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arranged TOF analyzer. The collision voltage employed was in the range of 20 – 35 V.  
Amino acid sequence tags were generated manually and compared with the translated 
sequences from filarial proteins in Swissprot using the PepSea, Peptide Mass and 
Prosite utilies for proteomic analysis at ExPASy (http://www.expasy.ch). 
 
2.2.5 Densitometry 
 
Dried gels or nitrocellulose membranes were laser-scanned with Personal Densitometer 
SI and analyzed using ImageQuaNT software (Molecular Dynamics, Sunnyvale CA) or 
green-light-scanned with a Sharp XJ-610 color scanner and analyzed with the 
BioImage’s Whole Band Analyzer and 2D-Analyzer software (BioImage, Ann Arbor, 
MI). 
 
2.2.6 Statistical Analyses 
 
Significance of differences in sensitivity and specificity between serological assays, as 
well as the relationship between mf density and recognition of immunodominant 
antigens was analyzed by the Chi square-test.  Correlation between eosinophil count and the 
result from the antibody-based assays were determined using the correlation test from 
StatView™ SE + Graphics (Abacus Concepts, Inc., Berkley, CA). Correlations 
between prevalences obtained with skin snip test and IgG-PakF-DBA were determined 
by calculating the Pearson’s correlation coefficients (r), and their significance tested 
using the Fisher’s z transformation. 
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2.3 RESULTS AND DISCUSSION 

 
2.3.1.1 Guatemalan and Ghanaian O. volvulus: the same parasite? (Paper I) 
 
The comparison of Guatemalan and Ghanaian derived O. volvulus worms in terms of 
both the polypeptide composition and the antigenic recognition of these polypeptides 
showed differences that may be evidence of an apparent geographic variation of the 
parasites.  The polypeptide composition analyzed by one and two-dimensional gel 
electrophoresis showed that TSF fractions from Guatemalan and Ghanaian worms, 
prepared in the same way, differed mostly in the region of 30-45 kDa. Using highly 
sensitive silver staining, which allows polychromatic staining of the polypeptides, it 
was shown that the staining pattern of the polypeptides in the Guatemalan and 
Ghanaian homogenate differed in both the color and sharpness of the resolved bands 
(Figure 8).  These differences were reproducibly detected when worms from different 
nodules were analyzed. 
 
The chromatism exhibited by basic proteins has been described and explained in terms 
of differences in protein-silver ion complex formation, related to the amino acid 
composition (128).  Under silver staining, the relative abundance of yellow-orange 
proteins in TSF-GU, observed in both one and two-dimensional SDS-PAGE, may 
indicate the presence of basic proteins, difficult to stain with the silver staining method 
of choice in this work.  Possibly, TSF-GU contains more basic and/or acidic as well as 
more glycosylated proteins than TSF-GH. 
 

Figure 8.  A: Silver stained polyacrylamide gel showing the chromatism exhibited by 
proteins due to differences in protein/silver ion complex formation, related to amino 
acid composition  Careful control of the developing step allows proteins to stain 
differently, resulting in a range of colors from yellow to dark brown.  Glycosylated 
proteins, for example, stain yellow.  Such chromatism was used to detect differences 
between TSF-GU and TSF-GH.  B:  Two-dimensional electrophoresis later confirmed 
that TSF-GU and TSF-GH differ in polypeptide composition, and relative amount of 
proteins that could be focused in a pH range 5-8. 
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hypodermis but no appreciable binding was detected in intrauterine or other organelles 
(fig. 22) 
 
Of interest, glutathione-binding antigens have been shown in the wall of the seminal 
receptacle and spermatozoa, but not oocytes (147).  Since the eluted antibodies react 
against the mixture of proteins in PakF, it is possible that the staining seen in Fig. 22 
represents the reactivity of antibodies against the main immunogenic component, 
OvP22, and also a GST-like protein similar to the π-class, non-glycosylated Ov24, for 
example.  However, the very weak reactivity of Gumf+ sera in the region where 
OvGST migrates in the electrophoregrams suggests that the eluted antibodies are 
binding mainly to the 22 kDa antigens in the hypodermis.  Indirect evidence that 
OvP22 may not be Di22U comes from the comparison of sections probed with anti-
Di22U with those shown in Fig. 22.  Figure 23 shows that, in contrast to the eluted ant-
PakF antibodies, anti-Di22U also binds to intrauterine structures such as oocytes, and 
early stages of mf and eggshells.  The definitive answer should come from studying the 
binding of antibodies raised against isolated proteins. 
 
 

 
 
Studying different developmental stages of the parasite would also give information 
about the differential regulation of the expression of such proteins.  Thus far, these 
results suggest that the main immunodominant protein comprised in PakF is not present 
in early intrauterine states of the parasite.  If PakF proteins are mainly localized in the 
hypodermis of adult worms (and possibly late mf stages before they leave the uterus), 
this could explain in part why individuals that are treated with ivermectin (a drug 

Figure 22. a: Immunolocalization of PakF antigens by eluted 
antibodies from pools of sera from infected (Gumf+) and non-exposed 
(N-GU) individuals, on cryosections of isolated female O. volvulus.  b: 
Eluted anti-PakF antibodies bound to the hypodermis, hy, and not to 
the intrauterine structures, u.  c:  Detail of a section probed with 
antibodies eluted form a pool of non-exposed individuals showing no 
specific binding to the hypodermis or uterine structures.  The cuticle, c, 
is shown. 
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effective only against mf), continue to react against PakF, even after several rounds of 
treatment. 
 
 

 
 
 
 
 
 

Figure 23. Immunolocalization of O. volvulus
antigens with crossreactive antibodies. Anti-D. 
immitis Di22U antibodies bind to advanced embryos 
(tadpole stage, black arrows), and the uterine wall, u.  
Some degenerated embryos are shown (red arrows) 
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Brailsford Robertson: “It is not the talents we possess so much as the use we make of 
them that counts in the progress of the world.” 
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 Figure 24.  World Health Chart of total expenditure on health (as percentage of Gross Domestic Product, 
DGP) in the countries where onchocerciasis is still endemic or is being controlled. An international dollar 
has the same purchase power over GDP as the USD in the United States of America (USA).  Two 
developed countries from Europe and the Americas (Sweden and USA) are shown for comparison.  The 
chart was made using World Health Chart Public Beta 0.1.  Data display corresponds to WHO data of 
1999. 
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 Figure 25. Total health expenditure per capita in the countries where onchocerciasis is still endemic or is 
being controlled. Two developed countries; Sweden and USA have been highlighted for comparison. The 
chart was made using World Health Chart Public Beta 0.1.  Data display corresponds to WHO data of 
1999. 
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