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NOTE 

The views expressed in this report are those of the participants of the Meeting of the Greater 
Mekong Subregion (GMS) Therapeutic Efficacy Study (TES) Network and do not 
necessarily reflect the policies of the conveners. 

This report has been prepared by the World Health Organization Regional Office for the 
Western Pacific for Member States in the Region and for those who participated in the 
Meeting of the Greater Mekong Subregion (GMS) Therapeutic Efficacy Study (TES) 
Network in Ha Noi, Viet Nam from 20 to 21 May 2014. 
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SUMMARY 
 
 
 
The Greater Mekong Subregion (GMS) is considered the global epicentre of P. falciparum 
resistance to antimalarial drugs.  Resistance to chloroquine (CQ) emerged in the 1960s, 
followed by resistance to sulfadoxine-pyrimethamine (SP) in the 1970s and resistance to 
mefloquine (MEF) in the 1990s.  Between 2002 and 2005 routine in vivo studies showed 
increasing parasite clearance times with artemisinin combination therapies (ACTs) along the 
Cambodia/Thailand border.  Between 2006 and 2007 clinical trials confirmed artemisinin 
resistance to P.falciparum in this area.  With rising global and regional concern about 
artemisinin resistance, a Mekong Therapeutic Efficacy Studies monitoring network (Mekong 
TES Network) was formed with the participation of Member States and partners.  While 
artemisinin resistance remains confined to hotspots in the GMS, ongoing monitoring of drug 
resistance is crucial.  The Mekong TES Network has now expanded from 35 to 48 sentinel 
sites in the GMS. 
 
The objectives of the meeting were: 
 
(1) to review the antimalarial drug resistance situation in GMS countries; 
(2) to review and discuss the updated WHO TES protocol and its implementation in 

relation to other control activities, including tracking artemisinin resistance in the 
region; 

(3) to discuss new tools in monitoring artemisinin resistance (K13 gene) and; 
(4) to develop regional/country work plans and budgets for TES monitoring in 2014 and 

2015. 
 
Technical presentations 
 
The Mekong TES Network is implemented by National Malaria Control Programmes 
(NMCPs) in 48 sites in six Mekong countries: Cambodia, China (Yunnan), the Lao People’s 
Democratic Republic, Myanmar, Thailand and Viet Nam.  There are also three sites in 
neighbouring Bangladesh and eight in India.  Results of the TES since 2008 have identified 
nine areas with suspected resistance to artemisinin and three with confirmed resistance (Tak, 
at the Thai/Myanmar border; Pailin at the Cambodia/Thai border and Champasak at the 
Lao/Thai/Cambodia border). 
 
Chloroquine is a first line treatment against P. vivax malaria, but in several regions in the 
Asia Pacific, its efficacy has decreased dramatically.   TES results show that chloroquine is 
currently still effective, except in Kawthaung, Myanmar, on the Thai/Myanmar border where 
adequate clinical and parasitological response (ACPR) was only 70% in 2012–2013.  It is 
important for GMS countries to continue monitoring drug efficacy against P. vivax.  
 
In January 2014, a multi-country team published details of a new molecular marker of 
artemisinin-resistant P. falciparum malaria.  This followed findings that mutations in the 
propeller domain of the Kelch protein K13 were rare or absent in isolates from areas with 
virtually no documented cases of resistance, but were widespread in regions where resistance 
has been reported.  Further, there was a correlation between parasite survival and frequency 
of K13 mutations. 



 
 

 
 
 

Identification of the K13 marker of resistance has led to a new working definition of 
artemisinin resistance: 
 

• Suspected resistance (ACT or AS monotherapy):  
o either 5% K13 domain mutants or, 
o  10 % Day 3 or slope > 5 (using PCE)   

 
• Confirmed resistance (ACT or AS monotherapy): 

o 5% infections with both Kelch domain mutation (which were confirmed to be 
related to either delayed clinical clearance or delayed RSA) and  

o 10% Day 3 or slope > 5 (using PCE) 
 
This new definition for ACT resistance and the presence of the K13 mutations means that 
TES may influence malaria drug policy via a different decision pathway and raises questions 
and highlights possible issues.  ACT and artemisinin monotherapy do not have the same 
activity and may require different definitions for resistance.  Slow clearance in the absence of 
a gene mutation can have several clinical explanations, including low immunity, splenectomy 
and insufficient blood level.  In some settings, such as Africa, normal clearance times in the 
presence of gene mutations were associated with high immunity.  There are many K13 
mutants for which we have insufficient information, therefore more transfection studies are 
needed. 
 
TES results by country 
 
In Cambodia, there is a decrease in malaria cases overall, but the proportion of P. vivax cases 
is increasing.  The national drug policy use of Dihydroartemisinin-Piperaquine (DHA-PIP) as 
a first line treatment for uncomplicated P. falciparum has recently come into question, with a 
high proportion of Day 3 positives in Cambodian sites near borders with Thailand and 
Viet Nam.  There is also a high proportion of K13 mutations in blood samples taken from the 
western and southern parts of Cambodia.  The 2010–2012 TES results showed that there is a 
correlation between the frequency of wild-type K13-propeller alleles and the prevalence of 
Day 3 positivity after ACT treatment in patients in these Cambodian provinces.  In 2014, 
consideration is being given to changing the first line treatment of falciparum malaria to 
Artesunate-Mefloquine (AS+MEF) in western Cambodia.  
 
In Yunnan province, China, there is a continuing and steady decrease in malaria cases, with 
most infections being P. vivax and mostly imported, principally from Myanmar.  Results of 
the on-going TES show efficacy of DHA-PIP to P. falciparum and chloroquine (CQ) to 
P. vivax in Yunnan, however current DHA-PIP efficacy is not as high as it was in 2008-2009.  
Preliminary results show that while eight out of 31 blood samples collected in Yunnan 
showed mutations in the K13 gene, all were from adults from Myanmar.  
 
There have been recent malaria outbreaks in southern Lao People’s Democratic Republic and 
2013 TES results in Champasack province (on the border with Cambodia) showed ACPR of 
90% and a Day 3 positivity rate of 22.2%, further confirmed by the presence of Kelch 13 
mutations in this area.  This presents a considerable challenge for the National Malaria 
Control Programme (NMCP) as available funding is based on previous data when artemisinin 
resistance was not identified and laboratory capacity at the provincial and district level is low. 
 



 
 

 
 
 

Malaria endemic areas cover 50% of Myanmar,  however the total number of malaria cases 
has decreased between 2011 and 2012.  The results of TES in 2012–2013 showed efficacy of 
DHA-PIP, Artemether-Lumefantrine (AL) and AS+MEF with ACPR above the 90% 
threshold in all sites.  However, in some sites, Day 3 positive rates consistently exceeded 
10% in Bago in central Myanmar, and three sites along the Thai-Myanmar border – 
Kawthaung (12% to AL and 20% to DHA-PIP), Mon state (14% to AL) and Kayin state 
(14% to AL and 25% to AS+MEF).  
 
In Thailand, as in other countries in the GMS, there is a general trend of decreasing malaria 
transmission.  However, testing of AS+MEF against P. falciparum in 2012 yielded worrying 
results: ACPR was found to further decline to 75% from 87% in 2011, with Day 3 positivity 
rate of 53% in  Kanchanaburi.  At the time of the meeting, 2013 results were not available.  
 
In Viet Nam, 2012 TES results show that in all sites DHA-PIP remains highly efficacious.  
However, the proportion of patients who have positive Day 3 asexual parasites is increasing 
year by year from 2010 up to the present with sites along the borders of Cambodia and the 
Lao People’s Democratic Republic (Binh Phuoc, Dak Nong and Gia Lai) showing Day 3 
positive rates above 10%.  Similar results with elevated Day 3 positives were observed in  
ongoing studies in Kon Tum (along the Lao People’s Democratic Republic border) and Khan 
Hoa. 
 
Conclusions and recommendations 
 
All countries identified the following common challenges in the continued implementation of 
TES. 
 
1) Decreasing malaria cases mean that it is increasingly difficult to recruit an adequate 

number of patients at sentinel sites.  Suggested solutions include extending the study 
period, changing inclusion criteria and better support for active case finding. 

2) Difficulty in following up cases and lack of patient participation. 
3) Poor laboratory capacity in some sites.  
4) High turnover of staff and a constant need for training, particularly when new sentinel 

sites are started. 
 
The meeting recommendations are as follows. 
 
1) Maintain quality TES with current sentinel sites. It is better to do surveillance well at 

fewer sites, than try and do more sites with poorer quality. It is also important to continue 
surveillance at the same sites over time so that trends in treatment efficacy can be 
identified.  Therefore: 

 
•  justification is needed to shift or add sentinel sites to TES; 
• slide validation will always be conducted by a country Level 1 WHO-certified 

microscopy expert with external validation where necessary; 
• filter paper samples for assays on molecular markers for resistance (Kelch 13, 

pfmdr1, etc.) will be collected in sites as decided by countries and;  
• to maintain quality, Kelch 13 assays will be processed by reference 

laboratories.  
 

 



 
 

 
 
 

2) It is recommended that all countries regularly review TES results for drug policy change 
and follow up in a timely manner.  Countries need to plan ahead for changes to drug 
policy and start planning when resistance is suspected, rather than wait for confirmation.  
Changes should be based on the presence of clinical correlates (a trend of decreasing 
ACPR and increasing D3 positives) as well as Kelch 13 marker results.  Data from 
neighbouring countries should also be considered when planning drug policy change. 

3) Continuous capacity strengthening is required and funding gaps need to be addressed. 
4) Malaria in mobile and migrant populations presents a challenge for control, including 

drug efficacy monitoring.  Approaches should be developed to monitor drug resistance in 
local migrant populations when traditional TES cannot be carried out. 
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1.  INTRODUCTION 
 
 
1.1  Background 
 
The Greater Mekong Subregion (GMS), comprising Cambodia, Yunnan province in China, 
the Lao People’s Democratic Republic, Myanmar, Thailand and Viet Nam, is known as the 
global epicentre of P. falciparum resistance to antimalarial drugs.  Resistance to chloroquine 
(CQ) emerged here in the 1960s, resistance to sulfadoxine-pyrimethamine (SP) followed in 
the 1970s and resistance to mefloquine (MEF) in the 1990s.  After first being identified in the 
GMS, resistance to these antimalarial drugs spread to other parts of the world.  
 
Between 2002 and 2005 routine in vivo studies showed increasing parasite clearance times 
with artemisinin combination therapies (ACTs) along the Cambodia/Thailand border and in 
2006–2007 clinical trials confirmed artemisinin resistance to P.falciparum in this area1,2.  
With global and regional concern about the fast-evolving drug resistance situation, a Mekong 
Therapeutic Efficacy Study monitoring network (Mekong TES Network) was formed with 
the participation of Member States and partners.  While artemisinin resistance continues to be 
confined to certain hotspots in the GMS, monitoring the drug resistance situation is crucial.  
The Mekong TES Network now includes 48 sentinel sites in the GMS.  
 
