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ABSTRACT

Objective: To determine the relative susceptibility of Schistosoma mansoni infections to
treatment with the oxamniquine (OXA) and praziquantel (PZQ).

Design and setting: Three separate cross sectional studies were performed in six primary
schoolslocated in two Schistosoma mansoni endemic areas in Eastern Kenya: Kangundo (low
morbidity) and Kibwezi (high morbidity).

Subjects: One thousand two hundred and fourteen infected children aged 6-20 years were
involved.

Intervention: Each child received either 15-mg OX A/kg body weight twice within an interval
of six hours or a single dose of 40 or 60 mg PZQ/kg body weight. Three duplicate Kato stool
examinations were done before and four or five weeks after treatment to assess treatment
efficacy.

Results: The core rates in different schools with OXA were 71.7 - 79.7% in Kangundo and
56.7 - 61.9% in Kibwezi. In children treated with PZQ, the 40-mg/kg-dose regimen achieved
cure rates of 77.6 87.2% in Kangundo and 67.1 - 81.1% in Kibwezi, whereas the 60-mg/ kg
dose regimen attained cure rates of 93.2% in Kangundo and 76.3% in Kibwezi. Both OXA
and PZQ) efficacy declined significantly with age in Kangundo, whereas the age effect was not
seen in Kibwezi.

Conclusion: The poorer cure rates in Kibwezi than in the Kangundo children were not due
to known previous drug exposure to either OXA or PZQ. The varying efficacy may be
attributed to innate low drug susceptibility, possibly related to schistosome strain differences

between the two areas.

INTRODUCTION

Differences in morbidity patterns in Schistosoma
mansoni in the Kangundo and Kibwezi Divisions have
been amply demonstrated, while several hypotheses have

-been put forward to explain them(1,2). One such
determinant of morbidity includes the possible existence
of Schistosoma mansoni strains of different relative
pathogenicity(3). The realisation that morbidity is related
to heavy infections that can be rapidly detected, and that
the reduction of morbidity can be achieved through
chemotherapy, has changed attitudes to schistosomiasis
control(4). However, differences in relative susceptibility
of S. mansoni infections to treatment with presently
available antischistosomal drugs have been demonstrated
repeatedly(5-7). In Kenya, differences in susceptibility of

- §. mansoni to treatment with oxamniquine (OXA) have

been described by Coles er al(8). Given the history of
resistance/tolerance of schistosomes to drugs(4,7), it is
vital that there be amonitoring programme for the presence
of such resistance/tolerance to OXA and praziquantel
(PZQ). This is considered especially important in view of

the recent observation that the efficacy of PZQ, the current
drug of choice, appeared lower than initially expected in
several situations(6,9). The decreasing drug efficacy is the
final effect of many complex factors, among which parasite
sensitivity sensu stricto is one.

The present study was carried out to assess the relative
susceptibility of S. mansoni infection in school children of
Kangundo, Machakos district (fow morbidity area) and
Kibwezi, Makueni district (high morbidity area) of Kenya
to treatment with OXA or PZQ.

MATERIALS AND METHODS

Three separate studies were performed. One addressed
the efficacy of OXA only (I), the second one compared the
efficacy of both OXA and PZQ (II) and the third compared the
PZQ dose regimens of 40 and 60-mg/kg-body weight (ITI).
Three stool samples were collected from each pupil and
examined for S. mansoni infections using the Kato
technique(10) with duplicate 50 mg smears for each stool
sample. S. mansoni egg counts were expressed as the number
of eggs/gm of faeces. The selected children were asked to
have a proper meal at home before coming to school. Further,
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to ensure that all children dosed had a full stomach, each was
provided with 250 ml of miik prior to taking the drug. Three
further stool examinations ( 2 Kato smears/stool) were made
four or five weeks after treatment to assess treatment efficacy.
However, in order to avoid too many dropouts, some children
providing only two samples after treatment were included in
the study.

