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Abstract

Neosporosis is a disease caused by the protozoon Neospora caninum that leads to signi�cant economic losses in many 
countries. In the present study, we report on use of the recombinant protein NcSRS2 of N. caninum expressed in Pichia 
pastoris in an indirect immunoenzymatic assay (ELISA) for diagnosing neosporosis infection in sheep and dogs. We 
observed that the ELISA test yielded speci�city of 94.5% and sensitivity of 100% for sheep and speci�city of 93.3% 
and sensitivity of 100% for dogs. We observed that the sensitivity was higher than shown by the indirect �uorescent 
antibody test, and this was con�rmed by means of Western blot. �e results from this study suggest that the recombinant 
protein expressed in P. pastoris is a suitable antigen for use in immunodiagnosis to detect N. caninum in two important 
species exposed to this parasitosis.
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Resumo

A neosporose é uma doença causada pelo protozoário Neospora caninum que leva a perdas econômicas importantes em 
muitos países. No presente estudo, é descrita a utilização da proteína recombinante NcSRS2 de N. caninum expressa em 
Pichia pastoris em um ensaio imunoenzimático indireto (ELISA) para o diagnóstico de infecção por Neospora em ovelhas 
e cães. Observou-se, que utilizando-se um ELISA, o teste produziu uma especi�cidade de 94,5% e uma sensibilidade 
de 100% para ovinos; e uma especi�cidade de 93,3% e sensibilidade de 100% para cães. Uma maior sensibilidade foi 
observada em relação à IFI que foi con�rmada por Western blot. Os resultados deste estudo sugerem que a proteína 
recombinante expressa em P.  pastoris é bom antígeno para ser utilizado no diagnóstico imunológico para detectar 
N. caninum em duas espécies importantes expostas a esta parasitose

Palavras-chave: Neospora caninum, Pichia pastoris, NcSRS2, ELISA.

*Corresponding author: Fábio Pereira Leivas Leite. Núcleo de Biotecnologia, 
Centro de Desenvolvimento Tecnológico, Universidade Federal de Pelotas, Rua 
Gomes Carneiro, n. 1, Centro, CP 354, CEP 96010-610, Pelotas, RS, Brasil. 
e-mail: fabio_leite@ufpel.edu.br

Introduction

Dogs are essential to the life cycle of Neospora caninum 
(DUBEY  et  al., 2007). �ey are both the de�nitive and the 
intermediate host, and are also epidemiologically important for 
horizontal transmission to other food animals (GONDIM et al., 
1999). Problems due to naturally acquired Neospora infections 
have also been reported in other food species, including sheep 

(DUBEY & LINDSAY, 1990), cattle and goats (DUBEY et al., 
1992, 1996).

Several studies have been conducted to identify and characterize 
the molecular antigenic components of N. caninum, in order to 
improve the performance of serological diagnostic tests and to 
reveal the mechanisms of its host interactions (HEMPHILL et al., 
1999). Information on the antigenicity of Apicomplexa-speci�c 
antigens, including in relation to Neospora, is needed in order 
to avoid cross-reactions with parasites from the same phylum 
(DUBEY et al., 2003). Serological tests that use this category of 
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antigens increase test speci�city by reducing possible antibody 
cross-reactions with common antigens.

NcSRS2 is an immunodominant surface protein that is present 
in the bradyzoites and tachyzoites of N. caninum (FUCHS et al., 
1998) and enables speci�c serological diagnosing of neosporosis. 
�is protein has been expressed on di�erent platforms, including 
baculovirus systems (NISHIKAWA  et  al., 2001, 2002) and 
Escherichia coli (BORSUK et al., 2011; GATURAGA et al., 2005; 
LIU et al., 2007).

�e approach of the present study was to use the yeast species 
Pichia pastoris as the expression system for producing the protein 
NcSRS2. �is yeast is genetically stable once transformed, and 
grows in relatively simple culture media, thus making industrial 
production scale-up of recombinant proteins straightforward 
(CEREGHINO et al., 2002). Recently, NcSRS2 was expressed 
in P. pastoris by our group and was evaluated in an indirect ELISA 
test for diagnosing Neospora infection in cattle (PINHEIRO et al., 
2013).

