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Optimization of an immunoenzymatic (ELISA) assay for detecting ovine
antibodies against Haemonchus contortus
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Diseases originated by gastrointestinal nematodes are one of the most
important causes of economic losses in animals, mainly in small
ruminants. The objective of this study was to optimize an ELISA
immunoenzymatic assay for Haemonchus contortus. For that, an
extract of total proteins was extracted from a macerate of the adults
of this nematode. Blood samples were taken of 48 sheep for obtaining
the serum. The parameters of an immunoenzimatic (ELISA) assay
were optimized. The best concentration for covering the antigen was
5 ug/mL. The best relationships between the signals of the positive
and negative serums for serum dilution, the Anti-IgG and the bovine
fetal serum were obtained in 1:300, 1:7000 and 0.25 %, respectively.
The optimization of the parameters of this ELISA immunoenzymatic
assay allowed the detection of IgG that recognize Haemonchus
contortus with low unspecific interactions. This is the first study
available on the optimization of an ELISA assay for Haemonchus
contortus.
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Introduction

Gastrointestinal nematodes (GIN) are one of the
most important causes of economic losses for ruminant
exploitations. They generate weight gain reduction,
growth delay, decrease of feed intake, reduction of
milk yield, wool and low fertility and, in cases of mass
infections, animal death (Kui-zheng et al. 2007, Liu et
al. 2009 and Oliveira et al. 2012). From the GIN, the
most important for small ruminants is Haemonchus
contortus, which is present in warm climates (Giudici
et al. 1999, Amarante 2014 and Wilmsen ef al. 2014)
and in temperate regions (Waller et al. 2004, Mederos
et al. 2010 and Felippelli et al. 2014).

For Haemonchus contortus diagnosis, the most
utilized method consists of techniques for determining
the presence and/or number of parasite eggs (Ward
et al. 1997). Within these techniques, McMaster is
the most worldwide popular (Bosco 2014) and more
recently the Mini-FLOTAC (Rinaldi 2014). Post-mortem
examination (necropsy) in slaughter houses allows the
confirmation of the diagnosis through the finding of the

Las enfermedades ocasionadas por nematodos gastrointestinales
constituyen una de las mas importantes causas de pérdidas econémica en
los animales, fundamentalmente en los pequefios rumiantes. El objetivo
de este estudio fue optimizar un ensayo inmunoenzimatico de ELISA
para Haemonchus contortus. Para ello, se obtuvo un extracto de proteinas
totales a partir de un macerado de los adultos de este nematodo. Se tomaron
muestras de sangre de 48 ovinos para obtener el suero. Se optimizaron
los indicadores de un ensayo inmunoenzimatico (ELISA). La mejor
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para la dilucion de los sueros, el Anti-IgG y el suero fetal bovino se
obtuvieron en 1:300. 1:7000 y 0.25 %, respectivamente. La optimizacion
de los parametros de este ensayo inmunoenzimatico de ELISA permiti6
la deteccion de IgG que reconocen Haemonchus contortus, con bajas
interacciones inespecificas. Este es el primer trabajo que se tiene reporte
sobre la optimizacion de un ensayo de ELISA para Haemonchus contortus.
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Introduccion

Los nematodos gastrointestinales (NGI) constituyen
una de las mas importantes causas de pérdidas econdmicas
para las explotaciones de rumiantes. Ocasionan reduccién
en la ganancia de peso, retraso en el crecimiento,
disminucién del consumo de alimentos, disminucion de la
produccion de leche, lana, baja fertilidad y, en los casos de
infecciones masivas, la muerte de los animales (Kui-zheng
et al. 2007, Liu et al. 2009 y Oliveira et al. 2012).De los
NGI, el mas importante para los pequefios rumiantes es
el Haemonchus contortus , que esta presente en regiones
de clima calido (Giudici ef al. 1999, Amarante 2014 y
Wilmsen et al. 2014) y en regiones templadas (Waller et
al. 2004, Mederos et al. 2010 y Felippelli et al. 2014).

