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The Impact of Repeated Treatment with Praziquantel of
Schistosomiasis in Children Under Six Years of Age Living
in an Endemic Area for Schistosoma haematobium
Infection
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Praziquantel was given every eight weeks for two years to children aged under six years of age,
living in a Schistosoma haematobiuemdemic area. Infection witB. haematobiunand haematuria
were examined in urine and antibody profiles (IgA, IgE, IgM, 1gG1, 1gG2, 1gG3, and IgG4) a§ainst
haematobiunadult worm and egg antigens were determined from sera collected before each treatment.
Chemotherapy reduced infection prevalence and mean intensity from 51.8% and 110 eggs per 10 m
urine, respectively, before starting re-treatment programme to very low levels thereafter. Praziquantel
is not accumulated after periodic administration in children. Immunoglobulin levels change during the
course of treatment with a shift towards ‘protective’ mechanisms. The significant changes noted in some
individuals were the drop in ‘blocking’ IgG2 and IgG4 whereas the ‘protecting’ IgA and IgG1 levels
increased. The antibody profiles in the rest of the children remained generally unchanged throughout
the study and no haematuria was observed after the second treatment. The removal of worms before
production of large number of eggs, prevented the children from developing morbidity.

Key words:Schistosoma haematobiunpraziquantel - antibody profiles — morbidity

Information on schistosomiasis infection from asomiasis is usually based on annual rounds of
number of different geographical settings indicatescreening and treatment. In many endemic settings
that infection intensities and the development dthis has been successful but in areas of intense trans-
immunological resistance to infection are related, imission more frequent interventions could ensure a
some way, to age (Butterworth et al. 1984, 1985, 199d4reater impact on infection levels.

1992, Hagan et al. 1987, 1991, Wilkins et al. 1987, Chemotherapy-induced changes in responses
Dessein et al. 1992, Roberts et al. 1993). Infecticio infection have been reported on a number of
levels are normally highest in children and followingoccasions (Sturrock et al. 1983, Butterworth et al.
chemotherapeutic cure, children are more rapidi§991, Demeure et al. 1993, Roberts et al. 1993, Grogan
reinfected and at higher rates than older childrest al. 1995, 1996), often as an increased lym-
and adults (Wilkins et al. 1987, Butterworth et alphoproliferative ability of peripheral blood mono-
1992). These higher rates of reinfection are in pantclear cells (PBMC) collected after treatment. The
related to higher levels of water contact by childrenimpact of frequent repeated treatments on immu-
a feature characteristic of the majority of endemiaological responses to schistosome infection have,
settings. While the severe clinical forms of schistohowever, never been reported, especially in chil-
somiasis infection may take many years to developren under six years of age. Whether repeated treat-
there is general agreement that targeting treatmentents block the development of protective immune
to children can make a considerable impact on thesponses to infection or accelerate the develop-
development of pathology (Kloetzel 1967, Sturrocknent of protective immune responses has yet to be
1987). The use of chemotherapy to control schist@stablished. Studies of the effects of chemotherapy
on other (intestinal) helminths indicate that the drug
treatment can facilitate the development of resis-
tance to re-infection. Even if chemotherapy shows
*Corresponding author. E-mail: mduluza@blair.co.zw the development of immunological responses, this
mduluza@hotmail.com may be counterbalanced by the benefits to be
Received 14 May 2001 gained from the reduction in levels of pathology
Accepted 25 July 2001 arising from infection.
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A child born in an area where schistosomiasis MATERIALS AND METHODS
is endemic can be expected to harbour worms for Study area and populationThe study was

most of his or her life owing to repeated exposurgy ieq out in an area called Madziwa situated in
to infection, although some protective immunity ipe high veld region in north eastern Zimbabwe.
likely to develop, depending on exposure of thgpg areq is rural, and the people depend on sea-

Qonal small-scale commercial and subsistence farm-

. ) ONhg. Villagers have unlimited use of river water.
periods, despite the development of concomitant Parasitology, blood sampling and treatment

immunity. A key characteristic of schistosomiasig e samples for parasitological diagnosis3or

promoting this longevity is the development Ofyoematopiuninfections were collected from 595
several mechanisms by which the parasites evaflgiijren on three consecutive days and were pro-