In the present study, we were able to demonstrate that ELISA 
using the recombinant protein NcSRS2 of N. caninum expressed 
in P. pastoris showed high speci�city and sensitivity when used for 
diagnosing Neospora infection in sheep and dogs.

Materials and Methods

Parasites

�e N. caninum isolate nc-1 (DUBEY et al., 1988) was used to 
prepare the antigen for this study. �e parasite was propagated in 
vero cells using Dulbecco’s Modi�ed Essential Medium (DMEM), 
supplemented with 10% fetal calf serum (FCS) at 37 °C in a 
humidi�ed atmosphere of 5% co

2
. When 80% of the vero cells 

had been destroyed by N. caninum tachyzoites, the monolayer was 
removed and washed twice with phosphate-bu�ered saline (PBS) 
solution, with centrifugation at 1000 x g for 10 min.

Serum samples

�e ovine and canine serum samples used in this experiment 
were collected from endemic areas of neosporosis in the state of 
Rio Grande do Sul, Brazil. Peripheral blood was collected from 
the jugular veins of 110 adult sheep using 19 g needles, and from 
65 adult dogs using a 22 g needle, all attached to Vacutainer tubes 
(Becton-Dickinson, Rutherford, NJ, USA). �e blood was then 
kept at room temperature for clot formation; centrifuged at 2000 x 
g for serum separation, for 10 min; and stored at –20 °C until used.

Indirect Fluorescent Antibody Test (IFAT)

Cells infected with N.  caninum tachyzoites were used to 
prepare the slide well for IFAT. �e serum samples were analyzed 
at a dilution of 1:50, which was de�ned as the cuto� point using 
a previously described method (PARÉ et al., 1995).

�e serum samples from each species were diluted and incubated 
at 37 °C for 45 min. Secondary �uorescein isothiocyanate-conjugated 

IgG (Sigma Chemicals, USA) was then added to the respective 
species and was incubated at a dilution of 1:1250 in PBS bu�er at 
37 °C for 45 min. Each glass slide included negative and positive 
control serum samples.

Recombinant NcSRS2

�e protein NcSRS2 was expressed as described by Pinheiro et al. 
(2013). Brie�y, the recombinant P.  pastoris containing the 
pPICZαB/NcSRS2 was cultured in a three-liter ba�ed fermenter 
containing one liter of BMMY broth at 28 °C, for approximately 
48h (OD

600
 = 2 to 6). Expression was induced by means of 

addition of methanol at 1% of �nal concentration for 144h. �e 
NcSRS2 recombinant protein that was secreted was concentrated 
and puri�ed by means of precipitation using a 20% saturated 
ammonium sulphate solution that was added to the culture 
supernatant at 4 °C to make a �nal concentration of 50%. �e 
precipitated proteins were collected by means of centrifugation 
at 10,000 x g at 4 °C for 15 min, suspended in PBS bu�er and 
then dialyzed in deionized water for 72h.

Western blot

Puri�ed recombinant NcSRS2 and an unrelated recombinant 
protein (negative control) were used for Western blot analysis 
on positive and negative ovine and canine serum samples. �e 
samples were mixed with SDS gel-loading bu�er (100 mM Tris-
HCl at pH 6.8, 100 mM 2-mercaptoethanol, 4% SDS, 0.2% 
bromophenol blue and 20% glycerol), under reducing conditions. 
�e samples were brought to 100 °C for 10 min and subjected to 
SDS-PAGE, after which the proteins in the gel were electrically 
transferred to nitrocellulose membranes (GE Healthcare, UK). 
�e membranes were blocked with PBS containing 5% skimmed 
milk (PBS-SM) for 1h at room temperature and were incubated 
with sheep serum (1:100 with PBS-SM) and dog serum (1:50 with 
PBS-SM) at room temperature for 1h. �ey were then washed 
with PBS at pH 7.6 containing 0.5% Tween 20 (PBS-T), three 
times for 5 min each. Following this, they were incubated with 
anti-sheep or anti-canine secondary peroxidase-conjugated IgG 
(Sigma Chemicals, USA), respectively, diluted to 1:4000 with 
PBS-SM at room temperature for 1h. �e reacting bands were 
revealed using 3,3’-tetrahydrochloride (DAB) and H

2
O

2
.

