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4.3 Estudo III

Detection of IgG antibodies to Neospora caninum and Toxoplasma gondii in dogs

examined at a veterinary hospital from Brazil

Um outro parasito protozoario do filo Apicomplexa, Neospora caninum, tem sido
reconhecido como agente causal de doengas neuromusculares em cdes e, at¢ 1988, era
erroneamente diagnosticado como 7. gondii, devido a estreita similaridade morfologica e
biologica entre ambos (DUBEY et al., 1988a). Entretanto, estudos recentes t€ém mostrado que
N. caninum ¢ filogeneticamente, ultraestruturalmente, biologicamente e antigenicamente
distinto de 7. gondii (SPEER et al., 1999; SU et al., 2003; DUBEY, 2003) e que ha pouca ou
nenhuma reatividade cruzada em algumas andlises soroldgicas (BJORKMAN; UGGLA,
1999). Como toxoplasmose e neosporose estdo associadas com distirbios neuromusculares,
gastrointestinais e respiratorios em caes (DUBEY, 1999), o diagnostico clinico torna-se dificil
e, portanto, um diagnéstico diferencial entre esses dois parasitos ¢ de fundamental
importancia.

Neste contexto, o estudo III investigou a ocorréncia de anticorpos IgG anti-N. caninum
(Nc) e anti-7. gondii (Tg) em 163 cdes com disturbios neuromusculares, respiratorios e/ou
gastrointestinais, atendidos no Hospital Veterinario/UFU. Testes soroldgicos para 7. gondii
incluiram IHAT, IFAT e ELISA e os resultados discordantes entre os testes foram
confirmados por immunoblotting, considerando a reatividade ao antigeno SAG-1 (p30) de T.
gondii como marcador da infeccdo. Sorologia para N. caninum foi realizada por IFAT e
confirmada por imunoprecipitagao.

Baseado nos resultados sorologicos para 7. gondii, os 163 soros foram divididos em
dois grupos: 59 (36%) amostras Tg-soropositivas e 104 (64%) amostras Tg-soronegativas.
Anticorpos anti-N. caninum foram detectados em 11 (6,7%) do total de soros analisados, com
5 (3,1%) amostras reativas a ambos parasitas e 6 (3,7%) reativas somente a Neospora.
Sorologia positiva apenas para 7. gondii foi observada em 54 (33%) amostras (Tabela 1).

IFAT tem sido utilizado como teste de referéncia para anticorpos anti-N. caninum com
a diluicio de 1:50 considerada como o titulo de cut off mais freqiiente (BJORKMAN;
UGGLA, 1999), mas neste estudo IV, ndés avaliamos duas diluigdes como titulos de cut-off
(1:25 e 1:50) em IFAT, sendo consideradas como fraca e forte reatividade, respectivamente,
mas sempre apresentando coloracdo periférica uniforme dos taquizoitas. Entretanto, um

grande nimero de soros mostrou forte colora¢dao polar ou apical dos taquizoitas em ambos
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grupos Tg-soropositivos e Tg-soronegativos, refletindo possiveis reatividades cruzadas com
outros parasitos Apicomplexa (GANLEY; COMSTOCK, 1980).

Das 11 amostras soropositivas para N. caninum analisadas em immunoblotting para T.
gondii (Fig. 1A), somente as 5 amostras Tg-soropositivas mostraram forte reatividade a varios
antigenos de 7. gondii, especialmente SAG1(p30), enquanto nenhuma reatividade a SAG1 foi
observada entre as 6 amostras Tg-soronegativas, embora outros antigenos foram fracamente
reconhecidos. Em contrapartida, as 11 amostras soropositivas para N. caninum quando
analisadas por imunoprecipitagdo reconheceram fortemente pelo menos duas proteinas (29 e
35 kDa) do parasito, embora com reatividade mais fraca pelas amostras de soros com baixo
titulo de anticorpos (1:25), confirmando assim a especificidade dos testes (Fig 1B). Estas duas
proteinas sdo consideradas antigenos imunodominantes de N. caninum reconhecidos por
antisoros de varias espécies de animais e sdo provavelmente relacionadas a NcSAG1(p29) e
NcSRS2(p35), as quais apresentam um certo grau de homologia com as proteinas de 7. gondii
(TgSAGI1 e TgSRS2) (HOWE et al., 1998).

Como para 7. gondii, hd uma grande variacdo nas freqiiéncias de anticorpos anti-N.
caninum em caes, devido aos diversos fatores ja destacados, particularmente a variedade de
testes soroldgicos empregados e diferentes titulos de cut off, de modo que comparacdes entre
soroprevaléncias tornam-se inadequadas. Nossos resultados de soropositividade para N.
caninum nao foram altos (6,7%), mas estes dados podem estar subestimados e ndo representar
a real prevaléncia da infeccdo na populagdo canina, uma vez que hé relatos mostrando que
alguns cdes experimentalmente infectados com N. caninum podem eliminar oocistos nas fezes
e nao apresentar soroconversao detectavel por IFAT (McALLISTER et al., 1998; LINDSAY;
DUBEY; DUNCAN, 1999).

Os resultados do estudo III demonstraram que a infeccdo por N. caninum pode estar
concomitantemente presente com a infec¢do por 7. gondii em cdes desta regido, embora com
menores taxas de soropositividade e, portanto, deve ser considerada no diagnostico clinico
diferencial com 7. gondii em caes apresentando sintomas neuromusculares, respiratorios e/ou

gastrointestinais.
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Abstract

A total of 163 dogs with neuromuscular, respiratory and/or gastrointestinal disorders, was admit-
ted at the Veterinary Hospital, Federal University of Uberlandia, Brazil, and submitted to serology for
Toxoplasma gondii and Neospora caninum. Assays for T. gondii included indirect haemagglutina-
tion (IHA), indirect fluorescent antibody (IFAT-Tg), immunoenzymatic (ELISA), and immunoblot-
ting (IB-Tg). Assays for N. caninum included IFAT-Nc and immunoprecipitation (IP-Nc). Based on
concordant results by three serological tests (IHA, IFAT-Tg and ELISA) for T. gondii, and divergent
results further confirmed by IB-Tg for reactivity to TgSAGI, the 163 sera were divided into two
groups: 39 (36%) Tg-seropositive samples and 104 (64%) Tg-seronegative samples. Antibodies to
Neospora were detectedin 11 (6.7%) out of 163 analyzed dog sera, with 5 (3.1%) samples reactive to
both parasites (Tg+/Nc+), and 6 (3.7%) reactive only to Neospora (Tg—/Nc+). Antibodies only to
T. gondii were found in 54 (33%) samples. Among the 11 Neospora-positive seraanalyzed by IB-Tg,
the five sera Tg+/Nc+ showed strong reactivity to Toxeplasma antigens, especially to TeSAGI
(p30). Noreactivity was observed to TeSAG1 inthe six samples Te—/Ne+. By IP-Ne, two highly im-
munodominant antigens (29 and 35 kDa proteins) were recognized by all 11 IFAT-Ne positive sera.

*Corresponding author. Tel.: +55-34-3218-2195; fax: 4+55-34-3218-2333.
E-mail address. jrmineo@ ufu.br (J.R. Mineo).

03044017/01/% — see front matter © 2001 Elsevier Science B.V. All rights reserved.
PII: S0304-4017(01)00441-1

87



240 TW.P. Mineo et al. / Veterinary Parasitelogy 98 (2001) 239-245

Our results suggest that the infection by N. caninum can be concomitantly present in dogs from this
area, although less common, and therefore should be considered in the differential clinical diagno-
sis with 7. gondii in dogs presenting neuromuscular, respiratory and/or gastrointestinal disorders.
© 2001 Elsevier Science B.V. All rights reserved.

Kevwaords: Neospora caninum;, Toxoplasma gondii; Dog; IgG antibodies

1. Introduction

Toxoplasma gondii and Neospora caninum are intracellular protozoan parasites
of the sub-family Toxoplasmatinae, a group composed of Toxoplasma, Neospora,
Besnoitia and Hammondia. A broad range of naturally infected hosts has already been
reported worldwide, including dogs (Dubey and Lindsay, 1993), which were found to be
the definitive hosts for N. caninum (McAllister et al., 1998), by shedding oocysts in their
feces.

Toxoplasmosis and neosporosis are associated with neurological, gastrointestinal, respi-
ratory, and muscular disorders in dogs (Dubey, 1999; Ahmed et al.. 1983). Due to the similar
symptoms, the differential clinical diagnosis becomes difficult, as observed by Bjerkas et al.
(1984) who firstidentified a different parasite causing clinical signs almost identical to those
induced by T. gondii in dogs.

A family of glycosylphosphatidilinositol (GPI)-anchored proteins has been identified on
the surface of T. gondii (Manger et al., 1998) and N. caninum (Howe et al., 1998) tachyzoites
and designated as surface antigens (SAGs) and SAG1-related sequences (SRSs). Due to the
homology between the SAG1/SRS2 antigens of both parasites, Howe and Sibley (1999) have
recommended the nomenclature TeSAG1/TgSRS2 and NeSAGI/NcSRS2 for the major
surface antigens of T. gondii and N. caninum, respectively. However, N. caninum appears
to be antigenically distinct from T, gondii. since no apparent cross-reactivity between the
two parasites was found in different serological assays (Dubey et al., 1996). Accordingly,
TeSAGI and TgSAG2 are absent in N. caninum (Brindley et al., 1993), and NeSRS2 is not
found in T gondii (Hemphill and Gottstein, 1996).

The aim of the present study was to investigate the occurrence of antibodies to N. caninum
and T. gondiiin sera from dogs presenting neuromuscular, respiratory and/or gastrointestinal
disorders.

2. Materials and methods
2.1. Animals and serum samples

A total of 163 serum samples was obtained from dogs admitted at the Veterinary
Hospital, Federal University of Uberlandia. Brazil, with neuromuscular symptoms
as ataxia and convulsions, associated to dyspnea, pneumonia, diarrhea and other
gastrointestinal disorders. Serum samples were submitted to serology for T gondii and
N. caninum.
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2.2. Serology for T. gondii

An indirect haemagglutination test (IHA) was carried out using a HAP-Toxoplasmose
commercial kit (Salck Ind. Com. Prod. Biolégicos Ltd., Sao Paulo), according to the man-
ufacturer instructions. Serum samples with titers =64 were considered positive.

The indirect fluorescent antibody test (IFAT-Tg) for detecting IgG antibodies to T. gondii
was used as described by Silva et al. (1997), using as secondary antibody, a fluorescein
isothiocyanate-labeled protein A (Sigma Chem. Co., USA). Titer 16 was considered as cut
off of the reaction.

An immunoenzymatic test (ELISA) for the detection of T. gondii 1gG antibodies was
performed as described (Silva et al., 1997) using peroxidase-labeled protein A (Sigma)
as secondary antibody. Serum samples were tested at single dilution (1:64) in duplicate.
Positive and negative serum controls were included in each assay. Cut off was determined
as the mean absorbance values of the negative controls plus three standard deviations.

Immunoblot (IB-Tg) was carried out in order to verify the reactivity to TgSAGI in dog
serawith divergent results obtained by THA, TFAT and ELISA. In addition, Neespora-positive
serum samples were also analyzed by IB-Tg. Thus, whole extract of T, gondii lysed in sam-
ple buffer containing 4% sodium dodecyl sulfate (SDS) was submitted to electrophoresis
in 12% polyacrylamide gel (SDS-PAGE) as described by Laemmli (1970). Colored high
molecular weight markers (Rainbow, Amersham Life Science, USA) were included in each
gel. Proteins electrophoretically separated were transterred to nitrocellulose membranes
according to Towbin et al. (1979). After blocking, nitrocellulose strips were incubated with
dog sera (1:100) and further with protein A-peroxidase (1:2500). The reaction was devel-
oped by adding enzyme substrate (1% H207 and 3.3 -diaminobenzidine tetrahydrochloride,
DAB: Sigma). Samples that showed reactivity to TeSAG1 antigen were considered positive.

