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NEOSPORA CANINUM-SPECIFIC ANTIBODIES IN FREE-RANGING
WHITE-LIPPED PECCARIES (TAYASSU PECARI) FROM THE
PERUVIAN AMAZON: DETECTION OF ANTIBODIES IN SERUM
AND EVALUATION OF INDIRECT FLUORESCENT ANTIBODY
TEST WITH HETEROLOGOUS SECONDARY ANTIBODY

Marcos Gomes Lopes, M.S., Ph.D., Monica Romero Solorio, M.S., Ph.D., Herbert Sousa Soares,
M.V., Ph.D., Gereon Schares, M.V., Ph.D., Alfonso Zaniga Hartley, M.V., M.S., Paloma Alcazar,
MLV., M..S., Fernando Ferreira, M.S., Ph.D., Maria Cecilia Gibral Oliveira Camargo, M.V., Ph.D.,
Fabio Gregori, M.S., Ph.D., and Solange Maria Gennari, M.S., Ph.D.

Abstract:  Neospora caninum is a coccidian parasite originally reported in dogs and widely prevalent in
numerous species of wild and domestic animals and has as definitive hosts some species of canids. The white-
lipped peccary (WLP) (Tayassu pecari) is a Tayassuidae mammal, found from Mexico to south of Brazil and north
of Argentina. It is a game species with great economic importance in the Peruvian Amazon. Blood samples from
101 WLPs were collected from near or within three different conservation reserves located in the southeastern
region of the Peruvian Amazon. For the detection of antibodies against N. caninum, indirect fluorescent antibody
tests (IFAT) were performed using collared peccary (Pecari tajacu) and swine (Sus scrofa domesticus) heterologous
secondary antibodies. For both IFAT tests, the cutoff was 1:50. Positive samples were titrated by a two fold serial
dilution. In addition to IFAT, samples were also analyzed using an immunoblotting test (IB) with anti-swine
conjugate. To confirm the viability of the anti-swine conjugate, the results of these samples previously tested by a
modified agglutination test (MAT) for Toxoplasma gondii were used as reference. From the total of 101 samples
tested, 5 (4.9%) were N. caninum positive by the three tests and an extra sample was positive by both IFATs and
negative in the IB. Comparing both IFATs and considering IB as the gold standard, the relative sensitivity of
IFATs was 100%, the specificity was 98.9%, the positive predictive value was 83.3%, and the negative predictive
value was 100%. The agreement between tests was characterized by a k value of 0.904 (95% confidence interval,
0.717 to 1.0) and an SE of 0.095. This is the first report of N. caninum antibodies in free-ranging T. pecari, and
swine and collared peccary conjugate can be used as a secondary antibody for detection of antibodies in Tayassu
species.

Key words: Immunoblotting test, indirect fluorescent antibody test, Neospora caninum, Pecari tajacu (collared
peccary), Sus scrofa domesticus (swine), Tayassu pecari (white-lipped peccary).

INTRODUCTION

The peccary species, collared peccary (Pecari
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the ehite-lipped peccary (Tayassu pecari), are
mammals that belongs to the family Tayassuidae
and are all confined to the American continent.!’
The species are phylogenetically closely related,
diverging from a common ancestor between the
late Miocene and late Pliocene.'s

The white-lipped peccary (WLP) is found in the
Neotropical region, from southeastern Mexico, in
the north, through Central and South America,
north of Argentina and south of Brazil. The WLP
is catalogued as vulnerable in the IUCN Red List
of Threatened Species, due to an ongoing decline
of its population in many regions as a result of
deforestation, intense hunting pressure, competi-
tion with livestock, and epidemics."?* Also, in the
Peruvian Amazon, subsistence hunting is legally
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permitted, and the WLP is a game species and
important for the local rural economy especially
for pelt trades.?s¢