Indirect enzyme-linked immunosorbent assays (ELISA)

Polystyrene 96-well microtiter plates (Polysorp Nunc, USA) 
were coated overnight at 4 °C with 50 ng/well of recombinant 
protein NcSRS2 in 0.05 M carbonate-bicarbonate bu�er (pH 9.6). 
�e plates were then washed three times using 0.01 M PBS with 
0.05% Tween 20 (PBS-T) and blocked using 0.01 M PBS with 
5% nonfat milk at 37 °C for 1h. After three washes with PBS-T, 
the positive and negative control sera and serum samples were 
diluted at 1:100 in 0.01 M PBS-T and added in duplicate to the 
plate, and were then incubated at 37 °C for 1h. After three washes, 
100 µL/well of ovine or canine secondary peroxidase-conjugated IgG 
(Sigma Chemicals, USA) was added, diluted at 1:4000 in 0.01 M 
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PBS-T, followed by incubation at 37 °C for 1h. After another �ve 
washes, 100 µL of substrate (o-phenylenediamine dihydrochloride; 
OPD tablets, Sigma Chemicals, USA) in phosphate-citrate bu�er 
(0.4 mg/mL) containing 0.04% of 30% (v/v) hydrogen peroxide, 
at pH 4.0, was added to each well, and the plates were incubated 
in the dark at room temperature for 15 min. Following incubation, 
50 µL of stop bu�er (1 N H

2
SO

4
) was added.

�e mean optical density (OD) at 492 nm was determined for 
all test wells using a microtiter plate reader (Multiskan MCC/340 
MKII, Alabama, USA). �e same positive and negative control 
sera were used for interplate control.

Statistical analysis

To accurately assess the assay for diagnostic speci�city, sensitivity, 
cuto� and predictive value, the results from the 110 ovine and 
65 canine serum-con�rmed positive and negative samples were 
subjected to receiver operating characteristic (ROC) analysis 
using the MedCalc statistical software (version 10.3.0.0, www.
medcalc.be).

Results

Recombinant NcSRS2

In order to con�rm that the transformed P.  pastoris was 
expressing the recombinant protein, cultures were induced with 
methanol and the expression was con�rmed by means of dot 
blotting using anti 6xhisTag monoclonal antibodies (data not 
shown). �e concentrated and puri�ed protein was then con�rmed 
according to molecular weight, with SDS-PAGE and Western blot. 
We were also able to con�rm protein expression by probing with 
serum from naturally infected animals (Figure 1a). �ese results 
suggested that the recombinant protein presented conformation 
similar to the protein of the protozoa in their native form.

IFAT and ELISA-NcSRS2

An ELISA test using the NcSRS2 protein (ELISA-NcSRS2) 
was standardized. From the sheep, 110 serum samples were used, 
comprising 37 positive and 73 negative samples. From the dogs, a 
total of 21 positive and 44 negative serum samples were used. In 
order to determine the best serum dilution to use in the assay, a 
check board was undertaken using di�erent antigen concentrations 
and serum dilutions. A dilution that fell within the linear range 
of the ELISA results was used. �e correlation between the two 
diagnostic tools was assessed using ROC analysis.

Among the 73 IFAT-negative sheep serum samples, two were 
found to be above the cuto� point. In the canine population 
analysis, considering a cuto� value of 0.21 for 15 IFAT-negative 
canine serum samples, only four samples were above the cuto� 
point. To examine whether these results were due to the speci�city 
of the test or due to the statistical analysis conducted, a Western 
blot test was performed on these samples (Figure 1c). We observed 
that four canine samples that were negative for IFAT showed a 

band in the Western blot test, and thus these animals above the 
cuto� were con�rmed as positive although detected by means 
of IFAT. �e same occurred with two ovine serum samples 
(Figure 1b) in which the band was present in the Western blot 
test, thus suggesting that the speci�city of the ELISA test was 
higher than that of the IFAT.