2.3. Serology for N. caninum

IFAT for IgG antibodies to Neaspora (IFAT-Nc) was carried out using antigen slides of
formolized tachyzoites of the NC-1 strain (VRMD Inc., Pullman, WA, USA). Slides were
incubated with serum samples and then with protein A-FITC (1:100). The following steps
were similar to IFAT-Tg. Only a bright, linear peripheral fluorescence of the tachyzoites
was considered a positive result. Cut-off titers in IFAT-Nc were established at 1:25 and 1:50
dilutions, corresponding to weak and strong reactive sera, respectively.

Immunoprecipitation (IP) was performed using biotinylated antigen of N. caninum, as
described by Pearce and Sher (1989), with some modifications. Neospora-positive serum
samples in IFAT-Ne were previously incubated with biotinylated antigen and further precip-
itated with protein A sepharose-4B (Sigma). Immunoprecipitated material was separated by
SDS-PAGE, transferred to nitrocellulose and the proteins detected as described in IB-Tg.

3. Results and discussion

Based on concordant results obtained by the three serological tests (IHA, IFAT-Tg and
ELISA) for T gondii antibodies, and divergent results further confirmed in IB-Tg for
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Table 1
I2G antibodies to N. caninuwm by IFAT-Nc in T. gendii-seropositive and -seronegative dogs
Group® Samples No. 1gG antibodies to . caninum
IFAT-Nc¢ dilutions Total
1:25 1:50
Tg-seropositive 59 1(1.7%) 4(6.8%) 5(8.5%)
Tg-seronegative 104 3(29%) 3(2.9%) 6{5.8%)
Total 163 4(2.5%) T (4.3%) 11 (6.7%)

4 Serum samples tested by THA, IFAT-Tg, ELISA and IB-Tg.

reactivity to the TeSAG1 antigen, the 163 dog sera were divided into two groups: 59 (36%)
Tg-seropositive samples and 104 (64%) Tg-seronegative samples.

IFAT has been often used as a reference test for antibodies to N. caninum. and cut-off

titers may present some variations among different studies, being often established at 1:30
for dogs (Bjorkman and Uggla, 1999). In the present study, we evaluated two cut-off titers
(1:25 and 1:50) in IFAT-Ne. As demonstrated in Table 1, antibodies to N. caninum were
detected in 11 (6.7%) out of 163 dog sera. Thus, 4 (6.8%) samples of Tg-seropositive
group were strongly reactive to N. caminum (>1:30), and 1 (1.7%) sample showed weak
reactivity (1:25), totaling 5 (8.5%) samples reactive to both parasites (Tg+/Nc+). In the
Tg-seronegative group, 3 (2.9% ) were reactive to N. canimam at 1:50 dilution, and 3 (2.9%) at
1:25 dilution, computing a total of 6 (5.8%) samples reactive only to Neospora (Tg—/Nec+).

From the total of serum samples analyzed. 6 (3.7%) were reactive only to N. caninum,
54 (33%) reactive only to T gondii, and 5 (3.1%) to both parasites. These results were
slightly higher than seroprevalence data described by Lindsay et al. (1990} in dogs from
Kansas. These authors found 2% only to N. caninum. 25% to T. gondii and 1% to both
parasites. Such variations with our results might be due to regional differences as well as
to the different serological assays, cut off titers and dog sampling analyzed.

Our seropositivity rates for N. caninum were not high, similarly to those reported in
North America and Japan (6-7%) for canine populations (Cheadle et al., 1999; Sawada
et al.. 1998). In addition, seroprevalence values in dogs ranging from 0.2 to 29% were
already reported by Dubey, 1999. However, such data may be underestimated and might not
represent the current prevalence of the infection in canine populations, since that McAllister
et al. (1998) and Lindsay et al. {1999) reported that some dogs can excrete oocysts in their
feces and be non-reactive in IFAT.

In addition, a number of negative sera to N. caninum showed strong polar staining in
TFAT-Nc, which was present in both Tg-seropositive and Tg-seronegative groups. Sole
fluorescence of the apical part of the tachyzoites i1s regarded as a non-specific reaction
caused by infection with cross-reactive apicomplexan species (Paré et al., 1995), due to
common microneme and rhoptry antigens (Ganley and Comstock, 1980). Interestingly, it
has been reported that the TFAT-Nc shows very little cross-reactivity with other coccidian
parasites, particularly in relation to T gondii (Dubey et al., 1996). Consequently, appears
unlikely that these Neospora-negative sera showing polar staining could have cross-reacted
with T. gondii.
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In the present study, IB-Tg revealed various important antigens, particularly the 30 kDa
band (TgSAGI ), which was recognized by the five sera Tg+/Ne+ (Fig. 1A). No reactivity
was observed to TgSAGI in the six samples Tg—/Nc+, reinforcing the specificity of the
assay, although other T. gondii antigens were weakly recognized. On the other hand, IP-N¢
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Fig. 1. Immunoblotting for T gondii (A) and immunoprecipitation for N. caninum (B) of 11 Neospora-positive
dog sera in IFAT-Ne; (4): five serum samples Tg+/Nc+ with IFAT-Nc titers of 25 (lane 1) and 50 (lanes 2-5);
(—): six serum samples Tg—/Nc+ with IFAT-Nc titers of 25 (lanes 6-8) and 50 (lanes 9-11); (N): negative control
sera. Molecular mass values (kDa) are shown on the right. Major surface antigens as TgSAG1 (p30) and NcSAG1
(p29WNcSRS2 (p35) are shown on the left.
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confirmed the specificity of the 11 Neospora-positive dog sera, where several N. caninum
antigens were recognized., particularly two highly dominant 29 (NecSAG1 ) and 35 kDa (Ne-
SRS2) proteins, although with weaker reactivity by sera with low antibody titers (1:25)
(Fig. 1B). As reported by Howe and Sibley (1999), although NcSAGI and NcSRS-2 are
homologous to their T gondii counterparts (TgSAGI and TgSRS2). the percentage of se-
quence identity shared by the homologues is not sufficient to elicit antibody cross-reactivity.
These proteins are highly immunogenie, being the predominantly recognized antigens by
antisera from Neospora-infected animals.

Our results suggest that the infection by N. caninum can be concomitantly present in
dogs from this area, although less common, and therefore should be considered in the
differential clinical diagnosis with T. gondii in dogs presenting neuromuscular, respiratory
and/or gastrointestinal disorders.
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4.4 Estudo IV

Evaluation of serological tests for the diagnosis of Neospora caninum infection in dogs:
optimization of cut off titers and inhibition studies of cross-reactivity with Toxoplasma

gondii

Virios testes sorologicos tém sido desenvolvidos para o sorodiagnoéstico de N. caninum.
IFAT tem sido freqiientemente utilizado como teste de referéncia para a deteccao de
anticorpos anti-N. caninum em cdes e varios tipos de ELISA tém sido desenvolvidos e
aplicados, principalmente em inquéritos soroepidemioldgicos. Entretanto, os critérios para
interpretacao dos resultados, incluindo os titulos de cut off, sdo relativamente subjetivos e
extremamente varidveis em diferentes estudos (LASRI et al., 2004). Além disso, reatividades
inespecificas ou cruzadas com parasitos relacionados tém sido relatadas em ELISA,
dependendo da preparacio do antigeno e dos antisoros policlonais utilizados (BIORKMAN;
HOLMDAHL; UGGLA, 1997).

Diferentes diluigdes tém sido utilizadas em IFAT (1:16 a 1:200) e ELISA (1:50 a 1:100)
para detec¢do de anticorpos anti-N. caninum em caes, ndo sendo possivel fazer comparagdes
validas entre as soroprevaléncias de varios estudos. Além disso, ndo ha um titulo de cut off
estabelecido para cada teste que possa realmente ser considerado positivo para N. caninum e
baixos titulos de anticorpos anti-N. caninum podem ser a expressdao de reatividade cruzada
com parasitos relacionados, particularmente 7. gondii, devido a antigenos comuns de
taquizoitas e bradizoitas (BJERKAS; JENKINS; DUBEY, 1994; McALLISTER et al., 1996).

No estudo IV, nés comparamos I[FAT e ELISA para a deteccdo de anticorpos IgG anti-
N. caninum em soros de caes através da determinagdo dos titulos 6timos de cut off usando a
curva TG-ROC e considerando a reatividade aos antigenos imunodominantes de N. caninum
em immunoblotting como marcador da infeccdo. Além disso, antigenos de reatividade cruzada
com 7. gondii foram também analisados por ELISA e immunoblotting de inibigdo.

Os resultados de IFAT e ELISA para a deteccao de anticorpos IgG anti-N. caninum em
300 amostras de soros de cdes revelaram 105 (35%) amostras positivas por ELISA, 32
(10,7%) por IFAT, sendo apenas 29 (9,7%) positivas em ambos testes (Tabela 1), resultando
em um indice de concordancia de 74% entre os testes, mas com um baixo coeficiente kappa
(x = 0.30), o que sugere uma pobre concordancia. Entretanto, quando indices de concordancia
separados (positivos e negativos) foram analisados, uma alta associagdo de resultados
negativos (Pneg = 0,83) em comparagdo aos positivos (Ppos = 0,42) foi encontrada, indicando

que hd uma boa concordancia negativa, embora pobre concordancia positiva entre IFAT e
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ELISA para o sorodiagnostico de N. caninum em caes, similarmente aos resultados obtidos
por Lasri e colaboradores (2004).

Sabe-se que extratos antigénicos soluveis utilizados em ELISA contém um grande
nimero de antigenos, a maioria deles de origem intracelular, enquanto antigenos de
membrana da superficie do parasito sdo preferencialmente reconhecidos em IFAT. Desta
forma, IFAT tem sido considerado um teste mais especifico, embora sua sensibilidade e
especificidade podem variar dependendo dos valores de cut off estabelecidos (BJIORKMAN;
UGGLA, 1999). Portanto, resultados de ELISA para N. caninum devem ser interpretados com
cautela e testes adicionais ou complementares, tais como immunoblotting, deveriam ser
realizados para clarificar os resultados discordantes entre IFAT e ELISA.

Neste contexto, nds avaliamos antigenos de N. caninum que foram reconhecidos por
soros de cdes experimentalmente infectados com o parasito por immunoblotting, mostrando
um forte reconhecimento de trés antigenos imunodominantes (17, 29-32, 35-37 kDa) (Fig.2).
A grande maioria (86%) dos soros com resultados concordantes positivos (IFAT+/ELISA+)
reconheceram pelo menos dois destes antigenos, particularmente as bandas de 29-32 e 35-37
kDa, enquanto soros com resultados concordantes negativos (IFAT—/ELISA-) ou
discordantes (IFAT+/ELISA— ou IFAT-/ELISA+) reconheceram apenas um destes trés
antigenos, especialmente as bandas de 35-37 kDa (Tabela 2).

Assim, os titulos otimos de cut off em IFAT e ELISA para N. caninum foram
determinados usando a curva TG-ROC, considerando a reatividade a pelo menos dois de seus
trés antigenos imunodominantes como marcador da infec¢do, obtendo-se um titulo de 50 para
IFAT e ao redor de 200 para ELISA (Fig. 3). Para IFAT, a dilui¢do de 1:50 tem sido
recomendada e comumente usada para soros caninos em varios estudos (AZEVEDO et al.,
2005; PINHEIRO et al., 2005; ANDREOTTI et al., 2006). Entretanto, os baixos valores de
sensibilidade e especificidade equivalentes encontrados para ELISA sugerem que a eficiéncia
do teste pode ser extremamente influenciada pelo tipo de extrato antigénico bem como
caracteristicas dos conjugados utilizados.

