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Abstract

The aim of the present study was to investigate the occurrence of anti-Toxoplasma gondii antibodies and parasite DNA 
in backyard chickens bred in the metropolitan area of Recife, Brazil. In total, 212 serum samples were collected from 
16 properties, and 12 backyard chickens were collected in the six sanitary districts of Recife. An indirect immunofluorescence 
assay (IFA) was used to investigate the occurrence of anti-Toxoplasma gondii antibodies. Polymerase chain reaction (PCR) 
was used to detect T. gondii DNA in brain, heart, liver and lung specimens. Of the samples analyzed by serology, 86/212 
(40.56%) were positive; of the samples analyzed by PCR, 2/12 (16.7%) were positive, with both samples positive by 
both tests (serological and molecular). The presence of antibody anti-T. gondii and parasite DNA in tissues of these 
animals are worrying aspects for public health because there is a risk of transmission of the parasite to humans through 
eating undercooked or raw meat. Based on the results, the adoption of preventive measures to prevent the cats access 
to the chickens creations should be encouraged, since these animals were identified in most of the studied properties.
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Resumo

O objetivo do presente estudo foi investigar a ocorrência de anticorpos anti-Toxoplasma gondii e de DNA do parasito 
em galinhas de criações domésticas, na região metropolitana de Recife, Brasil. No total, 212 amostras de soro foram 
coletadas de aves de 16 estabelecimentos e de 12 galinhas de criações domésticas nos seis distritos sanitários de Recife. Para 
a pesquisa de anticorpos anti-Toxoplasma gondii foi utilizada a Reação de Imunofluorescência Indireta (RIFI). A Reação 
em Cadeia da Polimerase (PCR) foi utilizada para detectar o DNA de T. gondii em fragmentos de cérebro, coração, fígado 
e pulmão. Das amostras analisadas por sorologia, 86/212 (40,56%) foram positivas. Das amostras analisadas por PCR, 
2/212 (16,7%) foram positivas, em ambos os testes (sorológicos e moleculares). A presença de anticorpos anti-T. gondii 
e de DNA parasitário nos tecidos desses animais são aspectos preocupantes para saúde pública, porque há o risco de 
transmissão do parasita para humanos através da ingestão de carne mal cozida ou crua. Com base nos resultados obtidos, 
a adoção de medidas preventivas que evitem o acesso de gatos às criações de galinhas deve ser incentivada, uma vez que 
esses animais foram identificados na maioria das propriedades estudadas.
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Introduction

Toxoplasmosis, a zoonotic disease caused by the protozoan 
Toxoplasma gondii, is a cosmopolitan disease that infects humans 
and other warm-blooded species (MILLAR et al., 2012). Toxoplasma 
gondii is a protozoan with obligatory intracellular reproduction 
that is capable of infecting several mammals and birds (SILVEIRA, 
2010), and the main transmission route of T. gondii is through 
the ingestion of oocysts found in the feces of definitive hosts 
(DUBEY et al., 1995).

Birds are important intermediary hosts of T. gondii. As backyard 
chickens are a good indicator of soil that has been contaminated 
with T. gondii oocysts, they are used as sentinel animals in regions 
with high rates of human infection (MILLAR et al., 2012).

A number of investigators have noted that chickens from extensive 
breeding programs can contain tissue cysts of T. gondii due to their 
eating habits; these birds therefore represent an infection risk for 
humans (LITERAK & HEJLICEK, 1993; DUBEY et al., 2006; 
DUBEY, 2010). Birds bred in intensive systems are less likely to 
come into contact with infection sources and generally exhibit a 
lower prevalence of the parasite (MILLAR et al., 2008). In Brazil, 
70% of people have been exposed to T. gondii at some point in 
their lives (VERGARA et al., 1985). Indeed, serological studies 
conducted in different regions of the country have reported prevalence 
rates ranging from 11.18% to 78.7% (JAMRA & GUIMARÃES, 
1981; FERRARONI & LACAZ, 1982; ABRAHAMS-SANDI & 
VARGAS-BRENES, 2005; HOLSBACK et al., 2012; ZHAO et al., 
2012; IBRAHIM et al., 2014).