Sensitivity, speci�city and predictive values

Figures 2 and 3 show the frequency distribution of the IFAT-
positive and negative ovine and canine serum samples. Among 
the sheep, with a mean ELISA OD of 0.25 as the threshold value, 
the results yielded speci�city of 94.5% and sensitivity of 100%. 
Using these same values as a cuto� point (OD ≤ 0.25), the negative 
predictive value of the test was 100% and the positive predictive 
value ranged from 69.8 to 99.4%, for neosporosis prevalence of 
10 to 90% (Figure 2c). In the canine population using the same 
ROC analysis, and considering serum samples with a mean ELISA 

Figure 1. (a) Western Blot using recombinant NcSRS2 protein 
expressed in the P. pastoris system. �e recombinant protein reacted 
with serum samples from animals (sheep and dogs) naturally infected 
with N. caninum. Full-range rainbow molecular weight marker (GE). 
(b) Samples 1 and 2 are from sheep serum that was IFAT-negative, 
but reacted above the ELISA threshold (i.e. they were positive), and 
samples 3, 4 and 5 were IFAT-positive and reacted under the ELISA 
threshold (i.e. they were negative). (c) Samples 1 to 4 are from dogs 
that were IFAT-negative, but reacted above the ELISA threshold (i.e. 
they were positive), and samples 5 to 9 were IFAT-positive and reacted 
under the ELISA threshold (i.e. they were negative).
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Figure 2. ROC analysis on the ELISA-NcSRS2 test using 37 con�rmed positive and 73 con�rmed negative sheep serum samples (as shown 
using the indirect �uorescence antibody test). (a) Frequency distribution of the con�rmed positive (1) and con�rmed negative (0) serum 
samples. �e samples were considered positive when the cuto� values were greater than or equal to a mean ELISA absorbance value of 0.25. 
(b) ROC plot. Area under curve = 0.996 (0.008); 95% con�dence interval from 0.958 to 0.997. (c) Negative predictive values (squares) and 
positive predictive values (diamonds) associated with the ELISA-NcSRS2 test for varying prevalence levels of neosporosis, determined using 
ROC analysis based on mean OD threshold values in ELISA.

Figure 3. ROC analysis on the ELISA-NcSRS2 test using 21 con�rmed positive and 44 con�rmed negative canine serum samples (as shown 
using the indirect �uorescence antibody test). (a) Frequency distribution of the con�rmed positive (1) and con�rmed negative (0) serum 
samples. �e samples were considered positive when the cuto� values were greater than or equal to a mean ELISA absorbance value of 0.21. 
(b) ROC plot. Area under curve = 0.986 (0.018); 95% con�dence interval from 0.919 to 0.997. (c) Negative predictive values (squares) and 
positive predictive values (diamonds) associated with the ELISA-NcSRS2 test for varying prevalence levels of neosporosis, determined using 
ROC analysis based on mean OD threshold values in ELISA.
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OD cuto� value of 0.21, the test yielded speci�city of 93.3% and 
sensitivity of 100%. Using the same cuto� value, the negative 
predictive value of the test was 100% and the positive predictive 
value ranged from 69.8 to 99.4%, for neosporosis prevalence of 
10 to 90% in a speci�c area (Figure 3c).

Discussion

Sheep herds and dog populations are epidemiologically important 
in relation to transmission of parasitoses and are susceptible to 
neosporosis. �erefore, standardization of the diagnostic assays 
for detecting N. caninum infection within these populations is of 
great importance. Many serological tests for detecting N. caninum 
antibodies have been described (DUBEY & SCHARES, 2006), 
including IFAT and ELISA based on either whole or partially 
puri�ed native N.  caninum antigens (GHALMI  et  al., 2009). 
However, there is still a need for N. caninum-speci�c serological 
assays, to allow for further identi�cation of de�nitive and/
or intermediate hosts, so as to make accurate herd diagnoses 
and conduct epidemiological investigations on risk factors and 
transmission.

To achieve higher sensitivity, commercial ELISA and IFAT 
kits use whole tachyzoites as antigens for N. caninum. However, 
this can lead to decreased speci�city, which in turn, leads to false-
positive results due to cross-reactions with other related species 
(AHN et al., 2003). Even though di�erent serological methods 
exist, IFAT is still the test predominantly used. On the other 
hand, IFAT is complex and subjective, which may compromise 
its e�ectiveness in large-scale epidemiological investigations. A 
low-cost test for the livestock industry, such as ELISA, with the 
capacity to detect speci�c Neospora antibodies, would make an 
important contribution towards controlling this disease.

