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Abstract: A competitive enzyme-linked immunosorbent assay (c-ELISA) was compared to the serum 
neutralization test (SNT) for the detection of antibodies against vesicular stomatitis virus, New Jersey 
(VSV-NJ) and Indiana (VSV-IN) serotypes, using 214 equine serum samples from Costa Rica. In the 
c-ELISA for VSV-NJ 109 (50.93%) equine sera reacted positive, whereas in the SNT 138 (64.48%) 
serum samples reacted positive to VSV-NJ. In the c-ELISA for VSV-IN 26 (12.15%) sera reacted 
positive, whereas in the SNT 36 (16.83%) equine sera reacted positive to VSV-IN. The c-ELISA showed 
a moderate sensitivity compared to the SNT. The rapidity and ease of the c-ELISA system makes 
it suitable as a rapid diagnostic screening assay. However, because of the lower sensitivity of the 
c-ELISA, the SNT is considered the method of choice to detect equine VSV infections in Costa Rica. 

Keywords: vesicular stomatitis virus, serological diagnosis, neutralizing antibodies, competitive 
ELISA, horses, Costa Rica.

Resumen: En este trabajo se comparó la técnica de seroneutralización (SNT) con un ensayo 
inmunoenzimático competitivo (c-ELISA) para la detección de anticuerpos contra el virus de la 
estomatitis vesicular, serotipos New Jersey (VSV-NJ) e Indiana (VSV-IN), utilizando 214  sueros 
equinos de Costa Rica. El c-ELISA detectó 109 (50.93%) sueros positivos; mientras que en SNT se 
determinó un total de 138 (64,48%) animales positivos a VSV-NJ. Un total de 26 (12.15%) sueros 
resultó positivos en c-ELISA; mientras que 36 (16,83%) sueros se determinó como positivos en SNT 
para VSV-IN. La técnica inmunoenzimática mostró una moderada sensibilidad, en comparación con 
la técnica de seroneutralización. Por su rapidez y fácil ejecución, el ELISA competitivo resulta una 
técnica importante de tamizaje; sin embargo, debido a la menor sensibilidad del c-ELISA, se considera 
la SNT como el método de elección para  detectar infecciones equinas con VSV en Costa Rica.

Palabras clave: virus de la estomatitis vesicular, diagnóstico serológico, anticuerpos 
neutralizantes, ELISA competitivo, equinos, Costa Rica.
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INTRODUCTION

Vesicular stomatitis (VS) is a viral disease that primarily affects horses, cattle and swine and occurs 
in endemic and epidemic forms in the tropical and subtropical areas of the Americas (Afshar et al. 
1993). From southern Mexico and throughout Central and South America the disease is considered 
endemic (Rodríguez et al. 1990). In addition, it is transmissible to man causing clinical symptoms 
ranging from flu-like illness to severe encephalitis (Rodríguez et al. 1993).

Vesicular stomatitis is mainly caused by two major serotypes, vesicular stomatitis virus-New 
Jersey (VSV-NJ) and vesicular stomatitis virus-Indiana (VSV-IN) of the genus Vesiculovirus of 
the Rhabdoviridae family and Mononegavirales order (Afshar et al. 1993).

Most clinical cases in endemic areas are caused by VSV-NJ (Atwill et al. 1993; McCluskey 
et al. 2003; Reis et al. 2011; Velasquez-Salinas et al. 2014). However, both serotypes cause 
vesicles and ulcerations on the epithelia of the horses’ mouth, tongue and coronary bands 
of hooves (Sherril 1993). Numerous serological assays have been developed to detect 
antibodies to VSV: a serum neutralization test (SNT), a complement fixation test (CFT), and 
more recently competitive ELISA (Alonso et al. 1991; Afshar et al. 1993; Ahmad et al. 1993; 
Eernisse et al. 1995; Katz et al. 1997; Kweon et al. 2005; Lee et al. 2009; Heo et al. 2010).

The purpose of this paper was to compare the relative sensitivity and specificity of a 
competitive ELISA (c-ELISA) developed in Ames, Iowa, USA (Afshar et al. 1993; Katz et al. 
1995), and prescribed by the World Organisation for Animal Health to the SNT as reference 
test, to detect antibodies in naturally infected equines from Costa Rica.

MATERIAL AND METHODS

Equine serum samples

Serum samples from 214 horses were collected between October 1998 and May 1999 from 
19 different farms of Costa Rica (Blickwede et al. 2002).

