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Abstract

Neospora caninum belongs to the phylum Apicomplexa, the causative agent of neosporosis, which leads to economic 
impacts on cattle production. A common feature among apicomplexan parasites is the invasive process driven mostly 
by the parasite. As a first evaluation of candidate molecules that play a possible role by interfering in this invasive 
process, the in vitro invasion assay is a fast and direct way to screen future agonists or antagonists. This work involved 
the development of a new cell culture ELISA and transient β-galactosidase activity applied to the semi-quantitative 
detection of N. caninum in Vero cell culture. Cell culture ELISA is based on histochemistry and immunology, resulting 
in a colorimetric reaction. The β-galactosidase activity was obtained by the transient transfection of the lacZ gene under 
control of RPS13 promoter of N. caninum. These methods were used to evaluate the effects of temperature (37°C and 
85°C) on the invasion and adhesion of tachyzoites. The three tested methods (real time PCR, β-galactosidase activity 
and ELISA) showed a similar pattern, indicating that different methods may be complementary.

Keywords: Neospora caninum, cell culture ELISA, LacZ gene, transfection, real-time PCR, invasion assay.

Resumo

Neospora caninum, parasita do filo Apicomplexa, é causador da neosporose, doença responsável por perdas econômicas 
importantes na pecuária. Um fator comum entre os apicomplexas é o processo de invasão majoritariamente dirigido pelo 
parasita. Dentre as primeiras avaliações de moléculas candidatas, que possivelmente interferem no processo de invasão, 
o ensaio de invasão in vitro é um meio rápido e direto de selecionar futuros agonistas ou antagonistas. Este trabalho 
desenvolveu um novo ELISA baseado em cultura (Cell-culture ELISA) e um ensaio que mede a atividade transiente 
de β-galactosidase, aplicados para a detecção semiquantitativa de N. caninum em células Vero. Cell-culture ELISA é 
baseado em histoquímica e imunologia, resultando em uma reação colorimétrica. A atividade da β-galactosidase foi 
obtida pela transfecção transiente do gene LacZ sob controle do promotor RPS13 de N. caninum. Esses métodos 
avaliaram os efeitos da temperatura (37°C e 85°C) sobre a invasão e adesão. Os três métodos testados (real time PCR, 
atividade de β-galactosidase e ELISA) mostraram um padrão similar, indicando que diferentes métodos podem ser 
complementares. Adicionalmente, esse ELISA é adequado para aplicação em laboratórios carentes de uma complexa 
estrutura para métodos de detecção moleculares.

Palavras-chave: Neospora caninum, cell-culture ELISA, gene LacZ, transfecção, PCR em tempo real, ensaio de 
invasão.

Introduction

Neospora caninum is an apicomplexan protozoan first isolated 
in 1988 by Dubey and coworkers when they investigated the 
origin of a severe neuromuscular disorder in dogs (DUBEY et al., 
1988). Infected cows represent economic losses due to fetal 

abortion, stillbirth, clinical and subclinical disease, impaired 
milk production, neonatal deaths, reduced fertility and reduced 
value of infected cows (CORBELLINI et al., 2006). The losses 
resulting from neosporosis have recently been estimated to 
exceed US$1.3 billion, affecting predominantly dairy cattle 
(REICHEL et al., 2013). Like any member of the phylum 
Apicomplexa, N. caninum is an obligatory intracellular parasite 
that invades the host cells by a conserved mechanism. Invasion 
of the host cell by the parasite occurs mainly through an active 
process, unlike the entry pathway of invasive bacteria (CESBRON-
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DELAUW et al., 2008). The infectious stage of Apicomplexa 
invades through a multifactorial process driven basically by the 
protein release of organelles called micronemes, rhoptries, and 
dense granules (MORAHAN et al., 2009). The direct or indirect 
detection of N. caninum, in vivo or in vitro, can be accomplished 
by several methods that include PCR and/or real-time PCR (BELL; 
RANFORD-CARTWRIGHT, 2002; DARWICH et al., 2012; 
HUGHES et al., 2006; MORENO et al., 2012), β-galactosidase 
(HOWE et al., 1997) and ELISA (JENKINS et al., 2002). Real-time 
PCR in N. caninum research using primers for the N5 genomic 
region of N. caninum (GenBank accession no. X84238) is widely 
applied as a quantitative method due to its fidelity and sensitivity 
(COLLANTES-FERNANDEZ et al., 2002; GHALMI et al., 
2008; NAGULESWARAN et al., 2003). N. caninum expressing 
β-galactosidase is a useful tool to detect tachyzoite integrity in 
secretion assays (LOVETT et al., 2000; PEREIRA et al., 2011), 
especially when stored as a stable cytoplasmic enzyme (HOWE et al., 
1997). The reproducible and stable reaction with CPRG is well 
established and widely applied in several microorganisms and 
cell lineages (D’ANGELO et al., 2009; ESPERANDIM et al., 
2010; VAVROVA et al., 2010). The enzyme-linked immunoassay 
(ELISA) has proven to be a useful technique for antibody detection 
against a variety of antigens, since it enables rapid determination 
and antibody titration, making it very suitable for serological 
surveys (BJORKMAN; LUNDEN, 1998). There are several 
ELISA methodologies for the detection of N. caninum antibodies, 
based on either whole or fixed N. caninum tachyzoites, aqueous 
or detergent-soluble tachyzoite extracts, tachyzoite antigens 
incorporated into iscoms (immunostimulating complexes) or 
recombinant tachyzoite antigens (JENKINS et al., 2002).

