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Executive summary 

The Greater Mekong Subregion (GMS) is known as the epicentre of 

Plasmodium falciparum resistance to antimalarial drugs. All six countries of 

the Mekong region now use artemisinin-based combination therapies 

(ACTs) as the first-line drug therapy to manage uncomplicated malaria 

cases. The People’s Republic of China and Viet Nam shifted to ACTs in 

2009, after using artemisinin monotherapies during the previous two 

decades. The in vivo TES network coordinated by the WHO Mekong 

Malaria Programme aims to monitor the therapeutic efficacy of these first-

line therapies by promoting the use of a single standardized protocol across 

Mekong countries and by accurately checking the quality of data generated 

by studies carried out at agreed-upon sentinel sites. The TES network is also 

monitoring the efficacy of chloroquine against vivax infections that are 

becoming more prevalent than falciparum in the GMS.  

A WHO Mekong Malaria Programme informal consultation in January 

2007 in Cambodia acknowledged the decreased sensitivity of P. falciparum 

to ACTs on the Cambodia–Thailand border triggering in-depth research 

studies to confirm that worrisome situation. A key recommendation was to 

strengthen the in vivo MMP TES network to monitor carefully the 

therapeutic efficacy of antimalarial drugs across the GMS by using one 

single agreed-upon in vivo protocol. An informal consultation was organized 

in Phuket, Thailand in September 2007 with programme managers and 

principal investigators from Cambodia, The People’s Republic of China, the 

Lao People’s Democratic Republic (PDR), Myanmar, Thailand and Viet 

Nam as well as partners. Participants agreed to use the standard WHO TES 

protocol and related case management guidelines to monitor drug 

resistance in the GMS. Countries drafted their country plans and a two-year 

budget to conduct in vivo TES in selected sentinel sites to monitor 

P. falciparum and P. vivax efficacy to first-line antimalarial drugs in 2008 

and 2009 (including seven-day artemisinin monotherapy in The People’s 

Republic of China and Viet Nam). The efficacy of antimalarial drugs was 

studied in patients against clinical symptoms and parasite counts during the 

28/42-days follow-up by adhering to strict standardized entry criteria and 

cross-checking quality data analysis procedures. Re-infections or 

recrudescence were determined through the systematic use of polymerase 

chain reaction (PCR) techniques, including genotyping and use of molecular 
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markers for resistance. The MMP molecular laboratory network in the 

region was also strengthened, thanks to assistance from the University of 

Maryland, USA. In-country TES training workshops for field staff, refresher 

microscopy courses and country monitoring visits to assess TES 

implementation and reporting against planning were regularly conducted in 

all countries as needed.  

The two-year preliminary results were presented at the Second 

Review and Planning Workshop in Mandalay, Myanmar in September 

2009. Longer parasite clearance time and decreasing efficacy rate (ACPR) of 

ACTs have been acknowledged in Kawthaung on the south-eastern part of 

Myanmar bordering Ranong province in Thailand where ACPR to A+M has 

also been declining since 2006. A longer parasite clearance time to AS7 

monotherapy in Yingjiang, Yunnan province of The People’s Republic of 

China bordering Myanmar, and in Binh Phuoc province in southern Viet 

Nam bordering Kratie province in Cambodia were noticed. Such worrying 

results were further validated by microscopy cross-check and PCR. 

Identification and measurement of parasites at days 1-3 are considered as 

proxy endpoints to suspect P. falciparum resistance to artemisinins. 

In this third workshop held in Kunming, The People’s Republic of 

China, the overall results from 2010-2011 show that while artemether-

lumefantrine (AL) and dihydroartemisinin-piperaquine (DHA-PIP) are still 

highly effective in Laos and China, respectively, ACT efficacy has declined 

in other countries as follows: DHA-PIP therapeutic efficacy is further 

deteriorating in western Cambodia (ACPR <80%) compared to the east, 

perhaps due to the failure of the long-acting partner drug (piperaquine) to 

be further investigated. Results with both DHA-PIP and A+M everywhere 

show a high proportion of D3 positives providing suspicion of artemisinin 

resistance in investigated areas. In Thailand, the efficacy of A+M is 

progressively decreasing in Kanchanaburi (ACPR 87% in 2011) and Ranong 

(87-90% ACPR) along the Thai-Myanmar border, and preliminary results 

with AL in 2012 expressed an ACPR of around 90%. In Myanmar, ACTs 

used (AL, DHA+PIP and A+M) in the eastern provinces (bordering 

Thailand) showed around 6% PCR-confirmed treatment failures with >10% 

D3 (+)s in Bago and Mon states. Of note, 27% of patients had persistent 

parasitaemia on day 3 as part of the artesunate monotherapy conducted in 

Kawthaung in 2011, giving strong suspicion of artesunate resistance in that 

division. In Viet Nam, DHA-PIP efficacy is still high in Binh Phuoc and Gia 
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Lai (ACPR>96%), but D3 positivity is significantly above the threshold in 

those two provinces. Although seven-day artesunate monotherapy studies 

showed >96% cure rates, the D3 positivity rates with mono are also high 

(15-20%) in Binh Phuoc and the nearby province of Dak Nong. In the Dak 

Nhau district of the province of Binh Phuoc, in vitro results with 

piperaquine from 2008 and 2010 show a three-four time increase of EC50 

suggesting a declining trend of piperaquine efficacy. 

Border countries were paired (Myanmar and Thailand, Cambodia and 

LAO People’s Democratic Republic, Viet Nam and China) and joint plans 

were drafted. Countries proposed their two-year budgets for the in vivo 

tests to continue monitoring P. falciparum and P. vivax efficacy for 2013 and 

2014. Suggestions were made to address the major challenges. It is clear 

that even though a multi-district/sentinel-sites approach has been piloted in 

some countries, all countries will increasingly face difficulties to meet the 

required sample size, due to a clear decline in malaria cases in almost all 

sites, necessitating additional field/staff time and resources. Moreover, the 

issue of recruiting migrants also needs to be addressed as they contribute 

significantly to the disease burden but are difficult to trace and followup. 

Cross-border meetings were proposed between principal investigators (PIs) 

to share and discuss TES results, so that common issues with migrants and 

other malaria control problems can be acted upon in a more efficient way. 

The draft regional framework to contain and eliminate artemisinin 

resistance in the GMS that was developed recently in consultation with 

programme managers, the Association of the South-East Asian Nations 

(ASEAN) Secretariat and development partners was presented, together 

with the briefing note on artemisinin resistance containment for the ASEAN 

Health Ministers’ meeting in July 2012, developed jointly by WHO and the 

ASEAN Secretariat. With the increasing threat of artemisinin resistance and 

more hotspots identified in the GMS, the WHO and ASEAN secretariats 

joined efforts to raise high-level political support to address this problem 

from a regional perspective. 
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1. Introduction 

1.1 Background 

The Greater Mekong Subregion (GMS) is known as the global epicentre of 

P. falciparum resistance to antimalarial drugs. It is in this region (which 

comprises Cambodia, Yunnan province of China, the Lao People’s 

Democratic Republic (PDR), Myanmar, Thailand and Viet Nam), that 

resistance emerged to chloroquine in the 1960s, sulfadoxine-

pyrimethamine in the 1970s and mefloquine in the late 1990s, before 

spreading to other parts of the world. All six countries of the Mekong region 

have introduced artemisinin-based combination therapies (ACTs), as per 

recommendations in their drug policies. Likewise, there is also growing 

evidence of P. vivax resistance to chloroquine in the GMS. 

All resistance emerged from the same location, i.e. the Thailand- 

Cambodia border and spread to other countries in GMS and globally. 

Efforts have been made to continuously monitor drug resistance in all GMS 

countries with technical guidance from WHO and financial support by 

donors, in particular USAID-RDMA/President's Malaria Initiative, which has 

helped to strengthen the network. Drug policies in GMS countries have 

been revised in such a way that ACTs were adopted and scaled up to all 

remote areas. In 2006-2007 there was strong evidence of emerging 

artemisinin (AS)-resistant falciparum at the Thai-Cambodian border
1

, further 

confirmed by in-depth studies
2

. A project to contain AS resistance in 

Thailand and Cambodia was initiated in 2008
3

. At present, the actual 

                                                           
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, Nosten F, Poravuth Y, Das D, Phyo AP, Tarning J, Lwin KM, Ariey F, Warunee H, Lee SJ, Ringwald 

P, Silamut K, Imwong M, Chotivanich K, Parath L, Herdman T, Sam An S, Yeung S, Singhasivanon P, Day NPJ, 

Lindegardh N, Socheat D and White NJ. Artemisinin resistance in Plasmodium falciparum malaria. New England 

Journal of Medicine , 361; 1: 455-467. 

3
 The Bill & Melinda Gates Foundation and the World Health Organization (WHO): Confirmation, 

Characterization and Containment of artemisinin resistance in SouthEast Asia. A 2-year Bill & Melinda Gates-

funded and WHO-led project, 2008. http://www.gatesfoundation.org/Grants-2008/Pages/Grant-48821.01.aspx 

http://www.gatesfoundation.org/Grants-2008/Pages/Grant-48821.01.aspx


Report of a workshop 

2 

geographical extension of AS resistant strains is known to be in the GMS 

only. It is not clear yet if AS-resistant hotspots are independent de novo 

emergence in other sites where artemisinins have been long used. There is 

a need to closely monitor the fast-evolving drug resistance situation. 

A Mekong TES monitoring network, coordinated by the WHO Mekong 

Malaria Programme (WHO-MMP)
4

 has been established with the 

participation of Member States and partners, including 32 fixed sentinel 

sites in the six Mekong countries where standardized WHO TES protocols 

are used. 

The first informal consultation with representatives from all Mekong 

countries and partners was organized by WHO-MMP in Phuket, Thailand, 

from 3-5 September 2007
5

. Participants included representatives and 

principal investigators from six malaria control programmes in the GMS 

(Cambodia, China, Lao People’s Democratic Republic, Myanmar, Thailand 

and Viet Nam), the WHO Regional Offices for South-East Asia and the 

Western Pacific, the United States Agency for International Development 

(USAID), the Asian Collaborative Training Network for Malaria 

(ACTMalaria), United States Pharmacopeia (USP) and Kenan Institute, Asia. 

All countries agreed to use a standardized WHO protocol to monitor 

therapeutic efficacy of antimalarial drugs. National malaria programmes 

developed and budgeted their 2008-2009 country plans to conduct in vivo 

TES [P. falciparum and P. vivax] to first-line anti-malarial drugs in selected 

sentinel sites, to be technically and financially supported by USAID through 

WHO. It was also planned to consolidate laboratory networking across the 

Greater Mekong Subregion to assess and standardize molecular techniques 

(SOPs) differentiating recrudescence from reinfection, genotyping and use 

of molecular markers for resistance. 

The two-year preliminary results were presented at the Second 

Review and Planning Workshop in Mandalay, Myanmar in September 

2009
6

. Longer parasite clearance time (beyond day 3) and decreasing 

                                                           
4
 The WHO-Mekong Malaria Programme, based in Bangkok, is managing the Mekong Malaria Programme Core 

Partners and the Drug Resistance Network in collaboration with the WHO Regional Offices for South-East Asia 

and Western Pacific. 

5
 WHO South-East Asia Region and Western Pacific Region: Monitoring Resistance of P. falciparum and P. vivax to 

antimalarial drugs in the Greater Mekong Subregion, Phuket, Thailand, 3-5 September 2007, SEA-MAL-250 

6
 WHO South-East Asia Region and Western Pacific Region. Report of the workshop to review and plan 

therapeutic efficacy studies to monitor P. falciparum and P. vivax resistance to antimalarial drugs in the Greater 

Mekong Subregion. Mandalay, Myanmar, 30 September-2 October, 2009. SEA-MAL 263. 
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efficacy rate (ACPR) of ACTs were observed in Kawthaung on the south-

eastern part of Myanmar bordering Thailand (province of Ranong) where 

ACPR using A+M has also been declining since 2006. Preliminary 

unchecked results at that time also showed a longer parasite clearance time 

to AS7 monotherapy in Yingjiang, Yunnan province of The People’s 

Republic of China bordering Myanmar, and in Binh Phuoc province in 

southern Viet Nam bordering Cambodia (province of Snoul). As per 

recommendations from the meeting, such worrying results were further 

confirmed by slide validation on day 3 and day of failure by WHO certified 

“level 1” microscopy experts, and PCR confirmation using standardized 

molecular tools on recrudescing isolates. Since AS resistance was suspected 

outside the Cambodia and Thailand border with potential extension to the 

Myanmar and Thailand, China and Myanmar and Cambodia and Viet Nam 

borders, additional in vivo studies with seven-day artemisinin 

monotherapies including pharmacokinetics (PK) of AS and molecular 

fingerprinting of parasite genomes to track artemisinin resistance (gene flow) 

circulating around the region were planned in 2010-2011 in the six 

countries. Molecular biology tools and markers are becoming increasingly 

crucial to be identified and used through samples collected in the GMS. 

