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BACKGROUND
In most of the Americas, the recommended treatment to prevent relapse of Plas-
modium vivax malaria is primaquine at a total dose of 3.5 mg per kilogram of body 
weight, despite evidence of only moderate efficacy.

METHODS
In this trial conducted in Brazil, we evaluated three primaquine regimens to prevent 
relapse of P. vivax malaria in children at least 5 years of age and in adults with 
microscopy-confirmed P. vivax monoinfection. All the patients received directly 
observed chloroquine for 3 days (total dose, 25 mg per kilogram). Group 1 received 
a total primaquine dose of 3.5 mg per kilogram (0.5 mg per kilogram per day) over 
7 days with unobserved administration; group 2 received the same regimen as 
group 1 but with observed administration; and group 3 received a total primaquine 
dose of 7.0 mg per kilogram over 14 days (also 0.5 mg per kilogram per day) with 
observed administration. We monitored the patients for 168 days.

RESULTS
We enrolled 63 patients in group 1, 96 in group 2, and 95 in group 3. The median 
age of the patients was 22.4 years (range, 5.4 to 79.8). By day 28, three P. vivax 
recurrences were observed: 2 in group 1 and 1 in group 2. By day 168, a total of 
70 recurrences had occurred: 24 in group 1, 34 in group 2, and 12 in group 3. No 
serious adverse events were noted. On day 168, the percentage of patients without 
recurrence was 58% (95% confidence interval [CI], 44 to 70) in group 1, 59% (95% 
CI, 47 to 69) in group 2, and 86% (95% CI, 76 to 92) in group 3. Survival analysis 
showed a difference in the day 168 recurrence-free percentage of 27 percentage 
points (97.5% CI, 10 to 44; P<0.001) between group 1 and group 3 and a difference 
of 27 percentage points (97.5% CI, 12 to 42; P<0.001) between group 2 and group 3.

CONCLUSIONS
The administration of primaquine at a total dose of 7.0 mg per kilogram had 
higher efficacy in preventing relapse of P. vivax malaria than a total dose of 3.5 mg 
per kilogram through day 168. (Supported by the U.S. Agency for International 
Development; ClinicalTrials.gov number, NCT03610399.)
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Malaria remains a public health 
concern in the Americas. In 2020, a 
total of 144,887 cases were reported in 

the Brazilian Amazon; of these cases, 83.6% 
were caused by Plasmodium vivax and 16.4% by P. 
falciparum or mixed infections.1 Treatment for P. 
vivax malaria presents additional challenges for 
the control and elimination of malaria because 
the infection involves both blood-stage parasites 
and hypnozoites, dormant parasite forms in the 
liver that can cause relapse weeks after an acute 
infection. P. vivax blood-stage parasites are sensi-
tive to chloroquine in most of the world, except 
in Southeast Asia and Oceania, but hypnozoite 
eradication requires the use of primaquine or 
tafenoquine.2-4

The efficacy of primaquine therapy depends 
on the total dose given during a round of thera-
py (either 3.5 mg or 7.0 mg per kilogram of body 
weight), because of variable drug susceptibility 
worldwide.5,6 In Brazil, and in most of the Amer-
icas, the recommended P. vivax treatment con-
sists of a combination of chloroquine (total 
dose, 25 mg per kilogram) and primaquine at a 
total dose of 3.5 mg per kilogram, despite the 
only moderate efficacy of this regimen (60 to 
70%) in preventing recurrence within 6 months.7,8

We evaluated the therapeutic efficacy of chlo-

roquine and primaquine to treat and prevent 
relapse of P. vivax malaria in the Acre state of 
Brazil. In this trial, we compared a lower total 
dose of primaquine (3.5 mg per kilogram) with 
a higher total dose (7.0 mg per kilogram).

 Me thods

 Trial Design and Randomization

Our trial was conducted during the malaria 
transmission season at eight malaria diagnostic 
posts in Cruzeiro do Sul, a city in the western 
Brazilian Amazon with 85,000 residents and an 
annual parasite incidence of 147.5 malaria cases 
per 1000 residents (Fig. 1).

