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Genetic polymorphism in Taenia solium metacestodes
from different Brazilian geographic areas
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The aim of the present study is to investigate genetic polymorphisms in Taenia solium metacestodes from dif-
ferent Brazilian geographical areas and to relate them to antibody recognition in serum samples of neurocysticer-
cosis (NC) patients. Metacestodes were obtained from the Distrito Federal (DF), Bahia, Minas Gerais (MG) and
Sdo Paulo (SP) regions of Brazil. Samples of human sera from 49 individuals with NC, 68 individuals with other
helminthiasis and 40 healthy volunteers were analysed (157 individuals in total). Antigens were prepared and used
in enzyme-linked immunosorbent assay and western blotting assays to detect specific immunoglobulin G antibod-
ies. Genetic distances between metacestode populations were analysed using random amplified polymorphic DNA
(RAPD) analysis. Our results show that there was a higher frequency of reactivity in the DF region in the sera from
NC patients (p < 0.05), while discrimination between active and inactive NC was seen only in extracts from the MG
and SP regions (p < 0.05). Using RAPD, the sample from the DF region presented a greater increase compared
to the other regions. A relationship between genetic polymorphisms among T. solium metacestodes from different
areas in Brazil and the differences in antibody detection in patients with NC were established.
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Taenia solium is a parasite whose larvae (metaces-
todes) can be found in the central nervous system of hu-
mans, causing neurocysticercosis (NC). This parasitosis
is a zoonotic disease that is endemic in the developing
countries of Latin America, Asia and Africa (Sciutto et
al. 2000, Pawlowski 2008, Raccurt et al. 2009, Flores
Castro 2010, Praet et al. 2010, Ito et al. 2011). Cysti-
cercosis has emerged as a cause of severe neurologic
diseases in the United States that primarily affects im-
migrants from Latin America. Moreover, the relevance
of cysticercosis as a public health problem is highlight-
ed by local transmission (Sorvillo et al. 2011). Human
cysticercosis is acquired accidentally by the ingestion
of T. solium eggs and its transmission is related to a lack
of sanitation, bad personal hygiene and the inadequate
disposal of human faeces (Vianna et al. 1986, Huerta et
al. 2008, Flisser & Correa 2010).

NC is classified as active or inactive and inflam-
matory or non-inflammatory, according to the stage of
metacestode development when viewed by neuroimag-
ing tests associated with the presence or absence of a
host immune response (Sotelo et al. 1985, Barcelos et al.
2007). The diagnosis of human NC is determined after
the analysis of clinical, epidemiological, neuroimaging
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and immunological data (Del Brutto et al. 2001). The
combination of enzyme linked immunosorbent assay
(ELISA) and western blotting (WB) to detect specific
antibodies against metacestodes extracts of 7. solium in
the serum samples or in the cerebrospinal fluid (CSF)
of patients with NC represents a viable alternative for
the diagnosis of the disease in developing countries
(Shiguekawa et al. 2000, Barcelos et al. 2001, Sahu et
al. 2009, Nunes et al. 2010).

Differences in the infectivity and the pathogenicity
of 7. solium metacestodes may be related to the genetic
variability of the parasite (Campbell et al. 2006). Vari-
ance in 7. solium metacestode DNA can generate anti-
genic variability according to clonal lineage behaviour
(Maravilla et al. 2008).

The aim of the present study is to investigate the
genetic polymorphisms in 7. solium metacestodes from
different Brazilian geographical areas and to relate them
to each other using antibody recognition in the serum
samples of NC patients.

