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Abstract. Plasmodium vivax and Plasmodium ovale form dormant liver hypnozoites that can reactivate weeks to
months following initial infection.Malaria recurrences caused by relapses are an important cause ofmorbidity and source
of transmission. To estimate the proportions of P. vivaxmalaria recurrences caused by relapses in different geographical
locations, we systematically reviewed clinical efficacy studies of uncomplicated P. vivaxmalaria, in which patients were
randomized to treatment with or without radical cure primaquine regimens andwere followed up for 1 year. Theminimum
proportion of recurrences caused by relapses was estimated for each study site by assuming primaquine prevented all
relapses and did not augment blood-stage efficacy. Of the 261 studies identified, sixwere eligible enrolling 4,092 patients
from 14 treatment arm comparisons across seven countries. Of the 2,735 patients treated with primaquine, 24.3%
received low dose (2.5 to < 5.0 mg/kg total) and 75.7% received high-dose primaquine (³ 5.0 mg/kg total). The overall
pooled incidence rate ratio of P. vivax relapses for patients treated with primaquine versus no primaquine was 0.15 (95%
CI: 0.10–0.21; I2 = 83.3%), equating to a minimum of 79% of recurrences attributable to relapse. Country-specific
incidence rate ratios ranged from 0.05 (95%CI: 0.01–0.34; one estimate) in Pakistan to 0.34 in Nepal (95%CI: 0.12–0.83;
one estimate) and Afghanistan (95% CI: 0.22–0.51; three estimates). Relapses account for a very high proportion of
recurrent infections following schizontocidal treatment of acuteP. vivaxmalaria across diverse geographic locations. This
emphasizes the importance of implementing hypnozoitocidal treatment.

INTRODUCTION

Plasmodium vivaxmalaria caused an estimated 14.3 million
infections in 2017.1UnlikePlasmodium falciparum, successful
treatment of blood-stage infection does not necessarily pre-
vent recurrence. Dormant liver hypnozoites can reactivate
weeks to months after the initial infection and cause recurrent
parasitemia (relapse) and further episodes of clinical malaria.
Recurrent malaria can also be caused either by failure to clear
blood-stage infection effectively (recrudescence) or by a new
infection following exposure to another infected mosquito
(reinfection).2 Effective treatment of P. vivax malaria requires
treatment of both the blood stage and persistent liver stages
of the parasite; this is termed radical cure. Primaquine is the
only widely available antimalarial for the treatment of dormant
liver-stage parasites, which reduces the risk of relapse by
over 90%, with higher doses having greater anti-relapse
efficacy.3,4 Because relapsing infections are important drivers
of transmission of P. vivax malaria,5 quantification of the
proportion of recurrences caused by relapse is critical to our
understanding of the potential benefits of radical cure in dif-
ferent endemic locations.
Identifying the cause of P. vivax recurrence is complex.

Molecular analysis of the pre- and posttreatment parasites is
less informative than that in P. falciparum infections because
relapsescanbegenetically similar toor different from the initial
infection.6,7 Data from two clinical studies have been used to
estimate the proportion ofP. vivax parasitemias attributable to
relapse in populations in Southeast Asia. A study in children
aged 5–10 years in Papua New Guinea (PNG) conducted in

2009–2010 compared asymptomatic patients treated with
andwithout prolonged high-dose primaquine and estimated
that 82% of P. vivax episodes in this high-transmission
setting resulted from relapses.8 A complementary analysis
of a cohort from the Thailand–Myanmar border and a sep-
arate cohort from PNG estimated relapses to cause 70%
and 96% of recurrences, respectively, when assuming the
anti-relapse preventive effectiveness of primaquine was
100%.9 Transmission intensities, seasonality, and the re-
lapse periodicity of P. vivax vary considerably between lo-
cations.10 Thus, the proportion of recurrences attributable
to P. vivax relapses will differ by region, location, patients’
age, and season. Nevertheless, extrapolation of the benefits
of radical cure in reducing P. vivax–associated morbidity,
mortality, and transmission across the P. vivax–endemic
world requires some estimate. Using data from anti-relapse
efficacy studies, a number of which were published recently,
this study aimed at providing an estimate of the proportion of
P. vivax recurrences due to relapses in locations with differ-
ent malarial endemicity.

