Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 92(5): 669-676, Sep./Oct. 1997 669

Diagnosing Schistosomiasis
Ana Rabello
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The ideal diagnostic method for schistosomiasis detection seems to be still far from available. Pau-
city of egg output in low prevalence situations, low levels of circulating antigens in individuals with low
intensity of infection and inadequate specificity of antibody detection systems outline pieces of a puzzle
that challenges scientific efforts. Estimated prevalence, financial resources and operational reality must
be taken into account when deciding the diagnostic method to be used. A combination of a screening
step, using a fast strip test for antibody detection with a parasitological ratification step such as Kato-
Katz repeated stool examination may serve as a diagnostic approach for a previously untreated low
level endemic area. However, when eradication is the aim, and high financial investment is available,
re-treatment may be based on the association between multiple stool examination and circulating anti-
gen detection. Ethical aspects as well as cost-benefit rates between treatment and diagnosis approache
lead to the conclusion that in spite of the recent advances in simple administered and relatively safe
drugs, treatment should only be performed when supported by appropriated diagnosis.
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In 1852, Theodor Bilharz, a German physiciarthrough the homogenization and sedimentation of
working in Egypt, described for the first time thefeces.
parasitic disease which would be after called schis- In the beginning of this century scientific ad-
tosomiasis. He also presented the first contribwances in immunology occurred. The reaction of
tion to the diagnostic techniques of the infectioncomplement fixation was developed by Bordet and
the drawing of the spiculate eggs. These drawing&engou in 1901, and the concept of antibodies was
even containing a conceptual inaccuracy, were thestablished gradually (they were called “amboce-
theoretical start for the description of this parasiptors”). The method of complement fixation was
tosis in other regions of the world. Bilharz waghen applied for abdominal typhoid fever and for
mistaken when considering the eggs with terminalyphilis by Wasserman et al. in 1906.
spicules and the ones with lateral spicules as per- In 1909 Fujinami and Nakamura described the
taining to the same species. This concept was queesaction of complement fixation for the diagnosis
tioned by Patrick Manson (1902) who defined thef schistosomiasis. The same method was used by
existence of different species and was defenddshirley (1919) with antigens of hepatopancreas of
by Looss (1909) who explained the formation ofnfected mollusks. Since then the use of diagnosis
eggs with lateral spicules as secondary to the etechniques for schistosomiasis has followed the
cess of vitelline cells in the ootype. The contromedicinal-laboratorial technological development.
versy persisted for half a decade until 1907 when A curious example of consequences of the tech-
Sambon established the new specesiistosoma nological development refers to the history of schis-
mansoni A year later, Piraja da Silva (1908) de-tosomiasis. Until few years ago, the observation
scribed schistosomiasis mansoni in Bahia, Brazibf the most ancient existence of the infection be-
reinforcing the existence of a different specietonged to Ruffer (1910) who related the presence
which caused an intestinal aggression in the iref eggs calcified in the kidneys of two Egyptian
fected patients and whose eggs presented a lateraimmies of the 20th dynasty (1250-1000 bC).
spicule. With the detection of circulating antigens of the

In 1919, Adolf Lutz described the first modifi- parasite in the tissues of the Egyptian mummies,
cation in the diagnostic method of schistosomiasiwe now know that the humanity lives together with

schistosomiasis since 3,000 years bC (Miller et al.