Serum neutralization test (SNT)

The serum neutralization test was performed as described by Rodríguez et al. (1990). For 
the detection of neutralizing antibodies to VSV-NJ and VSV-IN test serum samples were heat 
inactivated (56°C, 30 min) and diluted from 1:8 to 1:512 (4-fold dilutions) with Dulbecco minimum 
essential medium in duplicate wells of tissue culture plates, and a 100-200 TCID50 of VSV-NJ 
(Greentree strain) and VSV-IN (Chimayo strain) were added to each well.  After incubation of the 
plates at 37°C in 5% CO2 for 1 hour, Vero E6 cells (kindly supplied by Dr. Rodríguez, Plum Island, 
NY) were added as indicator cells (10,000 cells/well). Cell control, virus control, positive control, 
and negative control serum samples were included in each neutralization assay. All plates were 
read after 48 hours, and samples were considered positive if either well (New Jersey or Indiana) 
had a confluent monolayer of Vero cells in titers starting from 1:32.
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Competitive enzyme-linked immunosorbent assay (c-ELISA)

The protocol of the c-ELISA developed by the National Veterinary Services Laboratories 
(NVSL) in Ames, Iowa, U.S.A. (Eernisse et al. 1995) was used in all the experiments, with 
some modifications: Microtiter plates (Polysorp, Fa. Nunc, Roskilde) were coated with 75 µl 
recombinant antigen (protein N) of VSV-NJ and VSV-IN, diluted 1:2500 in 0.01 M PBS, pH 7.4, 
(exception: wells G11 and G12, that were used as blanks) and incubated 16 h at 4°C. The 
coating solutions were decanted; 100µl/well of blocking solution (0.01 M PBS, 5% nonfat dry 
milk, NFDM) was added to the plates and incubated for 1 h at 37°C with constant agitation.  The 
plates were then washed three times with washing buffer (0.002 M PBS, 0.05% Tween-20), 
and control and test serum samples diluted 1:8 in PBS (containing 1 M NaCl, 1% NFDM) were 
added in duplicate wells (50µl/well) and incubated 30 min at 37°C with constant agitation. In 
the wells A1/A2 (diluent control) and G11/G12 (blank) no serum samples were added. Positive 
control serum samples were added to two wells.  Polyclonal antibodies to VSV-NJ and to VSV-
IN were diluted 1:2500 in PBS (containing 1 M NaCl, 1% NFDM), 50µl were added to each 
well, and the plates were incubated 30 min at 37°C with constant agitation. After washing 
the plates, the conjugate goat-anti mouse-IgG (H+L)-peroxidase (Fa. Zymed) was diluted in 
0.01 M PBS (containing 1% NFDM, 12.5% goat serum), added to each well (50µl/well), and 
incubated for 1 h at 37°C with constant agitation. After washing, 50µl/well of peroxidase 
substrate (1 mg of tetramethylbenzidine 2 HCl, diluted in 10 ml of 0.05 M phosphate-citrate 
buffer, pH 5, containing 20 µl of 3% H2O2) was added. The reaction was stopped with 2 M 
H2SO4 and the optical density (OD) recorded at 450 nm in a Labsystems Multiskan MS (Flow 
Laboratories). Results were interpreted as a reduction percentage (RP) of the OD. The mean 
of the optical density of the diluent control was considered as 0 RP. The following formula 
was used to determine the RP of the test serum samples: RP = 100 - [(mean OD test serum/
mean OD diluent control) x 100]. The cutoff points of the c-ELISA for VSV-NJ and VSV-IN 
were determined using 45 negative equine sera in SNT (titers of 1:8) to VSV-NJ and VSV-IN.  
Cutoff was defined as the mean of the RP of the negative serum samples plus three standard 
deviations. The cutoff point for VSV-NJ c-ELISA was 12.58 RP and for VSV-IN c-ELISA was 17.78 
RP. Relative sensitivity, relative specificity and Kappa statistic of the c-Elisa compared to the 
SNT was determined using the EPIINFO program.

RESULTS

From the total of 214 sera samples analyzed by the SNT for antibodies to VSV-NJ, 138 
(64.48%) sera samples were positive and 76 (35.52%) sera samples were negative, whereas 
in C-ELISA 109 (50.93%) sera samples reacted positively and 105 (49.07%) sera samples 
reacted negatively (Table 1). Compared to SNT, c-ELISA for VSV-NJ showed a relative 
sensitivity of 79%, a relative specificity of 100% and a Kappa statistic of 0.61.
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From the total of 214 sera samples analyzed by the SNT for antibodies to VSV-IN, 36 (16.83%) 
sera samples were positive and 178 (83.17%) sera samples were negative, while in c-ELISA 26 
(12.15%) sera samples reacted positive and 188 (87.55%) sera samples reacted negative to 
VSV-IN (Table 1). Compared to the SNT the c-ELISA for VSV-IN showed a relative sensitivity of 
66.7%, a relative specificity of 98.9% and a kappa statistic of 0.74, respectively.

