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RESUMO.- [Anticorpos séricos contra Taenia solium em 
suínos de criações não tecnificadas em uma região do 
Estado de São Paulo, Brasil.] A Taenia solium é uma im-
portante zoonose com grande importância em países em 
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desenvolvimento, devido a ocorrência de teníase e cisticer-
cose em humanos. Os suínos possuem grande importância 
no ciclo biológico desse parasita como hospedeiros inter-
mediários. A literatura científica descreve alguns fatores de 
risco associados com a ocorrência da enfermidade e que de-
vem ser evitados em países com baixo saneamento básico a 
fim de reduzir a exposição dos suínos aos ovos do parasita. 
Assim, objetivou-se avaliar a presença de anticorpos séri-
cos contra Taenia solium em suínos de criações não tecnifi-
cadas na região do Município de Jaboticabal, Estado de São 
Paulo, Brasil. A prevalência estabelecida foi de 6,82% (IC 
95% 4,18 - 9,45) a nível animal e 28,87% (IC 16,74 - 40,40) 
nos rebanhos. Isso está provavelmente associado ao baixo 
nível de tecnificação adotado durante a criação dos animais 
na área avaliada, o qual aumenta a exposição dos animais 
aos fatores de risco associados ao complexo Taenia solium. 
Os resultados da ocorrência de cisticercose suína baseados 
em evidências sorológicas na região avaliada servem como 
um alerta as autoridades sanitárias para promover a saúde 
pública e controlar a Taenia solium.
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TERMOS DE INDEXAÇÃO: Taenia solium, cisticercose, epidemiolo-
gia, saúde pública, tênia, zoonoses.

INTRODUCTION
Taenia solium is a tapeworm that causes two important foo-
dborne diseases common in developing countries with poor 
sanitation: taeniasis and cysticercosis. Pigs are the interme-
diate hosts of the parasite, while humans are both definitive 
hosts (taeniasis) and intermediate hosts (cysticercosis) (OIE 
2014). The ingestion of water or food contaminated with the 
parasite’s eggs are the main infection pathway of human cys-
ticercosis. In the event of eggs ingestion, neurocysticercosis 
commonly occurs and is considered one of the most impor-
tant diseases in Latin America (Flisser et al. 2003) and the 
major cause of epileptic seizures in Brazil (Ishida et al. 2006).

Human cysticercosis is widely distributed in Brazil (Sil-
veira-Lacerda 2002, Prestes-Carneiro et al. 2006, Sato et al. 
2006, Ishida et al. 2011, Silva et al. 2011) and its occurrence 
is usually associated with the exposure to risk factors such 
as: pig rearing together with kitchen gardening (Ishida et 
al. 2011), consumption of under-cooked pork (Prasad et 
al. 2007), human defecation in inappropriate areas and the 
lack of hand washing after defecating (Weka et al. 2013). 
Moreover, Pinto et al. (2002) compared the cysticercosis 
occurrence in swine slaughtered with and without sanita-
ry inspection. The authors proved that the consumption of 
pork slaughtered without sanitary inspection presented a 
great public health risk. This practice is common in Brazil 
and other developing countries.

Pigs get infected with the cysticerci by ingesting food or 
water contaminated with T. solium eggs, parasite segments, 
human feces containing eggs (OIE 2014) or even direct pig-
-to-pig transmission (Gonzalez et al. 2006). The main risks 
factors associated with swine cysticercosis are free-range 
husbandry system, absence of bathrooms in the rearing 
farms, contaminated water ingestion (Sikasungeet al. 2007, 
Morales et al. 2008) and slaughter without sanitary inspec-
tion (Pinto 2000).

The occurrence of this disease varies among studies 
performed in Brazil (Sakai et al. 2001, Falavigna-Guilherme 
et al. 2006, Silva et al. 2007, Acevedo-Nieto 2011, Acevedo-
-Nieto et al. 2012, Aragão et al. 2012, Felippe et al. 2014). 
The prevalence in pigs reared in technified farms in the sta-
te of São Paulo, Brazil, was very low (<0.1%) (Almeida et 
al. 2014), on the other hand, few studies evaluate the pre-
valence of swine cysticercosis in animals of non-technified 
farms. The only other one, also performed in the state of São 
Paulo, evaluated pigs from non-technified farms at Registro 
municipality using ELISA and found 20.5% (113/551) of 
positive animals (Gottschalk et al. 2006).

