
Discussion
Several reports published in the mid-1970s focused attention
on high f3-glucuronidase and sulphatase activities in
experimental tumours.4-7 The idea of designing a prodrug that
would be activated by these enzymes at its site of action is
therefore not new. However, a successful therapeutic prodrug
has yet to be developed for human use. It has been shown
that a mouse tumour with high f3-glucuronidase activity was
curable with glucuronide conjugates of aniline mustard
formed in vivo! However, the drug produced significant
anticancer activity in only 5 of 78 patients studied.'

It is not the objective of a phase I clinical trial to reach a
conclusion with regard to efficacy. In this trial 19 out of 24
patients survived as long as their estimated prognosis (4
months), while 5 survived longer than expected (12 months to
5 years). The patient who survived 5 years had no detectable
metastases. It therefore seems possible that cancer patients
who might benefit from hypoxoside are those with relatively
slow-growing necrotising tumours that are inoperable and
have high concentrations of f3-glucuronidase and sulphatase
as well as a high sensitivity for rooperol, as was found for the
H552 human adenocarcinoma cell line. f Other types of cancer
that merit investigation are tumours of the pancreas and bile
ducts. There is a verifiable anecdotal case in which a patient
with cancer of the pancreas on hypoxis plant extract is still
alive 10 years after diagnosis. It could be argued that cancer
of the pancreas might result in significant deconjugating
enzyme release to activate the hypoxoside metabolites
sufficiently for the aglucone to act as an effective cytotoxic
agent. However, the major conclusion of this trial is that
short- and long-term therapy (up to 5 years) with relatively
high hypoxoside dosages did not result in any obvious toxic
effect. This is not only important for further clinical studies on
the anticancer potential of hypoxoside; we llave also found
that the sulphated metabolites of rooperol show significant in
vitro and in vivo anti-HIV activity. A report on its stabilising
effect on CD4 cell numbers in HIV-positive patients will be
presented separately.

This study was initiated and sponsored by Essential Sterolin
Products according to an agreement entered into with the
University of Stellenbosch.
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Targeted chemotherapy for
parasite infestations in rural
black preschool children
M. Taylor, G. Pillai, J. D. Kvalsvig

Objective. To investigate whether targeted chemotherapy

can reduce parasite prevalence rates in rural black

preschool children.

Design. The study consisted of a before/after trial. Stool

and urine samples were analysed on four occasions over a

21-week period.
Setting. Creches in two rural areas of southern _

Kwazulu/Natal (coastal and inland). .:?
Patients. Two hundred children of 4 - 6 years of age

attending 19 creches in the area. .~

Intervention. Targeted chemotherapy using albendazole

for nematode infestations, praziquantel for trematode and

cestode infestations and metronidazole for protozoal

infections was administered twice at an interval of 14 weeks.

Main outcome measure. Prevalence rates.

Results. The prevalences of Ascaris lumbricoides,

Trichuris trichiura and Necator americanus infestation

decreased significantly after treatment. Reinfestation rates

12 weeks after treatment were 16% for A lumbricoides,

33% for T. trichiura, 24% for Giardia lambJia and 3% for N.

americanus. No reinfestation was noted for Schistosoma

haematobium, Hymenolepsis or Taenia species.

Conclusion. The study suggests that parasite

prevalence rates in children can be reduced by the

administration of appropriate chemotherapy at regular

intervals. However, the provision of clean water and

adequate sewerage facilities remains a high priority for

black communities living in rural areas of South Africa.

S Afr Med J 1995; 85: 870-874.

Although the mortality rate associated with parasite
infestations is negligible, morbidity such as impaired
physical and mental development is significant. This is
confirmed by studies on nematode and cestode infestation
in children.'-3 In Jamaica prevalence and intensity of infection
with Trichuris trichiura were found by Nokes et aJ! to be
greater among academically less able pupils. Boivin et al. 5

reported that after successful treatment for infestation with
serious types of chronic intestinal parasites children in Zaire
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demonstrated significant improvement in spatial memory.
A combination of vermifuge and iron supplement resulted in
higher cognitive performance." Kvalsvig' working in
KwaZulu/Natal noted that spontaneous energetic activity
increased in children treated for schistosomiasis relative to
controls, and that poor performance on an attention task
showed an association with parasite infection.3

