
 

 

Additional file 4. Systematic review result for copy number variation (CNV) in genes related 

to drug resistance in Plasmodium vivax and Plasmodium falciparum isolates worldwide. 

CNV in pvmdr1 

Reference Year Country N 
3
 

Gene Copy 

Number 

1 2 to 4  > 4 

Americas 

[72] 2004-2011 
1
 Brazil 215 99% 1%  

[73] 1997-2013 
1
 French Guiana 591 69% 31%  

[74] 2000-2003 
1
 French Guiana 117 41% 56% 3% 

[83] 2004-2009 
1
 Honduras 61 98% 2% 

 

Africa 

[98] 2007-2009 
1
 Mauritania 105 97% 3% 

 

[74] 

2007 
1
 Sudan 59 98% 2%  

2006-2007 
1
 Madagascar 199 99% 1%  

Asia 

[86] 2011 
1
 Pakistan 108 100% 

  
[74] 2010 

1
  Cambodia 117 67% 33%  

[97] 

2006-2007 
1
 Thailand 27 93% 7% 

 2007-2009 
1
 Republic of Korea 96 100% 

  
1999 

1
 Myanmar 11 100% 

  

[37] 

2008 
1
 Cambodia 109 96% 4% 

 
2009 

1
 Thailand 49 61% 39% 

 

[99] 2008 
1
 Thailand 1 100% 

 
 

[32] 2003-2007 
1
 

Thailand 71 79% 21% 
 

Indonesia 114 100% 

  

Oceania 

[97] 2008 
1
 Papua New Guinea 1 100% 

  



 

 

CNV in pfmdr1 

Americas 

[80] 1998 
2
 

Brazil 

11 100% 
  

[43] 1984-2011 
1
 96 62% 38% 

 

[81] 2000-2008 
1
 French Guiana 547 61% 35% 4% 

[83] 2004-2009 
1
 Honduras 32 100% 

  

[90] 

2004-2009 
1
 Honduras 28 100% 

  
1999-2001 

1
 Colombia 44 100% 

  

[69] 2005-2006 
1
 

Suriname 

35 94% 6% 
 

[82] 2005-2009 
1
 63 89% 11% 

 

Africa 

[90] 

1978-1981 
1
 Liberia 30 100% 

  
2001-2004 

1
 Guinea Bissau 50 100% 

  
2002 

1
 Vanuatu 9 100% 

  
2008 

1
 Tanzania 46 100% 

  

[100] 2004-2011 
1
 Tanzania 390 100% 

  

[101] 1993 
1
 

sub-Saharan Africa 

13 85% 15% 
 

[102] 2008-2011 
1
 28 91% 9% 

 

[103] 2007 
1
 

Kenya 

253 100% 
  

[104] 2005-2008 
1
 78 100% 

  
[105] 2004 

1
 58 98% 2% 

 

[106] 2012 
1
 

Kenya 1 100% 
  

Burkina Faso 1 100% 
  

Sudan 1 100% 
  

Nigeria 2 100% 
  

Ghana 2 100% 

  

[45] 2003-2010 
1
 Ghana 446 92% 8% 

 
[107] 2006-2007 

1
 Nigeria 16 100% 

  



 

 

[108] 

2004 
1
 São Tomé and Príncipe 

8 100% 
  

[109] 8 100% 

 

 

[110] 2005-2008 
1
 Benin 160 100% 

  
[111] 2005-2009 

1
 Cameroon 215 100% 

  

[112] 2006-2007 
1
 

Madagascar 

290 100% 
  

[113] 2006-2008 
1
 583 100% 

  

[29] 2006 
2
 

Uganda 

2 
 

100% 
 

[93] 2007-2008 
1
 9 100% 

  
[114] 2010-2011 

1
 57 100% 

  

[115] 2007 
1
 Malawi 160 100% 

  
[116] 2009-2010 

1
 Senegal 174 99% 1% 

 
[117] 2011 

2
 Sudan 55 96% 4% 

 