This research focused on testing pigs of non-technified 
rearing farms for serum antibodies against T. solium in the 
region of Jaboticabal municipality, in the state of São Paulo, 
Brazil.

MATERIAL AND METHODS
Area characterization and sample collection. The study 

was performed according to ethical standards and procedures 

for animal’s researches with protocol number 07998/14 (Ethi-
cal Comission in Animal Use – Jaboticabal.) Blood samples of 352 
pigs reared in 56 different non-technified farms in the region of 
Jaboticabal municipality, state of São Paulo, Brazil, were collected 
during the years 2014 and 2015. The farms included in this study 
were located in 12 different municipalities: Borborema (2), Gua-
riba (1), Guatapará (2), Ibitinga (1), Itápolis (3), Jaboticabal (18), 
Monte Alto (4), Motuca (11), Pradópolis (4), Taiaçu (5), Taíuva (1) 
and Taquaritinga (4).

The age of the sampled animals ranged from three months 
up to two years old. The blood was collected through jugular 
punction and transported refrigerated to the laboratory. The se-
rums were obtained after centrifugation of the total blood and 
afterwards were stored in a freezer at -20oC.

The farm selection was not probabilistic because the inclusion 
in the study was voluntary. The only criteria adopted for the inclu-
sion was the low level of technification. The farms included in this 
study didn’t adopt biosecurity practices according to veterinary re-
commendation, used free-range system in animal rearing, and did 
not have sanitary control of the water or food offered. In herds with 
five animals or less, all of them were sampled, but in larger herds, 
10% of the animals were randomly chosen for sample collection.

In order to determinate the sample size required to perform 
this study the following equation was used:

n= z2.p.q 
 d2

n = sample size, Z = standard deviation, p = expected prev-
alence, q = 1-p, and d = maximum admitted error, according to 
Thrusfield (2010).

The pig population in this region was 4,100 animals (São Pau-
lo 2008), the expected disease’s prevalence of 1%, since there are 
no other studies with non-technified farms animals in this region, 
and a maximum admitted error value of 2.5%. The obtained value 
(n) was corrected (nc) to the population size using the equation:

nc= nxN 
 n+N

As a result, to accomplish this study’s objective, at least 246 
blood samples were necessary.

Laboratory analysis. The sample screening was performed 
using an indirect ELISA test and the positive samples were sub-
jected to a Western Blot assay to confirm the diagnosis. The 
prevalence was estimated using the Western Blot assay results. 
The serological tests used a heterologous total antigen of Taenia 
crassiceps according to the following methodology established 
by Pinto et al. (2000) and Pinto et al. (2001). The sensitivity and 
specificity of the performed ELISA test is respectively, 100% and 
98%. For the Western Blot the values are 76.9% of sensitivity and 
98.5% of specificity.

ELISA. Polystyrene sensitized plates were used with antigen 
diluted in carbonate-bicarbonate buffer 0.5M pH 9.6 for 12 hours 
at 4°C, preceded by incubation at room temperature for one hour. 
After washing in saline solution containing 0.05% Tween-20, the 
reactive sites were blocked with 5% skimmed milk in PBS pH 
7.4 for 1 hour at 37 °C. New washes were performed and serum 
samples were diluted at 1:12.5 for pigs in 1% skimmed milk in 
PBS pH 7.4, and the plate was incubated for 30 minutes at 37°C. 
After washing, the conjugate (peroxidase-labeled rabbit anti-pig 
IgG, A5670, Sigma Chemical Co., St Louis, MO, USA) was diluted at 
1:5000 and added, and the procedures of incubation and washing 
were repeated. The reaction was developed with 0.1%o-phenyl-
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enediaminedihydrochloride - OPD, P8287 (Sigma Chemical Co., St 
Louis, MO, USA) and 0.003% H2O2 in 0.2 M citrate phosphate buf-
fer (pH 5.0) during an incubation period of 5 minutes. The reac-
tion was blocked with 4N H2SO4 and readings were conducted in 
a spectrophotometer at 492 nm. The amount of reagents applied 
to each well of the plate was 100µl, except for blocking, which was 
performed with 200 µl. In order to minimize the differences be-
tween the plates, facilitate comparison and provide a more accu-
rate result, the cut-off point was calculated from the mean values 
of optical densities (OD) of negative controls on each plate plus 
two standard deviations (2SD). The OD readings were adjusted 
for each plate by the correction factor, which was calculated from 
the difference between the mean of the negative and the positive 
controls of the standard plate, divided by the difference between 
the mean of the negative and the positive controls of the test plate.