Neospora caninum is a coccidian parasite origi-
nally reported in dogs* and widely prevalent in
numerous species of wild and domestic animals.!!
The definitive hosts are members of the Canis
genus, including domestic and wild dogs,** coy-
otes,"”? dingoes,”> and gray wolves.® N. caninum
antibodies and/or DNA have been detected, and
clinical disease was also reported in wild animal
species.®

N. caninum diagnosed with sera samples from
domestic animals is generally made using indirect
fluorescent antibody tests (IFAT), immunoblot-
ting (IB), and enzyme-linked immunosorbent
assay (ELISA)."® All those techniques use spe-
cies-specific conjugates. However, for wildlife,
due to the difficulty in finding a specific commer-
cial secondary antibody for most wild species, this
is not possible. Often a heterologous secondary
antibody is used in the diagnostic techniques.
Assuming that a particular antigen may have
different epitopes that can be recognized by a
particular antibody, it is expected that a secondary
antibody in a test, like IFAT, can recognize
regions of the primary antibody that are common
to phylogenetically related species.>” However,
with phylogenetically related rodent species, a
study'?> found that IFAT was not effective for
some species of rodents, all experimentally in-
fected with T. gondii, and the authors recommend-
ed caution in the interpretation of tests using
heterologous secondary antibody, even among
phylogenetically close species.

The aim of this study was to test wild 7. pecari
for N. caninum antibodies, thus contributing to
knowledge on N. caninum in tropical wild animal
systems and their ecology. The occurrence of N.
caninum antibodies was tested by IFAT, using two
different heterologous conjugates, and IB as a
confirmatory test.

MATERIALS AND METHODS
Study area and sampling

The study was carried out between 2005 and
2009 near or within three conservation areas in
the department of Madre de Dios in southeastern
Peru: Boca Manu (12°15'S, 70°54'W; 240 to 260
miles above sea level [m.a.s.l.]), Los Amigos
Conservation Concession (12°33'S, 70°05'W; 240
to 320 m.a.s.l), and the Reserva Nacional Tambo-
pata, Parque Nacional Bahuaja Sonene (12°30’S,
69°30'W; 200 to 250 m.a.s.l). Blood samples (n =
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101) were collected from the jugular and saphe-
nous veins from hunter-killed or live-captured
WLPs, respectively. Sera samples were stored at
—20°C until analysis.

Fluorescein-conjugated anti—P. rajacu antibody

Anti-P. tajacu 1gG conjugate was produced in
the Immunology Section of the Zoonosis Control
Center of the municipality of Sao Paulo, SP
(CCZ-SP), Brazil, according to previously de-
scribed methods.>>'® Briefly, a pool of serum from
P. tajacu was precipitated with 18% sodium sulfate
and dialyzed with a 0.9% sodium chloride solu-
tion. Immunoglobulins were obtained by ion-
exchange chromatography in a diethylaminoeth-
yl-celulose (DEAE)-cellulose solution (Sigma, St.
Louis, MO 63103, USA), and protein fraction
purity was checked by agar gel immunoelectro-
phoresis.’® Protein concentration was measured
by biuret reaction.'® A sheep was immunized with
a series of 10 intramuscular inoculations of P.
tajacu—purified immunoglobulin (1 mg protein/
ml) associated with Freund’s complete adjuvant
at 15-day intervals. The antiserum was analyzed
quantitatively by radial immunodiffusion, and
after identification of precipitating line at the
1:128 dilution, the animal was bled through
jugular puncture. Then, serum was precipitated
with an 18% sodium sulfate solution and purified
using DEAE-cellulose resin, and the anti-P. tajacu
IgG serum was conjugated with fluorescein iso-
thiocyanate in dialysis overnight. The excess of
fluorochrome present in the serum was removed
by filtration through a Sephadex G-50 column
(Sigma, St. Louis, MO 63103, USA). The conju-
gate was kept at —20°C until use.