Intensity of infestation affects morbidity, while lack of
clean water and adequate sanitation are major contributors
to infestation and reinfestation. Many individuals also host
more than one parasite infestation simultaneously.3 The
question of whether children's nutritional status is affected
by their worm load has been the subject of repeated
discussion.8-'O Simeon and Grantham-McGregor" suggest a
relationship between mental development and mild-to
moderate undernutrition. Recent work on children suffering
from mild-to-moderate undernutrition has tended to use
height for age and weight for height." Treatment of helminth
infestation resulted in an improvement in these indices.
Improvement in physical fitness has been noted as a result
of the successful treatment of ascariasis and trichuriasis. '2

This study examined the prevalence of parasite
infestations (helminths and protozoa), and the efficacy of
targeted chemotherapy and reinfestation rates after
chemotherapy in rural black preschool children using the
following single-dose drug protocols: (f) praziquantel
(Biltricide; Bayer) for schistosomiasis and cestodiasis; (iJ)
albendazole (Zentel; SmithKline Beecham) for nematode
infestation (Ascaris lumbricoides, T. trichiura and Necator
americanus); and (iiJ) metronidazole for Giardia lamblia.

Material and methods
This study formed part of an investigation into the effects of
parasite infestations on behaviour and cognitive processes
in children living in areas with a high prevalence of common
helminth parasites.3

Two hundred preschool children attending 19 creches
from a coastal (Mtwalume) and an inland (Nqabeni) region of
southern KwaZulu/Natal were included after informed
parental consent had been obtained. All children present
were investigated for all parasites at each survey and
received treatment targeted at the infections/infestations.
The inaccessibility of some of the creches precluded
repeated visits by the researchers for follow-up purposes.
The number of subjects in each of the four surveys therefore
differs.

Phase 1 (N = 153) consisted of all children who were
available at both survey 1 and survey 2. Any child who
presented at just one of the two surveys was excluded from
the analysis. Phase 2 (N = 145) consisted of all children
presenting at both survey 3 and survey 4.

In phase 1, survey 1. determined the prevalence of
infestation and survey 2 the efficacy of treatment and new
cases. In phase 2, survey 3 assessed reinfestation in
subjects who had been successfully treated in phase 1,
while survey 4 assessed the efficacy of the second
treatment, and new cases.

The treatment schedule took place over 21 weeks.
Phase 1. Week'O (survey 1) - stool/urine sampling and
analysis; week 4 - treatment of identified parasites; week
10 (survey 2) - evaluation of treatment.

Phase 2. Week 16 (survey 3) - evaluation of reinfestation;
week 18 - treatment of identified parasites; week 21
(survey 4) - evaluation of treatment.

Faecal samples were examined microscopically for the
presence of eggs of A. lumbricoides (roundworms), T.
trichiura (whipworm), N. americanus (hookworm),
Schistosoma mansoni (bilharzia), Taenia spp., Hymenolepis
nana (tapeworm) and G. lamblia (protozoa), while urine
samples were examined for S. haematobium eggs.

Where children tested positive (faecal and urine
sampling) the following treatment schedule was used:
(I) schistosomiasis and cestodiasis - single oral dose of
praziquantel (40 mg/kg); (iJ) nematode helminthiases, Le.
Ascaris and/or Trichuris and/or Necator - single oral dose
of albendazole (400 mg); (iiJ) mixed helminthiases - both
albendazole and praziquantel; and (iv) protozoan infection, .
Le. G. lamblia - single oral dose of metronidazole (800 mg),
given together with albendazole or praziquantel where
required.

Efficacy of treatment was determined by repeat stool and
urine analysis 6 weeks after drug treatment (phase 1) and 3
weeks after drug treatment (phase 2). Reinfestation rates
were determined by repeating stool and urine examination
(survey 3) 12 weeks after the first course of chemotherapy.
McNemar's test was used to compare the change in the
prevalence before and after treatment. Statistical
significance was assumed at P < 0,05.

Results
Of the 200 children included in the study, 183 participated in
survey 1, 165 in survey 2,174 in survey 3 and 151 in survey
4. The study population comprised children aged 4 - 6 years
(mean age (± SO) 4,81 ± 0,34 years); 83 children were aged
4 - 41/2 years, 1165 - 51/2 years and 1 6 years. Weights
ranged from 12 to 24 kg (mean 16,66 ± 1,94 kg) and heights
from 89 to 114,8 cm (mean 105,17 ± 1,94 cm).

The prevalences of parasite infestation measured in
survey 1 for the coastal area around Mtwalume and the
inland area around Nqabeni are shown in Table I. There were
multiple infestations in 77% of cases, with 4,9% of children
simultaneously harbouring as many as 4 parasite species
and only 5,5% being free of infestation. Species identified as
commensals were Escherichia coli (47%), Entamoeba
histolytica (6%), E. hartmanni (9,8%), Iodamoeba butschlii
(7,7%) and Chilomastix niesnili (9,8%).

