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Summary
Background Primaquine, the only widely available treatment to prevent relapsing Plasmodium vivax malaria, is 
produced as 15 mg tablets, and new paediatric formulations are being developed. To inform the optimal primaquine 
dosing regimen for children, we aimed to determine the efficacy and safety of different primaquine dose strategies in 
children younger than 15 years.

Methods We undertook a systematic review (Jan 1, 2000–July 26, 2024) for P vivax efficacy studies with at least 
one treatment group that was administered primaquine over multiple days, that enrolled children younger than 
15 years, that followed up patients for at least 28 days, and that had data available for inclusion by June 30, 2022. 
Patients were excluded if they were aged 15 years or older, presented with severe malaria, received adjunctive 
antimalarials within 14 days of diagnosis, commenced primaquine more than 7 days after starting schizontocidal 
treatment, had a protocol violation in the original study, or were missing data on age, sex, or primaquine dose. 
Available individual patient data were collated and standardised. To evaluate efficacy, the risk of recurrent P vivax 
parasitaemia between days 7 and 180 was assessed by time-to-event analysis for different total mg/kg primaquine 
doses (low total dose of ~3·5 mg/kg and high total dose of ~7 mg/kg). To evaluate tolerability and safety, the following 
were assessed by daily mg/kg primaquine dose (low daily dose of ~0·25 mg/kg, intermediate daily dose of ~0·5 mg/kg, 
and high daily dose of ~1 mg/kg): gastrointestinal symptoms (vomiting, anorexia, or diarrhoea) on days 5–7, 
haemoglobin decrease of at least 25% to less than 7g/dL (severe haemolysis), absolute change in haemoglobin from 
day 0 to days 2–3 or days 5–7, and any serious adverse events within 28 days. This study is registered with PROSPERO, 
CRD42021278085.

Findings In total, 3514 children from 27 studies and 15 countries were included. The cumulative incidence of 
recurrence by day 180 was 51·4% (95% CI 47·0–55·9) following treatment without primaquine, 16·0% (12·4–20·3) 
following a low total dose of primaquine, and 10·2% (8·4–12·3) following a high total dose of primaquine. The 
hazard of recurrent P vivax parasitaemia in children younger than 15 years was reduced following primaquine at low 
total doses (adjusted hazard ratio [HR] 0·17, 95% CI 0·11–0·25) and high total doses (0·09, 0·07–0·12), compared 
with no primaquine. In 525 children younger than 5 years, the relative rates of recurrence were also reduced, with 
an adjusted HR of 0·33 (95% CI 0·18–0·59) for a low total dose and 0·13 (0·08–0·21) for a high total dose of 
primaquine compared with no primaquine. The rate of recurrence following a high total dose was reduced compared 
with a low dose in children younger than 15 years (adjusted HR 0·54, 95% CI 0·35–0·85) and children younger than 
5 years (0·41, 0·21–0·78). Compared with no primaquine, children treated with any dose of primaquine had a greater 
risk of gastrointestinal symptoms on days 5–7 after adjustment for confounders, with adjusted risks of 3·9% (95% CI 
0–8·6) in children not treated with primaquine, 9·2% (0–18·7) with a low daily dose of primaquine, 6·8% (1·7–12·0) 
with an intermediate daily dose of primaquine, and 9·6% (4·8–14·3) with a high daily dose of primaquine. In children 
with 30% or higher glucose-6-phosphate dehydrogenase (G6PD) activity, there were few episodes of severe haemolysis 
following no primaquine (0·4%, 95% CI 0·1–1·5), a low daily dose (0∙0%, 0·0–1·6), an intermediate daily dose 
(0·5%, 0·1–1·4), or a high daily dose (0·7%, 0·2–1·9). Of 15 possibly drug-related serious adverse events in children, 
two occurred following a low, four following an intermediate, and nine following a high daily dose of primaquine.

Interpretation A high total dose of primaquine was highly efficacious in reducing recurrent P vivax parasitaemia in 
children compared with a low dose, particularly in children younger than 5 years. In children treated with high and 
intermediate daily primaquine doses compared with low daily doses, there was no increase in gastrointestinal 
symptoms or haemolysis (in children with 30% or higher G6PD activity), but there were more serious adverse events.
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Introduction
Plasmodium vivax remains endemic in 49 countries and 
is becoming the predominant malaria species outside 
Africa.1 Between 5 million and 14 million cases of P vivax 
malaria occur each year. P vivax and Plasmodium ovale 
are the only major malaria parasites infecting humans 
that have the ability to form liver stages (hypnozoites) 
that can lie dormant for weeks to months after the initial 
infection, before activating to cause recurrent malaria 
episodes (relapses).

Primaquine, an 8-aminoquinoline, is the only WHO-
recommended antimalarial that kills hypnozoites.2 The 
greatest burden of P vivax malaria is in young children, 
who are particularly vulnerable to cumulative anaemia 
associated with recurrent episodes of malaria.3 Despite 
the need for reliable treatment in this population, no 
WHO pre-qualified paediatric primaquine formulations 
are available currently. The reliance on adult tablet 
formulations results in inaccurate paediatric dosing, 
potentially resulting in a greater risk of adverse events 
and lower efficacy. The need for a paediatric primaquine 
formulation has been recognised by WHO.4

At the correct dose, primaquine is highly efficacious 
against hypnozoites but can cause severe drug-induced 
haemolysis in individuals with glucose-6-phosphate 
dehydrogenase (G6PD) deficiency. The risk of haemolysis 
depends on the duration and dose of primaquine.5 At 
high daily doses, primaquine can also induce gastro
intestinal symptoms, potentially reducing adherence.

