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Chapter 11 

Schistosoma mansoni: in vitro and in vivo excretion of CAA 
and CCA by developing schistosomula and adult worm s 

Abstract 

In this study we describe the ex cretion patterns of circulating anodic (CAA ) and 
circulating cathodic antigen (CCA) by freshly transformed and developing 
Schistosoma mansoni schistosomula and by adult worms, in vitro and in vivo. In 
vitro, CA A and CCA were detected in the culture medium of the parasites 
immediately after transformation, suggesting early excretion by the parasit es . 
During the f irst days of development more CA A than CCA is excreted , while 

after about one week the trend is reversed. The excretion of CAA and CCA is 
influenced nei ther by addition of red blood cells t o the schistosomula cu lture nor 
by addition of colchicine. The former observation indicates the absence of an 
active role of the antigens in digestion , w hile the latter demonstra tes t hat 
antigen synthesis and transport to the schistosome gut lumen is not dependent 
on intracellular microt ubules. Culturing adult worms immediately after perfusion 
of seven - wee ks-infected hamsters showed a production of about 20 ng CAA 

and 100 ng CCA per worm per day and a significantly higher antigen production 

by the female w orms. 

In vivo, in mice heavily infected with 1000 Schistosoma mansoni cercariae, the 

antigens w ere detectable from the third w eek of in fe ction onwards, with CCA 

the predominant antigen. A fter 3 Y:z w eeks, the concentration of CCA in serum 
hardly increased w ith time, while CAA concentration co ntinued to show a steep 
increase. After 7 w eeks , at the time of perfusion , significantly more CAA than 

CCA was detected in the serum, but the reverse was true in urine where CCA 
was th e dominant antigen. From the concentra tions in serum and urine it was 
ca lculated that the worms produce abou t 50 ng CAA and about 20 ng CCA per 
adult worm per day . In con clusion, although CAA and CCA levels in serum and 

urine in general correla te w ell with worm burden (as determined by egg output), 

th e present study and a lit erature review show that the actual quantities 

produced by the worms and detecte d in the host circulation or excreta may 
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depend on many factors, such as host and parasite species, clearance rates, or 
duration and intensity of infection. 

In troduction 

Since the report o f Berggren and Weller ( 19 67) [7], Schistosoma circulating 
gut-associated antigens have been ex tensively st udied by several groups 
[14- 16,29,30,34,43,48,49]. These efforts provided insight in the structure and 
localization of t he antigens and have led to the development of highly sensitive 
and specific McAb - based ELISAs for t he detection of two major gut - associated 
ant igens, circu lating anodic antigen (CAA) and circulating cathodic antigen 
(CCA). These ELISAs are now widely applied for immunodiagnostic and 
seroepid emiologica l studies [6,23,26,55,58,59] as well as for studies involving 
experimental anima ls [3 - 5]. Usua lly, a good correlation of antigen levels with 
eg g excretion is found [6, 2 1 ,26,40 ,58], and it is generally assumed that antigen 
levels in serum and/or in uri ne reflect the w orm burden to a better extent than 
egg counts [19,27,34, 50]. In a number of studies using experimental animals a 
correlation was demonstrated between CA A and/or CCA levels in serum and 
w orm numbers determined after pe rfu sion [4,5,34 ,50] . 

Knowled ge abo ut quantitative antigen product ion by t he worms as well as about 
clearance mechanisms fo r th e ci rcu lat ing anti gens in humans is important in 
order to relate the antigen concentrations to worm burdens before and after drug 
treatment or in vacc ination st udies. Until now , c learance of ant igens has only 
been studied in mice. Us ing McA bs aga inst CAA and CCA, it was shown that 
injected CAA-anti - CAA McAb immune complexes were cleared at a lower rate 
in infected animal s as compared with uninfected animals, while 
CCA-anti-CCA McAb immu ne complexes were cleared equally well [38,39]. 
Although yet incomplete ly understood, t here are indications from th e literature 
that antigen levels may differ between geographical regions , parasi te species 
and stra ins, or duration or intens it y of infection , even afte r allowing fo r levels of 
egg output [2 1 ,23, 55]. As it w ould obviously lead to a better understanding o f 
the underly ing mechanisms, w e investigated the quantitative excretion patterns 
of CAA and CCA by freshly tra nsformed and developing S. mansoni 
sch istosomula and by adu lt w orms, both in vitro and in vivo. 
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Materials and Methods 