The Mekong TES Network first met in Phuket, September 2007 where a standardized 
protocol for conducting therapeutic efficacy studies (TES) was agreed upon. Plans were made 
to consolidate laboratory networking across the GMS to assess and standardize molecular 
techniques differentiating recrudescence from reinfection, genotyping and use of molecular 
markers for resistance.  In September 2009, the network met in Mandalay, Myanmar, and 
again in June 2012 in Kunming, China.  At these meetings National Malaria Control 
Programmes (NMCPs) representatives, including principal investigators (PIs) from the TES, 
presented results from the past two years and planned and budgeted for the following two 
years.  Results from the Mekong TES Network showed increasing pockets of resistance to 
ACT and evidence of rising P. vivax resistance to CQ as well. 
 
A joint assessment of the response to artemisinin resistance in the GMS was conducted from 
November 2011 to January 2012 with support from the Australian, British and United States 
development agencies, the Bill and Melinda Gates Foundation and WHO.  The assessment 
concluded that while some progress was good, “not enough is being done, with enough 
intensity, coverage and quality”.  Currently, various donors involved include the Global Fund 
Regional Artemisinin Initiative (RAI), US Agency for International Development - 
President’s Malaria Initiative (USAID-PMI) and Australia’s Department of Foreign Affairs 
and Trade (DFAT).  Other possible sources of funding include the Asia Pacific Leaders 
Malaria Alliance (APLMA) and the Asian Development Bank (ADB).  However, the funding 
shortfall for an appropriate response to artemisinin resistance in the GMS is still estimated at 
around 300 million US dollars over the next two to three years.  
 

                                                           
1 WHO South-East Asia Region and Western Pacific Region. Containment of malaria multidrug resistance on the 
Cambodia-Thailand border: Report of an informal consultation. Phnom Penh, Cambodia, 29-30 Jan 2007, SEA-
MAL-246  
2 Dondorp AM et al (2009) Artemisinin resistance in Plasmodium falciparum malaria. New England Journal of 
Medicine, 361; 1: 455-467 
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1.2  Objectives of the meeting 
 
The meeting had the following objectives: 
 

1) review the antimalarial drug resistan  ce situation in GMS countries; 
2) review and discuss the updated WHO TES protocol, and its implementation in 

relation to other  control activities, including tracking of artemisinin resistance in the 
region; 

3) discuss new tools for monitoring artemisinin resistance (K13 gene); and 
4) develop regional/country work plans and budgets for TES monitoring in 2014–2015. 

 
1.3  Participants 
 
Participants included NMCP Managers and PIs from Cambodia, the Lao People's Democratic 
Republic, Myanmar, Thailand and Viet Nam; representatives from the Indian National 
Institute of Malaria Research and Field Station; representatives from international 
organizations - ACTMalaria, the Global Fund to Fight AIDS, Tuberculosis and Malaria 
(Global Fund), the United Nations Office for Project Services (UNOPS); USAID-PMI; WHO 
Malaria Officers from GMS countries; the Emergency Response to Artemisinin Resistance 
(ERAR) Office; WHO Regional Office for the Western Pacific and WHO headquarters in 
Geneva. The China delegation was unable to attend due to administrative reasons (See 
Annex 1 for full list of participants).  
 
1.4  Opening session 
 
The meeting was opened by Associate Professor Tran Dac Phu, Director General of the 
General Department of Preventive Medicine, Viet Nam Ministry of Health.  He stated that the 
GMS is important not just for the regional response, but also for the global response to 
antimalarial drug resistance.  He reminded participants of the important role that the Mekong 
TES Network plays in supporting countries to develop and implement quality surveillance of 
antimalarial drug efficacy.  He asked participants to use this meeting to discuss improved 
information sharing about drug resistance regionally and globally.  
 
Dr Walter Kazadi Mulombo, Regional Coordinator of the ERAR in the GMS, gave a brief 
opening address on behalf of the WHO Regional Offices for the Western Pacific and South-
East Asia.  The TES Network meeting takes place every two years, but Dr Mulombo pointed 
out that many things can happen in two years.  Parasite resistance to antimalarial drugs is 
changing faster than predicted and it is now known that artemisinin resistance has occurred 
not just at the Thai/Cambodia border, but at multiple “fire points” throughout the region.  He 
congratulated the Mekong TES Network on their crucial role in detecting antimalarial drug 
resistance and reiterated their responsibility and guiding role in the global response to the 
very real threat of artemisinin resistance.  
 
1.5  Appointment of chairpersons and rapporteurs 
 
Day 1: The chairperson was Dr Tran Thanh Duong, Director of the National Institute of 
Malariology, Parasitology and Entomology (NIMPE), Viet Nam. The two Vice-Chairs were 
Dr Bouasy Hongvanthong, Director of the Centre of Malariology, Parasitology and 
Entomology (CMPE), the Lao People’s Democratic Republic, and Dr Thaung Hlaing, Deputy 
Director, Department of Health, Myanmar. 
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Day 2: The chairperson was Dr Tran Thanh Duong, Director of NIMPE, Viet Nam.   
Two Vice-Chairs were Dr Heng Pisal, Vice-Director of the Cambodian National Centre for 
Parasitology, Entomology and Malaria Control, and Dr Nippon Chinanonwait, Director of the 
Bureau of Vector Borne Diseases, Ministry of Public Health, Thailand. 
 
The rapporteurs for the meeting were Dr Leang Rithea, head of the Health Research Unit of 
the Cambodian National Centre for Parasitology, Entomology and Malaria Control, 
Cambodia, and Dr Kay Thwe Han, Research Scientist from the Department of Medical 
Research, Lower Myanmar. 
 
 
 

2.  PROCEEDINGS 
 
 
The proceedings on Day 1 included a presentation by Dr Walter Kazadi Mulombo on the 
ERAR framework in the GMS and another from Dr Maria Dorina Bustos on monitoring 
P. falciparum and P. vivax resistance to antimalarial drugs in the GMS.  Representatives of 
the NMCPs of the six GMS countries presented TES results from the past two years.   
Dr Neleema Mishra from the National Institute of Malaria Research, India, presented the 
results of antimalarial drug resistance surveillance in India. On Day 2, Dr Lasse Vestergaard 
from the WHO Regional Office for the Western Pacific gave an update on the Kelch 13 
propeller marker for artemisinin resistance.  Finally, countries developed and presented their 
2014–2015 country TES plans and budgets.  The agenda is available in Annex 1. 
 
 
 
 
 
 
2.1  Emergency Response to Artemisinin Resistance in the Greater Mekong Subregion 
(ERAR - GMS): current status and role of the GMS TES Network 
 
The ERAR in the GMS Regional framework for 2013–2015 was launched in April 2013, in 
Phnom Penh, Cambodia and proposed 15 priority actions focused on four areas. 
 
1)  Full coverage of quality interventions in priority areas3 - includes working with health and 
non-health sectors to reach high-risk populations. 
 
2)  Tighter coordination and management of field operations - includes increasing monitoring 
of staff performance and supportive supervision. 
 
3)  Better information for resistance containment - includes fast tracking priority research and 
refining tools for containment and elimination and support for translation of evidence into 
policy and practice. 
 
4)  Strengthen regional oversight and support - includes support to improve cross-border 
coordination. 

                                                           
3 Where Artemisinin Resistance has been confirmed or suspected (i.e. Tier I or II) 

The monitoring of drug efficacy is a global public good and is WHO’s responsibility.  
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This last focus area is the responsibility of the WHO ERAR Regional hub, or the “ERAR 
project”.  The project goal is to strengthen the regional response to artemisinin resistance by 
coordinating actions across countries, strengthening leadership and catalysing resource 
mobilization.  The project objectives include: 
 
1) strengthen leadership, coordination and oversight mechanism; 
2) maintain and expand drug efficacy surveillance networks and accelerate priority research; 
3) improve access to quality services for migrant and mobile populations; 
4) facilitate full implementation of the Myanmar Artemisinin Resistance Containment 

(MARC) framework;  
5) strengthen the response to artemisinin resistance in Viet Nam; and 
6) limit the availability of oral artemisinin-based monotherapy and substandard and 

counterfeit antimalarial medicine while improving the quality of artemisinin-based 
combination therapies. 

 
The ERAR framework also includes priority action 9: “Increase monitoring of antimalarial 
therapeutic efficacy and strengthen the therapeutic efficacy of networks worldwide”, and 14 
indicators for the ERAR scorecard, including indicator 3, “Number of Drug Efficacy Studies 
completed by country”.  The 2014 action plan for antimalarial drug resistance monitoring was 
also presented (see Annex 1). 
 
The ERAR programme priorities for operational research and the refinement of research tools 
were discussed.  These are urgently needed for evidence-based policy at both country and 
regional levels.  Five high priority research areas were identified following an informal 
consultation in Bangkok, Thailand, in December 2013, on operational research to support 
accelerating malaria elimination in the context of artemisinin-resistant falciparum malaria in 
the GMS. These research priorities are: 
 
1) mass drug administration for elimination of artemisinin-resistant parasites; 
2) personal protection for special population groups; 
3) use of gametocytocidal drugs; 
4) reliable diagnostic tools for low-density parasitaemia; and 
5) molecular markers for artemisinin resistance. 
 
The ERAR framework also includes the refinement of certain tools, including active case 
detection, focused screening and treatment, mass screening and treatment, trigger response 
plans and the combined use of vector control. 
 
The ERAR coordinates action, strengthens leadership and catalyses resource mobilization in 
a rapidly changing landscape.  It is vital that work in the Region be responsive and adapt to a 
constantly changing situation.  This requires strong collaboration among countries and 
coordination based on the ERAR framework.  Gaps in knowledge and resources must be 
addressed in a timely and coordinated way.  Information generated through the TES and 
innovative research are urgently needed to inform drug policy at both country and regional 
levels. 
 
Participants considered that if artemisinin resistance spreads beyond the GMS, it will likely 
first occur in India, before reaching Africa.  This underscores the importance of collaboration 
between the GMS TES network and the Bangladesh, Bhutan, India, Nepal and Sri Lanka 
(BBINS) Malaria Drug resistance network.  The ERAR hub coordinator also stated that 
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networks outside the GMS were not separate initiatives but part of the global effort to 
monitor drug resistance.  He emphasized that ERAR was not a new project with new sites 
and activities, but a means of aligning country-led activities and plans as one coordinated 
regional effort. 
 
The presenter also noted the urgency felt by all players to contain resistance to ACT, with the 
WHO Technical Expert Group (TEG) on Malaria Drug Resistance and Containment advising 
that the overall malaria elimination plan be revisited.  A feasibility study will be 
commissioned to see how the GMS region might go about eliminating P. falciparum malaria 
and to review the containment framework. 
 
The representative from the Global Fund mentioned that while the first year of 
implementation of the RAI has just been signed, there is room for reprogramming in 2015 
and 2016.  There will likely be no more funding available in the current replenishment 
period, but possibly in 2016. 
 
