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SUMMARY

The present work was a longitudinal study &@thistosoma mansornfection in occupationally
hyperexposed canal cleaners in the Sudan and the influence of therapy on the parasitological and
humoral immune parameters. Chronically infected canal cleanet28) were more resistant to
reinfection (Fisher's exact tesR<0-05) than newly recruited canal cleaners=Q7). Chronically
infected canal cleaners had a significantly higher degree of Symmers’ fibsdsid¢1, P<0-0001),
significantly larger portal vein diameteP<0-05) and enlarged spleeni=4-2, P<0-05) than recently
infected, newly recruited canal cleaners. ELISA was used to detect I1gG, IgA and IgM in response to
whole worm homogenate (WWH) and cercarial homogenate (CH). Chronically infected canal cleaners
had significantly higher IgG to WWH antigen than newly recruited canal cleaners and normally exposed
individuals (P<0-05), while both chronically infected and newly recruited canal cleaners had higher IgG
levels to CH antigen than normally exposed individu&s@05). The newly recruited canal cleaners

had a significantly higher IgM level to CH antigen than chronically infected canal cleae®0b).

The IgG level to WWH antigen increased significantly after treatment in newly recruited canal cleaners
and normally exposed individual®<€0-05). The IgA level to CH antigen increased significantly after
treatment in the chronically infected group<0-05). Comparison of the serological parameters between
the different study groups with regards to infection and treatment is discussed.
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INTRODUCTION protective role of IgE in human schistosomiasis infection [8, 9].
Schistosomiasis mansoni is still a serious cause of morbidity in theSeveraI stuc_jles demonstrated a ro_Ie for IgM anq some of _the 9G
ubclasses in blocking the expression of protective immunity [10—

Sudan. Prevalence and infection are very much related to th 2]. Such antibodies were shown to modify immunity and allergic
pattern and degree of exposure. Infection, if not treated earlyiealcti\tjity [13]' 1es were show ify immunity gl

may lead to severe morbidity and irreversible pathological changes . . .
y y P 9 9 The present study was carried out to examine the host—parasite

with advanced periportal fibrosis in the liver [1] and the sequelae ofr lationshio in chronically infected irriaation canal cleaner ho
the development of oesophageal varices with the serious risk of‘er lons Ipt: nall ': };Ix d IB)Igm In NiTheir schi St w
fatal haematemesis [2]. Chemotherapy (praziquantel) has beehc occupationally nyperexpose ansoni.fheir schisto-

shown to reduce the worm burden and, if given on an annuaﬁome'SpeC'f'C antibody responses were qualitatively and/or quan-

basis, can markedly reduce the disease associated with infectior%at'vely co mpared _W|t_h.newly recruited canal clz_eaners_ and with
3] naturally infected individuals from the endemic region. The

Man can develop partial immunity to a schistosome infectionimmunom(tli(.:al profiles .and the effect .Of pr.'?\ziquantel treatment
[4]. Eosinophils and IgG obtained from infected humans can®" the clinicopathological and parasitological status of these

destroy the immature parasite when placed in the presence §foups were evaluated.
complement [5]. Furthermore, aggregated IgE complexes enhance
macrophage-mediated cellular killing [6,7]. Recently, two sets of MATERIALS AND METHODS

epidemiological studies have brought convergent evidence for a )
Study area and study population