However, very few serological studies have been conducted 
in northeastern Brazil to investigate the infection of humans and 
backyard chickens; in fact, no such studies have been conducted in 
mainland Pernambuco. Nonetheless, in a study conducted on the 
Fernando de Noronha archipelago, 84% of the chickens assessed 
were positive (DUBEY, 2010). In Pernambuco, a typical dish 
known as “Galinha Cabidela” is prepared with poultry viscera and 
blood. In some cases, this dish is served “undercooked” and this 
regional habit can be considered a risk factor in the transmission 
of the parasite. The aim of the present study was to investigate 
the occurrence of anti-Toxoplasma gondii antibodies in backyard 
chickens as well as the presence of parasite DNA in the tissues of 
chickens bred extensively for human consumption in the city of 
Recife in northeastern Brazil.

Materials and Methods

The experimental procedures of the present study followed 
the International Guiding Principles for Biomedical Research 
Involving Animals and were approved by the Ethics Committee 
of the Universidade Federal Rural de Pernambuco under protocol 
number CEUA-UFRPE – 015533/2012-71.

Blood samples were collected from backyard chickens in the 
metropolitan area of Recife, Northeast Brazil. The sample size 
was determined using an expected prevalence of 10% T. gondii 
infection (GARCIA et al., 2000), a confidence interval of 95% and 
a statistical error of 5% (THRUSFIELD, 2004). These calculations 
led to the establishment of a minimal sample of 138 birds. As a 

safety margin, 212 samples were collected. The properties were 
sampled in a non-probabilistic convenient manner.

Blood was collected through brachial venipuncture. An indirect 
immunofluorescence assay (IFA) was used to detect IgG antibodies 
against T. gondii (CAMARGO, 1974). Serial dilutions from 
2 to 1024 were used. Sera that had titers equal to or greater than 
16 were considered positive (MILLAR et al., 2012). Tachyzoites 
of the RH strain were used to sensitize the slides. Negative and 
positive controls were included in the reactions.

To study the parasite DNA, 12 chickens were acquired, in 
a non-probabilistic convenient manner, from the most popular 
public markets in the six sanitary districts of Recife. Blood 
collection for IFA and tissue fragment collection from the brain, 
heart, lung and liver was carried out after euthanasia by cervical 
dislocation according to resolution number 714 of the Conselho 
Federal de Medicina Veterinária (20th of June 2002). The samples 
first underwent DNA extraction using the QIAamp Tissue kit 
(Qiagen), following the manufacturer’s instructions. DNA was 
amplified in a final reaction volume of 12.5 μL containing the 
following: 2.5 μL of genomic DNA, 0.5 μM of each primer, 
2.75 μL of ultrapure Milli-Q water and 6.25 μL of MasterMix 
(PCR mixture - Qiagen). The PCR was conducted in a MJ-96G 
thermocycler (Biocycle Co. Ltd, Hangzhou - China), as described 
by (HOMAN et al., 2000). The primer pairs used in the PCR were 
TOX4 (CGCTGCAGGGAGGAAGACGAAAGTTG) and TOX5 
(CGCTGCAGACACAGTGCATCTGGATT), which amplify 
a 529 bp region and were previously described by Homan et al. 
(2000). The amplified products were detected by electrophoresis 
in 2% agarose gels, stained with ethidium bromide, visualized 
under ultra-violet light and photographed. Measures were taken 
to avoid contaminating the samples from the time of collection 
until the results were available, as described in (KWOK, 1990).

The positive control for the extraction of parasite DNA 
was a suspension of RH strain tachyzoites at a concentration of 
104  tachyzoites/mL. The negative control was ultrapure water. 
DNA sequencing was used to confirm the identity of the amplified 
fragments.