Serologic tests

The samples had been previously analyzed for
the presence of T. gondii antibodies by modified
agglutination test (MAT),” which is a test that
does not require species-specific conjugates. All
samples were also tested by IB for T. gondii and
for N. caninum antibodies using the p30 (TgSAG1)
and the p38 (NcSRS2) antigen, respectively
(details below). In these tests, a peroxidase anti-
swine IgG conjugate was used to confirm the
viability of the heterologous conjugate against the
antibodies of WLP. Further, indirect fluorescent
antibody tests (IFATs) were used to determine the
presence of IgG antibodies against N. caninum and
to compare the efficacy of the anti-P. tajacu 1gG
conjugate and commercial anti-swine IgG conju-
gates in the tests. Immunoblotting using N.
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caninum total antigen and a commercial anti-swine
IgG conjugate was used as a further confirmatory
test.

N. caninum and T. gondii 1B were performed
using peroxidase anti-swine IgG conjugate (affin-
ity purified goat anti-swine IgG [H + L], Jackson
Immuno Research Laboratories, West Grove, PA
19390, USA) in a dilution of 1:500. RH strain of
T. gondii*® and the Nc-1 strain of N. caninum® were
maintained in MARC-145 cells®! cultures and
purified as previously described.**? Cell culture—
derived tachyzoites were frozen as a pellet at
—20°C until used for IB or antigen purification.
The IB test was performed as previously de-
scribed.>** Purified N. caninum and T. gondii
tachyzoites (i.e., p38 [NcSRS2] and p30
[TgSAG1]) were used as antigen in IB. In the N.
caninum p38 1B, using purified p38 as antigen,
sera that presented a single band of 38-kDa Mr
were regarded as positive. As a positive control
(i.e., as a control to define the location of specific
bands), a serum of a European fox (Vulpes vulpes)
was experimentally infected with N. caninum,’'
and as a negative control, the preinfection serum
of this fox was applied. In 7. gondii, p30 IB
reactions to a single band of 30-kDa Mr were
regarded as positive.? As a positive control (i.e., as
a control to define the location of specific bands),
a serum of a European fox (Vulpes vulpes) was
experimentally infected with 7. gondii,"” and as a
negative control, the preinfection serum of this
fox was used. As a secondary antibody for fox
sera, a commercial anti-dog IgG peroxidase
conjugate anti-dog IgG [H + L] (Jackson Immuno
Research Laboratories) was applied in a dilution
of 1:500.

To confirm positive findings for N. caninum,
selected IFAT-positive sera were examined in
immunoblot using nonreduced total lysate anti-
gen as previously described.>** Reactions against
immunodominant antigens of 17- to 19-, 29-, 30-,
33-, and 37-kDa Mr were recorded.’'** As positive
and negative controls, we used the same sera as
described above for the N. caninum p38 IB in a
dilution 1:500.

IFAT for N. caninum was performed as de-
scribed by Paré et al in 1995,%¢ using N. caninum
(Nc-1) tachyzoites as the antigens for both tests.
Fluorescein isothiocyanate (FITC) conjugate an-
ti-swine IgG (Jackson ImmunoResearch Labora-
tories) and anti-P. tajacu 1gG, produced in sheep
by CCZ-SP, were used in a dilution of 1:250 after
standardization. The dilution of 1:50 was used as
the cutoff,> and positive samples were two fold
serially diluted until the maximum positive dilu-
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tion titer was reached. Positive and negative pig
sera were added in each slide.? Only peripheral,
but not apical fluorescence, was considered spe-
cific.

All secondary conjugated antibodies used in
this study were nonreactive against antigen of
protozoan parasites in IB and IFAT, i.e., antigen
of N. caninum, T. gondii, and Besnoitia besnoiti,
when applied in the dilutions mentioned above.

