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Abstract

Background The antirelapse efficacy of primaquine is related to the total dose administered, whereas the risks

of haemolysis and gastrointestinal intolerance are associated with the daily dose administered. National Malaria
Control Programmes require local information on efficacy, tolerability and safety to optimize antimalarial treatment
policies for Plasmodium vivax malaria control and elimination efforts.

Methods A living systematic review identified efficacy studies of uncomplicated P, vivax malaria including patients
treated with daily primaquine regimens, published since January 1, 2000. Available data were pooled and an R Shiny
app was developed to integrate statistical analyses performed using R and Stata that assessed the impact of pri-
maquine mg/kg dose on efficacy, hematological safety and gastrointestinal tolerability.

Results As of January 16, 2025, a total of 9,270 individual patient data records from 41 studies have been col-
lated into the standardized repository. Open-access automated reports were generated for user-selected countries
or regions to investigate location specific effects of primaquine dose on efficacy, safety and tolerability. The reports
include visual and tabular displays of the outcomes.
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areas.

Automated report

Conclusions These automated reports leverage a large database to provide accessible data for national and regional
policy makers and researchers to assess the clinical consequences of different primaquine regimens in different
endemic settings. The reports will inform local and regional policy decisions and research priorities in vivax-endemic
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Background
Efforts to reduce malaria transmission in countries co-
endemic for Plasmodium falciparum and Plasmodium
vivax have been much more successful for P. falciparum
[1]. P vivax forms dormant liver stages (hypnozoites) that
cause relapsing infections, contributing to 66—90% of all
recurrent episodes of vivax malaria, sustaining ongoing
transmission and hampering P. vivax elimination [2, 3].
Killing hypnozoites requires treatment with an 8-amino-
quinoline drug, of which primaquine is the most widely
available. The antirelapse efficacy of primaquine is related
to the total dose administered, however, in practice a
major barrier to its use are concerns of haemolysis in
individuals with glucose-6-phosphate dehydrogenase
(G6PD) deficiency, which is related to the daily dose
administered [4, 5]. Single-dose tafenoquine has been
recently recommended by the World Health Organiza-
tion (WHO) for use in South America [6], however, to
date, concerns about its optimal dose [7] and its use in
combination with artemisinin-based combination ther-
apy [8] have slowed widespread implementation.
Primaquine doses are generally given as 3.5 mg/kg (low)
or 7 mg/kg (high) total dose regimens over 7 or 14 days,
equating to 0.25 mg/kg (low), 0.5 mg/kg (intermediate) or
1 mg/kg (high) per day. Previous guidelines recommend
low total dose primaquine regimens (3.5 mg/kg over 7
or 14 days), which were considered to provide sufficient
efficacy in most vivax-endemic settings since higher daily
doses are associated with an increased risk of haemolysis
and gastrointestinal intolerability [9]. However, compara-
tive data informing these guidelines have been sparse.
Recent individual patient data meta-analyses undertaken
by the WorldWide Antimalarial Resistance Network
(WWARN) have used data from 23 studies conducted in
16 vivax-endemic countries across the Americas, Africa,
and the Asia—Pacific [10, 11], and demonstrated that
increasing the total dose of primaquine from 3.5 to 7 mg/
kg could potentially reduce the risk of vivax recurrence
within 180 days by approximately 50% [10]. High total
dose primaquine requires higher daily mg/kg dosing, but
patients treated with primaquine doses of up to 0.5 mg/
kg/day had a minimal increase in gastrointestinal intoler-
ance with no increased risk of severe hemolysis in indi-
viduals with > 30% G6PD activity [10, 11].

National Malaria Control Programmes (NMCPs)
have highlighted the importance of regional and sub-
regional data on primaquine efficacy and safety, since
these may differ from the global pooled results. NMCPs
have requested these data to inform decisions regarding
national antimalarial policies [12]. To assist regional and
national policy makers to access these data, we developed
open access, automated local and regional reports using
a single standardized data repository. This manuscript
aims to describe the automated process of generating
these reports and highlight their role for policy makers.

Methods

Studies were identified as part of an existing living sys-
tematic review of efficacy studies of uncomplicated P
vivax published since January 1, 2000 in any language. All
studies included treatment with a daily primaquine regi-
men which was commenced within 7 days of schizonto-
cidal treatment and had a minimum follow up duration of
28 days [10, 11, 13]. Investigators of eligible studies were
approached to share individual patient data. Pseudo-
anonymized data were shared to the WWARN repository,
standardized and pooled into a single database accord-
ing to an a priori statistical analysis plan. Patients were
excluded from the analysis if they presented with severe
malaria, received adjunctive antimalarials within 14 days
of commencing treatment, received an alternative hypno-
zoiticidal agent to primaquine, received primaquine 7 or
more days after commencing their schizontocidal treat-
ment, had a protocol violation in the original study, or
were missing age, sex or primaquine dose.

Efficacy analyses assessed the total dose of primaquine,
and tolerability and safety analyses assessed the daily
dose of primaquine. The total dose of primaquine regi-
mens was categorized into two bands: low (2— <5 mg/kg
total dose) and high dose (> 5 mg/kg total dose), reflect-
ing standard 3.5 mg/kg and 7 mg/kg total dose regimens.
Patients with doses<2 mg/kg were excluded from the
efficacy analyses. Daily primaquine dose was categorized
into three bands: low (<0.375 mg/kg/day), intermedi-
ate (0.375-<0.75 mg/kg/day) and high dose (> 0.75 mg/
kg/day), reflecting standard 0.25 mg/kg, 0.5 mg/kg and
1 mg/kg daily dose regimens.
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The statistical software packages R and Stata and the
notebook interface R Markdown were used to generate
reports on the effects of primaquine mg/kg dosing on
efficacy, haematological safety and gastrointestinal tol-
erability. An R Shiny app was developed to integrate the
statistical packages and provide a user interface to gen-
erate open-access, user-selected, country or regional
automated reports in a variety of formats (Fig. 1).