All the patients received directly observed 
chloroquine for 3 days (total dose, 25 mg per 
kilogram of body weight) and then were ran-
domly assigned to one of three groups depend-
ing on the primaquine regimen. Those in group 
1 were instructed to take primaquine as unob-
served therapy for a total dose of 3.5 mg per 
kilogram over 7 days (0.5 mg per kilogram per 
day), and those in group 2 received the same 
regimen but under directly observed therapy. 
Patients in group 3 received directly observed 
primaquine therapy for a total dose of 7.0 mg 
per kilogram for 14 days (also 0.5 mg per kilo-

A Quick Take 
is available at 
NEJM.org

Figure 1. Location of Cruzeiro do Sul, Acre State, Brazil.

The trial was conducted at eight malaria diagnostic posts in Cruzeiro do Sul, a city with 85,000 residents and an annual 
parasite incidence of 147.5 malaria cases per 1000 residents.
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gram per day). We adjusted the primaquine dose 
according to body weight in patients who 
weighed more than 70 kg.

Oversight

The protocol (available with the full text of this 
article at NEJM.org) was reviewed and approved 
by the institutional review boards at the Centers 
for Disease Control and Prevention (CDC) and at 
the Brazilian Instituto Evandro Chagas. All the 
medications that were used in the trial were 
procured by the Brazilian Ministry of Health 
under quality-assurance programs.

The U.S. Agency for International Develop-
ment, which funded the trial, had no role in the 
design or in the collection, analysis, or interpre-
tation of the data. All the authors vouch for the 
completeness and accuracy of the data and for 
the adherence of the trial to the protocol.

Written informed consent was obtained from 
adult patients and from children’s parents or 
guardians; children between the ages of 7 and 
17 years also provided verbal assent. Patients who 
declined to participate in the trial were evaluated 
by malaria diagnostic staff members and were 
treated according to the standard of care at each 
malaria post.

Patients and Procedures

In the trial, we included both children who were 
at least 5 years of age and adults with a body 
weight of less than 120 kg, documented fever 
(axillary temperature, ≥37.5°C) or a history of 
fever during the previous 48 hours, P. vivax 
monoinfection, and a parasite density between 
100 and 200,000 asexual parasites per cubic milli-
meter.8 Patients with suspicion of severe malaria 
or abnormal glucose-6-phosphate dehydrogenase 
(G6PD) activity were excluded,10 since G6PD de-
ficiency can result in severe hemolysis during 
primaquine therapy.

After informed consent had been provided, 
we randomly assigned the patients to one of the 
three trial groups. We collected demographic 
and clinical information at enrollment and drew 
venous blood for malaria confirmation using 
thick and thin smears and for measurement of 
hemoglobin and G6PD activity; women of child-
bearing age underwent pregnancy testing. We 
also prepared dried blood spots for microsatel-
lite genotyping and analysis of the gene encod-
ing cytochrome P-450 2D6 (CYP2D6) as a measure 
of drug metabolism and activation.

We initiated oral treatment with chloroquine 
(Institute of Drug Technology [Farmanguinhos]) 
at the time of enrollment (day 0). Patients re-
turned to the trial site on days 1 and 2 to com-
plete chloroquine treatment, clinical evaluation, 
and microscopy testing; all daily chloroquine 
doses were directly observed. After the results 
of G6PD testing became available (usually within 
2 weeks), oral primaquine (Medopharm) was 
initiated in patients who were found to have a 
normal G6PD level (≥7.0 IU per gram of hemo-
globin). Primaquine treatment lasted for 7 or 14 
days, according to the trial group.

In addition to days 1 and 2, patients were 
evaluated on days 3, 7, 14, 21, and 28 and then 
every 4 weeks until day 168. During those visits, 
staff assessed patients’ clinical status, measured 
axillary temperature, collected blood smears, 
and prepared dried blood spots in case of a 
positive microscopy result on or after day 4. We 
instructed patients to contact the trial team for 
evaluation if malaria symptoms developed. Data 
for patients who missed their scheduled visit 
were censored on that day, with tolerance of 
±1 day given for visits on or after day 14.