1992).
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of drugs used in large scale, the specific therapecest becomes US$ 1,350 for the treatment and more
tic started to play a crucial role in all programs fothan US$ 300 for the diagnosis, that is US$1,650.
controlling the disease. The cure of 60 to 90% ofhe problem with this strategy is the 50 false nega-
the infected people and the reduction 90 to 95%ve patients consequently not treated. These are
in the number of eggs eliminated in feces are olpatients with a low shedding of eggs in their feces,
tained by the treatment with a single dose and fewith less chance of developing serious forms and
collateral effects. The effective and relatively safevhich may be reevaluated in the following stage
treatment of the infection cooperated with theén a well established longitudinal program. The
prioritization of the morbidity control instead of resource which was saved with the unnecessary
interrupting the transmission in most of the countreatment, makes possible the repetition of the fe-
tries where the disease is endemic. ces examination, highly increasing its sensitivity
At present, we have three main schemes for ti{Rabello et al. 1992).
population treatment in control programs of schis-  In parasitosis control programs, the decision of
tosomiasis: (ajnass treatmentvhich proposes a the strategy of mass treatment or selective treat-
medicament treatment of a whole population posnent of the population must consider the disad-
sibly infected, without an individual diagnosis; (b)vantages and the risks of not treating patients with
selective treatment of populatidor groups prob- a light infection or an unnecessary treatment of not
ably infected or in risk of infection, in which popu-infected individuals including the availability of
lation groups are treated; for instance, the treatredical assistance to undesirable serious effects
ment of individuals in the age group from 10 to 2®f the medicines. All of the drugs available for the
years of age, who are susceptible to thepecific therapeutics of schistosomiasis present side
hepatosplenic form or groups of individuals wheeffects. The praziquantel is considered as “excep-
perform risk activities for the locality; (gelec- tionally well tolerated” (WHO 1993, Cioli et al.
tive treatment of individualsyhen only the patients 1995). The reactions described are abdominal dis-
proven to be infected are treated. comfort (50-62.5%), bitter taste (62.5%), dizziness
The main premise in favour of the mass treat:37.5%), sleepiness (25%), asthenia (50%), nau-
ment are the economy of financial resources, treea (5-12.5%), vomit (6.7%), diarrhea (13%),
time spent in the stage of diagnosing the infectioohronic headache (5%), indisposition (2.5%), ur-
and the simplification of technical workability of ticarial reaction (1.7%) (Katz et al. 1982, 1983).
the program. According to the World Health Or-With oxamniquine, dizziness (40%), fever (38%),
ganization (WHO 1993), epidemiological data in-abdominal pain (20%) and chronic headache
dicating a high prevalence of infection in the bef21.7%) are observed. The most serious collateral
ginning of the program may justify the treatmenteactions affect the central nervous system. Con-
of the whole population, without an individual di-vulsions of the great harm type, eletro-
agnosis. encephalographic abnormalities (20%) and visual
The global estimate cost of the treatment vamr auditory hallucinations (0.4 to 0.8%) are also
ies from US$ 1.5 to 6.5/person (the calculation doesported (Katz et al. 1983, Foster 1987).
not include operational costs: people training, trans- The method of diagnosis consists in a primor-
portation and conservation of the drug, relief fodial instrument for the programs of control of this
collateral effects). The estimate cost of the fecesndemic disease. It is highly desirable the devel-
examination by the Kato-Katz method is US$ 0.36pment of techniques still simpler and more sensi-
person (excluding the operational costs: peoplive than the feces examination.
training, collecting bottles, microscopes). In ey sto50MIASIS' DIAGNOSIS METHODS
eral countries where schistosomiasis is an endemic . ) )
disease, the governmental outlay with public health Until around ten years ago, the diagnosis for
per year per person is 1.0 to 4.0 US$ (WHO 1993gertainty of infection byS. mansontould be
As it will be shown, in an area of 50% of prevareached only through the direct demonstration of
lence, the sensitivity of the examination of a fece$1e parasite in one of its evolution forms in the
Samp|e is 90%. Thus, an unnecessary treatmentt{ﬁsue_s or excretions of the host. As.a result of teqh-
50% of the population is carried out with an avernological efforts and advances which occurred in
age cost 10 times higher than what was invested i€ last decade, the detection of antigenic compo-
the diagnosis. Thus, the mass treatment of a 1,00@nts of the parasite shed in the blood current of
population with a 50% prevalence entangles ifhe host, became an alternative for the direct diag-
costs of US$ 3,000 and the unnecessary treatméHsis of the active infection. .
of 500 persons. The stage of diagnosing the popu- Nevert_heless, th_e microscopic demonstranon of
lation results in an outlay of US$ 300 and the cotthe parasite’s eggs in the feces remains as the more
rect diagnosis of 450 in 500 infected persons. THargely tool used, mainly because of its low opera-
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tional cost and its feasibility in situations of pre-of one and three feces examinations in eight lo-
carious laboratorial structure. Although some otalities of Santa Lucia and by De Vlas et al. (1997)
the techniques of the qualitative diagnosis presefiom observations of seven different population
a good sensitivity detecting the infection By groups.
manson]j quantitative techniques are recom- When the choice of the schistosomiasis diag-
mended. The determination of the average and abstic method aims to evaluate individual patients,
the distribution of the number of eggs per gram ahe demonstration of the parasite’s eggs in fragments
feces reflects the intensity of the schistosomal iref rectal mucosa is sometimes considered. Regard-
fection in a population and it makes possible ting this technique it is worth emphasizing: (a) if the
evaluate the useful indicators in the control planeriteria of positivity is standardized as the presence
ning, such as possible risk factors, presence of sgfviable eggs in the rectal tissue, and the technical
vere clinical forms, degree of transmission in thguality of the examiner of the fecal samples is guar-
area, expected percentuals of cure and reinfectiamteed and of the oogram, two feces examinations
and intervals of necessary retreatments. Based dx%the Kato-Katz method present the same sensitiv-
clusively in determining the prevalence, the evaluty that the oogram obtained by the rectal biopsy;
ation of the results reached with the control megb) due to the significant and positive correlation
surements introduced in an endemic region méayetween the number of eggs observed in the rectal
fail. It is fundamental to observe the repercussiorntsssue and in the feces, the concordance between
which occurred in the intensity of the infection inthe two methods is 100% when the patient presents
the treated population. more than 200 eggs per gram of feces and more than
PARASITOLOGICAL DIAGNOSIS 2,000 eggs per gram .of recFaI mucosa. The discor-
dances are observed in the infections which are less
_ Regarding the available techniques for the pargntense (Rabello 1992); (c) at present, the indica-
sitological feces examination, in the most recenion of the rectal biopsy for the diagnosis of schisto-
publications it remains the consonance that théomiasis mansoni is restricted to the drugs assays,
Kato-Katz method (Katz et al. 1972) offers the besihen the early demonstration of modifications in

