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PERCENTAGE MORTALITY OF AUSTRALORBIS GLABRATUS,
LABORATORY AND FIELD STRAINS, AFTER EXPOSURE

TO BAYLUSCIDE SAMPLES OF DIFFERENT AGES
(AVERAGE OF 4 REPLICATES)

Concentration
Strain 0.1 | 0.2 0.4

p.p.m. p.p.m. p.p.m.

1961 sample (36-41 months)
Laboratory a 0 30 100

Field b 0 5 100

1963 sample (12-18 months)
Laboratory a 0 85 100

Field b 0 35 100

1964 WP sample (4-8 months)
Laboratory a 50 100 NDc

Field b 0 45 100

1964 technical sample (7-9 months)
Laboratory a 90 100 NDC

Field b 0 80 100

a Isla Verde laboratory strain; 13-15 mm in diameter, mature
and more than 3 months old.

b Collected 16 and 20 February 1965 at Isla Verde, Puerto
Rico, from temporary ground pools; 13-15 mm in diameter,
mature.

c Not done.

to kill all laboratory snails, but 0.4 ppm of mollusci-
cide aged more than one year or two or three years
was required for full kill. Field snails were not all
killed at 0.2 ppm, even with molluscicide aged less
than one year.

Discussion

The manufacturers of Bayluscide state that the
molluscicide gives 100% mortality at 0.5 ppm after
24 hours' exposure. Strufe & Gonnertc reported that
100% kills were obtained at 0.3 ppm after the material
had been stored in Florida for 41 weeks. While the
experiments reported here show that Bayluscide loses
some of its potency after one year of storage, the
results are consistent with both of the above state-
ments. Information on stability during storage is not
available for all molluscicides. Distributors of mol-
luscicides would be well advised to obtain such data
and might consider including the following on the
labels: (1) date of manufacture; (2) probable extent
of deterioration with storage; and (3) recommended
increases in application to compensate for age.

c Strufe, R. & Gonnert, R. (1962) Hcfchenbr. Bayer
PflSchutz-Nachr., 15, 50

The Treatment of Acute Malaria with Sulforthomidine and a Combination
of Sulforthomidine and Pyrimethamine

by A. B. G. LANG, Malariologist, East African Institute of Malaria and Vector-Borne Diseases,
Amani, Tanzania

Sulforthomidine, a long-acting sulfonamide of the
sulfadiazine group, is an approved name for
4-sulfanilamido-5,6-dimethoxypyrimidine (sulphor-
methoxine a; sulforthodimethoxine; Fanasil, Roche).
Therapeutically, this drug is effective in weekly doses
and was used in a preliminary field trial to test the
potentiating effect of giving a sulfonamide con-
currently with pyrimethamine against pyrimetha-
mine-resistant falciparum malaria.b An unexpected
finding was that, in schoolchildren, sulforthomidine
alone, in weekly doses of 500 mg, was apparently

a British Pharmaceutical Codex Name.
b Laing, A. B. G. (1964) Brit. med. J., 2, 1439.

as effective in clearing asexual Plasmodiumfalciparum
parasitaemia as when given with 25-mg doses of
pyrimethamine. Recent field trials have shown that
weekly doses of 125 mg sulforthomidine alone are
equally effective in suppressive treatment in school-
children, and that, in combination with 12.5 mg
pyrimethamine, the minimum effective dose of
sulforthomidine is 75 mg.c
The apparently potent schizontocidal action of

this sulfonamide warranted an investigation into its
value as an antimalarial drug. Consequently,
25 semi-immune patients suffering from acute

c Laing, A. B. G.-unpublished data.
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attacks of falciparum malaria were treated with
single adult doses of 1.0 g (or proportionately less for
children under 12 years of age), and all but three,
in whom a slight parasitaemia persisted for more
than seven days, were cured of the acute attack
within three days.d A further 20 patients with acute
falciparum malaria have since been treated by a
single dose of sulforthomidine, and the sum of the
results (Group A) is compared, in the present
report, with that in another group of patients, who
were treated with a combination of sulforthomidine
and pyrimethamine (Group B). With the exclusion
of a few patients who were infected with P. ovale or
P. malariae, there were, coincidentally, 45 patients
in each group.

Methods and standards
The patients were semi-immune Bantu Africans

seeking treatment for fever. Most of them lived in
the vicinity of Amani, Tanzania, and had become
infected during visits to villages in the lowlands,
where malaria is holoendemic. Others were treated
as in-patients at St Augustine's Mission Hospital,
Magila, which is 16 km (10 miles) east of Amani in
the Usumbura foothills. As far as could be deter-
mined, none of these patients had received anti-
malarial drugs just prior to treatment.

Parasite counts from thick blood films were done
daily on all patients for as long as they would stay in
hospital or return for examination as out-patients;
in some cases, home visits were made to collect
blood films after treatment. Parasites were counted
against leucocytes, the mean total white-cell count
being taken as 8000/mm3; a blood film was reported
as negative if no parasites were seen in 100 thick-
film fields. Microscopy was performed by the
permanent staff of this Institute.

