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Treatment of Malaria

": STEPHEN L. HOFFMAN

Almost all patients with malaria can be successfully treated by non-physician
health care workers trained to select and administer antimalarials and
antipyretics. These health care workers can also recognize patients who are
at risk of developing, or who have developed, complicated malaria, but the
treatment of patients with severe malaria requires all the skills and resources
available to the modern physician. All malaria infections can be cured with

Accesion For available antimalarials if the patient receives a complete course of appro-I priate therapy.
NTIS .CRA&I r The principles of malari i therapy are:
DTC TAB e 13 Recognize malaria infections as rapidly as possible.
Unannounced .Initiate effective antimalarial therapy to reduce arid eliminate parasit-
Justification .aemia as rapidly as possible.

v "* -: .. .... - -';: Anticipate and prevent cor~plications.
By Treat complications and prevent deati.
'Distribution 1 5. Prevent recrudescence and relapse:

6. Recognize and treat recrudescence' and relapse and prevent recurrence. J!

Availability Codes Reduce transmission.

Dist Special MALARIA TERMINOLOGY )

Some terms relevant to treatment of malaria are defined as follows. The
prepatent period is the time from sporozoitc inoculation by a mosquito until

AC) -,/ Oasexual parasites are detectable in the blood. The incubation period is the (K-,
time from sporozoite inoculation until onset of clinical symptoms. Recurrent
parasitaemia occurs when parasites reappear in the blood after they have
been undetectable by standard methods. Recurrent parasitaemia may be
due to either relapse or recrudescence. Relapse is the reappearance, after
eradication of the original blood stage infection, of asexual parasitaemia
resulting from delayed maturation of a hypnozoite (the slowly developing or
dormant exocrythrocytic stage) in the liver. It only occurs with Plasmodium
vii'ax and 1). orale. Recrudescence is the reappearance of detectable asexual
parasilaemia due to persistence of asexual L ryhroyic stages at undctcct-
able (subpatent) levels. Subpatent parasitacmia can be documented only by
subinoculation of blood into susceptible volunteers. In the absence of re-
infection, recrudescence is responsible for all recurrences of 1). falciparuon

('Uit itn Iro P al V otIf in, and 0 ,,min Itiah'l [)Nn i --II. . No I. Apr I [IQ8 1 71

• • . , I I I I I I I
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.. -. ..- **and P. malariae infections. A blood schizonticide is a drug that destroys the
Iasexual erythrocytic stages of the parasite. It is used for treating acute

infections and recrudescences and for chemnoprophylaxis as a suppressive
prophylactic. A tissue schizonticide destroys the liver asexual stages includ-
ing hypnozoites. It is used to prevent relapse and as a casual prophylactic to
prevent blood stage infections. Gamietocyltocidal drugs destroy the sexual
forms of the parasite and sporonticidal drugs inhibit the development of

oocysts on the stomach wall of the mosquito. They are both used to reduce
transmission. Clinical cure refers to relief of symptoms of malaria without
complete elimination of the infection. Radical cure refers to complete
elimination of malaria parasites from the body so that recrudescences and
relapses cannot occur. A semni-immune individual is one who has had
multiple malaria infections, has developed an acquired immune response to
malaria, is relatively resistant to infection and, if infected, is unlikely to
develop severe disease. A non-immune individual is one who has had little
or no recent exposure to malaria and has no effective acquired immune
response against malaria.

DRUG RESISTANCE

Drug resistance refers to the ability of a parasite strain to multiply or survive
in the presence of concentrations of a drug that normally destroy or prevent
multiplication of that species of parasite. Resistance may be relative
(yielding to increased doses of the drug) or complete (withstanding the
maximum tolerated doses of the drug).

Most drug resistance terminology refers to the response of P. falciparum
to chloroquine and other 4-aminoquinolines. An in vivo grading system
developed by the World Health Organization defines P. falciparu sensi-
tivity to 4-aminoquinolines (World Health Organization, 1973; Lepes et al.
1980). Parasites are sensitive to the antimalarial if they are cleared from the
bloodstream within seven days of initiation of therapy and do not return
within 28 days. RI resistant organisms are cleared within seven days. but
reappear (recrudesce) within 28 davs. With Ru resistant organisms. parasit-
aemia levels fall by more than 75 c within 48 hours of initiation of therapy,
but are not cleared within seven days. With RIII resistant organisms,
parasitaenia levels fall by less than 75% within 48 hours and are not cleared
within seven days. There is some controversy about the appropriateness of
this system for classifying the response to longer act ng ntimalarials. such as
mefloquine but it is still generally used. In vitro correlates of in vivo
resistance have been established for some antimalarials. In vitro tests are
useful epidemiologically, but proof of drug resistance is dependent on
demonstrating in vivo resistance in patients shown to have received and
absorbed adequate amounts of antimalarials.

There has been little work on resistance of P. viaax to blood schizonticides
because: (1) the parasite has remained highly sensitive to chloroquine. (2) it
is extremely difficult to distinguish between recrudescence because of drug
resistance and relapse. and (3) the parasite cannot he grown in culture.
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However, some strains of P. vivax display relative resistance to primaquine,
the most commonly used tissue schizonticide (Bruce-Chwatt, 1981).

The mechanisms of development and spread of drug resistance are poorly
understood in human malaria. It is never clear whether initial resistant
isolates are introduced to an area from outside or represent spontaneous
mutations. It seems clear that continued drug pressure selects for resistant
isolates which eventually become predominant. All investigations indicate
that resistance to chloroquine, sulphonamides, and pyrimethamine is trans-
ferred by classical Mendelian inheritance during sexual reproduction of the
parasite in the anopheline vector (Beale et al, 1978; Walliker, 1982; World
Health Organization, 1984).

HISTORY OF ANTIMALARIALS

The first and, until the twentieth century, the only blood schizonticide
known in the Americas and Europe was cinchona bark, which takes its name
(given by Linnaeus in 1649) from the Countess of Chinchon, who may, or
may not, have been cured of malarial fever in 1630 in Peru by an oral
infusion of an extract of the bark (Wesselhoeft, 1914; Haggis, 1941). It was
introduced to Europe from Peru in the 1630s or early 1640s by Jesuit priests
and during the next 200 years the 'Jesuit's' or 'Peruvian' bark became
increasingly more important for treating malarial fevers (agues). Quinine,
the principal alkaloid of cinchona bark, was isolated from cinchona in 1820
and by the late nineteenth century quinine was widely used to treat malarial
fevers which had been shown in 1880 to be caused by a protozoan. The first
synthetic antimalarial, pamaquin, was introduced in the 1920s. Mepacrine
and several 4-aminoquinolines were synthesized in the 1930s. Mepacrine
(= atabrine = quinacrine) was the most commonly used antimalarial during
World War II. The 4-aminoquinolines, chloroquine and amodiaquine, and
the biguanide, proguanil, were developed during the war and the folic acid
synthesis inhibitor, pyrimethamine, in 1951. By the early 1950s, chloro-
quine, which was easily administered in a short course and effective against
all human malarias, was the drug of choice for treatment of malaria and the
use of quinine fell out of favour. In the late 1950s and early 1960s, resistance
of P. falciparwn to chloroquine was documented in Colombia and Thailand
(Harinasuta et al, 19o2; Peters. 1970). Since then chloroquine resistance has
spread to most of the malarious world. Although several excellent new
antimalarials including mefloquine and halofantrine have been developed
by the United States Army, in 1986 quinine is again the most important P.
fuh( iparttm b !ool w ontic~i~e o!Itsidc of China. I-or nearly 2tMR) years qtig
hao (Artemnisia annua L., sweet wormwood, annual wormwood) was used in
China to treat fevers including malaria. In 1972 a sesquiterpene lactone
constituent of qing hao was isolated and found to be active against malaria.
It was named qinglaosu (active principle of qing hao) in Chincse and
artemisinine in English. Reports from China indicate that it is an effective.
rapidly acting blood schizonticide (Oinghaosu Antimalaria Coordinating
Research Group. 1979; China Cooperative Research Group of Oinghaosu
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...... ..... and its Derivatives as Antimalarials, 1982; Guoqiao et al, 1982; Jiang et al,
1982a; Guoqiao. 1984; Li et al, 1984; Klayman, 1985).

DIAGNOSIS

Delay in treatment of malaria patients, especially those with P. falciparum
infections, can be disastrous and has been responsible for many unnecessary
deaths. Institution of antimalarial therapy requires rapid diagnosis. Indi-
viduals with a febrile illness who have been in a malarious area within the
past 12 months should be evaluated for malaria infection regardless of
whether or not they have taken malaria chemoprophylaxis. More than 95%
of primary infections will become patent within four weeks of mosquito
inoculation of sporozoites of P. falciparum and P. ovale and within six weeks
of inoculation of P. vivax and P. malariae (Kitchen, 1949; Miller 1975),
Delayed primary attacks of P. vivax more than six months after exposure
have been described for Dutch, Korean, Pakistani, Chinese. and Hibernans
(Russia) strains (Miller, 1975; Jiang et al, 1982b; G. Strickland. personal
communication). Secondary or relapse infections with P. vivax and P. ovale
can occur from several months to, occasionally, three years after infection.
Untreated or incompletely treated P. falciparum infections are usually
eliminated by host immune response within one year of infection, but may
rarely persist for two to three years (Verdrager, 1964: Brooks and Barry.
1969). P. malariae persists longer than the others and has been responsible
for transfusion malaria 46 years after last exposure (Miller, 1975).

Even when parasitaemia is extremely low, parasites can generally be
found if a thick blood film is prepared, stained, and read properly (see
Chapter 5). Thin films (peripheral smears) in which parasites are visualized
within intact erythrocytes are used to distinguish between the four species of
human plasmodia. It is often difficult to detect low levels of parasitaemia
with a thin film. Parasites can sometimes be found in bone marrow aspirates
or in intradermal fluid when not found in thick blood films (Guo et al. 1984),
P. vivax schizonts have a buoyant density similar to that of leukocytes.
Smears made from buffy coats or the mononuclear cell la~cr of ficoll-
Hypaque gradients are more sensitive than thick blood films for detecting P'.
vivax infection (Bass and Johns. 1915; Le Bras and Payct. 1978). P. fillci-
parum has a 48-hour life cycle. Merozoites which invade erythrocytes
develop from early trophozoites to schizonts. The schizonts rupture and
release merozoites which reinvade erythrocytes. Only the early trophozoites
(rings) are generally seen in peripheral blood films. Late tiophozoitfc ,and
schizonts are sequestetcd in the capillaries and postcapillary venules of the
deep organs. The rings are only present for 18-24 hours of the 48-hour life
cycle. Thus. a patient with a synchronous high level infection (all parasites at
same stage of development) could have a negative blood film xhen all
parasites are sequestered and a heavy parasitaemia 6-24 hours later. If
malaria is suspected and the thick blood fihm is negative, the smear should be
repeated every 6-12 hours for 24-36 hours.

In recent years radioimmnunoassa\vs ( Nackev et al. 1980: A\rahan et al.



TREATMEINT OF MALARIA 175

1982), enzyme-linked immunosorbent assays (Mackey et al, 1982) and DNA
.' probes (Franzen et al, 1984; Pollack et al, 1985; Mucenski et al, 1986;

Walker et al, 1986) for P. falciparum antigen detection in blood have been
developed. None of these techniques have been validated or standardized
for routine use. It is likely that they will prove useful for screening large
numbers of individuals for parasitaemia, but not be particularly important
for diagnosis in individual patients (Chapter 5).

ANTIMALARIAL DRUGS

Rapid reduction and clearing of parasitaemia require blood schizonticidal
drugs, i.e. antimalarials which are effective against the erythrocytic.
asexual, stage of the parasite. Treatment of P. falciparum infections from
some areas of the world may require two blood schizonticides, the first to
rapidly reduce parasitaemia and the second, a more slowly acting drug. to
achieve radical cure.

Choice of blood schizonticide

The choice of antimalarial depends on the species of Plasmodium with which
the patient is infected, the expected drug sensitivity pattern of the parasite,
the clinical condition of the patie-nt, the malaria immune status of the patient
and the patient's tolerance of specific antimalarials. The route of administra-
tion is dictated by the patient's condition and the availability of intravenous
fluids. In general, the physician treating an individual patient out of a
malarious area should treat all patients with uncomplicated P. viiax. P.
malariae, or P. ovale infections with oral chloroquine, all patients with
uncomplicated P. falciparum infections with an antimalarial other than
chloroquinc (pyrimcthamine-sulfadoxine, quinine, quinidine, mefloquine).
and all patients with complicated malaria, regardless of the apparent species
of Plasmodium. with intravenous quinine or quinidine. The physician in a
malarious area who is confident of the response of local P. falciparum to
chloroquitie or amodiaquine may use one of these 4-aminoquinolines instead
of the alternative drugs listed above.

Response to therapy is monitored by examining the patient and malaria
blood films daily. If parasitacmia is not reduced by >75(4 within 48 hours,
the clinician should suspect high grade drug resistance.

Classes of antimalarials

There are a number of classes of antimalarials, each of which may have an
effect on a different stage of the parasite and different species:

I. Cinchona alkaloids (quinine. quinidine)
2. 4-Aminoquinolincs (chloroquine, amodiaquine)
3. Diaminopyrimidines (pyrimethamine)
4. Sulphonamides and sulphones (sulfadoxine. sulfamctopyrazine

sulfalenc), dapsone)
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5. Tetracyclines (tetracycline, doxycycline, minocycline)
6. Quinoline methanols (mefloquine)
7. Sesquiterpene lactones (artemisinine = qinghaosu)
8. Phenanthrene methanols (halofantrine)
9. 8-Aminoquinolines (primaquine)

10. Biguanides (proguanil, chlorproguanil, cycloguanil)
11. Other antibiotics and antimalarials.

Cinchona alkaloids

Quinine and quinidine are the only cinchona alkaloids in frequent clinical
use. They are both rapid-acting agents against the asexual stages of all four
species of plasmodia that infect humans. More experience has been gained
with quinine than with quinidine, and since the use of quinidine is associated
with more frequent electrocardiographic abnormalities (White et al, 1983a)
quinine, when available, is still the cinchona alkaloid of choice for the
treatment of malaria. If quinine is not available, quinidine is an excellent
substitute.