Correspondence: Dr Mohamed Ziada Satti, Tropical Medicine Researc] '€ Study population was selected from the Gezira irrigation
Institute, National Centre for Research, PO Box 1304, Khartoum 111115¢heme which |'§5 ina tr!angle of land south of the junction of
Sudan. the Blue and White Niles in Central Sudan. In order to select the
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study groups, a survey of the area was undertaken to map theas then used as cercarial homogenate (CH) antigen. The protein
operating canals. Vegetation plays a considerable role in obstructontent of WWH and CH antigens was determined according to
ing the flow of water along the irrigation canals. Clearance of theBradford method [18].
canal from the blocking vegetation is absolutely mandatory. In
most cases canals are cleaned manually to remove the submergeg|sa
and emergent rotted and floating vegetation during the irrigatiorgasically, the procedure described by Vollet al. [19] was
season of the year. Canal cleaners use machetes to cut weeds. Thgiowed. The appropriate concentrations of antigens, sera and
are hyperexposed to cercariae of schistosomes during their weednti.human serum probes were determined by checkerboard titra-
clearing job, which is usually carried out at the time of day whenyjon, ELISA plates (Nunc—Immunol, Roskilde, Denmark) were
cercarial shedding is at its peak [14]. coated with 34 g/ml of WWH antigen or & p.g/ml of CH antigen

The groups selected for the present study were age-matcheg carhonate—bicarbonate buffer pHg100.l/well). Coating was
(25-55 years) canal cleaners in the Gezira area who had been @@yried out overnight at°€. One percent bovine serum albumin
the job for variable periods. Group 1, chronically infected canalgsa; Sigma Chemical Co., St Louis, MO) was added at 100
cleanersif = 28) who were on the job for more than 5 years; group ej| for 1 h to block the free binding sites of wells. Serum samples
2, newly recruited canal cleaners< 17) who were in service for yere diluted at 1 : 50 for WWH antigen and 1: 100 for CH antigen
only 8 months (one transmission season) before the initiation of thg, pgs with 005% Tween 20. Diluted sera (100 were added to
field phase of the study. They were newcomers to Gezira and Wergach well and the plates were incubated atC3%or 1h. A
included to study the effect of hyperexposure to schstosom@grseradish peroxidase-labelled sheep anti-human antibody was
cercariae on people without previous exposure; group 3, a grougjjyted at 1:2000 for IgG and 1:1000 for IgA or IgM (Sigma)
of local farmers infected witls. mansonfn = 11) was included as  j; pBS with 005% Tween 20. One hundred microlitres were
normally exposed individuals; group 4, a control gromp=(12)  added to each well and the plates were incubated « 8t 1 h.

selected from Khartoum, who were not infected. o-phenylenediamine dihydrochloride (OPD; Sigma) substrate was
. ) o o used at a concentration 0f406 (w/v) in citrate buffer pH5 with
Parasitological and clinical examination 0:01% (viv) H,O.. The reaction was stopped after 30 min by the

Stool and urine samples were collected on 3 consecutive days. Th&ydition of 20% sulphuric acid (1@/well). The absorbance was

presence and intensity &. mansoninfection was determined |ead at 492 nm on an ELISA reader (Minireader 1I; Dynatech
according to the modified Kato technique (three Kato smears fol'_aboratories, Inc.). The detected optical density (OD) readings
each sample) [15]. A deposit of 10ml of mid-day urine was yere corrected to the set reference positive according to the

examined forS. haematobiunStudy groups were followed para-  method of Volleret al [20] Only interassay variation of10%
sitologically at 3, 6, 12 and 48 weeks post-treatment. A hatchinga5 accepted.

test of the egg-positive samples was done at 12 weeks post-
treatment.

Study groups were thoroughly examined clinically (generaISt"ijt'cal analysis

y H 2 H
physical, ECG, ultrasonography, etc). The size of the liver andStudent st-test, the Fisher exact tet; test, one-way analysis of

spleen along with the extent of Symmers’ periportal fibrosis Wereva:?ggﬁat(jmeﬁe) and correlation analyses were applied where

determined by ultrasound examination as previously described [1]"?‘lp

Treatment
All positive patients were treated using 40 mg/kg body weight of
praziquantel (Biltricide, Bayer) in two doses, about 4-6h apartClinical and ultrasonic examination

RESULTS

(2 x 20mg/kg) [16]. Of the chronically infected canal cleaners, 67% had Symmers’
fibrosis, while no Symmers’ fibrosis was observed among the
Blood collection newly recruited canal cleaners. Of the normally exposed indi-