METHODS

Data extraction.Medline, Embase,Webof Science, and the
Cochrane Database of Systematic Reviews were searched
for prospective clinical efficacy studies of uncomplicated
P. vivax malaria, as described previously.3 Studies published
before August 6, 2019 in any language were included if
they included patients with P. vivax malaria treated with and
without primaquine, provided that a minimum total dose of
primaquine of 2.5 mg base/kg was commenced within 3 days
of enrollment and administered daily thereafter in one treat-
ment arm and that there was active follow-up for 365 days
through multiple episodes of P. vivax parasitemia should they
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occur. Studies were excluded if they were retrospective, pa-
tients were only followed up passively, or incidence rates
could not be extracted. Studieswere identified by two authors
(R. J. C. and R. N. P.) using the search terms in Supplemental
File 1, with discrepancies resolved by discussion.
Data were extracted for each treatment site and treat-

ment arm. When multiple primaquine regimens were used
within a study, data were aggregated by total mg/kg pri-
maquine dose irrespective of the number of days over which
the primaquine regimen was given. Extracted data included
details of the study, site, duration of follow-up, schizo-
ntocidal treatment, primaquine dose and duration, patient
numbers, and incidence rate of parasite recurrence over
365 days. Investigators of eligible studies in which incidence
rates could not be extracted from the published article were
contacted directly. Primaquine dose was defined as low if
the target total dose of primaquine was 2.5–<5.0 mg/kg and
high if ³ 5.0 mg/kg.4

Analysis. The primary outcome of the analysis was the in-
cidence rate of P. vivax recurrences over 365 days following
treatment for each study site, as reported in the article. The
incidence rate ratio was calculated for each study site using
the ratio of the incidence rate of P. vivax recurrences in the
treatment arm with primaquine versus the treatment arm
without primaquine. The minimum proportion of recurrences
attributable to relapse was estimated by subtracting the in-
cidence rate ratio from 1. These estimates make two key as-
sumptions: first, primaquine doesnot significantly improve the
asexual parasite killing effect and, thus, the cure rate of the
antimalarial treatment, and second, the treatment arms with
primaquine were 100% effective in preventing relapses. A
follow-up duration of 365 days was chosen to ensure that
relapses from long-latency P. vivax were captured.
The pooled incidence rate ratio of recurrent P. vivax para-

sitemia in patients treated with primaquine versus those
without was estimated using a Poisson regressionmodel with
random study effects.11,12 A random-effects model was used
because the incidence rate ratio varies between geographic
locations and studies. Subgroup estimates were calculated
for primaquine dose and country. Between-study heteroge-
neity was quantified by the I2 statistic. Analyses were per-
formedusingStata version15 (StataCorp,CollegeStation, TX)
and R version 3×4×0 (R Foundation for Statistical Computing,
Vienna, Austria). The study protocol was registered with
PROSPERO: CRD42020158857.

RESULTS

The systematic review identified 261 studies of un-
complicated P. vivax malaria treatment, of which 39 (14.9%)
recruited and followed up patients for 365 days (Figure 1,
Supplemental File 2). Of these, 33 studies were excluded: 30
studies did not compare the same treatment with or without
primaquine, one study gave weekly primaquine, and in two
studies, the total primaquine dose was < 2.5 mg/kg
(Supplemental File 2). Of the remaining six studies, 224 pa-
tients from one study were excluded from an artesunate
treatment arm for which there was no comparative arm with
primaquine13 and 55 patients from one study were excluded
from a treatment arm because of treatment with weekly pri-
maquine.14 In total, 4,092 patients were included in the anal-
ysis from six studies13–18 across 14 paired treatment arms

with and without primaquine (Table 1). Data to calculate in-
cidence rates were extracted from four studies directly, with
additional data on incidence rates provided by investigators
for two studies.
Overall, 1,018 patients were enrolled in Afghanistan (three

paired treatment arms), 978 in Ethiopia (four paired treatment
arms), 1,000 in Indonesia (two paired treatment arms), 420
from the Thailand–Myanmar border (one paired treatment
arm), 325 in Vietnam (two paired treatment arms), 206 in Nepal
(one paired treatment arm), and 145 in Pakistan (one paired
treatment arm). The blood schizonticide administered was
chloroquine in 2,983 (72.9%) patients, dihydroartemisinin–
piperaquine in 1,000 (24.4%) patients, and artemether–
lumefantrine in 192 (4.7%) patients. A low-dose primaquine
regimen (0.25 mg/kg for 14 days) was given to 665 (24.3%)
patients from five treatment arms, and a high-dose regimen
(0.5 mg/kg for 14 days or 1 mg/kg for 7 days) was given to
2,070 (75.7%) patients from nine treatment arms.
Compared with patients who were not treated with prima-