All these immunoenzymatic techniques have been used 
for diagnosis, but none of them for measuring the invasion of 
N. caninum. This work introduces a modified ELISA, based on a 
Vero cell culture, as a semi-quantitative assay to detect adhesive and/
or invasive tachyzoites after an invasion assay. Unlike the existing 
ELISAs, this assay is based on histochemistry and immunology, 
allowing for the relative mensuration of invasion by means of a 
colorimetric reaction. This new method offers a direct and low 
cost route for detecting N. caninum after invasion assays, without 
steps such as protein or DNA extraction and purification. In 
addition to real time PCR, for comparison, N. caninum expressing 
β-galactosidase was obtained after transient transfection with a LacZ 
gene vector controlled by the RPS13 promoter of N. caninum. This 
paper reports the use of N. caninum promoters for heterologous 
expression, since most other studies have employed T. gondii 
promoters. The adhesion and/or invasion pattern of N. caninum, 
as well as the different effects of incubation temperature and time, 
were analyzed by different methods. In addition, the ELISA and 
β-galactosidase assays proved to be suitable alternatives to real-time 
PCR as screening methods for evaluating the effects of drugs on 
the N. caninum invasion process.

Materials and Methods

Tissue culture and parasite purification

N. caninum Nc-1 isolate was cultivated in Vero cell cultures 
maintained in RPMI-1640 medium (Sigma) supplemented with 

5% fetal calf serum, 2.05 mM glutamine, 50 U of penicillin/
streptomycin at 37°C, and 5% CO2 in T-25 cm2 and 75 cm2 

tissue culture flasks (for N. caninum culture) or on 24 and 96-well 
culture plates (for invasion assay). The purification of tachyzoites 
was performed by exclusion chromatography in Sephadex G-25 
(PD-10 columns, GE). The recovered parasites were counted in a 
Neubauer chamber after adequate dilution; the average recovery 
from a 25 cm2 flask culture was 2 × 107 tachyzoites.

Evaluation of N. caninum viability by flow cytometry

Freshly purified N. caninum tachyzoites (1 × 106 in 250 µl 
PBS) incubated at 37°C for 1 h or 85°C for 20 min were evaluated 
by flow cytometry (FACSCanto, BD Biosciences) with an argon 
laser set to 488 nm, and evaluated using FACSDiva BD 6.1.3 
software. The gate corresponding to N. caninum characteristics 
was drawn by forward (size, FSC) and side scattering (complexity, 
SSC). Tachyzoite viability was evaluated by the incorporation of 
propidium iodide (20 ng/µl, Santa Cruz Biotechnology), with 
excitation at 535 nm and detection at 617 nm. The percentage 
of live and dead (negative and positive to propidium iodide, 
respectively) tachyzoites was determined.

Invasion assays

All the invasion assays were performed according to the 
following protocol. Briefly, three concentrations of N. caninum 
tachyzoites (3.5 × 106, 1.75 × 106 and 3.5 × 105 for ELISA and 
β-galactosidase, or 3.5 × 105, 1.75 × 105 and 3.5 × 104 for real-
time PCR) were diluted in 650 µl RPMI. Tachyzoites were treated 
differently: i) applied immediately after purification, ii) 37°C for 
1 h, or iii) 85°C for 20 min. These suspensions (650 µl) were 
divided into three parts (200 µl each) and applied to Vero cells 
cultured in 96-well (ELISA) or 24-well plates (β-galactosidase or 
real-time PCR). The tachyzoites were allowed to invade for 2 h 
at 37oC, after which each well was washed three times with PBS 
and subjected to the three specific detection methods: ELISA, 
β-galactosidase and real-time PCR.