Parasites and antigens 

Adult Schistosoma mansoni w orms (Puerto Rico stra in) were coll ected from golden 
hamsters by perfusion of the hepatic portal system with a balanced sal t solution, seven 
weeks after infection with 1 500 cercar iae. A tri chloroacetic ac id (TCA) - soluble 
(7 .5% w /v) fraction of homogenized adult worm antigen (AWA- TCA) was prepared as 
described [29], and used in the ELI SA as a reference antigen preparat ion, shown to 
contain 2 .5% CA A (w/w) and 3% CCA (w/w) as determ ined using imm unopuri f ied 
antigen preparations [8,57]. 

For determinati on of in vitro excreted CAA and CCA by adult parasites , seven- w ee k old 
S. mansoni worms were obtained after perfusi on of golden hamsters and w ashed 
several times with steri le RPMI - 1640 medium. Ten male w orms, ten f emale worms, 
and ten worm- pa irs w ere incubated in duplicat e wells of 24 -well plates for five days at 
37 °C in 1 ml RPMI-1640 . Worms were sti ll living, m oti le and paired at day 5 when 
cu lture supernatants w ere taken and stored at -20 °C until tested f or CAA and CCA in 
ELI SA (see below) . 

Preparation and in vitro culture of schistosomula 

Schistosoma mansoni ce rcariae w ere col lected from Biomphalaria glabrata previously 
infected in the laboratory . Schistosomula were obtained by the skin-transformation 
method and maintained acc ording to the method of [ 181. as m odified by [ 1 0]. 
Schistosomula were fed washed m ouse red bl ood cells on different days to st udy 
whether feeding influenced the synthesis and excret ion of CAA and CCA. To some of 
the cultures colch icine was added t o a fi nal concentration of 5 x 1 o-4 M. In control 
cultures no red blood cells or colchic ine w ere added. The cultures, w hich contained 200 
- 2000 schistosomula , were frequentl y checked for via bil it y, growth and feed ing (if 

appropria te). At regular intervals sam ples of the schistosomula culture supernatant fluid 
were t aken and lyophilized. A fter reconstitut ion with an equal volume of disti lled w ater 
CAA and CCA concentrations were determined. 

The antigen production per schistosomulum was always determined cumulativel y, i. e. 
the production until the time- point the supernatant was ta ken. No attempt was made to 
study whether antigen production is influenced by replacement with fresh medium, as 
has been done previously [52]. 

Experimental infection of mice 

Two groups of eight week-old male Swiss mice ( 10 mice per group) were infected w ith 
1000 S. mansoni cercariae using the ring method of Smithers and Terry [54]. Blood 
samples (approximatel y 150 .ul) were taken from the tails of t he mice of the t wo groups 
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on alternating days (to avoid severe anemia) , starting from day 0 until day 18 resulting 
in a pooled daily serum sample during t he course of infect ion. From day 18 post 
infection a blood sample was t aken every other day. The mice were perfused on day 45 
post infection, worms were counted and serum (by heart punction) and urine (by 
bladder punction) of each individual mouse was collected and stored at -20 °C until 
use. 

Antigen detection 

The highly sensitive and specific antigen-capture ELISAs for detection of CAA or CCA 
were performed essentially as described [22,261 with some minor alterations . Among 
these are the use of a rapid shaking incubator system [42] allowing incubations to be 
shortened to 15 min and a simplification of the buffer system using just 
phosphate - buffered saline (35 mM phosphate, 0.15 M NaCI, pH 7 .8 ) with 0 .3% (v/v) 
Tween-20. Briefly, CAA was captured onto McAb 120-1810- A (lgG1)-coated 
ELISA - plates (Maxisorp, Nunc, Denmark ) and detected using alkaline 
phosphatase-label ed M cAb 1 20- 1 81 0 - A. Col or was developed using 
p-nitrophenylphosphate as substrata and absorbance measured at 405 nm. CCA was 
captured onto McAb 54- 5C1 0 - A (lgG3)- coated ELISA- plates and detected using 
biotin- labeled McAb 8.3C 10 (I gM) and streptavidin - alkaline phosphatase conjugate 
(Dakopatts, Denmark). Serum samples were pre- treated with TCA and urine samples 
with alkal ine carbonate solution (pH 9.6) at 70°C as previously described [20,41]. The 
relative CAA and CCA concentrations were read against a standard curve of AWA- TCA 
which contains 2.5 % CAA and 3% CCA [8,571. The detection limit of both assays (for 
CAA and CCAI was usually around 2 ng AWA-TCA/ml. The antigen levels in serum and 
urine samples of infected mice were calculated from the standard curve using 
four-parameter curve fitting and expressed as concentrations CAA or CCA. No 
adjustment was made for differences in volumes of serum and urine samples (assumed 
to be due to a variation in the acquisition of samples) . 