Study I: This study was carried out from March to July,
1990, in Kawauni Primary School (n=99), Kangundo areaand in
Kamulalani Primary School (n = 97) in Kibwezi area. Infected
children were matched for sex and age. The matching for age was
difficult, with the mean age of Kangundo children (12.4 years)
greater than Kibwezi children (10.7 years). Each child was given
15 mg OXA/kg body weight twice with an interval of six hours
in between doses (total dose = 30mg/kg).

Study II: This study was carried out between September and
November, 1991, in Kikombi Primary School (n = 237),
Kangundo area and in Mbetwani Primary School (n = 187),
Kibwezi area. Children were subsequently matched for age and
sex within and between the schools. Nearly half of the children
in each school received two doses each of 15 mg OXA/kg body
weight six hours apart. The rest of the children were given40 mg
PZQ/kg body weight once.

Study 1II: The study was a randomised clinical trial done
between October and November, 1990 in Kitwii Primary School
(n=267), Kangundo area and in Kambu Primary School (n=325),
Kibwezi area. The main objective was to compare the efficacy of
a single dose PZQ treatment of 40 or 60-mg/kg-body weight in
school children. The children were randomly allocated the 40 or 60
mg dose regimen. Eachregimen group was subsequently matched
for age and sex within and between the schools.

Statistical methods: Egg counts were not normally
distributed and were logarithmically transformed after adding 1.
Comparisons of these transformed egg counts between groups
were made by either Student’s t-test or one or two factor analysis
of variance(11). Treatment was considered effective only if no
eggs were found during the 4 or 5-week post treatment stool

examinations. Treatment effect in relation to various factors
such as age, sex and school was assessed on basis of ¥2—
values(11 ) or by logistic regression analysis(12). P values <0.05
were considered to indicate significant effects. Reductionin egg
counts was calculated as the percentage reduction in the geometric
mean egg count.

RESULTS

Study 1 efficacy of oxamniquine: Table 1 sumarises
the effects of treatment with OXA by area and age group.
Overall, there was a significant lower cure rate (p<0.05) in
the Kibwezi School (56.7%) than in Kangundo School
(71.7%). In the Kangundo School, cure rates differed
significantly between age groups (p<0.001), but this was
not seen in Kibwezi School. In both areas, the overall
percentage egg count reduction was similar.

Logisticregression analysis (data not shown)revealed
a significant interaction between age and area (p<0.01),
the decline in treatment failure by age occurring only in the
Kangundo School. The age effect should be interpreted
with caution since the mean age distribution was lower in
Kibweziby 1.7 years. When adjustment for age was made,
there were no significant differences in the treatment
failure between schools. Pre-treatment egg counts did not
differ significantly between the two schools.

However, pre-treatment egg counts differed between
age groups in Kangundo School but not in Kibwezi
School. Sex had no effect on treatment failure but pre-
treatment egg counts were important (p<0.05). There was
no interaction between either of these two variables and
area, and the area effect remained significant after
adjustment for sex and pre-treatment egg counts.

Table 1

Efficacy of Oxamniquine (15mg/kg body weight) on Schistosoma mansoni infections 5 weeks dafter treatment in children of Kawauni school,
Kangundo area of Machakos District and Kamulalani school, Kibwezi area of Makueni Districts.

Age group No. treated Cure rate Egg count (egg/g % egg
(years) (%) Pre-treatment reduction
Kawauni school, Kangundo area

4-8 8 50 62.0 96.3
9-11 30 50 455 97.7
12-14 35 771 38.0 99.7
15 and above 26 96.2 27.5 100.0
P=value <(.001 <0.05 n.s.
Overall 99 71.7% 38.3 96 3+
Kamulalani school, Kibwezi area

4-8 21 524 253 97.9
9-11 42 524 259 97.0
12-14 24 753 48.3 99.9
15 and above 10 40.0 547 98.4
P=value ns. <0.01 n.s.
Overall 97 56.7% 323 95.4+

$-x=4.81, P<0.05; significance level of cure rates between schools

1-x=0.11, P>0.05; significance level of percentage egg reduction between schools
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Table 2