Quinine

Recommendations regarding the optimum dosage, route of administration
and length of treatment with quinine are controveisial. This has been due to
incomplete pharmacokinetic studies, non-specific and non-uniform
methods of measuring blood levels of the drug, the inability until recently to
measure the in vitro inhibitory concentrations of quinine against P. falci-
parum, changing quinine sensitivity patterns of P. falciparun. lack of data
establishing correlations between in vitro and in vivo parasite inhibitory
concentrations of quinine and difficulty in distinguishing the hypotensive,
life-threatening complications of P. falciparun infections from the serious
side-effects of quinine.

In a series of well-designed studies carried out since 1980, investigators in
Thailand have provided pharmacokinetic data for the rational use of quinine
(White et al, 1982, 1983b) and quinidine (Phillips et al, 1985) in severe
malaria. They have shown that, in severe malaria, high plasma levels of
quinine are common, safe, and well tolerated and that severely ill patients
treated with standard regimens often die before plasma levels of quinine
adequate for in vitro parasite inhibition are achieved (White et al, 1982,
1983b). Their conclusions regarding the requirement for a loading dose of
quinine or quinidine in order to rapidly achieve and maintain adequate drug
concentrations are well substantiated from a pharmacological perspective
and are suggestive from a clinical and parasitological perspective. There
have been no studies which have adequately compared the clinical efficacies
of intravenous loading dose, intravenous non-loading dose, and intra-
muscular quinine regimens for the treatment of severe malaria.

Antimalarial activity. Quinine is active against asexual erythrocytic stages of
all four human malaria parasites. It has no effect on exoervthrocvtic forms.

al fou hua maai IIl l|
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. Immature gametocytes of P. falciparum and all gametocytes of the other
species are sensitive to quinine. P. vivax infections may respond less rapidly
than P. falciparum infections.

Absorption and disposition. Quinine is well absorbed after oral administra-
tion. Peak plasma concentrations occur within one to four hours after a
single dose. It is generally given as quinine sulphate which in some studies
was not as well absorbed as the dihydrochloride and bisulphate salts
(Garnham et al, 1971). Plasma concentrations were 10-30% lower after
tablets and intramuscular injection than after intravenous infusion in adults
(Hall et al, 1973, 1975a). In children there was no difference between levels
after tablets or intravenous infusion (Sabchareon et al, 1983). When
10mg/kg quinine dihydrochloride (8.3mg/kg base) was given by four-hour
intravenous infusion every eight hours, steady state levels (10-15 mg/I) were
not reached for 48-72 hours. When a loading dose of 20mg/kg was given
during four hours, levels of 93% ± 10 of steady state peak and 75% ± 14 of
steady state trough were reached after the first dose (White et al, 1982.
1983b). Erythrocyte concentrations of quinine are directly correlated with
the level of parasitaemia, but the ratio of red cells to plasma quinine levels
rarely exceeds one (White et al, 1983c). Cord blood and breast milk con-
centrations of quinine are approximately one-third those of maternal plasma
levels (White, 1985). Plasma protein binding is higher in cerebral malaria
(93%) than in uncomplicated malaria (90%) or in convalescence (89%)
(Silmaut et al, 1985). This may explain the lack of apparent quinine toxicity
despite high plasma concentrations in severe falciparum malaria.
Cerebrospinal fluid levels of quinine are 5-10% of plasma levels suggesting
that quinine does not freely cross the blood-brain barrier (White et al, 1982:
Silmaut et al, 1985).

Metabolism and elimination. Quinine is cleared primarily by hepatic
metabolism and only 15-20% is excreted in the urine. Acidification of the
urine increases excretion. There is little, if any, reduction in quinine
clearance in patients with renal failure (White et al, 1982). Several studies
have shown that plasma and erythrocyte levels of quinine are higher in
patients with severe malaria than in those with uncomplicated malaria and
higher in patients with acute malaria than in non-infected volunteers or
convalescent malaria patients (Trenholme et al, 1976: White et al, 1982:
Sabchareon et al, 1983; White et al, 1983c; White, 1985). In cerebral malaria
patients given 10mg/kg quinine dihydrochloride every eight hours, once
steady state levels were reached, serum levels consistently exceeded l(mg/I
and in 60% of patients exceeded 15mg!I (White et al, 1982). The increase in
quinine levels with increasing severity is thought to be due to a decrease in
the volume of distribution of the drug and a decrease in hepatic metabolism
in patients with severe malaria, resulting in a decrease in clearance and a
longer half-elimination time (White et al. 1982: White, 1985). The half-
elimination time is approximately 11 hours, but becomes shorter during
convalescence, and may be shorter in children than in adults. If the parasite
requires a high concentration of quinine for inhibition, the quinine dose ma
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have to be increased on day 4-5 after initiation of therapy (Chongsuphajai-
,- .,., siddhi et al, 1981a). During the third trimester of pregnancy pharmaco-

kinetics are similar to those in children; elimination half-life and volume of
distribution decrease, but clearance is similar to other adults (Looareesu-
wan et al, 1985a; White, 1985). Quinine pharmacokinetics have been inade-
quately studied in patients with severe parenchymal liver disease. Quinine
metabolites have less antimalarial activity than quinine.

Toxicity. Serious side-effects of quinine are infrequent, but minor side-
effects are common (Powell and McNamara. 1972). Quinine has a bitter
taste. Side-effects increase with increasing plasma levels of quinine. Head-
ache and tinnitus are the most common side-effects. Cinchonism, which
includes tinnitus, headache, nausea, vomiting, abdominal pain, blurred
vision, transient loss of hearing, vertigo, and tremors, often occurs during
the first two to three days of therapy. sometimes subsides spontaneously
during therapy, but always subsides after discontinuation of the drug. It is
more common in women than men and in adults than children, and is
sometimes so unpleasant as to necessitate a change in therapy. Drug fever is
sometimes confused with an inadequate response to therapy. Diarrhoea,
constipation, pruritus, and nervousness have also been described, Rarely
encountered serious reactions include urticaria, bronchospasm.
angioedema of the face, mucous membranes and the lungs, deafness,
blindness or amblyopia, haemolytic anaemia, and agranulocytosis. The
deafness and amblyopia are occasionally irreversible. Overdose of quinine,
usually caused by rapid injection of a large dose, may result in convulsions,
hypotension, heart block, ventricular fibrillation, and death. Intravenous
quinine given by slow infusion and oral quinine for acute malaria are
associated with minor electrocardiographic changes (IYi lengthening of
QT interval and T wave flattening) with no other evidence of cardiotoxicit\
(White et at, 1983b). Quinine is a local irritant which occasionally causes
nausea, vomiting, and midepigastric pain when given orally. thirombo-
phlebitis with sclerosis of veins when given intravenously, and tissue
necrosis and sterile abscesses when given intramuscularly. Many clinicians
consider it to be an abortifacient inducing uterine contractions. A recent
study in Thailand indicates that this is not the case (LooareCstuwan Ct al,
1985a).

Measurecient of quinitie levels. High-performance liquid chromatography
(ltPLC) is the best method for measuring quinine levels (Edstcin et al,
1983). The benzene extraction .tiorescence technique (Cramer and
lsaksson, 1963) does not distinguish between quinine and quinidine, and
may measure metabolites (Edstcin ct al. 1983). A metaphosphoric acid
precipitation method has been used to assess quinine metabolism (Tren-
holme et al, 1976).

Mechanism of antimalarial action. This is unknown, but the drug is thought
to intluence hacnoglobin digestion by the parasite leading to development
of a haemolvtic complex that dishupts the parasite-host membranes. It is
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apparently bound at a different site within the parasite than is chloroquine
and leads to a modification of the ultrastructure of malarial pigment
(Warhurst. 1981).

Resistance to quinine. It is believed that minimal inhibitory concentrations
(MIC) of quinine must be maintained for four to seven days to effect radical
cure of P. falciparuin infections (Chongsuphajaisiddhi et al, 198 1a). Since it
takes two to three days to achieve steady state plasma levels of quinine when
10mg/kg are given every eight hours, quinine must be given for at least seven
days and perhaps 10 days, depending on the parasite's MIC. Resistance of P.
falciparum to quinine was described in Brazil in 1908 where as much as 25.5 g
of quinine base given during 21 days was unable to cure all P. falcipartim
infections (Neiva, 1910; Nocht and Werner. 1910: Bruce-Chwatt. 1981).
Relative resistance was also described in Italy, Panlama. and New Guinea.
but, in spite of widespread use of quinine before the introduction of syn-
thetic antimalarials. P. falciparurn has remained remarkably sensitive to
quinine, especially in Africa (Bruce-Chwatt. 1981). In recent years P.
falciparwan infections resistant to quinine have been described in Vietnam
(Hal., 1972), Thailand (Pinichpongse et al, 19827). Irian Java (Hoffman.
unpublished data), and Tanzania (Mutabingwa et al. 1982). In Vietnam
14% of 36 adults treated with 10 days of intravenous quinine (1800 mg/dav)
were found to be resistant (Hall, 1972). In Thailand, 25% , of 28 children wh~o
received quinine 30mg/kg/day. 38.5% of 26 who received quinine plus a
single curative dose of pyriniethamine-sulfadoxine. and 13% of 23 who
received 30 mg/kg/day for four days and then 45 mg/kg for three days wvere
found to be resistant (95% t RI level, one case RuI) (Chongsuphajaisiddhi
et al, 1981Ia). Increasing the dosage at a time when quinine clearance was
increasing (see above) appeared to be associated with an improved radical
cure rate. The sensitivity of P. falciparum to quinine is now, also being
monitored by in vitro tests. In Thailand the MIC of quinine increased from a
mean of 12. 1 to 19.4 ' moI/l (3.9 to 6.3 mg/I) from 1978 to 198 1. Some isolates
required 32.0ltmol quininc/l (10.4mg/Il for inhibition. Some isolates from
Iria n Jaya have been shown to produce schizonts in the presence of
51 .21tmol/l (16.5mg/I) of quinine (Hoffman. unpublished data). The World
Health Organization now considers the production of schizonts in the
presence of 51.2iimol/l (256pmo1) quinine to indicate in vitro resistance (D.
Payne. personal communication). When seven days of tetracycline were
given with quinine in Thailand. cure rates of 951% Were obtained (Pinich-
pongse et al, 1982).

The way in which 1. falciparutn becomes resistant to quinine is unknown.
It has been suggested that resistance to quinine develops more readily in
areas where chloroquine resistance is widespread and is related to chloro-
quine resistance. However, in vitro resistance to quinine and metloquine
have been observed in P. alciparumn infections showvn to be sensitive in vivo
and in vitro to chloroqUine (Hoffman et al. 1986).

P. viv-ax infections respond less rapidly than P. falciparumn infections to
quinine. Neither P. vivax. 1P. ovake. nor P. nialariae er'throcv tic stages have
ever been documented to be resistant to quinine. 'On the other hand.
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clinicians anecdotally report the appearance of P. iax parasitaemia four to

-five da\-s after initiating appropriate therapy for 1'. fialciparum infections.

Formulations. Quinine is available as tablets containing quinine sulphate
(125-300mg). quinine bisulphate (301 rg), quinine dihydrochloride
(300 ig). and quinine hydrochloride (300mig). capsules of quinine sulphate
(125-300mg), ampoules of quinine dihydrochloride: (500-I000mg).
ampoules of quinine-antipyrine. and ampoules containing 385 rug of
quinie-resorcinol bichlorhvd rate. 10mg of quinidine-resorcinol bichlor-
hydrate. 2.7mg of cinchonine-resorcinol bichlorhydrate. and 2.7 rug of
cinchonidine-resorcinol bichlorhydrate (Quinimlax). In the United States
quinine dihydrochloride for intravenous use can be obtained from the
Center for Disease Control. Atlanta. Georgia.

Uses. Treatment of complicated malaria and miultidruig resistant uncomlpli-
cated P. falciparlini infections is shown in Table I.

Quillidilm'

Quinidine, a diastereoisornecr of quinine, Was found1L to be effective aiait P
falcipariti over 100 years ago,( in India. Although show\n to be ats effective
and perhaps more effective 1 than quinine for thie treatment of falciparum
malaria, it was largely ignored as anl antimialarial until recently (Sanders and
Dawson, 1932: Sanders. 1935; Taggart et al. 1948). Studies in Thailand have
suggested quinidine is ats effective ats quinine in complicated and uncomnpli-
cated falciparum malaria and shown quinidine'to be effective in infect ions
resistant to quinine (White et l., 1981 : Phillips ct all, 1985).

Antimalarial actirit 'I. This has niot been ats extensivel\ tested, but is appar-
ently similar to that of quinine. QinIIdineC hall been Nhow\n to have at lower
M IC for 1P. faliparuim In Thailand than quinine and to be effective against
quinine resistant strains (White ct all. 1981)

Absorption and disposition. Few pharniacokinetic data aire availablIe onl

humans infected with inalaria, but it appears that thle pliarmlacokinetics are
similar to q1uinine (White et al. 1981, Phillips el alI. 1985). Mleanl plasmla
levels are slightly lower than with equivalent (loses of quinine. Neonatal
concentrations were 82"(' and breast milk concentrations 70(;, of maternal
serum %,aluies in at woma n with cairdiovaiscuilar diiseon long-term quinidine
therapy: levels much highe r than those obscrx ed for short-terml quinlinte
therapy (see above) (I Iifll and l~kiisian, 1 979),

Me~tabolxpp and elimination . Th is is primarik hvlepat ic (WtJ-851~) but renal
clearance may be higher than for quinine ( 2t-35'( ). Lllrited experieceIC

fromt Thailand suggests that total clearance of qutiiiidin lii not reduced inl
patients with renal farilure any\ more t han in ot her patients with Iew re
mialaria ( Phillips et all. 198 5). The limination half-lite I,, riot prt'0lonucd in
non-mnalarious patients with renal failure.
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Toxicity. This is also similar to the toxicity of quinine. Prolongation of the
QT interval (-24'/-) of the electrocardiogram was two to three times
greater than with quinine (White et al, 1983a). Two of I1 patients with
severe malaria developed hypotension during the loading dose infusion.
Hypotension resolved with discontinuation of the infusion. Quinidine has
been given throughout pregnancy without adverse effect to mother or infant
(Hill and Malkasian, 1979).

Measurement of levels. The benzene extraction mcthod does not distinguish
between quinine and quinidine. Newer techniques. including HPLC, are
likely to be more specific.

Mechanism of antimalarial action, This is unknown, but is probably the same
as for quinine.

