
Am. J. Trop. Med. Hyg., 95(5), 2016, pp. 1086–1089
doi:10.4269/ajtmh.16-0410
Copyright © 2016 by The American Society of Tropical Medicine and Hygiene

High Efficacy of Primaquine Treatment for Plasmodium vivax in Western Thailand
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Abstract. Primaquine is the only licensed antimalarial drug that is capable of clearing dormant Plasmodium vivax
liver stage parasites. To date, there is no clear evidence of resistance of the liver stage parasite against this drug,
because of the difficulty in ascertaining the cause of recurrent infection. We followed 52 Thai P. vivax patients for
9 months after directly observed treatment of 15 mg primaquine daily for 14 days. Blood samples taken at 2–4 weekly
intervals were assessed by microscopy and polymerase chain reaction (PCR) for the presence of parasites. Only four of
52 (7.7%) volunteers had recurrent P. vivax infections, all at least 8 weeks after treatment. This demonstrates that
primaquine retains a high efficacy in this population. Although a risk of new infections could not be ruled out, parasite
genotyping at two polymorphic markers suggested a high probability of late relapsing infections in these volunteers.
Continued monitoring of primaquine efficacy in this region is advisable.

Plasmodium vivax is widespread throughout southeast
Asia, and is now considered the dominant parasite causing
malaria within Thailand.1 Plasmodium vivax may not be as
fatal as Plasmodium falciparum, but its wide geographical
distribution and tendency for relapse makes it difficult to
eliminate.2 Currently, primaquine is the only licensed drug
that is capable of eliminating hypnozoites, the dormant liver
stage parasites responsible for relapsing infections. Never-
theless, the drug is neither widely nor appropriately used in
many regions with P. vivax malaria. There are a number of
drawbacks to primaquine, in particular the risk of acute
hemolysis in patients with glucose-6-phosphate dehydrogen-
ase (G6PD) deficiency. In addition, certain genotypes of the
cytochrome P450 2D6 alleles (CYP2D6) fail to sufficiently
metabolize primaquine to its active form, and failure of
treatment has been reported.3,4 The lengthy duration of
treatment (14 days) has also led to adherence issues, and
directly observed therapy (DOT) has resulted in far better
rates of efficacy in preventing recurrent infections.5

Primaquine has been used for over 60 years, yet the evi-
dence is unclear as to whether resistance has developed
(at the liver stage).6–9 This is generally attributed to the
confounding factors present in most studies: for example,
nonadherence or inadequate dosing of primaquine, low
metabolizers (which has only recently been identified, and
hence has not been a major focus of early studies), chloro-
quine resistance, and, in studies conducted in endemic
regions, the risk of new infections (reviewed in Ref. 6).
This makes it difficult to eliminate other possibilities of
posttreatment recurrences.
To investigate the efficacy of primaquine treatment in the

Tak Province, western Thailand, we enrolled 57 symptomatic
P. vivax patients (G6PD normal) from the Tha Song Yang
malaria clinic or hospital on an ongoing basis, with all
patients giving informed consent or assent. The study was

approved by the Ethics Committee of the Faculty of Tropi-
cal Medicine, Mahidol University, Thailand (MUTM 2014-
025-01 and 02), and was conducted from April 2014 to
September 2015. The Tak Province has low endemic malaria
transmission, with a community survey in 2012 identifying
a parasite prevalence of 11.4%.1 Enrolled volunteers were
treated with chloroquine (25 mg base/kg body weight,
administered over 3 days) and primaquine (15 mg daily, for
14 days), according to standard Thai treatment. Primaquine
was administered under DOT. Finger-prick blood samples
were collected from volunteers before treatment and at 1
and 2 weeks after enrollment, then every 2 weeks for
6 months, and every 4 weeks until 9 months. Malaria para-
sites were detected by expert microscopy, genus-specific
quantitative polymerase chain reaction (PCR) (qMAL),10

nested single-species PCR and single-species qPCR,10,11 as
previously described. The limit of detection of the molecular
methods was 1–3 copy numbers/μL.10 The nested PCRs were
modified as detailed in the Supplemental Materials (SMs).
Samples were defined as positive once the species was con-
firmed by two independent molecular methods (see Supple-
mental Figure 1).
Data from 52 volunteers were analyzed for the presence