Para el diagndstico del Haemonchus contortus,
el método mas utilizado consiste en técnicas para
determinar la presencia y/o el nimero de huevos del
parasito (Ward et al. 1997). Dentro de estas técnicas,
McMaster es la mas popular universalmente (Bosco
2014) y mas recientemente, el Mini-FLOTAC (Rinaldi
2014). El examen postmorten (necropsia) en los
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adult parasites (Sissay et al. 2007, Qamar et al. 2009
and Khalafalla ez al. 2011).

The ELISA immunoenzymatic assay is one of
the most used tools for establishing diagnostic
methodologies for the most dissimilar parasites both
in humans as in animals: 7aenia solium (Deplazes
et al. 1991), Fasciola hepatica (Howell et al.
2015), Crypto sporidium (Elgun and Koltas 2011),
Schistosoma mansoni (El-Badry 2009), Trichinella
spiralis (Johnson et al. 1996) and Taenia saginata
(Wandra et al. 2006). However, for Haemonchus
contortus there is still no immunoenzymatic method
allowing animal diagnosis.

The objective of this study was to optimize the
ELISA immunoenzymatic assay for Haemonchus
contortus.

Materials and Methods

Haemonchus contortus proteins extract. Adult
H. contortus, collected from the abomasums of
slaughtered animals were macerated in 10 g liquid
nitrogen and 10 mL of saline solution buffered
with phosphates (SSTP) 1 X (KH,PO, 1.8 mmol/L;
Na,HPO, 8.4 mmol/L; KCI 12.6 mmol/L and NaCl
136.8 mmol/L, pH 7.2). Later all this macerated
material was deposited in a 50 mL centrifuge test
tube and it was adjusted until 20 mL with SSTP IX.
The tube was agitated for 30 min at 4 °C. Afterwards
it was centrifuged at 10000 rpm for 20 min at
4 °C. The supernatant was collected and filtered.
Protein determination was carried out through
the QuantiProTM High Sensitivity Protein Assay
Kit.

Sampling. For establishing ELISA, samples of
blood serum were used of 48 female sheep from the
Laboratory of Sheep and Goat Research and Production
(LAPOC) belonging to the Federal University of
Parana in Brazil. To all animals fecal feces were taken
for realizing the modified method of McMaster and
coproculture. In this way the infestation or not by
the nematode was determined. Blood obtained was
centrifuged at 3000 rpm for 10 min. A mixture with
similar volumes of all serums was conformed and
stored at -20° C.

Immunoenzymatic (ELISA) assay. Microtitration
plates of 96 dishes (PolySorp, Nunc) were recovering
the concentration of 5 pg/mL (100 pL/dish) with
the Haemonchus contortus proteins extract diluted
in recovering buffer (carbonate-sodium bicarbonate
0.1 mM, pH 9.6) and incubated at 4° C throughout the
night. Dishes were washed three times with SSTP
IX solution with Tween 20 at 0.2 % ([vol/vol]). The
blocking was made with Bovine Fetal Serum (BFS)
at 3 % ([vol/vol]) diluted in SSTP 1X with Tween
20 at 0.2 % for one hour. Dishes were washed three
times with SSTP 1X solution with Tween 20 at 0.2 %
[vol/vol]. Serum samples of vaccinated animals with
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mataderos permite la confirmacion del diagndstico a
través del hallazgo de los parésitos adultos (Sissay et
al. 2007, Qamar et al. 2009 y Khalafalla ez al. 2011).

El ensayo inmunoenzimatico de ELISA es una de las
herramientas mas utilizadas para establecer metodologias
de diagnostico para los mas disimiles parasitos, en
humanos como en animales: Taenia solium (Deplazes
et al. 1991), Fasciola hepatica (Howell et al. 2015),
Crypto sporidium (Elgun y Koltas 2011), Schistosoma
mansoni (El-Badry 2009), Trichinella spiralis (Johnson
et al. 1996) and Taenia saginata (Wandra et al. 2006).
Sin embargo, para Haemonchus contortus , ain no se
describe un método inmunoenzimatico que permita el
diagndstico en los animales.

