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Sequential treatment with quinine and mefloquine or
quinine and pyrimethamine-sulfadoxine for falciparum
malaria
ANTHONY P HALL, EDWARD B DOBERSTYN, CHUL KARNCHANACHETANEE,
SAMRAN SAMRANSAMRUAJKIT, BANHARN LAIXUTHAI, ELIOT J PEARLMAN,
RICHARD M LAMPE, CHARLES F MILLER, PUNG PHINTUYOTHIN

British Medical Journal, 1977, 1, 1626-1628

Summary

Patients with falciparum malaria were studied in
Thailapd, an area of known chloroquine resistance.
The patients were unselected and some had severe
malaria, and they were randomly assigned to one of
two sequential regimens. A short course of quinine
(average 4 doses, equivalent to 2 g base) followed by
a single dose of pyrimethamine-sulfadoxine (Fansidar)
cured 92% of patients (36 out of 39), while a short course
of quinine followed by a single 1-5-g dose of mefloquine
cured all of the 35 patients who could be followed up.
Gastrointestinal side effects were minimal if at least
12 hours elapsed between the last dose of quinine and
the mefloquine.

Sequential quinine and mefloquine is the most effective
treatment for patients with chloroquine-resistant
falciparum malaria, including those with severe or
complicated disease. Mefloquine, however, is not com-
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mercially available, and the similar regimen using
Fansidar is almost as effective.

Introduction

Falciparum malaria in Thailand is usually resistant to chloro-
quine. - We have recently shown that the most effective
treatment for chloroquine-resistant falciparum malaria consists
of a short course of quinine (about four doses) followed by
a single dose of sulfadoxine-pyrimethamine (Fansidar).4 Never-
theless, 41o of the patients so treated developed a repeat attack
during the early convalescent period, which was diagnosed
as a recrudescence.
The US Army Malaria Research Programme has developed

a new ntimalarial drug-mefloquine hydrochloride (WR
142490; x-(2-piperidyl), 8-bis (trifluoromethyl)-4-quinoline-
methano( hydrochloride).) We compared the effects of
mefloquine and Fansidar, both given in single doses, in patients
with falciparum malaria., Those who were severely ill or had
an initial parasite concentration of over 200 x 109/1 were ex-
cluded. Treatment with mefloquine alone failed early in the
study in one patient whose initial parasite density was 171 x
109/1. Therefore we compared sequential treatment with
quinine-Fansidar and quinine-mefloquine in an unselected
group of patients, which included some who were severely
ill or had complications.

Patients and methods

Prachinburi Provincial Hospital (Chao Phya Abhai Bhu Bejhr
Hospital) is in north-east Thailand 100 km from Bangkok. Malaria
is endemic in many areas of the province. The study was performed
in February to September 1975. Thai male volunteers aged over
15 years who lived in the endemic area were selected for the study.
Unselected patients with falciparum malaria (including those with
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complications) were randomly assigned to sequential treatment
with either quinine-Fansidar or quinine-mefloquine.

Parasite concentrations in venous or capillary blood were deter-
mined every eight hours until the parasites had been cleared. Tem-
perature, pulse rate, and respiratory rate were recorded at least once
every four hours. Packed cell volume, white cell count and differential
count, and serum bilirubin and alanine aminotransferase (SGPT)
concentrations were measured daily.
The drugs were administered by doctors. Oral quinine was pre-

scribed as plain or coated tablets of quinine sulphate each containing
270 mg base. The standard dose was 540 mg (two tablets). Doses
were repeated about every 12 hours. If the patient had a high fever
or a clinically toxic condition or was severely ill the quinine was
given intravenously. Intravenous quinine was administered as a
solution of the dihydrochloride salt. The standard dose in adults
was 490 mg base in 500 ml 0-900 saline infused over four hours.
For computing the total dose each dose of quinine (intravenous or
oral) was considered to be 500 mg.

Each plain tablet of Fansidar (Hoffman-La Roche) contained
25 mg pyrimethamine and 500 mg sulfadoxine. The standard single
dose was three tablets. Mefloquine was supplied as coated tablets
containing 250 mg of mefloquine hydrochloride. The standard adult
dose was 1500 mg.
The criteria for therapeutic response in this study were the same

as those in our six recent studies,' 4 6-9 and were a modification of
the World Health Organisation classification."' An RI response
was indicated by initial clearance of asexual parasites followed by
recrudescence by the 28th day after the start of therapy. If para-
sitaemia reappeared on day 29 or later reinfection was arbitrarily
diagnosed. An S response (radical cure) was diagnosed as clearance
of asexual parasites without recrudescence.