) : . .- samples were examined by the Kato-Katz technique
because of the longevity of infection that the disrag mogified by Peters et al. 1980). Those found to
ease causes serious chronic morbidity rather th

. . . infected witts. mansonivere excluded from the
acute mortality with severity related to worm b“r'study.

dens to which is related egg. In addition to the i, 15 > m| of venous blood was collected. After
longevity of individual infections, there is also pery,,q collection, the children were treated with 40
sr;stenche of |rr]1feﬁt|on|$ue to repeated re-infectio, .. hody weight regardless of their infection sta-
throughout the host lite. __tus. The proceedure was repeated every eight weeks.
Effective vaccines are a long way from being | |SA determination of antibody isotypes.
qdevel'?'p%d, ek:‘ven when glc(Jod candidates have begnematohiunegg and worm antigens were obtained
identitied, they may take many years to pasg,m e Schistosome Biological Supply Programme,
through pre-clinical trials (Bergquist 1995). In thér, o 4ore Bilharz Research Institute, Giza (Egypt).
absence of a vaccine, the most effective Curreiyaq \yere reconstituted to whole worm homoge-
method to combat the scourge of SC.hIStOSO.mIasll%te (WWH) and soluble egg antigens (SEA). The
is through targeted chemoprophylaxis of childret| |5 getection of anti-worm and anti-egg antibod-
(Hagan etal. 1994). Even after mass chemotheragyy \yag carried out using a protocol similar to that
as reported from several programmes, the childrejl.gcriped by Mutapi et al. (1998)
become reinfected with heavy intensities such that Praziquantel determination .in seraSerum

there is a need for improved early diagnosis angl, , chiidren treated with praziquantel was used to
treatment of young children in endemic areas Whgetermine the unchanged praziquantel. Each 1 ml
seem to lack developed immune systems agai grtion of serum was extracted for unchanged
the disease (Sturrock et al. 1983, Wilkins et af4;iqantel three times with 2 ml ethyl acetate. The
1984b). A possible method to combat this probler} o ethy| acetate extracts were pooled and reduced
would be to keep the children under staggered treqfy 4y ness by blowing air over the extracts in tubes
ment until they are of an age where they are c3j;ceq in a water bath at 60°C. Six vials containing
pable to develop their own protective immunity. 15 miof blood had 50 Lg of pure praziquantel placed

The children in this study would have continyy, ihem These spiked' samples of blood were thor-

ued to have exposure to inf_ection and therefore .%ghly mixed using a vortex mixer for 5 min. The
exposed to repeated parasite challenges. The til, o \nt of praziquantel recovered was then deter-
) fiined by high performance liquid chromatography
any adult worms which may have developed afte{ 5| ) "pyre praziquantel obtained from Bayer was
the preceding treatment therefore minimising thqqsed as standards at 1, 5, 10, and 20 pg/ml were

' X velength of 210 nm.
antigens released by the praziquantel treatment, Detection was with a uv-visible absorbance

would result in the development of protective iM<etecior set at 210 nm and a run time of 10 min was
munological responses, but the prevention of dep@et the mobile phase was then run through the
sition of large numbers of eggs would ablate develq mn yntil a steady baseline was obtained. 50 pl
opment of immunopathology. To monitor anti-o¢ aach of the six standard solutions was injected
schistosome responses, the children were exami, the HP 1050 series HPLC in turn. The dry

