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Generall  introduction 



Introduction Introduction 

BACKGROUN D D 

Malari a a 

Malariaa continues to be a major health problem in endemic countries and 
remainss a matter of global concern. It is endemic in 91 countries. Over 40% of the 
world'ss human inhabitants live in areas where there is a (varying) risk of malarial 
infection.. According to a WHO report there may be around 500 million clinical cases 
off  malaria and up to 2.7 million malaria-attributable deaths each year.(l) 

Malariaa is also a social issue. In addition to the high mortality rate, it also 
causess economic losses to individuals, communities and developing nations. In the 
pastt several studies were conducted to calculate the economic loss due to malaria 
basedd on many different categories, such as the number of days lost (from work or 
school),, income lost, cost of saving a life or preventing illness...etc. For example, a 
studyy in India concluded that malaria causes an annual economic loss from 0.5 to 1 
billionn US dollars. (2) Picard and Mill s showed that attacks of falciparum malaria 
causedd 10 days of total disability and a further 2.5 days of partial disability while an 
attackk of P. vivax caused 5 days of disability and 1 day of partial disability.(3) 
Generally,, one may conclude that so long as malaria is not under control, it has a 
negativee impact on the individuals and society in general. To call malaria to a halt, 
manyy meetings were held throughout the last decades, and new strategies of malaria 
controll  were developed (Roll Back Malaria). Notwithstanding these initiatives, the 
globall  malaria incidence is still very high. 

Inn Viet Nam, after the re-unification in 1975, the population suffered from hard 
livingg conditions due to several reasons such as the consequences of the long period 
off  war, reduction and later complete interruption of aid from the socialist countries 
andd the influence of the economic embargo by the United States. The extreme 
shortagee of medicines, medical materials and insecticides, added to the poor socio-
economicc condition and high prevalence of multi-drug resistant parasites led to a 
dramaticc increase of malaria at the late 1980's and early 1990's. For example, in 5 
yearss time (1989 - 1993) 5.221.000 cases of uncomplicated malaria, 97.964 of severe 
malaria,, 4.650 death cases and 459 outbreaks were reported.(4) Malaria was really a 
veryy big problem of Viet Nam at that time. 

Choo Ray hospital, in Ho Chi Minn City, is directed from the Ministry of 
Health.. It has the responsibility of taking care of the patients of and supporting the 
medicall  network of 37 provinces in the south of Viet Nam. Since the introduction of 
thee open-door policy of the Vietnamese government in the late 1980s, several medical 
organizationss (national and international, government and non-government) 
cooperatedd with Cho Ray hospital in its malaria control programs, and this probably 
contributedd to the decrease of malaria in Viet Nam. The scientific cooperation with 
Sanyaa Traditional Medicine Institute (STMD) from China, and with the Academic 
Medicall  Center (AMC) from Amsterdam, the Netherlands, was the longest lasting 
andd considered the most successful. 
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ChapterChapter 1 

Thee scientific work mostly focused on the development and application of 
chemotherapyy for malaria, based on artemisinin drugs, thereby contributing to 
evidencee based national drug policy. Initially, most of the artemisinin was supplied by 
STMDD and was quickly accepted for the use in Viet Nam in the early nineteen 
nineties.. At the same time, mefloquine was supplied to the Vietnamese government 
byy international donors to treat malaria cases. In a situation of drug resistance, both 
neww drugs were important assets in the antimalarial armamentarium. Initially 
monotherapyy with artemisinin drugs was studied, but soon compelling arguments 
weree put forward to apply artemisinin based combination therapy (ACT). 

Mefloquinee with its long elimination half - life is vulnerable to the 
developmentt of drug resistance. In Thailand, mefloquine resistance rapidly emerged 
whenn it was used as monotherapy and the dosage of mefloquine had to be increased 
quicklyy from 15mg/kg to 25mg/kg. (5) In contrast, artemisinin resistance has not 
beenn observed in vivo. The class of artemisinin and its derivatives are the most potent 
antimalariall  drugs available. (6) They have the potency to quickly reduce a large 
initiall  parasite load and they inhibit gametocyte production.(7-9) Furthermore, all 
artemisininn drugs have a short elimination half life which may protect the drugs from 
developingg resistance. These characteristics can also be employed in combination 
regimenss to protect drugs with longer elimination half lifes from development of 
resistance.. However, the appropriate dose of the respective drugs in the ACT 
regimenss in Viet Nam was not known clearly and the data from Thailand could not 
readilyy be extrapolated. 

