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Preface 

Schistosomiasis (bilharzia) is one of the major parasitic infect ions in tropical 
areas. It is caused by blood-dwell ing f lukes, residing in the mesenteric and 
pelvic veins of the human host. Over 200 million individuals are est imated to be 
infected w i th these worms, whi le at least 700 million people are at risk. 

The convent ional method to diagnose this disease is by the demonstrat ion of 
parasite eggs in faecal or urine specimens. However, this technique has several 
disadvantages, a.o. infections w i th low worm burden can be easily missed, and 
due to a high day-to-day f luctuat ion in egg counts, repeated examinat ions are 
needed to estimate the intensity of infect ion. Alternatively, schistosomiasis can 
be diagnosed by the detect ion of host antibodies directed against schistosome 
antigens. This technique has shown to be highly sensitive and specif ic, but is 
not able to differentiate between active and past infect ion, or to give informa­
t ion about intensity of infect ion. 

A comparat ively new approach for the diagnosis of schistosomiasis is the 
demonstrat ion of Schistosoma antigens in the circulatory system or the urine of 
the host. Al though these so called "circulating antigens" may be produced by 
several parasite life cycle stages, most research has been done on t w o glyco-
conjugates wh ich are associated wi th the gut of the adult w o r m , namely 
circulat ing anodic antigen (CAA) and circulating cathodic antigen (CCA). 

Initial research (performed in our laboratory) on the diagnostic applications 
of these antigens for human schistosomiasis was mainly focused on the 
demonstrat ion of CAA in serum and urine. These studies, compiled in the thesis 
of Dr. N. de Jonge (1990) , showed the levels of CAA in serum and urine to be 
correlated w i th the intensity of infect ion, as determined by egg output . In 
addit ion, fo l lowing successful t reatment of the parasite infect ion, CAA levels in 
serum were found to decline rapidly. 



The research described in this thesis should be considered as a cont inuat ion 
of the initial work performed by De Jonge et al.. It covers a period of seven 
years, of wh ich approximately the f irst three years have been spent at the 
NAMRU-3 in Cairo, Egypt, the other four at the Department of Parasitology of 
the University of Leiden, The Netherlands. The main objectives of this s tudy 
were to further elaborate the assessment of CAA and CCA concentrat ions in 
human serum and urine samples, in particular for the diagnosis of an act ive 
Schistosoma infect ion and the assessment of cure fo l lowing chemotherapy. In 
addi t ion, as serum and urine levels of CAA and CCA were found to be corre­
lated to the number of worms present, we also evaluated the use of ant igen 
determinat ion in more epidemiologically-oriented studies, that is to say to 
examina infect ion patterns and the dynamics of wo rm populat ions in humans 
living in endemic areas. 

Chapter 1 of this thesis includes a general introduct ion to human 
schistosomiasis, w i th particular emphasis on the diagnosis of this parasitic 
disease. In addi t ion, a literature overview is presented dealing w i th the charac­
terist ics of CAA and CCA, and w i th the determination of CAA and CCA in 
serum and urine, both in experimental ly infected animals and in humans. 

Chapter 2 describes the experimental work , the majority of wh ich has also 
appeared as papers in scientif ic journals. These publications are included as 
such w i thou t any modif icat ions, wh ich has resulted in some overlap, part icularly 
in the " in t roduct ion" and "material and method" sect ions. Furthermore, some 
inconsistencies between the dif ferent papers were unavoidable due to the fact 
that a f ew technical aspects of the circulating antigen assays have changed 
during the years in wh ich this work was performed. 

A comparat ive evaluation of CAA and CCA determinat ion in serum and urine 
samples, collected f rom one and the same group of schistosomiasis pat ients, is 
reported in chapter 2 . 1 . Improved diagnostic performance was achieved by 
parallel test ing and combining the results of the individual assays. Combined 
measurement of CAA and CCA in one assay resulted in a lower sensit iv i ty, as 
described in chapter 2 .2 . The kinetics of CAA and CCA in serum and urine 
fo l lowing chemotherapy, are described in chapters 2.3 and 2 .4 , whi le in chapter 
2.5 the determinat ion of CAA and CCA was evaluated as a tooi to compare the 
eff icacy of di f ferent t reatment regimens. The diagnostic performance of CAA 
and CCA determinat ion in humans w i th low and recent Schistosoma infect ions, 
is described in chapters 2.6 and 2.7 , respectively. A more simple technique to 
pretreat serum and urine samples is reported in chapter 2 .8 . In addi t ion, this 



chapter contains a further evaluation of the sensit ivity and specif ic i ty of the 
CAA and CCA assays, both for serum and urine. The use of serum CAA and 
CCA determinat ion for the assessrhent of wo rm burdens in humans is reported 
in chapters 2 .9 and 2 .10 . Ant igen levels are analyzed in relation to the age of 
the host, the parasite egg counts and the transmission level of the endemic 
area. 

Chapter 3 contains a general discussion of the work performed in this 
thesis. The technical aspects of circulating antigen determinat ion, like sensit iv­
i ty, specif ic i ty and diagnostic performance of the employed assays, as wel l as 
the col lection of material and the practical applications of circulat ing antigen 
determinat ion, have been extensively discussed in the thesis of De Jonge. 
Therefore, this chapter puts more emphasis on the comparison between 
parasitological examination and the determination of circulating antigen levels, 
both as a tooi for the diagnosis of schistosomiasis, as wel l as for the 
assessment of wo rm burden in more epidemiologically oriented studies. In 
addit ion, this chapter contains a short literature overview of other circulat ing 
antigens, apart f rom CAA and CCA, which have been described for the 
diagnosis of an active Schistosoma infection in humans. 



Chapter 1 

General introduction 



Human schistosomiasis 

Schistosomes belong to the class of Trematoda (Platyhelminthes). There are 
f ive schistosome species which can be parasitic to man: Schistosoma mansoni, 
S. japonicum, S. haematobium, S. intercalatum and S. meliongi, of wh ich the 
f irst three are the most common. These species differ in a number of important 
ways , a.o. the species of the (intermediate) snail host, the final location in the 
(definitive) human host, the numbers of ova produced, the size and shape of the 
eggs and the pathology they induce. 

Figure 1 shows an adult male and female schistosome w o r m . The male is 1 
to 2 cm long and embraces the thinner and longer female in a groove on its 
ventral side called the gynaecophoric canal. The adult schistosome worms have 
an average life span of 2 to 5 years, but some may live for up to 4 0 years. 

.male 

.female 

Figure 1 . Paired adult Schistosoma worms. 

From Gönnert, R. ( 1 9 4 8 ) . Die Struktur des Korperoberflache von Bilharzia 

mansoni (Sambon, 1 9 0 7 ) . Zeitschrift für Tropenmedizin und Parasitologie, 1 , 

1 0 5 - 1 1 2 . Reproduced with kind permission from Georg Thieme Verlag, Stuttgart. 



adult worms 

Biomphalaria sp. 

Figure 2 . Life cycle of Schistosoma mansoni and Schistosoma haematobium. 

(Courtesy of Dr. A . M . Deelder) 

The digestive system comprises a short oesophagus and an intestine wh ich 
divides into t w o latera! gut caeca. The worms feed on serum globul ins, 
haemoglobin and other components of the host b lood. As schistosomes have no 
anus, undigested material, including parasite antigens, is excreted by regular 
regurgi tat ing. 

Figure 2 il lustrates the transmission cycle. Adul t worms do not mult ip ly in 
the human body. The ova produced by the worms need to leave the body to 
cont inue the life cycle and transmission has to take place via the appropriate 
intermediate snail host. The number of eggs daily produced by a mature female 
w o r m varies f rom several hundreds to several thousands, depending on the 
species. Histolyt ic enzymes, secreted by the next larval stage called miracid ium, 
enable the eggs to penetrate through the host tissue to bladder (S. haema­
tobium) or intestine (other species), where they are excreted w i th the urine (S. 
haematobium) or faeces (other species). About half of the number of eggs, 
however , do not reach the intestinal or vesical lumen. They are carried away 
w i th the blood stream and/or trapped in the t issues. These retained eggs 
provoke a granulomatous inf lammatory response; they are the main cause of the 
pathology induced by the parasitic infect ion. 



When an excreted egg reaches fresh water, it hatches and the miracidium 
emerges. This larva must, to develop further, penetrate a compatible fresh water 
snail w i th in a period of several hours. The snails (Gastropoda) susceptible to S. 
mansoni belong to the genus Biompfialaria, for S. haematobium and S. interca­
latum to the genus of Bulinus, while S. japonicum and S. mekongi are trans-
mitted by the genus Oncomelania and Neotricula, respectively. In the snail, 
massive asexual mult ipl ication occurs and several generations of mult ip ly ing 
larvae (sporocysts) develop. Eventually, these sporocysts produce large numbers 
of infective larvae (cercariae), which leave the intermediate host in numbers up 
to 3000 cercariae per snail per day. 

When a human host is exposed to infested water, cercariae are able to 
penetrate the skin wi th in minutes. Via the blood stream, the young parasites 
(schistosomula) migrate, in a period of a f ew weeks, via the lungs to the liver 
where the adult worms pair. The paired worms migrate to the pelvic (S. haema­
tobium) or the mesenteric (other species) veins and about 4-7 weeks after 
infect ion egg product ion starts. The number of adult worms present in an 
infected person is estimated to range f rom a couple of dozens, up to several 
thousands.® 

Occasionally, severe itching and dermatit is may develop short ly after 
cercarial penetrat ion of the skin, particulary in those individuals who are 
exposed for the f irst t ime. These symptoms; however, are usually mild and 
of ten pass unnot iced. Severe dermatit is may also result f rom invasion of non-
human schistosome cercariae, giving rise to 'swimmers i t ch ' , wh ich is common 
in some non-tropical environments. 

Acute schistosomiasis or 'Katayama fever' is associated w i th the maturat ion 
of the worms and the onset of egg product ion, and usually occurs 3 to 9 weeks 
after infect ion. Symptoms are often non-specif ic, not related to the intensity of 
infect ion, and more of ten noticed in individuals infected for the f irst t ime. 
Schistosoma infect ion can be very diff icult to diagnose at this stage, also 
because it is usually to early to demonstrate eggs in the excreta.^® 

As mentioned above, the disease of schistosomiasis is mainly due to the 
format ion of granulomata around the parasite eggs wh ich are trapped in the host 
t issue. Subsequently, this granulomatous inf lammatory response may lead to 
fibrosis of the liver or urinary bladder, depending on the species. Initial 
symptoms of chronic schistosomiasis may be diarrhoea, dysenterie, abdominal 
pain, lack of appeti te, loss of weight , bloody stool , haematuria, proteinuria, 
while severe infect ions may result in portal hypertension, hepatomegaly, 
splenomegaly, ascites, bleeding varices in intestinal schistosomiasis, or 
obstruct ion of the urinary tract in urinary schistosomiasis. Mainly based on 



epidemiological data, schistosomiasis has also been associated w i th the 
incidence of several types of cancer, of wh ich the correlat ion between S. 
haematobium infect ion and cancer of the bladder seems to be most apparent.^'^° 

The mortal i ty rate due to schistosomiasis is not h igh, and even serious 
hepatic or urinary morbidi ty develops only in a small percentage of those 
infected. Sti l l , high prevalences of less severe morbidi ty (e.g. bloody diarrhoea 
or haematuria) could have a signif icant impact on the general heaith status of 
the involved communit ies.^ ' 

Intensity and durat ion of infect ion have been pointed out by many investiga-
tors as the major factors determining deveiopment of serious chronic diseases in 
infected individuals, but has been disputed by others. '^ Probably also other 
factors (a.o. genetic and immunological background) play an important role. 
When comparing dif ferent communit ies, the relation between intensity of infec­
t ion in a certain populat ion and the prevalence of morbidi ty seems to be more 
pronounced. '^ 

The geographical distr ibut ion of schistosomiasis is both l inked to the 
distr ibut ion of the intermediate hosts, wh ich breed only in tropical c l imates, and 
the lack of proper sanitat ion and water supply. A l though effect ive drugs are 
available, the number of areas where transmission is taking place is still 
increasing, due to changing ecological and socio-geographical factors (e.g. 
irr igation projects; human migration). Schistosomiasis is endemic in 
approximately 75 countr ies in the t ropics, reaching f rom China, via the Middle 
East and Afr ica, to Braz i l . ' ^ ' * 

The dispersion of schistosomes in the human host populat ion fo l lows a 
negative binomial distr ibut ion, i.e. in endemic areas the majori ty of the parasites 
is present in a small f ract ion of the infected individuals. In addit ion, there is a 
characterist ic age-related prevalence and intensity of in fect ion, w i t h a 
pronounced peak in egg excretion during adolescence, wh ich rapidly decreases 
in adults. Figure 3 shows an example of such a typical age-intensity curve for a 
human populat ion living in an area w i th high S. manson/ t ransmiss ion . 

The introduct ion of relatively safe and effect ive chemotherapeut ic t reatment 
has improved the control of severe schistosomiasis. A l though f requent mass 
t reatment may reduce the morbidity of the target populat ion, '^ some reports 
have shown little or no e f f ec t . '® " The available drugs, however , are not 
prevent ive. In endemic areas, therefore, a large proport ion of the populat ion 
requires regular retreatment because of cont inuous re-exposure. Besides, contro l 
programs based only on t reatment seem to have no effect on the t ransmiss iën. '^ 
In addit ion, regular t reatment programs are costly and dif f icult to sustain. These 



facts provide a just i f icat ion for vaccine deveiopment research. 

Of the several available schistosomicides, praziquantel is nowadays 
considered as the drug of choice. It is most widely used as either Biltricide®, 
produced by Bayer Leverkusen, Germany, or Distocide®, produced by Shin 
Poong Pharmaceutical Co. Ltd, Korea. The Standard advised dosage is a single 
oral dose of 40 mg per ki logram of bodyweight (kgbw) for all species, except for 
S. japonicum and S. melcongi, where the current regimes are either three doses 
each of 20 mg/kgbw or t w o doses each of 30 mg/kgbw, all given in one day. 
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Figure 3 . Example of an age-prevalence curve for a human population living in an 

area with intensive S. manso/?/transmission (n = 1 1 8 5 ) . epg = Schistosoma eggs 

per gram faeces. Data from Tshamaka, Maniema, Zaire, with kind permission of 

Dr. A . M . Polderman. 

Diagnosis of schistosomiasis 

Evidently, accurate and sensitive diagnosis of schistosomiasis is of great 
importance, both at individual and communi ty level. A diagnostic procedure can 
be used for a number of applications, ranging f rom clinical diagnosis of an 
individual case to the evaluation of control measurements. In addi t ion. 



diagnostic assays can also serve as a research too i , for example in 
epidemiological studies, or for the evaluation of possible vaccine candidates. 
This central role of diagnosis has been recently extensively reviewed by 
Feldmeier and Poggensee.'^ 

The ideal diagnostic procedure should have both a high specif ic i ty and 
sensit ivi ty, so it could be used to diagnose light infect ions and to assess failure 
of t reatment . It should be kept in mind that the predictive value of a diagnostic 
test is not only related to specif ici ty and sensit ivity of the assay concerned, but 
is also depending on the prevalence of infection in the studied populat ion. 

Ideally, the diagnostic method of choice provides both quali tat ive and 
quant i tat ive informat ion, as the deveiopment of disease may be l inked w i th 
intensity of infect ion. In addit ion, the ideal test should be able to diagnose the 
disease early after exposure. Furthermore, the procedure should be easy to 
per form, also under field condit ions, and preferably w i thout the need of skilled 
personnel or expensive equipment. Also, test results should be reproducible and 
simple to interpret. 

Until now no single diagnostic test for schistosomiasis is available wh ich 
fulf i ls all these requirements and the methods which are available range largely 
in their characterist ics. Therefore, the decision which of the current methods to 
use depends on several factors, a.o. the logistic situatiën (e.g. whether it is 
applied for a detailed study performed in a wel l equipped laboratory or for the 
clinical diagnosis of individuals performed under field condit ions) and the type of 
information needed (e.g. the presence of an active infect ion, the state of 
infect ion, the pathology induced). 

The current ly available procedures for the diagnosis of schistosomiasis can 
be generally divided in three different approaches: (i) direct parasitological 
methods, (ii) indirect methods and (iii) immunological methods, wh ich can be 
either direct or indirect. 

Parasitological methods 
The most widely used diagnostic method is the direct demonstrat ion of 

parasite eggs after microscopie examination of stool or urine. Schistosoma eggs 
are not di f f icul t to identify. They are 70 to 180 yum long and feature a typical 
terminal (S. haematobium, S. intercalatum) or lateral (other species) spine. 

In S. haematobium infect ions, eggs can be detected in a urine sample 
fo l lowing sedimentat ion, centr i fugat ion, or f i l t rat ion. The technique wh ich is 
nowadays most commonly used in epidemiological studies is the f i l t rat ion of 10 
ml of urine w i th a syringe over a nylon or paper fi lter. If such a quant i tat ive 
diagnosis has been performed, intensities of infections are usually expressed as 
eggs per 10 ml of urine (e/IOmI). 



In the other Schistosoma species, eggs can be demonstrated in a direct 
faecal smear. Most widely used in epidemiological sett ings is the Kato-Katz 
method, in wh ich a Standard amount (generally a volume equivalent to 25 mg of 
faeces) is f irst sieved to remove coarse particles and then cleared by the 
addit ion of glycerin. A l though this technique is based on volume and not on 
weight , results are usually expressed as eggs per gram faeces (epg). 
Concentrat ion techniques, such as the formol-ether or glycerine sedimentat ion 
method, usually increase the sensit ivi ty, but give only semiquant i tat ive 
information and are more dif f icult to perform.^° 

Hatching methods can be used for qualitative diagnosis and to check the 
viabil i ty of eggs. The detect ion of viable eggs may be of importance for the 
assessment of cure, as dead eggs can be present in the excreta for several 
weeks after chemotherapy, particularly in 5. haematobium infect ions. A l though 
sensit ive, this technique can have variable test results. Examination of rectal 
biopsy specimens are also used for the qualitative diagnosis of Schistosoma 
infect ions. This is, however, an invasive technique not acceptable for routine 
screening. 

In principle, parasitological methods have a specif icity of 1 0 0 % , al though in 
practica mistakes may be made. The sensit ivity, however, can be low, 
particularly in S. mansoni infections where the amount of examined faeces in a 
direct faecal smear is relatively small in relation to egg excret ion. In S. 
japonicum infection egg product ion is much higher, but there the distr ibut ion of 
the eggs in the stool can be very irregular. So in either case, l ight infect ions can 
be easily missed. Besides, a strong day-to-day f luctuat ion has been descr ibed. In 
order to piek up light infections and to obtain a more accurate measure of the 
intensity of infect ion, repeated examinations are necessary.^' '^* Even so, in very 
l ight infect ions, the number of excreted eggs is often so small that even after 
repeated microscopical examinat ion, the diagnosis cannot be confirmed.^'^'^^ The 
shortcomings of the parasitological methods wil l be more extensively discussed 
in chapter 3 (general discussion) of this thesis. 

Indirect methods 
Schistosomiasis can also be diagnosed by indirect methods, based on the 

use of cl inical, biochemical or immunological disease markers. These techniques 
are more related w i th the presence of pathology than w i th the actual infect ion 
and therefore wil l only be very briefly discussed in this paragraph. For a more 
detailed review, see Feldmeier and Poggensee.'^ 

The clinical diagnosis of schistosomiasis can be very di f f icul t , as most 
symptoms are non-specif ic and easy to confuse w i th those of other diseases. 



Only in chronic urinary schistosomiasis the clinical signs of infect ion are more 
specif ic. The distr ibut ion of questionnaires was found to be useful for the 
Identif ication of areas of high risk for urinary schistosomiasis.^® Also haematur ia, 
proteinuria and dysuria seem to be useful indicators for the presence of a 
chronic S. haematobium infect ion. A dip-stick method to determine haematuria 
has been shown to be a sensitive technique, suitable for mass screening, 
al though w i th a low specificity.^® Recent studies indicated eosinophil cat ionic 
protein (ECP) in urine as a potential marker for S. haematobium induced 
morb id i ty . " ' ^^ 

Due to its technical improvement and field-applicabil i ty, u l t rasonography is 
increasingly used, both in hospitals and at the level of field studies, a l lowing 
visualization of the pathological anatomical changes caused by the Schistosoma 
in fect ion. 

Immunological methods 
Immunodiagnost ic techniques can be generally divided in three categories: 

ant ibody detect ion, measurement of circulating antigens, and other techniques, 
e.g. the celluier immune response to certain schistosome antigens. Here, only 
the f irst t w o wil l be discussed. A list of review papers, some of wh ich contain a 
detailed descript ion of the dif ferent immunological techniques, is given at the 
end of this chapter. 

A wide range of tests is described for the demonstrat ion of specif ic 
antibodies, including dif ferent assay formats, the use of crude, purif ied or 
recombinant antigens and the detect ion of specific ant ibody isotypes. A l though 
most of these techniques have shown to be highly sensitive and specif ic, their 
value is considerably lowered by the fact that ant ibody levels generally do not 
dif ferentiate between present and past infect ion and do not give any informat ion 
about the intensity of infect ion. The use of purif ied antigens, such as for 
example the egg antigen CEF6, seems to give somewhat better results.^° 
However, the preparation of purif ied antigens still demands large quanti t ies of 
parasite material. Until now no generally applied antigen has become available 
via recombinant DNA technology. 

For these reasons, the application of specific ant ibody detect ion is only 
suitable in specific si tuations. It is, for example, a sensitive method to diagnose 
individuals originating f rom non-endemic areas who have been exposed 
incidentally.^'^' It also can be used as a tooi for epidemiological studies in areas 
where the prevalence of schistosomiasis is so low that the classic 
parasitological methods fai l . 



Table 1 . Characteristics of CAA and CCA.' 

Characteristics Reference 

CAA: 
- circulat ing anodic antigen 
- also known as SCA,GASP and GASCAP 
- negatively charged 
- the carbohydrate chains consist of multiple disaccharide 

units containing A/-acetyl-galactosamine and glucuronic acid 

32 
33-35 

36 

37 

CCA: 
- circulat ing cathodic antigen 
- also known as 'ant igen M ' 
- neutral or slightly positively charged 
- the carbohydrate chains consist of multiple tr isaccharide 

units (lewis x) containing fucose, galactose 
and A/-acetyl-galactosamine 

- contains some epitopes crossreactive w i th Schistosoma eggs 

32 
38 ,39 

32 

40 
41 

Both antigens are: 
- genus specific 
- TCA soluble 
- heat resistent 
- sensit ive to periodate 
- produced by the gut epithelium of the adult wo rm 
- also present in the primordial gut cells 

of cercariae and young worms 
- demonstrated in the host 's : 

serum and urine 
milk (CCA only) 
kidney, liver and spleen 

- extremely stable, as il lustrated by the 
detect ion of CAA in mummy tissue 

3 9 , 4 2 
3 2 , 3 9 , 4 2 
32 ,36 ,39 
3 2 , 3 9 , 4 2 

43 -46 

45-47 

3 2 , 3 6 , 3 8 , 4 8 
49 

4 4 , 5 0 - 5 2 

53 ,54 

' Part of this table has been adapted from the thesis of Van Dam.^ 



Addit ional ly, specific ant ibody profiles are also of interest for research 
purposes, to study specific immune responses. Immuno-epidemiological studies 
revealed an association between the levels of specific IgE and resistance against 
reinfect ion, fo l lowing chemotherapy. On the other hand susceptibi l i ty seems to 
be associated w i th an lgG4 response.®®®'' 

Living parasites excrete and secrete a number of di f ferent antigens into the 
circulat ion of the host. These antigens can be classif ied, according to the life-
stage of the parasite, into cercarial antigens,®®®^ adult wo rm associated antigens 
(e.g. tegument,®°®' or gut-associated®^), and egg antigens (mainly released as 
hatching fluid®'®®). 

The detect ion of these antigens in the circulation of the host potent ial ly 
offers a large number of diagnostic, epidemiological and research appl icat ions: 
a.o. the quant i tat ion of wo rm burden, assessment of chemotherapeut ic ef f icacy 
and the impact of control measurements. Furthermore, circulat ing antigen 
detect ion could provide, in addit ion to egg counts, complementary informat ion 
on the dynamics of parasite populations. It could, for example, be used for the 
evaluation of future vaccine candidates, especially if these vaccines also have 
an impact on the egg product ion of the parasites, wh ich wou ld make parasito­
logical diagnosis unreliable. 

Several studies have shown that the major circulating antigens belong to the 
group of the adult w o r m gut-associated circulating antigens. These antigens are 
released in the circulat ion of the host by regular regurgitat ing of the undigested 
contents of the parasites gut . Most research has concentrated on t w o glyco-
conjugates: circulat ing anodic antigen (CAA) and circulating cathodic antigen 
(CCA).®^®® Both antigens are named after their electrophoretic mobil i ty at neutral 
pH. The characterist ics of CAA and CCA have recently been extensively 
reviewed by Van Dam.®® Table 1 shows a summary of their most important 
propert ies. 

CAA was f irst described by Berggren and Weller, and has been further 
characterised by Gold et al., Nash et al., and Deelder et a / . .3 2 3 4 , 3 6 , 4 2 , 4 4 , 4 8 ^ ^^gs 
recently found by Bergwerff et al. that the major carbohydrate chains of this 
proteoglycan have a novel polysaccharide structure. '^ 

CCA, or 'ant igen M ' , was independently found by Carlier et al. and Deelder 
et al., and further characterized by these t w o groups.32'38,39,44,67,68 Carbohydrate 
analysis has recently shown that this glycoprotein consists of a populat ion of 
polysaccharides, containing repeating units of the Lewis-X tr isaccharide.*° 



Table 2 . Review of data on the demonstration of CAA and CCA in animals, 
experimentally infected with Schistosoma species which are infectious to 
humans." 

Animal / 

Schistosoma sp. 

A 

cercs antigen 

B 

from week 

0 

worm 

load 

D 

treatment 

Ref. 

IVIouse/ 

S. mansoni 2 5 - 2 0 0 CCA n.d. yes 1 week 6 9 

S. mansoni 2 5 - 2 5 0 CCA 5 yes n.d. 7 0 

S. mansoni 6 0 - 1 2 0 CAA 1 yes 1 week 7131 

S. mansoni 1 0 - 1 0 0 CAA 3 yes n.d. 7 2 

S. mansoni 1 0 0 CAA 5 no n.d. 7 3 

S. mansoni 1 0 0 CCA n.d. no n.d. 7 3 

S. mansoni 6 0 0 CAA 4 n.d. n.d. 
41 

S. mansoni 1 0 0 0 CCA IVi no n.d. 7 4 

S. mansoni 1 0 0 0 CAA 2V2 no n.d. 7 4 

S. japonicum 25 CCA n.d. yes n.d. 7 3 

S. japonicum 25 CAA 2 yes^' n.d. 7 3 

S. japonicum 5-28 CAA 4 yes n.d. 7 2 

S. haematobium 5 0 - 5 0 0 CAA 5 yes n.d. 7 2 

S. intercalatum 2 5 - 7 5 CAA 5 yes n.d. 7 2 

Baboon/ 

S. mansoni 1 5 0 0 CAA 5 no n.d. 
41 

S. mansoni 1 5 0 0 CCA 5 no n.d. 
41 

S. haematobium 1 5 0 0 CAA 6 n.d. n.d. 
41 

Abbreviations: sp .=spec ies ; A = number of cercariae; B = detectable, in weeks after infection; 

C = correlation wi th worm load; D = start decrease, in weeks after treatment wi th chemotherapy; 

Ref. = reference number; n.d. = not done. 

" Part of this table has been reproduced from Van Dam ef a/ . . '" To obtain comparable sensitivity 

and specificity, this table only summarizes data on the detection of CAA and CCA by 

monoclonal antibody based assays. 

'̂ Only correlating with the number of female worms. 



'̂ This study contrasts wi th others with respect to the kinetic of CAA detectability; it seems 

uniikely that C A A is already detectable 1 week after infection with 1 2 0 cercariae and reaches 

maximum level already 2 weeks after infection, when the worms are still very small and the gut 

not yet fully developed. 

Van Lieshout et al., unpublished data. 

The primary funct ion of both antigens is not exactly l<nown. Based on their 
highly glycosylated structure, they probably play a role in the protect ion of the 
schistosome gu t . * ' Recently, it has been argued that they may also protect the 
wo rm against celluier immune effector mechanisms of the host, as CAA 
interacts w i th the f irst complement component Clq,^® and CCA presumably 
evokes an autoimmune response due to similarity w i th a major granulocyte 
surface antigen.^® 

Several techniques for the demonstrat ion of these circulat ing antigens have 
been reviewed by De J o n g e . I n i t i a l l y , these assays were based on the use of 
polyvalent antisera. The deveiopment of monoclonal ant ibody (MAb) based 
sandwich ELISA's has made it possible to detect CAA and CCA in a sensit ive 
and highly specific menner.'®-'^ These MAb ' s have also been applied in some 
other techniques, e.g. for a more field applicable demonstrat ion of these 
antigens.®°®* 

Table 2 summarizes the available data on the detect ion of CAA and CCA in 
experimental animal models. Generally, these antigens can be demonstrated in 
the circulat ion approximately 3 to 5 weeks after infect ion, depending on the 
intensity of infect ion. A signif icant correlation between antigen level and the 
number of adult worms after perfusion, was found in all studies infect ing w i th 
dif ferent doses of cercariae. The relation between serum CAA level and w o r m 
burden was found to be linear and not affected by suppression of the celluier 
immune s y s t e m . " Fol lowing successful chemotherapy, antigen levels decrease 
rapidly. 

Initially, human studies were mainly focused on the detect ion of CAA in 
serum for the diagnosis of schistosomiasis mansoni. However, in later studies 
both CAA and CCA were demonstrated in either serum or urine and in 
individuals infected w i th other Schistosoma species, w i th the except ion of S. 
mel(ongi, wh ich has not been examined so far. Table 3 summarizes the current 
data on the detect ion of CAA and CCA in humans, including the research 
described in chapter 2 of this thesis. In most studies, antigen levels were found 
to correlate signif icantly w i th the egg excretion and to decrease rapidly 
fo l lowing successful t reatment. 



CAA CCA 

Schistosoma species: serum urine serum urine 

S. mansoni detected ' ' 7 8 , 8 1 , 

8 5 - 9 0 

8 8 , 8 9 , 9 1 7 9 , 8 5 , 8 6 , 

8 9 , 9 2 - 9 4 

7 9 , 8 5 , 8 9 , 

9 1 , 9 2 

correlation"' 7 8 , 8 1 

8 5 - 9 0 

8 9 , 9 1 = '85,86, 

8 9 , 9 2 - 9 4 

8 5 , 8 9 , 

9 1 , 9 2 

S. haematobium detected 9 5 9 1 , 9 5 9 5 9 5 

correlation 9 5 95 9 5 

S. intercalatum detected 

correlation 

9 6 , 9 7 

9 6 , 9 7 

9 7 9 7 9 7 

9 7 

S. japonicum detected 

correlation 

9 8 , 9 9 

9 8 

9 9 

Specific studies: 

Prevalence and intensity 

in an endemic area 

1 0 0 - 1 0 2 1 0 0 1 0 0 1 0 0 , 1 0 2 

Follow up after chemotherapy 8 8 , 9 0 , 9 5 , 

9 8 , 1 0 1 , 

1 0 3 - 1 0 6 

8 8 , 9 5 , 

104 

9 3 - 9 5 , 

1 0 4 , 1 0 7 

9 5 , 1 0 4 , 

1 0 7 

Acute infections/Individuals 

from non-endemic area's 

1 0 6 , 1 0 8 , 

1 0 9 

109 1 0 9 1 0 9 

Measurement of worm burden 1 1 0 , 1 1 1 1 1 0 , 1 1 1 

" To obtain comparable sensitivity and specificity, this table only summarizes data on the 

detection of CAA and CCA by monoclonal antibody based assays. For a review of antigen 

detection in humans including assays based on polyvalent anti-sera, see De J o n g e . " 

'̂ This thesis includes the references: 8 8 , 8 9 , 1 0 0 , 1 0 4 , 1 0 7 , 1 0 9 - 1 1 1 , 

'' Reference number. 

"' Studies which found a significant correlation between antigen levels and egg counts. 

=' Reference 8 6 A correlation between antigen level and epg was only found for cases wi th 

intestinal schistosomiasis, not for cases with the hepatosplenic form of the disease. 

Table 3. Review of studies on the detection of CAA and CCA in human serum 
and urine." '̂ 



The main objectives of the research described in this thesis concern the 
fo l lowing three aspects of the determination of CAA and CCA in human serum 
and urine samples: (i) to investigate the application of these antigen assays for 
the diagnosis of an active Schistosoma infect ion, (ii) to further evaluate the use 
of these antigen assays for the assessment of cure fo l lowing chemotherapy, and 
(iii) to use these antigen assays for more epidemiologically oriented studies, i.e. 
for the assessment of wo rm burdens to study infect ion patterns in endemic 
areas. 

Further reading and recent reviews: 

General 
- Jordan P, Webbe G, Sturrock RF. Human 

schistosomiasis. CAB International, Walling-

ford, ( 1 9 9 3 ) . 

- Olds GR. Progress and future initiatives in 

schistosomiasis. Current Opinion in Infecti­

ous Diseases ( 1 9 9 3 ) , 6 : 3 4 2 - 3 4 8 . 

Control and morbidity 
- Gryseels B. Morbidity and morbidity 

control of schistosomiasis mansoni in sub-

saharan Africa. Thesis, Leiden, ( 1 9 9 0 ) . 

- Gryseels B. Morbidity due to infection with 

Schistosoma mansoni: an update. Tropical 

and Geographical Medicine ( 1 9 9 2 ) , 4 4 : 1 8 9 -

2 0 0 . 

- W H O Expert Committee . The control of 

schistosomiasis. World Health Organisation 

Technical Report Series ( 1 9 9 3 ) , 8 3 0 : 1 - 8 6 . 

Immunity and vaccine deveiopment 
- Butterworth AE, Dunne D W , Fulford A J C , 

Thorne KJI , Gachuhi K, Guma J H , Sturrock 

RF. Human immunity to Schistosoma man­
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plications for control. Immunological Inves-
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- Capron A . Immunity to schistosomes. 

Current Opinion in Immunology ( 1 9 9 2 ) , 4 : 
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Antischistosomal drugs: past, present ... 

and future? Pharmacology and Therapeutics 

( 1 9 9 5 ) , 6 8 : 3 5 - 8 5 . 

Diagnosis and circulating antigens 
- Qian ZL, W e n HC. Schistosome circulating 

antigens (CSA) as a possible diagnostic 

parameter for active infections. Acta Leiden-

sia ( 1 9 8 3 ) , 5 1 : 3 7 - 5 2 . 

- Maddison SE. The present status of 

serodiagnosis and seroepidemiology of 

schistosomiasis. Diagnosis in Microbiology 



and Infectious Diseases ( 1 9 8 7 ) , 7 : 9 3 - 1 0 5 . 

- De Jonge N. Immunodiagnosis of Scfiisto-

soma infections by detection of the circu­

lating anodic antigen. Thesis, Leiden, 

( 1 9 9 0 ) . 

- Maddison SE. Serodiagnosis of Parasitic 

Diseases. Clinical Microbiology Reviews 

( 1 9 9 1 ) , 4 5 7 - 4 6 9 . 

- Bergquist NR. Present Aspects of 

I m m u n o d i a g n o s i s of Sch is tosomias is . 

Memorias Do Instituto Oswaldo Cruz 

( 1 9 9 2 ) , 8 7 : 2 9 - 3 8 . 

- Bergquist NR. Immunodiagnostic approa­

ches in schistosomiasis. John Wiley & Sons 

Ltd., West Sussex, ( 1 9 9 2 ) . 
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Chapter 2.1 

Improved diagnostic performance of the 
circulating antigen assay in human schistoso­
miasis by parallel testing for circulating anodic 

and cathodic antigens in serum and urine. 

