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Initial experiences with praziquantel in the treatment
of human infections due to Schistosoma haematobium
A. DAVIS,' J. E. BILES,2 & A.-M. ULRICH2

Initial studies of the tolerance and efficacy of praziquantel in the treatment of human
infections due to Schistosoma haematobium were conducted at the WHO Tropical
Diseases Research Centre, Ndola, Zambia. The first stage of the trial was a double-blind
assessment against placebo of the tolerance and efficacy of oral doses of I x 20, 2 x 20, or
3 x 20 mg/kg in patients with a minimum schistosome egg excretion of 50 per random
10-ml sample of urine. Later a single-blind trial was carried out of the efficacy ofthree oral
doses, each of20 mg/kg, given at 4-hour intervals, or of a single oral dose of 50 mg/kg.

In 79 young Zambians with S. haematobium infections (and often other parasitic
infections), patient tolerance to the drug was very good, only minor post-treatment
symptoms of intermittent epigastric pain, anorexia, and headache being noted, all of short
duration.

No changes of clinical relevance were detected in the results of a battery of
haematological and biochemical tests. Post-treatment eosinophilia occurred in 42% of
drug-treated patients but also in 30% of those given placebo. Serial electrocardiograms
revealed no changes of significance.

At six months after treatment, of 73 patients followed up, only I case ofparasitological
failure was detected. At one year, 66 (83.5%) of 79 patients with S. haematobium
infection were followed up and 2 (2.5 %) parasitological failures were detected.

Two years after treatment, 45 (57%) of 79 patients with S. haematobium showed
negative urines, 7 (9%) had positive hatching tests, and 27 (34%) were absent.

The clinical pharmacology unit of the WHO
Tropical Diseases Research Centre, Ndola, Zambia,
participated in cooperative multicentre clinical trials
of the tolerance and curative efficacy of praziquantel
given orally against Schistosoma haematobium infec-
tions (1).

MATERIALS AND METHODS

In order to form a list of potential candidates for
the trial, case collection, by means of parasitological
screening surveys of urine, was conducted in the
primary schools of a rural area within easy reach of
Ndola. Preliminary visits were made to the Chief of
the area and meetings were held with headmasters
and staff of the local schools. A full explanation of
the aims of the screening surveys was given and

I Chief, Schistosomiasis and other Helminthic Infections, Para-
sitic Diseases Programme, World Health Organization, 1211 Gene-
va 27, Switzerland.

2Laboratory Technologist, WHO Tropical Diseases Research
Centre, Ndola Central Hospital, Ndola, Zambia.

times appropriate for the optimal collection of urine
specimens (between 09 h 00 and 14 h 00) were
arranged. In addition, occasional patients referred to
the WHO Tropical Diseases Research Centre were
included on the pre-trial screening list.

Three successive daily schistosome egg counts
were made on a random 10-ml urine subsample of
the total bladder content. The technique used in-
volved staining the eggs with carbol fuchsin, filtering
the sample, and counting the eggs retained on a
Whatman No. 1 filter paper (2). In addition, stools
were examined by the Kato technique (3), and thick
and thin blood films were stained with Giemsa stain
and examined for malarial parasites.

Infected children or young adults with a geometric
mean schistosome egg excretion rate of at least 50
per random 10-ml urine subsample were entered on
a potential entrant list and transported to hospital
for full physical examination, routine urinalysis,
chest X-ray, and a flat abdominal film, in order that
any concomitant serious condition or other con-
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straint to their entering the trial could be excluded.
General criteria for trial entry have been given in the
preceding paper (1).

After completion of physical, radiological, para-
sitological, and other examinations, a final selection
of patients was made and letters were sent to parents
or guardians of schoolchildren, while those of con-
senting age were given full explanations. Letters
were written in the local language and gave full
details of the conduct of the trial, provision of
transport, and aftercare. Parents who were willing
for their children to participate in the trial returned
the consent forms to the headmasters of the schools
involved and in this way were linked with both
school and the professional trial team.
The final entrants to the trial were placed on a

numbered list and were admitted to hospital in small
groups in order that intensive clinical supervision
could be guaranteed. Immediately before treatment
two pretreatment urines on consecutive days were
examined by the quantitative hatching technique
described by Davis (4, 5) and the miracidia, recently
dead eggs, and black eggs were counted. Subse-
quently the geometric means of the two miracidial
counts, transformed to x + 1, were used as the " egg
output" variable in calculating the therapeutic effect
of the drug and its action on egg excretion.

