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Abstract
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]
Background:
Malaria causes haemolysis that can be compounded by primaquine (PQ), particularly in patients with glucose-6-phosphate dehydrogenase (G6PD) deficiency. This study aimed to delineate the relative contributions to haemolysis of malaria and PQ in patients with uncomplicated P. vivax malaria.

Methods:
We conducted a systematic review to identify all prospective P. vivax therapeutic clinical trials published between January 2000 and March 2017. Individual patient data were pooled using standardised methodology and the haematological response quantified using a multivariable linear mixed effects model with non-linear terms. PROSPERO: CRD42016053312.

Findings:
In total, 3,421 patients from 29 studies were included; 49·5% (1,692/3,421) with normal G6PD activity and 49·7% (1,701/3,421) with unknown G6PD status. Of 1,975 patients treated with chloroquine (CQ) alone, the mean haemoglobin fell to a nadir on day 2, before recovering by day 7 and plateauing thereafter. Of 1,446 patients treated with CQ+PQ, the mean haemoglobin was -0·13 g/dL [95%CI -0·27 to 0·01] lower at day of nadir (p=0·072), but 0·49 g/dL [95%CI 0·28 to 0·69] higher by day 42 (p<0·001) compared with patients treated with CQ alone. On day 42, patients with recurrent parasitaemia had a mean haemoglobin concentration 0·72 g/dL [95%CI 0·90 to 0·54] lower than patients without recurrence; p<0·001.

Interpretation:
In G6PD normal patients, the fall in haemoglobin following treatment of uncomplicated vivax malaria relates primarily to malaria, rather than treatment with PQ. Treatment with PQ leads to a higher overall haemoglobin by day 42, likely due to the prevention of recurrence.

Funding:
Australian National Health and Medical Research Council, Royal Australasian College of Physicians, the Wellcome Trust, and Bill and Melinda Gates Foundation.
Research in context

Evidence before this study
Using the search terms “vivax”, “chloroquine”, “primaquine” and “haemolysis”, Medline, Web of Science, Embase, and the Cochrane Database of Systematic Reviews were searched for articles published prior to September 11, 2018, that assessed the haematological response following treatment with chloroquine, with or without primaquine, for uncomplicated Plasmodium vivax malaria. Multiple studies demonstrate the haemolytic risk of primaquine in patients with G6PD deficiency and a recent study identified primaquine to be associated with haemolysis in females with G6PD heterozygosity. However, there were limited data on the haemolytic response following treatment in patents without G6PD deficiency, and the quantification of the malaria and primaquine-attributable components of haemolysis. 

Added value of this study
Our pooled analysis includes individual patient data from 29 studies and to our knowledge, is the largest individual patient data meta-analysis of the haematological response following treatment of P. vivax. Our findings highlight the relative benefits of primaquine in patients with predominantly normal G6PD activity, whom have a greater haematological recovery by day 42 than patients treated with chloroquine alone.

Implications of all the available evidence 
In a population with predominantly normal G6PD activity there is no clinically significant haemolysis attributable to primaquine beyond the haemolysis present following treatment of vivax malaria itself. Indeed, primaquine treatment is associated with improved haematological outcomes at day 42, likely related to the prevention of relapse. These results highlight the public health benefits of primaquine radical cure for P. vivax and support strengthened implementation in endemic areas, in association with an accurate point of care test for G6PD deficiency.

Introduction

Outside of Sub-Saharan Africa Plasmodium vivax is a significant cause of morbidity and mortality in malaria endemic regions.1-3 Anaemia is a common manifestation of vivax malaria and compounded by recurrent parasitaemia associated with multiple relapses arising from reactivation of dormant liver stages (hypnozoites).4,5 Each episode of malaria results in haemolysis of infected and uninfected red blood cells, as well as reduced red cell production due to dyserythropoiesis.4 Radical cure of both the erythrocytic and hypnozoite stages of the parasite can prevent recurrent P. vivax infections and thus reduce the cumulative risk of anaemia.6 

Primaquine (PQ), an 8-aminoquinoline compound in use for over 60 years, remains the only widely available drug with activity against hypnozoites. PQ can cause severe haemolysis in individuals with glucose-6-phosphate dehydrogenase (G6PD) deficiency, an inherited enzymopathy, caused by genetic polymorphisms on the X chromosome. The risk of drug-induced haemolysis relates to the dose of PQ administered and an individual’s genetic polymorphism and sex.7-9 In areas where routine testing for G6PD deficiency is unavailable, concerns about severe haemolysis are a major barrier to widespread clinical use of PQ.10,11

The relative contributions of parasitaemia and PQ treatment to haemolysis in patients with vivax malaria are poorly defined. The aim of this study was to determine the degree of haemolysis following chloroquine, the standard schizontocidal treatment of vivax malaria,12 and to quantify the additional haemolysis attributable to the co-administration of PQ. 