Since its introduction into clinical practice in the 1950s, 
clinical trials have documented the safety and efficacy of 
primaquine, but data have not been collated to define the 
safety, tolerability, and efficacy of different primaquine 

regimens in children. To inform the development of 
optimal weight-based primaquine dosing regimens for 
new, age-appropriate formulations of primaquine in 
children, we undertook a systematic review and 
individual patient data meta-analysis to determine the 
efficacy and safety of different primaquine dose strategies 
in children younger than 15 years.

Methods
Search strategy and selection criteria
For this systematic review and individual patient data 
meta-analysis, we searched MEDLINE (PubMed), Web of 
Science, Embase, Scopus, and Cochrane Central for 
prospective antimalarial efficacy studies of uncomplicated 
P vivax published in any language between Jan 1, 2000, 
and July 26, 2024, according to the PRISMA of Individual 
Patient Data statement (appendix pp 3−6). This system-
atic review was adapted from a previous review to include 
studies that followed up patients with P vivax malaria 
actively for at least 28 days, included at least one patient 
aged younger than 15 years, and included a treatment 
group with daily primaquine given over multiple days 
where primaquine was co-administered with a schizon-
tocidal antimalarial and commenced within 7 days of 
starting a schizontocidal antimalarial (appendix p 7).6

The review process was undertaken by two independent 
reviewers (RJC and RNP), with discrepancies resolved 
by discussion. Following identification of eligible 
studies published before June 30, 2022, study 
investigators were contacted and invited to share 
individual patient data, in addition to data from any 
eligible but unpublished studies. Data only available 
after June 30, 2022, were not collated due to the time 

Research in context

Evidence before this study
We identified randomised controlled trials that enrolled 
children and compared low and high total doses of  primaquine 
regimens for Plasmodium vivax mono-infection, published in 
any language, from Jan 1, 1960, to July 26, 2024, in MEDLINE, 
Web of Science, Embase, and Cochrane Central, using the terms 
“vivax” and “primaquine”. We identified three trials, with none 
reporting results specifically for children.

Added value of this study
Our individual patient data meta-analysis included 
3514 children younger than 15 years with Plasmodium vivax 
malaria enrolled into 27 studies to assess the efficacy, 
tolerability, and safety of different primaquine doses. A high 
total dose of primaquine (7 mg/kg) was 46% more efficacious 

than a low total dose (3·5 mg/kg) at preventing recurrent 
malaria, with the greatest benefit in children younger than 
5 years. High daily doses and intermediate daily doses 
compared with low daily doses of primaquine were not 
associated with increases in gastrointestinal symptoms or 
haemolysis in children with 30% or higher glucose-6-
phosphate dehydrogenase (G6PD) activity; however, more 
serious adverse events were reported with high daily doses 
(1 mg/kg).

Implications of all the available evidence
In children, a high total dose of primaquine is needed to achieve 
radical cure of P vivax and reduce the risk of recurrences reliably. 
In children with 30% or higher G6PD activity, primaquine doses 
up to 0∙5 mg/kg per day were safe and well tolerated. 
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needed for data transfer and curation. Shared data were 
de-identified and harmonised in the WorldWide 
Antimalarial Resistance Network (WWARN) secure 
repository using standardised methodology.7,8 Patients 
were excluded if they were aged 15 years or older, 
presented with severe malaria, received adjunctive anti-
malarials within 14 days of diagnosis, received 
an alternative hypnozoiticidal agent to primaquine, 
commenced primaquine more than 7 days after starting 
schizontocidal treatment, had a protocol violation in the 
original study, or were missing data on age, sex, or 
primaquine dose. Additional study-level and patient-
level inclusion and exclusion criteria were used for the 
efficacy, tolerability, haematology, and adverse event 
meta-analyses (appendix p 7). The study was registered 
on PROSPERO (CRD42021278085). Shared data were 
obtained according to ethical approvals from the country 
of origin and original study. The data are pseudo
nymised and cannot 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. We involved 
people with lived experience of vivax malaria in the 
study design, analysis, and writing.

Definitions
The total dose of primaquine (mg/kg) was used as the 
exposure of interest for the efficacy analyses, whereas 
the daily dose of primaquine (mg/kg per day) was the 
exposure of interest for the tolerability and safety 
analyses.

The total dose of primaquine was assessed as 
a categorical variable (a very low dose was defined as 
<2 mg/kg, a low dose as 2 mg/kg to <5 mg/kg 
[equivalent to the standard total 3·5 mg/kg dose], and 
a high dose as ≥5 mg/kg [equivalent to the standard 
7 mg/kg dose])9 to enable comparison of low-dose and 
high-dose regimens. A continuous variable for total 
dose was used to investigate the effect of small dose 
changes. Intermittent primaquine was defined as 
weekly or monthly dosing. The daily dose of primaquine 
was defined as a low dose if it was less than 0·375 mg/kg, 
an intermediate dose if it was 0·375 mg/kg or higher 
and less than 0·75 mg/kg, and a high dose if it was 
0·75 mg/kg or higher, reflecting the standard 
0·25 mg/kg per day, 0·5 mg/kg per day, and 1 mg/kg 
per day doses, respectively.

