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Chapter 6 

Detection of lgM antibodies directed against the 
gut-associated circulating cathodic antigen in sera from 

Schistosoma mansoni infected patients 
Development and comparison of t hree enzyme- linked 

immunoassays 

Abstract 

The majority of the human lgM antibodies detected wit h an immunofluorescen ce 
assay (I FA) on adult worms are directed against the gut-associated circulating 
cathodic antigen (CCA). In order to study this phenomenon further we 
developed and evaluated three related ELISA methods to specifically detect lgM 
an t ibodies against pu rif ied CCA. The assays employed 1) direct coat ing of CCA, 
2) indirect coat in g of CCA via a mono clonal antibody, and 3) I gM 
antibody - capture by ra bbit anti-p chain antibod ies. Using a group of 4 6 positive 
sera, it was found that the three ELISA ;s an d the IFA w ere signifi cantly 

correlated. To d iscriminate betw een positive and negative sera we used a 
cut-off level of average reactiv ity + 3 standard dev iations of 50 negat iv e sera. 

False negative reactions were not found in any of the ELI SA's, w hi le both in the 
direct and the indirect ELl SA one false positive reaction occurred. For further 

studies or d iagn ostic use the ant ibody-capture ELISA is recommended . 

Introduction 

Infect ion with Schistosoma mansoni leads to a strong and early humoral immune 
response against gut-associated antigens of t he w o rm [ 12, 14, 19,22, 24]. 

SOS-PA GE o f adult w orm anti gen , f o llowed by immunob lotti ng, as well as 
ELISA techniques ut ili zing different worm an ti gen p repara tio ns have been 

described for det erminat ion of antibodies aga inst gut-associated antigen s 

[4 , 10, 13, 16,23,24]. A ntibodies against the gut-associated c ircu lat ing anodic 
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antigen (CAA) and circulating cathodic antigen (CCA) were detected using an 
immunofluorescence assay (IFA) on Rossman's fixed adult worms [12, 19] . 
Beside the IFA on whole worm sections, ELISA ' s have been reported in which 
antibodies against (part ly ) purified preparations of CAA and CCA [1 0,131 were 
detected. CAA and CCA both originate from the schistosome gut and are 
increasingly used for specific and sensitive immunodiagnosis of schistosomiasis 
in antigen - detection assays [5,8]. 

The underlying reasons for the present study were the following. Firstly, a 
routinely used IFA for immunodiagnosis of schistosomiasis detects lgM 
antibodies against Schistosoma gut- associated antigens in Rossman's fixed 
sections of adult worms [19]. These lgM antibodies are predominantly directed 
against CCA and not against CAA, as was shown by inhibition with specific 
anti-CAA and anti-CCA monoclona l antibodies [ 14]. This phenomenon needed 
further investigation and we used immuno- purified CCA preparations in 
ELISA- techniques to specifica lly measure the reactivity of human serum lgM 
antibodies against CCA . 

Secondly , using novel immunoaffinity - chromatography techniques and more 
sensitive methods for ant igen - detection, it has now been established that the 
antigen preparations which were used in the past [ 10, 12], were not entirely 
pure. As a consequence, antibodies specific for Schistosoma CAA or CCA as 
well as other antibodies could have been detected. This limitation together with 
improvements in assay - performance and the availability of highly specific and 
sensitive monoclonal antibodies (McAb), induced us to develop a sensitive assay 
which detects serum antibodies specific for the Schistosoma circulating cathodic 
antigen. 

ELISA methods are well established and convenient assays for rapid screening of 
large numbers of samples . While for antigen detection absolute concentrations 
can be read from a standard curve, the most appropriate method for detection of 
antibody activity (a combination of antibody affinity and concentration) is to 
express the results as end - point t itres [6], as the serum dilution curves of 
different patients might not be parallel. However, for determination of the 
end - point titre, absorbance values have to be read in the lowest part of the 
di lution curve, which is nearly f lat and thus most sensit ive for errors . 