In addition to these specific parasitological and
other general investigations, a pretreatment electro-
cardiogram was recorded on a Cambridge Trans-
rite IV, and screening for haemoglobin S-by
Sicklequik, a commercially available solubility
testa_ and glucose-6-phosphate dehydrogenase
(G6PD) deficiency (Sigma Chemical Company) pre-
ceded further haematological and biochemical
screening tests. Blood samples giving an abnormal
haemoglobin result were subjected to electro-
phoresis on a cellulose acetate medium for exact
diagnosis of genotype.

Standard haematological measurements were
made on a Coulter counter model "S ". Platelet and
reticulocyte counts were performed by standard
techniques.
Venous blood samples were taken on the day

before treatment and at 24 or 48 hours after
treatment and the following estimations were made:
total and direct serum bilirubin, serum alanine
aminotransferase (SGPT), and serum aspartate
aminotransferase (SGOT). Blood sugar was tested
on blood samples withdrawn two hours after a

a Sicklequik General Diagnostics, Division of Warner-Lambert,
Morris Plains, NJ 07950, USA.

standard breakfast. Serum urea was estimated be-
fore treatment only. All these clinical chemical tests
were made with Searle Diagnostic Test Kit reagents.
Female patients over 12 years of age were given a
latex agglutination urinary pregnancy test before
treatment (Ortho-Diagnostics); all were negative.

Treatment

Patients were treated sequentially in small groups.
On the rare occasions that a selected patient from
the final list did not arrive at the meeting point for
transportation to hospital, attempts were made to
recruit the next listed patient.
On admission, patients were randomly allocated,

from a table of random numbers prepared pre-
viously in the Federal Republic of Germany, to one
of two groups who were treated with tablets labelled
either as "A " or "B ", of whose identity the
participating physician was unaware.
The details of the trial design and dosages are

given in the preceding paper (1).
Patients initially given the placebo were followed

parasitologically in the 3-day follow-up routine at 4
and 8 weeks and were then treated with a single oral
dose of praziquantel of 50 mg/kg body weight. They
thus served as their own within-patient parasitologi-
cal control. No patient ceased to excrete eggs at 4 or
8 weeks after placebo treatment but 3 had one count
of viable miracidia of zero.
The numbers treated and the various dosage

groups are given in Table 1. Patients admitted to
hospital for treatment remained in the ward for
48-72 hours afterwards and were then returned to
their homes. Patients were transported to and from
their homes and all normal hospital amenities were
provided. Treated patients were visited at school or
home 5-10 days after hospital discharge and then
seen again at monthly intervals.

Analyses of monitoring measurements

All pre- and post-treatment haematological and
clinical chemical measurements were related sam-
ples in the statistical sense and the significance of the
differences between them was assessed by the non-
parametric Wilcoxon matched-pairs signed-ranks
test. Note was taken of any values lying outside the
"normal range" quoted by the manufacturer for
each technique. Additionally, the arithmetic means
of the differences between pre- and post-treatment
samples in each dosage group were calculated and
assessed within the total spectrum of clinical differ-
ences between groups. All haematological and clini-
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Table 1. Number of patients with S. haematobium infection treated with praziquantel
or placebo

No. receiving:
Trial stage and aim Dose (mg/kg)

placebo drug

Stage 1. Tolerance 1 x20 5 6
2x20 4 6
3x20 11 12

Subtotal 20 24

Stage 2. Efficacy 3 x 20 22
+ 12 (see Stage 1)

Subtotal 34

Stage 3. Efficacy 1 x50 14
+ 20 (19 Stage 1 placebo + 1 new S. mansoni)

Subtotal 34

Grand total 80 (79 S. haematobium: 1 S. mansoni)

cal chemical tests were performed by one senior
technologist.