Efficacy of oxamniquine (15 mg/kg body weight) and praziquantel (40 mg/kg body weight) on S. mansoni infections in school children of
Kangundo area of Machakos district and Kibwezi areas of Makueni district

Oxaminiquine Praziquantel
Age group No. treated Cure rate Pre-treatment % egg  No. treated Curerate  pre-treatment % egg
(years (%) (epg) reduction (%) (epg) reduction
Kikombi, Kangundo area
5-9 27 63.0 162.4 98.9 28 59.3 192.9 99.2
10-12 39 74.4 358.0 99.8 38 71.8 286.3 99.8
13-15 34 912 455.4 99.9 29 81.5 431.1 99.9
16+ 23 91.3 375.2 99.9 27 9.3 506.2 100
P-value <0.05 <0.01 n.s. n.s. <0.05 n.s.
Overall 123 797 324.6 99.8% 116 77.6 327.0 99.8+
Mbetwani, Kibwezi area
5-9 14 50.0 485.1 99.0 [1 72.7 314.6 99.3
10-12 36 61.1 763.8 99.7 33 81.8 572.7 99.9
13-15 31 71.0 475.4 994 33 84.8 632.3 99.9
16+ 16 56.2 635.4 98.9 14 78.6 476.0 99.9
P value n.s ns ns. ns. ns n.s.
Overall 97 61.9% 596.4 99.6% 91 81.1 536.7

99.9+

1-x2=8.51, P<0.05; significance level of cure rates between schools (oxamniquine).
+-¢2=0.43, P>0.05; significance level of cure rates between schools (praziquantel).

Table 3

Effect of treatment on S. mansoni in school children of Kitwii and Kambu Primary Schools by age groups, five weeks post-treatment with
praziquantel (40mg or 60mg kg- ).

40mg kg'1 60mg kg‘1
Age No. Cure Pre-treatment % No. Cure Pre- % egg
group treated rate (epg) reduction treated rate treatment reduction
(years) (epg)
Kitwii school, Kangundo area
6-9 10 80.0 86.9 929 13 76.9 109.1 89.3
10-14 77 84.6 166.3 922 78 93.6 176.6 96.3
15+ 46 93.5 229.1 98.1 42 97.6 180.7 99.5
P-value ns. ns. <0.05 n.s.
Total 133 87.2% 177.0 94.3t 133 93.2+ 169.8 96.6T
Kambu school, Kibwezi area
6-9 27 51.9 118.6 74.9 27 63.0 194.5 80.9
10-14 87 64.4 217.8 833 78 71.8 221.8 89.0
15+ 59 78.0 171.0 90.5 47 91.5 184.9 95.0
P-value <0.05 ns. <0.01 n.s.
Total 173 67.1% 182.4 84.4t 152 76.3% 205.1 89.4T

i - %2 = 6.94, P<0.01, significance level of cure rates between schools for 40 mg/kg.

1- %2 = 4.72, P<0.05, significance level of cure rates between schools for 60 mg/kg.

t- X2 = 6.83, P<0.01, significance level of egg reduction between schools for 40 mgrkg.
T- X2 =4.76, p<0.05, significance level of egg reduction between schools for 60 mgrkg.

Study Il treatment with oxamniquine and praziquantel:
Table 2 summarises the cure rates of OXA and PZQ by
school and drug analysed separately. The overall cure rate
in Kibwezi children (61.9%) treated with OXA was
statistically lower (p<0.05) than that of Kangundo children
(79.7%). However, the difference in overall cure rates in
PZQ treated children between Kibwezi and Kangundo
was not significant. Treatment effects of OXA and PZQ
were similar in Kangundo children, but OXA was less

efficient than PZQ in the Kibwezi school. Treatment
failure in Kangundo children declined with age, both for
OXA and PZQ, but this age effect was not seen in either
OXA or PZQ treated children in the Kibwezi School. The
overall percentage egg count reduction for OXA and PZQ
in the two areas was similar.