Hancock and Tsang [15] described a modification of the antibod y -detection 
ELlS A, the kinet ic-based FAST -ELl SA, as a truly quantitative assay. Two 
requirements for quantitative assays are: ( 1) all reagents except the one being 
measured are present in excess amounts; (2) the enzyme activity is measured 
during t he initial linear portion of the reaction [15]. Hancock and Tsang 
described that in their specific case the serum dilution curves for individual sera 
were parallel, so they could use the standard curve method to estimate the 
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act1v1t y o f individua l sera (expressed in arbitrary units). In o ur system we 

adopted mo st of the principles descri bed for t he k inetic ELI SA, na mely t he 
excess amounts of reagents and the early measurement of enzyme acti vity. 
However, due to limitation of antigen only one serum dilution in du plicate was 

utilized both for the reference and sample sera and results were expressed as 
positive-negative ratio. 

Materials and Me thods 

Parasites and antigens 

S. mansoni adult worms (Puerto Rico strain) were collected by perfusion of golden 

hamsters 7 w ee ks after infection with 1500 cercariae. Adult W orm Antigen (A W A) and 

a TCA -soluble (7.5% w/v) fraction of AWA (AWA- T CA) were prepared as previ ously 

described [9). CCA was purified using a Protein A - based immunoaffi nity column 
prepared as descri bed by Sisson and Castor [25 ], using mouse monoclona l antibody 
54-5C 1 0 - A (lg G3) as capture antibody. The purity of CCA was checked by Ell SA as 
compared wi th starti ng-material. Biotin aminocaproylhydrazide (BACH, Pierce, 

Rockford, USA) w as used to biotinylate purified CCA, basicall y according t o 
O'Shannessy et al. [20 ] and O'Shannessy and Ouarles [21 ]. CCA (2 mg/ml) was 

oxidized for 15 m in at 4°C in acetate buffer (0. 1 M , pH 5 .5 ) by adding freshly prepared 
Na104 to a f inal concentration of 10 mM. The reaction w as stopped by sod ium sul phite 

and 0. 0 1 M BA CH in acetate buffer was added to a final conc entration of 5 .4 m M . 

After st irring the reaction m ix t ure for 2 h at roomtemperature it was dialyzed against 
PBS (0.0 35 M phosphate, 0 .1 5 M NaCI, pH 7 .6). Glycerine was added (5 0 %) and t he 

preparat ion w as stored in aliquots at - 20 ° C. Final concentration w as 0. 3 m g 

CCA - BACH/ml as cal culated from the sta rt ing amount an d assuming that yield w as 
100%. 

Im m unofluorescence assay 

The IFA w as carried out on sections of adult male worm s fixed with Rossman ' s f ixati ve 

[1 8 , 19 ). Sl ides were incubated with two-fold dilution series ( 10 d il uti ons , starting at 

1 /8) of serum of indi vidual patient s (45 min), washed, and incubated for 45 min with 

FITC - Iabelled swine ant i- hum an lg M (Nordic Immunologica l Laborat ories , T ilburg, T he 

Netherla nds) diluted 1/40 in PBS containing 0 .1 mg/ml Evan's Blue. The slid es w ere 
observed w ith a Leitz Dial ux 20EB fluoresce nce microsc ope with t he appropr iate fil t er 

com bi nat ion for FITC fluorescen ce. The reciproca l v alue of the last serum d il ution at 
which gut- fluorescence was sti ll vi sib le was t aken as the t itre. 
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Human serum samples 

For opti mization of the assays a positive serum pool composed of equal amounts of 5 
sera w hich were moderately positive in the IFA w as used. Sim ilarly, 5 sera which 
showed no reaction in t he IFA were pooled in the negative serum pool. This w as done 
to circumvent a possible restrict ion of antibody-reactivi t y due to testing wi t h only one 
serum (in t he optimization experiments). A se rum show ing intermediate reactivity and a 
low background chosen from a group of 5 positive sera was t aken as positive reference 
serum. 