Molecular tools (and SOPs) to differentiate recrudescence from reinfection 

were standardized in the NMCP/partner laboratories in collaboration with 

the University of Maryland, USA and MORU
7

, also supported by USAID. 

Also noted during the Mandalay workshop was the increasing 

complexity to recruit malaria cases through a single sentinel site channel 

against required sample size in most Mekong countries. New multidistrict/ 

sentinel-sites approaches were discussed and planned to be piloted to 

address that situation. Likewise, all countries have expressed a need for 

refresher training courses on malaria microscopy and parasite counting 

especially when identification and measurement of parasites at day 1-3 are 

considered critical endpoints to monitor AS resistance. In the absence of 

molecular markers for AS resistance, a top research and development 

(R&D) priority, and an established in vitro threshold, measuring the parasite 

clearance time is now considered as an early warning signal to suspect AS 

resistance. Notwithstanding, at this early stage of developing resistance, 

there is yet no correlation between the prolonged parasite clearance time 

and the proportion of therapeutic failure of P. falciparum to ACTs. The 

                                                           
7
 http://www.wwarn.org/partnerships/projects/mekong-molecular-surveillance-network 

http://www.wwarn.org/partnerships/projects/mekong-molecular-surveillance-network
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current working definition of P. falciparum resistance to artemisinin, as 

stated in the Global Plan for Arteminisinin Resistant Containment 

document
8

 is as follows: “an increase in parasite clearance time, as 

evidenced by ≥ 10% of cases with parasites detectable on day 3 after 

treatment with an ACT (suspected resistance)” OR “treatment failure after 

treatment with an oral artemisinin-based monotherapy with adequate 

antimalarial blood concentration, as evidenced by the persistence of 

parasites for 7 days, or the presence of parasites at day 3 and recrudescence 

within 28/42 days (confirmed resistance)”. Results of 2008-2009 TES studies 

in Cambodia, Thailand and in Myanmar served as the basis to identify 

suspected hotspots of AS resistance and to continue to update drug 

policies.
9

 

1.2 Objectives of the workshop 

The workshop had the following objectives: 

(1) To review the drug resistance situation in GMS countries. 

(2) To review implementation of WHO TES protocol by GMS 

countries, and comparing results in the last four years and their 

impact on other control activities in the region. 

(3) To develop regional/country work and budget the plan of TES in 

2013-2014. 

(4) To discuss harmonization of drug resistance monitoring activities 

in other related projects (drug quality monitoring, MORU-TRAC 

studies, University of Maryland, Global Funds, control and 

prevention-University Research Co (CAP-URC), Myanmar 

artemisinin resistance containment (MARC), etc.)  

1.3 Participants 

Principal investigators (PIs) and national programme managers from the six 

countries participated in the workshop as well as the development partner 

(USAID- PMI), MMP partner (ACTMalaria), and implementing partners from 

The People’s Republic of China. The list of participants is in Annex 2. 

                                                           
8
 WHO 2010. Global Report on Antimalarial Drug Efficacy and Drug Resistance: 2000-2010. ISBN 978 92 4 

1500470. 

9
 MARC + URC-PMI project: Myanmar artemisinin resistance containment project (funded by 3DF, 2012-2013) 

and the 5-year Greater Mekong Subregion Malaria Control Project (funded by PMI-USAID through URC) 
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1.4 Opening session 

The workshop was opened by Dr Wang Rongrong, Programme Officer, 

Bureau of Disease Control and Prevention, Ministry of Health, Beijing, The 

People’s Democratic Republic of China. Welcome messages were also 

delivered by Prof. Xiao Ning, Vice Director of the National Institute of 

Parasitic Disease (NIPD)-Chinese CDC, Shanghai, and Prof. Yang Henglin, 

Director of the Yunnan Institute of Parasitic Diseases (YIPD), Yunnan 

province. All participants were welcomed warmly by the hosts to the Spring 

City of Kunming. The key messages highlighted that plasmodium resistance 

to antimalarial drugs had emerged as one of the major obstacles in the fight 

against malaria.” In the last several years, a great deal of effort to tackle this 

global health threat was being made by the countries in this region. “There 

is still need for closer cooperation in drug resistance monitoring and sharing 

of information and expertise among involved countries, Dr Wang Rongrong 

said. 

Dr Wang added, “We would like to acknowledge WHO for its active 

role in coordinating the GMS member countries to fight against the 

artemisinin-resistant parasites. After confirmation of artemisinin resistance 

on the Cambodia–Thailand border, WHO, in collaboration with GMS 

member countries and other partners, initiated a project to stop the spread 

of artemisinin-resistant parasites. With the implementation of this project, 

drug resistance monitoring has been intensified, and information has been 

shared among all member countries. China, one of the member countries 

of GMS, issued the National action plan for Eliminating Malaria in 2010. 

The ultimate goal of this action plan is to eliminate the indigenous malaria 

cases nationwide by 2020. Currently, the government at all levels attaches 

high priority to this action plan, and has been working towards this goal in a 

steady way. China has witnessed a continuous decline in malaria cases in 

the past five years. In 2011, about 70% malaria cases were imported from 

other countries. At the same time, we also realized that China is at the risk 

of introducing resistant parasites because of the frequent population 

movement. Therefore, China, like other countries in this region, is willing to 

engage in the therapeutic efficacy surveillance, and share our experience 

with other countries. I would like to express my appreciation to WHO for 

organizing this important workshop to strengthen exchange of experiences 

on the progress made in drug resistance monitoring in the GMS.” 
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Prof. Xiao Ning reiterated that the objectives of the workshop are very 

clear and should be informative as results will be shared, implementation of 

WHO TES protocol will be reviewed, and all will work towards a future 

regional or country work plan in harmony with other related projects. 

Through this workshop and the established network, countries must share 

experiences, expertise and information, strengthen friendships, and expand 

further cooperation and collaboration. 

Prof. Yang Henglin acknowledged that resistant plasmodium 

falciparum is a globally recognized technical issue that severely impedes 

malaria elimination efforts. Since the 1970s, with the continuous support of 

WHO, the Ministry of Health and National Institute of Parasitic Diseases, 

great importance has been attached to antimalarial resistance monitoring in 

Yunnan province. Through the years, research has been carried out to 

understand the dynamics of resistance to chloroquine and sensitivity of 

falciparum to ACTs. The research results were transformed to antimalarial 

treatment policies, such as the national guideline for antimalarial treatment 

and technical protocols that helped in the elimination efforts. Thanks to the 

government, malaria cases have decreased dramatically throughout China. 

In 2011, only 34 falciparum malaria cases were reported in Yunnan. With 

the decrease in malaria cases, it is increasingly difficult to continue 

antimalarial drug sensitivity studies. However, with WHO support, the 

Ministry of Health and National Institute of Parasitic Diseases, YIPD would 

like to continue their efforts to translate results into practice, not only for 

China but also for the region. This forum provides a good platform to learn 

experiences and share expertise with one another.  

Dr Charles Delacollette welcomed all participants on behalf of the 

two Regional Offices for South-East Asia and the Western Pacific, as well as 

WHO-HQ. He mentioned that Member States have made significant 

progress in the monitoring of therapeutic efficacy of various antimalarial 

drugs using the WHO in vivo protocol. However, there were challenges 

related to the interpretation and actual implementation of the protocol, 

ensuring quality of drugs to be tested, quality of data collection, and others. 

The workshop would enable the participants to update themselves with 

information across all six countries on what had been done so far, share 

lessons learned, and plan ahead with the wider perspective of how to deal 

with artemsinin resistance as countries pursued their elimination goals. 

1.5 Appointment of chairpersons and rapporteurs 

Day 1: The chairperson and co-chair were Prof. Tang Linhua, former 

Director of NIPD, Shanghai and PI of TES, China, and Dr Wichai Satimai, 



Review and plan therapeutic efficacy studies TES to monitor anti-malarial drug resistance  

in the Greater Mekong Subregion (GMS) 

7 

Director, Bureau of Vector-Borne Disease (BVBD), Department of Disease 

Control, MoPH, Thailand. 

Day 2: The Chairperson and Co-chair were Dr Thar Tun Kyaw, 

Deputy Director (Malaria) VBDC office, Department of Health, Ministry of 

Health, Myanmar, and Dr Leonard Ortega, Regional Adviser for Malaria, 

WHO Regional Office for South-East Asia. 

Dr Maria Dorina Bustos (MMP) and Dr Deyer Gopinath (WHO Laos) 

were appointed rapporteurs. 

1.6 Proceedings 

The proceedings included a technical presentation on antimalarial drug 

resistance monitoring in the GMS by Dr MD Bustos; a summary of 

achievements showing the malaria situation in the Greater Mekong Sub-

region and a proposed Regional Framework for Artemisinin Resistance 

Containment by Dr C Delacollette; an overview of the main challenges to 

implement TES in the GMS by Dr MD Bustos; and a technical discussion 

and review of the draft TES manuscript with 2008-2010 results with the six 

PIs and country programme managers. Principal investigators from each 

country presented their two-year TES results of tests against P. falciparum 

and P. vivax conducted in 2010 and 2011. Subsequently, the countries 

developed and presented in plenary their 2013-2014 country TES plans 

and budgets. The agenda of the two-day workshop is given in Annex 1.  

2. Presentations 

2.1 Technical presentations 

Monitoring P. falciparum and P. vivax resistance to antimalarial drugs in 

the Mekong region 

Presenter: Dr Maria Dorina Bustos 

Dr Bustos (WHO MMP) gave a presentation on the various tools that are 

promoted to monitor P. falciparum and P. vivax resistance to antimalarial 

drugs. Standardized in vivo protocols have evolved over time and remain 
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the gold standard, providing cut-off thresholds of drug efficacy for drug 

policy change. Several in vitro tools are also used, with their own 

advantages and disadvantages, but the major drawback is the lack of 

standardization of different methodologies and correlation with in vivo 

results or clinical outcome. She reminded participants that monitoring drug 

efficacy is a global public good and WHO’s responsibility. WHO therefore 

provides the following: a template protocol with standardized data entry 

and data analysis methodology; it provides technical assistance for training 

on the protocol and microscopy; it advocates for and secures funding when 

available; it provides free-of-charge quality antimalarial medicines to be 

used as part of TES; it crosschecks the quality of results and reports on the 

results that can be compared over sites.  

In the GMS, there are 32 sentinel sites in the six countries established 

since 2007 (the number is likely to increase to 36 as more sites are added 

when necessary), with the TES implemented routinely by trained TES staff 

of the NMCPs. Consolidated results from the in vivo TES MMP network 

over the last three years show that the proportion of patients who are still 

parasitaemic on Day3 (72 hours after the intake of the first dose) is an 

essential but yet imperfect indicator, which is measuring the parasite 

clearance time (PCT is expected to be less than 48 hours with ACTs). Such 

an indicator (Day3 positivity rate), in addition to the traditional ones (ACPR) 

as per WHO 28- or 42-day protocol, provides an early warning intelligence 

of suspected AS resistance. This had led to the working definition of 

suspected or confirmed resistance (GPARC 2011)
10

, and helped map 

suspected or confirmed “hotspots” in the GMS over time and space. There 

are also ongoing complementary in-depth research studies by TRAC 

(tracking resistance to artemisinin collaboration) funded by the Department 

for International Development (DFID, UK Aid) and coordinated by the 

Mahidol-Oxford Research Unit (MORU) in the same TES sites of the GMS, 

including sites in (Ramu) Bangladesh, (Mizoram) India and in (Ilorin) Nigeria 

and (Kilifi) Kenya in Africa, to identify or further confirm AS resistance. An 

almost similar protocol to test chloroquine and other ACTs is used for 

P. vivax malaria, the main difference being the outcome classification of 

outright treatment failure or success. All GMS countries are expected to test 

their first-line drugs against P. falciparum and P. vivax. 

                                                           
10

 WHO 2011. World Health Organization Global Plan for Artemisinin Resistance Containment. 

http://www.malaria.who.int 
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There were clarifications/discussions after the presentation. It was 

clarified that in 2008-2009, the term artemisinin tolerance was used (or 

altered response to artemisinins)
11

, but since 2011, a working definition of 

confirmed or suspected resistance has been agreed upon (WHO GPARC 

2011). In 2007, ACTMalaria was asked to coordinate in vitro test training, 

so what role does in vitro have in TES in the region and what are the 

various protocols used? Only some countries with in vitro laboratory 

capabilities continue using this test, i.e. Thailand, Cambodia and China and 

Viet Nam. But the correlation with in vivo outcome is still to be worked out, 

and the IC50 cut-off is still not defined, especially for artemisinins. WHO 

has come up with a handbook on different in vitro tests
12

 that are available, 

yet there is no standardized protocol. Longitudinal in vitro test results can 

only show trends, but they do not have any direct implication on drug 

policy change. In vivo tests remain the gold standard for therapeutic efficacy 

monitoring. Another related issue concerns SOPs for storage and 

preservation of TES slides from sites for cross-validation. This needs to be 

linked to the national QA programme of countries. 