SUBJECTS, MATERIALS AND METHODS

Parasites - T. solium metacestodes obtained from the
skeletal muscles of naturally infected pigs were washed
in saline solution (0.15 M NaCl) four times and were
stored at -70°C for subsequent analysis. The parasites
were collected from one individual pig in each of the fol-
lowing Brazilian geographical areas: (i) Distrito Federal
(DF), Central West Region, (ii) Bahia (BA), Northeast
Region, (iii) Minas Gerais (MG) and (iv) Sao Paulo (SP),
Southeast Region. The samples were collected when a
pig with a massive infection was found in each area.
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Preparation of antigens - The saline extracts of 7. so-
lium metacestodes from different geographic areas were
prepared as described by Costa et al. (1982) with some
modifications. Briefly, 50 metacestodes from each area
were disrupted in 5 mL distilled water in an ice bath
for 5 min, were homogenised for 4 min and were subse-
quently submitted to ultrasonic treatment (Thornton, In-
pec Electronics, Brazil) at 40 kHz for four periods of
30 s each in an ice bath. After adding 5 mL of 0.3 M
NaCl, the ultrasonic treatment was repeated; the mixture
was stirred at 4°C for 2 h and was centrifuged at 12,400 g
at 4°C for 30 min (Du Pont SORVALL Products New-
town, Connecticut, USA). The supernatants were analy-
sed for protein content using the Lowry method (Lowry
et al. 1951) and were stored in aliquots at -70°C until use
in the ELISA and WB analyses.

Patients - With the exception of those individuals
with Echinococcus granulosus, who came from South-
ern Brazil and the normal volunteers, who were recruited
among students and their relatives, serum samples were
collected from 157 individuals at the university hospital
in Uberlandia. All individuals were from similar back-
grounds and socio-economic conditions. Group 1 (GI)
consisted of 49 patients (30 females and 19 males) with
NC (19 active and 30 inactive) who were between 14-82
years of age (average age was 42 years) with a diagnosis
based on clinical and epidemiological data, computerised
tomography and/or magnetic resonance imaging and
a positive immunological test (Del Brutto et al. 1996).
Group 2 (G2) consisted of 68 individuals (40 females
and 28 males) between two-71 years of age (average age
was 36 years) who were monoinfected with the follow-
ing helminths: Taenia sp. (20), Strongyloides stercoralis
(20), Schistosoma mansoni (10), Hymenolepis nana (8)
from the southeast area and E. granulosus (10) from the
southern area. Group 3 (G3) (control) consisted of 40 vol-
unteers (20 females and 20 males) between 21-80 years
of age (average age was 32 years) who were apparently
healthy based on clinical features. Although they came
from an area with endemic cysticercosis (southeastern
Brazil), none had household contact with 7. solium in-
fection or a previous history of taeniasis or cysticerco-
sis. This group also underwent three faecal sample tests
(Baermann 1917, Lutz 1919), which were negative.

ELISA - All reagents were tested previously and
ELISA was carried out according to Shiguckawa et al.
(2000). Polystyrene microplates (Corning, USA) were
coated with the saline extracts at a concentration of 5 pug/
mL (50 pL/well). Serum samples were diluted 1:200 and
peroxidase-conjugated goat anti-human immunoglobulin
G (IgG) (Fc chain specific) (Sigma, St. Louis, USA) was
used at a titre of 3,000 for all antigens. The assay was
developed by adding the enzyme substrate consisting of
0.03% H,O, (Merck, Germany) in 0.1 M citrate-Na,PO,
buffer (pH 5.0) containing 0.4 mg/mL of o-phenylenedi-
amine (Merck). After 15 min of incubation at room tem-
perature (RT), the reaction was stopped by adding 2N
H,SO, (25 mL/well) and the absorbance was determined
at 492 nm using a microplate reader (Titertek Multiskan,
Flow Laboratories, USA). The cut-off was established
using the mean of three non-reactive samples plus two

standard deviations. The results were expressed as the
reactivity index (RI), calculated by dividing the read-
ing values of the test (absorbance = optical density) by
the cut-off (Pardini et al. 2002). All samples showing an
RI > 1 were considered positive.

WB - The WB assay was performed according to
Shiguekawa et al. (2000) with some modifications. All
saline extracts were subjected to electrophoresis and
were transferred to nitrocellulose membranes (0.45 um)
(Sigma) as described by Towbin et al. (1979), using a
semi-dry transfer apparatus (Multiphor II, Pharmacia-
LKB). Serum samples from 98 patients (49, 39 and 10 in-
dividuals from G1, G2 and G3, respectively) were diluted
1:50 before analysis. Peroxidase-conjugated anti-human
IgG (whole molecule) (Sigma) was used at a titre of 200.
The results were considered positive when at least two
or more immunodominant proteins (18, 24, 28-32, 39-
42,47-52, 64-68 and 70 kDa) (Barcelos et al. 2007) were
recognised by the serum samples.