Logistic regression analysis was performed for each
drug separately (data not shown), For OXA treatment, sex,
age group and pre-treatment egg counts had a significant
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effect on treatment failure, when entered separately
(p<0.05), but the effect of area alone was more pronounced
(p<0.01). The effect of area remained significant (p<0.05)
after adjusting for the other three factors. For PZQ
treatment, only age had a significant effect on treatment
failure (p<0.05).

Study Il treatment with 40 or 60mg/kg of praziquantel:
The overall mean pre-treatment egg counts were
comparable as regards age in the two dosage groups, but
the Kangundo children were slightly older (mean age for
Kangundo 13.3 versus Kibwezi 12.6). The drug response
was better in Kangundo school than the Kibwezi school
for both treatment doses (p<0.001 for both doses), Table
3. Inthe Kangundo school, cure rates differed significantly
among age groups in the 60mg/kg treatment regimen
(p<0.05), but not in the 40mg/kg group.

In Kibwezi, cure rates differed significantly between
age groups for both treatments with 40mg/kg (p<0.05) and
60 mg/kg (p<0.01). Within the schools, the overall cure
rate and the percentage egg reduction did not differ
significantly between the 40 and 60 mg regimen (p>0.05).

There were, however, significant differences of the
overall cure rates between the schools for the 40 mg
regimen (X2 = 6.94, p<0.01) and the 60 mg dose (}2 =
4.72, p<0.05). Using a logistic regression model with sex,
age, area and dose entered as independent variables, a
significant association was demonstrated between cure
rates, sex, age, dose and school. No two way interactions
were significant (data not shown).

DISCUSSION

This study demonstrated that treatment with OXA
and PZQreduced significantly the intensity and prevalence
of S. mansoniinfectionin school children, and that treatment
with both drugs showed a lower efficacy in Kibwezi than
in Kangundo children. There was also an indication of a
significant difference in treatment efficacy between OXA
and PZQ in Kibwezi children, but not in Kangundo children.
The null hypothesis behind the study was that S. mansoni
in the two areas would respond identically to the
antischistosomal treatment. However, a recent study has
shown that isolates from the two areas exhibited different
patho-biological characteristics(3). Drug sensitivity is
relevant because selective chemotherapy directed at school
children is one of the strategies in the schistosomiasis
control programme in Kenya(1). Previous studies on OXA
and PZQ efficacy conducted in the Kangundo area in the
late 1970s and in 1980s, showed varying cure rates with no
therapeutic differences between OXA and PZQ(1). That
finding was generally confirmed in the present study.

The findings also showed that the cure rates or
treatment failure following PZQ and OXA treatment was
age dependent. Studies on the immune dependence of
chemotherapy have shown that the drug and the immune
system act synergistically to kill the adult worms;
antischistosomal drugs are less effective in young children
who have not mounted the appropriate immune

responses(13). It is not possible in man to evaluate the
drug effects on worms of different ages. However, in
mouse models, it has been shown thatimmature worms are
unsusceptible to treatment with PZQ and OXA(14). Based
on this finding, it is possible that the treatment failure,
which was more prominentin younger children may be the
result of the presence of young schistosome worms during
therapy. Presumably, these immature worms could have
developed into mature adults after treatment and initiated
egg laying. Confirmation of this hypothesis would have
been provided if a second treatment with OXA and PZQ
had been dispensed some weeks later to the children who
were not cured(6).

On the other hand, if the occurrence of treatment
failure was due to the existence of drug tolerant worm
strains, cure would not have been achieved following a
second treatment(8,6). It is noteworthy that the younger
age groups who frequent water contact sites are the ones
at the highest risk of exposure to infection(15). Thus, the
finding that treatment failure was most pronounced in the
age group below ten years in both areas might indicate that
the age of infection could, in part, account for the age
dependent variability in drug efficiency encountered in
various field studies(6).