Measurement of Blood Smears  
and Chloroquine Levels

Parasite density was calculated by counting the 
number of asexual parasites and gametocytes 
against white cells on the basis of a white-cell 
count of 6000 cells per cubic millimeter. Two 
microscopists (or three in case of discrepancies 
in determinations of asexual parasite density) 
who were unaware of one another’s results ex-
amined blood smears. We used the geometric 
mean of the two closest readings to estimate 
asexual parasite densities and the arithmetic 
mean for gametocyte densities.

In cases of treatment failure on or before day 
28, plasma levels of chloroquine and desethyl-
chloroquine were measured by high-performance 
liquid chromatography on day 7 and on the day 
of recurrence.11

Microsatellite Genotyping

Seven neutral microsatellites (MS2, MS6, Pv3.502, 
Pv11.162, Pv12.35, Pvms038, and Pv10.29) were 
used to genotype parasites on day 0 and on the 
day of recurrence.8,12 We analyzed microsatellite 
f luorescent-labeled polymerase-chain-reaction 
(PCR) products with the 3130 Genetic Analyzer 
16-Capillary Array (Applied Biosystems) and de-
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termined allele sizes using genotype analysis 
software GeneMarker, version 1.95. Alleles with 
a difference of at least two nucleotides in length 
were considered to be different.

We determined multiplicity of infection and 
haplotype frequencies using day 0 samples ob-
tained from patients with recurrence and addi-
tional randomly selected day 0 samples to reach 
128 samples.13 Samples that were obtained on 
day 0 and on the day of recurrence were pro-
cessed in parallel; paired samples with at least 
one microsatellite difference were considered to 
be heterologous haplotypes, whereas all other 
paired samples were considered to be homolo-
gous haplotypes.8,14

CYP2D6 Genotyping and Phenotyping  
of Metabolic Activity

We analyzed CYP2D6 polymorphisms and correlat-
ed them with metabolic activity phenotypes.15,16 
Day 0 samples were genotyped for seven single-
nucleotide polymorphisms — C-1584G (rs1080985), 
C100T (rs1065852), C1023T (rs28371706), G1846A 
(rs3892097), G31A (rs769258), G3183A (rs59421388), 
and G4180C (rs1135840) — and one deletion, 
2615_2617delAAG (rs5030656), with the use of 
the TaqMan SNP Genotyping Assay (Thermo 
Fisher Scientific). We assigned an enzyme meta-
bolic activity score for each haplotype: poor 
activity (0), intermediate activity (0.25 to 1.00), 
normal activity (1.25 to 2.25), and ultrarapid 
activity (>2.25).15,17

Outcome Measures

Treatment failure by day 28 was defined as clini-
cal deterioration leading to hospitalization with 
parasitemia on day 28 or earlier, parasitemia and 
fever from days 3 through 28, or parasitemia 
from days 7 through 28.10 Parasitemia from days 
28 through 168, with or without fever, was clas-
sified as extended failure during follow-up. If 
patients did not meet the criteria for treatment 
failure by day 28, they were described as having 
had an adequate clinical and parasitologic re-
sponse. We also determined the percentage of 
patients who were free from recurrence by day 
168. Patients with treatment failure were with-
drawn and referred for rescue treatment.7

Statistical Analysis

We determined that the enrollment of 74 pa-
tients in group 2 and in group 3 would provide 
a power of 90% to compare an expected recur-

rence-free percentage of 70% in group 2 and 
90% in group 3 at day 168, assuming a signifi-
cance level of 5%.8,9 Similarly, we determined that 
in order to compare a recurrence-free percentage 
of 60% in group 1 and 90% in group 3, we 
would need to enroll 50 patients in each group, 
since the difference between the recurrence-free 
estimates was larger for the comparison between 
group 1 and group 3 than it was for the com-
parison between group 2 and group 3.10 We 
added 30% more patients in each trial group to 
account for loss to follow-up. Thus, the final 
required sample size was 257 patients: 65 in 
group 1 and 96 each in group 2 and group 3.