[118] 2000-2011 
1
 

KwaZulu-Natal, Limpopo, 

Mpumalanga 
2010 100% 

  

[119] 2012 
1
 KwaZulu-Natal 16 100% 

  

[120] 2011 
1
 

Ethiopia 

195 100% 
  

[121] 2013 
1
 133 45% 55% 

 
[122] 2013 

1
 177 100% 

  

Asia 

[123] 2005-2007 
1
 

Pakistan 

232 99% 1% 
 

[86] 2011 
1
 171 100% 

  

[87] 1992 
1
 

Cambodia 

10 100% 
  

[124] 2002-2004 
1
 224 81% 16% 3% 

[125] 2004-2006 
1
 93 67% 33% 

 
[126] 2009-2010 

1
 182 65% 33% 2% 

[127] 2011-2013 
1
 419 19% 81% 

 
[128] 2008-2013 

1
 644 67% 33% 

 
[129] 2015 

2
 12 42% 58% 

 



 

 

[88] 2007-2010 
1
 Afghanistan 120 100% 

  

[89] 2007-2010 
1
 

Iran 

200 100% 
  

[90] 2001-2002 
1
 36 100%   

[66] 1992 
1
 

Myannmar, Bangladesh, 

Vietnam 
26 88% 12% 

 

[66] 1992 
1
 

Thailand 

39 88% 12% 
 

[90] 2002-2008 
1
 49 53% 47% 

 
[130] 1990 

1
 11 9% 91% 

 
[27] 1990-2002 

1
 187 46% 53% 1% 

[131] 1990-2002 
1
 132 30% 70% 

 
[132] 1993-1994 

1
 5 80% 20% 

 
[133] 1995-1997 

1
 54 69% 27% 4% 

[134] 1997 
2
 10 50% 50% 

 
[135] 2000-2003 

1
 326 66% 34% 

 
[136] 2002-2008 

1
 46 48% 35% 17% 

[137] 2006-2008 
1
 78 77% 23% 

 
[138] 2009 

1
 96 74% 26% 

 
[139] 2009 

1
 117 72% 28% 

 
[140] 2009 

1
 1.116 88% 12% 

 
[141] 2008-2009 

1
 91 40% 60% 

 

[142] 2007-2008 
1
 

Thailand-Myanmar border 

26 54% 35% 1% 

[143] 2001-2002 
1
 51 90% 10% 

 
[144] 2010 

1
 44 64% 22% 14% 

[145] 2007-2009 
1
 63 48% 24% 21% 

[146] 2006-2009 
1
 123 49% 46% 5% 

[147] 2002-2008 
1
 46 48% 52% 

 
[148] 2009-2010 

1
 168 62% 38% 

 
[149] 2003-2013 

1
 791 46% 54% 

 

[84] 2003-2005 
1
 

Thailand-Myanmar border 68 
 

100% 
 

Thailand-Cambodia border 21 100% 

  



 

 

[85] 2003-2008 
1
 

Thailand-Myanmar border 37 
 

100% 
 

Thailand-Cambodia border 48 100% 

  

[150] 2007 
1
 Indonesia 232 86% 14% 

 
[151] 2011-2014 

1
 Malaysia 38 100% 

  

[152] 2009-2010 
1
 

India 

75 99% 1% 
 

[153] 2012 
1
 30 100% 

  

Oceania 

[154] 2003-2005 
1
 Papua New Guinea 405 100% 

  

CNV in pfgch1 

Africa 
 

[93] 2007-2008 
1
 Uganda 9 100% 

  

Asia 
 

[28] 

2000-2003 
1
 Thailand 140 28% 72% 

 
2002-2003 

1
 Laos 122 98% 2% 

 
1
 Year of sample collection 

2
  Date of publication of the article 

3
  Number of isolates 
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