Methods

Search strategy and selection criteria
A systematic search was undertaken of Medline, Web of Science, Embase and the Cochrane Database of Systematic Reviews according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines; Appendix page 2. Prospective therapeutic efficacy trials of treatment of uncomplicated Plasmodium vivax infection with a minimum of 28 days follow-up, published between January 1, 2000 and March 22, 2017 in any language were identified; Appendix page 6.13 Investigators of eligible studies were invited to participate in an individual patient data meta-analysis and contribute data from similar unpublished studies.

Studies were included in the analysis if they enrolled patients with P. vivax monoinfection treated with CQ, either alone or with PQ during the first 28 days, and recorded haemoglobin (Hb) or haematocrit at baseline. Individual patient data were shared to the WorldWide Antimalarial Resistance Network (WWARN) repository, anonymised and standardised as described previously.14 The review protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO: CRD42016053312).

Procedures
The dose of CQ and PQ were calculated from the number of tablets given daily to each patient, or the study protocol if tablet numbers were unavailable. Individual patient records were excluded if the treatment course of CQ was incomplete, no Hb or haematocrit was recorded for the first 42 days or no information was available on the dose given, parasite counts, age or gender of the patient. Patients were not excluded based on G6PD activity.

Study sites were categorised into regions of long or short P. vivax relapse periodicity,15 with regions of short relapse periodicity considered to have a median time to relapse of less than or equal to 47 days. To avoid confounding from early treatment failure, recurrence was defined as P. vivax parasitaemia between day 7 and 42. Daily PQ mg/kg dose was defined as low dose if less than 0·5 mg/kg/day and high dose if greater than or equal to 0·5 mg/kg/day. 

If only the haematocrit was available, it was converted to Hb according to the equation: 
	Hb (g/dL) = (Haematocrit (%) – 5·62)/2·6.16 
Where more than one measurement of Hb was recorded on a single day, the minimum value was used.

Statistical Analysis
The primary endpoint of the analysis was the mean drop in Hb, from baseline to the day of the nadir. Secondary endpoints were the mean change in Hb from baseline to day 42 and total red cell loss, as determined by the area under the mean haemoglobin-time curve. In addition, two safety outcomes were considered to identify patients at risk of poor clinical outcome: a Hb fall of >25% from a baseline of ≥7g/dL to a Hb <7g/dL and an absolute fall in Hb of >5g/dL. The safety outcomes were assessed at day 2 or 3 (day 2/3), day 7  2 days (day 7), and day 28  3 days (day 28).

Statistical analyses were undertaken using Stata version 15 (StataCorp, College Station, TX, US) and R version 3·4·0 (R Foundation for Statistical Computing, Vienna, Austria), according to an a priori statistical analysis plan.17 The analysis of patients treated with CQ+PQ included only those patients who commenced PQ on day 0. The Hb response over time was estimated using a linear mixed effects model with non-linear terms, derived by fractional polynomial regression, with fixed effects for age, gender, baseline parasitaemia, total CQ dose (mg/kg), relapse periodicity, PQ use and study site. The interaction between PQ use and time was included in order to capture the different time course of Hb responses following the two regimens CQ or CQ+PQ. The effect of the daily mg/kg PQ dose was assessed in a similar linear mixed effect model in the subset of patients treated with PQ on day 0. The primary analysis was repeated in the subgroup of patients with documented normal G6PD activity.

The effect of delayed parasite clearance (defined as persistence of parasitaemia until day 2 or later) on Hb at day of nadir and day 42 and the effect of recurrence between day 7 and 42 on Hb at day 42 were assessed using separate linear mixed effects models. In the model of recurrence between day 7 and 42, patients with early treatment failure, late clinical failure prior to day 7 or persistent parasitaemia between days 4 to 6 were excluded from the analysis. Hb-time models were used to derive the day of the minimum Hb (nadir), and the mean difference in Hb with the addition of PQ at day of nadir, day 7 and day 42. 

Estimates of the difference in cumulative haemolysis up to day 3 and day 42 were derived from the area under the mean Hb-time profiles in patients treated with and without PQ, and the ratio of parasitised to non-parasitised red cells undergoing haemolysis up to day 2 in patients treated with CQ alone were estimated as detailed in the Appendix, page 7.