Genomic DNA and random amplified polymorphic
DNA (RAPD) - Genomic DNA extraction was performed
in metacestodes from each region using methods that were
described by Casas et al. (1995) and modified by Gonza-
lez et al. (2002). The negative control consisted of DNA
that was extracted from 10 mg skeletal muscle derived
from an uninfected pig. Briefly, the samples were ho-
mogenised in liquid nitrogen and were extracted in 50 L.
of lysis buffer (4 M guanidine isothiocyanate, 25 mM so-
dium citrate, pH 7, 0.5% sarcosyl and 1 mM dithiothre-
itol) for 10 min at RT and were centrifuged at 4,000 g.
DNA was precipitated from the supernatant using one
volume of isopropanol followed by another centrifugation
at 11,750 g for 10 min. DNA pellets were washed in 70%
ethanol and were resuspended in water. The RAPD assay
was carried out using 30 ng of DNA template, 400 mM of
dNTPs (Amersham Biosciences, USA), 3 mM of MgCl,
(Lab Trade, Brazil), 1.5 U of Tag DNA polymerase (Lab
Trade, Brazil) and 1 nmol of primers (35 decamer prim-
ers) (Gene Link, USA) (Table I). Sterile water was used
as a non-DNA control for the reaction. Polymerase chain
reaction amplification was performed using the following
parameters: an initial denaturation of 5 min at 94°C, 35
cycles 0of 94°C for 30 s, 36°C for 1 min and 72°C for 2 min,
and a final extension at 72°C for 10 min (Perkin Elmer,
New Jersey, USA). Amplified products were analysed
by electrophoresis in 2% agarose gels (Acros Organics,
Belgium) that were stained with ethidium bromide and
visualised under ultraviolet light. RAPD band patterns
were recorded and analysed giving each band a value of 1
(if present) or O (if absent). The bands were also compared
against RAPD profiles of pork muscle as a control.

Statistical analysis - Analysis of the data was per-
formed using the Statistics for Windows software (Stat-
Soft, Inc 1993) and the Software Graph Pad Prism ver-
sion 5.0 (Graph Pad Software, Inc 2007). To compare the
frequency of antigenic markers recognised using WB
and to determine the frequency of anti-7. solium meta-
cestodes IgGs detected in serum samples using ELISA,
the percentages of the revealed bands were tested by
two proportions at a significance level of 5% (p < 0.05).
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TABLE I

Primers and polymorphic fragments by random amplified
polymorphic DNA of Taenia solium metacestodes
from different Brazilian geographical areas

Brazilian Size fragment
geographical amplification
areas (pb)

Primer
sequence

CAGGCCCTTC - -
TGCCGAGCTG - -

AGTCAGCCAC DF 800, 434
BA 103, 244, 326

AATCGGGCTG - -
AGGGGTCTTG - -
GGTCCCTGAC - -
GAAACGGGTG - -
GTGACGTAGG - -
ACGGATCCTG - -
GAGGATCCCT - -
CCTGATCACC - -
GGTGATCAGG - -
CCGAATTCCC - -
GGGAATTCGG - -
CCGATATCCC - -
GGGATATCGG - -

GGATGAGACC DF 1,000, 244
BA 200, 137

ACTGGGACTC - -
AGCGTCCTCC - -
ACGACCGACA - -
GGCTCATGTG - -
GGGCCACTCA - -
GGAGAGACTC - -
TCCACTCCTG - -
CACAGAGGGA - -

GGGTTTGGCA MG 244, 600, 326
SP 326, 244

CCCTAGACTG - -
GGAGCCTCAG - -

TCGCCAGCCA DF 1,000
BA 244, 434
SP 500, 800, 1,191

ACGGGAGCAA - -
AGCAGCGCAC - -
CAAACGTGGG - -

AGACGATGGG DF 800, 600, 400, 326
BA 400, 326

AAGCCTGCGA - -

GGGTCTCGGT DF 1,434
BA 800

BA: Bahia; DF: Distrito Federal; MG: Minas Gerais; SP: Sao
Paulo; -: non amplification.