The duration of the primaquine regimen was classified 
as the duration of treatment in days. 7-day and 14-day 
regimens were compared in patients prescribed a similar 
total dose of primaquine. Children were categorised by 
age into younger than 1 year, 1 year to younger than 
5 years, and 5 years to younger than 15 years. Only a few 
studies shared individual patient data on race or ethnicity, 
and these data could not be pooled due to the global 
nature of the analysis. Additional definitions are 
described in the appendix (p 8).

The primary efficacy outcome was the cumulative 
incidence of recurrent P vivax parasitaemia on 
microscopy between days 7 and 180. The primary gastro-
intestinal tolerability outcome was a composite endpoint 
indicating the presence on symptom checklists of 
vomiting, anorexia, or diarrhoea on days 5–7 after 
enrolment. The secondary gastrointestinal tolerability 
outcomes were the presence of the composite endpoint 
on days 1–2 and vomiting within 1 h of primaquine 
dosing (acute vomiting). The primary haematology 
outcomes were a haemoglobin measurement below 
7 g/dL on days 1–13 that also represented a 25% or greater 
decrease in haemoglobin from day 0 to the day of lowest 
haemoglobin between days 1 and 13 (severe haemolysis); 
the maximum absolute change in haemoglobin between 
day 0 and the lowest measured haemoglobin on day 2 or 
3; and the maximum absolute change in haemoglobin 
between day 0 and the lowest measured haemoglobin on 
days 5–7. The secondary haematology outcomes were 
a decrease of more than 5 g/dL in haemoglobin between 
day 0 and the minimum measurement on days 1–13, 
development of anaemia by day 2–3 or separately by 
days 5–7, and blood transfusion. Haemoglobin could be 
measured as haemoglobin or haematocrit by complete 
blood count or point-of-care test, with haematocrit 
converted to haemoglobin using the formula by Lee and 
colleagues.10

The primary adverse event outcome was any serious 
adverse event within 28 days of first primaquine 
administration. The secondary adverse event outcomes 
were any adverse events within 28 days of first 
primaquine administration and adverse events of 
special interest within 28 days of first primaquine 
administration including haemoglobinuria, anaemia, 
methaemoglobinaemia, vomiting, anorexia, diarrhoea, 
and abdominal pain.

Data analysis
Included studies were assessed for risk of bias using the 
Cochrane Risk of Bias 2 tool11 for randomised controlled 
trials and the Joanna Briggs Institute Case Series tool12 
for single-arm studies. To assess for inclusion bias, the 
baseline characteristics of included studies were 
compared with studies that were eligible but not 
included.

For the efficacy analyses, Kaplan–Meier analysis was 
used to calculate cumulative incidence of recurrent 
parasitaemia between day 7 and day 180, presented by 
primaquine treatment group: no primaquine, low total 
dose, high total dose, and intermittent primaquine.

Cox regression analysis was used to estimate the 
association between primaquine use and dose in children 
and time-to-first P vivax recurrence between days 7 and 
180. The analysis was restricted to children younger than 
15 years treated with daily primaquine or no primaquine. 
The regression model controlled for age, sex, and 
baseline parasitaemia, as identified from a causal 
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diagram (appendix p 12) with shared frailty (assumed 
gamma distribution) for study site. Similar but separate 
multivariable Cox regression analyses were undertaken 
to investigate the association between time-to-first recur-
rence and expected primaquine duration in patients 
treated with a low total dose of primaquine (~3·5 mg/kg) 
and a high total dose of primaquine (~7 mg/kg). 
Subgroup analyses were undertaken by relapse 
periodicity region. Sensitivity analyses were under
taken restricting the outcome to recurrences between 
days 28 and 180, restricting the analysis to patients for 
whom the actual dose of primaquine administered was 
known, restricting the analysis to patients treated with 
chloroquine, restricting the analysis to studies with at 
least 180 days of follow-up, restricting the analysis to 
studies with treatment groups comparing primaquine to 
no primaquine, undertaking the analysis without shared 
frailty for study site and by removal of one study site at 
a time. 

A restricted cubic spline model was used to investigate 
the effect of the continuous mg/kg dose of primaquine 
on the predicted rate of recurrence between days 7 and 
day 180 in children. This analysis was repeated post hoc, 
excluding studies from Melanesia due to a substantially 
higher risk of recurrence in this region than at other 
sites. Further details are described in the appendix (p 9).

The risk of gastrointestinal intolerance (and 95% CIs) on 
days 5–7 was calculated from the number of patients 
reporting the composite outcome as a percentage of the 
total number of patients asked about vomiting, anorexia, 
or diarrhoea on prespecified symptom checklists, 
specifically on any of days 5–7. The association between 
primaquine daily dose and the presence of the composite 
outcome on days 5–7 was estimated using generalised 
estimating equations (modified Poisson) analysis with 
a log link, cluster-robust SEs by study site, exchangeable 
correlation structure, and adjusting for age, sex (male or 
female), and baseline parasitaemia, as identified by a causal 
diagram. The effect of co-administering primaquine with 
food could not be assessed due to absence  of data. 
Sensitivity analyses were undertaken restricted to patients 
asked about each of vomiting, anorexia, and diarrhoea, 
restricted to studies that compared a primaquine group 
with a group without primaquine, restricted to chloroquine 
or dihydroartemisinin−piperaquine as a schizontocidal 
treatment, by adjusting for reporting of symptoms on day 
0, and after removal of one study at a time. Additional 
details are described in the appendix (p 10).

