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Abstract

A recent paper in Malaria Journal suggests that a high proportion of Plasmodium falciparum isolates found in
travellers returning from a range of African countries carry the PfATP6 A623E S769N haplotype, and that this
genotype is associated with artemether resistance. Such a finding would represent a substantial departure from the
extensive literature reporting these individual mutations to be very rare, with the double mutation never
documented. The number of isolates screened to obtain these double mutants is unstated, but highly relevant, not
least because selection of isolates could have introduced significant confounders, such as timing of in vitro testing.
An additional concern relates to the location of sequencing primers used to assess these positions. In the absence
of clear information on these fundamental questions it would be appropriate to treat the findings with caution.

Pillai et al. [1] describe a possible association between the
PfATP6 A623E S769N haplotype and artemether resistance
in Plasmodium falciparum isolates in returning travellers
from eight African countries. A large number of studies
have been undertaken specifically to look for these and
other polymorphisms at a global level, both before and after
the introduction of artemisinin combination therapy. As
the authors point out, A623E and S769N have never been
reported in the same isolate, and even as separate entities
they have only been found at very low prevalence in a small
number of countries. Among approximately 1,000 samples
studied originating in the eight countries described in the
report, only two isolates have been found with the A623E
mutation (in Tanzania) and no isolate has been found with
the S769N mutation [2-10] (Table 1).

The finding of A623E S769N double mutants in 11 of
28 patients in one centre is, therefore, highly unex-
pected. The authors propose that natural selection for
these polymorphisms may be taking place in the coun-
tries of origin for these parasites, because of the rapid
scale up of anti-malarial treatment programmes being
implemented in recent years. However, before natural
selection is invoked, a much more basic concern needs
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to be addressed, namely selection of isolates in the la-
boratory. It is notable that the median date of receipt for
the mutant isolates was around 500 days before that of
the wild-type samples (according to the supplementary
data). This is of profound methodological importance
since use of wild-type controls with different properties
to the mutant population (such as date of assay) would
introduce a significant confounder. How many isolates
were screened to obtain the final 11 double mutants?
And how were the wild-type controls selected?

Another possible explanation for the high reported fre-
quency of mutant haplotypes relates to the methods
used to sequence the PfATP6 gene itself. Examination of
the sequencing primers appears to indicate that the for-
ward biotinylated primer reported by the authors to have
been used to assess the A623E polymorphism lies over
the A623 position itself (Figure 1). Since primer is incor-
porated into product, it is difficult to understand how
position 623 was assessed, and specifically how A623E
mutants could have been seen at all.

In the absence of clear information on these funda-
mental questions it would be appropriate to treat the
findings and conclusions of the article with caution.
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Table 1 Previous publications on prevalence of the A623E and S769N polymorphisms in the countries described by

Pillai et al. [1]

A623E Reference S769N Reference
Nigeria 0/11 (3] 0/1 (3]
Ghana 0/120 [3] (0/13), [4] (0/1), [7] (0/38), [9] (0/68) 0/120 [3] (0/13), [4] (0/1), [7] (0/38), [9] (0/68)
Angola 0/76 (3] (0/10), [6] (0/66) 0/76 (3] (0/10), [6] (0/66)
Cameroon 0/160 31 (0/2), [5] (0/97), [8] 0/61 0/160 31 (0/2), [5] (0/97), [8] 0/61
Tanzania 2/636 [2] (0/288), [4] 2/279, [7] 0/69, 0/635 [2] (0/197), [4] 0/279, [7] 0/69, [10] 0/90
Liberia 01 (4] 01 [4]
Kenya 0/4 (3] 0/4 (3]
Total 2/1008 0/1007

The data indicate numbers of samples with mutation/number of samples assayed. In cases where the precise number of samples examined for each SNP was not

reported the lowest possible number within the range described is shown.
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Figure 1 Location of the forward biotinylated primer used to assess the A623E polymorphism in the PfATP6 coding sequence. The

primer lies over the A623 position itself.

