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Abstract

The aim of this study was to evaluate the presence of anti-Toxocara antibodies in naturally infected broiler chickens 
(n = 189) from the state of Paraná, southern Brazil. The chickens were reared in a semi-intensive system by small 
family farmers (n = 7). An enzyme-linked immunosorbent assay (ELISA) was performed to detect the presence of 
anti‑Toxocara spp. IgY after serum adsorption with Ascaridia galli antigens. An overall seroprevalence of 67.7% (128/189; 
95% CI = 61.1-74.4) was observed. The frequency of positive animals by farm ranged from 29.6% to 100%. The optical 
density and reactivity index values observed in ELISA test indicated the possible chronicity of infection of the evaluated 
chickens. Associations between the presence of antibodies and the area where the chickens were reared (p = 0.382) 
or the population density of dogs on the farm (p = 0.785) were not observed. This study shows a high prevalence of 
Toxocara spp. antibodies in broiler chickens reared in semi-intensive systems and provides evidence that chickens are a 
good indicator of environmental contamination by larva migrans agents. Further studies are necessary to assess the risk 
factors associated with poultry infection and the likelihood of toxocariasis transmission to humans via the ingestion of 
free-range chicken meat.
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Resumo

A finalidade do presente estudo foi avaliar a presença de anticorpos anti-Toxocara, em frangos de corte naturalmente 
infectados (n = 189), no Norte do Paraná, Sul do Brasil. Os frangos foram criados em sistema semi-intensivo, em 
pequenas propriedades rurais (n = 7). Os testes sorológicos foram realizados pela técnica de ELISA, para detecção de 
anticorpos IgY (IgG), com pré-adsorção do soro com antígenos de Ascaridia galli. Foi observada uma prevalência de 
67,7% (128/189; IC 95% = 61,1-74,4). A frequência de animais soropositivos por propriedade variou de 29,6% a 
100%. Os valores da Densidade Ótica e do Índice de Reatividade observados no teste de ELISA indicaram uma possível 
cronicidade de infecção dos frangos avaliados. Não foi observada correlação entre a positividade dos animais, quando 
comparada a área (p = 0,382) e a densidade populacional de cães por propriedade (p = 0,785). O presente estudo verificou 
uma alta prevalência de anticorpos anti-Toxocara em frangos de corte criados em sistema semi-intensivo e oferece dados 
que apontam esses animais como bons indicadores de contaminação ambiental por agentes de larva migrans. Estudos 
futuros são necessários para avaliar os fatores de risco associados e a possibilidade da transmissão de toxocaríase ao ser 
humano pela ingestão de carne de frango.
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Introduction

Poultry, one of the most important and richest sources of 
protein for humans, are reared both intensively in fully automated, 
environmentally controlled systems and semi-intensively in 
backyards (FAO, 2014).

Backyard production methods imply low biosafety measures 
and a high risk of infectious diseases (CONAN  et  al., 2012; 
IBRAHIM et al., 2016). Chickens reared in backyards, for instance, 
harbour a wide variety of geo-parasites, becoming highly infected 
during feeding (BEN SLIMANE, 2016; FERDUSHY et al., 2016; 
JAVAREGOWDA et al., 2016). In Bangladesh, chickens reared 
in backyards were significantly more susceptible to infections by 
parasites than those reared in intensive systems (RABBI et al., 2006).

Chickens have been considered indicators for environmental 
contamination by soil-borne parasitic diseases (CARDOSO & 
YAMAMURA, 2004), especially toxoplasmosis, a zoonosis that 
may be transmitted to humans via the ingestion of undercooked, 
infected chicken meat (DUBEY, 2010).

Chickens are also considered an indicator for soil contamination 
by the eggs of dog/cat Toxocara spp. (CAMPOS-DA-SILVA et al., 
2015; VON SÖHSTEN et al., 2017), a nematode responsible 
for human toxocariasis, one of the most prevalent helminthiases 
in the world (RUBINSKY-ELEFANT et al., 2010). Toxocariasis 
is primarily transmitted to humans via the ingestion of soil 
containing embryonated eggs; however, the consumption of 
raw or undercooked meat from chickens may also represent an 
alternative route of transmission to humans (NAGAKURA et al., 
1989; TAIRA et al., 2004; MORIMATSU et al., 2006).