Resistance. Resistance patterns have not been extensively tested. Quinidine
has been effective in treating quinine resistant infections. It may bind to the
parasite's 'clumping site' more effectively than quinine. Resistance to
quinidine can be expected to develop with increased use.

Children. No data are available on this for malaria patients.

Formulations. Quinidine sulphate. gluconate, and polygalacturonate are
available as tablets and capsules containing 10}-324 mg of the drug. Ouini-
dine gluconate is available in It ml vials containing 80mg/ml and quinidine
sulphate is available in I ml ampoules containing 200mg'ml,

Uses. Ouinidinc is used in the treatment of complicated malaria and multi-
drug resistant uncomplicated P. filciparun infections when quinine is not
available (Table.1 ).

4-Aminoquinolines

Chloroquine and amodiaquine are the only two 4-aminoquinolincs in

-ommon use. Both are rapidly acting antimalarials.

Chloroquinc

Chloroqui nc was the blood schizonticide of choice for treating all malaria
infections from tle late 1940s to the early 197t)s. ChloroquinC is inCxpcnsi\e,
safe and widely available and is still tile drug of choice for treating I'. vivax,
P. ov7h and P. tialariatc infections. I lo %eer. due to the dcvelopment of

resistance by 1). filartm to this drug. in 1986 chloroquine can onlx be
recommended for treating non-i mmunes with 1). /fdcipartum infections
acquired in West Africa, ('cntral America above Panania, Ilaiti and the
)ominican Republic.

Antimalarial activity. Chloroquine is a rapidly acting blood schizonticide
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against P. vivax, P. ovale. and P. malariae, and sensitive strains of P.
. - falciparum. It is not effective against exoerythrocytic (liver) stages. but has

some gametocyticidal activity against gametocytes of P. vivax, P. ovale, and
P. ,nalariae. and immature gametocytes of P. falciparum.

Absorption and disposition. There have been few studies of the pharmaco-
kinetics ofchloroquine in malaria patients and no published studies in severe
malaria. Most studies were done in non-infected volunteers and until
recently used non-specific techniques for determination of levels of the drug
in body fluids and tissues. In recent years studies in non-infected volunteers
in Sweden (Gustafsson et al, 1983a,b) and in children with uncomplicated
malaria in Nigeria have been carried out (Adelusi ct al. 1982: Walker et al.
1983). In one study of 12 children with malaria who were treated with an
initial oral dose of 10 mg'kg base and a total dosage of 25 mg/kg base during
48 hours, chloroquine levels were measured by HPLC. Average peak
plasma concentrations of 144 [tg/l were reached in one to eight hours and the
terminal half-life after the last dose was 75 hours (Walker et al, 1983). The
absdrption was more variable than in non-infected volunteers. In another
study in which a fluorometric technique was used for measuring drug levels,
erythrocyte/plasma levels of chloroquine showed a progressive decrease
from a peak of 21 shortly after starting therapy to a stable ratio of 5.3. 72
hours later (Adelusi et al, 1982). The decline in ratio correlated directly with
the decline in parasitaemia. a finding consistent with the observation that
parasitized erythrocytes concentrate chloroquine. Peak plasma and ervthro-
cyte levels occur at the same time. Studies in healthy subjects have shown
terminal half-lives to be longer and erythrocyte/plasma ratios to be lower
than in infected subjects (Gustafsson et al, 19,3ab).

In healthy adults, peak plasma concentrations after intravenous injection
of 300mg of base have been shown to be 1(0 times higher than after oral
administration of the same (lose (0.831tg/ml compared to 0.07ug,inil)
(Gustafsson et al, 1983a). The distribution phase is rapid and may be
associated with potentially serious cardiovascular side-effects: it is not
apparent with a four hour infusion of 1()mg/kg base. There is no information
on absorption or distribution after intramuscular injection.

Animal studies indicate that chloroquine accumulates in the tissues:
concentrations in spleen. kidney. lungs. heart, and liver were 300-500 times
higher than those found in the plasma (World I lcalth Organization, 1984).
Other studies have shown extensive binding to granulocytes and platelets. In
healthy subjects the volume of distribution has been as high as 1)01) kg
indicating extensive tissue distribution (Frisk-Ilolnberg et al. 1984).
Binding to plasma proteins in health- subjects is approximatcly 5(0'.

Aetaholism and elimination. The drug is nmetaboli/ed b\ sidc-chain dc-
ethylation in the liver leading Succcs,i\e elv to dcsethIchoroquine and then
bisdesethylchloroquine. a priniar. amine. It can be further dcalk\ latcd to
7-chloro-4-aininoqui noline. but in man the primaiy metabolite is dcCerh\ I-
chloroquine, which is bioloicall\ acti\c. IPlasnia Ic\cls t the metabolite arc
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generally 25-40% of chloroquine levels and it has the same profile of
distribution and tissue binding as the parent drug. Chloroquine is eliminated
from the body slowly, after a single dose of 300mg of base, the drug and its
metabolites can be detected for up to 56 days in plasma. Because of exten-
sive tissue binding and continuous redistribution from the tissues to the
plasma, determination of true terminal half-life is difficult, and requires long
studies and extremely sensitive methods. In healthy adults, renal clearance
is approximately 50% of total clearance of chloroquine (mean 412ml/min)
(Gustafsson et al, 1983a). Approximately 50%c of chloroquine is recovered
unchanged in the urine. In a single study of the kinetics of elimination of a
single oral dose of chloroquine in patients with renal failure, it was estimated
that the elimination half-life of chloroquine would be longer in patients with
renal failure (Salako et al, 1986). Chloroquine metabolism and elimination
has not been studied in patients with severe liver disease.

Toxicity. Toxic manifestations are uncommon and mild with oral doses used
for treatment of malaria (Weniger, 1979a). They include nausea and
vomiting when the drug is taken on an empty stomach. dizziness, headache,
blurred vision, fatigue. diarrhoea, and confusion. Symptoms disappear
when the drug is discontinued. Pruritus, particularly of the scalp, palms, and
soles, has been reported, mostly from Africa. and is associated with
repeated treatment with chloroquine and higher than normal skin levels of
choroquine and lower than normal levels of desethylchloroquine.

Rapid intravenous administration of chloroquine has been associated
with hypotension, acute circulatory failure and respirator\, and cardiac
arrest, particularly in infants and children. This has not been described with
slow intravenous infusion, but has been reported after intramuscular
administration.

There is no information on the disposition of chloroquinc in pregnancy.
No adverse effects on the fetus or mother have been reported. It is generally
used as for non-pregnant adults.

Measurement of levels. ItPLC is presently the most sensitive and specific
method for determining chloroquine levels, which should be measured in
plasma (Bergquist and Frisk- Holnberg, 1980). Whole blood levels are 3-1I
times higher than plasma levels and serum levels are considerably higher
than plasma levels (White, 1985). This is thought to be due to the fact that
chloroquinc and its major metabolite are extensively bound to granulocN tes
and platelets with up to 80% of total blood cell contents localized in these
cells (Bergquist and Domcij-Nybcrg, 1983). Serum levels are spuriously
high because of release of chloroquinc from platelets during clotting.

Mechan.m (if antintahrial action. Chloroquine is thought to influence
haemoglobin digestion by the parasite. It binds to haematin (ferriprolo-
porphyrin IX). a transient breakdown product of haemoglobin. within the
parasite to form a hacmolytic complex \which may disrupt parasite aind host
membranes, killing the plasmodium (Filch. 1983: World I lealth Organi/a-
tion, 1984).
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Resistance. No infections with P. vivax, P. ovale, or P. malariae have been
documented to be resistant to chloroquine. However, many clinicians in
endemic areas believe that they have treated chloroquine resistant vivax
malaria. Documentation of resistant vivax infections is difficult because of
the problem of distinguishing between relapse (not resistance) and recrud-
escence (resistance).

P. falciparum infections resistant to chloroquine were first suspected in

Colombia and first documented in Thailand in the late 1950s (Harinasuta et
al, 1962; Peters, 1970); they have now been documented from all parts of the
malarious world, except Central America (north of the Panama Canal), the
Caribbean islands and West Africa. It is likely that chloroquine resistance
will soon spread to these areas. The prevalence and degree of resistance
varies from that in Thailand and other countries of South-East Asia. where
the drug is essentially useless for treating non-immunes with falciparum
malaria, to that in parts of Africa where it is still highly effective for most
infections. Production of schizonts in the presence of 1.14 !tmol/l of chloro-
qiiine in the in vitro test is considered evidence of resistance (Lepes et al,
1980).

There has been much work done on the mechanism of development of
resistance, but there is still no clear explanation. Some hypothesize that
resistant parasites may effectively isolate themselves from the drug by
increasing their surface area, that they induce increased production of
proteolytic enzymes which metabolize haemoglobin and decrease the
quantity of haematin available for binding with chloroquine, and that they
synthesize a protein that binds with haematin and segregates it in the form of
the malaria pigment, haemozoin, making it unavailable for binding with
chloroquine. Resistance is maintained throughout the life cycle and trans-
ferred to progeny (World Health Organization, 1984).

Renalfailure. Elimination half-life may be prolonged in renal failure (Salako
et al, 1986). However, if chloroquine is used to treat severe malaria with
renal failure, the dosage need not be reduced.

Formulations. Chloroquine is available as tablets of chloroquine phosphate.
diphosphate, and sulphate containing from 100 to 3t0mg of chloroquine
base, as a suspension, and as ampoules of chloroquine hydrochloride,
diphosphate, or sulphate solution containing 40mg of chloroquine base per
ml.

Uses. Chloroquine is used in the treatment of all P. vivax, P. malariae, and
P. ovale erythrocytic stage infections and sensitive P. filciparum infections
(Table 1). It is also used in the chernoprophylaxis of malaria (see Chapter 7).

Amodiaquine

Amodiaquine has always been considered to be similar to chloroquine in
pharmacokinctics, clinical efficacy and toxicity. The drug has recently
received increased attention because of new observations regarding its
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toxicity, pharmacokinetics (Pussard et al, 1985) and because it has been
-: - shown to be more effective than chloroquine for treating infections in Kenya

and Thailand (Hall et al, 1975b; Watkins et al, 1984), effective at an
increased dosage with erythromycin for clearing parasitaemia in multidrug
resistant P. falcipartrn in Thailand (Looareesuwan et al, 1985b), and useful
parenterally for clearing parasitaemnia in moderately ill falciparum patients
in Thailand (Looareesuwan et al, 1985b).

The pharmacokinetic findings indicate that amodiaquine undergoes rapid
first-pass biotransformation in the liver and that monodesethylamodiaquine
is the principal metabolite with antimalarial activity (Pussard et al. 1985).
The metabolite may be the more appropriate compound for in vitro drug
sensitivity testing.

Several studies in Kenya have shown that amodiaquine is slightly more
effective than chloroquine in achieving radical cure of infections; cure rates
of approximately 80-97% as compared to 50-75% have been found
(Watkins et al, 1984; Brandling-Bennett et al. 1985). In Thailand 41 mg/kg
amodiaquine base given during three days in combination with five days of
erythromycin led to initial clearing of parasitaemnia in 94% of cases, but
subsequent recrudcscence in 52% (Looareesuwan et al, 1985b). Also in
Thailand, 10mg/kg base given over four hours by intravenous infusion
followed by three doses of 5mg/kg at 24-hour intervals (total dosage
25mg/kg) to patients with moderately severe falciparum disease led to
clearing of parasitaemnia and a clinical response similar to that expected with
quinine infusion; 55% had subsequent recrudescences (Looareesuwan et al.
1985b).

The enthusiasm for amodiaquine has been tempered by the results of
studies from the Philippines where 25mg/kg amodiaquine base was less
effective than chloroquine (Watt et al. 1985). and from Pakistan where they
were equally ineffective (Khaliq et al, 1986); 20mg/kg amodiaquine base
was used in Pakistan.

Formnulations. Amodiaquine is commercially available as syrup and tablets,
but not for parenteral use.

Uses. Amodiaquine can be used as a substitute for chloroquine (Table 1). It
is now also used in some areas with moderate chloroquine resistance. The
magnitude of increased antimalarial efficacy is not great enough to wariant
its use in non-immunes wvith suspected chloroquine resistaint infections. The
role of parenteral amodiaquine for treating moderately severe and severe
falciparum malaria remains to be clarified, as does thec appropriate total
dosage for treating chloroquine resistant /P. falciparumn infections.

Diaminopyrimidines

Pyrimethamine is the only drug of this class in use for the treatment of
malaria. Diaminopyrimidines are slowly acting blood schizonticides and
because of the rapid and nearly complete development oif resistance the%
should not be used alone to treat 1P. falcipyaruin infections. Their antimnalarial
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activity is augmented by the addition of sulphonamides, leading to a svner-
gistic. sequential block of folic acid synthesis.

Pyrimethatnine

Antimalarial activity. Pyrimethamine is active against the erythrocytic stages
of all four human malarias (blood schizonticide) and against the exoervthro-
cytic stages of P. falciparwn and to a lesser extent P. vivax and perhaps P.
ovale and P. malariae. It is not effective against hypnozoites of P. vivax and
P. ovale and cannot be used for radical cure of these infections. It has no
gametocytocidal activity, but has some sporonticidal activity.

Absorption and disposition. Pvrimethamine is absorbed relatively rapidly
after oral administration. The peak plasma level is reached in two to six
hours in healthy volunteers and then declines slowly with an elimination
half-time of 80)-95 hours (Jones and Ovenell, 1979: Ahmad and Rogers,
1980; World Health Organization, 1984). In malaria patients, plasma con-
centrations are 300-600 ig/l 24 hours after a standard therapeutic dose of
pyrimethamine-sulfadoxine (Hoffman et al, 1985). Red cell and plasma
concentrations are similar (Ahmad and Rogers, 1980). The drug is moder-
ately bound to body tissues with a volume of distribution of approximately
31/kg (Ahmad and Rogers, 1980). Pyrimethamine has been reported to be
85-87% protein bound (Ahmad and Rogers, 198(0).

Metabolism and elimination. Urinary excretion has been shown to continue
for over 30 days and account for 16-32,, of a single oral dose of 100mg
(Smith and lhrig, 1959). After a single dose of 50mg. a mean of 3.4% of the
total dose was excreted daily for seven days (Sheehy et al. 1969).