Severe haemolysis was defined if the lowest 
haemoglobin concentration by day 13 was below 7 g/dL 
and there was a 25% or greater decrease from baseline.13 
The number and proportion of severe haemolytic events 
are presented for patients with G6PD activity of 30% or 
higher, by primaquine daily dose. The absolute reduction 
in haemoglobin was calculated as the difference in 
haemoglobin between day 0 and the minimum recorded 
haemoglobin on days 2–3 or days 5–7, separately. The 

relationship between haemoglobin change and 
primaquine daily dose category was modelled using 
linear mixed-effects models adjusting for age, sex, 
baseline parasitaemia, and day 0 haemoglobin and 
normally distributed random intercepts by study site. In 
a post-hoc analysis, the risk of anaemia by primaquine 
daily dose category was estimated using generalised 
estimating equations modified Poisson models. 
Additional details are described in the appendix (p 11).

The percentage of patients in whom serious adverse 
events, adverse events, and adverse events of special 
interest occurred within 28 days of the first dose of 
primaquine are presented by age group and daily 
primaquine dose. Additional details are described in the 
appendix (p 11). Analyses were undertaken in R (version 
4.1.3) and Stata (version 17) according to an a priori 
statistical analysis plan.14

Role of the funding source
The funders of the study reviewed the study protocol and 
made suggestions that were independently assessed by 
the authors. They had no role in data collection, data 
analysis, data interpretation, or writing of the manuscript. 
The funders reviewed the manuscript before submission 
and made suggestions that were independently assessed 
by the authors.

Results
Of 229 P vivax efficacy studies published between 
Jan 1, 2000, and July 26, 2024, 67 were eligible for inclusion 
in the analysis. Individual data were available from 
26 (38∙8%) plus one additional unpublished study. 
Following exclusion of 4726 of the 8240 available partici-
pants, 3514 children younger than 15 years (including 
628 [17·9%] aged younger than 5 years) from 27 studies 
(14 randomised controlled trials15–27 and 13 observational 
studies28–40) in 15 countries were included in the analyses 
(figure 1; appendix pp 13–21). 24 studies had low or unclear 
risk of bias (appendix pp 22−23). No included studies 
recruited children younger than 8 months. Overall, studies 
included in the analysis recruited patients more recently 
and followed up patients for longer than those that were 
eligible but not included (appendix p 24). The majority of 
the 27 studies were undertaken in the Asia-Pacific region 
(18 [66∙7%]), with seven (25∙9%) studies done in the 
Americas and three (11∙1%) done in Africa (one study was 
multiregional).

Efficacy data were available for 2892 children younger 
than 15 years from 19 studies15,17–27,29,33,35,36,38,39 in 13 countries 
(538 [18·6%] were aged younger than 5 years). In total, 
577 (20·0%) patients were treated without primaquine, 
2278 (78·8%) with primaquine administered daily, and 
37 (1·3%) with primaquine administered intermittently. 
Of the 2278 patients administered a daily primaquine 
regimen, 1043 (45·8%) had a low total dose and 
1207 (53·0%) had a high total dose (appendix pp 25–28). 
28 (1·0%) patients treated with a very low dose of 
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primaquine, and 37 (1·3%) patients treated with inter-
mittent primaquine were not included in the efficacy 
analyses. 11 patients with mixed Plasmodium falciparum 
and P vivax infection were included in the analysis. 
Patients treated with low-dose primaquine had lower 
baseline parasitaemia, were more likely to come from the 

Americas, and were more likely to have received partially 
supervised primaquine than those treated with other 
doses of primaquine or without primaquine (appendix 
p 25). More patients treated with high-dose primaquine 
were co-treated with dihydroartemisinin–piperaquine 
than those with lower doses (appendix p 25).

Figure 1: Study flow diagram
P vivax=Plasmodium vivax.

3514 children from 27 studies eligible for analysis
2869 treated with primaquine

645 treated without primaquine

622 excluded
363 from studies with <42 days 

of follow-up
259 missing day 0 parasitaemia

2892 children from 19 studies included in  
efficacy analysis

26 studies with 8206 participants with P vivax 
malaria available for inclusion

67 published studies targeted for pooled analysis

229 published studies since 2000

4726 participants excluded
4626 aged ≥15 years

4 with severe malaria
11 with adjuvant treatment
11 with protocol violation
31 started primaquine after day 6
27 missing age

2 missing sex
13 missing primaquine total dose

1 with day 0 haemoglobin <5 g/dL

41 studies excluded
2 with investigators unable to be contacted

21 with no response from investigators
3 with initial response but no data given
2 with insufficient data for analysis

13 with data not available by June 30, 2022

162 studies excluded
114 with no primaquine or primaquine after day 6

47 with only adults
1 without schizontocidal treatment

1 unpublished study including 34 participants

1521 excluded
1222 missing data from

prespecified symptom 
checklists

259 missing day 0 
         parasitaemia

1 started primaquine after
day 2

37 had intermittent
primaquine

2 missing daily primaquine
dose

1993 children from 15 studies included in  
gastrointestinal tolerability analysis

975 excluded
756 missing day 0 haemoglobin
177 missing a second

haemoglobin measurement
42 missing daily primaquine

dose

2539 children from 18 studies included in  
haematological analysis

1717 excluded
1639 from studies without adverse 

event data
33 not randomised
45 missing date of dosing

1797 children from 6 studies included in 
adverse event analysis
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Figure 2: Adjusted hazard ratio for recurrent P vivax parasitaemia between day 7 and day 180 for total dose of 
primaquine by age (A) and 14-day vs 7-day primaquine stratified by total dose in children younger than 
15 years (B)
A low total dose of primaquine was about 3·5 mg/kg, and a high total dose of primaquine was about 7 mg/kg. Cox 
proportional hazards models adjusting for age, sex (male or female), and (log10) baseline parasite density, with 
shared frailty by study site. P vivax=Plasmodium vivax. *Adjusted hazard ratio relative to no primaquine. †Adjusted 
hazard ratio relative to 7 days of primaquine.

