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The world has seen a significant reduc-
tion in the burden of Plasmodium falcip-
arum malaria over the last decade,
which can to a large extent be attributed
to the wide deployment of insecticide-
treated bed nets and the introduction of
the highly effective artemisinin combi-
nation therapies. Effective early asexual
stage antimalarial treatment will prevent
the transition to early developing game-
tocytes, but in addition the artemisinin
derivatives affect young gametocytes,
their
reducing capacity. However, mature ga-

which augments transmission-
metocytes responsible for transmission
of the disease can be present on first pre-
sentation and last for several weeks
even with artemisinin-based combination
therapy (ACT). The 8-aminoquinolone
primaquine is the only drug in general
use with gametocytocidal activity against
these mature forms, and can be an im-
reduce malaria

portant adjunct to

Received and accepted 5 November 2012; electronically
published 21 November 2012.

Correspondence: Arjen M. Dondorp, MD, PhD, Mahidol-
Oxford Tropical Research Unit, Faculty of Tropical Medicine,
Mahidol University, Rajvithi Road 420/6, Bangkok 10400,
Thailand (aarjen@tropmedres.ac).

Clinical Infectious Diseases 2013;56(5):694—6

© The Author 2012. Published by Oxford University Press on
behalf of the Infectious Diseases Society of America. This is
an Open Access article distributed under the terms of the Crea-
tive Commons Attribution License (http://creativecommons.
org/licenses/by/3.0/), which permits unrestricted reuse, distri-
bution, and reproduction in any medium, provided the original
work is properly cited.

DOI: 10.1093/cid/cis962

transmission essential for the ultimate
aim of malaria elimination. This aim has
gained importance with the emergence of
partial resistance to artemisinins on the
Cambodian-Thai
borders, which has the potential to

and Thai-Myanmar

spread to other places in the region [1].
Containment of the problem implies the
elimination of falciparum malaria in
areas of artemisinin resistance, since
with continuing drug pressure the re-
maining parasite populations will be the
most resistant [2]. Deployment of pri-
maquine is important to reach this goal,
and its use is recommended in many of
the region’s national treatment guide-
lines. However, in practice the drug is
not widely used because of safety con-
cerns, in particular the drug’s oxidative
capacity causing intravascular hemolysis
in patients with glucose-6-phosphate de-
hydrogenase (G6PD) deficiency. Treat-
ment with primaquine, which has no
effect on the
causing the disease, has no benefit for the

blood-stage parasites
individual patient, so that there will be
low tolerance for drug-related adverse
events.

In this context, the well-designed and
carefully executed open randomized con-
trolled trial by Sutanto and colleagues
published in this issue of Clinical Infec-
tious Diseases makes a contribution to
establish the risk-benefit profile of pri-
maquine as an adjunct to ACT in the
treatment of uncomplicated falciparum

malaria in South Sumatra, Western Indo-
nesia [3]. Prevalence of G6PD deficiency
is around 5% in North Sumatra [4], but
no published data are available for South
Sumatra. In the current study, patients
were screened prior to randomization
with a qualitative fluorescent spot test to
detect G6PD deficiency. G6PD deficiency
was an exclusion criterion for enrollment
in the trial, but surprisingly all 374
patients who provided informed consent
had normal test results. Patients were
randomized to receive 3 days of treatment
with dihydroartemisinin-piperaquine with
or without the addition of a single dose of
0.75 mg/kg primaquine given on the third
day of treatment. Primaquine had a large
effect on gametocyte carriage: In the 21%
of patients with microscopically detect-
able gametocytes on day 3, clearance was
about twice as fast with primaquine
(hazard ratio, 2.42 [95% confidence inter-
val, 1.39-4.19], P=.002).
without gametocytes on day 3, none of

In patients

the patients in either study arm developed
microscopically detectable gametocytemia.
The addition of primaquine was well tol-
erated in this population. In particular,
gastrointestinal complaints were similar in
the 2 treatment arms, as were the hemo-
globin concentrations on 7 and 42 days
after start of treatment. Follow-up was re-
markably complete. The authors con-
clude that in settings where screening
for G6PD is feasible, a single gametocy-
tocidal dose of primaquine should be
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added to ACT for the treatment of fal-
ciparum malaria in low-transmission
settings. However, as the authors recog-
nize, routine screening for G6PD may
not be feasible in most treatment
settings.

