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Abstract

Cysticercosis caused by Taenia solium is a health threat for humans and pigs living in developing
countries, for which there is neither a flawless immunodiagnostic test nor a totally effective
vaccine. Suspecting of individual diversity of hosts and parasites as possible sources of the
variations of the parasite loads among cysticercotic animals and of the limited success of such
immunological applications as well as, we explored and measured both in nine cases of nat-
urally acquired porcine cysticercosis. For this purpose, 2-Dimensional IgG immunoblots were
performed by reacting the sera of each cysticercotic pig with the antigens contained in the
vesicular fluid (VF) of their own cysticerci. We found an unexpectedly large diversity among
the proteins and antigens contained in each of the nine VFs. Also diverse were the serum IgG
antibody responses of the nine pigs, as none of their 2D- immunoblot images exhibited the
same number of spots and resembled each other in only 6.3% to 65.3% of their features. So
large an individual immunological diversity of the cysticercal antigens and of the infected pigs’
IgG antibody response should be taken into account in the design of immunological tools for
diagnosis and prevention of cysticercosis and should also be considered as a possibly signif-
icant source of diversity in Taenia solium’s infectiveness and pathogenicity.
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Introduction

Living organisms are unique [1]. Even among
members of a same species, individual differences can
be found at several levels, from their external ap-
pearance to their genomic makeup. Proliferation, di-
versification and selection are the main driving forces
of nature responsible for individual differences. In the
context of infection and immunity, these differences
contribute in making some individuals susceptible
and others resistant to infection, although to different
extents and manners. However, in biological experi-
ments, “noise” (ie an unresolved mixture of experi-
mental and biological fluctuations and significant

biological variability) is classically considered a
“nuisance” caused by uncontrolled variables and is
usually tried to be technically minimized or circum-
vented by statistical processing of the data. More
rarely do biological studies focus on the interpretation
of biological variation, because of the difficulties in
distinguishing between technical sources from bio-
logical ones and from chance alone.

Previous work of our group found in Taenia
crassiceps cysticercosis a very large variation in the
immunological IgG responses of individual mice to
the parasite’s antigens which we demonstrated was
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attributable to differences in the genetic background,
sex and individual variation among the infected mice,
as well as to variation among the cysticerci contained
in each inoculum [2].

Such results in experimental murine T. crassiceps
cystiercosis compelled us to look more carefully into
the immunological relationship between T. solium
cysticerci and their porcine hosts, as a possible source
of variation of parasite intensity in cysticercotic pigs
[3,4], as well as a feasible explanation for the limited
success of immunological diagnosis and prevention of
porcine cysticercosis [5-8].

In this study we focused our recently developed
system of immunoblot image analysis [2] on the vari-
ation in the vesicular fluid’s (VF’s) protein and anti-
gen contents collected from parasites from different
naturally infected cysticercotic pigs, as well as in their
serum IgG antibodies when displayed by 2D- im-
munoblots.

Materials and Methods

Animals and parasites

All pigs used for this study (7 females and 2
males of 1-3 years of age) had naturally acquired cys-
ticercosis in their skeletal muscles, as confirmed by
macro- and microscopic examination, and all came
from geographically separate endemic rural villages
of similar economical and social profiles in the States
of Morelos and Guerrero, Mexico. Blood samples
were obtained from the pigs prior to their sacrifice in
accordance with the standards established by the In-
stitutional Committee for the Care and Use of Ex-
perimental Animals of the Facultad de Medicina Vet-
erinaria y Zootecnia, Universidad Nacional Auténo-
ma de México [9]. Their sera were then prepared by
centrifugation of their clotted blood samples, ali-
quoted (1 ml each) and frozen at -20°C until use.

Preparation of Taenia solium proteins (VF))

Cysticerci were dissected from the skeletal mus-
cles of each infected pig removing the host capsule
very carefully to avoid rupture of the vesicle. All cys-
ticerci collected from the same pig had the same size
and appearance, although these characteristics
changed among parasites obtained from different
pigs. The vesicular fluid (VF) of the parasites was
collected individually by puncturing each cysticercus
with a scalpel blade and placed in microcentrifuge
tubes  containing proteinase-inhibitor  cocktail
(Amersham). A pool of vesicular fluids (VF;) was
constructed from each pig by mixing equal volumes
(5-10 pL) of each VF from 15 individual cysticerci

within the same pig. The individual VF and VF; were
frozen and stored at -20°C until used.