From study I and III, the PZQ cure rates for the 60
mg/kg treatment regimen were slightly higher (93.2% in
Kangundo and 76.3% in Kibwezi) than for the 40 mg/kg
treatment regimen (87.2, 77.6% in Kangundo and 67.1%,
81.1% in Kibwezi). It is plausible that the low cure rates
in Kibwezi area where morbidity is high could be associated
with the intensity of infection and possibly an innate low
drug susceptibility(16). The differences in response of
OXA and PZQ between Kangundo and Kibwezi children
may notbe ascribed to previous and repeated drug exposure
because Kibwezi was only recently identified as a
schistosomiasis mansoni endemic area(2). A number of
reports have been made to show that some strains of S.
mansoni are resistant to OXA(4). In Kenya, strains of S.
mansoni tolerant to OXA have been reported in the Mwea
irrigation scheme in Kirinyaga District(8).

The results from the present study may tentatively
confirm such tolerance in Kenya, since the cure rate in
Kibwezi children approached the lowest limits of the
usual efficacy of this drug to S. mansoni infection(4). The
slight but significant difference in OXA efficacy between
the two localities may portray a biological difference
between S. mansoni in the two areas.

The recent finding that treatment with PZQ (40 mg/
kg) showed surprisingly low efficacy in a Senegalese
community (9) although re-treatment was effective (18),
and also the demonstration of schistosomes in Egyptian
villagers that can tolerate high doses of PZQ (6), might
indicate thatresistance to PZQ may sooner or later develop
as in the case of OXA (17).

Itshould be noted that research conductedin several
laboratories, has demonstrated very little variation in
the efficacy of PZQ on various geographic isolates of S.
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mansoni(5,17,18) whereas in our study we observed a
significant variation in the drug response. Despite the
variable cure rates between areas, the percentage egg
reductions were remarkably high and stable except for
onc study, where a significant difference in egg
reductions between the two areas was noted in the PZQ
treated group (Table 3).

The finding with PZQ of varying but highly susceptible
S. mansoni from both low and high morbidity areas,
suggests that drug tolerance or resistance may not pose an
immediate threat to its use in the schistosomiasis control
programme in Kenya. The 60-mg/kg regimen in our study
achieved cure rates of 76-93% compared to 67-87% for 40
mg/kg. Thus, the optimal PZQ dose regimen in this region
remains unresolved. However, if OXA were to be used in
the control programme, a higher dose as suggested by
Coles et al(8) might be worth trying to alleviate the
impending drug resistance problems(5,6,7,17). Our
findings underline this necessity by pointing outa possible
difference in the susceptibility of S. mansoni to efficacy of
OXA and PZQ in the treatment of S. mansoni infections in
school children in Kangundo-Machakos and Kibwezi-
Makueni areas, and, possibly, elsewhere in Kenya.

ACKNOWLEDGEMENTS

This work was supported by the UNDP/World Bank/WHO Special
Programme for Research and Training in Tropical Diseases and the
Danish Bilharziasis Laboratory (DBL). The authors wish to thank the
staff of Division of Vector Borne Diseases staff especially J. Kioko, J.H.
Kihara, S. Kesuka, S. Muhia, P. Ayieko, O. Makau, W, Kuto, D. Mbinda
and P. Muasya for their undeniable technical help during the laboratory
and field studies. We are also grateful to Drs. N. O. Christensen and H.
Madsen for their useful comments. This paper is published with kind
permission of the Director of Medical Services of the Government of
Kenya.

REFERENCES

1. Butterworth, A.E., Sturrock, R.F., Ouma, J.H., Mbugua, G.G.,
Fulford, A.J.C., Kariuki, H.C. and Koech, D. Comparison of
different chemotherapy strategies against Schistosoma mansoni in
Machakos District, Kenya: Effects of human infection and
morbidity. Parasitology, 1991; 103:339-355.

2. Fulford, AJ.C.,Mbuguna, G.G.,Ouma, ). H., Kariuki, H.C., Sturrock,
R.F. and Butterworth, A.E. Differences in the rate of
hepatosplenomegaly due to Schistosoma mansoni infection between
two areas of Machakos District, Kenya. Trans. roy. Soc. trop. Med.
Hyg. 1991, 85;481-488.