Other issues raised: concerning the joint publication of results 

(although this was not yet presented), China recommended that results 

from all five sites (Pf and Pv) should be included, which was confirmed by 

the presenter. Cambodia voiced concern that their national publication 

may be published ahead of the proposed WHO Mekong publication. CAM 

is part of the in vivo TES MMP network and whatever published results they 

have will be appropriately cited in the WHO publication. For DHA-PIP 

monitoring, the 42-day result is the standard to be used. 

Malaria situation in the Greater Mekong Subregion and Regional 

Framework for Artemisinin Resistance Containment 

Presenter: Dr Charles Delacollette 

Dr Delacollette (WHO MMP) presented a summary of the malaria mortality 

and morbidity rates in the GMS from 1998 to 2010. While Myanmar is still 

in the control phase, accounting for 78% of confirmed malaria cases among 

the six countries (2010 data), all others are already in the pre-elimination 

                                                           
11

 Development of a strategy towards elimination of Plasmodium falciparum parasites with altered response to 

artemisinins. Report of an informal consultation, Bangkok, Thailand. 13-14 February 2008. WHO 2009. SEA-

MAL-257 

12
 Basco, LK. Field application of in vitro assays for the sensitivity of human malaria parasites to antimalarial drugs. 

WHO 2007. ISB 92 4 159515 9. ISBN 978 92 4 159515 5. 
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phase, which may well mean a change in approach/strategies for malaria 

elimination. Such strategies need to be reviewed. In retrospect, the 

containment strategy that was implemented in artemisinin-resistant “hot- 

spot” areas along the Thai-Cambodia border from 2009 to 2011, could be 

the strategy with intensified interventions. Although the overarching goal of 

the strategy in these areas was to contain resistant parasites by removing 

selection pressure and reducing and ultimately eliminating P. falciparum 

malaria
13

, these were effective strategies that focused on increasing access 

to health services by migrants and the cross-border mobile population and 

scaled-up surveillance, mapping and follow-up of patients still positive at 

Day3, and ensured radical treatment of cases. To prevent transmission of 

resistant parasites by mosquito control and ensure personal protection, 

there was a large-scale procurement and distribution of LLINs, a 

comprehensive harmonized BCC, community mobilization and advocacy, 

and an effective management system, including surveillance, monitoring 

and evaluation. It also intensified and consolidated cross-border 

cooperation.   

There are factors that potentially contribute to artemisinin resistance 

and impact on malaria elimination such as limited access to (and use of) 

quality diagnosis and quality medicines including adherence to treatment 

by vulnerable populations (mobile population and migrants, ethnic groups) 

or due to occupational risk situations (development projects, agriculture/ 

forest plantations); the continuous clandestine marketing and use of 

monotherapies, counterfeits and substandard medicines; lack of private 

sector engagement to adhere to best practices; lack of direction and 

coordination to boost harmonized activities; the lack of support to 

operational research coordinated alongside NMCPs and declining interest 

or competing priorities of governments and donors.  There is huge in-

country and cross-country migration given the presence of the GMS 

economic corridors, large development projects and porous border crossing 

points. The WHO GPARC 2011 document has defined areas with credible 

evidence and risk or minimal risk of resistance as Tiers 1, 2 or 3, and 

outlined corresponding recommend actions to contain resistance. 

The discussion after the presentation focused on lessons learned and 

experiences gained from the containment efforts in Cambodia and Thailand 

to set up similar active approaches in neighbouring countries where a 

                                                           
13

 The Bill & Melinda Gates Foundation and the World Health Organization (WHO): Confirmation, 

Characterization and Containment of artemisinin resistance in South-East Asia. A 2-year Bill & Melinda Gates-

funded and WHO-led project, 2008. http://www.gatesfoundation.org/Grants-2008/Pages/Grant-48821.01.aspx 

http://www.gatesfoundation.org/Grants-2008/Pages/Grant-48821.01.aspx
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similar worrying situation is documented like in the southern provinces of 

Viet Nam on the border with Cambodia and the eastern states of Myanmar. 

Dr Dai raised a question on the precise geographical definition of Tier 1 – 

commune, district or province? It is for the national programme in 

collaboration with WHO to decide the extent of Tier 1, but for TES 

purposes, it can be the level at which TES is done in respective countries. 

Dr Rashid likewise raised an issue on defining an additional tier for areas of 

high population movement. Dr Ortega questioned how to take the regional 

framework to the next step quickly in the Mekong region. 

On Day 2, Dr Delacollette presented in another session more 

information on the regional framework and what has been done so far by 

the Regional Offices for South-East Asia and the Western Pacific and WHO-

HQ to move this framework to the Association of Southeast Asian Nations 

(ASEAN) Secretariat and to development partners for support. He gave 

updates on progress with AS resistance agenda to be discussed at the 

ministers’ meeting in July 2012. Given the ASEAN organic structure, 

countries were reminded to identify ASEAN country focal points and 

confirm if they have received the ASEAN briefing note from the ASEAN 

Secretariat from the Bangkok meeting held in April 2012. Focal points 

should also be briefed on the issues as the agenda for the ministers’ 

meeting will be finalized on 2 July 2012. Clarifications were raised by Prof. 

Tang Linhua if this is a WHO MMP or HQ initiative. Is the artemisinin 

resistance an issue for all Mekong and ASEAN countries (serious problem) 

or just a focal and confined problem (not so serious problem)? WHO 

should inform the ministers why resistance has developed, why so quickly 

and what alternatives should individual countries take. Dr Delacollette 

reiterated that this was a WHO initiative coordinated by WHO-MMP, that 

all relevant background documents had been made available to ASEAN 

Working Group members and that recommendations had been made 

during the 24-26 April 2012 meeting for the MoH to take action
14

.  

                                                           
14

 Informal Consultation to Consolidate the Regional Response to Address Malaria multi-drug Resistance and 

Substandard antimalarial Medicines in the Greater Mekong Subregion (GMS), Plaza Athenee Royal 

Meridien Hotel Bangkok  Thailand. 24-26 April 2012. 

http://whothailand.healthrepository.org/bitstream/123456789/1502/1/Final%20V2%20report%2024-
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Operational challenges in implementing TES in the GMS 

Presenter: Dr Maria Dorina Bustos  

As per definition from the WHO TRG guidelines (WHO WPRO handbook, 

April 2009), therapeutic efficacy studies fall under the category of human 

biomedical research with interventions done over and above routine 

activities generating new knowledge for action. All TES protocols must then 

be submitted to the WHO ERC (Ethics Review Committee). The most 

common challenges relate to delayed submission of protocols and informed 

consent forms pending clearance from the national ethics committee as 

against the fiscal year timetable, thus incurring further delays in the final 

approval and release of budget from WHO. Except in Cambodia and 

Myanmar, a domino effect of delayed and prolonged implementation 

across two transmission seasons (to meet required sample size) was seen in 

most countries in the last two years. Whereas it took 3-4 months in the past 

to complete the sample size (50-70), it now takes 12 months or more for 

some countries to even recruit 30-40 cases. Following the last meeting in 

Mandalay, other technical challenges have been addressed by partners and 

the NMCPs: constant quality supervision in implementation over time by 

PIs; patient recruitment in multiple health centres/hospitals including village 

surveys per province; proper collection and storage of laboratory samples 

(slides and filter-paper blood spots for PCR); standardization of PCR 

procedures to differentiate recrudescence from reinfection in NMCP 

laboratories with technical support from the University of Maryland and 

MORU reference laboratory; prompt and double-checked data-entry with 

external slide-validation in three countries (China, Myanmar and Thailand). 

Five major challenges were highlighted, as mentioned individually by 

Mekong countries:  

 Sentinel site selection and timing of study affecting sample size 

and recruitment. 

– Multiple catchment sites (malaria posts, district health 

centres, provincial hospital, army station hospital) in one 

province in Laos has been done but it was still difficult to 

achieve the required sample size. 

– Village-to-village surveys in one-two districts/counties/ 

townships/communes were done in China, Laos, Myanmar, 

Viet Nam and Thailand. 
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– Thailand: Routine TES should have clear criteria in a 

particular site, i.e. with declining trends, cases, do we need 

to continue or move to another site? 

– Viet Nam: Practical criteria can be set for multiple sites in a 

province (distance between sites?), but this also entails 

additional logistics. 

– China: Need to strengthen their system/strategy to recruit 

and complete follow-up of patients. 

– Cambodia: Many research studies in the same area – 

competition and difficulty in recruitment. They asked to 

extend the duration of TES, with the possibility to maximize 

recruitment by ACD through VHV/VHW. 

 Release of funds before start of transmission season linked to 

delayed approvals 

– Back-and-forth questions from WHO ERC caused a delay in 

the final approval of the protocol and fund release in China 

and Myanmar; Thailand also incurred delays with the 

national ERC approval. 

– China: Still no improvement in management after several 

years – i.e. proposal subject to too many administrative and 

technical negotiations; ERC recommendations sometimes 

not practical and approval takes too long. 

 Slide validation and parasite counting procedures by qualified 

microscopists 

– Myanmar: Some countries constantly need re-training of TES 

field implementers and microscopists especially if new sites 

are identified, as there is a high turn-over of doctors and 

qualified microscopists (this was already observed in the 

“fluctuating” quality of TES slides that were cross-validated 

by an external expert).  

 Staff/logistic limitations 

– Laos: Lessons learned with other projects in maximizing 

available health staff by efficient planning, reimbursement 

for patients and staff-time and disbursement of funds; does 

not have full-time dedicated research-oriented staff at 

CMPE; peripheral staff have other priorities. 
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 Timely submission of technical report and financial report. 

– Protocol adherence and quality of data generated (to be 

cross-checked) by PI for report writing; some delays incurred 

in slide validation and release of PCR results. 

– Some countries still need close supervision and technical 

assistance in report writing. 

The concept of the generic in vivo TES protocol is to have an agreed-

upon protocol satisfying national programmes and researchers that can be 

widely used in different situations and different countries by different PIs. 

The purpose is to help NMCPs and research groups to use a standardized 

protocol allowing quality data to be generated and managed to produce 

recognized quality results to be compared over time and space. Overall, 

NMCPs and PIs have come to recognize these, aware that non-expert 

microscopists and other provincial staff assigned to the sentinel sites need 

further proficiency assessment and refresher sessions to ensure QA in 

malaria diagnosis and parasite counting, and TES implementation. Good 

advocacy needs to be included as part of the TES in educating the 

community to comply with the correct dosage and duration of treatment to 

ensure cure, and to also increase awareness of fake/counterfeit drugs. 

WHO experts reiterated that advance submission of proposals and 

advance planning is required – SOPs in place, training, arrival of drugs, etc. 

Flexibility in the inclusion criteria such as lower P.f parasitaemia to 250µ/L 

detection to increase patient recruitment means having a very good field-

based microscopist. If cost is an issue, a well-funded site that can achieve 

sample size is better than multiple sites. Currently, there is no accepted 

scientific method to pool results from multiple sites to achieve sample size. 

The maximum duration of 12 months should be adequate to cover two 

transmission seasons - this is also the ERC-approved duration of a project. 

The cost can be reduced if local staff at different levels are trained well to 

carry out TES routinely (annually) as in Thailand and Viet Nam. WHO -

SEARO should establish an ERC and not rely on HQ. A concern was raised 

on the quality of monitoring among PIs, as this is not done well throughout 

the duration of the TES since most PIs monitor at start-up and at the end of 

the project. A practical guideline on lessons learnt and recommendations 

should be available – e.g. a field manual. ERC also raised questions on: 

timing of intake of drugs, fatty intake (diet), timing of repeat slide collection, 

etc., and how villages will benefit from TES. Is outsourcing the TES to 
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research institutions, as this is their core competency, the solution? More 

importantly, is there a formal collaboration between researchers and 

national programmes to be involved in the improvement of the national 

programmes’ needs and agenda? 

2.2 Country presentations 

Figure 1 shows the study sites in the six Mekong countries. There are 

32 sentinel sites in the six countries, with either one or two drugs tested 

against P. falciparum and P. vivax or both species in 2010 and 2011. All 

countries adhered to the standard WHO 28-day or 42-day therapeutic 

efficacy protocol and used the WHO recommended MS Excel programme 

for data management. The sample size was calculated according to the 

malaria prevalence and expected rates of failure in the selected sites with a 

sample size of at least 50 patients per site. However, this sample size was 

not always achieved in some sentinel sites due to the very low number of 

cases resulting from aggressive control measures. 

Figure 1. This map shows locations where therapeutic efficacy  

studies were implemented in 2010-11 with antimalarial drugs 

 tested against P. falciparum and P. vivax malaria.  
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Cambodia 

Dr Leang Rithea, from CNM Phnom Penh presented results from Cambodia 

(Tables 1 and 2). Malaria incidence has remained fairly stable in the country 

in the last three years, 4.36-4.5/1000 population (as of 2011). In 2010, 

following the drug policy change to DHA-PIP for both P. falciparum and 

P. vivax malaria, CNM assessed the efficacy of DHA-PIP (co-formulated) 

against both species in Pailin, Pursat and Rattanakiri and a second ACT 

artemether-lumefantrine (against P.f) in Rattanakiri. Table 1 shows the study 

outcomes in the three sites and the parasite clearance time per drug. 