ined for development of potentially protective,qamjes ohtained from the blood were reconstituted
schistosome-specific antibody isotypes.
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in 200 pl of the HPLC mobile phase. After spinningSEA antigens showed similar patterns. There were
down of the vials with a vortex mixer, 50 pl of thehigh correlations, of anti-egg IgE and anti-egg IgG4
sample was drawn from the middle of the vial antb infection intensity measured as egg output at the
then injected into the HPLC for the determinatiorstart of the programme (Table 1Il, Spearman’s rank
of unchanged praziquantel. correlation p=0.013 and p=001 for IgE and IgG4, re-
RESULTS spectively). The infected children showed a high
) correlation of anti-egg 1gG4 to egg output and anti-
' 'Parasnology ano! treatmenRResults fro.m pre- worm IgM to egg output (p<0.0001 and p=0.035, re-
liminary parasitological surveys of the children atspectively, Table I1l). Correlations were observed
tending schools near the pre-school centres indistween infection intensity (egg output) and anti-
cated that the area had highhaematobiurinfec- egg IgA and IgG4 (p=0.050 and p=0.027, respec-
tion with lowS. mansoninfection (Table I). Atthe  tjyely) at four months after treatment. At 10 months,
beginning of the study, before treatment, the prev g output and anti-egg IgE were positively corre-
lence of infection was 51.8% (Table II). The figureated (p=0.032). No correlations were found at other
was different for the follow-up prevalences aftefjme points. In general the patterns of the antibody
treatment, which were below 7% with the last eXfsotypes profiles to WWH and SEA antigens were
amination showing only three re-infected childrensjmjlar throughout the repeated treatment programme
The intensity of infection of the cohort was moder(-|-ab|es IV, V). Differences were noted between the
ate before treatment giving a mean egg count of Etj-worm IgE and anti-egg IgE responses. Higher
ep10 ml urine. After treatment the intensity of injeye|s of anti-egg IgE antibodies were detected than
fection was less than 4 ep10 ml of urine at 2 monthgti-worm IgE antibodies throughout the study. Anti-
and 9 ep10 ml of urine by four months. Thereaftegyq |gG3 and anti-egg IgG2 antibodies were detected
infection intensity was below 2 ep10 ml of urineat jower levels than any of the other isotypes at all of
examined. . o the examination time points.
Antibody response profiles with timérior to The blood samples obtained from the follow-
praziquantel treatment, the antibody responses g none showed any amount of praziquantel.
both infected and uninfected children to WWH angbraziquantel does not accumulate and the benefit

TABLE |

Results of a preliminary parasitology survey from six schools in the Madziwa area marking each central point in
the catchment area for the study

School centre No. children Schistosoma haematobium No. children Schistosoma mansoni
examined prevalence % (n) examined Prevalence % (n)
Madziwa 97 42.7 (41) 86 46 (4)
Chihuri 95 71.6 (68) 100 18 (18)
Mupfure 20 90 (81) 74 28.4 (21)
Nyamaruro 97 66 (64) 96 14.6 (14)
Chimbira 99 61.6 (61) 97 12.4 (12)
Kaziro 99 58.6 (58) 97 7.2 (7)
Total 577 64.6 (373) 550 13.8 (76)
TABLE 1l

Number of children examined f8chistosoma haematobitinfiection and number of children in the humoral
assays cohort after parasitology examination and provision of blood samples. The numbers shown represents the
total number of children assayed for the antibody isotype at each follow-up time point and in each infection
status group

Follow-up time Total number Prevalence % (n) Infection intensity
(months) examined epl0 ml
Start (Pre-treatment) 595 51.8 (357) 110

2 465 6.7 (32) 4

4 567 6 (34 9

6 209 2.4 (5) 2

8 220 2.3 (5) 3

10 230 2.2 (5) 3

14 246 1.2 (3) 2




160 Treatment with Praziquantel * T Mduluza et al.

TABLE Il

The correlation between different antibody isotype profiles to egg output (infection) at each examination
and treatment point

Before treatment 2 months after 4 months after
Antibody No. Spearman P-value No. Spearman P-value No.  Spearman P-value
isotype coefficient coefficient coefficient
Anti-egg
IgA 83 -0.0931 0.402 35 0.0910 0.603 66 -0.24210.05
IgE 83 0.2705 0.013 35 -0.3990 0.018 49 0.3070 0.032
IgG1 31 0.1120 0.549 13 0.1572 0.608 21 0.0000 1.000
19G2 56 0.1587 0.243 23 -0.3574 0.094 43 0.0786 0.616
19G3 23 -0.0067 0.976 7 0.1786 0.702 16 -0.3349 0.205
IgG4 83 0.3571 0.001 35 0.1322 0.449 62 0.2810 0.027
IgM 83 0.1163 0.295 35 -0.2690 0.118 66 0.2157 0.902
Anti-worm
IgA 83 0.0762 0.494 35 0.0838 0.632 66 -0.0546 0.664
IgE 83 0.3695 0.001 35 -0.0698 0.690 55 0.3453 0.010
19G4 83 0.0589 0.597 35 0.2238 0.196 66 0.0468 0.709
IgM 83 -0.0494  0.657 35 -0.0430 0.806 65 -0.0886 0.483