Parasitological follow-up after treatment

Parasitological examination was carried out on
three consecutive daily urines for all treated pa-
tients, using the quantitative hatching test (4,5) at
monthly intervals up to 6 months and again at 9, 12,
15,18, and 24 months. Thewhole bladdercontentwas
collected between 09 h 00 and 14 h 00 and sedi-
mented for a minimum of 30 min; the bottom 10 ml
of sediment was then extracted with a Pasteur
pipette and examined. If the first sedimented urine
specimen was negative (defined as the absence of
hatched miracidia, although recently dead or black
eggs may be present), then two further urine speci-
mens taken on consecutive days were sedimented
and examined. If the first urine specimen contained
hatched miracidia, then random 10-ml samples were
taken from two further bladder collections, the
miracidial count recorded, and the geometric mean
of the counts compared directly with that of the
geometric mean of the pretreatment counts. All raw
miracidial counts were transformed to x + 1. If an
initially negative sedimented urine became positive
(miracidia present) on the second or third day of
follow-up, then two further total bladder collections
were made and random 10-ml subsamples were
examined by counting.

Characteristics of the patients

Eighty African children, adolescents, or young
adults entered the trial. The age range was 7-22

years; the median age 11.5 years and the semiquar-
tile range 1.82 years. Only 4 were over 16 years of
age. There were 50 males and 30 females.
Of these 80 patients, 79 had Schistosoma

haematobium infections; 1 had a sole S. mansoni
infection with a pretreatment geometric mean excre-
tion of 163 eggs per gram of stool and had been
referred from the hospital. Of the 79, only 17 (22 %)
had a single S. haematobium infection. The remain-
ing 62 (78%) had multiple parasitic infections as
follows: hookworm 47/79 (59 %), Plasmodiumfalci-
parum trophozoites or gametocytes 25/79 (32%),
double schistosome infection with S. mansoni
10/79 (13 %), and a variety of intestinal helminths
-Ascaris lumbricoides 3/79 (4 %), Trichuris
trichiura 2/79 (3 %), Hymenolepis nana 2/79
(3 %), and one each of Enterobius vermicularis
and tapeworm species (1 %). One case of infection
with Acanthocheilonema perstans was found on
blood films.

Clinically, 25 (31 %) had an enlarged liver and 30
(38%) had splenomegaly; bladder calcification on
abdominal radiology was present in 12 (15 %), an
AS genotype was detected in 22 (28%), and partial
G6PD deficiency was present in 7 (9%). In general,
nutritional status was good and no anaemia of
consequence was detected.

Characteristics of the dosage groups

Detailed descriptions and analyses of the relevant
variables in both treatment and placebo groups are
available from the authors and only summaries are
given here.
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The major pretreatment variables in each of the
treatment groups are given in Table 2.
Drug and placebo groups were comparable at

each dose level in the majority of subclassifications
involving the major measurable variables of age,

weight, height, body surface area, and the pretreat-
ment miracidial output, which ranged in the various
treatment groups from 54 to 135 miracidia per

random 10-ml sample of urine.

RESULTS

Tolerance

The questionnaire on symptoms was administered
to all patients whether treated with drug or placebo
(1). In only two patients, both drug-treated, were

post-treatment symptoms reported that had not
been present before therapy. One boy aged 8 years
complained of intermittent epigastric pain that
began some 24 hours after 3 doses of praziquantel of
20 mg/kg but which had disappeared at 48 hours.
Another boy aged 14 years had frontal headache
and anorexia that lasted for some 4 hours after a

single oral dose of 50 mg/kg.
Neither of these episodes was definitely attribut-

able to the drug but they were associated in time
with treatment. In subsequent trials we have en-

countered abdominal pain in some 12% of treated
patients, somewhat more often in association with a

large single dose than with repeated doses. Abdomi-
nal pain never gave rise to concern, however, and
usually it was of mild intensity and short duration.

In short, in these preliminary trials against S.
haematobium, patient tolerance was excellent.

Reservations must be expressed, however, about
the validity of using questionnaires on symptoms
that are prepared and tested in one culture, and
used subsequently in another continent, culture,
and language. It should be emphasized that in the
present trial the majority of the treated children did
not understand the meaning of most of the symp-

toms and did not have the vocabulary to describe
anything other than gross disturbances of sensation
or function. As the number of persons involved in
trials increases, observations on side effects made by
practising clinicians will be of greater importance in
assessing the true tolerance to praziquantel.
One girl of 11 years was given 3 doses of prazi-

quantel of 20 mg/kg on the fourth day after chloro-
quine treatment for an acute Plasmodium falci-
parum infection which presented with repeated
vomiting and a trophozoite count in the peripheral
blood of 582 per 200 white cells, equivalent to over

23 000 parasites per mm3. Tolerance to praziquantel
was excellent and no adverse symptoms or side
effects were noted.