Western Blot. After electrophoresis, the important peptides 
for the diagnosis (4-6, 14 and 18KDa) were separated by SDS-
PAGE and transferred from gel to nitrocellulose membranes 0.2 
(Millipore, USA) according to the method described by Towbin et 
al. (1979), using a transfer buffer solution containing methanol 
(25mM Tris-hidroximetilaminoetano; 192mm glycine and 20% 
methanol -v/v-, pH 8.3). The transfer was performed for a period 
of 1 hour at room temperature with current of 50 mA and con-
stant voltage of 17V (Bio-Rad Laboratories, Hercules, CA, USA). 
After transfer, the nitrocellulose membranes were stained with 
Ponceau-S 0.5% aqueous solution, for qualitative and quantitative 
viewing of the transfer. Strips of 3 to 4 mm in width were obtained 
from the membranes, and they were bleached and washed three 
times in saline (0.15 M NaCl) containing 0.05% (v/v) Tween-20. 
The strips were treated with blocking solution of 5% skim milk 
dissolved in Tris-saline (10mM Tris-hydroxymethylaminometh-
ane) and 0.15 M NaCl, pH 7.4, by heating to about 90 °C and filter-
ing through filter paper for an hour under slow stirring at room 
temperature. Diluting solution was added to the serum samples. 
Serum samples analyzed in a diluting solution (blocking solution 
diluted 1/5 in Tris-saline) were diluted at 1:100 and added to 
the strips, and incubation was performed for 14-18 hours at 4°C 
under slow stirring. After six 5-min washes, the strips were incu-
bated again for one hour with the conjugate (peroxidase-labeled 
rabbit anti-pig(A-5670), Sigma Chemical Co., St. Louis, MO, USA), 
suitably diluted at 1:1000, and then new washes were performed. 
The peptides were evidenced as reactive with the chromogen solu-
tion (5mg diaminobenzidine, 1.5% H2O2 in PBS pH 7.2) for about 
10 minutes. Then, the strips were rinsed with distilled water and 
dried. Sero-positivity or sero-negativity was based on the presence 
or absence of reaction with the aforementioned peptides. The mo-
lecular weight markers used ranged from about 205kD to 6.5 kD 
(Sigma M-4038).For the test, the total antigen of Taenia crassiceps 
was used at a concentration of 6ìg/ml (Pinto et al., 2001).

Statistical analysis. A 95% confidence interval (CI 95%) 
was estimated to all prevalence values obtained according to the 
methodology proposed by Thrusfield (2010).

RESULTS AND DISCUSSION
In total, 352 swine blood samples from 56 different farms 
were collected. For epidemiological purposes, each farm 
was considered as one single herd in this study. Table 1 sho-
ws the prevalence results at animal level and at herd level.

The prevalence of cysticercosis at animal level was 
6.82% (C.I 95% 4.18-9.45) and 28.87% (C.I 95% 16.74-
40.40) at herd level. The low level of technification adopted 
in those farms during the animal rearing matches the pre-
valence values found. Thus, there is no sanitary inspection 

during this animal’s slaughter, increasing the risk of Tae-
nia solium occurrence in the population and, consequently, 
causing public health issues in Brazil (Pinto 2002).

The farms included in this study used free-range system 
in animal rearing, and did not have sanitary control of the 
water offered; sometimes the animals had free access to ri-
vers usually contaminated with sewage from nearby cities 
and other farms. The scientific literature points out free-ran-
ge husbandry systems, absence of toilet in the farm, access 
to contaminated water and the animal slaughter without sa-
nitary inspection as the main risk factors related to swine 
cyticercosis (Pinto 2000, Sikasunge et al. 2007, Morales et al. 
2008). The presence of these factors in the farms of this stu-
dy could justify the high prevalence (28.87%) at farm level.