Results 

During the f irst five days of the schistosomula cu lture the antigen 
concentrations were low, but well detectable using the sensitive McAb-based 
ELISAs (Fig . 1 ). After feeding eryth rocytes to the schistosomula the 
concentrations of both antigens increased, CCA to a larger extent than CAA 
(Fig. 1 ). To study t his possible influence of feeding, two cultures were set up, 
one in which schistosomula were normally fed at day 7, and one in which no 
feeding occurred . At day 11 supernatants were taken from each culture and 
assayed for CAA and CCA. As shown in Fig. 2, no significant differences 
between the 2 cultures could be observed . Neither could any influence be 
observed after adding colchicine, an inhibitor of intracellular transport 
mechanisms, to the culture before or after feeding at day 9 (Fig. 3). 
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Figure 1. Excretion of CAA and CCA by in vitro developing schistosomula . The 
amount of antigen excreted per sch istosomulum is expressed on the different 
t ime-poin ts of the cu lt ure. Solid lines w ith squares (---) represent CAA and 

broken lines with d iamonds (- + - ) represent CCA (error bars (sometimes too small 
to be visible ) represent standard devia ti ons of two ELISA determinations on 
supernatants of the same culture). 
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Figure 2 . Excretion of CAA and CCA per schistosomulum after 11 days of culture: 

difference after f eeding eryth rocytes at day 7. CAA and CCA are represented by 
cl osed and hat ched bars, respectively (error bars represent standard deviations of 
t w o ELl SA determi nations on supernatants of the same culture). 
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From Fig. 1 it also appeared t hat after 5 days of culture the ratio of CAA and 
CCA concentration inverted. As the amount of antigen produced per 
schistosomulum was highly variabl e between different cultures (due to viability 
and metabolic activity of schistosomula obtained from different batches of 
cercariae) the development of the ratio's of CAA and CCA concentrations in the 
culture supernatants with the duration of the culture are depicted in Fig. 4 for 
two different cultures with and without feeding erythrocytes at day 7. A h ighly 
significant difference (Student's t-test , t = 4 .31, n = 41 , P = 0.001) was 
observed between the antigen concentration ratio's before and after day 5 for all 
the culture supernatant samples tested. 

day 2 CAA CCA 

day 3 

day 9 

day 10 

0 .1 10 100 0 .1 10 100 

Production of CAA I CCA per schistosomulum(pg) 

Figure 3 . Excretion of CAA and CCA by schistosomula incubated without (closed 
bars) or with 5 x 1 o-4 M colchicine (hatched bars) in the culture medium. For the 
day 2 and day 3 cu ltures, colchicine was added on day 2 before taking the 
supernatants, w hile for the day 9 and 1 0 cultures, colchicine was added on day 9 
simultaneously w ith addition of the red blood cells and before taking the 
supernatants (error bars represent standard deviations of two or three antigen 
determinations performed on the cult ure supernatant samples). 

To compare the antigen production of worms developed in culture with worms 
developed in vivo, a group of mice was in fected with 1000 Schistosoma 
mansoni cercariae and the excretion of CAA and CCA was monitored by taking 
serum samples daily. CCA could be detected from day 16 and CAA from day 18 
onwards, while the concentrat ions of both antigens showed a steep increase 
thereaft er (Fig. 5) . Until day 24 more CCA than CAA was detected in the 
circulation which thereafter was reversed. CAA concentration still increased 
strongly until the end of the infect ion period but the CCA concentration rose 
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only slightl y . A small but still significant peak of CAA in serum was observed 
around day 6. 