Detection of N. caninum by ELISA

The 96-well plates (TPP) were fixed with 3% formamide in 
PBS for 15 min, permeabilized with PBS/0.2% Triton X-100 for 
30 min, washed once with PBS, and incubated with blocking 
buffer solution (2% BSA, 50 mM glycine in PBS) for 16 h at 
4°C. After washing with PBS, antiserum against N. caninum 
(anti-Nc tachyzoite protein extract, 1:1000 (PEREIRA et al., 
2011)) was incubated for 1 h, followed by three washes in PBS. 
The secondary antibody goat anti-rabbit–peroxidase conjugate 
(1:10000, ZyMed-Invitrogen) was incubated for 1 h and then 
washed three times. The wells were incubated for 15 min with 
a TMB solution (ZyMed-Invitrogen). The blank was composed 
of the same antiserum but incubated in Vero cells, since the 
anti-Nc tachyzoite protein extract was raised against protein 
extract of N. caninum that had been cultivated in Vero cells, thus 
eliminating the response against these cells after the subtraction 
of Vero absorbance. The reaction was stopped with a 2 M HCl 
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solution and measured at 450 nm (ELISA reader, SpectraMax Plus, 
Molecular Devices). These assays were performed in triplicate.

Construction of β-galactosidase vector

N. caninum expressing β-galactosidase was obtained via the 
transient insertion of the NcRPS13 subIV23LacZ plasmid. 
This vector was obtained after replacing the Toxoplasma gondii 
promoter region of RPS13 ((TgRPS13 with 1353bp from 
TgRPS13subIV23LacZ (van POPPEL et al., 2006)) with the 
homologous region from N. caninum (NcRPS13) (Figure 1). Primers 
with HindIII and NruI restriction sites were designed to amplify 
a region of 663bp upstream of the N. caninum RPS13 ORF. This 
fragment was linked to TgRPS13subIV23LacZ, which was pretreated 
with HindIII and NruI, generating NcRPS13subIV23LacZ. The 
β-galactosidase activity was evaluated (data not shown). The tetO 
region is a site with affinity for the TetR protein, which, once 
bound to the tetO site, blocks expression and is released from the 
site by tetracycline. This system is based on the E. coli tetracycline 
operon, which has been adapted for T. gondii and Plasmodium 
falciparum (DAS et al., 2011; MEISSNER et al., 2001, 2002; 
van POPPEL et al., 2006). However, only the β−galactosidase 
expression was employed in this study.

Transfection of N. caninum for β-galactosidase 
expression

Freshly purified tachyzoites (5 × 107) were resuspended with 
25 µg of NcRPS13 subIV23LacZ in cytomix buffer (120 mM KCl, 
0.15 mM CaCl2, 10 mM K2HPO4/KH2PO4, 25 mM HEPES, 
2mM EDTA, and 5 mM MgCl2, pH 7.6) supplemented with 
5 mM glutathione and stored on ice. Cells were transferred to a 
0.4 cm gap cuvette (in ice) and electroporated at 1.8 kV, 25 µFd 
and 100Ω in a BioRad GenePulser Xcell system. The electroporated 
cells were incubated in Vero cells cultured (75 cm2 flask, TPP) in 
incomplete RPMI (without fetal bovine serum) until total lysis 
of host cells occurred. The tachyzoites were purified by exclusion 
chromatography in Sephadex G-25 (PD-10 columns, GE) under 
the same conditions as the wild tachyzoites (see 2.1).

Detection of N. caninum by β-galactosidase

Adhesive/invasive N. caninum were incubated in lysis buffer 
(4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid, 100 mM 

HEPES, 1mM MgSO4, 1% Triton X-100, 5 mM Dithiothreitol, 
DTT, pH 8.0) at 50°C for 1h. The lysate was centrifuged at 10,000g 
at 4°C for 10 min and 20 µl of supernatant was solubilized in 
190 µl of buffer lysis with 40 µl of 6 mM CPRG (chlorophenol 
red-β-D-galactopyranoside, Roche). The reaction was measured 
at 570 nm after 18 h at 37°C (ELISA reader, SpectraMax Plus, 
Molecular Devices). The invasion assays were performed in 
triplicate and the lacZ activity in each well was evaluated in 
duplicate (final n = 6).