After informed consent was received, venous blood samplegiduals, 43% had Symmers'’ fibrosis, but this was not significantly
(10 ml) were obtained from each individual before and 3 monthsdifferent from the chronically infected canal cleaners. Of the
after treatment. The blood was defibrinated with glass beads;hronically infected canal cleaners, 83% had moderate (grade 2)
centrifuged and the serum was frozen in small aliquots in liquidto advanced grade (grade 3-4), while all normally exposed

nitrogen (-196°C). individuals had a mild grade of fibrosis (Fisher's exact test,
P < 0-05). The liver was shrunken in 26% of chronically infected
Antigen preparation cleaners, 6% of newly recruited cleaners={1) and 44% of

Whole worm homogenate antige8uspensions of adult worms normally exposed individuals. However, the difference was sig-
of S. mansonivere collected from infected mice [17], washed with nificant between newly recruited cleaners and normally exposed
sterile HO, suspended in PBS and homogenized in a tissue grindgndividuals only ? = 56, P < 0:05). The spleen in chronically

on ice and then ultracentrifuged at 100@0@t 4C for 1h. infected canal cleaners was significantly larger than in newly
Supernatant was collected and used as whole worm homogenatecruited cleanersyf = 42, P < 0:05) and normally exposed
(WWH) antigen. individuals (> = 6:8, P < 0:01).

Cercarial homogenate antige@ercariae were collected from
shedding snails (Sudanese strainSofmansoniand stored over-  Parasitological examination
night at £C to reduce their motility. They were then washed three Table 1 shows the faecal egg counts of the infected groups before
times in PBS. The pooled cercariae were then sonicated on ice f@nd after treatment. Chronically infected canal cleaners showed the
30s and ultracentrifuged at 100 0§@t 4°C for 1 h. Supernatant highest geometric mean of egg/g before treatment. Newly recruited
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Table 1. Faecal egg counts &chistosoma manseimifected study groups

Post-treatment follow up

Before

treatment 3 weeks 6 weeks 12 weeks 48 weeks
a. Group 1 o= 28)
Geometric mean 243 12 20 38 113
Range 0-2847 0-13 0-165 0-533 0-773
Percent positives 96 7 30 36 55
b. Group 2 6 =17)
Geometric mean 148 15 39 72 496
Range 0-1340 0-191 0-351 0-253 0-573
Percent positives 94 7 31 50 78
c. Group 3 o= 11)
Geometric mean 8531 12 00 13 33
Range 13-1247 0-6 0-0 0-9 0-120
Percent positives 100 10 0 11 27

Group 1, Chronically infected canal cleaners; group 2, newly recruited canal cleaners; group 3, normally exposed
individuals.