Toxicity. No significant toxic symptoms have been reported for the doses of
pyrimethamine used for treatment of malaria (Weniger, 1979b). It may be
used for treatment of malaria in pregnancy. The question of teratogenic
effects of long term chemoprophylaxis during pregnancy and the fatal
complications associated with use with sulfadoxine are discussed in Chapter
7 and in the section on pyrimethamine-sulfadoxine below.

Measurement of levels. Spectrophotometric and chromatographic tech-
niques have been used. An HPLC technique has recently been repored
(Timm and Weidekamm. 1982), In vitro growth of drug sensitive P. .alci-

parum is inhibited by It) giI pyrimethaminc (Nguven-Dinh and Payne,
1980). Following a single 1.25 mg'kg dose this level is maintained for more
than a week (I loffman et al, 1985).

M'chanism o'antimalarial atimn. Pyrimethamne is an inhibitor of dihvdro-
folate reductase, an enzme that is essential for s\ nthesis. by the parasite, of
the active form of folatc which is required for nucleic acid svnthesis.

Resistance. Resistance of 1'. hlciparitn to pyrimcthaminc was first noted in
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the 1950s shortly after pvrirnethamine was introduccd. Thus far the only
mechanism of resistance to any antimalarial that has been clearly identitied
is the production of mutant dihvydrofolate reductase in pyrimethainine
resistant P. berghei (World Health Organization. 1984). It is assumned that
resistance develops in the same way with P. falciparuni.

Rena/failure. No information is available oil this point.

Formulations. Pyrimethamine is available as 25mg tablets and as a syrup
containing 6.25 mg pyrimethamine per 5 mi.

Uses. Pyrimcthamine is no longer used by itself for the treatment of malaria
(see sulfadoxine-pyrimethamine below).

Suiphonamides and suiphones

Sulfadoxine. sulfamre topyrazi ne. and dapsone are the most commonly used
antimalarials in this class. Only the two former compounds are used for
treatment of acute malaria, while dapsone is used for chemloprophylaxis.
Because of the toxicity of long acting sulphonamides. there is now renewed
interest in the use of short acting drugs such as sulphamethoxazole. particu-
larly for chemoprophylaxis.

Sulfadoxinte anid sulfamnetopyraziiie

These are both long acting sulphonamides. Both are used in combination
with pyrimethamine for the treatment or prophylaxis of malaria. Sulfa-
doxine hats at longer half-life and is more commonly used.

Antimialarial activitY. They are slow-acting blood schizonticides which are
effective against sensitive strains of P. falciparum., but less so against the
erythrocytic stages of the other species which infect man. They have no
effect on exoerythrocvtic st ages, may lead to a brief increased pro;duction of
gametocytes. and may have some sporonticidal activity.

Absorption and disposition. They' are rapidly and well absorbed. They are
highly bound to plasma proteins (Mandell and Sande, 1980).

Metabolism and1( elimination. Only at small proportion is metabolized, about
5(4; to the acetyl derivative and 2-31( to the ghucuronide. Acetvlation is
genetically determined, some people being fast and some slow acetvlators.
Distinction between fast and slow acety lators is of little practical importance
in treatment of mialaria, since little of the drugs is metabolized. They are
excreted slowly in the urine. Tile half-elimnination time of sulfadoxine is
estimated to bie between 100and 2001 hours and that of sulphalene is, about 65
hours ( Mandell and Sande. 1980).

ToxicitY. Silphionarniides are generally well tolerated, but they can cause



190 S. L. HOFFMAN

hepatitis, urticaria, erythema multiforme, Stevens-Johnson syndrome,
toxic epidermal necrolysis, agranulocytosis, serum sickness, haemolysis in
individuals with glucose-6-phosphate dehydrogenase (G-6-PD) deficiency,
methaemoglobinaemia in patients with hereditary nicotinamide adenine
dinucleotide (NAD) methaemoglobin reductase deficiency, and kernicterus
in premature infants (Mandell and Sande, 1980). Recently, severe
cutaneous skin reactions have been associated with the use of
pyrimethamine-sulfadoxine for chemoprophylaxis of malaria (see below)
(Editorial, 1985a; Miller et al, 1986). Sulphonamides are contraindicated in
the first month of life. There is no evidence that they are teratogenic; they
are often used to treat pregnant women with acute malaria infections.

Mechanism of antimalarial action. Sulphonamides and sulphones inhibit
plasmodial dihydropteroate synthetase an enzyme necessary for incorpor-
ation of p-aminobenzoic acid (PABA) into folic acid.

Resistance. Resistance to sulphonamides is widespread and they cannot be
used alone for the treatment of malaria. The mechanism of resistance is
unknown. Several reports indicate that rodent malarias can thrive in the
absence of PABA and that sulphonamide resistance can be induced by
passaging parasites in PABA-deficient animals (World Health Organiza-
tion, 1984).

Renal failure. No information is available on this in malaria.

Formulation. Oral and parenteral formulations of sulphonamides are
available in different areas.

Uses. Sulphonamides are used only in combination with pyrimethamine.
There is now interest in combining short acting sulphonamides such as
sulphamethoxazole with trimethoprim or proguanil for daily chem oprophy-
laxis.

Pyrimethamine-sulfadoxine (pyrimethaeiine-sulfaetopyrazine)

The combination of pyrimethamine (dihydrofolate reductase inhibitor) with
a sulphonamide or sulphone (PABA inhibitor) has been shown to potentiate
antimalarial activity and produce radical cure of malaria infections which are
resistant to each of the individual components (World Health Organization.
1984). The most commonly used combination is pyrimethamine-suifadoxine
(SP, Fansidar) because the half-lives of the two components are long and
similar (90-200 hours) allowing for single dose treatment and weekly chemo-
prophylaxis. Sulfametopyrazine (half-life 65 hours) has also been used with
pyrimethamine for treatment and prophylaxis, and dapsone (half-life. 17-33
hours) with pyrimethamine (Maloprim) for prophylaxis.

Pyrinethamine-sulfadoxine (SP)

When first introduced. SP was considered an ideal drue for the treatment of
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uncomplicated falciparum malaria; it was effective in a single dose and
-. . .without significant side-effects. Resistance has developed in many parts of

the world; in some parts of Thailand it is totally ineffective. In addition, its
use has been associated with fatal skin reactions (see section on toxicity
below).

Antimalarial activity. SP is effective for treating many P. falciparum infec-
tions resistant to 4-aminoquinolines and some which are resistant to pyri-
methamine and sulfadoxine alone. It is effective for clinical cure of P. vivax
infections, but the time until clearing of parasitaemia and clinical cure is
significantly longer than with chloroquine. It has not been extensively tested
against P. malariae or P. ovale. It has no effect on exoerythrocytic infec-
tions. It has no gametocyticidal activity and may have limited sporonticidal
activity. Studies in Thailand have indicated that use of SP is associated with
an increase in P. falciparum gametocytes during the subsequent month
(Andre and Doberstyn, 1977) when compared to other antimalarials, and
studies in Pakistan have shown the opposite (Strickland et al, 1986).

Absorption and disposition. Limited information suggests that the combi-
nation does not affect the pharmacokinetics of the constituents.

Metabolism and elimination. These are also the same for the combination as
for the constituents.

Toxicity. Toxicity is as expected for the constituents. SP was first recom-
mended for routine chemoprophylaxis of American travellers to chloroquine
resistant malarious areas in 1982. From 1982 to July 1985 there were 24 cases
of severe cutaneous reactions (erythema multiforme, Stevens-Johnson
syndrome and toxic epidermal necrolysis) documented in Americans taking
SP; seven of the reactions were fatal. Six of the seven fatal reactions were in
individuals who continued to take SP after the onset of the toxic symptoms.
Twenty-three of the 24 reactions were associated with multiple (two to five)
doses of SP. It is estimated that the incidence of fatal reactions in American
travellers takingSP hasbeen 1/11 OO0to 1/25 000. It is thought, but not proven,
that the reaction is to sulfadoxine and has no relationship to either pyrimeth-
amine or chloroquine (see Chapter 7) (Editorial, 1985a; Miller et al, 1986).

SP is not recommended for infants less than one month of age. The safety
of SP in pregnancy has not been established, but it has been used to treat
malaria infections in pregnant women without complication (Main et al,
1983). Many think that it can be safely used for malaria chemoprophylaxis in
pregnancy.

Measurement of eLels. This is as for the constituents.

Mechanism of antimalarial action. The sequential blockade of folic acid
synthesis potentiates the antimalarial activity of pyrimethainine and sulfa-
doxine.
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........ -~ Resistance. Resistance to SP has developed rapidly in some areas of the
world. This is a major problem in Thailand and neighbouring countries, an
important problem in Brazil and New Guinea, and an emerging problem in
Indonesia, East Africa, and South America (Darlow et al, 1982; Pinich-
pongse et al, 1982; De Sousa, 1983; World Health Organization. 1984;
Hoffman et al. 1985).

Renal failure. No information is available on this.

Formulations. Tablets and ampoules contain 500rag of sulfadoxine (or
sulfametopyrazine, tablets only) and 25mg of pyrimethamine. SP is avail-
able as a syrup in some parts of the world.

Uses. The major use of SP is the treatment of uncomplicated. chloroquine
resistant P. falciparurm infections (Table 1). The parenteral preparation has
been used with quinine for treating cerebral malaria (Naparstek et al, 1981).
Oral SP is also used for chemoprophylaxis (see Chapter 7).

Tetracyclines

Tetracycline, doxycycline, and minocycline are weak and slowly acting
blood schizonticides that can be used effectively to treat chloroquine and SP
resistant P. falciparuin infections in combination with other antimalarials.
Because of their slow onset of action and inadequate efficacy when given
alone, they should be used with a faster acting antimalarial such as quinine.
The combination of quinine and tetracycline for seven days can be expected
to cure 95% of multi-resistant P. falcipartom infections (Pinichpongse et al,
1982).

Tetracycline

Antimalarial activity. Tetracycline is effective against the exoervthrocvtic
and erythrocytic stages of !. falcipartim. but not gametocytes. Its activity
against other species of malaria is unknown, but is thought to be inadequate.

Absorption and disposition, metabolism and elimination, east'remtent of
levels and toxicity. See a standard textbook of pharmacology for details of
this.

Mechanism of action. This is unknown but. by analogy with its mchanisin of
action in bacteria, it is thought to interfere with protein synthesis.

Resistance. Tetracyclines have not been extensivel, tested as single drug
therapy in the field. When seven days of tetracycline were given with three
days of quinine for treatment of P. falcipartm in Eastern Thailand. an area
with multi-resistant 1. falciparumn. seven of 71 patients had RI resistance,
and none had RII or RIll responses (Boudreau et al, 1984). The combi-
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nation of tetracycline and chloroquine was inadequate for treating chloro-

quine resistant P. fah'iparwn infections in Thailand (Phillips et al, 1984).

Renal failure. See a standard textbook of pharmacology for details on this.

Children. Tetracyclines are not recommended for children less than eight
years of age because of the possibility of causing tooth discoloration, hypo-
plasia of tooth enamel, and impaired bone growth.

Pregnancy. Tetracyclines are contraindicated in pregnancy for the same
reasons as in young children.

Formulations. Oral and parenteral (see standard text).

Uses. Tetracycline is used in combination with a faster acting antimalarial.
usually quinine, to achieve radical cure of multidrug resistant P. fidciparwm
(Table 1). In populations where side-effects to quinine are common. the
length of treatment with quinine can be reduced to three days if tetracycline
is given with quinine. Tetracycline has also been used with amodiaquine
(40-50mg/kg) to achieve radical cure of P. falciparuin from an area of
Thailand known to have a high prevalence of chloroquine resistance
(Noeypatimanond et al, 1983a).

Doxycycline

The actions of, and indications for, doxvcycline are similar to those for
tetracycline. but it only needs to be given twice daily.

Quinoline methanols

The only drug of this class in use is mefloquinc.

Mefloquine

Mefloquine is the most important antimalarial drug developed by the US
Army antimalarial drug development programme. When lirst developed it
was thought to be the ideal antimalarial: effective against all species of
human malaria, effective against in ultidrug resistant P'. fitlciarum, admin-
istered in a single oral dose, rapidly acting, and without serious side-effects
(Trenholme et al. 1975). Ilowcver. isolated caes of resistance have been
documented from many parts of the world (Editorial. 1983). and it appears
that resistance is now developing in Thailand (Boudreau ct al, 1982, 1984)
and is present in Irian Java (I loffiman ct al. I1985).

Antimalarial activit'y. Nictloquinlc has been shown to be an cffcctive blood
schizonticidc against P. .fahiparun, P. vivax and P. malriae (Iren holme et
al. 1975: l)oberstyn et al. 1979a. Dixon et al. 19S3, 1985: E-ditorial. 1983). It
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has not been tested against P. ovale. Its other actions are unclear, but they
' are likely to be similar to that of quinine.

Absorption and disposition. Mefloquine is available in tablet form, but it is
better absorbed as a liquid (Desjardins et al. 1979). Limited studies suggest
that elimination half-life is prolonged in malaria patients compared to
volunteers and in adults with malaria as compared to children (White, 1985).

The pharmacokinetics are not the same as for quinine. There has been
considerable individual variation in absorption and pharmacokinetics-
observations which led early investigators to predict that there would always

be a small percentage of P. falciparumn infections not cured by mefloquine
(Desjardins et al, 1979). In adult, non-infected volunteers given
17-22mg'kg mefloquine in tablet form, the time required to reach peak
whole blood concentrations was 12-28 hours, the peak whole blood concen-

tration was 0.7-1.5[tg/ml, the apparent volume of distribution was
4.6-16.81/kg and the whole blood elimination half-life was 8.1-19.5 days
(Desjardins et al, 1979). In another study in which plasma levels were

measured, peak plasma levels of I jig!ml were reached in 2-!2 hours, the
apparent volume of distribution was 13.5-29.1 /kg, and the terminal half-
life was 15-33 days (Schwartz et al. 1982). In malaria patients given 15 mg kg
mefloquine in combination with SP. serum levels were 1. 1-1.9 tg'ml after 24
hours (Hoffman et al. 1985).