Two-dimensional electrophoreses and im-
munoblots of VF; preparations

Briefly, 2D- electrophoresis was performed for
each one of the VF; preparations. Western Blots were
done using the sera from each pig and allowing them
to react with the 2D- separated proteins from its cor-
responding VF;. All experiments were performed by
duplicate or triplicate to check for their reproducibil-
ity. Those antigen spots (protein spots recognized by
serum IgGs) that were not present in the two or three
replicas of each VF; were excluded from the study.

Isoelectrofocusing was performed using a Pro-
tean IEF Cell (BIO-RAD). VF; (35 pg of protein) in each
of the nine preparations was mixed with rehydration
buffer containing 6M urea, 2% (w/v) CHAPS, 0.8%
(w/v) DTT, 0.8% IPG Buffer and 0.002% (w/v) Bro-
mophenol Blue (all reagents from BIO-RAD). The
preparations’ samples were loaded onto IPG Strips (pl
3-10 NL, GE Healthcare) using a rehydra-
tion/equilibration tray and the IPG strips were then
left to rehydrate for 12 hours at room temperature
before isoelectric focusing. Isoelectrofocusing was
performed for a total of 10,000 Vhrs in three steps: 1)
250 V for 20 min; 2) 4000 V for 2 h; 3) 4000 V until
10,000 Vhrs were reached. The strips were then
equilibrated with 0.5% w/v DTT and then with 2.5%
w/v iodoacetamide in fresh equilibration buffer (6M
urea, 0.375 M Tris-HCI pH 8.8, 2% w/v SDS, 20% v/v
glycerol) for 10 min each under constant rocking. The
second-dimension electrophoresis was performed in a
5% stacking/12% separating gel in denaturing condi-
tions with constant current (25 mA). The 2D- sepa-
rated proteins were electrophoretically transferred
onto PVDF membranes using a Trans-Blot SD Semy
Dry Electrophoretic Transfer Cell (BIO-RAD; 20 V,
1h). To confirm the transference of proteins, mem-
branes were reversible-stained using the MEM-CODE
Reversible Stain Kit (PIERCE) followed by blocking
with 5% (w/v) skimmed milk powder (Svelty) in
PBS+0.3% Tween 20 pH 7.4 (PBS-T) for 16 h at 4°C in
constant rocking. Then the membranes were incu-
bated with 1:1000 diluted serum of the corresponding
pig in fresh blocking solution (5h, room temperature,
constant rocking) followed by four 20 mL washes
with PBS-T for 10 min each. Bound antibodies were
detected by incubation with rabbit anti-pig 1gG (H+L;
ZYMED) diluted 1:2500 in PBS-T and incubated for 1
h at room temperature and five washes of 20 mL of
PBS-T for 10 min each in order to eliminate unbound
antibodies. Detection of second antibody binding was
made with DAB substrate (SIGMA; 0.1 mg/ml in
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PBS-T+ 0.015% peroxide) for 5 min at room tempera-
ture and the reaction was stopped by rinsing the
membranes three times with tap water.

Image analysis

For the total protein analysis the 2D- reversi-
ble-stained membranes were scanned. For the analy-
sis of the antigens the 2D- immunoblots were
scanned. In both cases a HP Scanjet G4050 scanner
was used at a resolution level of 300 dpi in TIF format.
The digitalized images were then analyzed with the
PdQuest™ software (Bio-Rad) for the detection of
spots. All images were studied with the same settings
of brightness, contrast and color to minimize bias.

