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The Effect of Treatment on the Age-antibody Relationship in
Children Infected with Schistosoma mansoni and Schistosoma
haematobium
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The effect of praziquantel treatment on the age-antibody relationship was studied in 174 children aged between
6 and 17 years from a schistosome endemic area in Zimbabwe. The children were co-infe@etlistdboma
mansoniand S. haematobiunwith infection prevalences of 74% and 53% respectively. Antibody levels for the
isotypes IgA, IgE, IgM, IgG1, 1gG2, IgG3 and IgG4, directed against soluble egg antigen were measured using an
indirect ELISA assay. Treatment resulted in a significant increase in levels of 1gG2 and IgG3 while levels of IgA
decreased significantly. In untreated children there were significant decreases in levels of IgG4. Treatment also
resulted in significant alteration in the age-antibody profiles for the isotypes IgE, IgM, IgG1 and IgG2 in treated
children but not in untreated children. The results are discussed in the context of factors believed to give rise to the
age-antibody relationship; i.e. age-related exposure patterns, age-related development of acquired immunity, age-
related hormonal changes and age-related changes in innate susceptibility to infection.
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Numerous field studies have demonstrated several epe short lived ( Woolhouse & Hagan 1999), so that as the
demiological and immuno-epidemiological patterns nowosts age, their cumulative experience of parasite anti-
accepted as characteristic for schistosome infectiogens increases, resulting in an increase in acquired resis-
(Woolhouse & Hagan 1999). One such pattern is the dignce. This explanation is supported by both experimen-
tribution of immune responses across different ages ina (Crombie & Anderson 1985) and field studies
host population. For botBchistosoma mansoandS. (Woolhouse et al. 1991, Woolhouse 1998). The second
haematobiunresponses directed against egg antigelexplanation is age-related hormonal influence of the im-
levels of IgE have been shown to increase with age, thaseine system. It has been suggested that hormones which
of IgA, IgM and 1gG2 have been shown to decrease witthange with age such as growth hormones affect the
age, while levels of IgG1 and IgG3 have been shown tmmuno-competence of the host (Gryseels 1994). There
either increase or decrease (Demeure et al. 1988s yet not been a comprehensive field or experimental
Butterworth et al. 1988, Hagan et al. 1991, Dunne et atudy to validate this explanation. Another explanation is
1992a,b, Grogan et al. 1996, Ndhlovu et al. 1996, Vandawlated to the development of innate resistance to infec-
et al. 1996, Mutapi et al. 1997, Webster et al. 1997). Thi®n. This includes changes in skin thickness and changes
explanations for these patterns have been controversial.the distribution of fat, both of which are believed to
They include the development of acquired resistanceduce the success of cercariae in penetrating the skin
which is related to the development of parasite-specifiGryseels 1994). Again there have not been any field stud-
immune responses as a function of the duration and fies to validate this. Finally age-related changes in expo-
guency of exposure to parasite antigens (Anderson 1983\ire patterns have also been suggested to influence the
Immune responses are believed to develop slowly anddge-antibody pattern. Field studies on exposure patterns
have shown that while differing exposure patterns do af-
fect the levels of antibodies produced they do not fully
explain the patterns observed (Stelma 1997).

The aim of our study is to investigate the robustness
of the age-antibody relationships in children infected with
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MATERIALS AND METHODS IgE, IgM and IgG4, using horseradish peroxide conjugated
Study site and sample collectiorThe study was 9A (A-7032 Sigma, St Louis), IgE (P-295, Dako, Denmark),
carried out as part of a larger study of school childre@M (A-9607, Sigma, St-Louis) and IgG1, 19G2, IgG3 and
from Chiredzi, Southeastern Zimbabwe, whgrenansoni 9G4 (MCA514, MCAS515, MCAS516, MCAS17 respec-
andS. haematobiurare endemic. Only inhabitants of theliVely, Serotec, UK). IgE plates were incubated &C3for

study areas who had never been treated for any helmigt? @nd plates for all other isotypes were incubated at
infection were selected for the study. Following expland©°m temperature for 1 h. All plates were washed six times,
tion of the study aims to the community, school childrefnd 100 u/well of substragephenyldiamine in phosphate
and their teachers, 320 children (6 tol7 years old) wefdrate buffer (pH 5) added. The reaction was allowed to
surveyed. Parasitology samples were collected from eggé(e place at 3T for 30 min for all isotypes, stopped with
child as follows. At least two urine and two stool sample&® ! 0f %SO, and absorbance read at 492 nm. All sera
were collected on three consecutive days. Three replicif€"€ assayed in duplicate and three standards (also in
slides were prepared for each stool sample and procesS&@licate) were included on each plate. These were: a
following the Kato Katz procedure to detect a8y positive control consisting of a pool of sera from 20 indi-