We entered data into an Epi Info database 
(version 7.2) and used SAS software, version 9.4 
(SAS Institute), for data cleaning and analysis. 
We used Kaplan–Meier survival analysis in the 
intention-to-treat population to estimate the pri-
mary efficacy outcomes of an adequate clinical 
and parasitologic response by day 28 and free-
dom from P. vivax recurrence by day 168. We 
compared the day 28 response and day 168 re-
currence-free percentage between group 1 and 
group 3 and between group 2 and group 3 using 
the Wald test. We used a Bonferroni correction 
to account for multiple testing when conducting 
these pairwise comparisons in which P values of 
less than 0.025 were considered to indicate sta-
tistical significance and 97.5% confidence inter-
vals were reported. An unadjusted Cox propor-
tional-hazards regression model was used to 
estimate hazard ratios. We also performed an 
analysis in which we calculated freedom from 
recurrence by day 168 that considered only ho-
mologous recurrences.

In addition, we conducted per-protocol analy-
ses of the day 28 response and freedom from 
recurrence by day 168 and fit a Cox proportional-
hazards regression model for association with 
recurrence by day 168 after adjustment for se-
lected variables. (Results of the per-protocol and 
Cox regression analyses are provided in the Sup-
plementary Appendix, available at NEJM.org.)

R esult s

Patients

Patients were enrolled from April through Octo-
ber 2018; follow-up ended in March 2019. Infec-
tion with P. vivax was confirmed in 1526 patients 
during the enrollment period at the trial malaria 
posts. Participation was offered to 342 patients 

The New England Journal of Medicine 
Downloaded from nejm.org on April 1, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med 386;13 nejm.org March 31, 20221248

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Figure 2. Enrollment and Outcomes.

All the patients received directly observed chloroquine for 3 days after being randomly assigned to one of three groups. 
The groups varied according to the primaquine regimen and whether receipt of the drug was observed or unobserved. 
G6PD denotes glucose-6-phosphate dehydrogenase.

291 Provided consent 

342 Patients were approached
for participation

51 Did not provide consent
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95 Were assigned to group 3
(primaquine as observed therapy,
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day 28 per-protocol
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4 Were lost to follow-up
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89 Were included in the day 28
per-protocol analysis
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per-protocol analysis
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day 168 per-protocol
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10 Were lost to follow-up
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infection

10 Were excluded from the
day 168 per-protocol
analysis

8 Were lost to follow-up
2 Had P. falciparum
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11 Were excluded from the
day 168 per-protocol
analysis

8 Were lost to follow-up
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infection

78 Were included in the day 168
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day 168 intention-to-treat analyses
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who presented during regular clinic hours; 291 
patients (85.1%) provided consent and were con-
ditionally enrolled. Of these patients, 37 were 
later excluded, which resulted in a total enroll-
ment of 254 patients (Fig. 2).

The median age of the patients was 22.4 years 
(Table 1). The median duration of fever was 2 days, 
and 54 patients (21%) had documented fever at 
enrollment. Commonly reported symptoms were 
headache, chills, and calf pain. The geometric 
mean of asexual parasite density at enrollment 

was 2300 parasites per cubic millimeter. Parasit-
emia remained in 92 patients (36%) on day 2 and 
in 22 (9%) on day 3; infection was cleared in all 
the patients by day 7 (Fig. S1 in the Supplemen-
tary Appendix).

The median total dose of chloroquine was 
23.4 mg per kilogram (range, 12.6 to 39.1) 
among the 254 patients. The median total dose 
of primaquine was 3.3 mg per kilogram (range, 
2.5 to 4.2) in group 1, 3.4 mg per kilogram 
(range, 2.7 to 4.5) in group 2, and 6.8 mg per 

Table 1. Demographic and Clinical Characteristics of the Patients at Enrollment and during Follow-up.*

Characteristic
Group 1 
(N = 63)

Group 2 
(N = 96)

Group 3 
(N = 95)

All Patients 
(N = 254)

Demographic

Median age (range) — yr 26.5 (8.1–79.8) 20.3 (5.6–73.9) 23.5 (5.4–64.8) 22.4 (5.4–79.8)