cleaners showed a lower geometric mean. Normally exposedhronically infected canal cleaners an® 3 normally exposed
individuals showed the smallest geometric mean. The highesindividuals. Egg counts for 1 year following therapy were sig-
intensities of infection were found among the chronically infectednificantly higher in newly recruited canal cleaners compared with
cleaners, with a maximum of 2847 eggs/g. At 3 weeks followingegg counts in chronically infected canal cleaners (Fisher's exact
treatment, all patients stopped passing ova except four (twdest,P < 0-05).Schistosoma haematobiuniection was not found
chronically infected cleaners, one newly recruited cleaner andn any of the study individuals.
one normally exposed individual). Six weeks after treatment,
30% of the chronically infected canal cleaners and 31% of theComparison of mean IgG, IgA and IgM levels to WWH and CH
newly recruited cleaners passed ova, whereas none of the normalintigens between the study groups
exposed individuals did. A hatching test was done 12 weeks afte€hronically infected canal cleaners had significantly higher IgG
treatment to examine the viability of the excreted eggs. levels to WWH antigen than newly recruited canal cleaners and
At 12 weeks post-treatment, 36% of the chronically infectednormally exposed individual$(< 0-05) (Fig. 1) before treatment.
cleaners, 50% of the newly recruited cleaners and 11% of thélo significant difference between the infected groups was seen in
normally exposed individuals were positive f8t mansonibva IgA and IgM response to WWH antigen before treatment. Chroni-
test. Of the chronically infected canal cleaners that were passingally infected canal cleaners and newly recruited canal cleaners
ova 12 weeks after treatment, 20% excreted viable eggs (hatched)ad a significantly higher IgG response to CH antigen than
while 100% of the newly recruited canal cleaners and normallynormally exposed individuald(< 0-05) (Fig. 2).
exposed individuals were excreting viable eggs. One year after With regard to IgM levels before treatment, we noted that
treatment, 55% of the chronically infected cleaners compared witmewly recruited canal cleaners had the highest level, and this was
78% of the newly recruited cleaners and 27% of normally exposedignificant compared with chronically infected canal cleaners
individuals were positive folS. mansonova. The highest geo- (P < 0-05) (Fig. 2).
metric mean of egg/g 1 year after treatment was found in newly Among all antibody isotypes studied, the IgG response to
recruited canal cleaners (#9eggs/g) compared with 1 in WWH antigen showed a significant correlation with infection
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Fig. 1. Immunoglobulin levels in response $zhistosoma mansowhole worm homogenate in chronically infected canal cleaners (1), newly
recruited canal cleaners (2), normally exposed individuals (3) and uninfected controls (4). The solid lines represents the mean. (a) Chronically
infected canal cleaners had significantly higher IgG than other grdupsQ-05).
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Fig. 2. Immunoglobulin levels in response ®chistosoma mansowmercarial homogenate in chronically infected canal cleaners (1),
newly recruited canal cleaners (2), endemic infected individuals (3) and uninfected controls (4). The solid line represents the mean. (a)
Chronically infected and newly recruited canal cleaners had significantly higher IgG than normally exposed indRigu@i8g). (c) Newly
recruited canal cleaners had the highest IgM level, and the difference was significant compared with chronically infected canal cleaners
(P < 0-05).
intensity (Spearman’s correlation coefficieat0-43; P < 0-001; DISCUSSION
Fig. 3).

The clinical and pathological manifestations&f mansoninfec-
. . . ion ar vern many f rs. Intensity of infection, includin
Antibody responses in the different study groups before and aftetrO are governed by ma y actors. Intensity o ect_o clud ng
treat t (naired | the frequency and severity of exposure, and the immunological
'Itﬁg Zf?;ct(gfltrreeat;ag\? si)imm noalobulin classes 19G. 1A andstatus of the host are the most important factors. Mortalit.in

: . unogrobufin 9%, 19 mansoniinfection is always secondary to the development of
IgM is shown in Tables 2 and 3. 1gG levels increased significantly , . ) .

. . ymmers' hepatic preportal fibrosis and the subsequent portal

3 months after treatment in newly recruited canal cleaners an

A \ ypertension, oesophageal varices and haematemesis [21,22].
”.O”‘??”y exposed individual$(< 0 0.5) (Table 2). There was no Canal cleaners undertaking manual cleaning of weeds from the
significant change after treatment in IgA and IgM response to

. Irrigation canal system experience an unusual exposure pattern and
WWH antigen of all groups. 9 y P b P

With regard to the CH antigen, newly recruited canal cleaner %r:sk of infection with schistosomiasis representing an unusual
o ' —parasite relationship. The di rn, clini hological
showed a significant decline in 1gG level after treatmé&nt(0-05) ost-parasite relationship. The disease pattern, clinicopathologica

. - . and immunological parameters of such individuals experiencing
(Table 3), while chronically infected canal cleaners and normallythis exposure pattern have not been well studied before.

exposed individuals showed no significant difference. Chronically Long-term occupational hyperexposure without adequate treat-
infected canal cleaners showed a significant increase in IgA level to . . - .