Compared with the 2008 and 2009 results, the DHA-PIP efficacy levels had 

further declined in Pailin and Pursat, with an increasing proportion of Day 

3 positives. DHA-PIP (42-day PCR-corrected ACPR) and AL (28-day PCR-

corrected ACPR) remains effective against P.f in Rattanakiri. It was also fully 

effective in the treatment of P. vivax in all sites.  

Table 1. Summary of TES results (PCR-corrected) against P. falciparum and  

P. vivax in Cambodia, 2010 

  P. falciparum P. vivax 

Cambodia, 2010 Pailin Pursat Rattanakiri Pailin Pursat Rattanakiri 

Drugs DHA-PIP DHA-PIP DHA-PIP AL 

DHA-

PIP DHA-PIP DHA-PIP 

ETF 0 0 0 0 
0 0 0 

LCF 1 4 (7%) 0 0 
0 0 0 

LPF 6 (21%) 0 0 5 (8%) 
0 0 0 

28-day ACPR n (%) 22 (76%) 53 (93%) 100% 
57 

(95%) 

51 

(100%) 

57 

(100%) 60 (100%) 

28-day PCR-

corrected ACPR 
76% 93%   95% 

      

Total analysis 29 57 60 60 
51 57 60 

WTH 0 0 0 2 
0 0 0 

LFU 0 0 0 0 
0 3 0 

TOTAL 29 60 60 62 
51 60 60 

Day 3 % 

parasitemia 
12 (42.9) 6 (10.5) 6 (10) 2 (3) 

0 0 0 

External slide 

validation  No No  No  No No No No 

42-day ACPR n (%) 
19 (70) 50 (88) 59 (98) 44 (71)       

42-day PCR-

corrected ACPR 73% 89% 100% 88%       
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The 2011 studies were done in four sites, with DHA-PIP tested in 

Pursat (Veal Veng), Preah Vihear (Phnom Dek) and Kratie (Snoul), and 

A+M in Pailin (Table 2). In Pursat, the 42-day PCR-corrected ACPR 

remained at around 88-89% (as in 2010), but the proportion of D3 

positives further increased. DHA-PIP efficacy is still >95% in Kratie and 

Preah Vihear, but there is already a high proportion of patients with 

delayed parasite clearance times in these two sites. In Pailin, more than 

50% patients were still parasitaemic on Day3 post-A+M treatment, 

although ACPR remains good (>90%). This could be due to the recovering 

effectiveness of the partner drug mefloquine (MQ).  

Overall, results for the last two years showed that DHA-PIP was less 

effective for the treatment of P.f in western Cambodia compared with the 

east; AL is effective only in Rattanakiri (eastern Cambodia) with ACPR 

>95% similar to AL ACPR in the bordering provinces with LAO PDR; there 

is an increased proportion of delayed parasite clearance among DHA-PIP 

and A+M for the treatment of P.f and although A+M showed high ACPR in 

Pailin, the very high proportion of Day3 positives suggests increasing AS 

resistance. DHA-PIP is working in all areas of Cambodia except in Zone 1 

in the west – Pailin and Pursat. Malarone is now recommended as the first-

line drug in those provinces. DHA-PIP efficacy is currently being assessed in 

new sites in other parts of the country.  

Table 2. Summary of TES results (PCR-corrected) against P. falciparum 

malaria in Cambodia, 2011 

Cambodia Pailin Pursat Preah Vihear Kratie 

Drugs A+M DHA-PIP DHA-PIP DHA-PIP 

ETF 0 0 0 0 

LCF 0 0 0 0 

LPF 0 4 (9.5) 0 0 

28-day ACPR n (%) 29 (100) 38 (90.5) 60 (100%) 60 (100%) 

28-day PCR-corrected ACPR 100% 91% 100% 100% 

Total analysis 29 42 60 60 

WTH 0 0 0 0 

LFU 0 2 1 0 

TOTAL 29 44 61 60 
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Cambodia Pailin Pursat Preah Vihear Kratie 

Day3 (%) parasitemia 51.7% 36.4% 9% 20% 

External slide validation No  No No  No 

42-day ACPR n (%) 
28 (97) 35 (88.3) 57 (96.6) 53 (88.3) 

42-day PCR-corrected ACPR 
100% 88.3% 96.6% 96.4% 

The People’s Republic of China 

The Co-PI, Dr Huang Fang, presented information from The People’s 

Republic of China. Falciparum malaria is found only in Yunnan province 

along the Sino-Myanmar-Lao-Viet Nam border and in the island province 

of Hainan. In China, the recommended first-line drug to treat falciparum 

malaria is DHA-PIP. However, artesunate-amodiaquine (Art-AMO), 

artemisinin-naphthoquine phosphate and artemisinin-PIP are listed in the 

drug policy guideline. For vivax malaria, chloroquine, piperaquine mono 

and primaquine are the first-line drugs, while ACTs are used as second-line 

drugs. In 2010, Yunnan province reported 2277 confirmed malaria cases, 

with 513 P.f cases, of which 81.1% were imported mainly from Myanmar. 

The TES was implemented in Yingjiang and Tenchong, the two most 

endemic counties on Yunnan’s western border with Kachin state, Myanmar. 

Another site (with much lower transmission) is Menglian, Pu’er prefecture, 

south-west Yunnan bordering with Eastern Shan state, Myanmar. Patient 

recruitment was hampered by border clashes in Yingjiang and patient 

refusals to be enrolled in Tenchong.  

Table 3. Efficacy results of DHA-PIP and AS7 against falciparum malaria in 

China, 2010-2011 

  2010-2011 

China 
Yingjiang 

Tengchong Menglian 

Drugs DHA-PIP AS7 

ETF 
0 0 0 

LCF 
0 0 0 

LPF 
1* 0 0 

28-day ACPR 
23 (96%) 20 (100%) 6 (100%) 

PCR-corrected ACPR 
- - - 

Total analysis: 28day 
24 20 8 
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  2010-2011 

China 
Yingjiang 

Tengchong Menglian 

WTH 4 
2 1 

LFU 2 
7 1 

TOTAL 30 
29 8 

Day 3 % parasitemia 11% 
5% 0 

External slide validation Yes 
Yes Yes 

* one LPF (day28) found on external slide validation (no PCR filter paper sample) 

Artesunate and DHA-PIP tablets came from WHO. Both DHA-PIP 

and artesunate showed >96% ACPR in the three sites, with >10% 

proportion of patients still positive on Day 3 post-DHA-PIP treatment in 

Yingjiang. One case of late parasitological failure in Yingjiang was picked up 

on external slide validation. Evidence points to some degree of delayed 

parasite clearance to these drugs especially if we recall the 2009 data of 

25% Day3 positives to AS7 in Yingjiang. Molecular marker tests showed the 

presence of the Pfcrt gene in 95% of isolates tested, 51.5% triple mutation 

in pfdhr gene, 52.7% double mutation in dhps and no mutations in pfatp6 

codons 623 or 769, but two novel mutations (N683K and R756K) were 

found in 4.6% (3/97) and 9.2% (6/97) of parasite isolates, respectively. In 

summary, suspected resistance may have emerged in Yingjiang county, 

which indicates the need to continually evaluate ACTs in the future. There 

is no evidence of emergence of artemisinin resistance in Menglian county, 

but the sample size is too small to be conclusive.   

Comments were raised as to why China has four first-line drugs. DHA-

PIP and Art-AMO are now co-formulated and so are easily marketed by 

Chinese companies. Art-Naphtoquine is not WHO-recommended, but 

China’s current recommendation is to use this drug only in specific 

areas/populations for one-day treatment, i.e. military, and marketed 

overseas. Dr Delacollette suggested that country experiences should be 

shared with experts so that opinion can be expressed, i.e. – can this drug be 

recommended by WHO for this region? Art+AMO is manufactured in 

China to be marketed outside the region (e.g. East Africa), the same applies 

to getting GMP compliance and recommendations for use. Prof. Tang said 

that WHO should be informing countries on which ACT is better for what 

particular setting, i.e. which ACT will develop resistance quickly, etc. This 

will help China make a national recommendation for just 1-2 ACTs. But he 
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also stated that nobody can say which is the better drug after knowing all 

the pharmacologic active components of the drug and its many properties, 

and which ones will develop resistance first.  

It was further clarified that imported cases mean that the patients are 

not indigenous residents of the province, but the malaria infection could 

have been acquired within Yunnan counties (where malaria transmission 

exists), or from travels to Myanmar or elsewhere. It would be interesting to 

find out if the day3 positives are imported cases. In 2010-11, a hydro-dam 

project on the Myanmar side resulted in population movement from China 

to Myanmar, but in 2011-2012, the displacement of population was from 

Myanmar to China. 

Lao People’s Democratic Republic 

Dr Viengxay Vanisaveth presented data from Lao PDR. The malaria 

incidence in Lao PDR has fluctuated between 2.42-3.35/1000 population 

from 2008 to 2010, with transmission remaining the highest in southern 

provinces. Since 2003, artemether-lumefantrine (Coartem™) has been the 

recommended first-line antimalarial drug countrywide. Three active 

sentinel sites have been maintained in Lao PDR: Luang Prabang in the 

north, Khammoune in central Lao PDR and Attapeu in the south. Following 

recommendations from the 2009 Mandalay meeting and due to the drastic 

decline of malaria cases in Lao PDR multiple catchment centres in the 

province of Luang Prabang were set up as an alternative to a single, fixed 

sentinel site. In that province, health staff from district health centres and 

hospitals have undergone TES and microscopy refresher courses. RDT and 

microscopy have been used in active surveys at village level to screen 

patients with fever. Despite the active case detection approach in villages 

and screening of all fever cases in hospitals and district HCs, with studies 

running up to 12 months in Luang Prabang, the sample size as per WHO 

protocol has never been reached. In southern and central Laos over this 

two-year period, the majority of enrolled patients were febrile male adults. 

The AL therapeutic efficacy was >90% and all patients cleared their 

parasites within two days post-treatment. Another study supported by the 

Wellcome Trust in Savanakhet province comparing 4mg/kg vs 2 mg/kg 

artesunate for three days followed by the AL 3-day regimen showed 100% 
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42-day PCR–corrected cure rates in both treatment groups, with all patients 

clearing their parasites by day2 
15

. 

Particular concern was raised that in areas where malaria cases have 

not been reported over the past few years the disease is no longer initially 

suspected until the patient’s condition deteriorates to severe malaria. 

Another concern is that migrants from other provinces and neighbouring 

countries are not included in the TES while contributing to the disease 

burden. This was the situation in the late 2011 outbreak in Attapeu 

province that exceeded the outbreak threshold and where several deaths 

were reported. Large-scale development projects have recently been 

initiated in that province involving several private companies that are 

employing thousands of workers from China, Viet Nam and other parts of 

Lao PDR, mostly non-immune, undocumented migrants. Those unrecorded 

migrants are generally living in very remote areas (for fear of reprisals) far 

from available health services. However, even if health services were 

available and accessible by unrecorded migrants, follow-up of individual 

malaria patients would have remained a major challenge since unrecorded 

migrant workers may be reluctant to sign consent forms. From a technical 

and ethical viewpoint, there is a need to explore the feasibility of including 

migrants from other countries in routine TES, and/or to take day0 filter 

paper blood spot for every fever case to catch the parasite genotype as part 

of a regional malaria parasite gene bank. Thailand has actively enrolled 

migrants who have resided in the country for at least two years. National 

malaria programmes have to engage the private sector as part of their 

corporate social responsibility to protect migrant workers and increase their 

access to health care in general and malaria services in particular.  
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Table 4. Efficacy results of artemether-lumefantrine (AL) against falciparum 

malaria in Lao PDR, 2010-2011 

  
2010 2011 

Lao PDR Khammoune Luang Prabang Khammoune 

Drugs AL AL AL 

ETF 0 0 0 

LCF 0 0 0 

LPF 1 1 0 

28-day ACPR 23 (96%) 11 (92%) 25 (100%) 

PCR-corrected ACPR 96% 11 (92%) - 

Total analysis 24 12 25 

WTH 0 0 1 

LFU 0 0 0 

TOTAL 24 12 26 

Day 3 % parasitemia 0 0 0 

External slide validation No No No 

Myanmar 

On behalf of the two other Principal Investigators from DMR Upper 

Myanmar and the Defense Services General Hospital, Dr Myat Phone Kyaw 

from DMR Lower Myanmar presented data on the national 2010 malaria 

prevalence, malaria morbidity rate (11.28/1000) and malaria mortality rate 

(1.33/100,000) showing a considerable reduction per state and division 

during the last 15 years. Since 2008, three first-line antimalarial drugs are 

recommended in Myanmar: AL, DHA-PIP and A+M. In 2009, the country 

set up six sentinel sites as follows: two along the border with Thailand, one 

along the border with China, one with India, one on the border with 

Bangladesh and one in central Myanmar. In 2010-2011, four additional 

sites were set up, (the total of sentinel sites countrywide becoming 10) 

along the Myanmar and Thailand (2) and Myanmar and China borders (2). 