A 
c 10 
0 

"§ 
8 c 

Q) 
(.) feeding 
c 
0 6 (.) 

c 
Q) 

.~ 4 c 1 
<tl 

0 2 
0 

-ro 
a: 0 

0 2 3 4 5 6 7 8 9 1011 

B 
Day of culture 

c 10 
0 

"§ 
c 8 
CD 
(.) 
c 
0 6 (.) 

c 
CD 
Ol 4 c 
<tl ---""" 
0 2 ...... 
0 

-ro 
a:: 0 

0 2 3 4 5 6 7 8 9 1011 12131415 16 17 

Day of culture 

Figure 4. Change in ratio of CAA and CCA in culture supernatants of sch istosomula 
fed at day 7 (AI an d not fed at any time (8 ). Solid lines (--) represen t the ratio of 
CAA - over CCA - concent ration, and broken lines (-- - ) represent the reciprocal 
ra tio . 

At day 45 the mice w ere perfused, worms w ere counted and serum and ur ine 
was col lected of each individual mouse, se rum usually being abo ut 1 ml, w hile 
urine volumes ranged from a few f.JI till 1 ml. A comparison of CAA and CCA 

concentrat ions in serum and urine showed that the antigen levels in either 
sample w ere hi ghly co rrelat ed (Table 1). Addit ionally, t he co ncent ratio n of CAA 
w as very high in the se ra but it was less excreted via t he ur ine w hil e t he 
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opposite was true for CCA (Fig . 6). No correlation was observed with total 
w orm counts (Table 1) which on ly v aried between 198 and 491 (male + 
fe male) worms per mouse . M any wo rms were not yet ful l-grown (probably due 
to a crowding effect), but t he perfusion cou ld not be postponed due to the 
physical condition of the mice . 

Table 1. Correlations between anti gen con centrat ions a and number of worms in 
serum and urine of mice 45 days after an infection w ith 100 0 Schistosoma 
mansoni cercar iae. 

Serum Urine Urine Number 
CCA CAA CCA of worms 

Serum 
CAA .75 *b .83 * .88 * .21 
CCA .79' * .84 * .22 

Urine 
CAA .82 * -. 15 
CCA .04 

a Pearson ' s product-moment correlation coefficients aft er log-transformat ion of the data as in 
b Fig . 6 . 

* = p <0.001 
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Figure 5. Detection of CAA and CCA in sera of Swiss mice during the development 
of an infection with 1000 Schistosoma mansoni cercariae . Solid lines with squares 

(-------) represent CAA an d broken lines w ith d iamonds (- + -) represent CCA . Insert 
shows the f irst part of the infection on an extended Y - axis . 
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Figure 6. Detection and association of CAA and CCA in serum and urine samples of 
individual mice at day 45 after infection with 1000 Schistosoma mansoni cercariae. 
Correlation coefficients given in Table 1 . 

Under the assumptions that ( 1) a steady-state level of serum antigen 
concentration was reached (amount of antigen excreted by the worms per day 

equalled the amount cleared by the host per day), (2) total blood volume of 
Swiss mice was 3 ml, and (3) urine production per day was about 1 ml, it could 
be calculated that on average the worms produced 50 ng CAA (range 4 - 1 18 
ng) and 20 ng CCA (range 2 - 37 ng) per worm per day. /\s the worms were 

not yet full-grown and the curves for CAA and CCA in Fig. 5 are still risin g, 

these assumptions may not be entirely justified, w hich would result in h igher 

levels of ant igen production per worm. 
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Figure 7. In vitro excretion of circulating antigens by 7 week-old adult worms 
removed from infected hamsters . Worms were cultured for 5 days in 1 ml 
RPM I-1 640 and were still alive and motile when supernatants w ere taken: A - 10 
m ale and 1 0 f emale worms; B - 1 0 male worms; C - 1 0 female worms (error bars 
represent standard dev iations of the average antigen concentrat ion of 6 individual 
cul ture wells). 

