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SUMMARY 

Collaboration on malaria control across international borders in the Mekong Region is an 
essential element of the Mekong Roll Back Malaria Initiative. The practical importance and high 
prevalence of multi-drug resistance in Plasmodiumfalciparum (P.falciparum) in the Region 
underscores the need for including antimalarial drug resistance in the Mekong malaria surveillance 
system. WHO arranged an informal consultation from 16 to 17 October 2000 in Phnom Penh, 
Cambodia, in order to strengthen coordination and inter-country cooperation on monitoring the 
resistance to antimalarial drugs. The participants included representatives from the six Mekong 
countries (Cambodia, China (Yunnan province), Lao People's Democratic Republic, Myanmar, 
Thailand and Viet Nam), partners of the Roll Back Malaria (RBM) initiative (Australian Agency for 
International Development (AusAID), the European Commission, the United States Agency for 
International Development (USAID), the Asian Col1aborative Training Network for Malaria 
(ACTMalaria) and the Southeast Asian Ministers of Education Organization - Tropical Medicine 
Programme (SEAMEO-TROPMED), as well as members of research institutions and the WHO 
Secretariat. 

After the country presentations on current status and major trends of drug resistance and 
malaria control in the Mekong Region, the related technical issues were addressed and discussed. 
These included in vivo therapeutic efficacy testing in fa\Ciparum and vivax malaria, in vitro drug 
sensitivity testing (P. falciparum) and the use of genetic markers in the assessment of drug 
susceptibility (P. falciparum). In addition, drug policy oriented surveillance systems were discussed, 
as well as the application of geographical information systems (GIS) technology and in-depth 
assessment for the identification and analysis of epidemiological risk factors. Group discussions 
focused on standardizing monitoring methods for drug resistance and establishing a balanced, 
epidemiological1y representative network of sentinel sites in the Region. Finally, the six member 
countries presented, discussed and adjusted the proposed sentinel sites and monitoring plans. 

The outcomes of the meeting were: 

1. A minimum package of standardized methods to be used at sentinel sites has been determined. 
It consists of in vivo therapeutic efficacy assessment of the first and second line treatments at least 
once every two years, based on a globally standardized protocol allowing clinical as well as 
parasitological classification of response. In addition to the minimum package, several 
complementary options were recognized such as in vivo testing of other antimalarial drugs of national 
interest and new treatments under consideration, in vitro testing of promising drugs to provide 
baseline and correlation data, in vivo testing for chloroquine resistance of P. vivax, post-marketing 
surveillance and quality control of drugs, and the assessment of patient compliance and treatment 
seeking behaviour. 

2. The establishment of a balanced, epidemiologically representative network of sentinel sites has 
been planned. A total of 36 sites were selected which take into account major popUlation movements, 
border areas, high drug pressure, and known "hot-spots" of drug resistance (sentinel sites: Cambodia 
8; ChinalYunnan 2; Lao People's Democratic Republic 6; Myanmar 6; Thailand 9; Viet Nam 5). Five 
countries will add in vitro monitoring in some sites. 



3. Practical tasks were assigned for building essential capacities by inter-country collaboration. 
Training related to the resistance surveillance network would be conducted jointly by ACTMalaria 
and SEAMEO-TROPMED. The latter would be responsible for analysing and reporting surveillance 
data. Various partners are committed to mobilize appropriate financial support. 

4. Rapid, general sharing of surveillance data, country to country and site to site communications 
wi1l be direct, and through WHO and SEAMEO-TROPMED. Survei1lance data will be disseminated 
by Mekong Malaria Forum, www.mekong-malaria.org, and WHO websites. 



1. INTRODUCTION 

For decades, resistance of P. Jalciparum to antimalarial drugs has been more intense in the Mekong 
countries (Cambodia, China (Yunnan province), Lao People's Democratic Republic, Myanmar, Thailand 
and Viet Nam) than in other parts of the world. This is one of the main reasons for the Mekong Roll Back 
Malaria Initiative. 

An interregional meeting on malaria control with emphasis on drug resistance in the countries of 
the Western Pacific and South-East Asian Regions was held in Manila, Philippines in 1996. This meeting 
resulted in standard protocols for monitoring drug sensitivity and therapeutic efficacy related to 
artemisinin and its derivatives. The meeting also recommended the regular exchange of epidemiological 

I 
and operational information on malaria in border areas. A subsequent meeting of national malaria 
control programme managers in Chiang Mai, Thailand recommended an inter-country collaborative 

2 
programme for the control of multi -drug resistant malaria. 

As artemisinin and its derivatives were becoming increasingly and widely available, an informal 
consultation on their use as antimalarials was held in Geneva in 1998. The meeting addressed the need 
for monitoring resistance at sentinel sites on a regular and repetitive schedule and for post-marketing 

3 
surveillance to identify problems related to quality, stability, efficacy and adverse reactions. 

The Mekong Roll Back Malaria Initiative, established at a meeting in Ho Chi Minh City, Viet Nam 
in 1999, also identified multi-drug resistant P. Jalciparum and its association with high mortality and high 

4 
treatment cost as a major shared concern in the Mekong Region. The bi-regional meeting on the Mekong 
Roll Back Malaria Initiative held in Bali, Indonesia, in May 2000, resulted in detailed technical 
recommendations on the use of dipstick diagnosis and of drug combinations including an artemisinin 
derivatives, drug quality assurance, vector control and specific surveillance mechanisms in the Mekong 

5 
Region. 

Efficient surveillance for drug resistance on a regional basis requires standardized monitoring 
methods and coordination of information exchange to support decision-making. Also, as recommended 
drug combinations are put into routine large-scale use, it is important to monitor the possible emergence 
of resistance closely. This will provide information to the countries in and outside the region about the 
value of drug combinations in the control of multi-drug resistant malaria. 

I WHO/WPRO Report on Interregional Meeting on Malaria Control with Emphasis on Drug Resistance, Manila, 21-24 

October 1996. (WP)MAL/ICP/CTD/OII-E. WHO, Manila, 1997 

2 WHO/SEARO. National Malaria Programme Managers. Report of an Intercountry Consultative Meeting, Chiang Mai, 

Thailand, 20-24 October 1997. SEA/MAL/200. WHO, New Delhi, 1998 

3 
WHO. The use of artemisinin and its derivatives as antimalarial drugs. Report oa Joint CTD/DMPITDR Informal 

Consultation, Geneva, 10-12 June 1998. WHO/MAL98.1086. WHO, Geneva, 1998 

4 WHO Report on the planning meeting on implementation of Roll Back Malaria in the six Mekong countries, Ho Chi 

Minh City, Viet Nam, 2-4 March 1999. WHO/MAL/2000.1092, WHO/CDS/RBM/2000.15 

S WHO/SEARO Report of a Biregional Meeting on the Roll Back Malaria Initiative, Bali, Indonesia, 4-5 May 2000 

(SEA-MAL 222) see page 4. 
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1.1 Objectives 

The objectives of the meeting were to standardize the methodologies for monitoring drug 
resistance, and to strengthen coordination and intercountry cooperation in the Mekong Region. 

1.2 Organization 

The meeting was held at the Sunway Hotel in Phnom Penh, Cambodia from 16 to 17 October 2000. 
It was organized under the auspices ofthe Mekong Roll Back Malaria Initiative. The detailed programme 
of activities is attached as Annex 1. 

1. 3 Participants 

The participants included delegates from all member countries in the Mekong Region, temporary 
advisers from research institutions, representatives of the European Commission and the United States 
Agency for International Development (USAID), observers from the Australian Agency for International 
Development (AusAID), the Belgian Agency for Development Cooperation and the Japanese 
International Cooperation Agency (JICA), and the WHO Secretariat. The list of participants is appended 
as Annex 2. 

1.4 Opening Ceremony 

The meeting was opened by Dr William Pigott, WHO Representative in Cambodia. He stressed 
that participants must understand peoples' needs and remember that the outcome of this meeting should 
ultimately benefit the people who are suffering from malaria. 

Dr Mam Bun Heng, Secretary of the Ministry of Health, Cambodia welcomed participants and 
noted that the first case of chloroquine-resistant malaria was confirmed in Cambodia in 1959 and that 
today multi-drug resistance is intense. He pointed out that Cambodia has made serious efforts to reduce 
the burden of malaria by combining dipstick diagnosis with a new combination treatment. Dr Heng then 
expressed appreciation for the collaboration and assistance of various partners in the effort to control 
malaria in the Mekong Region. 

Dr Mey Bouth Denis was elected Chairman of the meeting and Professor Pratap Singhasivanon, 
co-chairman. Drs Miho Takechi and Andrew Clements were appointed as rapporteurs. 

2. PROCEEDINGS 

Following the country reports on the status of resistance of P. Jalciparum to antimalarial drugs, 
presentations were given on methods for monitoring the response to antimalarial drugs, such as in vivo 
assessment of therapeutic and parasitological efficacy, in vitro procedures and the use of genetic 
(molecular) markers. Further presentations and discussions covered the monitoring of drug resistance as 
part of malaria surveillance and the use of geographical information systems (GISs). 

Two groups were constituted to address the standardization of monitoring procedures in sentinel 
surveillance sites and the use of in vivo methods (especially assessment of therapeutic efficacy), in vitro 
tests and genetic methods. Following the discussions on the adaptation of the standard methods to the 
Mekong Region and the identification of a minimum package of monitoring methods, six country groups 
selected sentinel sites. This selection considered major population movements, border areas, known hot 



- 3 -

spots of resistance and high drug pressure. It included the monitoring methods to be applied in the 
proposed sentinel sites, taking into account the local conditions. 

In the concluding plenary sessions, the outcomes of the meeting were summarized. These include 
the standardization of monitoring methods for drug resistance and their adaptation to local 
epidemiological situations, the establishment of a balanced network of sites for sentinel monitoring in the 
Region as well as the definition of intercountry, bilateral or multilateral collaborative projects ensuring 
rapid and general sharing of surveillance data. 