Statistical analysis

The statistical analysis of the 2D images was
made using the IBM® SPSS® Statistics Version 19.
Univariate ANOVA was used to study the effect of
one independent variable (sex, 2 levels) upon one
dependent variable ( X spots). To further analyze the
2D-protein images and the 2D-immunoblots, the im-
ages were divided by a Grid of 10x10 equidistant
columns (pl) and rows (MW, kDa) [10] (Figure 1). To
each of the 100 Grid-Cells, a value of one or zero was
assigned according to whether there was at least one

spot inside the Grid-Cell (1 or positive Grid-Cell) or
none (0 or negative Grid-Cell). A SPSS database was
then constructed with this binary notation [2]. The
positive or negative correlations among Grid-Cells
were then estimated by way of a Pearson Correlation.
Similarity matrices were computed by Distance Simi-
larity Measure using the Dice Measure. 2
non-parametric tests were performed to correlate
positive Grid-Cells with host sex. Phylogenetical trees
were constructed using the Mega5 Software [11] with
the data from the similarity matrices. Statistical tests
were considered significantly different at P<0.05 and
very significant at P<0.01.

Results

2D- VF;protein and immunoblot images

The images of the 2D- separated proteins in the
VF; differed greatly from one pig to another, as visual
analysis reveals (Figure 2). The X of protein spots was
also different among the nine VF; (Table 1). There
were many individual protein spots shared between
the different VF;, but not a single one was found in all
the nine.

Table 1. Sex, X spots, Positive Grid-Cells and image variance for the 2D- protein images and the 2D- immunoblots from the
nine pigs. From the X protein spots, only a fraction of them were immunoregonized (2 antigen spots) which is also reflected in
the numbers of Positive Grid-Cells in 2D- protein images compared with 2D-immunoblot images. The variance of the 2D-
protein images is higher, as well, than the variance of 2D-immunoblots in every case.

Positive Positive
Pig Sex | Characteristics Age Infection level | Origin Ztotal | Zrecognized | Grid-Cells Grid-Cells in Varlanct?Z- .Varlancez-D
(years) spots spots Total . D proteins | immunoblots
. immunoblot
proteins
Pregnant (8 .
Slighlt
1 o wks), very 1 I8V | Morelos | 91 60 36 28 158.9 89.7
. infected
agressive
2 3 2 Moderately |\ olos | 164 86 44 27 408.9 2595
infected
3 3 15 Moderately |\, olos | 236 91 56 37 801.8 2045
infected
- Moderatel
4 ‘ Non pregnant 2 .0 erately Morelos 105 20 38 11 167.3 47.5
infected
Well fed, 2
5 months of Slighlt
5 Q o 1 UBMY ! Morelos | 80 34 35 20 118.7 57.9
having given infected
birth
Moderate .
. Highly
6 Q state of 1 . Morelos 21 7 13 5 200.5 64.5
- infected
malnutrition
7 Q 2 Moderately | o rero| 53 22 31 17 166.5 61.0
infected
8 o Castrated 3 Moderately |\ clos | 175 a9 52 35 349.0 285
infected
Moderatel
9 o | Non-pregnant 2 ! Y | Morelos | 67 18 30 10 173.5 62.4
infected
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Figure 2. The PdQuest processed images (master images) of the nine VF, pools separated by 2D- electrophoresis are shown
here. Each image corresponds to cysticerci from a different infected pig and each crosshair represents an individual spot. The
masters images are divided in 4 parts, the number in the corners of each quadrangle are the number of protein spots inside
it. The total number of spots (2 protein spots) is indicated at the top of each image. Note the similitude and differences among
images. Visually there seem to be spots shared by several images. Note also the different number of protein spots in each
image. Crosshairs represent spots. The first lane of each image correspond to the |D-separated proteins.
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X antigen spots analysis

A visual analysis of the 2D- immunoblots suf-
fices to prove that none of the immunoblots are iden-
tical and that differences among them are large (Fig-
ure 3), although some spots (antigen-antibody com-
plexes) seem to be present in more than one VF;. The
first feature analyzed of the 2D- immunoblots was the

total number of antigen spots (2 antigen spots) (Table
1). Not a single immunoblot had the same X antigen
spots. The differences in the X antigen spots were not
associated to the sex of the pigs (Table 2) but to the
individual pigs. Not a single antigen spot of the nine
VF; was found to be recognized by the serum IgGs of
all the nine pigs.
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Figure 3. The mater images of the PdQuested 2D- immunoblots are shown here. The masters images are divided in 4 parts,
the number in the corners of each quadrangle are the number of protein spots inside it. The total number of spots (2 antigen
spots) is indicated at the top of each image. Visually, the diversity of the images is evident. Note also the differences in the
number of antigen spots among images and among images’ quadrangles. Crosshairs represent individual spots. The first lane
of each image correspond to the WB of the | D-separated antigens.