. . . ment produces, as expected, high levels of infection (geometric
CH antigen, following treatmentP(< 0-05), but this was not

h ; A ean 247 eggs/g) and advanced irreversible pathological changes
observed in other groups_(T_a_bIe 3). Chronlcz_ally infected canal_I{F chronically infected canal cleaners. Of chronically infected
cleaners also showed a significant decrease in IgM level to C

. . canal cleaners, 67% had Symmers’ fibrosis, whereas no newly
ant!gen after treatmenlf_’(<_(_) 05), while IgA and IgM levels t_o CH recruited canal cleaner showed any signs of Symmers’ fibrosis. In
antigen showed no significant change after treatment in newl

- R, comparison, 43% of normally exposed infected individuals had
recruited canal cleaners and normally exposed individuals (Table ?%ymmers’ fibrosis. Previously, Homeida al. [1] found 12—18%
Symmers’ fibrosis prevalence in two Sudanese villages. The differ-
ence in prevalence between our normally exposed infected group

1.6 — . .
and Homeida’s group may be due to the fact that in our study only
1.4 ] . adults were selected, while he studied the whole village cross-
. . gy sectionally.
8 1.2+ u u® _-' n :. Treatment with praziquantel was effective in 92% of all
n ] s
[ [ ]
tz 1 .§ ] -' Table 2. IgG levels in response to WWH before and after treatment in
o L l. n Schistosoma manseimifected groups (paired samples)
T 081 = "
> 06 . r IgG mean ELISA ODt s.d.
9 04l . Before After
- Study group treatment treatment P
02—
Group 1 f = 25) 120+ 011 123+ 013 NS
0 ‘ 1 f ' ' ' ] Group2 a=14) 0874020 102+ 019 o
05 1 1-5 2 25 3 35 4  Group3a=28) 073+ 026 091+ 029 *

Log egg/g (intensity)

Fig. 3. Correlation between intensity of infection and IgG antibodies in ~ *P < 0-05; **P < 0-01. NS, Not significant.
response to whole worm homogenate (Spearman’s correlation Group 1, Chronically infected canal cleaners; group 2, newly recruited
coefficient= 043, P < 0-001). WWH, Whole worm homogenate. canal cleaners; group 3, normally exposed individuals.
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Table 3. Immunoglobulin levels in response to cercarial homogenate before and after treatm&uhistosoma mansecifected groups
(paired samples)

Immunoglobulin type (mean ELISA OB s.d.)

1gG IgA IgM
Study group Before* After* P Before After P Before After P
Groupl =25) 140+021 143+ 019 NS 040+ 021 055+ 026 T 049+ 031 033+ 025 T
Group 2 = 14) 150+ 024 130+ 021 T 0-60+ 0-23 059+ 024 NS 089+ 0-33 082+ 0-33 NS
Group 3 1= 8) 109+ 0-37 116+ 033 NS 047+ 027 043+035 NS 045+ 0-24 038+ 026 NS

*Before and after treatment.
P < 0-05.
Group 1, Chronically infected canal cleaners; group 2, newly recruited canal cleaners; group 3, normally exposed individuals.