2.1 Malaria situation in the Mekong Region 

The Mekong Region comprises Cambodia, Yunnan province of China, Lao People's Democratic 
Republic, Myanmar, Thailand and Viet Nam. The Region covers a surface of almost 3 million square 
kilometers and has a population of nearly 300 million. Malaria is transmitted mainly in forested and hilly 
areas and in some coastal areas. Although most countries experienced a net reduction of malaria 
incidence over the past decade, there are still areas with an annual malaria incidence above SO per 1000 
population, especially in Myanmar, Lao People's Democratic Republic and Cambodia. In Yunnan 
province, China and in the majority of provinces in Thailand and Viet Nam, the malaria incidence is well 
below 10 per 1000 population. Mortality from malaria has dropped to very low levels in China, Thailand 
and Viet Nam, while it is still substantial in parts of Cambodia and Lao People's Democratic Republic, 
and especially in Myanmar. 

Malaria is a serious problem in some border areas, especially along the borders between Myanmar 
and Thailand, Myanmar and China, Lao People's Democratic Republic, and Viet Nam, Cambodia and 
Lao People's Democratic Republic as well as Cambodia and Viet Nam. 

P. Jalciparum is the prevailing cause of malaria in Cambodia, Lao People's Democratic Republic, 
Myanmar and central and southern Viet Nam, while P. vivax clearly predominates in Yunnan province of 
China. In Thailand and northern Viet Nam, P. Jalciparum and P. vivax occur at nearly the same 
frequency, with a recent tendency towards a relative preponderance of P. vivax, at generally reducing 
malaria incidence. 

P. Jalciparum is responsible for the mortality from malaria and has acquired resistance to standard 
antimalarial drugs in large areas of the Mekong Region. Since the prevention of mortality depends on 
effective treatment, drug resistance has become one of the crucial problems of malaria control in the 
Region. Its association with population movement, infrastructural deficiencies, drug pressure and 
haphazard drug use in the public and private sectors is well-known. Resistance of P. Jalciparum to 
chloroquine and sulfadoxine/pyrimethamine (S-P) has become an almost universal problem in the 
Mekong Region, and only in very limited areas can these medications still be used for first-line and 
second-line medication. Sensitivity to mefloquine is still satisfactory in the majority of areas, but foci of 
resistance to it have developed along parts of the Myanmar/Thailand and Cambodiaffhailand borders. 
These are areas where combined treatment with artemisinin derivatives and mefloquine is currently used 
for treating falciparum malaria, still with good results. There is an urgent need for strengthening 
monitoring for drug resistance as a prerequisite for rationalization and regular updating of antimalarial 
drug policies. Such policies and their observation are the key to curbing occurrence and spread of drug 
resistance. In addition, surveillance should further elucidate the causative epidemiological factors of drug 
resistance with the aim of developing comprehensive control strategies. 

2.2 Surveillance of antimalarial drug resistance 

Three countries in the Mekong Region have carried out regular monitoring of the response of 
falciparum malaria to standard treatments in sentinel sites: Cambodia, Thailand and Viet Nam. In 
Cambodia, since 1991, in vivo tests have been carried out at intervals of every other year in three to six 
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sentinel sites around the country. These activities have been conducted by the National Malaria Centre 
and the results disseminated in the form of regular reports. In Thailand, the Malaria Division of the 
Ministry of Public Health has implemented monitoring since 1975, conducting in vivo and in vitro tests at 
intervals of one or two years. Since 1985 monitoring was carried out regularly in six sentinel sites 
situated near the eastern, western and southern borders of the country. The results were disseminated in 
the form of annual reports and reviews spanning longer periods. In addition, several academic institutions 
have conducted studies on drug resistance or clinical trials with standard antimalarial drugs and new 
medications; these studies were mostly published in international journals. In Viet Nam, monitoring has 
been largely decentralized. Many of the results are published as isolated reports in local journals, and a 
centralized system for consolidating and reporting the results has only begun recently. Longitudinal 
monitoring in Viet Nam has been based mainly on in vivo methods which are gradually becoming 
oriented towards therapeutic efficacy studies including clinical variables. On the other hand, Viet Nam 
has, since 1990, together with Thailand, played a key role internationally in the evaluation of new 
antimalarial treatments, especially regimens including artemisinin drugs. A number of in vitro studies 
have been carried out in Viet Nam, but in general, these have not been part of longitudinal monitoring. 

A meeting on the Mekong Roll Back Malaria Initiative in May 2000 concluded that drug 
combinations including artemisinin drugs must be used for fa1ciparum malaria in multi-drug resistant 
areas (ref # 5 see page 1). As this policy becomes applied in practice, it is important to momtor the 
possible emergence of resistance, not only to the combinations, but also to the individual components. 

2.3 Resistance of Plasmodium falciparum and policies for treatment of fa1ciparum malaria 

In the following, priority has been given to information from the last 10 years, describing the 
influence of the data on decision-making and attempting to identify the influence of drug use on 
resistance patterns. 

2.3.1 Cambodia (see Annex 4, Tables lA and IB) 

Observations since the 1980s have pointed to considerable differences between the levels of drug 
resistance in eastern and western Cambodia. In the northeast, sparse tribal populations inhabit large tracts 
of land and have little access to health services. Malaria transmission is intense in these areas, and 
parasite rates in children under five years old are around 30%-50%. As recently as 1995, there was little 
resistance to any antimalarial drug in these areas. Since 1996, with increasing health care coverage, 
malaria control interventions and population movements, this situation has changed, and chloroquine
resistance is rapidly becoming more prevalent. 

In contrast, high levels of resistance to chloroquine and S-P have been found in western Cambodia 
and the southeast, areas with extensive population movements (gem-miners, soldiers, refugees, plantation 
workers etc.). 

Mefloquine resistance has been observed in the west since 1995, but has not aggravated, possibly 
as a result of the gradual adoption of combination treatment regimens, the cost and side-effects of 
mefloquine, and the increasing availability of artesunate, a more popular drug, in the market. 

National drug policies have been adapted to the mosaic of resistance patterns since 1992, but 
because of the complexity, implementation has been difficult. Furthermore, the use of a seven-day course 
of quinine and tetracycline, which has been the standard first line treatment in much of the country, has 
not become popular. In contrast, treatment with combinations including artemisinin derivatives have 
generally so far yielded satisfactory results (Tables I and 2) and are well accepted by the population. 

In 2000, the Ministry of Health decided that the first-line treatment for falciparum malaria in the 
whole country would be mefloquine 20 mg/kg combined with artesunate for three days. The same 
combination is supposed to be used for probable malaria, except in village areas in the northeast, where 
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the standard treatment for probable malaria remains chloroquine. 

2.3.2 China (see Annex 4, Tables 2A and 2B) 

After a brief resurgence around 1988-89, falciparum malaria has been on the decline in China and 
is now found in only two provinces, Yunnan and Hainan. In 1999, the number of falciparum cases in 
Yunnan was 3904, versus 705 in Hainan. 

Resistance to chloroquine was first reported in Yunnan province in 1973, and since 1979 the drug 
has not been standard first-line treatment for fa\Ciparum malaria in Hainan and Yunnan provinces. In 
vitro results show higher levels of resistance to such drugs as pyronaridine and piperaquine in Yunnan 
than in Hainan in the early 1990s. For piperaquine, this could be related to the more intense drug pressure 
in Yunnan, where malaria transmission is more difficult to control. In fact, in 1995 and 1996, more than 
800 000 persons per year in Yunnan province received prophylactic drugs mainly piperaquine during the 
transmission season. The corresponding figure in Hainan was less than 20 000 per year.' Longitudinal 
studies in the 1980s in Hainan showed some recovery of susceptibility to chloroquine.2 In Yunnan 
province, in vitro studies on eight antimalarials at the China-Lao People's Democratic Republic and 
China-Myanmar border areas in the 1990s showed that the resistance rates to chloroquine and 
amodiaquine were 95%-lOO% and 84%-lOO%, respectively. P.falciparum from these areas was sensitive 
to artesunate, dihydroartemisinin, artemether and mefloquine. 

In a longitudinal study, it was found that the in vitro resistance rate to artesunate of P. Jalciparum 
from Mengla County bordering on Lao People's Democratic Republic and Myanmar increased from 4.2% 
in 1988 to 27.8% in 1999, in vitro resistance being defined according to local criteria. Despite 
uncertainty about this threshold, the results from Mengla indicate a substantial shift in drug sensitivity: 
the EC50 was three times as high in 1999 as compared to 1988. The investigator ascribed this to drug 
pressure in China, not in Lao People's Democratic RepUblic. The rates of resistance were said to be even 
higher in western Yunnan bordering on Myanmar. The results also suggest some cross-resistance 
between artesunate and pyronaridine, the latter drug having been used strictly for malaria treatment only. 

Lumefantrine (benflumetol) has been used on a limited scale in Yunnan province; an in vitro 
susceptibility test has been developed and applied (Table 2B). 

Formulation of drug policy in China suffers from considerable constraints. Over the last 10 years, 
the treatment of malaria has shifted to a large extent from being provided in public and community-based 
facilities, and has been taken over by private service providers. Malaria control programmes in the 
provinces are only beginning to focus on the quality of general health services. 

2.3.3 Lao People's Democratic Republic (see Annex 4, Table 3) 

Until recently, Lao People's Democratic Republic was considered a chloroquine sensitive haven in 
the Mekong Region. The drug policy remains a classical one of chloroquine as first line, S-P as second
line and quinine as third line. While sensitivity monitoring was very limited in the early 1990s, 
information from clinicians was generally confusing. Most hospital doctors would tend to treat any 
falciparum cases with quinine injections, but when they were questioned, would usually respond that 
chloroquine probably still works. 

Resistance to chloroquine and S-P has recently emerged as an alarming problem. In Vientiane 
province, RIIIRIII rates to chloroquine were 3%, 7% and 46% in 1995, 1998 and 2000, respectively, and 
RIIIRIII resistance rates to S-P were 17%,43% and 15% in 1995, 1998 and 2000, respectively. The high 
rates of resistance to S-P make it uncertain whether a combination of CHL and S-P would be a suitable 
new standard treatment. Artemisinin and artesunate are not officially permitted to be used outside 
hospitals; however, they are imported and used to an increasing extent. Formulating and implementing a 
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rational antimalarial drug policy in Lao People's Democratic Republic is going to be one of the major 
challenges to malaria control and the Roll Back Malaria partnership in the country. 

