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Laboratory Diagnosis of Schistosomiasis in Areas of Low
Transmission. A Review of a Line of Research
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After 57 years of successful control of schistosomiasis in Venezuela, the prevalence and intensity of infection have
declined. Approximately 80% of the individuals eliminate less than 100 eggs/g of stools, therefore morbidity is mild
and the majority are asymptomatic. The sensitivity of Kato-Katz decreases to approximately 60%. Available
serological methods for the detection of circulating antigens only reach a 70% of sensitivity. Tests based on the
detection of antibodies by immunoenzymatic assays have been improved. The circumoval precipitine test has shown
a high sensitivity (97%), specificity (100%), and correlation with oviposition, being considered the best confirma-
tory diagnostic test. Additionally to the classical immunoenzymatic assays, the development of the alkaline phos-
phatase immunoassay, allowed to reach a 100% specificity with an 89% sensitivity. Recently, we have developed a
modified ELISA in which the soluble egg antigen is treated with sodium metaperiodate (SMP-ELISA) in order to
eliminate the glycosilated epitopes responsible for the false positive reactions. The specificity and sensitivity
reaches 97% and 99%, respectively. Synthetic peptides from the excretory-secretory enzymes, cathepsin B (Sm31)
legumain (Sm32) and cathepsin D (Sm45), have been synthesized. The combination of two peptides derived from the
Sm31 have been evaluated, reaching a sensitivity of 96% when analyzed independently and with a 100% specificity.
Antibodies raised in rabbits against peptides derived from the Sm31 and Sm32 are currently evaluated in two
different antigen-capture-based assays. The development of a simple, cheap and reliable test that correlates with
parasite activity is a major goal
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In spite of the prolific generation of new knowledge iroviposition, has remained only as a confirmatory diag-
the area of schistosomiasis, there are some unsolved praastic test, since it is a very labor-intensive and expen-
tical issues associated with the diagnosis and control sife test. Other routine serological tests as ELISA with
this parasitic disease. This is particularly true, in relatiocrude extracts of adult worms or eggs, have good sensi-
with the laboratory diagnosis of this relevant trematodgvity but cross-react with sera from patients harboring
infection. In countries as Venezuela, in which approxintestinal nematodes (Colmenares et al. 1993). A major
mately 80% of the individuals harbor light infections (elimibreakthrough was recently achieved with a method based
nation of < 100 eggs/g of feces), with mild morbidityon the amplification of a highly repeated DNA sequence
being the majority of the population asymptomatic, thby PCR in fecal and serum human samples (Pontes et al.
detection of infected individuals is difficult (Alarcén de2001). The high sensitivity, specificity and predictive value
Noya et al. 1999). Under this condition, the sensitivitiesf this test constitutes a very valuable alternative as a
of the stool examination by Kato-Katz and the availableonfirmatory test for diagnosis. Nevertheless, its cost and
serological methods based on the detection of circulatitige necessity of a sophisticated laboratory equipment and
antigens decrease to 60% also (Alarcon de Noya et abnditions, limits the use of this assay to central labora-
1992a, EI-Morsmedy et al. 1996). Tests based on the deries. Major efforts should be oriented to tests based on
tection of antibodies have been improved and so far thebe demonstration of circulating antigens, of high sensi-
are the best tools in epidemiological and clinical screetivity, specificity and predictive value, of low cost and
ings (Alarcon de Noya et al. 1997). The circumovahpplicable under field conditions. Herein, we present the
precipitine test (COPT) in spite of its high sensitivity anduccessive approaches we have developed on time, in
specificity (Spencer et al. 1991), and its correlation witbrder to improve the quality of the serodiagnostic tests.

EVOLUTION OF THE SAMPLING AND SERODIAGNOSTIC
METHODS

Blood sampling Different methods of blood sam-
ing have been used in seroepidemiological surveys.
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Capillary blood adsorbed to filter paper has been used However, specificity of 85% is not good enough, spe-
in seroepidemiological surveys of different diseases wittially in communities where polyparasitism is frequent.
good results (Al-Alousi et al. 1980, Perez & Bolivar 1989)Based on these results, the specificity of this test was im-
but in some cases with decreased sensibility. proved by eliminating the carbohydrates responsible for

Based on previous experiences, we developed a sithe cross-reactivity, by treating the antigen with sodium
plified blood collection system, using 40 ul plastic mimetaperiodate. This approach allowed to improve the speci-
cro-hematocrit heparinized tubes (Safe Crit, Stat Spin Tedisity to 97%, while the sensitivity remained in 99% (Alarcon
nologies, 588 Pleasant Street, Norwood, MA 02062, USAle Noya et al. 2000). The only limiting factor of this assay is
(two per person), that once the blood was collected, wdtee fact that it remains positive after successful treatment.
fixed onto and identified on a sheet of paper, carried outin parallel, the alkaline phosphatase assay (APIA) devel-
afolder by field workers (Noya et al. 1989). Each sheeped by Pujol and Cesari (1990), based on the capture of
of paper attached with the micro capillary tubes that copatient’s 1gG antibodies to an ELISA plate covered with
respond to ten patients, were rolled on and introduced ftotein A, captured the parasite alkaline phosphatase en-
each centrifuge bucket for their centrifugation. In casezyme enriched in a butanolic extract obtained from the adult
centrifuge was not available, folders with the capillaryvorm, and, in the presence of the substrateittophenyl
tubes were maintained in a vertical position, allowing thehosphate), would give color. APIA is highly specific
spontaneous separation of the plasma and red blood cgfl§)0%) and sensitive (89%) (Alarcon de Noya et al. 1997),
Plasma was separated by cutting the tubes with scissdtgt as well as the other antibody-based immunoenzymatic,
The piece of the capillary tube with plasma could be préemains positive after cure.
cessed immediately or sealed in both edges for later pro- The identification and cloning of molecules of diag-
cessing, and stored on attached to a sheet of papep@stic value as the cathepsin B (Sm31) and the asparraginil
-20°C. endopeptidase legumain (Sm32) (Klinkert et al. 1989, Noya