Detection of N. caninum by real-time PCR

N. caninum DNA was extracted and purified from each well 
according to the manufacturer’s instructions (Wizard SV Genomic 
DNA Purification System, Promega). Parasites were quantified by 
real-time PCR, using Nc 5 primers with the forward primer linked 
to FAM fluorophore Lux (Invitrogen) (PEREIRA et al., 2011). 
The experiment was carried out in a Mastercycler ep RealPlex 
(Eppendorf ) and the results analyzed using RealPlex software 
(Eppendorf ). As external standards, DNA corresponding to 1 to 
105 N. caninum tachyzoites was used for the standard curve and 
the samples were calculated by interpolation from this standard 
curve. The invasion assay was performed in triplicate and the 
real-time reaction in duplicate for each well (n = 6).

Statistical analyses

The results of invasion assays were expressed as mean ± standard 
deviation and analysis of variance (ANOVA) was employed for 
the dilutions and for 37°C/fresh and 85/37°C relations using the 
Tukey test, considering statistical significance at a level below 
5%. The overall analyses of dilutions were performed by linear 
regression and the r2 values were calculated. The analyses were 
performed using the Graph Pad PRISM 4.0 (Graph Pad, USA) 
statistical program.

Results

Evaluation of live/dead N. caninum by flow cytometry

The percentage of live parasites was determined to corroborate 
the invasion assays, confirming that the decrease in invasion capacity 
after incubation was due to the infeasibility of tachyzoites. This 
assay was also useful for detecting dead parasites that maintained 
their adhesive function. The gate representing size (forward scatter, 
axis x) and granularity (side scatter, axis y) of the N. caninum 
tachyzoites treated at different temperatures (Figures 2A, B, C-1) 
was delimited and the groups were separated according to their 
fluorescence emission for live and dead tachyzoites after propidium 
iodide treatment. The rate of live parasites was 81.9% for freshly 
purified organisms, and 76.5% for 37°C and 1.5% for 85°C 
incubated parasites (Figures 2A, B, C-2).

Figure  1. NcRPS13subIV23LacZ vector. The promoter region 
of the RPS13 gene from N. caninum (NcRPS13) was ligated 
(flanked by Hindlll and Nrul) to control the expression of LacZ, 
replacing the original promoter TgRPS13 (T. gondii) of vector 
TgRPS13subIV23LacZ from van Poppel et al. (2006).
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Figure 2. Evaluation of tachyzoite mortality with flow cytometry after different temperature treatments. Tachyzoites (1 × 106) incubated at 
37°C, 85°C or freshly purified were mixed with propidium iodide (PI, 20 ng/µl) and immediately analysed by flow cytometry. Cytograms 
1A, 1B and 1C plot forward scatter (FSC), representing size, against side scatter (SSC) representing granularity. Cytograms 2A, 2B and 2C 
plot count against propidium iodide emission (PI-A). A: Freshly purified tachyzoites with no temperature treatment; B: Tachyzoites incubated 
at 37°C for 1 hour; C: Tachyzoites incubated at 85°C for 20 minutes. The squares indicate the percentage of tachyzoites detected negatively 
(P2) and positively (P3) by propidium iodide.
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Semi-quantification of incubated tachyzoites by ELISA, 
β-galactosidase and real-time PCR

N. caninum tachyzoites detected by ELISA, β-galactosidase 
and real-time PCR exhibited a similar tendency. In the ELISA 
assay, the absorbance of tachyzoites incubated at 85°C and 37°C 
showed lower values than those of freshly purified ones. The three 
concentrations of tachyzoites exhibited a linear pattern with r2 
of 0.94, 0.98 and 0.93, respectively, for incubations at 85°C 
and 37°C and freshly purified tachyzoites (Figure 3A). The lacZ 
activity indicated the same decreasing pattern of invasive/adhesive 
tachyzoites when incubated at 37°C (the r2 of 37°C-incubated 
and freshly purified tachyzoites were 0.95 and 0.96, respectively, 
Figure 3B). After incubation at 85°C, the detection of LacZ 
activity was not feasible because the enzyme β-galactosidase was 
denatured. Due to the high sensitivity of the real-time PCR assay, 
the number of tachyzoites employed in the invasion assay was 10-
fold lower than for the ELISA and β-galactosidase assays, with 
1 × 105, 5 × 104 and 1 × 104 (Figure 3C). The 85°C-incubated 
tachyzoites indicated an r2 of 0.87 with the three concentrations 
of tachyzoites, the incubation at 37°C yielded an r2 of 0.95 and 
the freshly purified tachyzoites an r2 of 0.96.