Specificity, sensitivity, positive predictive value
(PPV), and negative predictive value (NPV) were
calculated and compared for both serologic tests
(IFAT and p38 IB) using IB as the gold standard.*’
Level of agreement between the serologic tests
was evaluated using « value with 95% confidence
interval (CI).>”

The study was carried out under research
permits, Animal Care and Use Committee ap-
proval from Intendencia Forestal y de Fauna
Silvestre, Ministerio de Agricultura, Lima, Peru,
following protocol 68-2008- INRENA-IFFS-
DCB and R.D. 251-2009-AG-DGFFS-DGEFFS.

RESULTS AND DISCUSSION

From the 101 WLPs samples tested for anti-7.
gondii antibodies, 85 (84%) were positive by IB,
using the peroxidase anti-swine IgG conjugate.
These results matched with those found by Solo-
rio et al in 2010°%¢ that tested the same samples and
found 90 (89%) were MAT positive, confirming
the feasibility of a heterologous conjugate (anti-
swine 1gG conjugate for WLP IgG) for serologic
diagnosis of coccidian infections.

From the total of 101 samples of WLPs
examined for anti-N. caninum detection, 6 (5.9%)
were IFAT positive for both conjugates (anti—P.
tajacu 1gG and anti-swine IgG FITC) and 5 (4.9%)
of the 6 IFAT-positive samples were also positive
in p38 IB (with a peroxidase anti-swine IgG
conjugate). All serologically N. caninum-positive
animals were also 7. gondii positive. Antibody
titers found in animals varied from 50 to 200 in
the N. caninum IFATSs independent of the conju-
gate (anti-P. tajacu 1gG and anti-swine 1gG FITC)
(Table 1).

Although peccaries and pigs show similarities,
their phylogenetic classification and original
worldwide distribution are different. Peccaries
belong to the Family Tayassuidae and are native
to the New World, whereas pigs belong to the
Family Suidae and are native to the Old World.
Both families belong to the suborder Suina. In the
present study, it was showed that antisera or
conjugates directed to swine IgG represent effec-



LOPES ET AL—NEOSPORA CANINUM ANTIBODIES IN TAYASSU PECARI

Table 1.
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Comparison of the N. caninum positive results from IB and IFAT from T. pecari serum samples using

heterologous conjugates and results on IB of the same animals using 7. gondii antigens.

N. caninum antigen

T. gondii antigen

P38 1B
(anti-swine
IgG conjugate)

Positive samples
Identification

IFAT
(anti-swine
IgG conjugate®)

TFAT
(anti-P. tajacu
IgG conjugate®)

P30 1B
(anti-swine
IgG conjugate™©)

TP31 2 100 100 2
TPO3 1 50 50 2
TP12 2 50 100 2
STO3 1 50 50 1
ST21 3 200 200 2
ST30 0 50 100 1
Total 5 6 6 6

= Intensity of the color of the bands in IB (1, faint, 2, clear, 3, strong).

® Reciprocal antibody titers.

¢ Samples were also positive for T. gondii as determined by MAT.

tive heterologous secondary antibodies or tools
applicable in serodiagnostic techniques.

Comparing both IFAT tests and considering
p38 IB as the gold standard, the relative sensitiv-
ity of IFATs was 100%, the specificity was 98.9%,
the PPV was 83.3%, and the NPV was 100%
(Table 2). Agreement was characterized by a «
value 0f 0.904 (95% CI: 0.717 to 1.0) and an SE of
0.095, so that the agreement is considered almost
perfect.”®> Only one sample was positive in both
IFATs and negative using IB. Five samples
positive by IFAT and p38 IB were also tested
positive by IB using total lysate antigen (Fig. 1).
Despite confirmatory testing, one sample testing
positive by IFAT but negative by immunoblot
remains unexplained. Although an IFAT titer of
1:50 is usually regarded as specific,'* cross-
reactions after infections with other related par-
asites (e.g., Sarcocystis or Besnoitia spp.) cannot be
completely ruled out, especially at less stringent
cutoff titers.™*

Antibodies against T. gondii (p30) antigens were
detected in 84% (85 of 101) of the WLP samples
using IB (anti-swine IgG peroxidase conjugate), a
result that is very close to the 89% (90 of 101)
found by MAT with the same samples.’* These