conditions of effectiveness associated to the cogfe rectal oogram helps in the evaluation of the thera-
and operational conditions (Mott & Cline 1980,peutic effectiveness.

Sleigh et al. 1982, Rabello etal. 1992, WHO 1993

A significant increase in the sensitivity of the MMUNOLOGICAL DIAGNOSIS
parasitological feces examination by the Kato-Katz Several groups of researchers have been look-
method may be reached by the exam of a largerg for developing methods of immunological di-
number of fecal samples. This procedure is mainlgggnosis which present a high specificity and sen-
indicated when the population group studied presitivity and which constitute alternatives for the
sents a low prevalence and a low intensity of indse of parasitological techniques. The techniques
fection and in the control of cure, situations imavailable are numerous but up to the moment none
which the expected number of eggs in the feces & them satisfy completely the requirements for an
small. The sensitivity of the examination of only“ideal technique” which besides being effective
one fecal sample compared to the examination ofiust use a unique reagent, depend on simple equip-
four samples was of 84.9% and 100% when thment, be fast, be of low cost and easy to be done in
number of eggs per gram of feces was greater thére field. The skin-test, based on the immediate
50, 100 and 500, respectively, in an endemic ardg/persensitivity reaction, as a simple technique, is
of low prevalence and intensity of infectionthe one which is closer to be the “ideal” one, but as
(Rabello et al. 1992). it presents a low specificity for the infection in ac-

Alternatives such as the use of mathematicaivity (Rabello 1990), it was discharged.
models to estimate the population prevalence may The collection of material in filter paper or in
help in the control planning. Through the develmicrotubes, or the possibility of using total blood
opment of a mathematical model based on the imeduce the difficulties which constitute the venous
dividual variations of parasitic burden, variationsollection, the blood centrifugation in field and its
in the number of worm pairs for a certain parasititransport refrigerated for the laboratory. A recent
charge and in the variation in counting the eggadvance, promising for the use of simplified pro-
for a certain number of worm pairs, De Vlas et alcedures was reported by Garcia et al. (1995), de-
(1992a) established a prevalence curve estimatedribing the detection of antibodies IgG against
for feces exams with multiple samples from thantigens ofS. mansonieggs in saliva and in the
prevalence observed with a single feces exam. Thigal transudate of infected patients, with similar
model was validated by De Vlas et al. (1992b) bgensitivity and specificity as those obtained with
using data of Jordan et al. (1975) with prevalencesrum.
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DIAGNOSIS FOR ANTIBODIES nation (Polderman et al. 1985, Shimizu et al. 1992).
DETERMINATION There are two possible categories: excess of false