A descriptive table of safety outcomes was presented to provide commonly reported parameters of the Hb response in published clinical trials; the numbers of patients available for these summary statistics varied accordingly to the time point presented. There were insufficient numbers of patients experiencing either of the safety outcomes to conduct multivariable analyses of the haemolytic risk attributable to PQ. 

A sensitivity analysis was undertaken to assess bias. One study at a time was removed and the coefficient of variation for main outcomes was calculated. Baseline characteristics of included studies were also compared to studies that were targeted but not available for inclusion.

Role of funding source
The funders of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.

Ethics
All data included in this analysis were obtained in accordance with ethical approvals from the countries of origin. The data are fully anonymised and cannot be traced back to individuals. This systematic review did not require separate ethical approval according to the guidelines of the Oxford Central University Research Ethics Committee.


Results

Between 1 January 2000 and 22 March 2017 there were 168 published P. vivax clinical trials of which 134 (79·8%) included patients treated with CQ and 56 (33·3%) contained information on haemoglobin concentration or haematocrit. Individual patient data were available for 5,640 (49·2%) patients from 25 of these studies plus patients from an additional four unpublished studies. Of the 7,537 patients with available data, 2,685 (32·0%) were not treated with CQ, 405 (4·8%) were treated with PQ after day 0 and 531 (6·3%) were excluded for other reasons; Figure 1 and Appendix pages 8-12. Of the remaining 3,421 patients, 1,975 (57·7%) were treated with CQ alone and 1,446 (42·3%) with CQ+PQ.18-44 Patients were followed for 28 days in 14 studies (n=1,841), 29 to 42 days in seven studies (n=388) and more than 42 days in eight studies (n=1,192). In total, G6PD activity was normal in 1,692 (49·5%) patients, deficient or borderline deficient in 28 (0.8%) and unknown in 1,701 (49·7%). Target PQ regimens are described in the Appendix, page 13.

The majority of patients were male (64·6%, 2,211/3,421). The median age of patients was 19 years (inter-quartile range (IQR) 9-32), with 1,314 (38·4%) patients younger than 15 years; Table 1. Most of the patients were enrolled from the Asia-Pacific region (2,247, 65·7%), with 598 (17·5%) enrolled from The Americas and 576 (16·8%) from Africa; Appendix page 14. Compared to patients treated with CQ, those treated with CQ+PQ tended to be older, had lower baseline parasitaemias and were more likely to come from areas of short relapse periodicity; Table 1. None of the patients enrolled in African studies were treated with CQ+PQ. Compared to the studies that were targeted but not included, those included were conducted more recently, enrolled younger populations and were more balanced in the proportion of male and female patients; Appendix page 15.

Baseline Haemoglobin
The mean Hb at baseline was 12·2 g/dL (SD 2·1) in patients receiving CQ and 12·7 g/dL (SD 2·1) in patients receiving CQ+PQ. Overall 11·3% (385/3,421) of patients were anaemic at baseline (Hb<10 g/dL), including 13·1% (259/1,975) in those subsequently treated with CQ and 8·7% (126/1446) in those treated with CQ+PQ. Severe anaemia (Hb<7 g/dL) was present in 0·8% (26/3,421) of patients. The risk of anaemia at baseline was greater in females (Adjusted Odds Ratio (AOR) =1·34 [95%CI 1·05 to 1·71]) and patients who were younger than 5 years (AOR=10·37 [95%CI 6·09 to 17·67]), G6PD deficient (AOR=2·88 [95%CI 1·14 to 7·32]) and who were enrolled in regions of short relapse periodicity (AOR=1·94 [95%CI 1·01 to 3·71]); Appendix page 16. 

Haemoglobin-time profile
The haemoglobin profile between baseline and day 42 was modelled from 9,684 Hb measurements in 1,975 patients treated with CQ alone and 6,029 Hb measurement in 1,446 patients treated with CQ+PQ. Patients treated with CQ alone had a median [IQR] of 7 [5-9] Hb measurements and patients treated with CQ+PQ had a median [IQR] of 9 [3-10] Hb measurements.

Haemoglobin profile following treatment with chloroquine alone
The mean Hb fell from baseline to a nadir on day 2, with a fall of 0·58 g/dL from a predicted mean of 12·22 g/dL [95%CI 11·93 to 12·50] to 11·64 g/dL [95%CI 11·36 to 11·93]; Figure 2A. Following the nadir, the Hb rose before plateauing after day 7. By day 42 the predicted mean Hb was 12·88 g/dL [95%CI 12·60 to 13·17], 0·67 g/dL above baseline. 