Table 2. Quantitative comparison of IB and IFAT
for detection of antibody against N. caninum in T.
pecari*

IB positive IB negative Total
IFAT positive 5 1 6
IFAT negative 0 95 95
Total 5 96 101

= Sensitivity: 100%; specificity: 98.9%; PPV: 83.3%; NPV:
100%.

results also confirm the efficacy of the heterolo-
gous anti-swine IgG conjugate used to detect
specific N. caninum 1gG antibodies. The MAT was
developed for the serologic diagnosis of T. gondii
antibodies in humans and animals.” Unlike most

Mr

2 P
135 N

4

Figure 1. 1B reactions of five white-lipped peccaries
(T. pecari) positive in IFAT and p38 IB resemble those
of a European fox (V. vulpes), experimentally infected
with N. caninum. P, positive control; N, negative
control; 1-5, sera of animals positive by p38 IB and
IFAT: 1, TP31; 2, TP03; 3, TP12; 4, ST03; 5, ST21
(serum IDs in Table 1). Locations of the reactions
against immunodominant antigens of 17- to 19-, 29-,
30-, 33-, and 37-kDa Mr are marked by arrowheads.
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serologic tests, the MAT does not require species-
specific conjugates, and so any animal species
could be tested. This type of test is very useful for
serologic studies in wild animal species. Tests for
the detection of N. caninum antibodies that are
based on agglutination are described (NAT,*
N-MAT?); however, they are not commercially
available.

Several possible routes of infection for WLPs
with N. caninum could be considered: (1) the
proximity of WLPs with domestic animals and
human settlements; (2) the WLP foraging behav-
ior; (3) the hunting methods of WLPs involving
domestic dogs; and (4) evisceration of felled
animals and the use of these viscera to feeding
dogs, might perpetuate the cycle.

This is the first report of N. caninum antibodies
in free-ranging 7. pecari. In addition, the study
showed that commercially available anti-swine
I1gG and anti-P. tajacu conjugates can be used as
effective secondary antibodies for the detection of
specific T. gondii and N. caninum antibodies in T.
pecari and provides a useful framework for
diagnostic test standardization for other related
animal species.

Acknowledgments: The authors thank Andrea
Birwald and Mareen Sens for excellent technical
assistance. S.M.G., FEF,, and F.G. are in receipt of
a fellowship from CNPQ, Brazil. M.R.S. received
support from FAPESP, IDEA WILD, and Areas-
Amazonia Project/World Wildlife found—Peru.

LITERATURE CITED

1. Altrichter M, Taber A, Beck H, Reyna-Hurtado
R, Lizarraga L, Keuroghlian A, Sanderson EW. Range-
wide declines of a key Neotropical ecosystem architect,
the Near Threatened white-lipped peccary Tayassu
pecari. Oryx. 2012;46(01):87-98.

2. Azevedo SS De, Pena HFDJ, Alves CJ,
Guimaraes Filho AADM, Oliveira RM, Maksimov P,
Schares G, Gennari SM. Prevalence of anti-Toxoplasma
gondii and anti-Neospora caninum antibodies in swine
from Northeastern Brazil. Rev Bras Parasitol Vet.
2010;19(2):80-84.

3. Beutner EH, Holborow EJ, Johnson GD. A new
fluorescent antibody method: mixed antiglobulin im-
munofluorescence or labelled antigen indirect immu-
nofluorescence staining. Nature. 1965;208(5008):353-
355.

4. Bjerkas I, Mohn SF, Presthus J. Unidentified cyst-
forming Sporozoon causing encephalomyelitis and
myositis in dogs. Zeitschrift fur Parasitenkd Parasitol
Res. 1984;70(2):271-274.