The first and indispensable attempt to standard0sitives per serological evaluation or excess of
ize and evaluate several assays based in the det@lS€ negatives per parasitologic interpretation. The
mination of specific antibodies was performed byoW specificity of the presence of antibodies against
Mott and Dixon in 1982. In a multicentric study, S- Mmansonin the absence of an active infection
the authors evaluated 17 antigenic preparations afgy be explained by the cross reactivity with other
tests in a total of 248 sera of infected patients arRfirasites (Corréa-Oliveira et al. 1988), unisexual
88 controls of uninfected patients. The tests of ifbfections, contact with other cercariae, transfer-
direct hemoagglutination, indirect immunofluores€nce of maternal antibodies, previous treatment
cence, ELISA, periovular, radioimmunoassayslgnorEd and persistence of antl_bodles after cure.
indio-immunoassay and double microdiffusion Other alternatlv_e.descrlbed is based on the use
were effectuated with different antigens. The auef enzymes pertaining to the worm in possible
thors conclude that the results did not indicate sifmunodiagnostic assays. A sensitivity of 90%
periority of none of the immunodiagnostic meth-Was reac_hed by identification of ant|p0d|es against
ods for detecting anti-schistosoma antibodies. the alkaline phosphatase present in the worm’s

The researches in this field have concentratdggument. Until now, from 17 reported enzymes,
their attention in search of purified antigenic comthis was the only which was surveyed in the diag-
ponents which induce the formation of more spe0sis of the infection but it did not offer any ad-
cific antibodies than the other existing ones. Puri{@ntage on the rough antigens in the differentia-
fied preparations as CEF6 (cathionic fraction 6)fion between previous and active infection (Cesari
MSAL1 (major serological antigen), MAMA (adult €t al. 1992). , , .
microsomal antigen), 37 Kda (37 larval antigen and  Data of the literature suggest that the diagnosis
31/32 gut associated) have been described as p8&schistosomiasis based on the determination of
sible alternatives, but they still did not prove theippecific antibodies against the antigens presently
usefulness for the use in large scale as substituf@¥@ilable must be established only in countries
for parasitological methods (Bergquist 1992, 1993/yhere schistosomiasis is not endemlc. It can also
Feldmeier & Poggensee 1993). be u;ed for prevalence estimates |n_p'o'pulat|ons not

The CEF6 antigen constitutes an example dyreviously treateqz but the _Iow specificity and con-
the necessity of validation in areas of apparentfeduent low positive predictive values makes the
specific antigens. When this antigenic fraction waf€thod inadequate for studies of prevalence and
evaluated by Mott and Dixon (1982) it was concontrol (Spencer et al. 1991).
sidered a promising one. The specificity of 93.3%)|AGNOSIS PER ANTIGEN DETECTION
was observed in 33 Europeans and Amazon indians
and of 80% in 17 patients treated for schistosg-
miasis mansoni. While studying the diagnosis witha" X ) X .
the same antigen in Kenya, Doenhoff et al. (1993ynich makes possible to differentiate a past infec-
observed a specificity of 100% with SEA and oo from an active one eliminating the problem of
98% with CEF6 in 254 children of a non-endemiéow specificity of the diagnosis of antibodies.

area. Unfortunately, however, specificity of 64% The specificity of 100% is the main advantage

and 59% were observed with SEA and CEF6 r%ﬂt.tgﬁ ?ﬂi‘g'gﬂfg;&rgglfgggaigﬁggf t?]f;ero‘c’ﬂ:gr
spectively, in 887 individuals who live in an en- ' Ibod :

demic area foS. mansonand less than 20% for hand, in what refers to the sensitivity, the “gold

both antigens in 234 children who live in an en_standard“ test for schistosomiasis has not been

demic region foS. mansonandS. haematobium. achieved yet. In the populations of Burundi and

In this case, the purification of the antigen did no%aire, sensitivity of 59.6% and 66.7% were ob-

: I served in people with less than 100 eggs per gram
result in a greater specificity. Recent technologi f feces (De Jonge et al. 1991),

cal advances may contribute to the finding of As part of a multicentric study including en-

specific humoral reply. The facility of prOdUCingfiemic areas of Minas Gerais, Brazil no significant

recombining antigens and synthetic peptides o ifference was demonstrated in 116 people of posi-
fers a perspective of finding specific epitopes foﬂVity from one (46.6%), two (52.6%) or three

the active infection (Klinkert et al. 1991, Lo Verde(59_5%) feces examinations and the detection of

etal. 1992). on anodic circulating antigen in the blood (54.3%)