The high population density (166.23 humans/km²) in 
the state of São Paulo (IBGE 2014) could also explain the 
high prevalence of swine cysticercosis. High-populated 
areas are prone to have more infected humans and conse-
quently more eggs spreading in the environment where the 
animals are and contaminating the food/water, offered wi-
thout sanitary control.

The prevalence value found agrees with Silva et al. 
(2007) that detected cysticercosis in 4.7% (4/85) of the pig 
carcasses at meat sanitary inspection in the state of Ceará. 
Sakai et al. (2001) detected 12.08% (29/240) cysticercis 
infected pigs in the state of Bahia. Acevedo-Nieto (2011) 
found 5.26% (13/247) of infected pigs in Tumiritinga mu-
nicipality, state of Minas Gerais.

Gottschalk et al. (2006) evaluated pigs from non-tech-
nified farms in the Registro region, state of São Paulo, and 
established that 20.5% (113/551) of the animals were cys-
ticercosis positive. All the authors cited above found higher 
prevalence values when compared to this research because 
they used only the ELISA as diagnostic test without Western 
Blot to confirm the positives. On the other hand, the disease 
was not reported in animals slaughtered in the state of Pa-
raná (Falavigna-Guilherme et al. 2006) and in rural areas of 
Matias Barbosa and Divinésia municipalities, in the state of 
Minas Gerais (Acevedo-Nieto et al. 2012, Felippe et al. 2014).

The cysticercosis prevalence in carcasses of pigs reared 
in technified farms and slaughtered in the state of São Pau-
lo was less than 0.1% (Almeida et al. 2014), proving that 
the correct adoption of biosecurity measures during ani-
mal rearing enables to, control the diseases’ associated risk 
factors, reducing its prevalence.

Some farmers claimed to slaughter the animals without 
sanitary inspection for self-consumption, a habit that con-
tributes to raise the occurrence of T. solium in humans and, 
consequently, the cysticercosis in animals of the same farm. 
Pinto et al. (2002) found higher values of cysticercosis in 
pigs slaughtered without sanitary inspection, which allied 

Table 1. Prevalence and CI 95% of swine cysticercosis in the 
region of Jaboticabal municipality, São Paulo State, Brazil, 
using indirect ELISA test as screening and Western Blot as 

confirmatory for cysticercosis diagnostic.

  Positives Negatives Total Prevalence ( 95 % C.I)

 Animals 24 328 352 6.82 (4.18 - 9.45)
 Farms 16 40 56 28.57 (16.74 - 40.40)
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with consumption of undercooked pork meat poses high 
risks to public health.

Prestes-Carneiro et al. (2006) evaluated cysticerco-
sis occurrence in peasant’s settlement inhabitants in the 
state of São Paulo and found 3.6% of infected humans. In 
addition, neurocysticercosis is the major cause of epileptic 
seizure in Brazil (Ishida et al. 2006). This study evaluated 
animal samples from peasant’s settlements, reinforcing the 
appeal for health authorities to improve basic sanitation at 
rural communities, aiming on reducing treatment costs and 
promoting public health in these populations.

The main prophylactic actions in endemic areas are 
based on local population health education, to prevent the 
consumption of undercooked pork and uninspected meat 
(OIE 2014); mass treatment of human population; prevent 
pigs access to human feces or contaminated water and 
food; cestodicidal treatment of infected animals and impro-
ving regional basic sanitation (Flisser et al. 2003).

CONCLUSION
The prevalence of cysticercosis in pigs reared in non-tech-
nified farms in Jaboticabal region, state of São Paulo, Brazil, 
was 6.82% (C.I 95% 4.18-9.45) at animal level and 28.87% 
(C.I 95% 16.74-40.40) at herd level. Our results, based on 
serological evidences of cysticercosis occurrence, serves as 
a warning to sanitary authorities to control Taenia solium 
and improve the regional population health status.
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