A623

Competing interests
The authors declare that they have no competing interests.

isolates of Plasmodium falciparum and sequence analysis of the P.
falciparum ATPase 6 gene. Am J Trop Med Hyg 2009, 81:13-18.

o 6. Menegon M, Pearce RJ, Inojosa WO, Pisani V, Abel PM, Matondo A, Bisoffi Z
Authors' contributions Majori G, Ord R, Warhurst DC, Roper C, Severini C: Monitoring for
All authors contributed to meta-analysis of publications. CW drafted the text. multidrug-resistant Plasmodium falciparum isolates and analysis of
All authors read and approved the final manuscript. pyrimethamine resistance evolution in Uige province, Angola.
Acknowledgements Trop Med Int Heglrh 2009, 14:1251-1257. S
None. 7. Tanabe K, Zakeri S, Palacpac NM, Afsharpad M, Randrianarivelojosia M,
Kaneko A, Marma AS, Horii T, Mita T: Spontaneous mutations in the
Author details Plasmodium falciparum sarcoplasmic/endoplasmic reticulum
'Mahidol-Oxford University Tropical Medicine Research Unit (MORU), Ca2 +—ATPase (PfATP6) gene among geographically widespread
Bangkok, Thailand. “Sanger Malaria Programme, Wellcome Trust Sanger parasite populations unexposed to artemisinin-based combination
Institute, Hinxton, Cambridge, UK. therapies. Antimicrob Agents Chemother 2011, 55:94-100.
8. Menemedengue V, Sahnouni K, Basco L, Tahar R: Molecular epidemiology
Received: 17 May 2012 Accepted: 1 June 2012 of malaria in Cameroon. XXX. sequence analysis of Plasmodium
Published: 8 June 2012 falciparum ATPase 6, dihydrofolate reductase, and dihydropteroate
synthase resistance markers in clinical isolates from children treated
References with an artesunate-sulfadoxine-pyrimethamine combination. Am J Trop
1. Pillai DR, Lau R, Khairnar K, Lepore R, Via A, Staines HM, Krishna S: Med Hyg 2011, 85:22-25.
Artemether resistance in vitro is linked to mutations in PfATP6 that also 9. Kwansa-Bentum B, Ayi I, Suzuki T, Otchere J, Kumagai T, Anyan WK, Osei JH,
interact with mutations in PfMDR1 in travellers returning with Asahi H, Ofori MF, Akao N, Wilson MD, Boakye DA, Ohta N: Plasmodium
Plasmodium falciparum infections. Malar J 2012, 11:131. falciparum isolates from southern Ghana exhibit polymorphisms in the
2. Mugittu K, Genton B, Mshinda H, Beck HP: Molecular monitoring of SERCA-type PfATPase6 though sensitive to artesunate in vitro.
Plasmodium falciparum resistance to artemisinin in Tanzania. Malar J 2011, 10:187.
Malar J 2006, 5:126. 10.  Kamugisha E, Jing S, Minde M, Kataraihya J, Kongola G, Kironde F, Swedberg
3. Menegon M, Sannella AR, Majori G, Severini C: Detection of novel point G: Efficacy of artemether-lumefantrine in treatment of malaria among
mutations in the Plasmodium falciparum ATPase6 candidate gene for under-fives and prevalence of drug resistance markers in Igombe-
resistance to artemisinins. Parasitol Int 2008, 57:233-235. Mwanza, north-western Tanzania. Malar J 2012, 11:58.
4. Dahlstrom S, Veiga MI, Ferreira P, Martensson A, Kaneko A, Andersson B,
Bjorkman A, Gil JP: Diversity of the sarco/endoplasmic reticulum Ca(2 doi:10.1186/1475-2875-11-186
+)-ATPase orthologue of Plasmodium falciparum (PfATP6). Cite this article as: Woodrow et al: Questions over high frequency of
Infect Genet Evol 2008, 8:340-345. mutant PfATP6 haplotypes in traveller isolates. Malaria Journal 2012
5. Tahar R, Ringwald P, Basco LK: Molecular epidemiology of malaria in 11:186.

Cameroon. XXVIIL. In vitro activity of dihydroartemisinin against clinical




	Abstract
	Competing interests
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