The large volume of distribution indicates that the drug is extensively

tissue bound. In plasma it is 99% bound to protein. Mefloquine is concen-
trated in erythrocytes by high affinity binding to the red cell membrane. In
volunteers, the concentration in ervthrocvtes has been estimated to be

double that in plasma (Schwartz et al. 1982). and in vitro as high as 60 times
that in the extracellular fluid (San George et al. 1984). Pharmacokinetic data
derived from plasma and whole blood measurements will differ. The volume
of distribution, clearance, and terminal half-life have been shown to be
decreased in children. When given to comatose patients by nasogastric tube.
absorption was good, but less complete and rapid than in patients with
uncomplicated malaria (Chanthavanich, 1985). It could not be detected in
the cerebrospinal fluid or peritoneal dialysate of these patients.

Merabolism atnd elimination. The drug is primarily eliminated by biotrans-
formation, and within four hours of oral intake the mmi metabolite.

2.8-trifluoromethyl-quinoline-4-carboxylic acid, can be detected in the
plasma. Within a few days. the concentration of the metabolite exceeds the

concentration of nefloquine the metabolite has a much smaller volume of

distribution. Only about 5'(' of a doe of inefloquine is excreted unchanged

in the urine during four weeks. Clearance of metloquine ma\ be more rapid
in children than in adults (World I lealth Organizat ion. I9841.

Toxicity. No serious adverse reaction"s hme been associated \\ith the u,,e of

mefloquine. Side-effects were monitored in o\er S1)11 ptlicnls included in

clinical trials throughout the world (World I lealth Organiiat ion. 984). The
overall incidence of reactions was: natusct 17.7'( , \omiting 13.3( . diair-
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rhoea 14.9% dizziness 14.7%. abdominal pain 8.3, self-limited sinus

bradvcardia 8.9%, and neuropsychiatric changes 0.9%. No adverse bio-
chemical or haematological changes have been noted. No information is
available on use in pregnancy.

Measurement of levels. A number of techniques have been used foi
measuring mefloquine levels. HPLC (Grindel et al, 1977) and gas-liquid
chromatography with electron-capture detection (Heizman and Geschke,
1984) are recommended.

Mechanism of antimalarial action. This is unknown, but is thought to be
similar to that of quinine.

Resistance. Most initial clinical trials showed cure rates of >950. Resistant
infections were attributed to inadequate absorption due to either vomiting
or host factors. Cases of primary drug resistance were first described from
Thailand (Boudreau et al, 1982) and East Africa (Bygbjerg et al, 1981).
Among 62 patients treated with mefloquine in Thailand, five showed RI type
resistance and two showed RII type resistance (Boudreau et al. 1984).

In vitro studies have been extensive. In vitro findings predictive of in vivo
resistance have not been established by rigorous field testing. However,
most investigators have considered growth of schizonts in the presence of
3.2umol mefloquine/l blood (I.2.ugml) as indicative of in vitro resistance
(Smrkovski et al. 1983). Using this criterion, in vitro resistance has been
documented in the Philippines (Smrkovski et al. 1983), Indonesia (Hoffman
et al. 1985) and, with increasing frequency, in Thailand (G. Childs, personal
communication). Recently the World Health Organization has indicated
that it may be more appropriate to consider the growth of schizonts in the
presence of 6.41tnmol/I rather than 3.2i.mol/l as indicative of resistance (D.
Payne. personal communication).

The mechanism of drug resistance to mefloquine is unknown. It has not
been estat'ished whether there is cross-resistance between mefloquine,
quinine, an, I chloroquine. Limited observations in Thailand (K. Webster,
personal communication) and Indonesia (lloffman et al, 1986) suggest
cross-resistance betwecn1 quinine and metloquine but not with chloroquine.
Resistance to mefloquine develops more readily in P. berghei parasites that
are already resistant to chloroquine than in those that are sensitive to
chloroquine.

Renalfailure. No information is available on this.

Formulations. Mefloquinc is available as tablets of 250)nmg (Lariam.

ULse.. Mefloquine (Lariam) is now\ conimercialh available only in S\wi,zer-
land where its use is reserved for the treatment of multidrug resistant P.
falciparum infections (Table 1). As resistance of 1). fidcipartn to chloro-
quine and SI' increases, the use of niefloquine, pairticularly in non-endemic
areas, is likel\ to increase.
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Mefloquine-pyrimethatnine-sulfadoxine (MSP)

Mefloquine (M) has recently been released for clinical use in Thailand in
combination with SP (MSP, Fansimef). The combination is being used in the
hope that, as in experimental models, the emergence of resistance to the
components by drug pressure and selection, especially to mefloquine, can be
delayed. The animal studies suggest additive antimalarial activity (Merkli et
al, 1980; Peters and Robinson, 1984). Multiple clinical trials indicate that the
combination is well tolerated and curative in over 95% of P. falciparurn
infections (World Health Organization. 1984). There is, however, dis-
agreement among malaria experts regarding the appropriateness of wide-
spread use of the combination as opposed to the individual components.
This disagreement is based on several facts and observations. In animal
models there is no reduction in the rate of emergence of drug resistant P.

falciparum by use of the combination if the isolate is already resistant to M or
SP (Merkli et al. 1980: Peters and Robinson, 1984). In many areas where
MSP is being used or will be used, resistance to SP is common. Fatal
reactions to SP have been described (Editorial, 1985a; Miller et al. 1986).
These reactions are rare and SP is still appropriately and extensively used.
However, some people wonder about the wisdom of trying to preserve the
efficacy of mefloquine by using a potentially dangerous drug. None of the
human studies have demonstrated a clinical advantage of using the combi-
nation compared to the components. Limited observations from one clinical
study (Hoffman et al, 1985) and one in vitro study (Milhous et al, 1983) have
suggested that there may, be antagonism between M and SP in some isolates.

Formulations. MSP (Fansimef) is available in tablets containing 250mg of
mefloquine, 25 mg of pyrimcthamine and 5)0 mg of sulfadoxine.

Uses. MSP is recommended for the treatment of multidrug resistant P.

falciparuim (Table 1).

Sesquiterpene lactones

QinghaosU and its derivatives are the only ait imalarials of this class.

Qinghaosu and defrlatires

Reports from China indicate that use of linglhaosu (OIlS) and its deriva-
lives, artemet her and sodium artesunate. is associated with high clinical cure
rates and more rapid defer\escence and pari,,ite clearance than \\ith
metloquinc. chloroquine. quininc, MSP or SP. RIaCs of recrudescence are
high. indicating that imtproved dosage regimenis or concomit ant administra-
tion of another blood schizonticide is required (Oinghaosu Antimalaria
Coordinating Research Group. 1979. China Cooperative Rc,,earch Group
of Oinhaosu nd its Dnerivatiimmvials. 1982: Gioqia ct al.
1982: liang ei al. 1S 2ia( Guoqlio, 1984; Ii ct al. 1984: Kla\nian. 1985).
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Antimalarial activity. Available information indicates activity against the
erythrocytic stages of P. falciparum and P. vivax. but not against exoery-
throcytic stages of P. vivax or gametocytes of P. falciparum (L. Guoqiao and
K. Arnold, personal communication).

Absorption and disposition. Plasm'a protein binding of artemether has been
reported to be 77% (China Cooperative Research Group of Qinghaosu and
its Derivatives as Antimalarials. 1982). No other human studies are
available,

Metabolism and elimination. There are no available reports of human
studies on this.

Toxicity. QHS and its derivatives are apparently well tolerated and have not
been shown to produce haematological, renal. hepatic or electrocardio-
graphic abnormalities. Little information is available regarding use in preg-
nancy. QHS was used in 16 pregnant women with cerebral malaria, 15 of
whom survived (Guoqiao et al, 1984). QHS has been reported to be
embryotoxic in rats and mice (China Cooperative Research Group of Qing-
haosu and its Derivatives as Antimalarials, 1982, World Health Organiza-
tion, 1984; Klayman, 1985).

Measurement of levels. Thin-layer chromatography (Xinyl et al, 1985) and
HPLC (Klayman, 1985) have been used to measure levels in animals.

Mechanism of action. The mechanism of action of QIS is unknown but it is
thought to act by interruption of protein synthesis. QHS and derivatives
affect plasmodia in a number of ways, including inducing mitochondrial
swelling (Jiang et al, 1985). Studies in China indicate that 1IS works early
in parasite development by destroying the tiny and small ring forms, as
compared to other antimalarials which work later in the life cycle (Guoqiao
et al, 1984; Li et al. 1984).

Resistance. Recrudescence rates for P. f]iihipariom and 1P. vivax are high
after treatment with OilS (Guoqiao et al, 1984). It is not vet clear whether
this indicates resistance or inadequate dosages of the drug. Rates of P.
falciparumn recrudescence at one month were I I) for intramuscular
artemether (oil preparation), 40-51)' for 01IS suppositories and intra-
venous artesunate, and 75% for oral 01 IS (Guoqiao et al, 1984, L. Guoqiao
and K. Arnold. IM i>onal comniunication). Resistance of I'. berghei to Of IS
has been easily induced in the laboratory.

Renal failure. Studies of the use of 01 IS in renal failure are incomplete. but
it has apparently been well tolerated in patients with renal failure (Guoqiao
ct al, 1982: (iuoqiao et al, 1984).

Forinulations. 01 IS (tablet. rectal Suppository. water and oil suspension for
intramuscular use), artmct her (oil suspcnsion for intramstcular use) and
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sodium artesunate (for intravenous use) have been studied in China. New
-".*.. .. -,formulations are apparently being developed.

Uses. The efficacy of OHS has only been evaluated in China. Available
information suggests that the most important potential use for OHS is for
rapid clearing of parasitaemia in patients with severe falciparum malaria.
QHS reduces parasitaemia by 95%, 25% faster than quinine and clears
parasitaemia twice as fast as quinine. However, historical comparisons do
not indicate any difference in mortality between OHS- and quinine-treated
patients with cerebral malaria. A controlled trial comparing OHS and
quinine in severe malaria is required.

Phenanthrene methanols

This is another class of antimalarials developed by the US Army pro-
gramme.

Halofantrine

The most promising drug in this class is halofantrine. It has been tested in
volunteers with induced and naturally occurring malaria and found to be
effective in multidrug resistant falciparum infections in Thailand. Initial
trials in Thailand showed radical cures in only 65% of patients given a single
1500mg dose. When the dosage regimen was modified to three 5(X) mg doses
given at six-hour intervals, greater than 95% radical cures were achieved
(World Health Organization, 1984). Further research is in progress to
determine optimal formulations and dosing schedules.

8-Aminoquinolines

Primaquine is the only drug of this class in widespread clinical use.

Primaquine

Primaquine is the only drug used to prevent relapse (tissue schizonticide
against late exoerythrocytic stages). It is also an excellent causal prophy-
lactic (primary exoerythrocytic stages) and the only effective drug used to
reduce transmission (gametocyticide and sporonticide). It is not used to
treat acute blood stage infections.

Antimalarial activit'. Primaquine is gametocyticidal and sporonlicidal for all
human species of malaria. It is highlv effective against the exoervthrocvtic
(liver) stages of P. falciparum and I'. vivax and probablv P. ovale (acti\ itv
against P. malariae unknown). It is an effective blood schizonticide. but only
at dangerously high doses.

Absorption and disposition. Primaquine is rapidly absorbed after oral
administration. Peak plasma levels are reached in one to three hours (Bruce-
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.. "Chwatt, 1981). Tissue distribution of the parent drug is unknown. Studies in
animals with pamaquin, a related 8-aminoquinoline, indicated extensive
tissue distribution, but there was no pamaquin in the tissues of a human who
died of an overdose of pamaquin.

Metabolism and elimination. After oral administration, primaquine is
rapidly converted in the liver to carboxyprimaquine. The elimination half-
life of primaquine is three to seven hours. Twenty-four hours after a single
dose, plasma concentrations of the metabolite are 50 times that of the parent
compound. None of the metabolite has been detected in the urine, so it is
likely that carboxyprimaquine is further metabolized before excretion. The
antimalarial activity and toxicity of the metabolites are unknown, but anti-
malarial activity is likely to be significant since daily and even weekly dosage
regimens have been successful (Greaves et al, 1980: Mihaly et al. 1984;
Ward, 1985; White. 1985).

Toxicity. Gastrointestinal side-effects including nausea, vomiting, anorexia,
dizziness, epigastric distress and abdominal pain or cramps can be expected
in 5-10% of adults receiving 15-30mg of primaquine base per day for 14
days. The incidence of gastrointestinal side-effects increases with increasing
doses and is reduced by ingestion of the drug with meals (Weniger, 1979c).

Dose-dependent, reversible agranulocytosis and granulocytopenia have
been described with extremely high doses of primaquine. but not with
therapeutic doses. Dose-dependent, reversible methaemoglobinaemia is
common with high doses of primaquine and has been described after usual
therapeutic doses. It is less common in glucose-6-phosphate dehydrogenase
(G-6-PD) deficient individuals than in normal individuals, since older
erythrocytes are the major source of methaemoglobin and these are also the
most susceptible to haemolysis. Methaemoglobinacmia may be severe in
individuals with congenital deficiency of NAD methaemoglobin reductase.

Acute intravascular haemolytic anaemia is the most serious side-effect of
primaquine. It is caused by oxidant stress in individuals with erythrocyte
G-6-PD deficiency, an inherited X-linked trait occurring most frequently in
Blacks and persons of Mediterranean and Asian extraction. In most Blacks
who have 1(-20% of normal G-6-PD activity, haemolysis is generally self-
limited, even when drug administration is not stopped. Mediterraneans and
Asians may have only 0-7% of normal activity and hacmolysis is more
severe and may continue even after the drug has been withdrawn. In adult
Blacks weekly administration of 45 mg of primaquine base has been associ-
ated with less haemolvsis than dailv administration of 15 Ing. If possible,
testing for G-6-PD deficiency should be done before primaquine is given.

The safety of primaquine in pregnancy has never been established and its
use is not recommended.

Measurement of levels. Recently IIPLC and gas chromatography-mass
spectrophotometry have been used to measure primaquine levels (Greaves
et al, 1979: Baker et al, 1982: Ward et al, 1983).
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Mechanism of antimalarial action. This is unknown, but is thought to involve
an effect of a metabolite on the mitochondria of exoerythrocytic stage
schizonts.

Resistance. Strains of P. vivax vary in the susceptibility of exoerythrocytic
stages to primaquine. The Chesson type strain of P. vivax detected in New
Guinea in 1944 and similar strains subsequently described in the Solomon
Islands, Indonesia, and Thailand is relatively resistant to primaquine and
requires doubling the dosage of primaquine (Bruce-Chwatt, 1981).