2.3.4 Myanmar (see Annex 4, Table 4) 

Therapeutic efficacy studies were carried out between 1995 and 1997 in areas bordering on 
Yunnan province of China and Thailand. 

With 32% early treatment failure (ETF) on the Yunnan border and 22 % ETF on the Thai border 
the response to chloroquine proved to be compromised. The results with S-P were slightly better. The 
remaining cases were ETF and late treatment failure (L TF) to nearly equal proportions. This highlights 
the need for updating the drug policy. It is of particular concern that resistance to mefloquine has 
emerged in areas bordering Thailand. The true prevalence of mefloquine resistance probably exceeds the 
14 % ETF+L TF since the follow-up period was only 14 days. 

Recently, two monitoring sites were established, one in the Eastern Shan State and the other at 
Myawaddy in Kayin State, both near the Thai border. The study priorities are quinine and mefloquine. 

In most parts of Myanmar standard treatment of uncomplicated fa1ciparum malaria consists of 
chloroquine as the first line, S-P as the second line, and quinine as the third line drug. In the public sector 
mefloquine is only exceptionally used, and if so for patients belonging to special risk groups, for example, 
having high parasitaemia. In the private sector, artemisinin and its derivatives are widely accessible and 
popular, also for self-treatment. 

2.3.5 Thailand (see Annex 4, Tables 5A-C) 

In Thailand drug sensitivity has been regularly monitored since the 1970s, and six sentinel sites 
have been in operation since the mid-1980s, under the auspices of the Malaria DiviSion, Ministry of 
Public Health. Monitoring consists of in vivo tests with the first line drugs (simplified 28-day test) and in 
vitro tests with chloroquine, quinine, mefloquine and artemisinin at intervals of one or two years. Post
treatment follow-up of patients has been implemented as a routine surveillance measure; approximately 
60% of all malaria patients are checked on Day 7 and Day 28; this is an effective measure for the early 
detection of treatment failures. 

Resistance of P. Jalciparum to chloroquine first occurred in 1959 in Trat province near the 
Cambodian border. This area and the neighbouring province of Chantaburi were subsequently the sites 
where resistance to the replacement drugs, S-P and mefloquine, were observed first in Thailand. After the 
emergence ofmefloquine resistance on the Cambodian border, the same occurred in Tak province on the 
Myanmar border to an even higher degree. By 1995 the cure rate with mefloquine alone, at a total dose 
of 25 mgikg, had dropped to 51 %. In 1995, combined treatment with artesunate + mefloquine was 
introduced in the provinces bordering Cambodia and Myanmar. The cure rates achieved with the 
combinatIOn have remained around 90% without major changes between 1995 and 1999 (Table 5A) 
nevertheless underlinmg the need for continuous vigilance. In the other four monitoring sites, the 
provinces of Mae Hong Son, Ubon Rattchathani, Kanchanaburi and Ranong, the results with mefloquine 
in the years 1997-1999 were generally satisfactory despite the relatively low dose level of approximately 
15 mglkg (Table 5A). However, in 2000, there was a deterioration of sensitivity in Kanchanaburi 
province near the border with Myanmar, necessitating the change to treatment with artesunate + 
mefloquine. 

In addition to the monitoring at the sentinel sites, the Faculty of Tropical Medicine, Mahidol 
University, Bangkok, has carried out clinical studies on the efficacy of various treatment schedules. The 
patients originated from all parts of Thailand, but the majority had contracted the infection in areas near 
the border to Myanmar. The results of treatment with artesunate + mefloquine mdicate that the 
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therapeutic efficacy depends on the number of artesunate doses rather than the total dose of artesunate 
(Annex 4 Table 5B). 

In vitro test results are summarized in Table 5C. For chloroquine the EC50 values fluctuate around 
1000 (nM) in blood, indicative of marked resistance. There was hitherto no evidence of a lasting 
tendency towards lower resistance. The sensitivity to quinine was on an almost steady, gradual decline 
with a trough in 1997. Since then, sensitivity improved slightly. In most areas, except those with 
substantial resistance to mefloquine, the minimal inhibitory concentration (MIC) for quinine is still at a 
level compatible with adequate clinical-parasitological response. The mean EC50 for mefloquine 
remained below 200 nM in blood between 1982 and 1986. From 1987 it started to rise substantially to 
reach 1015 nM in blood in 1999. This was mainly due to an increased frequency and degree of resistance 
in Tak province. In vitro response to artemisinin has been assessed from 1993. After an initial EC50 of 
11.55 nM that reflected a limited geographical range of investigations (Tak and Trat provinces), the EC50 
dropped to 6.24 nM in 1994 when more sentinel sites were involved. Later the EC50 showed a slight but 
consistent rise, reaching 10.23 nM in 2000. 

After the replacement of chloroquine for the standard treatment of falciparum malaria. S-P was the 
first-line drug unti11982 when it was replaced by quinine + tetracycline (seven days). This was also the 
time when a country-wide network of malaria clinics was established in order to restrict treatment to 
microscopically confirmed cases. This measure was primarily taken for reasons of economy, but it had 
the added advantages of avoiding undue drug pressure and correct treatment of viva x malaria. As 
compliance with the quinine + tetracycline regimen proved to be problematic, mefloquine was introduced 
in the form of a fixed combination of mefloquine + S-P (MSP = Fansimej) in 1985. After the advent of 
substantial mefloquine resistance in Trat, Chantaburi and Tak provinces, MSP was in these provinces 
replaced in 1995 by combined treatment with artesunate for two days + a split dose of mefloquine 
25 mglkg. In all other areas MSP was replaced by mefloquine alone as a single dose of approximately 
15 mglkg. Second-line treatment after failure of treatment with mefloquine alone or artesunate + 
mefloquine is quinine + tetracycline for seven days. All patients with falciparum malaria, except children 
under four years and pregnant women, are given also a single dose of primaquine ('" 0.5 mg/kg). In 
Thailand, mefloquine as well as artemisinin and its derivatives are not commercially available. Their use 
is restricted to government health services and a limited number of authorized private hospitals. 

2.3.6 Viet Nam (Annex 4 Tables 6A-E) 

Since the 1970s, Viet Nam has experienced a pattern according to which resistance to one drug or 
another first occurs in the southern and central provinces and later spreads to the north. Chloroquine and 
S-P resistance are now widespread all over the country, but frequency and degree are thought to be less 
marked in the north, where there seem to be some "foci" of S-P susceptibility. During the 1990s, 
falciparum malaria has gradually diminished in northern Viet Nam to the extent that it is now difficult to 
carry out any kind of drug study. 

Treatment guidelines are different in the north and the south, according to the pattern of resistance: 
in the north, probable malaria - which is vivax malaria in about 50% of cases - is treated with chloroquine 
and falciparum malaria with artemisininlartesunate for five days. In the southern and central parts of the 
country, probable malaria is treated with artemisininlartesunate and falciparum malaria with mefloquine + 
artesunate (three days). Cases observed in the north, which are considered to be imported from the south, 
are treated with artemisinin. 
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Monitoring in vitro, mainly in the south (1995-1998), revealed that the sensitivity to chloroquine, 
S-P and quinine had recovered somewhat, and that the response to mefloquine was unchanged, resistance 
generally remaining at a relatively low level (Tables 6A, C). This is ascribed to the reduced use of the 
older drugs and the fact that mefloquine is rarely used except in combination with artemisininlartesunate 
(ART/ASU). 

Most of the longitudinal in vivo and in vitro monitoring has been performed in Binh Phuoc 
province (formerly Song Be), north-west ofHo Chi Minh City, near the border to Cambodia. This area is 
unusual in Viet Nam as it combines relatively high population density and high incidence offalciparum 
malaria. There are mtensive population movements and various frontier-related economic activities; it is 
therefore likely that drug resistance in this area is more advanced than in other parts of Viet Nam. The 
methods of testing have not been constant from year to year. Yet, the data obtained during the 1990s 
indicates an incipient development of resistance to artemisinin (Table 6B). 

In vitro studies indicate a significant reduction of chloroquine resistance in southern provinces 
between 1998 and 1999, but not yet to a level at which one could expect renewed therapeutic efficacy. 
Similarly, the sensitivity of P. falciparum to quinine has significantly increased. The sensitivity level of 
1999 is commensurate with full therapeutic efficacy, the more so as the cut-off points show little 
heterogeneity. Also the sensitivity to mefloquine improved between 1998 and 1999, but the difference 
remained below statistical significance. The results still indicate the presence of mefloquine-resistant 
parasite populations (Table 6A-C). 

A new antimalarial combination of dihydro-artemisinin, piperaquine, trimetoprim and primaquine, 
administered over three days, CV 8, has been investigated in Viet Nam in 28-day tests. The cure rate has 
been consistently above 95% (reported in local journals). The combination, which is produced in Viet 
Nam, is now being introduced as the standard first line treatment for falciparum malaria in southern and 
central Viet Nam. The advantages compared to artesunate and mefloquine are: lower pnce, better 
tolerability, combination tablet formulation, and shorter half-life of piperaquine as compared to 
mefloquine. The same product, without primaquine, is produced in China and has been tested in 
CambodIa under the name Artecom. 

2.4 Resistance of Plasmodium vivax and treatment policies for vivax malaria 

In Thailand, recent extensive in vivo studies at Sa Kaeo, an area situated near the Thai-Cambodian 
border affected by a rising incidence of vivax malaria, yielded no evidence of chloroquine resistance in 
P. vivax. There are anecdotal reports, but no evidence of chloroquine- resistant P. vivax from Myanmar. 
In Viet Nam, from 1991 to 1995, a total of 192 patients with P. vivax infection (symptomatic or 
asymptomatic) were treated with chloroquine 25 mg/kg over three days, without primaquine. All of them 
remained parasite-free during a 28-day follow-up period3 However, recent studies in southern Viet Nam 
raise a suspicion of emerging chloroquine resistance of P. vivax (personal communication, Dr T.Q. Binh). 