The genetic distances among the samples of 7. solium
metacestodes were analysed using STAT 4.5 software
using percentage of disagreement and unweighted pair-
group method using arithmetic average.

Ethics - This study received approval from the Re-
search Ethics Committee of the Federal University of
Uberlandia, MG, Brazil.

RESULTS

All serum samples were analysed using ELISA and
the saline extracts of 7. solium metacestodes that were
collected from different geographic areas (Fig. 1). The
data shows that the RI was significantly higher in the NC
patient sera (G1) (p < 0.05) when compared with the con-
trol group (G3) or the other helminths group (G2) with the
exception of patients with an E. granulosus infection.

Table II shows the reactivity frequency that was ob-
tained using ELISA and WB assays with regard to the
four antigenic extracts in the serum samples of G1, G2
and G3. ELISA showed reactivity differences between
the patients with active and inactive NC (G1) only in
those antigenic extracts from the MG and SP geographic
areas (p <0.05). In G2, there was higher frequency (90%
in the extracts from the DF region and 70% in the other
antigens) of reactivity in the ELISA assays for samples
from E. granulosus patients (p < 0.05). The active NC
serum samples reacted in the range of 84.2-94.7% in
the WB assays when the different antigens were used.
In contrast, all serum samples from individuals with in-
active NC, other parasitosis and the apparently healthy
volunteers had no reaction with any of the antigens that
were analysed (Table I1).

The frequency of the different antigens that were rec-
ognised by the IgG antibodies in WB from patients with
active NC is shown in Fig. 2. In patients with active NC,
there was a variation of reactivity among the different an-
tigens (DF, BA, MG and SP). The 24 kDa peptide was rec-
ognised with the DF, BA and MG antigens; peptides from
the 28-32 kDa range were recognised with the DF, MG
and SP antigens, whereas peptides from the 39-42 kDa
range were recognised with the MG and SP antigens. The
peptides from the 47-52 kDa and 64-68 kDa range were
recognised with all of the antigens that were analysed.

The analysis of RAPD profiles indicated the existence
of a genetic polymorphism between different Brazilian
geographical areas. In the banding patterns generated by
RAPD, only amplicons 103, 137, 200, 244, 326, 400, 434,
500, 600, 800, 1,000, 1,191 and 1,434 were polymorphic
and as seen in Table I, only cysticerci from DF generated
bands of 800 and 434 bp, whereas cysticerci from BA pro-
duced amplicons of 103, 244 and 326 bp and those from
MG and SP did not generate these amplicons. The repro-
ducibility of the RAPD analysis was confirmed. Genetic
relationships among metacestodes that were collected
from different Brazilian geographical areas using the 13
RAPD markers are shown in a dendrogram (Fig. 3). The
sample from the DF region exhibits a greater difference in
relation to the other samples and is followed by the sample
from the BA region, whereas the samples from the SP and
MG regions exhibit a smaller difference.
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Fig. 1: levels of specific immunoglobulin G by enzyme linked immu-
nosorbent assay using saline extracts of Taenia solium metacestodes
from (A) Distrito Federal, (B) Bahia, (C) Minas Gerais, (D) Sao Pau-
lo, different Brazilian geographical areas, in human serum samples.
C: control-apparently healthy volunteers-Group 3; Eg: Echinococcus
granulosus-Group 2; Hn: Hymenolepis nana; NC: neurocysticerco-
sis-Group 1; Sm: Schistosoma mansoni; Ss: Strongyloides stercoralis;
Ta: Taenia sp. Different letters “a” and “b” indicates the significant
statistical differences (p < 0.05).

DISCUSSION

Differences in the reactivity of IgG antibodies in se-
rum samples from patients with NC were demonstrated
using ELISA and WB for antigenic extracts from the four
populations of 7. solium metacestodes that were collect-
ed from different geographical areas of Brazil. A higher
frequency of positive samples from patients with NC was
observed in the antigen extracts from the DF region in
the ELISA assay. Subsequently, discrimination between
serum samples of patients with active and inactive forms
of NC was possible in extracts from MG and SP regions
and there was a low reactivity of samples from patients
with inactive NC. Espinoza et al. (1986) and Barcelos
et al. (2005) have shown that in paired samples of CSF
and in serum from patients with active and inactive NC,
analysed by ELISA, there are higher IgG antibody levels
in samples from the patients with active NC.