Results

Quinine-Fansidar-Forty-four men were treated with the quinine-
Fansidar regimen and 39 were completely followed up (see table).
At the start of treatment two men were in coma and three others
were also seriously ill. Four patients had a parasite density over
200 x 109/1. An average of 4-7 doses (range 1-11) of quinine, equivalent
to 2-35 g of quinine base, were administered before the Fansidar.
A satisfactory parasitaemic response occurred in all the patients.
At least four doses of quinine were needed to ensure a rapid clinical
response. In 10 patients who initially received only one to three doses
of quinine clinical improvement was slow and further doses of quinine
were given after treatment with Fansidar. Three patients, who
received two, three, and four doses of quinine respectively, developed
a recrudescence, so the overall cure rate was 92% (36 of the 39 patients
who were followed up).

Quinine-mefloquine-Forty patients were treated with quinine-
mefloquine and 35 were followed up (see table). Two patients had

Comparison of sequential regimens for treating chloroquine-resistant falciparum
malaria

Initial mean No of
Sequential parasite count Resistance* patients
regimen (and range) followed Cure rate

(x 1011/) RIII RII RI S up

Quinine- 58
mefloquine (1-7-750) 0 0 0 35 35 100%
Quinine- 56
Fansidar (1 1-656) 0 0 3 36 39 920,,

RIII = No great reduction of asexual parasitaemia. RII = Marked reduction of
asexual parasitaemia but no clearance. RI = Clearance of asexual parasitaemia fol-
lowed by recrudescence. S = Clearance of asexual parasitaemia without recrudescence
(radical cure).

a parasite density over 200 x 109/l and three others were also seriously
ill. The patients received an average of 43 doses (range 1-11) of
quinine, equivalent to 2 15 g of quinine base, before the single dose
of mefloquine. Thirty-eight patients received 1 5 g mefloquine but
two adults received only 1-0 g. Since mefloquine seemed to be more
effective than Fansidar in the preliminary study,6 we originally thought
that fewer than four doses of quinine would be sufficient, but in
general this was not so and a slower clinical response often resulted. As
with the quinine-Fansidar regimen, at least four doses of quinine
(2 g total) were needed before the mefloquine was given to produce
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a rapid recovery (see figure). In nine patients who had initially re-
ceived only one to three doses of quinine further doses were given
to hasten clinical recovery. All 40 patients produced a clinical and
parasitaemic response to quinine-mefloquine. Of the 35 men who
were followed up completely all were cured, including one patient
who received only 1 0 g mefloquine. The other patient who received
only 1 0 g mefloquine could not be found for his final follow-up
examination.

Ouinine IV 500mg
Oral 500m9 X

Mefloquine 159
I I

I

-a

0 12 24 36 48
Hours

Course of disease in one patient treated with quinine and
mefloquine. Clinical picture and fever rapidly improved
after four doses of quinine. Mefloquine was then given.
Patient was fit for discharge 48 hours after admission
though parasite density was still 13 x 109/1.

Toxicity-Unlike Fansidar,4 mefloquine was not completely
innocuous when administered after a course of quinine. Since pre-
liminary quinine treatment had eliminated the symptoms of malaria
in most patients, symptoms occurring after mefloquine could definitely
be attributed to the drug. Among the 40 patients who received
mefloquine the following symptoms were attributed to mefloquine:
abdominal pain in 7 patients, anorexia (in 6), diarrhoea (in 6), dizziness
(in 9), nausea (in 3), vomiting (in 9), and weakness (in 3). Explosive
vomiting occurred as soon as one hour after treatment but in one
patient was delayed for over 24 hours. Mefloquine toxicity was more
noticeable in patients whose fever or symptoms had not been com-
pletely eradicated by the course of quinine. If at least 12 hours had
elapsed between the last dose of quinine and the dose of mefloquine
then side effects were usually minimal or absent.