Inn Thailand mefloquine resistance had developed after several years of 
applyingg mefloquine monotherapy so that nowadays an artesunate dose of 
4mg/kg/dayy for three days plus 25mg/kg of mefloquine is required.(10;ll) In Viet 
Namm mefloquine monotherapy was never applied and mefloquine resistance was not 
confirmed.. Adverse effects of mefloquine were feared and the drug was relatively 
expensive.. Thus a low dose of mefloquine was used in combination with artemisinin. 
Too evaluate the effect of combination regimens of artemisinin/mefloquine with 
differentt doses, many studies were conducted in Cho Ray hospital and in provincial 
hospitalss under supervision of the Scientific Committee of Cho Ray hospital. 

However,, an interaction between artesunate and mefloquine could not be ruled 
out.. A study in Thailand concluded that the timing of the mefloquine administration 
inn the artemisinin/mefloquine regimen plays an important role in efficacy.(12) To re-
evaluatee the efficacy of a combination regimen of 4 tablets artesunate of 50 mg plus 3 
tabletss of mefloquine, of 250 mg - a favourite regimen in Viet Nam in that time - and 
too define tolerance, pharmacokinetics and pharmacodynamics of different timing of 
thee mefloquine dose as well as the interaction between artesunate and mefloquine, a 
controlledd randomized double blind study was performed in Binh Thuan province. 
Thee results are discussed in chapter 2. 

Despitee the comfortable experience from Thailand, showing a high 
effectivenesss of the combination regimens with artemisinin and a high dose of 
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Introduction Introduction 
mefloquine,, and the apparent absence of mefloquine resistance in Viet Nam, the 
searchh for alternative antimalarial drug regimens was still promoted by the 
cooperationn between Cho Ray hospital and the Sanya Traditional Medicine Institute. 
Manyy combinations based on dihydroartemisinin and piperaquine, with the code 
namee "CV", China - Viet Nam, were tested in Cho Ray hospital and Binh Thuan 
province.. They showed excellent effectiveness, eliminated the initial parasitemia in a 
shortt time and also prevented recrudescence. The first randomized clinical trial with 
thiss drug combination is decribed in chapter 3. 

Duringg our clinical research in Binh Thuan province, we appreciated the fact 
thatt a majority of our patient population concentrated in remote rural areas. It was 
recognizedd that the new potent antimalarial combinations play an important role in 
thee treatment of malaria patients, but that in order to reduce malaria prevalence in the 
community,, a different strategy was required. 

Inn Amsterdam in 1992, the assembled ministers of health of developing and 
developedd countries, agreed on a malaria control strategy based on the following four 
principles:: 1) early diagnosis and treatment of symptomatic malaria; 2) preventive 
measuress including insecticide treated bed nets (ITBNs) and selective residual 
spraying;; 3) prediction, containment and if possible prevention of epidemics and, 4), 
strengtheningg of local capacities. This strategy was adopted by WHO and endorsed by 
thee World Health Assembly in 1993. It became the basis of WHO's Roll Back 
Malariaa programmê 13) 

EarlyEarly diagnosis and treatment (EDT), is considered an important strategy to 
preventt the progress of symptomatic malaria into complicated and potentially fatal 
stages.. This can be achieved by a good system of microscope posts and availability of 
properr treatment (P.T. Giao, Thesis, September 20, 2004, University of Amsterdam). 
However,, the contribution of EDT to the control of malaria is not yet fully clear. In 
severall  African studies treatment at health post and district level did not reduce 
mortalityy and involvement of community health workers did not improve this.(14-17) 
Decliningg treatment efficacy of chloroquine, by increasing resistance, was 
significantlyy associated with increased mortality and there are other studies indicating 
thatt ensuring prompt adequate treatment of malaria decreases mortality.(18;19) 