For determinat ion of the assay performance , the same 46 positive sera were used 
which have been described by Deelder et al. [ 14]. The sera were from patients which 
had recent (under 6 months), stati c (bet ween 6 months and 4 years), and chronic (over 
5 years ) infections . In all patients the infection w as parasit ologica lly proven by 
dem onstrat ion of Schistosoma mansoni eggs in the stool. None of these pat ients had 
been treated w ith anti- schistosome drugs before serological testing. Fifty sera from 
non-endemic cont rol persons w ere used as negative sera . 

Enzyme- linked immunosorbent assa ys 

Three ELI SA meth ods were deve loped for detection of human anti - CCA lgM antibodies . 
In each ELl SA, incubati on steps were 15 min at 37 ° C during which time the plates 
were shaken on a Cooke A M 69 Microshaker [ 17 ). Absorbance readings at 630 nm 
(A630) w ere performed within 5- 10 min (during th is time period the peroxidase 
react ivity is linear) of substrata incubat ion w ith occasional shaking of the plat es . Serum 
samples and reference serum w ere tested in dupl ica t e in the same dilution (1 /200, see 
Result s sect ion) and resul t s were expressed as A630 rat ios of samples and reference 
(S IR ratio ), after subt raction of the A630 values of the wells containing diluted sera but 
without antigen solution . Each plate contained the reference serum and the control 

without antigen solut ion. After opt imization the following procedures w ere adopted . 

- Direct ELISA 
In the direct ELISA purified CCA w as directly coated to t he plat e (Maxisorp, Nunc, 
Roskilde, Denmark) in a concentration of 2.5 JJg/ml PBS (in the first series of 
optim ization experiments the partly purified preparation AWA- TCA was used since the 
amount of purified CCA was limited). Pl ates were washed with a 20 times diluted PBS 
solution and incubated with duplicate serum samples 1/200 diluted in 0.3% Tween- 20 
in PBS (PT). A positive control serum identically diluted was included on each plate. 
After washing, plates were incubated with peroxidase conjugated F(ab') 2 fragments of 
rab bit anti - human lgM (Dakopatts, Copenhagen, Denmark) 1/500 in PT. After a 
thorough final washing , substrata solution (0.42 mM 3 ,3 ', 5 ,5' - tetramethylbenzidine 
(TMB , Polysciences , Warrington, U.S .A .), 1.4 mM H20 2 in 0.1 M sodium acetate buffer 
pH 5 .5, [15)) was added and absorbance measured at 630 nm . TMB and H20 2 

concentrations used were shown to correspond to excess amounts [2). 
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- Indirect ELISA 
In the ind irect ELl SA anti-CCA M cAb 54-5C 1 0-A (lg G3, Prot ein A purifi ed) w as 
coated in a concentration of 10 J.lg /ml in PBS, followed, aft er washing, by incubation of 
purified CCA (2.5 J.ig/ml in PBS) (or AWA-TCA in the optimization ex periments) . The 
ELISA was fu rther carried out as described f or the direct ELISA. 

- Anti body-capture ELI SA 
In the antibody- capture ELISA plates were coated with rabbit anti - human lgM 
(J.i-chai n, Dakopatts) in a concentration of 5 J.ig/ml PBS. Serum samples were added in 
the same distribution as for the direct ELISA and after w ashing, BACH - conjugated CCA 
(stock solution (0. 3 mg /ml) 1/ 1000 diluted in PT mixed with peroxidase-conjugated 
streptavidin (Dakopatts) 1/4000 in PT was added. The final substrate step was 
performed as described above for the direct ELISA. 

Statistics 

S/R ratios of the positive sera were normally distributed (Kolmogorov-Smirnov), as well 
as 21og- values of reciprocal IFA-titres. Therefore the Pearson product-moment 
correlation coeff icient r was calculated to test for association between the different 
immunoassays. As a threshold for positive/negative discrimination the S/R ratio + 3 
standard deviations (50) of 50 sera from non-endemic control persons was used. 
Statistical ana lysis was performed using SPSS/PC + (SPSS Inc., Chicago, Illinois, USA) 
on an IBM/XT compatible PC . 

