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Clinical problems associated with the use of
primaquine as a tissue schizontocidal and
gametocytocidal drug

D. F. CLYDE1

Clinically importantside-effects ofprimaquine are reviewed. These includegastrointes-
tinal disturbances, methaemoglobinaemia, acute intravascular haemolysis in individuals
deficient in glucose-6-phosphate dehydrogenase (G6PD), andpossibly immunosuppression
through inhibition of lymphocyte proliferation. Dosages of 30 or 45 mg (base) ofprima-
quine, given at weekly intervals, are suitableforpatients with G6PD deficiency. Ifpossible,
primaquine should not be administered until the acute symptoms ofthe malaria attack have
been brought under control.

Primaquine is the most effective 8-aminoquinoline
drug in use today in the treatment of malaria. It acts
against Plasmodium vivax and P. ovale by destroying
their exoerythrocytic forms, thus preventing relapse,
and against P.falciparum by destroying the gameto-
cytes and thereby inhibiting sporogony.
Although the tetrahydrofolate dehydrogenase (di-

hydrofolate reductase) inhibitors such as pyrimeth-
amine and proguanil may have some action in these
respects, they are not reliable substitutes for prima-
quine, particularly because of the widespread occur-
rence of resistant P.falciparum strains. In the case of
primaquine, parasite resistance has not yet been
encountered in the field but the fact that the thera-
peutic dose and the toxic dose are close leads to serious
problems associated with its use.

DOSAGE REGIMENS

In a clinical situation, the dose of primaquine given
(Table 1 ) depends on the following factors:

purpose of use (prevention of relapse in P. vivax
and P. ovale infections, or destruction of gametocytes
in P.falciparum infection);

cost and practicability of the treatment;
drug toxicity, particularly in people with eryth-

rocytic glucose-6-phosphate dehydrogenase (G6PD)
deficiency.
The toxicity of primaquine limits the amount that

may be given in any period of time, even though
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Schmidt et al. (1) have shown that its tissue schizonto-
cidal activity is a function of total dose rather than of
duration of administration. Clyde & McCarthy (2)
also found that, in adults with normal levels ofG6PD,
regimens of 60 mg daily for 7 days and 30 mg daily for
14 days were equally effective in providing radical cure
against the Chesson strain of P. vivax.
When primaquine is given together with a blood

schizontocide, their combined toxicity may induce
vomiting of both the drugs. Therefore, it is desirable
that, when possible, treatment with primaquine
should not be initiated until the acute manifestations
of the disease have been brought under control. This
recommendation is supported by the observation that
primaquine may be immunosuppressive, and may
precipitate haemolysis.

TOXIC SIDE-EFFECTS

A wide range of side-effects has been reported to
follow the ingestion of primaquine and its 8-
aminoquinoline predecessors, and this is reflected in
the conservative regimens now used. Some side-
effects, including pruritus and disturbances of visual
accommodation, are inadequately documented or are
doubtfully attributable to the drug, since other drugs
or precipitating factors, including the malaria itself,
may have contributed to the'symptoms. The principal
side-effects have been reviewed recently,a and are
discussed below.

a WENIGER, H. Toxicity and side effects ofprimaquine and other
8-aminoquinolines. Geneva, World Health Organization, Unpub-
lished document, MAL/79.905.
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Table 1. Dosages of primaquine (mg of base) given in the treatment of malaria, according to age of patient

Age group (years)a

Purpose Frequency 1-3 4-8 9-14 >15

P. vivax Daily (5 doses) b c 2.5 5 10 15
exoerythrocytic
schizontocide Daily (10 doses)d 0 7.5 - -

Daily (14 doses)b 2.5 5 10 15

Daily (14 doses) 5 7.5 15 22.5

Every third day (5 doses) f 5 10 20 30

Weekly (8 doses)g 7.5 15 30 45

Weekly (l5 doses)h 5 10 20 30

P. vivax
(Chesson strain)
exoerythrocytic Daily (14 doses) 5 10 20 30
schizontocide

P. falciparum Once 5 10 20 30
gametocytocide

Once 7.5 15 30 45

Daily (5 doses)b 2.5 5 10 15

° Children below the age of 12 months are not given primaquine. Attacks are treated with chloroquine, followed by suppressive treatment.
b Paediatric dose may be expressed as 0.3 mg/kg of body weight.
c Mainly in India (13) and Sri Lanka; elsewhere relatively ineffective.
d A paediatric regimen advocated by some workers.
@ Mainly in Thailand where the 15 mg x 14 days course is only 70% effective.
f In Maldives; considered effective and safe in unidentified G6PD-deficient individuals.
9 For known G6PD-deficient subjects of African ancestry. Recommended by Trenholme & Carson (14).
h For known G6PD-deficient subjects of Eastern Mediterranean or Asian ancestry (14).