L van Lieshout, N de Jonge, NA el Masry, M M Mansour, 
FW Krijger, and A M Deelder 

Reproduced with permission from: 

The American Journal of Tropical Medicine and Hygiëne 1992 ; 4 7 : 4 6 3 - 4 6 9 



Erratum: 

page 30 - Statistical methods -
The four th sentence should be changed into: Properties of circulating antigen 
assays were evaluated by chi-square analysis including Yates' correction and by 
the McNemar test. 

page 31 - Results -
The last sentence of the second paragraph should be changed into: The 
difference in sensitivity between the four circulating antigen assays was not 
significant (McNemar, P > 0.29; n = 68). 



IMPROVED DIAGNOSTIC PERFORMANCE OF THE CIRCULATING 
ANTIGEN ASSAY IN H U M A N SCHISTOSOMIASIS BY PARALLEL 

TESTING FOR CIRCULATING ANODIC A N D CATHODIC 
ANTIGENS IN SERUM A N D URINE 

L I S E T T E V A N L I E S H O U T , N I E L S D E J O N G E , N A B I L A . E L M A S R Y , M O U S T A F A 
M . M A N S O U R , F R E D E R I K W . K R I J G E R , AND A N D R E M . D E E L D E R 

V. S. Naval Medical Research Unit No. 3, Cairo, Egypt; Laboratory of Parasitology, University 
of Leiden. The Netherlands 

Abstract. Serum and urine levels o f two Schistosoma circulating antigens, the circulating 
anodic antigen ( C A A ) and the circulating cathodic antigen ( C C A ) , were determined by 
monoclonal antibody-based enzyme- l inked immunosorbent assays in 56 Egyptian patients 
infected wi th S. mansoni and in 12 patients infected wi th both S. mansoni and S. hae­
matobium. Both C A A and C C A could be specifically demonstrated in 8 2 % and 8 8 % of 
the serum samples and in 8 8 % and 8 7 % o f the urine samples, respectively. Whi le complete 
specificity was maintained, sensitivity was increased to a range o f 9 1 - 9 8 % by parallel use 
of the two circulating antigen assays, i.e., an individual wi th a positive titer for at least one 
of the assays was considered to be infected. A combinat ion o f C A A and C C A determinations 
in urine samples only resulted in a sensitivity o f 94%. However , the highest sensitivity was 
achieved when the serum-CCA assay was combined wi th the ur ine -CCA assay (98%) or 
with the u r i n e - C A A assay (97%) . Sensitivity could not be increased further by combining 
more than two tests. A significant correlation was demonstrated between the level o f 
circulating antigen and the number o f parasite eggs in feces in each of the four assays. In 
addit ion, the levels o f C A A and C C A in serum and urine were significantly correlated wi th 
each other. Our results indicate that diagnosis o f schistosome infections by detection of 
circulating antigens can be significantly improved by parallel testing for mult iple antigens. 

T h e detection of circulating antigens has been the number of studies on human samples has 
shown to be a promising approach for the d i - been l imited because a sensitive enzyme-l inked 
agnosis of human schistosome infections.'- ' Most immunosorbent assay ( E L I S A ) for the quantif i -
studies o f this technique have concentrated on cation o f C C A was not developed until recent-
the quantitation of circulating anodic antigen ly. '" 
( C A A ) , an adult worm gut-associated proteogly- N o study has been performed in which the two 
can with a strong negative charge at neutral pH. -^ ' circulating antigen assays were compared for both 
This antigen can be demonstrated in the serum serum and urine in the same patiënt group, which 
and urine o f patients infected wi th Schistosoma would allow an evaluation of the diagnostic per-
inansoni. S. haematobium, S. japonicum, and 5. formance of the individual assays. In addi t ion, 
intercalatum, and the level o f C A A shows a sig- an improvement in sensitivity is needed, es-
nificant correlation wi th the intensity o f infec- pecially for the diagnosis o f schistosomiasis pa­
t ion. False-positive results have not been ob- tients wi th a light infection and for monitor ing 
tained with either body fluid."-" T h e urine assay after chemotherapy. One way to achieve in -
has the advantage o f involving a noninvasive creased sensitivity is by combining test results 
method o f sampling, but it requires a t ime-con- o f highly specific assays. In this method o f par-
suming concentration technique because o f the allel testing, a person is diagnosed as being in-
low level o f C A A in urine. fccted when at least one o f the applied assays 

Anothermajorc i rcu la t ingadul t w o r m antigen shows a positive result ." This approach seems 
that has been described is circulating cathodic to be applicable to the schistosome circulating 
antigen ( C C A ) , a gut-associated glycoprotein that antigen assays because o f their high specificity. 
is positively charged at neutral p H . ' ' - ' - Th is T h e purpose o f the present study was to c o m -
antigen has also been demonstrated in the serum pare the two circulating antigen assays for both 
and urine o f schistosomiasis patients, ' ''' but serum and urine and to analyze which circulating 



antigen assay or combinat ion o f assays is most 

sensitive for diagnosing a Schistosoma infection. 

W e examined the levels o f both C A A and C C A 

in serum and urine samples o f a group o f Egyp­

tian schistosomiasis patients. 

PATIENTS A N D METHODS 

Study population 

Ur ine and serum samples o f 68 Egyptian schis­

tosomiasis patients were tested for levels o f C A A 

and C C A . A l l patients were males and ranged in 

age from 10 to 49 years (median 17 years). Fecal 

and urine egg excretion were determined by cal-

culating the mean o f three consecutive duplicate 

25 -mg Kato Katz slides and o f two consecutive 

10-ml Bell examinations, respectively. '" ' ' ' A l l 

patients had live 5. mansoni eggs in their stool. 

Twelve also showed l ive 5. haematobium eggs 

in their urine. 

Levels o f C A A and C C A were also determined 

in 28 serum and 56 urine samples collected from 

11 healthy endemic controls, who showed no 

clinical symptoms of schistosomiasis. These in­

dividuals were parasitologically negative when 

repeatedly tested for Schistosoma eggs in feces 

and urine, and were also negative for IgM-spe-

cific antibodies when tested by an indirect i m ­

munofluorescence assay using paraflïn sections 

o f Rossman's fixed S. mansoni worms.-" 

Informed consent was obtained from all in ­

dividuals who participatcd in this study. 

coating (antigen-capture) antibody and as the a l ­

kaline phosphatase-conjugated secondary (an-

tigen-detecting) antibody." Ur ine and serum 

samples were tested in two-fold di lut ion series. 

T h e reciprocal value o f the last sample di lut ion 

showing color above the background level (mean 

absorbance -f 2 S D o f buffer controls) was taken 

as the titer. Consistent wi th previous find­

ings, serum samples were considered to be neg­

ative for C A A at a titer < 4 and positive at a 

titer > 4. For urine samples, these titers were < 

0.2 and > 0.2, respectively. T h e lower detection 

l imi t o f this E L I S A was 0 .8 -1 .6 ng/ml o f the 

TCA-so lub le fraction o f adult worm antigen. 

Circulating cathodic antigen was quantitated 

by the E L I S A described by De Jonge and others 

wi th minor modifications."' Test wells were 

blocked wi th a solution o f 0 . 1 % (w /v ) bovine 

serum a lbumin (BSA) and the assay buffer con-

tained 0 .5% (w /v ) BSA. In this assay, an ant i -

C C A I g G , mouse monoclonal antibody was used 

for coating, while a biotinylated I g M mouse 

monoclonal antibody was used as the secondary 

antibody. Streptavidin-alkal ine phosphatase was 

used as enzyme labe l Titers were determined as 

for C A A , except that the background level was 

calculated by the mean absorbance plus 2 S D o f 

a 1/4 di lut ion o f a TCA- t rea ted negative serum 

or urine pool. T h e individual samples o f these 

pools had been previously shown to be negative 

for C A A . " T h e lower detection l imit of this 

E L I S A was 3 .9 -7 .8 ng/ml o f the TCA-soluble 

fraction o f adult w o r m antigen. 

Collection and treatment of samples 

Serum and urine samples were collected at the 

same t ime and were stored frozen at - 20°C until 

use. Al l samples were pretreated wi th trichlo­

roacetic acid ( T C A ) to remove interfering pro-

teins and to dissociate i m m u n e complexes.- ' 

Samples were tested at an init ial d i lut ion o f 1/4, 

except for urine samples tested for C A A , which 

were lyophilized and reconstituted in buffer to 

give a five-fold increase in concentration o f the 

original samples.'" Each sample was assayed once 

in a single-blinded fashion. 

Determination of circulating antigens 

Circulating anodic antigen was assessed by the 

E L I S A described by Deelder and others using an 

ant i -C A A I g G , mouse monoclonal antibody as 

Statistical methods 

Since circulating antigen titers and schisto­

some egg output d id not show a continuous or 

normal distr ibution, non-parametric statistical 

methods were used to describe and evaluate the 

results. Da ta were characterized by their ranges 

and medians. Kendall 's l i ' a n d Spearman's rank 

test were used for testing concordance. Properties 

o f circulating antigen assays were evaluated by 

chi-square analysis including Yates' correction. 

T h e tests were run on an I B M P C / X T compatible 

computer using the SPSS/PC' statistical package 

(SPSS Inc., Chicago, I L ) . 

RESULTS 

T h e fecal egg output o f the 56 S. mansoni pa­

tients ranged from 10 to 976 eggs per gram of 



feces (epg) (median 167 epg). In the 12 patients 

with mixed infections, the fecal egg output ranged 

from 13 to 1,213 epg (median 209 epg). U r i n e 

egg counts ranged from O to 340 eggs per 10 m l 

o f urine (ep 10 ml ) (median 9 ep 10 ml ) . 

AH serum and urine samples collected f rom 

the 11 healthy individuals showed negative titers 

for C A A . In the serum-CCA assay, 27 o f the 28 

collected samples had titers < 4 and one had a 

titer o f four. In the u r ine -CCA assay, 45 o f the 

56 samples had titers < 4, five had titers o f four, 

and six had titers o f eight. Therefore, serum and 

urine samples with titers > 8 and S; 16, respec­

tively, were considered to be positive for C C A . 

The results o f screening serum and urine sam­

ples o f 68 schistosomiasis patients for the pres­

ence o f CAA and CCA are summarized in Tab le 

1. The sensitivity o f the C A A and C C A assays 

was 8 2 % and 8 8 % for serum and 8 8 % and 8 7 % 

for urine, respectively. The sensitivity of the se­

r u m - C A A assay was significantly lower than that 

o f the three other assays (x" > 7.5, P < 0 . 0 1 ; n 

= 68). 

Table 1 also shows the data o f patients infected 

with S. mansoni only, both in individuals wi th 

a light infection (passing less than 100 epg) and 

in those with a moderate to heavy infection 

(passing more than 100 epg). In the l ight in fec t ion 

group, the sensitivity o f the individual assays 

ranged from 7 5 % to 85%, while in the moderate 

to heavy infection group, the sensitivity ranged 

from 8 6 % to 94%. The difference in sensitivity 

between the two infection groups was not sig­

nificant (x- < 2.8, P > 0.05; n = 56). 

The results o f parallel testing with combina-

tions o f two tests by which patients had been 

considered positive based on a positive titer for 

either o f the antigen assays are shown in Tab le 

1. Sensitivity was increased for all combinat ions, 

and ranged from 9 1 % to 9 8 % . W h e n urine C A A 

and C C A determinations were combined, 9 4 % 

of the patients were positive. The highest sen­

sitivity was achieved when the serum-CCA assay 

was combined with the ur ine -CCA assay (98%) 

or wi th the u r ine -CAA assay (97%) . Sensitivity 

could not be improved by combining more than 

two tests, since one patiënt, wi th an egg count of 

10 epg, was negative by all four assays. Forty 

seven (69%) patients were positive by all four 

assays. In the group with light infections, c o m ­

bined assaying increased the sensitivity to a range 

o f 8 5 - 9 5 % and nine (44%) patients were positive 

by all four assays. In the group with moderate 
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TABLE 2 
Coëfficiënt of correlation between circulating anodic an­

tigen (CAA) and circulating cathodic antigen (CCA) 
levels in serum and urine samples of 68 schistoso­
miasis patients and between egg output and antigen 
level of 56 patients infected with Schistosoma man­
soni* 

Serum Urine Serum Urine Egg 
C A A C A A CCA CCA oulpul 

Serum C A A 1.00 0 . 8 3 0 . 5 2 0 . 6 5 0 . 5 7 
Urine C A A - 1.00 0 . 5 5 0 . 6 6 0 .61 
Serum CCA - - 1.00 0 . 4 6 0 . 5 7 
Urine CCA - - - 1.00 0 . 4 8 

' P < 0,001 for all coelTicienls. 

to heavy infections, sensitivity increased to a 
range of 94-100%, while 29 (80%) o f the 36 pa­
tients showed positive titers by all four assays. 

A significant correlation was found between 
the number o f parasite eggs in the feces o f pa­
tients infected wi th 5. mansoni and the level o f 
circulating antigen for each assay (Spearman's p 
> 0.47, P < 0.001; n = 56) (Table 2). T h e highest 
correlation coëfficiënt was found wi th C A A in 
urine (p = 0.61), and the lowest was found wi th 
C C A in urine (p = 0.48). T h e coëfficiënt o f con­
cordance (Kendall 's W) for the four assays was 
0.71 ( n = 68; P < 0.001). Table 2 also shows 
the Spearman's rank coefficients for each c o m ­
bination o f two assays; all were significant (P < 
0.001). T h e highest correlation coëfficiënt was 
found between the C A A titers in serum and urine 
(p = 0.83), and the lowest was found between 
C C A in serum and urine (p = 0.46). 

Figure 1 depicts the relationships between se­
r u m and urine antigen levels o f C A A and C C A , 
respectively, for all patients tested. W h i l e low to 
moderate C A A titers were seen in the eight pa­
tients positive by one of the two C A A assays, 
moderate tó high C C A titers were found in the 
15 patients positive by one o f the two C C A as­
says. 

DISCUSSION 

T h e demonstration in serum or urine o f schis­
tosomal C A A has been shown to have a strong 
diagnostic p o t e n t i a l . " - " ' " " " For patients in 
endemic areas, the sensitivity o f the C A A assay 
was found to range f rom 100% in patients passing 
more than 400 epg to 60% in patients passing 
less than 100 epg.' Thus, for diagnosing light 
infections and also for monitor ing the efficacy o f 

chemotherapy in indiv idual patients, an i m ­
provement o f sensitivity is still needed. 

For C C A , the number o f studies on h u m a n 
schistosomiasis patients has been l i m i t e d . ' ' ' " - " 
I n a recent study on serum samples o f Brazi l ian 
patients wi th S. mansoni infections, the sensi­
t iv i ty o f the C C A assay (83%) was found to be 
significantly higher than that o f the C A A assay 
(66%) (x- = 13.6, P < 0.01; n = 58).' ̂  However , 
no studies were performed to compare the two 
circulating antigen assays for both serum and 
urine. 

In this study, we evaluated the C A A and C C A 
assay for two body fluids and combined the re­
sults to evaluate diagnostic performance. Before 
analyzing schistosomiasis patients, serum and 
urine samples o f 11 healthy individuals were 
tested for C A A and C C A to verify the specificity 
o f both antigen assays. N o n e o f these individuals 
showed Schistosoma eggs in feces or urine, or 
specific I g M in serum. Consistent wi th previous 
results, no C A A was found in their serum or 
u r i n e . " - " - - However , low titers were found in 
the C C A assay. For this reason, serum and urine 
samples in this study were considered positive 
for C C A i f samples had titers > 8 and > 16, 
respectively. Previously, this positive titer value 
was > 4 for both body fluids."' 

Both C A A and C C A were found in serum and 
urine samples o f 68 Egyptian schistosomiasis pa­
tients. W e found the sensitivity o f the serum-
C A A assay (82%) to be significantly lower than 
that o f the serum-CCA assay (88%), which is 
consistent wi th a previous study. ' ' T h e sensitiv­
ity o f the s e r u m - C A A assay was also significantly 
lower than the sensitivity o f the urine C A A (88%) 
and the urine C C A (87%) assay. 

By using two circulating antigen assays in par­
allel , the sensitivity was increased to a range o f 
91-98%, but no addit ional increase in sensitivity 
was observed by combining more than two as­
says. T h e highest sensitivity was achieved by 
combining the se rum-CCA assay wi th the urine-
C C A assay (98%) or wi th the u r i n e - C A A assay 
(97%). However , the use o f only urine samples 
would be highly desirable for mass popula t ion-
screening programs. By combining the C A A and 
C C A determinations for urine samples, a sen­
sitivity o f 94% was achieved. 

In this study, only male subjects were tested, 
and this rules out the possible influence o f vagi-
nal excretion, feces, or menstrual blood on the 
sensitivity or specificity o f the urine assays. H o w -
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ever, no sex-related differences were observed in 
a previous study in which urine samples collected 
f rom both male and female individuals were test­
ed for their C A A level. '° T h e s e r u m - C C A assay 
was found to be the most sensitive test in patients 
wi th light infections ( < 100 epg). I t also gave the 
best diagnostic performance when combined with 
any o f the other assays. 

For each assay, a significant correlation was 
demonstrated between the level o f circulating an ­
tigen and the egg count, which is consistent wi th 
previous findings.'-"-- T h e level o f C A A and 
C C A in serum and urine were also significantly 
correlated with each other. As shown in Figure 
1, the relatively low correlation coëfficiënt be­
tween serum C C A and urine C C A levels resulted 
f rom the fact that several patients showed a m o d ­
erate to high C C A level in serum and no C C A 
in urine, or vice versa; this was less frequent wi th 
C A A . This difference between C A A and C C A 
levels could not be explained by experimental 
var iat ion. W e previously demonstrated for the 
G A A and C C A assays an intra-assay var iat ion 
of 6% and 8% and an interassay variat ion o f 15% 
and 10%, respectively." '""A possible explana-
tion could be a difference in the clearance mech-
anism o f the two antigens. T h e clearance rate is 
determined by the formation and size o f i m m u n e 
complexes. In turn, both o f these are influenced 
by the ratio between antigen and antibody, which 
could vary individually wi th the state o f infec­
t ion . - ' Recently, it has been shown that schis-
tosome-specif ic I g M ant ibodies are d i rected 
mainly against C C A and not C A A . - ' T o gain a 
better understanding o f these mechanisms, fur­
ther studies should be performed on the rela­
tionship between the humoral i m m u n e response, 
the formation o f immune complexes, and the 
clearance rate of these two antigens. 

In conclusion, this study demonstrates that the 
diagnosis o f human schistosomiasis by quant i ­
fication o f circulating antigens can be improved 
by parallel testing for more than one antigen and 
in more than one body fluid. Whether parallel 
testing also benefits monitor ing o f failure o f treat­
ment wi l l be determined. 
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A n enzyme-linked immunosorbent assay was developed for combined measurement of schistosome circu­
lating anodic antigen ( C A A ) and circulating cathodic antigen ( C C A ) . Monoclonal antibodies against 
C A A and C C A were used as coaling and as lluorescein-labeled detecting antibodies in a F l T C - a n t i - F l T C 
system. The lower detection limit of Ihe as.say was l.l ng anligen ( A W A - T C A ) / m l . Serum samples of 
Sclü.slosonui mansoni infected individuals IVoin Zaire (// = 60) and Burundi {n = 6ü) were tested in this assay 
and in single-anligen EL lSAs. Sensitivities o f assaying for C A A , C C A , combined C A A - I - C C A , and of 
parallel tesling for C A A and for C C A wcrc calculated IVoni lilres and antigen concentrations. Wi th .serum 
samples from the heavily infected individuals (Za i re ) , all assays had a sensitivity of 9 7 % or higher. In 
coiurast, with scrum .samples from individuals from Burundi ( low lo modcrale infections) it was shown 
that combined tesling resulted in a slightly lower .sensitivity than tesling for individual antigens. By parallel 
tesling for C A A and C C A , the .sensitivity could be increased considerably ( to 9 5 % ) , however. 

Key words: Human schistosomiasis; Combined E L I S A ; Circulal ing anodic anligen; Circulal ing cathodic 
anligen; F l T C - a n l i - F I T C system 

Introduction 

For the quanti tat ive diagnosis o f schistosomiasis, much research has been focused 
these last few years on the deveiopment o f assays for detection o f c i rculat ing 
schistosome adult worm antigens in serum o f patients. T w o o f the best studied 
antigens are the circulat ing anodic antigen, C A A (Berggren and Weller, 1967; Nash 
et a l . , 1974; Deelder et al . , 1976; Feldmeier et a l . , 1986; Deelder et a l . , 1989; De 
Jonge et al . , 1988), and the circulat ing cathodic antigen, C C A (Carl ier et al . , 1975; 
Deelder et al . , 1976; Feldmeier et a l . , 1986; De Jonge et a l . , 1990). A l though it has 
been shown in several studies that the sensitivity o f sandwich E L l S A s for detection 
o f C A A is similar to that of stool examinat ion by a three times repeated duplicate 
K a t o - K a t z smear o f 25 mg, especially in l ight infections, false-negative results do 
occur (De Jonge et al . , 1988). In principle, sensitivity might be increased by apply ing 
assays wi th an 'increased' lower detection level, or, as recently shown by Van 
Lieshout et al. (1992), by parallel testing for two antigens — in that case C A A and 
C C A — and combin ing the data. As it wou ld be advantageous to realize this same 

*Corrc.si>onJinf; autlwr. Tel.: +3 1 71 276844. Fiix: +3 1 71 276850. 



Materials and methods 

Study population 

Serum samples were studied f r om two groups o f individuals. G roup 1 consisted o f 
60 infected individuals f rom Man iema, Eastern Zaire. G r o u p 2 consisted o f 60 
infected individuals f r om an endemic area in Burund i . These groups o f patients have 
been described in detail by Polderman et al . (1985a; 1985b) and Gryseels (1984), 
respectively. F rom the tota l o f 120 people 116 excreted Schistosoma mansoni eggs, 
whi le the remaining 4 had in a previous study ( D e Jonge et a l . , 1988) been determined 
as active infections by c i rculat ing antigen detection. 

Serum samples f rom 72 D u t c h indiv iduals, w i t h no history o f schistosomiasis, 
were taken as negative controls. 

Parasitological examination 

Faecal egg excretion in all patients was determined by three consecutive duplicate 
25.mg (Zaire) or 28 mg ( B u r u n d i ) K a t o - K a t z examinadons ( K a t z et a l . , 1972). 
B lood samples were taken at the th i rd egg count. 

Pretreatment of sera with TCA 

Before testing, sera were treated w i th tr ichloroacetic acid ( T C A ) , to remove proteins 
and to dissociate immune complexes as previously described (De Jonge et a l . , 1987). 

Use of monoclonal antibodies in the ELISA 

For the C A A determinadons, the assay was based on the E L I S A described by 
Deelder et al. (1989), now using the mouse monoclonal andbody ( m A b ) 120-1BIO-A 
(an t i -CAA, I g G , ) as coat ing and as fluorescein-labeled detecting ant ibody. For the 
C C A - E L I S A , based on the assay described by De Jonge et al . (1990), mouse m A b 
54-5C10-A (an t i -CCA, I g G j ) was used as coat ing ant ibody and mouse m A b 8.3C10 
(ant i -CCA, monomeric I g M ) as fluorescein-labeled detecting ant ibody. To detect 
both C A A and C C A simultaneously the coat ing solut ion consisted o f both 
1 2 0 - l B l O - A m A b and 54-5C10-A m A b , whi le a mixture o f 120-1 BlO-A/f luorescein 
and 8.3ClO/fluorescein was used in the detecting ant ibody step. 

A description o f the product ion o f mouse m A b 2 5 6 - 4 A I - A (an t i -F ITC , I g G i ) , 
in this study conjugated to alkal ine phosphatase, is given by Van D a m et al . (1991). 

increase in sensitivity in one assay, here we report the appUcation o f a combined 
E L I S A for simultaneous detection o f bo th C A A and C C A in one sample. Because 
in the original ly described assays, different conjugat ion procedures had to be applied 
for the respective monoclonals used, we have applied the F I T C - a n d - F I T C system 
(Samuel et a l . , 1988; Harmer and Samuei, 1989) to enable a combined assay. 



Conjugation of monoclonal antibodies 

m A b 1 2 0 - l B l O - A (ant i C A A ) and m A b 8.3C10 (ant i C C A ) were labeled w i t h 
activated fluorescein, 5(6)carboxyf luorescein-Af-hydroxysuccinimide ester ( F L U O S , 
Boehringer, F.R.G.) , fo l lowing the procedure given by the manufacturer for labehng 
m A b . In short, 0.064 mg F L U O S (concentradon 2 m g / m l ) was added to 2 mg m A b 
dissolved in 2 ml PBS dur ing st i r r ing and incubated for two hours at r oom temper-
ature dur ing gentle st i r r ing, protected f r o m l ight. Remaining non-reacted F L U O S 
was separated by gel filtration on a prepacked P D 10 Sephadex G-25 co lumn 
(Pharmacia). The F/P rat io was 4.0 for 120- lB lO-A/ f luorescein and 5.9 for 
8.3C10/fluorescein. The fluorescein-labeled mAbs were stored at —20°C in small 
al iquots. 

m A b 256 -4A1-A ( a n t i - F I T C ) was conjugated to alkal ine phosphatase 
(Boehringer) fo l lowing the glutaraldehyde method described by Engvall and 
Perlmann (1971). A n t i - F I T C / A P was stored at - 2 0 ° C in 50% (v/v) glycerine. The 
fluorescein-anti-fluorescein system is fur ther designated by its commonly used name: 
F I T C - a n t i - F I T C system. 

Determination of CAA, CCA and the combination of CAA and CCA 

After opt imizat ion o f the test condi t ions, the fo l lowing E L I S A procedure was 
adopted: polystyrene flat-bottom micro t i t ra t ion immunoassay plates (Max iso rp , 
N U N C , Denmark) were coated w i th mAb(s ) by adding 100 pl o f 5 pg m A b per 
mi l l i l i t re in 0.035 M phosphate-buffered saline (PBS) , p H 7.8. To detect both C A A 
and C C A simultaneously the opt imal coat ing solut ion consisted o f 1.25 pg ant i -
C A A m A b and 3.75 pg an t i -CCA m A b per mi l l i l i t re . Plates were incubated for three 
hours at 37"C and washed w i th 0.002 M PBS. The wells were postcoated for 1 h at 
37"C wi th 120 pl 330 pg/ml BSA (Boehringer, fract ion V ) in PBS p H 7.8 and washed. 
Sera were tested in a two- fo ld d i lu t ion series, start ing w i th a four times di luted 
sample. Di lut ions were made in assay butTer: 0.035 M PBS p H 7.8-1-0.02% 
(v/v) Tween 20 (Sigma, St. Louis, M O ) -I- 0.5% (w/v) PEG 1000 (Me rck , 
Schuchardt)- f 0 . 1 % (w/v) BSA (Boseral, Organon Teknika, The Netherlands). Each 
well received 80 pl and was incubated for 1 h at 37"C and washed. Eighty pl o f 
0.50 pg/ml fluorescein-labeled m A b , or a 1:1 mixture o f two mAbs, was added to 
each well and incubated for 1 h at 37"C and washed. m A b 256 -4A1 -A ( a n d - F I T C ) 
conjugated to alkaline phosphatase was di luted 160-fold in assay buffer ( f rom the 
stock solut ion in glycerol) added, 80 p l /wel l , and incubated for 1 h at 37''C. Af ter 
washing, 80 pl 3 m M 4-ni t rophenyl phosphate (Boehringer) was added, di luted in 
0.1 M diethanolamine contain ing 0.5 m M M g C L , p H 9.6. Substrate incubat ion was 
overnight at 4°C. Absorbance was read at 405 nm w i th an automated microplate 
reader, E L 311 (Biotek Instruments, U.S.A.). 

Result interpretation 

Results were expressed as titres as well as concentrations. For the titre the value o f 
the last sample d i lu t ion showing a co lour ing above background level was taken. 
The concentrat ion was calculated f rom the four-parametr ical fitted curve o f the data 
o f a Standard d i lu t ion series o f the TCA-so lub le fract ion o f adult w o r m antigen 



( A W A - T C A ) . The software Kinet ica lc f r om Biotek Fnstruments, U.S.A., was used. 
For the background level, the mean absorbance plus three times the Standard 
deviat ion o f a number o f buffer controls was taken. 

Statistical methods 

Data were characterized by their medians and ranges. To evaluate differences between 
sensitivities, 95% confidence intervals were calculated. Because neither egg output , 
nor circulat ing antigen concentrat ions are normal ly d ist r ibuted, non -parametr ic 
statistical methods were used. Spearman's rank and Kendal l 's W test were used to 
calculate concordance between two and three variables, respectively. The statistical 
software SPSS/PC-I- (SPSS Inc., Chicago, I L ) was used on an I B M / X T compat ib le 
personal computer. 

Results 

Using the F I T C - a n t i - F I T C system, for the C A A E L I S A it was found that the lower 
detection l imi t was 1.5 ng A W A - T C A per mi l l i l i t re and for the C C A E L I S A 1.8 ng 
A W A - T C A per mi l l i l i t re ( C A A and C C A each consti tute approximately 3'M> o f tota l 
A W A - T C A (Van D a m , et a l . , 1993). The combined E L I S A , detecting both C A A 
and C C A in one sample, had a lower detection l imi t o f 1.1 ng A W A - T C A per 
mi l l i l i ter . Typical A W A - T C A dose response curves for these three assays are shown 
in Fig. l . 

For the C A A E L I S A , samples w i th a reciprocal t i tre > 4 and a concentrat ion > 6 

2 . 4 0 

1 0 0 

concentrat ion A W A - T C A (ng/ml) 

Fig, 1. Dose response curves of three E L l S A s for detection of circuliiting anodic antigen ( C A A ; -t-), 
circulating cathodic antigen ( C C A ; A ) and combined C A A - t - C C A ( O ) , as determined with a dilution 
series o f t h e trichloroacetic acid-soluble fraction o f adult worm antigen ( A W A - T C A ) , Curves were fitted 

by a four-parainctcr fit. 



Zaire Burundi 

min med 90-p max min med 90-p max 

Epg 0 390 1134 9580 0 59 236 928 

Reciprocal lilres 
C A A 2 512 4096 8192 2 64 512 4096 
C C A 64 256 1945 4096 4 64 256 512 
[ C A A . C C A ] 32 1024 4096 8192 2 64 1024 2048 

ng Am-TCA/nil 
C A A 0 659 4214 7498 0 73 617 3865 
C C A 67 1489 2528 7 145 361 612 
[ C A A . C C A ] 35 5.19 3725 7502 0 81 446 2215 

Antigen levels determined by E L I S A and expre.s.sed as reciprocal titres and as concentrations 
(ng A W A - T C A / m l ) . 
Abbreviations: A W A - T C A = the trichloroacetic acid-soluble fraction o f adult worm antigen; min = mini­
mum; med = median; 90-p = 9ü-percentilc; max = max imum; Epg = eggs per gram faeces; C A A = circulat­
ing anodic antigen; C C A =circulat ing cathodic antigen; [ C A A , C C A ] = C A A and C C A detected in a 
combined assay. 

ng A W A - T C A / m l were considered to be positive. A l l 72 negative cont ro l sera showed 
a reciprocal t i tre smaller than 4, thus result ing in an assay-specificity o f 100%. In 
bo th the C C A E L I S A and the combined E L I S A , al l but 4 % o f the negative cont ro l 
sera showed reciprocal dtres ranging f r o m 2 to 16. Therefore reciprocal titres > 32 
were considered posidve, resuldng in an assay-specificity o f 96%. I n terms o f concen­
t ra t ion the cut-off values for the C C A assay and the combined assay were 58 and 
32 ng A W A - T C A per mi l l i l i ter , respectively. 

The d is t r ibudon o f egg output and o f c i rculat ing schistosome antigen levels in 
serum o f individuals f rom both tested groups are given in Table 1. Differences in 
antigen levels were a reflection o f differences in egg output for the two study groups. 
The range between m in imum and max imum was more pronounced for C A A levels 
than for C C A levels, whi le the range o f the combined antigen levels was in between 
these two ranges. 

Analysis o f the test results (Table 2) showed a clear difference in assay sensitivity 
for the two study groups. Titres and concentrations gave, only in the group w i th 
lower egg-output (Bu rund i ) , sl ightly different (bu t not signif icant) results o f sensitiv­
ity. The combined E L I S A , detecting both C A A and C C A in one sample, failed to 
show a higher sensitivity than the ind iv idual C A A or C C A assay. By parallel use o f 
the two tests, the sensitivity was increased considerably. 

For each assay, a significant correlat ion was found between egg-output and 
concentrat ion (Spearman's p > 0 . 5 0 , P < 0 . 0 0 1 ; « = 60) (Table 3). The highest correla­
t ion coëfficiënt was found w i th the combined assay detecting C A A and C C A in one 
sample (p = 0.74). In both study groups the correlat ion for the C C A assay was lower 
than that for the C A A assay. Table 3 also shows the Spearman's rank coefficients 
for each combinat ion o f two assays. The correlat ion between the C A A assay and 

T A B L E 1 

Dislribi it ion of egg output and circulating schistosome anligcn levels in .serum samples of two groups of 
Schixiiisonui immsoui infected individuals from Zaire (/i = 60) and Burundi (// = 60) 



T A B L E 2 

Sensitivities o f assaying circulating schistosome antigens by E L I S A in serum samples of Schistosoma 

mansoni infected individuals f rom Zaire (n = 60) and Burundi (« = 60) 

Zaire 

Se (%) 9 5 % C l . 

Burundi 

Se ("/.) 9 5 % C . I . 

Titres 

C A A 

C C A 

[ C A A . C C A ] 

C A A + C C A 

97 

100 

100 

100 

( 9 3 - 1 0 0 ) 

( 100 ) 

( 100 ) 

( 1 0 0 ) 

77 

85 

75 

95 

( 6 6 - 8 8 ) 

( 7 6 - 9 4 ) 

( 6 4 - 8 6 ) 

( 8 9 - 1 0 0 ) 

ng AWA-TCAIml 

C A A 

C C A 

[ C A A . C C A ] 

C A A + C C A 

97 

100 

100 

100 

( 9 3 - 1 0 0 ) 

( 100 ) 

( 1 0 0 ) 

( 100 ) 

77 

80 

68 

93 

( 6 6 - 8 8 ) 

( 7 0 - 9 0 ) 

( 5 6 - 8 0 ) 

( 8 7 - 9 9 ) 

Sensitivities calculated from titres and from antigen concentrations (ng A W A - T C A / m l ) . 

Abbreviations: Se = sensitivity; 95%. C l . = 9 5 % confidence interval ( = / ) + 1 .96N / / ' ( 1-/')/". where 

/j = positivity rate [i.e., sensitivity], and H = number o f observations); A W A - T C A = the trichloroacetic 

acid-soluble fraction of adult w o r m antigen; C A A =circulat ing anodic antigen; C C A =circulat ing 

cathodic antigen; [ C A A , C C A ] = C A A and C C A detected in a combined assay; C A A + C C A = C A A 

and C C A determined by parallel assaying. 

T A B L E 3 

Spearman's rank coëfficiënt of correlation between concentrations of circulating schisto.some antigens in 

serum and egg output o l ' two groups oi' Schistosoma mansoni infected individuals from Zaire (;/ = 6ü) and 

Burundi (» = 60) ( / ' < 0 . 0 0 1 for all coefficients) 

Zaire Burundi 

C A A C C A [ C A A . C C A ] C A A C C A [ C A A . C C A ] 

C A A 0,67 0.98 0.54 0,91 

C C A — 0.74 — 0,75 

[ C A A . C C A ] — — — 
Epg 0.64 0.51 0.64 0.67 0,59 0.74 

Abbreviations: C A A = circulating anodic antigen; C C A =ci rcula l ing cathodic antigen; [ C A A . C C A ] = 

C A A and C C A detected in a combined assay; Epg = eggs per gram faeces, 

the combined assay was the highest in both groups ( p > 0 . 9 0 ) , whi le the correlat ion 

between the C A A assay and the C C A assay was the lowest. Kendal l 's coelïïcient o f 

concordance for the three assays was 0.87 (Zaire) and 0.82 (Bu rund i ) ( F < 0 . 0 0 1 ; 

« = 60). 