Sulforthomidine was given either in the form of
500-mg tablets or as a liquid suspension containing
100 mg/ml; pyrimethamine was given in the form of
25-mg tablets of Daraprim or in solution as Dara-
prim Elixir, containing 6.25 mg per teaspoonful
(3.5 ml). The dosages in the two regimens were as
follows:

Group A Group B
Age-group Sulfor- Sulfor- + Pyri-
(years) thomidine thomidine methamine

< 4 250 mg 125 mg + 3.12 mg
4-6 500 mg 250 mg + 6.25 mg
7-11 750 mg 375 mg + 9.35 mg
>11 l.Og 500mg + 12.5 mg

d Laing, A. B. G.(1965) Brit. med. J., 1,905.

The drugs were given by the medical officer, a
nursing sister, or a senior member of the staff of this
Institute. A few patients who vomited within 10
minutes of receiving these drugs were given injections
of chloroquine and excluded from the study. Apart
from these cases, the treatments were considered as
failures if asexual parasitaemia was still detectable
on the seventh day of observation or if therapeutic
intervention with another antimalarial drug became
necessary.

Results
The effects of treatment are summarized in

Table 1. With the exception of seven failures in
Group A, the average post-treatment duration of
asexual parasitaemia was 2.3 days, and of fever was
2.0 days. Details of the seven treatment failures are
given in Table 2. One of them (Case No. 10/10)
was given quinine intramuscularly on the fifth post-
treatment day because of persistent fever before it
was realized that parasitaemia had already been
reduced to a low level and that the fever was pro-
bably attributable to some other cause. Another
patient (Case No. 25/30) had a low pretreatment
parasitaemia that persisted for 10 days before
disappearing. This child also -had bronchopneu-
monia and had received penicillin in addition to the
antimalarial drug. The other treatment failures also
were attributable to slow clearance of asexual
parasitaemia.

In terms of body-weight, the doses of sulfortho-
midine varied from 13 mg/kg to 52 mg/kg. Asexual
parasite counts prior to treatment ranged from
1800/mm3 to 200 800/mm3, with an average of
55 400/mm3.
There were no failures in Group B, and the

average duration of asexual parasitaemia was 1.8
days, and of fever 1.5 days. Doses of sulforthomidine
varied from 6.6 mg/kg to 19.6 mg/kg, and of pyri-
methamine from 0.18 mg/kg to 0.49 mg/kg. Asexual
parasite counts prior to treatment ranged from
800/mm3 to 247 000/mm3, with an average of
60 200/mm3. Twenty of these patients were under
2 years of age. Asexual parasitaemia in Group B was
cleared in 88 % of patients within 48 hours, as
compared with only 30% in Group A. The anti-
malarial effect against P. falciparum would appear to
be similar to that of chloroquine.
Two patients with acute P. ovale infections were

treated with sulforthomidine alone. Symptoms
subsided, but asexual parasitaemia continued, and
further treatment with sulforthomidine was given
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TABLE 1

AVERAGE DURATION OF ASEXUAL PARASITAEMIA OF P. FALCIPARUM AND FEVER
AFTER TREATMENT WITH SULFORTHOMIDINE ALONE AND IN COMBINATION

WITH PYRIMETHAMINE

Average duration
of asexual parasitaemia Average asexual

No. No. in days parasitaemia
Drug and dose of patients of (excluding failures) per mm3

treated failures before treatment
Parasit- Fever (including failures)

Group A:

Sulforthomidine, 1.0 g x 1 45 7 2.3 2.0 55 400
(19 cases)

Group B:

Sulforthomidine, 500 mg x 1
45 0 1.8 1.5 60 200

Pyrimethamine, 12.5 mg x I _ (9 cases)

TABLE 2

DETAILS OF TREATMENT FAILURES WITH SULFORTHOMIDINE SHOWN IN TABLE 1

Dose Dose Asexual parasite counts per mm' on observation day:
Case Age (mg) (mg/kg

on Day I weight) 1 2 3 5 6 7 8 9 10

10,10 6 500 31 43400 21400 18000 8300 600 Nega Nega
13/13 6/12 250 37 128 000 85 800 80 200 70 000 9 400 4 000 200 Neg a

25/30 1 250 30 19 200 8 500 8 200 1 300 700 500 200 100 Neg a, b

29/35 6 500 27 112 300 105 400 200 100 900 100 100 100 100 1oo b

30/36 4 500 37 120 300 111 800 86 800 119 600 15 500 9 600 5 600 1 200 600 b 200 b

45/145 20 1 000 19 48400 89600 17 100 27200 3200 7200 200 b lo Neg a,bNega,b

46/146 8 750 36 38500 190°400 1 200 700 300 1 600 100b 200b Nega,b Nega,b

a Negative.
b Gametocytes also present.

after one week before asexual parasitaemia dis-
appeared. Two other patients with P. ovale in-
fections were treated with the sulforthomidine-
pyrimethamine combination, and both were rapidly
cured of the acute attack. Blood films were negative
two and four days, respectively, after treatment.
No toxic effects or side-effects that could be

attributed to sulforthomidine occurred in any of the
patients treated.