Adjusted hazard
ratio* (95% CI)

Age <5 years (n=525)

Low-dose primaquine

High-dose primaquine

Age 5 years to <15 years (n=2302)

Low-dose primaquine

High-dose primaquine

0·33 (0·18–0·59)

0·13 (0·08–0·21)

0·15 (0·09–0·23)

0·08 (0·06–0·11)

A

0·1250·060 1·0000·250 0·500

Adjusted hazard
ratio† (95% CI)

Low-dose primaquine (n=1043)

High-dose primaquine (n=1198)

0·76 (0·14–4·10)

0·75 (0·48–1·18)

B

0·250·13 4·000·50 2·001·00

The cumulative incidence of recurrence by day 180 
was 51·4% (95% CI 47·0–55·9) following treatment 
without primaquine, 16·0% (12·4–20·3) following 
low-dose primaquine, and 10·2% (8·4–12·3) following 
high-dose primaquine (appendix p 29). There was 
marked heterogeneity in cumulative incidence of recur-
rence between studies (appendix pp 30−31).

After controlling for confounders, the rate of recurrence 
in 2827 children younger than 15 years between days 7 
and 180 was lower following both low-dose primaquine 
(adjusted hazard ratio [HR] 0·17, 95% CI 0·11–0·25) and 
high-dose primaquine (adjusted HR 0·09, 0·07–0·12) 
compared with no primaquine. The corresponding 
adjusted HRs for recurrence in 525 children younger 
than 5 years were 0·33 (95% CI 0·18–0·59) for low-dose 
primaquine and 0·13 (0·08–0·21) for high-dose 
primaquine, compared with no primaquine (figure 2). 
The adjusted HR for recurrence following a high total 
dose of primaquine compared with low-dose primaquine 
was 0·54 (95% CI 0·35–0·85) in all children and 
0·41 (0·21–0·78) in children younger than 5 years. These 
findings were consistent in sensitivity and subgroup 
analyses (appendix pp 32–34). The effect of small changes 
in total primaquine dose are presented in the appendix 
(pp 34–35). 

The rate of recurrence varied with primaquine duration; 
however, there was substantial uncertainty in the estimated 
effect. In children treated with a low total dose, the adjusted 
HR was 0·76 (95% CI 0·14–4·10) for 14-day versus 7-day 
regimens (76 recurrences in 1043 children). In children 
treated with a high total dose of primaquine, the corre-
sponding adjusted HR was 0·75 (0·48–1·18, 97 recurrences 
in 1198 children; figure 2, appendix p 34).

A total of 1993 children from 15 studies15,17–20,22,24–29,32,36 
were included in the gastrointestinal tolerability meta-
analysis: 378 (19·0%) were younger than 5 years and 
1615 (81·0%) were aged 5 years to younger than 15 years 
(appendix pp 36–37). The unadjusted risk of gastro
intestinal symptoms in children (age <15 years) was lower 
on days 5–7 (ranging from 2·8% to 11·0%), after the acute 
effects of malaria had abated, compared with the 
corresponding risks on day 0 (49·4–64·6%), and days 1–2 
(28·2–38·4%; appendix p 38). Compared with no 
primaquine, children treated with any dose of primaquine 
had a greater risk of gastrointestinal symptoms on days 
5–7 after adjustment for confounders, with adjusted risks 
of 3·9% (95% CI 0–8·6) in children not treated with 
primaquine, 9·2% (0–18·7) with a low daily dose of 
primaquine, 6·8% (1·7–12·0) with an intermediate daily 
dose of primaquine, and 9·6% (4·8–14·3) with a high 
daily dose of primaquine (figure 3; appendix p 39). 
Sensitivity analyses were consistent (appendix pp 40–43). 
The risk of vomiting in children within an hour of taking 
primaquine on days 3−13 was low (0·0–0·3%) at any daily 
dose (appendix p 44).

The analysis of haematological safety included 
data on 2539 children from 18 studies in 

12 countries,15–17,19–27,29,30,32,34,38 of whom 455 (17·9%) were 
younger than 5 years and 2084 (82·1%) were aged 5 years 
to younger than 15 years (appendix p 45). Of the 
2144 patients with G6PD activity of 30% or higher, the 
primary haematological safety outcome could be 
assessed in 1869 children younger than 15 years (mean 
haemoglobin on day 0 of 11·6 g/dL [SD 1·5]). 
A haemoglobin decrease of at least 25% to less than 7 g/dL 
was observed in nine (0·5%) of 1869 children, (0·4% 
[95% CI 0·1–1·5] after no primaquine, 0·0% [0·0–1·6] 
after a low daily dose, 0·5% [0·1–1·4] after an intermediate 
daily dose, and 0·7% [0·2–1·9] after a high daily dose of 

Figure 3: Estimated percentage of children younger than 15 years with P vivax malaria experiencing 
gastrointestinal symptoms (composite outcome) on days 1–2 (A) and on days 5–7 (B)
A low daily dose of primaquine was about 0·25 mg/kg, an intermediate daily dose was about 0·5 mg/kg, and a high 
daily dose was about 1 mg/kg. Generalised estimating equations modified Poisson regression models adjusting for 
age, sex (male or female), and (log10) baseline parasite density, clustering by study site and cluster robust error 
estimates. Covariate-adjusted percentages were estimated at the mean values of the covariates. 
P vivax=Plasmodium vivax.
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A
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9·6% (4·8–14·3)
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primaquine). Seven of the nine children with severe 
haemolysis were female (table 1; appendix p 46). After 
adjustment for confounders, there were no notable 
differences in the mean absolute change in haemoglobin 
on days 2–3 or days 5–7 after primaquine treatment at any 
daily dose relative to treatment without primaquine in 
patients with G6PD activity of 30% or higher (figure 4).