The duration of primaquine therapy as stipulated in the official guidelines of the countries in the 
Mekong Region is presented in Annex 5. In general, the compliance of health care providers and patients 
with pnmaquine is considered to be incomplete. 
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2.5 Issues in antimalarial drug policy: the current challenges (see Annex 5) 

In many Asian countries, actual treatment practices are now to a large extent determined by market 
mechanisms and a large number of patients may not be treated according to the official treatment 
guidelines. Any policy-making has to take this into account and must include provisions for 
improvement of quality in the private sector. Artemisinin and its derivatives are now widely available in 
all of the Mekong countries and none of them, except Thailand, have regulatory mechanisms that could 
limit access to these drugs. There are signs of incipient reduction in susceptibility to these drugs in 
southern Yunnan as well as southern Viet Nam. 

The Mekong Roll Back Malaria meeting in Bali in May 2000 concluded that there is now little 
alternative to combination treatment including an artemisinin drug in the countries of the Mekong Region. 
The combination of artesunate and mefloquine, which has now been adopted as first line treatment in 
Cambodia, has drawbacks (side-effects, cost, long half-life ofmefloquine) and is dependent on heavy 
price subsidies. The emergence of fixed dose combinations such as artemether-Iumefantrine and 
dihydroartemisinin-piperaquine-trimethoprim is therefore of great interest. Malaria control programmes 
and their international partners should focus their interest on such combinations to clarify issues of 
pricing and safety. Funding and logistic requirements need to be identified to ensure that combination 
treatments are available in endemic areas at a price that is not only "affordable", but low enough to make 
these products competitive with the existing popular alternatives. This can only be achieved with 
considerable external support. The application of such policies will be greatly enhanced by coordination 
with the introduction of rapid diagnostic tests, which can reduce total treatment cost as well as drug 
pressure. 

In many countries, malaria control programme staff are rather conservative, and hesitant to 
translate the evidence from resistance/therapeutic efficacy studies into policy-making. Moreover, there is 
often too little interaction between regulatory bodies, essential drug programmes and malaria control 
programmes. Another development of considerable importance in several countries is the international 
support for "pre-packaging" of antimalarial drugs for use in different age-groups. This simple measure 
may have little importance as long as treatment is a simple monotherapy such as with chloroquine or S-P. 
However, if the recommended treatment includes two or more different drugs which are not co
fonnulated, it is very important to obtam an acceptable degree of provider and patient compliance. 

2.6 Technical Issues 

2.6.1 In vivo test methodologies, falciparum malaria 

The standard protocol for the assessment of therapeutic efficacy of antimalarial drugs for 
uncomplicated fa1ciparum malaria has been modified based on the recommendations made at the 
"InterregIOnal meeting on malaria control with emphasis on dug resistance", Manila, Philippines, 
October 1996. The protocol has been designed for areas with low or moderate transmission, with the 
purpose of detennining the efficacy (clinical and parasitological) of drug regimens deployed as national 
standard treatment and alternatives under consideration for uncomplicated falciparum malaria. This 
application serves the monitoring of drug response in sentinel surveillance sites and provides reliable and 
representative results in inter-area comparison under different epidemiological conditions. A history of 
previous antimalarial drug use is not an exclusion criterion. As prior antimalarial treatment including 
self-treatment is the rule rather than the exception in many situations, the restriction of the test to 
previously untreated patients would not yield a representative sample of the target population. However, 
the information on previous drug use should be collected and recorded to stratify the results. 

The classification differentiates between early clinical failure, early parasitological failure, late 
clinical failure, late parasitological failure and adequate clinical response. The criteria, as agreed at the 
meeting, and with some simplifications proposed by WHO in 2001, are presented in Annex 3. This 
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classification of treatment responses is similar to, but not completely congruent with the old in vivo test 
classification of parasitological responses classified as S, RI, RII and RIll (see Abbreviations). The 
parasitological results from an assessment of therapeutic efficacy can be used for a classification 
according to the old in vivo scheme, allowing comparison with earlier studies. The drugs employed for 
therapeutic efficacy testing should be strictly of a reliable and quality-controlled batch. A blood sample 
for the determination of the drug concentration may be taken four hours after the administration of the last 
treatment dose (applicable to 4-aminoquinolines, S-P, mefloquine). This will help clarify the role of 
eventual pharmacokinetic factors in cases of unsatisfactory drug response. 

2.6.2 In vitro test methodologies for Plasmodium Jalciparum 

The WHO standard in vitro microtest (Mark III) assesses the drug sensitivity of P. Jalciparum and 
is based on measuring the inhibition of schizont maturation. The result of the in vitro test reflects the 
parasite's intrinsic sensitivity to the drug, irrespective of the patient's conditions such as immune status 
and pharmacokinetic factors. Therefore, the longitudinal monitoring of drug sensitivity in sentinel sites 
enables early warning of development and propagation of drug resistance. To do so, baseline data of new 
drugs employed under a national drug policy should be collected. 

An important aspect is the quality control of test plates, especially when they are dosed with 
unstable compounds. Thus, the comparison between in vitro results obtained with predosed WHO 
artemisinin plates and plates prepared at the National Institute for Malariology, Parasitology and 
Entomology, Viet Nam (NIMPE) has shown that the EC50 values found with the WHO plates were 
significantly higher than those observed with NIMPE plates. The same was seen in Thailand when 
comparing the WHO plates with those dosed at the Department of Specific Prophylaxis and Tropical 
Medicine, University of Vienna, Austria. The difference might be due to drug degradation on the WHO 
plates while in storage during transport. Drug plates with short shelf-life, e.g. those predosed with 
artemisimn and its derivatives require strict quality control. Dihydro-artemisinin and artesunate plates 
should be prepared right before use since they have a very short shelf-life. In contrast, plates predosed 
with chloroquine, mefloquine and quinine are rather stable. 

The results of tests measuring the incorporation of 14C-labeled hypoxanthine defy straight 
comparison with the results of the WHO in vitro test, in part due to selection of parasite populations in the 
course of cryopreservation, in part due to the different biological basis of the tests. 

Responsibility for procurement and production of the WHO micro-test kits and their components 
has been transferred from Manila to Vector Control Research Unit, School of Biological Sciences, 
Universiti Sains Malaysia, Penang, Malaysia in early 2001. Production of plates predosed with 
halofantrine, sulfadoxine/pyrimethamine and pyrimethamine will be discontinued. For halofantrine this is 
justified on account of the availability of reliable activity correlation data with mefloquine. The reading 
of in vitro sensitivity tests to pyrimethamine is complicated. Since reliable genetic markers for 
pyrimethamine resistance are available, it is preferable to use those for the monitoring. The new 
production facility is expected to apply high standards of quality control of the plates, to use standardized 
production methods and to ensure the reproducibility of test results obtained with the test material. 
Current procedures for procurement are described in Annex 6. 

Naturally occurring parasite populations, as obtained from the patient, consist of a large number of 
individuals representing different degrees of drug sensitivity. With most drugs (4-aminoquinolines, 
4-quinolinemethanols, atovaquone, artemisinin and its derIvatives) the quantitative population distribution 
according to drug sensitivity represents a normal (Gaussian) distribution when the drug concentrations are 
expressed in logarithms (log-normal distribution). The results obtained with the WHO Standard 
Microtest therefore yield linear regressions when the drug concentrations are transformed to logarithms, 
and the %-inhibitions to probits. Semi-quantitative evaluation and interpretation of results are based on 
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the cut-off concentration MIC, the lowest concentration tested at which no mature schizonts are observed 
in a standard test. MIC values can be analysed by non-parametric tests. The log-probit analysis provides 
a quantitative evaluation and a wide range of response parameters. With a log-probit analysis, yielding 
ECSO and EC90 values for individual isolates, it is possible to calculate geometric means and standard 
deviations for batches of tests and to compare them (if sample sizes are sufficient) by t-tests and Analysis 
of Variance (ANOVA). 

2.6.3 Molecular (genetic) methods for the assessment of drug resistance 

An ideal surveillance system for monitoring antimalarial drug resistance should rely on two tools. 
The first/primary tool would be an early warning system. The second/evaluation tool would be one that 
could verify the presence of drug resistance. 

Available measurement tools are in vivo testing, in vitro testing and molecular markers. Currently, 
reliable molecular (genetic) markers of resistance exist only for pyrimethamine and sulfadoxine, while 
candidate markers for chloroquine and mefloquine are under investigation. Molecular methods based on 
polymerase chain reaction (PCR) permit the processing of large numbers of samples that are easy to 
obtain. Thus, these tools are potentially suitable for extensive monitoring over time and/or space, as 
representative results can be obtained more easily with molecular methods than with the other 
methodologies. 

Although molecular markers cannot yet be employed for quantitative assessment, they are useful 
for detecting resistance to S-P and other antifolates. In this application the molecular tools can replace in 
vitro testing. With regard to chloroquine and mefloquine, the molecular PCR methodology is not yet 
sufficiently advanced for replacing in vitro methods. For the identification of molecular markers for 
resistance to new drugs (e.g. atovaquone, artemisinin, tafenoquine) it would be useful to stock up blood 
samples on filter paper. Such banks would be useful in future research. 

2.6.4 Monitoring for drug resistant falciparum malaria, mapping of data 

A new strategy is required in order to maintain drug efficacy as long as possible. For this purpose 
the risk factors for the development of drug resistance should be identified, and intervention be based on a 
sound understanding of the biological and epidemiological mechanisms of resistance. 

Geographical information system (GIS) technology is an important surveilIance tool in public 
health. GIS uses databases, base maps and appropriate computer software. GIS is also applicable to the 
selection of suitable sentinel sites and to the processing of information originating from such sites. GIS 
mapping can be developed by level, from community to regional and global. It is suitable for 
monosectoral as welI as multi sectoral analysis and review. Thus, it could combine, for example, health 
education on water use and management with programmes of communicable disease control, including 
malaria. 