Effects of temperature on the efficiency of tachyzoite 
invasion

Two ratios were calculated to analyze the effects of different 
temperatures on the tachyzoites. First, a correlation between 
tachyzoites incubated at 37°C and the freshly purified cells was 
calculated (ratio of 37°C/fresh*100), which represents the tachyzoites 
able to adhere to and/or invade host cells after a 37°C incubation. 
Secondly, the correlation between tachyzoites incubated at 85°C and 
37°C was calculated (ratio of 85°C/37°C*100), which represents 
the tachyzoites able to adhere to host cells even after death.

The ELISA assay applied as an alternative method to measure 
invasion indicated a high correlation between tachyzoites incubated 
at 37°C and those that were freshly purified: 77.2% (1 × 106 
tachyzoites/well), 66.2% (5 × 105) and 50.9% (1 × 105) (Fig. 4A). 
On the other hand, 32.2% (1 x 106), 21.8% (5 × 105) and 24.8% 
(1 × 105) of dead tachyzoites were still able to adhere (Figure 4A). 
The real-time PCR indicated adhesion after death at 85°C, with 
the ratio of 85°C/37°C decreasing to 39.9% (1 × 105), 44.5% 
(5 × 104) and 27.0% (1 × 104) (Figure 4C), while that of 37°C/
freshly purified tachyzoite was 92.7% (1 × 105), 71.1% (5 × 104) 
and 59.5% (1 × 105) (Figure 4C). The β-galactosidase method 
maintained the correlation between 37°C/freshly purified with 
85.03% for 1 × 106, 79.44% for 5 × 105 and 78.97% for 1 × 105 
(Figure 4B), which was similar to that of ELISA and real-time 
PCR. Overall, there were no significant differences among the 
dilutions, except for tachyzoites at 1 × 105 and 1 × 106 with the 
correlation 37°C/freshly purified tachyzoites (Figure 4A).

Discussion

N. caninum direct or indirect detection in cell cultures and 
tissues is well established by traditional methods, such as IFAT 

(YAKHCHALI et al., 2010), and highly specific methods such as 
real-time PCR (DEBACHE et al., 2010; GHALMI et al., 2008; 
NAGULESWARAN et al., 2003; PEREIRA et al., 2011). The 
three methods tested in this study for the detection of N. caninum 
invasion and/or adherence in cell culture showed a similar pattern, 
indicating that different methods may be complementary, since 

Figure  3. Detection of N. caninum incubated at 37°C, 85°C or 
freshly purified by ELISA, β-galactosidase and real-time PCR. The 
tachyzoites were diluted 1 × 106, 5 × 105 and 1 × 105/well for ELISA 
and β-galactosidase and 1 × 105, 5 × 104 and 1 × 104 for real-time 
PCR and divided in three groups before invasion. After purification, 
one part was incubated at 37°C for 1hr, the second part incubated 
at 85°C for 20 min and the third part was immediately allowed to 
invade Vero cells (freshly purified). A: ELISA; B: β-galactosidase; C: 
Real-time PCR. The detection was performed with antisera (ELISA), 
expression of LacZ gene in N. caninum transiently transfected 
with a LacZ plasmid (β-galactosidase), or with N. caninum DNA 
measurement (real-time PCR). * represents significant difference < 
0.05 in relation to the freshly purified group.
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ELISA, β-galactosidase and real-time PCR are based on different 
principles, i.e., antibodies, enzymatic reporter and genomic 
DNA, respectively. The number of tachyzoites per well applied 
in β-galactosidase and ELISA ranges from 105-106, limiting 
evaluations to lower parasite loads; hence, real-time PCR may 
be the best choice. Thus, the first two methods are suitable for 
an initial evaluation of parasite invasion and real-time PCR 
participates as an unequivocal quantitative assay. The incubation 
of N. caninum or T. gondii at 37°C is a current way to determine 
the in vitro effects of drugs or sera on the invasion phenomenon 
(NAGULESWARAN et al., 2003; PEREIRA et al., 2011; 
SAWMYNADEN et al., 2008). Our results indicate that all these 
methods show losses of invasive/adhesive tachyzoites incubated at 
37°C; therefore, this is an important effect to take into account 
when designing assays that require long incubation times.