quine, the incidence rate ratios of P. vivax recurrences for
patients treated with primaquine ranged from 0.05 to 0.39,
with an overall pooled incidence rate ratio of 0.15 (95% CI:
0.10–0.21; I2 = 83.3%; 14 estimates; Figure 2), consistent
with 85% of recurrences being due to relapses, or conserva-
tively 79% based on the upper CI.
Patients treatedwith a low dose of primaquine had a pooled

incidence rate ratio of 0.24 (95%CI: 0.16–0.34; I2=56.7%; five
estimates), and patients treated with a high dose of prima-
quine had a pooled incidence rate ratio of 0.12 (95% CI:
0.08–0.18; I2 = 79.8%; nine estimates). Country-specific es-
timates ranged from 0.05 (95%CI: 0.01–0.34; one estimate) in
Pakistan to 0.34 in Nepal (95% CI: 0.12–0.83; one estimate)
and also 0.34 in Afghanistan (95% CI: 0.22–0.51; three esti-
mates), suggesting a minimum of 66% of recurrences were
caused by relapse (Figure 3).
Methodological factors potentially contributing to bias are

presented in Table 1. Most studies re-treated patients with
recurrence with the same treatment that they were initially
allocated. However, in one study, patients with recurrence
were re-treated with unsupervised primaquine, after initial
treatment with supervised primaquine.16 Because this will
have potentially led to attenuation of the estimated incidence
rate ratio, the analysis was repeated excluding this study. The
overall pooled incidence rate ratio of 0.14 (95%CI: 0.09–0.21;

FIGURE 1. Flow diagram. Reasons for study exclusion are detailed
in Supplemental File 2.
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I2 = 84.8%; 12 estimates) was consistent with 86% of recur-
rences resulting from relapses.

DISCUSSION

In this meta-analysis, the minimum proportion of P. vivax
recurrences related to relapse was estimated across several
P. vivax–endemic countries from data derived from anti-
relapse clinical trials. Under the reasonable assumption that

the only effect of primaquine was to eliminate hypnozoites,
overall, 85% of recurrences were estimated to be related to
relapses, with a minimum country-based estimate of 66%
recorded in Afghanistan and Nepal. The study highlights a
consistently high burden of P. vivax episodes attributable to
relapse across diverse endemic settings. Previous estimates
are based on clinical trials conducted in Southeast Asia and
are thus potentially biased by the high relapse rates of P. vivax
malaria in these areas and likely high hypnozoite burdens.1,10

FIGURE 2. Pooled estimates of the incidence rate ratios ofP. vivax recurrenceswithin 365daysof follow-upcomparing treatmentwith primaquine
with no primaquine by total primaquine dose administered (low dose 2.5 to < 5 mg/kg, high dose ³ 5 mg/kg). AL = artemether–lumefantrine; CQ =
chloroquine; DP = dihydroartemisinin–piperaquine; IRR = incidence rate ratio. * Blood schizontocidal treatment.

FIGURE 3. Pooled estimates of incidence rate ratios of P. vivax recurrences within 365 days of follow-up comparing treatment with primaquine
with no primaquine by country. AL = artemether–lumefantrine; CQ = chloroquine; DP = dihydroartemisinin–piperaquine; IRR = incidence rate ratio
*Blood schizontocidal treatment.
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The high proportion of recurrences caused by relapse in our
study supports a recent population model of recurrent para-
sitemia on the Thailand-Myanmar border, in which the cause
of recurrent infections was estimated probabilistically by in-
corporatingmolecular information on genetic relatedness and
time to recurrence.19 In this location, 95%of recurrentP. vivax
episodes following treatmentwith chloroquinewere attributed
to relapse.
We estimated the minimum proportion of recurrent P. vivax

episodes related to relapse within a year of an initial infection,
without ascribing the origin of the initial infection as being a
relapse or a new infection. This differs from the earlier study by
Robinson et al.8 which estimated the proportion of all P. vivax
episodeswithin a population caused by relapse by following up
a cohort of patients after treatment with a very high dose of
primaquine (10 mg/kg total dose) to clear residual hypnozoites.
Toderive a lower boundon the proportion of recurrence due