2.6.S Assessment and monitoring of drug resistance in vivax malaria 

A standard protocol for the in vivo assessment of chloroquine efficacy in vivax malaria is currently 
under preparation. It is limited to the response of the blood stages of Plasmodium vivax. The protocol 
will be applicable to patients over six months of age with P. vivax mono-infections with a parasite density 
over 2S0 parasites/~l, and an axillary temperature of over 37.SoC or history of fever during the present 
illness. 

Patients fulfilIing the inclusion criteria will be given chloroquine 10 mglkg on the first and second 
day, and S mg/kg on the third (last) day oftreatrnent. Follow-up examinations with microscopy, clinical 
assessment and measurement of temperature are scheduled on days 0, 1,3,2,4, 7, 14,21 and 28. To 
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differentiate between treatment failures and new infections (or relapses from a different pre-existing 
infection) it is envisaged to carry out PCR tests on blood samples taken before treatment and after 
recrudescence. Details of the test system including the classification of response are still under discussion 

Although there is currently only sporadic evidence that P. vivax has developed chloroquine 
resistance in any country of the Mekong Region, it will be prudent to consider such a contingency. 
Therefore monitoring will be appropriate, especially in areas afflicted by rising (absolute) incidence or 
epidemics of vivax malaria. 

3. PLANNING OF MONITORING AND COLLABORATIVE STUDIES 

Following the country presentations on the status of drug resistance and the review of technical 
issues, the selection of sentinel sites and plans for monitoring were discussed, based on the countries' 
specific problems such as malaria in border areas, population movement, known hotspots of resistance, 
and high drug pressure. 

3.1 Cambodia 

The National Malaria Centre started in 1991 to monitor the in vivo susceptibility to antimalarial 
drugs in two study areas, one in the east (Rattanakiri and Snoul) and another in west (Battambang and 
Pursat). The follow-up was usually 14 days. 

The surveillance plan of Cambodia is summarized in Table 1. Assessment will be carried out in 
each site every other year. In addition to assessing the efficacy of the newly introduced combination of 
artesunate and mefloquine, drug quality will be monitored and studies on quality of care and treatment
seeking behaviour will be conducted. In vitro studies will be carried out at three sites in order to establish 
baseline data on artesunate and mefloquine. Also sensitivity to chloroquine will be investigated in the 
areas bordering Thailand where this drug has not been used since the advent of chloroquine resistance. 

Table 1. Sentinel sites and monitoring plans, Cambodia 

Sites Location Monitoring methods 

I Rattanak Kiri Northeastern Cambodia-Lao Therapeutic efficacy 
People's Democratic Republic ofMEF+ ASU 
and Viet Nam border 

2 Snoul (Kratie) Eastern Cambodia ~Viet Nam Idem + in vitro tests 
border 

3 Battambang Western Cambodia-Thai border Idem 
4 Pursat 

Western Cambodia-Thai border 
Therapeutic efficacy 
ofMEF+ ASU 

5 Mondul Western Cambodia-Thai border Idem 
6 KohKong Southern Cambodia Idem + in vitro tests 
7 Prea Vihear Northern Cambodia-Thai and Therapeutic efficacy 

Lao People's Democratic ofMEF+ ASU 

Republic border 

8 Oddar Meanchey Northern Cambodia-Thai Idem 
border 
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3.2 China 

Longitudinal in vitro observations have been carried out in Meng La country near the border to Lao 
People's Democratic Republic and Myanmar. 

The monitoring of drug resistance in the border areas of Lao People's Democratic Republic and 
Myanmar will be continued at the sites specified in Table 2. There is no border area of Viet Nam 
included because oflow malaria incidence and the virtual absence of P Jalciparum in this area. The first 
line drug for treating falciparum malaria in Yunnan will be decided upon the outcome of the forthcoming 
comparative trials of Artecom and Co-artemether (artemether + lumefantrine) or pyronaridine + 
artesunate. 

Table 2. Sentinel sites for drug sensitivity monitoring in Yunnan province, China 

Sites 
Location 

Monitoring 
Plan (Country) methods 

Banna prefecture 

1 MengLa Lao People's In vivo and 
Every year 

Democractic in vitro 
Republic 
Dehong 

In vivo and 
2 Rui Li prefecture 

in vitro 
Every year 

Myanmar border 

3.3 Lao People's Democratic Republic 

Surveillance plan and sentinel sites are described in Table 3. In 2001, therapeutic efficacy studies 
with chloroquine and S-P, the first-line and second-line drugs will be carried out in all sentinel sites. Also 
studies with mefloquine and artesunate are planned to provide baseline data. Studies with genetic 
markers of resistance to chloroquine and S-P are envisaged, though not yet in the context of routine 
monitoring. So far, studies will be carried out in 2001. After that, a long-term plan will be decided 
upon. 

Table 3. Sentinel sites of drug sensitivity monitoring in Lao People's Democratic Republic 

Province/district Location Collaborations 

I 
Khammouane/ 

Central east Lao PDR-Viet Nam border JICA 
Bouarapha 

2 
Savanna Khetl 

Southern east-Viet Nam border MSF 
Sepona 

3 
Champassack/ Southwestern Lao PDR-Cambodia and 

EC-Regional 
Mounlapamok Thailand 

4 
Louangnamtha Northern Lao PDR-Yunnan and Myanmar 

World Bank 
Sing border 

5 
Sayaboury 

Western Lao PDR-Thai border Lao-EC 

6 
Houaphanhl 

Northern east Lao PDR-Viet Nam Lao-EC 
Noughet 
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3.4 Myanmar 

Two sentinel sites were recently established, Tachileik in the Eastern Shan State and Myawaddy in 
Kayin State. Six sentinel sites were selected, taking into consideration border areas, areas with intensive 
migration, high drug pressure and highly endemic malaria (Table 4). Therapeutic efficacy studies on 
chloroquine, S-P and mefloquine are planned once every two years. In vitro testing with mefloquine, 
quinine and artemisinin will be carried out in collaboration with the Department of Medical Research in 
Myanmar in order to obtain baseline data. 

Table 4. Proposed sentinel monitoring sites, Myanmar 

Sites Location 

I Eastern Shan State (Tachileil) Myanmar-Thai border 

2 Kayin State (Myawaddy) Myanmar-Thai border 

3 Tanintharyi division (Kau Thanng) Myanmar-Thai border 

4 Kachin State (Bhamo) Myanmar-china border 

5 Sagaing division (Tairnn) Myanmar-India border 

6 Rakhine State (Maung dow) Myanmar-Bangladesh border 

3.5 Thailand 

Monitoring of drug resistance has been carried out at malaria clinics in six existing monitoring 
sites. The activities consisted of yearly or every other year in vivo testing of the current first-line drug 
regimens and in vitro testing with chloroquine, quinine, mefloquine and artemisinin. In some sites 
in vitro tests were also carried out with potential replacement drugs such as lumefantrine or atovaquone. 

The number of sentinel monitoring sites will be increased from six to eight, adding Ratchaburi and 
Sa Kaeo to the existing sites. The monitoring plan is summarized in Table 5. 
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Table 5. Sentinel monitoring sites to operate as from 2001, Thailand 

Sites Location Resistance situation Monitoring methods Plan 

I Tak Northern Thai-Myanmar High mefloquine Therapeutic efficacy Every year 
border resistant area and in vitro 

2 Trat and Eastern Thai -Cambodia High mefloquine Therapeutic efficacy Every year 
Chanthaburi border resistant area and in vitro 

3 Mae Hong Son Northern Thai-Myanmar Low mefloquine Therapeutic efficacy Every year 
border resistant area and in vitro 

4 Kanchanaburi Western Thai-Myanmar Low mefloquine Therapeutic efficacy Every 2 
border resistant area years 

5 Ubonratchathan Northeastern Thai-Lao Low mefloquine Therapeutic efficacy Every 2 
i PDR border resistant area years 

6 Ranong Southern Thai-Myanmar Low mefloquine Therapeutic efficacy Every 2 
border resistant area years 

7 Ratchaburi Western Thai-Myanmar Therapeutic efficacy Every 2 
border years 

8 Sa Kaeo Eastern Thai-Cambodia Moderate Therapeutic efficacy Every 2 
border mefloquine resistant for P. vivax years 

area 

In addition, it is planned to strengthen routine post-treatment follow-up of all patients treated for 
malana'a:t the malaria clinics throughout the country, and to establish a network for monitoring drug 
response at hospitals situated in the border districts/provinces of Thailand. 

3.6 VietNam 

The National Institute of Malariology, Parasitology and Entomology (IMPE) plans to establish five 
sentinel monitoring sites, including three on the borders with Cambodia, China and Lao People's 
Democratic Republic (Table 6). In each site, monitoring will be carried out every other year. 
Therapeutic efficacy of the first line treatment will be supplemented by in vitro testing. 

Table 6: Planned sentinel monitoring sites, Viet Nam 

Sites Location Epidemiological conditions 

I Lao Cai Northern Viet Nam- Population movements, ethnic 
Yunnan border minorities 

2 Quang Tri Central Viet Nam-Lao Outbreak in 1998 
PDRborder 

3 Daklak Cambodia border Population movement from other 
provinces, ethnic minorities 

4 Khanh hoa Southern Viet Nam Highly endemic, ethnic minorities 

5 BinhPhuoc Cambodia border Rubber plantations 
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3.7 Practical aspects 

The minimum package of standard monitoring methods at sentinel sites has been defined as 
therapeutic efficacy assessment testing of the first-line and second-line treatments at least once every two 
years, based on the global standardized protocol. 

In addition to these essential activities, the following optional studies have been recognized as 
sources of important information: 

1. therapeutic efficacy testing of other drugs or combinations of national interest and of new 
treatments under consideration; 

2. in vitro testing of promising drugs, to provide baseline data; 
3. longitudinal in vitro testing of sensitivity to existing drugs for early warning of resistance, 

especially for drugs which are used in combination or may be so in the future; 
4. therapeutic efficacy testing for chloroquine response of P. vivax; 
5. post-marketing surveillance, assessment of drug quality, availability compliance, and quality of 

care; and 
6. social science studies on relevant subjects, such as treatment seeking behaviour and 

compliance. 