Gastrointestinal effects
Abdominal pain or cramps commonly occur when

primaquine is taken on an empty stomach; hence, it is
preferable to take the drug after a meal. Sometimes
the side-effects are particularly severe and may include
anorexia, nausea, and vomiting. The severity of the
side-effects is related to the quantity of primaquine
ingested. In various studies, a 15-mg dose, adminis-
tered daily for 14 days, produced mild abdominal pain
in 3% of the patients, while daily administration of
22.5 mg resulted in mild to moderate cramps in 12%
of patients (15). These symptoms were increasingly
unpleasant in 10% of patients given 30 mg of the drug
daily and in 18% given 60 mg daily. Higher doses
provoked very severe abdominal distress with nausea
and vomiting, but such doses are not usually adminis-
tered in a clinical situation.

Derangement ofleukocyte levels

Granulocytopenia. This is not produced by the regi-
mens of primaquine used in malaria treatment, except

when there is a potentiating factor such as concomi-
tant use of sulfonamides. Individuals who received
60 mg of primaquine daily for 14 days, including some
known to be primaquine-sensitive, did not develop
granulocytopenia (15). In fact, a mild leukocytosis
has commonly been observed, probably caused by
bone marrow stimulation. However, it has been
recommended by Alving et al. (3) that, for patients
who are also being treated with myeloid depressant
drugs, or who suffer from concurrent conditions
characterized by bone marrow depression, the maxi-
mum dose of primaquine given should be 15 mg per
day for fourteen days.

Lymphocyteproliferative response. Thong et al. (4)
have reported that the lymphocyte proliferative
response to malaria infection is inhibited by doses of
primaquine within the range normally used to treat
P. vivax infections. Although the significance of this
immunosuppressive activity is not yet known, it is sug-
gested that the drug should only be administered after
the acute phase of the disease.
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Development ofmethaemoglobinaemia
Primaquine, along with other oxidant drugs, is able

to convert haemoglobin to methaemoglobin, pro-
ducing cyanosis when the methaemoglobin concentra-
tion exceeds 15-20 g/litre of blood (around 10% of
the normal level of haemoglobin). Individuals receiv-
ing the regimens indicated in Table 1 have rarely
developed cyanosis, the methaemoglobin levels in the
great majority of cases being less than 8.5% of total
haemoglobin. However, Sietsma et al. (5) have found
levels as high as 18% in people treated with 22.5 mg of
primaquine daily for 14 days, and individuals with a
hereditary deficiency of methaemoglobin reductase
have been shown to maintain levels of 20-32% when
treated for long periods with weekly doses of 45 mg of
primaquine and 300 mg of chloroquine (6).
Methaemoglobin concentrations of up to 25% are

usually well tolerated, but in severe cases, the cyanosis
may be treated with 300 mg of methylene blue, or by
withdrawal of primaquine, when the symptoms will
disappear within 24-72 hours.

Methaemoglobinaemia is generally less pronounced
in individuals with erythrocytic G6PD deficiency than
in those with normal enzyme levels. This is because the
oldest erythrocytes, which form most methaemo-
globin, are also the most susceptible to haemolysis.

Haemolytic anaemia

Acute intravascular haemolysis is the most serious
toxic hazard of primaquine, especially in people with
erythrocytic G6PD deficiency, other defects of the
erythrocytic pentose phosphate pathway of glucose
metabolism, or some types of haemoglobinopathy.

In individuals with erythrocytic G6PD deficiency,
the severity of haemolysis is directly related to the
degree of deficiency and to the quantity of primaquine
administered. The degree of G6PD deficiency varies
greatly, ranging from mild in Negroes (African variant
A-) to very high in people of eastern Mediterranean
and west Asian descent (Mediterranean variant B-)
(7) and in population groups scattered throughout
Asia (Asian variants). In variant A- individuals, a
standard course of primaquine may elicit a moderate
and self-limiting anaemia due to the haemolysis of
older erythrocytes. In variant B- and related Asian
variant individuals, even young erythrocytes are
deficient in G6PD and their haemolysis results in
progressive haemoglobinaemia and haemoglobinuria
with fatal outcome unless blood is transfused
promptly (8).
Concomitant organ damage, infections, or inges-

tion of certain other drugs may increase the haemo-
lysis. Liver or renal disease may delay the metabolism
or excretion of primaquine, thus increasing its effect,
and concomitant infections may render erythrocytes
more susceptible to haemolysis. Antipyretic and

analgesic drugs, and sulfonamides, may precipitate
haemolysis in G6PD-deficient people and add to the
deleterious action of primaquine. No known drugs are
capable of alleviating primaquine-induced haemo-
lysis.