From TES results, majority of enrolled patients were febrile adult males, 

except in Rakhine where enrolled patients were rather younger male 

patients (median 7-16 years old). Table 5 shows the results of studies (PCR-
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corrected ACPR) carried out in 2009 (which were not presented during the 

Mandalay meeting), and Table 6 the results from the 2010-2011 studies.    

Table 5. Efficacy of AL and DHA-PIP against falciparum malaria in three 

sentinel sites in Myanmar, 2009 

Myanmar 

2009 

AL DHA-PIP 

Bago Kawthaung Sagaing Bago Kawthaung 
Sagaing 

ETF 1 0 0 0 0 
0 

LCF 0 5 1 0 2 
0 

LPF 1 1 0 0 2 
0 

28-day ACPR (%) 84 (97.7%) 74 (92.5%) 72 (98.6%) 100% 76 (95%) 
73 (100%) 

PCR-corrected ACPR 100% 93.8% 100%   96.3% 
  

Total analysis 86 80 73 72 80 
73 

WTH 0 0 0 0 0 
0 

LFU 2 0 4 0 0 
0 

TOTAL 88 80 73 72 80 
73 

Day3 % parasitemia 10.2% 6% 0 4.2% 18.5% 0 

External slide validation No Yes Yes No Yes Yes 

Table 6. Efficacy of AL and DHA-PIP against falciparum malaria in Myanmar, 

2010-2011  

Myanmar 

2010 – 2011 

AL DHA-PIP 

Kachin Rakhine Kayin Kawthaung East Shan Rakhine Mon Kachin East Shan Kawthaung 

ETF 0 0 0 0 0 0 0 1 0 0 

LCF 0 2 0 0 0 1 0 0 0 2 

LPF 0 1 4 5 1 0 2 0 0 0 

28-day ACPR 59 (100%) 67 (96%) 67 (96%) 79 (94%) 49 (98%) 79 (99%) 73 (97.3%) 56 (98%) 50 (100%) 56 (97%) 

PCR-corrected 

ACPR 
100% 100% 97.3% 96.4% 100% 100% 99% 100% 50 97% 

Total analysis 59 70 66 84 50 80 75 57 50 58 

WTH 0 11 8 0 1 2 0 0 1 10 

LFU 1 1 3 1 0 1 5 0 0 6 
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Myanmar 

2010 – 2011 

AL DHA-PIP 

Kachin Rakhine Kayin Kawthaung East Shan Rakhine Mon Kachin East Shan Kawthaung 

TOTAL 60 82 77 85 51 83 80 57 51 74 

Day3 % 

parasitemia 
1.7% 0 4.5% 8.3% 2% 0 22.5% 3.3% 2% 20% 

External slide 

validation 
No No No Yes No Yes Yes Yes No Yes 

The therapeutic efficacy (ACPR) of all first-line treatments against 

falciparum infections remained above 90% threshold in all sentinel sites in 

2009, 2010 and 2011. There was serious concern about the proportion of 

patients remaining positive on Day3 with AL in Bago (10.2% in 2009), and 

in Mon State with DHAPIP (22.5% in 2011) and in Kawthaung with 

DHAPIP (20% in 2011). Specifically in Kawthaung (Tanintharyi division), 

earlier studies have shown that A+M therapeutic efficacy has gradually 

declined from 100% in 2005 to 88% in 2006; AL efficacy was 98% in 2005 

and 92% in 2006
16

, and latest studies yielded almost the same results in 

2009 and 2010 (ACPR>95%). The above-10% threshold Day3 positivity 

rate in Kawthaung prompted further investigation in 2011 by using the 

seven-day artesunate monotherapy protocol that includes complementary 

and more complex pharmacokinetic (PK) assays. Fifty-two predominantly 

male adult patients were enrolled and treated with 2mg/kg/day AS x 7 days 

and closely followed up for 28 days. No important clinical adverse events 

were recorded, the drug was correctly absorbed and the pharmacokinetic 

profile was consistent with findings from previous studies carried out 

elsewhere in the region (Pailin and Mae Sot), and artesunate peaked to 

~200 ng/mL in <1 hour and eliminated quickly with a half-life 0.5 hr 

(DHA peaks at ~2 000 ng/mL in ~1.5 hour and its half-life ~1 hour). 

Hence, there was no significant difference in pharmacokinetics of 

artesunate or DHA in patients with versus without parasitaemia on Day3. 

While 100% ACPR was achieved, 27% patients had persistent parasitaemia 

on Day3. In two consecutive studies in this southernmost site of Myanmar, 

the pattern of parasite clearance response to artemisinin showed an 

increasing percentage of patients with parasitaemia on Day 1, 2, or 3 while 

the PCR-confirmed treatment failure is approximately 6% to AL and DHA-

PIP. Equally worrisome is the increasing treatment failure of A+M reported 

in the neighbouring province of Ranong, Thailand. In response to this 

situation, the Myanmar Artemisinin Resistance Containment (MARC) 

project was initiated in April 2011. The MARC project is a collaborative and 
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concerted effort between multiple partners and stakeholders, the Myanmar 

Ministry of Health, WHO and key NGOs that are all supporting malaria 

control.  

For vivax malaria, CQ is still achieving >90% cure rate in most sites 

except Kawthaung (Table 7) from 2009-2011 results.  It must be noted that 

CQ resistance was first reported in Myanmar in 1995
17

 and in subsequent 

years
18

.  

Therapeutic efficacy studies on AL, DHA-PIP and A+M against 

falciparum malaria and CQ against vivax malaria are ongoing and will 

continue in different sites in Myanmar. 

Table7. Efficacy of chloroquine (CQ) against vivax malaria in Myanmar, 

2009-2011  

Myanmar 

2009 2010-2011 

Kawthaung Bago Kalay Rakhine Mon Kachin Kawthaung 
East 

Shan 

Drug CQ CQ CQ CQ CQ CQ CQ CQ 

ETF 0 0 0 0 0 0 0 0 

LCF 8 (13%) 0 3 0 0 0 0 0 

LPF 4 (6.6%) 0 0 4 (6.9%) 0 0 8 (12%) 0 

28-day ACPR (%) 49 (80%) 64 (100%) 70 (96%) 54 (93%) 59 (100%) 
76 

(100%) 
58 (88%) 

71 

(100%) 

Total analysis 61 64 73 58 59 76 66 71 

WTH 0 0 0 3 0 0 0 3 

LFU 0 3 4 0 8 0 1 0 

TOTAL 61 67 77 61 67 76 67 74 

Day 3 % parasitemia 3.3% 0 4% 0 15% 0 0 13% 

External slide validation No No Yes NO Yes No No No 

A comment was raised that an ACPR <90% in one sentinel site over 

two years does not warrant a rush decision to change the treatment 
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regimen without taking into consideration the results and trends from other 

sentinel sites. It will always be important to document and validate (slide 

cross-check) the results from the routine in vivo TES from the whole 

country.  

Thailand 

Dr Kanungnit Congpuong, the PI from BVBD-MOH, presented recent 

malaria data from Thailand, e.g. API of 0.24/1000 with a predominance of 

P. vivax (60.8%) in 2011. Malaria remains a public health concern in 

provinces along the border with Myanmar, Cambodia and Malaysia. 

Thailand has been using the three-day regimen of A+M countrywide since 

2008. With a total of nine sentinel sites, TES were carried out in six sites in 

2009 (four for P.f and two for P.v), six sites in 2010 (4 P.f and 2 P.v), and 

nine sites in 2011 (6 P.f and 3 P.v). As in other Mekong countries, over the 

three-year period, a high majority of enrolled patients were adult males 

with fever and parasites on Day0. Tables 8 and 9 show results from studies 

performed in 2009 and 2010 for P. falciparum and P. vivax malaria, and 

Table 10 preliminary results from TES in 2011.  

While A+M remains highly effective in Yala and Ratchaburi, its 

efficacy (as evidenced by ACPR and Day3 parasitaemia) is decreasing in 

provinces along the Thai-Myanmar border, Mae Hong Son, Tak, 

Kanchanaburi and Ranong. The declining ACPR with A+M is further 

confirmed by preliminary results from studies conducted in 2011 especially 

in Kanchanaburi (Table 10). Acknowledging that ACPR was consistently 

lower in Ranong and Tak as compared with other provinces, BVBD was 

prompted to test an alternative ACT to A+M, i.e. artemether-lumefantrine 

(AL) in these two sites in 2011. The two provinces are on the northwestern 

and southwestern border with Myanmar and have always been active cross-

border points with intense population movement of migrant workers, 

refugees and traders on both sides; hence it may be interesting to note the 

origin of these infections including migratory patterns. Overall, a high 

proportion of patients were still positive on Day3 with A+M in all sites 

except in Yala and Ratchaburi with better results in 2010 than 2009. 

Pending sample size completion, slide validation and PCR results of the 

2011 studies, preliminary results confirm these (cross-border) critical “hot 

spots” to be more closely monitored for artemisinin and ACT resistance. 
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Table 8. Efficacy of A+M (42-day PCR-corrected ACPR) against P. falciparum 

malaria in Thailand, 2009-2010  

  2009 2010 

Thailand 
Mae Hon 

Son 
Tak 

Kanchana-

buri 
Ranong Tak Ranong Yala Ratchaburi 

Drugs A+M A+M A+M A+M A+M A+M A+M A+M 

ETF 0 0 0 0 0 0 0 0 

LCF 1 4 0 2 0 3 0 0 

LPF 0 1 3 3 3 0 1 0 

42-day ACPR 24 (89%) 47 (89%) 51 (91%) 42 (88%) 36 (92%) 43 (92%) 51 (98%) 44 (100%) 

PCR-corrected ACPR 92.3%  90.4% 92.7% 88% 92.3% 91.5% 98% 100% 

Total analysis: 28day 27 53 56 48 39 47 52 44 

WTH 1 1 1 0 5 6 0 2 

LFU 6 3 0 6 0 3 2 0 

TOTAL 33 56 56 54 44 56 54 46 

Day 3 % parasitemia 9% 14% 23% 15% 9.1% 5.4% 0 4.5% 

External slide validation No Yes No Yes Yes Yes No No 

For P. vivax malaria, the cure rate of chloroquine is >90% in four 

provinces with details published by Congpuong et al., 2012
19

. 

Table 9. Efficacy of chloroquine against P. vivax malaria in Thailand, 2009-

2010  

Thailand 

2009 2010 

Chanthaburi Yala Kanchanaburi Mae Hong Son 

Drugs 
CQ CQ CQ CQ 

ETF 0 0 0 0 

LCF 0 0 0 0 

LPF 4 0 3 0 

28-day ACPR 48 (96%) 53 (100%) 45 (94%) 48 (100%) 
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Thailand 

2009 2010 

Chanthaburi Yala Kanchanaburi Mae Hong Son 

Total analysis 50 53 48 48 

WTH 0 0 0 2 

LFU 5 0 0 6 

TOTAL 50 53 48 56 

External slide validation No No Yes No 

Table 10. Preliminary results (pending study completion, slide validation and 

PCR) of efficacy of AL and A+M in six sentinel sites, Thailand, 2011. 

Thailand 

2011 on-going 

Tak Ranong 

Mae 

Hong 

Son 

Kancha-

naburi 
Surin 

Ubon 

Ratchathani 

Drugs AL AL A+M A+M A+M A+M 

ETF      0     

LCF      0     

LPF     
1 

(16.7%) 
7     

42-day ACPR 8 (36) 90% 
(5) 

83.3% 
(45) 86.5   100% 

PCR-

corrected 

ACPR 

            

Total analysis 8 40 6 52 0 4 

WTH      1     

LFU            

TOTAL 8 40 6 53 0 4 

Day 3 % 

parasitemia 
  20%   56.5%     

External slide 

validation 
- - - - - - 

With reference to 2011 results, the required sample size in all sites 

has not yet been reached and patient recruitment will continue until August 

2012. Hence, it is too early to draw any firm conclusions. The vivax studies 

in Ratchaburi, Chantaburi and Trat are also ongoing. BVBD is also 

conducting active case detection by pooled real-time PCR in selected 
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provinces since 2011, detecting a proportion of asymptomatic carriers by 

PCR that were otherwise negative on blood smears: Trat (4/187 = 2.1%); 

Mae Hong Son (9/475 = 1.9%) and Kanchanaburi (13/363 = 3.6%). 