The statistical analyses for the reports were based on
a priori statistical analysis plans developed from the
previous meta-analyses [10, 11], in which data could be
filtered by country or region, based on the user selec-
tion in the R Shiny app. For each model, simple checks
were undertaken, to ensure availability of reference
data, that confidence intervals were logical, and that
models converged (as detailed below).

Kaplan—Meier survival analysis was used to calcu-
late the risk of recurrence between day 7 and day 365
after starting primaquine treatment. Patients were left-
censored on day 7 and right-censored on the day last
reviewed, the last day before a>60-day gap in blood
smears, or the day of non-P. vivax parasitemia. The rate
of vivax recurrence between day 7 and 180 in patients
following low and high total dose primaquine com-
pared with treatment without primaquine were esti-
mated using Cox regression models adjusting for sex,
age and baseline parasitemia, with shared frailty for
study site. Each site within a study was considered to
be a separate study site. Additional Cox models inves-
tigated the rate of vivax recurrence following 14-day
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primaquine treatment compared with 7-day treatment
in patients with low or high total dose primaquine.

Patients were excluded from the tolerability analyses if
they did not have symptom questionnaire data on toler-
ability, they received primaquine more than 7 days after
commencing their schizontocidal treatment or they did
not have data on daily primaquine dose. Gastrointestinal
intolerance on days 5-7 was assessed according to the
daily primaquine dose category using a logistic mixed-
effects model, adjusting for age, sex and baseline para-
site density, with a random effect for study site. Days 5-7
were chosen to avoid confounding from symptoms relat-
ing to schizontocidal treatment or acute malaria.

Patients were excluded from the hematological safety
analyses if they did not have data on hemoglobin at day 0
and at least one follow up day, they received primaquine
more than 7 days after commencing their schizontocidal
treatment, they did not have data on daily primaquine
dose and had unknown or<30% G6PD activity. Linear
mixed-effects regression was used to assess the absolute
change in hemoglobin from day 0 to day 2-3 for each
daily primaquine dose category, adjusting for hemoglobin
on day 0, age, sex and baseline parasite density, with a
random effect for study site. Day 2—3 was chosen as this
is the time of expected hemoglobin nadir and when the
majority of patients will be tested.

Results

Of 108 eligible studies, 40 have been shared to the
standardized repository, in addition to two unpublished
studies. As of January 16, 2025, a total of 9,270 patients
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Fig. 1 Generation of region and country automated reports on primaquine efficacy and safety
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from 41 studies [14—53] have undergone curation and
are available for inclusion in the analyses (Additional
file 1: Fig. S1, Tables S1-2). There are 6346 (68.5%)
patients from the Asia—Pacific, 1236 (13.3%) from
Africa and 1,688 (18.2%) from the Americas (Fig. 2). In
total, 1582 (17.1%) patients were treated without pri-
maquine, 66 (0.7%) with very low total dose primaquine
(<2 mg/kg; these participants were excluded from effi-
cacy analyses), 4282 (46.2%) with low total dose pri-
maquine (2—<5 mg/kg) and 3340 (36.0%) with high
total dose primaquine (> 5 m g/kg). Data are currently
available for 7508 patients from 27 studies for efficacy
analyses, 5772 patients from 17 studies for tolerability
analyses and 5,710 patients from 19 studies for hemato-
logical safety analyses.

The R Shiny app can generate R Markdown reports
for three global regions (Africa, the Americas and Asia—
Pacific) or any combinations of countries. The current
country reports are grouped into 8 subregional group-
ings based on geographic location and study size. Reports
can be generated as either a detailed or summary ver-
sion, both of which can be provided in an html and pdf
format to aid with accessibility (Fig. 1). The reports were
updated following feedback from NMCPs through the
Asia—Pacific Malaria Elimination Network. To ensure
ease of access for users, privacy of data and accuracy of
results, reports generated through the R Shiny app have
been reviewed by authors and made openly accessible
through the WorldWide Antimalarial Resistance Net-
work. Reports are available for review and download at
https://www.iddo.org/wwarn/vivax-reports.
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The living systematic review will be updated every
6 months for the next five years, with studies eligible for
the primaquine database to be identified. If available,
data will be pooled into the standardized database and
updated reports will be generated. This ongoing process
has subsequently identified investigators from the 13 eli-
gible studies published since the original database colla-
tion on August 23, 2021, who have been approached to
share data; 3 of whom have provided data, and 2 others
who have agreed to share data.

Discussion

Automated reports for 17 countries and three global
regions have been generated to define the effect of pri-
maquine dose in patients with uncomplicated P vivax
malaria on efficacy, tolerability and safety; these are
openly available using an existing global database of pri-
magquine efficacy clinical trials. The WWARN global
individual patient database will be updated twice yearly
to provide countries and regions with up-to-date reports
on efficacy and safety of primaquine as countries pro-
gress towards malaria elimination.

Plasmodium vivax strains differ between geographic
regions with substantial heterogeneity in transmission,
relapse phenotype, hypnozoite load and primaquine effi-
cacy. For instance, regions such as Papua, Indonesia and
Papua New Guinea have the rapidly relapsing variant
(3—4 weeks between relapses), whereas relapses in South
Asia generally occur 8—9 months after the initial infection
[54]. In some areas, high antirelapse efficacy is achieved
with relatively low total doses (3.5 mg/kg) of primaquine
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Fig. 2 Map of study sites from which data were available for automated reports as of January 16, 2025
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[21] whereas in other areas a higher total dose is required
[10]. The availability of the automated reports using local
data from countries and regions will guide policymakers
to optimize primaquine dosing for vivax radical cure in
their local context. As single-dose tafenoquine is imple-
mented into national policies, there will be an opportu-
nity to integrate efficacy, tolerability and safety data from
tafenoquine efficacy studies into the automated reports
and allow comparison with primaquine regimens.