Discussion

In this and previous studies performed in Thailand in 1972-5
we have compared 14 different regimens of treatment for
chloroquine-resistant falciparum malaria and have completely
followed up 768 patients. Quinine, given in an intravenous
infusion, was found to be the only treatment that could prevent
irreversible deterioration in patients with severe falciparum
malaria or produce a rapid improvement in the clinical picture;
the initial improvement in the parasitaemia was sometimes
slower. Quinine was consistently more effective when given
intravenously than when given by mouth for severe falciparum
malaria. A few patients with clinically severe falciparum malaria
had a low level of parasitaemia, so oral treatment alone is not
safe in some patients with few parasites.
A short course of quinine alone was not curative9 but, as

shown in this study, when it was followed by a single dose
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of mefloquine the cure rate was a remarkable 100°o. Our
results indicate that at least 12 hours should elapse between
the last dose of quinine and the dose of mefloquine to minimise
gastrointestinal side effects. All the patients except two received
1-5 g mefloquine. The other two patients responded well
although they received only 1-0 g. Possibly the quinine-
mefloquine regimen will prove to be just as effective and less
toxic using the lower dose of mefloquine. The fact that no
repeat attacks of falciparum 'malaria occurred during follow up
in the patients who received quinine-mefloquine suggests that
repeat attacks after the other regimens were recrudescences
and not reinfections.

Sequential treatment with quinine and Fansidar is the most
effective regimen using drugs that are, at the moment, com-
mercially available. In this and a previous study,4 quinine-
Fansidar had a 960' (342/357) cure rate. With both quinine-
mefloquine and quinine-Fansidar at least four doses of quinine
were needed to produce a consistently rapid clinical improve-
ment. To achieve a virtually 100%' cure rate with quinine-
Fansidar at least 10 doses of quinine would be required.
The method developed in our studies of using mefloquine

or Fansidar after a course of quinine receives support from
studies by Peters et al of malaria in rodents.11 They concluded
that mefloquine may with time lose its effectiveness against
chloroquine-resistant malaria parasites and that by using it

in combination with other antimalarial drugs its useful life
could be extended. Sequential quinine-mefloquine is the most
effective treatment yet tested for chloroquine-resistant falci-
parum malaria of all degrees of severity, and mefloquine alone
will prove valuable for the single-dose treatment of mild
falciparum malaria.6
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Severe systemic and pyogenic infections with
Bacillus cereus

P C B TURNBULL, T A FRENCH, ELIZABETH G DOWSETT

British Medical_Journal, 1977, 1, 1628-1629

Bacillus cereus is becoming well known as an aetiological agent
of food poisoning but it has also caused infections not related to
food-for example, bronchopneumonia,1-3 bacteraemia and
septicaemia,4-6 and meningitis.5 7The following two case reports
add to the increasing awareness that B cereus should not be
regarded as an inconsequential contaminant. Toxigenicity tests
on B cereus isolates from these cases yielded important evidence
on the mechanism of B cereus pathogenesis.

Case reports

CASE 1

A 1320-g girl infant was grunting on breech delivery at 32 weeks'
gestation and was later thought to have the respiratory distress
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syndrome. An umbilical catheter was inserted the day after delivery.
The abdomen became progressively distended and the meconium
blood-stained. Apnoeic attacks began. Abdominal radiography showed
gas under the diaphragm. At laparotomy free bile-stained fluid was
found in the peritoneal cavity and a 7-mm perforation was seen on the
antimesenteric border of the ileum about 7 cm from the ileocaecal
valve. The mesentery at this point was torn almost to its root. Loop
ileostomy was performed. Apnoeic attacks continued, and the second
day after delivery she became jaundiced. Next day a central venous
catheter was inserted. On the fourth day she had apnoeic attacks and
convulsions affecting both sides, and despite intravenous gentamicin
and ampicillin and general supportive care she died. At necropsy the
mesenteric defect was confirmed at the site of the repaired perforation.
A further mesenteric defect at the duodenojejunal flexure 12 cm in
diameter was also found. There was no appreciable peritonitis. The
brain was unusually soft and was examined after fixation. The
softening was widespread and was particularly noticeable in the cerebral
cortex and basal ganglia, where it was red-black, resembling the colour
of altered blood. There was blood in the lateral ventricle. No other
abnormalities were detected.

Histologically the lungs showed acute inflammatory foci including
Gram-positive bacilli and Gram-positive cocci related to fibrinoid
necrosis of arteries. In the brain there were extensive areas of necrosis
with an eosinophilic appearance containing numerous Gram-positive
bacilli but no inflammatory infiltration. In the respiratory tract in the
region of the subglottis there was necrotising ulceration with numerous
Gram-positive bacilli.
Blood taken on the fourth day before death yielded 2400 colonies

of faecal streptococci and 20 colonies of Gram-positive bacilli per ml.
Large numbers of Gram-positive bacilli together with small numbers
of Escherichia coli and faecal streptococci and moderate numbers of
Candida were isolated from the lungs. Moderate numbers of Gram-
positive bacilli and faecal streptococci and small numbers of E coli
were isolated from brain swabs. The Gram-positive bacilli were
identified by the Food Hygiene Laboratory as B cereus.
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