On the other hand, N. caninum maintains a basal level of 
adhesion even after incubation at 85°C, which is a temperature 
that leads to the death of 98.5% of the tachyzoites, according to 
propidium iodide positivity. Such a high temperature probably 
denatures many of the tachyzoite’s surface proteins; however, a 
basal adhesion capacity is detected and may indicate mechanisms 
of parasite/host affinity independent of the parasite’s viability. 
Propidium iodide is only internalized when the membrane 
is disrupted; conversely, membrane integrity is necessary to 
enable the initial tachyzoite invasion process (CARRUTHERS; 
BOOTHROYD, 2007).

A semi-quantitative method for the detection of N. caninum 
based on ELISA after invasion assays in cell culture integrates 
characteristics of histochemistry (fixation, permeabilization) 
and immunology (ELISA, indirect detection of antibodies by 
colorimetric peroxidase reaction), offering an additional fast, low 
cost method to determine the influence of substances on the in 
vitro invasion process. Albeit highly specific and sensitive, real-
time PCR requires high quality inputs, such as primers, probes, 
thermal cyclers with suitable detectors, software and an optimal 
standardization (BELL; RANFORD-CARTWRIGHT, 2002). On 
the other hand, it allows for quantitation and requires lower cell 
concentrations in the assays. The high specificity and sensitivity of 
real-time PCR led to higher ratios (37°C/fresh and 85°C/37°C), 
probably due to the higher tachyzoite detection capacity of this 
technique compared to that of ELISA and β-galactosidase. The 
β-galactosidase method is less laborious to standardize; however, 
it requires tachyzoites expressing β-galactosidase (HOWE et al., 
1997, the expression of LacZ gene was controlled by T. gondii 
promoters), which is absent in wild-type Nc-1 tachyzoites. 
Although extremely well developed in T. gondii, the expression of 
heterologous genes in N. caninum is not an ordinary technique.

This newly described ELISA assay requires an antiserum against 
N. caninum tachyzoite protein extract. Its specificity/sensitivity 
led to a detection cut-off of 1 × 105 tachyzoites per well, which 
was verified by the differences observed between concentrations 
of 1 × 105 and 1 × 106 tachyzoites incubated at 37 °C (Figure 4A), 
with a significant difference probably due to the small number of 
tachyzoites required by this method. The incubations indicated 
that the number of parasites is a limiting factor for optimal 
detection by ELISA, although a similar condition was found for 
β-galactosidase and only real-time PCR presented higher sensitivity. 

Figure  4. Decrease in adhesion/invasion of N. caninum after 
incubation at 37°C or 85°C by ELISA, β-galactosidase and real-time 
PCR. The correlations between 37°C/freshly purified and 85°C/37°C 
incubated tachyzoite were calculated after detection by ELISA (A, 
anti-tachyzoite protein extract), and real-time PCR (C, primers 
Nc-5). For the β-galactosidase activity (% lacZ expression), only 
the 37°C/fresh correlation was obtained because the enzyme was 
inactivated at 85oC. Tachyzoites were incubated in three dilutions: 
1 × 106, 5 × 105 and 1 × 105/well for ELISA and β-galactosidase 
and 1 × 105, 5 × 104 and 1 × 104 for real-time PCR. A: ELISA; B: 
β-galactosidase; C: Real-time PCR. *represents a significant difference 
(<0.05).
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The polyclonal sera against the tachyzoites extract obtained from 
urea 8M buffer raises a wide range of antibodies, which offers a 
robust absorbance in N. caninum detection. A significant number 
of antibodies recognize only N. caninum proteins, and for 1 × 106 
tachyzoites, ELISA is as adequate as beta-gal or real time assays, 
which validate the method. The difference between N. caninum 
and Vero cell absorbance is 0.720 in parasites incubated at 37°C 
for 1 hour, a suitable range for invasion evaluations (Figure 3A). 
The ELISA method described here appears to be a low cost route 
to evaluate the invasion process of N. caninum, a simple and 
fast method for laboratories whose routine lacks a structure for 
the application of molecular tools. In addition, β-galactosidase 
activity showed the applicability of N. caninum promoters for 
heterologous expression. The ELISA and the β-galactosidase 
assays exhibited a pattern similar to that of the highly specific and 
sensitive real-time PCR, indicating the effects of incubation and 
temperature on the viability and invasion process of N. caninum. 
Overall, this ELISA method is expected to support the design of 
more adequate assays for screening agonists and antagonists that 
are active in the invasion process.
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