Table 2. Univariate ANOVA statistics with Sex as independent variable and X spots as dependent variable. (Tests of

Between-Subjects Effects).

Source Type Il Sum of Squares  df Mean Square F Sig.
Corrected Model 4102.865a 1 4102.865 4.655 .068
Intercept 24556.198 1 24556.198 27.862 .001
Sex 4102.865 1 4102.865 4.655 .068
Error 6169.357 7 881.337

Total 31491.000 9

Corrected Total 10272.222 8

a. R Squared = .399 (Adjusted R Squared = .314)

http://www.biolsci.org




Int. J. Biol. Sci. 2011, 7

1292

Positive Grid-Cells analysis

As it occurred for the X antigen spots, none of the
2D- immunoblots had the same positive Grid-Cells
pattern or the same number of positive Grid-Cells
(Table 1). The 2D-immunoblot from pig #6 had only
five positive Grid-Cells and was the one with the
fewer positive Grid-Cells, while pig #3 had the most
positive Grid-Cells with 37. If including the 100
Grid-Cells of the nine pigs, 87 of them were positive in
the 2D- protein images, and from them 68 were posi-
tive in 2D-immunoblots (68/87=78%). A single
Grid-Cell which was positive in all the nine pigs’
2D-immunoblots was not found but there was a
Grid-Cell positive in eight of the nine 2D- immunob-
lots and in the nine 2D- protein images. This Grid-Cell
comprised 13 different spots within the range
7.65-8.21 for pl and 5.79-8.59 kDa for Molecular
Weight. From these 13 protein spots, nine were im-
munorecognized by at least one serum and from these
nine; only five were recognized by more than one
serum, but none by the eight sera that resulted posi-
tive for that Grid Cell in 2D-immunoblots. Thus
showing that not all pigs’ sera recognize the same
protein spots within the same Grid-Cells or the same
number of antigen spots. The antigen spot within this
Grid-Cell which was most frequently recognized, it
was so by four of the eight sera. There were another 13
Grid-Cells which were positive in more than 50% of
the 2D-immunoblots. From these, two Grid-Cells
were positive in seven 2D-immunoblots (Grid-Cell 72:
7.65-8.21 pl and 8.59-12.75 kDa MW, Grid-Cell 81:
8.21-8.78 and 7.79-8.59 kDa MW), but as in the previ-
ous case, from the protein spots within these
Grid-Cells, none was recognized by the seven sera.
The most frequently recognized antigen spot was in
Grid-Cell 72 which was recognized by five sera (7.94
pL, 10.68 kDa MW). It should be noticed that there
were 24 Grid-Cells (24%) which were positive in only
a single serum, representing antigens which are im-
munorecognized only by single pigs. Figure 4B com-
piles the nine pigs’ positive Grid-Cells and the regions
of the 2D-immunoblot in which they mapped. Notice
that the most recognized Grid-Cells localize in the left
and upper regions of the 2D- immunoblot, which
correlates with the regions in which most of the pro-
teins were found in the 2D- protein images (Figure
4C). Consequently, for 100% positive serological im-
munodiagnosis by 2D- immunoblots of the nine pigs

used here it would be necessary to include at least two
positive Grid-Cells (Grid-Cell 82: 7.65 - 8.21 pl and
579 - 859 KDa MW; and any other of these 10
Grid-Cells: 22,23,26-30,34,61 and 81 [eg Grid-Cell 81:
8.21 - 8.78 pl and 5.79 - 8.59 KDa MW]) or at least five
different antigen spots (8.13 pl, 8.03 kDa MW; 7.85 pl,
8.03 kDa MW; 8.15 pl, 6.64 kDa MW; 7.99 pl, 5.95 kDa
MW; 8.31 pl, 7.81 kDa MW).