The magnitude and direction of the change in Hb from baseline to day 2 varied with the baseline Hb. The baseline Hb was correlated positively with the absolute change in Hb (r=0·511 (95%CI 0·457, 0·562), p<0·0001); Appendix page 17. Only 19·5% (136/698) of patients with a baseline Hb less than 11·5 g/dL had a fall below their baseline Hb during the first 7 days; Figure 2B-C.
 
Haemoglobin profile following addition of primaquine to chloroquine
The nadir Hb in patients treated with CQ+PQ occurred on day 3 but thereafter rose and continued to do so throughout the subsequent follow up; Figure 2A. 

Compared to patients treated with CQ alone those treated with CQ+PQ had a similar mean Hb at the nadir (-0·13 g/dl [95%CI -0·27 to 0·01]; p=0·072) and day 28 (-0·06 g/dL [95%CI -0·18 to 0·05]; p=0·293), but significantly lower Hb at day 7 (-0·34 g/dL [95%CI -0·46 to -0·23]; p=<0·001). At day 42 patients treated with CQ+PQ had a higher mean Hb (0·49 g/dL [95%CI 0·28 to 0·69]; p<0·001) than those treated with CQ alone. There was no significant difference in mean Hb between patients treated with a high or low daily PQ dose, either at day 3 (0·14 g/dL [95%CI -0·05 to 0·33]; p=0·161) or day 7 (0·18 g/dL [95%CI -0·11 to 0·46]; p=0·227); Appendix page 18.

In a subgroup analysis limited to 1,692 patients known to be G6PD normal, there was no significant difference in mean Hb between treatment regimens at the day of nadir, however by day 42 the mean Hb was 0·89 g/dL [95%CI 0·53 to 1·26] higher in patients treated with CQ+PQ; p<0·001, Appendix page 19. 

Overall 17·4% (344/1,975) of patients treated with CQ had recurrent parasitaemia between day 7 and 42, compared to 2·0% (29/1,446) of those treated with CQ+PQ. The mean Hb at day 42 was significantly lower in patients with recurrent parasitaemia compared to those with no recurrence (mean difference -0·72 g/dL [95%CI -0·90 to -0·54]; p<0·001). When recurrences were excluded from the analysis the mean difference in Hb at day 42 was 0·38 g/dL [95%CI 0·17 to 0·58] higher in patients treated with CQ+PQ compared to those treated with CQ alone; p<0·001.  

Effect of delayed parasite clearance on Hb Profile
In total 37·1% (1,000/2,698) of patients had cleared their parasites by day 1, 76·9% (2,076/2,698) by day 2 and 23·1% (622/2,698) of patients had parasite clearance delayed until after day 2. The risk of delayed parasite clearance until after day 2 was 17·6% (290/1,646) following CQ and 31·6% (332/1,052) following treatment with CQ+PQ. After controlling for confounding factors including PQ treatment, patients with delayed parasite clearance had a significantly lower Hb at the day of nadir (-0·26 g/dL [95%CI -0·45 to -0·06]; p=0·010) and day 42 (-0·23 g/dL, [95%CI -0·39 to -0·07]; p=0·004); Appendix page 20.

Safety outcomes
The baseline Hb was correlated negatively with the percentage change in Hb at day 2/3 (r=-0·463 (95%CI -0·509, -0·415), p<0·0001) and day 7 (r=-0·521 (95%CI -0·554, -0·486), p<0·0001); Appendix pages 21-22. Whilst 1·1% (7/610) of patients treated with CQ and 5·7% (27/471) treated with CQ+PQ had a fractional fall in Hb greater than 25% from baseline at day 2/3, 94·1% (32/34) of these patients started with a Hb greater than or equal to 11·5 g/dl. A clinically significant fall in Hb was defined as a fall in Hb greater than 25% resulting in severe anaemia (Hb <7 g/dL). Of the 7 patients treated with CQ alone who had a fall in Hb greater than 25% at day 2/3 none had a clinically significant fall or an absolute fall in Hb greater than 5 g/dL; Table 2 and Appendix pages 23-24. Of the 27 patients treated with CQ+PQ who had a fall in Hb greater than 25% at day 2/3, one of 11 patients with normal G6PD activity had a clinically significant fall in Hb and six of 16 patients with unknown G6PD activity had a reduction in Hb greater than 5 g/dL; Table 2 and Appendix pages 23-24. The risk of haemolysis at day 7 and 28 and for patients with unknown G6PD activity are presented in Table 2 and Appendix page 25.