Quando a soropositividade a N. caninum foi avaliada em relagdo a sorologia para T.
gondii (Fig. 1), amostras soropositivas para 7. gondii mostraram significativa co-positividade
com N. caninum em IFAT (18.2%) e, particularmente, em ELISA (55.4%) (p < 0,001).
Assim, o grau de reatividade cruzada entre ambos parasitos foi investigado em ELISA de
inibi¢do, mostrando uma curva de inibi¢do heterodloga parcial em ELISA-Nc, indicando que
antigenos de 7. gondii podem inibir a reatividade de anticorpos a N. caninum (Fig. 4). Por

outro lado, curvas de inibicdo para ELISA-Tg mostraram uma clara inibi¢do homologa, mas
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sem uma evidente inibi¢do heterdloga, sugerindo que antigenos de N. caninum nao
conseguem inibir a reatividade de anticorpos a 7. gondii. Uma provavel explicagdo para estes
achados pode estar relacionada aos maiores titulos de anticorpos anti-7. gondii que anti-N.
caninum encontrados em soros de cdes ou ainda possiveis diferencas na afinidade do
anticorpo para estes antigenos.

Para identificar quais antigenos de reatividade cruzada entre N. caninum e T. gondii eram
reconhecidos por soros de caes, immunoblotting de inibi¢do foi realizado e a intensidade das
bandas foi analisada em diferentes condigdes, com ou sem antigenos inibidores (Figs. 5 e 6).
Uma alta inibicdo homologa foi encontrada para as varias bandas antigénicas de ambos
parasitos, mas inibicao heteréloga parcial foi evidente para antigenos acima de 45-50 kDa
para N. caninum e acima de 66 kDa para 7. gondii, indicando que os antigenos de reatividade
cruzada entre ambos parasitos sdo proteinas acima de 40 kDa. Neste contexto, Bjérkas,
Jenkins e Dubey (1994) relataram que bandas antigénicas de 46, 88 ¢ 97 kDa de N. caninum e
de 45, 66 e 85 kDa de T. gondii foram reconhecidas por antisoros contra ambos parasitos.
Recentemente, varios antigenos de reatividade cruzada entre N. caninum e T. gondii foram
identificados e caracterizados por anticorpos monoclonais produzidos contra N. caninum
(LIAO et al., 2005), entre eles, a proteina do choque térmico (HSP70).

No estudo IV, os antigenos imunodominantes de ambos parasitos, especialmente aqueles
abaixo de 35 kDa, foram fracamente inibidos por antigenos heter6logos, indicando que eles
sdo mais espécie-especificos. Os resultados deste estudo confirmaram que IFAT na dilui¢ao
de 1:50 ¢ a técnica mais apropriada para o sorodiagndstico da infec¢do por N. caninum em
cades e que ELISA deve ser empregado com cautela, particularmente quando preparagdes de
antigenos totais sdo utilizadas, devido a possibilidade de reagdes cruzadas com outros
parasitos como 7. gondii. Além disso, nds sugerimos que antigenos imunodominantes de V.
caninum, especialmente aqueles abaixo de 35 kDa, poderiam ser os candidatos selecionados
para o aprimoramento de testes sorologicos para o diagndstico da infeccao por N. caninum em

caes.
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Abstract

Diagnosis of Neospora caninum infection in dogs is based on serological assays such as the
indirect fluorescent antibody test (IFAT) and enzyme-linked immunosorbent assay (ELISA). This
study evaluated two serological tests (IFAT and ELISA) for the detection of IgG antibodies to M.
caninum in 300 serum samples of dogs through the optimization of cut off titers by using the two-
graph receiver-operating characteristic (TG-ROC) curve. In addition, the major cross-reactive antigens
with Toxoplasma gondii were analyzed by inhibition ELISA and immunoblotting (IB) assays. [FAT
and ELISA results showed 74% agreement, with a good negative concordance (P, = 0.83) but a poor
positive concordance (Ppos = 0.42). The great majority (86%) of sera with positive concordant results
(IFAT+/ELISA+) recognized at least two out of three N. caninum immunodominant antigens,
particularly the 29-32 and 35-37 kDa bands. Sera with negative concordant results (IFAT—/ELISA-)
or discordant results (IFAT+/ELISA— ou IFAT-/ELISA+) recognized only the 35-37 kDa bands.
Optimization of cut off titers in IFAT and ELISA was performed considering the reactivity to at least
two out of three N. caninum immunodominant antigens as infection marker, obtaining a titer of 50 for
IFAT and 200 for ELISA. Seropositivity to N. caninum was significantly associated with 7. gondii-
seropositive samples, particularly in ELISA (55.4%). Inhibition ELISA curves for N. caninum showed
a partial heterologous inhibition, indicating some degree of cross-reactivity between N. caninum and
T. gondii antigens. Inhibition IB assays showed a moderate heterologous inhibition for N. caninum
antigens above 45-50 kDa. These results indicate that IFAT at 1:50 cut off dilution is the most
appropriated test for N. caninum serology in dogs and ELISA, particularly when crude tachyzoite
antigen preparations are employed, should be used critically due to possible cross-reactivity with other
related parasites as 7. gondii. Therefore, we suggest that N. caninum immunodominant antigens,
specially the 17 and 29-32 kDa proteins, should be elected markers in order to develop serological

diagnostic systems for N. caninum infection in dogs.

Keywords: Neospora caninum; Toxoplasma gondii; IFAT; ELISA; Immunoblotting; Dog
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1. Introduction

Neospora caninum and Toxoplasma gondii are structurally, genetically, and immunologically
related coccidian protozoan parasites that infect many warm-blooded vertebrates, although neosporosis
and toxoplasmosis are biologically two distinct diseases (Dubey, 2003). T. gondii has been recognized
as an important pathogen for humans and sheep, particularly during pregnancy and for
immunocompromised patients, whereas N. caninum has been considered a major cause of neonatal
mortality and/or abortion in cattle and neuromuscular disorders in dogs (Dubey, 2003). Thus, both
neosporosis and toxoplasmosis have been recognized as economically important diseases that have
considerable impact on the livestock industry (Liao et al., 2005).

N. caninum infection in dogs are epidemiologically relevant because dogs are the major definitive
hosts of the protozoan (McAllister et al., 1998), by shedding oocysts into the environment and thus
constituting an important risk factor for the horizontal transmission to other animals, particularly cattle
(Par¢ et al., 1998). Clinical and subclinical infections with N. caninum in dogs have been extensively
reported worldwide with seroprevalence rates ranging from 0.2 to 54% (Moore, 2005). Clinical canine
neosporosis is characterized mainly by neuromuscular disorders, but may be generalized with the
involvement of several organs, including the skin (Perlé et al., 2001), and it is more severe in young,
congenitally infected pups (Barber and Trees, 1998).

A number of serological tests have been developed for the detection of N. caninum specific
antibodies, but none of them are generally accepted and up to date there is not a standardized test
available to be used. Indirect fluorescent antibody test (IFAT) has been often used as a reference test
for the detection of N. caninum antibodies in dogs, showing very little cross-reactivity with related
protozoan parasites (Dubey et al., 1996; Hemphill and Gottstein, 2000). In order to screen a large
number of sera, commercially available or in-house enzyme-linked immunosorbent assays (ELISA)
have been usually employed since they are cost effective and less time consuming. However, the
criteria used for interpretation of the results, including the cut off titers, are relatively subjective and
they are extremely varied in different seroepidemiological and clinical studies (Lasri et al., 2004). In
addition, high background absorbance values and cross-reactivity with antibodies against related
parasites have been reported depending on the antigen preparation and the polyclonal antisera used in
ELISA (Bjorkman et al., 1997).

N. caninum antigens that are useful for the diagnosis of neosporosis have been identified and
characterized in several domestic animals (Bjerkas et al., 1994). Thus, immunoblotting (IB) assays
revealed that immune sera from a wide range of animal species exhibited a similar recognition pattern
of four immunodominant (17-, 29-, 30- and 37-kDa) followed by several minor N. caninum antigens.
Also, cross-reactive antigens between N. caninum and T. gondii have been identified by using
monoclonal antibodies, such as the heat-shock protein 70 (HSP70), that could be useful to develop

vaccines or drugs to control the diseases caused by both parasites (Liao et al., 2005). Inversely, the
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identification of these cross-reactive antigens might contribute to identify parasite species-specific
antigens to improve the serological diagnosis of both protozoan infections.

The aim of the present study was to evaluate comparatively two serological tests (IFAT and
ELISA) for the diagnosis of N. caninum infection in dogs through the optimization of cut off titers by
using the two-graph receiver-operating characteristic (TG-ROC) curve and the identification of major

cross-reactive antigens with 7. gondii through ELISA and IB inhibition assays.

2. Materials and methods

2.1. Serum samples

A total of 300 serum samples were obtained from dogs of both genders and different ages and
breeds, acquired from the Veterinary Hospital of the Federal University of Uberlandia, private
veterinary clinics of the city, and from the Zoonosis Control Center of Uberlandia, Brazil, between the
years 2001 and 2004. Positive control sera were obtained from dogs experimentally infected with V.
caninum (acquired from VMRD® Inc., Pullman, WA, USA) or T. gondii (Silva et al., 2002), and
negative control sera were collected from healthy dogs with negative serology for both parasites by

two serological tests (IFAT and ELISA).

2.2. Parasites and antigens

N. caninum tachyzoites (Nc-1 strain) were obtained by infections of bovine monocytes as host
cells, cultured in RPMI 1640 medium supplemented with 3% heat-inactivated calf fetal serum in a 5%
CO, atmosphere at 37°C and harvested by scraping off the cell monolayer after 2-3 days of infection
(Speer et al., 1985). Tachyzoites were purified by forcible extrusion through a 27-gauge needle and
centrifuged at 45 x g for 1 min at 4°C to remove host cell debris. The supernatant was collected and
washed twice (720 x g, 10 min, 4°C) in phosphate-buffered saline (PBS, pH 7.2). T. gondii tachyzoites
(RH strain) were maintained in Swiss mice by intraperitoneal serial passage at regular 48 h intervals
(Mineo et al., 1980). Mouse peritoneal exudates were harvested and washed in PBS as described
above.

N. caninum and T. gondii whole antigens were prepared according to Camargo (1964). Parasite
suspensions were adjusted to 1 x 10° tachyzoites/mL and treated with 1% formaldehyde for 30 min at
room temperature. After washing in PBS, parasites were dry-fixed in microscopic slides and stored at
—20°C until being used in IFAT.

N. caninum and T. gondii soluble antigens were prepared as described by Scott et al. (1987).
Parasite suspensions were adjusted to 1 x 10° tachyzoites/mL, treated with protease inhibitors
(aprotinin, 10 pg/mL; leupeptin, 50 pg/mL; phenyl-methylsulfonyl fluoride [PMSF], 1.6 mM) and
then lysed by five freeze-thaw (liquid nitrogen and water bath at 37°C) cycles and further by
ultrasound (six 60 Hz cycles for 1 min each) on ice. After centrifugation (10,000 x g, 30 min, 4°C),
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supernatants were collected, the protein concentration was determined (Lowry et al., 1951) and soluble
antigen aliquots were stored at —20°C until being used in ELISA.

N. caninum and T. gondii tachyzoites (1 x 10® organisms/mL) were lysed in 4% sodium dodecyl
sulfate (SDS) sample buffer and then submitted to electrophoresis in a 12% polyacrylamide gel (SDS-
PAGE) under non-reducing conditions (Laemmli, 1970). Proteins were electrophoretically transferred

to nitrocellulose membranes (Towbin et al., 1979) and stored at 4°C for further use in IB assays.