Table I. Prevalence of parasite infestations in coastal and inland
areas

Coastal Inland
(Mtwalume) (Nqabeni) Total

(N = 114) (N= 69) (N = 183)

No. % No. % No. %

A. lumbricoides 93 82 56 81 149 81
T. trichiura 109 96 39 57 148 81
N. americanus 50 44 3 4 53 29
S. haematobium 7 6 1 2 8 4
H. nana 2 2 1 2 3 2
Taenia spp. 0 3 4 3 2
G./amb/ia 21 18 2 3 23 13
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Table 11. Prevalence of parasite infestations and efficacy of chemotherapy

Phase 1 (N =153) Phase 2 (N =145)

Survey 1,
Survey 2 Survey 3,

Survey 4

prevalence Prevalence Cured Mean egg prevalence Prevalence Cured Mean egg
reduction in reduction in

No. % No. % No. % non-cured cases No. % No. % No. % non-cured cases

A. lumbricoides 123 80 10 7 113 92 98% 28 19 4 3 27 96 87%

(3 new cases)

T. trichiura 125 82 97 63 28 22 37% 85 59 83 57 12 14 33%
(10 new cases)

N. americanus 45 -29 5 3 40 89 80% 3 2 3 2 3 100

(3 new cases)

S. haematobium 5 3 11 7 20 2453% 2 5 3 50 1167%

(7 new cases) increase (4 new cases) increase

H. nana 2 4 3 50 50% 0,7 2 1 100

(2 new cases)
-,

(3 new cases) .;..:'

'-

Taenia spp. 3 2 1 0,7 3 100 0 0

(1 new case) -<•
G.lamblia 20 13 17 11 17 85 0% 13 9 20 14 10 77 0%

(14 new cases) (17 new cases)

The efficacy of targeted chemotherapy is shown in
Table /1. As a result of the initial treatment (phase 1) there
were cure rates of 92% for Ascaris, 22% for Trichuris and
89% for Necator (P < 0,01). In phase 2 of the study cure
rates were 96% for Ascaris, 14% for Trichuris and 100% for
Necator (P < 0,01).

Table Ill. Parasite reinfestation rates' after chemotherapy

No. at survey No. who
2 who were subsequently became

successfully treated infested at survey 3

A. lumbricoides 105 17
(16%)

T. trichiura 24 8
(33%)

N. americanus 40 1
(3%)

S. haematobium 1 0
H. nana 1 0
Taenia spp. 3 0
G.lamblia 17 4

(24%)
* Only children who participated in surveys 2 and 3 were considered for the study on
reinfestation rates.

In this study there were few Ascaris and Trichuris egg
counts over 10 000 eggs per gram (epg) faeces. In other
studies, counts of less than 2 000 epg have been
considered mild and counts between 2 000 and 10 000 epg
moderate. '3 In order to analyse the extent to which light
infestations were effectively treated by albendazole, egg
loads were divided into groups of < 2 000, 2 000 - 10 000
and> 10000 epg.

The Ascaris load in survey 1 showed 6 children with e9g
counts greater than 10 000 epg, the highest count being
37 587 epg. At survey 3, 1 child had an Ascaris egg count of
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12 177 epg; however, at the end of the study all children not
cured of infestation had counts considerably less than 500
epg. For Trichuris infestations, 26 of the 28 patients cured in
phase 1 and 11 of the 12 patients cured in phase 2 had egg
counts less than 2 000 epg. Four children had egg counts
above 10 000 epg, and these were reduced to considerably
below 10 000 epg after treatment. The largest Necator load
was 446 epg.

Only 16 children with S. haematobium infestations were
identified, with samples containing 2 to 1107 eggs per
millilitre. The number of cases in each survey was small. Of
the 5 children who received treatment after survey 1, 1 was
cured; the egg count decreased in another and increased in
3. Seven new cases were noted in phase 1 and 4 new cases
in phase 2. No case of S. mansoni infestation was detected.
The prevalence of tapeworm infestation (Taenia spp. and
Hymenolepis) was low, and praziquantel appeared to be
highly effective in eradicating infestation in both phases of
the study (1 child in phase 1, however, was not cured but
showed a reduction in egg load). Of 20 children with G.
lamblia infection, 17 were cured after treatment in phase 1;
in phase 2 10 of 13 were cured. A large number of new
cases of Giardia infection w.ere noted at surveys 2, 3 and 4.