Discussion 

For the quanti tat ive diagnosis o f schistosome infections, sensitive E L l S A s for the 

detecdon o f the adult w o r m antigens C A A and C C A have been developed. A l though 
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such assays have a sensitivity which is comparable to 'classical' parasitological 

diagnosis, false-negative results occur. Van Lieshout et al . (1992) showed that the 

overall sensitivity o f diagnosis by c i rculat ing antigen detection can further be 

improved by parallel testing for C A A and C C A . Thus, in a group o f Egypt ian 

patients, a sensitivity o f 93% was achieved by combin ing the serum C A A assay w i t h 

the serum C C A assay. The parallel testing for ind iv idual antigens has the obvious 

advantage o f generating max imal in fo rmat ion on the levels o f ind iv idual antigens, 

a l lowing possible correlat ion w i th infect ion or morb id i ty parameters (De Jonge 

et a l . , 1991). For many applications, however, a positive/negative answer wou ld be 

sufficiënt and it wou ld therefore seem to be a logical step to evaluate the possibil i ty 

o f simultaneous detection o f C A A and C C A in one assay. Each o f the procedures 

which had been applied to labeling o f the a n t i - C A A and an t i -CCA antibodies, 

respectively direct alkal ine phosphatase coupl ing and b io t iny la t ion , could not be 

applied to both mAbs w i thout a significant loss o f sensitivity in the single-antigen 

E L l S A s (unpublished data), whi le in contrast both mAbs could be labeled succesfully 

w i th fluorescein ( F I T C ) . As F I T C label ing o f monoclonal antibodies is a simple 

technique, and the F I T C - a n t i - F I T C system is now increasingly used as an alternative 

to the b io t in -av id in system (Wi lchek and Bayer, 1988), we have evaluated whether 

this technique could be applied to a l low detection o f C A A and C C A in one assay. 

A f te r opt imizat ion o f the assay w i th puri f ied C A A and C C A preparations, a lower 

detection level o f 1.1 ng A W A - T C A in the combined assay was realized, which is in 

the same order o f magnitude as the or ig inal ly described assays for the indiv idual 

antigens. Appl icat ion o f the assay to serum samples, disappoint ingly, d id not result 

in the wished increase in sensitivity, result ing f rom a positive signal generated by 

the highest individual test. A n evaluat ion o f the results showed that this was mainly 

due to two reasons. First ly, the samples conta in ing C C A (and only l i t t le or no C A A ) 

just above cut-off value were missed, because the detection level o f C C A in serum 

was sl ightly decreased in the combined assay, compared to the C C A assay. This 

difference in detection was not found w i th puri f ied C C A . This suggests that the 

antigen composi t ion in puri f ied C C A does not fu l ly correspond to the composi t ion 

o f C C A in serum. Secondly, those samples w i th low C A A concentrat ion (and w i thou t 

C C A ) were missed, because in the combined assay concentrations below 30 ng/ml 

were considered negative, whi le the cu t -o l ï value for the C A A assay was 6 ng /ml . 

In contrast, it was shown that an increase in sensitivity could be achieved combin ing 

the results (i.e. parallel testing) o f the ind iv idual assays, cor roborat ing previous 

observations (Van Lieshout et a l . , 1992). F rom these results i t can be concluded 

that the combinat ion o f two satisfactory target antigens in one assay does not 

necessarily guarantee success. A l though ind iv idual C C A detection shows a high 

sensitivity, the relatively high cut-off level in compar ison to the C A A assay, makes 

this antigen a less likely candidate for combined assaying. A combinat ion o f an 

assay for C A A wi th that for another antigen, preferably w i th a similar low cut-o l f 

level, might be a more promising alternative. 
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Abstract. T h e kinetics o f circulating anodic antigen ( C A A ) levels in urine were studied 
in Egyptian male patients infected wi th Schistosoma mansoni or wi th both S. mansoni and 
5. haematobium, before treatment, and at one, three and six weeks after chemotherapy. A 
quantitat ive enzyme-l inked immunosorbent assay ( E L I S A ) demonstrated C A A in 8 2 % of 
the serum and 8 9 % o f the urine samples f rom these 28 patients. T o evaluate the possibility 
o f circadian variabi l i ty in urine C A A levels, samples were examined in 15 patients at four 
intervals during a 24-hour period. N o significant differences in C A A titers were observed. 
Seventeen patients were subsequently treated w i th praziquantel and followed for six weeks. 
C A A titers in serum and urine decreased significantly one week after therapy. Thereafter, 
the profile o f C A A titer in urine continued to show a parallel but delayed decline compared 
to that in serum. W h i l e all serum C A A titers became negative three to six weeks after 
treatment, urine titers were negative in 4 7 % at three weeks and 6 9 % at six weeks. T h e 
remaining positive patients had low titers. A significant quanti tat ive correlation in C A A 
titer was found between serum and urine before and after treatment. Seventeen Egyptian 
control subjects wi th no active schistosome infection were negative for C A A in both serum 
and urine. Our results confirm that the C A A urine assay could be used as a sensitive and 
non-invasive method to diagnose the disease, and indicate that the assay can be used to 
moni tor efficacy o f schistosome chemotherapy. 

Quant i tat ion o f circulating antigens has been 
shown to be a promising alternative for the d i ­
agnosis o f Schistosoma infections.'"^ Several po­
tentially diagnostic antigens have been previ ­
ously described."-' One of the major Schistosoma 
antigens is C A A (circulating anodic antigen), also 
known as G A S P (gut-associated schistosome 
proteoglycan). Th is antigen was originally de­
scribed by Berggren and Weller,"^ and has been 
further characterized by several authors . ' - ' C i r ­
culating anodic antigen is an adult w o r m , gut-
associated proteoglycan wi th a molecular weight 
of 7 0 k D a and a strong negative charge at neutral 
p H 8-10 js j^ga^ stable and trichloroacetic acid 
( T C A ) soluble. F r o m immunoprecip i ta t ion stud­
ies the antigen was shown to be genus specif­
ic.*- "• '2 C A A is localized in the schistosome's 
gut epitheUum.' ' -

E L I S A has been proven to be a useful tech­
nique for the quanti tat ive determinat ion o f 
CAA. ' -^ - '^ Serum antigen level correlated well 
w i th the host's w o r m burden as expressed by egg 
output, '* and the effect o f chemotherapy could 
be moni tored in a period o f weeks. ' 

Recently we reported the presence o f the an ­

tigen in urine o f patients infected wi th S. man­
soni, S. haematobium or wi th mixed infection o f 
both helminths. '^ Here we studied the effect o f 
chemotherapy on C A A levels in the urine o f pa­
tients infected wi th S. mansoni or wi th mixed 
infections o f S. mansoni and S. haematobium. 

MATERIALS A N D METHODS 

Patients 

Patients and controls for this study were in ­
cluded after granting informed consent. U r i n e 
and serum samples o f 28 Egyptian hospitalized 
patients were studied for C A A levels. They were 
all malés and ranged in age f rom 1 0 - 4 9 years 
(median 18 years, 90 th percentile 35 years). 
T w e n t y patients had l ive S. mansoni eggs in their 
stools and were treated wi th 3 doses o f 20 m g / 
kg praziquantel (Biltricide) given orally at four-
to six-hour intervals. Parasitological examina­
t ion o f stools was repeated three to six weeks 
after treatment. T h e other eight patients had 
mixed S. mansoni and S. haematobium infec­
tions. 

U r i n e samples o f 12 healthy Egyptians and 



serum and urine samples o f five hospitalized pa­
tients wi th no schistosomal infection were used 
as negative controls. The i r ages ranged f rom 1 1 -
60 years (median 26 , 90 th percentile 34 years). 

Parasitological examination 

Fecal egg excretion in all patients was deter­
mined by counting the mean o f three consecutive 
duplicate 25 m g Kato examinat ions, starting on 
the day o f hospi ta l izat ion." 

Bell's egg-count quanti tat ion technique was 
used in two consecutive 10 m l urine samples." 

Collection of urine and serum samples 

T o study the circadian rhy thm o f urine C A A 
levels, samples were collected f rom 15 patients 
(o f which seven had m i x e d infections) at four 
different t imes during the daiy, spread over a pe­
riod o f 5 - 1 2 days. O f t h e 13 other patients, 24 -
hour urines were collected only once. A blood 
sample was taken f rom all patients at the t ime 
o f the first urine collection. 

For the post-treatment examinat ion, serum and 
24-hour urine samples were taken f rom 17 S. 
mansoni infected patients at one, three and six 
weeks after chemotherapy. 

Treatment of samples 

T h e serum samples were stored frozen ( - 2 0 ° C ) 
unti l use and treated before testing w i th T C A to 
remove interfering proteins and to dissociate i m ­
mune complexes." 

T h e urine samples were kept frozen (—20°C) 
wi th 0 . 1 % (w /v ) sodium azide as a preservative 
unt i l use. Before testing, aliquots o f urine were 
treated wi th T C A , dialyzed, lyophi l ized and re­
constituted as described by D e Jonge and others, 
resulting in a 5-fold concentration o f t h e original 
samples." 

T h e creatinine concentration o f urine samples 
was determined wi th in two days after collection 
by the Jaffe method,^" using a 550 Express C l i n ­
ical Chemistry Analyzer (Ciba C o m i n g D iag -
nostics Corp. , Ober l in , O H ) . 

monoclonal ant ibody 1 2 0 - l B l O - A both as the 
capture ant ibody and as the alkal ine phospha­
tase-conjugated second a n t i b o d y . " T h e produc­
t ion o f t h e mouse monoclonal ant ibody ( I g G , ) 
directed against C A A has been described pre­
viously.'"' " I n short, polyvinylchloride flat-bot-
tomed microt i t rat ion plates (F low, I rv ine , U K ) 
were coated wi th C A A mouse monoclonal an ­
t ibody (ascitic fluid, di luted 1:1,000) and, after 
washing, blocked w i th bovine serum a l b u m i n . 
Plates were then washed and stored dry a t - 70°C 
unt i l use. U r i n e and serum samples were tested 
in doubling dilutions. After washing, alkaline 
phosphatase-conjugated prote in A-Sepharose 
(Pharmacia, Uppsala, Sweden)-purif ied, mouse 
monoclonal antibody 1 2 0 - l B l O - A was added to 
the wells. Fol lowing incubation, the plates were 
washed and incubated wi th p-ni t rophenyl phos­
phate. Absorbance was read wi th a T i te r tek M u l -
tiskan M C C / 3 4 0 M K I I plate reader (F low, I r ­
vine, U K ) . T h e reciprocal value o f the last sample 
di lut ion showing coloring above background lev­
el (mean absorbance o f buffer controls plus 2 x 
Standard deviat ion) was taken as the titer. Serum 
samples w i th a titer < 4 were considered to be 
negative, samples w i th a titer > 4 a s positive. For 
urine samples this was < 0 . 2 and >;0.2 respec­
t ively. T h e lower detection l imi t was determined 
by t i t rat ion o f a solution o f the TCA-so lub le frac­
t ion o f adult w o r m antigen ( A W A - T C A ) . 

Statistical methods 

Since neither schistosome egg output, circu­
lating antigen titers nor creatinine concentration 
showed normal distr ibution, nonparametr ic sta­
tistical methods were used to evaluate the results. 
D a t a were characterized by their medians and 
90th percentile values. Spearman's rank corre­
lat ion was used to calculate the concordance be­
tween data. T h e Fr iedman test and the Wi lcox-
on's signed ranks test were used to analyze da ta 
f rom urine collected at different t ime intervals, 
and to make the comparison o f pretreatment and 
post-treatment data. T h e tests were run on an 
I B M P C / X T compatible computer using the 
SPSSpc+ / stadstical package (SPSS Inc. , C h i ­
cago, U S ) . 

ELISA procedure 

T h e E L I S A technique for the quanti tat ive de­
terminat ion o f C A A was performed as described 
by Deelder and others, using the a n t i - C A A 

RESULTS 

T h e fecal egg output o f the 20 S. mansoni-
infected patients ranged f rom 50 to 976 eggs per 



TABLE 1 

CAA liter and creatinine concentration in urine samples 
schistosomiasis patients 

collected at four different periods of the day from 15 

Group*** 
( n - 15) 

CAA liter* creatinine concenlration** 
Group*** 
( n - 15) T ime of collcclion Min imum Max imum Median 90lh percentile 

M o r n i n g 
M i d d a y 
Evening 
N i g h t 

0 8 . 0 0 - 1 2 . 0 0 
1 2 . 0 0 - 1 6 . 0 0 
1 6 . 0 0 - 2 0 . 0 0 
2 0 . 0 0 - 0 8 . 0 0 

0 . 1 / 0 . 3 
0 . 1 / 0 . 3 
0 . 1 / 0 . 2 
0 . 1 / 0 . 3 

5 1 . 2 / 2 . 5 2 5 . 6 / 1 . 8 
2 5 . 6 / 1 . 0 12 .8 /0 .9 
5 1 . 2 / 1 . 3 12 .8 /1 .1 
5 1 . 2 / 1 . 6 6 .4 /1 .1 

6 .4 /0 .6 
3 .2 /0 .7 
3 .2 /0 .5 
6 .4 /0 .7 

' Titers expressed as urine dilutions. 
' Concentration expressed as mg/ml. 
* Group « 8 5. mansoni-inïcclcé patients and 7 patients infected with both S. mansoni and 5. haematobium. 

gram of feces (epg) (median 275 epg, 90th Per­

centile 875 epg). In patients wi th mixed infec­

tions, the fecal egg output ranged f rom 13 to 597 

epg (median 156, 90th percentile 594 epg). U r i n e 

egg-counts ranged f rom 1 to 340 eggs/10 m l urine 

(median 13, 90th percentile 152 eggs/10 ml ) . N o 

viable eggs could be demonstrated in the feces 

or urine o f the 17 control subjects. 

The lower detection l imi t o f the E L I S A for the 

quantitation of C A A was 0 . 8 - 1 . 5 6 ng A W A -

T C A / m l . O f the 17 controls all the serum and 

urine samples had a titer o f < 4 and < 0 . 2 re­

spectively. The intra-assay imprecision for urine 

tests was 7 .8% (n = 5), while the inter-assay i m ­

precision was 11 .7% (n = 3). 

Table 1 summarizes C A A levels and creatinine 

concentrations o f urine samples collected at four 

different t ime intervals during a 24-hour period. 

N o significant difference in either C A A titer or 

creatinine concentration could be demonstrated 

(Fr iedman, n = 15, P = 0.54) , even when the 

results were expressed as the corresponding ng 

A W A - T C / V m g creatinine (unpublished data). 

Subsequently, urine C A A titers o f these patients 

were represented by the median o f these four 

different coUections. 

Table 2 summarizes the results o f testing se­

rum and urine samples o f the two patiënt groups. 

In 23 o f t h e 28 patients (82%) serum C A A titers 

were > 4 , and in 25 padents (89%) urine C A A 

titers were £ 0 . 2 . 

Figure 1 shows the results o f testing urine and 

serum samples o f 17 patients infected w i th S. 

mansoni before, and one, three and six weeks 

after praziquantel treatment. CAA titers in urine 

(Fig. l a ) and serum (Fig. Ib ) decreased signifi­

cantly after one week (Wilcoxon, n = 13, P < 0 . 0 5 ) . 

N o C A A was detectable in urine o f eight patients 

(47%) at three weeks nor in urine o f nine patients 

(69%) at six weeks, while all serum C A A titers 

became negative during the same period. Re ­

peated parasitological examinat ion showed one 

patiënt wi th viable eggs four weeks after treat­

ment , but no eggs could be demonstrated two 

weeks later. N o viable eggs were found for the 

other 14 patients three to six weeks after treat­

ment; two patients were not examined. 

T h e antigen level in urine showed a strong 

correlation wi th the level in serum, both before 

(n = 28 , rho = 0.80, P < 0 .001) and one week 

after treatment (n = 17, rho = 0 .58, P < 0 .01) . 

A positive correlation was also found between 

C A A titers in serum and the number o f parasite 

eggs in feces o f patients infected w i th 5. mansoni 

(n = 20 , rho = 0 .53, P < 0 .01) . 

DISCUSSION 

T h e demonstrat ion o f C A A in serum proved 

to have a strong diagnostic potential for schis­

tosomiasis. This is because its day-to-day fluc­

tuation during active infection was found to be 

TABLE 2 

CAA titer in serum and urine of 28 schistosomiasis patients 

C A A titer serumVCAA titer urine* 

Group n % S e M i n i m u m Max imum Median 90th percentile 

S. mansoni 
M i x e d * * 

2 0 
8 

8 5 / 9 0 
7 5 / 8 7 

2 /0 .1 
2 / 0 . 1 

4 , 0 9 6 / 5 1 . 2 1 2 8 / 3 . 2 
2 , 0 4 8 / 5 1 . 2 192 /4 .8 

1 ,024 /25 .6 
2 , 0 4 8 / 6 . 4 

Se = sensitivity; n = number of patients. 
* Titers expressed as serum or urine dilutions. 

* • Patients infected with both S. mansoni and S. haematobium. 
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FIGURE 1. C A A titers in ur ine ( l a ) and serum ( I b ) 
samples f r o m 17 patients infected w i t h 5 . mansoni, 
before t reatment and at one, three and six weeks after 
t reatment w i t h praziquantel (60 ) m g / k g , oral ly) . — , 
m e d i a n ; n = n u m b e r o f patients. 

m i n i m a l , no false positive results could be shown 
and the level o f C A A correlated w i th the inten­
sity o f infect ion.^ ' ' T h e presence of C A A 
could be detected in the serum o f patients in ­
fected wi th S. mansoni,^'^ S. haematobium,'' 
S. japonicum ( N . D e Jonge, unpublished data) 
and S. intercalatum.^^ 

Fol lowing successful chemotherapy wi th pra­
ziquantel, this antigen disappears f rom the serum 
of 5. wanionZ-infected patients w i th in about ten 
days. ' Recently we have shown that quanti tat ion 

o f C A A in serum could be used to indicate ef­
ficacy o f chemotherapy after treatment w i th e i ­
ther metr i fonate, oxamniquine or praziquantel 
in patients infected wi th S. mansoni and S. hae­
matobium." 

I n mass population-control programs, how­
ever, the use o f urine samples for non-invasive 
diagnosis o f this systemic parasitic disease would 
be highly desirable. Al though in S. haematobium 
infections urine samples can be evaluated by the 
reagent strip technique (dipstick) for the presence 
o f blood or p r o t e i n , " this method is not specific 
and cannot be used for other Schistosoma infec­
tions. 

Several schistosome antigens have been d e m ­
onstrated in the urine o f patients. However the 
only other antigen which has been extensively 
characterized is the circulating cathodic antigen 
( C C A ) , also known as 'antigen M ' . " T h e pres­
ence o f C A A in the urine o f patients infected 
w i th 5. mansoni or S. haematobium was d e m ­
onstrated only recently."* In that study the an­
tigen was found in 8 1 % o f the intestinal schis­
tosomiasis patients and in 9 7 % of those wi th 
urinary schistosomiasis. A correlation wi th the 
serum C A A level and the fecal egg output was 
shown in patients wi th schistosomiasis mansoni. 

Another polysaccharide antigen has recently 
been described by Ripert and others. Using a 
mouse monoclonal IgM-based inhibi t ion hem­
agglutination assay, this antigen was demonstrat­
ed in the urine o f 5 9 % o f 147 inhabitants o f 
Cameroon , o f w h o m 3 1 % were actively passing 
S. mansoni eggs in their stool. N i n e months after 
chemotherapy, 2 0 % of the 97 subjects re-ex-
amined showed antigen in their urine, while only 
2 % were still volding eggs.' N o quanti tat ive cor­
relation was done. 

I n the current study urine and serum samples 
o f Egyptian patients wi th S. mansoni or wi th 
m i x e d intestinal and urinary infections were test­
ed before, and one, three and six weeks after 
treatment. N o C A A could be demonstrated in 
urine samples f rom 17 Egyptians wi thout an ac­
t ive Schistosoma infection which is consistent 
w i th previous results obtained for residents of 
T h e Netheriands.""' 

N o significant difference in the level o f C A A 
was found in urine samples collected at four in ­
tervals during a 24-hour period, spread over 5 -
12 days; this indicates both a low day-to-day 
fluctuation and that there is no circadian var i ­
abi l i ty in the excretion o f C A A . T h e urine sam-



pies d id not vary significantly in their concen­
t ra t ion when they were normal ized against 
creatinine levels. 

Before treatment, 85% of the 20 patients i n ­
fected wi th 5. mansoni showed CAA in serum 
and 90% in urine, compared to 75% and 88%, 
respectively, for the eight patients wi th mixed 
infection. The difference in sensitivity between 
serum and urine could be explained by the fact 
that the urine samples were tested at a higher 
concentration. A very strong correlation in C A A 
titer was found between urine and serum (rho = 
0.80; P < 0.001). Consistent wi th previous re­
sults, we found a positive correlation between 
the number of S. mansoni eggs excreted in the 
feces and the CAA titers in serum." N o corre­
lation was found between the egg load and urine 
C A A titers, even when the levels of C A A were 
corrected for the creatinine concentration. 

Follovring chemotherapy (praziquantel, 60 mg/ 
kg), a significant decrease in the C A A titer was 
found both in serum and urine after one week. 
Thereafter, the profile o f C A A titers in urine con­
tinued to show a parallel but delayed decline to 
that of serum. A l l serum samples became neg­
ative three to six weeks after treatment. Low t i ­
ters of C A A were still present in 53% of the urine 
samples at three weeks and in 3 1 % at six weeks. 
This difference could be explained by the fact 
that the urine samples were tested at a concen­
tration 20 times higher than for serum, and by 
the retention and slow release of antigen f rom 
kidney tissue. Immune complexes containing 
CAA and CCA have been shown to be present 
in the glomeruli of S. mansoni-infected mice, 
hamsters and humans.^' ^' Six to eight months 
after chemotherapy no difference could be dem­
onstrated in the intensity of CAA or CCA in 
kidney biopsies of 10 o f the 15 patients studied, 
using an indirect immunofluorescence assay.^' 

In conclusion, the present study demonstrates 
that the C A A urine assay could be used, inde­
pendent of the t ime o f sample collection, as a 
sensitive and non-invasive method to diagnose 
schistosomiasis and to monitor the efficacy o f 
chemotherapy. Further deveiopment o f the assay 
wi l l require improvement o f the method of sam­
ple concentration and determination of the m in ­
imum volume of urine needed for appropriate 
quantitation o f CAA. 
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Detection of circulating anodic antigen ( C A A ) and cir­
culating cathodic antigen ( C C A ) in serum and urine has 
been shown to be a valuable alternative to egg counts for 
the diagnosis of schistosome infections. The levels of 
C A A and C C A were found to be highly specific and sen­
sitive markers for the intensity of infection ( D E E L D E R et 
al., 1989; D E J O N G E el al., 1990). Circulating antigen 
assay is also useful in monitoring therapeutic interven-
tion. Following successful chemotherapy with prazi­
quantel, C A A disappeared from serum within about 10 d 
( D E J O N G E et al., 1989), and from urine within several 
weeks ( V A N L I E S H O U T et al., 1991). N o post-treatment 
study of C C A has been performed. 

T h e present study was designed to evaluate the 
kinetics of CCA after chemotherapy. Al l individuals in­
cluded in this study gave informed consent. Serum and 
urine samples were collected from 17 Egyptian patients 
with Schistosoma mansoni infection, before, and 1 , 3, and 
6 weeks after, treatment wi th 60 mg/kg praziquantel (Bil­
tricide®), administered in 3 doses of 20 mg/kg orally at 4 -
6 h intervals. N o urine sample was collected from one in­
dividual. Al l patients were males in the age range 11-49 
years (median 17 years) and remained in hospital until 3 -
6 weeks after chemotherapy. Before treatment the faecal 
5 . mansoni egg output ranged from 50 to 976 eggs/g of 
faeces (median 260 eggs/g). T h e CCA level was measured 
in serum and urine by a monoclonal antibody-based 
enzyme-linked immunosorbent assay (ELISA) ( D E J O N G E 
el al., 1990). Serum and urine samples were titrated 
(dilutions ranging from 1:4 to 1:4096) and considered to 
be positive for C C A if the reciprocal titres were 5 8 and 
5 1 6 , respectively, based on previous results with control 
sera from uninfected individuals in an endemic area 
( V A N L I E S H O U T et al., 1992). T h e lower detection limit 
of this ELISA was 3-9-7-8 ng /mL of the trichloroacetic 
acid-soluble fraction of adult worm antigen ( A W A -
T C A ) , which contains approximately 3% CCA (G. J . Van 
D a m , personal communication). 

Serum and urine C C A levels before and after treat­
ment are shown in the Figure. Before chemotherapy, all 
serum samples and 8 1 % of the urine samples were posi­
tive. After one week, C C A titres in serum and urine de­
creased significantly (Wilcoxon's test, P<0(X)ï, n = 1 7 
and 16). A l l serum and most (92%) urine titres became 
negative 3 -6 weeks after treatment. Overall , the decline 
of C C A levels in serum and urine showed a profile simi­
lar to serum C A A in this group ( V A N L I E S H O U T et al., 
1991). I n 14 patients no viable eggs were found at re­
peated parasitological examination 3 -6 weeks after treat­
ment; data could not be obtained from 3 patients. 

A significant correlation was found between the num­
ber of parasite eggs in faeces and the C C A level in serum 
before treatment (Spearman's p = 0 - 7 1 , P = 0 0 0 1 , n = 1 7 ) , 
and between serum and urine CCA level before and after 

Address for correspondence: Lisette van Lieshout, Laboratory 
of Parasitology, P.O. Box 9605, 2300 RC Leiden, The Nether­
lands. 
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Figure. Reciprocal CCA titres in serum (A) and urine (B) samples of pa­
tients with schistosomiasis mansoni before treatment and at one, three 
and six weeks after treatment with praziquantel (60 mg/kg, orally). Hori­
zontal hnes indicate median values; broken hne shows negative/positive 
cut-off value; n=number of patients. 

treatment (Spearman's p = 0 - 5 0 , P < 0 0 0 1 , « = 6 1 ) . N o 
other significant correlation was found. 

I n conclusion, this study demonstrated that the C C A 
assay can be used with both serum and urine as a sensi­
tive method to monitor the efficacy of chemotherapy. 
The use of urine samples only would be highly desirable 
for mass population-screening programmes because it is 
non-invasive. T h e level of C C A in urine does not show 
any circadian variability (unpublished data), which is 
consistent with previous results obtained for C A A ( V A N 
L I E S H O U T ei al., 1991). In addition, the C C A urine assay 
has the advantage, compared to the C A A urine assay, 
that it does not require a time consuming concentration 
procedure. 
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S U M M A R Y 

W e evaluated the quantitation of two schistosome circulating antigens in serum and urine as a tooi for the assessment of 
the efficacy of praziquantel dosage regimens (40 versus 60 mg/kgbw). I n addition we compared the efficacy of two different 
brands of praziquantel (Biltricide® and Distocide®), given at the same dosage (40 mg/kgbw). Th i r ty five Egyptian 
hospitalized schistosomiasis mansoni patients participated in this study. Thirteen patients (Group 1) received 60 mg/kgbw 
Biltricide*, administered in 3 oral doses of 20 mg in one day; 22 individuals (Group 2) were treated with 40 mg/kgbw (12 
Biltricide®, 10 Distocide®), given in one oral dose. Circulating anodic antigen ( C A A ) and circulating cathodic antigen 
( C C A ) were quantitated by monoclonal antibody-based E L I S A ' s before, and 1, 3 and 6 weeks after chemotherapy. Before 
treatment, all patients were positive for at least one of the circulating antigen assays. Three to six weeks after treatment 
significantly more patients were found to be negative in Group 1 compared to Group 2 (A^ = 7 1 3 , P = 0 0 0 8 , n = 35). 
Also the levels of C C A and C A A in serum and of C C A in urine were found to be significantly higher in Group 2 ( M a n n -
Whitney U < 85, P < 0 0 5 , « = 35). These results were confirmed by parasitological data. N o differences were found 
between treatment with Biltricide® or Distocide®. Our results indicate that praziquantel treatment of schistosomiasis with 
60 mg/kgbw divided in 3 doses results in a higher cure rate compared to 40 mg/kgbw as a single dose, and provide further 
evidence for the use of the C A A and C C A assays as a sensitive method to monitor the efficacy of chemotherapy, particularly 
when circulating antigen assays are combined by parallel testing. 

Key words i schistosomiasis, praziquantel, Biltricide®, Distocide®, drug efficacy, circulating anodic antigen ( C A A ) , 

circulating cathodic antigen (CCA) . 

I N T R O D U C T I O N 

Praz iquante l is current ly the d r u g of choice for the 

t reatment of Schistosoma infections in humans 

( rev iewed by W e b b e , 1 9 8 7 ; K i n g & M a h m o u d , 

1 9 8 9 ; Shekhar , 1991) . A single oral dose of 4 0 m g / k g 

of bodywe igh t ( k g b w ) is the S t a n d a r d r ecommended 

for both S. mansoni and S. haematobium infections. 

T h e d r u g was in i t ia l ly in t roduced as Bi l tr icide® by 

the G e r m a n - S w i s s company B a y e r - M e r c k , but is 

n o w also manufac tu red as Distocide® by the K o r e a n 

company S h i n - P o o n g Pharmaceut ica l . 

A l t h o u g h cure rates o f 7 0 - 1 0 0 % are general ly 

stated, lower cure rates have also been reported 

( P o l d e r m a n , Gryseels & D e C a i u w é , 1 9 8 8 ; E l -

M a s r y , Bassily & F a r i d , 1 9 8 8 ; Ste lma et al. 1992) . 

N o differences in efficacy were found between 

Distocide® and B i l t r i c i d e * ( H o m e i d a et al. 1989 ) . 

* Reprint requests to L. van Lieshout, Laboratory of 
Parasitology, P.O. Box 9605, 2300 R C Leiden, T h e 
Netherlands. 

I m p r o v e d cure rates have been described i f p r a z i ­

quante l was admin is tered in split doses given up to 

6 h apart ( E l - M a s r y et al. 1988 ) . A di f f icul ty in 

d e t e r m i n i n g cure rates is the p r o b l e m of d i f ïerent ia t -

ing between fa i lure of t rea tment and re infect ion. 

Also, cure rates are dependent on the sensit ivity of 

the diagnostic technique used because, par t icu lar ly 

after t rea tment , l ight infections can easily be missed 

( P o l d e r m a n et al. 1 9 8 8 ; D e V las & Gryseels , 1992) . 

Quant i t a t ion of c i rculat ing anodic ant igen ( C A A ) 

and c i rculat ing cathodic ant igen ( C C A ) in s e r u m and 

ur ine has increasingly been recognized as a valuable 

and feasible approach for the diagnosis of Schisto­

soma infect ions. T h e levels of these adul t w o r m gut -

associated antigens correlate we l l w i t h the intensity 

of in fect ion, and b o t h C A A and C C A have been 

reported to disappear rap id ly f r o m serum and ur ine 

after successful t rea tment ( D e e l d e r et al. 1 9 8 9 ; D e 

Jonge et al. 1988 , 1 9 8 9 a , b; 1 9 9 0 a ; Barsoum et al. 

1 9 9 1 ; V a n L ieshout et al. 1 9 9 1 , 1 9 9 3 ; V a n ' t W o u t et 

ai 1992) . 

I n a previous study, we i m p r o v e d diagnostic 



per formance by paral le l testing for C A A and C C A in 

serum and ur ine of 68 E g y p t i a n schistosomiasis 

pat ients, before chemotherapy ( V a n L ieshout et al. 

1992) . T h e purpose of the present study was to 

evaluate the use of the c i rculat ing ant igen assay for 

m o n i t o r i n g the efficacy of di f ferent t rea tment 

protocols. T h e r e f o r e we retrospectively analysed 

bo th C A A and C C A levels in serum and ur ine f r o m 

35 of these pat ients, fo l lowing t reatment w i t h either 

4 0 or 60 m g / k g b w praz iquante l . I n add i t ion , we also 

compared c i rculat ing ant igen levels between those 

w h o received Distocide® and those w h o received 

Bi l t r ic ide®, bo th in one dose of 4 0 m g / k g b w . 

M A T E R I A L S A N D M E T H O D S 

Study population 

S e r u m and ur ine samples of 35 E g y p t i a n hospital ized 

patients were analysed for their C A A and C C A 

levels, before and after chemotherapy . O n the day of 

admission all subjects showed l ive S . mansoni eggs in 

their stools; t w o cases also showed S. haematobium 

eggs in their ur ine (7 and 11 e g g s / l O m l ) . A l l 

indiv iduals were par t of a previous study on 

i m p r o v e m e n t of diagnostic per formance by paral lel 

testing of C A A and C C A i n serum and ur ine of 68 

male schistosomiasis pat ients (van L ieshout et al. 

1992) . Patients were selected for post - t reatment 

analysis if they had been fo l lowed u p for at least 

6 weeks after chemotherapy . 

Patients were treated w i t h t w o di f ferent doses of 

praz iquante l , depend ing on the current protocol at 

the m o m e n t of hospita l izat ion. T h i r t e e n indiv iduals 

( G r o u p 1) received 60 m g / k g b w praz iquante l 

(Bi l t r ic ide®, manufac tu red b y A lexandr ia C o . for 

Pharmaceu ticals and C h e m . I n d . , A lexandr ia , 

E g y p t , under licence of Bayer Leverkusen , G e r ­

m a n y ) adminis tered in 3 oral doses of 20 m g / k g b w , 

given at 4 - 6 h intervals. T h e other 22 subjects 

( G r o u p 2) received 4 0 m g / k g b w , g iven in 1 oral 

dose. T h e indiv iduals of G r o u p 2 were part of a 

larger pat iënt group in w h i c h the side-efïects of t w o 

di f ferent brands of praz iquante l were examined in a 

d o u b l e - b l i n d randomized study. F o r this reason 12 

indiv iduals received B i l t r i c i d e * , and the other 10 

Distocide® (produced by E I P I C O , C a i r o , E g y p t , 

under licence of S h i n - P o o n g , K o r e a ) . T h e t w o 

patients w i t h m i x e d S. mansoni and S . haematobium 

' in fect ion par t ic ipated i n G r o u p 2, one received 

Bi l t r ic ide®, the other Distocide®. 

A l l indiv iduals inc luded in this study part ic ipated 

after in fo rmed consent was obta ined. 

Parasitological examination 

Faecal egg excret ion was d e t e r m i n e d by calculating 

the m e a n of 3 consecutive, dupl icate , K a t o - K a t z 

stool examinat ions , start ing on the day of hospi ta l iz ­

a t ion ( K a t z , Chaves & Pe l legr ino , 1972) . U r i n a r y egg 

excret ion was d e t e r m i n e d b y 2 consecutive 10 m l 

Bel l examinat ions (Be l l , 1967 ) . A first parasitological 

f o l l o w - u p was done 3 - 7 and a second 6 - 1 2 weeks 

post -chemotherapy . Each consisted of dupl icate 

K a t o slides on 2 consecutive days. T h e v iab i l i ty of 

the eggs was checked at every examina t ion . 

Collection and pre-treatment of serum and urine 

samples 

S e r u m and i i r ine samples w e r e taken before and 1 , 3 

and 6 weeks after chemotherapy and were stored at 

— 20 ° C un t i l use. A l l samples were pre - t rea ted w i t h 

tr ichloroacetic acid ( T C A ) to remove in ter fer ing 

proteins and to dissociate i m m u n e complexes ( D e 

Jonge, F i l l ié & Dee lde r , 1987) . Samples were tested 

start ing at a 4 - fo ld d i lu t ion , except ur ine samples 

tested for C A A , w h i c h were dialysed, lyophi l i zed 

and reconst i tuted in the assay buffer resul t ing in a 5-

fo ld concentrat ion of the or ig inal samples ( D e Jonge 

et al. 1 9 8 9 6 ) . 

Determination of circulating antigens 

Both C A A and C C A were quant i ta ted by a mouse 

monoc lona l ant ibody-based sandwich E L I S A 

( D e e l d e r et al. 1 9 8 9 ; D e Jonge et al. 1 9 9 0 a ) , w i t h 

some m i n o r modif icat ions (van L ieshout et al. 1992 ) . 

T h e lower detect ion l i m i t of the C A A E L I S A was 

0-8-1-6 n g / m l of the T C A - s o l u b l e f ract ion of adul t 

w o r m ant igen ( A W A - T C A ) . F o r the C C A E L I S A 

this was 3 - 9 - 7 - 8 n g A W A - T C A / m l . A W A - T C A 

contains approx imate ly 3 % ( w / w ) C A A and 3 % 

( w / w ) C C A ( V a n D a m et al. 1993 ) . 