El objetivo de este estudio fue optimizar un ensayo
inmunoenzimatico de ELISA para Haemonchus
contortus.

Materiales y Métodos

Obtencion del extracto de proteinas de Haemonchus
contortus. Los Haemonchus contortus adultos,
recolectados del abomasum de animales sacrificados,
se maceraron en 10 g en nitrégeno liquido y 10 mL
de solucién salina tamponada con fosfatos (SSTF) 1X
(KH,PO, 1.8 mmol/L; Na,HPO, 8.4 mmol/L; KCI
12.6 mmol/L y NaCl 136.8 mmol/L, pH 7.2). Después
se depositd todo el material macerado en un tubo de
centrifuga de 50 mLy se ajusté hasta 20 mL con SSTF 1X.
Se agit6 el tubo durante 30 min. a 4°C. Luego se centrifugd
a 10000 rpm durante 20 min a 4°C. Se colecto y filtro el
sobrenadante. La determinacion de proteinas se realizo a
través de QuantiPro™ High Sensitivity Protein Assay Kit.

Toma de muestras. Para establecer el ELISA, se usaron
muestras de suero sanguineo de 48 hembras ovinas,
procedentes del Laboratorio de Produccion e Investigacion
de Ovinos y Caprinos (LAPOC), perteneciente a la
Universidad Federal de Parana en Brasil.A todos los
animales se les tomaron muestras de heces fecales
para realizar el método modificado de McMaster y
coprocultura. Se determind asi la infestacion o no por el
nematodo . La sangre obtenida se centrifugé a 3000 rpm
durante 10 min. Se conformo una mezcla con volimenes
iguales de todos los sueros y se almacend a -20 °C.

Ensayo inmunoenzimatico (ELISA). Las placas
de microtitulacion de 96 pocillos (PolySorp, Nunc)
se recubrieron a la concentraciéon de 5 pg/mL
(100 uL/pozo) con el extracto de proteinas de Haemonchus
contortus diluidas en tampon de recubrimiento
(carbonato-bicarbonato de sodio 0.1mM, pH 9.6) y se
incubaron a 4 °C durante toda la noche. Los pocillos
se lavaron tres veces con solucion de SSTF 1X con
Tween 20 al 0.2 % ([vol/vol]). El bloqueo se realizoé con
Suero Fetal Bovino (SFB) al 3 % ([vol/vol]) diluido en
SSTF 1X con Tween 20 al 0.2 % por espacio de una
hora. Los pocillos se lavaron tres veces con solucion
de SSTF IX con Tween 20 al 0.2 % [vol/vol]. Las
muestras de sueros de los animales vacunados con el
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the parasite extract and the controls were applied
(100 pL/dish) diluted in SSTP IX with Tween 20 at
0.2 % ([vol/vol]) and BFS at 25 % ([vol/vol]). After plate
incubation for one hour at environmental temperature,
dishes were washed three times with SSTP X solution with
Tween 20 at 0.2 % [vol/vol] and the Anti IgG of sheep was
added diluted 1:7000 in SSTP IX with Tween 20 at 0.2 %
([vol/vol]) and BFS at 0.25 % ([vol/vol]) was incubated
for one hour. The dishes were washed three times with
SSTP IX solution with Tween 20 at 0.2 % ([vol/vol]) and
the buffer ABTS (revealing) was added, it was incubated
in the darkness for 30 min. The optical density was
determined in the Biotek reader EL x 800 at 405 nm.

Statistical analysis. For data processing the statistical
package Graph Pad Prism 5 was used. An analysis
of variance (ANOVA) was carried out and for mean
comparison the Post hoc test of Student Newman-Keuls
was used.

Results and Discussion

In figure 1 is shown the effect of the recovering at
different antigen concentrations. A better performance
between 20 and 5 pg/mL is observed with values of
optical density of one for the first and 0.82 for the
second. For the rest, the signal decreases until attaining
the minimum concentration assessed (0.15 pg/mL) with
optical density value close to 0.3.