To obta in another est imate of the amount of antigen prod uct ion per adu lt worm, 
schistosomes isolated f rom go lden hamsters seven weeks after infection with 
1500 cercariae were incu bated in RMPI-1640. After 5 days CAA and CCA were 
determined in t he supernatant of the w orms all of which were still living and 
motile (Fig. 7). No d if ference was observed between the antigen levels det ected 
in the supernatant of the mixed incu bation as compared wit h the culture 
co ntai ning only 10 female w orms, while the antigen levels in the cu lture with 
on ly 10 male worms were significantly lower (Fig. 7). This suggests that the 
major proportion of the antigens is produced by th e fema le worms . After 5 days 
of cu lture about 100 ng CAA and 500 ng CCA per fema le worm was produced 
(' C' bars in Fig . 7), t he male worms produc ing low amounts as compared with 
the female worms. Assuming an approximate ly li near production rate during 
t hese 5 days [52], this implies that the female worm produces about 20 ng CAA 
and 100 ng CCA per day. These values are comparable with the amounts as 
determined in the infect ed mice, albeit t hat in vitro more CCA seems to be 
produced. 
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Discussion 

Although CAA and CCA have been studied extensively in relation to 
immunodiagnosis of Schistosoma infections, few data are available on the 
production by schistosomula or on the quantitative excretion patterns. As both 
antigens are gut-associated antigens with comparable ultrastructural localization 
[24, 25], similar results might be expected with respect to the excretion 
patterns. In the present paper we describe the results of a study which 
employed in vitro cultures of schistosomula or adult worms as well as an 
experimental, heavy infection of mice with approximately 1000 Schistosoma 
mansoni cerca riae. 

Directly after transformation CAA and CCA are excreted by the parasites, albeit 
in very low amounts. A sharp increase of antigen production is observed in vitro 
after day 8 - 10, but in vivo the concentrations become detectable only after 
day 1 6 for CCA and day 18 for CAA. A summary of literature data on antigen 
determinations (using different assays) early after infection of vario us 
experimental animals with different Schistosoma species in Table 2 shows t hat 
detectability varies considerably depending on the infection dose and 
Schistosoma species. In humans CAA and CCA can be detected as ea rly as 4 
weeks after infection [35,60]. 

While in it ial ly an effect of feeding on the excretion of CAA and CCA by 
schistosomula was suggested by the observations, f urther exploration showed 
that there is a steady increase in antigen production independent of t he 
ingestion of red blood cells. In an 11-day culture no influence could be observed 
between ant igen excretion levels of fed and not-fed schistosomula. 

To stud y the excretion processes in more detail, colchicine was added to the 
culture med ia. This drug disrupts intracellular microtubules [1 1] and it has been 
reported t hat addition of colchicine inhibits the ingestion of red blood cells and 
causes accumulation of secretory granules in the esophageal gland [9 ] . On t he 
other hand , digestion of hemoglobin in solution is not affected [11 ]. lt was 
suggest ed that also the excretion of CAA and CCA occurs via granules or 
cytoplasmic vesicles [25] but the absence of any effect on CAA and CCA 
concent rat ions in cul t ure supernatant indicated that this is probab ly not th e 
case. De W ater et al. [24 ,25] showed that CAA and CCA react ivity was not 
present in the schistosome esophagus, but only in th e Golgi-appartus, in 
cytoplasmic vesicles and at the luminal surface coat. 

The locatio n of production being in the parasite gut, it might be envisaged that 
the antigens play a role in digestive processes [43 ], but regarding the molecu lar 

structu re of the antigens (polysaccharide side-chains of repeati ng di- or 

tri-saccharides, 0-l inked to a polypeptide chain [8, 57]), it is not likely that t he 
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antigens have any enzymatic function. Therefore, the most plausible physiologic 
functi on of the antigens is protection of the gut epi t helium (like mucins, of 
which some of the structural character ist ics are also shared by CCA [16,57]), 
rather than involvement in d igestive processes. 

Table 2. Detectability of circu latin g ant igens in serum of animals experimentally 
infected with different Schistosoma species. 