DISCUSSION

In the present study, the c-ELISA used for detecting antibodies to VSV-NJ in horses showed 
lower sensitivity than that reported by Eernisse et al. (1995). Although the concordance 
of both tests (c-ELISA and SNT for VSV-NJ) measured by the kappa coefficient (0.61) was 
good, Eernisse et al. (1995) and Alvarado et al. (2002) reported better concordance (0.88). 
One reason could be that the results of the previously mentioned authors were based 
on the detection of VSV-NJ antibodies in cattle and not in horses. Another reason could 
be the modification of the c-ELISA protocol (addition of 1 M NaCl to the diluent buffer of 
the serum samples and polyclonal antibodies), which is used to increase the specificity of 
immunoassays detecting specific bovine antibodies (Dolz & Moreno 1999; Alvarado et al. 
2002), however, this may have affected the binding of equine antibodies, and consequently 
diminished the sensitivity. Nevertheless, the determined specificity of 100% in the present 
study was in accordance with Eernisse et al. (1995), who reported a specificity of 99% of 
the c-ELISA when compared to SNT.  The analysis of the 29 serum samples with discrepant 
results in both assays to VSV-NJ showed that all samples that were positive in SNT were 
considered negative in c-ELISA. Similar results were obtained by Alvarado et al. (2002), 
when comparing sera of naturally infected bovines in Costa Rica with both techniques (SNT 
and c-ELISA). Results between c-ELISA and SNT may be discrepant due to the detection of 
different antigens in both assays. SNT detects antibodies directed against glycoprotein G, 
whereas c-ELISA detects antibodies directed against protein N (Alvarado et al. 2002). When 
discrepant sera was analyzed by immunoblotting, antibodies against glycoprotein G and 
protein N were visualized as thick and thin bands, respectively, leading to the assumption 
that the levels of antibodies against glycoprotein G and protein N were of high and low titer, 
respectively (results not shown). Therefore, probably the titer of antibodies against the 

Table 1: Comparison of results of SNT and c-ELISA detecting antibodies against VSV-NJ and VSV-IN in 
214 equine sera.

VSV-NJ VSV-IN
SNT + SNT - ∑ SNT + SNT - ∑

C-ELISA + 109 
(50.93%)

0
(0%)

109
(50.93%)

24 
(11.2%)

2
(0.93%)

26
(12.15%)

C-ELISA - 29 
(13.55%)

76 
(35.52%)

105
(49.07%)

12
(5.61%)

176
(82.24%)

188
(87.85%)

∑ 138
(64.48%)

76
(35.52%)

214
(100%)

36
(16.83%)

178
(83.17%)

214
(100%)
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protein N was under the detection limit of the c-ELISA. This could explain why the c-ELISA 
failed to detect 29 sera as positive.

The results for c-ELISA for VSV-IN in 214 serum samples of equines also showed lower 
sensitivity (66.7%), as reported by Eernisse et al. (1995), but concordance, as measured by 
the Kappa statistic, was 0.74, and indicated a good agreement between SNT and c-ELISA. In 
this respect, Alvarado et al. (2002) also determined a good agreement between both tests 
(0.69) when used to detect bovine antibodies. From the total of 214 serum samples 200 
(93.46%) showed identical results in both serologic tests and 14 (6.54%) showed different 
results in SNT and c-ELISA. The specificity determined at 100% in the present study was in 
accordance with Eernisse et al. (1995).  The analysis of 14 serum samples with discrepant 
results in c-ELISA and SNT to VSV-IN showed that 8 serum samples that were considered 
positive in SNT and negative in c-ELISA were confirmed positive by WB (results not shown). 
Antibodies directed against the glycoprotein G of VSV-IN were detected more frequently 
and appeared as conspicuous bands, whereas protein N appeared less often and as weak 
bands, leading to the assumption that the levels of antibodies against protein N were of low 
titer, whereas antibodies against glycoprotein G were of high titer. This could explain why 
c-ELISA failed to detect sera as positive.

Although the c-ELISA described here showed lower sensitivity, it is recommended to use 
it as screening and diagnostic test in vesicular disease surveillance programs, since it is a 
quick, simple and inexpensive test compared to SNT. A further optimization of the sensitivity 
of c-ELISA for detection of equine VSV antibodies is recommended. SNT is the method of 
choice for detecting VSV infections, despite the disadvantages.
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