More practical point-of-care dipstick
format tests to detect G6PD deficiency
are under development, which will facil-
itate testing in the future. Prevalence of
G6PD deficiency in malaria-endemic
areas is usually somewhere between 5%
and 20% [5]. The G6PD gene is located
on the X chromosome and >140 func-
tional polymorphisms are known to
confer reductions in G6PD enzyme ac-
tivity. The more common ones are well
characterized and differ importantly in
their effect on enzyme activity. Thus, for
safe deployment of primaquine in a
malaria-endemic area, information is
needed on the hemolytic effects of the
proposed primaquine regimen in malaria
with the common G6PD

genotypes prevalent in that area. These

patients

studies are currently being planned in
several Asian countries. However, there is
an urgent need now for wider, yet safe,
deployment of primaquine in the context
of containment and elimination of arte-
misinin-resistant malaria.

For this reason, the World Health Or-
ganization (WHO) has recently convened
an evidence review group on the use of
single-dose primaquine as a gametocyto-
cidal drug in the treatment of falciparum
malaria [6]. On the basis of a review of all
published and unpublished data, the
group concluded that a single dose as low
as 0.25 mg/kg might be sufficient to block
transmission and can be deployed safely
without prior testing for G6PD enzyme
activity. The efficacy of this low dose is
related to its inhibitory effect on transmis-
sibility, as assessed from parasite oocyst
and sporozoite numbers in the mosquito,
which precedes the effect on gametocyte
densities and is achieved at lower prima-
quine doses [7, 8]. As a result of this con-
sultation, the WHO now recommends in
areas threatened by artemisinin resistance,

as well as in elimination areas (and where
single-dose primaquine as a gametocyto-
cide for falciparum malaria is not yet
being implemented), a single 0.25 mg
base/kg primaquine dose for all patients
with parasitologically confirmed falcipa-
rum malaria on the first day of treatment
in addition to ACT without prior testing
for G6PD deficiency. Pregnant women
and infants <1 year of age are excluded
from this recommendation [9].

The timing of the primaquine dose in
the revised guideline is on the first day
of treatment, instead of the third day in
the study by Sutanto. The authors base
this delay in dosing on a mathematical
modeling study showing that postponing
the dose
blocking effect. An optimal effect is pre-

increases its transmission
dicted with a single primaquine dose on
day 8, related to the fact that in falcipa-
rum malaria the peak in gametocyte
density is usually delayed by around 1-2
weeks after the initial acute attack [10].
However, the model depends on as-
sumptions regarding the stage specificity
of the gametocytocidal effect of prima-
quine, which might be broader than
only the mature gametocytes, and the
lack of a gametocytocidal effect of ACT.
Postponing the primaquine dose allows
additional time for transmission of the
infection. A study from Myanmar on
the gametocytocidal effect of a single
dose of 0.45 mg/kg primaquine given on
the first instead of the third day of treat-
ment showed a beneficial effect on ga-
that
observed in the current study, as well as

metocyte clearance similar to
a similar favorable safety profile [11]. A
directly observed primaquine dose on
the first day of therapy might also be
easier to implement operationally. A
drawback is that the hemolytic effect of
primaquine in patients with G6PD defi-
ciency is increased in the presence of
fever [5], which is higher at the start of
treatment.

In conclusion, the study of Sutanto
and colleagues clearly demonstrates the
efficacy and safety of a single dose of

0.45 mg/kg primaquine on the third day
of treatment as a gametocytocide drug
in the treatment of uncomplicated fal-

ciparum malaria, excluding patients

with G6PD deficiency. Dose and timing
differ from the recently adopted WHO
guideline, recommending a single dose
of 0.25 mg/kg primaquine on the first
day of treatment in similar settings,
without prior testing for G6PD enzyme
activity. Further studies will be needed
to provide additional evidence for the
optimal timing and dose of an effica-
cious yet safe deployment of primaquine
as gametocytocidal and transmission-
blocking treatment in populations with a
high prevalence of G6PD deficiency.

Notes

Acknowledgments. The author thanks Pro-
fessor Nicholas White, Dr Ayodhia Pitaloka Pa-
saribu, and Dr Elizabeth Ashley for providing
additional information used in this article.

Financial support. A. D. is supported by
the Wellcome Trust of Great Britain.