Use of a single antigen has the potential to increase the diagnostic 
speci�city, as is the case of the NcSRS2 antigen of N. caninum. 
It is conserved in di�erent isolates and is the immunodominant 
antigen recognized by serum from naturally infected animals 
(HOWE et al., 1998). In previous studies, recombinant NcSRS2 
protein was used to develop ELISA tests for diagnosing of N. caninum 
infection and, in most of them, the protein was expressed through 
a prokaryotic system (GATURAGA et al., 2005; LIU et al., 2007; 
BORSUK et al., 2011; SA et al., 2014) or using a baculovirus 
approach (NISHIKAWA et al., 2001).

Recently, we reported on the expression of recombinant NcSRS2 
from N. caninum, expressed in P. pastoris (PINHEIRO et al., 2013). 
In this study, we were able to demonstrate by means of Western 
blot and ELISA that the recombinant protein was recognized by 
antibodies from sheep and dogs naturally infected with N. caninum, 
thus suggesting that epitopes of the native protein were conserved in 
the recombinant protein (PINHEIRO et al., 2013). Furthermore, 
we observed that this protein did not react with serum from animals 
that were naturally infected with parasites from the same order 
and family (Toxoplasma gondii), thus demonstrating that serum 
from two di�erent species naturally infected with N. caninum 
reacted positively to this protein.

�e data obtained in the present study, using ELISA with 
recombinant NcSRS2 expressed in P. pastoris as the antigen, suggest 

that this is a promising system with regard to the possibility of 
expansion to industrial-scale protein production. �e sensitivity 
and speci�city results obtained demonstrated great potential, 
with 100% and 94.5% for sheep and 100% and 93.3% for dogs, 
respectively.

In Brazil, only a few studies on the prevalence of neosporosis 
in sheep herds have been conducted. �e prevalence in the state 
of Paraná has been reported to be 9.5% (ROMANELLI et al., 
2007) and the rate in the state of Rio Grande do Norte has been 
described as ranging from 1.8% (SOARES et al., 2009) to 8.1% 
(UENO et al., 2009). If the prevalence in sheep herds is taken to 
be 10%, the ELISA test with an OD cuto� point of 0.25 described 
in this study would give rise to positive prediction values of around 
70% and negative prediction values of 100%.

Dogs are epidemiologically important in relation to horizontal 
transmission of this protozoon to other animals (DUBEY et al., 
2007). �ere is evidence of a relationship between N. caninum 
infection in dogs and cattle (WOUDA et al., 2000; WOUDA et al., 
1999), as well as an increased risk of neosporosis among sheep and 
goat herds when they are exposed to contact with dogs (ABO-
SHEHADA & ABU-HALAWEH, 2010; BARBER et al., 1997). 
�us, identi�cation of seropositive animals and seroprevalence 
data in dog populations is extremely important for control and 
prevention strategies.

In South America, there are variations in the prevalence of 
neosporosis in the canine population, for example: 20% in Uruguay 
(BARBER  et  al., 1997), 37.8% in Argentina (BASSO  et  al., 
2001) and 18% in Chile (PATITUCCI et al., 2001). In Brazil, 
the prevalence is between 8.4%, which was found in the state of 
Paraiba state (AZEVEDO et al., 2005), and 15.6% in the state of 
Rio Grande do Sul (CUNHA et al., 2008). �ese reports suggest 
that the average prevalence across all South American countries 
might be around 20%.

�e data obtained in the present study, with an assay using 
20% as the prevalence for neosporosis in the canine population, 
produced sensitivity of 93.3% and speci�city of 100%, with positive 
and negative predictive values of 69.8% and 100%, respectively. 
Moreover, using this ELISA test, we were able to discriminate 
between animals more speci�cally, among both sheep and dogs 
that had negative results in IFAT but were positive in our ELISA 
test, with con�rmed positive results in the Western blot assay 
(Figure 1). �is is important to note, since IFAT is still in use and 
is considered by many to be a gold-standard test for neosporosis.

In this study, we reported that the recombinant NcSRS2 
protein expressed in P. pastoris was recognized in serum from 
two animal species with neosporosis using NcSRS2-ELISA. 
We observed that the speci�city and sensitivity of this ELISA 
test is more satisfactory than IFAT, given that some serum 
samples were found to be positive through NcSRS2-ELISA 
and negative through IFAT. �e Western blot analysis, which 
is a more speci�c approach, showed a reaction between these 
serum samples and the recombinant NcSRS2. �us, the novel 
ELISA developed here may aid in studying the epidemiology of 
neosporosis and help in combat this infectious and economically 
signi�cant disease.
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