The unadjusted number needed to harm with PQ, causing an extra patient to have a clinically significant drop at day 2/3, was 1/471 (95%CI 1/159, ) in patients with any G6PD activity and 1/334 (95%CI 1/113, ) in patients with normal G6PD activity. The corresponding risks at day 7 were 1/539 (95%CI 1/182, ) and 1/389 (95%CI 1/132, ). 

Red cell loss
The cumulative red cell loss within three days of treatment was 19·0% greater in patients treated with PQ (1·47 g/dL*days) compared to those treated with CQ alone (1·19 g/dL*days). By day 42 the total red cell loss was 10.1% higher after CQ+PQ (48·98 g/dL*days) compared to after CQ alone (44·49 g/dL*days). 

In patients treated with CQ alone the contribution of parasitaemia to red cell loss was estimated from a mean parasite biomass at baseline of 2·82×1010 and an estimated 8·3×1011 RBCs lost by day 2. For each parasitised RBC that was haemolysed acutely, an additional 29 non-parasitised RBCs were also haemolysed.


Discussion
This large meta-analysis of 3,421 individual patient data from 29 studies provides the first detailed evaluation of the haematological consequences of P. vivax malaria treated with CQ with and without PQ treatment. In patients with predominantly normal G6PD activity, patients treated with PQ had no additional clinically significant haemolysis beyond patients treated with CQ alone. However, patients treated with PQ had faster haematological recovery and by day 42 their mean Hb was 0·5 g/dL higher than those patients treated without PQ, a difference in part attributable to a reduction in recurrent parasitaemia. 

Treatment with PQ reduces the risk of early and late vivax recurrences by over 90%, predominantly related to its ability to prevent reactivation of dormant liver stages.42,44,45 Despite these benefits, clinician concern regarding the risk of severe haemolysis in patients with G6PD deficiency, coupled with a lack of reliable point of care tests for G6PD deficiency has prevented the widespread uptake of PQ radical cure in many vivax endemic regions.10 However, the risk of severe haemolysis attributable to PQ needs to be balanced with the underlying haemolytic risk of malaria itself. Our analysis highlights that in a patient population with predominantly normal G6PD activity the fall in Hb over the first two days of CQ treatment was minor with minimal additional haemolysis attributable to PQ. However, treatment with PQ delayed the Hb nadir from day 2 to day 3 and led to an estimated 19·0% greater cumulative mean red cell loss over the first 3 days compared to patients treated with CQ alone. Nevertheless, consistent with previous studies,46 by day 42 patients treated with PQ had a significantly higher Hb, likely reflecting the prevention of relapse and potentially recrudescence.44 

Antimalarial studies commonly use a fall in Hb of >25% as a safety outcome.47,48 Whilst 5·7% treated with CQ+PQ had a fractional fall in Hb greater than 25% at day 2 or 3, this occurred predominantly in patients with high baseline Hb. Hence a large fractional fall in Hb from a high baseline does not necessarily equate to clinically relevant morbidity. We explored two alternative safety measures: a composite measure of a fall >25% from baseline to a Hb below 7 g/dL, and a fall in Hb >5 g/dL. The former reflects haemolysis to a level associated with rising risk or mortality5 and the latter massive intravascular haemolysis associated with an increased risk of high cell free Hb, renal tubular toxicity and acute renal failure.49 The risk of these safety outcomes was approximately 15 per 1000 patients treated. PQ was associated with one additional patient with a clinically relevant fall in Hb at day 2 or 3 for every 471 patients treated and one additional fall >5 g/dL for every 78 patients treated; noting that these estimates were unadjusted for confounding factors including background G6PD allele frequency and mutation type. Hence, whilst PQ does not cause a significantly increased risk of haemolysis at a population level, there is an appreciable risk of severe haemolysis in vulnerable individuals, emphasing the importance of reliable and accurate, point of care testing of G6PD activity prior to radical cure of P. vivax, in conjunction with clinical or biochemical monitoring for haematological recovery.

The day of nadir Hb occurred on day 2 in patients treated with CQ alone and day 3 in those treated with CQ+PQ, and yet less than half of the clinical studies sampled Hb on these days routinely. Future studies aiming to quantify PQ induced haemolysis should consider reviewing patients on day 3 after completion of schizontocidal treatment, at which time patients at greatest risk of haemolysis could be identified and appropriate management initiated if indicated.

Our analysis included all patients in the available clinical trials irrespective of their G6PD status. A subgroup analysis restricted to patients with normal G6PD activity was consistent with the overall analysis. Not all studies tested patients for G6PD deficiency, reflecting variations in regional protocols. The small number of adverse safety outcomes were not limited to the group with known G6PD deficiency, since within the first 7 days, 53% (8/15)  of events occurred in patients with normal G6PD status and 47% (7/15) in those with unknown status.