individuals studied at 3 weeks post-treatment. Only 20% ofblocking effect on the other protective antibodies [10,12]. In
chronically infected canal cleaners that passed ova were passirigct, as already shown, newly recruited canal cleaners were
viable eggs, while all egg-positive individuals in newly recruited more susceptible to reinfection than chronically infected canal
canal cleaners passed viable eggs. When examined 1 year afteleaners. It has been found that susceptible children had signifi-
treatment, 78% of newly recruited canal cleaners had acquiredantly higher levels of IgM antibodies against 38-kD schistoso-
infection, compared with 55% of chronically exposed canal clea-mular protein [10]. IgG antibodies against this antigen moiety
ners. Newly recruited canal cleaners seemed to be more susceptibieediate antibody-dependent cellular cytotoxicity, which can effec-
to reinfection, especially when viability of their eggs was takentively be blocked by IgM [12]. Persistence of high IgM complex
into consideration (Fisher's exact teBt< 0-05). levels was also demonstrated by Jasstnal. [25] in chronic
Regulation of the schistosome-specific antibody class responsschistosomiasis infection. In Jassim’s study all groups studied
was studied in relation to the effect of chemotherapy. Chronically(chronically infected, acutely infected and school children)
infected canal cleaners were found to have the highest IgG levels tshowed similar IgM responses to worm and egg antigens, but,
WWH antigen. This is in line with the findings of Shet al. [23] except for the acute cases, a minority had IgM antibodies to larval
and Feldmeieet al. [24], who stated that anti-schistosome IgG and antigens. The antigen of significance as a stimulus for such
IgE levels correlate positively with the intensity of infection. Such blocking IgM antibodies was identified as carbohydrate epitopes
correlation was found also in the present study between intensity aéxpressed both on egg polysaccharides and on schistosomulum
infection and IgG to WWH antigen (Spearman’s correlation surface antigen [27].
coeffecient=0-43; P < 0-001). IgG levels in chronically infected High levels of schistosome-specific serum IgA were reported in
canal cleaners showed a slight, but not significant, decrease aftschistosomiasis patients, and these levels tended to increase with
treatment. The level of the IgG to WWH antigen in newly recruited severity of the disease, being highest in cases with ascites [28]. In
canal cleaners and parasite-positive normally exposed controlsur study, low levels of IgA were found in all groups. In
increased significantly after treatmenf € 0-01, P < 0-05, chronically infected canal cleaners IgA antibodies in response to
respectively). Jassinet al [25] did not find changes in IgG CH antigen increased significantly after treatment. A similar
levels following chemotherapy of chronically infected canal clea-observation was made by Auriaudt al [29], who observed a
ners, early infected cases and acute hospital Sudanese cassmgnificant increase in IgA response to the recombinant p28
Barsoumet al. [26] found that after chemotherapy, most patients glutathione-S-transferase and its peptides in Kenyan children,
expressed elevated antibody responses to WWH and CH antigensoth in resistant and susceptible groups. This antigen has been
which persisted for at least 9 months. Although our study groupsidentified among adult worm proteins and on the schistosomulum
especially canal cleaners, showed a different pattern in theisurface, and can be considered an important molecule for a
specific anti-schistosome 1gG response, there was no differengeotential vaccine [30]. Auriaulét al. [29] found the specific IgA
in total serum IgG between the chronically infected group and thehat bound to the 140-153 peptide of the p28 to be two-fold higher
newly recruited group (data not shown). In fact, newly recruitedin resistant Kenyan children than in the susceptible group. How-
canal cleaners had slightly higher total serum IgG. This findingever, this difference in IgA response was less marked after
suggests that there may be differences in the percentage of Ig@amniquine treatment. Although anti-schistosome-specific IgA
antibodies which are parasite-specific between the differentould play an important role in immunity to schistosome infection,
groups. It also indicates the need to examine the possible variatiomeither our nor Auriault’s results prove this.
in 1gG subclasses between the different study groups. Studies in the mechanisms underlying the regulation of anti-
The IgA and IgM levels before and after treatment were low in gen-specific antibody classes and subclasses are essential for better
all study groups except newly recruited canal cleaners, whainderstanding of immunity to schistosomiasis and the effect of
showed significantly higher IgM to CH antigen in comparison chemotherapy. Detailed studies on the IgE and IgG subclasses and
with the chronically infected groupP(< 0-05). This may be immune complex formation and clearance are needed in order to
related to the recent infection of the previously naive individualsexplain how the serological responses are regulated. Such studies
of the newly recruited canal cleaners. This IgM may have aare now in progress.