Representatives from Cambodia asked for clarification on the participation of 
nongovernmental organizations (NGOs) and academic institutes in the Mekong TES Network 
meetings since they also collect data about artemisinin and other drug resistance.  The ERAR 
responded that it was the role of the NMCPs to organize regular data sharing meetings at 
national or subnational levels and then bring this information to the Mekong TES Network. 
 
2.2  Monitoring P. falciparum and P. vivax resistance to antimalarial drugs in the GMS 
 
In response to the global threat of artemisinin resistance and in recognition of the importance 
of quality surveillance of therapeutic efficacy against malaria parasites, WHO has developed 
a standardized in vivo protocol for the assessment of therapeutic efficacy4.  This is the gold 
standard for monitoring drug efficacy and updating drug policy and the protocol has been 
adopted by ministries of health, NMCPs and research institutions in the GMS.  It is designed 
for both P. falciparum and P. vivax and all drugs, including chloroquine.  There is a 28 or  
42-day follow-up according to the half-life of the drug being tested and is based on radical 
cure5 in all transmission areas. 
 

                                                           
4 WHO (2009) Methods for surveillance of antimalarial drug efficacy 
5 Radical cure: Complete elimination of malaria parasites from the body; the term applies specifically to 
elimination of dormant liver stage parasites (hypnozoites) found in Plasmodium vivax and P. ovale 
(http://www.cdc.gov/malaria/glossary.html#r; accessed 26th May 2014) 

http://www.cdc.gov/malaria/glossary.html#r
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Figure 1. Location of TES sites in the GMS (with India and Bangladesh) 

 
Source: Faculty of Tropical Medicine, Mahidol University 

 
The Mekong TES Network is implemented by NMCPs at 48 sites in six Mekong countries 
(Cambodia, China (Yunnan), the Lao People’s Democratic Republic, Myanmar, Thailand and 
Viet Nam). There are also three sites in neighbouring Bangladesh and eight in India (Figure 
1).  The results of the TES since 2008 have identified nine areas with suspected resistance to 
artemisinin and three with confirmed resistance (Tak, on the Thai/Myanmar border; Pailin on 
the Cambodia/Thai border; and Champassak at Lao/Thai/Cambodia border) (see Figure 2 and 
Annex 3). 
 

Lunglei, Mizoram 

Teknaf, Cox’s Bazar 
Lama, Bandarban 

Expansion to new sites (2013-2014) 

Chanlang, Arunchal Pradesh 
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Figure 2. Areas with suspected and confirmed artemisinin resistance in the GMS6 

 
 
There are several challenges in the global monitoring of antimalarial drug efficacy.  There is 
a need to change or increase the number of sentinel sites which requires newly trained staff 
and there is already the problem of high turnover of existing staff.  As the TES network 
evolves, studies are becoming more expensive with longer follow-up times.  More quality 
assurance and control is needed along with compulsory PCR testing to distinguish between 
reinfections and recrudescence.  With an increasing focus on mapping K13 mutations as a 
marker of artemisinin resistance, countries need to identify partner regional reference centres 
for K13 assays.  Added to these challenges, are funding gaps and a lack of sustainable 
funding for TES in other parts of the world. 
 
The key activity for WHO in the ERAR framework is to maintain and expand drug efficacy 
surveillance networks and accelerate priority research.  WHO is responsible for updating the 
TES template protocol, providing both some funds for TES and antimalarial medicines for 
monitoring efficacy, developing standardized data entry and data analysis methodology, 
training and quality assurance and supporting report writing and relevant publications.  
 
Chloroquine is a first line treatment against P. vivax malaria, but in several regions of the 
Asia Pacific, its efficacy has decreased dramatically. While still effective in much of the 
GMS, from the late 1990s to the early 2000s in parts of Indonesia, Papua New Guinea, and 
                                                           
6 The Southeast J Trop Med and Public Health; Volume 44 (Supplement 1): 2013. 
 

Champasak, Lao People’s 
Democratic Republic, 2014 

Areas of confirmed resistance to 
artemisinins 

Areas of suspected resistance to 
artemisinins (where >10% of enrolled 
patients still have parasites 72 hours 
after start of treatment) 
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Solomon Islands treatment failure occurred in more than 50% of patients.  The results from 
the Mekong TES Network show that chloroquine is currently still effective, except in 
Kawthaung, Myanmar, on the Thai/Myanmar border where adequate clinical and 
parasitological response (ACPR) was only 70% in 2012 and 2013.  
 
It continues to be important for GMS countries to monitor drug efficacy against P. vivax. 
Monitoring P. vivax drug resistance requires a slightly different study protocol compared to 
monitoring treatment against P. falciparum with an inclusion criteria of parasitaemia greater 
than or equal to 250µL and a history of fever for 48 hours.  Chloroquine blood concentration 
should be measured on days 0, 7, 28 and day of failure.  Classification of treatment failure for 
P. vivax is the same as for P. falciparum, but specifically includes clinical deterioration due 
to P. vivax illness and the presence of parasitaemia with or without axillary temperature ≥ 
37.5 °C any time between Day 3 and Day 28. 
 
Discussion following this presentation clarified that the purpose of measuring chloroquine 
blood concentration at Day 0 is to check whether there is any residual chloroquine in the 
blood due to previous treatment. 
 
There was also discussion about the situation in the Lao People’s Democratic Republic where 
artemisinin resistance has recently been confirmed in Champasak.  Country representatives 
expressed concern that their RAI funding allocation was based on them having found only 
suspected resistance, but now that the situation had changed the representatives are concerned 
about adequate funding.  The ERAR responded by noting that it was their role to assist the 
Lao People’s Democratic Republic to mobilize additional funds and that they too were 
concerned about recent findings in Champasak.  The representative from the Global Fund 
also mentioned that there is room for reprogramming in 2015 and 2016, and that there may be 
more funding available in 2016. 
 
Other discussions revolved around changing sentinel sites from areas where very few cases 
can be enrolled, the need to assess the situation in other parts of the country and surveillance 
for K13 mutations in non-TES areas, as well as the need to periodically review containment 
activities to remain on track with TES results. 
 
2.3  Update on the K13 marker and working definition of artemisinin resistance 
 
WHO is using this working definition of artemisinin resistance: 
 

• an increase in parasite clearance time as evidenced by greater than 10% of cases with 
parasites detectable on Day 3 following treatment with an ACT (suspected 
resistance); or 

• a treatment failure as evidenced by the presence of parasites on Day 3 and either 
persistence of parasites on Day 7 or recrudescence after Day 7 of parasites within 
28/42 days, after treatment with an oral artemisinin-based monotherapy, with 
adequate blood concentration (confirmed resistance).  

 
In January 2014, a multi-country team published details of a new molecular marker for 
artemisinin-resistant Plasmodium falciparum malaria7.  Mutations in the propeller domain of 
                                                           
7 Ariey F et al (2014) A molecular marker of artemisinin-resistant Plasmodium falciparum malaria, Nature, 
2;505(7481):50-5. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ariey%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24352242
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the Kelch protein K13 were rare or absent in isolates from areas with virtually no 
documented cases of resistance, but were widespread in regions where resistance has been 
reported.  Further, there was a correlation between parasite survival and frequency of K13 
mutations.  
 
It is important to note that there are 24 mutations in the propeller region of K13 and not all of 
these are associated with extended parasite clearance times and new mutations continue to be 
identified.  This is a new finding and the relationship between drug resistance and certain 
mutations is not yet fully understood. 
 
The identification of the K13 marker of resistance leads to this new working definition of 
artemisinin resistance: 
 

• Suspected resistance (ACT or AS monotherapy):  
o either 5% K13 domain mutants or, 
o  10 % Day 3 or slope > 5 (using PCE8)   

•  Confirmed resistance (ACT or AS monotherapy): 
o 5% infections with both Kelch domain mutation (which were confirmed to be 

related to either delayed clinical clearance or delayed RSA) and  
o 10% Day 3 or slope > 5 (using PCE) 

 
This new definition for ACT resistance and the discovery of the K13 marker means that TES 
may influence malaria drug policy via a different decision pathway (Figure 3).  As before, if 
fewer than 10% of patients are parasitemic at Day 3, but greater than or more than 10% have 
treatment failure at days 28 or 42, then this should be interpreted as no evidence of resistance 
to artemisinin, but failure of the partner drug is likely.  The response to this should be 
changing the ACT in the policy. If 10% or more have Day 3 parasitaemia (or less than 10%, 
but increasing over time) but fewer than 10% have treatment failure at Day 28 or 42, then 
resistance to artemisinin is suspected, but the partner drug can be assumed to still be 
effective.  The response to this would be to confirm resistance to artemisinin using the K13 
marker with no treatment policy change required.  If 10% or more have Day 3 parasitaemia 
(or less than 10%, but increasing over time) and more than 10% have treatment failure at Day 
28 or 42, then the response would be to confirm resistance to artemisinin using the K13 
marker and then change the treatment policy or discuss alternate, non-ACT treatment options 
(Figure 3).  
 

                                                                                                                                                                                     
 
8 Another tool to identify artemisinin resistance, but one that is less routinely used, is the parasite clearance 
estimator (PCE). Usually, parasite clearance estimation is complicated by a lag phase, often seen before the 
parasite count falls, which needs to be identified by an observer. This can lead to possible inaccuracies and 
inconsistencies in the results of resistance tracking. The PCE focuses on the slope of log-linear decline with 
results expressed in median slope half-life. The slope, therefore, is not influenced by initial parasitaemia (the 
lag phase) giving more accurate results. This is not used in routine TES, but more suitable in clinical trials with 
8-hourly intervals of parasite measurements. 
 



- 10 - 
 

 
 
 

Figure 3. Decision pathway for TES and ACT drug policy change 

 
 
This new working definition raises several questions and highlights possible issues; there are 
also several confounding factors.  Firstly, ACT and artemisinin monotherapy do not have the 
same activity and may require different definitions for resistance.  Further, slow clearance in 
the absence of a gene mutation can have several clinical explanations including low 
immunity, splenectomy and insufficient blood level, and in some settings, such as Africa, 
normal clearance times in the presence of gene mutations are associated with high immunity.  
There are many K13 mutants for which we do not have enough information therefore more 
transfection studies are needed.  
 
Comments from the floor came from the USAID representative who reiterated that TES 
continue to be important to inform drug policy and that the use of the K13 marker addresses 
only the artemisinin part of the problem and does not help us understand resistance to partner 
drugs, nor does it inform about P. vivax resistance.  It should be a high priority for all 
partners to develop a strategy for the judicious use of the K13 marker.  Particularly, decisions 
to change drug policies should not be based on the presence of K13 mutations.  The key is to 
link the results of K13 mapping to clinical results, which is the role of TES.  
 
There was discussion about the recommendation that a 10% treatment failure rate should 
influence drug policy.  It was agreed that this is a country decision, but given the seriousness 
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of artemisinin resistance, countries should be proactive: it is better to change drug policies 
earlier and contain resistance.  Historically, changes to drug policy following the 
confirmation of drug resistance take about five years, however, a swift response is necessary 
because in five years, treatment failure can increase to 40–50%.  It was recommended that 
countries could start planning for policy change and testing new ACT when resistance is 
suspected.  The presenter also clarified that treatment failure would need to be documented at 
a number of sites for a national drug policy to be changed, but this may mean that subnational 
policies would require updating. 
 