2.3. Serological assays

IFAT — Indirect fluorescent antibody tests were carried out to detect IgG antibodies to N. caninum
(IFAT-Nc) and T. gondii (IFAT-Tg) as described by Mineo et al. (2001) and Camargo (1964),
respectively. Antigen slides were incubated with dog sera diluted 1:25 (IFAT-Nc) or 1:16 (IFAT-Tg)
in PBS and then with a fluorescein isothiocyanate-labeled rabbit anti-dog IgG (Fiocruz/Bio-
Manguinhos, Rio de Janeiro, Brazil) diluted 1:50 in PBS plus 0.01% Evans blue. Positive and negative
control sera were included in each slide. Slides were examined under fluorescence microscopy and

only a bright, linear peripheral fluorescence of the tachyzoites was considered positive.

ELISA — Indirect ELISAs were carried out to detect IgG antibodies to N. caninum (ELISA-Nc) and
T. gondii (ELISA-Tg), according to Silva et al. (2002a). Optimization of the reaction was established
in preliminary experiments through block titration of the reagents. Microtiter plates were coated with
N. caninum (20 pg/mL) or T. gondii (10 pg/mL) soluble antigens and then incubated with dog sera
diluted 1:100 (ELISA-Nc) and 1:64 (ELISA-Tg) in PBS containing 0.05% Tween 20 (PBS-T) and 5%
skim milk (PBS-TM). Subsequently, peroxidase-labeled rabbit anti-dog IgG (prepared according to
Wilson and Nakane, 1978) diluted 1:8,000 in PBS-TM was added and the reaction was developed by
adding the enzyme substrate consisting of 0.03% H2O2 and ortho-phenylenediamine (OPD) at 1

mg/mL in 0.1M citrate-phosphate buffer (pH 5.5). The optical density (OD) was read at 492 nm in a
plate reader (Titertek Multiskan Plus spectrophotometer, Flow Laboratories, USA). Positive and
negative control sera were included in each plate. The cut off of the reaction was determined as the
mean OD for negative control sera plus three standard deviations. Antibody titers were expressed as

ELISA index (EI) as described by Silva et al. (2002a) as follows: EI = ODsample / ODcut off and

values of EI > 1.2 were considered positive.

IB — Immunoblotting assays were performed to verify the reactivity to N. caninum (IB-Nc) and T.
gondii (IB-Tg) immunodominant antigens as previously described (Mineo et al., 2001). N. caninum
and 7. gondii proteins blotted on nitrocellulose strips were blocked with 5% skim milk in PBS-T for 2
h at room temperature. Strips were incubated overnight at 4°C with dog sera diluted 1:50 in 1% skim
milk in PBS-T, and then with peroxidase-rabbit anti-dog IgG diluted 1:6,000 for 2 h at room
temperature. Alternatively, serum samples of mice experimentally infected with N. caninum or T.
gondii were also tested and revealed with peroxidase-goat anti-mouse IgG (Sigma Chemical Co., MO,

USA) diluted 1:1,000. The reaction was developed by adding enzyme substrate (Sigma Fast™ 3,3’
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diaminobenzidine tablet sets; Sigma Chemical Co.). Bands were analyzed using the Kodak Digital
Science 1D image analysis software and plotted against a standard molecular weight curve to
determine their relative mobilities (Rf) and apparent molecular masses. Serum samples were
considered positive when showing reactivity for at least two out of three (17, 29-32, 35-37 kDa)
immunodominant antigens of N. caninum (Bjerkas et al., 1994; Howe et al., 1998) or to T. gondii

SAGI (p30) antigen (Silva et al., 2002b).

2.4. TG-ROC

In order to determine optimal cut off titers in IFAT-Nc and ELISA-Nc, sensitivity and specificity
of the tests were evaluated considering IB-Nc¢ as the reference test and the reactivity for at least two
out of three (17, 29-32, 35-37 kDa) immunodominant antigens of N. caninum as infection markers.
For this purpose, sensitivity and specificity were determined in different cut-off titers for each test by

using the two-graph receiver-operating characteristic (TG-ROC) curve (Greiner et al., 1995).

2.5.ELISA and IB inhibition

To evaluate the degree of cross-reactivity between N. caninum and T. gondii antigens, inhibition
assays were performed as previously described (Pereira et al., 2005). For ELISA inhibition, optimal
serum dilutions were established at 1:50 for N. caninum and 1:200 for 7. gondii, which were used as
inhibitor antigens. Serum samples from seropositive dogs to both parasites were pre-adsorbed (v/v)
overnight at 4°C with 10-fold serial concentrations (200 to 0.0002 pg/mL) of each inhibitor antigen.
Sera incubated with diluent without inhibitors were used as positive controls. After adsorption, the
inhibitor-serum mixtures were assayed in ELISA-Nc and ELISA-Tg as described above. The results
were expressed as percentage of inhibition and calculated as follows: (OD without inhibitor — OD with
inhibitor/OD without inhibitor) x 100 as previously described (Puerta et al., 2005).

For IB inhibition, dog sera with IgG antibodies to both parasites were diluted 1:50 and pre-
adsorbed (v/v) with 200 ug/mL of each inhibitor antigen for 2 h at 37°C. As control, sera incubated
with diluent only were used. Preadsorbed sera were centrifuged at 15,000 x g for 10 min at 4°C and
supernatants were incubated with N. caninum and T. gondii proteins blotted on nitrocellulose strips,
following the same protocol described for IB. Immunoblot profiles were analyzed using the Kodak
Digital Science 1D image analysis software by calculating band intensity (Band Inf) expressed in
pixels. The percentage of inhibition was calculated as follows: (Band Int without inhibitor — Band Int

with inhibitor / Band Int without inhibitor) x 100.

2.6. Statistical analysis

The agreement between IFAT-Nc and ELISA-Nc was assessed by calculating the proportion of
observed agreement (Py), the proportion of positive (Pp.s) and negative (P,,) agreeement, and kappa
(k) coefficient as previously reported (Cicchetti and Feinstein, 1990). Seropositivity percentages were
compared using the chi-square () test (GraphPad Prism 4.0, Graphpad Sofware, Inc). Values of P <

0.05 were considered statistically significant.
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3. Results

3.1 Comparison between IFAT and ELISA for N. caninum

From 300 dog sera initially tested for IgG antibodies to 7. gondii, 110 (36.7%) were positive in
both IFAT-Tg and ELISA-Tg whereas 190 (63.3%) were negative for both tests. In the next step, the
presence of IgG antibodies to N. caninum was investigated by IFAT-Nc¢ and ELISA-Nc in both groups
of T. gondii seropositive and seronegative dogs. From 300 serum samples tested, 105 (35%) were
positive in ELISA-Nc, 32 (10.7%) in IFAT-Nc, being 29 (9.7%) positive in both tests (Table 1),
resulting in a relatively good agreement (Po = 0.74) between the tests, but with a low kappa
coefficient (k = 0.30). When positive and negative agreement indices were separately analyzed, a poor
concordance between IFAT-Nc and ELISA-Nc was found with regards to positive serological results
(Ppos = 0.42), but a good concordance for negative results (Ppe, = 0.83) was observed.

Seropositivity to N. caninum was then evaluated in relation to 7. gondii serology (Fig. 1), showing
significantly higher rates of seropositive samples for N. caninum in T. gondi seropositive than

seronegative dogs in both IFAT-Nc (18.2%) and mostly in ELISA-Nc (55.4%) (P < 0.001).

3.2. Recognition of immunodominant antigens of N. caninum and T. gondii

Immunodominant antigens of N. caninum and T. gondii were evaluated using sera from both
mouse and dog experimentally infected with either N. caninum or T. gondii probed in IB (Fig.2). Both
mouse and dog sera infected with N. caninum (Fig. 2, lanes 1 and 4, respectively) showed a similar
antigenic profile, recognizing at least three immunodominant antigens (17, 29-32, and 35-37 kDa) of
N. caninum, but T. gondii antigens with higher apparent molecular mass (80-85 kDa) were also
recognized. Similarly, mouse and dog sera infected with 7. gondii (Fig. 2, lanes 2 and 5, respectively)
recognized at least three of its immunodominant antigens (22, 30 and 43 kDa), but also recognized N.
caninum antigens above 45-50 kDa. Negative control sera (Fig. 2, lanes 3 and 6) showed weak or no

reactivity to minor antigens of both parasites.

3.3. Comparison between IB, IFAT and ELISA for N. caninum

Immunoblotting for N. caninum (IB-Nc) was performed in a total of 200 dog sera selected on the
following criteria: all serum samples with IFAT+/ELISA+ results (n=29), IFAT-/ELISA+ results
(n=76), IFAT+/ ELISA- results (n=3) and 92 sera randomly selected among the 192 sera with IFAT—/
ELISA- results (Table 2). From 29 sera with positive concordant results, 25 (86.2%) recognized at
least two out of three N. caninum immunodominant antigens whereas only 2 (2.2%) from 92 negative
concordant results and 3 (3.9%) from 76 discordant results were considered positive in IB-Nc.

Considering the reactivity for at least two out of three immunodominant antigens of N. caninum as
a marker of infection, optimal cut off titers in IFAT-Nc and ELISA-Nc were determined by calculating
the parameters of sensitivity and specificity of each test using the TG-ROC curve (Fig. 3). The
intersection point of the two curves of IFAT (Fig. 3A) and ELISA (Fig. 3B) indicates the cut off point



103

at which equivalent sensitivity and specificity can be achieved. Thus, an optimization of cut off titers

was obtained with a titer of 50 for IFAT-Nc and 200 for ELISA-Nc.

3.4. ELISA and IB inhibition

The degree of cross-reactivity between N. caninum and 7. gondii antigens in dog sera was
evaluated using ELISA inhibition (Fig. 4). ELISA-Nc inhibition curves showed a clear dose-
dependent homologous (V. caninum) inhibition but also a partial heterologous (7. gondii) inhibition
(Fig. 4A). In contrast, ELISA-Tg inhibition curves showed only homologous (7. gondii) dose-
dependent inhibition with minor heterologous (N. caninum) inhibition (Fig. 4B). In addition, when
positive sera to both 7. gondii and N. caninum (Tg+Nc+) and positive to N. caninum only (Tg—Nc+)
were individually assayed by ELISA-Nc inhibition assay, at maximal concentration (200 pg/mL) of
inhibitor antigens, heterologous inhibition was significantly higher in Tg+Nc+ (25%) than Tg—Nc+
(5%) serum samples (P < 0.05), indicating some degree of cross-reactivity between N. caninum and T.
gondii antigens (data not shown).

IB inhibition assays were performed to identify which cross-reactive antigens of N. caninum and T.
gondii were recognized by serum samples containing IgG antibodies to both parasites (Figs. 5 and 6).
A broad spectrum of N. caninum proteins ranging from 17 to 120 kDa were recognized by serum
samples in the absence of inhibitor antigens (PBS) and showed a high percentage of inhibition with the
homologous antigen, but only proteins of apparent molecular masses above 45-50 kDa showed some
degree of T. gondii heterologous inhibition (Figs. SA and 6A). In the same way, a high percentage of
homologous inhibition was verified for the majority of proteins of 7. gondii ranging from 22 to 116
kDa, and only antigens with apparent molecular masses above 43 kDa showed some degree of N.
caninum heterologous inhibition (Figs. 5B and 6B). Immunodominant antigens from both parasites
(below 35 kDa) showed very low levels of heterologous inhibition, indicating they were species-

specific antigens.