Renal failure. No information is available on this, but indications are
limited.

Formulations. Primaquine is available in tablets containing 13.2 and 26.3 mg
of primaquine phosphate, equivalent to 7.5mg and 15 mg, respectively, of
primaquine base.

Use. Primaquine is used for radical cure of P. vivax and P. ovale infections
(tissue schizonticide) (Table I) and for blocking malaria transmission
(gametocyticide and sporonticide). It is sometimes used as a causal prophy-
lactic for all four human malaria infections, but to be effective for causal
prophylaxis it probably has to be given more frequently than once a week.
More research is needed to establish the safety and efficacy of primaquine
for chemoprophylaxis and for reducing transmission of malaria.

Biguanides

Proguanil, cycloguanil, and chlorproguanil are the three antimalarials of this
class that have been used. Like pyrimethamine they are dihydrofolate
reductase inhibitors. Because of their slow onset of action, in recent v'ears
they have only been used for causal prophylaxis of P. falciparum infections
and suppressive chemoprophylaxis of all four human malarias. For reasons
which are unclear, proguanil, the biguanide with the shortest half-life, is the
only one of the three in common clinical use. Biguanides are highly inhibi-
tory to the primary exoerythrocvtic stages of P. falciparum (not P. viax), to
asexual crythrocytic stages of all four human malarias. and to the develop-
ment of sporozoites in mosquitoes (probably all malaria). They are thus
used as causal prophylactics (P. falciparum). suppressive prophylactics (all
four human malarias), and transmission blocking agents (all four human
malarias). Unfortunately, resistance of all stages of the parasites to
biguanides may develop rapidly, either by biguanidc drug pressure or by

pyrimcthamine drug pressure. Because of the rapid spread of chloroquine
resistance and the lack of toxicity of biguanides. recently there has been
renewed interest in the use of biguanidcs for chenoprophylaxis, either alone
or in combination with other anlinalarials such as short acting sulphon-
amides or sulphones. There is presently no indication for their use for
treatment of acute malaria. Use of higuanidcs in chemoprophvlaxis is
discussed in Chapter 7.
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Other antibiotics

Although many antibiotics, including chloramphenicol and rifampicin, have
some antiplasmodial activity, only the tetracyclines and lincomycin deriva-
tives and perhaps erythromycin have been shown to have significant anti-
plasmodial activity.

Clindamycin

Clindamycin is a slow-acting blood schizonticide which, both alone and with
quinine, has been used for the treatment of falciparum malaria with moder-
ately good to excellent results, but often with acute gastrointestinal side-
effects. Based on the results of a number of studies (El Sadiq et al, 1985;
Westerman, 1985), the manufacturer now recommends clindamycin
10mg/kg twice a day for five days for treatment of P. falciparum infections
(Westerman, 1985). Further studies are required, but clindamycin may
prove to be a useful adjunct to quinine or other rapid acting blood schizonti-
cides for therapy of multiresistant P. falciparum in children who cannot be
given tetracycline. Although clindamycin is often used in pregnancy, its
safety during pregnancy has not been established.

Erythromycin

In vitro studies indicated that erythromycin and chloroquine were syner-
gistic against chloroquine-resistant strains of P. berghei (Westerman, 1985).
Unfortunately, field studies in Thailand (Phillips et al, 1984) and Africa (D.
Brandling-Bennett, personal communication) showed that chloroquine and
erythromycin were not effective for treating chloroquine resistant P. falci-
parum infections. Recently the combination of erythromycin and high dose
amodiaquine was shown to be effective for clearing parasitaemia. but not for
radical cure (52% recrudescence) in Thais with P. falciparun infections
(Looareesuwan et al, 1985b). Clearing of parasitaemia may have been
improved by addition of erythromycin, or may have been produced by high
dose amodiaquine therapy alone.

Other blood schizonticides

Pyridinemethanols, triazines, acridines, pyronardine, piperaquine, dabe-
quine, and naphthoquinones have all been evaluated for treatment of
malaria. None are ready for widespread clinical use (World tlcalth Organi-
zation. 1984).

TREATMENT OF SPECIFIC INFECTIONS

P. falciparum: complicated

Any patient with a 1. falciparum infection who has > 3- parasitaemia, an
abnormal level of consciousness, renal, cardiac, hepatic or pulmonary dys-
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...- .. .function, shock, or severe diarrhoea or vomiting should be considered to
have complicated malaria. Resistance to chloroquine has been reported
from nearly all malarious areas of the world. The drug of choice for treating
all patients with complicated malaria is quinine dihydrochloride by slow
intravenous infusion (Table 1). This recommendation could be modified if
one were practising in an area such as West Africa, the Caribbean, or
Central America above Panama, where the parasites were known to be
sensitive to chloroquine and patients with complicated malaria consistently
responded to chloroquine, or in China where qinghaosu or its derivatives are
available. If quinine dihydrochloride is not available, intravenous quinidine
gluconate is an excellent substitute.

Quinine treatment

The dosage of quinine is dependent on the sensitivity of the organism to
quinine. Parasites should be cleared from the circulation as rapidly as
possible. In areas of the world, such as Thailand and Irian Jaya. where the
minimal inhibitory concentration of quinine is high, a loading dose of
20mg/kg quinine dihydrochloride (16.7mg/kg base) administered in
3-6ml/kg of intravenous fluid during two to four hours, followed by 10mg/kg
every eight hours for seven days. has been safely and successfully used to
rapidly achieve and maintain plasma levels of 10-15mg/I (White et al, 1983b;
Hoffman et al, 1984a). Dosage regimens for complicated malaria in areas of
the world where P. falciparun is more sensitive to quinine have not been
established. Regardless of the dosages required, a loading dose should be
used to rapidly achieve appropriate plasma levels of quinine, unless the
patient has already received quinine. Patients, specially children and preg-
nant women, recovering from their infection may require increased doses of
quinine on days five to seven to achieve radical cure of the infection with
quinine alone (Chongsuphajaisiddhi ct al, 1981a: White, 1985). Quinine
therapy is best monitored by measuring plasma levels of the drug by HPLC
or benzene extraction fluorescence. Levels of 5-15mg/I are required,
depending on the sensitivity of the organism, and levels above 2(1mg/I are
considered dangerous. Toxicity is monitored by measuring blood pressure
and by electrocardiogram. If plasma levels are unobtainable and the patient
does not improve within 48-72 hours, individual doses should be reduced by
30%, but still given every eight hours. Since 80% of quinine is metabolized
in the liver, renal failure is not an indication for a marked reduction in
dosage and the same guidelines pertain. Quininc pharmacokinetics have not
been studied in patients with severe parenchvmal liver disease. If plasmai
levels cannot be followed, prudence would suggest reduction of doses by

50% in such patients. Levels of parasitemiia frequently increase in the six to
12 hours after initiation of therapy, but should be less than 25 ( of initial
levels within 48 hours of the onset of therapy. Reports from New Guinea
indicate that intramuscular quinine dihydrochloridc is safe, \well absorbed
and effective in severe malaria (Stace et al, 1983). Others suggest that
absorption of intramuscular quinine may be erratic in severe malaria
(White, 1985) and abscesses and ner\e damage at injection sites are

• " I II I I I [[ [ [
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common (Guyer and Candy, 1979; Thuriax, 1982ab). If it is possible to
establish an intravenous infusion, delivery by this route is highly preferable.
If an intravenous route cannot be established, quinine can be given by deep
intramuscular injection (10-15mg/kg) every 8-12 hours until the patient is
able to tolerate oral medication. Slow intravenous injection over 15 minutes
has been used, but is not recommended. Quinine therapy should be con-
tinued for at least seven days, but patients may be switched to oral quinine as
soon as they are able to tolerate it. In South-East Asia, Irian Jaya and some
other areas of the world, addition of tetracycline when the patient is able to
tolerate oral medication is required for radical cure.

Quinidine treatment

If quinine is not available, quinidine gluconate can be used as an adequate
replacement (Table 1). The same principles pertain to quinidine as to
quinine therapy. In Thailand. a loading dose of 24mg/kg salt (15mg/kg
base), followed by 12 mg/kg every eight hours has been safely and success-
fully used to achieve therapeutic levels of 5-10mg/l. Renal excretion may
comprise 20-35% of total excretion. In renal failure. plasma levels should be
closely monitored. The adequacy of therapy and toxicity are otherwise
monitored in the same way as for quinine.

Chloroquine treatment

In areas of the world where P. falciparumn is still sensitive to chloroquine. it is
used as the drug of choice for severe malaria (Table 1). Rapid intravenous
administration of chloroquine has always been considered dangerous and
intramuscular administration of the drug has been practised. There have
been no published pharmacokinetic studies of the use of chloroquine in
severe malaria and thus recommendations are widely variable. As with
quinine, the elimination half-life is likely to be considerably longer in
complicated malaria. Children may be more susceptible to toxicity than
adults. If used in severe malaria, it is preferable to give chloroquine by slow
intravenous infusion rather than by intramuscular injection. For adults.
6-10mg/kg base should be infused intravenously over four hours. This dose
is repeated every 12 hours for a total of three to four doses. Children should
receive an initial dose of 5-8mg/kg base, followed by two to three doses of
3.7-5mg/kg every 12 hours. Further studies are required to determine
optimal doses and whether administration of a loading dose would give more
appropriate plasma levels without significant toxicity'. Chloroquine should
never be given by rapid intravenous injcCtio1 because of considerable
toxicity. If an intravenous infusion cannot be established. chloroquine may
be given intramuscularly (5-1)ig kg base, follovwed by two to three doses of
2.5mg/kg base at 12-hour intervals).

Ainodiaquine trcattnent

A parenteral formulation of amodiaquine is not commerciall\ available.
Ilowcver, a recent study in Thailand dho\\ed that an intra\enous infusion of
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amodiaquine was well tolerated and effective in rapidly clearing parasit-
_- ,. ..... : ....- ; aemia in moderately ill patients with P. falciparum infections (Looareesu-

( wan et al, 1985b). This regimen has not been studied in severe malaria and
was associated with a high rate of recrudescence. Use of intravenous amo-
diaquine for severe malaria must still be considered experimental. It may
prove to be useful as a substitute for parenteral chloroquine.

Qinghaosu treatment

Optimal dosage schedules for qinghaosu and its derivatives are still being
determined. A number of formulations have been shown to be effective, but
in China only three peparations, qinghaosu suppositories, artemether (oil
preparation), and artesunate, are currently being evaluated (L. Guoqiao
and K. Arnold, personal communication). All three are considered to be as
effective as quinine for the initial treatment of cerebral malaria in adults.
(Guoqiao, 1982; Guoqiao, 1984). They have a rapid onset of action and
rapidly clear parasitaemia. However, they have to be used with another
blood schizonticide because of a high rate of recrudescence. Artemether is
given to adults as single intramuscular doses of 300mg on day 1 and
150-200 mg on days 2 and 3. Sodium artesunate is given intravenously, 60mg
twice on day 1 and once on days 2 and 3. Qinghaosu suppositories are given
twice a day; 600mg doses on day 1 and 400mg doses on days 2 and 3.

Other antimalarials, including pyrimethamine-sulfadoxine (Naparstek et
al, 1981), tetracyclines, and clindamycin, are sometimes used with quinine.
but should never be substituted for quinine. Mefloquine is not available as a
parenteral formulation, but a mefloquine suspension has been successfully
administered to severe malaria patients by nasogastric tube (Chanthavanich
et al, 1985). Preliminary findings indicate adequate bioavailability and
clinical response.

P. falciparum: uncomplicated

The physician practising in a non-malarious area who sees only an occasional
patient with P. falciparum infection should consider all P. faiciparum infec-
tions acquired in Oceania. Asia, South America and East and Central Africa
to be resistant to chloroquine. Infections acquired in West Africa, Carib-
bean, and Central America above Panama in 1986 are likely to be sensitive
to chloroquine. Chloroquine may still he effective in treating falciparum
malaria contracted in chloroquine-resistant areas, but in treating an indi-
vidual patient only practitioners whose personal experience has shown this
should continue to use chloroquine. In many cases, the combination of
chloroquine and the immune response of an individual who has had
numerous P. falciparum infections may be adequate to achieve clearance
and radical cure of chloroquine-resistant organisms. Amodiaquine has been
shown to be more effective than chloroquine in some areas of East Africa
(Watkins et al, 1984: Brandling-Bcnnctt et al. 1985) and Thailand (I lall et
al, 1975b) with chloroquinc resistance, but no more effective than chloro-
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quine in the Philippines (Watt et al. 1985) and Pakistan (Khaliq et al. 1986).
' - ') ,, The same principles regarding use of chloroquine apply to the use of

amodiaquine.

Chloroquine and amodiaquine treatment

Chloroquine is available as phosphate, and diphosphate salt (500mg salt =
300mg base) It is generally given as a total dosage of 25mg/kg base during
48 hours (this may be given as 10mg/kg, 10mg/kg, and 5mg/kg at 0, 24 and 48
hours or 10mg/kg, 5mg/kg, 5mg/kg and 5mg/kg at 0, 6. 24 and 48 hours). In
treating chloroquine resistant organisms, increasing the total dosage to 40 or
50mg/kg will increase the parasite clearance rates, delay the onset of
recrudescences and may improve cure rates (Powell et al, 1964ab: Hoffman
et al, 1984b, Coosemans et al, 1985). Chloroquine. even at higher dosage
levels, is not recommended for treating non-immunes infected with, pre-
sumably, chloroquine-resistant organisms. Amodiaquine is available as the
dihvdrochloride salt (500mg salt = 300mg base). The same dosage schedule
as for chloroquine is commonly used. However, in two recent studies in
Thailand 40-50mg/kg amodiaquine base in combination with tetracycline
(Noeypatimanondh et al, 1983b) or erythromycin (Looareesuwan et al.
1985b) was effective in clearing chloroquine resistant P. falciparuni parasit-
aemia.

If the P. falciparumn is presumed to be resistant to chloroquine.
pyrimethamine-sulfadoxine. quinine, quinine plus tetracycline. meflo-
quine, and MSP (Fansimef) are the mainstays of therapy. In some areas,
amodiaquine or amodiaquine plus tetracycline or erythrom cin can be used.
and in selected patients there may be a role for clindamycin alone or in
combination with quinine or other antimalarials.