Dividing the protein and antigen 2D-images
with a 10x10 Grid allowed the estimation of similari-
ties among the images of the nine VF; taking into ac-
count the position in the 2D- images where spots
clustered. For this purpose, a similarity matrix was
constructed using the database of the positive and
negative Grid-Cells. This matrix showed that the sim-
ilarities of the 2D- protein images ranged between
28-80% (diversity = 72- 20%), while the similarities of
2D- immunoblots ranged between 6.3% and 65.6%
(diversity = 93.7- 34.4%), thus revealing the great di-
versity of the images obtained. The most similar im-
ages were the 2D- immunoblots obtained from pigs #2
and #3 (similarity = 65.6%; diversity = 34.4%), fol-
lowed by pigs #1 and #2, (similarity = 65.5%; diversity
=34.4 %) and the least similar and more diverse were
the ones from pigs #2 and #6 (similarity = 6.3%; di-
versity = 93.7%) (Figure 5), which correlated with the
higher and lowest similarities found among the 2D-
protein images (Figure 6).

To assess if there were positive Grid-Cells that
correlated with a particular sex, a paired x? test was
performed between all the 68 positive Grid-Cells of
the 2D- immunoblots with the two categories of sex
(male and female). Only one Grid-Cell correlated sig-
nificantly with sex (p=0.028). This Grid-Cell (4.75 -
5.09 pl and 28.05 - 41.61 MW) was positive in all the
males and none of the females, pointing to an antigen
(5.05 plI, 39.94 kDa MW) that may be recognized
preferentially by one sex over the other.

The correlation of the 2D- Immunoblot
Grid-Cells among themselves showed a total of 4950
different correlations from which 151 were significant
(3.05% - 141 positive and 10 negative): 49 (41 positive,
8 negative) were significant (p<0.05) and 102 (100
positive, 2 negative) were very significant (p<0.001).

The variances of each 2D- protein and 2D- im-
munoblot images were calculated to be greater in the
2D- protein images than in the 2D- immunoblots (Ta-
ble 1).

http://www.biolsci.org




Int. J. Biol. Sci. 2011, 7 1293

85 70 66 59 55 51 45
PHL | } | t I
kDa
A) B) 1 175
+ & | 8  Coorcode

i R s 1 6 °

+ +— 475
IS eonn BRERERR R EES ;

= u
+++ . | 325 R
- e + gl + | 25 3
I 1 165 4
- _— 5
- .
" + 65 6
+ - 7
8
8BS 7.0 66 59 55 51 4.5
1 t
Colorcode
0 0

1

2

Figure 4. A) Example of a processed immunoblot divided by a 10x10 grid. B) The 100 Grid-Cells generated for the
2D-immunoblots are shown. The positive Grid-cells are colored with different intensities, accordingly to if they were
recognized by one or more of the nine sera. The color code to the right shows the intensity assigned to each value (number
of 2D- immunoblots in which the Grid-Cell was positive). C) Positive Grid-Cells in the 2D- protein images. The color code
indicates the numerical value represented by different intensities of gray. Note that the darkest areas in B) correspond to the
darkest areas in C) and that some dark areas in C) are less intense in B) or are not colored at all, as not all protein spots are
antigenic.

A) B) pig5
2D- Dice (Czekanowski or Sorenson) Measure pige

immunoblots 1 2 3 4 5 6 7 8 9 pig7
1 100 655 554 256 458 242 444 54 316 pig9
2 100 656 316 34 6.3 318 452 324 ig
3 100 292 281 95 296 417 298 )
4 100 129 25 286 435 476 - pig2
5 100 24 432 473 333| | pig3
6 100 36.4 20 267 pig4
7 100 462 51.9 vigh
8 100 444
S 100 03 0z 01 00

Figure 5. A) Similarity matrix computed for the nine 2D-immunoblot images. Values inside the matrix are the similarity
percentages. B) Phylogenetic tree was constructed with the data from the similarity matrix. The 2D- immunoblots from the
nine pigs are grouped together according to their resemblance. Note that immunoblots from pig #2 and #3 have the highest
value in the similarity matrix (65.6%) and are also the most closely grouped in the phylogenetic tree.
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A
Z}D— Dice (Czekanowski or Sorenson) Measure

proteins 1 2 3 4 5 6 7 8 9
1 100 75 7174 6216 56.34 36.73 4776 5455 46.15
2 100 80 5854 50.63 28.07 40.00 52.08 49.32
3 100 65.96 54.95 28.99 5517 61.11 5412
4 100 57.53 31.37 40.58 60.00 50.75
5 100 41.67 57.58 59.77 50.00
6 100 40.91 30.77 47.62
7 100 55.42 50.00
8 100 59.26
9 100