The amplicons were purified using the Qiacki purification 
Kit® following the manufacturer’s instructions and forwarded to 
the Central Laboratory (LABCEN) of the Center of Biological 
Sciences (CCB) of the Universidade Federal de Pernambuco 
(UFPE). Subsequently, the sequences were analyzed with the aid 
of Bioedit and MEGA 5 software and compared with the NCBI 
database using BLAST.

Results

Based on the serological analysis, 40.56% (86/212) of the 
samples were positive for anti-T. gondii antibodies. The positive 
chickens had titers ranging from 16 to 256, and the IgG antibody 
titers are shown in Table 1.

Positive PCR amplification of T. gondii DNA was recorded 
in 16.6% (2/12) of the heart and lung samples. The molecular 
identification of the amplicons found in the present study indicated 
a 99% similarity with T. gondii DNA recorded in GenBank 
(accession number JQ235841.1).
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Discussion

A high frequency of positive chickens was determined by 
serology in the present study (40.56%). This result is significant 
when compared to results from other regions of Brazil. In addition, 
the results for South America vary in relation to indices of 
positivity: 44% in Colombia (DUBEY et al., 2005a), 26% in 
Peru (DUBEY et al., 2004), 32% in Venezuela (DUBEY et al., 
2005b), and 40% in Argentina (DUBEY et al., 2005c). All of 
these studies used the modified agglutination test (MAT) and 
considered sera with titers ≥ 5 as positive.

Previous studies have been conducted in Brazil to assess the 
prevalence of T. gondii in backyard chickens, with results ranging 
from 10.3% (GARCIA  et  al., 2000) to 81% (DUBEY  et  al., 
2003). However, studies of this species in the state of Pernambuco 
remain scarce; only the studies conducted by Dubey et al. (2008) 
and Dubey (2010) have characterized T. gondii strains in chickens 
in this state. The differences in infection rates between countries 
and regions of the same country may be explained by different 
levels of environmental contamination, the techniques used, the 
climate and the breeding systems employed, among other factors 
(MILLAR et al., 2012).

The high frequency of infected chickens found in the present 
study was because the birds were bred in an extensive system that 
involved contact with soil or water that had been contaminated 
with oocysts. Young and adult cats shared the same space as the 
chickens on all of the 16 properties visited in the present study, and 
infected cats can contaminate an area with oocysts (DUBEY et al., 
1995). The chickens used in the present study were adults, with an 
increased possibility of contact with infection sources over time.

In the present study, the amplification of T. gondii DNA was 
also observed in heart and lung samples from different backyard 
chickens. Of the 12 chickens studied, two (16.66%) were positive 
by PCR. The presence of parasite DNA in these organs is a 
significant finding. Although it is not possible to confirm the 
viability of the parasite using PCR testing, the results call into 
question whether the consumption of this type of meat could 
be a risk to the consumer, particularly if the meat or viscera are 
undercooked (MILLAR et al., 2012).

Yan et al. (2010) studied chickens in China and reported that 
the organs with the greatest quantity of T. gondii parasites were 
the heart and lungs, and Aigner et al. (2010) demonstrated the 
amplification of T. gondii DNA in chicken brain and heart samples 
in Paraná (Brazil). The present study also confirmed positivity 

in lung and heart samples. In general, this type of investigation 
uses the brain and heart for molecular analysis because these 
organs are the targets of the parasite. Gonçalves (2010) obtained 
13 brain samples and seven heart samples in Bahia (Brazil) and 
reported that 8 samples (from both organs) were positive by PCR, 
thereby demonstrating a greater predilection of the pathogen for 
these organs.

Conclusion

The high frequency of positive animals in the present study 
should be a concern for health authorities because there is a risk 
of the parasite being transmitted to humans, particularly in the 
northeastern region, where the meat and viscera of backyard 
chickens are commonly consumed.

In relation to the occurrence of anti-T. gondii antibodies and 
DNA amplification of the parasite in the tissues from backyard 
chickens, the results of the present study are specific to this region 
of Brazil. Based on the results, the adoption of preventive measures 
to prevent the cats access to the chickens creations should be 
encouraged, since these animals were identified in most of the 
studied properties.
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