Our study results are limited by inclusion of data from only half of the patients from the targeted clinical trials. However, although there were minor epidemiological differences between the populations of studies included and targeted (Appendix page 15), the studies in our analysis were undertaken in a range of populations in vivax endemic areas. Furthermore, the mean baseline Hb was similar between the included and targeted studies suggesting that differences in the haematological profiles of the included and targeted populations were unlikely to be an important source of bias. A sensitivity analysis undertaken by removal of one study site at a time did not identify significant evidence of bias related to the included studies; Appendix page 26.  Hence our findings are likely to be generalisable to most regions with vivax malaria.

In summary, the administration of PQ did not result in significantly worse haematological outcomes, the haemolysis after treatment for vivax malaria primarily reflecting the disease itself rather than the treatment. Indeed, patients treated with PQ had better haematological outcomes by day 42, consistent with prevention of repeated haemolytic insults from vivax recurrence. There was a small risk of severe haemolysis after treatment with PQ, even in patients with normal G6PD activity, however, whether this was attributable to PQ treatment could not be determined. Our results highlight the public health benefits of radical cure for the treatment of P. vivax. Short course PQ and single-dose tafenoquine regimens are under development and will facilitate widespread implementation of effective vivax radical cure, the safety of which can be assured by accurate point of care testing for G6PD activity. 
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Figure 1: Study Flowchart
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Figure 2.  Haemoglobin versus time profiles for (A) all patients treated with CQ with (n=1,975) or without PQ (n=1,446), (B) patients with baseline haemoglobin ≥ 11·5 g/dL (n=1,277 for CQ and n=1,063 for CQ+PQ), and (C) patients with baseline haemoglobin <11·5 g/dL (n=698 for CQ and n=383 for CQ+PQ).
[bookmark: RANGE!A1:J25]CQ – chloroquine; PQ – primaquine. Profiles for chloroquine alone and chloroquine plus primaquine adjusted to the same baseline haemoglobin. Figure derived from linear mixed effect model with fractional polynomial terms for time. Shaded regions show 95% confidence intervals.
Table 1: Demographics, baseline characteristics and baseline haemoglobin measurements

	
	Chloroquine alone
	Chloroquine plus primaquine
	Overall

	
	Number (%)*
	Mean Hb (SD)
	Range
	Number (%)*
	Mean Hb (SD)
	Range
	Number (%)*
	Mean Hb (SD)
	Range

	Overall
	1975 (100%)
	12·2 (2·1)
	(6·0 to 18·7)
	1446 (100%)
	12·7 (2·1)
	(4·0 to 19·0)
	3421 (100%)
	12·4 (2·1)
	(4·0 to 19·0)

	Parasitaemia, parasites per uL; median (IQR)
	3400 (1261, 8290)
	
	
	2700 (912, 7040)
	
	
	3104 (1137, 8000)
	
	

	Gender
	
	
	
	
	
	
	
	
	

	Female
	772 (39·1%)
	11·8 (1·9)
	(6·0 to 17·4)
	438 (30·3%)
	11·7 (1·8)
	(4·0 to 17·4)
	1210 (35·4%)
	11·7 (1·9)
	(4·0 to 17·4)

	Male
	1203 (60·9%)
	12·5 (2·1)
	(6·6 to 18·7)
	1008 (69·7%)
	13·1 (2·1)
	(4·9 to 19·0)
	2211 (64·6%)
	12·8 (2·1)
	(4·9 to 19·0)

	Age category, years
	
	
	
	
	
	
	
	

	<5
	225 (11·4%)
	10·7 (2·0)
	(6·0 to 16·6)
	72 (5·0%)
	10·3 (1·8)
	(4·9 to 14·1)
	297 (8·7%)
	10·6 (2·0)
	(4·9 to 16·6)

	5 to <15
	691 (35·0%)
	11·6 (1·8)
	(6·6 to 17·4)
	326 (22·5%)
	11·5 (1·6)
	(5·5 to 16·3)
	1017 (29·7%)
	11·6 (1·8)
	(5·5 to 17·4)

	>=15
	1059 (53·6%)
	13·0 (1·9)
	(6·2 to 18·7)
	1048 (72·5%)
	13·2 (2·0)
	(4·0 to 19·0)
	2107 (61·6%)
	13·1 (2·0)
	(4·0 to 19·0)

	Weight category, kg
	
	
	
	
	
