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Nijmegen, The Netherlandsf

ABSTRACT Low-dose primaquine is recommended to prevent Plasmodium falcipa-
rum malaria transmission in areas threatened by artemisinin resistance and areas
aiming for malaria elimination. Community treatment campaigns with artemisinin-
based combination therapy in combination with the gametocytocidal primaquine
dose target all age groups, but no studies thus far have assessed the pharmacoki-
netics of this gametocytocidal drug in African children. We recruited 40 children par-
ticipating in a primaquine ef�cacy trial in Burkina Faso to study primaquine pharma-
cokinetics. These children received artemether-lumefantrine and either a 0.25- or a
0.40-mg/kg primaquine dose. Seven blood samples were collected from each partici-
pant for primaquine and carboxy-primaquine plasma levels determinations: one
sample was collected before primaquine administration and six after primaquine
administration according to partially overlapping sampling schedules. Physiological
population pharmacokinetic modeling was used to assess the impact of weight, age,
and CYP2D6 genotype on primaquine and carboxy-primaquine pharmacokinetics.
Despite linear weight normalized dosing, the areas under the plasma concentration-time
curves and the peak concentrations for both primaquine and carboxy-primaquine in-
creased with age and body weight. Children who were CYP2D6 poor metabolizers
had higher levels of the parent compound, indicating a lower primaquine CYP2D6-
mediated metabolism. Our data indicate that primaquine and carboxy-primaquine
pharmacokinetics are in�uenced by age, weight, and CYP2D6 genotype and suggest
that dosing strategies may have to be reconsidered to maximize the transmission-
blocking properties of primaquine. (This study has been registered at ClinicalTrials.gov
under registration no. NCT01935882.)
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Since 2012, the World Health Organization (WHO) recommends the use of a single
0.25-mg/kg dose of primaquine (PQ) in combination with standard artemisinin-

based combination therapy (ACT) for the treatment of Plasmodium falciparum malaria
in elimination and resistance containment settings (1). The rationale for using PQ is to
prevent transmission of malaria to mosquitoes since it is the only currently available
antimalarial that accelerates the clearance of mature gametocytes post-ACT (2). Several
recent trials assessed the ef�cacy of the WHO-recommended dose and concluded that
it reduces gametocyte carriage compared to ACT alone and effectively prevents
transmission in mosquito infection experiments (3�6). In addition to its use to prevent
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P. falciparum transmission as a single-dose treatment, PQ has been used for decades in
multiple-dose regimens to clear Plasmodium vivax hypnozoites (7, 8).

The parent compound is not responsible for PQ effects on P. vivax hypnozoites (9)
and P. falciparum gametocytes (10), and the drug-metabolizing cytochrome P450 2D6
(CYP2D6) enzyme has been implicated in the formation of unknown active metabolites
that are responsible for the pharmacological effect of PQ (9, 11�13). In mice, knocking
out the CYP2D locus can reduce the metabolism of PQ into its active metabolite against
Plasmodium berghei (11) and increase the area under the plasma concentration-time
curve for PQ (14). The gene coding for this enzyme (CYP2D6) is hypervariable in
humans, and there is limited knowledge on the effects of the variation at this locus on
the pharmacokinetics of PQ in humans (9). Early pharmacokinetic studies of PQ in
adults (15�19) identi�ed the main PQ metabolite, carboxy-PQ (C-PQ), which is slowly
eliminated and is present at plasma concentrations up to 10 times higher than those
of its parent compound (16). C-PQ is produced by monoamine oxidase (MAO)-A (12), an
enzyme involved in drug metabolism in the liver (20), and indirect evidence (9, 21)
suggests that it is not the active metabolite against malaria parasites or one of its
precursors.

To date, there are only limited PQ pharmacokinetic data (16�18, 22). This is partic-
ularly evident for single low-dose PQ and for pharmacokinetic data in children: only one
study, undertaken in Papua New Guinea and using single PQ doses of 0.5 or 1.0 mg/kg,
recruited children (22). The dif�culty to accurately dose children by extrapolating
dosing schemes from adults (23�26) was previously illustrated for the antimalarials
sulfadoxine-pyrimethamine and dihydroartemisinin-piperaquine (27). Since children
are frequently infectious to mosquitoes (28) and comprise an important part of the
human infectious reservoir for malaria (29), data on single low-dose PQ pharmacoki-
netics in children are highly needed for the planning of community treatment cam-
paigns with PQ to reduce P. falciparum transmission. To identify factors that impact PQ
pharmacokinetics in children, we performed a pharmacokinetic study of PQ in the
largest pediatric population examined thus far.