Reports are limited by inclusion of only a subset of
published data. Of the potentially eligible studies, 66
(61%) were unavailable for analysis, with most (48/66;
73%) published more than 10 years ago. Timely access to
clinical data is critical for ensuring that reports are con-
temporary, and yet time lags between completion of trials
and access and curation of data are an issue to overcome;
only one of the 12 studies published since 2023 is availa-
ble for the current reports. All investigators of these trials
have been approached and two have agreed to share their
data. One investigator has recently shared their data,
which, along with data from an additional older study,
will be added to the database in the coming months.

The methodology of trials assessing the antirelapse effi-
cacy of 8-aminoquinolines is heterogeneous. Differences
in the duration of follow up and inability to distinguish
accurately between relapses, new infections and recru-
descences, have hampered comparisons between trials,
although new methods to distinguish recurrences have
been developed [55, 56]. Similarly, there are a lack of
standardized metrics to assess safety following 8-amino-
quinoline treatment. The definition of hemolytic adverse
events attributable to 8-aminoquinolines varies substan-
tially between studies, and this can result in over- or
under-estimation of the safety of 8-aminoquinolines.
Defining severe drug-induced hemolysis attributable to
8-aminoquinolines is further complicated by associated
parasite-induced hemolysis and the fall in hemoglobin
being strongly correlated to the baseline hemoglobin
concentration [57]. These automated reports provide
standardized definitions for relapse efficacy and safety,
ensuring results can be compared between trials and
between geographic locations.

Automation of reports provide consistent safety and
efficacy metrics across different study designs, and this
will reduce the time to review and compare outputs
from different studies. However, these reports are not
formal analyses and therefore may lack detailed assess-
ment of limitations that could potentially lead to mis-
interpretation. Users should be aware that there can
be substantial variations in reporting of gastrointesti-
nal symptoms [58] and that comparisons of non-ran-
domized study arms may lead to unexpected findings.
Administration of primaquine with food has been

Page 5 of 8

demonstrated to greatly reduce the risk of gastrointes-
tinal symptoms [59]. The risk of bias assessments that
are now routinely included in formal individual patient
data meta-analyses have not been incorporated into
the automated reports. Furthermore, users need to
be aware of the potential for bias with efficacy studies
with smaller sample sizes and consider these automated
reports in the context of more formal published indi-
vidual patient data meta-analyses [10, 11]. Although
reports have been designed to automate analyses of
data from published efficacy studies, they could also
incorporate and analyse shared data from unpub-
lished therapeutic efficacy studies conducted either by
NMCPs or researchers, facilitating formal analysis and
reporting. Queries about reports are available through
a contact email at https://www.iddo.org/wwarn/vivax-
reports.

Recent global evidence on primaquine mg/kg dosing
suggests that higher total primaquine doses will lead to
substantial reductions in P. vivax relapses across most
endemic regions [6, 10]. The availability of national and
regional reports describing the effect of primaquine
mg/kg dose for uncomplicated P. vivax on efficacy and
safety provides NMCPs with the opportunity to con-
sider these global implications together with data from
their local regions.

Acknowledgements

We thank all patients and staff who participated in these clinical trials at all
the sites, and the team for technical and administrative support. The findings
and conclusions in this report are those of the authors and do not necessarily
represent the official position of the United States Centers for Disease Control
and Prevention.

Author contributions

PE, RJIC, MR, JAS, and RNP conceived the study, analysed and interpreted the
data, and drafted the manuscript. PE, RJC and MR accessed and verified the
data. PE and DJP developed the software and data visualisation. PJG provided
technical support. IA, GRA, BEB, LWB, NNCS, CSC, LC, AD, MSMG, LGC, MJG, HK,
MVGL, SLA, TL, BL, KL, ALC, RJL, LM, DAM, WMM, BRM, FN, APP, DBP, JRP, SP, KRR,
KS, AMS, IS, WRJT, PVT, KT, JLFV, NJW, AKY, LMZI, TA, BA, MSA, NMA, AA, JKB,
SCB, NHC, NPJD, TSD, AMD, AE, MUF, EG, NG, PG, JAG, MAH, JH, WAK, GCKWK,
RK, AHM, IM, MNN, SCN, EJN, ADPC, MR, JS, GSK, FGT, GMRV, LvS, TW, CJW,
SAW and AW conceived and undertook the individual studies and enrolled
the patients. All authors revised the manuscript and were responsible for the
decision to submit the manuscript.

Funding

RJC, BEB, MJG, RIL, LM, KT, JAS and RNP are supported by Australian National
Health and Medical Research Council (NHMRC) Investigator Grants (1194702,
2016792, 2017436, 1173210, 1197177, 2033264, 1196068, 2008501). CSC, NJW,
and FN are supported by a Wellcome Trust (grant 093956), and their work was
funded in whole by a Principal Research Fellowship grant from the Wellcome
Trust to NJW (089179). MVGL is a fellow from the National Council for Scientific
and Technological Development (CNPg). NJW is a Wellcome Trust Principal
Fellow (093956/2/10/C). This research was supported by grants from Bill &
Melinda Gates Foundation and Medicines for Malaria Venture. This work was
supported by the NHMRC Australian Centre for Research Excellence in Malaria
Elimination (2024622). For the purpose of open access, the authors have
applied a CC BY public copyright licence to any Author Accepted Manuscript
version arising from this submission.


https://www.iddo.org/wwarn/vivax-reports
https://www.iddo.org/wwarn/vivax-reports

Edler et al. Malaria Journal (2025) 24:400

Availability of data and materials

The data are available for access via the WorldWide Antimalarial Resistance
Network (WWARN.org). Requests for access will be reviewed by a Data Access
Committee to ensure that use of data protects the interests of the participants
and researchers according to the terms of ethics approval and principles of
equitable data sharing. Requests can be submitted by email to malariaDAC@
iddo.org via the Data Access Form available at WWARN.org/accessing-data.
The WWARN is registered with the Registry of Research Data Repositories
(re3data.org).