U r i n e and serum samples were tested in d o u b l i n g 

d i lut ions. T h e reciprocal value of the last sample 

d i lu t ion showing colour ing above background level 

(mean absorbance plus 2 x S t a n d a r d dev ia t ion of 

buffer controls) was taken as the t i t re . Based on 

endemic controls, serum samples were considered to 

be negative for C A A and C C A if their t i tres were 

< 4 a n d < 8 , r e s p e c t i v e l y . F o r u r i n e t h e n e g a t i v e t i t r e s 

were < 0-2 and < 16, respectively ( D e Jonge et al. 

1 9 8 9 6 ; van L ieshout et al. 1992 ) . E a c h sample was 

assayed once and s ing le -b l inded . 

Data analysis 

T o describe and evaluate the results, n o n - p a r a m e t r i c 

statistical methods were used, because c i rcu la t ing 

ant igen t i tres and schistosome egg ou tpu t d i d not 

show a cont inuous or n o r m a l d is t r ibut ion . D a t a were 

character ized b y their ranges and medians . 

Spearman's rank correlat ion test was used to cal ­

culate concordance, the M a n n - W h i t n e y test to 

calculate differences between groups a n d , the W i l ­

coxon's signed rank test to compare p r e - and post-



T a b l e 1 . P re - t rea tment characteristics of the total g roup of 
schistosomiasis patients as we l l as of G r o u p 1 and G r o u p 2 (assigned 
according to their praz iquante l t rea tment S c h e d u l e ) 

Al l patients 
(n = 35) 

Group 1§ 
(« = 13) 

Group 2 
(n = 22) 

Significance 
level P 

Age» 10-^9 11-49 10-26 0-02 
(16) (17) (15) 

Epgt 10-1213 50-976 10-1213 0-09 
(183) (290) (110) 

C A A J 
Serum 2 ^ 0 9 6 2-4096 2-2048 0-17 

( 1 1 0 / 8 9 % ) ( 1 2 8 / 8 5 % ) ( 9 6 / 9 0 % ) 
Urine 0-1-102-4 0-1-25-6 0-1-102-4 0-43 

(3 -0 /86%) (3 -2 /95%) (2 -4 /82%) 
C C A 

Serum 2-128 8-128 2-128 0-73 
( 3 2 / 9 7 % ) ( 3 2 / 1 0 0 % ) ( 3 2 / 9 5 % ) 

Urine 2 - i096 2-2048 2 ^ 0 9 6 0-29 
( 4 1 0 / 8 6 % ) ( 2 5 6 / 7 7 % ) ( 5 1 2 / 9 0 % ) 

* M i n i m u m - m a x i m u m (median) of age (years). 
t M i n i m u m - m a x i m u m (median) of S. mansoni eggs/gram faeces (epg). T w o 
individuals of Group 2 also excreted 5. haematobium eggs, 7 and 11 eggs/10 ml 
of urine, respectively. 
X M i n i m u m - m a x i m u m (median /% positive) of: circulating anodic antigen 
( C A A ) and circulating cathodic antigen ( C C A ) in serum and urine (expressed in 
titres). 
§ Following pre-treatment examination, praziquantel was given to all patients. 
Group 1 received 3 doses of 20 mg/kgbw each at 4 -6 h intervals, Group 2 a single 
dose of 40 mg/kgbw. 

t rea tment data. T h e Ch i -square analysis ( inc lud ing 
Yates correct ion) or the Fisher 's exact test were used 
to evaluate assay propert ies. 

R E S U L T S 

Pre-treatment data 

T a b l e 1 summar izes the age, faecal egg counts and 
c i rculat ing ant igen levels of the two pat iënt groups 
before chemotherapy . G r o u p 1 was sl ightly older. 
N o significant differences were f o u n d in egg ou tpu t 
or ant igen levels. A significant correlat ion was found 
between the n u m b e r of parasite eggs in the faeces 
and the level of c i rculat ing ant igen for each assay 
(Spearman's rho ranging f r o m 0-49 to 0-69, P < 
0-003, n = 35 ) . I n G r o u p 2 , no differences were 
f o u n d between those w h o received Distocide® and 
those w h o received Bi l t r ic ide®, for all variables 
ment ioned ( M a n n - W h i t n e y U > 38 , P > 0 1 6 , n = 
22) . 

Egg excretion after treatment 

F o l l o w i n g chemotherapy , no viable eggs could be 
demonstra ted in stool or ur ine of 11 persons of 
G r o u p 1 , t reated w i t h 6 0 m g / k g praz iquante l . O n e 
pat iënt showed a m e a n faecal egg ou tpu t of 10 eggs/g 
faeces (epg) at 4 weeks, but was negative at 6 weeks; 
another showed no eggs at 4 weeks, b u t was posit ive 
in the hatching test at 12 weeks. T h u s , the para­

sitological curve rate in G r o u p 1 was 8 5 % , w i t h a 
reduct ion in egg n u m b e r s in those still posit ive of 
9 8 % . 

I n G r o u p 2, t reated w i t h 4 0 m g / k g b w , 12 pat ients 
were found egg negat ive, w h i c h corresponds to a 
cure rate of 5 5 % . T h e other 10 subjects showed 
viable S. mansoni eggs in their faeces. E i g h t of t h e m 
were posit ive at the first f o l l o w - u p after the t reat ­
m e n t , w i t h egg counts of 5 - 1 4 0 epg ( m e d i a n 23 epg) . 
A l l 10 indiv iduals excreted viable eggs at the second 
f o l l o w - u p , w i t h egg counts be tween O (on ly hatch ing 
test posit ive) and 120 epg (med ian 23 epg) . I n one 
ind iv idua l the egg ou tpu t increased f r o m 20 epg 
before t rea tment , to 140 epg at 4 weeks and 35 epg at 
6 weeks post -chemotherapy . I n the others the egg 
count reduct ion ranged f r o m 4 0 to 99 % ( m e d i a n 
8 8 % ) . N o viable S . haematobium eggs were found 
dur ing the f o l l o w - u p per iod . F o r those treated w i t h 
Distocide® and Bi l t r ic ide®, no eggs could be 
demonstra ted in 5 0 % and 5 8 % of the subjects, 
respectively. 

Circulating antigen level after treatment 

F o r bo th pat iënt groups, the C A A s e r u m level 
decreased signif icantly w i t h i n 1 week after c h e m o ­
therapy ( W i l c o x o n , P ^ 0-005) . H o w e v e r , 
wh i le all subjects of G r o u p 1 became negative for 
this ant igen d u r i n g the f o l l o w - u p per iod ( F i g . I A ) , 
9 patients (41 % ) of G r o u p 2 still showed a low. 
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Fig. 1. Percentages of patients positive for circulating antigen before and after treatment with 60 mg/kgbw (Group 1, 
n = 13) or 40 mg/kgbw (Group 2, n = 22) praziquantel. (A) Circulating anodic antigen ( C A A ) in serum; (B) C A A in 
urine; (C) circulating cathodic antigen ( C C A ) in serum; ( D ) C C A in urine. T h e black portions of the bars at week 6 
represent the percentages of patients who were also positive for the parasitological examination during the follow-up 
period ( • = JT* > 3-8, P < 0 0 5 ) . 

b u t clearly positive t i t re at week 6 (t itres in the range 
of 8 - 3 2 , m e d i a n 32 ) . F i ve of t h e m also excreted 
viable eggs. T h e difference between G r o u p 1 and 2 
was significant at week 6, bo th in the percentage of 
positives (A^ = 5-2, P = 0-02) and in the level of 
C A A ( M a n n - W h i t n e y U = 85 , P = 0-009) . 

As can be seen in F i g . 1 B, the kinetics of C A A in 
u r ine fo l lowing chemotherapy were somewhat 
di f ferent f r o m those in serum. A l t h o u g h the con ­
centrat ion levels of C A A decreased signif icantly 
w i t h i n 1 week for b o t h groups ( W i l c o x o n , P = 0 0 5 
and P = 0-001) , the n u m b e r of positives was still 
h i g h . Six weeks after t rea tment , C A A could sti l l be 
demonstra ted in 4 indiv iduals ( 3 1 % ) of G r o u p 1 , 
showing low ti tres ( ranging f r o m 0-2 to 0-4, m e d i a n 
0-2). O n e of these four also excreted viable eggs. I n 
G r o u p 2, 9 patients (41 % ) were sti l l positive at this 
po in t ( t i t re f r o m 0-2 to 1-6; m e d i a n 0-4), w i t h 5 of 
these 9 subjects excret ing eggs. T h e difference 
between G r o u p 1 and 2 was not statistically 
significant d u r i n g the f o U o w - u p , ne i ther in per ­
centage of positives (X^ = 0 0 6 , P = 0-81) , nor in the 
C A A level ( M a n n - W h i t n e y U = 119 , P = 0-33). 

C C A concentrat ion in s e r u m decreased signific­
ant ly w i t h i n 1 week for b o t h groups ( W i l c o x o n , P < 

0-002) . A l l pat ients t reated w i t h 60 m g became 
negat ive, except 1 ( t i t re of 16) ( F i g . 1 C ) . T h i s single 
pat iënt also excreted viable eggs (10 epg) . I n G r o u p 
2, 12 indiv iduals ( 5 5 % ) were sti l l posit ive after 6 
weeks ( t i t re f r o m 8 to 6 4 ; m e d i a n of 16 ) , w i t h 8 of 
t h e m also excret ing eggs. S tar t ing at week 3, a 
significant dif ference was f o u n d be tween the n u m b e r 
of positives in the t w o groups (A^ > 4-7, P < 0 0 3 ) , 
and in the level of ant igen ( M a n n - W h i t n e y U < 8 8 , 
P < 0-04) . 

As can be seen in F i g . 1 D , the kinetics of C C A in 
u r ine look s imi lar to those in s e r u m . T h e c o n ­
centrat ion o f C C A in ur ine decreased signif icantly 
w i t h i n 1 week after chemotherapy for b o t h groups 
( W i l c o x o n , P < 0-003) . O n l y 2 subjects of G r o u p 1 
were sti l l posit ive at the end ( t i t re 16 and 128 ) , 1 of 
t h e m excret ing eggs. I n G r o u p 2 , 12 pat ients (55 % ) 
were sti l l posit ive 6 weeks after chemotherapy ( t i t re 
1 6 - 1 2 8 ; m e d i a n 6 4 ) , of w h o m 6 showed viable eggs. 
A t week 3, a significant difference was f o u n d be tween 
the n u m b e r o f positives in the t w o groups (X^ = 4-7, 
P = 0-03) , and at week 3 and week 6 in the level o f 
ant igen ( M a n n - W h i t n e y U < 7 3 , P < 0-01) . 

I n G r o u p 2 , no differences were f o u n d d u r i n g the 
f o l l o w - u p per iod for any of the c i rculat ing ant igen 
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T a b l e 2. Efficacy of t reatment (expressed as n u m b e r and percentage o f 
indiv iduals found to be negative) based on parasitological examinat ion 
and circulat ing ant igen de te rmina t ion in schistosomiasis patients 
treated w i t h either 60 m g / k g b w praz iquante l ( G r o u p 1) or 
4 0 m g / k g b w praziquantel ( G r o u p 2) 

Group 1 
(« = 13) 

Group 2 
(« = 22) 

Significance 
level P 

Parasitological examination* 11 ( 8 5 % ) 1 2 ( 5 5 % ) 015 
Circulating antigen determinationf 1 1 ( 8 5 % ) 7 ( 3 2 % ) < 0 0 1 
Overall 1 0 ( 7 7 % ) 6 ( 2 7 % ) 0 0 1 

* Demonstration of viable eggs 3-12 weeks after treatment (see also text). 
t Demonstration of C A A in serum and C C A in serum and urine, 6 weeks after 
treatment. 

assays between those w h o received D i s t o c i d e * and 
those w h o received B i l t r i c i d e * (AT* < 1-5, P > 0 2 2 
and M a n n - W h i t n e y U > 4 0 , P > 0 1 2 ) . 

Combined circulating antigen data 

Diagnost ic values could be increased w h e n the data 
of C A A levels in serum and C C A levels in serum and 
ur ine were combined in a parallel fashion. Patients 
were considered to be positive for c i rculat ing 
antigens, i f posit ive titres could be demonstrated in 
at least 1 of these 3 immunodiagnost ic assays. Before 
chemotherapy all subjects were found to be posit ive. 
D u r i n g the f o l l o w - u p per iod , all individuals of 
G r o u p 1, except 2, became total ly negative for these 
c irculat ing antigens, w i t h 1 of the 2 excret ing viable 
eggs. I n G r o u p 2, 15 patients were still posit ive 6 
weeks after praz iquante l t reatment , of w h o m 9 
showed viable eggs. T h e difference between G r o u p 1 
and 2 in the n u m b e r of positives was signif icant, 
start ing at week 3 (A^ > 3-8, P < 0-05). 

T a b l e 2 summarizes the efficacy of t rea tment 
based on ei ther parasitological or c irculat ing ant igen 
diagnosis. T a k i n g G r o u p 1 and G r o u p 2 together, 16 
indiv iduals were found to be complete ly cured based 
on both diagnostic methods. T h e p re - t rea tment 
intensity of infect ion of these 16 subjects was not 
found to be signif icantly lower than that of the n o n -
cured indiv iduals (calculated for both egg ou tput and 
c i rculat ing ant igen level , M a n n - W h i t n e y U > 106 , 
P > 0 1 , n = 35) . 

I n each group there was one indiv idual w h o stil l 
passed viable eggs but became negative for the 
c i rculat ing ant igen assays w i t h i n 6 weeks. I n G r o u p 
1 , this ind iv idua l was only parasitologically posit ive 
in the hatch ing assay at week 12. S e r u m and ur ine 
samples collected f r o m this person at week 12 were 
found to be clearly positive for c irculat ing antigens. 
T h e ind iv idua l o f G r o u p 2 was hatching posit ive at 
weeks 6 and 10 ( K a t o 20 and 15 epg, respectively) . 
F r o m this person, no m o r e serum or ur ine samples 
were taken after week 6. 

A l l pat ients w i t h parasitologically p roven fa i lure 

of cure were re- t reated v/ i th 60 m g / k g b w praz i ­
quantel d iv ided in 3 doses. F o u r o f t h e m could be 
fo l lowed for a few more weeks. A l l 4 became negative 
for C A A and C C A in serum and ur ine and at the 
parasitological examinat ion w h e n re-tested 1 ^ 
weeks later. 

D I S C U S S I O N 

A t present, the focus in schistosomiasis control 
programmes is on the use of specific chemotherapy 
for the reduct ion of m o r b i d i t y b y decreasing i n ­
tensity of infections rather than on the k i l l ing of all 
parasites ( W i l k i n s , 1989) . H o w e v e r , the assumpt ion 
that significant m o r b i d i t y is only present in i n d i ­
viduals w i t h h igh egg counts is sti l l controversial 
(Gryseels & P o l d e r m a n , 1991) . U n d e t e c t e d and 
untreated l ight infections may also be i m p o r t a n t for 
the transmission fo l lowing selective chemotherapy . 
T o diagnose l ight infections or ind iv idua l fai lures of 
t rea tment , Standard egg counts have to be repeated 
several t imes to avoid a significant underest imat ion 
( D e Vlas & Gryseels , 1992) . 

De tec t ion of c i rculat ing antigens has been shown 
to be a sensitive and h ighly specific al ternat ive for 
the diagnosis of an active Schistosoma infect ion ( D e 
Jonge et al. 1988) . T h e concentrat ion of c i rculat ing 
ant igen shows less day - to -day fluctuation than egg 
counts ( D e Jonge et al. 1 9 8 9 a ) , and could therefore 
be measured in one single serum or ur ine sample. 
Quant i f icat ion of c i rculat ing antigens is also a 
promis ing technique to di f ferent iate between per ­
sistent and n e w l y acquired infect ions, because 
c irculat ing antigens are cleared w i t h i n several days 
to a few weeks fo l lowing successful t rea tment ( D e 
Jonge et al. 1 9 8 9 o ; Barsoum et al. 1 9 9 1 ; van 
L ieshout et al. 1 9 9 1 , 1 9 9 3 ; V a n 't W o u t et al. 1992) . 
A l t h o u g h most post - t rea tment studies have c o n ­
centrated on the wel l -character ized adul t w o r m g u t -
associated c irculat ing antigens C A A and C C A , other 
schistosome circulat ing antigens have also been 
reported to decrease fo l lowing chemotherapy , i n ­
c lud ing b o t h adul t w o r m and egg antigens ( M a d w a r , 



Hassan & St r ick land , 1 9 8 8 ; R i p e r t et al. 1 9 8 9 ; 
Hassan, Badawi & S t r a n d , 1992) . 

B o t h C A A and C C A are genus specific, they have 
been demonstra ted in the serum and ur ine of patients 
infected w i t h S. mansoni, S. haematobium, S. ja­
ponicum and 5 . intercalatum, and in most of these 
studies the ant igen levels correlated signif icantly 
w i t h the intensity of infect ion ( D e Jonge et al. 1988 , 
1 9 8 9 i ; V a n 't W o u t et al. 1 9 9 2 ; K r e m s n e r et al. 
1993) . 

C i rcu la t ing ant igen detect ion was appl ied to 
compare di f ferent ant i -schistosomal t reatment 
protocols in a s tudy by D e Jonge et al. ( 1 9 9 0 6 ) . I n 
that study, C A A serum levels were de te rmined in a 
group of Sudanese w i t h m i x e d S. mansoni and 
S. haematobium infect ions, 1 and 5 m o n t h s after 
t rea tment w i t h a placebo, p raz iquante l , o x a m n i q u i n e 
or metr i fonate . W h i l e the placebo and the m e t r i ­
fonate d id not result in a reduct ion of the C A A level , 
C A A was below the detect ion leve! 1 m o n t h after 
t rea tment w i t h praz iquante l . T r e a t m e n t w i t h 
o x a m n i q u i n e resulted in a part ia l reduct ion of the 
serum ant igen level ( D e Jonge et al. 1 9 9 0 6 ) . 

I n the present study, subjects were not 
randomized b u t treated according to the current 
protocol at the m o m e n t of hospi ta l izat ion. Before 
chemotherapy , no significant differences were found 
between the t w o pat iënt groups in respect to intensity 
of in fect ion , as reflected by egg o u t p u t and 
c i rculat ing ant igen level . G r o u p 2, patients treated 
w i t h 4 0 m g / k g b w , were somewhat younger . T h i s 
could be of impor tance , since a lower cure rate has 
been described in ch i ldren th an in adults ( P o l d e r m a n 
et al. 1988 ) . 

F o l l o w i n g t reatment , a h igher percentage of 
parasitologically negative indiv iduals was f o u n d in 
G r o u p 1 compared to G r o u p 2, a l though these 
differences were not found to be statistically 
significant. C o m p a r e d to most other publ ished data 
the cure rates f o u n d here are relat ively low, w h i c h 
could be expla ined b y the intensive m e t h o d o f 
parasitological examinat ion . O n the other h a n d , in 
those not complete ly cured we f o u n d a m e d i a n 
reduct ion of egg output comparable to other studies 
( K a t z , Rocha & Chaves, 1 9 8 1 ; M a s s o u d , E l K h o l y & 
A n w a r , 1 9 8 4 ; E l - M a s r y et al. 1988) . 

O f the single c i rculat ing ant igen assays, the serum 
C C A assay showed the best per formance in po in t ing 
out the fai lures of t rea tment , tak ing the parasito­
logical examina t ion as the gold S t a n d a r d . I n con­
cordance w i t h previous data, the levels of C A A in 
u r ine decreased m o r e slowly th an those of other 
antigens, w h i c h makes it less suitable for m o n i t o r i n g 
the efficacy of chemotherapy (van L ieshout et al. 
1991) . T h e slow decrease in ur ine C A A concen­
t rat ion could be expla ined by retent ion and slow 
release of this ant igen f r o m k idney tissue. T h e r e f o r e 
the C A A ur ine assay was not inc luded i n the 
combined analysis. 

T h e most p ronounced dif ference be tween G r o u p 
1 and G r o u p 2 was obta ined i f data were c o m b i n e d 
in a paral le l fashion, i.e., an ind iv idua l was con ­
sidered to have an active infect ion w h e n showing a 
posit ive t i t re for either C A A in serum or C C A in 
serum or ur ine . I n that case, 85 % of the subjects of 
G r o u p 1 were f o u n d to be complete ly negative w i t h i n 
6 weeks, compared to 3 2 % in G r o u p 2. T h o s e 
rema in ing posit ive showed decreased ant igen levels. 

N o differences were found in post - t rea tment data 
for indiv iduals receiving Bi l t r ic ide® or D i s t o c i d e * . 
A l t h o u g h these data were obta ined for a smal l 
n u m b e r of subjects, they conf i rmed the finding of an 
extensive comparat ive epidemiological and phar -
macological study in w h i c h it was demonst ra ted that 
Distocide® is as effective as Bi l t r ic ide®, w i t h lesser 
side-effects, p robably due to its lower p lasma levels 
and longer dura t ion of act ion ( H o m e i d a et al. 1 9 8 9 ; 
M a n d o u r et al. 1990 ) . 

I n s u m m a r y , our results demonstra ted that h igher 
cure rates can be obta ined after t rea tment w i t h 
60 m g praz iquante l g iven in 3 oral doses in 1 day, 
than after a single t rea tment w i t h 4 0 m g / k g b w . A lso , 
these results con f i rm that detect ion o f c i rcu la t ing 
antigens can be used as a sensitive m e t h o d to m o n i t o r 
the efficacy of chemotherapy , and that diagnostic 
per formance is i m p r o v e d by paral le l test ing for more 
than one ant igen. 
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We evaluated the applicability ol' circulating antigen detection in serum and urine for the diagnosis of 
Schislo.soma infections in a low endemic area. In total 389 individtials from Saramacca (Sur inam) participa­
ted in the survey. Stool samples wcre examined using the Kato method, while circulating anodic antigen 
( C A A ) and circulating cathodic antigen ( C C A ) were determined by highly specific monoclonal antibody-
based ELISA's . Also schistosome specilic I g M antibodies were measured by the indirect immunofluores­
cence iissay, but tlie diagnoslic perfoi-mance of lliis tcsl was lotind lo be poor in this populat ion. S. nunuoni 
eggs wcrc found in of the examined cases, while C A A and C C A could be demonstrated in 2 3 % and 
17'/i o f t h e serum samples and in 3'Xi and 28'/} of the urine samples, respectively. Forty three percent o f the 
study population was positive in at least one o f these diagnostic assays, indicating that each individual test 
misses a substantial part of the subjects with an active infection. In most positive cases, intensities of 
infection wcrc very low. As 204 individuals participated in all scrcening assays, diagnostic performance of 
each test was evaluated in this sub-population. T h e highest sensitivities were achieved with the ur ine-CCA 
assay and the parasitological examination, detecting 59 and 58 out o f the 107 cases with an active infection, 
respectively. The serum-CAA assay dclcctcd 47 posilivc cases. Our results demonstrate Ihat determination 
of circulating antigens, especially C C A in urine and C A A in serum, provides information additional to the 
parasitological examination, for llie assessment o f prevalence and intensity ol' Schi.slo.wma infection in low 
endemic areas. 

Key words: Schi.ito.mnw man.wni; Circulat ing anodic antigen; Circulating cathodic anligen; 
Immunodiagnosis; Low endemic area 

1. Introduction 

In Sur inam, intestinal schistosomiasis due to Sclii.sto.ioimi iiuiiisoni infect ion is 
endemic in the coastal areas, where shell ridges form an ideal habi tat for the 
intermediate host, B'tomphuictria gkthrcila. Previous epidemiological studies showed 
that both prevalence and intensity o f infect ion were not high in this area. Surveys 
done in the distr ict o f Saramacca revealed prevalences o f 20 -28% (Van der K u y p , 
1969; Deelder et al. , 1980a). However, these studies were based on stool examinat ion, 
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2. Patients and methods 

2.1. Area and population 

The study took place in the vil lage o f Cathar ina Sophia in the distr ict o f Saramacca 
(Sur inam), 50 k m to the west o f the capital Paramaribo. The total populat ion o f 
Catharina Sophia consists o f approximately 500 inhabitants, most o f wh ich are o f 
Javanese or ig in ; agriculture is the pr inciple means o f existence. In formed consent 
was obtained f rom all individuals who part ic ipated in this study. Chi ldren younger 

which has the disadvantage that l ight infections can be easily missed (Teesdale et a l . , 
1985; De Vlas and Gryseels, 1992). 

Al ternat ively, detecdon o f specific antibodies has shown to be a highly sensitive 
diagnostic method, a l though generally no correlat ions are found between ant ibody 
levels and intensides o f infecdon. Besides, the presence o f specific antibodies al lows 
in general no dif ferent iat ion between current and past infect ion ( M o t t and D i xon , 
1982; Toswi l l and Ridley, 1986; Wat t et a l . , 1986). 

In recent years, i t has been shown that determinat ion o f specific c i rculat ing 
antigens in serum or urine is a valuable diagnostical too i to discriminate individuals 
w i th an active Schistosoma infect ion f r om persons w i th a past or no infect ion (Abde l -
Hafez et al . , 1983; Feldmeier et a l . , 1986; De Jonge et a l . , 1988). Several c i rculat ing 
antigens have been described, but most studies have concentrated on the quant i f ica­
t ion o f two glycoconjugates named circulat ing anodic antigen ( C A A ) and c i rculat ing 
cathodic antigen ( C C A ) , bo th associated w i th the gut o f the adult w o r m (Nash 
et a l . , 1977; Deelder et a l . , 1980b; Cari ier et a l . , 1980). The monoclonal andbody 
based ELISA 's , which demonstrate these antigens in serum or urine, show a specific­
ity o f at least 98%, w i th sensitivities ranging f rom approximately 70 to 100'M) (Deelder 
et al . , 1989a; De Jonge et al . , 1988, 1989b, 1990; Kr i jger et a l . , 1994). Most o f the 
C A A and C C A concentrations found in schistosomiasis patients are clearly d is t in-
guishable f rom the cut-of f levels o f the assays. Even so, antigen levels correlate well 
w i th the intensity o f infect ion, and fo l lowing successful treatment these antigens are 
rapidly cleared f rom the circulat ion ( D e Jonge et a l . , 1988, 1989a,b; Van Lieshout 
et a l . , 1992, 1994). 

Measurements o f C A A and C C A as means o f diagnosing S. mansoni infections, 
have been studied extensively for several study populat ions in Af r ica , mainly in 
areas w i th high prevalences and intensities o f infect ion. (De Jonge et a l . , 1988, 
1989a, 1989b; Van Lieshout et a l . , 1992). However, l i t t le data have been collected 
f rom schistosomiasis patients in low endemic areas. In a study o f Feldmeier et al . 
(1986), sera o f 28 schistosomiasis patients f rom Brazil were tested for the presence 
o f C A A and C C A , apply ing assays not yet as sensitive as the ones described more 
recendy. The patients showed a median egg ou tpu t o f 20 eggs per gram o f faeces 
and only 1 1 % and 32'/u were found to be positive for C A A and C C A , respectively. 

The aim o f this study was to determine the appl icabi l i ty o f c i rculat ing antigen 
determinat ion for epidemiological studies in areas w i th low prevalences o f schisto­
somiasis mansoni. Therefore C A A and C C A levels were determined in serum and 
urine samples collected dur ing a survey at a vil lage in the distr ict o f Saramacca in 
Sur inam, and compared w i th the faecal egg excretion and specific ant ibody levels. 



than 1 year were left out o f the study. Persons who showed an active S. mansoni 
infect ion, were treated w i th a Standard dose o f praziquantel. 

2.2. Parasitological examination 

Stool samples were collected twice, w i t h three weeks interval. Faecal egg excretion 
was determined by calculating the mean o f two duplicate 25 mg Kato-smears ( K a t z 
et a l . , 1972). 

2.3. Collection and treatment of blood and urine samples 

Blood samples were taken by venipuncture, 4 - 6 weeks after the first stool col lect ion. 
Serum was stored at — 20°C, unt i l use. Ur ine samples were collected at the same 
t ime as the second stool sample and also stored at —20°C. 

A l l samples were pretreated w i th tr ichloro-acetic acid ( T C A ) to remove interfer ing 
proteins and to dissociate immune complexes ( D e Jonge et al . , 1987). Samples were 
tested start ing at a 4-fold d i lu t ion , except for urine samples tested for C A A , which 
were dialysed, lyophil ised and reconstituted in buffer, result ing in a f ive-fold increase 
o f the or iginal concentrat ion (De Jonge et al . , 1989b). 

2.4. Circulating antigen determination 

Levels o f C A A and C C A in serum and urine were determined by monoclonal 
antibody-based enzyme immunoassays as described previously (Deelder et a l . , 1989a; 
De Jonge et al. , 1990). The lower detection l imi t o f t h e C A A E L I S A was 1-4 ng o f 
the TCA-solub le fract ion o f adult w o r m antigen ( A W A - T C A ) per m l . For the C C A 
E L I S A this was 2 -8 ng A W A - T C A per m l . A W A - T C A contains approximately 3% 
(w/w) C A A and 3% (w/w) C C A (Van D a m et al . , 1993). 

A l l samples were tested in two- fo ld d i lu t ion series, whereby the reciprocal value 
o f the last sample d i lu t ion showing co lour ing above background level, was taken as 
the t i tre. Based on previous studies, serum and urine samples were considered to be 
positive for C A A , and serum samples for C C A , when showing a t i t re > 2 , > 0 . 8 , 
and > 4 , respecdvely (K r i j ge r et a l . , 1994). Due to a slighdy different pretreatment 
procedure for the ur ine-CCA assay, cut-of f levels were determined again for this 
test. Seventy urine samples o f healthy Du tch individuals, who had no history o f 
v is i t ing an area where schistosomiasis is endemic, were pretreated similar to the 
Sur inam urine samples. As all o f them showed titres lower than 32, urine samples 
were considered to be positive for C C A when showing a t i tre > 16. 

2.5. Detection of specific antibodies 

I g M antibodies were determined by an immunofluorescence assay ( I F A ) as described 
by Nash (1978). Ant ibodies demonstrated by this technique are main ly directed 
against C C A (Deelder et al. , 1989b). Serum samples were tested in a doubl ing 
d i lu t ion series f rom 1/16 onward on sections o f Rossman's fixed adult S. mansoni 
worms. Titres > 16 were considered to be posit ive (Deelder et a l . , 1989c). 



2.6. Data analysis 

Since none o f the data showed a cont inuous or norma l d is t r ibu t ion , non-parametr ic 
statistical methods were used to describe and evaluate the results. Data were charac­
terized by their ranges and median values. 

Sensitivity o f ind iv idual tests was defined as the rat io o f those w i th a positive test, 
divided by the total number o f people w i t h an active Schistosoma infect ion. As 
circuladng antigen detecdon has been shown to be highly specific, active infecdon 
was defined as the demonstrat ion o f faecal egg excretion or the detection o f C A A 
or C C A in either serum or urine. 

Spearman's rank test was used for testing concordance, the Mann-Whi tney test 
and the chi-square analysis to calculate differences between groups. Data were 
analyzed using SPSS/PC* stadstical package on an I B M PC compat ib le computer. 

3. Results 

In to ta l , 389 residents o f Cathar ina Sophia were included in the study: 190 males 
and 199 females w i th a median age o f 23 years (range 1-85). Schistosome specific 
I g M andbodies were tested in 295 indiv iduals, 158 (54%) o f which were found to 
be posit ive, w i th titres ranging f rom 16 to 2048 (median 128). Fig. l a depicts the 
ant ibody titres at different age classes, showing a relatively low number o f ant ibody 
positives in chi ldren under the age o f 10 years o ld . 

Table 1 summarizes the data on the diagnosis o f an active Schistosoma infect ion, 
defined by the demonstrat ion o f faecal egg excretion or the detection o f c i rculat ing 
andgens in either serum or urine. Parasitological examinat ion was performed in 305 
subjects. Live S. mamoni eggs could be demonstrated in 87 individuals [29"/»), w i th 
56 cases showing an egg-output of less than 100 eggs per gram faeces (epg). Sixty-
two percent o f the egg excreters were males and both the percentage o f positives 
and the intensity o f infect ion were signif icantly higher in males than in females {%- = 
8.2, / ' < 0 . 0 1 ; Mann-Whi tney , P < 0.001, « = 305). F ig . I b depicts the parasitological 
findings in different age classes. Both prevalence and intensity o f infect ion rise w i th 
increase o f age, showing a peak level in the age group o f 40 to 49 and a decline 
thereafter. 

Concerning the detection o f c i rculat ing andgens, the highest percentages o f posi-
Uves were found for C C A in urine and C A A in serum, i.e. 28% and IJV», respectively 
(Table 1). In those cases posit ive, the levels o f c i rculat ing antigen were generally 
very low. F ig. Ic and l d represent serum C A A and urine C C A levels at different 
age classes. The pattern generally resembles that o f the egg output , al though w i th a 
less pronounced peak at the age around 40 years o ld . In males, serum C A A and 
C C A levels were significantly higher than in females, but for C C A in urine no 
differences were found between the two sexes. 

In summary, 43% o f the study popula t ion (169 cases) showed an active S. mansoni 
infecdon. A positive t i tre for at least one o f the c i rculat ing antigens was found in 
149 subjects o f which 67 were at the same t ime positive for the parasitological 
examinat ion. However, to enable a good compar ison between the diagnostic perfor­
mance o f the indiv idual assays, a selection had to be made based on the part ic ipat ion 
in all diagnostic tests. 
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Pig. 1. Pcicenlages of positives at dilTerent age classes o f t h e population of Catharina Sophia, determined 
by the following diagnostical methods: ( A ) measurement of I g M levels by I F A , /i = 295; (B) counting of 
faecal egg excretion, » = 305; (C) quantification of circulating anodic antigen ( C A A ) levels in serum, 
/i = 295, and (D) quantification of circulating cathodic antigen ( C C A ) levels in urine, /; = 314. Test 

results are arbit iar i ly divided into two or thiee categories. 

T A B L E 1 

Scliisto.sumti mansoni egg output and circulating antigen levels at the population of Cathar ina Sophia, 
Surinam (;i = 389) . Data are expressed as the number o f individuals screened, the number and percentage 
of subjects found to be positive, and the min imum, median and maximum values of the positive cases 

Screening 
iTiethod 

n Positives Values Screening 
iTiethod 

n 

n % 95%C1 min med max 

stool' 305 87 29 2 3 - 3 4 10 70 550 

C A A serum^ 295 69 23 19-28 4 16 4096 

urine 311 8 3 0 1 - 0 4 1.6 1.6 12.8 

C C A serum 291 49 17 13-21 8 8 32 

urine 314 87 28 2 3 - 3 3 32 64 512 

' Duplicate Kato , values expressed as eggs per gram faeces 
^Values expressed as titres 
Abbreviations; H = number; 95%C1 = 9 5 % confidence interval; min = min imum; med = median; iTiax = 
maximum; C A A = circulating anodic antigen; C C A = circulating cathodic antigen. 



Egg output II s - C A A u - C A A s -CCA u -CCA I g M 

Negative 146 20 ( 14 ) 1 (0 .7 ) 10 ( 7 ) 23 ( 1 6 ) 61 ( 4 2 ) 
< 100 epg 39 13 ( 3 3 ) 4 ( 1 0 ) 8 ( 21 ) 23 ( 5 9 ) 29 ( 7 4 ) 
> 1 0 0 epg 19 14 ( 7 4 ) 2 ( 1 1 ) 13 ( 68 ) 13 ( 6 8 ) 15 ( 7 9 ) 

Total 204 47 ( 23 ) 7 ( 3 ) 31 ( 15 ) 59 ( 2 9 ) 105 ( 5 1 ) 

Abbreviations: /; = number; epg = eggs per gram faeces; s = serum; u = urine; C A A = circulaling anodic 
antigen; C C A = circulating cathodic antigen. 