Recent studies on natural infections in chickens reared in 
semi‑intensive system/free-range chickens have shown a high 
prevalence of anti-Toxocara antibodies in poultry commercialized 
in street markets (VON SÖHSTEN  et  al., 2017) and from 
different origins (CAMPOS-DA-SILVA et al., 2015), along with 
the presence of Toxocara larvae (T. canis and T. cati) in the tissues 
of the animals (ZIBAEI et al., 2017).

Despite the high prevalence of anti-Toxocara antibodies in 
chickens, there is a lack of information regarding the factors 
associated with the infection.

In this study, we aimed to evaluate the presence of anti-Toxocara 
IgY antibodies in slaughtered broiler chickens, in addition to other 
factors associated with the infection.

Materials and Methods

Study area and farms

The serum samples of the chickens evaluated in this study 
were obtained in a slaughterhouse located in the municipality of 
Barra do Jacaré, state of Paraná, southern Brazil (23° 06’ 54” S; 
50° 10’ 53” W).

The slaughterhouse was selected based on their management 
of an association of small farms (n = 7) that were located in the 
same municipality and were characterized by family maintenance, 
covered a small area (average = eight hectares), and produced 
broiler chickens as the major source of family income.

Animal rearing

In this association system, the slaughterhouse obtained, per 
week, approximately 1000 Label Rouge chicks at one day of age 
from a chick industry.

The chicks were maintained in a concrete shed base (250 m2) 
for a 30-day adaptive period and fed food based on corn (Zea mays) 
and water ad libitum.

Following the adaptive period, the chickens were then transferred 
to the seven associated farms (n = 100-150 chickens/farm). 
On the farms, the chickens were reared (cycles of 60-90 days) in 
a semi-intensive system (area from 1200 to 5000 m2) and given 
corn-based food (Zea mays) and water ad libitum.

All the information regarding the farm properties (number of 
dogs, total area of the farm) was provided by the slaughterhouse 
manager.

The study was approved by the Ethics Committee for 
Animal Use (CEUA) of the University of Western São Paulo 
(UNOESTE), Presidente Prudente, state of São Paulo, Brazil, 
under protocol 3114/2016.

Sample collection

Our study was carried out from May to July 2016 and was 
designed to randomly collect 27 samples of animals belonging 
to the same group of chicks (n = 100 animals/farm). Therefore, 
a total of 189 chickens, aged 60-90 days, were included in this 
study.

Following the slaughter of the chickens, blood samples were 
collected in vacuum tubes. The tubes were centrifuged (1,650 g, 
10 min) to obtain the serum samples, which were transferred 
into microtubes and stored at -20 °C for processing.

Antigen preparation

Toxocara canis excretory-secretory L3 antigens (TES) 
were obtained according to a previously described method 
(ELEFANT et al., 2006). Briefly, T. canis eggs were collected 
from the uteri of female T. canis adult worms and incubated 
(28°C) for a period of approximately one month in 2% formalin. 
Next, to induce the rupture of the mamilonated membrane of 
the embryonated eggs, the suspension was treated with a 5% 
sodium hypochlorite solution for 5 min at room temperature, 
and the second-stage larvae were recovered using a Baermann 
apparatus. The obtained larvae were maintained in serum-free 
Eagle’s medium (37 °C), and the culture supernatant containing 
the TES was transferred to sterile flasks each week. Then, the 
supernatant was treated with 200 mM phenyl-methyl-sulfonyl 
fluoride, a protease inhibitor (Sigma, St. Louis, MO, USA), 
concentrated with Amicon Ultrafiltration units (Millipore, 
Danvers, MA, USA), dialysed against distilled water, centrifuged 
(18,500 × g, 60 min, 4 °C), and filtered using 0.2-µM Millipore 
membranes.