A decrease in haemoglobin of more than 5 g/dL within 
14 days occurred in three (0·2%) of 1869 children, one of 
whom was treated with an intermediate daily dose and 
two with a high daily dose of primaquine (table 1). In 
283 children treated without primaquine, 51 (18·0%) 
developed mild anaemia (haemoglobin 8 g/dL to 
<11 g/dL) and four (1·4%) developed moderate anaemia 
(haemoglobin 5 g/dL to <8 g/dL) on days 2–3 (table 1). 
These proportions increased with the dose of primaquine, 
particularly at intermediate and high daily doses. The 
risks of mild or moderate anaemia on days 5–7 were 
similar to those on days 2–3. One (0·3%) child of 
372 treated with a high daily dose of primaquine 
developed severe anaemia on days 5–7, with a minimum 
haemoglobin of 4·4 g/dL (table 1; appendix p 46). In 
a post-hoc analysis, after adjustment for confounders, 
the proportion of children with anaemia of any severity 
on days 2–3 or days 5–7 did not differ with primaquine 
use or daily dose compared with treatment without 
primaquine (appendix p 47). One female child who was 
treated with a high daily dose of primaquine required 
a blood transfusion (table 1; appendix p 46).

Adverse events were reported in six studies in 
six countries,19–23,26 with data available from 1797 children, 
of whom 403 (22·4%) had at least one adverse event 
(appendix pp 48–50). Overall, the unadjusted proportions 
of children with adverse events, and some adverse events 
of special interest (abdominal pain, anaemia, and 
methaemoglobinaemia) were generally higher in the 

No primaquine 
(n=475)

Low daily dose of 
primaquine (n=236) 

Intermediate daily dose 
of primaquine (n=612) 

High daily dose of 
primaquine (n=546)

Primary haematology outcome

Decrease in haemoglobin of ≥25% and haemoglobin 
below 7 g/dL from day 0 to day of lowest haemoglobin 
between days 1 and 13 

2 (0·4%; 0·1–1·5) 0 (0·0%; 0·0–1·6) 3 (0·5%; 0·1–1·4) 4 (0·7%; 0·2–1·9) 

Secondary haematology outcomes

Decrease in haemoglobin of >5 g/dL from day 0 to day of 
lowest haemoglobin between days 1 and 13

0 (0·0%; 0·0–0·8) 0 (0·0%; 0·0–1·6) 1 (0·2%; 0·0–0·9) 2 (0·4%; 0·0–1·3)

Anaemia on days 2 or 3

Nil 228/283 (80·6%) 122/142 (85·9%) 265/387 (68·5%) 275/377 (72·9%)

Mild (haemoglobin starts ≥11 g/dL and falls to <11 g/dL 
but ≥8 g/dL)

51/283 (18·0%) 19/142 (13·4%) 112/387 (28·9%) 93/377 (24·7%)

Moderate (haemoglobin starts ≥8 g/dL and falls to 
<8 g/dL but ≥5 g/dL)

4/283 (1·4%) 1/142 (0·7%) 10/387 (2·6%) 9/377 (2·4%)

Anaemia on days 5−7

Nil 276/316 (87·3%) 134/148 (90·5%) 293/381 (76·9%) 285/372 (76·6%)

Mild (haemoglobin starts ≥11 g/dL and falls to <11 g/dL 
but ≥8 g/dL)

40/316 (12·7%) 12/148 (8·1%) 81/381 (21·3%) 80/372 (21·5%)

Moderate (haemoglobin starts ≥8 g/dL and falls to 
<8 g/dL but ≥5 g/dL)

0/316 2/148 (1·4%) 7/381 (1·8%) 6/372 (1·6%)

Severe (haemoglobin starts ≥5 g/dL and falls to 
<5 g/dL)

0/316 0/148 0/381 1/372 (0·3%)

Blood transfusion 0/380 0/147 0/599 1/541 (0·2%)

Data are n (%; 95% CI) or n/N (%). Data on anaemia on days 2–3 were not available for 680 children and on days 5–7 were not available for 652 children. G6PD=glucose-6-
phosphate dehydrogenase. P vivax=Plasmodium vivax.