T A B L E 3 

Frequency of diagnostic tests among 100 cases with positive test results for demonstration o l '5 . immsoiii 
eggs in faeces, circulating anodic anligcn ( C C A ) in scrum and circulating cathodic anligen ( C C A ) in urine 

Test Number positive 

eggs only 15 
C A A serum only 19 
C C A urine only 22 
C A A serum/CCA urine 1 
eggs/CAA serum 7 
eggs/CCA urine 16 
eggs/CAA serum/CCA urine 20 

Total 100 

The 204 individuals selected for fur ther analysis, showed the same egg-excretion 
and sex d is t r ibut ion as the non-selected cases (Mann -Wh i t ney , n = 389, / ' > 0 . 3 6 ) , 
but were slighdy older in age (Mann -Wh i t ney , « = 389, / ' = 0.02). A n active S. 
mansoni infecdon could be demonstrated in 107 cases (52%) o f which 46 were both 
positive for at least one o f the c i rculat ing antigens as well as for the faecal examina­
t ion , 49 had detectable antigen levels whi le no eggs were found and 12 cases excreted 
eggs whi le no circulat ing antigens could be demonstrated. O f the latter, al l subjects 
excreted less than 100 epg. On ly one patiënt was found to be positive for all four 
circulat ing antigen assays. 

Table 2 summarizes the performance o f each c i rculat ing antigen assay for the 
different egg output classes. For al l immunodiagnost ic assays the percentages o f 
posidves increased w i th increasing egg excret ion. 

The highest sensidvity was achieved w i t h the u r ine -CCA assay, capable o f ident i­
fy ing 59 o f the 107 active cases (55%); immediately fo l lowed by the parasitological 
examinadon w i th 58 cases posit ive (54%i) and the se rum-CAA assay w i th 47 cases 
(44%i)- One hundred cases (93%) were positive for at least one o f these three 
diagnostic tests and Table 3 shows their d is t r ibut ion. The addi t ional 7 individuals 
all showed detectable C C A levels in serum, but were negative for C A A in urine. 
Fig. 2 compares for d i f ferentage classes the prevalence rates obtained wi th parasito­
logical examinat ion and c i rculat ing antigen determinat ion. 

T A B L E 2 

Performance of four circulaling anligcn assays and specific antibody lest in 204 individuals of Catharina 
Sophia who participated in all diagnoslic assays. Da ta are expressed as the numbers and, between 
parentheses, the percentages of positives 
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Fig. 2. Comparison of schistosomiasis prevalence rates at dilTerent age classes obtained wi th either 
parasitological examination or circulating antigen detection in 204 individuals of Cathar ina Sophia who 

participated in all diagnostic assays. 

Table 2 also shows that specific I g M levels could not be demonstrated in al l 
individuals w i th detectable egg excretion. Ou t o f the 107 cases w i th a proven acdve 
infecdon, 40 had no detectable antibodies (37%). These I g M negatives showed 
significantly lower egg excredon compared to the I g M posidves (Mann-Wh i tney , 
; t = 107, / ' < 0 . 0 1 ) , but no differences were found in age or in serum C A A or urine 
C C A levels (Mann-Wh i tney , n= 107, P > 0 . 3 2 ) . I n 38 cases, specific I g M antibodies 
were found while no active S. mansoni in fecdon could be demonstrated. N o differ­
ences were found in age or I g M t i tre between those w i th or w i thou t proven active 
infect ion. 

Significant correlations were found between the number o f S. mansoni eggs in 
faeces and the levels o f c i rculat ing andgens, except for C A A in urine (Spearman's 
p > 0 . 4 2 , P < 0 . 0 0 1 , « = 204). The highest corre ladon coëfficiënt was found w i t h 
serum C C A (p = 0.54) and the lowest w i th serum C A A (p = 0.43). Except for urine 
C A A , the level o f c irculat ing antigens were also related w i th each other (Spearman's 
p > 0 . 2 6 , / ' < 0 . 0 0 1 , « = 204). 

4. Oiscussion 

For epidemiological studies, active Schistosoma infections are usually diagnosed by 
a stool analysis, demonstrat ing parasitic eggs in faeces, often by using a K a t o 
examinadon. Because o f its low sensitivity, this method should be repeated several 
dmes when applied in areas w i t h low transmission levels, to give an adequate 



indicat ion o f the true prevalence (Polderman et a l . , 1985; Gryseels et a l . , 1991; De 
Vlas and Gryseels, 1992). 

I n this study we applied c i rculat ing antigen detection dur ing a survey in one single 
village in the district o f Saramacca. This area used to have a low transmission o f 5. 
mansoni, a l though l i tde is known about current infect ion levels. F rom Fig. 1 and 
Table 1 and 2, it is clear that the transmission in Cathar ina Sophia is sti l l low, w i th 
l ight infecdons in the major i ty o f positive cases. Parasitological examinat ion revealed 
a prevalence o f 29%, which is in concordance w i th previous findings (Van der 
K u y p , 1969; Deelder et a l . , 1980a). The higher prevalence in males compared to 
females and in adults compared to chi ldren, has also been reported before (Van der 
K u y p , 1969). 

Specific andbody detection showed posit ive I g M levels in 54% o f the study 
populadon, pr imar i ly w i th titres considerably higher than the cut-o l f level. This 
suggests that substantially more individuals are, or have been, exposed to schistosome 
infect ion than suggested by parasitological examinat ion only. However, when these 
data were analyzed in more detai l , some discrepancies were found. Positive I g M 
levels were determined in as many as 38 out o f the 97 cases w i thou t any sign o f an 
active infecdon. This indicates either a past infect ion or a very low intensity, missed 
by the other diagnostical techniques. M u c h more dif f icult to interpret is the fact that 
24% o f all egg excreters had no positive I g M levels; o f all cases showing an active 
infecdon this was even 37%. I t can not be rulcd out that these subjects have specific 
andbodies o f other isotypes, a l though previous studies have shown that the I F A 
technique as used here is not only highly specific, but also very sensitive. Indeed, 
condnuously high I g M titres dur ing fo l low-up periods o f several years have been 
reported (Deelder et a l . , 1989c). False-negative ant ibody levels were also found in 
a previous study performed in Sur inam, where \ \ % o f the individuals w i th egg 
excredon showed negative I g M titres in the IFA . These cases were mainly adults 
(Deelder and Kornel is , 1980). In our study, false negative I g M titres d id not occur 
significantly more in adults than in chi ldren. In another study, several immunodiag­
nostic assays for the detection o f IgG ( H + L) antibodies were compared in an 
Ethiopian populadon w i th a S. man.soni prevalence o f 65%. False-negative reactions 
occurred in 17% o f the cases and generally ant ibody titres decreased wi th an increase 
of age. Data were explained by regional differences, since these results could 

• not be confirmed by using the same techniques on serum samples f rom other areas 
(Polderman and Deelder, 1977). 

W i t h circulat ing antigen determinat ion, the prevalence o f an active infect ion was 
43%. In 49 individuals, positive c i rculat ing antigen levels were found while no faecal 
egg excredon could be demonstrated. The insufl icient sensitivity o f the Ka to examina­
tion is i l lustrated by the fact that eggs could be found in 9 out o f 30 negative subjects 
when apply ing a more sensitive stool examinat ion procedure (Polderman et a l . , 
1994). The " t r u e " prevalence o f 43%. we found in this study is completely in 
concordance w i th the prevalence found in the same study pojDulation after more 
sensitive stool examinat ion, as well as w i th the theoretical prevalence, which could 
be predicted by apply ing the pocket-chart, recently developed by De Vlas and 
colleagues (Polderman et a l . . De Vlas et a l . , 1993). 

O f the circulat ing antigen assays, the highest sensitivity was achieved w i th the 
ur ine-CCA assay (55%), fo l lowed by the se rum-CAA assay (44%), while 79'A, o f the 
acdve cases were positive for at least one o f these two tests. Improvement o f 
sensidvity by parallel testing on more than one antigen has been reported before in 
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Abst ract 

Detecdon of circulat ing anodic andgen (CAA) and circuladng cathodic antigen 
(CCA) in serum and urine has shown to be a highly specific and sensit ive 
alternative for the diagnosis of schistosome infect ions in endemic areas. 
However, it is not known how soon after the onset of infecdon these antigens 
can be demonstrated in humans. Also, not much research has been done ón the 
detecdon of these antigens in individuals normally l iving in non-endemic areas. 
Here we studied the kinetics of CAA and CCA in serum and urine of a group of 
28 Dutch tour is ts, shordy after accidental exposure to a Schistosoma infect ion 
during a visit to Mal i . Twenty-seven of them were found to be posit ive for 
Schistosoma eggs and/or specific andbodies. From each individual, one to four 
serum samples were tested on circulating antigen level, 4 to 15 weeks after 
exposure, and f rom 22 subjects also a urine sample was tested. CAA and CCA 
levels were quandfied by monoclonal antibody based ELISA's and TRIFMA's. In 
serum, 23 individuals (85%) were posit ive at least once for one or both 
ant igens, but t i tres were generally very low. CAA and CCA could be demonstra­
ted start ing f rom 5 or 6 weeks after exposure, respectively. Urines were all 
found to be negat ive. Follow-up after chemotherapy showed almost all cases to 
be negadve after 7 months. 



Materials and methods 

Study population 
We studied 28 out of a group of 29 travellers, who got accidental ly exposed 

to a Schistosoma infect ion by swimming in f reshwater pools in the Dogon area 
of Mal i , West A f r i c a . O n e subject was left out because he had been exposed 
during another day and at another locat ion. The study populat ion consisted of 9 
males and 19 females, ranging in age between 26 and 58 years (median 42) . 

Introduction 

Quanti f icat ion of the adult wo rm antigens CAA (circulating anodic antigen) 
and CCA (circuladng cathodic andgen) in serum and urine has shown to be a 
valuable alternative for the diagnosis of acdve Schistosoma infect ions in 
endemic areasJ"' ' Ant igen levels are related to intensity of in fect ion, as 
expressed by parasite egg excret ion. In addit ion, studies w i th hospital ized 
patients demonstrated CAA and CCA levels to drop to zero wi th in a period of 3 
to 6 weeks fo l lowing successful chemotherapy.^"^ 

To dist inguish between failure of t reatment and reinfecdon in those 
individuals who are condnuously exposed, it is important to know how soon 
after the onset of infect ion antigens can be detected. Animal studies showed 
that CAA and CCA can be demonstrated in serum IVi-b weeks after exposure, 
also depending on the intensity of i n f e c d o n . H o w e v e r , in experimental 
models, w o r m loads are high compared to the human s i tuadon, and data can 
not simply be extrapolated. '^ One human case study showed CAA to be 
demonstrable in serum 4 weeks after exposure. 

In endemic areas, it is almost impossible to determine the exact date of the 
onset of in fect ion, as exposures are usually not l imited to a single event . In this 
study, we screened a group of Dutch travellers who got accidental ly exposed to 
Schistosoma infect ion in a single event during a visit to Mali.^^ Fol lowing this 
incident, serum and urine samples could be col lected start ing f rom weeks 4 and 
8, respectively. All infected subjects were treated 3 months after exposure and 
then fo l lowed during 14 months. Serum and urine samples were tested for CAA 
and CCA levels, not only to define the f irst moment f rom which these antigens 
can be demonstrated, but also to study the diagnosdc applicadon of CAA and 
CCA determinadon in individuals normally l iving in non-endemic areas. Results 
were compared w i th previously described f indings on parasitological, cl inical and 
serological examinadon.'^ '^^ 



Intensive parasitological examination (including sedimentadon techniques) '^ 
and serological screening (detecdon of specific andbodies) revealed all 28 
exposed subjects except one to be infected. Schistosome eggs were found in 
stool and/or urine of 22 individuals: those of S. mansoni in 19 cases, S. 
haematobium in 7 and terminally spined eggs in 10 c a s e s . A n d - g u t associated 
IgM andbodies were demonstrated in serum of all 27 infected travel lers, whi le 
and-SEA (soluble egg andgen) andbodies were found in 24 of t h e m . ' " Fifteen 
individuals had symptoms and signs characterist ic for Katayama syndrome. '^ 

Sample collection 
One to four serum samples were col lected f rom each subject, 4 to 1 5 weeks 

after the date of exposure. From 22 individuals, also a single urine sample was 
col lected at week 8 to 16 (median 11). All infected individuals were treated 12 
to 16 weeks after exposure w i th praziquantel (40 mg/kgbw) and re-examined 
approximately 7 weeks, 7 months and 14 months after chemotherapy. '^ 

For compar ison, we also tested 135 serum samples and 80 urine samples 
f rom Dutch individuals who had no history of visidng an area where 
schistosomiasis is endemic. 

Circulating antigen determination 
Serum and urine samples were tested on CAA and CCA levels by sensidve 

and highly specific monoclonal ant ibody based sandwich assays as described by 
Deelder et al. and De Jonge et a/..'®'' ' For reference, serial di lut ions of the 
tr ichloroacedc acid-soluble f ract ion of adult wo rm antigen (AWA-TCA) were 
assayed simultaneously on each plate. AWA-TCA contains approximately 3 % 
(w/w) of CAA and 3 % of CCA, as determined by using immunopuri f ied antigen 
preparations '^' '^. 

Before tesdng, samples were pretreated to dissociate immune complexes 
and/or to remove interfering proteins. Serum samples were pretreated w i th 
tr ichloroacedc acid (TCA),^° and thereafter tested in an ELISA system in 
doubl ing di lut ions, start ing f rom 1/4.'®'^ Andgen levels were expressed as dtres, 
viz. the reciprocal value of the highest sample di ludon showing a staining above 
the background (mean absorbance of 12 buffer controls plus three t imes the 
Standard deviadon). Sera showing for CAA a t i tre > 2 were considered to be 
posit ive, as all tested negadve controls showed a dtre < 2 . ^ ' As 9 8 . 5 % of the 
negadve serum samples showed for CCA a t i tre < 4 , samples were considered 
to be posidve for CCA wi th a t i tre > 4 . ^ ' 





In an at tempt to increase the number of demonstrated posidve cases, an 
alternative pretreatment procedure was applied for the urine samples. Recendy, 
improved sensit ivi ty of the CAA urine assay was shown by a heat- incubadon 
step in alkaline buffer.^' In addit ion, urine levels of CAA and CCA were 
determined by t ime-resolved immunof luorometr ic assays (TR-IFMA's), wh ich are 
in general similar to the CAA and CCA ELISA, but use europium labelled 
streptavidin in the conjugate s t e p . " TR-IFMA's show slightly better detecdon 
limits compared to the CAA and CCA E L I S A ' s . F o r serum, not enough material 
was available to retest all the samples. Urines were tested in the TR-IFMA in 
dupl icate, at a final di lut ion of eight t imes. Ant igen levels were expressed as 
concentrat ions, calculated w i th the 4-parameter curve f i t t ing method . As 9 8 . 5 % 
of the control urines showed a concentrat ion lower than 28 ng AWA-TCA/ml 
and 32 ng AWA-TCA/ml for CAA and CCA, respecdvely, urines were 
considered to be posidve when showing a concentrat ion higher than this cut-off 
level. 

Results 

Figure 1 depicts the individual serum CAA and CCA t i t res, 4 to 15 weeks 
after exposure. One subject (number 8) who was negadve for parasite eggs and 
specif ic an t ibod ies , ' ^ ' * was also found to be negadve for CAA and CCA. 
Sixteen of the 27 infected cases (59%) became posit ive for CAA in serum at 
least once, start ing 5 weeks after exposure, w i th dtres ranging f rom 4 to 64 
(median 8). For CCA, 14 subjects (52%) were posidve at least once, stardng 
f rom 6 weeks after exposure, w i th t i t res ranging f rom 8 to 32 (median 16). In 
total 23 (85%) individuals became posidve for at least one of the t w o andgens. 
Of the four remaining negative cases, 3 showed Schistosoma eggs after inten­
sive parasitological examinadon. '^ No correlations were found between circula­
dng andgen levels and parasitological f indings or between circulat ing antigen 
levels and the presence of Katayama syndrome. All urines were found to be 
negative for CAA and CCA (data not shown) . 

The 23 cases posidve for serum CAA or CCA, were fo l lowed for up to 14 
months after t reatment w i th praziquantel. Intensive parasitological examinat ion 

Figure 1 . Serum levels of circulating anodic antigen (CAA) and circulating 

cathodic antigen (CCA) in 2 8 Dutch tourists after single exposure to 

Schistosoma infection. Antigen levels are expressed as titres of C A A / C C A , '— ' 

indicates no antigen could be demonstrated. 



revealed that 6 of them were not completely c u r e d , 4 of them were also 
posit ive for CAA and/or CCA 7 weeks after t reatment (Figure 2). Three cases 
were retreated and tested again: they all became negative for CAA or CCA. 

Nine addidonal cases showed low but posidve CAA or CCA t i t res 7 weeks 
after chemotherapy, whi le no parasite eggs were demonstrated. All individuals, 
except t w o , were found to be negadve at 7 and 14 months (Figure 2). 

follow-up atter treatment 

Case A 
1 

B 
1 

C 
1 

"1 

2 

RT 

3 

"4 4 /16 

— 
RT — 

"5 — / 1 6 — 

6 8/8 — 
"9 16 /16 

11 —/8 — 

"12 — / 8 — 

13 — 8/— 8 / — 

14 — / 1 6 — 

15 — — — 

16 —/8 — 
17 — — 

18 4 / — — 4 / — 

19 4 / — — — 
21 —/B — — 

23 — — 
24 —/8 — 

"25 — RT — — 

26 — — 
27 — 

28 —/8 — — 

Figure 2 . Follow-up of serum levels of circulating anodic antigen (CAA) and 

circulating cathodic antigen (CCA) in a group of 23 Dutch tourists after 

treatment with praziquantel. Antigen levels are expressed as titres of C A A / C C A , 

' — ' indicates no antigen could be demonstrated. Abbreviations: A = 5 -15 

weeks, median = 7 weeks; B = 2 0 - 4 2 weeks, median 2 9 weeks (7 months); C = 

5 1 - 6 2 weeks , median 61 weeks (14 months); RT = retreated wi th praziquantel; 

" Parasitologically positive during the follow-up after treatment. 



Discussion 

For the parasitological diagnosis of l ight Schistosoma infect ions, intense and 
repeated screening is of ten needed, as the number of excreted eggs is relatively 
small. An alternadve method is serological diagnosis by the detecdon of specific 
andbodies, wh ich has shown to be a very sensitive and specific technique.^"'^^ 
However, andbody levels are generally not related to the intensity of infecdon 
and they cannot be used to differentiate current f rom past infections.^^'^^ Conse-
quent ly, andbody detect ion is not the appropriate technique for the assessment 
of cure or for the diagnosis of reinfecdon. This while there is an expanding need 
in industrialized countr ies for relatively simple and rapid diagnosdc procedures 
wh ich can demonstrate an active Schistosoma infecdon. Due to an increasing 
populari ty to travel to the tropics, the number of individuals originadng f rom 
non-endemic areas who get exposed to a Schistosoma infect ion is g row ing . 

For this purpose, a promising alternative would appear the determinadon of 
schistosome circuladng antigens, such as CAA and CCA.* Based on studies on 
populat ions l iving in endemic areas, the levels of these antigens were found to 
be related to the presence of an acdve infecdon and fo l lowing successful 
t reatment , CAA and CCA levels were found to become negadve wi th in 3 to 6 
weeks. 

Serum CAA levels in individuals originating f rom non-endemic countr ies have 
been studied once before in a group of 82 Dutch schistosomiasis padents who 
all showed specific andbodies.^® The composidon of this group was very 
heterogeneous, the date and place of exposure were unknown in a majori ty of 
the cases. Low, but demonstrable CAA levels were only found in 2 1 % of the 
study populadon. In addit ion, one post-chemotherapy sample was examined for 
each case, but the period between chemotherapy and post- t reatment 
examination ranged f rom 88 to 612 days. All individuals became negative for 
CAA after chemotherapy, whi le the levels of specific andbodies stayed high.^^ 

Intensities of infect ion were also very low in the present s tudy. For example, 
of the 19 cases showing S. mansoni eggs, 10 individuals showed less than 10 
eggs per gram of faeces (epg), and 5 between 10 and 100 epg (Polderman et 
ai., unpublished data). A l though 8 5 % of the cases were at least once posidve 
for circuladng andgen in serum, CAA and CCA levels were generally close to the 
cut-of f values of the assays involved. Probably due to small var iadons in andgen 
levels, a f ew posit ive cases became negadve again when tested a second t ime. 
This also relates the chance to diagnose a person as posit ive to the number of 
samples screened. 

When re-examined approximately 7 weeks after chemotherapy, 13 out of 
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the 23 cases were still posit ive for CAA and/or CCA. Based on previous post-
t reatment studies on circuladng antigens, this wou ld indicate a high failure of 
t reatment . However, after excepdonal ly intensive parasitological examinat ion, 
eggs could be demonstrated in only 4 subjects, and all but t w o cases were 
negadve for CAA and CCA when tested again at 7 and 14 months . This 
suggests a dif ference in CAA and CCA kinedes fo l lowing chemotherapy in these 
l ighdy infected individuals, compared to cases living in endemic areas. 

Our f inding that CAA and CCA could be demonstrated in serum 5 to 6 
weeks after exposure, corresponds w i th experimental data and w i th a single 
human case study.^ '^ '^ As our study populat ion harboured l ight intensit ies of 
in fecdon, this dme period may even be shorter in individuals living in endemic 
areas, who generally have higher w o r m loads. This corresponds w i t h the 
number of weeks needed for the assessment of cure and may therefore hamper 
the use of circuladng antigen determination to disdnguish failure of t reatment 
f rom reinfecdon in areas w i th an ongoing transmission. 

In conclusion, whi le both CAA and CCA could be demonstrated in humans 
several weeks after exposure, determinat ion of these antigens seems to be, for 
the moment , of no importance for routine diagnosis of schistosomiasis in 
travellers returning f rom endemic areas w i th a low parasite w o r m burden. The 
sensidvity of CAA and CCA determinat ion was found to be similar to intensive 
parasitological screening, but lower than the detect ion of specific ant ibodies. 
Analogous to parasitological examinat ion, andgen levels were only sl ightly 
above detect ion l imits, wh ich may also hamper the practical appl icadon of CAA 
and CCA determinadon in populadons as described here. A l though it might be 
possible that no detectable CAA and CCA is present at all in the circuladon of 
individuals w i th acute schistosomiasis, recent studies (Deelder et al., unpu­
blished data) suggest that a further opt imizat ion of the assay not only results in 
an improvement of the detect ion l imits, but also in a slight enhancement of the 
diagnostic performance. 
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l 'or the detection ol' (he circulaling schistosome antigens C A A (circulaling anodic antigen) and C C A 
(circulaling calht)dic antigen) in scrum and urine samples ol'SchisUmnna infected individuals, pretreatment 
of samples with trichloroacetic acid ( T C A ) is a Standard procedure. In the present study several methods 
wcrc evaluated in order to develop a more simplc and rapid technique than the - especially for pretreatment 
of urine samples - laborious T C A technique. Opt imal results were obtained with a method in which serum 
or urine samples were pretreated by a hcal-incubation step (TO^C, 30 min) in an alkaline bulTcr ( p H 9.6). 
In a comparison o f t h e new technique with the T C A pretreatment, serum and urine samples of 5. mamoni 
infected individuals from Zaire (/i = 80) and of uninfected controls from The Netherlands (/t = 208) wcre 
pretreated and as.sayed for C A A and C C A . Both pretreatment techniques showed similar sensitivities and 
spccificitics for C A A and C C A in scrum, and C C A in urine. However ,Tor the determination o f C A A in 
urine the new technique performed signilicantly bcttcr, resulting in an increase o f t h e sensitivity f rom 32 to 
7 0 % (titre determination). 

Key words: Schistosomiasis; Urine; Serum; Pretreatment; E L I S A ; Circulal ing anodic antigen; Circulating 
cathodic antigen 

Introduction 

Quant i tat ive immunodiagnosis o f human schistosome infecdons by ci rculat ing and­
gen detection is increasingly recognized as a feasible and valuable approach (Deelder, 
1984; Hayunga et al . , 1986; Feldmeier et a l . , 1986; De Jonge et a l . , 1988, 1990; 
Deelder et al . , 1989). Most studies have been concentrated on the demonstrat ion o f 
circulat ing anodic antigen ( C A A ) and ci rculat ing cathodic antigen ( C C A ) , both 
adult worm gut-associated glycoconjugates. C A A and C C A are genus-specific ant i ­
gens and have been demonstrated in serum and urine o f individuals infected w i th 
Schisto.wnm mansoni, S. haeinalohium, S. intercalatum and 5. japonicum (De Jonge 
et a l . , 1989b, 1989c, 1991a; Van 't Wou t et a l . , 1992; Van Lieshout et al . , 1992). The 
levels o f these antigens were shown to be related to the intensity o f infect ion and a 
rapid clearance after successful chemotherapy has been demonstrated (De Jonge 
et a l . , 1989a, 1991b; Van Lieshout et a l . , 1991). 

*Corrc.ipoiuling aullwr. Fax: +3 1 71 276S50. 



Materials and methods 

Study population 

To determine the sensitivity and specificity o f the different pretreatment procedures, 
serum and urine C A A and C C A levels were compared in samples f rom two different 
groups o f individuals. 

The first group consisted o f 49 serum samples and 50 urine samples f rom 80 
inhabitants o f Tshamaka, a vil lage in Man iema, Eastern Zaire. The endemic s i tuat ion 
for schistosomiasis mansoni in this area has been described in detail by Polderman 
et al . (1985a; 1985b). The prevalence o f S. mansoni in this region is 9 5 % and the 
faecal egg excretion o f the group studied here ranged f rom 7 to 15 440 eggs per gram 
faeces (epg) (median 410 epg, 90th percentile 3981). 

The second group consisted o f 106 serum samples and 102 urine samples f rom 
208 healthy Dutch individuals, who had no history o f visi t ing an area where schisto­
somiasis is endemic. 

Buffers and chemicals 

Pronase f rom Streptomyces griseus and bovine serum albumin (BSA) f ract ion V 
were purchased f rom Boehringer M a n n h e i m , Mannhe im, Germany. Polyethylene 
glycol-1000 (PEG-1000) and Tween-20 were obtained f rom Merck , Schuchardt, 
F.R.G.. A l l other chemicals were o f analyt ical grade. 

Assay buffer was 0.035 M phosphate buffered saline (PBS) p H 7.8 conta in ing 
0.5% (v/v) PEG-1000 and 0.02%o (v/v) Tween-20. Pronase solut ion was 0 . 1 % (w/v) 

However, before C A A and C C A can be reproducibly quant i f ied in a sensitive 
monoclonal antibody-based sandwich E L I S A , serum and urine samples need to be 
pretreated w i th tr ichloroacet ic acid ( T C A ) to dissociate immune complexes for serum 
and to remove interfer ing components (De Jonge et a l . , 1987). 

For the determinations o f C A A in ur ine, samples even need to be concentrated, 
a t ime-consuming and expensive step, necessary because o f the low C A A level in 
this type of specimen. For the C C A assay this concentrat ion step is not required, as 
C C A levels in urine are, in compar ison to C A A , relatively high and titres up to 8 
may be found in urine samples f r o m indiv iduals f rom non-endemic areas, necessitat-
ing a cut-off dtre o f 8 (Van Lieshout et a l . , 1992). 

The aim o f the present study was to compare several alternative pretreatment 
methods for both serum and ur ine, wh ich could lead to a higher th roughput , use o f 
a smaller sample size and a s impl i f icat ion o f the whole assay. 

Af ter adopt ing one technique, we examined the levels o f C A A and C C A , expressed 
as titres and concentradons, in a group o f individuals f rom Tshamaka, an area 
endemic for S. mansoni in Zai re, and in a group o f Du tch uninfected indiv iduals. 

I t was found that one simple pretreatment technique could be adopted for both 
serum and urine, g iv ing essentialiy the same results as wi th T C A pretreatment for 
C A A and C C A serum, and C C A urines, and even signif icantly better results for 
C A A detection in urine samples. 



pronase dissolved in 0.035 M PBS ( p H 7.8). Ac id ic buffer was a 0.5 M g lyc ine-HCl 
buffer ( p H 2.4). A lka l ine buffer was a 0.244 M sodium carbonate buffer ( p H 9.6). 

Pretreatment methods 

Five different pretreatment methods for serum and ur ine, al l incorporat ing a headng 
step o f 30 min at 70°C, were compared w i t h the previously published T C A pretreat­
ment method (De Jonge et a l . , 1987). 

In the first method, 200 pl undi luted ur ine, undi lu ted serum or 10-fold di luted 
serum (20 pl sample-(-180 pl assay buffer) were heated. 

In the second method, 100 pl urine + 100 pl pronase so ludon or 20 pl se rum- f20 
pl pronase soludon in 160 pl assay buffer were incubated for 1 h at 37°C and 
then heated. 

In the th i rd method, 50 pl urine or 20 pl serum were mixed w i th an equal volume 
acidic buffer, heated and then neutral ized w i th 100 pl or 160 pl alkal ine buffer, 
respectively. 

In the four th method, based on a method described by Dhar and A l i (1992) for 
the detection o f testosterone in serum, 100 pl urine or 50 pl serum were mixed w i th 
100 pl or 150 pl alkaline buffer, respecdvely, and heated. 

In the f i f th method, 100 pl urine or serum sample were mixed w i th 50 pl 1.0 M 
N a O H , heated and neutralized w i th 50 pl 1.0 M H C l . 

Af ter all five pretreatment methods, samples were mixed well and used directly in 
the E L I S A . The TCA- t reated urine samples were dialysed, lyophi l ised and reconsti tu­
ted in assay buffer before use. 

A panel o f urine and serum samples f rom six S. mansoni infected and f rom six 
uninfected individuals was tested for C A A and C C A levels for all different pretreat­
ment procedures. 

Determination of circulating antigens 

Ant igen levels were expressed in titres as well as in concentrat ions o f C A A or C C A 
(pg ant igen/ml) , calculated f rom a S tandard d i lu t ion curve o f the lyophi l ized T C A -
soluble f ract ion o f the adul t w o r m antigen ( A W A - T C A ) , a preparat ion pr imar i ly 
conta in ing carbohydrates. C A A and C C A each const i tute approximately 3 % (w/w) 
o f A W A - T C A (Van D a m , personal communica t ion) . 

C A A was assayed by a monoc lona l an t ibody based enzyme-l inked immunosorbent 
assay as described by Deelder et al . (1989). The lower detection l imi t o f this E L I S A 
is 48 pg C A A per m l , and the linear range 94 to 750 pg C A A per m l . C C A was 
measured using the E L I S A described by De Jonge et al . (1990), which has a lower 
detecdon l imi t o f 120 pg C C A per m l , w i t h a l inear range o f 230 to 1875 pg C C A 
per m l . Both E L l S A s were performed in flat bo t tom 96-well polystyrene mic rod t ra -
t ion plates, Max isorb (Nunc, Denmark ) and plates were read on an automat ic 
microdt re plate reader ( E L 311, Biotek Instruments, W inoosk i , U S A ) . 

Ur ine and serum samples were tested in doub l ing di lut ions. The serum samples 
were tested f r o m a 1/4 d i lu t ion onwards. Ur ine samples were tested f r o m a 1/2 
d i lu t ion , except for the TCA- t reated urine samples tested for C A A , which were used 
f r om a 5-fold concentrat ion. For bo th E L l S A s , the reciprocal value o f the highest 



Results 

To compare the five different pretreatment techniques w i th the T C A pretreatment 
method, C A A and C C A levels were determined in a panel o f urine and serum 
samples f rom six S. mansoni infected and six uninfected indiv iduals, after pretreat­
ment w i th the respective techniques. 

Simply heating the samples for 30 m in at 70°C d id not work well w i th the undi lu ted 
serum samples because o f coagulat ion o f the proteins. Ten-times di luted serum 
samples gave false posidve results o f the uninfected indiv iduals. However, the C A A 
levels o f urine samples treated in this way correlated well w i th egg output and results 
obtained w i th the T C A pretreatment. Pretreatment w i th pronase or acidic buffer 
resulted in false posidve results w i t h the urine samples o f the uninfected indiv iduals. 
On the other hand treatment o f serum samples f rom infected individuals w i th pronase 
or sodium hydroxide resulted in C A A and C C A levels which showed no correlat ion 
at all w i th those found after the T C A pretreatment (data not shown). 

Serum and urine samples heated in alkal ine buffer generated results which corre­
lated both w i th egg output and w i th the results obtained w i th T C A pretreatment. 
Therefore, this technique was adopted to pretreat all serum and urine samples and 
to compare C A A and C C A levels, thus obta ined, w i th the TCA-pre t reatment method 
(Table 1 and 2). 

For serum samples, at a specificity o f at least 98%), cut-of f levels for samples f rom 
uninfected controls were nearly equal for both pretreatment techniques. Likewise, 
wi th samples f rom infected indiv iduals similar sensidvides were found (Tables 1 
and 2). 

For urine samples, at a specificity o f at least 98%), the cut-of f level for C C A 
determinations was at least 4-dmes lower w i th alkal ine pretreatment than w i th T C A 
pretreatment, w i th similar sensidvides. For C A A determinadons in urine, at a 98%) 
specificity level, similar cut-of f levels were found, but the alkal ine pretreatment 

sample d i lu t ion showing a co lour ing above the background (mean absorbance o f 12 
buffer controls plus 3-times the Standard deviadon) was taken as the end-point t i t re. 
Concentradons were calculated w i th the four-parameter curve f i t t ing method. 
Software package used was K ine t iCa lc V 2.03 (Biotek Instruments, U S A ) . 

Data analysis 

Because none o f the data were cont inuously or normal ly d is t r ibuted, non-parametr ic 
methods were used to describe and evaluate the results. Data were characterized by 
their m in imum and m a x i m u m values, medians and 90-percentile values; Spearman's 
rank correladon was used for the calculat ion o f the concordance between egg output 
and dtres or concentradons. The statistical package SPSS/PC-f (SPSS, Chicago, I L , 
USA) was used on an I B M - P C / A T compat ib le computer. 

In the present study, for each assay the cut-of f level was chosen such that a 
specificity o f at least 9 8 % was achieved. Specificity is defined as the percentage o f 
correctly idendfied negadves; the term sensitivity is used to define the percentage o f 
assay test-posidves among the tota l number o f infect ion-posit ive individuals. 



T A B L E 1 

Detection of C A A and C C A in urine ( H = 50) and serum (n = 49) samples pretreated in alkaline bulTer or 
with T C A ; distribution of titres, cut-off values, specificity and sensitivity 

Abbreviations: min = min imum; max = max imum; med = median; 90-p = 90th percentile value; spec = 
specificity; scns = sensitivity; C A A = circulating anodic antigen; C C A = circulating calhodic anligen; alk = 
alkaline pretreatment; T C A = trichloroacetic acid pretreatment. A l l values are expressed as titres, except 
for the specificity and sensitivity, which are expressed as percentages. 

Sample Treatment Titres Spec. 

(%) 

Sens. 
(%) 

Sample Treatment 

min max med 90-p cut-olf 

Spec. 

(%) 

Sens. 
(%) 

C A A 
Serum alk < 4 8192 128 2048 < 4 98.0 87.8 

T C A < 4 2048 64 486 < 4 100.0 87.8 
Ur ine alk < 2 2048 8 128 < 2 99.0 70.0 

T C A < 0 , 2 51.2 0.4 12.2 0.8 98.6 32.0 

C C A 
Serum alk < 4 1024 32 128 4 98.0 75.5 

T C A < 4 2048 32 512 4 98.0 69.4 
Ur ine alk < 2 SI 92 128 2048 < 2 98.0 96.0 

T C A 16 8192 256 3891 8 98.8 100.0 

T A B L E 2 

Detection of C A A and C C A in urine ( / i = 5 0 ) and scrum ( H = 49) samples pretreated in alkaline buffer or 
wi lh T C A : distribution of conccnlralions, cut-olf values, specificity and sensitivity 

Abbreviations: min = min imum; max = max imum; med = median; 90-p = 90th percentile value; spec = 
specificity; sens = sensitivity; C A A = circulaling anodic antigen; C C A = circulating calhodic anligen; alk = 
alkaline prelrcatmcnt; T C A = trichloroacclic acid prctrcatmenl. Al l values are expressed as ng anligen 
per ml , except for the specificity and sensitivity, which are expressed as percentages. 

Sample Treatment Concentration (ng/ml) Spec. 

(%) 

Sens. 
(%) 

Sample Treatment 

min max med 90-p C u t - o l f 

Spec. 