Results 

Experi ments w ere pe rformed to determine reagent excess. Coati ng 

concentrat ions o f M cA b 54-5C1 0-A and CCA we re determined usin g the 

positive se rum pool 1/ 10 d iluted and t he peroxidase-conj ugate 1 /500 d ilut ed 

(Fig. 1 ). Concentrat ions chosen were 10 ,ug /ml fo r 54- 5C 1 0 -A and 2. 5 ,ug/ml 

for CCA . For the an tibod y-captu re ELISA it was determined t hat a F( ab ' )2 

rabbit-ant i-human lgM coati ng concentration of 5 .ug /m l w as already opt imal. 

Us ing checkerboa rd t it ration CCA-BA CH st ock solutio n 1/1000 m ixed with 

peroxidase - conjugated streptavidin 1/4000 showed the h ighest performance. 

T he influence of post -coating with 0.5% BSA in PBS was tested both in the 

direct and indirect ELISA. In the former, McAb 54- 5C10- A w as coated at 

5 .ug /m l fo llowed by AWA - TCA (50 ,ug/ml ); in the direct ELISA AWA-TCA was 

coat ed at 50 ,ug /ml. Absorbances of the positive serum pool w ere found to 

decrease after post - coat ing, while absorbances of the negative serum pool or 

the buffer - con t rol we re not lowered (Fig. 2 ). 
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Figure 1. Titration of coating antibody 54- 5C 1 0 - A in the indirect ELl SA (A) and 
CCA in the indirect (B) and direct (C) EUSA. Serum antibod ies, conjugate and 
substrate w ere in excess . I:J. and o represent respectively positive and negative 
serum poo l 1/1 0 di luted in PT. 

To analyze the influence of buffer-additives, 0.3% BSA, 0.3% Tween - 20, or 
5% feta l calf serum was added to PBS and the direct and indirect ELl SA were 
perfo rmed as described above . Only minor differences were observed , but 0 .3% 
Tween - 20 showed a slightly higher performance. On t he basis of these results 
and t ogether w ith practical considerations, PT w as c hosen as assay - buffer 
duri ng serum and con jugate incubat ion st eps . 

Both in the direct and ind irect ELISA excess antibody was reached at a 1/ 10 
dilution of t he positive control serum pooL Therefore , in t he subsequent 
opt imi zation exper iments requiring antibody excess , at least a 1/10 d il ution of 
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the (positive or negative ) serum poo l was used. Serum samples were tested in 
1/200 dilution (0. 5 JJI in 100 JJI ) w hich was in t he li near part o f t he serum 
dilution curve . 

in d ire ct ELISA di rec t ELI SA 
0.5 
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Figure 2. Influence of post-coating w ith 0 .5% BSA in PBS. A bsorbances were 
measured of tr iplicate sam ples of the positive serum pool diluted 1 / 1 0 0 in PT (pas ). 
negative serum pool 1 /100 in PT (neg) and just PT, in the indi rect and direct ELl SA , 
us ing A WA-TCA as antigen. Closed bars : with postcoating, open bars: w ithout 
post coati ng. 

Perox idase conjugated F(ab' )2 rabb it-anti - human lgM was t itrated starting from 
1/100 di lution w ith excess an tigen and antibody (data not show n) . A 1/500 
di luti on of the conjugate w as c hosen as optimal for bot h the direct and indirect 
ELl SA . Substrate reaction was linear usi ng incubation ti mes not exceeding 10 
min and absorbance values be low 1 .0. Outside t hese ranges S/R ratios were not 
calculated. 

Anti-CCA anti bodies of lgM isot ype in human sera of 46 Schistosoma mansoni 
infect ed pat ien t s and 50 negative control sera were assayed utilizing t he three 

different enzyme - linked immunoassays. T he 46 positive sera were also 
(previously) t ested in an immunofluorescence assay. To determine paral lelity of 

serum dilu ti on curves for all th ree assays, 3 se ra were d iluted in a 1 /'11 0 dilut ion 
series starting from 1/20 (Fig. 3 ). 