Given the preliminary findings, artemether-lumefantrine (90% ACPR 

in Ranong) is probably not significantly better than A+M (ACPR 91.5% in 

2010 and 87.5% in 2009). Increasing treatment failure is noted in 

Kanchanaburi (87% ACPR vs. 92.7% in 2009) with a high proportion of 

Day3 positives (56.5% vs. 23% in 2009) yet to be externally cross-checked.  

There was one case of confirmed treatment failure with CQ in 

Kanchanaburi in 2010.  

The presenter also showed data of the 28-day in vivo surveillance in 

the whole Kanchanaburi province (GF project, no slide validation yet), 

which demonstrated 91.7% ACPR and 4.2% Day3 positivity contradicting 

TES results.  These discrepancies need to be seriously re-checked as the two 

datasets vary considerably in terms of duration of follow-up, quality 

microscopy (lack of slide validation) and PCR, location (subdistrict vs. whole 

province) and the seasonal movement of the migrant population. There is 

also a need to investigate the situation in the neighbouring 

townships/districts of Myanmar.  

Viet Nam 

Dr Ta Thi Tinh from NIMPE, Hanoi, presented the declining malaria trend 

in Viet Nam, e.g. 16 612 confirmed malaria cases in 2011 vs. 68 699 in 

2008. The 2009 national treatment guidelines excluded AS7 monotherapy 

among first-line antimalarial drugs recommended in Viet Nam putting 

emphasis rather on the progressive countrywide use of DHA-PIP as the first-

line drugs for P. falciparum and CQ+PQ for P. vivax malaria. However, AS 

monotherapy continued to be used in hospitals and in the private sector.  

Viet Nam tested a locally manufactured co-formulated DHA-PIP 

(Arterakin™) made by the Central Pharmaceutical Factory No. 1, Viet Nam 

and artesunate tablets (50mg) from the Nam Ha Pharmaceutical factory, 

Viet Nam. Both locally produced antimalarial drugs passed QA batch 

analysis by the national drug regulatory agency. The total dosage for one 
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adult treatment with DHA-PIP was 8 tablets over 3 days (40mg of 

dihydroartemisinin and 320mg of piperaquine phosphate/tablet: 4 tablets 

on D1, then 2 tablets on D2 and D3), corrected to 9 tablets over three days 

in 2011, as per WHO recommendation.  

In 2008-2010, artesunate monotherapy at the total dose of 16mg/kg 

over 7 days (4 mg/kg first day and 2mg per day for the next six days) was 

tested. In 2011, the total dose increased to 28mg/kg for 7 days as per 

WHO recommendations. As in other GMS countries, the majority of 

patients enrolled in 2010 were adult males with fever and parasites on Day 

0. Tables 11 and 12 show the results by drug, by year, in the different sites. 

The 2011 studies are still ongoing.  

Table 11. Efficacy results of AS7against P. falciparum malaria in Viet Nam, 

2008-2010 

Viet Nam 
AS7 

Binh Phuoc Ninh Thuan Quang Tri Dak Nong 

Year 
2008 2010 2008 2009 2010 

ETF 0 0 0 0 0 

LCF 4 4 3 8 (11%) 2 

LPF 3 1 6 (14%) 2 (3%) 0 

28-day ACPR 49 (87.5%) 32 (86.5%) 35 (79.5%) 60 (86%) 31 (93.9%) 

PCR-corrected ACPR 87.50% 88.9% 97.2% 96.8% 96.9% 

Total analysis 56 36 36 62 32 

WTH 1 4 14 11 6 

LFU 4 10 5 2 4 

TOTAL 61 50 55 75 42 

Day 3 % parasitemia 10% 14.3% 0 0 15.8% 

External slide validation No No No No No 

Comparing four years’ results, the 7-day AS monotherapy regimen is 

still effective (ACPR >90%) against P. falciparum malaria in Ninh Thuan, 

Quang Tri and Dak Nong. However, the proportion of patients with 

parasites on Day3 was above the 10% threshold in Dak Nong and Binh 

Phuoc in 2008 and 2010 (after cross-checking slides), which leads to 

serious suspicion of AS resistance in those locations. The ongoing 2011 TES 
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testing AS7 in Gia Lai (n=19) has reported 32% D3 positives (pending study 

completion and slide validation), which further confirms previous results. 

The DHA-PIP PCR-confirmed ACPR remains in all sites above the 

90% therapeutic efficacy threshold (≥95%) but the D3 positivity rate was 

above the threshold in Binh Phuoc in 2009 (15.3%), and in Gia Lai in 2010 

(11.3%). The 2010 MORU-driven research in Bu Gia Map and Phuoc Long 

districts of Binh Phuoc further confirmed the TES results in terms of 

therapeutic efficacy (ACPRs>90%) and delayed parasite clearance times 

(25% D3 positives to 7-day AS at 4mg/kg and 22% D3 positives to DHA-

PIP). It should be noted that Binh Phuoc is bordering with Snoul, Kratie in 

Cambodia (see 2011 Kratie results, Table 2 and TES map). The ongoing 

2011 studies with DHA-PIP in other locations like Dak Lak, Binh Thuan 

and Ninh Thuan did not report any patient with parasites on Day3 (pending 

study completion and slide validation).   

Table 12. Efficacy results of DHA-PIP against P. falciparum malaria in Viet 

Nam, 2008-2010 

Viet Nam 
DHA-PIP 

Quang Tri Gia Lai Binh Phuoc Dak Nong 

Year 
2008 2010 2008 2010 2009 2009 

ETF 0 
0 

0 2 1 0 

LCF 0 
0 

0 3 0 0 

LPF 0 
0 

0 0 0 0 

ACPR 
65 

(100%) 15 (100%) 

48 

(100%) 
55 (92%) 45 (97.8%) 37 (100%) 

PCR-corrected 

ACPR 
100% 

100% 

48 

(100%) 
95% 97.8% 100% 

Total analysis 65 
15 

48 58 46 37 

WTH 1 
0 

7 2 0 3 

LFU 2 
0 

4 5 13 0 

TOTAL 68 
15 

59 65 59 40 

Day 3 % 

parasitemia 
0 

0 
0 11.3% 15.3% 0 

External slide 

validation 
No No No No No No 



Report of a workshop 

32 

Parallel in vitro studies with DHA and piperaquine were conducted by 

using the in-vitro micro-test method with isolates from Dak Nhau, Binh 

Phuoc in 2008 and 2010. Results showed an increasing trend in the EC50: 

from 1.7 to 3.1 nmol/l of DHA and from 14.6 to 52.8 nmol/l of 

piperaquine, in 2008 and 2010, respectively.  

For P. vivax, chloroquine remained 100% efficacious in Binh Phuoc 

(2009) and Quang Tri (2010), but had 87.7% ACPR in Ninh Thuan (2009).  

The prolonged PCT observed in more than 10% patients in Viet Nam 

with DHA-PIP needs to be further analysed to confirm the emergence or 

absence of AS R in those locations. A concern was raised pertaining to the 

different dosages of DHA-PIP over time (8 tablets in 2008 and 2010 and 

9 tablets over 3 days in 2011 as per the WHO recommendation). Viet Nam 

has continued to test AS7 monotherapy up to now since it was the 

country’s first-line drug until recently to manage uncomplicated and severe 

malaria. Another concern relates to the required sample size that was not 

reached as in other Mekong countries: can results from two or more 

sentinel sites be combined, and what recommendation is to be given to the 

national programme? According to the national programme manager, the 

malaria situation in Quang Tri has remained stable during the last two 

years, but there has been a 50% increase in cases in Gia Lai and Kon Tum 

provinces in 2010-2011 because of internal migration.  

Discussion centred on the threat that artemisinin resistance is not just 

on the Cambodia-Thailand-Myanmar borders and may have extended 

(widespread) to or emerged independently (de novo) on the Cambodia-Viet 

Nam border. Lao PDR is worried as well of the border situation with Viet 

Nam. WHO should look beyond TES results in isolation and carefully 

review cross-border malaria control interventions, and issues and 

population movement between border areas. Programme managers agreed 

on the need to organize regular high-level (Cambodia, Lao PDR and Viet 

Nam) border meetings (nor just district cross-border meetings) to better 

document the situation altogether and find common answers e.g. 

population-parasite movement across and beyond their countries. 
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3. Country plans 

On the morning of Day2, participants were divided into working groups: 

two countries working together to develop their 2012-2013 country TES 

plan of action as follows: 

Table 13.  Country plans for sentinel sites, drugs to test and proposed 

budget, 2013-2014 

  

2013 2014 

Country-

specific needs 

Country Site Drugs 
Proposed 

budget 
Site 

Drugs 

to test 

Proposed 

budget 

Cambodia 

1 

Pailin 

DHA-PIP 

(Pf)  

96,400 + 

(50000 GF) 

 Total USD 

146,400 

Battambang 

DHA-

PIP (Pf) 

USD 96,400 

 

(Human 

resource, 

travel, 

Supplies, 

patient cost, 

TA, Lab QA, 

supervision, 

data 

management)

  

  

Refresher 

microscopy; 

external 

validation; 

Additional 

transportation 

support for 

active case 

detection and 

follow-up; Site-

based result 

dissemination 

after the study 

2 

Rattanakiri Oral 

 

3 

Chumkiri Preah Vihear 

4 Snoul 
DHA-PIP 

(Pf and Pv) 
Veal Veng 

DHA-

PIP (Pf 

and Pv) 

China   1  Yingjiang 

DHA-PIP 

(Pf) 

CQ (Pv) 

USD 95,000  Tengchong 

DHA-

PIP (Pf); 

CQ (Pv) 

 USD 

110,000 

TES and 

refresher 

microscopy 

training 

  

Lao PDR  1 
Champassak AL   USD 54,325 Khammoune AL 

  

USD54,325  QA system 

(microscopy) 

capacity 

building, 

migrant pop’n 

2 Attapeu  AL 
US$64,325 

 
Saravanh AL 

US$ 54,325 

 

 

 
  

TOTAL 

118,650 
  

TOTAL 

108,650 

Myanmar 1 
Myit Kyi Nar 

(MMR-China) 
AL, A+M USD 35,000 

Kalay Tamu 

(MMR-India) 

AL, 

A+M 
USD 40,000 

strengthening 

skills of 

technician to 

conduct PCR 

(for all 

institutions): 

ensure 

microscopy QA 

in all sites  

2 
Kyauk Taw 

(MMR-Bang) 

DHA-PIP, 

AL 
40,000 

Shwe Kyin 

(Central 

MMR) 

AL, 

DHA-

PIP 

 35,000 

3 
Mya Wady 

(MMR-Thai) 

AL, DHA-

PIP 
35,000 

Kawthaung 

(MMR-Thai) 

AL, 

A+M 
 40,000 
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2013 2014 

Country-

specific needs 

Country Site Drugs 
Proposed 

budget 
Site 

Drugs 

to test 

Proposed 

budget 

4 
Kyaing Tone 

(MMR-Thai) 

DHA-PIP, 

A+M 
40,000 

Bamaw(MMR

-China) 

AL, 

A+M 
 40,000 

5 
Tanintharyi 

(MMR-Thai) 
AL, A+M 40,000  

 Loikaw 

(MMR-Thai) 

 AL, 

DHA-

PIP 

 35,000 

     
 Dawei 

(MMR-Thai) 

AL, 

A+M  
 35,000  

   
TOTAL 

190,000 
  

TOTAL 

225,000 
 

Thailand  

1 

Tak  A+M US$20,000 Tak  
DHA-

PIP 
20,000 

Refresher 

microscopy 

2 

Mae Hong 

Son 
AL 20,000 

Mae Hong 

Son 
A+M 20,000 

3 
Ratchaburi A+M 20,000 Ratchaburi CQ 20,000 

4 

Kanchanaburi -  Kanchanaburi A+M 20,000 

5 

Ranong CQ 20,000 Ranong A+M 20,000 

6 

Ubon 

ratchathani 
     CQ 20,000 

Ubon 

ratchathani 
-  

7 

Chanthaburi Malarone 20,000 Chanthaburi -  

8 

Trat -  Trat 
Malaron

e 
20,000 

9 

Yala A+M 20,000 Yala -  

 

  
TOTAL 

140,000 
  

TOTAL 

120,000  

Viet Nam 1  

Ninh Thuan 
DHA-PIP, 

CQ 
29,329 Quang Tri DHAPIP  

Refresher 

microscopy 

every year; 

GCP training; 

monitoring and 

supervision 

2 
Binh Phuoc  CQ  27,210 Binh Phuoc DHAPIP  

3 

Binh Thuan DHAPIP  26,020 Gia Lai DHAPIP  

4 
Khan Hoa DHA-PIP  25,373 DAk Nong DHAPIP  

 

   Quang Nam CQ  

 
  

Total 

$107,932 
  

Total 

$145,000  

** A total of US$ 797 982 is requested in 2013 to support all TES in the GMS.  

Cambodia 

Cambodia will continue to test DHA-PIP in 2013-2014, again in Pailin, and 

a new site in Chumkiri. There is a 20% budget increase for the next two 

years, as it now takes longer to conduct TES to reach the required sample 
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size. There is partial support from the Global Fund malaria project (US$ 50 

000) until 2014 to augment funds for the therapeutic efficacy studies, 

although there are uncertainties about receiving the entire GF budget as 

planned. Human resource is still a problem as the National Centre for 

Parasitology, Entomology and Malaria Control (CNM) and provincial 

malaria personnel have other tasks on the CAP-Malaria (URC) artemisinin 

resistance containment project on the Thailand-Cambodia border. 