mansonieggs and other intestinal helminths while th&//duals presenting with the highest egg counts across
urine filtration method was used to detect agy € g€ range; a negative control consisting of a pool of
haematobiuneggs in the urine samples (Katz et al. 197562 from 20 schlstosqme-negatlve South Americans; and
Mott 1983). The formal ether faecal concentration methdd Plank control containing no sera. The background ab-
was used on a random sub-sample of 53 children to carproance of reagents in the absence of serum was sub-
firm the Kato results. At the same time a blood Sar,ongacted from aII_readmgs. Immunological assays were also
was collected for serological assays. Parasitology afgnducted againstwhole worm homogenate antigens. The
serology samples were collected in the same manneF%U"S from these are not presented here as responses to

and 18 weeks after treatment. Of the 320 children sup=A 9ave cklaarerlresults. stical anal
veyed, 174 children fulfilled the criteria for inclusion in , Statistical analyses Statistical analyses were con-

the cohort namely; each child had to have given at legd{cted using the statistical package SPSS (SPSS, Chicago)
two stool samples for intestinal helminth detection and determine if treatment significantly affected either the

least two urine samples f6t haematobiurdetection, on €VelS of immune responses or the age infection-antibody
glationships. To determine if there was a significant dif-

any three consecutive days both before and after tre .
y y iqrence between pre-and post-treatment antibody levels,

ment. Each child had to be negative for all other intestin .
helminths and had to have provided a blood sample fBiPaired t-test was conducted on square root transformed

serological assays both before and after treatment. Off&iPody data from tr(_aa':ed (ihildfren._bﬂ:je effect dOf trzatt)-
hundred and thirty-two children (82 male, 91 female) rd1€nt on the change in levels of antibodies produced by

; ; i ined using a repeated general lin-
ceived the recommended dose of praziquantel, 40 mg/Rl children was determined usir .
body weight. Forty-two children (22 male, 20 female§f model (GLM) analysis of variance (ANOVA) which as

who would not accept treatment on religious grounds GPPropriate included sex, age-group and treatment as cat-

were absent from school on treatment days, but wish gorical variables and pre-treatment infection intensity

to remain part of the study cohort effectively became u -0910()((;'1) tran_sfglrmed] as "’r‘] contmuou; variable. The

treated controls. All treated children were confirmed egg€Pendent variables were the pre- and post-treatment

negative for bottS. mansonandS. haematobiursix ntibody levels (square root transformed). The age groups

weeks after treatment. Children who missed treatment a&f}re 1 (6-8 years old, n = 29); 2 (9-10 years old, n = 53); 3
t

were prepared to be treated received treatment at the fifjz}~12 years old, n =43) and 4 (13-17 years old n = 48) and
field visit. e treatment categories were untreated controls and

Serology- Freeze driecs. mansonsoluble egg anti- praziquantel treated. For infection intensity, the trans-

gen, SEA, obtained from Dr M Doenhoff (University OffprmedS. mansonandS. haematobiunmfection intensi-

Bangor, Wales) was reconstituted with phosphate buffi€s were entered into the statistical model together with
’ their interaction term. Sequential sums of squares were

ered saline (PBS) at pH 7.4. Antibody levels were dete ) ;
mined by a standard indirect enzyme linked immuno-sotised to calculate F ratios allowing for the effects of all

bent assay (ELISA). ELISA plates (Immulon 4, Dynatec?onfou”d'”g variables before testing for the effects of
USA) were coated overnight &@with 100 pl of antigen €atment (Mutapi & Roddam 2002). . .

at 10 pg/mliwell in carbonate bicarbonate buffer (pH 9.6) 1 Ne effects of treatment on the age-antibody relations
for all isotypes except IgM and IgA which were coatef/€'€ analysed using a GLM ANOVA, with both age and
with antigen at 2.5 pg/ml. All plates except IgE plates wefdti00dy levels (pre- and post-treatment) as continuous

blocked with 200 piiwell skimmed milk for 1 hr and washed@riables. The dependent variable for this analysis was
3 times in PBS which was used for all washes; 100 pl 88€ and the independent variables were antibody level

serum was added to each well at 1:10 dilution for IggSduare root transformed) and time (pre-treatment, post-
IgG1, IgG2, IgG4: 1:20 for IgG3, 1:40 for IgA and 1:10¢freatment). Age was not categorised for_ this procedure
dilution for IgM. Plates were incubated aP@7for 1 hfor 2ecause the model satisfied the assumptions for the para-
all other isotypes and 3 h for IgE and then washed 3 timdB€UiC test. A significant interaction between time and
100 pliwell of monoclonal antibody were added at 1:50@Ntibody levels would indicate that the relationship be-

dilutions for IgG1, 1gG2, IgG3 and 1:1000 dilutions for IgA,Ween age and antibody level had altered between the
two time points.
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RESULTS TABLE |