In ta ble 1 average S/R rat ios and standa rd deviations for the negative control 
sera are disp layed . The ave rage S/R ratio + 3 SD w as used t o discr iminate 
betw een pos1t1ve and negative reac t ion . Intra - assay and inter-assay 
reproduc ibility w as ana lyzed test ing 5 repeats of a serum with S/R ratio c lose t o 

one w ith in t he same plate and on 5 diffe rent plates (also different coat ing and 

co njugate so luti ons ) (table 2 ). Comb ined var iatio n due to the spectrophotometer , 
pl ates, and multic han nel pi pette at 0 .6 absorbance units was 1%. 
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Figure 3 . Serum dilution curves of 3 individual sera. including the pos1t1ve control 
serum; (A) in indirect ELISA; (8) in direct ELISA; !Cl in Ab - capture ELISA. Symbols 
represent : <> highly positive serum; 0 positive control serum; ~:.. weakly positive 
serum . Absorba nces are corrected for nonspecific bind ing . 

Correlations between the assays were expressed using the Pearson 
product- moment correlation coefficient r (table 3) . Some of the results are 
visualized in Fig . 4 using scattergrams. 
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Table 1. Values of average S/R ratio's and standard deviations for 50 
negative control sera in indirect, direct and Ab-capture ELISA. 

assay average S/R ratio (sdl average S/R ratio + 3 * sd 

indi rect ELISA 
direct ELISA 
Ab-capture ELISA 

-0 .002 (0.012) 
0.045 (0.024) 
0.005 (0.034) 

0.033 
0.1 18 
0. 107 

Table 2. Intra-assay and inter-assay variability of S/R ratio ' s for a 
serum of moderate activity in indirect, direct and Ab-capture EUSA. 

assay intra-assay c.v.a inter-assay C.V. 

indirect ELISA 
direct ELI SA 
Ab- capture ELISA 

a C. V. = coefficient of variation 

1 . 2 
2.4 
3 .3 

1 .3 
3 .0 
5 .2 

Table 3 . Pearson product-moment correlation coefficient r for the 
association between the three ELISA's and for the IFA (expressed as 
21og(titre)), utilizing 46 positive sera. 

assay 

indirect ELISA 
direct ELISA 
A b- capt ure ELISA 

direct ELISA 

0 .9 734 a 

a r value (all p - values < 0 .0005) 

Discussion 

Ab - capture ELISA 

0 .8888 
0.8508 

21og(IFA- titre) 

0.5738 
0 .5225 
0 .5971 

In contrast to previous fin dings in thi s labo ratory [ 1 0] it was established that 
purified CCA bo und very w ell to the ELISA-plates used in the present study, 
with an excess coat ing concentrati on already reached at 2.5 J.lg /ml. This 

d iscrepancy between the t w o studies m ight be explained ( 1 ) by t he use of a 

different and highly ac t ivated type of ELISA- plates (Nunc Maxisorp) , which 
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Figure 4 . Correlation scattergrams of sample/reference ratios of human lgM 
anti - CCA antibodies obtained by three variant ELISA procedures and by the IFA. (A) 
direct ELISA vs . indirect ELISA; (B) Ab- capt ure ELISA vs. indirect ELI SA; (C) ind irect 
ELISA vs. 2 log (IFA- t it re ). 

might show di f ferent surface charact eristics towards binding of CCA, a highly 
glycosylated ant igen , and (2) by competition of other ant igens possibly present 
in the antigen preparation used in the past, which was only partly purified w ith 
respect to CCA. 

Post- coating with 0 .5% BSA resulted in equal (d irect ELISA) or decreased 
(indirect ELISA) posit ive/negative ra ti os whi le a decrease in non - specific bind ing 
was not observed . The differences between var ious buffer-add itives , in terms of 
positive/negat ive ratio and background level, was only marginal. However, eve n 
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PBS without any add itive on unblocked plates d id not give high background 
levels, a phenomenon which might be explained by t he high purity of the antigen 
prepa rat ion and t he specific ep itopes on CCA (supposed to be identical to 
ant igen M [3]). A CCA- specific M c Ab has been used for immunopurification of 
CCA and this McAb has e.g. been app lied by De Water et al. [7] for studies of 
ultrast ructural localizat ion of CCA in the digestive tract of various life - cycle 
sta ges of Schistosoma mansoni. A more detailed description of this and other 
CCA - specific McAbs f rom our la borat ory is in preparation (Oeelder, et al., 
manuscript in preparation ). The specificity of the antibody-peroxidase conjugate 
is also of importance, as higher absorbances for negative sera or buffer controls 
were observed with conjugates from other suppliers . 