Male sex — no. (%) 35 (56) 52 (54) 52 (55) 139 (55)

Place of residence — no. (%)

Rural 16 (25) 24 (25) 34 (36) 74 (29)

Urban 47 (75) 72 (75) 61 (64) 180 (71)

Clinical

Median weight (range) — kg 61.5 (21.0–110.0) 58.5 (15.6–118.6) 64.0 (19.3–96.0) 61.0 (15.6–118.6)

Fever

At enrollment — no. (%) 13 (21) 21 (22) 20 (21) 54 (21)

Median duration (range) — days 2 (1–5) 2 (1–7) 2 (1–10) 2 (1–10)

Median hemoglobin (range) — g/dl

Day 0 13.8 (10.7–18.6) 13.6 (10.8–17.9) 13.5 (9.3–17.0) 13.6 (9.3–18.6)

Day 14 13.6 (10.2–17.0) 13.3 (9.3–18.4) 13.4 (11.1–17.0) 13.4 (9.3–18.4)

Day 28 14.0 (9.7–16.0) 13.4 (10.4–16.4) 13.9 (10.6–17.8) 13.8 (9.7–17.8)

Geometric mean of asexual parasite density 
(range) — no./mm3

2080 (130–14,828) 2286 (107–20,467) 2475 (125–14,193) 2300 (107–20,467)

Mean gametocyte density (range) — no./mm3 39 (0–232) 52 (0–308) 60 (0–531) 52 (0–531)

Positive gametocytemia — no. (%)

Day 0 29 (46) 48 (50) 59 (62) 136 (54)

Day 2 3 (5) 2 (2) 4 (4) 9 (4)

Day 3 0 0 1 (1) 1 (<1)

Median G6PD enzyme activity (range) — IU/g  
of hemoglobin

10.4 (7.1–13.9) 10.1 (7.0–14.7) 10.6 (7.1–15.8) 10.4 (7.0–15.8)

CYP2D6 enzyme phenotype — no./total no. (%)

Poor metabolic activity 0 4/96 (4) 5/94 (5) 9/252 (4)

Intermediate metabolic activity 21/62 (34) 24/96 (25) 26/94 (28) 71/252 (28)

Normal metabolic activity 41/62 (66) 68/96 (71) 63/94 (67) 172/252 (68)

*  All data were obtained at the time of enrollment unless otherwise indicated. CYP2D6 denotes cytochrome P-450 2D6, and G6PD glucose-
6-phosphate dehydrogenase.
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kilogram (range, 6.1 to 8.4) in group 3. The 
median day of primaquine initiation was day 17 
(interquartile range, day 15 to day 21) after en-
rollment. Although adverse events were not sys-
tematically assessed, no serious adverse events 
related to chloroquine or primaquine were re-
ported. Median hemoglobin levels were similar 
within and between trial groups on days 0, 14, 
and 28.

Recurrence of P. vivax Infection

By day 28, among the 254 patients, 8 (3%) had 
been lost to follow-up, and P. falciparum had been 
diagnosed in 4 patients (2%) (Fig. 2). Recurrence 
of P. vivax had occurred in 3 patients (1%): 2 in 
group 1 and 1 in group 2. On the day of recur-
rence in these patients, plasma levels of at least 
15 ng per milliliter of chloroquine plus desethyl-
chloroquine were reported, a finding that sug-
gested the presence of chloroquine resistance 
(Table S3).10 A total of 97% or more of the pa-
tients in each trial group had an adequate 
clinical and parasitologic response by day 28 
(Table 2).