Protein concentrations were measured using the Lowry 
method (LOWRY et al., 1951).



v. 27, n. 2, apr.-june 2018 143/145   143Anti-Toxocara antibodies in chickens

Ascaridia galli adult worm extract (AWE)

Birds living in direct contact with soil are susceptible to 
infection via the transmission of other soil-borne helminths, in 
addition to Toxocara spp. Before performing the enzyme-linked 
immunosorbent assay (ELISA), each chicken serum sample 
was treated with an A. galli antigen suspension to minimize the 
cross‑reactivity with Toxocara antibodies and, consequently, to 
increase the specificity of the ELISA (CAMPOS-DA-SILVA et al., 
2015; VON SÖHSTEN et al., 2017).

To obtain the AWE, we followed a previously described 
protocol (ROMASANTA et al., 2003; ELEFANT et al., 2006). 
First, adult A. galli were recovered from the bowel of a naturally 
infected chicken. The worms were then macerated in distilled water, 
and NaOH was added until a final concentration of 0.15 M was 
obtained. The material was then incubated (room temperature, 2 h) 
and neutralized with 6 M HCl. Thereafter, the extract was treated 
with ether to remove the lipids and centrifuged (18,500 g, 20 min, 
4 °C). The aqueous phase was removed and filtered (0.22-µM 
Millipore membrane). The sera were pre-incubated at a final 
concentration of 25 µg/mL AWE in 0.01 M phosphate‑buffered 
saline (PBS, pH 7.2) with 0.05% Tween 20 (PBS-T) (Sigma, 
St. Louis) (37 °C, 30 min).

Indirect ELISA for anti-Toxocara IgY detection

An indirect ELISA was performed to evaluate the anti-Toxocara 
IgY (IgG) antibodies according to the previously described protocol 
(SAVIGNY et al., 1979) with some modifications (ELEFANT et al., 
2006). Briefly, 96-well polystyrene plates (Corning, Costar, New 
York, NY) were coated (100 µL/well) with TES diluted in 0.01 
M PBS (pH 7.2) to a concentration of 1.9 μg/mL. Following 
incubation (37 °C, 2 h followed by 4 °C, 18 h), the wells were 
washed, and thereafter, each well was blocked with 200 µL of 1% 
bovine serum albumin (BSA, Sigma, St. Louis, USA) in PBS-T 
20 (0.05%) with an incubation at 37 °C for 1 h.

After washing, the serum samples (100 µL/well), diluted 1:200, 
were incubated in duplicate (37 °C, 40 min). The plates were then 
washed and incubated (37 °C, 40 min) with peroxidase-conjugated 
anti-chicken IgY antibodies (IgG) produced in rabbit (A9046, 
Sigma, Birmingham, AL, USA) (100 µL/well), diluted 1:40,000 in 
0.05% PBS-T. The material was washed, and tetramethylbenzidine 
(TMB-BD, San Diego, CA, USA) was added as the chromogenic 
substrate (100 µL/well). Following incubation (37 °C, 6 min), the 
reaction was stopped using a 2 N H2SO4 solution (50 µL/well). 
The absorbance readings were performed at 450 nm (Titertek 
Multiskan MCC/340, Lab-System, Finland).

The positive and negative control sera used in our study were 
the same as those used in an experimental trial, in which three 
groups of chickens were infected with different infective doses 
of T. canis eggs (100, 1000, and 5000), and another group was 
employed as a negative control (SILVA RAPOSO et al., 2016). 
According to these authors, an ELISA had 96.8% sensitivity 
and 100% specificity in the detection of IgY on the 60th day 
post‑infection, independent of the infective dose.

All the samples were evaluated in duplicate, and the final OD 
was determined as the average of the duplicates. Antibody levels 
were expressed as reactivity indices (RIs) and were calculated from 
the ratio between the absorbance values of each tested sample and 
the cut-off value (RI = OD sample / OD cut-off). The samples with 
RIs greater than 1 were considered positive. The cut-off calculation 
was based on the OD value of the negative control (0.087) plus 
4 SDs (4 × 0.0194 = 0.078), resulting in a value of 0.165.