(%) 

Sens. 
(%) 

C A A 
Scrum alk 0.0 256.0 7.92 68.2 98.0 87.8 

T C A 0.0 110.2 7.23 45.0 100.0 87.8 
Ur ine alk 0.0 32.7 0.17 3.5 * 99.0 62.0 

T C A 0.0 1.6 0.04 0.6 0.05 98.9 38.0 

C C A 
Scrum alk 0.0 122.0 5.91 40.9 1.52 98.0 79.4 

T C A 0.0 86.8 5.52 47.1 1.14 98.0 69.4 
Ur ine alk 0.0 4112.0 47.16 819.5 98.0 96.0 

T C A 5.3 1921.3 72.41 746.5 2,46 98,8 100.0 

= lower detection limit. 

resulted in a 7 0 % sensidvity vs. 32%) for T C A pretreatment (t i tre determinat ion) 
(Tables 1 and 2). 

T i t re and concentrat ion ranges for the serum and urine samples tested for C C A 
were equal for both methods. For C A A , urine samples treated w i th alkal ine buffer 



Discussion 

The circuladng andgens C A A and C C A have been demonstrated in serum and urine 

samples of Schistosoma-'mïtcisé indiv iduals f rom various endemic areas (De Jonge 

et al . , 1988, 1989b, 1991a; Van Lieshout et a l . , 1992; Barsoum et a l . , 1991) and 

antigen detecdon assays are now recognized as having a strong potent ia l for quant i ta­

tive diagnosis o f human schistosomiasis, and fo l low-up o f chemotherapy (De Jonge 

et a l . , 1989b, 1991b; Van Lieshout et a l . , 1991). 

A major drawback o f this approach is the necessity o f a - especially for ur ine 

samples - t ime-consuming T C A pretreatment procedure, which has st imulated us 

to develop a more simple technique. For the present study, individuals f rom the 

Tshamaka village f rom an endemic area w i th high infecdon intensity, were deliber-

ately chosen because the egg ou tpu t ranged f rom very low to very high (7 to 15440 

eggs per g faeces) (Polderman et a l . , 1985a, 1985b). 

On the basis o f a p i lot study, i t was shown that for urine samples a pretreatment 

by headng alone (Spearman rank corre lat ion between C A A level and epg = 0.71 

ƒ"< 0.001 « = 50, data not shown) as well as a pretreatment in alkal ine buffer could 

be used. For the pretreatment o f serum samples only the pretreatment in alkal ine 

buffer was possible. Because o f the advantage o f having one single technique for 

pretreatment o f urine and serum samples, we adopted for all samples a heat treatment 

in alkaline buffer, as previously described for testosterone by Dhar and A l i (1992). 

For serum samples this pretreatment gave the same results as the T C A pretreat­

ment or iginal ly described by De Jonge et al . (1987) and now commonly adopted for 

T A B L E 3 

Spearman rank coefficients o f correlation between egg output and levels of C A A or C C A (titres and 

concentrations) determined after pretreatment with alkaline bullcr or T C A . 

(For all correlations ^ < O . O Ü I ) 

Abbreviations: C A A = circulating anodic antigen; C C A = circulating calhodic antigen; T C A = trichloro­

acetic acid pretreatment; alkaline = alkaline pretreatment; /i = number of pair-wisc observations. 

C A A C C A 

serum n urine n serum n urine n 

Titres 

T C A 0.79 49 0.55 50 0.76 49 0.70 50 

Alkaline 0.«l 49 0.72 50 0.78 49 0.72 50 

Concentrations 

T C A 0.79 49 0.51 50 0.80 49 0.79 50 

Alkaline 0.84 49 0.71 50 0.78 49 0.75 50 

gave antigen levels wh ich were at least 5-times higher than w i t h T C A pretreatment 

(Tables 1 and 2). 

For both methods Spearman rank correladons for C A A and C C A levels correlated 

well w i th the egg ou tpu t ( rho ranging between 0.51 and 0.84, P<Q.OO\) (Table 3). 

As an example the corre ladon between egg output and C C A levels in urine samples 

treated wi th the alkal ine buffer is shown in F ig. 1. 



urine CCA (ng/ml) 
1 . 0 0 0 . 0 0 0 

1 0 0 . 0 0 0 

1 0 . 0 0 0 

1 . 0 0 0 

1 0 0 

1 . 0 0 0 

egg output (epg) 

1 0 . 0 0 0 

Fig. 1, Correlation of C C A concenlration in urine samples, pretreated with alkaline buffer, with the egg 
output in S. iminsoni infected individuals from Zaire (rho 0.75, P<OW\). 

antigen-determination studies in schistosomiasis (Barsoum et a l . , 1991; Hassan et a l . , 
1992). The treatment o f urine samples w i th the alkal ine so ludon gave higher C A A 
titres and concentrations than w i th the T C A treatment and also increased the 
sensidvity f rom 3 2 % to 70%) (Table 1). I t seems most l ikely that this difference is 
due to the fact that part o f the C A A present in urine is o f low molecular weight, 
and therefore lost in the dialysis step o f the T C A pretreatment. A major advantage 
o f the new pretreatment is that the t ime-consuming dialysat ion and lyophihsat ion 
steps for concentrat ion o f the urine samples involved in the T C A pretreatment are 
no longer required. 

C C A titres or concentradons o f the urine samples remained essendally the same 
but an identical specificity (98%)) was reached at 4-times lower cut-of f levels (Tables 
1 and 2). The slighdy higher sensidvity (100%o) which was observed for T C A 
pretreatment in comparison to alkal ine pretreatment (96%)) was only found in this 
group of individuals. When a larger group was tested, T C A pretreatment resulted 
in about 91% and alkaline pretreatment in 94%) sensitivity (data not shown). 

Add i t iona l advantages o f this new technique are that the sample size needed, 
especially impor tant for serum, can be reduced f rom 100 to 50 pl and that the 
technique is more suited for pretreatment o f urine in the f ield, as no centr i fugat ion 
or lyophihsat ion step is needed. 

As detection o f c i rculat ing antigens in ur ine, being a non-invasive technique, can 
be expected to be increasingly applied the next few years, the enhanced sensitivity 
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Serum circulating anodic antigen (CAA) and circulating cathodic antigen (CCA) concentrations, 
as a possible direct measure of worm burden, were compared with fecal egg counts in a heavily 
Schistosoma manxoni'-infected population from Zaire to allow differentiation between worm loads 
and worm fecundity in relation to age and intensity of infection. Of the 517 subjects, 95% excreted 
eggs and 97% demonstrated circulating antigens. Fecal egg counts showed an age-related pattern 
characteristic for an area in which schistosomiasis is endemic with intense transmission levels. 
Regression analysis showed that antigen concentrations were strongly associated with egg counts. 
For CAA, but not for CCA, this relation was found to be nonlinear, which would be consistent with 
density-dependent fecundity or crowding. The trend was uniform for all age groups, which for this 
particular population indicated a genuine reduction of worm loads rather than reduced worm 
fecundity with age of the host. 

In most areas in which Schistosoma organisms are endemic, 
prevalences and intensities o f infection are higher in children 
than in adults. This characteristic age-related egg count pattern 
can be explained by reduced exposure or the deveiopment o f 
protective immunity in adults (or both). Such "acquired immu­
n i ty" could be directed against incoming larvae but possibly 
also against fecundity o f established worms [ 1 - 5 ] . 

Thus far, studies on infection levels in humans are mainly 
based on counting eggs in excreta. Because individual fecal 
egg counts show strong day-to-day fluctuations, repeated exam­
inations are required to get reliable quantitative data [6] . How­
ever, egg counts do not allow differentiation o f effects o f 
changes in worm loads from those in worm fecundity. In addi­
tion, egg excretion itself can be influenced by numerous host-
and parasite-related factors [7]. For example, on the basis o f 
data from the few available postmortem studies on worm loads 
and egg counts, it has been suggested that egg production is 
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depressed in hosts with high worm loads [8] . However, this 
phenomenon o f density-dependent fecundity or crowding is 
.still a point of debate [9, 10]. 

In this study, we assessed worm burdens by measuring serum 
concentrations o f two schistosome-specific circulating anti­
gens, circulating anodic antigen ( C A A ) and circulating cathodic 
antigen ( C C A ) [ I I ] . These gut-associated antigens are excreted 
in large quantities by the adult worms into the circulation o f 
the host. Several experimental animal studies have shown a 
good correlation between worm loads and the levels o f these 
antigens [ 1 2 - 1 4 ] . C A A and C C A can also be demonstrated 
in serum or urine o f humans wi th Schistosoma infections by 
monoclonal antibody ( M A b ) - b a s e d sandwich EL lSAs , show­
ing a specificity o f at least 9 8 % , with sensitivities ranging 
from - 7 0 % to 100% [ 1 5 - 1 8 ] . Several studies have proven 
the diagnostic value o f these assays. Titers and concentrations 
are strongly correlated with egg cotmts and decline rapidly 
and strongly after successful chemotherapy [ 1 9 - 2 1 ] . However, 
most of these studies have been based on small or selected 
patiënt groups, which limits their epidemiologie interpretation. 

In the present study, we investigated a large population 
across all age groups from an area where intense, year-round 
transmission o f Schistosoma mansoni has been taking place for 
several decades. Regression analyses o f antigen levels and egg 
counts were used to analyze w o r m burdens in relation to age, 
sex, and intensity o f infection. Specific aims o f the study were 
to determine whether circulating antigen levels, as a possible 
direct measure o f worm burden, confirm the age-related pattern 
suggested by egg counts and to examine whether in the respec­
tive age groups the relation between circulating antigen (repre-
senting worm burdens) and egg counts provides evidence for 
density-dependent fecimdity. 



Materials and Methods 

Study population. The seram samples and parasitologie data 
came from the population of eight mining villages in Maniema 
(Kivu Province, Eastern Zaire) and were collected between 1978 
and 1980. The area and the local epidemiology of schistosomiasis 
mansoni has been described [22, 23]. Fecal egg counts, expressed 
as eggs per gram of feces (epg), were based on two stool examina­
tions, with an interval of a few weeks, each consisting of a dupli­
cate 25-mg Kato-Katz smear [22, 24]. Serum samples were col­
lected from a random selection of the population and stored at 
- 7 0 ° C until use. Children < 1 year of age were excluded. C A A 
and CCA levels were determined in serum samples of 517 persons 
(262 male, 255 female) with a median age of 30 years (range, 1 -
66). 

Determination of circulating antigens. Sera were pretreated with 
trichloroacetic acid (TCA) to dissociate immune complexes and to 

remove interfering proteins [25], CAA and CCA concentrations were 
determined by time-resolved immunofluorometric assays (TR-IF-
MAs) , based on the highly specific MAb-based sandwich C A A and 
CCA ELlSAs [15, 16]. In brief, CAA was captured onto M A b 120-
IBlO-A-coated microtitration plates (Maxisorp; Nunc, Roskilde, 
Denmark) and detected using biotin-labeled M A b 120-1310-A. The 
lower detection limit of this assay was ~ 1 5 pg of CAA/mL. CCA 
was captured onto M A b 54-5C10-A-coated microtitration plates and 
detected using biotin-labeled M A b 8-3C10. The lower detection limit 
was ~ 6 0 pg of CCA/mL. After the biotin-labeled M A b step, sü'eptav-
idin-europitim conjugate (DELFIA; Pharmacia, Uppsala, Sweden) 
1000 times diluted in DELFIA assay buffer was added. In both assays, 
all incubation steps except coating were shortened to 15 min by 
applying a shaking incubator system [26]. The last washing step was 
done with DELFIA washing buffer, after which enhancement solution 
(DELFIA) was added. Plates were read on a time-resolved fluorome-
ter ARCUS-1234 (Phamiacia). 
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Serum samples were tested in duplicate (final dilution, 8 X ) in 
assay buffer (0.2 M TRIS-HCI , pH 7.7, 0.15 W NaCl, 0.5% [wt/ 
vol] bovine scrum albumin) [27]. Serial dilutions of the TCA-
soluble fraction of adult worm antigen ( A W A - T C A ) were assayed 
simultaneously on each plate to calculate CAA and CCA concen­
trations. A W A - T C A contains - 3 % (wt/wt) CAA and - 3 % CCA, 
as determined by using immunopurified antigen preparations [28, 
29]. Samples were considered positive if measured counts were 
higher than the mean of 8 buffer controls plus 3 times the SD. I f 
antigen concentrations feil outside the linear range ( > 2 5 0 ng/mL), 
samples wcrc tested again at a higher dilution. 

Duhi analysis. As circulating antigen levels and egg excretion 
showed skewed distributions, data were normalized by applying a 
logiii transformation on all positive values. Data were characterized 
by ranges, geometrie means, and 9 5 % confidence intervals (Cl) of 
the geometrie mean for all positive persons. The association be­
tween circulating antigen concentrations and egg counts was first 
examined by Pcarson's correlation coëfficiënt. The population was 
divided into 8 age categories and the variation of intensity of 
infection with age was calculated with onc-way analysis of vari-
ance {F test). 

To study the effect of age on the relationship between antigen 
level and egg excretion in more detail, wc divided the population 
into 4 age groups for regression analysis. The regression lines are 
given by the cquation log(cpg) = a + /?log(CAA or CCA) , with 
intercept a and slopc /3, or cquivaicntly by taking the antilog: epg 
= IO"(CAA or CCA)'^ Rcgarding antigen levels as a reflection of 
worm burden, a measure of fecundity can be introduced by calcu­
lating egg production per CAA (or CCA) unit; F = cpg/CAA = 
10"(CAA)" ' '. These cquations clearly show that i f / ? = 1.0, 
the relationship between epg and C A A (or CCA) will be linear, 
indicating a constant fecundity. I f / ? < 1.0, the relationship be­
tween the two variables will be nonlinear, indicating a reduction 
in fecundity at high worm loads (antigen levels). 

Although the variation in serum antigen concentrations is com­
paratively lower than the well-documented variation in egg counts, 
it still cannot be ncglected [6, 7, 20, 22] (Polman K, personal 
communication). This will lead to an underestimation of the slopes, 
when using the Standard least square regression analysis, with 
circulating antigen levels as the independent and egg counts as 
the dependent variable. To overcome this problem, we applied 

regression analysis according to Deming, which is an extension 
of the conventional jinear regression analysis, allowing variation 
in the dependent but also in the independent variable [30, 31]. 
The required ratio of the within-variance of both parameters was 
calculated from the data of a previous study, in which both egg 
counts and semm C A A levels were measured three times in 20 
schistosomiasis mansoni patients from the same area as the present 
study [20]. This ratio was 0.82, indeed indicating more variation 
in egg counts than in circulating antigen levels. 

The few subjects negative for both egg excretion and circulating 
antigen determination were considered noninfected and left out of 
the regression analysis, although it is possible that some of them 
had light infections missed by both diagnostic methods. Persons 
negative for only one of these parameters were included. They 
were assumed to have light infections missed by one of the diag­
nostic methods [ I I , 32]. Exclusion of these cases could lead to a 
bias because of the difference in sensitivity of the respective meth­
ods. To properly include them in the analysis, a value equal to 
half the detection limit of the particular assay was assigned to 
persons concerned. Although the number of singly positive cases 
was not large, they might be essential for the outcome of the 
analysis, as they are on the outskirts of the regression line. For 
comparison and reference, regression analysis was also done with 
the data from persons positive for both tests only. A limited number 
of outlying points, > 3 times the SD from the regression line, 
were rejected from the analysis. The effect of age was tested by 
covariance analysis. No corrections were made for age-related 
differences in blood volume, but likewise no corrections were 
made for the age-related daily stool production. 

Results 

S. mansoni eggs were found in the stools o f 9 5 % of the 
study population, 3 8 % o f which excreted > 1 0 0 0 epg. Positive 
egg counts ranged from 10 to 13,182 epg, with a geometrie 
mean o f 650 ( 9 5 % C l = 5 7 8 - 7 3 1 ) . No significant differences 
were found between male and female subjects. 

Figure I A shows the a g e - e g g count pattern, which is charac­
teristic for an area with intense Schistosoma transmission. The 
prevalence was already 8 3 % in the youngest children, reached 

Table 1. Percentage of subjects positive for circulating antigens and mean CAA and CCA concentration 
per egg count class. 

C A A C C A 

Concentration Concentration 
Eggs/g of feces No. % positive ( 95% C l ) No. % positive ( 95% C l ) 

0 26 35 3.6 ( 1 .0 -12 .6 ) 25 76 2.4 (1 .4 -4 .2 ) 
1 -100 47 72 4.9 ( 2 . 7 - 8 . 9 ) 46 91 5.1 ( 3 . 5 - 7 . 3 ) 

101 -400 106 91 14.6 (11 .4 -18 .8 ) 104 96 9.6 ( 7 .7 -11 .9 ) 
4 0 1 - 1 0 0 0 140 96 37.2 (31 .0 -44 .8 ) 138 99 18 .9 (15 .6 -22 .8 ) 
>1Ü00 198 98 62.1 (53 .5 -72 .1 ) 195 98 35.8 (30 .6 -41 .9 ) 

Total 517 90 31.3 (27 .5 -35 .7 ) 508 96 16.4 (14 .5 -18 .5 ) 

N O T E . Concentration is geometrie mean (ng/mL); C i , confidence interval. 



9 9 % in adolescents, and remained high in adults. The mean 
egg excretion showed a peak in the age groups o f 5 - 1 9 years 
( F = 8.9, n = 4 9 1 , P < .001). 

Table 1 summarizes the results obtained with the two antigen 
assays, arranged by egg count class. Ninety percent o f the total 
population was positive for C A A (concentration range, 0 . 0 5 6 -
514 ng/mL) , 9 6 % for C C A (range, 0 . 1 7 7 - 6 7 6 ng /mL) , and 
9 7 % for at least one o f these two antigens. Only 6 cases ( 1 . 2 % 
o f the study population) were negative in both antigen determi­
nation and egg counts. 

For both C A A and C C A , the percentage of positive results 
and the mean circulating antigen level rose with increasing egg 
excretion (table 1). Although more persons were positive for 
C C A , C A A concentrations were generally higher, particularly 
in pefsons with high egg counts. C A A and C C A levels strongly 
correlated with each other (r = .77, n = 452 , P < .001). Also, 
the correlation between egg excretion and circulating antigen 

level was significant, for both C A A (r = .56, n = 457 , P < 

.001) and C C A ( r = .53, n = 469 , P < .001). 

Antigen concentrations were divided into 4 categories, with 
about the same number o f persons per category. Figure I B and 
I C show the age-related profiles for C A A and C C A , respec­
tively. The age-related positivity rates mirrored the egg count 
pattern: > 7 5 % of young children, rising to at least 9 5 % in 
adolescents, and remaining high in adults. The mean concentra­
tion o f both antigens also showed a peak in the age groups o f 
5 - 1 9 years ( C A A : F = 10.1, n = 465 , P < . 0 0 1 ; C C A : F = 

8.2, « = 487, P < .001). 

Figures 2 and 3 show scattergrams o f the individual data for 
C A A and C C A , respectively, including the regression lines of 
the relation between log antigen level and log egg counts. For 
every given antigen concentration, an about equal distribution 
of egg counts can be noticed (and vice versa). Herewith, the 
statistical conditions o f homoscedasticity and normality are 

Figure 2. Egg counts per gram of 
feces (epg) plotted against serum 
CAA levels for 4 age groups: A, 1 -
9 years (n = 76); B, 10-19 years (n 
= 112); C, 2 0 - 3 9 years (n = 140); 
and D, » 4 0 years (n = 158). Persons 
negative for both parameters (« = 
17) and outiiers (n = 14) were ex­
cluded. O, persons negative for 1 of 
2 parameters, in which case value 
was assigned representing half de­
tection limit of particular assay. 
Each line represents outcome of 
regression analysis of all data 
points, given by log(epg) = a 
+ /31og(CAA), with slope (/3 
± 95% confidence interval) of: 
A, 0.39 ± 0.09; B, 0.62 ± 0.12; 
C, 0.51 ± 0.09; D, 0.63 ± 0.09. 
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Figure 3. Egg eounis per gram of 
feces (epg) plotted against serum 
CCA levels for 4 age groups: .-V. I -
9 years (h = 77): B. 10-19 years (« 
= 109); C. 20-39 years (h = 139): 
and D. S40 years (/! = 158). Person.'; 
negative for both parameters (/) = 6) 
and outiiers (h = 19) were excluded. 
(See also figure 2.) Each line repre­
sents outcome of regression analysis 
of all data points. given by cquaiion 
log(epg) = a + /31og(C'CA). wiih 
slope (/3 ± 95% confidence inlenal) 
of: A. 0.93 ±0.13; B. 0.86 - 0.13: 
C. 1.14 ± 0.12; D. 1.10 i 0.11. 
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reasonably fulfilicd. The slopes o f Ihc regression lincs are given 
in the legcnds o f the figures. For C A A , slopc P^^^ was signifi­
cantly < 1.0 in all 4 age classes, indicating that the egg counts 
do not increase as rapidly as the levels o f C A A (figure 2). 
Although to a lesser extent, / J ^ a a was still significantly < 1 . 0 
when analyzing only the persons positive at both the parasito­
logie examination and the antigen assay. For C C A , the relation­
ship between egg counts and anligen level was about linear, 
with P^c^ slightly > 1 . 0 in those 2 0 - 3 9 years and slightly 
< 1.0 in those 1 0 - 1 9 years (figure 3). Analyzing just tlic sub­
jects positive by both tests, / S c i a equaled 1.0, except again for 
those 1 0 - 1 9 years old. 

Covariance analysis revealed no significant influence of age 
on the relationship between circulating anligcn concentrations 
and egg counts. For the total study population, /JfAA ( ± 9 5 % 
C l ) was 0.56 ( ± 0 . 0 5 ) and was 1.04 ( ± 0 . 0 8 ) . No differ­
ences were found between male and female subjects. 

Discussion 

In the present study, C A A and C C A concentrations wcre 
determined by T R - I F M A . which compared with E L I S A has 
the advantage o f a longer linear range [33]. Sera could therefore 
be tested in one Standard dilution instead o f dilution series. 
The T R - I F M A for the detection o f C C A was developed and 
applied here for the first time. For both antigens, the detection 
limit o f the T R - I F M A was comparable lo that o f the Standard 

E L I S A , which means that we were not able to rcproduce the 
detection limit o f 20 pg o f A W A - T C A / n i L reported carlier for 
C A A [27]. 

Both C A A and C C A are heavily glycosylated and are ex­
tremely stable, as illustrated by the fact that C A A was still 
demonstrable in tissue o f a 5000-year-old Egyptian mummy 
[34], This allowed us to readdress serum samples that had been 
collected ~ 1 5 years before. 



W e found 9 7 % of all egg excreters to be positive for C A A 

or C C A (or both) in serum. For the remaining 3 % negative for 

both antigens, egg counts were generally < 4 0 0 epg. These 

results confirm the diagnostic applicability of C A A and C C A 

determination, as shown previously [17, 19, 2 1 , 35, 36] . 

The main goal of our study was to use circulafing andgen 

quantification to allow a differentiation between worm reduction 

and reduced fecundity over age. As judged by the good correla­

tion between the number of 5. mansoni worms and C A A or 

C C A concentrations, as shown in animal studies, antigen levels 

supposedly reflect actual number of parasites [13, 14]. On the 

other hand, it is likely that the production and clearance o f these 

antigens is affected by several partly host-related mechanisms. 

The production of C A A and C C A (as a reflection of worm 

metabolism) may be closely related to egg excretion, both mir-

roring the general well-being of the parasites. Also, the efficiency 

of the immune system to clear these antigens may be influenced 

by the age, heaith statiis, or sex of the host, although no differ­

ences between male and female subjects were found in this 

study. Even taking these limitations into account, estimation of 

worm burdens in humans by circulating antigen determination 

seems to be a valuable approach because it is, for the time being, 

the only alternative to the measurement of egg counts. 

In general, the age-intensity curves o f antigen levels resem-

bied those o f egg counts. Regression analysis according to 

Deming was applied to study the relation between these two 

variables in detail, with the emphasis on density-dependent 

fecundity or crowding. This phenomenon was first described 

by Medley and Anderson [8] from autopsy data o f 65 persons 

with light to moderate S. mansoni infections. The population 

we studied here not only has a high number o f participants 

but, more important, also represents a large range o f infection 

intensities, including persons with extremely high egg counts. 

This implies that i f density dependence is of any importance, 

it should certainly be demonstrable in a population as described 

here. 

For C A A , we found slope 0caa to be significantly < 1 . 0 , 

which may indicate a reduced fecundity at high infection levels. 

However, other explanations are still possible, such as in­

creased egg retention in tissue. In contrast to C A A , the relation­

ship between C C A levels and egg counts was almost linear. 

There are some indications that worm burdens are somewhat 

better reflected by the level o f serum C A A than of C C A . For 

instance, C C A seems to be more efficiently cleared into the 

urine than C A A , as urine levels are much higher for C C A than 

for C A A [17, 18] (van D a m G , personal communication). In 

addition, specific I g M antibodies, as measured in an immuno­

fluorescence assay against Schistosoma gut-associated anti­

gens, are > 9 0 % directed against C C A , which indicates also 

that antibody-dependent clearance probably occurs much more 

efficiently for C C A than for C A A [37]. 

For both antigens, the slopes were calculated by using a ratio 

of the within-variance o f the two variables based on a data set 

with comparably stable egg counts [20] . Future data sets wi l l 

most l ikely show a lower ratio, automatically leading to a lower 

value o f p. Therefore, more studies wi th repeated measure­

ments o f circulating antigen levels are needed to al low a thor-

ough evaluation o f their relative stability. 

In conclusion, we found the relationship between C A A or 

C C A levels and egg counts to be consistent, independent o f 

the age o f the host. This suggests that in this heavily and 

chronically infected population, the decline in egg counts after 

adolescence purely results from a reduction in worm load and 

not from reduced worm fecundity, as suggested by others [ 1 , 

3, 38 , 39] . For C A A , but not for C C A , our data are consistent 

with density-dependent fecundity. However, other mechanisms 

affecting production and clearance o f the circulating antigens 

cannot be excluded, and to corroborate our findings, further 

research on these issues is needed. 
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Abstract 
Serum levels of the adult wo rm schistosome antigens CAA (circulating anodic 
antigen) and CCA (circulating cathodic antigen) of t w o populat ions, both l iving 
in an area w i th extremely high transmission levels of Schistosoma mansoni, 
were compared. In one focus (Maniema, eastern Zaire) transmission had been 
established since several decades, whi le in the other focus (Ndombo, northern 
Senegal) t ransmission started only recently. While parasite egg counts were 
almost similar in the t w o populat ions, w i th a comparable age related 
distr ibut ion, serum levels of both CAA and CCA were approximately tw ice as 
high in the chronical ly exposed communi ty in comparison to the recently 
exposed communi ty . This difference in antigen levels was most pronounced for 
adolescents and adults. As CAA and CCA levels are assumed to be direct ly 
related to the number of parasites, these f indings suggest comparat ively lower 
w o r m burdens, and therefore higher wo rm fecundi ty , in the recently exposed 
communi ty . 

Introduction 

Because of their intra-vascular localization, Schistosoma mansoni w o r m 
populat ions can not directly be quantif ied in infected humans. Usually, the 
dynamics of schistosome infect ions are studied by count ing the number of 
parasite eggs in faeces or urine. However, egg excret ion shows a considerable 



day-to-day variat ion and light infect ions are easily missed. ' '^ Therefore, 
parasitological examinat ions need to be repeated several t imes to get an 
accurate impression of the individual intensity of infect ion. Besides, egg 
excret ion itself is likely to be affected by several mechanisms and is even 
mentioned as a possible target of acquired immunity.*'^ 

Al ternat ively, detect ion of the Schistosoma specific circulat ing antigens CAA 
(circulating anodic antigen) and CCA (circulating cathodic antigen) a l lows 
sensitive and specific diagnosis of schistosomiasis in man.^ Both antigens are 
glycoconjugates associated w i th the gut of the adult w o r m and are released by 
the parasite in large amounts into the circulat ion of the infected host, thus 
al lowing detect ion in both serum and u r i n e . T h e good correlat ion between the 
levels of these antigens and the number of parasites, as shown in animal 
models, as wel l as the rapid clearance f rom the circulation fo l lowing successful 
chemotherapy in humans, indicate that the levels of these antigens can also be 
interpreted as a ref lect ion of current w o r m burdens in man.^'^' A linear relation 
between wo rm burden and serum CAA level over a wide range of infect ion 
intensities was recently shown in a mouse model , al though the lowest w o r m 
burden used in this study was still relatively high when extrapolated to the 
si tuat ion in man.^ In this mouse study, suppression of the cellular immune 
system showed no change in serum CAA level.^ 

For these reasons, determinat ion of circulating antigen levels, as a measure 
of w o r m burden, appears to be an interesting alternative to study infect ion 
patterns normally seen in endemic areas, i.e. a peak in ifaecal egg counts dur ing 
adolescence, fo l lowed by a rapid decline in adults. This characterist ic convex 
shape of intensity of infect ion has been interpreted as the s low acquisi t ion 
( fo l lowing years of infection) of partial protect ive immuni ty . '^ However, whether 
this immunity is directed against new incoming or existing parasites or against 
the w o r m fecundi ty , is still a point of debate.'^" '^ The use of antigen detect ion in 
addit ion to egg counts wou ld give valuable complementary informat ion on the 
dynamics of w o r m populat ions as wel l as density-dependent mechanisms in 
di f ferent endemic sett ings. 

Recently, we determined and analyzed serum CAA and CCA levels f rom 
Maniema, an area in eastern Zaire, endemic for S. mansoni since several 
decades. '^ No effect of age was found on the relationship between CAA or CCA 
concentrat ions and egg counts , indicating that the reduction in egg counts seen 
in adults after a peak during adolescence is caused by a genuine reduct ion in 
wo rm burden, in this particular populat ion. A t the same t ime, the relation 
between egg counts and serum CAA was found to be non-linear, i.e. at high 
w o r m loads (c .q. antigen levels) egg counts were not as high as expected in 
case of a linear relationship.'® This agrees w i th the theory of densi ty-dependent 



Materials and methods 

Study populations 
Parasitological data and serum circulating antigen levels were compared for 

t w o populat ions, both living in an area w i th intense transmission of S. mansoni. 
Both data sets were collected by scientists of our o w n laboratory. In general, 
the same protocols of parasitological examination and circulat ing antigen 
determinat ion were used. 

The f irst data set was collected in Maniema (eastern Zaire), an area where 
schistosomiasis had been endemic for several decades.'® The area and the local 
epidemiology of schistosomiasis mansoni have previously been d e s c r i b e d . ^ ' " 
Faecal egg counts were calculated f rom t w o stool examinat ions, each consist ing 
of a dupl icate 25 mg Kato-Katz s m e a r . F i v e hundred and eight cases, f rom 
wh ich both CAA and CCA data were available, were used in the analysis. 

The second data set has been collected in Ndombo (northern Senegal), a 
recently established focus where the f irst case of schistosomiasis was reported 
only a f ew years before sample collection.'^'^^'^^ To prevent any bias caused by 
differences w i th the Maniema data in the amount of stool examined, only those 
individuals were selected for further analysis f rom w h o m t w o stool samples 
were examined by a duplicate 25 mg Kato-Katz smear. In addit ion, both serum 
CAA and CCA levels had to be available. Compared to the original publ icat ions, 
'®'̂ ® these selection procedures resulted in a reduction in the number of subjects 

fecundi ty , i.e. a decreased egg product ion by female worms in the case of high 
w o r m loads. 

The aim of the present study is to see whether history of t ransmission does 
inf luence the relationship between wo rm burden (c.q. antigen level) and egg 
output . According to the current hypothesis, resistance against schistosomiasis 
wi l l develop only after many years of exposure and supposedly wi l l still be 
absent in an area where transmission occurred only recently. Here w e compared 
serum CAA and CCA data collected in Maniema w i th data col lected in Ndombo, 
an area in northern Senegal w i th a recent outbreak of S. mansoni in fect ion. '^ 
Due to the epidemie increase of schistosomiasis in this area, all individuals of 
Ndombo have probably become infected in a relatively short t ime f rame. In this 
s i tuat ion, therefore, history of infect ion is assumedly not related to age.'^'^° 
Despite differences in transmission history between the t w o populat ions, they 
show a str iking similarity in faecal egg counts, ranging f rom low to extremely 
high levels. This makes comparison of circulating antigen levels even more 
interest ing. 



Data analysis 
The t w o data sets were analyzed as described in our previous paper.'® In 

short: as circulating antigen levels and egg excret ion show skewed distr ibut ions, 
data were normalized by applying a logio t ransformat ion on all posit ive values. 
Data were characterized by ranges, geometrie means and the 9 5 % conf idence 
intervals o f t h e geometrie mean (95%CI) , for all positive individuals. Initially, the 
t w o populat ions were compared w i th the Student 's t- test, whi le the associat ion 
between circulat ing antigen concentrat ions and egg counts was examined by a 
Pearson's correlation test . 

To study the ef fect of age on the relationship between antigen levels and 
egg excret ion, the populat ions were divided into four age groups. Regression 
analysis according to Deming was applied, wh ich is an extension of the 
convent ional linear regression analysis, al lowing variat ion in the dependent, but 
also in the independent variable.^°'^' The few cases which were negative for 
both egg excret ion and circulat ing antigen determination were considered as 
non-infected and left out of the regression analysis. (For Ndombo: n = 1 and 
n = l , for Maniema: n = M and n = ^0, for CAA and CCA, respectively.) Indivi­
duals who were negative for only one of these parameters were i n c l u d e d and a 
value equal to half the detect ion limit of the assay concerned was assigned to 
these subjects.'® A l i m i t e d number of out ly ing p o i n t s , i.e. more than 3 t i m e s the 
S t a n d a r d deviat ion f rom the regression line, were r e j e c t e d f rom the analysis. (For 
Ndombo: n = 5 and n = 8, for Maniema: /7 = 14 and a7 = 19, for CAA and CCA, 
respectively.) The effect of age was tested by covariance analysis. 

f rom 4 2 2 to 246 . However, this selection did not lead to a stat ist ical ly 
signif icant change in age, egg counts or antigen levels of the data sets. 

Circulating antigen levels were determined by monoclonal ant ibody 
sandwich assays, as described by Deelder et al.^^ and De Jonge et al." w i t h 
some minor modifications.'®'® Both assays show a specif ici ty of at least 9 8 % 
and a sensit ivity ranging f rom 5 0 - 1 0 0 % , depending on the intensity of 
in fect ion. ' ' ^®" For accurate comparison between the t w o data sets and to again 
exclude any bias, serum samples were considered to be negative for CCA when 
showing a concentrat ion < 1 . 1 4 ng/ml , a cut-of f level already used for the 
Ndombo data.'® 
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Figure 1 . Comparison of S. /r7a/7Son/ prevalence (% positives) and intensity 

(geometrie mean of positive values) of infection in t w o endemic areas in relation 

wi th age. Infections are measured by faecal egg counts (A) , serum C A A 

concentration (B), or serum CCA concentration (C). The open circles represent 

data from Maniema (Zaire), the closed circles from Ndombo (Senegal). 



Table 1 : Comparison of two data sets, one from Maniema (Zaire), where 
intense, year-round transmission of S. mansoni has been taken place for several 
decades, the other from Ndombo (Senegal) where the transmission of 
schistosomiasis has been established only recently. 

Maniema Ndombo P 

n 508 246 

Sex 

Males 5 1 % 4 6 % n.s. 

Age (Years) 

Range 1 - 66 1 - 77 

Median 30 18 < 0 . 0 0 0 1 

Egg count (epg) 

Positive 9 5 % 9 6 % n.s. 

Range 10 - 13183 10 - 10328 

G.Mean 653 675 n.s. 

CAA (ng/ml) 

Positive 9 0 % 9 4 % n.s. 

Range 0.06 - 514 0.02 - 339 

G.Mean 31 .4 5.8 < 0 . 0 0 0 1 

CCA (ng/ml) 

Positive 9 4 % 8 4 % < 0 . 0 0 0 1 

Range 1.19 - 676 1.29 - 2421 

G.mean 19.0 11.4 < 0 . 0 0 0 1 

Abbreviations: n: number of subjects tested; epg: eggs per gram faeces; CAA: circulating anodic 

antigen, CCA: circulating cathodic antigen; G.mean: geometrie mean of the positive values; n.s.: 

not significant. 