The confrontations of the data of prevalence g X

one endemic region obtained by feces examin&!d that in discrepant cases are predominantly ob-
tion and determination of antibodies generally re?ﬁé?’ref%(':gspgtr'%nfgwwl'g\]/;SIO(‘)’\]{ iﬂgﬂg&‘g O;rft?g:nlg
sult in a higher positivity of the serological exami- 9 9

Detecting antigenic substances released by the
arasite, per definition, constitutes the procedure
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(data non published). Similar equivalence was ol
served by Van Lieshout et al. (1995), in a low preva
lence area from Surinam, comparing two feca

samples - 25 mg Kato-Katz examination to CAA Disease ~resent 3 b

and CCA detection in sera and urine. In this study, Absent  © d

the highest sensitivities were achieved with the p

urine-CCA assay and the parasitological examj-  Sesitivity:  ——— Specifictty:  ——

nation, detecting 59 and 58 out of the 107 cases

with an active infection. Positive predictive value: Negative predictive value: e e
a+ ¢ +

Several circulating antigens have been de

scribed in different laboratories and enough re
search to allow the multicentric evaluation wa
reached by some of these assays (De Jonge et
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1988, Barsoum et al. 1991, Qiu et al. 1991, Hass
et al. 1992).
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T

Fig. 1: four possible categories of disease classification by a
The excretion of circulating antigens of thediagnostic method and its relation with the real situation and its
worm in the urine of the infected patients make&te"elations.
possible the use of a non-invasive technique for
the simple diagnosis of schistosomiasis. Sensitiv-
ity and specificity are similar to those reported fotidual who presents a positive test to be really sick
the serological detection of antigens (Delder et afpredictable value of the positive result) depends
1989, Van Lieshout et al. 1993). Low fluctuationson the specificity of the test and on the prevalence
of urinary elimination of these antigens and thes the disease in the population to which the indi-
number of eggs shed in the feces during seven c@kdual belongs. The probability of an individual
lections in five days and three subsequent weeligho presents a negative test to be truly healthy

have been observed (Van Etten et al. 1996, Dis@epends on the sensitivity of the test and on the
etal. 1997). . _ ~ prevalence of the disease in the population.

The disadvantages of the circulating antigens The example presented in Fig. 2 shows how
detection are low sensitivity in light infections, highthe predictive values depend on the situation where
cost, difficult approach and dependence of the prer certain diagnostic test is performed.
duction of monoclonal antibodies. This technique, The feces examination for the diagnosis of para-
which is still far for being used in control programssitosis such as schistosomiasis presents two aspects
has received investments such as choice technigWfiich need to be considered when evaluating its
for future evaluation of protection assays. It als@ensitivity and predictive values. First, unless by
consists of a good method of research, such evalghanging results (virtual mistake), the test speci-
ation of circulating antigens and morbidity relaicity is 100%. When the egg &. mansonis vi-
tion (De Jonge et al. 1991). sualized, there is no chance of being a false posi-

TECHNICAL VALIDITY AND APPLICABILITY tive patient. Second, as mentioned above, the sen-
. . . _ sitivity of the method increases with the growth of
Fig. 1 presents four possible categories of di

ease classification by a diaghostic method and ﬁge infection intensity.
relation with the truth situation and its interrela-
tions.

Sensitivity is defined as the capacity of a cef
tain technique of detecting the greatest number of
individuals truly sick. Specificity is the capacity
of the test being always negative in the absence|of
the disease, not offering false-positive results. Ef-
fectiveness is the propriety of correctly classifyr
ing the greatest number of evaluated individuals,
sick and healthy ones.

The interrelations above do not depend exclu-resitive Predictive Value: 50.0%
sively on the test’s characteristics. The predictable
values incorporate in their definition an aspect of negative Predictive value: 97.3%  Negative Predictive Value: 95,5,
prevalence of the disease in certain population.
Maintaining the characteristics of sensitivity and
specificity of the test, the probability of an indi-Fig. 2: predictive values of a hypothetical diagnostic test.