B) pig2
— e
pig1
pig4
pig2
pig7
pigs
pig8
pigé

Il‘3|] 0 éﬁ a lZEI 0 “\5 0 i 0 0 IEI5 D,hD

Figure 6. A) Similarity matrix computed for the nine 2D-protein images. Values inside the matrix are the similarity per-
centages. B) Phylogenetic tree was constructed with the data from the similarity matrix. The 2D- protein images from the
nine pigs are grouped together according to their resemblance. Note that, as for 2D-immunoblots, 2D-protein images from
pig #2 and #3 have the highest value in the similarity matrix (80%) and are also the most closely grouped in the phylogenetic
tree. Comparing this 2D-protein matrix with the 2D- immunoblot matrix from figure 5 in all cases (excepting one) re-
semblances among 2D-protein images are higher than those from 2D-immunoblots.

Discussion

Herein, cysticerci isolated from different natu-
rally infected pigs of rural Mexico were found to ex-
press different proteins and antigens in their VFs. The
analysis of the 2D- protein images and of the 2D-
immunoblots measured their diversity to be of con-
siderable size. No single spot was present in all the
2D- protein images and none of the 2D- immunoblots
had the same spot pattern. In fact, no single antigen
spot was immunoreconized in all nine immunoblots.
From the whole population of different proteins pre-
sent in the VF; only a fraction of them were immu-
norecognized in each VF; (from 19% to 65%).

The differences we found in the proteins and
antigens expressed by cysticerci may be due to genetic
differences among the parasites, variability of the host
and/or a combination of both.

Studies of genetic diversity in Taenia solium have
identified two major geographical regions: Asia and
Africa/Latin America [12 -14]. Furthermore, genetic
differences have been found among cysticerci col-
lected from different pigs in the same locality and also
in those from different localities within the same re-
gion and country [15, 16]. Moreover, detectable ge-
netic variation was found between the cysticerci iso-
lated from within the same pig, although the variation
within was lower than that between pigs [16]: an in-
dication that pigs are infected with eggs shed by a
single tapeworm. In this respect it should be noticed
that the pigs used herein were collected over a period
of time (October 2007-July 2008) and came from dif-
ferent localities of Central Mexico, so it is likely that
they were infected with eggs shed by different tape-
worms. It is also possible that the differences in the

proteins and antigens the cysticerci express in each
host at the time of their collection be due to the host
itself, since rural pigs differ in many ways (genetic
background, age, gender, immunological history,
castration, pregnancy, nutritional state, stress condi-
tion, social position in the herd, etc), and the parasite
has to adapt to the specific conditions it finds in each
different host [17 -19].

From the whole X antigen spots that were found
in 2D- immunoblots some of them were more fre-
quently recognized than others. From these at least
five would be necessary to serologically detect all the
nine pigs used in this study, as previously stated.
These five antigen spots agree in their low molecular
weights (5.95 - 8.03 kDa) and their basic isoelectric
points (7.85 - 8.31 plI). Two of these antigen spots had
a molecular weight of ~8 kDa, being possible mem-
bers of the 8kDa family of antigens previously de-
scribed [20, 21], which have been used for serodiag-
nosis of cysticercosis. Interestingly, with these two
antigen spots of 8 kDa five of the nine pigs (55.5%) can
be detected. There is another antigen spot near 8 kDa
(7.81 kDa) which is detected by three pigs” serum, two
of which also detected one of the other 8 kDa antigens.
This antigen spot may be a modified or truncated 8
kDa antigen, differing by little from the other 8 kDa
antigen spots. Including this spot, 66.6% of the pigs
can be serologically detected. Many authors [22-24]
have focused their efforts to develop an immunodi-
agnostic test for cysticercosis using low molecular
antigens (LMA), as these antigens constitute the
subunits of larger immunogenic proteins. One of the
characteristics of the 2D- electrophoresis is precisely
the breakdown of large proteins into their individual
subunits. The small changes in Isoelectric Points

http://www.biolsci.org




Int. J. Biol. Sci. 2011, 7

1295

among antigen spots with the same Molecular
Weights account for changes in the glycosilation of
presumably the same protein. The diversity found
here among protein and antigenic content of different
VF; probably be due to differences in the glycosilation
patterns of the same protein backbones [25, 26]
and/or to different protein backbones. This would
explain why neither a single protein spot nor a single
antigen spot was found to be shared by the nine 2D-
protein and immunoblot images.