RESULTS
Study population. A total of 40 afebrile children aged 2 to 14 years who received

a single low dose (0.25 or 0.40 mg/kg) of PQ on the �nal day of a six-dose artemether-
lumefantrine (AL) regimen were included in this study. Of these 40, 37 had patent
asexual-stage P. falciparum parasites at enrollment (median and interquartile range
[IQR], 1,252 parasites/�l [578 to 2,503 parasites/�l]). The median (IQR) hemoglobin
level at enrollment was 11.6 g/dl (10.8 to 12.5 g/dl) and similar in the two study
arms. Table 1 summarizes the demographics and baseline laboratory results for these
40 children.

TABLE 1 Baseline characteristics

Parameter

Study arm (PQ dose)

0.25 mg/kg 0.40 mg/kg
No. of participants 20 20
Gender (% female) 55 60

Median (IQR)
Age (yrs) 8 (6�10) 10 (6.5�12)
Body wt (kg) 19.8 (16.2�26.3) 24.9 (15.9�31.6)
Ht (cm) 118 (104�133.5) 129 (104�144.5)
Temp (°C) 36.6 (36.4�37.0) 36.7 (36.1�36.9)
No. of asexual parasites/�l 991 (635.5�2,066.5) 1,188 (284.5�3,340)
Hemoglobin (g/dl)a 11.4 (10.6�12.5) 11.9 (11.1�12.7)
Alanine transaminase (U/liter) 22.5 (17.5�34.5) 22 (17�29)
Aspartate transaminase (U/liter) 38 (32�46) 36 (27�41)
Total bilirubin (�mol/liter) 7.4 (5.4�9.9) 10.8 (8�13.8)
Creatinine (�mol/liter) 37.8 (35.5�40.8) 38.4 (32.7�45.2)

aHemoglobin levels were measured by using Hemocue.
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CYP2D6 genotyping. CYP2D6 genotyping was successful for 36/40 children. For
3/40 participants no samples were available for genotyping, and for one the genotyp-
ing was inconclusive. Allele frequencies are presented in Table S2 in the supplemental
material. Of these 36 study subjects, 1/36 (2.8%), 10/36 (27.8%), 22/36 (61.1%), and 3/36
(8.3%) were classi�ed as poor metabolizers (PM; activity score [AS] of 0), intermediate
metabolizers (IM; AS of 0.5 or 1.0), extensive or normal metabolizers (EM; AS of 1.5 or
2.0), and ultrarapid metabolizers (UM; AS of 3.0), respectively (30, 31).

Pharmacokinetics. A total of 274 plasma samples were collected. Two of the 40
children were excluded from the pharmacokinetic analysis because it was not possible
to determine PQ and C-PQ levels in their samples due to inadequate sample volume.
The raw pharmacokinetic data of PQ and C-PQ per dose group are depicted in Fig. 1.
As observed, PQ was rapidly absorbed, and the plasma C-PQ concentrations were
generally higher than the plasma PQ concentrations. Overall, the pharmacokinetics of
the parent compound and of its main plasma metabolite presented substantial inter-
individual variation.

A physiological pharmacokinetic model was developed to estimate pharmacokinetic
parameters for both PQ and C-PQ (Fig. 2). First-order kinetics with two absorption
transit compartments and one compartment disposition for PQ and C-PQ �t the
observed plasma levels well. PQ was rapidly absorbed with a mean absorption time of
0.706 h (relative standard error [coef�cient of variation], 12%). Although allometric
clearance appeared to explain most weight-related variability in pharmacokinetics,
overprediction of plasma PQ and C-PQ concentrations was observed in the youngest
children of our study population. This resulted in higher than expected estimates for
apparent volume of distribution and apparent clearance in these children. This phe-
nomenon may be explained by a reduced relative bioavailability at younger age.

FIG 1 PQ and C-PQ plasma levels (y axes) after PQ administration (x axes). In panels A and C, PQ levels are presented for participants who
received the 0.25- and 0.40-mg/kg PQ doses, respectively. In panels B and D, the C-PQ levels are presented for the 0.25- and 0.40-mg/kg
PQ study arms, respectively. Assay results for all samples collected after PQ administration, including those with PQ or C-PQ levels below
the limit of detection (i.e., with assigned level of 0 ng/ml), are presented.
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