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Abstract

Theileria equi is the causative agent of worldwide piroplasmosis, an important tick-borne disease of 
equids associated to a lifetime carrier state of infected horses. Since rapid, accessible and reliable tests 
have been posted as a challenge for clinicians, the aim of the present study was to verify the agreement 
between an in-house immunofluorescence antibody assay (IFA) and a commercial competitive inhibition 
enzyme-linked immunosorbent assay (cELISA) in a population of 198 carthorses from Southern Brazil. 
The horse seroreactivity for T. equi revealed 152/198 (76.8%) positive samples by IFA and 155/198 
(78.3%) by cELISA. Using cELISA as gold standard, IFA has shown a sensitivity of 91.6% (95% 
CI = 86.18-95.03%) and specificity of 76.7% (95% CI = 62.26-86.85%), with a substantial degree of 
agreement (k = 0.8445). In conclusion, the in-house IFA may be used as a screening test for diagnosis 
of equine piroplasmosis.
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Resumo

Theileria equi é o agente causador da piroplasmose no mundo, é uma importante doença transmitida por 
carrapatos nos equídeos em todo o mundo, e está associada ao estado de portador nos equinos infectados. 
Uma vez que testes rápidos, acessíveis e confiáveis são considerados um desafio para os clínicos, o 
objetivo do presente estudo foi avaliar a concordância entre os testes de imunofluorescência indireta 
(RIFI) e um ensaio imunoenzimático por competição comercial (cELISA) em uma população de 198 
equinos de tração na região Sul do Brasil. A sororreatividade dos cavalos para T. equi mostrou 152/198 
(76.8%) amostras positivas para RIFI e 155/198 (78.3%) amostras positivas para cELISA. Utilizando 
o cELISA como padrão ouro, a RIFI demonstrou sensibilidade de 91.6% (95% CI = 86.18-95.03%) 
e especificidade de 76.7% (95% CI = 62.26-86.85%), com uma concordância de grau substancial (k 
= 0.8445). Em conclusão, a RIFI pode ser utilizada como um teste de triagem para o diagnóstico de 
piroplasmose equina.
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Theileria equi is the causative agent of Equine 
Piroplasmosis (EP), an important worldwide tick-
borne disease which causes a lifetime carrier 
state in infected horses (SCHNITTGER et al., 
2012). Diagnosis of EP has historically relied on 
immunofluorescence antibody assay (IFA) and 
reportedly considered very effective in detecting 
long-term infected animals and those submitted to 
antiparasitic treatment (OIE, 2014), despite several 
drawbacks of IFA including subjective operator-
dependent interpretation of results (KATENDE 
et al., 1998). Due to such limitations, associated 
to negative economic impact of EP on the horse 
industry, the World Organization for Animal Health 
has replaced the IFA by a commercial competitive 
inhibition enzyme-linked immunosorbent 
assay (cELISA) as standard serological tool 
for international trade purposes, particularly on 
detection of carriers (OIE, 2014). 

Although cELISA has been successfully used to 
evaluate Brazilian carthorses (VIEIRA et al., 2013), 
the routinely diagnostic use of this test in Brazil 
has been considered of limited assess, mainly due 
to high costs and importation delays. Moreover, to 
the authors’ knowledge, no study on comparative 
performance of IFA using a Brazilian T. equi strain 
versus the officially recommended cELISA in 
detecting anti-T. equi antibodies has been reported 
to date. Accordingly, the aim of the present study 
was to verify the agreement between IFA and 
cELISA methods in a population of 198 carthorses 
from Southern Brazil.

Horse serum samples (n = 198) previously 
surveyed for tick-borne pathogens (VIEIRA et al., 
2013, 2015) were used in this study. All samples 
were kept at -80 °C until serological analysis were 
performed. Theileria equi strain was obtained and 
isolated from a horse at the Veterinary Teaching 
Hospital, at Universidade Estadual de Londrina, 
Paraná State, southern Brazil. The isolate was 
maintained cryopreserved in liquid nitrogen for 
blood stability containing 10% dimethyl sulfoxide. 
The T. equi soluble antigen for the indirect 

immnufluorescent antibody assay (IFA) was prepared 
by the inoculation of the strain intravenously in a 
splenectomized foal free from hemoparasites, as 
previously described (MADRUGA et al., 1986). 