of recurrent infections (five excluded as detailed in Figure 1).
These volunteers ranged in age from 7 to 71 years (median
22), 63% were male, 58% had a self-reported history of past
malarial infection(s), and all were of Thai or Karen ethnicity.
Over 9 months of follow-up, only four volunteers had recur-
rent P. vivax infections, all of which occurred at least 8 weeks
and up to 32 weeks after the initial infection (Table 1). Trop-
ical strain P. vivax parasites, as found in Thailand, are
expected to relapse within 3–4 weeks of primary infection.13

All recurrent infections were of lower parasite density than
the initial infection at enrollment. In three of the four volun-
teers, the recurrent infections were short lasting (only
detected at one visit), asymptomatic, and in one volunteer,
only detected by PCR. The fourth volunteer had multiple
recurrences. The first was a symptomatic P. vivax infection at
week 8, which was treated, followed by an asymptomatic
infection lasting from weeks 18 to 22 (only detectable by
microscopy at weeks 20 and 22). In addition, one of the four
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volunteers was identified as coinfected with Plasmodium
ovale at week 32 (Figure 1). Overall, 92.3% of volunteers
remained Plasmodium infection free (Figure 2), demonstrat-
ing that primaquine remains highly efficacious in this region.
As individual weight was not recorded in this study, we can-
not determine whether the recurrent infections were related
to a lower total primaquine dose.
To determine whether recurrent infections were likely due

to relapse or new infections, genotyping was performed using
the polymorphic merozoite surface protein 1 F3 fragment
(msp1F3)14 and the microsatellite MS215 in samples taken
from three of the four volunteers. Genetically identical or
highly related parasites would be indicative of relapsing
infections,16 as long as reinfections are genetically distinct
from the initial infections detected at presentation. Geno-
typing was not attempted in volunteer 2 due to the low para-
site density (Table 1). PCRs were performed as previously
described,14 with slight modifications as detailed in the
SM. We found that two recurrent infections were identi-
cal and one related to the parasites detected at enroll-
ment (Table 1). We have recently genotyped over 400
P. vivax samples using these two markers in the neigh-

boring Kanchanaburi Province; 42 alleles were identified for
MS2, and 16 for msp1F3 (Nguitragool, Karl, Mueller and
Sattabongkot, unpublished data). The MS2 alleles identi-
fied in our current study were found in < 6% of samples in
Kanchanaburi, while the msp1F3 alleles were found in
approximately 50% of samples (with the exception of the
312 fragment, which was not identified in Kanchanaburi).
Assuming comparable allele frequencies, the probability
of identifying identical genotypes at enrollment and recur-
rence was < 3%. We have also genotyped a smaller number
of samples in the Tak Province for MS2 only (N = 42)
(Kittichai, Nguitragool, Cui and Sattabongkot, unpublished
data). Seventeen different alleles were identified, and the MS2
alleles seen in our current study were again not prevalent
(found in < 7% samples), suggesting that the probability that
these three volunteers experienced relapses was high. How-
ever, it is important to note that genotyping cannot currently
distinguish a relapse from a reinfection without uncertainty.
In addition, we genotyped 51/52 volunteers for CYP2D6

polymorphisms using the Luminex xTAG CYP2D6 Kit v3
(Austin, TX) as previously described,17 with further details in
the SM. The majority of volunteers were predicted to be of

FIGURE 1. Recurrence of Plasmodium vivax infections during follow-up over 9 months. Of the 52 volunteers, five were lost to follow-up, in
the survival analysis these volunteers were censored at their last visit.