Effective usage of the surveillance data from sentinel sites requires direct reporting and feedback 
mechanisms to ensure rapid and general sharing of information, communication country-to-county and 
site-to-site, and through WHO and SEAMEO-TROPMED. Also a Regional network of support for 
training and scientific evaluation at the national level is necessary. 

Region-wide regular surveillance on antimalarial drug resistance is not yet in place. Therefore, it 
has not been possible to establish an antimalarial drug resistance database. Gathering and analysing the 
results of drug response tests and the establishment of a database and its regular updating are the first 
steps to challenge emergence and spread of drug resistance. These activities have high priority, and the 
database should be available on the worldwide web. 

4. CONCLUSIONS 

Drug resistance of P. jalciparum is a major problem in all countries of the Mekong Region, albeit 
to different degrees, depending mainly on the area-specific absolute dimensions of the disease problem, 
the populatIOns' access to rapid diab'11osis and treatment, and the ability of the public sector to provide the 
appropriate medications. Resistance to chloroquine and S-P prevails in most areas of the Mekong 
Region. Some areas, especially on the MyanmarfThai and CambodiafThai borders are already affected by 
multi-drug resistance, i.e. resistance to 4-aminoquinolines, S-P, and mefloquine. Effective treatment is 
still the best way of avoiding the establishment of residual parasite reservoir that may give rise to further 
malaria transmission and promote the occurrence of drug resistance. 

Regular assessment of the drug response of P. jalciparum to first-l me and second-line drugs is an 
essential measure for monitoring the efficacy of the treatment and recognizing the need for adapting the 
local drug policies. As such monitoring is difficult to achieve with full coverage in space and time, 
sentinel sites have been identified in all countries of the Mekong Region, based on specific 
epidemiological features, population migration, drug pressure, earlier history of propensity to the 
development of drug resistance. A minimum package of standard monitoring activities will be carried out 
in all sentinel-monitoring sites. The minimum package consists of in vivo/therapeutic monitoring of the 
first-line and second-line treatments at least once every two years, based on a global standard protocol. In 
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addition to this minimum package, a wider range of optional studies can be expected to yield important 
information on mechanisms and epidemiology of drug resistance, the efficacy of new antimalarials, the 
practical aspects of antimalarial drug use, and the drug response of vivax malaria. 

Gathering and disseminating information on drug response has been recognized as a crucial factor 
in challenging the emergence of resistance. It was therefore decided to establish an appropriate database 
as part ofthe technical support of monitoring drug resistance in the framework of the Mekong Roll Back 
Malaria initiative, and to make this database widely accessible. 
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ANNEX 3: ASSESSMENT OF THERAPEUTIC EFFICACY: CLASSIFICATION OF RESPONSES 

INTENSE TRANSMISSION AREA (14 day tests) LOW/MODERATE TRANSMISSION AREA (28 day tests) 

[ Early Tr~;rt;;;e~ilure (ETF) --I 
- Development of danger sigos or severe malaria on Day I, Day 2 or Day 3, in the presence of parasitaemia; 

- Parasitemia on Day 3 with axillary temperature> 37.5°C; 

- Parasitaemia on Day 2 higher than Day 0 count; 

- Parasitaemia on Day 3 ::: 25 % of count on Day O. 

-- -

Late Treatment Failure (L TF) 

Late Clinical Failure - Development of danger signs or severe malaria after Day 3 in 

the presence of parasitaemia; 

Late Clinical Failure - Development of danger signs or severe malaria after Day 3 in 

the presence of parasitaemia; 

- Presence of paras it aemi a and axillary temperature::: 37.5°C on 

any day from Day 4 to Day 14, without previously meeting any 

of the criteria of early treatment failure 

Late Parasitological Failure - Presence of parasitaemia on any of the scheduled returns on 

Day 7 or Day 14, and axillary temperature < 37.5°C, without 

previously meeting any of the criteria of early treatment failure or 

late clinical failure 

- Presence of para sitaemi a and axillary temperature::: 37.5°C on 

any day from Day 4 to Day 28, without previously meeting any 

of the criteria of early treatment failure 

Late Parasitological Failure - Presence of paras it aemi a on any ofthe scheduled returns from 

Day 7 to Day 28, and axillary temperature < 37.5°C, without 

previously meeting any of the criteria of early treatment failure 

or late clinical failure 

Adequate Clinical and Parasitological Response (ACR) 

ACPR - Absence of parasitemia on Day 14 irrespective of axillary temperature without 

previously meeting any of the criteria of early treatment failure or late clinical or 

parasitological failure 

ACPR Absence of parasitemia on Day 28 irrespective of axillary temperature 

without previously meeting any of the criteria of early treatment failure or late 

clinical or parasitological failure 

~ 
".. 

'" lJ1 
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ANNEX 4 

TABLES OF MAIN RESULTS OF MONITORING DRUG RESISTANCE OF FALCIPARUM 
MALARIA IN THE MEKONG REGION, 1990-1999 AND OF FALCIPARUM MALARIA 

TREATMENT GUIDELINES BY COUNTRY 

Table lA. Cambodia. In vivo test results for CHL, MEF, QUI+T' 

Site Year* CHL S-P MEF 15mg/kg QUI +T7days 
Location 25m~g 25/1.25 mg/kg 

N RI-RIII, N RI-RIII, N RI-RIII, N RI-RIII, 
% % % % 

Rattanak 1991-2 31 23 33 45 32 9 30 10 
Kiri 1994 30 7 30 3 30 0 30 0 
Northeast 1995 31 3 34 21 30 0 30 0 
Lao and 1996 53 25 30 0 
VietNam 1997 50 24 30 0 
border 1999 34 33 31 0 
Snoul- 19,}1 30 67 30 37 31 13 41 . 37 
Memot 1994 30 76 30 43 30 3 30 0 
(Kratie) 1995 30 37 30 20 30 0 30 0 
South-East 1999 50 40 30 3 
Viet Nam 
border 
Battamban 1991-2 35 97 35 91 35 20 49 19 
g 1996 50 7 
North-West 1997 (20mg/kg) 3 

1999 30 (25 26 
mg/kg) 
51 idem. 

Pursat 1991-2 31 40 
West Thai 1994 31 0 
border 1995 30 30 

1997 (20mg/kg) 23 
1999 153 24 

50 
Sihanoukvil 1993 33 88 31 87 30 0 30 0 
Ie 
Coast 
Mondulkiri 1997 51 14 30 0 
VietNam 
border 
Stung 1997 54 25 30 3 
Treng 
Lao border 
Kampong 1996 34 0 
Speu 
West 

* 1991-2: 28-day tests; 1993-2000: 14 day tests. Parasitaemia after Day 7 always interpreted as resistance. 
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Table lB. Cambodia. In vivo test results for ASU and combinations5 28 day tests 

Sites ASU+MEF Artecom* 

Year* Regimen N Rl-RlII, N Rl-III, 
% % 

Rattanak 1996 ASU 600mg in 5d. + 29 0 
Kiri 1997 MEF 15mg/kg 30 0 

1999 ASU 600mg in 3d. + 
MEF 25mglkg 30 0 

Snoul- 1999 ASU 600mg in 3d. + 30 0 48 3 
Memo! MEF 25mglkg 
(Kratie) 
Battambang 1996 ASU 600mg in 5d. + 30 7 

MEF 15mg/kg 
1997 ASU 600mg in 5d. + 30 0 

MEF 20mg/kg 
1999 ASU 600mg in 5d. + 30 10 30 0 

MEF 20mg/kg 

Pursat 1995 ASU 300g in 2d. + 30 30 
MEF 15mg/kg 

1996 ASU 300mg in 2d. + 30 0 
MEF 20mglkg 

1997 ASU 800mg in 2d. + 103 0 
MEF 25mg/kg 

1997 ASU 600mg in 5d. + 30 7 
MEF 25mg/kg 

1999 ASU 600 mg in 5d. 31 0 
+ 
MEF 25 mglkg 

Stung Treng 1997 ASU 600mg in 5d. + 30 0 
MEF 20mglkg 

* Artecom is a propnetary combination of dihydro-artemisinin, piperaquine, and trimetoprim. 
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Table 2A. China. In vitro test results for CHL, MEF, QUI and ASU* 

Sites Year CHL MEF QUI ASU 
Location 

n In vitro IC50/ N In vitro IC50/ n IC50/ n IC50/ 
resistant GM-MIC resistant GM- GM- GM-

% % MIC MIC MIC 
Ruili on CRN- 1991-56 23 96 176/840 9 608/202 24 6/32 
MMRborder 2 
Infections from 
CRN 
Ruili on CRN- 1991-5 29 100 100/1220 6 470/287 29 6/22 
MMRborder 4 
Infections from 
MMR 
Mengla on CRN- 1991-5 63 96 122/672 21 0 68/88 30 480/189 33 7/46 
LAO border 6 
Infections from 
CRN 
Mengla on CRN- 1991-5 10 90 114/524 9 5/22 
LAO border 
Infections from 
LAO 
Mengla on CRN- 1988 24 6.2/37.8 
LAOborder7 1992 33 7.2/46.1 

1999 18 20.7174. 