Experimental animal infected Antigen Antigen Type of assay Reference 
with # of cercariae detectable from 

(Schistosoma species) week # 

mouse 

25 (mansoni ) 7 CCA McAb-based ELISA l4l 

25 (japonicum) 2 CAA McAb-based ELISA [4] 

100 (mansoni) 5 CCA McAb-based ELISA [4] 

100 (mansoni ) 5 CAA McAb- based ELISA (56] 

120 (mansoni) 2 CAA McAb- based ELISA [53 la 

>500 (mansoni) 3 Y2 CAA immunoelectrophoresis with [7] 
antiserum 

600 (mansoni ) 4 CAA McAb-based ELISA b 

1000 (mansoni) 2% CAA McAb- based ELISA this study 

1000 (mansoni) 2 % CCA McAb- based ELI SA this study 

rabbit 

50 {japonicum ) 5 CAA polyclonal Ab-based ELISA [51 J 

hamster 

1100 (mansoni) 3 CAA immunodiffusion with [34] 
antiserum 

1500 (mansoni) 4 CAA polyclonal Ab - based ELISA [301 

baboons 

1250 (haematobium ) se CAA McAb- based ELISA b 

a this study contrasts with others {2 ,5 6] and our study with respect to the onset of CAA de tec t abi lity ; it 
also seem s improbable that CA A reaches maximum lev el al ready 2 wee ks after infecti on (as shown by 
Shaker et al. (19 92) [53 ]) when the w orms are still very small and the gut not yet f ully developed. 

b L. v· n Lieshout, unpubl ished results 
c t ested only at m onth ly intervals , at 4 w eeks bord erline pos it ive 

From t he in vitro cult ures it was shown that until about day 5- 6, more CAA 
than CCA is excreted. Th is is already reflec ted in the antigen content of 
cercariae as in a preparation of cercaria! ant igen 60 ng CAA and 7 ng CCA per 
mg of cercaria I anti gen w as found. The reversal of t he ratio CAA/CCA after 
about day 5-6 occurred irrespectively of t he feeding of the cultured 
schistosomu la. In the infected mice, t he sensit iv ity of t he assays was not 
su ffic ient to detect antigens during the f irst 2 Y2 weeks of development. 
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Hereafter, initially more CCA was detected, but thi s reversed after 24 days post 
infection, the CAA concentration still increasing strong ly until the end of t he 
infection period whi le the increase of CCA concentrati on w as less pronounced. 
As c learance influences the ant igen concentrations in sera (discussed below), 
the val ues might not represent the actual amount of antigen excreted, and 
conc lusions on d ifferent production levels for CAA and CCA cannot be drawn. 
As for t he schistosomula, seven- w eek- old adult wo rms cultured in vitro for 5 
days after being perfused from infected hamst ers, also exc rete more CCA than 
CAA (Fig. 7), suggest ing that from the young schistosomulum stage onwards 
const antly more CCA than CAA is produced. 

Fig. 7 addit iona lly shows that t he major pa rt of the antigens is produced by the 
fema le worms. lt has been documented that fe male worms are more 
metabolica lly active [1 7,33], resul t ing in a higher production of gut- associated 
ant igens. The present st udy confirms these results, showing that the amount of 
ci rcu lating antigens produced by the female worms is about 3 - 6 times higher 
than for the male worms. Additional evi dence fo r antigen production 
predominantly by the female worms is suppl ied by [56] who found a significant 
correlat ion of antigen concentrations in sera of S. j aponicum- infected mice with 
fe male but not w ith male worm numbers. 

Deelder e t al. [3 1] calcu lated a steady st ate production level of at least 
500 ng CAA per worm in heavi ly infected hamsters. Taking into account that 
the antigen preparation used for ca libration of t he assay used by these authors 
was not completely pure and might consist fo r less t han 10% of CAA [7], t he ir 
value corresponds w ell to the values described in the present invest igation 
where for infected mice 50 ng CAA and 20 ng CCA per worm (male + female), 

and for t he in vitro cult ured adult worms 20 ng CAA and 100 ng CCA per 
female worm w ere calculated. The antigen productions per worm determined in 
sera of mice 10 weeks afte r infection with 100 S. mansoni cercariae, as derived 
from [56] are considerably lower, namely averages of 3 ng CAA and 10 ng CCA 
per worm. Differences in clearance rates, mouse and paras ite strains, and I or 
intens ity of infection might account for these var iabil it ies in ant igen production 
levels. Studies of CAA production by different Schistosoma species in mice are 
in progress [2]. 