TABLE 1
Detailed information on recurrent infections

Volunteer Age (year) Sex Occupation CYP2D6 Time point qMAL‡ Microscopy§ Disease¶ MS2 Msp1F3 Classification**

1 28 F Agriculture EM Enrollment 2.6 × 106 Yes Symptomatic 196.77 312.45
Week 24 2.3 × 105 Yes Asymptomatic 196.69 312.63 Identical

2 62 M Agriculture EM Enrollment 5 × 105 Yes Symptomatic n/a‖ n/a‖
Week 32 1.9 × 101 No Asymptomatic n/a‖ n/a‖ Undetermined

3* 14 M Student EM Enrollment 5.1 × 106 Yes Symptomatic 216.19 256.45
Week 14 9.8 × 105 Yes Asymptomatic 216.19 256.45 Identical

4* 38 M Employee IM Enrollment 1.4 × 106 Yes Symptomatic 200.8 256.45
Week 8 3.6 × 105 Yes Symptomatic 200.8 256.45 and 262.71 Related
Week 18† 8.6 × 102 No† Asymptomatic 255.19 262.71 Different

EM = extensive metabolizer; IM = intermediate metabolizer.
*Volunteers three and four were only enrolled until 6 months.
†Volunteer was Plasmodium vivax positive at weeks 18, 20, and 22, but genotyping was only performed at week 18. Parasites were identified by microscopy on weeks 20 and 22 only.
‡qMAL copy numbers shown. Symptomatic malaria generally requires > 104 (Nguitragool, unpublished data).
§Parasites detectable by expert microscopy, yes or no.
¶All volunteers were symptomatic on enrollment. At the recurrent infections, temperature, and self-reported illness were recorded.
‖Genotyping was not performed due to low quantitative polymerase chain reaction values and failure of circumsporozoite protein (CSP) amplification at the recurrent infection.
**Paired P. vivax samples (from enrollment and recurrence) were classified using the following criteria when genotyped with msp1F3 and MS2: (1) different, none of the alleles were the

same, (2) identical, the same genotype was detected, and (3) related, at least one of the same alleles was detected.12
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the extensive metabolizer phenotype (33/51, 65%). There
was only one poor metabolizer (*5/*5, who remained infec-
tion free), and 12 intermediate metabolizers. Of the four
volunteers with recurrent infections, three were extensive
metabolizers while the remaining was an intermediate meta-
bolizer (Table 1).
Our results indicate that primaquine has maintained high

levels of efficacy in this endemic region of western Thailand,
at least when administered under DOT. We used a total dose
of 210 mg over 14 days (equating to approximately 3.50–
5.25 mg/kg based on assumed weight between 40 and 60 kg),
following the standard Thai regimen. This is the World
Health Organization’s recommendation for all transmission
settings, and is presumed to be effective in Thailand where
previous research has indicated that less than 2.75 mg/kg is
associated with increased risk of recurrent P. vivax infec-
tions.5 Our current findings support current Thai treatment
guidelines. However, DOT cannot be routinely administered
to all patients, and hence adherence is likely the major factor
contributing to the relapsing infections following primaquine
treatment in this region. We also observed no detectable
recrudescence of parasites within 28 days of treatment, indi-
cating that chloroquine is still effective in this population,
despite observations of resistance in another region on the
Thai–Myanmar border.18

Predicted poor metabolizers of primaquine based on
CYP2D6 polymorphisms are rare in this mixed Thai–Karen
population. Predicted intermediate metabolizers are however
relatively frequent; administration of primaquine under DOT
appears to limit the risk of recurrent infections in these volun-
teers. However, one of the intermediate metabolizers did
have recurrent infections and hence we cannot rule out the
contribution of this phenotype.
Although the risk of new infections could not be excluded

in our study, genotyping of two polymorphic markers indi-
cated a high probability that in at least three of the volunteers
the recurrent infections were most likely due to relapse.
These relapses were asymptomatic and occurred relatively
late compared with the common tropical phenotype of
3–4 weeks.13 However, treatment with primaquine in these

volunteers may have led to a small number of hypnozoites
remaining in the liver (either due to partial efficacy or a high
initial hypnozoite burden); small numbers of parasites have
been associated with late relapse periodicity.19 In addition,
our data also indicate that untreated, asymptomatic P. vivax
infections can be of very short duration (2–4 weeks). Together
these observations highlight that anti-hypnozoite treatment
efficacy studies need long-term follow-up with intensive and
active monitoring for asymptomatic infections (ideally by
PCR given the low densities)20; otherwise such studies may
overestimate the efficacy of primaquine and novel anti-liver-
stage drugs such as tafenoquine.
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