4. Discussion

Diagnosis of N. caninum infection in dogs is mainly based on serological assays that have been
used as important tools for both clinical and seroepidemiological investigations. However, the criteria
used for serum samples to be considered positive are quite variable and depend on the investigator and
on the kind of the assays performed. Different dilutions have been considered as positive in different
tests, with IFAT titers ranging from 1:16 to 1:100 (Lasri et al., 2004; Pinheiro et al., 2005; Capelli et
al., 2005) and ELISA titers ranging from 1:50 to 1:100 (Lasri et al., 2004; Pinheiro et al., 2005). So
far, it has not been possible to make suitable comparisons among prevalence of antibody to N.
caninum in dogs from these various studies because of the differences in sensitivity and specificity of
the employed serological tests and the different cut offs established for each test (Bjorkman and

Uggla, 1999). Therefore, no conclusive data have been presented to demonstrate which titers might
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really be considered positive to N. caninum among various assays. In addition, low titers of antibodies
to N. caninum can be the expression of cross-reactivity to related parasites, particularly 7. gondii, due
to common tachyzoite and bradizoyte antigens (Bjerkas et al. 1994; McAllister et al., 1996).

In the present study, we initially compared IFAT and ELISA results for N. caninum in dog sera,
showing 74% agreement index between the tests, but with a low (x = 0.30) kappa coefficient,
indicating a poor concordance between these tests for N. caninum serology. However, when separate
indices of agreement were analyzed, a good association was found regarding the negative agreement
index (Pne = 0.83) in contrast to the positive agreement (Ppos = 0.42) index. These results were similar
to those reported by Lasri et al. (2004) who found a poor positive but good negative agreement
between IFAT and ELISA for the serodiagnosis of N. caninum in dogs.

It is widely known that soluble antigen extracts used in ELISA contain a large number of antigens,
particularly those from intracellular origin, whereas parasite surface membrane antigens are
preferentially recognized in IFAT. Thus, IFAT has been considered a more species-specific test,
although its sensitivity and specificity can be altered based on the established cut off values (Bjorkman
and Uggla, 1999). In canine neosporosis, the first described ELISA was an iscom ELISA (Bjorkman et
al., 1994) that showed a high concordance with [FAT as the reference test, presenting 98% sensitivity
and 96% specificity. Since then, several ELISAs using crude tachyzoite antigens have been developed
and tested for N. caninum serology in dogs (Lasri et al., 2004; Pinheiro et al., 2005, Capelli et al.,
2005), including a commercially available competitive ELISA (cELISA) (VMRD® Inc., Pullman,
WA, USA), which was recently validated for canine neosporosis using IFAT as the reference test at
cut off dilution of 1:16 (Capelli et al., 2005). Therefore, the great variation in cut off titers used for
IFAT in different studies could be influencing on the performance of ELISA. For that reason, ELISA
results for N. caninum should be interpreted with carefulness and, thus, additional or complementary
tests, such as immunoblotting, should be performed in order to clarify the discordant results found by
IFAT-Nc and ELISA-Nc.

In this context, we evaluated antigens of N. caninum that were recognized by sera from
experimentally infected dogs with the parasite by immunoblotting, showing a strong recognition of
three immunodominant antigens (17, 29-32, and 35-57 kDa). Interestingly, the great majority (86%) of
sera with positive concordant (IFAT+/ELISA+) results recognized at least two out of these three
antigens, particularly the 29-32 and 35-37 kDa bands, whereas sera with negative concordant (IFAT—
/ELISA-) or discordant (IFAT—/ELISA+ or IFAT+/ELISA-) results recognized just one out of these
three antigens, especially the 35-37 kDa bands. Recently, Pinheiro et al. (2005) reported that the 35-37
kDa bands of N. caninum were recognized by both positive and negative serum samples, indicating
that other nonspecific antigens might be present in both groups of animals. Thus, optimization of cut
off titers in IFAT-Nc¢ and ELISA-Nc were determined by TG-ROC curve, considering the reactivity to
at least two out of three immunodominant antigens of N. caninum as marker of infection, obtaining a

titer of 50 for IFAT-Nc and 200 for ELISA-Nc. For IFAT, dilution of 1:50 has been recommended and
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commonly used for canine sera in several studies (Azevedo et al., 2005; Pinheiro et al., 2005;
Andreotti et al., 2005). However, the equivalent sensitivity and specificity values found for ELISA-Nc
were lower than those obtained in IFAT-Nc, suggesting that the diversity of crude antigen preparations
used in ELISA as well as the affinity characteristics of the secondary antibody used as conjugates
might be influencing the performance of the test. A recent study comparing different methods for the
solubilisation of N. caninum antigens showed that extraction with SDS and sulphobetaines gave higher
yields and the best signal versus noise ratio when used in ELISA as compared to the standard
sonication method (Zintl et al., 2005). Therefore, the optimal extraction method for parasite proteins
depends on the intended application. In this context, Capelli et al. (2005) recently validated cELISA
for canine neosporosis, suggesting its use to confirm clinical suspicion of the disease due to its good
specificity (96%), but not indicated for seroepidemiological surveys because of the low sensitivity
(47%). Thus, the use of this cELISA in canine population requires some techniques for adjustment of
misclassification in prevalence and risk-factor studies (Capelli et al., 2005).

When seropositivity to N. caninum was evaluated in relation to 7. gondii serology, a significantly
higher number of N. caninum-seropositive dogs were found in 7. gondii- seropositive dogs in both
ELISA-Nc and IFAT-Nc tests, particularly for ELISA-Nc. Thus, the degree of cross-reactivity
between both parasites was investigated by using inhibition assays, showing a partial heterologous
inhibition curve in ELISA-Nc, indicating that antibodies to N. caninum were partially adsorbed with 7.
gondii antigens, reflecting in lower reactivity and consequently higher inhibition rates in ELISA-Nc.
Such fact was particularly evident in 7. gondii-seropositive samples, indicating that antibodies to 7.
gondii were also adsorbed with their specific antigens and as a result, lower reactivity and higher
inhibition rates also occurred. These findings indicate that the ELISA-Nc here developed showed
some degree of cross-reactivity between N. caninum and T. gondii antigens. Interestingly, inhibition
curves for ELISA-Tg showed a clear homologous inhibition, but a minor heterologous inhibition,
suggesting that antibodies to 7. gondii were less adsorbed with N. caninum antigens, resulting in
higher reactivity and lower inhibition rates in ELISA-Tg. A probable explanation for these findings
could be the differential titers of antibodies to N. caninum and T. gondii in dog sera, with higher titers
being found for the former and lower titers for the latter, or possible differences in the antibody
affinity for the different antigens.

To identify which cross-reactive antigens of N. caninum and T. gondii were recognized by dog
sera, immunoblot inhibition assays were performed by determining the band intensity in different
conditions, with or without inhibitor antigens. A high homologous inhibition was seen for the large
spectrum of antigenic bands of both parasites, but heterologous inhibition was more evident for
proteins of higher molecular masses, above 45-50 kDa for N. caninum and 66 kDa for 7. gondii.
Accordingly, cross-reaction of N. caninum and T. gondii antigens has been previously reported in
hyperimmune rabbit sera (Bjerkas et al., 1994), showing that N. caninum protein bands of 46, 88 and

97 kDa were labeled by both anti-Neospora and anti-Toxoplasma sera and likewise, T. gondii proteins
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of 45, 66 and 85 kDa were recognized by both types of sera. A recent study has reported that several
proteins with apparent molecular masses around 50-60 kDa were recognized by N. caninum- and T.
gondii-negative dog sera, suggesting nonspecific recognition to unrelated organisms (Pinheiro et al.,
2005). Also, cross-reactive antigens between N. caninum and T. gondii were recently identified and
characterized by monoclonal antibodies produced against N. caninum (Liao et al., 2005), and consisted
of proteins located on the surface of parasites (molecular masses from 28 to 76 kDa), on interior
organelles (molecular masses of 35, 50 and 64 kDa) and on the apical end of parasites (unknown
molecular masses). Three these proteins could be identified as the heat shock protein 70 (HSP70), the
protein disulfide isomerase (PDI), and ribosomal protein 1 (RP1) (Liao et al., 2005). Proteomic
analyses in two-dimensional electrophoresis (2-DE) immunoblotting using rabbit antiserum against N.
caninum have also identified a number of homologue proteins, ranging from 41 to 76 kDa, between N.
caninum and T. gondii tachyzoites, such as HSP70, PDI, tubulin a- and B-chains, actin and enolase,
which were believed as common antigens between both parasites (Lee et al., 2005).

On the other hand, in our study, immunodominant antigens from both parasites, especially those
below 35 kDa, were slightly inhibited by heterologous antigens, indicating that they are more species-
specific antigens. Accordingly, Bjerkas et al. (1994) found that anti-Toxoplasma rabbit sera exhibited
faint and inconsistent binding to the immunodominant (17, 29, and 35-37 kDa) N. caninum antigens
and that proteins with apparent molecular masses between 17 and 37 kDa were recognized by sera
from infected animals of several species, including dogs. On the 2-DE maps, proteins ranging from
26-33 kDa (NcGRA2) and from 31-40 kDa (NcGRA7), two proteins of N. caninum dense granules,
exhibited low homology with the respective T. gondii dense granule proteins, suggesting as possible
species-specific proteins of N. caninum (Lee et al., 2005).

Altogether, the results of our study showed that IFAT at 1:50 cut off dilution is the most
appropriated technique for the serodiagnosis of N. caninum infection in dogs. Also, ELISA with
different designs should be used critically, particularly when crude tachyzoite antigen preparations are
employed, due to possible cross-reactivity with other related parasites as 7. gondii. Therefore, we
suggest that the N. caninum immunodominant antigens, especially the 17 and 29-32 kDa proteins,
should be the selected candidates to develop serological diagnostic systems for N. caninum infection

in dogs.
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Table 1. Comparison between IFAT and ELISA results for the detection of IgG

antibodies to N. caninum in dog sera.

IFAT
ELISA Total
Positive Negative n (%)
n (%) n (%)
Positive 29 (9.7) 76 (25.3) 105 (35)
Negative 3(1.0) 192 (64.0) 195 (65)
Total 32 (10.7) 268 (89.3) 300 (100)

Proportion of observed agreement (Po) = 0.74; Proportion of positive agreement
(Ppos) = 0.42; Proportion of negative agreement (Pn,) = 0.83; Kappa (k)
coefficient = 0.30.

Table 2. Reactivity to Neospora caninum immunodominant antigens

immunoblotting (IB) of dog sera with concordant or discordant results in IFAT and

ELISA for IgG antibodies to N. caninum.

No. (%) of Reactivity to N. caninum
No. of i . . . b
Results positive sera immunodominant antigens
serum i IR

samples n 1 2 3
IFAT+ / ELISA+ 29 25 (86.2%) 4 10 15
IFAT-/ ELISA- 92 2 (2.2%) 10 2 0
IFAT-/ ELISA+ 76 3(3.9%) 29 3 0
IFAT+ / ELISA- 3 0 (0%) 3 0 0
Total 200 30 (15%) 46 15 15

*Sera were considered positive in IB when at least 2 from 3 immunodominant antigens

were recognized.