Laos suggested the inclusion of border provinces Kon Tum (Viet Nam) 

and Strung Treng (Cambodia), as these are high-risk sites with Attapeu 

province. Border countries agreed, but this will depend if those sites have 

high disease burden, which is not the current situation in Strung Treng.  

Viet Nam can do it on a rotation basis with other sites. Cambodia suggests 

having regular cross-border meetings for dissemination of TES results and to 

discuss other common border problems/issues.  

China 

The country plans to test DHA-PIP and CQ in two sites, Yingjiang in 2013, 

and in Tengchong in 2014. With the declining number of cases, township 

hospitals will be engaged, as well as to establish mobile team workers 

strategically stationed in sites with a large mobile population along the Sino-

Myanmar border. The country will continue to technically collaborate with 

experts to ensure that laboratory techniques used for TES as per WHO 

protocol are standardized and optimized, specifically on microscopy 

proficiency assessment and molecular markers for drug resistance.    

Lao PDR 

Recruiting enough patients in a given period of time in current locations is a 

big concern in Lao PDR. In the past, despite flexibility in the inclusion 

criteria, village surveys and monitoring of all positive malaria patients 

diagnosed in the district and provincial hospitals in the entire Luang 

Prabang province, the sample size was not achieved. Concern was raised 

over the amount of work and time now needed to find and track patients, 

hence the higher budget requested (additional budget for Attapeu = 

US$ 64 325). Given the current situation in Laos, it is necessary to predict 

population movements/migration/risk factors in determining which possible 
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sites to consider for TES. Migration does not just occur among populations 

across borders but from other provinces/districts far away, within and 

outside the country.  

If migrants cannot be enrolled and followed up over 28 days, Lao 

PDR suggested doing D0 filter paper blood spots among migrants in TES 

sites and also in private pharmacies and clinics in the TES areas. Parasite 

genetic analysis will indicate if there are similar strains from Viet Nam, 

Cambodia, Myanmar and Thailand. The Mahidol University Faculty of 

Tropical Medicine molecular laboratory will need to be contacted to discuss 

if they can handle the increased workload in the future.  

Myanmar  

Myanmar plans to perform TES in five sentinel sites in 2013 and six in 

2014. The first-line drugs AL, A+M and DHA-PIP will be tested in specific 

designated sites (see Table 13), i.e. A+M in sites bordering Thailand, AL in 

sites bordering Bangladesh and DHA-PIP along its China border. It is 

recognized that they need to strengthen laboratory skills to conduct PCR 

tests (for all institutions in upper and lower Myanmar), and ensure 

microscopy QA and external checks in all sites.  Slide results will be 

validated by internal and external cross-checking procedures. A retraining 

workshop on TES protocol implementation will be held. Advocacy meetings 

at study sites will be supported to ensure community support. The 

proposed budget also includes regular supervisory visits by the PI cross-

country during the TES to ensure proper implementation. Myanmar will test 

two ACTs in one sentinel site to assess potential alternative drugs. 

Concern was raised on the inclusion of migrants from border sites in 

the TES and possible source of infection: Myanmar includes migrants with a 

minimum residence of six months who are residing in that area, likewise 

Thailand includes M1 (more than six-month residence); in China, despite 

categorizing imported cases, the local authorities do not exclude the 

possibility that infection could have been acquired from within their 

counties in as much as there is minimal transmission within their areas. It 

had been recommended to record the travel history of migrants on the 

forms and this must be included in the analysis. 
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Thailand 

The proposed plan for Thailand is to test both Atovaquone-proguanil 

(Malarone™) in the two containment provinces of Trat and Chanthaburi in 

2013-2014. Elsewhere, A+M will be tested for P.f and CQ for P.v at four 

different sites. Monitoring of A+M is expected to show declining efficacy to 

that of ACT e.g. showing a proportion of patients still positive at Day3 

compared with the last three-year results (D3 parasitaemia >10% in Tak, 

Ranong and Kanchanaburi). It was agreed in the Thailand-Myanmar cross-

border group discussion that Mae Hong Son will test AL in 2013, and Tak 

will test DHA-PIP in 2014. Mekong countries should try to test the same 

drugs on both sides of the border to consolidate evidence-based 

information on ACPR. 

The proposed budget with a total of US$ 140 000 for 2013 

(US$ 120 000 will be provided directly to BVBD-MoPH from PMI) and 

US$ 120 000 for 2014 includes: refresher training course in microscopy, 

cost for patient follow-up, data management, PCR for the differentiation of 

re-infection and recrudescence, cost for supervision, and cost for quality 

control (cross-check) of microscopic examination. 

Viet Nam 

Viet Nam proposes to perform TES in four and five sentinel sites in 2013 

and 2014, respectively. In 2013, there is a new site Khanh Hoa, north of 

Ninh Thuan, since there is an increase of cases in this province and a 

suggestion to test DHA-PIP in other neighbouring provinces. All others are 

the old designated sentinel sites for 2014. Likewise, CQ against P.v will be 

tested in Binh Phuoc, Ninh Thuan and Quang Nam. Planning TES in Viet 

Nam is also a challenge due to very low malaria transmission in most 

locations where TES are performed. Therefore, the country can wait for 

results from the preceding year before taking a final decision on locations in 

2013 or 2014. It was suggested to show the trends in API/ACI for P.f to 

justify the geographic proximity of the new sites - the average API was 

4/1 000 P.f cases, around 800-900 cases in the three sites in 2011. 
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The proposed total budget (US$ 107 932 in 2013 and US$ 145 000 

in 2014) includes the annual refresher microscopy training, GCP training 

and cross-country monitoring and supervision.  

Overall, countries were reminded that plans can still change 

depending on the previous years’ results. Analysis of preliminary results 

with WHO experts and the country programme managers and PI is 

normally done, and in certain instances, as in Myanmar with three first-line 

drugs, the choice of drugs to be tested is deferred according to the previous 

years’ results. There is a general need for refresher microscopy and slide 

validation as part of QA. There was also a suggestion for methods of 

monitoring to be updated as country specifics change, i.e. risk strata, 

GPARC tiers, and migration movements, etc. In the event that migrant 

patients cannot be followed up, the Day0 filter paper should be checked if 

done well (100 µL), or have multiple samples, and consider setting up a 

gene bank. With the large labour migration anticipated in the Mekong 

region especially with ASEAN free trade and circulation from 2015, 

development projects and migration issues need to be understood better, 

i.e. – seasonal migrant workers exposed to malaria in remote areas. It was 

proposed that the Mekong TES network expands its scope to pilot studies in 

migrant populations in one or several sites.  

4. Publications 

The first draft of the proposed TES in vivo network publication was 

discussed, with hard copies distributed to the PIs for comments and 

corrections especially on country-specific data (2008-2010) by Dr Bustos.  

The group was assured that a revised soft copy will be distributed to all PIs 

and co-authors for comments once all data had been verified/validated. If 

some countries needed to correct or clarify their data, it was suggested that 

they should include confidence intervals for ACPR and D3+. The 

discussion section will be further improved as there was also a suggestion to 

include trends by drug over three years in the whole region and not just 

trends by country. China proposed to include 2011 data and not just 2008-

2010, as the quality of data is improving over time. It was also clarified that 

this should not hinder any of the countries to have their country 

publication, which Thailand has done for the P.vivax results, and another 

one from Cambodia that had already been sent to a journal and was under 
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review. All publications will be appropriately cited, and their results 

included in the final analysis as all six countries form part of the Mekong in 

vivo drug resistance monitoring network from 2008-2014. It was generally 

agreed to have a group authorship, with the complete list of authors’ names 

listed. The group was advised that signatures of individual authors will be 

secured if this will be required by the editorial team to which the paper is 

proposed to be submitted, the South East Asian Journal of Tropical 

Medicine and Public Health, as part of a nine-chapter supplementary issue, 

the Mekong III monograph publication, targeted for end of 2012.  

Figure 2. The Greater Mekong Subregion showing areas where artemisinin 

resistance has been confirmed (solid line circles) and areas where Day3 

prolonged parasitaemia to ACTs and AS7 had been observed 

Pailin
Trat Pursat

Binh Phuoc

Ranong

Tak

Kawthaung

Yingjiang
(2009 & 2011)

2008-2011 

HIGHLIGHTS

- Decreasing efficacy of ACTs 

and AS7 in some countries

- initially along Cambodia-

Thai border (Trat and Pailin)

- now documented in other

areas by in vivo studies

- Prolonged parasite clearance

time [>10% Day 3 positives]

1. Cambodia (western border)

Pailin (A+M, AS7, DHA-PIP)

Pursat –ditto-

2. Thailand (A+M)

Trat (confirmed)

Kanchanaburi

Ranong

Areas with delayed parasite 

clearance to ACTs
3. Myanmar 

Kawthaung - AS7, DHA-PIP

Bago - AL

Mon – DHA-PIP

4. Yunnan, China

Yingjiang- AS7, DHA-PIP

5. Viet Nam

Binh Phuoc, Dak Nong - AS7

Binh Phuoc – DHA-PIP 

Gia Lai – DHA-PIP

6. Cambodia

Snoul (Kratie) – DHA-PIP

Critical areas in the Mekong 

network

•

•

Mon
(2010)

Bago

Snoul
(2011)

Kanchanaburi

Dak Nong

Gia Lai

•

•

 

5. Conclusions and recommendations 

Based on the report of the second Review and Planning Workshop held in 

Mandalay in 2009, there was an indication that artemisinin resistance (AsR) 

might have emerged in “hot spots” other than the Cambodia-Thailand 

border (Pailin – Trat) in the GMS, with longer parasite clearance time (>72 

hours) measured at Day3 and beyond with AS7 monotherapy and ACTs. 
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The succeeding studies of 2010-2011 either confirmed or showed a 

worsening of the delayed parasite clearance time. Overall results show that 

while the ACTs artemether-lumefantrine (AL) and dihydroartemisinin-

piperaquine (DHA-PIP) are still highly effective in Laos PDR and China, 

respectively, ACT efficacy has declined in other countries as follows:  

 DHA-PIP therapeutic efficacy is further deteriorating in western 

Cambodia (ACPR <80%) compared with the east perhaps due 

to the failure of the long-acting partner drug (piperaquine), and 

this needs to be further investigated.  

– Results with both DHA-PIP and A+M show a high 

proportion of D3 positives confirming previous results from 

monotherapy studies of a serious decline of AS efficacy in 

that same area.   

 In Thailand, the efficacy of A+M is progressively decreasing in 

Kanchanaburi (ACPR 87% in 2011) and Ranong (87-90% ACPR), 

with an increasing proportion of patients still positive on D3. 

Results from Mae Hong Son are also approaching the 10% limit 

threshold. 

– Preliminary results with AL in 2012 expressed an ACPR 

around 90%. These results are not encouraging and do not 

rank AL as one of the best alternative ACTs to A+M in 

Thailand.  

 In Myanmar, ACTs used (AL, DHA+PIP and A+M) in eastern 

provinces (bordering Thailand) showed around 6% PCR-

confirmed treatment failures (or ACPR =>94%) and a higher 

proportion of D3 positives in Bago (10% with AL) and Mon state 

(22.5% with DHAPIP).  

– In the confirmatory AS7 monotherapy study done in 

Kawthaung in 2011 complemented by pharmacokinetic 

studies, 27% patients had persistent parasitaemia on Day3 

despite adequate blood levels of the drug, giving a strong 

suspicion of artesunate resistance in that division.  

 In Viet Nam, DHA-PIP efficacy is still high in Binh Phuoc and 

Gia Lai (ACPR>96%), but D3 positivity is significantly above 

threshold in those two provinces, 15.3 and 11.3%, respectively.  
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– Although 7-day artesunate monotherapy studies showed 

>96% cure rates, the D3 positivity rates with mono also 

exceeded the 10% threshold in Binh Phuoc (18.2%), and the 

nearby province of Dak Nong (16%). No pharmacokinetic 

studies were done. 

– In the Dak Nhau district of Binh Phuoc province, in vitro 

results with piperaquine from 2008 and 2010 show a 3-4 

time increase of EC50 suggesting a declining trend of 

piperaquine efficacy.   

From a technical standpoint: 

 An essential part of quality assurance, internal validation first 

must be followed by external slide validation (by a WHO Level 1 

expert) especially targeting those patients showing delayed 

parasite clearance time (D1-D3). This is perceived as an essential 

TES component with all PIs expressing their need to WHO to 

support refresher training courses in microscopy, parasite 

counting and external slide validation. There has been 

improvement in some countries as reported by the external 

validators, but an external QA will always be needed since 

microscopy results are a critical outcome when performing TES. 