© 1996 Blackwell Science LtdZlinical and Experimental Immunolog$04426—431



Immunity inS. mansoninfected Sudanese canal cleaners 431

ACKNOWLEDGMENTS of the host response in human schistosomiasis. I1l. Blocking antibodies
. specifically inhibit immediate hypersensitivity responses to parasite
This work was supported by the US AID PSTC grant no. 5.148 and NIH antigens. Immunology 19826:777-85.
grant no. Al 16312._We would like to acknowledge Drs J.L. Be_nnett and14 Pitchford RJ, Meyling AH, Meyling J, Du Toit JF. Cercarial shedding
J'F_' W||I_|ams for thel_r councel gnd support. We thank Dr'N. Macie-Taylor, patterns of various schistosome species under outdoor conditions in the
University of Cambridge, for his help in statistical analysis. The support of Transvaal. Ann Trop Med Parasitol 19688:359—71.

the Da_nish Bilharziasis Laboratory and the Sudan MR_C i_S Very mUChlS Teesdale CH, Amin MA. Comparison of the bell technique, a modified
appremated. We thank Professor A.M. Elhassan for reviewing the manu- Kato thick smear technique, and a digestion method for the field
script. diagnosis ofSchistosomiasis mansodiHelm 197650:17-20.
16 Khardaman MW, Amin MA, Fenwick A, Cheesmond AK, Dixon HG.
REFERENCES Afield trl_al using pra2|quante_l _(Blltn(_:lde_) to tre@chlstosoma mansoni
and Schistosoma haematobiumfection in Gezira, Sudan. Ann Trop
1 Homeida M, Saad A, Dafalla A, Sulaiman S, Eltom |, Nash T, BennettJ.  Med Parasitol 198377:297—304.
Morbidity associated withSchistosoma mansomfection as deter- 17 Smithers SR, Terry RJ. The infection of laboratory hosts with cercariae
mined by ultrasound: a study in Gezira, Sudan. Am J Trop Med Hyg  of Schistosoma mansoand the adult worm recovery. Parasitology

1988;39%2):196-201. 1965a;55:695-700.

2 Saad AM, Homeida M, Eltom I, Nash T, Bennett JL, Hassan MA. 18 Bradford MM. A rapid and sensitive method for the quantitation of
Oesophageal varices in a region of the Sudan endemigdistosoma microgram quantities of protein dye—binding. Anal Biochem 1976;
mansoniBr J Surg 199178:1252-53. 72:248-54.

3 Homeida MA, Fenwick A, Dafalla Afet al. Effect of antischistosomal 19 Voller A, Bidwell DE, Bartlett A. The Enzyme Linked Immunosorbent
chemotherapy on prevalence of Symmers’ periportal fibrosis in Suda-  Assay (ELISA). A guide with abstracts of microplate applications. Vol

nese villages. Lancet 19880.437— 40. 11.Guernsey: Microsystem, 1980.

4 McCullough ES, Bradely DJ. Egg output stability and the epidemiology 20 Voller A, Bidwell DE, Bartlett A. The Enzyme Linked Immunosorbent
of Schistosoma haematobiufn Variation and stability ifSchistosoma Assay (ELISA). A Guide with abstracts of microplate applications.
haematobiunegg counts. Trans Roy Soc Trop Med Hyg 19684 75— Guernsey: Dynatech, Europe. 1979.