-_.- L_ - ---
0 

- --- ~ -

*IC50 values represent the batch of infections. GM-MIC: Geometric mean of the MIC values of each infection 
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Table 2B: China. In vitro test results: Piperaquine, pyronaridine and lumefantrine 

Piperaquine8 pyronaridine9 Lumefantrine10 

(benflumethol) 

Year n IC50 n IC50/ n IC50/ 
Site /GM-MIC GM-MIC GM-MIC 

Ruili on CRN- 1991-5 24 16/50 
MMR border 
Infections from 
CHN side 
Ruili on CHN- 1991-5 28 18/56 
MMRborder 
Infections from 
MMRside 
Mengla on 1991-5 28 32011988 29 32/74 
CHN-LAO 1990 34 20/99.5 
border 1995 11 401190 
Infections from 1997 31 130/422 
CRN side 
Mengla on 1991-5 5 16/28 
CRN-LAO 
border 
Infections from 
LAO side 
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Table 3. Lao People's Democratic Republic. In vivo results with CHL and S-P 

CHLOROQUINE 
FANSIDAR 

STUDY STUDY LOCATION (district, 
LENGTH OF 

AUTHOR & DATE OF 
FOLLOW-UP 

PERIOD province) 
(days) % Resistance 

No. REPORT 
No. patients 

patients 
% Resistance 

1969 NamNgum, VP variable 64 RI: 8 26 RII: 4; Rill: 0 Ebisiwa ea, 197011 

1975176 Nam Ngum, VP; VM 14 daysPCD 48 RII: 17; Rill: 4 Al Tawil, 1977 12 

1995 Yang Vien, VP 7 days 54 83; RII: 4; RIll: 13 Viengxayea,1999 

1996 Laut Ngam, Saravane 7 days 25 RlIIRIIl: 12 22 96; RlI: 5; RIll: 0 Viengxay ea, 1999 

1997 Yang Vien, VP 14 days 47 RlI: 6; RIll: 36 29 96; RlI: 3; RIll: 0 Viengxay ea, 1999 

1998/1999 Yang Vien, VP 28 days 39 RI: 13; RIIIRIII: 33 Pillai ea, 2001 13 

199912000 Xekong provincial hospital 28 days 88 ETF: 7; LTF: 38 Guthrnann ea, 2001 

1999 Kharnkeut, Bolikharnxai 7 days 7 0 !Nong Thi Tien, 2001 

2000 Nonghet, Xieng Khoang 7 days 2 0 Nong Thi Tien, 200 I 

2000 Et, Houaphan 7 days 28 RlIIRIll: 29 Nong Thi Tien, 2001 
Samlane, Nick White 

2000 Feuang, VP 42 days 15* RI: 31; RII: 8; Rill: 46 14* RlI: 0; Rill: 15 ea 
--

* Clinical trial of chloroquine vs sulfadoxine/pyrimethamine. The study was interrupted because of lack of malaria patients, and will be repeated in Savannakhet 
Province in 2001 
Abbreviations: VP = Vientiane Province; VM = Vientiane Municipality 

Table 4. Myanmar. Results of therapeutic efficacy studies, 1997.14 

Sagaign, Thailand border Hsipaw and TashileikNorthern and Eastern Shan, 
I 

Yunnan border I 

I 

Drug Patients ETF LTF Patients ETF LTF 

Chloroquine 102 21.6% 14.7% 84 32.1% 13.1% 

SIP 94 18.1% 17% 50 14% 16% 

Mefloquine 70 10% 4.3% 76 0% ~o -- -- -- ---
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Table SA. Thailand. Results of in vivo studies. 

Province Year Treatment regimen 
% 

RI-RIII 
Reference 

1996 (C) Artesunate at single dose of 300 mg on day 2 Nosten,et al. 
1, followed by mefloquine, 750 and 500 mg 
at 24 and 30 hours 

1996 Artesunate 600 mg over 2 days and 1.3 Thimasarn, et 
(T&C) mefloquine 1250 mg in divided doses /

15 a. 

1996 Artesunate 600 mg over 2 days and 4.8 Thimasarn, et al. 
-l (T&C) mefloquine 750 mg ... a 
~ 

-l 
1997 (C) Artesunate (150 and 100mg) plus 0 Bunnag, et al. 16 '-' 

~ 
::> mefloquine (750 and 500 mg) at 24 hours 0-

n apart 
:r 
§ 1997 (T) Artesunate 600 mg over 2 days and 7 Thimasarn et al. .... 
:r 
~ mefloquine 1250 mg in divided doses <:r 
c:: 
:I. 1995 (T) MSP 3 tablets 28.1 Thimasarn,et 
~ 

n I /7 a. 
'-' 

1997 Mefloquine 1250 mg in divided doses 0 Thimasarn, et al. 
(T&C) 

1997 Quinine plus tetracycline for 7 days 7.7 Thimasarn, et at. 
(T&C) 

1997 Artesunate alone 700 mg over 5 days 2.1 Thimasarn, et al. 
(T&C) 

1994 Artesunate 10 mglkg over three days plus 2 Nosten,et al. 
Mefloquine 25 mg/kg 

1995 Artesunate 4 mg/kg daily for 3 days plus 13.9 Price, et al. 1 
B 

Mefloquine 25 mg/kg 

1997 Artesunate 12 mglkg over 3 days plus 11 Price, et al. 
mefloquine 25 mglkg 

-l 
~ 1997 Artesunate 600 mg over 2 days and 10.5 Thimasarn, et al. :>;" 

mefloquine 1250 mg in divided doses 

1999 Artesunate 600 mg over 2 days and 7.4 Congpuong et 
mefloquine 1250 mg in divided doses al. 

1994 Mefloquine 25 mglkg 31 Nosten, et al. 

1995 Mefloquine 25 mg/kg single dose 49.2 Pnce, et al. 

1995 MSP 3 tablets 22.5 Thimasarn, et at. 
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Mae Hong Son 1997 Mefloquine 750 mg single dose 12.2 Thimasam, et al. 

1997 Mefloquine 750 mg single dose 8 Thimasam, et al. 
Ubon-

ratchatani 1998 Mefloquine 750 mg single dose 6 Laithaweewat. et 
al. 

1997 Mefloquine 750 mg single doses 14.6 Thimasam, et al. 
Kanchana-buri 

1998 Mefloquine 750 mg single doses 0 Thongphua. et al. 

1997 Mefloquine 750 mg single doses 4 Thimasam, et al. 
Ranong 

1999 Mefloquine 750 mg single dose 0 Thongsri, et al. 

Table 5B. Thailand. In vivo studies at Mahidol University, Bangkok (Looareesuwan. et al.) 

% 
Treatment regimen 

RI-RIII 

1994 Artesunate 800 mg over 2 day (200 mg every 12 hours), followed 6 
8 

hours later by a single 750 mg dose of mefloquine 

1996 Artesunate 400 mg daily for 2 days plus mefloquine 750 mg given 16 
immediately and 500 mg 12 hours later 

1996 Artesunate 200 mg x 4 times given 12 hours apart plus mefloquine 0 
750 mg given immediately and 500 mg 12 hours later 

1994 Mefloquine 750 mg given immediately, followed by 500 mg 6 hours 6 
later plus tetracycline 

1994 Mefloquine 750 mg given immediately, followed by 500 mg 6 hours 26 
later 

1995 Mefloquine 750 mg orally, followed 6 hours lately by an additional 14 
500mg 

1994 Quinine 600 mg every 8 h for 7 days with tetracycline in dose of 250 2 
mg four times daily for 7 days 

Table 5C. Thailand. In vitro response of Plasmodium Jalciparum. 1982-1999. 
expressed as mean 50 % effective concentrations (ECso) in nmolll blood-medium-mixture for 
quinine and artemisinin, and in nmolll blood for chloroquine and mefloquine. 

YEAR Chloroquine Quinine Mefloquine Artemisinin 
ECso ECso ECso ECso 

-----------------------------------------------------------------------------.--
1982 130 111 
1983 1183 194 106 
1984 1400 243 170 
1985 683 232 129 
1986 859 312 124 
1987 1098 295 229 
1988 2141 381 366 
1989 1089 345 262 
1993 1042 293 755 11.55 
1994 1335 217 773 6.24 
1996 926 350 647 



1997 
1998 
1999 

1017 
954 
1283 
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465 
343 

666 8.09 

1015 8.49 

Table 6A. Viet Nam. Results of in vivo and in vitro studies with CHL and S-P with 7 days follow-up 

Region Province Year CHL S-P 
N RIIIRIII In vitro N RIIIRIII 

% % 
N Resistan EC50lEC9 

t% O(nM 
blood) 

Whole 1986- 193 78.2 72 73.6 
country19 90 394 52.8 26 76.9 270/13700 408 37.3 

1991- 53 11.3 30 16.7 40/360 135 24.4 
95 

1997-
99 

North Lao Cai 1999 34 67 
Son La 1992 32 59 41 26 
HaGia~ 1992 31 42 30 27 
Tuyen 1992 32 81 27 52 
Qua~ 
Bac Thai 1992 19 10 20 15 
Nghe An 1992 30 27 17 22 
Quang Tri 1997 16 6 18 5 

Centre Kontum 1993 31 45 45 53 

Daklak 1993 30 50 29 4 31 16 
Lam Dong. 1993 30 97 30 90 
Khanh 1993 30 50 63 20 
Hoa. 