Declarations

Ethics approval and consent to participate

Shared data were obtained according to ethical approvals from the country

of origin and original study and were shared in a controlled framework with
specific restrictions on their use. The data are pseudonymised and unable to
be linked to individuals. As such, this analysis did not require additional ethical
approval according to the guidelines of the Oxford Central University Research
Ethics Committee.

Consent for publication
Not applicable.

Competing interests

JAG and GCKWK are former employees of GSK and hold shares in GSK and
AstraZeneca. GCKWK reports travel support from AstraZeneca. JKB reports
institutional research funding from MMV, GSK, the Wellcome Trust, and
Sanaria; participation on the US National Institute of Health Data Safety
Monitoring Board; and membership of the Editorial Board of Travel Medicine
and Infectious Diseases and the Guidelines Development Group for Malaria
Control and Elimination, Global Malaria Program, WHO. RJC, RNP and JKB
report contributions to Up-to-Date. NMA reports membership of the Writing
Group for the Australian national Malaria Treatment Guidelines: Therapeutic
Guidelines, 2025. All other authors declare no conflicts of interest.

Author details

'Department of Infectious Diseases, The University of Melbourne at the Peter
Doherty Institute for Infection and Immunity, Melbourne, VIC, Australia.
2Centre for Epidemiology and Biostatistics, Melbourne School of Population
and Global Health, The University of Melbourne, Melbourne, VIC, Australia.
3Department of Obstetrics and Gynecology, College of Medicine, Qassim
University, Buraidah, Saudi Arabia. “Mahidol Oxford Tropical Medicine Research
Unit (MORU), Faculty of Tropical Medicine, Mahidol University, Bangkok,
Thailand. *Department of Public and Global Health, Afghan International
Islamic University, Kabul, Afghanistan. °QIMR Berghofer Medical Research
Institute, Brisbane, QLD, Australia. ”Global and Tropical Health Division,
Menzies School of Health Research and Charles Darwin University, Darwin, NT,
Australia. 8Infectious Diseases Society Sabah-Menzies School of Health
Research Clinical Research Unit, Kota Kinabalu, Sabah, Malaysia. °Diretoria de
Ensino e Pesquisa, Fundacdo de Medicina Tropical Dr. Heitor Vieira Dourado,
Manaus, Amazonas, Brazil. '°Programa de Pés-Graduacdo em Medicina
Tropical, Universidade do Estado do Amazonas, Manaus, Amazonas, Brazil.
""Laboratorio de Malaria, Instituto Evandro Chagas, Ministério da Satde

do Brasil, Ananindeua, Paré State, Brazil. '*Shoklo Malaria Research Unit,
Mahidol Oxford Tropical Medicine Research Unit, Faculty of Tropical Medicine,
Mahidol University, Mae Sot, Thailand. '*Centre for Tropical Medicine

and Global Health, Nuffield Department of Clinical Medicine, University

of Oxford, Oxford, UK. "Department of Internal Medicine, Morsani College

of Medicine, University of South Florida, Tampa, FL, USA. "*Fiocruz Clinical
Research Platform, Oswaldo Cruz Foundation (FIOCRUZ), Rio de Janeiro, Brazil.
"8Vice-Presidency of Research and Biological Collections, Oswaldo Cruz
Foundation (FIOCRUZ), Rio de Janeiro, Brazil. '’ Superintendéncia de Vigilancia
em Salde do Estado do Amapé - SVS/AP, Macapd, Amapéd, Brazil. '®Federal
University of aMAPA, Universidade Federal do Amapa - UNIFAP), Macapd,
Amapd, Brazil. '’Regional Centre for Public Health Research, National Institute
for Public Health, Tapachula, Chiapas, Mexico. 2Department of Medi-
cine-Western Health, Melbourne Medical School, The University of Melbourne,
St. Albans, VIC, Australia. 2' Fundacao de Medicina Tropical Dr Heitor Vieira
Dourado, Manaus, Brazil. *?Instituto Leonidas E Maria Deane, Fiocruz, Manaus,
Brazil. University of Texas Medical Branch, Galveston, USA. ?Laboratory

Page 6 of 8

of Parasitic Diseases, Oswaldo Cruz Institute, Fiocruz, Rio de Janeiro, Brazil.
ZInstitute of Hygiene and Tropical Medicine, Global Health and Tropical
Medicine, NOVA University of Lisbon, Lisbon, Portugal. 2Department

of Infectious and Tropical Diseases, London School of Hygiene and Tropical
Medicine, London, UK. ?’HealthNet-TPO, Kabul, Afghanistan. **The Depart-
ment of Pharmacology and Therapy, Faculty of Medicine and Veterinary
Medicine, Universitas Nusa Cendana, Kupang, Indonesia. 2?Unit of Leishmania-
sis and Malaria, Instituto de Medicina Tropical “Alexander Von Humboldt’,
Universidad Peruana Cayetano Heredia, Lima, Peru. **Mahidol Vivax Research
Unit, Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand.
*Infection and Global Health Division, Walter and Eliza Hall Institute

of Medical Research, Melbourne, Australia. *Department of Medical Biology,
University of Melbourne, Melbourne, Australia. >*Medical School, University
of Western Australia, Crawley, Australia. **Wesfarmers Centre of Vaccines

and Infectious Diseases, Telethon Kids Institute, Perth, Australia. **Department
of Infectious Diseases, Fiona Stanley Hospital, Perth, Australia. **Malaria