5. Camargo ME. Improved technique of indirect
imunofluorescence for serological diagnosis of toxo-

JOURNAL OF ZOO AND WILDLIFE MEDICINE

plasmosis.pdf. Rev Inst Med Trop Sao Paulo. 1964;6:
117-118.

6. Donahoe SL, Lindsay SA, Krockenberger M, Pha-
len D, §1apeta J. A review of neosporosis and pathologic
findings of Neospora caninum infection in wildlife. Int J
Parasitol Parasites Wildl. 2015;4(2):216-238.

7. Dubey JP, Desmonts G. Serological responses of
equids fed Toxoplasma gondii oocysts. Equine Vet J.
1987;19(4):337-339.

8. Dubey JP, Hattel AL, Lindsay DS, Topper MJ.
Neonatal Neospora caninum infection in dogs: isolation
of the causative agent and experimental transmission.
Am Vet Med Assoc. 1988;193(10):1259-1263.

9. Dubey JP, Jenkins MC, Rajendran C, Miska K,
Ferreira LR, Martins J, Kwok OCH, Choudhary S. Gray
wolf (Canis lupus) is a natural definitive host for Neospora
caninum. Vet Parasitol. 2011;181(2-4):382-387.

10. Dubey JP, Schares G. Diagnosis of bovine neo-
sporosis. Vet Parasitol. 2006;140(1-2):1-34.

11. Dubey JP, Schares G. Neosporosis in animals—
the last five years. Vet Parasitol. 2011;180(1-2):90-108.

12. Fournier GFR, da Silva JIG, Cabral AD, Pena
HFJ, Gennari SM. Toxoplasma gondii: evaluation of
immunofluorescence assay using heterologous second-
ary antibody in experimentally infected wild small
rodents. Braz J Vet Res Anim Sci. 2013;50(5):353-358.

13. Gondim LF., McAllister MM, Pitt WC, Zem-
licka DE. Coyotes (Canis latrans) are definitive hosts of
Neospora caninum. Int J Parasitol. 2004;34(2):159-161.

14. Gondim LFP, Mineo JR, Schares G. Importance
of serological cross-reactivity among Toxoplasma gon-
dii, Hammondia spp., Neospora spp., Sarcocystis spp. and
Besnoitia besnoiti. Parasitology. 2017;144(07):851-868.

15. GongoraJ, Moran C. Nuclear and mitochondrial
evolutionary analyses of Collared, White-lipped, and
Chacoan peccaries (Tayassuidae). Mol Phylogenet
Evol. 2005;34(1):181-189.

16. Gornall AG, Bardawill CJ, David MM. Deter-
mination of serum proteins by means of the biuret
reaction. J Biol Chem. 1949;177(2):751-766.

17. Groves CP, Grubb P. The suborder Suiformes.
In: Oliver WLR (ed.). Pigs, Peccaries and Hippos. 1st
ed. Gland, Switzerland: IUCN Global Species Pro-
gramme Red List Unit; 1993. p. 202.

18. Hudson L, Hay FC. Practical immunology.
Blackwell Scientific Oxford, 1980.

19. Jakubek EB, Brojer C, Regnersen C, Uggla A,
Schares G, Bjorkman C. Seroprevalences of Toxoplas-
ma gondii and Neospora caninum in Swedish red foxes
(Vulpes vulpes). Vet. Parasitol. 2001;102(1-2):167-172.

20. Keuroghlian A, Desbiez A, Reyna-Hurtado R,
Altrichter M, Beck H, Taber A, Fragoso JMV. Tayassu
pecari. Version 2016-2. IUCN Global Species Pro-
gramme Red List Unit. c2016 [cited 2017 Apr 7].
Available from http://www.iucnredlist.org/details/
41778/0

21. Kim HS, Kwang J, Yoon 1J, Joo HS, Frey ML.
Enhanced replication of porcine reproductive and
respiratory syndrome (PRRS) virus in a homogeneous



LOPES ET AL—NEOSPORA CANINUM ANTIBODIES IN TAYASSU PECARI

subpopulation of MA-104 cell line. Arch Virol. 1993;
133(3-4):477-483.