Discussion
Although in the 1920s white children in the Eastern
Transvaal were treated for parasitic diseases by the Medical
Officer of Health attached to the Transvaal Education
Department on the grounds that these diseases affected
their school work, some 5 decades later prevalence rates
among black children remain high and for the most part the
diseases remain untreated." High prevalence rates for A.
lumbricoides (81 %) and T. trichiura (81 %) were observed.
Evans et al. 15 reported prevalences in Kwazulu of 64,5% for
Ascaris and 61,1 % for Trichuris. While the coastal and inland
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regions showed similar prevaJences for Ascaris, there was a
higher prevalence of Trichuris, Necator and Giardia in the
coastal areas. Whether these differences were due to
population density, climatic conditions or soil type is not
known. However, further investigation of these regional
variations may help direct remedial measures.

Although there was a higher prevalence of schistosome
infestations in children living at the coast, both the incidence
and the prevalence of these infestations in children of 4 - 6
years of age are low. This would appear to be the result of
differences in behaviour, older children being more likely to
play in contaminated water and thus get infected. Bundy
and Cooper" noted that mean intensity of infestation related
convexly to age. Infestation intensity rises rapidly among
infants, reaching a maximum in the 4 - 1a-year group, and
declines in young adults to a stable low value. Although a
similar proportion of adults and children are infested, adults
tend to harbour significantly fewer worms.

The high prevalences of Ascaris and Trichuris infestation in
the southern KwaZulu/Natal area suggest that these children
are at risk of impaired physical and mental development.3."

The results of treatment of Ascaris infestation in phase 1
indicated a substantial decrease in prevalence subsequent
to treatment, and in children not cleared of infestation its
intensity had decreased to less than 500 epg. Between
treatments some children were reinfested, but intensity of
infestation was greatly reduced from the initial 'levels. In the
present study cure rates for Trichuris infestation of 22% and
14% were achieved in phases 1 and 2 respectively, but
treatment failures occurred with egg counts greater than
2 000 epg. When infestation was mild « 2 000 epg) cure
rates were appreciably higher and consistent with the
61 - 73% reported by Maisonneuve et al. 13

It has been postulated that minor increases in infestation
in high-prevalence areas may result in a significant increase
in morbidity.17 The success in reducing both prevalence and
intensity of infestation suggests that regular treatment with a
suitable anti-parasitic agent may have a major impact on
morbidity reduction, since the effects of repeated
intervention may change both parasite transmission
characteristics and the pattern of infestation.

Many intestinal parasites may cause diarrhoea. It is
common in trichuriasis and giardiasis, especially when
infestation is heavy. Diarrhoea is frequently reported among
children in creches, and the high prevalence of trichuriasis
may be an additional burden.

Albendazole was effective as a single-dose treatment for
Ascaris and Necator infestation, but less so for Trichuris.
Single-dose treatment has obvious advantages ·for mass
chemotherapy, but further investigation including repeated
doses of drugs and the use of alternative compounds are
needed in respect of heavy infestations of Trichuris.

Although the literature suggests a 3 - 7-day course of
treatment with metronidazole for G. lamblia infection," in this
study a single dose of 800 mg was empirically chosen with
a view to improving patient compliance. The success of this
regimen suggests that single-dose treatment with
metronidazole should be investigated further.

The unacceptably high reinfestation rates (Table Ill) are a
reminder that improvement in the socio-economic status of
these communities and the provision of clean water and
adequate sewerage facilities are high priorities in South
Africa.

SAMJ
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Conclusions
The prevalences of Ascaris and Trichuris infestation among
the preschool children were notably higher than those of
Necator and Schistosoma infestation. Although the
prevalence of Ascaris infestation was similar at Mtwalume
and Nqabeni, there were higher prevalences of Trichuris and
Necator infestation among children living in the coastal
areas. Whether this relates to differences in population
density is not known.

The problem of reinfestation was noted with Ascaris,
Trichuris and Giardia after a 12-week interval. Reinfestation
is a problem because in the southern KwaZulu/Natal area
where this study was conducted most people do not have
clean water or adequate sewerage facilities. While ongoing
repeated courses of chemotherapy may help, provision of
pure water and adequate sanitation facilities is vital in
ensuring the long-term health of communities.