and Neglected Tropical Diseases Directorate, Armauer Hansen Research
Institute, Addis Ababa, Ethiopia. >’Haramaya University, Dire Dawa, Ethiopia.
*Universidade do Estado do Amazonas, Manaus, Brazil. **Curtin Medical
School, Faculty of Health Science, Curtin University, Perth, Australia. “°Curtin
Medical Research Institute, Curtin University, Perth, Australia. *' Department
of Pediatrics, Medical Faculty, Universitas Sumatera Utara, Medan, North
Sumatera, Indonesia. “’Centro de Pesquisa Em Medicina Tropical de Rondonia
(CEPEM), Porto Velho, Brazil. “*Fundacao Universidade Federal de Rondonia
(UNIR), Porto Velho, Brazil. ““Mimika District Hospital, Timika, Indonesia.
“Timika Malaria Research Programme, Papuan Health and Community
Development Foundation, Timika, Indonesia. “°Paediatric Research Office,
Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada,
Yogyakarta, Indonesia. “/Central Department of Microbiology, Tribhuvan
University, Kirtipur, Nepal. “*Department of Clinical Tropical Medicine, Faculty
of Tropical Medicine, Mahidol University, Bangkok, Thailand. 49Depar‘[ment

of Infectious Diseases, Kasturba Medical College Manipal, Manipal Academy
of Higher Education, Manipal, Madhava Nagar, Manipal, Karnataka, India.
SVInstituto Nacional de Infectologia Evandro Chagas, Fundacdo Oswaldo Cruz
(Fiocruz), Rio de Janeiro, Brazil. °' Department of Parasitology, Faculty

of Medicine, University of Indonesia, Jakarta, Indonesia. >?Parasitology

and Entomology, National Institute of Malariology, Hanoi, Vietnam. **Federal
University of Para (Universidade Federal Do Paré - UFPA), Belém, Pard, Brazil.
>*World Health Organization Country Office for Addis Ababa, Addis Ababa,
Ethiopia. *Grupo Malaria, Facultad de Medicina, Universidad de Antioquia,
Medellin, Colombia. **Facultad Nacional de Salud Publica, Universidad de
Antioquia, Medellin, Colombia. >’ WorldWide Antimalarial Resistance Network
(WWARN), Oxford, UK. *®Infectious Diseases Data Observatory (IDDO), Oxford,
UK. **WorldWide Antimalarial Resistance Network (WWARN), Asia-Pacific
Regional Centre, Melbourne, Australia. *General and Subspecialty Medicine,
Grampians Health—Ballarat, Ballarat, Australia. ®'ICAP, Columbia University
Mailman School of Public Health, Addis Ababa, Ethiopia. ®International Centre
for Diarrhoeal Disease Research, Dhaka, Bangladesh. *Malaria and Other
Parasitic Disease Research Team, Ethiopian Public Health Institute, Addis
Ababa, Ethiopia. **Institute for Global Health and Infectious Diseases,
University of North Carolina at Chapel Hill, Chapel Hill, NC, USA. ®*Oxford
University Clinical Research Unit Indonesia, Jakarta, Indonesia. ®Royal Brisbane
and Women'’s Hospital, Brisbane, Australia. ¢’ Oxford University Clinical
Research Unit, Hospital for Tropical Diseases, Ho Chi Minh City, Vietnam.
%College of Medicine and Health Sciences, Arbaminch University, Arbaminch,
Ethiopia. ®Disease Control and Elimination Theme, Medical Research Council
Unit The Gambia at LSHTM, Serrekunda, The Gambia. "°Department

of Parasitology, Institute of Biomedical Sciences, University of Sdo Paulo, Sdo
Paulo, Brazil. /' Department of Pathology and Laboratory Medicine, Aga Khan
University, Karachi, Pakistan. ">Formerly Senior Director, Global Health,
GlaxoSmithKline, Brentford, UK. 7>Health Protection and Research Organisa-
tion, Kabul, Afghanistan. 7#U.S. President’s Malaria Initiative, Malaria Branch, U.S.
Centers for Disease Control and Prevention, Atlanta, GA, USA. °Department
of Infectious Diseases, Northwick Park Hospital, Harrow, UK. "°Department

of Medicine, Kasturba Medical College, Manipal University, Madhav Nagar,
Manipal, Karnataka, India. ”ICMR-Rajendra Memorial Research Institute

of Medical Sciences, Patna, Bihar, India. “College of Health Sciences, Addis
Ababa University, Addis Ababa, Ethiopia. ?University of Gondar, Gondar,
Ethiopia. **Department of Human Biology, University of Melbourne,
Melbourne, Australia. ®' Secretaria Estadual de Satide do Acre- Enfermaria e
Ambulatério de Doencas Infecciosas, Acre, Brazil. ° Afya Faculdade de Ciéncias



Edler et al. Malaria Journal (2025) 24:400

Médica Cruzeiro do Sul, Cruzeiro do Sul, Brazil. ®3Faculty of Medicine,
Universitas Indonesia, Jakarta, Indonesia. #Division of Tropical Medicine

and Infectious Disease. Department of Internal Medicine, Cipto Mangunku-
sumo Hospital, Jakarta, Indonesia. °Universidade Federal Fluminense (UFF),
Rio de Janeiro, Brazil. #Centro de Pesquisa, Diagndstico e Treinamento Em
Maldria (CPD-Mal) da Fiocruz e da Secretaria de Vigilancia em Saude e
Ambiente, Ministério da Satide, Brasilia, Brazil. #’ Coordenacao de Pesquisa,
Instituto Nacional de Cancer, Rio de Janeiro, Brazil. 8Centro Universitario

do Paré - CESUPA, Belém, Para State, Brazil. #*Programa de Pés-Graduacdo em
Biologia de Agentes Infecciosos e Parasitarios, Belém, Para State, Brazil.
PDlnfectious Diseases Unit, Clinical Research Centre, Queen Elizabeth Hospital,
Kota Kinabalu, Sabah, Malaysia. °'Subang Jaya Medical Centre, Subang Jaya,
Malaysia. *Department of Infectious Diseases, Royal Perth Hospital, Perth,
Australia. *Ethiopian Public Health Institute, Addis Ababa, Ethiopia.
°*Arbaminch University, Arbaminch, Ethiopia.