Clinicopathological measurements

The means of the differences between the pre-
and post-treatment haematological and clinical
chemical measurements are given in Table 3. These
figures do not show any constant positive or negative
trend or any relationship between magnitude of
change and dose of drug. While occasional differ-
ences in mean values were statistically significant,
such changes were meaningless biologically; this is
confirmed by inspection of the magnitude and signs
of the means shown in Table 3, which indicate a

Table 2. Pretreatment variables in treatment and placebo groups

Number Age range Mean Mean Mean body Pretreatment geometric
Regimen & dose treated (yearane body weight height surface areal mean no. of miracidia perRegimen &dse reaed(kg ± SE) (cm SE) (M2 + SE) random 10-mi urine

Drug, 1 x20 mg/kg 6 8-15 31 ±4.04 139.2 4.16 1.10 ±0.08 67.4
Placebo 5 7-15 30 ± 3.05 135.6 ± 4.64 1.07 ± 0.07 135.4

Drug, 2 x 20 mg/kg 6 9-15 30.1 ± 3.86 136.5 ± 4.96 1.07 ± 0.09 53.9
Placebo 4 11-14 40.5 ± 4.32 149.4 3.56 1.30 ± 0.09 53.8

Drug, 3 x 20 mg/kg 12 7-14 29.9 ± 1.66 137.3 2.26 1.07 ±0.04 75.9
Placebo 11 7-15 30.2 ± 2.37 137.9 ± 3.55 1.08 ± 0.05 57.5

Total given
drug 3 x 20 mg/kg 34b 7-16 31.3 ±1.45 139.8 ± 1.93 1.10 ± 0.03 71.6

Total given
drug 1 x50 mg/kg 34b 7-22 34.7±1.72 143.9±2.54 1.18±0.04 59.1

e Body surface area (Boyd) calculated using Hewlett-Packard 65, program no. STD 05A.
bTotals derived as shown in Table 1.
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Table 3. Arithmetic means of the differences between paired clinicopathological measurements in treatment
groups before and after praziquantel or placebo a

Treatment group Total serum SGpTb SGOTc Random blood * White cell
and dose bilirubins (King units) (King sugard Haemoglobin count
(mg/kg) (RMIImo/) (iguis (Knuit) (mmol/1) (gIl) (x 10/1

drug 1 x 20 + 7.35 (6) + 19.6 (6) -11.4 (6) + 0.22 (6) + 4.8 (6) -0.46 (6)
placebo + 7.01 (5) +10.5 (5) +16.9 (4) + 0.21 (5) + 0.8 (5) - 0.18 (5)

drug 2 x 20 + 2.05 (6) - 29.8 (6) - 6.0 (6) + 0.14 (6) + 3.4 (5) - 0.63 (6)
placebo + 3.42 (4) -14.8 (4) -14.0 (4) + 0.28 (4) 0 (4) - 1.95 (4)

drug 3 x 20 +1.20 (34) - 0.4 (32) -10.0 (33) -0.41 (33) + 4.5 (33) + 0.46 (22)
(total treated)

placebo -0.51 (11) - 1.3 (10) +17.5 (10) -0.57 (10) -8.0 (7) -4.36 (7)

drug 1 x 50 +1.20 (12) - 2.6 (11) - 2.0 (11) +0.38 (11) +3.7 (11) +0.22 (12)

Normal range or upper limit
for technique <20.5 17-89 34-107 2.8-5.3 - -

I No. of paired samples from which the analysis was made is shown in parentheses.
bSGPT = serum alanine aminotransferase.
cSGOT = serum aspartate aminotransferase.
dTaken at fixed time of day.

random distribution between drug-treated and
placebo-treated groups.