Potential conflicts of interest. ~Author certi-
fies no potential conflicts of interest.

The author has submitted the ICMJE
Form for Disclosure of Potential Conflicts of
Interest. Conflicts that the editors consider
relevant to the content of the manuscript have
been disclosed.

References

1. Fairhurst RM, Nayyar GM, Breman ]G,
et al. Artemisinin-resistant malaria: research
challenges, opportunities, and public health
implications. Am ] Trop Med Hyg 2012;
87:231-41.

2. Maude R], Pontavornpinyo W, Saralamba S,
et al. The last man standing is the most
resistant: eliminating artemisinin-resistant
malaria in Cambodia. Malar ] 2009; 8:31.

3. Sutanto I, Suprijanto S, Kosasih A, et al.
The effect of primaquine on gametocyte de-
velopment and clearance in the treatment
of uncomplicated falciparum malaria with
dihydroartemisinin-piperaquine in South
Sumatra, Western Indonesia: an open-label,
randomized controlled trial [published
online ahead of print 21 November 2012].
Clin Infect Dis 2013; 56:685-93.

4. Matsuoka H, Ishii A, Panjaitan W,
Sudiranto R. Malaria and glucose-6-phos-
phate dehydrogenase deficiency in North
Sumatra, Indonesia. Southeast Asian ] Trop
Med Public Health 1986; 17:530-6.

EDITORIAL COMMENTARY e CID 2013:56 (1 March) e 695



5. Cappellini MD, Fiorelli

G. Glucose-6-
phosphate dehydrogenase deficiency. Lancet
2008; 371:64-74.

. World Health Organization Evidence
Review Group. The safety and effectiveness
of single dose primaquine as a P. falciparum
gametocytocide. Available at: http:/www.
who.int/malaria/mpac/sep2012/primaquine_
single_dose_pf_erg_meeting_report_aug2012.
pdf. Accessed 1 November 2012.

. Mackerras MJ, Ercole QN. Observations on
the action of quinine, atebrin and plasmoquine

on the gametocytes of Plasmodium falciparum.
Trans R Soc Trop Med Hyg 1949; 42:455-63.

. White NJ. Primaquine to prevent transmis-

sion of falciparum malaria. Lancet Infect
Dis 2012. In press.

. World Health Organization. Updated WHO

policy recommendation (October 2012).
Single dose primaquine as a gametocytocide
in Plasmodium falciparum malaria. Available
at: http://www.who.int/malaria/pq_updated_
policy_recommendation_en_102012.pdf. Ac-
cessed 1 November 2012.

10. Lawpoolsri S, Klein EY, Singhasivanon P,

11.

et al. Optimally timing primaquine treat-
ment to reduce Plasmodium falciparum
transmission in low endemicity Thai-
Myanmar border populations. Malar ] 2009;
8:159.

Smithuis F, Kyaw MK, Phe O, et al. Effec-
tiveness of five artemisinin combination reg-
imens with or without primaquine in
uncomplicated falciparum malaria: an open-
label randomised trial. Lancet Infect Dis
2010; 10:673-81.

696 e CID 2013:56 (1 March) ¢ EDITORIAL COMMENTARY


http://www.who.int/malaria/mpac/sep2012/primaquine_single_dose_pf_erg_meeting_report_aug2012.pdf
http://www.who.int/malaria/mpac/sep2012/primaquine_single_dose_pf_erg_meeting_report_aug2012.pdf
http://www.who.int/malaria/mpac/sep2012/primaquine_single_dose_pf_erg_meeting_report_aug2012.pdf
http://www.who.int/malaria/mpac/sep2012/primaquine_single_dose_pf_erg_meeting_report_aug2012.pdf
http://www.who.int/malaria/mpac/sep2012/primaquine_single_dose_pf_erg_meeting_report_aug2012.pdf
http://www.who.int/malaria/mpac/sep2012/primaquine_single_dose_pf_erg_meeting_report_aug2012.pdf
http://www.who.int/malaria/pq_updated_policy_recommendation_en_102012.pdf
http://www.who.int/malaria/pq_updated_policy_recommendation_en_102012.pdf
http://www.who.int/malaria/pq_updated_policy_recommendation_en_102012.pdf
http://www.who.int/malaria/pq_updated_policy_recommendation_en_102012.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