2.4  Update on the 2014 TES Template and Excel data entry 
 
The 2014 TES template protocol was presented, highlighting a few modifications.  Also, the 
new TES data entry template was introduced to participants.  The structure has changed, it is 
more user-friendly and some data will be automatically calculated, however, the elements 
remain the same. 
 
Filter paper use for collection of dried blood spot samples for K13 marker testing was 
discussed.  The recommended FTA filter paper is thicker with a built-in design for the 
required blood volume.  But in the absence of the FTA filter papers, the regular Whatmann 
filter papers can be used, as in the past.  There are two reference laboratories for Kelch 13 
assays in the region: at the Faculty of Tropical Medicine at Mahidol University, Bangkok, 
and the Pasteur Institute in Phnom Penh. GMS countries have indicated their reference 
partner laboratories: the Lao People’s Democratic Republic, Upper Myanmar, Thailand and 
Viet Nam are to send samples to the Faculty of Tropical Medicine, Mahidol University, and 
Cambodia to the Pasteur Institute Cambodia (IPC). Results from China are being processed 
by the China co-PI working in collaboration with Professor Chris Plowe at the University of 
Maryland.  
 
It was discussed that in vitro testing and Day 3 positive monitoring were not recommended 
by WHO as part of antimalarial drug resistance monitoring, but it is a country decision 
whether to continue this surveillance if resources permit.  Day 3 surveillance is also not 
recommended as it is inaccurate, does not measure the true efficacy of ACT, is costly and the 
results are not useful.  
 
2.5  Country presentations 
 
2.5.1  Cambodia 
 
The Cambodian National Centre for Parasitology, Entomology and Malaria Control (CNM) 
reported a steady decrease in malaria incidence with an incidence rate of 11.03 cases per 
1000 population in 2000 falling to just 3.09 in 2012.  CNM also showed a decreasing 
proportion of laboratory confirmed and treated cases from 2000 to the latest data available in 
2012.  Also of note, the gap between those treated and those confirmed positive has 
decreased over the 13 years to 2012, indicating improved quality of laboratory testing and 
more focused treatment (Figure 4).  Also highlighted in the CNM presentation were other 
changes in the malaria situation in Cambodia: an increasing proportion and number of vivax 
cases, and an increasing proportion and number of cases tested using rapid diagnostic tests 
(RDT) compared to standard microscopy.  
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Figure 4. Cambodia: number of tested, treated and confirmed malaria cases from 2000 
to 2012 
 

 
 
Since 2008, the Day 3 positive rate for those treated with dihydroartemisinin-piperaquine 
(DHA-PIP) in both Pailin and Pursat provinces in north-western Cambodia, bordering 
Thailand, have been higher than 10%, indicating reduced drug efficacy.  In more recent years 
high Day 3 positive rates have been found in several other provinces (Table 1; 2013–2014 
studies still on-going) although adequate clinical and parasitological response (ACPR) rate at 
Day 28 remains over 90% in all but one study conducted since 2008. 
 
The treatment policy in Cambodia was changed in 2008 when DHA-PIP was introduced. 
Now, with increasing evidence of reduced efficacy of DHA-PIP to P. falciparum, it is 
possible that the policy will be changed again in 2014 to another ACT in north-western 
Cambodia, pending results from alternative ACT studies Artesunate–Pyronaridine (AS-PYR). 
 
Table 1. Summary of TES conducted in Cambodia, 2012–2013 

Year ACTs Province Day 3 positive 
(%) 

ACPR at Day 
28 

(%) 

Analyzed 
Number 

2012 DHA-PIP Battambang 15 82.3 40 
DHA-PIP Pursat 46 91.3 24 
DHA-PIP Kampong Speu 27.3 100 22 
DHA-PIP Kampong Thom 16.7 100 60 

2013 DHA-PIP Kampot 35 100 16 
DHA-PIP Kratie 32 100 22 
DHA-PIP Preah Vihear 19 93.3 15 
DHA-PIP Rattanakiri 5 98.3 60 
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The main objective of the TES in Cambodia in 2014 was to assess the efficacy of DHA-PIP 
for the treatment of uncomplicated P. falciparum and P. vivax infection.  This is currently 
being conducted in four provinces: Kampot, Preah Vihear, Kratie and Rattanakiri.  Several 
challenges were noted including a decreasing number of malaria cases in the country.  In 
response to this, active case detection should be supported and a longer study period and start 
of study at the onset of the transmission season should be considered.  The CNM also noted 
that with increasing focus on testing dried blood spots for the K13 marker of antimalarial 
drug resistance, the reliance on just two reference laboratories in the region made testing 
turnaround time slow. 
 
2.5.2  China 
 
In Yunnan province, China, P. vivax accounts for 75% of the malaria cases.  The incidence of 
malaria has dramatically decreased over the last two decades and continues to fall, with the 
number of malaria cases (both vivax and falciparum) decreasing by more than 30% per year 
in both 2012 and 2013.  Of 635 confirmed malaria cases in Yunnan in 2012, 462 were 
imported, principally from Myanmar.  
 
In 2012 and 2013, the main objectives of the TES in Yunnan were to assess the efficacy of 
DHA-PIP for treatment of uncomplicated P. falciparum infections and CQ for the treatment 
of P. vivax infections.  Sentinel sites were located in the two counties of Tengchong and 
Yingjiang.  The results of the TES in 2012 and 2013 show the efficacy of DHA-PIP for 
P. falciparum and chloroquine for P. vivax (Table 2).  
 
Table 2. Yunnan results of DHA-PIP and chloroquine safety and efficacy 2012–2013 

Drugs DHA-PIP CQ 
Study 
sites 

Yingjiang 
County 

Tengchong 
County 

Nabang, 
Yingjiang 

County 

Jiyangka , 
Yingjiang 

County 

Tengchong 
County 

Houqiao, 
Tengchong 

County 
ETF9 1 0 0 0 0 0 
LCF10 0 0 0 0 0 0 
LPF11 0 0 1(D28) 0 0 0 
ACPR 42 (98%) 34 (100%) 77 (99%) 49 (100%) 51 (100%) 37 (100%) 
Total 
analysis 

43 34 78 49 51 37 

WTH12 0 2 0 0 0 4 
LFU13 7 0 3 2 10 0 
TOTAL 50 36 81 51 61 41 
% Day 3 
(+) 

2/43(4.7%) 1/34(2.9%) 3/78(3.8%) 0 0 1/37(2.7%) 

 
In 2013, eight of 31 samples from Ying Jiang County showed mutations in the K13 gene with 
all eight adult patients from Myanmar.  At the time of the meeting, other samples were being 
tested and results should be available soon.  
                                                           
9 Early treatment failure 
10 Late clinical failure 
11 Late parasitological failure 
12 Withdrawal of patients 
13 Loss to follow-up 



- 14 - 
 

 
 
 

 
In 2013 and 2014, China again tested the efficacy of DHA-PIP for treatment of P. falciparum 
in three study sites on the Myanmar border (Tengchong, Yingjiang and Ruili).  Preliminary 
results confirm previous TES results showing that DHA-PIP could still be considered an 
effective antimalaria drug and recommended for use in Yunnan.  However, the sensitivity of 
DHA-PIP is not as high as in 2008 and 2009.  
 
In conclusion, the representative from China recommended that given the evidence of 
increasing risk of antimalarial drug resistance in Yunnan, and despite decreasing incidence of 
malaria, TES should continue in Yunnan province. 
 
2.5.3  Lao People’s Democratic Republic 
 
The Lao People’s Democratic Republic was in line to meet Millennium Development Goals 
related to malaria, but since late 2011 there have been malaria outbreaks mainly in the south 
leading to an increase in annual parasite incidence (API) and malaria deaths since 2011 
(Figure 5). These have been attributed to migrant workers entering the country to work in 
large scale development projects.  Risk groups include forest and agriculture workers and 
miners and migrants with 76% of all positive cases young males. The current malaria drug 
policy in the Lao People’s Democratic Republic recommends artemether-lumefantrine (AL) 
as first line treatment. 
 
Figure 5. Number of malaria deaths and annual parasite incidence in the Lao People’s 
Democratic Republic 2000 to 2013 

 
Source: CMPE, Lao People’s Democratic Republic, 2012 
 
TES sites in the Lao People’s Democratic Republic  from 1999 to 2003 included the 
provinces of Vientiane, Luang Namtha, Attapeu and Savanakhet, testing chloroquine, SP, 
artemether (AM), and from 2005 to 2013 Attapue, Khammouane, Luang Namtha, 
Champasak and Saravanh testing AL.  The results of previous TES show very good efficacy 
of AM and AL against P. falciparum from 2003 to 2011.  However, worrying results were 
found in Champasak in 2013 with ACPR of 90% and Day 3 positivity rate of 22.2% when 
testing AL against P. falciparum (see Figure 2).  This was further confirmed with the  
presence of Kelch 13 mutations in 77% of the tested samples (54% C580Y, 23% R539T and 
23% wild type). 
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As part of the mapping of the K13 gene, additional samples from the 2013 TES study site in 
Saravanh will be sent for processing. 
 
The presenter highlighted key challenges for conducting TES in the Lao People’s Democratic 
Republic, including poor laboratory capacity at district level, a high staff turn over for 
laboratory technicians and few trained physicians involved in the study.  As well, some 
patients fail to attend follow-up appointments after Day 3 and tracing them is challenging.  
 
2.5.4  Myanmar 
 
Myanmar is a high burden malaria country with 57% of the population living in malaria 
endemic areas in 2012.  Nonetheless, from 1990 to 2012 there has been a steady decrease in 
malaria morbidity and mortality rates, and since 2010, decreasing numbers of reported 
malaria cases.  Since 2008, three first line drugs are in use for treatment of P. falciparum 
malaria: AL, AS+MEF and DHA-PIP.  For P. vivax, chloroquine is recommended.  
 
Between 2012 and 2013, the number of TES sites in Myanmar rose to eight from three in 
2009, mainly located in border areas.  
 
From 2009 to 2013, TES results showed that the therapeutic efficacy (ACPR) of all first line 
treatments against P.falciparum infections remained above the 90% threshold (see Table 3 
and Annex 4).  However, there was some concern about the proportion of cases that remained 
positive on Day 3 after treatment with DHA-PIP in Kawthaung in 2009 (18.75% in 2009; 
20.6% in 2010–2011; see Annex 4).  Also of concern in Mon Kayin was the proportion of 
cases with parasites at Day 3 after treatment with DHA-PIP.  Between 2010 and 2011 this 
was 22.5% but by 2013 the proportion of cases had risen to 25.6% (Table 3 and Annex 2).  
 
More recent results from Bamaw show good efficacy of AL and AS+MEF against 
P. falciparum and CQ against P. vivax. However, in Loikaw there is a high rate of Day 3 
parasitaemia at 13.7% to AL and 25% to AS+MEF. 
 