Post-treatment eosinophilia occurs not infre-
quently after schistosomicidal drugs and many phys-
icians consider that it indicates death or disruption of
parasites. In this trial an arbitrary definition of
eosinophilia as post-treatment doubling of the pre-
treatment eosinophil count was adopted. By this
criterion, 10 (42%) of 24 drug-treated patients in
the double-blind trial exhibited eosinophilia but so
did 6 (30%) of 20 persons given placebo. We have
no explanation for this finding. In the other sub-
groups of drug-treated patients, post-treatment
eosinophilia occurred in 26% and 35 %, respec-
tively.
With the possible exception of the eosinophilia, it

was concluded that the other mean changes after
treatment were without clinical significance. The
observed values were consistent with the variations
of each technique, and drug treatment did not
appear to influence biochemical and haematological
functions in any constant way.

Serial electrocardiograms revealed no significant
changes. The minor S-T and T variations so fre-
quent in the ECGs of young Africans were equally
common before and after treatment.

Therapeutic results and parasitological follow-up
In small subsamples examined by the quantitative

hatching technique 7 and 11 days after dosage
(n=5.4), mean reductions in urinary miracidial and
egg output of 79% and 84% were observed.

Of the 80 Zambian children, adolescents, or
young men, treated, 73 were followed for 6 months
and only 1 parasitological failure was detected (6).
This was a boy with pretreatment urinary miracidial
counts of 142 and 303 per random 10-ml sample of
urine, and an AS genotype, who was treated with
praziquantel at a dose of 3 x 20 mg/kg. On follow-
up, his urine was negative for 3 consecutive days at
1, 2, and 3 months. At 4 months, his urinary
miracidial counts over 3 consecutive days were 4, 14,
and 10 per random 10-ml sample, at 5 months 28,
15, and 43, and at 6 months, 11, 10, and 23.
Hatched miracidia were not found in any other
patient although occasional black eggs were excreted
intermittently by many patients.
No patient with S. mansoni excreted viable ova in

the first 6 months after treatment. Follow-up examin-
ations were conducted by the Kato technique on 3
consecutive daily stool specimens and, if these were
negative, a formol-ether concentration technique
was used (7). The times of examination were the
same as those described for S. haematobium infec-
tions.
At 1 year, of the 80 patients, 66 (83.5 %) of the 79

with S. haematobium infections were followed up
and 2 (2.5 %) were parasitological failures, one
almost certainly because of reinfection, since the
urine was consistently negative at each follow-up
until the twelfth month after treatment. Of the 14
patients (17.5 %) absent from the 1 year follow-up,
1 had a pure S. mansoni infection; of the 13 with S.
haematobium infection, 2, 9, and 1 were known to
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be urine negative at 9, 6, and 5 months, respectively,
and 1 was consistently absent from follow-up.
At 18 months, 47 (59.5 %) of the 79 patients with

S. haematobium infection had negative urines over 3
consecutive days, 9 (11.4 %) showed hatching
miracidia, and 23 (29.1%) were absent from follow-
up, including the patient with a solitary S. mansoni
infection.
Two years after treatment, 45 (57%) of the 79

patients with S. haematobium infections showed
negative urines over 3 consecutive days of follow-up,
7 (9 %) had hatching miracidia, and 27 (34 %) were
absent, as was the patient with the solitary S.
mansoni infection.

DISCUSSION

These initial clinical studies of praziquantel
showed:

(1) excellent patient tolerance in a sample of
mainly school-age Zambian children;

(2) high therapeutic effect against light or moder-
ate S. haematobium infections at all dose levels
tested;

(3) no adverse effects on haematological func-
tions, liver function tests, the electrocardiogram, or
clinical measurements, either in patients with AS
trait or G6PD deficiency, or in those with multiple
parasitic infections.

Praziquantel possesses most of the desired charac-
teristics of the ideal schistosomicide, at least as
regards S. haematobium infections. Since the infec-
tions in the trial described were generally of only
moderate intensity, yet of a severity sufficient to
show schistosomicidal effect, further trials of a wider
dose-response range in high-intensity infections
were indicated and are in fact being conducted
currently in multicentre clinical trials.

If these preliminary clinical observations are con-
firmed by further trials, population-based
chemotherapy of S. haematobium infections may
become a practical reality in the near future. This
new chemotherapeutic compound is a highly sig-
nificant advance in the treatment of the individual
patient with urinary schistosomiasis and appears
likely to become a major tool in the control of
disease in the populations of endemic areas.
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RItSUM1.