Received: 21 May 2025 Accepted: 21 October 2025
Published online: 14 November 2025

References

1. Price RN, Commons RJ, Battle KE, Thriemer K, Mendis K. Plasmodium
vivax in the era of the shrinking P, falciparum map. Trends Parasitol.
2020;36:560-70.

2. Commons RJ, Simpson JA, Watson J, White NJ, Price RN. Estimating the
proportion of Plasmodium vivax recurrences caused by relapse: a system-
atic review and meta-analysis. Am J Trop Med Hyg. 2020;103:1094-9.

3. Robinson LJ, Wampfler R, Betuela |, Karl S, White MT, Li Wai Suen CS, et al.
Strategies for understanding and reducing the Plasmodium vivax and
Plasmodium ovale hypnozoite reservoir in Papua New Guinean children: a

randomised placebo-controlled trial and mathematical model. PLoS Med.

2015;12:1001891.

4. Chu CS, White NJ. The prevention and treatment of Plasmodium vivax
malaria. PLoS Med. 2021;18:21003561.

5. Thriemer K, Ley B, Bobogare A, Dysoley L, Alam MS, Pasaribu AP, et al.
Challenges for achieving safe and effective radical cure of Plasmodium
vivax: a round table discussion of the APMEN Vivax Working Group. Malar
J.2017;16:141.

6. WHO. Guidelines for malaria, 30 November 2024. Geneva: World Health
Organization; 2024.

7. Watson JA, Commons RJ, Tarning J, Simpson JA, Llanos Cuentas A, Lac-
erda MVG, et al. The clinical pharmacology of tafenoquine in the radical
cure of Plasmodium vivax malaria: an individual patient data meta-analy-
sis. Elife. 2022;11:€83433.

8. Sutanto |, Soebandrio A, Ekawati LL, Chand K, Noviyanti R, Satyagraha AW,
et al. Tafenoquine co-administered with dihydroartemisinin-piperaquine
for the radical cure of Plasmodium vivax malaria (INSPECTOR): a ran-
domised, placebo-controlled, efficacy and safety study. Lancet Infect Dis.
2023,;23:1153-63.

9. WHO. Guidelines for malaria, 25 November 2022. Geneva: World Health
Organization; 2022.

10. Commons RJ, Rajasekhar M, Edler P, Abreha T, Awab GR, Baird JK, et al.
Effect of primaquine dose on the risk of recurrence in patients with
uncomplicated Plasmodium vivax: a systematic review and individual
patient data meta-analysis. Lancet Infect Dis. 2024,24:172-83.

11. Rajasekhar M, Simpson JA, Ley B, Edler P, Chu CS, Abreha T, et al. Pri-
maquine dose and the risk of haemolysis in patients with uncomplicated
Plasmodium vivax malaria: a systematic review and individual patient data
meta-analysis. Lancet Infect Dis. 2024;24:184-95.

12. Ruwanpura VSH, Nowak S, Gerth-Guyette E, Theodora M, Dysoley L, Haile
M, et al. Further evidence needed to change policy for the safe and effec-
tive radical cure of vivax malaria: insights from the 2019 annual APMEN
vivax working group meeting. Asia Pac Policy Stud. 2021;8:208-42.

13. Commons RJ, Thriemer K, Humphreys G, Suay |, Sibley CH, Guerin PJ, et al.
The vivax surveyor: online mapping database for Plasmodium vivax clini-
cal trials. Int J Parasitol Drugs Drug Resist. 2017;7:181-90.

14. Maguire JD, Krisin, Marwoto H, Richie TL, Fryauff DJ, Baird JK. Mefloquine
is highly efficacious against chloroquine-resistant Plasmodium vivax

20.

AR

22.

23.

24.

25.

27.

28.

29.

30.

31

Page 7 of 8

malaria and Plasmodium falciparum malaria in Papua, Indonesia. Clin
Infect Dis. 2006;42:1067-72.

Hasugian AR, Purba HL, Kenangalem E, Wuwung RM, Ebsworth EP,
Maristela R, et al. Dihydroartemisinin-piperaquine versus artesunate-
amodiaquine: superior efficacy and posttreatment prophylaxis against
multidrug-resistant Plasmodium falciparum and Plasmodium vivax
malaria. Clin Infect Dis. 2007;44:1067-74.

Leslie T, Mayan |, Mohammed N, Erasmus P, Kolaczinski J, Whitty CJ, et al.
A randomised trial of an eight-week, once weekly primaquine regimen
to prevent relapse of Plasmodium vivax in Northwest Frontier Province,
Pakistan. PLoS ONE. 2008,;3:2861.

Pukrittayakamee S, Imwong M, Chotivanich K, Singhasivanon P, Day NP,
White NJ. A comparison of two short-course primaquine regimens for the
treatment and radical cure of Plasmodium vivax malaria in Thailand. Am J
Trop Med Hyg. 2010;82:542-7.

Yeshiwondim AK, Tekle AH, Dengela DO, Yohannes AM, Teklehaimanot
A. Therapeutic efficacy of chloroquine and chloroquine plus pri-
maquine for the treatment of Plasmodium vivax in Ethiopia. Acta Trop.
2010;113:105-13.

Abdallah TM, Ali AA, Bakri M, Gasim GI, Musa IR, Adam |. Efficacy of
artemether-lumefantrine as a treatment for uncomplicated Plasmodium
vivax malaria in eastern Sudan. Malar J. 2012;11:404.

Barber BE, William T, Grigg MJ, Menon J, Auburn S, Marfurt J, et al. A
prospective comparative study of knowlesi, falciparum, and vivax malaria
in Sabah, Malaysia: high proportion with severe disease from Plasmodium
knowlesi and Plasmodium vivax but no mortality with early referral and
artesunate therapy. Clin Infect Dis. 2013;56:383-97.

Pasaribu AP, Chokejindachai W, Sirivichayakul C, Tanomsing N, Chavez

I, Tjitra E, et al. A randomized comparison of dihydroartemisinin-pipe-
raquine and artesunate-amodiaquine combined with primaquine for
radical treatment of vivax malaria in Sumatera, Indonesia. J Infect Dis.
2013;208:1906-13.