The best relationship between the optical density
of the positive and the negative serums (figure 2) were
found in 5 pg/mL of the covering concentration. Other
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extracto del parasito y los controles se aplicaron (100
L/ pozo) diluidos en SSTF 1X con Tween 20 al 0.2 %
([vol/vol])y SFB al 0.25 % ([vol/vol]). Después de incubar
las placas durante una hora a temperatura ambiente, los
pocillos se lavaron tres veces con solucion de SSTF 1X
con Tween 20 al 0.2 % [vol/vol] y se afiadid el Anti IgG
de ovino diluido 1:7000 en SSTF 1X con Tween 20 al
0.2 % ([vol/vol]) y SFB al 0.25 % ([vol/vol]), se incubd
una hora. Los pocillos se lavaron tres veces con solucion
de SSTF 1X con Tween 20 al 0.2 % ([vol/vol]) y se
anadio6 el tampon ABTS (revelado), se incubd en la
oscuridad durante 30 minutos. La densidad optica se
determino en el lector Biotek ELx 800 a 405 nm.

Analisis estadistico. Para el procesamiento de los
datos se utiliz6 el paquete estadistico Graph Pad Prism
5. Se realiz6 analisis de varianza (ANOVA) y para la
comparacion de medias se empled la prueba Post hoc
de Student Newman-Keuls.

Resultados y Discusion

En la figura 1 se muestra el efecto del recubrimiento
a diferentes concentraciones del antigeno.Se observa
un mejor comportamiento entre 20 pg/mL y 5 pg/mL
con valores de densidad optica de unp para la primera
y 0.82 para la segunda. Para las restantes, disminuye la
sefial hasta llegar a la minima concentracion evaluada
(0.15 pg/mL) con valor de densidad optica cercano a 0.3.

La mejor relacion entre la densidad optica de los
sueros positivos y los negativos (figura 2) se encontrd
en 5 pg/mL de la concentracion del recubrimiento.

0,8

0,6

0,4

OD 405 mm

0,2

20 10 5

2.5

1.25 0.62 0.31 0.15

Recovering concentrations (pg/mL)

Figure 1. Effect of the covering concentration

OD: optical density

T Bars: Standard deviation from each point
Different letters: significant differences at P < 0.05
ANOVA, Mean comparison by Student Newman-Keuls Test

n=11
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reports used the same covering concentration for the
detection of titers against Haemonchus contortus
(Dominguez- Torafio et al. 2003, Shakya et al. 2011
and Fawzi et al. 2014). Nonetheless, coverings of 1
and 2 pg/mL were employed for the determination of
antibodies induced by vaccination with this nematode
(Bakker 2004, De Vries et al. 2009, Bassetto et al.
2011 and Molina et al. 2012). Meanwhile the covering
with 10 pg/mL was also used (van Stijn ef al. 2010).

Figure 3 shows the effect of the dilution of the

3.5
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Otros informes usaron la misma concentracion del
recubrimiento para la deteccion de titulos contra
Haemonchus contortus (Dominguez-Torafo et al.
2003, Shakya et al. 2011 y Fawzi et al. 2014). Sin
embargo, recubrimientos de 1y 2 pg/mL se emplearon
para la determinacion de anticuerpos inducidos por la
vacunacion con este nematodo (Bakker 2004, De Vries
et al. 2009, Bassetto et al. 2011 y Molina et al. 2012).
Mientras que recubrimiento con 10 pug/mL también fue
empleado (van Stijn et al. 2010).

3 ‘___*—’Avbﬁ\
2,5

2

1,5

R (PS/NS)

1

0.5

0 T T T
20 10 5

2.5

1.25 0.62 0.31 0.15

Covering concentrations (ng/mL)

Figure 2. Relationship between the optical density of positive and negative serums for the covering

concentration

PS: positive serum NS: negative serum n= 11

animal serum. The 1:200 dilution was of the highest
optical density (1.1). The remaining dilutions behaved
very similar but with a tendency to the decrease of the
signal.

