregnant mice.
Vertical transmission of the parasite to foetuses was prevented.
These workers also demonstrated the immunogenicity of their
construct in dogs (Nishikawa et al 2000). Many advantages exist
for live antigen delivery systems, such as ease and relatively low
cost of production. Little debate has occurred, however, over the
suitability of live vectors for the delivery of N. caninum antigens
to cattle. No doubt this will occur in coming years.

Different isolates of N. caninum appear to have different
biological characteristics, including differences in their ability
to cause pathological change. Prior infection with a less virulent
strain protected mice against an otherwise lethal challenge with
NC-Liverpool (Atkinson et al 1999). Temperature-sensitive
mutants of N. caninum (Lindsay et al 1999hb) were able to
protect mice from a potentially lethal challenge with tachyzoites.
Following data presented by Williams et al (2000) and Innes
et al (2001b), in which prior natural chronic infection with N.
caninum protected foetuses against a lethal challenge, one could
envisage the use of a live attenuated vaccine to prevent abortion,
such as is the case with T. gondii and vaccination with Toxovax™.
However, “vaccination” with Toxovax™ did not protect sheep
foetuses from a lethal challenge of N. caninum (Innes et al 2001a).
In contrast, “vaccination” with N. caninum provided protection
from a lethal challenge with T. gondii when ewes were challenged
with a moderately virulent strain but not when challenged with a
highly virulent strain (Lindsay et al 1998).

The majority of vaccine preparations used in immunogenicity
trials thus far have been based on whole-cell or cell-lysate
formulations. It is questionable whether vaccines of this type
are economical and effective to produce. In vitro culture of N.
caninum tachyzoites is a laborious and expensive process (Lindsay
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and Dubey 1989a). Economic factors may prevent the large-scale
development of whole-cell or cell-lysate vaccines, especially in a
global context.

Recombinant antigens of N. caninum have been produced, but
have mainly been used in the serological diagnosis of infection
(Lally et al 1996; Dubey et al 1997; Jenkins et al 1997). Future
work might be directed at establishing their utility as vaccine
candidates.

Conclusions

Although knowledge on the biology and epidemiology of N.
caninum, and recognition of it as an abortificant, has grown over
the last 10 years, there is still a paucity of practical field experience
with methods for prevention of infection and foetal loss. The
only proven method for prevention of vertical transmission is
via embryo transfer, which would likely be reserved for a small
number of highly valuable N. caninum-infected cows.

A small number of epidemiological investigations suggest that
bovine pestivirus infections significantly increase the risk of
abortion in N. caninum-infected cattle. Efficacious vaccines for
the control of pestivirus infection exist and their use is advocated
in situations where there is a high risk of both bovine pestivirus
and N. caninum infection.

Some epidemiological investigations of N. caninum abortions
point to postnatal infections as the cause of abortion storms.
Antony and Williamson (2001), Schares et al (1999) and Thornton
et al (1994) suggest that this is more often the case in New
Zealand than is reported from other parts of the world. Testing
for N. caninum infection and culling of infected animals may be
less successful in New Zealand than in parts of the world where
vertical transmission predominates.

In order to control postnatal transmission, the interaction of dogs
with pregnant cattle, and their access to bovine placentae and
foetal tissues should be controlled. All dogs should be presumed
a potential source of infection for cattle, as serodiagnosis of the
infection status of individual dogs is fraught with difficulty. As
a considerable number of dogs experimentally infected with N.
caninum did not seroconvert, it may be prudent to eliminate, as
far as is practicable, all dogs from the vicinity of cattle that may
be at risk.
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2. CONCLUSIONS

Four separate papers established or validated techniques for the diagnosis of three
animal pathogens of importance to the New Zealand primary producers (Kittelberger
and Reichel 1998, Reichel et al. 1998a, Reichel et al. 19994, Reichel et al. 1999b) and

demonstrated the author’s aptitude in establishing serological tools in the field.

The above body of research as it refers to N caninum infection and abortions describes
the status quo of knowledge about the parasite in New Zealand succinctly and
comprehensively. An initial paper established base-line data for the sero-prevalence of
N caninum infection in various canid populations around the world, including Australia
(Barber et al. 1997a). After the establishment and validation of serological tools under
New Zealand conditions (Reichel and Drake 1996, Reichel and Pfeiffer 2002),
subsequent sero-prevalence studies in that country established the extent of infection in
dog and cattle populations (Reichel 1998, Tennent-Brown et al. 2000). A clinical case
in a dog was also described with the use of state-of-the-art diagnostic tools and
techniques (Reichel et al. 1998b). Subsequent case studies established techniques for
the investigation of abortion outbreaks and established the advantages of sero-
epidemiological approaches (Cox et al. 1998) versus individual cow diagnosis. A
further case-study provided data regarding the possible mode of transmission of the
parasite (Schares et al. 1999) and another long-term patterns of serological status in a
large New Zealand dairy herd that had experienced a severe abortion epidemic and the

beginning of the observational period (Pfeiffer et al. 2002).

Subsequent to the above work, two reviews were published, discussing the disease in

Australasia and aspects of its serological diagnosis (Atkinson et al. 2000a, Reichel
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2000) and finally one that suggested control options for the parasite, given the current

state of knowledge (Reichel and Ellis 2002).

Future work in New Zealand should be directed at establishing the epidemiological
association and inter-action between dogs and cattle on dairy farms. This has repeatedly
been reported overseas (Sawada et al. 1998, Wouda et al. 1999, Dijkstra et al. 2002a,
Dijkstra et al. 2002b) but it needs to be demonstrated in the New Zealand context.
Further more, the exact steps that lead to N caninum-induced abortion epidemics need to
be investigated. While experimentally N caninum infected dogs shed only low numbers
of oocysts, recent work demonstrates that this may be affected by the origin of the
infective material. Tissue cysts derived from a murine system appear to be less effective
in inducing oocyst production than infective tissues of bovine origin (Gondim et al.

2002).

This includes also investigating the role of concurrent infection with potentially
immunosuppressive animal pathogens, such as bovine pestivirus, which has been
demonstrated by some to increase the risk of abortion 3-fold in already N caninum-
infected cattle (Bjorkman et al. 2000, Pfeiffer et al. 2000). Bovine pestivirus infection is
extremely prevalent in NZ dairy cattle with approximately 58% of cattle having serum
antibodies (Littlejohns and Horner 1990) and efficacious vaccines for its control exist
(Brownlie et al. 1995). Controlling bovine pestivirus might aid in preventing abortion

epidemics or reduce their incidence.
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