90. 21 Nash TE, Cheever AW, Ottesen EA, Cook JA. Schistosome infections

5 Anwar ARE, Smithers SR, Kay AB. Killing of schistosomula of in humans: perspectives and recent findings. Am Intern Med 1982;

Schistosoma mansonbated with antibody or complement by human 97:740-54.
leukocytesin vitro; requirements for complement in the preferential 22 Cheever AW, Andrade AZ. Pathological lesions associated Svittis-
killing by eosinophils. J Immunol 1979;22628-37. tosoma mansonnfection in man. Trans Roy Soc Trop Med Hyg 1967;

6 Capron M, Camus D, Carlier Y, Figueiredo JFM. Immunological 61:626—39.
studies in human schistosomiasis. 11. Antibody cytotoxic for 23 Sher A, Butterworth AE, Colley DG. Immune responses during human
Schistosoma mansomsichistosomules. Am J Trop Med Hyg 1977; schistosomiasis mansoni. 11. Occurrence of eosinophil-dependent
26:248-53. cytotoxic antibody in relation to intensity and duration of infection.

7 Joseph M, Capron A, Butterworth, AE, Sturrock RF, Houba V.  Am J Trop Med Hyg 197726:909-16.
Cytotoxicity of human and baboon mononuclear phagocytes againsg4 Feldmeier H, Gastl GA, Poggensee U. Relationship between intensity
schistosomulén vitro induction by immune complexes containing IgE  of infection and immunomodulation in human schistosomiasis. 1.
and Schistosoma mansoatigens. Clin Exp Immunol 197&3:48— Lymphocyte subpopulations and specific antibody responses. Clin
56. Exp Immunol 1985a60:225-33.

8 Hagan P, Blumenthal UJ, Dunn D, Simpson AJG, Wilkins HA. Human 25 Jassim A, Hassan K, Catty D. Antibody isotypes in human
IgE, 1gG4 and resistance to reinfection witchistosoma haematobium schistosomiasis mansoiiarasit Immunol 1987:627-50.
Nature 1991349243-45. 26 Barsoum IS, Gamil FM, Al-Khafif MA. Immune responses and immu-

9 Dunne DW, Butterworth AE, Fulford J& al Immunity after treatment of noregulation in relation to human schistosomiasis in Egypt. 1. Effect of

human schistosomiasis: association between IgE antibodies to adult treatment onin vitro cellular responsiveness. Am J Trop Med Hyg
worm antigens and resistance to reinfection. Eur J Immunol 1992; 1982:31:1181-87.
22:1483-94. 27 Butterworth A, Dunne D, Fulford Aet al. Immunity in human

10 Khalife J, Capron M, Capron A. Immunity in human schistosomiasis  schistosomiasis mansoni: cross—reactive IgM and, Ig@ti—carbo-
mansoni. Regulation of protective immune mechanisms by IgM block-  hydrate antibodies block the expression of immunity. Biochimie 1988;
ing antibodies. J Exp Med 198&64:626-40. 70:1053-63.

11 Khalife J, Dunne DW, Richardson BA, Mazza G, Thorne, KJI, Capron28 Ata A, Hunter S, El-Badrawy N, Shaker Z. Some immunological
A, Butterworth E. Functional role of human IgG subclasses in eosino-  studies of bilharzial ascitic cases. J Egypt Med Assoc 16G%81-90.
phil-mediated killing of schistosomula dchistosoma mansond 29 Auriault C, Graz—Masse H, Pierce Rf al Antibody response of
Immunol 1989;1424422-27. Schistosoma mansoinifected human subjects to the recombinant P28

12 Butterworth AE, Dunne D, Fulford fet al Immunity in human glutathione-S-transferase and to synthetic peptides. J Clin Microbiol
schistosomiasis mansoni: cross—reactive IgM and 1gG2 anti-carbhy- 1990:;28:1918-24.
drate antibodies block the expression of immunity. Biochimie 1988;30 Taylor JB, Vidal A, Torpier Get al. The glutathione transferase activity
70:1053-63. and tissue distribution of a cloned ,M28K protective antigen of

13 Hofstetter M, Poindexter RW, Ruitz-Tiben E, Ottesen EA. Modulation  Schistosoma mansorMBO J 1988:7:465-72.

© 1996 Blackwell Science LtdClinical and Experimental Immunolog$04426—-431