Llanos-Cuentas A, Lacerda MV, Rueangweerayut R, Krudsood S, Gupta
SK, Kochar SK, et al. Tafenoquine plus chloroquine for the treatment and
relapse prevention of Plasmodium vivax malaria (DETECTIVE): a multicen-
tre, double-blind, randomised, phase 2b dose-selection study. Lancet.
2014;383:1049-58.

Marques MM, Costa MR, Santana Filho FS, Vieira JL, Nascimento MT, Brasil
LW, et al. Plasmodium vivax chloroquine resistance and anemia in the
western Brazilian Amazon. Antimicrob Agents Chemother. 2014;58:342-7.
Gomes Mdo S, Vieira JL, Machado RL, Nacher M, Stefani A, Musset L, et al.
Efficacy in the treatment of malaria by Plasmodium vivax in Oiapoque,
Brazil, on the border with French Guiana: the importance of control over
external factors. Malar J. 2015;14:402.

Gonzalez-Ceron L, Rodriguez MH, Sandoval MA, Santillan F, Galindo-
Virgen S, Betanzos AF, et al. Effectiveness of combined chloroquine and
primaquine treatment in 14 days versus intermittent single dose regi-
men, in an open, non-randomized, clinical trial, to eliminate Plasmodium
vivax in southern Mexico. Malar J. 2015;14:426.

Lidia K, Dwiprahasto I, Kristin E. Therapeutic effects of dihydroarte-
misinin piperaquine versus chloroquine for uncomplicated Vivax malaria
in Kupang, East Nusa Tenggara, Indonesia. Int J Pharm Sci Rev Res.
2015;31:247-51.

Nelwan EJ, Ekawati LL, Tjahjono B, Setiabudy R, Sutanto |, Chand K, et al.
Randomized trial of primaquine hypnozoitocidal efficacy when adminis-
tered with artemisinin-combined blood schizontocides for radical cure of
Plasmodium vivax in Indonesia. BMC Med. 2015;13:294.

Rishikesh K, Kamath A, Hande MH, Vidyasagar S, Acharya RV, Acharya

V, et al. Therapeutic assessment of chloroquine-primaquine combined
regimen in adult cohort of Plasmodium vivax malaria from a tertiary care
hospital in southwestern India. Malar J. 2015;14:310.

Kumar R, Guddattu V, Saravu K. Therapeutic assessment of primaquine
for radical cure of Plasmodium vivax malaria at primary and tertiary care
centres in Southwestern India. Korean J Parasitol. 2016;54:733-42.

Thanh PV, Hong NV, Van NV, Louisa M, Baird K, Xa NX, et al. Confirmed
Plasmodium vivax resistance to chloroguine in Central Vietnam. Antimi-
crob Agents Chemother. 2015;59:7411-9.

Yuan L, Wang Y, Parker DM, Gupta B, Yang Z, Liu H, et al. Therapeutic
responses of Plasmodium vivax malaria to chloroquine and primaquine
treatment in northeastern Myanmar. Antimicrob Agents Chemother.
2015;59:1230-5.



Edler et al. Malaria Journal

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

(2025) 24:400

Ley B, Alam MS, Thriemer K, Hossain MS, Kibria MG, Auburn S, et al. G6PD
deficiency and antimalarial efficacy for uncomplicated malaria in Bangla-
desh: a prospective observational study. PLoS ONE. 2016;11:e0154015.
Longley RJ, Sripoorote P, Chobson P, Saeseu T, Sukasem C, Phuanukoon-
non S, et al. High efficacy of primaquine treatment for Plasmodium vivax
in Western Thailand. Am J Trop Med Hyg. 2016;95:1086-9.

Pereira D, Daher A, Zanini G, Maia |, Fonseca L, Pitta L, et al. Safety, efficacy
and pharmacokinetic evaluations of a new coated chloroquine tablet in
a single-arm open-label non-comparative trial in Brazil: a step towards a
user-friendly malaria vivax treatment. Malar J. 2016;15:477.

Saravu K, Kumar R, Ashok H, Kundapura P, Kamath V, Kamath A, et al.
Therapeutic assessment of chloroquine-primaquine combined regimen
in adult cohort of Plasmodium vivax malaria from primary care centres in
Southwestern India. PLoS ONE. 2016;11:20157666.

Zuluaga-ldarraga L, Blair S, Akinyi Okoth S, Udhayakumar V, Marcet

PL, Escalante AA, et al. Prospective study of Plasmodium vivax malaria
recurrence after radical treatment with a chloroquine-primaquine
standard regimen in Turbo, Colombia. Antimicrob Agents Chemother.
2016,60:4610-9.

Abreha T, Hwang J, Thriemer K, Tadesse Y, Girma S, Melaku Z, et al. Com-
parison of artemether-lumefantrine and chloroquine with and without
primaquine for the treatment of Plasmodium vivax infection in Ethiopia: a
randomized controlled trial. PLoS Med. 2017;14:21002299.

Awab GR, Imwong M, Bancone G, Jeeyapant A, Day NPJ, White NJ, et al.
Chloroquine-primaquine versus chloroquine alone to treat vivax malaria
in Afghanistan: an open randomized superiority trial. Am J Trop Med Hyg.
2017,97:1782-7.

Brasil LW, Rodrigues-Soares F, Santoro AB, Almeida ACG, Kuhn A, Rama-
sawmy R, et al. CYP2D6 activity and the risk of recurrence of Plasmodium
vivax malaria in the Brazilian Amazon: a prospective cohort study. Malar J.
2018;17:57.

Chu CS, Phyo AP, Lwin KM, Win HH, San T, Aung AA, et al. Comparison

of the cumulative efficacy and safety of chloroquine, artesunate, and
chloroquine-primaquine in Plasmodium vivax malaria. Clin Infect Dis.
2018,67:1543-9.

