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SHORT REPORT: A CONSIDERATION OF PRIMAQUINE DOSE ADJUSTMENT FOR
RADICAL CURE OF PLASMODIUM VIVAX MALARIA

ELI SCHWARTZ, GILI REGEV-YOCHAY, AND DANIEL KURNIK
Center for Geographical Medicine and Department of Medicine C, Infectious Disease Unit, and Department of Medicine A,

Chaim Sheba Medical Center, Tel Hashomer, Israel

Abstract. Relapse ofPlasmodium vivax malaria following standard primaquine dosing has been reported from
many areas, and more recently from sub-Saharan Africa. In this report we describe eight episodes (in five patients)
of treatment failure in non-immune Israeli travelers returning from Ethiopia. Retrospective calculation of the prima-
quine dose per kilogram of body weight for 23 treatment courses showed a lower total dose per kilogram in heavier
patients. The mean calculated dose (95% CI) in the eight failed treatments was 2.5� 0.3 mg/kg compared with 4.4
� 0.5 mg/kg in the 15 successful treatment courses. Weight-adjusted dosing regimens may prevent inadvertent sub-
therapeutic drug failure, and thus apparent primaquine failure. In these cases, no relapses were observed in those
who received� 3.5 mg/kg. Consideration should be given to adjusting the dose of primaquine according to body
weight. For those infected by strains from Ethiopia a dose� 3.5 mg/kg is preferable.

Although Plasmodium vivax accounts for less than 10%
of the malaria cases in Africa, there has been an increase in
recent accounts of infection among travelers to these regions,
such as Israelis returning from Ethiopia1 and U.S. military
returning from Somalia.2 Reports of primaquine failures
have also increased, primarily from Papua New Guinea,
Southeast Asia, and Central and South America.3–7 Relapses
following primaquine treatment of strains acquired in Africa
have been less well described.

We report eight relapses (in five individuals) ofP. vivax
malaria in Israeli travelers to Ethiopia despite a standard
dose of primaquine. The dose per kilogram of body weight
was calculated for each treatment course and the doses re-
sulting in successful treatments were compared with those
resulting in relapses.

This study consisted of a retrospective review of the au-
thors’ patient records; the patients had been treated accord-
ing to accepted clinical guidelines. Therefore, when the mat-
ter was referred to the Helsinki Committee of Sheba Medical
Center, it was determined that no other ethical review pro-
cess was necessary.

Charts of 15 Israeli travelers who presented at the Sheba
Medical Center with smear-documentedP. vivax malaria be-
tween January 1995 and June 1998 were reviewed. All had
returned from Ethiopia; all had presented at least three
months following return, and 12 of 15 had been on rafting
tours of the Omo River. They had received mefloquine or
doxycycline chemoprophylaxis, and had reported good com-
pliance. None was given primaquine for terminal prophylax-
is. Primary attacks were treated with chloroquine followed
by 15 mg/day of primaquine (Sanofi-Winthrop, New York,
NY) for 14 days. Compliance was assessed by interviews at
the completion of the treatment course. None had traveled
again to malarious areas.

Five of the 15 malaria patients had relapses between 3
and 10 months after initial treatment, and were treated with
chloroquine followed by greater doses or longer courses of
primaquine (Table 1). After an additional 3–10 months, three
of five patients experienced a third episode of malaria, and
were given a third course of a higher dose primaquine (Table
1). There were no further relapses, and the remaining 10
patients remained disease-free on follow-up at 12–36
months.

The five patients that had at least one relapse had initially
received lower mean doses of primaquine based on body
weight than the 10 patients who did not have a relapse (95%
CI; 2.4 � 0.4 versus 4.0� 0.5; P � 0.018, Fisher’s exact
test). Comparison of the primaquine doses by weight be-
tween the eight courses (in five patients) resulting in relapse
and the 15 successful courses showed no relapses when dos-
es � 3.5 mg/kg of primaquine were used (Figure 1). No
adverse events were observed and methemoglobin levels,
which were measured in patients who were treated with the
higher doses, were in the normal range.

The dosage recommendation for radical cure ofP. vivax
malaria is based on several studies performed during the
1950s.8,9 Since then, reports of primaquine resistance or pri-
maquine failure have become fairly common from areas
such as Papua New Guinea, Southeast Asia, India, and Co-
lombia.3–7,10–12

These five cases originating in Ethiopia support other re-
ports suggesting that the incidence ofP. vivax malaria in
east Africa, and its failure to respond to standard doses of
primaquine in this area, may actually be higher than sus-
pected.1,2

Relapses despite primaquine treatment may reflect chang-
es in primaquine response among formerly susceptible
strains, or geographic spread of strains that have long been
known to be refractory. However, the term resistance may
be misleading. The presence of drug resistance involving
antimalarials is generally assessed by the effect a drug has
on the asexual parasite density in the blood, or on the time
to parasite recrudescence in the presence of adequate anti-
malarial drug levels in the serum. Because primaquine has
little effect on erythrocytic parasites, asexual parasite density
cannot be used to demonstrate drug resistance, and thus it is
difficult to define true resistance. Controversy exists as to
whether drug resistance is indeed the cause for cases of pri-
maquine failure. It has been suggested that resistance to pri-
maquine may actually reflect unrecognized chloroquine re-
sistance with incomplete eradication of the erythrocytic
stage rather than the hepatic forms. However, early relapses
within one month of appropriate chloroquine and primaquine
treatment are characteristic of chloroquine failure, while late
relapses usually represent primaquine failure.13

Geographic diversity and susceptibility to primaquine ex-
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FIGURE 1. Failed treatments for Plasmodium vivax malaria com-
pared with successful treatments. � � first malaria attack, successful
treatment; � � first malaria attack, failed treatment; # � second
malaria attack, successful treatment; � � second malaria attack,
failed treatment; � � third malaria attack, successful treatment.

ist among P. vivax strains, although patients infected with
the same strain can show different responses to primaquine
based on individual pharmacokinetic variations.14 In addi-
tion, the standard fixed dose of primaquine results in doses
per kilogram of body weight that are quite variable. For ex-
ample, a 14-day course of treatment translates into 3.5 mg/
kg for a 60-kg patient and 2.3 mg/kg for a 90-kg patient.
Thus, inadvertent subtherapeutic dosing may be a cause for
primaquine failure in heavy patients. In the Israeli patients,
dose-adjustment for body weight resulted in a radical cure
for all patients after receiving at least 3.5 mg/kg. Dose ad-
justment by weight also allows a direct comparison of the
adequacy of primaquine in treating infections with P. vivax
strains worldwide. In Southeast Asia and Papua New Guin-
ea, doses of approximately 6 mg/kg are required for effective
cure of relapse, whereas none of the patients harboring
strains from Ethiopia relapsed after doses � 3.5 mg/kg.

Although an interesting observation, there may be other
explanations for such findings: 1) poor compliance; 2) re-
peated treatments, even with standard dosing, could have
resulted in cures; and 3) although patients were followed for
more than 12 months, some could relapse thereafter.

Careful observation by clinicians treating patients with P.
vivax malaria will help clarify this problem, but in the in-
terim, consideration should be given to determining the dose
of primaquine for radical cure by body weight.
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