A specific budget has to be allocated for the purpose as well as 

identification of a core team of Level 1 microscopists.  

 Capacity building on molecular tools is equally important to 

confirm artemisinin therapeutic failures, in the event that 

molecular markers for artemisinin resistance become available. 

The existing network of in-country molecular laboratories using 

standardized techniques has been strengthened, including EQA 

with a panel of unknown samples sent to laboratories for 

identification coordinated by the University of Maryland. 

 From the report of the second Review and Planning Workshop 

held in Mandalay in 2009, it has been agreed to have 

pharmacokinetic (Pk) assays of chloroquine through filter paper 

blood samples sent/ processed at the Mahidol-Oxford Research 

Unit (MORU) in Bangkok. This has been done for Thailand 
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samples. Funds have to be secured to sustain processing of 

samples from other GMS countries for the said assays.  

 Continuous (annual) monitoring is needed in some sentinel sites 

where critical thresholds of Day3 positivity rate and treatment 

failures are being observed. Data from these sites need to be 

analysed, exchanged and validated jointly with WHO and 

country PIs. 

 The TES network is performing well as an early warning system 

to identify areas with suspicion of AS resistance and where ACPR 

with ACT is above 10%. However, more brainstorming and 

cross-border planning are needed to identify practical ways and 

supranational Mekong tactics in terms of local response strategies 

and capacities in each country from a regional perspective.  

WHO stated that information presented in the workshop 

demonstrates that the performance of the in vivo MMP TES network is 

improving as compared to six years ago to be considered as a reasonably 

good early warning monitoring system supported by all countries. Data 

presented are increasingly worrying thereby supporting the strong rationale 

to the setting up of a regional containment response. Therefore, there is a 

need to decide quickly on how to actively respond from a GMS 

perspective. It might be prudent to shift to a methodology similar to that of 

the emerging diseases with the focus, among other things, on the 

assessment of the local response strategies and capacities to be put in place 

and sustained. 
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Annex 1 

Agenda 

Day 1 (12 June 2012) 

Schedule Presenter 

Welcome remarks                                            Wang Rongrong, MOH, 

Beijing 

Xiao Ning, NIPD- 

Shanghai 

Yang Henglin, YIPD-

Yunnan 

Opening address                                               Charles Delacollette 

Self-introduction, nomination of chairperson and 

rapporteurs  

Review of the draft Agenda and expected outcomes              

Maria Dorina Bustos 

Monitoring P. falciparum and P. vivax resistance to anti-

malarial drugs in the Mekong Region                       

Maria Dorina Bustos 

GMS publication (draft)                                        Charles Delacollette  

Regional Response to Address Malaria Artemisinin 

Resistance Containment in the Greater Mekong Sub-

region 

Charles Delacollette 

Clarification/Discussion                                          Chairperson 

Results from TES in the last 2 years in the GMS with 

clarifications/discussion after each country presentation      

Cambodia   

China      

Lao PDR                      

Chairperson  

 

Leang Rithea  

Tang Linhua 

Viengxay Vanisaveth  

Resume Country presentations 

Myanmar      

 

Thailand                    

Viet Nam    

Chairperson  

Myat Phone Kyaw, Khin 

Lin, Sai Aik Hla  

Kanungnit Congpuong  

Ta Ti Tinh 

Closure of Day 1  
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Day 2 (13 June 2012) 

 

Schedule Presenter 

Overview of major challenges in TES implementation in 

the GMS 

Maria Dorina Bustos 

Plenary discussion: country inputs to address above 

challenges 

Chairperson, Co-chair 

and country participants 

Workshop: Introduction to 2013-14 country TES plans Maria Dorina Bustos 

Working group by country Facilitators 

Working groups to prepare country presentation of plans  

Presentation and discussion of country plans  

(20 mins/country)   

Cambodia,   

China 

Lao PDR 

Myanmar 

Thailand 

Viet Nam 

          

Chairperson  

 

Next steps Chairperson 

Closing remarks Representatives from  

MOH Beijing 

Regional Adviser SEARO 

USAID PMI 

 

 

Day 3 (14 June 2012- Morning) 

 

Schedule Presenter 

Closed session with Chinese counterparts from YIPD, 

NIPD and MOH (flexible) 

 

Closed session with WHO staff  

Closure   
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Annex 2 

List of participants 

Cambodia 

Dr Heng Pisal 

Deputy Director 

National Center for Parasitology and  

 Malaria Control (CNM) 

Ministry of Health 

372 Monivong Blvd 

Phnom Penh 

Dr Leang Rithea 

Head, Health Research Unit  

National Center for Parasitology, Entomology  

 & Malaria Control 

Phnom Penh  

LAOS PEOPLE’S DEMOCRATIC REPUBLIC 

Dr Bouasy Hongvanthong 

Director 

Center of Malariology, Parasitology and 

Entomology (CMPE) 

Ministry of Health 

Vientiane  

Dr Viengxay Vanisaveth 

Chief, Research and Laboratory Section 

Center of Malariology, Parasitology and 

Entomology (CMPE) 

Ministry of Health 

Vientiane  

China 

Dr Wang Rongrong 

Programme Officer 

Parasitic Diseases Control Department 

Bureau of Disease Control and Prevention 

Ministry of Health 

Dr Xiao Ning 

Victor Director 

National Institute of Parasitic Diseases-China 

CDC 

Shanghai 

Prof. Tang Linhua 

TES Principal Investigator 

National Institute of Parasitic Diseases-China 

CDC 

Shanghai  

Dr Zhou Shuisen 

Chief, Malaria Department 

National Institute of Parasitic Diseases-China 

CDC 

Dr Huang Fang 

TES Co- Principal Investigator 

National Institute of Parasitic Diseases-China 

CDC 

Shanghai  

Prof. Yang Henglin 

Director, Yunnan Institute of Parasite Diseases 

(YIPD), Yunnan 

Dr Yang Yaming 

TES team leader 

Vice Director, Yunnan Institute of Parasite 

Diseases (YIPD), Yunnan 

Myanmar 

Dr Thar Tun Kyaw 

Deputy Director (Malaria) 

VBDC office 

Department of Health 

Ministry of Health 

Dr Myat Phone Kyaw 

Director (Research) 

Department of Medical Research  

(Lower Myanmar) 

Yangon  

Dr Khin Lin  

Deputy Director-General 

Department of Medical Research  

(Upper Myanmar) 

Mandalay 
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Major Dr Sai Aik Hla 

Researcher 

Mingaladon  

Thailand 

Dr Wichai Satimai 

Director 

Bureau of Vector-Borne Diseases 

Department of Disease Control 

Ministry of Public Health 

Tiwanond Road, Muang  

Nonthiburi  

Dr Kanungnit Congpuong 

Bureau of Vector-Borne Diseases 

Department of Disease Control  

Ministry of Public Health 

Tiwanond Road, Muang  

Nonthiburi  

Viet Nam 

Dr Nguyen Manh Hung 

Director 

National Institute of Malariology, Parasitology 

and Entomology 

245 Luong The Vinh str., Tu Liem District 

Hanoi  

Dr Ta Thi Tinh  

Head, Clinical Pharmaceutical Research 

Department 

National Institute of Malariology, Parasitology 

and Entomology 

245 Luong The Vinh str. 

Tu Liem District 

Ha noi  

Dr Bui Quang Phuc 

Head, Clinical Pharmaceutical Research 

Department 

National Institute of Malariology, Parasitology 

and Entomology 

245 Luong The Vinh str., Tu Liem District 

Ha noi  

Dr Huynh Hong Quang 

Head, Department of Clinical Research 

Institute of Malariology, Parasitology and 

Entomology Quy Nhon 

611B Nguyen Thai Hoc Street 

Quy Nhon City 

Binh Dinh Province 

ACTMalaria Foundation 

Ms Cecilia T. Hugo 

Executive Coordinator 

ACTMalaria Foundation, Inc. 

Manila 

PMI USAID/RDMA 

Dr Christopher Barrett 

Health Development Officer and Deputy 

Director, Office of Public Health 

WHO Secretariat 

Dr Lasse Vestergaard 

Malaria, Vectorborne and  

  other Parasitic Diseases (MVP) 

World Health Organization 

Office of the WHO Representative in the 

Philippines 

Manila  

Dr Leonard Ortega 

Regional Adviser, Malaria 

WHO-SEARO 

New Delhi, India 

Dr Charles Delacollette 

Coordinator 

WHO-Mekong Malaria Programme 

Faculty of Tropical Medicine 

Mahidol University 

Bangkok, Thailand 

Dr Maria Dorina G. Bustos 

Malaria Technical Officer 

WHO-Mekong Malaria Programme  

Faculty of Tropical Medicine, Mahidol 

University 

Bangkok, Thailand  

Ms Qian Yingjun 

National Programme Officer/Malaria 

Other Vector-borne and Parasitic Diseases 

World Health Organization 

Beijing, China 

Dr Abdur Rashid  

Medical Officer 

Malaria / MVP 

Phnom Penh, Cambodia 
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Dr Deyer Gopinath 

Medical Officer/ Malaria, other Vectorborne 

and Parasitic Diseases 

World Health Organization/ Lao PDR 

Lao People's Democratic Republic 

Dr Krongthong Thimasarn 

Medical Officer, Malaria 

WHO Country Office for Myanmar 

Yangon, Myanmar 

Dr Brenton Burkholder 

Malaria Focal Point 

WHO Thailand 

Permanent Secretary Building 3, 4th floor 

Ministry of Public health 

Tiwanon Rd, Nonthaburi 11000, Thailand 

Dr Tran Cong Dai 

National Programme Officer/Malaria 

Other Vectorborne and Parasitic Diseases 

World Health Organization, Viet Nam 

Ms Xinxin Pang 

World Health Organization 

Beijing, China 

Ms Benja Sae-Seai 

Administrative Assistant 

WHO-Mekong Malaria Programme 

Faculty of Tropical Medicine 

Mahidol University  

Bangkok ,Thailand 

 



 

 



 

 



 

 

Since 2008, the WHO Mekong Malaria Programme (MMP) has been providing 

technical assistance and coordination to six countries in the Greater Mekong Sub-

region (Cambodia, China, Lao People’s Democratic Republic, Myanmar, Thailand 

and Viet Nam) to actively monitor the therapeutic efficacy of their first-line 

antimalarial drugs using a standard in vivo protocol. In June 2012, the MMP 

organized a workshop in Kunming, China for all six countries on the Therapeutic 

Efficacy Study Network to review national study results from 2010–2011 and plan 

for 2013–2014. Results showed that while artemether-lumefantrine (AL) and 

dihydroartemisinin-piperaquine (DHA-PIP) are still highly effective in Lao People’s 

Democratic Republic and China, respectively, the efficacy of artemisinin-based 

combination therapy (ACT) appears to be declining in other countries. The 

adequate clinical and parasitological response (ACPR) for DHA-PIP in western 

Cambodia has dropped below 80%. Both DHA-PIP and artesunate+mefloquine 

(A+M) show a high proportion of patients who remain positive on day 3 (“D3 

positives”) of treatment providing suspicion of artemisinin resistance in investigated 

areas along the Thai–Myanmar border. In this border region, specific concerns for 

A+M therapeutic efficacy surfaced from 2011 data in Kanchanaburi (87% ACPR) 

and Ranong (87-90% ACPR), and preliminary results with AL in Ranong and Tak 

had 90% ACPR. In Myanmar’s eastern provinces bordering Thailand, around 6% 

patients were PCR-confirmed treatment failures, including over 10% D3 positives 

in Bago and Mon states. Further suspicion of artesunate resistance was 

demonstrated in the southern Myanmar state of Kawthuang in 2011 where 27% 

patients had persistent day 3 parasitaemia in the artesunate monotherapy study. In 

Viet Nam, DHA-PIP efficacy is still high in Binh Phuoc and Gia Lai (ACPR>96%), 

but D3 positivity is significantly above the threshold in these two provinces. 

Although 7-day artesunate monotherapy studies showed >96% cure rates, the D3 

positivity rates with monotherapy are also high in Binh Phuoc and the nearby 

province of Dak Nong. 

The TES Network jointly drafted plans and budget to continue monitoring 

Plasmodium falciparum and Plasmodium vivax efficacy for 2013 and 2014. All 

countries expressed strong support to continue these studies; yet they 

acknowledged significant technical and logistic challenges. Even utilizing a multi-

district/village approach, all countries increasingly face difficulties to meet the 

required sample size due to a clear decline in malaria cases. Moreover, migrants 

contribute significantly to the disease burden but are difficult to trace and follow 

up. Cross-border meetings were proposed to share and discuss results, address 

common ethical issues with migrants, and take coordinated actions especially on 

artemisinin resistance containment. 

 

 

World Health House 

Indraprastha Estate, 

Mahatma Gandhi Marg, 

New Delhi-110002, India  
SEA-MAL-270 