Hipotetic test

Sensitivity: 90%
Specificity: gqo,

Prevalence: 20% Prevalence: 50%

Positive Predictive Value: 90.0%
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Fig. 3 presents the linear relation betweeservations in terms of effectiveness, reproducibil-
prevalence and infection intensity of the experiity, cross reactivity and positive and negative pre-
ence in 10 endemic areas in Minas Gerais, evaldictive values, which are indicators that depend on
ated by the Laborat6rio de Esquistossomose of tliee prevalence in the area studied. It is still expected
Centro de Pesquisas René Rachou. that according to the obvious social composition

and geographical situation of the population af-
eggs / gram of feces fected by schistosomiasis to use the apprc_;priate
350 . methods and technology anq not the opposite.
In summary, the technological development and

300 the several advances reached by immunodiagnostic
250 - tests present promising results. However, we are
200 still in search of the iqleal test which surpasses the

development stages in laboratory, minimum crite-
150

. ria of validation and applicability in the field. This
™ y=38x+44 test needs to be superior to the feces examination
x of a single sample.

100

0 10 20 30 40 50 60 70 80 REFERENCES

prevalence (%) Barsoum IS, Kamal KA, Bassily S, Deelder AM, Colley
DG 1991. Diagnosis of human schistosomiasis by
Fig. 3: linear regression between prevalence and geometric mean detection of circulating cathodic antigen with a
of the number of eggs per feces gram obtained in 10 endemic monoclonal antibodyd Infect Dis 1641010-1013.
areas evaluated by,the Laboratério de Esquistossomose, CerB"@rgquist NR 1992. Present aspects of imnmunodiagnosis
de Pesquisas René Rachou, FIOCRUZ. of schistosomiasiddem Inst Oswaldo Cruz 829-
38.
Bergquist NR 1993. Schistosomiasis in Tropical Dis-

- . . ease Research Progress 1991-1992. Eleventh
Thus, itis expected to find an approximate geo- Programme Report. UNDP/World Bank/WHO Spe-

metric mean of 70 eggs per gram of feces and sen- cjal Programme for Research and Training in Tropi-
sitivity of the examination of a fecal sample of cal Diseases: 29-36.

around 70% for an endemic area with a 20% preva&ilharz T 1852. Fernere Mittheilungen uber Distomum
lence. For an endemic area of 50% it is expected haematobiunZeitsch Wiss Zool 4t54-456.Appud

an approximate geometric mean of the number of Prata A 1957A bidpisia retal na esquistossomose
eggs of 200 eggs per gram of feces and sensitivity mansoni: bases e aplicagées no diagnostico e
of 90%. The consequences of the variation can he tratamento Thesis S.N.E.S., Rlo_de Janeiro, 197 pp.
seen in Fig. 4, in hypothetical data. ordet J, Gengou O 1901. Sur la existence de substances

. . sensibilisatrices dans la plupart des sérums
Notwithstanding the great number of tests ap- 5o e G | S8 8 D B g0 300,

plicable to the serological diagnosis, described @Ssari 1M, Bouty 1, Bout D, Denoya BA, Hoebeke J

presenting high sensitivity and specificity in ini- 1992, pParasite enzymes as a tool to investigate im-
tial studies, few have resisted to more careful ob- mune responseslem Inst Oswaldo Cruz 8B5-

65.
Cioli D, Pica-Matoccia L, Archer S 1995.

Antischistosomal drugs: past, present ... and future?
Kato-Katz Method Pharm The68: 35-85.
o e of Schi " Corréa-Oliveira R, Dusse LMS, Viana IRC, Colley DG,
Carvalho OS, Gazzinelli G 1988. Human antibody
response against schistosomal antigéns.J Trop
Prevalence: 20% Prevalence: 50% Med Hyg 38:348-355.
Intensity of infection: 70 opg Intensity of infection: 200999 | be Jonge N, Gryseels B, Hilberath GW, Polderman AM,
Sensitivity: 80% Sensitivity: 90% Deelder AM 1988. Detection of circulating anodic
Specificity: 100% Specificity: 100% antigen by ELISA for seroepidemiology of schisto-
somiasis mansonilrans R Soc Trop Med Hyg 82:
Positive Predictive Value: 100% Positive Predictive Value: 100% 591-594.
De Jonge N, Rabello ALT, Krijger FW, Kremsner PG,
Nt e Vo 0324 ogave Prdetie Vo 05 S L K8 ating anoclc and oathocl antigens

in serum of schistosomiasis patients from Brazil.