Clinical course of haemolytic anaemia. In G6PD-
deficient individuals receiving a daily dose of 30 mg
(base) of primaquine, the clinical course has been
described as having three phases: (a) the acute
haemolytic phase, (b) the recovery phase, and (c) the
equilibrium phase.

(a) Haemolysis appears on the second or third day
of administration of primaquine, and continues for 5-
7 days. The haematocrit level falls to 0.3 between the
eighth and twelfth day when as many as 50% of the
erythrocytes have been destroyed. Haemoglobinuria
often accompanies the haemolysis; serum bilirubin
rises to 50-85 pmol/litre, and slight jaundice may
appear; Heinz bodies occur commonly at first, but
disappear as the haemolysis intensifies. The symptoms
are related to the effects of the anaemia. The destruc-
tion of erythrocytes ceases within four days of with-
drawal of primaquine.

(b) If administration of primaquine is continued,
erythrocyte destruction ceases when the haemoglobin
level falls to 50% of normal, through loss of older,
more susceptible, erythrocytes. Clinical recovery,
marked by reticulocytosis, begins after the tenth day
of a continuing course of the drug. Haemoglobin and
haematocrit levels slowly recover and reach normal
values by the fifth week.

(c) After the anaemia has disappeared, normal
haemoglobin levels are maintained despite continued
administration of primaquine. Continuing loss of the
oldest erythrocytes through haemolysis is compen-
sated by increased haematopoiesis. Repetition of the
course within four months has no adverse effects, that
being the time required for erythrocytes to reach
haemolytic age; however, an increase in drug dosage
will produce fresh haemolysis.

Haemolytic effect ofprimaquine regimens. There is
considerable variation in the degree of haemolysis
produced by primaquine in the two main categories of
G6PD-deficient individuals.

(a) African variantA-. Up to 15 mg of primaquine
daily for 14 days may be given to large groups of these
people without individual monitoring, since the mild
self-limiting haemolysis that occurs with this dose
does not produce any symptoms. Higher doses are
seldom required, as the Chesson strain of P. vivax is
rarely encountered in these people. However, when
higher doses are required, patients should be moni-
tored closely. In a group of 110 individuals studied by
Hockwald et al. (9), the 30-mg course produced an
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acute haemolytic crisis in 5 men (who, following
recovery, tolerated the 15-mg course well), and mild
anaemia in 17 others. In another group comprising
primaquine-sensitive adult males, the alternative regi-
men of 45 mg once a week for 8 weeks was employed
against severe Chesson vivax infections without any
clinically demonstrable haemolysis (3).

(b) Mediterranean variant B- and Asian variants.
Serious haemolysis may occur in these individuals
when courses of 15 mg of primaquine daily or 45 mg
weekly are administered. In Burma, Aung-Than-Batu
et al. (10) reported 34-48% haemolysis of labelled
G6PD-deficient erythrocytes that had been injected
into normal Burmese adult males who were given a
course of 15 mg daily. The degree of haemolysis in
these individuals was equal to that induced by 30 mg
daily in the G6PD-deficient Negroes reported by
Alving et al. (3). In Thailand, Charoenlarp et al. (11)
found haemolysis ofup to 18% of erythrocytes in indi-
viduals receiving single doses of 45 mg of primaquine
but in both Malaysia and Thailand it has been con-
cluded that the daily 15-mg course and the weekly
45-mg course may be given without fear of haemo-
lysis, except in a very small number of individuals. In
Sri Lanka, however, concern has been expressed at the
indiscriminate use of the 15-mg course, even when
limited to 5 days. Abeyaratne & Halpe (12) reported
21 cases of severe haemolysis and haemoglobinuria in
children of the Anaradhapura district: 14 required
blood transfusion, 9 had acute cardiac failure due to
anaemia (3 of this group died), and 5 others had renal
failure (1 child died). Two of the children who died
had received acetylsalicylic acid in addition to
primaquine. The clinicians commented that the
method of drug distribution in the island-wide anti-
malaria campaign had resulted in 50% of the children
being given doses by their mothers that were in excess
of those recommended. They concluded that prima-
quine should never be issued to the public for self-
administration.

DISCUSSION AND CONCLUSIONS

It is apparent that primaquine should be adminis-
tered under supervision, with close attention to the
dosage and duration of treatment.