La figura 3 muestra el efecto de la dilucién del
suero de los animales. La dilucién 1:200 resulto la de
mayor densidad optica (1.1). Las restantes diluciones se
comportaron muy similares pero con una tendencia a la
disminucion de la sefal.
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i

e e S—

0.8

0.6

OD 405 mm

0.4

0.2

1:200

1:300

1:400 1:500

Serum dilution

Figure 3. Effect of serum dilution

OD: optical density

T bars: standard deviation from each point
Different letters: significant differences P < 0.05
ANOVA, mean comparison by the Student Newman-Keuls Test

n=11
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The relationship between the optical density of the
positive and negative serums is shown in figure 4. In
the 1:300 dilution 2.7 relationship was obtained which
is much higher to that of 1:200 that was of 2.2. Reports
indicate the utilization of serums for detecting antibodies
against Haemonchus contortus at the most different
concentrations, 1:100 (De Vries ef al. 2009); 1:200 (Ruiz
et al. 2004, Bassetto ef al. 2011 and Molina et al. 2012);
1:1000 (Sun et al. 2011, Han et al. 2012 and Yan et al.
2013) and 1:4000 (Smith et al. 2003).
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La relacion entre la densidad oOptica de los sueros
positivos y los negativos se muestra en la figura 4.
En la dilucion 1:300 se obtuvo relacion de 2.7, muy
superior a la de 1:200 que fue de 2.2. Reportes senalan
la utilizacion de los sueros para detectar anticuerpos
contra el Haemonchus contortus a las mas diferentes
concentraciones, 1:100 (De Vries et al. 2009); 1:200
(Ruiz et al. 2004, Bassetto et al. 2011 y Molina et al.
2012); 1:1000 (Sun ef al. 2011, Han et al. 2012 y Yan
et al. 2013) y 1:4000 (Smith et al. 2003).

2,5

/

1,5

R (PS/NS)

0,5

1:200

1:300

1:400 1:500

Serum dilution

Figure 4. Relationship between the optical density of the positive and negative serums for

serum concentration

PS: positive serum NS: negative serum n =11

The effect of the conjugate (Anti-IgG of sheep)
dilution is shown in figure 5. The conjugate dilution
recommended by the producer (Invitrogen®, USA)
was of 1:7000. Nonetheless, conjugate dilutions from
1:7000 to 1:13000 were evaluated. The dilutions 1:7000
and 1:9000 exhibited values of optical densities higher
to one. On diluting more the conjugate the tendency
was to decrease the signal with minimum in 1:11000
and 1:13000.

El efecto de la dilucion del conjugado (Anti-IgG
de ovino) se muestra en la figura 5. La diluciéon del
conjugado recomendada por el fabricante (Invitrogen®,
EE.UU.) fue de 1:7000. No obstante, se evaluaron
diluciones del conjugado desde 1:7000 hasta 1:13000.
Las diluciones 1:7000 y 1:9000 mostraron valores
de densidad optica superiores a uno. Al diluir mas el
conjugado, la tendencia fue a disminuir la sefal, con
minimos en 1:11000 y 1:13000.

1.4
1,2 a OD: optical density
T bars: standard deviation from each
1 - point
o8 c c Different letters: Significant
va ’ T differences P < 0.05
S 0.6 ANOVA, mean comparison by Student
Q0.4 Newman-Keuls Test
o n=11
0,2
0 T T
1:7000 1:9000 1:11000 1:13000