Parasite antigenic diversity has seldom been
thoroughly studied in Taenia solium, there are only
few reports of antigenic differences in Taenia solium
cysticerci from different isolates [25 -27]. However,
the contribution of its genetic diversity has been sus-
pected as being responsible for the diversity of the
clinical presentations of human neurocysticercosis
[28, 29] and of porcine cysticercosis [3, 30]. This is a
suspicion very much in line with studies in other
parasites which have shown that genetic differences
among them do have an effect on the immune re-
sponse of their hosts. The case of Trypanosoma cruzi’s
different genotypes eliciting different patterns of
humoral immune responses [31] is an example.

The diversity in the protein repertoire of the VF;
found in our study is congruently related to the di-
versity found in the immunological response of the
studied pigs, as expressed by their serum IgG anti-
bodies. The extent of these two diversities varied be-
tween pigs but protein diversities seemed to resemble
more among themselves (53.39%) than did the pigs’
immunological perception of them, as displayed by
their serum IgG antibodies (43.02%). Because the
variance of the images was greater in the 2D- protein
images than in the 2D- immunoblots, it would seem
reasonable to conclude that not all the proteins in the
VF are antigenic for the host. Some of the protein
contents of the VF; may be of host origin (complete or
degradation products of proteins and Ig’s), but in the
2D- immunoblots these contents are very unlikely to
be recognized by the serum IgG’s as it would imply a
wide spectrum autoimmune disorder in the pig. The
protein and antigen diversities found in the present
study represent different moments of the infection in
each host and results may vary over time.

Having found diversity among the infected pigs
and the infecting cysticerci is not a great surprise since
individual organisms are unique [1] and infection and
immunity constitute one of the most prominent and
decisive scenarios of species diversification when
making some individuals susceptible and others re-
sistant to infection.

The significant correlations found between 2D-
immunoblot Grid-Cells showed the diversity of the

images as well. From the 4950 different correlations,
only the 3% were significant. The biological meaning
of these significant correlations is unknown but may
be reflecting antigens that favor or block (in the case
of negative correlations) the recognition of other an-
tigens, implying that an immunological network may
be involved in the way infected pigs recognize cysti-
cerci as cysticercotic mice do with T. crassiceps [2]. If
such network exists also in pigs and human, the study
of the different interactions between nodes may bring
some clues to better understand cysticercosis and may
be especially useful in the field of vaccine design, as
critical antigens can be selected in and out.

The combined host and parasite immunological
diversities described here strengthen the existing hy-
pothesis of the clinical and pathological diversities
found in porcine and human T. solium cysticercosis by
demonstrating there are indeed significant immuno-
logical differences among infected hosts and infecting
cysticerci [28, 32, 33].

In more practical matters, cysticerci dissected
from the skeletal muscles of cysticercotic pigs are ex-
tensively used worldwide as a source of antigens for
immunodiagnostic tests [5, 22, 34 -36], vaccine design
[7, 37] and pathophysiological studies of porcine and
human cysticercosis [38 -41].The diversity of the
hosts” immune response and of the VF antigens of the
cysticerci can explain why immunodiagnostic tests for
cysticercosis usually first claim to have very high
sensitivity /specificity scores but, as they are used
more widely, their scores tend to lower values [42
-44]. This is so even in some immunotests using syn-
thetic or recombinant proteins, especially if they were
first selected on the basis of the antigens expressed by
cysticerci dissected from different infected pigs. Ra-
ther, the great antigen diversity shown here should
advise those interested in the search of new and/or
better immunodiagnostic tests or vaccines, to critically
select their antigen samples since not all parasites or
all hosts will provide with the same results. The use of
complex antigen mixtures, such as VFs, as a diagnos-
tic tool in T. solium cysticercosis should be discour-
aged, while the use of purified antigens should be
encouraged.
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