	
	
	

	5 to <15
	195 (9·9%)
	10·4 (1·9)
	(6·0 to 16·3)
	83 (5·7%)
	10·3 (1·6)
	(5·2 to 13·4)
	278 (8·1%)
	10·4 (1·8)
	(5·2 to 16·3)

	15 to <25
	440 (22·3%)
	11·5 (1·9)
	(6·9 to 16·6)
	172 (11·9%)
	11·1 (1·6)
	(4·9 to 15·9)
	612 (17·9%)
	11·4 (1·8)
	(4·9 to 16·6)

	25 to <35
	182 (9·2%)
	11·7 (1·6)
	(6·6 to 16·2)
	94 (6·5%)
	11·7 (1·6)
	(7·5 to 15·1)
	276 (8·1%)
	11·7 (1·6)
	(6·6 to 16·2)

	35 to <45
	196 (9·9%)
	12·1 (1·9)
	(6·5 to 17·4)
	153 (10·6%)
	12·1 (1·9)
	(5·8 to 17·1)
	349 (10·2%)
	12·1 (1·9)
	(5·8 to 17·4)

	45 to <55
	404 (20·5%)
	12·9 (1·9)
	(6·2 to 18·7)
	338 (23·4%)
	12·9 (1·9)
	(5·4 to 18·1)
	742 (21·7%)
	12·9 (1·9)
	(5·4 to 18·7)

	55 to <80
	484 (24·5%)
	13·1 (1·9)
	(7·0 to 18·1)
	508 (35·1%)
	13·6 (1·9)
	(4·0 to 19·0)
	992 (29·0%)
	13·3 (1·9)
	(4·0 to 19·0)

	>=80
	74 (3·7%)
	13·8 (1·3)
	(9·9 to 16·5)
	98 (6·8%)
	14·0 (1·7)
	(8·2 to 17·9)
	172 (5·0%)
	13·9 (1·5)
	(8·2 to 17·9)

	G6PD status
	
	
	
	
	
	
	
	

	Normal
	856 (43·3%)
	12·4 (1·9)
	(6·5 to 18·1)
	836 (57·8%)
	12·8 (2·0)
	(5·4 to 19·0)
	1692 (49·5%)
	12·6 (2·0)
	(5·4 to 19·0)

	Borderline
	3 (0·2%)
	13·9 (1·1)
	(13·1 to 15·2)
	0 (0%)
	  -
	-
	3 (0·1%)
	13·9 (1·1)
	(13·1 to 15·2)

	Deficient
	24 (1·2%)
	12·4 (1·8)
	(8·6 to 15·7)
	1 (0·1%)
	14·0 (-)
	(14·0 to 14·0)
	25 (0·7%)
	12·4 (1·8)
	(8·6 to 15·7)

	Not known
	1092 (55·3%)
	12·1 (2·2)
	(6·0 to 18·7)
	609 (42·1%)
	12·5 (2·2)
	(4·0 to 18·9)
	1701 (49·7%)
	12·2 (2·2)
	(4·0 to 18·9)

	Relapse Periodicity
	
	
	
	
	
	
	
	

	Long
	1360 (68·9%)
	12·3 (2·1)
	(6·0 to 18·1)
	627 (43·4%)
	13·4 (1·9)
	(4·0 to 18·9)
	1987 (58·1%)
	12·6 (2·1)
	(4·0 to 18·9)

	Short
	615 (31·1%)
	12·1 (2·0)
	(6·2 to 18·7)
	819 (56·6%)
	12·2 (2·1)
	(4·9 to 19·0)
	1434 (41·9%)
	12·2 (2·0)
	(4·9 to 19·0)

	Geographical region
	
	
	
	
	
	
	
	

	Asia-Pacific
	1114 (56·4%)
	11·9 (1·9)
	(6·2 to 18·7)
	1133 (78·4%)
	12·5 (2·1)
	(4·9 to 19·0)
	2247 (65·7%)
	12·2 (2·0)
	(4·9 to 19·0)

	The Americas
	285 (14·4%)
	12·5 (2·0)
	(7·0 to 17·4)
	313 (21·6%)
	13·5 (1·8)
	(4·0 to 18·9)
	598 (17·5%)
	13·0 (2·0)
	(4·0 to 18·9)

	Africa
	576 (29·2%)
	12·7 (2·2)
	(6·0 to 18·1)
	0 (0%)
	-
	-
	576 (16·8%)
	12·7 (2·2)
	(6·0 to 18·1)