The TES was on-going in 2014 in Myanmar, assessing the efficacy of DHA-PIP, AS+MEF 
and AL for the treatment of uncomplicated P. falciparum infections and CQ for the treatment 
of P. vivax infections in six study sites.  
 
The presenter cited several challenges in the ongoing implementation of TES in Myanmar, 
including: difficulty in reaching some populations who live in remote, mountainous regions 
and/or who are migrant/mobile groups; budget constraints; communication barriers due to 
culture and language differences in various regions; and as with other countries, a decreasing 
malaria prevalence makes it difficult finding sufficient patients who fit the inclusion criteria. 
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Table 3. Efficacy of AL, DHA-PIP and ASMQ against falciparum malaria and chloroquine 
against vivax malaria in sentinel sites, Myanmar, 2012–2013 

  

AL DHA-
PIP 

AL AS+ME
F 

AL DHA-
PIP 

AL AS+ME
F 

CQ 
(P.viva

x) 
  Shwe Kyin Kawthaung Mon Kayin Ta Mu 
ETF 0 0 0 0  0 0 0 0 
LCF 1 0 0 0  0    

LPF 0 1 0 1 2 4 2 
(2.8%) 

1 
(1.5%) 0 

ACPR 

50 
(98%

) 

46 
(97.9%

)  
45 

(97.8%)  
65 

(97%) 

70 
(97.2
%) 

69 
(98.5%) 

71 
(100%) 

PCR 
corrected 
ACPR   

58 
(100%)  

61 
(94%)     

Total 
Analysis 51 47 58 46 59 68    
WTH    1 0 0    
LFU      3    
% 
parasitaem
ia Day 3 

1 
(1.9%

) 

5 
(10.6%

) 

7 
(12.1%

) 

4 
(8.7%) 

8 
(13.6
%) 

4 
(5.9%

) 

4 
(5.6%) 0 0 

 
2.5.5  Thailand 
 
From 2000 to 2013 there has been a steady decrease in the number of reported malaria cases 
in Thailand, including those attributed to domestic and international mobile and migrant 
populations.  The distribution of malaria cases is mainly on the borders of Myanmar, 
Cambodia and Malaysia with low prevalence in central Thailand.  Thailand has been using a 
3-day regimen of AS+MEF for falciparum malaria and chloroquine + primaquine for vivax 
since 2008. 
 
In 2009, the efficacy of AS+MEF against falciparum malaria fell to 87.5% in Ranong and 
73% in Trat.  Worrying results were also found in 2012 when efficacy of AS+MEF was 
found to be just 75% and the rate of Day 3 positivity 53% in sentinel sites in Kanchanaburi 
(Table 4). The efficacy of chloroquine against P. vivax remained high in all sentinel sites in 
2012, although sample sizes were often small.  
 
In 2013, TES sites in Thailand were in Mae Hong Son, Ratchaburi and Tak to assess efficacy 
of AS+MEF, and Kanchanaburi to assess efficacy of DHA-PIP against P. falciparum.  In 
2013 efficacy of chloroquine against P. vivax was assessed in Tak, Chanthaburi and Ranong.  
At the time of the meeting, few patients had been recruited at these sites and no valid data 
was available.  
 
TES investigators in Thailand have experienced difficulty recruiting patients over the last two 
to three years and suggest extending the study period to allow greater sample sizes and more 
accurate results.  They also suggest more support for active case finding in the community 
and a revision of selection criteria.  Finally, there were issues with drug storage in certain 
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sites with temperatures over 30 degrees Celsius which may compromise drug quality.  
Immediate measures need to be taken to address this.  
 
Table 4. Therapeutic efficacy results of AS+MEF combination for the treatment of 
falciparum malaria in Thailand, 2012 (42-day follow up) 

Characteristics Mae Hong 
Son 

Kanchana-
buri 

Ubonratcha-
thani 

Surin 

Study period May-Oct 
2012 

Feb-Oct 
2012 

May-Oct 
2012 

May-Oct 
2012 

ETF 
LCF 
LPF 

0 
0 
0 

0 
9 
2 

0 
0 
1 

0 
0 
0 

42-day ACPR (%) 
(ACPR/No. analyzed) 

100.0 
(8/8) 

74.4 
(32/47) 

87.5 
(7/8) 

100 
(2/2) 

Total analysis: 42 day 8 43 8 2 
WTH 6 11 0 0 
PCR-corrected ACPR (%) 
ACPR/No. analyzed) 

100.0 
(8/8) 

74.4 
(32/43) 

87.5 
(7/8) 

100 
(2/2) 

LFU 1 0 0 0 
TOTAL 15 54 8 2 
% Day 3 parasitaemia 0 51.0 

(26/51) 
12.5 
(1/8) 

0 
(0/2) 

 
 
2.5.6  Viet Nam 
 
From 2000 to 2013 there has been a decrease in the number of malaria cases, parasites and 
deaths in Viet Nam: in 2013 there were 35 406 confirmed cases of malaria and only six 
deaths attributed to malaria infection compared to 2 930 160 cases and 148 deaths in 2000.  
Since 2010 no malaria outbreaks have occurred in Viet Nam. 
 
The NIMPE presented results of their TES in 2012 and preliminary results of the 2013–2014 
studies.  Between 2012 and 2013 four sites tested the efficacy of DHA-PIP against 
falciparum malaria.  
 
The 2012 results show that in all sites, DHA-PIP remains highly efficacious with almost all 
patients having adequate clinical and parasitological response by 42 days of treatment with 
DHA-PIP (Table 5).  This has been the case in several sites over different TES cycles: ACPR 
was 100% in Dak Nong in 2006, 2008, 2009 and 2012 and in Ninh Thuan and Quang Tri 
ACPR was 100% in both 2008 and 2011.  However, the proportion of patients who have 
positive Day 3 asexual parasites has been increasing year by year from 2010 till present.  In 
Gia Lai in 2010, the malaria parasite rate on Day 3 was 11.3% and by 2012 had risen to 
22.8%.  A similar pattern was observed in Binh Phuoc (Day 3 positive rate of 15.2% in 2009, 
22% in 2010 and 30.6% in 2012) and Dak Nong (Day 3 positive rate increased from 0% in 
2012 to 29.2% in 2012).  
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Preliminary results in two new sentinel sites in Khan Hoa and Kon Tum in central Viet Nam 
are also showing >10% Day 3(+)s, which may well be the trend until study completion by 
August 2014.  
 
Table 5. Efficacy of DHA-PIP against P. falciparum, Viet Nam, 2012 and 2013 

Site No of 
cases 

Efficacy 
D3(+) 

  

LFU,  
WITH  
  

(confirmed PCR) 

ACPR ETF LTF 
/LCF 

2012 results 

Binh Phuoc 55 100% 0 0 15/49 
(30.6%) 12 

Dak Nong 46 100% 0 0 12/41 
(29.2%) 13 

Gia Lai 37 100% 0 0 8/35 (22.8%) 8 
Quang Tri 67 98.4% 0 1 0/62 (0%) 6 

Total 2012 205  0 1   39 
2013-2014 (preliminary results)* 

Binh Phuoc 15 2 0 0 6/15 (40%)   
Dak Lak 84 45 0 0 0 39 
Khanh Hoa 23 2 0 0 6/19 (31.6%)   
Kon Tum 5       1/5 (20%)   

Total 2013 127           
* TES on-going 

 
Discussion following the country presentations included a question from the USAID 
representative about how the decision is made to stop surveillance at one site and/or to start at 
another site.  WHO responded that this is addressed in the TES protocol with criteria for site 
selection, but there is no scientific way to choose sites.  A pragmatic approach is needed: it is 
better to perform higher quality work at fewer sites.  Further, it is important to keep core sites 
the same so that changes can be tracked over time.  As the malaria burden goes down and 
eligible cases are harder to find, the length of the study is extended.  Several participants 
asked about slide validation and countries responded that regular slide validation was 
mandatory under the TES protocol with external validation conducted when necessary.  
 
Representatives from Thailand explained that they have difficulty conducting TES in the 
Southern Peninsula of Thailand (bordering Malaysia) because of political unrest there. There 
is also a higher proportion of vivax cases now in the former falciparum TES sites.  The 
representative from USAID noted the small sample size for the TES in Ubonratchathani in 
Thailand and suggested that it would be worth studying again since it is so close to 
Champasak where artemisinin resistance has just been confirmed.  
 
Participants discussed the difficulty in monitoring artemisinin resistance in border areas, 
particularly when trying to understand where the infection originated.  They expressed 
concern that results found in one country influence that country’s drug policy, but in fact, the 
infection may have been acquired in another country.  In principle, TES aims to test drug 
efficacy related to locally acquired cases (not imported) but in reality this is difficult to do. It 
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was agreed that the situation cannot change and will likely become more complex with 
increased development in the region and startup of the ASEAN economic zone which will 
allow more freedom of movement in the GMS.  Approaches should be developed to monitor 
drug resistance in local migrant populations when traditional TES cannot be executed. 
 
2.5.7  India 
 
India is not part of the GMS TES network, but it shares a long border with Myanmar and has 
a high malaria burden.  An understanding of the malaria situation in GMS countries benefits 
India and helps them to better plan malaria control activities and the tracking of artemisinin 
resistance, and vice versa.  Meeting organizers invited representatives of the Indian National 
Institute of Malaria Research to discuss the malaria situation in India, control strategies and 
treatment policies and share results of their artemisinin resistance tracking studies. 
 
Of all the confirmed malaria cases in the South-East Asian region in 2012, 52.4% were 
reported in India which, in 2013, reported about 0.84 million malaria cases.  Still, as in other 
countries in the region, the number of malaria cases in India has drastically decreased from 
peak numbers in the 1970s. 
 
The treatment policy in India recommends artesunate+sulfadoxine-pyrimethamine (AS+SP) 
as a first line antimalarial for P. falciparum in all of India, except in north-east states, where 
artemether-lumefantrine (AL) is recommended. Chloroquine is first line treatment for 
P. vivax.  
 
Sentinel site monitoring of the efficacy of AS+SP has been conducted in India since 2009.  
Up to 2011, 34 studies have found efficacy of 28-day AS+SP ranging from 94% to 100%, 
however, molecular markers of resistance are increasingly found.  Therefore, in 2012 the 
follow-up period was extended to 42 days given the long half-life of SP and to increase the 
likelihood of detecting emerging resistance. 
 
From 2009 to 2013, 46 studies of ACT efficacy against P. falciparum malaria and eight 
studies of chloroquine efficacy against P. vivax malaria were conducted in sites across India 
with a total of 2985 P. falciparum and 612 P. vivax patients enrolled.  Results show that 
efficacy of AS+SP against P. falciparum ranged from 94–100% at all sites except in the 
north-eastern region where it ranged from 74.1–81.0%.  Further, increasing incidence of 
mutations in P. falciparum dihydrofolate reductase (dhfr) and dihydropteroate synthase 
(dhps) genes in patients from north-east India confirmed the decreasing efficacy of SP in that 
part of the country.  The efficacy of chloroquine against P. vivax was 100% at all sites.  
 