Promptly, the blood with 10% T. equi parasitemia 
was collected and washed with phosphate buffered 
saline (PBS, pH 7.2) by centrifugation at 1000 g for 
15 min. After each centrifugation, the buffy coat was 
removed. Then, thin blood smears were prepared 
and stored at -80 ºC. At the moment of analyses, 
smears were dried for 10 min at 37 ºC and circles 
were drawn with finger nail polish.

Anti-T. equi antibodies in horse serum samples 
were evaluated by an in-house IFA and a commercial 
cELISA test kit (Babesia equi antibody test kit, 
VMRD® Inc., Pullman, WA, USA) as previously 
published (VIEIRA et al., 2013). For IFA, an 
amount of 10 µL of serum, diluted 1:80 in PBS, was 
added to each circle on the slide and incubated at 
37 ºC for 30 min, washed three times for 5 min in 
PBS, pH 7.2, additionally washed by distilled water, 
then dried at room temperature. Twenty microliters 
of fluorescein isothiocyanate-conjugated rabbit 
anti-horse IgG (Sigma-Aldrich, St. Louis, MO) at 
1:160 dilution in PBS with 1% of bovine serum 
albumin and 1% Evans blue were applied onto the 
slide. Slides were then incubated at 37 °C for 30 
min, washed three times for 5 min, additionally 
washed by distilled water, allowed to air dry and 
subsequently examined using a microscope with a 
fluorescent light source. Samples were considered 
positive when reacting with dilution ≥ 1:80 

(BALDANI et al., 2010). Titers were determined 
to the largest dilution in which fluorescence was 
visualized around the parasite (endpoint titers).

Agreement (Kappa) between IFA and cELISA 
tests and the evaluation of IFA sensitivity, 
specificity, positive and negative predict values 
were calculated using OpenEpi software (DEAN 
et al., 2004), with cELISA as gold standard. Kappa 
value (κ) was interpreted as follows: ≤0 poor, 0.01-
0.2 slight, 0.21-0.4 fair, 0.41-0.6 moderate, 0.61-0.8 
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substantial, and 0.81-1 almost perfect agreement 
(VIERA; GARRETT, 2005).

A total of 152/198 (76.8%; 95% CI = 70.4-82.1%) 
horses were seroreactive for T. equi by IFA, with 
antibody titers ranging from 80 to 2560. Seroreactive 
to T. equi by cELISA was found in 155/198 (78.3%; 
95% CI: 71.9-83.8%) horses. Using cELISA as gold 
standard, the resulting sensitivity and specificity for 
IFA were 91.6% (95% CI = 86.18-95.03%) and 
76.7% (95% CI = 62.26-86.85%), and positive 
and negative predictive values were 93.4% (95% 
CI = 88.31-96.39%) and 71.7% (95% CI = 57.45-
82.68%), respectively, showing a substantial degree 
of agreement (κ = 0.67; 95% CI = 0.53-0.80).

In the present study, a substantial degree of 
agreement was found between IFA and cELISA. 
These two methods were previously evaluated 
resulting in an almost perfect degree of agreement 
between cELISA and IFA (SHKAP et al., 1998; 
FARKAs et al., 2013). Differences found between 
studies may be attributed to the T. equi antigen used 
on IFA, since the present study used a Brazilian T. 
equi strain while others have used a commercial 
IFA. In Brazil, previous studies have found an 
almost perfect agreement between IFA and an in-
house ELISA using a Brazilian T. equi strain as 
antigen (GOLYNSKI et al., 2008; SANTOS et 
al., 2009), showing that both tests are suitable for 
serodiagnosis and epidemiological studies. 

Tests using specific antigens, such as the 
cELISA herein used, are more specific due to the 
decreased possibilities of cross-reactions with non-
specific antibodies, while tests using crude antigens 
have been found to be more sensitive (HARRUS 
et al., 2002). The present study is in agreement 
with the study previously mentioned, since the IFA 
sensitivity was 91.6% and specificity was 76.7%. 
Thus, due to the limitations for cELISA use, authors 
suggest that IFA may be useful as screening test in 
Brazil.

In conclusion, this in-house IFA may be helpfully 
used for the detection of anti-T. equi antibodies 

as a screening method for the diagnosis of equine 
piroplasmosis. 
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