Before treatment, 49% of the children were carrying a T-values and degrees of freedom from the paired T-test
mixedS. mansonindS. haematobiurmfection. Overall determining if there are changes in mean antibody levels in
the prevalence o®. mansonwas 74% and mean infec- treated children 6 weeks after treatment

tion was 65 epg (range 0-538). The prevalencé& .of T-value Degrees of freedom
haematobiumvas 53% with a mean infection intensity ofj,o 6. 7% 114
31 eggs/10 ml of urine (range 0-400). The mean infecti 2.45* 117
intensity for bothS. mansonandS. haematobiurfor  |gm -3.230** 116
each age group is shown in Fig 1. IgG1 -0.56 64

Table | shows that there were significant changes 1gG2 -0.56 64
the levels of the isotypes IgA, IgE, IgM and IgG3 in treatetyG3 -3.43% 117

children, while, levels of IgG2, IgG1 and IgG4 in the samiG4 1.29 120

children did not change significantly. However, Table Ihsterix represent significance levels as follows: * p < 0.05;
shows that only changes in levels of IgA and IgG3 were p <= 0.01; *** p <= 0.001.

due to praziquantel treatment. Furthermore, while levels
of IgG4 remained at pre-treatment levels six weeks follow-

ing treatment, there were significant changes in the levels
of these isotypes in untreated children six weeks latey. ;|

0.12 4
*

Fig. 2 shows that levels of IgG4 increased significantly i@
untreated children. Levels of IgG2 decreases in untreat@do.o4
children while they increased in treated children. Levels * by
of IgG3 increased significantly in treated children but reg,r,
mained unchanged in untreated children. £ 004/
-0.08 +
IgA IgE igM lgG1 1gG2 IgG3 9G4

Fig. 2: change in antibody levels 6 weeks after treatment. Unshaded
bars represent untreated children and shaded bars represent treated
children. Asterix represent significance levels as follows: * p <

2% 151 0.05; *** p <= 0.001.

2E

g8

EE 11 Comparative analyses on the effect of praziquantel
£ § treatment on the age-antibody relationship showed a sig-
s nificant alteration of the relationship following treatment
= S 05 for the isotypes IgE, IgM, IgG1 and 1gG2 in treated chil-

dren. Such changes did not occur for any isotypes in
untreated children as shown by the f- and p-values in
0 Table Ill. Fig. 3 compares the relationship in untreated
68 9-10 11-12 13-14 and treated children before and six weeks post treatment.
The general trend is an increase in antibody level before
treatment for both treated and untreated children at the
Fig. 1: mean infection intensity [lqg (x+1) transformed] for each gi5rt of the study and a decrease with age in treated chil-

age group. Diamonds represeithistosoma mansoand squares . . . . -
representS. haematobiumBars represent standard error of the?hren while the relationship in untreated children remains
€ same.

mean.

Age group (years)

TABLE 1l

F-values from the repeated ANOVA determining factors affecting the magnitude of change in mean antibody levels in &l children
weeks after treatment

Sex Age Schistosoma Schistosoma SM*SH Treatment
mansoni(SM)  haematobiuniSH)

IgA 0.00 4.82*%* 5.3* 11.5%** 2.6 5.04*
IgE 0.46 13#** 9.21** 16.4%** 6.97*** 2.11
IgM 2.64 3.67* 0.33 0.89 4.1* 2.75
1gG1 0.27 3.59* 0.98 0.07 0.002 1.59
19G2 0.166 1.57 2.88 0.80 0.12 4.33*
19gG3 0.27 0.64 8.12*%* 4.43* 0.05 23.8%**
19G4 0.000 3.78* 0.000 12.74%** 0.08 4.07*

Asterix represent significance levels as follows: * p < 0.05; ** p <= 0.01; ** p <= 0.001.
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TABLE 11l

schistosomiasis (Correa-Oliveira et al. 2000). This current

F-values from the ANOVA determining if there is a change inStudy shows that treatment of children co-infected with
the age-antibody profile (pre- vs 6 weeks post-treatment) 5. mansonandS. haematobiumesults in a significant
untreated and treated children