Fig. 4: epidemiological indicators of the Kato-Katz method in_ 17@ns R Soc Trop Med Hyg 8B56-759.
two hypothetical localities. De Vlas SJ, van Oortmarssen GJ, Gryseels B 1992a.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 92(5), Sep./Oct. 1997 675

Validation of a model for variations Bchistosoma 24: 310 -314.
mansonigg countsTrans R Soc Trop Med Hyg 40: Katz N, Rocha RS, Lambertucci JR, Greco DB, Pedroso
268 -272. ERP, Rocha MOC, Flan S 1983. Clinical trial with

De Vlas SJ, Gryseels B, van Oortmarssen GJ, Polderman oxamniquine and praziquantel in the acute and
AM, Habbema JD 1992b. A model for variations in ~ chronic phases of schistosomiaBisy Inst Med Trop
single and repeated egg countsSohistosoma Séo Paulo 25173-177.
mansoniinfections. Parasitology 104451-460. Klinkert MQ, Bommert K, Moser D, Felleisen R, Link

De Vlas SJ, Engels D, Rabello ALT, Oostburg BFJ, G, Doumbo O, Beck E 1991. Immunological analy-
Lieshout L, Polderman AM, Van Oortmarssen GJ, sis of clonedSchistosoma mansoantigens Sm31
Habbema JDF, Gryseels B 1997. Validation of a and Sm32 with sera of schistosomiasis patidinig

pocket chart to estimate tr@thistosoma mansoni Med Parasitol 42319-324.
prevalences from simple egg courfarasitology Lo Verde P, Xu H, Nicholson L, Rekosh D, Thakur A
114:113-121. 1992. The use of recombinant DNA methods to pro-

Deelder A, De Jonge N, Boerman OC, Fillie YE, duce schistosome antigens in order to assess their
Hilberath GW, Rotmans, JP, Gerritse MJ, Schut immunodiagnostic potentiaBchistosoma mansoni
DWO 1989. Sensitive determination of circulating  in Tropomyosis an example, p. 125-132. In NR

anodic antigen ischistosoma mansainifected in- Bergquistimmunodiagnostic approach in schisto-
dividuals by ELISA using monoclonal antibodies.  somiasisWHO.
Am J Trop Med Hyg 3&848- 355. Looss A 1909. What is “Schistosomum mansoAifih

Disch Y, Garcia MM, Krijger W, Amorim MN, Katz N, Trop Med and Parasit 2153-192.
Deelder A, Gryseels B, Rabello A 1997. Daytodayutz A 1919. O Schistosomum mansoré a

fluctuation of CCA levels in urine ddchistosoma Schistosomatose segundo observagdes feitas no
mansoninfected children in Brasilrans R Soc Trop Brasil. Mem Inst Oswaldo Cruz 1121-155.
Med Hyg 91222-225. Manson P 1902. Report of a case of Bilharzia from the

Doenhoff MJ, Butterworth AE, Hayes RJ, Sturrock RF,  West IndiesBr Med J 2:1894-1895.
Ouma JH, Koech D, Prentice M, Bain J 1993 Miller RL, Armelagos GJ, lkram S, De Jonge N, Krijger
Seroepidemiology and serodiagnosis of schistoso- FW, Deelder AM 1992. Palaeoepidemiology of
miasis in Kenya using crude and purified egg anti-  schistosoménfection in mummiesBMJ 304:555-
gens ofSchistosoma mansoini ELISA. Trans R 556.
Soc Trop Med Hyg 8#42-48. Mott KE, Cline BL 1980. Advances in epidemiology
Fairley NH 1919. The discovery of a specific comple-  survey methods and techniques in schistosomiasis.
ment fixation test for bilharziasis and its practical Bull WHO 58:639-647.
application to clinical medicinel Roy Army Med Mott KE, Dixon H 1982. Collaborative study on anti-
Corps 32:449-460. gens for immunodiagnosis of schistosomiasis
Feldmeier H, Poggensee G 1993. Diagnostic techniques mansoniBull WHO 63:729-753.
in schistosomiasis control. A revietcta Trop Basel Polderman AM, Npamila K, Manshande JP, Bouwuis

52:205-220. MLH 1985. Methodology and interpretation of para-
Foster R 1987. A review of clinical experience with  sitological surveillance of intestinal schistosomiasis
oxamniquine.Trans R Soc Trop Med Hyg 835- in Maniema, ZaireAm Soc Belge Med Trop 65t -

59. 29.