The results of serologic tests for the diagnosis of
NC are directly influenced by differences in biologi-
cal samples, if total or purified antigenic extracts are
used, the patient’s origin and the clinical phases of NC.
This could explain why the efficiency of these tests var-
ies according to the published reports (Del Brutto et al.
1996, Schantz 2006). In this study, ELISA and WB as-
says using the saline extract of 7. solium metacestodes
showed a high sensitivity. ELISA had a low specific-
ity and WB demonstrated specificity for the detec-
tion of specific bands (< 70 kDa) in the serum samples
from patients with active NC. Using the saline extract
of T. solium metacestodes in our study, WB identified
four of the seven antigenic markers (18, 24, 39-42 and
50 kDa) that are similar to the glycoproteins, described
by Tsang et al. (1989), for the diagnosis of NC. In this
study, the highest reactivity was found with 64-68 kDa
antigens. Shiguekawa et al. (2000) and Barcelos et al.
(2007) showed that the 64-68 kDa antigens were immu-
nodominant in serum samples. Analysing paired CSF
and serum samples from NC patients, Simac et al. (1995)
showed an additional 60-75 kDa band in CSF samples
and explained this finding by referring to a Miller et al.
(1985) publication, which proposed that the intrathecal
secretion of specific antibodies was responsible for re-
sults such as these. The low sensitivity of the WB assay
of serum samples from patients with inactive NC that
was observed in this study was previously reported by
our group (Barcelos et al. 2007).

The cross-reactivity observed in serum samples from
patients infected by other helminth species using ELISA
varied according to the four 7. solium metacestodes an-
tigens used. The group diagnosed with other parasitosis
is representative of the general population, particularly
in Brazil, where parasitic diseases are highly prevalent.
Therefore, cross-reactions may occur when screening for
active NC using tests, such as ELISA and/or WB, which
require further confirmation using antigens with more
specificity, e.g., purified antigens (Machado et al. 2007).
The presence of common antigenic epitopes in different
species of parasites has been described (Shiguekawa et
al. 2000, Ishida et al. 2003). The higher cross-reactivity
with E. granulosus can be explained by its phylogenetic
closeness with Taenia parasites (Hoberg 2006).
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TABLE 11
Reactivity frequency by enzyme linked immunosorbent assay (ELISA) and Western Blotting (WB)

Saline antigenic extracts of Taenia solium metacestodes

Distrito Federal Bahia Minas Gerais Sao Paulo
ELISA WB ELISA WB ELISA WB ELISA WB

Patient groups n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)
NC

Active 18/19 (94.7) 17/19 (89.5) 12/19 (63.2) 16/19 (84.2) 17/19 (89.5)* 17/19 (89.5) 15/19 (78.9)" 18/19 (94.7)

Inactive 26/30 (86.7)  0/30 (0) 22/30(73.3)  0/30(0) 18/30 (60)“ 0/30 (0) 18/30 (60)* 0/30 (0)
Other parasitosis

Taeniasis 4/20 (20) 0/7 (0) 3/20 (15) 0/10 (0) 3/20 (15) 0/10 (0) 1/20 (5) 0/10 (0)

Strongyloidiasis ~ 5/20 (25) 0/10 (0) 3/20 (15) 0/10 (0) 5/20 (25) 0/10 (0) 0/20 (0) 0/10 (0)

Schistosomiasis 1/10 (10) 0/8 (0) 1/10 (10) 0/8 (0) 1/10 (10) 0/8 (0) 0/10 (0) 0/8 (0)

Hymenolepiasis 0/8 (0) 0/4 (0) 1/8 (12.5) 0/4 (0) 0/8 (0) 0/4 (0) 0/8 (0) 0/4 (0)