Supervision and low doses are mandatory in areas
where erythrocytic G6PD deficiency may occur in the
population. For radical cure of P. vivax infections,
individuals identified as having the African A- vari-
ant should receive 45 mg of primaquine (expressed as
base adult dose) weekly for 8 weeks, and those with
the Mediterranean variant B- should receive 30 mg
weekly for 15 weeks. In India and Sri Lanka, a shorter
treatment course may suffice, as indicated in Table 1.
The reasons for this are obscure and may be related to
host factors of immunity or absorption of potenti-
ating drugs, chemicals, or insecticides, rather than to
excessive parasite susceptibility.
Although in vitro tests to determine G6PD levels are

available, it is not practicable to test every individual
at risk before administration of primaquine. It is also
impossible to predict the severity of haemolysis that
may occur, since it is not always related to the degree
of G6PD deficiency revealed by the test.

It is important to consider at what stage during the
course of the malaria primaquine should be adminis-
tered. If possible, it should not be given during the
acute stage of the disease. Apart from its inducing
haemolysis, it adds to the intolerance of chloroquine
and other blood schizontocides and may thus produce
vomiting ofboth drugs. Also, it may have an immuno-
suppressive effect. A course of primaquine is best
commenced, therefore, as soon as the severe symp-
toms begin to subside; in vivax malaria this is usually
the day following completion of the course of chloro-
quine. However, under field conditions, where the
patient is available for treatment only during the acute
phase of illness, primaquine should be given immedi-
ately and continued for as long as possible.

RESUME

PROBLEMES CLINIQUES LIES A L'EMPLOI D'AMINO-8 QUINOLEINES
COMME SCHIZONTOCIDES TISSULAIRES ET GAMtTOCYTOCIDES

L'emploi, A titre d'antipaludiques, de la primaquine et des
amino-8 quinoleines qui l'ont precedee est limite par leurs
effets secondaires, qui comportent des troubles gastro-
intestinaux, particulierement des crampes, la methemoglo-
binemie, I'hemolyse intravasculaire aigue chez les malades
dont les erythrocytes manquent de glucose-6-phosphate-
deshydrogenase (G6PD), et peut etre l'immunosuppression
par inhibition de la reponse lymphoproliferative A l'infec-
tion. Les sympt8mes et l'etat clinique sont lies A la dose; ils
peuvent etre engendres par une dose de primaquine

depassant 0,2 mg (base) par kilo de poids corporel
journellement administr&e, encore que les reponses soient
tres variables.
Sous le rapport de l'hemolyse, les individus deficients en

G6PD et possedant le variant africain A tolerent habi-
tuellement une dose quotidienne (pour l'adulte) de 15 mg de
primaquine pendant 14 jours ou une dose hebdomadaire de
45 mg pendant 8 semaines. En presence du variant B et des
variants etroitement apparentes que l'on rencontre dans les
populations de la Mediterran&e orientale et chez les
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descendants d'Asiatiques de l'Ouest ainsi que, par foyers, en
Asie orientale, l'administration de tels traitements produit
une hemolyse grave. S'il existe des epreuves in vitro pour
depister le deficit en G6PD, elles sont rarement praticables
sur plus d'un petit &hantillon du tres grand nombre de
paludeens infectes par P. vivax ou P. ovale. Or, ceux-ci
doivent recevoir des traitements de 14 jours a la primaquine
afin d'eviter les rechutes. En consequence, dans les secteurs
oui l'on rencontre le variant A, la primaquine a e utilis6e
pour le traitement radical de ces infections avec la posologie
indiquee, mais la ou les variants B et similaires sont
pr6valents, et chez tous les individus identifies comme
porteurs de ce trait, la posologie reduite a 30 mg (pour un
adulte) a e administree a intervalles hebdomadaires aussi
longtemps que possible jusqu'a la duree recommandee de 15

semaines. Les nourrissons ne sont pas traites A la
primaquine; apres avoir recu de la chloroquine contre
l'acces aigu, ils peuvent recevoir un traitement suppressif
pendant plusieurs mois.

Pour commencer un traitement A la primaquine, il
conviendrait en theorie d'attendre la cessation des
symptbmes aigus d'un episode de paludisme, du fait que
l'effet irritant du medicament donne conjointement avec la
chloroquine peut augmenter la tendance aux vomissements,
et que son action immunosuppressive possible retarderait la
guerison. Lorsque les conditions pratiques le permettent et si
l'on peut avoir les malades sous la main pendant plusieurs
jours, un traitement A la primaquine devrait etre immediate-
ment consecutif au traitement de l'acces aigu par un
schizontocide sanguin plutot qu'administre simultanement.
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