The presenter also discussed current cross border TES being conducted in the Indian states of 
Mizoram (bordering Myanmar and Bangladesh), Arunachal Pradesh (bordering China, 
Myanmar and Bhutan) and Tripura (bordering Bangladesh). The study so far has enrolled 30 
patients and results are only preliminary.  Recruitment of patients has been difficult given the 
decreasing prevalence of malaria.   
 
Myanmar partners mentioned that Mizoram is a critical cross-border area connecting India, 
Myanmar and Thailand through the Transnational Highway 39.  A gas pipeline and a 
multimodal transportation project are planned that will pass through the forested mountains 
of Chin and Kachin states from Mizoram to China.  India confirmed the presence of 90% 
P. falciparum malaria transmission in Mizoram. 
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From Bangladesh, preliminary data from the border TES sentinel sites show high efficacy of 
AL with no Day 3 positives yet reported. 
 
 
 

3.  COUNTRY PLANS 
 
 
3.1  Cambodia 
 
In 2014 Cambodia plan to study the efficacy of AS+PYR (Pyramax™) in the western part of 
the country (Pursat, Pailin and Battambang), focusing on the border with Thailand.  They will 
also monitor DHA-PIP efficacy in Siem Reap, Stung Treng and Mondulkiri.  
 
In 2015, selecting which drugs to test will depend on the AS+PYR results from 2014. If 
proven efficacious, AS+PYR may become the routine first line treatment for P. falciparum 
malaria in selected sites in 2015. If not, AS+MEF may be tested. Sentinel sites in Rattanakiri, 
Kampong Thom, Kampot and Battambang are planned in 2015.   
 
3.2  Lao People’s Democratic Republic 
 
Sentinel sites will focus on the south of the country as there are very few cases in the north.  
In 2014, the team conducted TES in Sekong (bordering Viet Nam) and Champasak 
(bordering Cambodia and Thailand), testing the efficacy of AL against P. falciparum. In 
2015, the team will conduct surveillance in Savanakhet (bordering Viet Nam), testing 
efficacy of AL against P. falciparum, and in Attapeu (bordering Cambodia and Viet Nam) 
testing the efficacy of AL against P. falciparum and chloroquine against P.vivax.  
 
Participants suggested studying a drug other than AL, and country partners agreed that this is 
a good plan, even if only in one site. Others questioned why they would test chloroquine 
when AL is the first line treatment for P. vivax malaria in the country. The Lao People’s 
Democratic Republic programme managers wish to assess the efficacy of chloroquine and, if 
possible, start using chloroquine for treatment of P. vivax malaria. 
 
3.3  Myanmar 
 
The team in Myanmar plan to conduct drug resistance monitoring in several sites across the 
country, with two to three ACTs tested in each site. They will be testing the efficacy of drugs 
against both P. falciparum and P. vivax.  
 
In 2014, the team monitored efficacy of AL, DHA-PIP and chloroquine in Tabeikyin, 
Butheedaung, Myawaddy; the efficacy of DHA-PIP and chloroquine in Homalin, Lashio and 
Bokepyin; and the efficacy of AL, ASMQ and chloroquine in Tanintharyi.  
 
In 2015, the team will assess the efficacy of AL, DHA-PIP and chloroquine in Dawai, 
Shwekyin, Myitkyina, Paletwas and Kawthaung and the efficacy of DHA-PIP and 
chloroquine in Baimaw and Loikaw.  
 
The Myanmar team also plan to conduct in vitro studies in one region although the results 
cannot be used directly to influence drug policy.  
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3.4  Thailand 
 
There are ongoing challenges in recruiting enough patients into TES studies in Thailand, but 
there is the expectation that expansion to new sites will allow better sample sizes.  
 
In 2014, the team plans to monitor the efficacy of AS+MEF in Surathani, Prajuabkirkikuan, 
Chumpon and Yala; DHA-PIP and chloroquine in Kanchanaburi and AS+MEF and 
chloroquine in Sisaket.  
 
In 2015, they will continue monitoring of DHA-PIP in Kanchanaburi and expand to Sisaket 
and Ranong.  They will continue to monitor AS+MEF in Yala and Surathani and include 
Ubonratchathani in 2015.  The team plans to monitor DHA-PIP in Songkhla and AS+PYR in 
Tak in both 2014 and 2015.  
 
3.5  Viet Nam 
 
In Viet Nam, in 2014, the efficacy of DHA-PIP will be tested in Quang Tri (on the Lao 
People’s Democratic Republic border), Gia Lai and Dak Nong and the efficacy of both DHA-
PIP and chloroquine in Binh Phuoc (on the Cambodia border). In 2015,  DHA-PIP will be 
tested in Phu Yen, Binh Phuoc and Dak Lac and the efficacy of both DHA-PIP and CQ in 
Ninh Thuan. 
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Table 6. Country Plans 2014–2015 

2014 2015 Refresher 
Microscopy 
training 

Monitoring 
and 
supervision 

Other needs/gaps 
Name of site Drugs to 

test 
Proposed 
budget Name of site Drugs to test Proposed 

budget 
Cambodia  

Kvav (Siem Reap) DP   30 000  Rattanakiri (+P.v) ASMQ  40 000  

Part of the 
implementatio
n 

Monthly 
based from 
the central 
level & once 
a year from 
Regional 
office 

Additional support 
for the case 
detection at the 
community level  

Kbal Romeas (Stung 
Treng) DP   30 000  Kg Thom ASMQ  30000  

Koh Gnek 
(Mondulkiri) DP   30 000  Kampot/Takavit ASMQ  30 000  

Pailin, Battambang & 
Pursat ASMQ 127 900  BTM/ODD (+ 

P.v) ASMQ  40 000  

Total Cambodia 2014  217 900  Total Cambodia 2015  140 000    
Lao People’s Democratic Republic  

Sekong (Tier 2; 
4/4districts: shared 
border to VN) 

ACT (AL)  45 000  

Savanakhet (Tier 
2 province 5/15 
districts shared 
border to VN) 

ACT (AL) 45 000  
Refresher 
training for 
sentinel 
microscopist 
in sentinel 
province (June 
2014, and 
2015)  

Monitoring 
and 
supervision 
once a month 
from central 
to TES site 
during the 
TES period 

Community-based 
detection case in 
TES study site and 
follow-up D3 
(network 
establishment, 
coordination 
mechanism, follow 
up D3 case)  

Champasack (Tier 1; 
10/10 districts, Shared 
border to Strung 
Treng/Nnchaluai/CB
D + TL)  

For Pf: 
ACT (AL)  50 000  

Attopue (Tier 2 
prov; 5/5 districts 
shared border to 
VN+CBD) 

Pf: ACT; - 
Pv:chloroqui
ne 

 50 000  

Total Lao People’s Democratic 
Republic 2014  95 000  Total Lao People’s Democratic 

Republic 2015  95 000    
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Myanmar  

Tabeikyin AL/DHA-
PIP/CQ  25 000   Myitkyina AL/DHA-

PIP/CQ  25 000      

Funding for dried 
blood spot sample 
testing for K13 
mutation ($2400 
each year) 

Tamu DHA-
PIP/CQ  15 000  Bamaw DHA-

PIP/CQ  15 000      

Funding for dried 
blood spot sample 
testing for K13 
mutation ($1200 
each year) 

Homalin DHA-
PIP/CQ  15 000  Loikaw DHA-

PIP/CQ  15 000      

Funding for dried 
blood spot sample 
testing for K13 
mutation ($1200 
each year) 

Lashio DHA-
PIP/CQ  15 000  Shwe kyin AL/DHA-

PIP/CQ  25 000      

Funding for dried 
blood spot sample 
testing for K13 
mutation ($1200 in 
2014, $2400  in 
2015) and funding 
for in vitro testing 
($1500) 

Bokepyin DHA-
PIP/CQ  15 000 Dawai AL/DHA-

PIP/CQ  25 000      

Funding for dried 
blood spot sample 
testing for K13 
mutation ($1200 in 
2014, $2400  in 
2015)  

Butheedaung AL/DHA-
PIP/CQ  25 000  Paletwa AL/DHA-

PIP/CQ  25 000      

Funding for dried 
blood spot sample 
testing for K13 
mutation ($2400 
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each year) 

Tanintharyi AL/ASMQ
/CQ  25 000  Kaw thaung 

/Palaw 
AL/DHA-
PIP/CQ  25 000      

Funding for dried 
blood spot sample 
testing for K13 
mutation ($2400 
each year) 

Myawady AL/DHA-
PIP/CQ  25 000    

Funding for dried 
blood spot sample 
testing for K13 
mutation ($2400 in 
2014) 

Total Myanmar 2014 160 000  Total Myanmar 2015 155 000    

Thailand  

Tak PA  25 000  Tak PA  25 000  

Yes, at new 
study sites 

  

Molecular marker 
technique 

Kanchanaburi DHA-
PIP/CQ  20 000  Kanchanaburi DHA-PIP  20 000    

Sri Sa Ket ASMQ/C
Q  30 000  Sri Sa Ket DHA-PIP  30 000    

Songkla DHA-PIP  30 000  Ubonratchathani ASMQ  25 000    

Surajthani ASMQ  30 000  Surajthani ASMQ  30 000    

Prajuab kirikuan ASMQ  25 000  Songkla DHA-PIP  30 000    

Chumporn ASMQ  25 000  Ranong DHA-PIP  30 000    

Yala ASMQ  30 000  Yala ASMQ  30 000    

Total Thailand 2014 215 000 Total Thailand 2015 220 000   
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Viet Nam 

Quang Tri DHA-
PIP(P.f) 40 000  Phu Yen  DHA-PIP (P. 

f)  40 000  

Yes in 2015 
(expected 
budget, $10 
000) 

Yes, 2014 
and 2015 

Technical support in 
Kelch K13 analysis, 
molecular biology 
staff training in gene 
analysis 

Binh Phuoc 
DHA-PIP, 
CQ (P.f; 
P.v) 

70 000  Binh Phuoc DHA-PIP 
(P.f)  40 000  

Gia Lai DHA-
PIP(P.f) 40 000  Đak lac DHA-PIP 

(P.f)  40 000  

Dak Nong DHA-
PIP(P.f) 40 000  Ninh Thuan  

DHA-PIP, 
CQ (P.f + 
P.v) 

70  000  

Total Viet Nam 2014 190 000  Total Viet Nam 2015 190 000    
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4.  CONCLUSIONS 
 
Across the GMS malaria prevalence is decreasing but at the same time the number of sites 
identifying P. falciparum resistance to artemisinin is increasing.  Historically, antimalarial 
drug resistance first identified in the GMS spread to Africa and other regions with high 
malaria burdens.  The monitoring and containment of artemisinin resistance in the GMS is a 
global public health priority and the Mekong TES Network bears the responsibility of 
accurately monitoring antimalarial drug resistance in six GMS countries to guide antimalarial 
drug policy both in the region and globally.  
 