Recommendations
The World Health Organisation has stated that 'school
children harbour some of the most intense helminth
infections with adverse effects on health, growth and school
performance' and that 'treatment without prior individual
screening of the whole population is recommended where
the surveys of school-age children indicate that the
prevalence of intestinal helminths or schistosome infection
exceeds 50%'.'·

In the interest of limiting costs, treatment should be
targeted and not universal. Primary and preprimary children
should be targeted for intestinal helminths and primary school
children for schistosomiasis, because prevalence and
intensity of parasite infections is usually greatest in these
groups. The national health authorities should investigate and
negotiate the best possible prices for the drugs used, given
that safe and effective treatment programmes are available.

We thank the trial clinicians, Ors W. Shasha and R. M.
Cooppan; Ms' E. Gouws for statistical analysis; the Medical
Research Council for laboratory analyses; co-workers from the
Human Sciences Research Council; and SmithKline Beecham
for albendazole tablets.

This report comprised the main theme of the mini-dissertation
for the M.Med.Sc. (Pharmacology) degree by M. Taylor at the
University of 'Ourban-Westville.
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Follow-up of conservatively
treated sleep apnoea
patients
P. R. Bartel, J. Verster, P. J. Becker

Polysomnograms have been recorded at our laboratory

since 1985 for the diagnosis of sleep apnoea. Until the

recent availability of continuous positive airway pressure

devices in Johannesburg, it appeared that some of our

subjects were receiving only conservative or no treatment.

Structured interviews were conducted with 63 patients

with positive polysomnographic findings of sleep

apnoea/hypopnoea (SAH), and, where possible, with

sleeping partners. Infonnation was obtained about the

patients' understanding of the diagnosis by the referring

doctor, the recommended treatment and psychosocial

consequences. The primary reason for the initial

consultation was excessive daytime sleepiness (43%).

Diagnoses following polysomnography included SAH

(65%) and .narcolepsy (6%), while 10% were told they had
nothing to be concerned about. Some fonn of treatment

was recommended to 80% of patients, usually weight loss

(60%) or medication (59%). Psychosocial consequences
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were prominent and included a perception of reduced

work capacity (62%) and compromised safety (56%). At the

time of the interview 90% of patients were experiencing

one or more symptoms associated with SAH. These

findings support the serious nature of SAH and conftnn
the need for adequate treatment centres in South Africa.

S Afr Med J 1995; 85: 874-877.

Sleep apnoea is the cessation of, or a more than 90%
decrease in, baseline airflow at the nose.or mouth for a.
period of 10 seconds or longer. Sleep hypopnoea involves a
more than 50% but less than 90% decrease in airflow
associated with awakening, signs of EEG arousal or a more
than 3% decrease· in oxyhaemoglobin saturation determined
by oximetry.' There is a lack. of uniformity in the number of
these events per sleep period which constitutes a..dondition
of clinical significance. Criteria of 5 events per hour of sleep
or 10 events per hour have been applied! When th~se

repetitive disruptions of breathing during sleep aref
associated with one or more symptoms such as excessive
daytime somnolence, loud snoring, unsatisfying nocturnal
sleep, disrupted sleep or secondary polycythemia, this
condition is referred to as the sleep apnoea/hypopnoea
syndrome (SAHS).3 However, many other symptoms may be
reported. .

Diagnostic problems are common and, even in severe
cases, diagnosis may be delayed for years because the
patient's daytime symptoms are highlighted. SAHS is
frequently missed as a result of diffuse symptoms, and
patients tend to be referred to a series of different
specialists.4 Even clinicians with experience in sleep
disorders may only be able to predict sleep apnoea in 50%
of patients suspected of having this disorder when relying
on clinical features such as history, physical examination
and subjective impressions.5 A laboratory test, the
polysomnogram, frequently provides vital diagnostic
information, including the type and severity of SAH, and the
findings may have therapeutic implications.6

Several different approaches to treatment have been.
advocated. Weight loss and other behavioural strategies,
continuous positive airway pressure (CPAP) therapy and
surgery are the most common for obstructive SAH.6 In
central SAH, which is much less prevalent than obstructive
SAH, medication is the most common form of treatment but
usually has limited efficacy.7

SAHS is relatively common, occurring in approximately
1 - 8% of adult males"·'o The condition occurs much. less
frequently in women."

Our unit has offered a polysomnographic service since
1985. From informal, occasional contact with patients we
gained the impression that either conservative or no
treatment may have been a typical approach. CPAP therapy
has only recently become available in Johannesburg and
was not used by our patients.

This study sought to obtain information on the effects of
treatment on SAHS and the progression of symptoms in
patients likely to be receiving conservative treatment.
Previous studies of this kind are rare and African studies
have not been reported.
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