in preventing recurrent schistosomiasis infection The absence of major variations in the antibody
was observed during the follow-up time periodisotypes with time was probably due to the young
Very few subjects developed mild schistosomiasiage of the children. Development of demonstrable
(Table 11). This could lead to postulate that pharprotective immunity has been reported to take place
macokinetic half life is not such an important factoin older children above 10 years old (Rihet et al.
but the ‘killing time’. Gentamycin is an important 1991, Dessein et al. 1992, Ndhlovu et al. 1996). The
example of this phenomenon that has a plasma hatirrelations of IgE and IgG4 antibodies with infec-
life of between 2 to 3 h and yet has a post antibiotiion probably indicates that they are a marker of
effect of 3 h. Praziquantel has an invasion half lifenfection intensity in children under 6 years of age
of 0.1 to 0.3 h. Rapid invasion occurs as praziquant@fiagan et al. 1991). Of the two isotypes, IgE which
is lipophilic and can penetrate the tegumental menm older individuals is associated with resistance to
brane of the parasite with ease. Drug uptake is ra¥fection, was detected at higher levels compared
versible with 45 to 93% being lost from the schistowith the 1gG4 in response to egg antigen. As IgE
somes after transfer to a drug free medium within &volved to fight parasitic infections, it is no sur-
to 30 min. Further evidence to indicate that proprise that IgE was noted at higher levels than IgG4.
tracted plasma levels of praziquantel are not necds+may be possible that development of protective
sary in subject on repeated treatment as demammunity is not only duration of exposure and in-
strable concentration in the blood could not béection intensity dependent, but age may also be
detected but still got infected and developed clininecessary on which will depend the experience of
cal disease (Table II). schistosome parasite infection. This later point may
DISCUSSION support the report tha}t residents in a ngw
o ~mansonepidemic focus in Senegal (Gryseels et al.
~ The results from the preliminary examinations) 994, 1995) lacked clear developed protective im-
indicated that the area has a major problem of schigwnity after treatment irrespective of age suggest-
tosomiasis. Children in the area were heavily eXng that experience of infection acquired over a long
posed to infection. The high infection levels wergyeriod plays a major role in the development of
also noted among the young children as depictgstotective immunity.
by the high prevalence of infection coupled with  The resistance to reinfection is based on immu-
heavy infection intensities. Reasons given for higRological responses as there is a 90-95% reduction
infection levels in these young children were thah egg count in one year after a single dose of
the children accompanied their mothers to the ripraziquantel (Webster et al. 1997). Repeated dos-
ers during their daily activities of tending vegetablgng would prevent signs of pathology by killing
gardens and some domestic chores like washimgval worms whilst children continue being exposed
dishes and clothes and also bathing. These actiyy infection. These children in turn would fail to
ties exposed the children to cercaria infested Wat%")(perience an adult worm burden and gain resis-



TABLE IV

Antibody isotype profiles (O.D @ 492 nm) before and after giving chemotherapeutical cure with praziquantel. The tablerdlectes! whildren and infected children at
each follow-up time point and the measurementsSateistosoma haematobiwegg-specific serum antibody levels determined by ELISA

Antibody isotype levels

Mean O.D ( 95 % Cl)