Hb – haemoglobin; SD – standard deviation; IQR – interquartile range; * Number of patients (percentage of total patients in group) unless otherwise specified.
Table 2. Distribution of absolute and percentage change in haemoglobin and risk of anaemia on days 2/3, 7 and 28 by treatment group·

	
	Any G6PD activity
	Normal G6PD activity

	Day and metric
	Chloroquine alone
	Chloroquine plus primaquine
	Chloroquine alone
	Chloroquine plus primaquine

	Day 2/3 (number of patients)
	610*
	471†
	338
	334

	Absolute change‡, mean (SD) [range]; g/dL 
	-0·5 (1·1)
[-4·6 to 3·4]
	-1·1 (1·6)
[-6·4 to 5·0]
	-0·9 (1·2)
[-4·6 to 3·4]
	-1·2 (1·3)
[-4·2 to 5·0]

	Percentage change‡, mean (SD) [range]; %
	-3·5 (8·5)
[-32·3 to 34·3]
	-8·0 (11·8)
[-39·4 to 60·8]
	-6·7 (9·0)
[-32·3 to 34·3]
	-8·8 (10·1)
[-39·4 to 60·8]

	Percentage fall >25%
	7/610 (1·1%)
	27/471 (5·7%)
	7/338 (2·1%)
	11/334 (3·3%)

	>25% fall associated with severe anaemia (%)§
	0/610 (0%)
	1/471 (0·2%)
	0/338 (0%)
	1/334 (0·3%)

	Absolute fall >5 g/dL¶
	0/610 (0%)
	6/471 (1·3%)
	0/338 (0%)
	0/334 (0%)

	Day 7  2
	1222
	539
	608
	389

	Absolute change‡, mean (SD) [range]; g/dL
	-0·1 (1·2)
[-5·6 to 6·5]
	-1·0 (1·6)
[-7·3 to 5·4]
	-0·2 (1·4)
[-4·6 to 6·5]
	-1·0 (1·5)
[-7·3 to 5·4]

	Percentage change‡, mean (SD) [range]; %
	0·4 (10·5)
[-40·6 to 64·4]
	-6·5 (12·3)
[-55·3 to 65·5]
	-0·7 (11·3)
[-33·0 to 64·4]
	-7·3 (11·5)
[-55·3 to 65·5]

	Percentage fall >25%
	5/1222 (0·4%)
	33/539 (6·1%)
	4/608 (0·7%)
	20/389 (5·1%)

	>25% fall associated with severe anaemia (%)§
	0/1220 (0%)
	1/539 (0·2%)
	0/608 (0%)
	1/389 (0·3%)

	Absolute fall >5 g/dL¶
	1/1222 (0·1%)
	8/539 (1·5%)
	0/608 (0%)
	4/389 (1·0%)

	Day 28  3
	1579
	917
	731
	472

	Absolute change‡, mean (SD) [range]; g/dL
	0·5 (1·4)
[-6·9 to 6·2]
	0·4 (1·7)
[-6·8 to 6·7]
	0·4 (1·5)
[-4·7 to 6·2]
	0·4 (1·4)
[-4·2 to 6·2]

	Percentage change‡, mean (SD) [range]; %
	5·0 (13·4)
[-46·3 to 81·7]
	5·1 (16·5)
[-51·1 to 136·7]
	4·2 (13·1)
[-39·5 to 74·7]
	4·2 (12·8)
[-36·2 to 74·8]

	Percentage fall >25%
	9/1579 (0·6%)
	13/917 (1·4%)
	6/731 (0·8%)
	2/472 (0·4%)

	>25% fall associated with severe anaemia (%)§
	1/1576 (0·1%)
	3/906 (0·3%)
	0/730 (0%)
	0/472 (0%)

	Absolute fall >5 g/dL¶
	1/1579 (0·1%)
	3/917 (0·3%)
	0/731 (0%)
	0/472 (0%)



CI = Confidence interval; Hb – haemoglobin; No. – number; SD – standard deviation; * Includes 338 patients with normal G6PD activity, 258 with unknown activity and 14 with borderline or deficient activity; † Includes 334 patients with normal G6PD activity and 137 with unknown activity; ‡ Results are reported as a change in haemoglobin, with positive results reflecting a rise in Hb and negative results reflecting a fall in Hb; § Patients were considered to develop severe anaemia if their baseline Hb was ≥7 g/dL and their follow up Hb was <7 g/dL, with the denominator the number of people with a Hb recorded for that day who had a baseline ≥7 g/dL. All patients that developed severe anaemia had a Hb fall >25%. Table S7 provides additional patient details; ¶ Table S8 provides additional patient details. 
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