Pyrimetlhmine-silfadoxiiue (SP) treatnn

Ten years ago SP appeared to be an even more ideal antifalciparum agent
than chloroquine, primarily because it could be given in a single dose. In
recent years the prevalence of resistance of 1'. falciparum to SP has
increased in most malarious areas of the world. In some areas of Thailand it
is of little value. Prevalence of resistance is high in Brazil and Colombia. and
Papua New Guinea. but much lower in Irian Java and Africa (Darlow et al,

1982: Pinichpongse et al, 1982: De Sousa, 1983: World Health Organiza-
tion, 1984: 1 loffman et al. 1985). SP can be used as a first line drug for the
treatment of acute uncomplicated infcction acquired in areas with low levels
of resistance, but patients should be monitored closely. SP is given as a single
dose of three tablets to an adult. Lach tablet contains 0(ti me of sultadoxine
and 25mg of pyrimcthamine. Children should receive 25 tug kg sulpha-
doxine and 1.25 mg kg pyriniet hamine.

Quittitte sul)hate treatlnent

Quinine sulphate is given as Ittmg kg every eight hours for 7-1II dam,,.
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Cinchonism will occur frequently within this regimen. In areas of the world
...... .where parasites are less sensitive to quinine, it should be combined with

tetracycline 15-25mg/kg/day in four equally divided doses, or doxycycline
3-5mg/kg/day for seven days. Use of this quinine-tetracycline regimen is
associated with 95% radical cure rates (Pinichpongse et al, 1982). It is likely
that substitution of clindamycin (10mg/kg twice a day for five days) for
tetracycline would result in similar cure rates. Studies in Thailand have
shown that the combination of three days of quinine with tetracycline is also
associated with high radical cure rates (Boudreau et al, 1984). Quinine is
used to reduce parasitaemia while waiting for the slow onset of tetracycline's
schizonticidal activity.

Mefloquine and MSP treatment

Mefloquine has recently been introduced for clinical use in Switzerland and
Thailand. In Switzerland, mefloquine (Lariam) is only available for
treatment of multiresistant organisms and in Thailand it has been introduced
combined with SP in a single tablet (Fansimef). Mefloquine can be given as a
single dose, is effective against all species of Plasmodium that infect humans,
has a rapid onset of action, is not associated with any serious side-effects and is
effective against most strains of multiresistant P. falciparutn. However, in
vivo and in vitro resistance to mefloquine and MSP have now been docu-
mented (Bygbjerg et al, 1981, Boudreau et al, 1982, 1984; Smrkovski et al,
1983; Hoffman, 1985). While mefloquine and MSP are unquestionably the
best commercially available single dose antimalarials, they will possibly be
less effective in coming years as resistance develops. Mefloquine is given as a
single dose of 15-25 mg/kg or as MSP in combination with SP (Fansimef) as
three tablets for an adult, each containing 250mg of mefloquine, 500rag of
sulfadoxine, and5 mg of pyrimethamine. Children may require higher doses
than adults.

P. vivax, P. malariae, and P. ovale: complicated

Any patient thought to have a pure infection with P. vivax. 1. ,ilahriae. or
P. ovale and the clinical manifestations of severe malaria, should be
assumed to have a mixed infection and treated as a patient with complicated
P. falciparun infection.

P. vivax and P. ovale: uncomplicated

Erythrocytic stage

Chloroquine is the drug of choice. 1. vit'ax is much more sensitive to
chloroquine than is P. fidciparm. There have been no well docuennted
cases of resistance of 1'. virax or P. ovalh to chloroqiinc. Chloroquine or
amodiaquine is given in the same losagc as outlined aboVc for uncompli-
cated P. fa/cipartm infections. Quinine. muctloquine, and SP are also
effective. Use of S11 is often associated with a longer time until clinical cure
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and clearing of parasitaemia (Doberstyn et al, 1979b). The tetracyclines and
-. "chloroguanides do not appear to have any effect on P. vivax.

Exoerythrocytic stage

To achieve radical cure, that is elimination of exoerythrocytic stages of the
parasite, primaquine must be given. It is administered as 0.25 mg/kg base
once daily for 14 days. If the patient has G-6-PD deficiency it is given as
0.75 mg/kg once a week for eight weeks. However, if the patient has severe
G-6-PD deficiency (Mediterranean and Asian type), it may be preferable to
treat relapses with chloroquine. In New Guinea and other areas of Asia, the
Chesson and other strains of P. vivax have been shown to be less sensitive to
primaquine and may require increased doses: 0.5mg/kg/day for 7-14 days
and 0.25mg/kg for 28 days have been used.

P. malariae: uncomplicated

Chloroquine is the drug of choice. Mefloquine is also effective.

RECOGNITION OF HIGH RISK PATIENTS

The major challenge to the clinician managing malaria patients is to recog-
nize those patients at risk of developing complicated, severe malaria and to
prevent death in those who have complicated disease (Chapter 3). Most
malaria patients recover quickly and uneventfully after initiation of appro-
priate antimalarial therapy. However, some patients deteriorate rapidly.
Recent studies in Thailand indicate that, even when modern intensive care
facilities are available, mortality for patients with severe falciparum malaria
is 15-25% (White et al, 1982; Warrell et al, 1983; Phillips et al. 1985).

High risk patients

Any malaria patient with - 3%c parasitaemia (hyperparasitaemia). history
or findings of abnormal level of consciousness (cerebral malaria), prolonged
hyperthermia. pulmonary, cardiac, hepatic. or renal dysfunction, or high
output diarrhoea or vomiting should be considered to have severe malaria
and to be a high risk patient requiring immediate intravenous antimalarial
therapy and intensive care. Input and output, right heart or pulmonary
artery wedge pressures and arterial blood gases should be monitored and
facilities should be available for mechanical ventilatory support. haemo- or
peritoneal dialysis. exchange transfusion and continuous infusion of vaso-
pressors. Although most such patients will be infected with P. facipartun.
all malaria patients with parasitological or clinical findings indicating severe
disease should he treated the same. Severe disease is sometimes associated
with P. vit-ax, P. ova/e. and 1'. malariac infections, but more commonliv a
mixed infection with a low level of P. fah'ipartim parasitacmia is mistakenlv
called a pure infection with one of the other species.
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Hyperparasitaemia

Any patient with 3% or more of erythrocytes parasitized. regardless of other
clinical findings, should be considered to have hyperparasitaemia and to be
at high risk of developing other complications. Patients with hyperparasit-
aemia, who otherwise appear to have uncomplicated disease. frequently
have a seizure within 24 hours of initiation of therapy and then go into a
deep, prolonged coma. The laboratory should provide the clinician with the
species of Plasmodium and the level of parasitaemia.

The cut-off concentration for hyperparasitaemia of 3% is arbitrary. Not
all patients with hyperparasitaemia develop severe disease but, as the para-
site count increases, the risk of developing severe disease also increases. A
review of 2316 cases of P. falciparmn infections treated in Kuala Lumpur in
the 1930s and 1940s indicated that only 5% of 2266 patients who survived
had asexual parasite counts greater than 100000/1.l blood (approximately
3% parasitaemia), while 78%4 of patients who died had counts exceeding this
concentration. Only 0.3% of survivors had a count greater than 500000 il
blood, while 45% of fatalities did (Field, 1949). Among 28 US servicemen in
Viet Nam who developed acute renal failure secondary to malaria. 20 (71% )

had > 10% parasitaemia (Stone et al, 1972). Seven of 12 patients in Bangkok
with acute pulmonary insufficiency secondary to malaria had > 30% parasit-
aemia; six of the seven died (Punyagupta et al, 1974). Among 89 patients
with cerebral malaria in lrian Jaya, mortality was 45% in those with >5%i
parasitaemia and 12% in those patients with <5% parasitaemia (Hoffman
et al, 1984a).

Cerebral malaria

This is a condition in which patients with P. falciparuin infections are
delirious, obtunded, stuporous, or comatose, and the abnormal state of
consciousness cannot be attributed to a post-ictal state, a CNS depressant.
hypoglycaemia or another infection. A lumbar puncture should be per-
formed to exclude meningitis and encephalitis. Nlortalit\ may be as high as
20-60% for comatose patients and 10(% for those with stupor. and problably
less than 5% for those with delirium or obtundation. I lowever. delirious
patients have a higher mortality than patients with uncomplicated malaria
and may on occasion deteriorate rapidly. All malaria patients with a history
or finding of abnormal level of consciousness, regardless of other clinical
findings, should be treated as having severe malaria. T"here is presently no
proven adjunct to antimalarial therapy and basic. icinse supportive care for
patients with cerebral malaria. The testing of other forms of therapy. such as

exchange transfusion and the comparison of outconcs from different parts
of the world require attention to defining the patient's level of conscious-
ness, level of parasitaemia. history of ma laria exposure. and ethnic and

genetic background. Otherwisc it will be diffictult to extrapolate findings
from one setting to another.

The clinical findings of the ot her conditions aissociated \\ ith se'\ere malaria
are described in ('hapters 3 and 5. and the treatment of these complications
is described below.
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GENERAL ANCILLARY THERAPIES

Antipyretics

Oral temperature should be kept below 38.5°C. Temperatures above this
are associated with an increased incidence of seizures. Prolonged hyper-
thermia (temperature > 40'C) is associated with a poor outcome. Quinine is
an antipyretic, but is usually inadequate by itself for reducing temperature.
Acetaminophen and aspirin may be given orally or by rectal suppository to
patients with uncomplicated disease. In the severely ill patient, cooling
blankets, fanning, and sponging are frequently necessary and, in the tropics.
clinicians often accept the risk of agranulocytosis and use parenteral anti-
pyretics such as dipyrone.

Fluid and electrolyte therapy

Parenteral therapy is only required in patients with severe disease. Fluid
therapy must be monitored so as to maintain adequate renal perfusion and
to prevent fluid overload leading to pulmonary oederna. This can be accom-
plished with intravenous fluids, bladder catheterization, and frequent
careful clinical examinations and monitoring of input and output. It is
optimally carried out in an intensive care unit with right heart or pulmonary
artery catheterization and frequent monitoring of blood electrolytes, blood
urea nitrogen. creatinine, glucose and arterial blood gases. Mild hypo-
natraemia (Na', 120-134mEq/I) is common, but generally of little clinical
importance. It has been suggested, but not proven, that it is due to inappro-
priate antidiuretic hormone production. In some cases it is undoubtedly due
to overhydration. When the serum Na + falls below l20mEqiL, fluid restric-
tion is advisable if there is no dehydration.

Nursing care

Careful attention must be paid to maintenance of the airway and to pre-
vention of pulmonary aspiration and other complications found in critically
ill patients. Patients with severe disease should be nursed on their sides and
turned frequently.

Corticosteroids

From 1967 to 1982, corticosteroids were the most commonly recommended
and used adjunct to ant imalarials in the treatment of cerebral malarial
(Daroff et al, 1967: Oriscello, 1968: Woodruffa iid )ickin. n, 196S: Mlount.
1969: Smitskamp and Wolthuis. 1971). In 1982. Warrell and collcagues
reported the results of a double blind study of moderate do,,es of dexa-
methasone given for 48 hours to comatose paticnts with cerebral malaria in
Thailand (Warrell ct al, 1983). The stud\ sho\ed that the use of dexa-
methasone was not associated with a reduction in nortalitv. was rnot associ-
ated with a signilicant increase in all complicat ions or any single compli-
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cation, but was associated with a 33% prolongation time from initiation of
..- . .-, .- . - . ., "therapy until full recovery of consciousness. A similar study in Irian Jaya,

Indonesia, has just been completed. In this study, a dosage of dexa-
methasone eight times higher than that used by Warrell and colleagues
(initial dose 3mg/kg, total dosage during 48 hours 11.4mg/kg) was evaluated
and found to be of no value in reducing mortality in cerebral malaria
(Hoffman, unpublished). Cerebral malaria is not an indication for the use of
dexamethasone in any dose. Corticosteroids are sometimes recommended
for treating the pulmonary aspiration and pulmonary oedema of severe
malaria, but their value has never been confirmed.

Exchange blood transfusion

Regardless of the patient's clinical status, if >20% of erythrocytes are
parasitized with P. falciparum, the chance of complete recovery is less than
50% when standard antimalarial therapy and supportive measures are used.
There have been a number of case reports of patients with hyperparasit-
aemia who were successfully treated with 5-101 whole blood exchange
transfusion and antimalarials (Nielson et al. 1977; Kurathong et al. 1979;
Yarrish et al, 1982; Kramer et al, 1983; Files et al. 1984) and one report of
plasma exchange (Bambauer and Jutzler, 1984). It has been proposed that
the beneficial effect of exchange transfusion is related to removal of para-
sitized erythrocytes, erythrocyte and parasite debris and mediators and the
provision of unparasitized erythrocytes, platelets, and clotting factors.
There have been no controlled studies which have evaluated the efficacy of
exchange transfusion. However, because of the poor prognosis associated
with hyperparasitaemia, most experts would recommend exchange trans-
fusion for all patients with greater than 15% parasitaemia and any patient
with >5% parasitaemia who has evidence of cerebral involvement or other
organ dysfunction. The value of large (5-101) and small (2-41) exchange
transfusions compared to standard therapy needs to be critically evaluated.

Other measures

Heparin (Munir et al, 1980), adrenaline (epinephrine) (Patrick. 19S2) and
low molecular weight dextran (Smitskamp, 1971 ) have all been advocatcd
for treatment of severe malaria. None have been critically evaluated in
controlled trials. Many clinicians with experience in treating severe malaria

doubt their efficacy and none of thcsc are recommended.

TREATMENT OF TIlE COMPLICATION'S OF MALARIA

Anaemia

Most malaria paticnts develop ,acnmia primnril caucd y halemnoLI , 
sis

, and
hone marrow dysfunction (see Chapter 31). Specific treatment of anamiia is
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not necessary in most patients, who only require antimalarial therapy.
However, if the haematocrit is less than 21% or is falling rapidly in a patient

who is critically ill, blood transfusion is required. The anaemia of malaria
can be worsened by oxidant-induced haemolysis in individuals with G-6-PD
deficiency. If possible, individuals from population groups with a high
prevalence of G-6-PD deficiency should be screened before being treated
with primaquine.