"Number of sera reactive to at least 1, 2 or 3 immunodominant antigens (17, 29-32, and

35-37 kDa) of N. caninum.
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Fig. 1. Serological results obtained by IFAT and ELISA for the detection of IgG
antibodies to Neospora caninum in Toxoplasma gondii seropositive and seronegative

dogs (* P <0.05).
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Fig. 2. Immunoblotting of Neospora caninum and Toxoplasma gondii proteins separated
by 12% SDS-PAGE under nonreducing conditions probed with sera from a mouse and a
dog experimentally infected with N. caninum (lanes 1 and 4) or 7. gondii (lanes 2 and 5)
and respective mouse and dog negative control sera (lanes 3 and 6). Molecular mass
markers (Mr) and immunodominant antigens (arrows) of N. caninum and T. gondii are

indicated in kilodaltons.
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Fig. 3. TG-ROC curve of IFAT (A) and ELISA (B) to detect IgG antibodies to
Neospora caninum in dog sera. Sensitivity (Se) and Specificity (Sp) of IFAT and
ELISA were determined for each cut off titer, considering the reactivity to at least
two out of three (17, 29-32 and 35-37 kDa) immunodominant antigens of M.
caninum as marker of infection. The intersection point of the two curves (Se, Sp) of
each test indicates the cut off point at which equivalent sensitivity and specificity
can be achieved.
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Fig. 4. ELISA inhibition curves with Neospora caninum (A) and Toxoplasma
gondii (B) on solid phase. Dog sera with IgG antibodies to both parasites were
pre-adsorbed with different concentrations of N. caninum (Nc) or T. gondii (Tg)
inhibitor antigens. Data represent the mean plus 95% confidence interval of six
dog sera with IgG antibodies to both parasites.
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caninum (Nc) or T. gondii (Tg) inhibitor antigens or with diluent only
(PBS). Molecular mass markers (Mr) and immunodominant antigens
(arrows) of N. caninum and T. gondii are indicated in kilodaltons.
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4.5 Estudo V

Evaluation of homologous, heterologous and affinity conjugates for the serodiagnosis of

Toxoplasma gondii and Neospora caninum in maned wolves (Chrysocyon brachyurus)

Um crescente numero de estudos tem sido realizado sobre a prevaléncia da infec¢io por
T. gondii e N. caninum em animais silvestres, especialmente ap6s a descoberta que coiotes sdo
também hospedeiros definitivos para N. caninum ¢ a existéncia de um ciclo silvestre para este
parasito (GONDIM et al., 2004 a,c).

O lobo-guard (Chrysocyon brachyurus) ¢ considerado o maior canideo silvestre da
América do Sul e encontra-se em extingdo em seu habitat natural devido a varios fatores,
incluindo predacdo e aquisicdo de doencas infecciosas. Como dados sobre a prevaléncia da
infeccdo por 7. gondii e N. caninum nesta espécie ndo eram conhecidos, em um estudo prévio
(VITALIANO et al., 2004), n6s investigamos a ocorréncia de anticorpos anti-7. gondii e anti-
N. caninum em amostras de soros de 59 lobos-guara procedentes de 6 zooldgicos e uma
reserva ecologica das regides sudeste e centro-oeste do Brasil. Soros foram submetidos a
sorologia para 7. gondii (ELISA) e N. caninum (IFAT) e, em ambos testes, um conjugado
heterdlogo anti-IgG de cdo foi utilizado, marcado com peroxidase (ELISA) ou isotiocianato
de fluoresceina (FITC). Os resultados mostraram uma maior soropositividade (74,6%) para T.
gondii que para N. caninum (8,5%), confirmando os relatos sobre a maior soroprevaléncia de
T. gondii em relagdo a N. caninum em vérias espécies de canideos silvestres (JAKUBEK et
al., 2001; LINDSAY; WESTON; LITTLE, 2001; WOLFE et al., 2001). Nao houve diferenca
significativa na soropositividade entre os diferentes zooldgicos nem em relagdo ao sexo, para
ambos parasitos. Entretanto, a soropositividade para 7. gondii foi fortemente relacionada com
a idade, com taxas significativamente maiores entre os lobos adultos (91,7%) quando
comparado a animais jovens (33,3%). Embora a soropositividade para N. caninum foi
detectada somente em lobos adultos (12,5%), nenhuma relagdo significativa com a idade pdde
ser demonstrada.

Uma das principais limitagdes no diagndstico sorologico de doengas infecciosas em
animais silvestres ¢ a complexidade para a obten¢do de reagentes espécie-especificos de
qualidade, tornando dificil fazer estimativas e avaliagdes de soroprevaléncias para 7. gondii e
N. caninum em animais silvestres. A utilizagao de anticorpos heterélogos ou conjugados de
afinidade tem mostrado ser de grande valor para o sorodiagndstico de 7. gondii (SILVA et al.,
1997, MINEO et al., 2001; SILVA et al., 2002) ¢ N. caninum (BARBER et al., 1997a;

MINEO et al., 2001) tanto em animais domésticos como silvestres.
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No estudo V, nds avaliamos trés conjugados: (1) homologo (anti-IgG de lobo), (2)
heter6logo (anti-IgG de cao) e de afinidade (proteina A) marcados com peroxidase (ELISA)
ou isotiocianato de fluoresceina (IFAT) para o sorodiagnostico de 7. gondii e N. caninum em
lobos-guara. Os resultados mostraram que a soropositividade para 7. gondii foi comparével
entre os conjugados homologo (69,5%), heterdlogo (74,6%) e de afinidade (71,2%) em
ELISA (Tabela 1), com uma alta e significativa correlagdo positiva entre os niveis de
anticorpos detectados pelos trés testes (Fig. 2), indicando que os trés conjugados enzimaticos
sdo uteis na deteccdo de anticorpos IgG anti-7. gondii em soros de lobo-guard. Entretanto, os
mais altos niveis médios de anticorpos (EI = 4,5) foram encontrados para o conjugado de
afinidade proteina A-peroxidase (Fig. 1), provavelmente devido aos menores valores de
reatividade inespecifica detectada em soros controles negativos quando comparado as
reatividades inespecificas produzidas pelos conjugados homodlogo e heterdélogo. Como
resultado, menores valores de cut off sdo obtidos para o conjugado de afinidade e,
conseqiientemente, maiores valores de indice ELISA (IE) sao obtidos como determinado pela
divisdo da DOamosira pela DOy on Nossos estudos anteriores também tém destacado o uso com
sucesso de proteina A-peroxidase em ELISA para a deteccdo de IgG anti-7. gondii em soros
de cdes (SILVA et al., 1997; MINEO et al., 2001; SILVA et al., 2002).

Analisando os trés conjugados fluorescentes em IFAT para deteccao de anticorpos IgG
anti-N. caninum em soros de lobo-guard, a mesma soropositividade foi obtida com os
conjugados homodlogo e heterdlogo (8,5%), com baixos titulos de anticorpos (25 a 100),
mostrando variagdes no titulo em somente uma dilui¢do entre os conjugados. Estes resultados
reforcam o wuso efetivo de anticorpos heterdlogos em IFAT para inquéritos
soroepidemiologicos de N. caninum em diferentes populagdes de canideos (BARBER et al.,
1997a). Surpreendentemente, o conjugado de afinidade proteina A-FITC ndo foi capaz de
detectar ou confirmar as amostras de soros consideradas positivas pelos conjugados homoélogo
e heter6logo, mesmo na mais baixa dilui¢do (1:10) do conjugado de afinidade. Assim,
proteina A-FITC ndo mostrou ser uma ferramenta util para o sorodiagnostico de N. caninum
em lobos-guard, em contraste ao seu uso com sucesso para detectar IgG anti-7. gondii nesta
espécie (dados ndo mostrados). Estes achados podem ser explicados pelos mais baixos titulos
de anticorpos que freqiientemente sdo encontrados na infec¢do por N. caninum que para T.
gondii em canideos silvestres (LINDSAY; WESTON; LITTLE, 2001; VITALIANO et al.,
2004) como também por caracteristicas particulares de afinidade desta matriz (proteina A de
Staphylococcus) para diferentes isotipos de imunoglobulinas, especialmente, as subclasses de

IgG.
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Os resultados do estudo V demonstraram que conjugados homoélogos, heterdlogos e de
afinidade podem ser usados como métodos sensiveis e especificos para determinar a
soroprevaléncia de 7. gondii em canideos silvestres, enquanto para N. caninum, somente 0s
conjugados homologos e heterdlogos foram tteis para este proposito, contribuindo assim para
aprimorar procedimentos de manejo e preservacao do lobo-guard em cativeiro. Além disso, a
presenca de anticorpos anti-N. caninum foi demonstrada, pela primeira vez, em canideos
silvestres da América do Sul (VITALIANO et al., 2004), em contraste aos achados de Melo e
colaboradores (2002) que também investigaram a ocorréncia de anticorpos anti-N. caninum
em lobos-guard da mesma regido, mas nenhuma amostra soropositiva foi detectada. Os
resultados destes estudos refletem a grande exposicao desta espécie a 7. gondii e, em menor
grau, a N. caninum e apontam para a importancia destes canideos silvestres na epidemiologia
da neosporose, quer como hospedeiros intermedidrios naturais ou como potenciais

hospedeiros definitivos de N. caninum.
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EVALUATION OF HOMOLOGOUS, HETEROLOGOUS, AND AFFINITY CONJUGATES FOR
THE SERODIAGNOSIS OF TOXOPLASMA GONDIl AND NEOSPORA CANINUM IN MANED
WOLVES (CHRYSOCYON BRACHYURUS)

D. A. 0. Silva, S. N. Vitaliano, T. W. P. Mineo*, R. A. Ferreirat, E. Bevilacquat, and J. R. Mineo#
Laboratory of Immunoparasitology, Universidade Federal de Uberlandia, Av. Para 1720, Campus Umuarama, CEP 38400-802, Uberlandia,
MG, Brasil. e-mail: jrminec@ufu.br

ABSTRACT:  Use of serological tests in the diagnosis of infectious diseases in wild animals has several limitations, primarily the
difficulty of obtaining species-specific reagents, Wild canids, such as maned wolves (Chrysocyon brachyurus), are highly pre-
disposed to infection by Toxoplasma gondii and, to a lesser extent, to Neospora caninum. The aim of the present study was to
evaluate homologous, heterologous, and affinity conjugates in enzyme-linked immunosorbent assays (ELISAs) and indirect fluo-
rescent antibody tests (IFATs) for detecting immunaoglobulin (Tg) G antibodies against T gondii and N. caninum in maned wolves.
Serum samples were obtained from 59 captive animals in Brazil and tested by ELISA for T. gondii serology and [FAT for N.
caninum serology using 3 different enzymatic and fluorescent conjugates: homologous (guinea pig anti-maned wolf I[gG—perox-
idase and —-fluorescein isothiocyanate [FITC]), heterologous (rabbit anti-dog TgG-peroxidase and —FITC), and affinity (protein
A—peroxidase and —FITC). Seropositivity to T. gondii was comparable among the homologous (69.5%). heterologous (74.6%),
and affinity (71.2%) enzymatic conjugates. A significant positive correlation was found between the antibody levels determined
by the 3 enzymatic conjugates. The highest mean antibody levels (ELISA index = 4.5) were observed with the protein A-
peroxidase conjugate. The same seropositivity ta N. caninwm (8.5%) was found with the homologous and heterologous fluorescent
conjugates, but protein A-FITC was not able to detect or confirm any positive samples with homologous or heterologous
conjugates. Our results demonstrate that homologous, heterologous, and affinity conjugates might be used in ELISA for serological
assays of T. gondii in wild canids, whereas for N. caninum infection. only the homologous or heterologous fluorescent conjugates

have been shown to be useful.

Toxoplasma gondii and Neospora caninwm are apicomplexan
parasites with worldwide distribution, using felids and some
canids (domestic dogs and coyotes) as definitive hosts, respec-
tively. A wide range of domestic and wild animal species may
act as intermediate hosts for these parasites (Dubey and Beattie,
1988; Buxton et al., 1997; Dubey et al., 1999).