Untreated F-value
(degree of freedom)

Treated F-value

change in the level of antibody responses directed against
S. mansoregg antigens. There was a significant decrease

(degree of freedom) IN levels of IgA, and a significant increase in levels of

19G3
IgG4

0.21 (1,64)
0.22 (1,64)
2.26 (1,64)
0.35 (1,64)
0.33 (1,64)
0.04 (1,64)
0.26 (1,64)

0.74 (1,239)
4.53 (1,243)*
10.5 (1,247)%*
7.04 (1,191)*
18.3 (1,131)%*
0.04 (1,187)
0.12 (1,245)

IgG2 and 1gG3 in treated children when compared to un-
treated children. In addition while levels of IgG4 remain
unchanged in treated children levels of the same isotype
increases significantly in untreated children. Levels of
IgM, IgG1 and IgE did not change significantly. Dunne et
al. (1992a,b) have previously reported a lack of change in
IgE levels directed again&. mansonegg antigen fol-

Asterix represent significance levels as follows: * p < 0.05; **

4;)wing treatment (Dunne et al. 1992a,b). IgA levels have
<=0.01; **p <=0.001.

een shown to either remain unchanged in the caSe of
mansoninfections (Gryzchl et al. 1993) or decreaseSor
haematobiuninfections following treatment (Mutapi et
al. 1998a/b). IgG1 and IgM responses have been shown

DISCUSSION to increase ir5. haematobiurinfections (Mutapi et al.
Treatment of schistosomiasis with praziquantel resulf®98a, Naus et al. 1998). IgG2 and IgG4 responses have

in changes in parasite specific humoral and cellular inbeen shown to both increase and decreaseSfor
mune responses (e.g. Colley et al. 1986, Feldmeier etkéematobiunnfections (Grogan et al. 1996, Mutapi et al.
1988, Grogan et al. 1996, 1998, Mutapi et al. 1998a,8998a, Naus et al. 1998). The causes of such heterogene-
Ndhlovu et al. 1998) . This change is believed to be dueity in the treatment-induced changes in humoral responses
an increase in the amount of antigen exposed to the iinclude both host and parasite related factors (Mutapi
mune system by treatment (Mutapi 2001) and a remov&P01). There were changes in some isotypes, e.g. IgE,
of immunosuppressive effects of adult worm (Ottesen &thich were not related to treatment. This would be re-
al. 1978, Feldmeier et al. 1988, Grogan et al. 1998). Somdated to continued exposure to parasite antigens as a re-
the changes occurring following treatment have been a8yt of continued exposure to infective water or natural
sociated with resistance to infection/re-infection witlisotype switching.
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© g 60
2 60 - K .
3 =
2 S .40
= .40 4 =
i s * o’
1= c . * 4
3] o 20 A oo,
2 .20 - e, £ /;Lib/
© b4 * 0
& 00 : : ‘ ‘ £ .00+
o 0 5 10 15 20 0 5 10 15 20
Age Age
g 60 - iv) 3 607
2 3
> >
38 E
S 40 A £ .40 1
G @
IS € R .
£ 20 Y e £ 20 - ¢
s ¢ g toot?
£ N v i,
< ‘0 17 00 $
g OO T \z ‘ T 1 g T
o
0 5 10 15 20 0 5 10 15 20
Age Age

Fig. 3a: age-antibody relationship - IgE, where i) represents pre-treatment untreated control children; ii) representsene-trea
praziquantel treated children; iii) represents post-treatment untreated control children and; iv) represents post-treatquamtedra
treated children.
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Fig. 3b: age-antibody relationship - IgM, where i) represents pre-treatment untreated control children; ii) representsnpre-trea
praziquantel treated children; iii) represents post-treatment untreated control children and; iv) represents post-treainueamtedra

treated children.

i)

Fig. 3c: age-antibody relationship - IgG1, where i) represents pre-treatment untreated control children; ii) represemtsnpre-tre
praziquantel treated children; iii) represents post-treatment untreated control children and; iv) represents post-treainueamtedra
treated children.
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Fig. 3d: age-antibody relationship - 1gG2, where i) represents pre-treatment untreated control children; ii) represeatsnpng-tre
praziquantel treated children; iii) represents post-treatment untreated control children and; iv) represents post-treaiguamtedra
treated children.