By day 168, among 254 patients, 34 (13%) 
had been lost to follow-up, P. falciparum had been 
diagnosed in 10 (4%), and P. vivax recurrence had 
been reported in 70 patients (28%); 12 of these 
cases were diagnosed at malaria posts (Table 
S4). P. vivax recurrence was reported from day 28 
to day 155 regardless of the timing of prima-
quine initiation. Of the 70 patients with recur-
rence, 42 (60%) reported having had fever. By 
day 168, the percentage of patients who were 

recurrence-free was 58% (95% confidence inter-
val [CI], 44 to 70) in group 1, 59% (95% CI, 47 
to 69) in group 2, and 86% (95% CI, 76 to 92) in 
group 3. The between-group difference among 
patients who were recurrence-free by day 168 
was 27 percentage points (97.5% CI, 10 to 44; 
P<0.001) between group 1 and group 3 and 27 
percentage points (97.5% CI, 12 to 42; P<0.001) 
between group 2 and group 3 (Table S6). Fig-
ure 3 shows day 168 recurrence-free survival 
curves. Results of the per-protocol analysis are 
presented in Table S7.

Of the 128 samples that were obtained on day 
0, polyclonal infection was identified in 8 sam-
ples (frequency of multiplicity of infection, 1%); 
the median number of alleles per locus was 7 
(range, 4 to 9). Among the 70 patients with re-
currence of P. vivax, microsatellite results were 
available for 58 (83%): 33 (57%) with homolo-
gous haplotypes and 25 (43%) with heterologous 
haplotypes (Table S8). By day 168, among the 
patients who had a homologous recurrence, the 
percentage who were recurrence-free was 78% 
(95% CI, 64 to 87) in group 1, 78% (95% CI, 66 
to 86) in group 2, and 95% (95% CI, 87 to 98) in 
group 3.

Among the 252 patients with CYP2D6 data on 
day 0, 172 (68%) had normal activity (Table 1). 
Because of the low frequency of patients with 
poor drug-metabolizing activity, poor and inter-
mediate phenotypes were combined in subse-
quent analyses. In group 2, 14 of 22 patients 
(63%) with a poor or intermediate drug-metabo-
lizing phenotype in the per-protocol population 

Table 2. Adequate Clinical and Parasitologic Response (ACPR) by Day 28 and Freedom from P. vivax Recurrence by Day 
168 (Intention-to-Treat Population).*

Group No. of Patients ACPR by Day 28 Recurrence-free by Day 168†

Any Recurrence Homologous Recurrence

percent (95% CI) percent (95% CI)

Group 1 63 97 (91–100) 58 (44–70)‡ 78 (64–87)§

Group 2 96 99 (96–100) 59 (47–69)‡ 78 (66–86)¶

Group 3 95 100 (NA) 86 (76–92) 95 (87–98)

*  All listed data were calculated by means of Kaplan–Meier analysis. NA denotes not applicable.
†  Samples that were obtained on day 0 and on the day of recurrence were processed in parallel; paired samples with at 

least one microsatellite difference were considered to be heterologous recurrences, whereas all other paired samples 
were considered to be homologous recurrences.

‡  P<0.001 for the comparison with group 3 as reference.
§  P = 0.006 for the comparison with group 3 as reference.
¶  P = 0.001 for the comparison with group 3 as reference.
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remained recurrence-free by day 168, as com-
pared with 30 of 56 patients (54%) among those 
with a normal phenotype; in group 3, the cor-
responding percentages were 79% (22 of 28 pa-
tients) and 88% (45 of 51 patients). The trial-group 
assignment remained associated with freedom 
from recurrence by day 168 in the Cox analysis 
in the per-protocol population (Table S9).

 Discussion

Among the patients in our trial who received 
directly observed therapy, the recurrence-free per-
centage by day 168 was higher among those who 
had received a higher total dose of primaquine 
(86%) than among those who had received a 
lower total dose (59%). Because all the patients 
received the same dose of chloroquine and no 
significant between-group difference was ob-
served for the day 28 response to treatment, our 
findings suggest that a higher total dose of pri-
maquine prevented P. vivax recurrence, which 
generally occurs more than 28 days after the 
initiation of treatment.