Fujinami A, Nakamura H 1909. Experimental studiefiu LS, Xue HC, Zhang YH, Li H, Zhu CW 1991. De-
on the serological reactions in calves experimentally  tection of circulating membrane antigen of schisto-

infected withSchistosoma japonicurd Kyoto Med some in schistosomiasis by dot-ELISA and idiotype/
Ass 6:224-252. antiidiotype interaction inhibition tesChung Kuo

Garcia MMA, Amorim MN, Viana LG, Katz N, Rabello Ch Sheng Chung Hsueh Yu Ping Tsa ChiR&5-
ALT 1995. Detection of antiSchistosomantibod- 268.

ies in oral fluidsMem Inst Oswaldo Cruz 90: 513. Rabello ALT 19900 exame parasitologico de fezes, a
Hassan MM, Badawi MA, Strand M. 1992. Circulating  bidpsia retal e o teste imunoenzimético no
schistosomal antigen in diagnosis and assessment of diagnostico da esquistossomose mansoni humana.

cure in individuals infected wittfschistosoma Thesis, Faculdade de Medicina, UFMG, 155 pp.
mansoni Am J Trop Med Hyg 46¢37-744. Rabello ALT, Rocha RS, Oliveira JPM, Katz N,

Jordan P, Woodstock L, Unrau GO, Cook JA 1975. Con- Lambertucci JR 1992. Stool examination and rectal
trol of Schistosoma mansotriansmission by provi- biopsy in the diagnosis and therapeutical evaluation
sion of domestic water supplies: a preliminary re-  of schistosomiasis mansofiev Inst Med Trop S&o
port of a study in St Luci@ull WHO 52:9-20. Paulo34: 601-608.

Katz N, Chaves A, Pellegrino J 1972. A simple devic&®uffer MA 1910. Note on the presence of Bilharzia
for quantitative stool thick smear technique in schis- hematobium in Egyptians mummies of the twenti-
tosomiasis mansonRev Inst Med Trop S&o Paulo eth dynasty (1250 - 1000 B@r Med J 2:16.
14:397-340. Sambon LW 1907. Remarks 8ehistosomum mansoni

Katz N, Rocha RS 1982. Double-blind clinical trials  J Trop Med Hyg 10303-304.
comparing praziquantel with oxamniquine in schisShimizu SH, Dias LC, Kanamura HY, Silva LC, Glasser
tosomiasis mansonRev Inst Med Trop S&o Paulo CM, Patucci RM 1992. Seroepidemiology of schis-



676 Diagnosing Schistosomiasis * Ana Rabello

tosomiasis mansonMem Inst Oswaldo Cruz 87: Hyg 54:348 - 351.

303-306. Van Lieshout L, De Jonge N, Mansour MM, Bassily S,
Silva P 1908. Contribuicdo para o estudo da schisto- Krijger FW, Deelder AM 1993. Circulating cathodic
somiase na Bahi&razil-Médico 22:281-283. antigen levels in serum and urine of schistosomiasis

Sleigh A, Hoff R, Mott KE, Barreto M, Paiva TM, patients before and after chemotherapy with
Pedrosa JS, Sherlock M 1982. Comparison of fil- praziquantelTrans R Soc Trop Med Hyg 8311-
tration staining (Bell) and thick-smear (Kato) forthe  312.
detection and quantification 8thistosoma mansoni Van Lieshout L, Panday UG, De Jonge N, Krijger FW,
eggs in faeceslrans R Soc Trop Med Hyg 76: Oostsburg BFJ, Polderma AM, Deelder AM 1995.
403-406. Immunodiagnosis os schistosomiasis mansoni in a

Spencer L, Alarcon de Noya B, Noya O, Masroua G low endemic area in Surinam by determination of
1991. Comparative analysis between the circumoval the circulating antigens CAA and CCActa Tropica
precipitin test and ELISA with raw antigens for the ~ 59: 19-29.
diagnosis of schistosomiasis in Venezu&&N 45: Wasserman A, Neisser A, Bruck C 1906. Eine
77-83. diagnostische reaktion bei syphiliBeutsche

Van Etten L, Engels D, Krijger FW, Gryseels B, Deelder  medizinische Wochenscrift 3245-746.

AM 1996. Fluctuation of schistosome circulatingWHO, World Health Organization 1993. The control of
antigen levels in urine of individuals witchisto- schistosomiasis. Technical Report Seri@30,
soma mansotinfection in Burundi.Am J Trop Med Geneva, 86 pp.