Thiong’o, F.W., Madsen, H., Ouma, J.H. Andreassen, J. and
Christensen, N.O. Host-parasite relationship in infections with two
Kenyan isolates of Schistosoma mansoni in NMRI mice. J.
Parasitol. 1997; 83:330-332.

World Health Organization. The control of schistosomiasis. Second
report of the WHO Expert Committee. Geneva. WHO Technical
Report Series no. 830. 86 pp, 1993.

Brindley, P.J. Drug resistance to schistosomicides and other
antihemintics of medical significance. Acta Tropica. 1994;56:213-
231.

Ismail, M., Metwally, A., Farghaly, A., Bruce, J., Tao, L. and
Bennett, J.L. Characterization of isolates of Schistosoma mansoni
from Egyptian Villagers that tolerate high doses of praziquantel.
Amer. J. trop. Med. Hyg. 1996; 55:214 -218.

Bennett, J.L., Day, T., Feng-Tao, L., Ismail, M. and Farghaly, A.
The development of resistance to antihelmintics: perspective with
anemphasis onthe antischistosomal drug praziquantel. Exp. Parasit.
1997; 87:260-267.

Coles, C.G., Mutahi, T.W., Kinoti, G.K., Bruce, J.I. and Katz, N.
Tolerance of Kenyan Schistosoma mansoni to oxamniquine. Trans.
roy. Soc. trop. Med. Hyg. 1987; 81:782-785.

Gryseels, B., Stelma F.F,, Talla, 1., Vandam, G.J., Polman, K,
SOW-S.,DiM,, Sturrock, R F., Doeringschwerdttfeger E. Kardoff,
R., Decam, C. Niang, M. and Deelder, A M. Epidemiology.
immunology and chemotherapy of Schistosoma mansoni infections
in a recently exposed community in Senegal. Trop. geogr. Med.
1994; 67:209-219.

Peters, P.A. and Kazura, J.W. Update on diagnostic methods for
Schistosoma mansoni. In: Schistosomiasis. Bailleire’s Clinical
Tropical Medicine and Communicable Diseases, Bailliere Tindall,
London. Volume 2, 419-433, 1987.

Zar, ] H. Biostatistical analysis. 2nd ed. Prentice-Hall International,
Englewood CIliff, New Jersey 718 pp, 1984.

Hosmer, D.W. and Lemeshow, S. Applied logistic Regression.
New York: John Wiley and Sons. 185 pp, 1989.

Doenhoff, M.J., Modha, J., Lambertucci, J.R. and Mclaren, D.}.
immune dependence of chemotherapy. Parasitol. Today,. 1991,
7:16-18.

Sabah, A A.,Fletcher,C., Webbe, G. and Doenhoff, M.J. Schistosoma
mansoni: reduced efficacy of chemotherapy in infected T-cell
deprived mice. Exp. Parasit, 1985; 60:348-354.

Kloos, H., Fulford, A J.C, Butterworth, A.E. Sturrock, R.F. Ouma
J.H., Kariuki, H.C, Thiong’o, F.W, Dalton, P.R. and Klumpp, R.
Spatial patterns of human Water contact and Schistosoma mansoni
transmission and infection in four areas of Machakos District,
Kenya. Soc. Sci. Med. 1997; 44:949-968.

Mbugua, G.G. Morbidity patterns and treatment effects in human
schistosomiasis in two areas of Machakos and Makueni Districts,
Kenya. Ph.D. Thesis. University of Nairobi, Kenya, 1996.
Fallon, P.G., Sturrock R.F., Capron, A., Niang, M. and Doenhoff,
M.J. Diminished susceptibility to praziquantel in Senegalese isolate
of Schistosoma mansoni. Amer. J. trop. Med. Hyg. 1995; 52:61-62.
Picquet, P., Vercruysse, J., Shaw, D.J. Diop, N.and Ly, A Efficacy
of praziquantel against Schistosoma mansoni in Northern Senegal.
Trans. roy. Soc. trop. Med. Hyg. 1998; 92:90-93.