Results 

Table 1 summarizes and compares the data set of Maniema (eastern Zaire) 
w i th that of Ndombo (northern Senegal). All ages were represented in both 
groups, but on average the study populat ion f rom Zaire was older. The number 
of infected individuals and the intensity of infection based on parasitological 
examinat ion was extremely high in both communit ies. A l though mean egg 
counts were remarkably similar between the t w o populat ions, both CAA and 
CCA levels were signif icantly lower in Senegal. 
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Figure 2. Relation between mean egg counts and serum CAA (A) or CCA (B) 

levels in eight consecutive age groups (as marked in figure 1) in Maniema (open 

circles) and Ndombo (closed circles). The direction of the arrow indicates an 

increase in age. 



Table 2 summarizes CAA and CCA data in dif ferent egg output classes. In 
both populat ions, the percentage of posit ives as wel l as the level of antigen 
increased w i th increasing egg counts. Mean antigen levels were higher in 
Maniema than in Ndombo for all egg counts classes. CAA and CCA levels 
signif icantly correlated w i th each other and w i th egg counts in both populat ions 
( P < 0 . 0 0 0 1 ) . 

The age related distr ibut ion of egg counts shows a similar pattern for the 
t w o areas, except for a more pronounced peak in Ndombo in the age group of 
10-14 years (figure 1). For CAA and CCA levels, the differences between the 
t w o populations are most pronounced above the age of 1 5 years. The sharp 
drop of CAA and CCA levels in adolescents f rom Senegal, suggests 
comparat ively higher w o r m fecundi ty in adult hosts in this recent focus. This is 
also visualised by f igure 2, clearly showing a shif t in the relation between egg 
counts and antigen level w i th increase of age in the Senegalese populat ion, 
whi le this is not the case for the populat ion f rom Zaire. 

To further analyze this hypothesis, regression analysis was performed in 
exact ly the same manner as described before for the Maniema data.'® Figure 3 
and 4 show scattergrams of the individual data for CAA and CCA, for the four 
di f ferent age groups of the Ndombo populat ion, respectively. Regression lines of 
the relation between log antigen levels and log egg counts are included in these 
f igures. For compar ison, these f igures also depict the scattergrams of the 
Maniema populat ion (3E and 4E). As no differences were found between the 
four age groups, all individuals of Maniema are represented together in one 
scattergram.'® 

Table 3 summarizes for the four age groups at Ndombo as wel l as for the 
total Maniema study group the intercept a and slope /? of the regression lines 
given by the equation log(epg) = a - l - /fflog(CAA or CCA). In contrast to the 
Maniema populat ion, covariance analysis showed for the Ndombo populat ion a 
signif icant dif ference between the four age groups in the relationship between 
egg counts and circulat ing antigen levels (data not shown) . However, this ef fect 
of age seems to be a combinat ion of several factors, not clearly attr ibutable to 
one parameter. Most remarkable is the fact that above the age of 10 years, 
intercept a is signif icantly higher compared to the Maniema populat ion, 
indicating a higher egg product ion for any given antigen level (c .q. w o r m 
burden). At the same t ime ^CAA is signif icantly lower than 1.0, meaning a non­
linear relationship between egg counts and serum CAA levels, for the ages 
below 4 0 , showing the lowest value at the age group of 10-19 years o ld. For 
CCA we see the same trends as for CAA, only /SQCA does not differ f rom 1.0 
except for the 10-19 years o ld. 
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Figure 3 . Egg counts plotted against serum C A A levels for 4 age groups in 

Ndombo: A = 1 - 9 years (n = 6 6 ) ; B = 1 0 - 1 9 years (n = Q6); C = 2 0 - 3 9 years 

(n = 6 5 ) ; D = > 4 0 years (n = 43 ) and all ages in Maniema: E (n = 4 7 7 ) . Each line 

represents the outcome of regression analysis given by log(epg)= a + 

jfflog(CAA). The intercept o and slope P of these lines are given in table 3 . 

Discussion 

The comparat ively lower circulating antigen levels we found in the Ndombo 

populat ion suggest a lower parasite burden, and therefore a higher w o r m 

fecundi ty , in this recent focus compared to the chronic s i tuat ion. This f inding is 

based on the assumption that actual wo rm loads are reflected by serum levels of 

CAA and CCA. However, it can not be ruled out that the product ion and/or 

clearance of these antigens is affected by several, in part host-related, 

mechanisms.'® For example, the eff iciency of the immune system to clear these 

antigens may be influenced by age or heaith status of the host, as wel l as by 

previous experience of infect ion. In this way , our f indings could be interpreted 

as a relatively enhanced eff icacy in adults f rom Ndombo to clear CAA and CCA 

f rom the circulat ion, probably due to the recent nature of their infect ions. The 

lack of dif ference between the t w o populations at younger age groups could 

then be explained by a general reduced clearance eff icacy in chi ldren because of 

their still immature immune system. 
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Figure 4 . Egg counts plotted against serum CCA levels for 4 age groups in 

Ndombo: A = 1-9 years (n = 6 3 ) ; B = 1 0 - 1 9 years (/7 = 6 6 ) ; C = 2 0 - 3 9 years 

(n = 6 5 ) ; D = > 4 0 years (/7 = 37) and all ages in Maniema: E (n = 4 7 9 ) . Each line 

represents the outcome of regression analysis given by log(epg) = a + 

/fflog(CCA). The intercept a and slope ^ of these lines are given in table 3. 

Indeed, an eff iciënt renal clearance of CCA seems to be taking place in the 
Ndombo populat ion, as urine levels of this antigen were relatively high compared 
to serum.'® However, these high urine CCA levels were found at all ages and 
not only in adults. A t the same time CAA urine levels were extremely low, 
indicating that the t w o antigens are cleared by dif ferent mechanisms. 

Unfortunately, no urine samples were col lected f rom the Maniema 
populat ion. Determination of CAA and CCA in a chronical ly exposed communi ty 
in Egypt showed a comparable serum/urine ratio in the levels of the t w o 
antigens as in the Ndombo popula t ion. ' This argues against a major ef fect 
caused by renal clearance eff icacy. On the other hand, the possible role of other 
clearance mechanisms, e.g. format ion of immune complexes fo l lowed by 
clearance by Kupffer cells in the liver, can not be excluded. 



Table 2: Percentage of subjects positive for circulating antigens and mean CAA 
and CCA concentration (ng/ml) per egg count class in two communities, 
chronically (Maniema) and recently (Ndombo) exposed to 5. mansoni. 

Maniema CAA CCA 

Egg counts (epg) n %Pos G.mean %Pos G.mean 

0 25 32 4 .8 60 3.7 

1-100 46 74 4.9 85 5.9 

101-400 104 90 14.6 92 10.9 

4 0 1 - 1 0 0 0 138 96 36 .3 98 19.3 

1000 = > 195 97 62 .5 98 35 .8 

Total 508 90 31 .4 94 19.0 

Ndombo CAA CCA 

Egg counts (epg) n %Pos G.mean %Pos G.mean 

0 10 90 0.4 30 2.7 

1-100 29 79 0 .4 72 3.5 

101-400 41 88 2.5 71 7.0 

4 0 1 - 1 0 0 0 61 95 4 .3 90 8.5 

1000 = > 105 100 21 .0 93 20 .8 

Total 246 94 5.8 84 11.4 

Abbreviations: n: number of subjects tested; epg: eggs per gram faeces; CAA: circulating anodic 

antigen; CCA: circulating cathodic antigen; %Pos: percentage positives; G.mean: geometrie 

mean of the positive values. 



Table 3: Intercepts a and slopes P of the regression lines on the relationship between egg counts (epg) and circulating 
antigen level (CAA or CCA) in two communities, respectively chronically (Maniema) and recently (Ndombo) exposed to S. 
mansoni. 

Group Age n a (95%CI) (95%CI) 

log(epg) = a + /7log(CAA) 

Maniema all ages 4 7 7 2.1 (2 .0 - 2.1) 0 .56 (0 .51-0 .60) 

Ndombo 1-9 years 66 1.9 (1.8 - 2.1) 0 .72 (0 .61-0 .83) 

10-19 years 66 2.9 (2.7 - 3.1) 0 . 2 4 (0 .13-0 .36) 

20-39 years 65 2.6 (2.5 - 2.7) 0 .48 (0 .37-0 .59) 

> 4 0 years 43 2.5 (2.3 - 2.7) 0 .93 (0 .68-1 .18) 

log (epg) = a + /7iog(CCA) 

Maniema all ages 4 7 9 1.6 (1.5 - 1.7) 0 .98 (0 .92-1 .04) 

Ndombo 1-9 years 63 1.5 (1.3 - 1.8) 1.03 (0 .86-1 .20) 

10-19 years 66 2.9 (2.7 - 3.1) 0 .30 (0 .14-0 .46) 

20-39 years 65 2.1 ( 1 . 9 - 2.2) 1.02 (0 .83-1 .21) 

> 4 0 years 37 2.0 ( 1 . 8 - 2.1) 1.25 (0 .99-1 .52) 

Abbreviations: n: number of subjects tested; epg: eggs per gram faeces; CAA: circulating anodic antigen, CCA: circulating cathodic antigen; 9 5 % C I : 

9 5 % confidence interval. 



Alternat ively, the differences we found between the t w o populat ions could 
be explained by a difference in antigen product ion by the parasites themselves. 
This could be due to geographical strain dif ferences, but it is also possible that 
due to the recent outbreak of schistosomiasis in the Ndombo populat ion, a 
majori ty of infect ions consists of relatively young worms w i th a CAA and CCA 
product ion wh ich has not yet reached its max imum l e v e l . " 

In our previous study, we stated that we could not exclude a direct 
association between CAA/CCA product ion (as a ref lect ion of w o r m metabolism) 
and egg excret ion, both mirroring the general well-being of the parasites.'® The 
dif ferences we found in the current study between the t w o populat ions and 
between the di f ferent age groups in Ndombo, made this hypothesis less likely. 

To gain a better understanding on the mechanisms of antigen product ion 
and clearance, further research on these topics is needed. Studies should 
preferably be undertaken in animal models imitat ing as closely as possible 
infect ion patterns seen in humans, as experimental infections differ in many 
aspects f rom the human si tuat ion, e.g. w o r m load in relation to body mass and 
the cont inuous exposure to reinfection.^^ 

Another alternative explanation for our f indings could be a dif ference in 
const i tut ion of stool samples between the t w o populat ions. Indeed, faeces was 
very dehydrated in many subjects of the Ndombo populat ion (Stelma, personal 
communicat ion) . This might have led to an overest imation of the actual egg 
excretion.^' ' 

Several animal studies have shown a signif icant correlation between the 
levels of CAA or CCA and the number of Schistosoma worms.®'" Assuming that 
circulat ing antigen levels indeed directly reflect actual w o r m loads in humans, 
our f indings indicate that the egg product ion per wo rm pair in the recent 
established focus in Northern Senegal is relatively high in adolescents and adults 
compared to young chi ldren, as wel l as compared to the chronic si tuat ion of 
Zaire. 

Recent studies have shown that immunization of animals w i th the anti-
schistosome vaccine candidate Sm28-GST not only affected w o r m loads, but 
also resulted in a reduction of egg product ion and viabi l i ty. This "ant i - fecundi ty-
immuni ty " was associated w i th an IgA response, inhibit ing the enzymatic 
act iv i ty of this antigen.^^•^® Moreover, in human studies a correlat ion was 
demonstrated between anti-Sm28-GST IgA antibody levels and the amount of 
reinfect ion, suggest ing that "acquired immuni ty" is partly directed against w o r m 
fecundi ty and the cause of the typical age-related egg count pattern as seen in 
chronical ly infected populat ions.* '^ '^ ' 



Our results suggest that in case ant i- fecundity immunity wou ld be of any 
importance in S. mansoni infect ions, it seems to be more related to the history 
of transmission for the total populat ion. However, we have no explanat ion for 
the fact that w o r m fecundi ty in young children f rom Ndombo seems to be 
relatively low compared to adults and is more comparable to the study 
populat ion of Maniema. 

The low levels of slope P we found in the group of 10-19 years old of the 
Ndombo populat ion indicate a relatively strong density-dependent fecundi ty in 
this age group. This was also suggested in the original study describing the 
Ndombo circulat ing antigen data, by calculating the individual ratios between 
egg counts and antigen levels.'® Determining the individual ratio between these 
t w o parameters seems to be the most straight forward method of analysis. 
However, there are several drawbacks to the use of ratios in stat ist ical analysis, 
e.g. their highly skewed distr ibut ion and the undue weight given to small values 
of the denominator.^® 

Figure 3 and 4 clearly show that the strong density-dependent fecundi ty in 
the 10-19 years o ld, is mainly caused by a f ew subjects w i th low antigen levels 
(c.q. wo rm burdens) and relatively high egg counts, and not by a reduced egg 
product ion in individuals w i th high antigen levels (c.q. w o r m burdens). 

In conclusion, we found signif icant differences in the relation between 
circulat ing antigen levels and egg counts after detailed comparison of t w o data 
sets, both collected f rom foei w i th comparable extremely high intensit ies of S. 
mansoni infect ions, but w i th a di f ferent history of t ransmission. The relatively 
lower serum levels of CAA and CCA in adolescents and adults l iving in Ndombo, 
suggest lower w o r m burdens, and consequent ly higher w o r m fecundi ty , in this 
area where transmission has taken place only recently. However, other 
mechanisms affect ing product ion and clearance of these circulat ing antigens can 
not be excluded. 
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Chapter 3 

General discussion 



Introduction 

The work described in this thesis covers a period of several years of 
research on the determination of the circulat ing antigens CAA and CCA in 
human Schistosoma infect ions. Consequently, a relatively w ide range of topics 
has been addressed throughout the dif ferent chapters. In this discussion, the 
drawbacks of parasitological examination wil l f irst be rev iewed, as the 
diagnostic performance of circulating antigen determinat ion has been compared 
w i th parasite egg counts throughout the thesis. The consequences of these 
shortcomings for the evaluation of circulat ing antigen determinat ion wi l l then be 
analyzed. Thereafter, several aspects of the detect ion of CAA and CCA in serum 
and urine wil l be discussed, including immunodiagnost ic and epidemiological 
appl icat ions, and some technical improvements of the assays demonstrat ing 
these ant igens. Data on other schistosome circulating antigens than CAA and 
CCA wil l be briefly reviewed. 

A l though CAA and CCA determination performed well in most studies, there 
are still several related questions which require more research before large scale 
application of the assays becomes feasible. In this chapter, the fo l lowing 
addit ional topics wil l be discussed: 
- how soon after the onset of infection can CAA and CCA be detected? 
- how stable are the levels of CAA and CCA during infection? 
- how soon after successful t reatment are CAA and CCA cleared f rom the 
circulation? 
- how is the product ion and/or clearance of these antigens inf luenced by 
parasite- and host-related mechanisms? 
- how stable is the correlation between CAA and CCA levels and w o r m burden, 
can antigen determination actually be used to "count " the number of worms? 

Such questions would appear to be most readily addressed by the use of 
animal models. However, these results should be interpreted w i th caut ion as 
experimental infections differ in many aspects f rom the human si tuat ion, e.g. 
wo rm load in relation to body mass and the cont inuous exposure to re infect ion. ' 



Parasitological examination as the gold Standard 

The need to look at alternative methods for the diagnosis of schistosomiasis 
is driven, at least in part, by some of the shortcomings of the conventional 
parasitological techniques. In spite of these imperfections, parasitological 
diagnosis remains so far the gold Standard in the evaluation of any alternative. A 
detailed knowledge of these shortcomings is therefore essential to properly 
interpret discrepancies when different methods are compared. 
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Figure 1 . Reproducibility of S. mansoni egg counts of two Kato-Katz examina­

tions (25 mg of faeces each), prepared from one and the same stool sample (A); 

or from t w o samples collected with an Interval of a f e w weeks (B), in 2 0 5 indivi­

duals living in Maniema, Zaire (see also chapter 2 .9 ) . Data with kind permission 

of Dr. A . M . Polderman. 



Problems of parasitological methods 

The Kato-Katz method, extensively used for the parasitological diagnosis of 
intestinal schistosomiasis, is relatively easy to perform and gives sat isfactory 
results in the diagnosis of moderate and heavy infect ions. However, a common­
ly noted problem is the large day-to-day variation in individual egg counts , as 
i l lustrated by Figure 1 This may be explained by a variat ion in the number of 
eggs produced daily by female worms, or by a variation in the percentage of 
eggs retained in the host 's t issue. In addit ion, differences in stool consistence, 
inf luenced by dietary intake or concurrent diseases, may also inf luence the 
number of eggs counted.® Subsequently, the final egg count appointed to each 
individual is depending on the number of stool samples examined. Whether the 
eggs of S. mansoni are homogeneously distr ibuted wi th in a stool sample, is still 
a point of d e b a t e . T h e data il lustrated by Figure 1 shows this intra-specimen 
variat ion to be relatively low compared to the day-today f luctuat ion. A n y h o w , 
thorough mixing of the whole stool before taking a sample for examinat ion, 
could minimize this type of var iat ion. The contr ibut ion of variat ion between 
microscopists seems to be minor,® although this is disputed by o thers . ' ' 

Inherent to the Kato-Katz method is a sieving procedure, wh ich concentrates 
the original sample up to 3 8 % and may therefore lead to a sl ight overest imat ion 
of the real s i tuat ion. '^ On the other hand, light infections can be easily missed in 
a single stool examinat ion, due to the relatively small amount of faeces 
e x a m i n e d . ' ' ^ ' " Even when stool examinations are repeated more than f ive 
t imes, addit ional posit ive cases can still be demonstrated. '®'^ Consequent ly, in 
low-intensi ty area's or during the fo l low-up after chemotherapy, prevalences are 
easily underest imated when applying the frequently used protocol of t w o or 
three stool examinat ions. '^ Based on a mathematical egg count model. De Vlas 
et al. recently developed a pocket chart wh ich predicts the " t rue" prevalence of 
S. mansoni infect ion statist ical ly, based on the data of a simple single stool 
survey.'^•^° This pocket chart could be of use for the evaluation of new diagnos­
t ic methods by providing, to some extent, a statistical gold Standard (see also 
chapter 2.7). 

In compar ison, eggs can be more easily demonstrated in the urine f i l t rat ion 
method used for the diagnosis of S. haematobium infect ion, because the volume 
of urine screened is relatively larger than the amount of stool examined in the 
Kato-Katz method. ' ^ In addit ion, urine does not contain fibre-like structures 
which may hamper the recognit ion of eggs. On the other hand, the number of 
eggs counted in the urine f i l trat ion method is strongly inf luenced by the protocol 
of sample col lect ion, as most eggs are found around noon after physical 
exercise in combinat ion w i th fluid intake, and in the last drops of mict ion.^ ' 



Besides the technical shortconnings of parasitological examinat ion, there are 
also biological factors wh ich may influence the number of eggs counted. It has 
been suggested, e.g. , that the egg product ion per female may be reduced when 
the number of adult worms is very high (a process also known as "densi ty 
dependent fecund i ty " or "crowding")^^ or by deveiopment of ant i - fecundi ty 
i m m u n i t y . " These factors mainly have implications on the analysis of data if 
circulating antigen levels are used for the assessment of w o r m fecundi ty (see 
also chapter 2.9 and 2.10). 

In epidemiological studies, mean parasite egg counts are of ten used to 
describe intensity of infection at the populat ion level. Usually, geometr ie means 
are calculated, because of the negative binomial distr ibut ion of the egg counts . 
This requires a (logarithmic) t ransformat ion of the data, wh ich is not possible for 
zero egg counts . To overcome this problem an additional x - l - 1 t ransformat ion 
may be performed, or the zero egg counts may be left out . However , both 
methods wi l l result in considerable differences in the outcome, wh ich implies 
that the prevalence of schistosomiasis in a populat ion inf luences the calculated 
mean intensity of infection.®'^* Infection levels of a communi ty are also of ten 
described by dividing the populat ion in categories, based on their parasite egg 
counts. However, due to the day-to-day f luctuat ions described above, indivi­
duals are of ten incorrect ly classified when egg counts have been calculated 
f rom only one stool or urine examinat ion. ' ' '® 

Comparison witli circulating antigen determination 
The shortcomings described above should be taken into account when 

parasitological examination is used as a yardstick to evaluate the diagnost ic 
performance of other tests. For example, a posit ive result for CAA in a case 
where no eggs have been demonstrated, could indicate either false posi t iv i ty of 
the CAA assay or false negativi ty of the parasitological examinat ion. Also the 
strength of association between egg counts and antigen levels is dependent on 
how thoroughly egg counts have been determined. This is i l lustrated by f igure 2, 
showing an improved correlation between serum CAA level and egg counts 
calculated f rom three stool samples, as compared to one. 

Most studies, including this thesis, found the diagnostic performance of 
CAA and CCA determination to be at least comparable w i th repeated parasitolo­
gical examinat ion, w i th sensit ivity and reproducibi l i ty in the same order of 
magni tude. In contrast to that, parasitological examination was found to per form 
better w i th regard to f luctuat ion in a recent study in wh ich CAA and CCA levels 
were determined in urine of S. haematobium subjects f rom Gabon (Van Etten et 
al., manuscript in preparation). In this study, the procedure of urine col lect ion 



and parasitological examination were exceptional ly wel l -standerdized. This 
conf i rms the importance of the fo l lowed parasitological procedure. 
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Figure 2 . Correlation between serum CAA concentrations and epg (S. mansoni 

eggs per gram faeces) in 2 1 5 individuals living in Maniema, Zaire (see also 

chapter 2 .9 ) . Egg counts were calculated based on a duplo Kato-Katz 

examination prepared from one stool sample ( 5 0 mg of faeces in total) (A); or 

from three stool samples ( 1 5 0 mg of faeces in total) (B). R = correlation coëffi­

ciënt. Data with kind permission of Dr. A . M . Polderman. 

The comparison between the diagnostic performance of circulat ing antigen 
determinat ion and parasitological examination has been a recurrent i tem during 
this thesis. Four studies (chapters 2.1 and 2.3-2.5) have dealt w i th a group of 
hospitalized Egyptian schistosomiasis patients wh ich all had a parasitologically 
proven Schistosoma infect ion, based on three duplicate stool examinat ions. 
CAA and CCA could be demonstrated in serum and urine in 8 2 - 8 8 % of these 
cases, and although the study populat ion was small , CAA and CCA levels 



signif icantly correlated w i th egg counts. Fol lowing chennotherapy, just t w o 
consecut ive stool samples were examined, whi le at that stage the intensity of 
infect ion, if still present, was found to be very low (chapters 2 .3-2 .5) . In 
contrast to the pre-treatment si tuat ion, more active infect ions were demonstra­
ted after t reatment by circulating antigen determinat ion, compared to the parasi­
tological examinat ion. This again il lustrates the relevance of the fo l lowed 
parasitological procedure, when comparing these t w o diagnostic methods. 

The importance of the number of stool examinations was also recently 
shown in a study on the epidemiological usefulness of circulat ing antigen 
determination in a recent S. mansoni focus in Northern Senegal.^® This study 
showed substantial ly higher sensitivit ies of the serum CAA and urine CCA assay 
as compared to a single (25 mg! stool examinat ion. Sensitivities were found to 
be similar to a t w o t imes duplicate 25 mg stool examinat ion. 

Two chapters of this thesis have dealt in particular w i th light infect ions. The 
f irst concerned an epidemiological area w i th low transmission levels in Surinam 
(chapter 2.7), the other a clinical examination of a group of Dutch tour ists who 
got exposed once during a visit to an endemic area in Mali (chapter 2.8) . In both 
studies the results of circulat ing antigen determination were comparable w i th 
the parasitological examinat ion. In the Surinam study, a single circulat ing 
antigen assay (e.g. CCA urine test) showed the same number of posit ives as the 
parasitological screening, (of t w o duplicate stool samples), but both techniques 
missed a substantial part of the (lightly) infected cases. In the group of Dutch 
tour ists, exceptional ly thorough parasitological examination took place, including 
sedimentat ion techniques. Circulating antigen examination could only identi fy 
the same number of infected cases if the results of both CAA and CCA (in 
serum) were combined. No correlations were found between the levels of 
antigen and the parasitological f indings. In both studies, CAA and CCA concen­
trat ions were of ten only slightly above the cut-of f level of the assay. No tw i th -
standing the fact that both circulating antigen assays show a very high specif i­
c i ty, this makes application of CAA and CCA determination for routine diagnosis 
of l ightly infected individuals questionable. A l though the assays current ly used 
can demonstrate already extremely low antigen concentrat ions, further 
improvement of the detect ion limits may benefit the applicabil i ty of CAA and 
CCA determinat ion in these particular situations (Deelder et al., unpubl ished 
data). 

Also when comparing the levels of circulating antigens between di f ferent 
endemic areas, egg counts are often used as a reference. Again, also in these 
type of studies it is of great importance to standardize not only antigen 



Determination of circulating antigens 

While a large amount of data is available on parasitological examinat ion, 
comparat ively less is known about circulating antigen determinat ion. Partly this 
is due to the fact that , although schistosome circulating antigens were described 
for the f irst t ime in 1958,^''^® highly sensitive assays, wh ich made the detect ion 
of these antigens in infected humans feasible, only became available about ten 
years ago. 

In addit ion to CAA and CCA, a number of other circulat ing antigens, 
associated w i th dif ferent life cycle stages of the parasite, were studied for their 
diagnostic appl icat ion. Table 1 summarizes recently published data on the detec­
t ion of these antigens. The number of studies on humans is l imited and only a 
f ew of these antigens have been more extensively characterized and tested in 
an animal model . 

Some of these antigens may provide information complementary to data on 
antigens associated wi th adult worms. For example, circulat ing cercarial 
antigens (e.g. CFT) may have an application for the diagnosis of acute schisto­
somiasis. However, fo l lowing some initial work on infected mice and pooled 
serum of chronical ly infected schistosomiasis patients (see table 1), no further 
human studies have been published. Detection of circulat ing egg antigen seems 

detect ion itself, but also the procedure of parasitological examinat ion. In 
chapters 2.9 and 2 .10 we excluded those individuals f rom wh ich only one stool 
sample was examined. In case more than t w o examinations were per formed, w e 
only used the data of the t w o last before chemotherapy. On the other hand, this 
procedure may introducé a selection bias, as the compliance during the course 
of the study may differ between certain age groups or sexes. 

Comparison of circulating antigen levels between selected individuals 
belonging to the same egg count category, should be performed w i th caut ion. 
By using a mathematical approach, it was recently suggested that the actual 
number of S. mansoni worms in individuals w i th the same egg count may differ, 
depending on the characterist ics of the endemic situation.^® Indeed, w e found 
considerably lower levels of CAA and CCA in Schistosoma infected cases excre­
t ing less than 100 epg and living in a low transmission area in Surinam (chapter 
2.6), compared to those living in an endemic area in Egypt (chapter 2.1) . 
A l though regional differences in both product ion and clearance of these antigens 
can not be excluded, these f indings support the epidemiological model 
suggested by Gryseels and De Vlas.^® 



to be promising and may be used for the determination of t issue egg burdens. It 
may provide informat ion on egg-induced pathology, or may be used to measure 
worm- fecund i ty . 

Table 1 . Determination of circulating antigens other than CAA and CCA for the 
diagnosis of Schistosoma infect ion in humans. 

Associated with: Animal studies 
Name Characterization: Human studies showed: showed: Ref: 

CFT - cercariae - detectable in serum - detectable in 2 9 

- 4 1 KDa chronic schistosomiasis serum mice 3 3 0 

- hydrophobic (limited study) days after expo­

polypeptide - S.m.lS.h.lS.j. sure to 2 5 0 

- low specificity cercariae 

PEA - epithelium adult worm - detectable In urine - decrease in 31 

- large amounts in eggs - S.m.lS.h.lS.i. urine of mice 15 

- polysaccharide - sensitivity much following chemo­ 3 2 

higher than para­ therapy 3 3 

sitological examination 

for S.m. and S.h., but 

not for S.l. 

- reduction after 

chemotherapy 

CSA - adult worm - detectable in serum n.d. 3 4 

S.m.; in 61 % of egg 

excreters 

- negative 3 months 

after successful 

chemotherapy 

CSA - dominantly in S.m. - detectable In serum n.d. 35 

- eggs S.m.; in 7 8 % of egg 

- other stages!?) excreters 

- glycoprotein with - reduction after 

carbohydrate epitope chemotherapy 

- 7 9 % of egg negatives 

also antigen negative 3 

months after chemo­

therapy 



CSEA - dominantly in S.nn. - detectable in serum - detectable in 3 6 

- eggs and urine S.m., in 8 4 % serum mice 8 to 3 7 

- also present in other of egg excreters 9 weeks after 

stages - correlation with egg exposure 

- carbohydrate epitope excretion - not detectable 

in mice after uni-

sexual infection 

S j70 - dominantly in S.j. - detectable in serum - detectable in 3 8 

- eggs S.j., in 9 7 % off egg serum mice 4 3 9 

- also present in other excreters weeks after 

stages - 9 4 % of egg negatives exposure with 3 0 

- protein also antigen negative 6 cercariae 

- hsp70 associated to 12 months after - no correlation 

chemotherapy with worm 

burden 

- decrease 

following 

chemotherapy 

SJ31/31 - adult worm gut - detectable in serum n.d. 4 0 

- protein S.j., in 6 8 % of egg 

- Cathepsin B excreters 

- haemaglobinase 

Sj26 - adult worm - detectable in serum n.d. 4 1 

- protein S.j. 

- glutathion-S-trans- - association with 

ferase resistance to reinfection 

Abbreviations: C F T = cercarial freeze-thaw preparation; P E A = polysaccharide excreted antigen; 

C S A = circulating schistosomal antigen; C S E A = circulating schistosomal egg antigen; S.m. = 

S. mansoni; S.h. = S. haematobium; S.i. = S. intercalatum; S.j. = S. japonicum; Ref = 

reference number; n.d. = not done. 

Diagnostic performance of CAA and CCA 
Of all circulat ing antigens described, most research so far has been 

performed on CAA and CCA. Several aspects of the diagnostic potential of 
these antigens have been discussed in previous papers and have been recently 
extensively reviewed by Deelder et ai..'^^ 

Initially, studies were mainly focused on the determinat ion of CAA in 
s e r u m . T h e work described in this thesis further evaluates the detect ion of 
both CAA and CCA in serum and urine. The sensit ivity of the t w o antigen 



assays in t l ie t w o body fluids was found to be similar in a group of Egyptian 
schistosomiasis pat ients, ranging f rom 8 2 - 8 8 % (chapter 2.1). In contrast , t w o 
other studies showed a comparat ively low sensit ivity of the urine CAA assay 
(chapters 2.6 and 2.8). Besides the fact that levels of CAA in urine are very low 
in general, this could also be explained by the adaption of the cut-of f level of the 
assay, wh ich was needed after test ing a larger group of negative controls 
(chapter 2.8). 

Undoubtedly, the detect ion of antigens in urine would be preferable, as it 
involves a non-invasive method of sample col lect ion. A l though good results 
were obtained w i th the demonstrat ion of CCA in urine in S. mansoni and S. 
intercalatum infections,*'*'*® the application of this assay for the diagnosis of S. 
haematobium is still controversial.*®*' For S. japonicum infect ions, no studies on 
the diagnostic performance of the urine CCA data have been published yet . 

Using serum samples, there are no major differences between the diagnost ic 
performance of CAA and CCA determinat ion. Some studies found the CCA 
assay to be sl ightly more sensit ive than the CAA assay, whi le other studies 
showed the opposi te. Stil l, if a choice has to be made between the t w o assays, 
the use of CAA determinat ion may be preferable. Both assays are highly specif ic 
( > 9 8 % ) , but the specif ic i ty of the CAA assay is comparat ively sl ightly higher 
(chapter 2.8). Moreover, CAA contains unique polysaccharide structures,*® 
whi le CCA partly consists of poly lewis x tr isaccharides, wh ich may be cross 
reactive w i th human inf lammatory markers.*^®° 

Improvement of the assays 
Al though not the main goal of our study, we also performed some research 

on the technical improvement of the assays demonstrat ing CAA and CCA. Many 
other studies focused on the use of antigen detect ing assays under field 
conditions.®'®^ Our objectives were (i) to increase sensit ivity whi le maintaining 
high specif ici ty and (ii) to simpli fy the assay procedures in such a w a y that 
larger amounts of samples could be tested simultaneously. 

Increased sensit iv i ty could be achieved by parallel test ing and combining the 
circulat ing antigen data (chapter 2.1), wh ich was possible because of the high 
specif ici ty (98-100%) of the individual assays. As the di f ferent studies did not 
reveal one of the antigen assays to have the best diagnostic per formance, there 
also seems to be no unique combinat ion of antigen tests wh ich universally leads 
to the best results. This method of parallel test ing seems to be specially useful 
in identi fying individuals w i th l ight infect ions, but it is also an advantageous 
approach for those cases w i th moderate to high egg excret ion, w h o , for unclear 
reasons, are negative for one or more of the antigen assays. 

Parallel test ing and combining antigen data is a qualitative interpretat ion of 



the available quant i tat ive informat ion. This does not have to be disadvanta-
geous. Analogous to parasitological examinat ion, the need for quant i tat ive data 
for the diagnosis of individual cases is controversial , as the relation between 
intensity of infect ion and the deveiopment of pathology is still equivocal . 
A l though a logical approach, simultaneous detect ion of CAA and CCA in one 
assay did not result in the expected increase in sensit ivi ty, due to increased cut-
off levels (chapter 2.2). However, simultaneous determinat ion of t w o or more 
antigens may still be a potential ly useful approach for other circulat ing antigens, 
e.g. egg antigens. 

In an at tempt to increase the sensit ivity of the available assays, research 
was also concentrated on the evaluation and further deveiopment of TR-IFMA's. 
Three dif ferent methods were compared: direct labelling of the M A b w i th 
europium, application of FITC-anti-FITC/europium and of biot in-streptavidin/ 
europium. Best results were obtained w i th the last approach, but a strong 
improvement of the detect ion limit, as previously reported for CAA,®^ could not 
be reproduced (Van Lieshout et al., unpublished data). Sti l l , linear ranges were 
signif icantly larger than those of the sandwich ELISA. This al lowed determina­
t ion of serum or urine samples in one di lut ion only, wh i ch , in contrast to serial 
di lut ions, makes a relatively high through-put of samples {200/day) feasible. 
Also due to the longer linear range, antigen levels could be more easily 
expressed in concentrat ions instead of t i t res, which has statistical advantages. 
It a l lowed better standardization of antigen levels and made comparat ive studies 
achievable (see chapters 2.9 and 2.10) . Alternatively, an increased linear range 
could also be accomplished w i th the ELISA by kinetically reading the absor-
bances wi th in 2 hours after addit ion of the alkaline phosphatase substrate (Van 
Dam et al., personal communicat ion). 

Recent infections 
In experimental Schistosoma infect ions, CAA and CCA were found to be 

detectable for the f irst t ime, 2 to 5 weeks after exposure (see also table 1 of 
chapter 1). This is in accordance w i th the t ime period found in an unique human 
study, where the exact date of exposure was known (chapter 2.8).. There, CAA 
and CCA could be determined in serum after 4 and 5 weeks, respectively. 
However, intensit ies of infect ion were extremely low in this group of Dutch 
travel lers. A shorter period might be expected in individuals who live 
cont inuously in an endemic area and may be more intensively exposed. 

Fluctuation of antigen levels 
Like for parasitological diagnosis, levels of CAA and CCA in serum or urine 

are generally based on the determination of a single specimen. Nevertheless, for 



reliable diagnosis and appropriate interpretation of quant i tat ive data, it is 
important to know whether antigen levels are stable during an act ive infect ion. 
Studying day-to-day f luctuat ion of serum CAA levels. De Jonge et al. showed 
antigen f luctuat ion to be lower than S. mansoni egg e x c r e t i o n . " This was 
conf i rmed in a recent study on serum CAA and CCA levels in S. mansoni 
infected individuals f rom Burundi (Polman et al., unpublished data). 