22. King JS, glapeta J, Jenkins DJ, Al-Qassab SE,
Ellis JT, Windsor PA. Australian dingoes are definitive
hosts of Neospora caninum. Int J Parasitol. 2010;40(8):
945-950.

23. Landis JR, Koch GG. The measurement of
observer agreement for categorical data. Biometrics.
1977;33(1):159.

24. McAllister MM, Dubey J., Lindsay DS, Jolley WR,
Wills RA, McGuire AM. Dogs are definitive hosts of
Neospora caninum. Int J Parasitol. 1998;28(9):1473-1479.

25. Packham AE, Sverlow KW, Conrad PA, Loomis
EE, Rowe JD, Anderson ML, Marsh AE, Cray C, Barr
BC. A modified agglutination test for Neospora cani-
num: development, optimization, and comparison to
the indirect fluorescent-antibody test and enzyme-
linked immunosorbent assay. Clin Diagn Lab Immu-
nol. 1998;5(4):467-473.

26. Paré J, Hietala SK, Thurmond MC. Interpreta-
tion of an indirect fluorescent antibody test for
diagnosis of Neospora sp. infection in cattle. J Vet
Diagnostic Investig. 1995;7(2):273-275.

27. Richtzenhain LJ, Soares RM, Prudencio CR.
Técnicas soroldgicas e de Biologia molecular. Tratado
de Animais Selvagens: Medicina Veterinaria. 2nd ed.
Editora Roca, Sdo Paulo, Brazil; 2007.

28. Romand S, Thulliez P, Dubey JP. Direct agglu-
tination test for serologic diagnosis of Neospora cani-
num infection. Parasitol Res. 1998;84(1):50-53.

29. Sabin AB. Toxoplasmic encephalitis in children.
JAMA. 1941;116(9):801.

30. Schares G, Dubremetz JF, Dubey JP, Barwald A,
Loyens A, Conraths FJ. Neospora caninum: 1dentifica-

661

tion of 19-, 38-, and 40-kDa surface antigens and a 33-
kDa dense granule antigen using monoclonal antibod-
ies. Exp Parasitol. 1999;92(2):109-119.

31. Schares G, Heydorn AO, Ciippers A, Mehlhorn
H, Geue L, Peters M, Conraths FJ. In contrast to dogs,
red foxes (Vulpes vulpes) did not shed Neospora caninum
upon feeding of intermediate host tissues. Parasitol
Res. 2002;88(1):44-52.

32. Schares G, Peters M, Wurm R, Barwald A, J.
Conraths F. The efficiency of vertical transmission of
Neospora caninum in dairy cattle analysed by serological
techniques. Vet Parasitol. 1998;80(2):87-98.

33. Schares G, Rauser M, Sondgen P, Rehberg P,
Biarwald A, Dubey JP, Edelhofer R, Conraths FJ. Use
of purified tachyzoite surface antigen p38 in an ELISA
to diagnose bovine neosporosis. Int J Parasitol. 2000;
30(10):1123-1130.

34. Schares G, Wenzel U, Miiller T, Conraths FJ.
Serological evidence for naturally occurring transmis-
sion of Neospora caninum among foxes (Vulpes vulpes).
Int J Parasitol. 2001;31(4):418-423.

35. Silvius KM, Bodmer RE, Fragoso JM V. People
in nature: wildlife conservation in South and Central
America. Columbia University Press, New York;
2004.

36. Solorio MR, Gennari SM, Soares HS, Dubey JP,
Hartley ACZ, Ferreira F. Toxoplasma gondii antibodies
in wild white-lipped peccary (Tayassu pecari) from Peru.
J Parasitol. 2010;96(6):1232-1232.

37. Thrusfield MV. Veterinary epidemiology. Black-
well Scientific, Oxford UK.; 2005.

Accepted for publication 19 April 2018