Table 1: Haematological outcomes in children with P vivax malaria with G6PD activity of 30% or higher

Figure 4: Estimated change in haemoglobin from day 0 to days 2–3 (A) and to days 5–7 (B) in children younger 
than 15 years with P vivax malaria
A low daily dose of primaquine was about 0·25 mg/kg, an intermediate daily dose was about 0·5 mg/kg, and a high 
daily dose was about 1 mg/kg. Mixed-effects linear regression models adjusting for age, sex (male or female), 
(log10) baseline parasite density, and day 0 haemoglobin with random intercepts by study site. Covariate-adjusted 
changes in haemoglobin were estimated at the mean values of the covariates. P vivax=Plasmodium vivax.
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primaquine groups than in groups without primaquine 
and generally highest in children treated with a high 
daily dose of primaquine (appendix pp 51–53). This trend 
was not apparent with other adverse events of special 
interest (diarrhoea, anorexia, or vomiting; appendix 
pp 54–56). There was no difference in all adverse events 
across age categories; however, children younger than 
5 years reported abdominal pain less frequently than 
children aged 5 years to younger than 15 years (appendix 
pp 50–51). Adverse events due to methaemoglobin were 
rare and occurred in 11 (0·6%) children (appendix p 53).

A total of 20 (1·1%) serious adverse events were 
reported in children within 28 days of primaquine 
administration (or equivalent time schedule in groups 
without primaquine), with a similar proportion of 
patients with serious adverse events across age categories 
(table 2). In children treated with primaquine (n=1289), 
there were 17 (1·3%) serious adverse events, of which 
15 were considered to be related to the drug. Of the drug-
related serious adverse events, two occurred following 
low, four following intermediate, and nine following 
high daily doses of primaquine (appendix p 57).

Discussion
Our individual patient data meta-analysis highlights the 
benefits and risks of different primaquine dosing 
regimens in children. A total dose of 7 mg/kg primaquine 
reduced the rate of recurrence by more than 40% 
compared with 3·5 mg/kg and by about 60% in the 
subgroup of children younger than 5 years. An increase 
in the total dose requires a higher daily dose or longer 
duration of treatment. Although there were more serious 
adverse events in children treated with a high (1 mg/kg) 
than with a low (0·25 mg/kg) or an intermediate 
(0·5 mg/kg) daily dose of primaquine, in adjusted 
analyses there were no increases with a high or an inter-
mediate daily dose compared with a low daily dose of 
primaquine in gastrointestinal or haemolytic adverse 
effects in children with G6PD activity of 30% or higher.

An estimated 85% of recurrences are caused by 
relapses;41 hence, it is crucial that children and adults 
receive appropriate radical cure treatment. The current 
absence of child-friendly primaquine formulations 
hampers effective implementation of primaquine radical 
cure in children, who have a disproportionately high 
burden of P vivax-associated anaemia.3 Inclusion of 
paediatric primaquine formulations in the WHO 
Antimalarial Expression of Interest List since 2019 has 
highlighted the need to develop a dispersible formulation. 
Results from our meta-analysis support the use of 
a higher total dose of primaquine (7 mg/kg) in children, 
which almost halved the rate of recurrence compared 
with a low total dose (3·5 mg/kg). The reduced efficacy of 
low dose primaquine was particularly apparent in 
children younger than 5 years, who had only a 67% 
reduction in recurrences compared with no primaquine 
treatment, versus an 85% reduction in children aged 

5 years to younger than 15 years. In young children, 
a high total dose of primaquine reduced recurrences by 
59% compared with low-dose primaquine. These results 
suggest that younger children might require a higher 
total dose to achieve the same anti-relapse benefit as 
older individuals. Allometric scaling has been used to 
derive an appropriate weight-based dosing regimen for 
0·5 mg/kg per day primaquine dosing.42

Administration of a high total dose of primaquine 
requires a 14-day regimen at 0·5 mg/kg per day or 7-day 
regimen at 1 mg/kg per day. In children with G6PD 
activity of 30% or higher, there was no increased risk of 
haemolysis at a population level with primaquine doses 
of 0·5 mg/kg per day or 1 mg/kg per day. However, 
seven of nine patients with severe haemolysis received 
higher daily doses; CIs around these estimates were 
wide, and we were unable to undertake an adjusted 
analysis of these events due to their uncommon 
occurrence. Female patients were over-represented in 
participants with severe haemolysis, which could 
potentially reflect heterozygous female patients with 
intermediate G6PD activity (30–70%) at increased risk of 
severe haemolysis.

The gastrointestinal analysis was restricted to 
analysing the risk of vomiting, diarrhoea, and anorexia, 
since reports of nausea and abdominal pain were 
considered to be unreliable in young children. This 
potentially reflects the reason that fewer adverse events 
related to abdominal pain were documented in young 

All  
(n=1797)

Age <5 years 
(n=293)

Age 5 to <15 years 
(n=1504)

Any serious 
adverse event

20 (1·1%) 2 (0·7%) 18 (1·2%)

No primaquine 3/508* (0·6%) 0/94 3/414 (0·7%)

Low daily dose 2/185† (1∙1%) 0/29 2/156 (1·3%)

Intermediate 
daily dose

4/561‡ (0·7%) 1/89 (1·1%) 3/472 (0·6%)

High daily dose 11/543§ (2·0%) 1/81 (1·2%) 10/462 (2·2%)

Data are n (%) or n/N (%). A low daily dose is defined as about 0·25 mg/kg per day, 
intermediate daily dose as about 0·5 mg/kg per day, and a high daily dose as about 
1 mg/kg per day. P vivax=Plasmodium vivax. *Serious adverse events and causality to 
primaquine were severe vomiting (unrelated; n=1), dengue fever (unrelated; n=1), 
and dry mouth and taste disorder (unrelated; n=1). †Serious adverse events and 
causality to primaquine were jaundice and haemoglobinuria (possibly related; n=1), 
and lethargy, tachycardia, and abdominal pain (possibly related; n=1). ‡Serious 
adverse events and causality to primaquine were haemolysis (probably related; 
n=1), methaemoglobinaemia and scrub typhus (probably related; n=1), 
methaemoglobinaemia (probably related; n=1), and pneumonia and oesophagitis 
(possibly related; n=1). §Serious adverse events and causality to primaquine were 
haemolysis (possibly related; n=1), haemolysis (probably related; n=1), 
methaemoglobinaemia (definitely related; n=1), methaemolglobinaemia (probably 
related; n=3), vomiting (possibly related; n=1), dyspepsia (possibly related; n=1), 
diarrhoea (possibly related; n=1), vomiting (unrelated; n=1), and asthma 
(unrelated; n=1). Additional details on serious adverse events are provided in the 
appendix (pp 57–59).