In Cambodia, there is a decrease in malaria cases overall, but the proportion of P. vivax cases 
is increasing.  The national drug policy to use DHA-PIP as first line treatment for 
uncomplicated P. falciparum has recently come into question, with a high proportion of Day 
3 positives in Cambodian sites near borders with Thailand and Viet Nam.  There is also a 
high proportion of K13 mutations in blood samples taken from western Cambodia.  In 2014, 
consideration was given to changing the first line treatment of falciparum malaria to 
AS+MEF and possibly AS-PYR in certain parts of the country.  
 
In Yunnan province, there is a continuing and steady decrease in malaria cases, with most 
infections P. vivax and most imported principally from Myanmar.  Results of the TES show 
efficacy of DHA-PIP to P. falciparum and CQ to P. vivax in Yunnan, however current 
DHA-PIP efficacy is not as high as in 2008 and 2009. While preliminary results showed eight 
out of 31 blood samples collected in Yunnan had mutations in the K13 gene, all were adult 
cases from Myanmar.  
 
There have been recent malaria outbreaks in southern Lao People’s Democratic Republic and 
2013 TES results in Champasack province (on the border with Cambodia) showed a Day 3 
positive rate of 22.2% and ACPR of 90%.  These results confirm artemisinin resistance in 
this area, with the presence of K13 mutations in 77% of these samples.  This presents a 
considerable challenge for the NMCP as available funding is based on previous results when 
artemisinin resistance was not identified and laboratory capacity at the provincial and district 
levels was low.  
 
Malaria endemic areas account for 50% of Myanmar, however the total number of malaria 
cases has decreased between 2011 and 2012.  The results of TES in 2012–2013 showed 
efficacy of DHA-PIP, AL and AS+MEF with ACPR above the 90% threshold in all sites.  
However, in some sites, specifically along the Thai-Myanmar border, Day 3 positive rates 
exceeded 10% after treatment with DHA-PIP or AL.  
 
In Thailand, as in other countries in the GMS, there is a general trend for decreasing malaria 
transmission.  However, TES testing of AS+MEF against P. falciparum in 2012 yielded 
worsening results: ACPR was found to be just 75% and the rate of Day 3 positivity 53% in 
sentinel sites in Kanchanaburi, compared to 93% ACPR and 25% Day 3 positivity in 2009.  
At the time of the meeting 2013 results were not available.  
 
In Viet Nam, 2012 TES results show that in all sites DHA-PIP remains highly efficacious. 
However, the proportion of patients who have positive Day 3 asexual parasites is increasing 
year by year from 2010 till present with three provinces along the Cambodia and the Lao 
People’s Democratic Republic borders showing Day 3 positive rates above 10%.  
 



- 27 - 
 

 
 
 

 
All countries identified common challenges in the continued implementation of TES: 
 

• decreasing malaria cases mean increasingly difficulty in recruiting adequate numbers 
of patients at sentinel sites and suggested solutions include extending the study 
period, changing inclusion criteria and better support for active case finding; 

• difficulty following up cases and lack of patient participation; 
• poor laboratory capacity at some sites; and  
• a high turnover of staff and a constant need for training, particularly when new 

sentinel sites are started. 
 
Participants also felt clear guidelines are needed on how many sentinel sites with confirmed 
or suspected artemisinin resistance are required to provide evidence for national drug policy 
changes. 
 
The recent identification of a marker for artemisinin resistance (mutations in K13 gene) has 
led to a new working definition for both suspected and confirmed artemisinin resistance 
which can affect the way decisions are made about changes to drug policy, as well as 
decisions on intensified control activities for artemisinin-resistant falciparum containment 
and elimination in the region.  Decisions about drug policy changes can now be made using 
TES results as well as the results of molecular techniques, but given that our understanding of 
the K13 mutations and their correlation to artemisinin resistance is evolving, TES results 
remain the cornerstone of artemisinin resistance monitoring.  
 
All countries made and presented plans for continuing TES in key sentinel sites for 2014, 
2015 and through 2016 (Table 6). 
 
 
 

5.  RECOMMENDATIONS 
 
 
1)  Maintain quality TES with current sentinel sites. It is better to do surveillance well at 
fewer sites, than deploy more sites with poorer quality.  It is also important to continue 
surveillance at the same sites over time so that trends in treatment efficacy can be identified.  
Therefore: 
 

•  justification is needed to shift or add sentinel sites to TES; 
• slide validation will always be conducted by a country Level 1 WHO-certified 

microscopy expert with external validation when necessary; 
• filter paper samples for assays on molecular markers for resistance (Kelch 13, 

pfmdr1, etc.) will be collected in sites as decided by countries; and  
• Kelch 13 assays will be processed by reference laboratories to maintain quality.  

 
2)  It is recommended that all countries regularly review TES results for drug policy change 
and act in a timely manner.  It is important for countries to plan in advance for changes to 
drug policy, and better to start planning when resistance is suspected, rather than wait for 
confirmation.  Changes should be based on the presence of clinical correlates (trend of 
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decreasing ACPR and increasing D3 positives) as well as Kelch 13 marker results. Further, 
data from neighbouring countries should be considered when planning drug policy change. 
 
3)  Continuous capacity strengthening (human resources, laboratory techniques, etc) is 
required and funding gaps should be addressed. 
 
4)  Malaria in mobile and migrant populations presents a challenge to control including drug 
efficacy monitoring.  Approaches should be developed to monitor drug resistance in local 
migrant populations when traditional TES cannot be executed. In principle, TES aim to test 
drug efficacy related to locally acquired cases (not imported). 
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ANNEX 1 
 
 
 

Meeting of the Greater Mekong Subregion (GMS) 
Therapeutic Efficacy Study (TES) Network 

 
Ha Noi, Viet Nam 
20-21 May 2014 

 
AGENDA  

 
DAY 1 (20 May 2014) 

               
Time Schedule Presenter 

08:30   Registration of participants  
09:00 Welcome remarks                                                                                      Tran Dac Phu, Ministry of 

Health, Viet Nam 
09:20      Opening address                                                                                        Walter Kazadi Mulombo,  

ERAR Hub Coordinator 
09:30 Self-introduction, nomination of Chair, Vice 

chair and rapporteurs  
Review of the objectives and expected 
outcomes                          

Maria Dorina Bustos 

10:00 Group photo / coffee break  
10:30 The Emergency Response to Artemisinin 

Resistance in the Greater Mekong Sub-region                                            
Walter Kazadi Mulombo 

11:00 Monitoring P. falciparum and P. vivax 
resistance to          anti-malarial drugs in the 
Mekong Region 

Maria Dorina Bustos 

 Clarification/Discussion                                                                                  Chairperson 
12:00 Lunch  
13:30 Presentations from the GMS country PIs: 

Results from TES in the last 2 years with 
discussion after each country presentation  (15 
mins/country)       
 
Cambodia   
China      
Lao People’s Democratic Republic  
            
                                        

Chairperson  
 
 
 
Leang Rithea  
Tang Linhua 
Viengxay Vanisaveth  
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15:00 Coffee / tea break  
15:15 Resume Country presentations 

 
Myanmar      
 
Thailand                                   
Viet Nam     
 

Chairperson  
 
Myat Phone Kyaw, Khin 
Lin, Khin Pyu Pyar  
Apinya Niramitsantipong 
Bui Quang Phuc  

16:30 Country presentation from India Neleema Mishra 
17.00 Closure of Day 1  

 
 
 
DAY 2 (21 May 2014) 
 
Chairperson and vice-chair:  
 

Time Schedule Presenter 
8:30 Updates on the Kelch 13 propeller marker for 

artemisinin resistance 
Lasse Vestergaard 

9:00 Updates on the 2014 TES template and Excel 
data entry 

Maria Dorina Bustos 

9:30 Plenary discussion: country inputs to above 
updates 

Chairperson, Co-chair  and 
country participants 

9:45 Workshop:  Introduction to 2014-15 country 
TES plans 

Maria Dorina Bustos 

10:00 Coffee / tea break  
10:30 Working group by country                                                                                   Facilitators: WHO country 

focal points 
12.00 Lunch   
13:30     Working groups to prepare country 

presentation of plans 
 

 

14:00    Presentation and discussion of country plans 
(20mins/country)     
Cambodia  
China 
Lao People’s Democratic Republic 
Myanmar 
Thailand 
Viet Nam 
                  

Chairperson  
 

16:00  Coffee/ tea break 
 

 

16:30     Way forward….Next steps Maria Dorina Bustos 
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17:30  
  

Closing remarks Regional Adviser WPRO 
and SEARO 
USAID PMI 
 

18:00 Reception at the El Oriental Restaurant, 1st 
floor 
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ANNEX 2 
 
 
 

LIST OF PARTICIPANTS 
 
 
Dr Heng Pisal, Vice Director, National Center for Parasitology, Entomology and Malaria 
Control, 372 Monivong Blvd, Street No 322, Phnom Penh, Cambodia 
Tel. No.: +855 23 223442, E-mail : hengpisal16@gmail.com 
 
Dr Leang Rithea, Head, Health Research Unit, National Center for Parasitology, Entomology 
and Malaria Control, No. 372, Preah Monivong Blvd. (corner St. 322), Phnom Penh, 
Cambodia, Mobile: (+855) 12 288 398/13 288 398, Email: rithealeang@ymail.com; 
rithealeang@gmail.com 
 
Dr Bouasy Hongvanthong, Director, Center of Malariology, Parasitology and Entomology 
(CMPE), Ministry of Health, Vientiane, Lao People's Democratic Republic 
Tel: (856-21) 214 040, Fax: (856-21) 218 131, Email: cmpelao@gmail.com 
 
Dr Viengxay Vanisaveth, Deputy Director General, Center of Malariology, Parasitology and 
Entomology (CMPE), Ministry of Health, Vientiane, Lao People's Democratic Republic 
Tel: +856 54091696, Email: v.viengxay@gmail.com 
 
Dr Thaung Hlaing, Deputy Director (Malaria), Department of Health, Ministry of Health 
Naypyitaw, Myanmar, Tel: +9567421204, Mobile: +95 95409685, Fax:  +9567421204 
Email: thaunghl@gmail.com 
 
Dr Myat Phone Kyaw, Deputy Director General, Department of Medical Research 
No.5, Ziwaka Road, Dagon P.O., Yangon 11191, Myanmar, Tel: 00951-375447 
Mobile : 00959-5136708, Email:  kyaw606@gmail.com 
 
Dr Khin Lin, Deputy Director General, Department of Medical Research (Upper Myanmar) 
Ministry of Health, Ward No. 16, Near the Anisakhan Airport, Pyinoolwin Township, 
Myanmar, Tel: 009585-50251, Email: dr.khinlin.dir@gmail.com 
 
Dr Moe Kyaw Myint, Research Scientist, Department of Medical Research (Upper 
Myanmar), Ministry of Health, Ward No. 16, Near the Anisakhan Airport 
Pyinoolwin Township, Myanmar, Tel.: 009585-50251, Email: dr.myintmoekyaw@gmail.com 
 