After 24 days post infection more CAA than CCA is detected in the circulation 
of infected mice, resulting in about 20 times more CAA than CCA at the t ime of 
perfus ion. In the urine however, about 60 ti mes more CCA is detected than 
CAA, and even if the amounts of antigens in serum and urine {assuming a tota l 
blood vo lume of 3 ml per mouse, a urine production of 1 ml per mouse per day 

and a steady state level in serum ant igen concentration) are taken together, 

t hree times more CAA seems to be produced t han CCA. The reverse is 
observed, however, for in vitro cultu red schistosomula (maximal cu lture length: 
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19 days), and for 7-week-old adult w orms cultured for 5 days after perfusion. 
Th is d ifference could be explained by a preferential clea rance of CCA in mice, 
pro bably predominantly via the liver [38,45]. Clearance via the liver is not taken 
into account in the present calculations, but it might play a very important role 
as immunofluorescent studies cou ld demonstrate the presence of CAA and CCA 
in Kupffe r cells already 1-2 w eeks after infect ion [28,32]. 

In contrast with our observations, Van ' t Wout et al. [56] showed that in female 
BALB/c mice infected with 100 Schistosoma mansoni cercariae more CCA than 
CAA was detected in t he seru m, w hile in serum of mice infected with 25 S. 
j aponicum cercariae th is was reversed. These and the above mentioned studies 
indicat e that the quantities of circulating antigen detected in t he serum of 
infected hosts are dependent on va rio us facto rs , like host and parasite species, 
duratio n and intensity of in fection, or pathologica l cond ition [23]. This might 
also have implications fo r the interpretation of the results of circulating antigen 
detection w hich is now more and more app lied for serodiagnosis and as a tool in 
immunoepidemiological stud ies. 

The observations t hat CAA is detected predominantly in the serum, while in 
urine CCA shows the highest concent rations, might be well explained by the 
characteristics of t he kidney f iltration mechanism. Negative ly charged molecules 
are less well transported than positive or neutral molecules through the basal 
glomerular membrane, even if they have a similar effective molecular radius 
[ 1,1 2, 13]. 

Although each individ ual mouse received 1000 cercariae, worm burdens ranged 
from 200 to 500 w orms per mouse. No signi ficant correlation was observed for 
any antigen concentration w ith w orm burden, w hich was also found by [30,31], 
while a positive correla t ion over a larger ran ge of worm numbers per animal was 
observed by [5,36,37,50]. lt shou ld be noted that the design of the present 
invest igation was not optimal for studyi ng correlations of antigen levels with 
worm burdens as only one cercaria! infection dose w as given resulting in a low 
ra nge in worm numbers (only 2% -fold) . In the studies referred to above, these 
ranges were generally much longer, from 10- to 30-fold. CAA and CCA 
concentrations in serum and urine correlated highly with each other, as also 
described for humans by Van Lieshout et al. [58]. In epidemiological studies it is 
generally assumed that antigen levels correlate with worm burdens, but further 
studies on the clearance of CAA and CCA in humans need to be performed, as 
the antigen level would be a function of multiple factors [46] and highly 
influenced by c learance mechanisms. lt has already been shown that differential 
clearance of antigens like CAA and CCA, free or in immune complexes, occurs 
in mice [38,39,44,45,47]. The presence of CAA - containing immune complexes 
in mice and hamsters experimentally infected with S. mansoni was shown by 
Deelder et al. [31 ]. However, this study also showed that the production of 
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CAA-specific antibodies varied between the animals, resulting in a variation in 
free CAA-concentration and possibly also in different antigen clearance rates 
[31 ]. 

As a conc lusion, the present study in combination with a literature review 
suggests that the amount of antigen detected in the circulation or in the urine of 
infected mice not necessarily reflects the actual production by the worms, but is 
influenced by the host metabolic activities which might be different for CAA or 
for CCA. A statistical association with the worm burden has often been found , 
but directly relating antigen concentrations to numbers of worms in the host 
circulation should be performed with great caution. 
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