The gold standard diagnostic test: the circummovdt al- 1995), allowed their production by genetic engineer-
precipitine test (COPT) Based on the low sensitivity Ing (El-Sayed etal. 1998) and chemical synthesis (Noya et
obtained (Mott & Cline 1980) by the classical Kato-Kat2l- 1998, 2001). Of them, the peptides of the Sm31 have
(Katz et al. 1972) in areas of low transmission, the COF8Nown higher antigenicity. Screening of the complete se-
(Oliver-Gonzalez 1954) revealed the best performanc@uence of the two molecules has been possible by the
reaching a range of sensitivity of 92-100% and specifi¢tilization of the Multiple Antigen Blot Assay (MABA),
ity of 96-100% (Spencer et al. 1991, Alarcén de Noya gtdot-blot that allows simultaneous |dgnt|f|cat|on of the
al. 1992a). Purifie®. mansonéggs were incubated with Most reactive peptides (Noya & Alarcén de Noya 1998).
patients sera for 48 h at 37°C. Reactions were consider8€ analysis of the antigenicity of the peptides compris-
positive when precipitation was observed in more thdfA9 the complete Sm31 and Sm32 molecules have shown
9% of the mature eggs. This test is now considered tHit three peptides derived from the Sm31, are the most
gold standard test for schistosomiasis. Nevertheless, iffiévant for diagnosis (IMT-164, 178 and 180), with speci-
only recommended as a confirmatory test, since it isfiity of 100% and sensitivities of 49, 49 and 86% respec-
labor-intensive technique, that requires the isolation afyely- The independent reactivities of IMT-164 and 180,
purification of aliveS. mansorgggs (Alarcén de Noya et '€aches 96% by MABA (Noya et al. 1998). Three peptides

al. 1992b). Additionally, it is the only test based on th@f the Sm32 (IMT-12, 14 and 64) and two of the Sm31

detection of antibodies that correlates with parasite adMT-172 and 180) have been used for the immunization

tivity (Hillyer et al. 1979). Antibodies against the excre©f rabbits, in order to get polyclonal and monoespecific
y (Hilly ) g itibodies. These are being tested in two different diag-

tory-secretory antigens released by eggs, starts to G!'P .
cline three months after successful chemotherapy (AlarcB@Stic Systems for the capture of these molecules in the
de Noya et al. 1992a). ood of infected individuals. One of the systems so far
Immunoenzymatic assayBifferent tests have been analyzed, have been able to detect 2 ng of the Sm32, how-
progressively incorporated for individual diagnosis an§V€' it has been found cross-reactivity with the corre-
for seroepidemiological studies. Initially, it was comparegPonding host enzyme, affecting the specificity of the
the sensitivity and specificity of two different crude para-eSt' MOd'f'ed peptides are being synthesmed in order to
site antigens: AWA and SEA. False positives was thRvercome this problem. A_seg:ond antigen-capture assay
major issue associated with both antigens, particularly Iy P€ing developed as a joint investigation with Cesari et
individuals infected with intestinal nematodes, being nd" (2001) using anti-Sm31 synthetic peptides antibodies
torious those infected with hookworms (Alarcén de Noyg1 a system similar to APIA, in which immune IgG rabbit

et al. 1996). This was not only demonstrated by ELIS ntibpdies are fixed onto ELISA plates for the capture of
but also by western blot. False positive reactions Weﬁge circulating antigenic enzyme cathepsin B, that, in the

observed by ELISA-SEA (15.3%) and 20.8% by ELISAPresence of a chemiluminiscent substrate is analyzed with
AWA (Colmenares et al 199'3) Based 6n these resu&lluminometer. The sensitivity of this assay is high, allow-

. . . to diagnose individuals excreting as low as 24 eggs g/
ELISA-SEA was considered to be the screening diagno, 9 L AR
tic test for the Schistosomiasis Control Progran? (chp) ces. Preliminary results have shown sensitivity of 70.8%,

- : ; pecificity of 80.5%, a positive predictive value of 68%
gllellg/gglbs)ter of Health in Venezuela (Alarcon de Noya € nd a negative predictive value of 82.5 % (Cesari et al.

2001).
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FINAL COMMENTS AND RECOMMENDATIONS tian patientsAm J Trop Med Hyg 54149-153.
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amination (Kato-Katz) or by the COPT (Alarcon de Noya, 3 Trop Med Hy@8: 661-669. . _
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