PREMItRES EXPtRIENCES UTILISANT LE PRAZIQUANTEL DANS LE TRAITEMENT
DES INFECTIONS HUMAINES A SCHISTOSOMA HAEMATOBIUM

Les premiers essais de tolerance et d'efficacite du
praziquantel par voie orale dans le traitement curatif des
infections a Schistosoma haematobium chez l'homme ont
6te realis6s en Zambie selon un protocole comportant trois
stades. Au premier stade, une etude en double insu de la
tolerance et de l'efficacite du medicament par rapport a un
placebo a 6te faite avec trois doses, 1 x 20 mg/kg de poids
corporel, 2 X20 mg/kg et 3 x 20 mg/kg, les doses multiples
etant administrees a quatre heures d'intervalle. Ensuite,
deux autres essais en simple insu de l'efficacite therapeu-
tique avec des doses de 3 X20 mg/kg et d'1 X 50 mg/kg ont
e faits.
Les malades ayant recu le placebo lors du premier essai

ont ete soumis a un examen parasitologique pendant trois
jours consecutifs au bout de 4 et 8 semaines et les resultats
obtenus ont servi de valeurs temoins; aucun d'entre eux n'a
cesse d'excreter des ceufs. Ils ont ensuite e traites par une

dose orale unique de praziquantel a raison de 50 mg/kg de
poids corporel.

Sur 80 malades ages de 7 a 22 ans, 79 presentaient une
infection a S. haematobium et 1 une infection simple a
S. mansoni. Nombre d'entre eux presentaient des infections
parasitaires multiples, le plus souvent a ankylostomes
(59%), et a trophozoites ou gametocytes de Plasmodium
falciparum (32%), ou une infection double a S. haema-
tobium et S. mansoni (13 %).
Du point de vue clinique, 25 malades (31 %) presen-

taient une hepatomegalie, et 30 (38 %) une splenomegalie;
chez 12 malades (15%) la radiographie abdominale a
revele des calculs biliaires; chez 22 malades (28%) on a
trouve un genotype AS, et chez 7 d'entre eux (9%) un
deficit partiel en glucose phosphate-deshydrogenase. En
general, l'etat nutritionnel etait bon et on n'a observe
aucune an6mie.
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La tolerance au medicament a ete tres bonne. Seuls des
sympt6mes mineurs, intermittents, consistant en douleurs
epigastriques, cephalees et anorexie, ont ete observes.
Aucune modification des signes physiques n'a e decelee a
la suite du traitement. Les differences entre les resultats,
avant et apres traitement, d'une batterie de tests hema-
tologiques et biochimiques n'ont montre aucune tendance
positive ou negative constante, et aucune relation entre
l'etendue des modifications et la dose administree. Une
eosinophilie a ete observee apres le traitement chez 42%
des malades traites, mais aussi chez 30% de ceux ayant
requ le placebo. A l'exception possible de l'eosinophilie,
toutes les modifications hematologiques et biochimiques
observees ont e jugees depourvues de signification cli-
nique. De meme, des electrocardiogrammes en serie n'ont
revele aucune modification significative.
Tous les malades trait6s ont ete suivis par examen

parasitologique des urines trois jours de suite une fois par

mois du ier au 6C mois puis au bout de 9, 12, 15, 18 et 24
mois. Au bout de six mois, un seul malade sur les 73 suivis
presentait une parasitemie. Au bout d'un an, 66 malades
sur les 79 (83,5 %) presentant une infection a S. haema-
tobium n'avaient plus de parasites dans les urines, 7 sur 79
(9 %) excretaient des miracidia en eclosion et 27 sur 79
(34 %) ne se sont pas presentes, non plus que le malade qui
presentait une infection simple a S. mansoni, et qui etait
gueri lors de l'examen de six mois.
Ces etudes ont montre que praziquantel possede la

plupart des qualites voulues comme schistosomicide, au
moins pour les infections a S. haematobium. Comme les
infections traitees dans l'essai etaient generalement de
gravite moyenne, mais toutefois suffisamment nettes pour
indiquer un effet schistosomicide, il est conseilie d'entre-
prendre de nouveaux essais avec une gamme plus large de
doses chez des malades souffrant d'infections graves; de
tels essais sont d'ailleurs en cours de realisation dans le
cadre d'essais cliniques multicentres.
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