Wild canids are highly predisposed to infection by these par-
asites not only because of their carmivorous habits, which fa-
cilitate ingestion of cyst-positive tissues, but also because of
close contact with soil contaminated by sporulated oocysts
(Zarnke et al., 2000; Lindsay et al., 2001; Wolfe et al., 2001;
Almeria et al., 2002). Although maned wolves (Chrysocyon
brachyurus), the largest wild canid in South America, are om-
nivores, the high seroprevalence of these animals to 7. gondii
and, in lower extension, to N, caniuen (Vitaliano et al., 2004)
have been reported recently.

Maned wolves are an endangered species in their natural hab-
itat, the Brazilian savannah, because of various factors: preda-
tion, loss of natural habitat, and introduced infectious diseases.
Thus, a worldwide effort to preserve this species in zoos or
ecological reserve areas is meaningful. However, inappropriate
nutrition and management conditions associated with other
stress conditions in captivity may be eritical to the acquisition
of infectious diseases. In this context, several studies have
shown that 7. gondii may cause not only infection but also
clinical disease in wildlife species, such as foxes (Dubey et al.,
1990; Dubey and Liu, 1994), which also are natural interme-
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diate hosts for N. caninum (Almeria et al., 2002). Therefore,
wild canids could be involved in a sylvatic cycle of these par-
asites and play an important role in the epizootiology of these
coccidioses in wild mammal populations. Accordingly, Gondim
et al. (2004) demonstrated recently that coyotes are a second
definitive host of M. caninum, after dogs, and represent a po-
tential risk in transmission to raminant livestock.

Use of serological tests for the immunodiagnosis of infec-
tious diseases in wild animals has several limitations. One is
the difficulty in obtaining species-specific reagents. Because of
the lack of data and reagents, it is difficult to obtain and com-
pare prevalence of T. gondii and N. caninum infections in wild-
life. The use of heterologous and affinity conjugates in enzyme-
linked immunosorbent assays (ELISAs) or indirect fluorescent
antibody tests (IFATs) may represent a new tool to help in un-
derstanding the sylvatic cycles of these parasites.

The aim of the present study was to evaluate homologous,
heterologous, and affinity conjugates in ELISA and IFAT for
the detection of immunoglobulin (Ig) G antibodies to T. gondii
and N. caninum in maned wolves from Brazil.

MATERIALS AND METHODS
Animals

In total, 59 serum samples were studied from captive maned wolves
(C. brachyurus) collected between 1992 and 2002 from 6 zoos and |
ecological reserve of the southeastern and midwestern regions of Brazil.
The epidemiological data from these samples have been presented pre-
viously (Vitaliano et al., 2004). Blood samples were obtained by ce-
phalic or jugular venipuncture. Sera were separated after centrifugation
at 300 g for 10 min and stored at —20 C until analysis.

Parasites and antigens

Toxoplasma gondii tachyzoites (RH strain) were maintained by serial
passage in Swiss mice every 48—72 hr as described previously (Mineo
et al., 1980). Briefly, parasites were obtained from mouse peritoneal
exudates, washed 3 times by centrifugation at 1,000 g for 10 min at 4
C with phosphate-buffered saline (PBS), and then submitted to 3 freeze—
thaw cycles and 6 sonication cycles. After centrifugation at 10,000 g

1212
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TabsLE |. Seropositivity of Toxoplasma gendii m 59 captive maned wolves (Chnsocyon Erachyurus) from 7 different locales (zoos or an ecological
reserve) of the southeastern and midwestern regions of Brazil using homologous, heterologous, or affinity conjugates in enzyme-linked immu-

nosorbent assays.

Seropositivity (Fh)T

Homologous Heweralogous
Ornigin* Mo, of animals (anti-wolf IgG-HRPO) (anti-tog 1pG-HRPO) Affinity (protein A-HRPO)

Brasilia=F T T (1) T (100%) T (100%)

Sao Paulo-SP & 6 {1005 ) & (100%) i ( 10055)
Bauru-5P 4 2 {50%:) 3 (73%) 2 (50%:)
Uberaba-MG 3 3 (100%) 3 (100%) 3 (1005
Uherlindin=bMG i 4 {505 4 (504 ) 4 (508%:)

Belo Homzonte—MG 4 19 (T9.2%) 21 (B7.5%) 20 (B34%)
Araxd-MG 7 0 {05 0 (0%) 0 (0]

Teal 50 A1 (H9.5%) Ad (T4 65) 42 (T1.2%)

* Captive maned wolves originated from zoos except for those from Araxd-MG {ecological reserve).
1: Homologous, heterologous, and affinity conjugares were labeled with horseradish peroxidase (HRPO), [g, immaunaoglabulin

for 30 min at 4 C, the supernatant was collected, and the protein con-
centration was determined (Lowry et al., 1951, Antigen aliguots were
stored ar —20 C until used as soluble antigen in ELISA.

Meospora caninum tachyzoites (NC-1 strain) were cultured in bovine
monaeyies and harvesied by scraping off the cell monolayer 2-3 days
after infection. Antigen slides were prepared accordmg 1o the method
described by Camargo (1964). In brief, parasites were washed 3 tmes
by centrifugation at 1000 g at 4 C for 10 min with PBS and then
incubated with gentle rotation in 1% formaldehyde for 30 min at room
temperature. After a new washing cycle, parasites were homogenized
in distilled water up to an adjusted concentration of approximately 20
tachyzoites/field at =40 magnification. Antigen slides were wrapped
and stored at —20 C until IFAT testing

Enzymatic or fluorescent conjugates

Three differemt conjugates (homologous, heterologous, and affinity)
were analyzed uwsing ELISA and IFAT, The homologous {guinea pig
anti-maned wolf 1gG) and heterologous (rabbit anti-dog 1gG) antisera
were labeled with horseradish peroxidiase (HRPO) as described by Wil-
=on and Nakane (1978) or with fluorescein isothiocyanare (FITC) as
described by Clark and Shepard (1963). The affinity conjugate consisted
of protein A labeled with HEPD and FITC for ELISA and 1FAT, re-
spectively (Sigma Chemical Co., 5t Louis, Missouri).

Serclogical assays

Enzyme-linked immunosaorent aisay: Indirect ELISA was carried out
with minor modifications for the detection of 1206 antibodics to T gondii
a5 described by Silva et all (1997). Optimization of the reaction was
determined in preliminury experiments through block tiration of the
reagents (antigen, sera, and conjugates), Briefly, polystyrene microtiter
plates were coated overnight at 4 C wath T, gondii soluble antigen (10
wemi) diluted in 0,06 M carbonate buffer (pH 9.6), After washing with
PBS comaining 003% Tween 20 (PBS-T), plates were incubaled with
maned wolf serum samples diluted 1:64 in PBS-T plus 5% nonfat milk
(PBS-TM) for 45 min at 37 C. After a new washing cycle, plates were
incubated with the 3 differsnt enzymatic conjugates: (1) bomologous
(i.e., guinea pig anti-maned wolf 1gG-HRPO diluted 1:50 in PBS-TM]),
(2} heterologous (i.e., rabbit anti-dog IgG-HRPO diluted 1:3,000 in
PES-TM), and (3} affinity (i.e,, protein A-HRPO diluted 1:25,000 in
PES-TM). Afier incubation for 43 min at 37 C, plaies were again
wazhed and incubated with enzyme substrate consisting of 0.03% H.O,
(Sigma) and orthe-phenylenediamine (Merck, Darmstadt, Germany) in
{1 M citrate-phosphate buffer (pH 500 for 15 min at room temperature,
The reaction was stopped by adding 2 N H50,; the optical density
(00 was read at 492 nm using a plate reader (Titertck Multiskan Plus;
Flow Laboratories, Helsinki, Finland). Positive- and negative-control
sera were obtained from dogs with previously determined serology and
included in each assay. Antibody levels were arbitrarily expressed as
the ELISA reactivity index (El} according to the following formula: EI

= 0D sample/OD cuteff, where the cutoff was caleulated as the mean
0D values from negative controls plus 3 standard deviations. Samples
were considered seropositive when EI > 1.0,

Iredivect fluorescent antibady tesis: Serology Tor N canfnum was car-
ried out by IFAT, with some modifications, as deseribed previously (Mi
neq et al, 2001} Antigen slides werg incubated with maned wolf serem
samples (1:25 and 1:50) and then with the 3 different Mluerescent con-
jugates: (1) hemologous {i.e., guinea pig anti-maned wolf [gG-FITC
diluted 1:100 in PBS), (2} heterologous (i.e., rabbit anti-dog lgG-FITC
diluted 1:30 in PBS), and (3) affinity (i.e., protein A=-FITC diluted 1;
1k in PBS}, Positive- and negative-control sera were obtained from dogs
with previously determined serology as in the ELISA assays. Cumoff
titers were established at 1125 dilution, and positive resulls were con-
sidered only when a bright, linear, peripheral fluorescence of the tachy-
zoites was observed,

Statistical analysis

Statistical analysis consisted of determinations of means with the
095% confidence interval (C1) of aptibody levels (expressed in EI} in
serum samples, and the differences between the means were examined
by analysis of variance using Tukey's multiple comparizen (GraphPad
Prism 3.0 GraphPad Software, Inc., San Diego, California) as a post-
hoo test, Percentages of seropositivity found for each assay were com-
pared by the chi-sguare test with the Yates comection. The correlation
coefficients between the sntibody levels obtuined by the different en-
zymatic conjugales were determined using the Pearson correlation rest.
Valuas of # = 0.05 were considered 0 be statistically significant.

RESULTS

ITmmunoglobulin G antibodies o T. gondii in maned wolves
were detected by ELISA using different HRPO-labeled conju-
gates (Table 1). From a total of 59 maned wolves, 41 (69.5%)
were seropositive with the homologous conjugate, 44 (74.6%:)
with the heterologous conjugate, and 42 (71.2%) with the af-
finity conjugate. Similar results for the 3 conjugates were found
in 5 of 7 wolves. Only 2 zoos (Baurw/SP and Belo Horizonte/
MG) showed variations in seropositivity among the different
conjugates, but these differences were not statistically signifi-
cant (P = 0.05).

As illustrated in Figure 1, mean levels of 1gG antibodies to
T. gondii obtained with the homologous conjugate (ET = 2.0,
95% CI = 1.7-2.2) were not significantly different from those
obtained with the heterologous conjugate (EI = 2.5, 95% CI =
2.1-2.8). In contrast, mean levels of IgG anu—T. gondii deter-
mined with the affinity conjugate (EI = 4.5, 95% CI = 3.7-
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Figure 1. Levels of immunoglobulin (Ig) G antibodies to Toxo-
plasma gondii expressed as the enzyme-linked immunosorbent assay
reactivity index (EI) in 59 serum samples from captive maned woives
(Chrysocyon brachyurus) using horseradish peroxidase (HRPO)-labeled
homologous (anti-wolf IgG), heterologous (anti-dog lgG), or affinity
(protein A) conjugates. The dashed line indicates the cutoff (EI > 1.0),
and horizontal bars represent the mean EI values for each assay. *P <
0.001 as determined by analysis of variance and Tukey's multiple-com-
parison test.

5.3) were significantly higher than those obtained with the ho-
mologous and the heterologous conjugates (P < 0.001). In ad-
dition, a high and significant, positive correlation was found
between the Els obtained by the 3 conjugates (Fig. 2): homol-
ogous versus affinity (r = 0.9706, P < 0.0001) (Fig. 2A), ho-
mologous versus heterologous {r = 0.9672, P < 0.0001) (Fig.
2B), and heterologous versus affinity (» = 0.9511, P < 0.0001)
(Fig. 2C).