Seizures

Seizures are common in malaria patients. It is often impossible to distinguish
between febrile seizures and seizures caused by hypoglycaemia or associated
with cerebral malaria. Seizures are frequently recurrent and prolonged in
patients with cerebral malaria and a seizure in a patient with hyperparasit-
aemia is often the first sign of rapid clinical deterioration. Diazepam is used
for status epilepticus (0.1-0.4mg/kg intravenously during two to five
minutes and repeated every 20 minutes if no response to a maximum of
1-2mg/kg per 24 hours, children may require higher doses at slower rates
than adults) and Dilantin, carbamazepine, phenobarbitone (phenobarbital)
or other anticonvulsants for prevention of recurrence. Reduction of tem-
perature is important in preventing seizures. Hypoglycaemia and electrolyte
imbalance should be corrected, but they are uncommon causes of seizures in
malaria patients. There have been no studies of the value of short term
prophylactic anticonvulsants in malaria patients with cerebral involvement,
hyperparasitaemia, hyperthermia, or a single seizure. Some clinicians
recommend their use.

Hypoglycaemia

Plasma glucose of less than 40mg% has been shown to occur in 8% and 15%
of cerebral malaria patients in Thailand and Indonesia, respectively (White
et al, 1983d; Hoffman et al, 1984a). It is more common in pregnant patients
and those who are critically ill or have hyperparasitaemia. It most commonly
occurs after institution of quinine therapy. but can occur before and can be
recurrent. Clinical diagnosis is difficult in critically ill patients. Glucose
levels should be monitored every six hours and whenever there is clinical
deterioration. This can be done at the bedside using commercially available
dipsticks (Dextrostix, Ames) which are analysed by using a colour chart or
hand-held reflectance colorimeter (Dextrometer, Ames). Treatment is with
50% dextrose (1-2mg/kg) followed by a four-hour infusion of 1(1
dextrose, glucagon has also been used. If the glucose level is > 60mgc% after
a four-hour infusion. 10% dextrose is discontinued. 5%i dextrose infusion
begun, and glucose levels are monitored every six hours.

Renal failure

Renal failure in falciparum malaria may be associated with hyperparasit-
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... . aemia, hypovolaemia, or intravascular haemolysis which lead to decreased
renal capillary blood flow, decreased renal blood flow, and haemoglobinuria
(blackwater fever), respectively. All may end in a clinical syndrome suggest-
ing acute tubular necrosis. When faced with a patient with presumed renal
failure, the clinician must exclude hypovolaemia as the cause of azotaemia
and oliguria. If possible, pulmonary artery catheterization should be under-
taken, a bladder catheter passed, haematocrit, glucose, electrolytes, blood
urea nitrogen and creatinine and arterial blood gases measured, and a
urinalysis and electrocardiogram performed. If there is no evidence of fluid
overload, the central venous or pulmonary arterial wedge pressure is low
and the urine specific gravity is high, a fluid challenge with normal saline
should be undertaken. This can be accomplished by estimating percentage
dehydration and administering maintenance and replacement fluids accord-
ingly. If there is <20ml/hour urine output after right heart pressures have
increased to adequate levels and after what is considered adequate volume
replacement, increasing intravenous doses of a diuretic such as frusemide
(furosemide) should be tried (initial dose 0.5 mg/kg with doubling the dose
every 30 minutes if there is no response). If this is unsuccessful, a vaso-
pressor which increases renal blood flow, such as dopamine, may be tried. If
all these manoeuvres are unsuccessful, the patient is in the oliguric stage of
acute tubular necrosis and management is that of any such patient with strict
attention to fluid and electrolyte balance, and institution of dialysis when
indicated. Haemodialysis is preferable to peritoneal dialysis, but is generally
unavailable in areas of the world where most cases of severe malaria are
found. Peritoneal dialysis is generally adequate, but less preferable because
of the risk of bleeding and infection and, theoretically, because splanchnic
blood flow may be reduced in severe malaria and solute clearance across the
peritoneum may also be relatively reduced (Canfield et al. 1968, Donadio ct
al, 1969).

Clearance of quinine is not substantially altered by renal failure, since
only 20% of total clearance is through tle kidneys (White et al. 1982).
Recommendations for use of quinine in patients with severe malaria and
oliguric renal failure are as for any patient with severe malaria (see above).
If possible, dosage should be adjusted according to plasma levels. If these
are not available and the patient is not improving after 2-3 days of therapy,
individual doses should be reduced by 30'r' and the electrocardiogram and
blood pressure carefully monitored for evidence of toxicity. liaemodialhsis
is thought to remove quinine and a standard dosage is used (Donadio et al.
1969). The same principles apply to the use of quinidinc. I lowever, it should
be recognized that there is a greater chance of developing toxicity because
up to 35%, of quinidine may be cleared through the kidneys.

There is little information available on the use of chloroquine in renal
failure, either with or without dialysis. If chloroquine must be Ised it should
be used at a standard dosage.

Fresh whole blood should be used for transfusion, careful attention paid
to general care and nutrition, the dosages of all other (drigs ad justed
appropriate to the level of renal failure and the polyvuric phase of rcco\ery
expected and treated appropriately.
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Pulmonary oedema

Pulmonary oedema is an uncommon, but frequently fatal, complication of
severe P. falciparum infection that is most often associated with hyper-
parasitaemia (Punyagupta et al, 1974). It resembles adult respiratory dis-
tress syndrome (ARDS) and it is likely, but unproven, that the primary
abnormality is increased permeability of pulmonary capillaries (Chapter 3).
Although pulmonary artery wedge pressures may be normal in these
patients, the use of excessive fluids is dangerous. Prevention requires careful
fluid management with maintenance of adequate cardiac output and peri-
pheral perfusion, but low right heart pressures. Treatment is that of pulmon-
ary oedema and ARDS in a critically ill patient. Intermittent positive
pressure ventilation (IPPV) with positive end expiratory pressure (PEEP) is
the mainstay of treatment. It is unlikely that high frequency jet ventilation or
intermittent mandatory ventilation will prove to reduce mortality when
compared to IPPV with PEEP. Corticosteroids are frequently used in
ARDS, but have never been shown to reduce mortality.

Pneumonia

Aspiration pneumonia is common in cerebral malaria patients who are
unconscious and have frequent seizures and vomiting. Nursing on the side,
anticonvulsants, and antiemetics may be helpful for prevention. Treatment
is that of aspiration pneumonia.

Gram-negative sepsis

Gram-negative organisms are often cultured from the blood of patients with
severe falciparum malaria. These unconscious patients have multiple
intravenous lines and urinary catheters and sometimes have diarrhoea. The
sources of infection may be similar to those of nosocomial infections in other
severely ill patients. However, passage of organisms from the gut, through
an intestinal wall subjected to the stress of microcirculatory obstruction by
parasitized erythrocytes, is also possible. Any patient who is not responding
to antimalarial therapy as expected should he investigated for bacteraemia
and empirical institution of antibiotic therapy considered.

Hlypotension, shock and myocarditis

Most malaria patients have low but normal arterial blood pressures and
postural hypotension is common. Postmortems on humans and studies in
non-human primates indicate that myocardial microcirculatory obstruction
with parasitized ervthrocytes is frequent (Miller, 1969: Jcrvis et al, 1972:
Uys et al. 1984). lIowevcr, cven in patients with cerebral malaria, clinical or
electrocardiographic evidence of myocarditis or myocardial ischaemia is
rare, as is marked hypotension with evidence of decreased organ perfusion.
If severe hypotension is present, gram-negative sepsis. pulmonary oedema.
metabolic acidosis, gastrointestinal haemorrhage. hypovolaemia and
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splenic rupture should be suspected. Treatment with fluids, blood, or vaso-
pressors may be required.

Splenic rupture

This is an infrequent complication which is essentially the only fatal compli-
cation of P. vivax infection, but can occur with all malarias. Diagnosis is
dependent on suspicion and demonstration of blood in the peritoneum.
Treatment is surgical.

Disseminated intravascular coagulation (DIC)

While chemical DIC is common, clinically important DIC with bleeding is
rare in malaria patients (Chapter 5). If encountered, it is usually found in
patients with multi-organ failure and hyperparasitaemia. Clinically signifi-
cant DIC should be treated with fresh whole blood. The use of heparin is
controversial, but it is generally no longer recommended.

TREATMENT OF MALARIA IN SPECIAL GROUPS

Malaria in semi-immunes

Individuals with a history of repeated malaria infections may require lower
doses of antimalarials and often can be treated with an antimalarial which
would not be effective in treating P. falciparum infections in non-immunes.
They rarely develop severe malaria. In the past, semi-immunes were often
treated with lower doses of chloroquine than nor.-immunes (10mg/kg
compared to 25mg/kg base). This is no longer iccommended by some
malariologists because of the potential for selecting resistant organisms.
There have been case reports and immunological studies indicating that a
semi-immune becomes fully susceptible to malaria infection and the develop-
ment of severe malaria within 12 months of leaving a highly malarious area,
whatever immunity is acquired over many years is rapidly lost (Editorial.
1985b).

Malaria in pregnancy

Pregnant women are apparently at higher risk of developing severe and fatal
malaria than non-pregnant women. They should be treated promptly with
appropriate doses of antimalarials and closely monitored for complications.
Hypoglycaemia which may be quinine related is more common in pregnant
women than in other groups with severe malaria. Quinine has long been
thought to induce uterine contractions and abortion. Ten women between
30 and 40 weeks of gestation with severe falciparum malaria, all of whom
received standard doses of 10mg/kg quinine, were evaluated in Thailand.
No deleterious effects of quinine infusion on uterine or fetal function were
detected (Looareesuwan et al, 1985a). Severe falciparum malaria requires
treatment with doses of quinine adequate for parasite inhibition and! malaria
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is associated with spontaneous abortion. Uterine and fetal activity must be

monitored in pregnant women with severe malaria receiving quinine, but
quinine should be administered in doses expected to be effective against the
parasite so as to prevent death of the patient. In complicated malaria,
concern about quinine inducing labour is of secondary importance to pro-
viding adequate doses of quinine so as to save the patient's life. Uncompli-
cated acute infections can be safely treated with chloroquine, quinine, and
SP. Mefloquine has not been adequately evaluated in pregnancy, and
tetracyclines and primaquine are not recommended in pregnancy because of
potential toxicity to the fetus. Pregnant women who develop P. vivax
infections should be treated with chloroquine and then placed on weekly
chloroquine chemoprophylaxis (Chapter 7). Radical cure with primaquine
can begin after delivery.

Malaria in children

Treatment of malaria in children is essentially the same as treatment in
adults. Children with severe malaria are apparently more susceptible to life
threatening side-effects associated with parenteral use of chloroquine and
are usually treated with lower parenteral doses (see above). They may also
require up to a 50% increase in doses of quinine during the last days of
therapy to achieve radical cure of falciparum infections (see above) (Chong-
suphajaisiddhi et al, 1981a).

TREATMENT OF MALARIA IN AREAS WITH LIMITED FACILITIES

A health care worker supplied with chloroquine, SP, quinine, tetracycline,
and an antipyretic can adequately treat all acute, uncomplicated malaria
infections. Treatment of patients with severe malaria is best accomplished in a
facility equipped to provide modern intensive care, including exchange blood
transfusion. Unfortunately, most patients with severe malaria are not treated
in such facilities. Most patients with severe malaria can be adequately
evaluated and treated in outlying hospitals where the following are available:
quinine dihydrochloride; intravenous fluids; a parenteral antipyretic;
dipsticks to check glucose; 50% dextrose; blood for transfusion; diazepam; an
antibiotic such as chloramphenicol; an antiemetic; urinary catheters: a
nursing staff trained to measure vital signs and input and output and to
suction, turn, and cool severely ill patients; anda laboratory that can stain and
read malaria films, measure the haemoglobin concentrations or haematocrit,
and count cells in the cerebrospinal fluid. An algorithm for fluid therapy,
initially based on maintenance requirements, temperature (insensible losses)
and estimated state of hydration, and subsequently on input and output, is
helpful. The most important component of therapy is the provision of
adequate doses of antimalarial as soon as possible. Any patient with sus-
pected severe malaria should be started on parenteral antimalarial therapy
within 10 minutes of first being seen. There is no reason to await the results of a
malaria blood film before initiating therapy. Patients who do not respond as
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expected or deteriorate should have repeated blood films examined quanti-

":: . .tatively and be frequently checked for hypoglycaemia and suspected of

having, and treated for, gram-negative sepsis.

TREATMENT OF SYNDROMES ASSOCIATED WITH CHRONIC

MALARIA

Tropical splenomegaly syndrome

Patients with the tropical splenomegaly syndrome may be debilitated,
severely anaemic and unable to function normally because of splenic pain or
mass (Chapter 4). Long term malaria chemoprophylaxis with chloroquine or
proguanil has been effective in dramatically improving clinical condition,
anaemia, and activity and in reducing spleen size (Sagoe. 1970; Lowenthal et
al, 1971; Crane et al, 1973). This is presumably secondary to the reduction in
malaria antigen load that leads to the immunological abnormalities thought
to be responsible for pathogenesis of the condition. There is usually
improvement in the general condition within six months, but significant
reduction in spleen size may take several years or may not occur in about
20% of patients (Crane et al, 1973; Hoffman unpublished). In sonic areas,
moderate residual splenomegaly is common even after long term chemo-
therapy. A minority of patients (< 10% ) do not respond to malaria chemo-
prophylaxis, deteriorate while on therapy, or are unable to take such
therapy. Although there is concern about the long term infectious risks to
patients in the tropics who have had splenectomy, there is evidence that
splenectomy is appropriate and beneficial to highly selected patients who
have failed on chemoprophylaxis (Hamilton et al. 1971; Crane et al, 1972).
If possible, patients should receive pneumococcal vaccine before splen-
ectomy and be maintained on malaria chemoprophylaxis after splenectomy.
There has never been a trial comparing medical versus surgical treatment of
patients with tropical splenomegaly syndrome.

Nephrotic syndrome

The nephrotic syndrome is thought to be associated with P. luilariae infec-
tion and caused by glomerular immune complex deposition (Chapter 4)
(Hendrickse et al, 1972; Houba et al, 1975" Greenwood and Whittle, 1981).
It should be treated with antimalarials and standard measures used for
treatment of nephrotic syndrome.

REDUCTION OF TRANSMISSION

The only effective gametocyticidal and sporonticidal drug in general use is
primacluine. A single 45 mg dose of prinmaquinc base is usuallh effective in
preventing infection of mosquitoes. The effectiveness of properly admini-
stered primaquine in reducing transmission has never been rigorously
studied (Tigertt, 1985).
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