Dr Kay Thwe Han, Research Scientist/Head, Parasitology Research Division, Department of 
Medical Research, Ministry of Health, No 5, Ziwaka Road, Dagon Township, Yangon 
Myanmar, Tel: 00951-375447, Email: drkaythwehan@yahoo.com 
 
Dr Nan Cho Nwe Mon, Research Officer, Parasitology Research Division, Department of 
Medical Research (Lower Myanmar), No 5, Ziwaka Road, Dagon Township, Yangon 
Myanmar, Tel:  00951-375447, Email: nanchaonwemon@gmail.com 
 
Dr Khin Pyu Pyar, Consultant Physician, Head of Clinical Research Unit (Malaria) 
Lt Colonel Research Unit, Ministry of Defence, Myanmar, Clinical Research Unit (Malaria) 
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No. 1, DSGH (1000 Beded), Myanmar, Tel: 00959-5020040, 
E-mail: khinphyupyar@gmail.com 
 
Major Dr Sai Aik Hla, Researcher/Physician, Research Unit, Ministry of Defence 
Clinical Research Unit (Malaria), No. 1, DSGH (1000 Bedded), Myanmar 
Tel: 0095-03135195, Email: saiaikhla@gmail.com 
 
Dr Nipon Chinanonwait, Director, Bureau of Vector Borne Diseases (BVBD) 
Department of Disease Control, Ministry of Public Health, Thailand, Tel.: +66 2 590 3121 
Mobile: +66 8 1658 1498, E-mail : chinnipon2011@gmail.com 
 
Dr Apinya Niramitsantipong, Medical Officer, Senior Professional Level 
Bureau of Vector Borne Diseases, Department of Disease Control, Ministry of Public Health, 
Thailand, Tel.: +662 590 3102, Mobile: +66 8 6911 0453, Email: yayamednote@yahoo.co.th 
 
Assoc. Prof. Tran Dac Phu, Director General, General Department of Preventive Medicine 
(GDPM), Ministry of Health, 135/1 Nui Truc Street, Ba Dinh District, Ha Noi, Viet Nam 
Mobile: +84 982 214 598, Fax: +84 4 3736 7379, Email: trandacphu@gmail.com 
 
Dr Tran Thanh Duong, Director, National Institute of Malariology, Parasitology and 
Entomology (NIMPE), 35 Trung Van Street, Tu Liem District, Ha Noi, Viet Nam 
Tel: +84 4 3553 5031, Fax: + 84 4 3854 3015, Email: tranthanhduong@hotmail.com 
 
Dr Le Thanh Dong, Director, Institute of Malariology, Parasitology and Entomology 
in Ho Chi Minh City, 699 Tran Hung Dao Street, District 5, Ho Chi Minh City, Viet Nam 
Tel. No.: +84 8 3923 0009, Email: lethanhdong@gmail.com 
 
Dr Bui Quang Phuc, Head, Clinical Pharmaceutical Research Department 
National Institute of Malariology, Parasitology and Entomology, 35 Trung Van Street, Tu 
Liem District, Ha Noi, Viet Nam, Tel: +84 4 3553 5031, Fax: + 84 4 3854 3015, 
Mobile: +84 913 522 874, Email: phucnimpe@yahoo.com 
 
Dr Nguyen Van Chuong, Director, Institute of Malariology, Parasitology & Entomology 
(IMPE) Qui Nhon, 611B Nguyen Thai Hoc Street, Quy Nhon city, Binh Dinh province, 
Viet Nam, Mobile: +84 914 004 839, Fax: +84 56 364 7464 
Email: chuongkst@yahoo.com.vn 
 
Dr Huynh Hong Quang, Vice Director/Co-PI, Institute of  Malariology, Parasitology & 
Entomology  (IMPE) Qui Nhon, 611B Nguyen Thai Hoc Street, Quy Nhon city, Binh Dinh 
province, Viet Nam, Mobile: +84 905 103 496, Fax: +84 56 364 7464 
Email: huynhquangimpe@yahoo.com 
 
Dr Neleema Mishra, Scientist 'E', Deputy Director, National Institute of Malaria Research 
(Indian Council of Medical Research), Sector-8, Dwarka, New Delhi-110077, India 
Tel: 011-25307331-334, Email: neleema.nimr@gmail.com 
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ERAR Action plan for Antimalarial Resistance monitoring in the GMS and BBINS 
 

Deliverable Activity Timeline 

Meeting Report of the GMS Network for 
Monitoring Malaria Drug Resistance 

Two-day meeting with TES PIs and NMCP managers to 
review the latest 2013 TES results and draft work plans and 
budget for 2014-2015 (to include mm confirmatory studies 
for AS resistance in the GMS and modified TES template) 

April 2014 

Meeting Report of the BBINS Network for 
Monitoring Malaria Drug Resistance 

Two-day meeting with TES PIs and NMCP managers to 
review the latest TES results and draft work plans and 
budget for 2014-2015 

Apr-Jun 2014 

High quality therapeutic efficacy studies in 
network countries Direct support for TES implementation 2014 

Support for analysis of molecular markers 
(K13) in TES samples GMS and BBINS 

Review results; coordinate with PIs to send samples to 
collaborating institutions for AS R confirmation/ mapping 

Continuously 
  

Field visits/ monitoring Monitoring and QC of ongoing TES and data analysis 

CAM – Feb; BAN – Mar; THA 
– April; LAO – May; IND – 
May; MMR – June; VNM – 
June; CHN – Q3; BHU; NEP; 
SRL - Q3 to Q4 

Review of national TES protocols Technical review of TES protocols as part of ERC approval 
(GMS and BBINS) Continuous 

A
N

N
E

X
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Deliverable Activity Timeline 

Technical support – Microscopy QA 
(consultancy) Refresher Microscopy training and external slide validation 

 Continuously - (recommended 
based on results/ monitoring 
visits and country request) 

Quality assurance of malaria diagnosis monitored 

Technical assistance to ERAR countries to implement QA 
diagnosis plans Continuous 

Competency assessment of microscopists Continuous 

Training on establishing national malaria slide banks July-Dec 2014  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

Efficacy of ACTs against P. falciparum, Greater Mekong Subregion, 2008 to 2013 
1. Testing DHA-PIP 

CAMBODIA n 
42-day 
ACPR-

PCR 
Day 3(+) YUNNAN n 

42-day 
ACPR-

PCR 

Day 
3(+) VIET NAM n 

28/42-
day 

PCR-
ACPR 

Day 
3(+) 

2008 
  

Pailin 49 100% 26% 2009 Menglian 71 100% 0 2008 
  

Quang 
Tri 66 100% 0% 

VV, Pursat 76 100% 8% 2010 Yingjiang 22 96% 14% Gia Lai 48 100% 0% 

2009 
  
  

Pailin 38 92% 33% 2011 Tengchong 19 100% 5% 2009 
  

Binh 
Phuoc 46 98% 15% 

Preah Vihear 60 100% 5% 2012 
  

Yingjiang 50 98% 5% Dak 
Nong 37 100% 0 

Rattanakiri 57 100% 0 

Tengchong* 36 100% 3% 

2010 
  
  

Binh 
Phuoc 55 100% 22% 

MYANMAR n 
42-day 
PCR-
ACPR 

Day 
3(+) 

2010 
  
  

Pailin 29 76% 45% 2009 
  
  

Kawthaung 79 97% 19% Quang 
Tri 15 100% 0 

VV, Pursat 57 89% 7% Shwe Kyin 72 100% 3% Gia Lai 60 95% 11% 
Rattanakiri 60 100% 0 Bago 72 100% 4% 

2011 
  
  

Dak Lak 34 100% 0 

2011 
  
  

Snoul 56 96% 20% 

2010 
  
  
  

Rakhine 80 100% 0% Ninh 
Thuan 65 100% 0 

Preah Vihear 59 97% 8% Mon 75 99% 23% Binh 
Thuan 42 100% 0 

VV, Pursat 42 83% 36% Kachin 57 98% 3.5% 2012 
  
  
  

Binh 
Phuoc* 55 100% 30% 

2012 
  
  

Battambang 40 69% 15% East Shan 51 100% 2% Dak 
Nong 46 100% 29% 

VV, Pursat 24 91% 54% 2011 Kawthaung 57 95% 23% Gia Lai 37 100% 23% 
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2. Testing AL 
 

MYANMAR n ACPR Day 3(+) THAILAND n ACPR Day 3(+) 

2009 
  
  

Shwe Kyin 86 98.8% 10.2% 
2012 
  

Tak 36 93.5% 6% 
Kawthaung 80 93.8% 6.3% Ranong 49 91% 13% 
Sagaing 73 98.6% 0%     

2010-2011 
  
  
  
  

Kawthaung 
84 94% 8.3% 

LAO PEOPLE’S 
DEMOCRATIC 

REPUBLIC 
n 

28-day 
ACPR-

PCR 
Day 3(+) 

Kayin 66 97% 5% 2008 Khammoune 3 100% 0% 

Rakhine 70 100% 0%   Attapeu 3 100% 0% 
Kachin 59 100% 2% 2009 Khammoune 24 100% 0% 

East Shan 50 100% 2% 2011 Khammoune 29 100% 0% 

2012 
  
  
  
  
  
  
  

Sagaing 74 97.2% 5.4% 2012 Saravanh 50 98% 2% 

North Shan 55 100% 7%   Champassak 27 90% 22% 

Kachin 52 98% 4% 
Kayah 51 96% 14% 
Kayin 59 97% 14% 
Mon 5 80% 20% 
Bago 51 94% 6% 

Kawthaung 58 100% 12% 

  Kamp Thom 60 100% 27% 2012 
  

Myawdy, 
Kayin 73 95% 8% Quang 

Tri 58 100% 0 

Kamp Speu 22 100% 17% ShweKyin, 
Bago 40 98% 14% 



 
 

 
 
 

3. Testing AS+MEF 
 

THAILAND Total n 
42-day     
PCR-
ACPR 

Day 3(+) MYANMAR Total n 42-day 
ACPR Day 3(+) 

2008 
  
  
  
  
  

MaeHongSon 44 100% 5% 

2012 
  
  
  
  

Sagaing 74 98.6% 0% 

Tak 65 97% 0 North Shan 45 100% 2% 

Ratchaburi 50 100% 0 Kachin 16 100% 0% 

Ranong 47 97% 0 Kayah 16 98% 25% 

Ubonratchathani 45 100% 0 Kawthaung 48 98% 9% 
Yala 54 100% 0 

2009 
  
  
  

MaeHongSon 33 92% 9% 

Tak 56 90% 14% 

Kanchanaburi 56 93% 25% 

Ranong 52 87% 17% 

2010 
  
  
  

Tak 39 92% 9% 
Ranong 52 91% 5% 
Yala 49 98% 0 

Ratchaburi 27 100% 5% 

2012 
  
  
  

MaeHongSon 15 92% 0% 

Kanchanaburi 54 75% 48% 

Surin 2 100% 0% 

Ubonratchathani 8 88% 13% 
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