Seropositivity to N. caninum in maned wolves was evaluated
by IFAT using 3 FITC-labeled conjugates (Table II). From 59
serum samples, only 5 (8.5%) were positive with both homol-
ogous and heterologous conjugates, and concordant results were
found in all serum samples analyzed from different locales of
origin. However, when using the affinity conjugate (protein A—
FITC), no reactivity was found in any serum sample, even at

—3

FiGure 2. Correlation between the levels of immunoglobulin (Ig) G
antibodies to Toxoplasma gondii expressed as the enzyme-linked im-
munosorbent assay reactivity index (EI) using different horseradish per-
oxidase (HRPO)-labeled conjugates in 59 serum samples from captive
maned wolves (Chrysocyon brachyurus). A. Homologous (anti-wolf
IgG) versus affinity (protein A) conjugates. B. Homologous (anti-wolf
1gG) versus heterologous (anti-dog I1gG) conjugates. C. Heterologous
(anti-dog I1gG) versus affinity (protein A) conjugates. Coefficients of
correlation were determined by Pearson’s correlation test.
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TaBLE I1. Seropositivity to Neaspora caninum in 39 captive maned wolves (Chrysocyon brachyurus) from 7 different locales (zoos or an ecological
reserve) of the southeastern and midwestern regions of Brazil using homologous, heterologous, or affinity conjugates in indirect fluorescent

antibody tests.
Seropositivity (96)F
Homologous Heterologous )

Origin® No. of animals {anti-wolf 1gG-FITC) (anti-dog 1gG-FITC}) Affinity (protein A-FITC)
Brasilia-DF 7 0 (0%) 0 (0%) 0 (0%)
S#o Paulo-SP 6 2 (33.3%) 2 (33.3%) 0 (0%:)
Bauru—-SP 4 2 (50%:) 2 (50%:) 0 (0%)
Uberaba-MG 3 1 (33.3%) 1 {33.3%) 0 (0%)
Uberlindia—MG 8 0 (09} 0 (0%) 0 (%)
Belo Horizonte-MG .24 0 (0%:) 009y 0 (09:)
Araxd-MG 7 0 (0%:) 0 (D%) 0 (0%)
Total 59 5 (8.5%) 5 (8.5%) 0 (0%)

*Captive maned wolves were originated from zoos except for those from Araxd-MG (ecological reserve).
+ Homalogous, heterologous, and affinity conjugates were labeled with Auorescein isothiocyanate (FITC). Iz, immunoglobulin,

the initial dilution (1:25). The distribution of IgG antibody titers
to N. caninum showed that the 5 positive sera had low titers,
from 1:25 to 1:50 with the homologous conjugate and from 1:
50 to 1:100 when the heterologous conjugate was used.

DISCUSSION

A number of studies have shown the great exposure of wild-
life species, particularly wild canids, to 7. gondii when com-
pared to infection with N. caninum (Lindsay et al., 1996; Dubey
et al., 1999; Jakubek et al., 2001; Wolfe et al., 2001; Vitaliano
et al., 2004). Some seroepizootiological studies have shown that
N. caninum elicits an antibody response in wild canids (Buxton
et al., 1997; Simpson et al., 1997; Lindsay et al., 2001) and
that some species, such as the red foxes, are natural interme-
diate hosts for the parasite (Almeria et al., 2002), but its role
in the sylvatic cycle of these parasites needs further investiga-
tion. Moreover, N. caninum definitive hosts seem to take longer
to seroconvert, because 1gG-specific antibodies against the par-
asite are detected in dogs only after at least 25 days of exper-
imental infection (Gondim et al., 2002), making the serological
diagnosis of clinical neosporosis difficult to establish.

Recently, Gondim et al. (2004) reported that coyotes also are
definitive hosts for N. caninum, and the expanding population
and range of these wild canids increases the probability of con-
tact with domestic animals or locales where feed is stored,
thereby increasing the risk of transmission of N. caninum 1o
intensively farmed cattle. In our previous studies (Vitaliano et
al., 2004), we demonstrated that maned wolves are highly sus-
ceptible to T. gondii.

In recent years, the use of heterologous antibodies or affinity
conjugates has shown to be of great value for the serodiagnosis
of T. gondii (Silva et al., 1997; Minco et al., 2001; Silva et al.,
2002) and N. caninum (Barber et al., 1997; Mineo et al., 2001)
in both domestic and wild animals because of the great diffi-
culty in obtaining species-specific reagents. In the present study,
we evaluated 3 enzymatic and fluorescent conjugates (homol-
ogous, heterologous, or affinity) by ELISA and IFAT for the
detection of IgG antibodies to T. gondii and N. caninum in
captive Brazilian maned wolves.

Seropositivity to T. gondii was comparable among the ho-
mologous (69.5%), heterologous (74.6%), and affinity (71.2%)

conjugates with ELISA, indicating that the 3 enzymatic con-
Jugates were suitable to detect IgG antibodies 10 T. gondii in
maned wolves. In addition, high and significant, positive cor-
relation coefficients were found between the antibody levels
determined by the 3 enzymatic conjugates. However, the high-
est mean antibody levels (E1 = 4.5) were observed with the
protein A—-HRPO conjugate. This observation likely results
from lower nonspecific reactivity detected in negative-control
sera when using protein A—-HRPO as compared to a higher
background for negative controls with the homologous (anti-
wolf 1gG-HRPO) or heterologous (anti-dog 1gG-HRPO) con-
jugates. As a result, high antibody levels, expressed as El, are
obtained when dividing the mean OD of samples by lower cut-
off values (affinity conjugate) in contrast to higher cutoff values
{homologous or heterologous conjugates). In this context, our
previous studies already have shown the successful use of pro-
tein A~HRPO in ELISA for the serodiagnosis of canine toxo-
plasmosis in dogs (Silva et al., 1997; Mineo et al., 2001; Silva
et al., 2002).

When evaluating the 3 fluorescent conjugates in IFAT to de-
tect 1gG antibodies to N. caninum in maned wolves, the same
seropositivity (8.5%) was obtained with the homologous (anti-
wolf IgG-FITC) and heterologous (anti-dog 1gG-FITC) con-
jugates, and no divergent result was observed among the dif-
ferent wolves. Also, similar low antibody titers (1:25 to 1:100)
were determined by both conjugates, with titer variations in
only a single dilution. These results support the effective use
of heterologous antibodies in IFAT-IgG for seroepizootiologi-
cal surveys of N. caninum in different canid populations (Bar-
ber et al., 1997). Surprisingly, the protein A~FITC conjugate
was not able to detect or confirm any serum samples that were
positive when homologous or heterologous conjugates were
used, even when the lowest dilution (1:10) of the affinity con-
jugate was tested. Thus, protein A-FITC was not shown to be
suitable for the serodiagnosis of N. canimum in maned wolves,
in contrast of its successful use to detect 1gG antibodies to T.
gondii in this wildlife species (data not shown). Interestingly,
in our recent study on the occurrence of [gG antibodies to M.
caninum in dogs presenting neuromuscular, respiratory, andfor
gastrointestinal disorders, protein A=FITC was effectively used
in IFAT at optimal dilution of 1:100 (Mineo et al., 2001).
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These unexpected findings may be explained by the low an-
tibody titers that often are seen in N. caninum infection as com-
pared to T. gondii infection, not only in wild canids (Jakubek
et al., 2001; Lindsay et al., 2001; Vitaliano et al., 2004) but
also in other possible intermediate hosts, including humans
(Tranas et al., 1999}, Another probable explanation that needs
be investigated further refers to particular and differential affin-
ities of this affinity matrix (staphylococcal protein A) for var-
ious immunoglobulin isotypes and, particularly, IgG sub-iso-
types (Lindmark et al., 1983). In this context, little is known
about the IgG sub-isotypes in T. gondii and N. caninum infec-
tions, particularly in wild canids.

Altogether, our results demonstrate that homologous, heter-
ologous, and affinity conjugates can be used as sensitive and
specific tests for determining the seroprevalence of T. gondii in
wild canids, whereas for N. caninum infection, only the ho-
mologous or heterologous conjugates are useful for this pur-
pose, thus contributing to adequate management procedures and
preservation of the maned wolf. In addition, evaluation of more
available or purified reagents becomes indispensable in deter-
mining their use in serological assays, particularly those di-
rected to seroepizootiological surveys, because the majority of
infected animals are usually asymptomatic.
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5. CONCLUSOES
Os resultados da anélise de todos os estudos permitiram concluir que:

A reatividade ao antigeno de superficie de 7. gondii (SAG1) em immunoblotting
mostrou ser uma poderosa ferramenta para determinar os titulos 6timos de cut off em
IFAT (titulo 16) e ELISA (titulo 64) e refor¢am a combinagao de testes soroldgicos com
énfase na determinagdo dos titulos de anticorpos para o diagnostico da infecgdo por 7.

gondii em caes (estudo I).

ELISA de captura IgM (McELISA) mostrou ser um método relevante para o diagnostico
da toxoplasmose aguda em caes, particularmente utilizando anticorpos heterologos (anti-
IgM humana) que sdo reagentes comercialmente disponiveis e mais acessiveis com alto
grau de purificagdo e qualidade. A infeccdo aguda por 7. gondii em caes foi
caracterizada por um perfil transitorio de IgM que pode constituir em importante

marcador da infecgdo ativa (estudo II).

A cinética da resposta de anticorpos IgG anti-7. gondii em cdes experimentalmente
infectados, avaliada por IFAT e ELISA, revelou uma resposta imune precoce (7 a 10
dias pos-inoculagdo) com titulos maximos entre 20 e 40 dias poés-inoculagdo e de longa
duracdo. Parasitos foram isolados por bioensaio em camundongos e detectados por
imunohistoquimica somente dos tecidos do cdo que apresentou toxoplasmose fatal

(estudo II).

A infecg¢do por N. caninum parece estar presente em cdes de Uberlandia, MG, embora
com menores taxas de soropositividade (6,7%) quando comparado a 7. gondii (36%),
incluindo casos de co-infec¢do (3,1%) e infec¢do somente por N. caninum (3,7%) e,
portanto, deve ser considerada no diagnostico clinico diferencial com 7. gondii em caes

apresentando sintomas neuromusculares, respiratorios e/ou gastrointestinais (estudo III).

IFAT com o titulo 6timo de cut off estabelecido na diluig¢do de 1:50 mostrou ser a
técnica mais apropriada para o sorodiagnostico da infeccdo por N. caninum em caes,
enquanto ELISA deve ser empregado com cautela, particularmente quando preparagdes
de antigenos totais sdo utilizadas, devido a possibilidade de rea¢des cruzadas com outros

parasitos, incluindo 7. gondii (estudo 1V).
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Os antigenos imunodominantes de N. caninum, especialmente aqueles abaixo de 35
kDa, foram fracamente inibidos por antigenos de 7. gondii, indicando que eles sao mais
espécie-especificos e poderiam ser os candidatos selecionados para o aprimoramento de

testes para o sorodiagnoéstico da infec¢do por N. caninum em caes (estudo I'V).

Anticorpos anti-N. caninum foram detectados, pela primeira vez, em um canideo
silvestre da América do Sul, o lobo-guard (Chrysocyon brachyurus), embora em menor
taxa de soropositividade (8,5%) quando comparado a 7. gondii (74,6%), refletindo a
grande exposi¢do desta espécie de canideo silvestre a 7. gondii e, em menor extensao, a

N. caninum (estudo V).

Conjugados homologos (anti-IgG lobo), heterdlogos (anti-IgG de cao) ou de afinidade
(Proteina A) marcados com peroxidase ou isotiocianato de fluoresceina, mostraram ser
uteis em métodos ELISA ou IFAT para determinar a prevaléncia da infec¢do por 7.
gondii em lobos-guara (Chrysocyon brachyurus), enquanto para N. caninum, somente 0s
conjugados homologos e heter6logos mostraram ser efetivos para este propoésito (estudo

V).
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