IgA IgE IgG1 1gG2
Time in months Uninfected Infected Uninfected Infected Uninfected Infected Uninfected Infected
Before treatment 0.28 0.25 0.45 0.57 0.31 0.55 0.10 0.11
(0.25 - 0.32) (0.21 - 0.29) (0.38-0.47) (0.51 - 0.62) (0.3-0.47) (0.48 - 0.62) (0.7-0.12) (0.09 - 0.15)
2 0.21 0.22 0.50 0.50 0.46 0.46 0.07 0.07
(0.19 - 0.25) (0.18 - 0.25) (0.46 - 0.54) (0.46 - 0.54) (0.37 - 0.56) (0.37 - 0.56) (0.05 - 0.10) (0.06 - 0.10)
4 0.26 0.26 0.48 0.48 0.52 0.52 0.10 0.10
(0.23-0.29) (0.23-0.29) (0.44 - 0.52) (0.44 - 0.52) (0.45 - 0.58) (0.45 - 0.58) (0.08-0.12) (0.08 -0.12)
6 0.23 0.23 0.47 0.47 0.48 0.48 0.11 0.11
(0.19-0.23) (0.19-0.25) (0.42 - 0.53) (0.42 - 0.53) (0.41 - 0.55) (0.41 - 0.55) (0.08 - 0.13) (0.08 - 0§13)
8 0.25 0.24 0.44 0.44 0.49 0.49 0.10 0.10 o
(0.22 - 0.29) (0.22 - 0.29) (0.39 - 0.50) (0.38 - 0.50) (0.42 - 0.57) (0.42 - 0.57) (0.08 -0.12) (0.08 - O§l3)
10 0.22 0.22 0.44 0.44 0.51 0.51 0.09 0.09 §
(0.19-0.26) (0.19-0.25) (0.39 - 0.50) (0.39 - 0.50) (0.43 - 0.58) (0.43 - 0.58) (0.07 - 0.12) (0.07 - 03.2)
14 0.22 0.22 0.49 0.48 0.36 0.34 0.08 0.08 §
(0.17-0.27) (0.17 -0.27) (0.40 - 0.57) (0.40-0.57) (0.25 - 0.46) (0.25 - 0.46) (0.06 - 0.10) (0.06 - 08;‘10)
Antibody isotype levels Mean O.D (95% C 1) )
<
IgG3 9G4 IgM N
Time in months Uninfected Infected Uninfected Infected Uninfected Infected %a’
Before treatment 0.12 0.12 0.29 0.35 0.44 0.50 &
(0.08 - 0.17) (0.05-0.18) (0.25-0.34) (0.31-0.39) (0.40 - 0.48) (0.42 - 0.58) g
2 0.13 0.13 0.32 0.32 0.48 0.48 e
(0.08 - 0.17) (0.04 - 0.21) (0.25 - 0.34) (0.27 - 0.36) (0.40 - 0.48) (0.43 - 0.52) °
4 0.12 0.12 0.26 0.26 0.47 0.47 é
(0.09 - 0.14) (0.05-0.18) (0.23-0.29) (0.31-0.39) (0.44 - 0.51) (0.43 - 0.58) ©
6 0.10 0.10 0.30 0.30 0.44 0.44 &
(0.06 - 0.14) (0.06 - 0.14) (0.26 - 0.34) (0.26 - 0.34) (0.41 - 0.48) (0.41 - 0.48) @
8 0.11 0.11 0.26 0.26 0.49 0.49 %_
(0.09 - 0.13) (0.09 - 0.13) (0.22 - 0.30) (0.22 - 0.30) (0.42 - 0.56) (0.42 - 0.56) :
10 0.10 0.10 0.25 0.25 0.46 0.46 S
(0.06 - 0.14) (0.06 - 0.14) (0.22 - 0.28) (0.22 - 0.28) (0.42 - 0.50) (0.42 - 0.50) =
14 0.09 0.09 0.26 0.26 0.42 0.42
(0.04 - 0.13) (0.04 - 0.13) (0.21 - 0.30) (0.21 - 0.30) (0.37 - 0.47) (0.37 - 0.47) >




TABLE V
Antibody isotype profiles (O.D @ 492 nm) before and after giving chemotherapeutical cure with praziquantel. The tablertiectesi whildren and infected children at %

each follow-up time point and the measurementsSaieistosoma haematobiwmorm-specific serum antibody levels determined by ELISA

IgM

Uninfected

IgG4

Uninfected

Mean O.D (195 % CI)
IgE

Antibody isotype levels
IgA

Treatme'@ wit

Infec
0.33

Infected

0.26
(0.23 - 0.30)

Uninfected Infected
0.19
(0.16 - 0.21)
0.16

Infected

Uninfected

Time in months
Before treatment

0.32
(0.28 - 0.37)

0.31

0.24
(0.22 - 0.28)

0.26
(0.23 - 0.29)
0.25

0.14
(0.12 - 0.16)

0.16
(0.13 - 0.19)

0.23
(0.20 - 0.26)

0.20
(0.17 - 0.22)