Daher A, Pereira D, Lacerda MVG, Alexandre MAA, Nascimento CT, Alves
de Lima ESJC, et al. Efficacy and safety of artemisinin-based combination
therapy and chloroquine with concomitant primaquine to treat Plasmo-
dium vivax malaria in Brazil: an open label randomized clinical trial. Malar
J.2018;17:45.

Grigg MJ, William T, Barber BE, Rajahram GS, Menon J, Schimann E, et al.
Age-related clinical spectrum of Plasmodium knowlesi malaria and predic-
tors of severity. Clin Infect Dis. 2018;67:350-9.

Saravu K, Tellapragada C, Kulavalli S, Xavier W, Umakanth S, Brahmarou-
phu G, et al. A pilot randomized controlled trial to compare the effective-
ness of two 14-day primaquine regimens for the radical cure of vivax
malaria in South India. Malar J. 2018;17:321.

Chu CS, Phyo AP, Turner C, Win HH, Poe NP, Yotyingaphiram W, et al.
Chloroquine versus dihydroartemisinin-piperaquine with standard high-
dose primaquine given either for 7 days or 14 days in Plasmodium vivax
malaria. Clin Infect Dis. 2019;68:1311-9.

de Sena LWP, Mello A, Ferreira MVD, de Ataide MA, Dias RM, Vieira JLF.
Doses of chloroquine in the treatment of malaria by Plasmodium vivax in
patients between 2 and 14 years of age from the Brazilian Amazon basin.
Malar J. 2019;18:439.

Lacerda MVG, Llanos-Cuentas A, Krudsood S, Lon C, Saunders DL,
Mohammed R, et al. Single-dose tafenoquine to prevent relapse of
Plasmodium vivax malaria. N Engl J Med. 2019;380:215-28.
Ladeia-Andrade S, Menezes MJ, de Sousa TN, Silvino ACR, de Carvalho

JF, Salla LC Jr, et al. Monitoring the efficacy of chloroquine-primaquine
therapy for uncomplicated Plasmodium vivax malaria in the main
transmission hot spot of Brazil. Antimicrob Agents Chemother.
2019,63:201965-18.

Llanos-Cuentas A, Lacerda MVG, Hien TT, Velez ID, Namaik-Larp C, Chu CS,
et al. Tafenoquine versus primaquine to prevent relapse of Plasmodium
vivax malaria. N Engl J Med. 2019;380:229-41.

Rijal KR, Adhikari B, Ghimire P, Banjara MR, Das Thakur G, Hanboonkunu-
pakarn B, et al. Efficacy of primaquine in preventing short- and long-
latency Plasmodium vivax relapses in Nepal. J Infect Dis. 2019;220:448-56.
Taylor WRJ, Thriemer K, von Seidlein L, Yuentrakul P, Assawariyathipat

T, Assefa A, et al. Short-course primaquine for the radical cure of

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 8 of 8

Plasmodium vivax malaria: a multicentre, randomised, placebo-controlled
non-inferiority trial. Lancet. 2019;394:929-38.

Xu'S, Zeng W, Ngassa Mbenda HG, Liu H, Chen X, Xiang Z, et al. Efficacy of
directly-observed chloroquine-primaquine treatment for uncomplicated
acute Plasmodium vivax malaria in northeast Myanmar: a prospective
open-label efficacy trial. Travel Med Infect Dis. 2020;36:101499.
Poespoprodjo JR, Burdam FH, Candrawati F, Ley B, Meagher N, Kenan-
galem E, et al. Supervised versus unsupervised primaquine radical cure
for the treatment of falciparum and vivax malaria in Papua, Indonesia: a
cluster-randomised, controlled, open-label superiority trial. Lancet Infect
Dis. 2022;22:367-76.

Mekonnen DA, Abadura GS, Behaksra SW, Taffese HS, Bayissa GA, Bulto
MG, et al. Treatment of uncomplicated Plasmodium vivax with chloro-
quine plus radical cure with primaquine without G6PDd testing is safe in
Arba Minch, Ethiopia: assessment of clinical and parasitological response.
Malar J. 2023;22:135.

White NJ. Determinants of relapse periodicity in Plasmodium vivax
malaria. Malar J. 2011;10:297.

Taylor AR, Watson JA, Chu CS, Puaprasert K, Duanguppama J, Day NPJ,

et al. Resolving the cause of recurrent Plasmodium vivax malaria probabil-
istically. Nat Commun. 2019;10:5595.

Siegel SV, Trimarsanto H, Amato R, Murie K, Taylor AR, Sutanto E, et al.
Lineage-informative microhaplotypes for recurrence classification and
spatio-temporal surveillance of Plasmodium vivax malaria parasites. Nat
Commun. 2024;15:6757.

Commons RJ, Simpson JA, Thriemer K, Chu CS, Douglas NM, Abreha T,

et al. The haematological consequences of Plasmodium vivax malaria
after chloroquine treatment with and without primaquine: a WorldWide
antimalarial resistance network systematic review and individual patient
data meta-analysis. BMC Med. 2019;17:151.

Thriemer K, Commons RJ, Rajasekhar M, Degaga TS, Chand K, Chau

NH, et al. The heterogeneity of symptom reporting across study sites:

a secondary analysis of a randomised placebo-controlled multicentre
antimalarial trial. BMC Med Res Methodol. 2023;23:198.

Thriemer K, Degaga TS, Christian M, Alam MS, Rajasekhar M, Ley B, et al.
Primaquine radical cure in patients with Plasmodium falciparum malaria
in areas co-endemic for P, falciparum and Plasmodium vivax (PRIMA): a
multicentre, open-label, superiority randomised controlled trial. Lancet.
2023;402:2101-10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Automated reporting of primaquine dose efficacy, tolerability and safety for Plasmodium vivax malaria using a systematic review and individual patient data meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Results
	Discussion
	Acknowledgements
	References