Table 2: Children with P vivax or mixed malaria infection reporting at 
least one serious adverse event occurring within 28 days of initiating 
primaquine (or equivalent time schedule in placebo and no primaquine 
groups), by age category and primaquine dose
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children. There was considerable heterogeneity of 
symptoms between study sites in the same study and 
between studies.43 This probably results from multiple 
factors, including differences in the way symptoms 
were elicited, cultural differences in reporting 
symptoms, and variability in the co-administration of 
medication with food. Potential bias relating to this 
variation was mitigated through the comparison of 
primaquine doses to no primaquine. Furthermore, the 
results were similar in sensitivity analyses that excluded 
one study at a time or restricted the analysis to studies 
in which primaquine was compared directly with 
patients not treated with primaquine. Individual patient 
data on food intake were not available for our analysis; 
however, recent studies highlight markedly improved 
gastrointestinal tolerability when primaquine is co-
administered with food.44,45

Data on adverse events and serious adverse events were 
only available from six (22%) of 27 studies, but these 
included 1797 (51%) of 3514 children. Although all studies 
used the same internationally recognised definitions for 
adverse events and serious adverse events, the way data 
are reported by patients (or caregivers) and elicited and 
recorded by study staff can vary, either knowingly or not. 
One study acknowledged the high inter-site variability in 
adverse events and also restricted adverse events to 
grade 3 or worse.26 For example, despite anaemia poten-
tially being a more objective adverse event due to the 
ability to measure patients’ haemoglobin concentrations, 
there was evidence of reporting bias with anaemia 
adverse event recording. All anaemia adverse events 
occurred in patients randomly assigned to primaquine 
groups in three of the six studies, with almost all of these 
reported in one study. The results of the haemolysis 
safety analysis are likely to provide a more reliable and 
generalisable assessment of haematological safety.

Our meta-analysis had some other limitations. Only 
39% of all eligible studies were included in the analysis; 
however, the included studies were undertaken more 
recently and followed up patients for longer. Data were 
available from very few patients younger than 1 year, 
preventing generalisation to this population. Actual 
dosing information was only available for 67% of patients 
in the efficacy analysis, with dosing for the remainder 
derived from weight-based or age-based protocols. This 
did not substantially bias results in a sensitivity analysis 
restricting inclusion only to patients for whom actual 
dosing was available. Short follow-up (<180 days in six of 
the 19 studies) potentially underestimates the benefit of 
primaquine use compared to no primaquine or increased 
primaquine doses due to a lower chance of developing 
a recurrence before study cessation. A sensitivity analysis 
restricted to studies with follow-up of 180 days or longer 
did not substantially change results. Methodological 
limitations of models in our analysis include the presence 
of unmeasured confounding and inherent potential for 
bias in HRs.

Although estimates in the risk of recurrence could be 
generated, anti-relapse efficacy could not be derived 
because there is no reliable way of distinguishing 
whether recurrent parasitaemia was due to relapses, 
recrudescence, or reinfection. Anti-relapse efficacy is 
further confounded by post-schizontocidal treatment 
prophylaxis, differing regional relapse periodicities, and 
differing transmission intensities.46 The effect of regional 
differences can potentially be seen in Melanesia, where 
two studies had a substantially higher rate of recurrence 
at day 90, even after treatment with a high total dose 
primaquine (>28%27 compared with all other sites where 
the risk of recurrence was <7%), which might reflect 
higher local transmission intensity and relapse 
periodicity.46 In addition, there might be CYP2D6 host 
genotypic differences in the studies that were not 
reported or genetic variations in the parasite leading to 
compromised primaquine efficacy.

Although the majority of patients in our efficacy 
analysis were from the Asia-Pacific region, 22% of 
patients were enrolled from the Americas and Africa, 
suggesting the results are generalisable to most endemic 
countries. Tolerability and safety findings from our 
analysis are also likely to be generalisable to the use of 
primaquine for treatment of malaria in children caused 
by P ovale.

In summary, our analysis suggests that increasing the 
total dose of primaquine from 3·5 mg/kg to 7 mg/kg 
would reduce the risk of recurrent P vivax parasitaemia by 
more than 40% in all children and by about 60% in 
children younger than 5 years. A higher total dose of 
primaquine could be achieved by administering 0·5 mg/kg 
per day for 14 days, which seemed to be safe and highly 
effective in patients with G6PD activity of 30% or higher. 
A higher daily dose of 1 mg/kg administered for 7 days 
might provide greater adherence and thus effectiveness 
through a shorter course regimen, but this might come 
with a greater risk of severe haemolysis and thus should 
potentially be reserved for patients with G6PD activity of 
70% or higher. Our study provides important evidence that 
will inform optimal weight-based primaquine dosing 
guidelines for children and the development of novel 
paediatric primaquine formulations.
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