Statistical analysis

The Pearson correlation test was performed to evaluate the 
relationship between the density of dogs per farm (m2) and the 
frequency of ELISA positivity. A 95% confidence interval (CI) 
was obtained using the Wilson method according to Sundar 
Dorai-Raj (2014). All analyses were performed using R software 
(R DEVELOPMENT CORE TEAM, 2014), and the results were 
interpreted using a significance level of 0.05.

Results

Our screening obtained positive results for anti-Toxocara 
IgY antibodies in 67.7% (128/189; 95% CI = 61.1-74.4) of the 
free‑range chickens according to the results of the indirect ELISA.

Table 1 summarizes the ODs, RIs, and frequencies of poultry 
that tested positive per farm. The ELISA positivity ranged from 
29.6% to 100%.

We compared the ODs of the positive animal samples with 
the ODs of the positive and negative controls. It was observed 
that 91.4% (n = 117) had ODs higher than the cut-off and lower 
than the positive control (PC), while in 8.6% (n = 11), the OD 
was equal to or higher than the PC.

The RIs ranged from 0.187 to 0.993 and from 1.0 to 3.431, 
respectively, for the negative and positive samples (RI mean = 1.358). 
For chickens that tested positive, 44.5% had RIs between 
1.0 and 1.49, while 47.7% had RIs from 1.500 to 2.499, and the 
RIs for 7.8% were higher than 2.500 (Figure 1).

Figure 1. Box plot representing the distribution of the reactivity 
indexes of anti-Toxocara antibodies (IgY) in free-range broiler chickens 
detected by indirect ELISA. State of Paraná, southern Brazil - 2017.
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The number of dogs by farm ranged from 1 to 12 (mean = 3.9), 
and the area where the chickens were reared varied from 1,200 to 
5,000 m2 (mean = 2,293 m2). Considering the frequency of the 
positive ELISA results, no correlations were observed when the 
area (p value = 0.382) and the density of dogs (p value = 0.785) 
were compared.

Discussion

We screened for the presence of anti-Toxocara spp. antibodies 
in free-range chickens slaughtered in an abattoir in southern Brazil. 
Our data revealed a high seroprevalence of the antibodies (67.7%). 
In Brazil, a high frequency of anti-Toxocara IgY antibodies has 
also been detected by ELISA in the sera of free-range chickens 
of different origins (CAMPOS-DA-SILVA et al., 2015) and in 
broilers commercialized in street markets (VON SÖHSTEN et al., 
2017), with positive results obtained in 58.5% and 89.9% of 
samples, respectively.

In this study, serum pre-absorption with A. galli antigen 
suspensions was performed to minimize cross-reactivity with 
Toxocara (ELEFANT et al., 2006; CAMPOS-DA-SILVA et al., 
2015; VON SÖHSTEN et al., 2017). These authors observed that 
the pretreatment of chicken serum with A. galli antigens reduced 
the OD values obtained in the ELISA by approximately 15%.

We evaluated samples of chickens that were 1) of the same 
breed, 2) exposed to the same rearing system, and 3) exposed during 
a defined period of time (60-90 days), thereby excluding certain 
confounding variables associated with the infection, particularly 
during the period of exposure. We observed that majority (91.4%) 
of the chicken samples had an OD higher than the cut-off value 
and lower than the PC. Campos-da-Silva et al. (2015) considered 
samples from chickens with an OD higher than the cut-off and 
lower than the PC to be in three possible groups: infected, with 
past infection, or infected with another nematode (cross-infection). 
In this study, given the RI and OD values, the evaluated chickens 
could not have had past infections; due to the short lifespans of 
the evaluated chickens, the presence of antibodies was likely a 
consequence of chronic infection by Toxocara spp.