Hydatidosis 9/10 (90)° 0/10 (0) 7/10 (70)° 0/10 (0) 7/10 (70)° 0/10 (0) 7/10 (70)° 0/10 (0)
Controls 0/40 (0) 0/10 (0) 0/40 (0) 0/10 (0) 0/40 (0) 0/10 (0) 0/40 (0) 0/10 (0)

a, b: difference by two proportions (p < 0.05) between active neurocysticercosis (NC) and inactive NC with Minas Gerais and
Sao Paulo extracts of 7. solium metacestodes, respectively; c¢: difference by two proportions (p < 0.05) between Distrito Federal
extracts of 7. solium metacestodes and others extracts; n/N: serum sample reagents/total serum sample analyzed.
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Fig. 2: percentage of reactivity frequency of serum samples from pa-
tients with active neurocysticercosis by western blotting among dif-
ferent antigens. BA: Bahia; DF: Distrito Federal; IgG: immunoglobu-
lin G; MG: Minas Gerais; SP: Sao Paulo.

The present study demonstrates DNA polymor-
phism in 7. solium metacestode samples from different
geographical regions in Brazil. Martinez-Hernandez et
al. (2009) analysed the genetic structure of the 7. solium
population based on previously published molecular
data of mitochondrial and nuclear ribosomal DNA se-
quences that were deposited in the GenBank from Af-
rica, Asia, Latin America and Oceania and the report
demonstrated polymorphisms in cysticerci sequences
from Brazil and other countries and provided gene
flow values between them. RAPD employing 7. solium
cysticerci that was recovered from naturally infected

DF

BA

MG

SP

0475 0.450 0.425 0.400 0.375 0.350 0.325 0.300 0.275 0.250
Genetic distance by the percentage of disagreement

Fig. 3: genetic relation among metacestodes from different Brazilian
geographical areas. Distances based in the percentage of disagree-
ment of 13 random amplified polymorphic DNA markers grouped
randomly by unweighted pair group method with averages for the four
genotypes of Taenia solium metacestodes from different geographic
locations in Brazil. BA: Bahia; DF: Distrito Federal; MG: Minas Ge-
rais; SP: Sao Paulo.

pigs from Mexico, Honduras, Madagascar and Tanza-
nia showed several fixed alleles with linkage disequi-
librium in some parasites, suggesting the existence of
local lineages (Maravilla et al. 2003, Vega et al. 2003).
Genetic variability of the 45W gene family has been
demonstrated between Chinese and Mexican 7. solium
(Zheng et al. 2008). In the present study, the parasite
material originated from only one pig and it is possible
that antigenic variation exists within the parasites of
one state. Moreover, even though the same protocol has
been used for collecting and isolating the antigens, dif-
ferences in antigenic properties can also be due to other
factors, such as the age of the cysts and viability.
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Because a large number of potential nuclear and mito-
chondrial markers can be generated by RAPD using read-
ily available primers (Williams et al. 1990), it is possible
that some polymorphic loci found using this technique
are translated to a certain phenotypic variability (i.e.,
some antigenic variants). Therefore, in the present study,
although genetically divergent from other populations
that were analysed, cysticerci from the DF region were
strongly recognised by patients with NC. Furthermore,
knowledge of the genetic structure of 7. solium may be
applied to understanding its epidemiology and transmis-
sion because differences in the infectivity and pathoge-
nicity of 7 solium metacestodes, which are manifested
by different antigen recognition by host antibodies, may
imply genetic variability of the parasite (Campbell et al.
2006, Hinojosa-Juarez et al. 2008) and a more complex
disease presentation in areas where NC predominates
and in regions where there is a similar prevalence of both
clinical forms (Ito et al. 2003). Because of its genetic
variability, 7. solium could be a significant source of the
clinical heterogeneity observed in this disease and could
contribute to the difficulties encountered in the design of
reliable immunodiagnostic tools and vaccines (Vega et
al. 2003, Sciutto et al. 2008). RAPD technology has been
an effective tool for the study of intra-species genetic
variability. Interestingly, cysticerci from the DF region,
which presented more variability, as shown in the den-
drogram (Fig. 3), exhibited more reactivity with serum
samples from patients with active and inactive NC.
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