South Binh Phuoc 1992-3 46 6 30 17 44 73 
2000 12 25 32 16 

HoChi 1992 30 43 32 19 
MinhC. 
Soc TraIl£ 1995 24 54 26 35 

Tien 1994 22 23 
Giang. 
Southern 1983- 21 91 
Provinces 86 2 87 

1991- 53 7283* 
95 1587* 

1998 
1999 

*Geometric mean ofMIC 
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Table 6B. Viet Nam. Results of in vivo (7 days) and in vitro studies with mefloquine and quinine 

Province MEF QUI 
Year n % In vitro n % In vitro 

RlIIRIII RlIIRII 
I 

n Resista EC50lEC n Resistan EC50lEC9 
nt% 99nM t% 9nM 

(BMM) (BMM) 
Whole 1986-90 3.4 1.1 
country20 1991-95 29 0 90/570 19 4.2 450/4380 

1997-99 55 3.6 35 2.9 80/410 31 0 27011810 
Gia Lai 1998 25 15mglkg: 
(C) 0 
Daklak 2000 30 0 30 0 
(C) 
Khanh 1990 32 0 
Hoa (C) 1999 19 0 
Binh 1992 85 4 
Phuoc 1994 50 20mglkg: 85 
(S) 1998 25 2 35 3 31 0 

1999 15mglkg: 33 0 31 0 
0 

Southern 1981-86 69 0 68 0 
Province 1991-95 54 4 54 0 
s 1998 15mglkg: 4495* 3725* 

1999 59 42.3 RI-Il 3480· 1900* 

*Geometric mean ofMIC; C: Central Provinces; S: Southern Provinces 

Table 6C. Viet Nam. Results of in vitro studies in southern provinces, 1998-1999 

Test drug Geometric mean cut-off points of schizont maturation 

(95% Confidence interval) 

1998 1999 

Chloroquine 7282.90 nmol/l blood 1586.69 nmolll blood 

(5884.45-9013.68) (1249.69-2014.56) 

Quinine 3724.71 nmoll BMM 1900.19 nmolll BMM 

(3122.89-4442.50) (1577.44-2288.98) P=O.OOOI 

Mefloquine 4495.28 nmolll BMM 3480.47 nmolll BMM 

(3196.13-6322.60) (3082.22-3930.18) P=0.11 
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Table 6D, Viet Nam, Results of in vivo studies with artemisinin, artesunate and 
artesunate + mefloquine, and in vitro tests with artemisinin 

Province Year ART/ASU 5 days in ART in vitro geometric mean 
vivo values, nM (BMM) 

Late RII 
N reinfection N EC50 EC90 EC99 

within 28d, 
% 

Binh Phuoc" 1990 102 15 
1991 18 12 
1992 32 34 
1993 22 9 
1994 15 *26 
1995 242• 20 310 
1995 1022 11.3 24,5 
1996 30 *26 31 27 15 84 341 
1997 12 *26 3426 30 940 
1998 86 42 3923 35 
1998 
1999 25 36 

1997-99 
199926 

KhanhHoa 1998 2029 28 

* Follow-up only 21 days 

Table 6E. Viet Nam, In vitro response of Plasmodiumfalciparum to antimalarial drugs, 

Test drug Sites 

ASU 3 days 
+ MEF 15 mglkg 

Late RII 
N reinfection 

within 28 d, 
% 

71 0 
54 11.1 

Year n Resistant % 

Chloroquine Southern 1983-1986 212 91 
provinces 

1991-1995 53 87 
BinhPhuoc 1998 30 17 
Binh Phuoc 1999 32 16 

Daklac 2000 29 4 
Mefloquine Southern 1983-1986 69 0 

provinces 
1993-1995 54 4 

BinhPhuoc 1998 35 3 
Khanh Hoa 1998 19 0 
Binh Phuoc 1999 33 0 

Daklac 2000 30 0 
Quinine Southern 1981-1986 68 0 

provinces 
1991-1995 54 0 

Binh Phuoc 1998 31 0 
Binh Phuoc 1999 31 0 
Khanh Hoa 1999 19 0 

Daklac 2000 30 0 
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Table 7. Overview of malaria treatment guidelines in the countries of the Mekong Region 

(abbrevIations, see cover page) 

Country/area Species P. falciparum* P.vivax* 

uncomplicated Treatment failure severe malaria pregnancy Primaquine. 
I 

duration 

unconfmned lab-confmned treatment prevention 

Cambodia, north-east F, V CHL ASU3d+MEF20 Q5dT5d1 ATM'" Q 0 

ASU3d+MEF20 

Cambodia, other Q5dT5d ASU3d+MEF20 Q5dT5d1 

ASU3d+MEF20 

China, Yunnan, Hainan F, V CHLI ATMlASUSd ATMIASUIPIP/ ATM Q/CHL 5d 

ATM5d1PIP SP/QIPYR 

China, other vivax only .. < ........... ...... ..... .. , Ii ....... · i·.< .. ·· ......... ).:. I ................... ,;>/ ... . ...... ....... · .... · .... ·:i .. 
LaoPDR F, V CHL CHL SP Q CHL 0 

Myanmar F, V CHL CHLor SP SP orQ Q CHL o or 14d 

(MEF) (MEF) Q 

Thailand, sched. Areas F, V ASU2+MEF 25 Q7+T7 Qor ASU Q 14 d 

Other areas MEF 15 Q7+T7 

Viet Nam, north F, V CHL ART/ASU5d ASU3d+MEF25 ASU/ATM*** Q 5d 

Viet Nam, other ATS/ASU5d ASU3d+MEF25 Q5T5 

'Official guidelines in China, Myanmar, Thailand and Viet Nam stipulate additional primaquine 0.50 or 0.75 mg/kg single dose for falciparum malaria. This is applied to a varying degree. 
"Blood schizonticidal treatment for P.vivax is chloroquine 25 mg/kg in all countries of the Mekong Region. 
, •• ART! ASU suppositories used increasingly in areas with poor access to hospital care. 



- 39-

ANNEX 5 

MAPS SHOWING DISTRIBUTION OF RESISTANCE AND PLANNED MONITORING SITES 

Data represent the latest in vivo / therapeutic efficacy study in each site. "Resistant" (red colour) 
represents RI - RlII as well as early and late treatment failure. 

_ Resistant (%1 

_ Sensitive (%) 

o Nodata 

Chloroquine 

s-p 

Mefloqulne 

China 

Myanmar. 

•• • '; • Thailand 
- .. ~. .! 

,.. . ~;;~;:..j •• / ..... ~. -t ... 
•• 

.' 
c ',. 



Anti-Infective Drug Resistance Surveillance & 
Containment (CSRlDRS) 
World Health Organization 
121 I Geneva 27 
Switzerland 

- 41 -

ANNEX 6 

Vector Control Research Unit 
School of Biological Sciences 
I 1800 Minden, Penang 
Malaysia 
Tel: 604-6574776 
Fax: 604-6577200 

WHO TEST PLATES FOR IN VITRO ASSESSMENT OF 
ANTIMALARIAL DRUG SUSCEPTIBILITY 

Procedures and conditions for supply oftest plates (May 2001) 

The WHO in vitro microtest plates for assessment of parasite susceptibility to antimalarial drugs 
are produced, from May 2001 by Vector Control Research Unit, Universiti Sains Malaysia, 
Penang, Malaysia, The test plates will be supplied from Universiti Sains Malaysia (USM), 
according to the procedures described below, 

Test kits are no longer produced, as all the items included, except plates, are nowadays easily 
available from various laboratory suppliers. The low PABA, low folate RPM! medium, which 
was custom-made for the test kits in the past, is no longer required, as it was needed only for 
SDXlPYR and PYR tests, for which test plates are no longer produced. Users are recommended 
to use ordinary RPM! 1640 medium. 

The only supply item, which is not readily available, is 100 III heparinized capillary tubes. 
Investigators are recommended to use two 50 III tubes (haemotocrit standard) instead. Of course, 
if a larger number of drugs are to be tested, it is preferable to take venous blood, for example by 
Vacutainer. 

1. Requests 
Requests should be made to 

The Coordinator 
Vector Control Research Unit 
School of Biological Sciences 
Universiti Sains Malaysia 
11800 Minden, Penang 
MALAYSIA 
(Attn: Associate Professor Dr Zairi Jaal) 
Tel: 604-6574776 
Fax: 604-6577200 
E-mail: zairi@usm.my. 

All requests must be accompanied by a copy of the form (attached), in which all relevant 
information should be filled, to avoid unnecessary delay. 
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Annex 6 

2. Proforma invoice 
On receipt ofrequests, preferably bye-mail, USM will send a proforma invoice bye-mail, 

fax or regular mail covering the cost of items and despatch charges. 

3. Despatches and notification 
Items requested will be despatched only on receipt of payment at the USM Bank account 
(see 5). 

4. Costing 

5. 

All materials will be charged according to the prices given in the attached form. The cost 
of transport depends on the destination. 

Costing and payment will be made in US Dollars. 

Instructions for Payment 
By Cheque/Bankdraft: 

Chequelbankdraft payable to 
"B URSAR, UNIVERSITI SAINS 
MALAYSIA" to be sent to: 

The Coordinator 
Vector Control Research Unit 
School of Biological Sciences 
Universiti Sains Malaysia 
11800 Minden, Penang, 
MALAYSIA 

or By telegraphic transfer to 

Name of Account: Universiti Sains Malaysia 
Current Account No (Collection): 207130-
00001079 
Bank: RHB Bank Berhad 

Sungai Dua Branch 
4H & 41 Desa Universiti 
Commercial Complex 
lalan Sungai Dua 
11700 Gelugor 
Pulau Pinang, Malaysia 

Please send us a copy of your advice slip so that we 
can follow up. 

All payments (either by chequelbankdraft or telegraphic transfer) must indicate our reference 
number (platesXXXl2001j. Please specify that payment is for the Vector Control Research Unit, 
School of Biological Sciences, Universiti Sains Malaysia, for the purchase of WHO In Vitro 
Micro Test Plates. 
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Annex 6 

Anti-Infective Drug Resistance Surveillance Vector Control Research Unit 
School of Biological Sciences 
I 1800 Minden. Penang 
Malaysia 

& Containment (CSRlDRS) 
World Health Organization 
121J Geneva 27 Tel: 604-6574776 

Fax. 604-6577200 Switzerland 

SUPPLIES FOR WHO IN-VITRO MICRO TEST PLATES 
Requisition form 

1. Requested by: 
Name 
Institution's 
Address 

Position 

(Please include street name and number. city. zipcode and country) 
Tel Fax Email 

2. Supplies to be sent to: 
Name 

Address 

Tel 

(Please include street name and number. city. zipcode and country) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Fax Email 

Drug' Quantityl Total cost (US$r 
Chloroquine 
Monodesethylamodiaquine 
Quinine 
Mefloquine 
Pyronaridine 
Arternisinin 
Atovaquone 
Lumefantrine 
Piperaquine 

Total 

Layout of plates. see below. Currently (May 2001). only plates 1-6 are available. 
Plates no longer produced: 
Quinidine. SDXJPYR, Pyrimethamine, Halofantrine. Amodiaquine has been replaced by 
monodesethylamodiaquine, its active metabolite. 

There must be a minimum order of 5 plates. 

5-10 plates at US$I 0.00 per plate 
11-10 plates at US$9.00 per plate 

> 20 plates at US$8.00 per plate 
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