In this study, the frequencies of seropositive chickens ranged 
from 29.6% to 100%. This variation in the seropositivity for 
anti‑Toxocara antibodies has been considered to be dependent on 
the origin of the chickens. Campos-da-Silva et al. (2015) observed 

differences in the prevalence rates of antibodies in evaluated samples 
of chickens from small farms (78.6%), backyards (57.0%), and 
slaughterhouses (42.8%), and those necropsied at a university 
(42.5%). Another study (VON SÖHSTEN et al., 2017) reported 
similar findings (50.0% to 100%) and analysed samples of birds 
sold at street markets across eight different months.

Some risk factors have been associated with toxocariasis. 
In humans, toxocariasis tends to be more prevalent in rural 
settings, where the presence of dogs and high soil contamination 
(RUBINSKY-ELEFANT et al., 2010; MOREIRA et al., 2014). 
Therefore, it is likely that free-range chickens reared in a rural 
environment are commonly exposed to Toxocara eggs.

The poultry evaluated in our study lived in environments that 
were cohabitated by pets, particularly dogs. However, the frequency 
of positive ELISA results was not associated with the density of 
dogs on the farm or with the area where the poultry were reared. 
Our study evaluated a small number of farms (n = 7), which likely 
limited the evaluation of risk factors associated with the infection.

Campos-da-Silva et al. (2015) stated that free-range chickens 
may represent an indicator of soil contamination by Toxocara eggs, 
which may be reinforced by our results. These animals are also 
considered one of the best indicators of environmental contamination 
by Toxoplasma gondii oocysts (DUBEY et al., 2006; DUBEY, 2010).

In our study, it was not possible to evaluate the presence of 
larvae in the tissues of chickens. Zibaei et al. (2017) demonstrated 
the presence of Toxocara larvae (83.3% T. canis and 16.7% T. cati) 
in the tissue of broiler chickens by digesting the tissues in pepsin 
followed by a PCR assay. The authors concluded that broiler chickens 
can be natural paratenic hosts for the larvae of Toxocara spp., and 
in poultry, these larvae may be agents of human toxocariasis when 
humans consume raw, undercooked chicken meat, as observed by 
Nagakura et al. (1989) and Morimatsu et al. (2006).

Based on the conditions where chickens are reared and the 
high level of antibodies observed in our study and by others 
(CAMPOS-DA-SILVA  et  al., 2015; VON SÖHSTEN  et  al., 
2017), it is important to consider that the free-range environment 
may be a source of infection for humans and animals, and special 
attention should be given to farmers who are involved in free-range 
chicken-rearing activities.

In conclusion, the results of this study demonstrate that broiler 
chickens reared under semi-intensive conditions can be naturally 
infected by Toxocara species, thus serving as an indicator of soil 
contamination by Toxocara eggs. Further studies are necessary to 

Table 1. Frequencies of anti-Toxocara antibodies (IgY) in free-range broiler chickens detected by indirect ELISA. State of Paraná, southern 
Brazil. 2017.

Farm Area (m2) Examined
samples

Positive
RI ± sd

N % (95% CI)
I 1,250 27 26 96.3 (81.7-99.3) 1.881 ± 0.466
II 1,200 27 27 100.0 (87.5-100.0) 1.826 ± 0.515
III 2,400 27 25 92.6 (76.6-97.4) 1.641 ± 0.570
IV 2,500 27 21 77.8 (59.2-89.4) 1.288 ± 0.478
V 5,000 27 11 40.7 (24.5-59.3) 1.009 ± 0.379
VI 1,200 27 8 29.6 (15.6-48.5) 0.942 ± 0.297
VII 2,500 27 10 37.0 (21.5-55.8) 0.919 ± 0.330

Total 2,293* 189 128 67.7 (60.8-74.0) 1.092 ± 0.434
*mean; CI: confidence interval; N: number; RI: reactivity index; sd: standard deviation.



v. 27, n. 2, apr.-june 2018 145/145   145Anti-Toxocara antibodies in chickens

evaluate the risk factors associated with the infection of chickens 
by Toxocara spp. and to determine the amount of cross-reactivity 
in ELISA.
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