to relapse, we assumed that primaquine treatment was 100%
effective and, thus, that any recurrences following primaquine
treatment resulted from background reinfection. In reality,
this is not the case, as highlighted by clinical trials in which
patients are not re-exposed to reinfection, receive a full course
of radical treatment, and yet continue to have recurrent
infections.20,21 Relapses following primaquine treatment are
related tohost, parasite, anddrug factors.Host factors include
treatment adherence, innate and acquired immunity, and cy-
tochrome P450 2D6 (CYP2D6) polymorphisms. Drug factors
include the dose of primaquine and pharmacokinetic–
pharmacodynamic interactions.22,23 Parasite factors include
hypnozoite burden, latency, and intrinsic drug susceptibility.10

Hence, the optimal dose for primaquine may vary markedly
betweendifferent endemic regions.24 The comparativebenefit
of low- and high-dose primaquine regimens and how this
differs across different endemic settings remains unclear. As
expected, our analysis found that the pooled incidence rate
ratios were lower following high-dose primaquine (0.12) than
following low-dose primaquine (0.24), consistent with anti-
relapse efficacy being related to primaquine dose. In both
cases, our estimates of the proportion attributable to relapses
are conservative, as our assumption of 100%primaquine anti-
relapse efficacy will lead to an underestimation of the relapse-
attributable proportion of recurrences.
Host CYP2D6 loss of function polymorphisms are associ-

ated with reduced primaquine efficacy,23 and their prevalence
also differs between populations.25 Similar to the underdosing
of primaquine, inclusion of patients with reduced primaquine
metabolism will have led to reduced efficacy. Thus, our as-
sumption of 100% primaquine anti-relapse efficacy will not
have been correct for patients with some CYP2D6 polymor-
phisms, leading us to further underestimate the relapse-
attributable proportion of recurrences.
The known geographic differences between CYP2D6

polymorphisms and primaquine anti-relapse efficacy, com-
bined with differences in transmission over time, may have
contributed to the identified heterogeneity between study
sites in the current study. In addition, variations in supervision
of primaquine dosing and differing durations of primaquine
treatment will lead to variations in adherence and, thus, total
primaquine dose administered.
The use of primaquine treatment as the primary comparator

arm also assumes that the risk of recrudescence is similar in
patients treated with and without primaquine. However,

primaquine has blood schizontocidal activity that reduces
early recurrent infection likely from both recrudescence and
relapse.26,27 In locations with reduced chloroquine suscepti-
bility, the number of recrudescences may have been lower in
the primaquine treatment arms, resulting in an overestimation
of the proportion of recurrences attributable to relapse.
However, this is likely to have had a minimal impact on the
analysis because the Indonesian study, the only one in this
analysis with highly chloroquine-resistant P. vivax, used
dihydroartemisinin–piperaquine as the blood schizontocide.
Chloroquine and piperaquine have long half-lives that may

suppress the first relapse,13 and this may have reduced the
number of recurrent infections in the treatment arm without
primaquine, thus underestimating the proportion of recur-
rences attributable to relapse.
Restricting the inclusion criteria to studies with 365 days of

follow-up ensured that relapses from long-latency P. vivax
were detected and thereby enabled direct comparisons of in-
cidence rates. However, limiting study eligibility risks selection
bias and a reduction in the generalizability of our analysis.
In summary, in all studies included in this analysis, a very

high proportion of P. vivax malaria recurrences were attrib-
utable to relapse, and this was consistent across a diverse
range of P. vivax–endemic settings. As progress toward
malaria elimination begins to falter,28 our study once again
highlights that hypnozoites are the singlemost important target
to change the current trajectory and reduce the P. vivax prev-
alence. Recent advances in glucose-6-phosphate de-
hydrogenase (G6PD) diagnostics29 and novel regimens for
radical cure such as high-dose short-course primaquine17,30

and single-dose tafenoquine31,32 offer important alternative
approaches for the radical cure of P. vivax malaria. The high
proportionof recurrencesattributable to relapsesuggests that if
implemented safely and effectively, improved strategies to
ensure radical cure would have a significant public health im-
pact. This will be critical in achieving the ambitious malaria
elimination targets in the Asia-Pacific, Americas, and Horn of
Africa.
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