In addit ion to serum, levels of CAA and CCA in urine, wh ich are more likely 
to be inf luenced by physiological processes, e.g. the volume of urine daily 
produced, have extensively been studied in S. mansoni infected individuals. 
Seven urine and faeces samples were collected f rom 60 cases during a period of 
four weeks. A l though both antigen levels and egg output f luc tuated, urine CCA 
levels, but not CAA levels, were found to be more stable than faecal egg 
counts.®® We found, al though tested in a very small populat ion, both CAA and 
CCA urine levels to be slightly more stable than egg counts (figure 3), wh ich is 
in contrast w i th the CAA data of the previous study.®® 

Also experimental studies on the f luctuat ion of antigen levels have been 
performed. Goats infected w i th S. curassoni and fo l lowed for 30 weeks, 
showed substantial f luctuat ions in serum CAA and CCA levels, a l though sl ightly 
less than those of egg counts (Van Lieshout et al., unpublished data). A study 
on eattle naturally exposed to S. mattheei infection and fo l lowed for T.5 year, 
suggested a seasonal variation in CAA levels. Serum concentrat ions of this 
antigen increased during low transmission season, wh ich is also a period of 
physical and nutr i t ional stress for the eattle. This may imply a variat ion in 
antigen clearance rate related to the physiological condit iën of the host.®® 

In conclusion, although day-to-day variation in CAA and CCA levels is 
relatively less compared to egg counts, it can not be neglected. From a primarily 
diagnostic point of v iew, repeated sample col lection may increase the chance of 
demonstrat ing CAA or CCA in l ightly infected individuals, as also shown in 
chapter 2 .7 . 

Follow-up after chemotherapy 
As circulat ing antigens are a reflection of an ongoing active infect ion, they 

are a powerfu l tooi for the assessment of cure fo l lowing chemotherapy. Using 
CAA and CCA determination for this purpose requires the same approach as the 
diagnosis of l ight infect ions, i.e. the sensit ivity of the assays detect ing these 
antigens is of great importance. On the other hand, the need to diagnose and 
completely cure every infect ion, even those w i th very low intensity, is not 
absolute. Whether signif icant pathology wil l only develop in individuals w i th high 
egg counts, and whether l ight infect ions contr ibute to the transmission and 
reinfect ion of a treated populat ion, are still points of debate.®'®® 



As discussed above, the sensit ivity of the current CAA and CCA assays can 
be increased by parallel test ing and combining di f ferent antigen data. This 
approach has also been fo l lowed for the assessment of cure after t reatment 
w i th praziquantel, which indeed resulted in better diagnostic performance 
(chapter 2.5). 

Based on parasitological examinat ion, it can be very di f f icul t to dist inguish 
reinfect ion f rom failure of cure, especially in areas where transmission levels are 
h igh. Viable eggs can still be demonstrated in the excreta for several weeks 
fo l lowing chemotherapy, in particular for S. haematobium infect ions. A rapid 
decrease of antigen levels fo l lowing successful t reatment, wou ld make circu­
lating antigen determinat ion an interesting alternative, as it takes several weeks 
before CAA and CCA can be detected after the establ ishment of a new infect ion 
(chapter 2.7) . 

Indeed, almost all tested individuals were found to be negative for CAA in 
serum or CCA in serum and urine, t w o to three weeks after t reatment w i th 
comparat ively high doses of praziquantel (chapter 2.3 and 2.4).®* However, after 
t reatment w i th the Standard dose of 40 mg praziquantel/kg, circulat ing antigens 
could still be demonstrated after 6 weeks in t w o third of the hospitalized 
patients (chapter 2.5). This indicates that the high cure rates found in a majori ty 
of the epidemiological studies,®^ give a too optimist ic v iew, as probably many 
light infect ions have been missed by the parasitological examinat ion. An alter­
native explanation would be that 40 mg praziquantel/kg does not completely kill 
the adult wo rms , but only immobilizes them temporari ly. As a consequence, this 
may result in a reduced egg product ion while circulat ing antigen excret ion still 
cont inues. 

In conclusion, determination of CAA and CCA has proven its value for the 
assessment of cure and for the comparison of di f ferent t reatment protocols. 
However, in areas wi th extremely high transmission levels and fo l lowing 
t reatment w i th the Standard dose of 40 mg/kg praziquantel, it wou ld appear that 
even these antigens can not be used to dist inguish failure of cure f rom 
reinfect ion. 

Production and clearance mechanisms 
CAA and CCA are excreted by the parasite immediately after t ransformat ion 

to schistosomula, as shown by in vitro cultures. During the f irst days, the 
product ion levels of CAA and CCA are similar, but after one week of culture 
more CCA is excreted.®° A relatively higher CCA product ion was also shown 
during culture of adult worms, fo l lowing perfusion of infected mice or 
hamsters.®"®' Both antigens were found to be excreted mainly by female 



worms.®° Whether cultured worms behave metabolically similar to the natural 
situation is questionable.®' 
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Figure 3 . Reproducibility of C A A levels in urine (A), CCA in urine (B), or faecal 

egg counts (C) measured on t w o consecutive days, in 17 Egyptian schistosomia­

sis patients (see also chapters 2 .3 and 2 .4 ) . epg = S. mansoni eggs per gram 

faeces. 

Clearance of CAA and CCA can be explained by three di f ferent processes, 
wh ich are inf luenced either by the properties of the antigen itself or by the 
host 's immune responses or a combinat ion of these t w o : (i) direct binding of the 
antigens to receptors on phagocytosing cells; (ii) f i l t rat ion via kidney glomerul i 
into urine; and (iii) format ion of immune complexes by binding to ant ibodies. The 
location where immune complexes (IC) are formed and the rate of clearance are 



predominant ly determined by the ratio between antigen and ant ibody concentra­
t ion . Excess of antigen results in small IC, wh ich do not fix complement or 
initiate an inf lammatory process. They are not rapidly removed f rom the circu­
l a t i o n . " 

Nash studied the clearance rate of CAA in mice by injecting radioisotope 
labelled CAA, w i th or w i thou t specific antibodies. In non-infected contro l mice it 
was observed that the antibody mediated clearance mechanisms were much 
faster than the direct clearance of this a n t i g e n . " In addit ion, CAA was cleared 
faster in l ightly infected animals than in heavily infected animals, wh ich was 
related to the level of specific antibodies. As there was no difference in the 
clearance of pre-formed complexes, this indicates that the difference between 
the t w o infected groups was not caused by blocking of the receptors respon-
sible for the uptake of the IC.®^ Indeed, it was found that l ightly infected animals 
formed larger, and therefore more rapidly cleared, IC than the heavily infected 
animals.®" 

Kestens et al.^ also found that the clearance rate was determined by the size 
of the IC.®® They showed this by injection of in vitro prepared IC, made of w o r m 
antigen in combinat ion w i th radiolabelled anti-CAA MAb . IC were cleared at a 
signif icantly lower rate in infected mice compared to controls, indicating 
impaired uptake by the liver. In contrast to the data of Nash, larger size IC were 
mainly found in the group of heavily infected animals, whi le in l ightly infected 
animals only small IC and free antibodies could be demonstrated.®® 

Less research has been done on the clearance mechanisms of CCA. In 
contrast to the results w i th CAA, Kestens et al. found for CCA similar clearance 
rates in infected and control mice after injection of in vitro prepared IC of 
di f ferent sizes, made of wo rm antigen in combinat ion w i th radiolabelled anti-
CCA MAb.®® Again large IC were found to be most rapidly cleared and the tissue 
distr ibut ion of the cleared IC was again depending on the size.®® Nash showed 
that PSAP, a glycoprotein w i th many similarities to CCA, but clearly distinct,®' 
was cleared f rom the circulation not by a antibody mediated, but by a Galac-
tose-receptor-mediated mechanism.®® 

All these studies, based on the injection of labelled material, emphasize the 
sensit ive balance between ant ibody and antigen levels, wh ich again may be 
inf luenced by the experimental set-up itself. 

Very recent ly, several studies have been published wh ich simply fo l low the 
kinetics of CAA and CCA during a certain t ime period of an experimental 
infect ion, by quant i fy ing the levels of these antigens using the MAb-based 
assays. This approach has the disadvantage that the mechanisms regulating 
product ion and clearance of these antigens are very di f f icul t to disentangle. 



Van Dam and colleagues showed that after infect ion of mice w i th 1000 S. 

mansoni cercariae, in serum CCA could be detected f irst (start ing f rom day 16), 

fo l lowed by CAA (starting f rom day 18). From day 24 onwards , serum levels of 

CAA were considerably higher than serum levels of CCA. On the other hand, 

urine samples col lected at the day of perfusion (at 6 weeks) , showed much 

higher CCA levels than CAA.®° This difference between serum and urine in the 

ratio between the t w o antigens has also been noticed in infected hamsters,®° as 

wel l as in humans (see also chapter 2.1).^® 

It is not clear whether the disagreement between the in vitro and in vivo 

data on the ratio between CAA and CCA, is caused by a dif ference in metabol ic 

act iv i ty result ing in a change in antigen product ion, or is due to clearance 

mechanisms of the host. In contrast to the f indings of Van Dam and col leagues. 

Van ' t Wou t et ai. found considerably higher levels of CCA compared to CAA in 

sera of mice, 10 weeks after infect ion w i th 100 S. /77a/7so/7/cercariae.®^ These 

conf l ict ing data may be caused by a difference in antigen clearance, either due 

to the genetic variat ion of the mouse strains used, or by the 10 t imes higher 

number of cercariae used in the study of Van Dam et al..^° The latter explana­

t ion would suggest a differential clearance of the t w o antigens depending on the 

intensity of in fect ion. 

Other studies indicated a less important role of ant ibody-mediated clearance 

mechanisms. Surgical transfer of male adult S. mansoni worms to naive mice 

showed serum CAA levels to be approximately 10 t imes higher than CCA dur ing 

the f irst week after transfer, when specific antibodies were not yet fo rmed. 

During the remaining period of the experiment, up to three weeks after transfer, 

CAA levels cont inued to be higher than CCA, although only 3 to 4 t imes (Van 

Lieshout et ai., unpublished data). Another study showed that the transfer of 

only male worms resulted in substantial ly dif ferent levels and kinetics of CAA, 

compared to the transfer of w o r m pairs. '° A l though this could part ly be 

explained by the major role of female worms in the CAA product ion, other 

factors also seem to determine antigen product ion, e.g. the general "we l l -be ing" 

of the parasite. 

Studying kinetics of CAA levels in groups of mice infected w i th f ive di f ferent 

Scfiistosoma species, Agnew et ai. found serum levels of CAA to be proport io-

nal to wo rm numbers for all species, even when mice carried w o r m burdens that 

were very large relative to host s ize. ' ' In addit ion, the relation between CAA 

level and w o r m burden was not affected in T-cell deprived mice, suggest ing that 

immune-mediated clearance may not be an important f a c t o r . " 

In conclusion, al though the levels of CAA and CCA in serum and urine are 

highly correlated w i th each other (and w i th the number of worms present), the 



product ion and clearance of these t w o antigens appears to be regulated 
somewhat di f ferent ly. This has no large implications for the diagnostic appli­
cat ion of circulat ing antigen determinat ion, where other characterist ics like the 
sensit ivi ty and specif icity of the assays, as wel l as the kinetics fo l lowing 
successful t reatment , are far more important. However, for the epidemiological 
appl icat ion of CAA and CCA detect ion, it is important to know whether the 
levels of these antigens can truly be interpreted as an alternative for the 
assessment of w o r m numbers. 

Determination of actual worm burden 
Several studies have been published on the relationship between w o r m 

burden and antigen concentrat ions in the serum of experimental ly infected 
animals. Most of them demonstrated a signif icant correlat ion between these t w o 
p a r a m e t e r s , " ' ' " ' ^ , although some could not f ind such a relationship.®°®^'^®° A t 
least in part, this may be explained by improvement over the years of the assays 
detect ing these antigens as well as the sample pre-treatment procedure (needed 
to dissociate antigen-containing IC and to neutralize interfering proteins). In 
addit ion, it seems to be crucial whether one same cercarial infect ion dose has 
been used for all animals in the experiment, or whether a range of cercarial 
doses has been used. A single dose of cercariae results in a narrow range in 
w o r m burden of about 2 to 3 t imes only, whi le dif ferent doses wou ld al low 
much larger ranges.®°®^" 

For the epidemiological application of CAA and CCA determinat ion, e.g. to 
compare di f ferent foei , more studies should be performed on antigen product ion 
of di f ferent parasite strains. Different species have already been compared, but 
gave conf l ic t ing results. One study showed similar CAA levels per w o r m in S. 
mansoni and S. japonicum infected mice, whi le these levels were approximately 
5 t imes lower in S. haematobium infected an ima ls . " Another study demonstra­
ted much higher CAA levels in S. japonicum infected mice compared to S. 
mansoni, whi le serum CCA levels were much higher in the latter.®® 

Taking all the dif ferent mechanisms inf luencing product ion and clearance 
into account , it can be concluded that, for the t ime being, CAA and CCA levels 
can only be used in epidemiological studies as an indication of w o r m burden at 
the populat ion level, but are not applicable for actually "coun t ing" the number of 
worms in individual cases. On the other hand, this shortcoming is even more 
true when count ing parasite eggs. 



In conclusion, al though quant i f icat ion of CAA and CCA has shown to have 
some l imitat ions, our data demonstrated that the demonstrat ion of these 
antigens provides a realistic alternative to parasitological examinat ion for the 
diagnosis of an active Schistosoma infection and for the assessment of cure. 
The epidemiological applications of CAA and CCA determinat ion seem to be 
promising, al though some aspects of product ion and clearance need to be 
further studied before f i rm conclusions can be drawn on the kinetics of w o r m 
burdens in human populat ions. 
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Summary 

The studies described in this thesis have been performed wi th in the scope of 
ongoing research to improve the diagnosis of human schistosomiasis by the 
detect ion of circulat ing antigens. Several antigens have been described for this 
purpose; this thesis focuses on t w o of them wh ich have been most extensively 
studied: circulat ing anodic antigen (CAA) and circulat ing cathodic antigen 
(CCA). Both CAA and CCA are glycoconjugates originating f rom the gut of the 
adult w o r m . 

The main objectives of this thesis were (i) to further evaluate the 
demonstrat ion of CAA and CCA in serum and urine for the diagnosis of an 
active Schistosoma infection in humans, (ii) to further investigate the use of 
these antigen-assays for the assessment of cure fo l lowing chemotherapy, and 
(iii) to use the quanti f icat ion of CAA and CCA for more epidemiologically-
oriented studies, i.e. for the assessment of wo rm burdens to study the dynamics 
of parasite populat ions in endemic areas. 

A general introduct ion to human schistosomiasis is given in chapter 1 , 
including the biology and life cycle of the parasite and the pathology, 
transmission and treatment of the disease. The most common procedures for 
the diagnosis of a Schistosoma infection are discussed in more detai l . The 
experimental work is described in chapter 2. 

To analyze wh ich circulating antigen assay or combinat ion of assays is most 
sensitive for the diagnosis of a Schistosoma infect ion, serum and urine levels of 
CAA and CCA were compared in one and the same group of Egyptian schistoso­
miasis patients (chapter 2.1). The number of posit ive cases ranged f rom 82 to 
8 8 % for the individual assays, whi le this sensit ivity could be increased to 9 1 -
9 8 % by combining the test results in a parallel manner, i.e. to consider an 
individual to be posit ive when showing a posit ive t i tre in at least one of the 
assays. This procedure was possible because of the high specif ic i ty of the 
monoclonal antibody-based ELISA's used for the detect ion of CAA and CCA. 



In chapter 2 .2 , an ELISA is described for the combined measurement of 
CAA and CCA. For this method, a mixture of an ant i -CAA and anti-CCA 
monoclonal ant ibody was used, both as coat ing and as f luorescein-labelled 
detect ing antibodies in a FITC-anti-FITC system. The lower detect ion limit of this 
assay was in the same order of magnitude as the individual CAA and CCA 
assays. However, when evaluating serum samples f rom S. mansoni infected 
individuals f rom Burundi and Zaire, it was shown that combined test ing for the 
t w o antigens in the same serum sample resulted in a lower sensit iv i ty than 
test ing for the individual antigens and combining these results in a parallel 
manner. This was most apparent in individuals w i th low to moderate intensity of 
infect ion. 

The kinetics of CAA in serum and urine before and after t reatment w i th 
praziquantel is reported in chapter 2.3. For this purpose, part of the individuals 
described in chapter 2.1 were treated w i th a comparat ively high dose of prazi­
quantel (3 t imes 20 mg/kg, given in one day) and fo l lowed for another six 
weeks. During this period, all individuals were hospitalized, so no reinfect ion 
could occur. CAA titers in serum and urine decreased signif icant ly one week 
after therapy. Thereafter, the profile of CAA level in urine cont inued to show a 
parallel but delayed decline compared to that in serum. 

In chapter 2 . 4 , the kinetics of CCA in serum and urine is reported for the 
same populat ion as described in chapter 2.3, also before and after t reatment 
w i t h praziquantel. Overall, the decline of CCA levels showed a profile similar to 
that of serum CAA, i.e. CCA levels dropped signif icantly w i th in one week and 
most individuals were found to be negative wi th in 3 to 6 weeks after the 
chemotherapy. In addi t ion, no circadian variabil i ty was found for the urine levels 
of CAA and CCA, before t reatment (chapters 2.3 and 2.4). 

In chapter 2 .5 , the use of circulat ing antigens was evaluated as a tooi to 
monitor the eff icacy of di f ferent t reatment regimens. CAA and CCA levels in 
serum and urine of Egyptian schistosomiasis patients (described in chapter 2.1) 
were retrospectively analyzed, fo l lowing chemotherapy w i th either 4 0 or 60 
mg/kg praziquantel. Before t reatment, all patients were posit ive for at least one 
of the antigen assays and no differences were found between the t w o groups. 
Three to six weeks after chemotherapy, signif icantly more cases were found to 
be negative in the group treated w i th 60 mg/kg of praziquantel. These results 
were conf i rmed by parasitological data. 



The applicabil i ty of CAA and CCA determination for the diagnosis of 
schistosomiasis in low endemic areas is described in chapter 2 .6 . Serum and 
urine samples were collected f rom a village in Surinam w i th low prevalence and 
intensity of S. mansoni and tested for CAA and CCA levels. The detect ion of 
CAA in serum, CCA in urine, as well as the parasitological examinat ion, showed 
the highest sensit iv i ty, w i th 2 3 - 2 9 % of the screened individuals found to be 
posit ive. However, each individual diagnostic procedure missed a substantial 
part of the infected cases. From this study it was concluded that for the 
diagnosis of schistosomiasis in low endemic areas, circulating antigen detect ion 
should be considered as a complementary tooi rather than a subst i tute for 
parasitological examinat ion. Moreover, the diagnostic performance of ant ibody 
measurement was found to be surprisingly poor in this populat ion. 

The demonstrat ion of CAA and CCA in serum and urine of individuals 
originating f rom a non-endemic area and w i th acute schistosomiasis after 
exposure on a known date is reported in chapter 2 .7 . The sensit ivi ty of ant igen 
determinat ion was found to be similar to intensive parasitological screening, but 
lower than the detect ion of specific antibodies. CAA and/or CCA could be 
demonstrated in serum in 8 5 % of the cases, start ing f rom 5 or 6 weeks after 
the onset of infect ion, respectively. However, serum antigen levels were 
generally very low, whi le urines were all found to be negative. 

For the detect ion of CAA and CCA in serum and urine, pretreatment of 
samples w i th TCA is a Standard procedure. In chapter 2 .8 , a more simple and 
rapid technique is evaluated, i.e. 30 minutes of heat incubation (70°C) in an 
alkaline buffer. This technique showed similar sensitivit ies and specif icit ies for 
CAA and CCA in serum, and CCA in urine. However, for the determinat ion of 
CAA in urine, the new technique was not only far more simple to per form, but 
also resulted in a notable increase of the sensit ivi ty. 

Several experimental studies have shown a good correlation between w o r m 
loads and the serum levels of CAA and CCA. The use of these antigens for the 
assessment of wo rm burdens in humans is reported in chapter 2.9. Serum levels 
of CAA and CCA were determined in a comparat ively large populat ion f rom an 
endemic area in Zaire w i th intense S. mansoni t ransmission, and analyzed in 
relation to the age of the host and the parasite egg counts . Ant igen levels 
showed an age-related pattern similar to egg counts, i.e. a peak in intensity 
during adolescence. Al though it can not be excluded that other mechanisms 
may regulate the product ion and/or clearance of CAA and CCA, these results 
indicate a genuine reduction of wo rm loads rather than a reduced fecundi ty w i th 



age of the host, as suggested by others. Apart f rom that , the relation between 
CAA and egg counts was found to be nonlinear, wh ich wou ld be consistent 
w i t h the phenomenon of c rowd ing , i.e. a reduced egg product ion in hosts w i th 
high w o r m loads. 

In chapter 2 .10 , the serum antigen levels f rom the Zaire populat ion 
described in chapter 2 .9 , are compared w i th serum CAA and CCA levels of a 
populat ion living in an area in Senegal. In this area prevalences and intensit ies of 
S. mansoni infect ions are also very high, but the transmission started only 
recently. Whi le parasite egg counts were almost similar in the t w o populat ions, 
w i th a comparable age related distr ibut ion, serum levels of both CAA and CCA 
were approximately tw ice as high in the chronical ly exposed communi ty (Zaire) 
in comparison to the recently exposed communi ty (Senegal). These f indings 
suggest comparat ively lower wo rm burdens, and therefore higher w o r m 
fecundi ty , in the recently exposed communi ty . 

This thesis concludes w i th a general discussion in chapter 3. In this chapter, 
the determinat ion of CAA and CCA is extensively compared w i th the demonstra­
t ion of parasite eggs, w i th an emphasis on the shortcomings of both diagnost ic 
procedures. Special at tent ion is paid to the possible mechanisms involved in the 
product ion and clearance of CAA and CCA. 



Samenvatting 

Het in di t proefschri f t beschreven onderzoek vond plaats in het kader van 
een al langer lopend onderzoek dat is gericht op het verbeteren van de diagnos­
tiek van humane schistosomiasis door middel van het aantonen van circulerende 
ant igenen. Verscheidene van deze antigenen zijn voor dit doel reeds beschreven. 
Dit proefschri f t r icht zich op het aantonen in serum en urine van twee van deze 
antigenen die relatief het meest uitgebreid zijn bestudeerd en gekarakteriseerd, 
te weten circulating anodic antigen (CAA) en circulating cathodic antigen (CCA). 
Beide antigenen worden gekenmerkt door koolhydraat-structuren en zijn 
afkomst ig uit de darm van de volwassen parasiet. 

De voornaamste doelstell ingen van het in dit proefschrif t beschreven onder­
zoek waren (i) een verdere evaluatie van de mogeli jkheden om CAA en CCA in 
serum en urine aan te tonen voor het diagnostiseren van een actieve Schistoso­
ma infectie bij de mens, (ii) voortgezet onderzoek naar het gebruik van testen 
die deze antigenen aantonen om te kunnen bepalen of genezing heeft plaatsge­
vonden na behandeling van de parasitaire infect ie, en (iii) het bestuderen van de 
toepassing van CAA en CCA bepalingen voor meer epidemiologisch gerichte 
studies, met name voor het schatten van wormlasten om de dynamiek van de 
parasiet populaties in endemische gebieden te onderzoeken. 

Hoofdstuk 1 bevat een algemene inleiding over schistosomiasis. Daarbij 
word t een korte beschri jving gegeven van de biologie en levenscyclus van de 
parasiet en van de pathologie, overdracht en behandeling van de ziekte. Dit 
hoofdstuk bespreekt tevens de meest gebruikelijke methoden voor het 
diagnostiseren van een Schistosoma infectie. 

Hoofdstuk 2 beschri j f t het experimentele werk. Om te analyseren welke van 
de circulerend antigeen-testen of combinatie van testen het meest gevoelig is 
voor het aantonen van een Schistosoma infectie, wo rd t in hoofdstuk 2.1 het 
niveau van CAA en CCA in serum en urine binnen dezelfde groep van 
Egyptische schistosomiasis patiënten vergeleken. Het aantal posit ieve individuen 
varieerde per antigeen-test van 82 to t 8 8 % . Deze gevoeligheid kon worden ver-



hoogd to t 9 1 - 9 8 % door middel van het op parallelle wijze combineren van de 

afzonderli jke testresul taten, d .w.z . een individu word t als positief beschouwd 

wanneer op zijn minst één van de antigeen-testen een posit ieve uitslag ver toont . 

Deze procedure was mogelijk door de hoge specif iciteit van de ELISA-testen 

voor het aantonen van CAA en CCA, welke gebaseerd zijn op het gebruik van 

monoclonale ant i l ichamen. 

Hoofdstuk 2 .2 beschri j f t een ELISA-test voor het geli jkti jdig aantonen van 

CAA en CCA. Hiervoor is gebruik gemaakt van een mengsel van een ant i -CAA 

en een anti-CCA monoclonaal anti l ichaam, zowel voor de coating als voor het 

aantonen van de antigenen. Voor dit laatste werden de monoclonale anti l icha­

men; geconjugeerd met een f luorochroom en toegepast in een FITC-anti-FITC 

systeem. De detectiel imiet van deze test was in dezelfde orde van groot te als 

van de individuele CAA en CCA ELISA's. Bij het beoordelen van serum monsters 

van personen uit Burundi en Zaïre met een S. mansoni infectie werd echter 

duidelijk dat het geli jkti jdig aantonen van CAA en CCA resulteerde in een lager 

aantal posit ieve gevallen dan het op parallelle wijze combineren van de indivi­

duele test-ui ts lagen. Dit gold vooral voor individuen met een minder hoge inten­

siteit van de infect ie. 

In hoofdstuk 2 .3 word t de kinetiek bestudeerd van CAA in serum en urine, 

voor en na behandeling met het geneesmiddel praziquantel. Voor dit doel werd 

een deel van de in hoofdstuk 2.1 beschreven pat iëntengroep gedurende zes 

weken gevolgd na behandeling met een relatief hoge dosis praziquantel (3 keer 

20 mg/kg , verspreid over één dag). Tijdens deze periode verbleven de pat iënten 

in een ziekenhuis, zodat geen herinfectie kon optreden. Een week na behan­

deling was de afname van CAA in serum en urine signif icant. Daarna zakte het 

niveau van CAA in urine langzamer dan het niveau in serum. 

Hoofdstuk 2.4 beschri j f t de kinetiek van CCA in serum en urine voor en na 

behandeling met praziquantel voor dezelfde patiëntengroep als beschreven in 

hoofdstuk 2 .3 . In het algemeen vertoonde de afname van CCA in serum en urine 

een patroon vergeli jkbaar met dat van CAA in serum, d .w.z . dat het niveau 

signif icant lager was één week na de therapie en bij een meerderheid van de 

individuen na drie to t zes weken negatief. Tevens vertoonden de concentrat ies 

van CAA en CCA in urine geen circadisch ritme (hoofdstukken 2.3 en 2.4) . 

In hoofdstuk 2.5 word t het gebruik van circulerend antigeen-testen geëvalu­

eerd om verschil lende behandelingstherapieën te kunnen vergel i jken. Voor dit 

doel werd de kinetiek van CAA en CCA in serum en urine van een groep Egyp-



t ische schistosomiasis patiënten (beschreven in hoofdstul< 2.1) retrospectief 

geanalyseerd gedurende zes weken na therapie. Een deel van deze patiënten 

was behandeld met 60 mg/kg praziquantel, een ander deel met de standaard 

dosis van 4 0 mg/kg . Voor behandeling was de uitslag van op zijn minst één van 

de antigeen-testen voor alle patiënten positief en vertoonden de twee behande-

l ingsgroepen geen verschil in circulerend antigeen-spiegels. Drie to t zes weken 

na de therapie waren er in de groep die behandeld was met 60 mg/kg praziquan­

tel signif icant meer patiënten negatief voor CAA en CCA. Deze resultaten 

werden bevestigd door het parasitologische onderzoek. 

Hoofdstuk 2.6 beschrijft de toepassing van het aantonen van CAA en CCA 

voor het diagnostiseren van schistosomiasis in een laag endemisch gebied. 

Serum- en urinemonsters werden verzameld in een dorp in Suriname met lage 

prevalentie en intensiteit van S. mansoni, en daarna getest op CAA en CCA. De 

testen voor het aantonen van CAA in serum, CCA in urine en het parasitologi­

sche onderzoek, bleken daarbij het gevoeligst met een posit ieve uitslag variërend 

van 23 to t 2 9 % . Elke afzonderli jke test miste echter een aanzienlijk deel van de 

geïnfecteerde geval len. Uit dit onderzoek kon worden geconcludeerd dat , in het 

geval van het diagnostiseren van schistosomiasis in laag endemische gebieden, 

het aantonen van circulerende antigenen meer beschouwd moet worden als een 

aanvul l ing, dan als een vervanging van het parasitologische onderzoek. Daar­

naast bleek bij deze studiepopulatie de diagnostische waarde van het aantonen 

van specif ieke anti l ichamen opvallend laag. 

Hoofdstuk 2.7 beschrijft het aantonen van CAA en CCA in serum en urine 

bij een groep personen, afkomstig uit een niet-endemische gebied, met een 

acute vorm van schistosomiasis na een eenmalige blootstel l ing. Het aantonen 

van circulerende antigenen vertoonde eenzelfde gevoeligheid als dat van een 

zeer uitgebreid parasitologisch onderzoek, maar een lagere gevoeligheid dan het 

aantonen van specif ieke anti l ichamen. In serum kon CAA en/of CCA worden 

aangetoond in 8 5 % van de individuen, vanaf respectieveli jk 5 en 6 weken na de 

aanvang van de infectie. Antigeen-spiegels waren echter erg laag en alle urine 

monsters waren negatief. 

Voor het aantonen van CAA en CCA in serum en urine worden monsters 

standaard voorbehandeld met TCA. Hoofdstuk 2.8 beschri j f t een simpeler en 

snellere voorbehandel ingsmethode, namelijk een 30 minuten durende verhi t t ing 

in een alkalische buffer. Deze methode resulteerde in een gelijke gevoeligheid en 

specif ici teit voor het aantonen van CAA en CCA in serum en CCA in urine. Voor 

het aantonen van CAA in urine bleek deze methode bij de praktische uitvoering 



niet alleen vele malen eenvoudiger, maar ook te leiden to t een aanzienlijke 

toename in gevoel igheid. 

Verscheidene proefdierstudies hebben laten zien dat de concentrat ie van 

CAA en CCA in de circulatie van de gastheer een goede correlatie ver toont met 

het aantal aanwezige parasieten. Hoofdstuk 2 .9 beschri j f t het gebruik van deze 

antigenen ter indicatie van de wormlast bij mensen. Voor dit doel werden CAA-

en CCA-spiegels bepaald in serum monsters van een relatief grote studiepopu­

latie afkomst ig uit een gebied in Zaïre met een zeer hoog niveau van S. mansoni 

transmissie. Antigeen-spiegels werden geanalyseerd in relatie to t de leefti jd van 

de gastheer en het aantal eieren in de ont last ing. De leeft i jdsgebonden distr ibut ie 

van antigeen-concentrat ies kwam overeen met die van de eitel l ingen, d .w.z . 

beide vertoonden een piek gedurende de puberteit . Hoewel niet kan worden 

uitgesloten dat andere factoren de productie en/of klaring (opruiming) van CAA 

en CCA kunnen beïnvloeden, geven deze resultaten aan dat de karakterist ieke 

daling in eitell ingen bij de volwassen gastheer word t veroorzaakt door een 

werkeli jke afname in het aantal wormen en niet door een afname van de ei-

productie van de parasiet, zoals door andere onderzoekers is gesuggereerd. 

Tevens werd een niet-lineaire relatie gevonden tussen de serumconcentrat ie van 

CAA en het aantal eieren in de ont last ing. Dit is in overeenstemming met het 

fenomeen van crowding, d .w.z. een afname in ei-productie bij infecties met zeer 

hoge wo rm aantal len. 

In hoofdstuk 2 .10 worden de serum CAA- en CCA-spiegels beschreven in 

hoofdstuk 2.9 vergeleken met die van een studiepopulat ie afkomst ig uit 

Senegal. Het betreft een gebied met een recente S. mansoni t ransmissie, maar 

met eveneens een zeer hoge prevalentie en intensiteit van de infect ie. De twee 

studiepopulaties vertoonden eenzelfde hoeveelheid eieren in de ont last ing, met 

tevens een vergeli jkbare leeft i jdsgebonden distr ibut ie. De concentrat ies van CAA 

en CCA waren daarentegen signif icant hoger in de populatie welke sinds enkele 

decennia aan de ziekte had blootgestaan (Zaïre). Deze resultaten suggereren 

zowel het voorkomen van relatief lagere aantallen wormen , als van een hogere 

ei-productie in de populatie met recentere infecties (Senegal). 

Dit proefschri f t word t in hoofdstuk 3 afgesloten met een algemene dis­

cussie. Daarin word t een uitgebreide vergeli jking gemaakt tussen het bepalen 

van CAA en CCA en het detecteren van eieren van de parasiet, met de nadruk 

op de onvolkomenheden van beide diagnostische procedures. Speciaal wo rd t 

aandacht besteed aan de mechanismen die een rol zouden kunnen spelen bij de 

product ie en klaring (opruiming) van CAA en CCA. 



General acknowledgments 

The work presented in this thesis was realized thanks to the essential 
contr ibut ions of my husband Maarten Jan Hijmans, and of many fr iends and 
col leagues, inside and outside the NAMRU-3 and the Department of Parasito­
logy. In particular, I appreciated the support and advice of the fo l lowing 
persons: Samir Bassily, Govert van Dam, Richard Hedstrom, Rob Harrison, Niels 
de Jonge, Dieuwke Kornelis, Wil fred Krijger, Lotje van Lieshout, Moustafa 
Mansour, Nabil El Masry, Mimet El Meleigy, and Sake de Vlas. 

I wou ld also like to thank the Department of Clinical Chemistry (CKCL) and 
the Department of Immunohematology and Blood Bank, both at the Leiden 
University Hospital, for supplying the reagents needed for the performance of 
the TR-IFMA and for al lowing me to use their t ime-resolved f luorometer. 

This study received financial support f rom the Research and Deveiopment 
Programme of Life Science and Technology for Developing Countries (STD-2 and 
STD-3) of the European Community and the Naval Medical Research and Deve­
iopment Command, Bethesda MD, USA. The additional f inancial support of The 
Prof. Dr. P.C. Flu-foundation, The Dutch Society of Parasitology, The Leiden 
University Fund and The Netherlands Foundation for the Advancement of 
Scientif ic Research (NWO), wh ich al lowed me to present several topics of this 
thesis at international meetings, is grateful ly acknowledged. 





Curriculum vitae 

Lisette (Elisabeth Antoinette) van Lieshout was born on February 3, 1964 in 
Amsterdam (The Netherlands). In 1982 she finished the Amsterdam Montessor i 
Lyceum (VWO). After a year of travell ing and work ing in several European coun­
tr ies, she started her study Biology at the University of Amsterdam (UvA) in 
1983, later specializing in Medical Biology. For her main subject, she performed 
one year of research on cellular immunology in the Department of Histology and 
Cell-biology (UvA). After f inishing the obl igatory exams in 1987 , she carried out 
an addit ional one year main subject in the field of parasitology, performed in 
three di f ferent inst i tutes: the Department of Parasitology of the University of 
Leiden (RUL), the Theodor Bilharz Research Institute in Cairo and the Urology 
and Nephrology Center of the University of Mansoura, both located in Egypt. In 
1988, she obtained her Masters Degree (doctoraal examen), after wh ich she 
started work ing as a guest investigator at the Schistosomiasis Department (Divi­
sion of Basic Research) of the Naval American Medical Research Unit-3 
(NAMRU-3) in Cairo, Egypt. In 1 9 9 1 , she returned to the Netherlands, and 
joined the Department of Parasitology (RUL) for a period of four years (AIO-
posit ion), to cont inue the research described in this thesis on the immunodiag­
nosis of schistosomiasis by the detect ion of circulating antigens. In 1995 , she 
was appointed in the same department as a post-doc (funded by NWO-
WOTRO), to study the immuno-epidemiological aspects of a recent outbreak of 
schistosomiasis mansoni in Northern Senegal. 