Anti-IgG diluations

Figure 5. Effect of the conjugate dilution
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Figure 6 presents the relationship between the
optical density of the positive and negative serums.
The conjugate dilution 1:7000 was that of highest
relationship. Some authors report the utilization of
the conjugate at a dilution of 1:8000 (Fawzi et al.
2014) which is similar to ours. On the contrary, in
other reports conjugate dilutions ranging from 1:3000
(Bakker 2004), 1:4000 (Ruiz et al. 2004 and Molina
et al. 2012), 1:5000 (Santos et al. 2014), 1:10000
(Bassetto ef al. 2011), 1:20000 (Muleke et al. 2007)
up to 1:25000 (Shakya et al. 2011).
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La figura 6 muestra la relacién entre la densidad
optica de los sueros positivos y los negativos. La dilucion
del conjugado 1:7000 resultd la de mayor relacion.
Algunos autores informan la utilizacion del conjugado
a una dilucion de 1:8000. similar a la nuestra (Fawzi et
al. 2014). Por el contrario, en otros informes se utilizan
diluciones del conjugado que van desde 1:3000 (Bakker
2004), 1:4000 (Ruiz et al. 2004 y Molina et al. 2012),
1:5000 (Santos et al. 2014), 1:10000 (Bassetto et al.
2011), 1:20000 (Muleke et al. 2007) hasta 1:25000
(Shakya et al. 2011).
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Anti-IgG dilutions

Figure 6. Relationship between the optical density of the positive and negative serums for the

conjugate dilutions

PS: positive serum NS: negative serum n = 11

For serum incubation and the conjugate (Anti-IgG),
BFS was used for decreasing the unspecific interactions
of'the assay. For this, dilutions were assessed from 0 until
1 % (figure 7). In the dilutions where no BFA was utilized
and in that of 0.25 %, the values of optical density were
approximately one. As BFS concentration increased,
the tendency was to decrease the values of optical
density.

Para la incubacion de los sueros y del conjugado
(Anti-IgQG) se empled SFB con el objetivo de disminuir
las interacciones inespecificas del ensayo. Para esto se
evaluaron diluciones desde 0 hasta 1 % (figura 7). En las
diluciones donde no se usé el SFB y en la de 0.25 %, los
valores de densidad optica fueron aproximadamente uno.
En la medida que aumento la concentracion del SFB, la
tendencia fue a disminuir los valores de densidad optica.

1,2
a
1,0 — °
-\3\ DO: optical density
e 0.8 \i T Bars: standard deviation from
06 each point.
§ ’ Different letters: significant
n 0,4 differences P < 0.05
o ANOVA, mean comparison by
0.2 Student Newman-Keuls Test
00 . . . n=11
0 0.25 0.5 1

Dilutions of the bovine fetal serum (%)

Figure 7. Effect of the bovine fetal serum dilution
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Figure 8 shows the relationship between the positive
and negative serums for determining BFS concentration.
The highest relationship was attained with the dilution
at 0.25 %. When BFS concentration was increased,
the signal decreased. BFS dilutions at 1 % (Rodriguez
Sanchez et al. 2005) and at 2 % (Pupo-Antunez et al.
2011) were employed with the purpose of eliminating
the unspecific interactions in ELISA assays. Bashir et al.
(2011) and Wu et al. (2015) reported the use of albumin
from bovine serum for this objective. The first do not
declare the concentration utilized while the second made
itat 1 %.
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La figura 8 muestra la relacion entre los sueros
positivos y negativos para determinar la concentracion
del SFB. La mas alta relacion se logré con la dilucion
al 0.25 %. Cuando se aumento la concentracion del
SFB, la sefal disminuyd. Diluciones del SFB al 1 %
(Rodriguez Sanchez et al. 2005) y al 2 % (Pupo-Antunez
et al. 2011) se emplearon con el propoésito de eliminar
las interacciones inespecificas en ensayos de ELISA.
Bashir ez al. (2011) y Wu et al. (2015) informan el uso
de albtimina del suero bovino con este propoésito. Los
primeros no declaran la concentracion utilizada mientras
que los segundos lo hacen al 1 %.

3.5

3 —

0 0,25

0.5 1

Dilutions of the bovine fetal serum (%)

Figure 8. Relationship between the optical density of the positive and negative serums for
the concentration of bovine fetal serum

PS: positive serum NS: negative serum n= 11

The optimization of the parameters of this
ELISA immunoenzymatic assay allowed achieving
high optical density values with low unspecific
interactions. With this procedure the effect of
Haemonchus contortus can be assessed on meat
and wool production without the need of animal
slaughtering. For this, it is necessary the identification
of the gray zone of this assay.
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