Both parasite species tended to affect the respongegne system. For example work in the mouse model has
directed against th8. mansonantigens separately, i.e. sShown that praziquantel treatment induces the unmask-
the only significant interactions were for IgE and IgMing of the native glutathione-S-transferase enzyme, the
The fact that as. haematobiumnfection affects immune leading antigen vaccine candidate for schistosomiasis
responses t8. mansorntigens is largely due to sharedenzyme, at the surface of the worms making it more acces-
cross-reactive antigens betweSnmansoniand S.  sible to the immune system (Dupre et al. 1999). The sec-
haematobiunfor example the carbohydrate epitopesnd factor, hormonal influence has been recently investi-
which induce the IgM response (Butterworth et al. 19883ated. Sex hormones have been shown to affect immune

The study showed that treatment altered the relatiofésponse to glutathione-S-transferase (Remoue et al. 2000),
ship between the level of antibody produced and age fa@wever, to date, no studies have been shown of the ef-
the isotypes IgE, IgM, IgG1 and IgG2. In all isotypes prefects of growth hormones (which would be related to age)
treatment antibody levels increased with age. This is part schistosome-specific responses. In addition, there have
expected in this age-group where exposure to infectil@en no studies on the effects of treatment on any hor-
water also increases with age, so that the increase in aftenes. It is, however, unlikely that treatment alters the
body levels is attributed partly to increased exposure f®rmones for a prolonged enough period to allow the
parasite antigens (Woolhouse et al. 1991). However, otHg@rmones to influence the immune responses and that
age-related processes such as hormonal influence on fite effects can still be observed six weeks after treatment.
mune responses and innate susceptibility to infection/rideed in a similar study of children infected with o8ly
infection have also been implicated in giving rise to thi'xansonj the effects of treatment on the age-antibody
observation (Gryseels 1994). Following treatment the pogglationship were still apparent 18 weeks post treatment
tive relationship between isotype levels and age eithégubmitted). Similarly the effects of treatment on innate
decreased as occurred in IgM and 1gG2 (Fig. 3) or becasisceptibility to infection/re-infection have not been stud-
negative as occurred for IgE and IgG1. However theéed and would not be expected to result in such a change
changes were not observed in untreated children as showrihe age-antibody. Taken together this suggests that
in Table I11. This implies that the factors influencing thiy altering the levels of antigens available to the immune
change in the relationship are not robust to treatmemsystem, treatment alters the age-antibody relationship in
The first factor, exposure to parasite antigens, is affectéftese children.
by treatment. As previously mentioned treatment results Interestingly these changes occurred in the isotypes
in an increase in the level of antigen available to the inihich did not change significantly following treatment.
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This means that while the overall mean antibody levels Queiroz JA, Capron A, Peter HH 1988. Immune response
did not change, there were significant changes in indi- in chronic schistosomiasis haematobium and mansoni:
vidual antibody production. One possible explanation for reversibility of alterations after anti-parasitic treatment with
this is that for the isotypes resulting in significant treat- PraziquantelScand J Immund8: 147-155.

ment-related changes following treatment, pre-treatmefif°92n JL. Kremsner PG, Deelder AJ,, Yazdanbakhsh M 1996.
antibody levels were too low for any clear relationships Elevated proliferation and interleukin-4 release from CD4+

. cells after chemothera in huma®chistosoma
with age to be observed. For example, only 58% of the haematobiunhnfection.EurJpl)/mm26: 1365-1370.

children were producing 1gG3; most of the children whgyyogan JL, Kremsner PG, Deelder AM, Yazdanbakhsh M 1998.
produced this isotype produced very little before treat- Antigen-specific proliferation and interferon-gamma and
ment. interleukin-5 production are down-regulated dur8ahis-

In conclusion, this study confirms findings from pre-  tosoma haematobiumfection.J Infect Disl177. 1433-1437.
vious studies that treatment alters immune responségogan Ji, Kremsner PG, Vandam GJ, Metzger W, Mordmuller
Second the study demonstrated that treatment alters theB, Deelder AM,Yazdanbakhsh M 1996. Antischistosome
age-antibody relationship in children infected wah 19G4 and IgE responses are affected dlffe.rentlally by che-
mansoniandS. haematobiursuggesting that this rela- motherapy in children versus adulidnfect Disl73 1242-

. L . . 1247.
tionship is due, in part to the type and amount of antige

hat the host's | has b d 'aﬁyseeI381994. Human resistanc&thistosomanfections:
that the host's immune system has been exposed to. age or experienc®arasitol Todayl0: 380-384.
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