0.23
(0.20 - 0.27)
0.20
(0.17 - 0.22)
0.20

(029 -§38)
o0

0.31
(0.26 - B.36)
(0.26 - mgss)
(0.26 - 6.33)

z
(0.25 - ;ﬁ 32)
(0.25 - @32)

0.29

(0.30 - 0.39)

0.29
0.30
0.28
0.34

(0.26 - 0.33)

0.30
(0.25 - 0.32)

0.28
(0.25 - 0.32)

(0.26 - 0.33)
0.34
(0.30 - 0.39)

(0.26 - 0.36)
0.29

0.29

(0.19 - 0.24)

0.24
(0.19 - 0.24)

(0.22 - 0.27)
0.21
(0.19 - 0.23)

0.21
0.21
0.23
(0.20 - 0.26)

(0.22 - 0.28)

0.21
(0.22 - 0.27)

(0.19 - 0.24)
0.21

0.24
(0.19 - 0.24)

0.21
(0.19 - 0.23)
(0.20 - 0.26)

0.23

(0.13 - 0.19)
0.14

(0.13 - 0.16)
0.18

(0.16 - 0.21)
0.15

(0.13-0.17)
0.15

(0.13 - 0.16)
0.15

(0.12 - 0.18)

0.14
(0.13 - 0.16)
0.18
(0.16 - 0.20)
0.15
(0.13-0.17)
0.15
0.15
(0.12 - 0.18)

(0.13-0.16)

0.20
(0.18 - 0.23)
0.18
(0.16 - 0.20)
0.18
0.18
(0.16 - 0.19)
0.20
(0.16 - 0.24)

(0.16 - 0.19)

(0.18 - 0.23)
0.18
(0.16 - 0.20)
0.18
(0.17 - 0.19)
0.18
(0.16 - 0.19)
0.20
(0.16 - 0.24)

tance by frequent removal of worms and the con-
sequent absence of egg antigens and ensue pa-
thology.

Treatment for schistosomiasis should concen-
trate on reduction of morbidity and immunopathol-
ogy. Mass chemotherapy is one form of treatment
whereby the entire population is treated without
prior individual diagnosis. The advantage is low
diagnostic cost but high cost of drugs and the de-
livery system may be the major constraints. Selec-
tive chemotherapy may be offered after extensive
screening to only those who are schistosome posi-
tive. Costliness of screening can be partially offset
by decreased cost of drugs. Targeted chemotherapy
is recommended in endemic areas where only those
with high egg counts are targeted as they are likely
to suffer from morbidity and contaminate the envi-
ronment. The majority of people have light infec-
tions and thus have a much better prognosis. Low
drug costs but extremely high diagnostic costs are
factors to be considered.

Epidemiological studies in different endemic
areas indicated that the prevalence and intensity
of S. haematobiunmfection rise during the first 15
years of life and decline to low levels amongst the
older individuals. Immunoregulatory mechanisms
that operate i®. haematobiunmfected adults dif-
fer from those in infected children as shown by the
plasma levels of antibodies. Levels of IgG4 against
worm and egg antigens were found to be high in
children and lower in the older age groups whilst
specific IgE antibody responses were low in chil-
dren and higher in adults (Grogan et al. 1996, Hagan
et al., 1991). IgG4 is known to interfere with IgE
mediated mast cell degranulation and may there-
fore reduce the harmful consequences of any schis-
tosome induced allergic reactions. IgG4 will also
block IgG1l and 1gG3 mediated killing of
schistosomula by human eosinophils in vitro.
Therefore, it has been suggested that younger chil-
dren remain susceptible to reinfection due to the
high levels of blocking antibody responses that
prevent the expression of the protective mecha-
nisms. These blocking antibodies may include IgM
and IgG isotypes. Thus infection levels and im-
mune responses are interdependent and both are
related to age and exposure.

Praziquantel is not accumulated after periodic
administration in children. Immunoglobulin levels do
not change during the course of treatment with a
shift towards ‘protective’ mechanisms. In young
children there is no significant change between the
documented blocking antibodies and protective an-
tibodies. However, treatment every eight weeks pre-
vents morbidity from developing through elimina-
tion of worms before getting established and laying
eggs, which in turn would cause immunopathology.
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