There are limitations in the use of genotyping 
to categorize P. vivax recurrence, since relapse can 
be caused by both homologous and heterologous 
hypnozoites.18,19 However, homologous recurrence 
more directly reflects recrudescence and relapse, 
so such recurrence is more indicative of lower 
treatment efficacy.14 We found that the percent-
age of patients receiving higher-dose primaquine 
who were recurrence-free by day 168 was greater 
when we limited the analysis to those with a 
homologous recurrence (95%), an approach that 
has also been used in other studies.8,14,20

Options for the treatment of P. vivax infection 
expanded with the approval of tafenoquine, 
which is administered as a single dose, unlike 
the 7-day or 14-day primaquine regimens.2,21 A 
recent study involving patients who had acquired 
infections in South America showed similar 
6-month recurrence-free efficacy among those 
who had received tafenoquine (63%) and those 
who had received lower-dose primaquine (61%).9

Although no side-by-side comparison of tafeno-
quine and higher-dose primaquine has been per-
formed in the Americas so far, our results show 
a better response in the prevention of P. vivax
recurrence within 168 days with higher-dose 
primaquine than with tafenoquine, as reported 
in the previous study. Although we recognize the 

additional effort that a 14-day primaquine regi-
men requires to guarantee patient adherence 
(e.g., directly observed therapy and telephone 
reminders), our findings suggest that this regi-
men should be considered for the prevention of 
P. vivax recurrence.

Figure 3. Freedom from Plasmodium vivax Recurrence at Day 168.

Panel A shows Kaplan–Meier curves indicating freedom from any recurrence 
of P. vivax infection among the 254 patients according to trial group. The 
shaded areas indicate 95% confidence intervals. In the calculation of the 
hazard ratios for between-group comparisons, a 97.5% confidence interval 
was used to account for multiple comparisons. Panel B shows freedom from 
homologous P. vivax recurrence (with homologous recurrence defined as no 
microsatellite difference between the baseline sample and the recurrence 
sample).
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The effects of such host factors as the CYP2D6 
phenotype in the response to primaquine and 
tafenoquine have been discussed previously.22,23 
Higher doses of primaquine seem to improve 
antirelapse efficacy in patients with impaired 
CYP2D6 metabolism.24 However, the effect of 
CYP2D6 polymorphisms in the response to tafeno-
quine therapy is unclear, since there is no consen-
sus on whether tafenoquine needs to be metabo-
lized into an active form by CYP2D6-complex 
enzymes as primaquine does.25,26 We did not 
find differences in recurrence prevention among 
patients with different CYP2D6 phenotypes, 
which may be due to a weaker role of CYP2D6 
phenotypes in the response to antirelapse treat-
ment with primaquine in the Americas or to an 
insufficient sample size in our trial.

No serious adverse events were observed, but 
we enrolled only patients with normal G6PD 
activity. Clinicians in the Americas often admin-
ister lower-dose primaquine without previous 
G6PD testing on the basis of the historically low 
incidence of adverse events.7 However, since such 
events have been reported during malaria treat-
ment, efforts should be made to implement 
regular G6PD testing before primaquine use, 
especially if higher doses are considered.27,28 A 
recent study evaluated daily primaquine doses of 
1 mg per kilogram administered during a 7-day 
period as compared with the same total dose 
(7 mg per kilogram) given over a 14-day period. 
Although the two regimens had similar efficacy, 
three cases of severely reduced hemoglobin levels 
occurred in the 7-day group as compared with 
one case in the 14-day group, mostly among fe-
male G6PD heterozygotes.29 In addition, tafeno-
quine is contraindicated in patients with any 
level of G6PD deficiency.30 Therefore, overcoming 
barriers to broad implementation of robust G6PD 

testing programs is needed for clinicians in coun-
tries where the intensification of antirelapse 
treatment is being considered for P. vivax malaria.

Effective relapse prevention is essential for 
proper case management of P. vivax infection.3,22 
Deciding on the appropriate antirelapse treat-
ment in the Americas and expanding G6PD test-
ing as a means of avoiding adverse events are 
likely to become the top priorities in preventing 
relapse.31 Alternatives to current treatment in-
clude higher total doses of primaquine over 14 
days or single-dose tafenoquine with a clear 
understanding of the benefits (e.g., potentially 
higher efficacy of higher-dose primaquine) and 
limitations of each option. A side-by-side com-
parison of these options would allow for a better 
evaluation of the response to antirelapse treat-
ment and would help to clarify uncertainties 
concerning P. vivax treatment.
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