Discussion
It has been shown that approximately 25% of

asymptomatic malarial infections in the holo-
endemic region east of Amani are resistant to weekly

doses of pyrimethamine, but that these infections
are sensitive to sulforthomidine.b Results of the
treatment of acute malaria with sulforthomidine
alone have indicated that it is a useful alternative
antimalarial drug, but that its action is slower and
less consistent than that of chloroquine. The treat-
ment of acute malaria with pyrimethamine alone
has not been attempted, since it can be assumed that,
in the presence of pyrimethamine-resistant parasite
strains, the rate of failure would be high. It is
tentatively assumed, therefore, that the unequivocal
results achieved in patients treated with the sulfortho-
midine-pyrimethamine combination (each at half the
usual therapeutic dose when used separately) is
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attributable to a potentiation effect of the two drugs
in combination. Potentiation is also indicated by
the weak schizontocidal action of the sulfonamide
alone against P. ovale compared to the swift and
effective action of the sulforthomidine-pyrimeth-
amine combination.
The potentiation of pyrimethamine by sulfadiazine

was reported by Hurly e and by Rollo f against
human and avian malaria, respectively. A similar
effect has been shown by Basu and his co-workers
to occur with a combination of diaphenylsulfone
(DDS) and pyrimethamine in human malaria g and
in avian and simian malaria.h Antimalarial pro-
perties of DDS have been further investigated at
this Institute,i and this drug appears to have

e Hurly, M. G. D. (1959) Trans. roy. Soc. trop. Med.
Hyg., 53, 412.

f Rollo, I. M. (1955) Brit. J. Pharmacol., 10, 208.
g Basu, P. C., Mondal, M. M. & Chakrabarti, S. C.

(1962) Indian J. Malar., 16, 157.
h Basu, P. C., Singh, N. N. & Naunihal Singh (1964)

Bull. Wid Hlth Org., 31, 699.
i Lairng, A. B. G. (1965) J. trop. Med. Hyg., 68, 251.
J DeGowin, R. L. & Powell, R. D. (1964) J. Lab. clin.

Med., 64, 851.

schizontocidal properties that are similar to, but
weaker than, those of sulforthomidine. However,
when DDS is given in combination with pyrimeth-
amine, preliminary results suggest a high degree of
potency against P. falciparum.
The ability of such combinations to act on

chloroquine-resistant malaria parasites has been
shown to be a possibility by DeGowin & Powell,i in
whose investigation the Malayan (Camp.) strain of
P. falciparum has proved to be susceptible to a
combination of sulfadiazine and pyrimethamine.
The present narrow margin of security in the

chemotherapy of malaria may thus be increased
considerably by such " sulfa-pyrimethamine " com-
binations, which appear to offer an alternative to
the 4-aminoquinolines.

* *
*

I am indebted to Dr L. P. Sitwell and to the staff of
St Augustine's Hospital, Magila, for the treatment and
observation of those patients who were treated in hospital.
I am also grateful to Mr Geoffrey Mbelwa, Rural
Medical Aid, Amani Dispensary, for referring suspected
cases of malaria for treatment.

Diagnostic Dosages to Separate Genotypes of Aedes aegypti
for DDT- Resistance and Dieldrin-Resistance
by A. W. A. BROWN, Head, Department of Zoology, University of Western Ontario, London,
Ontario, Canada

In August 1965 the World Health Organization
convened a seminar on the ecology, biology, control
and eradication of Aedes aegypti. This seminar
strongly recommended that diagnostic dosages of
insecticides, firmly based on genetic work, be
established to separate the rr, Rr and RR genotypes
for DDT-resistance and dieldrin-resistance in Aedes
aegypti populations.

Fig. 1 and Fig. 2 show the dosage-mortality curves
for reasonably pure susceptible (rr) and for reason-
ably pure resistant (RR) strains, and for the hybrids
(Rr) between them. The values are for the 24-hour
exposure of larvae by the standard WHO test for
resistance.
The data for DDT-resistance indicate the diag-

nostic dosages to be as follows:
between rr and Rr. . . 0.05 ppm;
between Rr and RR . . . 2.0 ppm.

There is some overlap involved in the use of these
diagnostic dosages. For example 0.05 ppm would
miscount about 9% of rr types as being Rr, and
about 18 % of Rr as being rr. The diagnostic dosage
that kills all the rr homozygotes is 0.16 ppm
DDT; any larva found to survive this dosage can
be taken to be a Rr heterozygote (or RR homo-
zygote).
The data for dieldrin-resistance indicate the

diagnostic dosages to be as follows:

between rr and Rr. . . . 0.08 ppm;
between Rr and RR . . . 5.0 ppm.

These results were obtained with a very highly
resistant strain indeed, and show no overlap what-
ever; therefore the diagnostic dosages have complete
separating power.
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