For both the direct and the indirect assay the serum dilution curves were paralle l 
at a 1/200 serum dilution (Fig. 3 ) as could be expected since except for antigen 
presentation both assays are the same. In t hese assays, competition might 
occur by CCA - specific antibodies from other isotypes, wh ile in the Ab- capture 
ELISA lgM antibodies of other specificities might compete with the lgM 
anti - CCA antibodies. Taking into consideration maximal protein binding capac ity 
per well together with average I gM serum concentrations ( 1 - 2 mg /ml, [26]), 
limiting amounts of lgM antibodies are only reached at dilutions exceeding about 
1/1000. Therefore, at the dilution used ( 1 /200) only the ratio of CCA-specific 
vs. nonspecific lgM antibodies could be determined in the Ab - capture ELISA. 
However, measuring the samples at dilutions greater than 1/1000 would 
decrease the sensitivity of the assay . Despite these differences in assay 
limitations correlations between the t hree ELISA's were high, which indicates a 
high dependency of the parameter measured. This suggests only a limited 
influence of the different assay conditions . 

Background absorbances were genera ll y lowest in the Ab - capture ELISA, 
followed by those in the direct ELISA. In the indirect ELISA some sera showed a 
considerable binding to the mouse McAb- coated plate. Boerman et al. [1 ] 
indeed described that a substantial portion of human sera contains anti-mouse 
antibodies (mostly of the lgM isotype). In our assays, the presence of these 
antibodies could result in non - specific binding only in the indirect ELISA. 

If a cut - off level of average sample/reference ratio of negative control sera + 3 
standard deviations w as used , no false negatives were found in any of t he t hree 
ELISA's. In bot h the direct and indirect assay one false positive was found (a 
different serum) . lt can be concluded therefore , that all three assays correct ly 
d iscriminat e between positives and negatives. However, limited inference can be 
made regarding assay sens it iv ity , since t he pos itive sera were (previously) 

se lected for showing positive reactivity in t he IFA. Nevertheless, observations on 
assay performance are va lid and re liable and the optimal assay and 

assay- conditions could be established . 
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The good correlation of t he three ELISA's with the IFA confirms the previous 
observations t hat in the IFA predominantly CCA is recognized [1 4 ]. Regarding 
only the technical aspects of t he assays, the ELISA is preferred above the IFA 
beca use of practical and economical considerations . Many samples can easi ly be 
screened and t he results are expressed in a more quanti tative form. However, 
from the results presented in th is study it could not be concluded that for 
immunodiagnostic purposes the IFA can be replaced by the ELISA, because the 
sensitivity and specifici t y of the assays could not properly be compared with 
this group of patient sera. 

Comparing only the ELISA's, t he anti body - ca pture ELISA is the assay of choice 
for further studies in immunodiagnosis and epidemiology for the following 
reasons: 1) background absorbance is close to buffer- control, even with 
samples which show signi ficant non-specific reaction in the other ELISA's; 2) 
false negatives or false positives were not found; 3) intra-and inter-assay 
variation is low; 4) in terms of labor and mate rials it is the most economic assay. 
The limitation that only the ratio of CCA - specific vs. non CCA - specific lgM 
antibodies is determined w ould argue against the Ab-capture assay. However, 
compet ition by CCA-specific ant ibodies of other than lgM isotypes is a 
constraint of both the direct or indirect ELISA. Principally speaking, this should 
be verified in every ELI SA system which is used to specifically det ect antibodies 
of different isotypes and speci f icities. 
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