Thee efficacy of ITBNs has been demonstrated in many endemic areas in the 
world,, especially in Africa.(20-23) They can reduce mortality in children less than 5 
yearss of age with varying results (from 15 to 63%) but in any case, this preventive 
measuree should be backed up by adequate facilities for prompt diagnosis and 
treatment.(24;25) ) 

Thee strategies of RBM have resulted in reduction of malaria in some parts of 
thee world. The contribution of the individual components of the control strategies is 
difficul tt to unravel; studies comparing different intervention strategies and various 
combinationss are lacking. 
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ChapterChapter 1 

Whenn the implementation of the National Malaria Control Program in 
Vietnam,, based on a combined approach of ITBNs, EDT and health education, started 
inn Binh Thuan province, this offered the opportunity to follow and study this in detail. 
Thiss was the start of a series of health intervention studies in Phan Tien, an ethnic 
minorityy commune in Binh Thuan. 

Casess per 
100.0000 peote 

B
Noo data 

<10 0 

11-20 0 

21-30 0 

Maxx 170 

Figuree 1: The map of Viet Nam with Binh Thuan province. 

Binhh Thuan is a province in the south of Viet Nam with an area of 7992 km2 

includingg a narrow delta near the capital Phan Thiet, the shore at the South Chinese 
Seaa in the East and the Truong Son mountains in the West (figure 1). Binh Thuan 
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provincee has 9 districts and 115 communes. The population increased from 770.000 
inn 1991 to approximately one million in 2001. The majority of the population (88%) 
iss of Kinh (ethnic Vietnamese) origin and there are 26 ethnic minorities of varying 
populationn size. Hot, humid and a long rainy season are the characteristics of the 
weatherr in Binh Thuan. The rainy season lasts from May until October-November 
withh an average annual rain fall between 100 and 1400 mm. Average air temperature 
iss 27°C and the average relative humidity is 81%. (Source: Statistical Yearbook -
Binhh Thuan Statistics Office, Phan Thiet). 

Inn the late 1980s and early 1990s, Binh Thuan was known as highly endemic 
forr malaria. In 1991, 6506 malaria cases were reported with 501 complicated cases 
andd 106 deaths. Malaria due to Plasmodium falciparum accounted for 70% of the 
casess and the remaining were infected with Plasmodium vixax. Anopheles dirus and 
AnophelesAnopheles minimus were the major transmitting vectors (Reports of Binh Thuan 
Provinciall  Malaria Station). 

Figuree 2: The map of Binh Thuan province. Phan Tien village is shown in black. 

Phann Tien village, an ethnic minority community, belongs to Bac Binh district 
andd is located in a mountainous part of Binh Thuan province (figure 2). Ambient 
temperaturee ranges from 20 to 35°C and humidity is high. The population was 
composedd of eight ethnic minority groups and few Kinh people. Phan Tien exists 
approximatelyy 20 years as one of the areas for resettlement of members of the hill 
tribess who had become displaced during the war. There is still some influx of families 
now.. In the early 1990's Phan Tien was isolated: during the rainy season it could not 
bee reached by car and in the dry season only after a several hours drive by terrain 
vehicle.. Since mid 1999 the village can be reached via a permanent, gravel road 
whichh has increased the movement of people to and from Phan Tien substantially. 
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Inn October 1994, 716 persons lived in Phan Tien village in 128 houses. The 
populationn increased to 1088 persons in 2000. Approximately 50% of the population 
wass younger than 15 years. The local economy was simple, based on small-scale 
slashh and burn subsistence farming and on what the forest offered as food. 
Governmentall  support included a program of nutrient supplementation for vulnerable 
groups,, such as pregnant women and children, but in fact this was shared within 
families. . 

Peoplee lived family wise with 5 to 6 persons in one house made of clay walls, 
thatchedd roofs and without toilets or bathrooms. Knowledge and practice of sanitation 
wass limited and walking barefoot was common especially in infants and children. 
Domesticc animals like chicken, goats, cattle, dogs and cats, stayed in the same 
compoundd and house with man. Excrements were disseminated in and around the 
village.. People and cattle shared a small river as their water source for consumption, 
washingg and agricultural irrigation. 

Beforee 1994 water supply was mainly from a small river surrounding the 
villagee which dropped to very low levels and became turbid in the dry season. In 
1994,, three wells were drilled with the aid of UNICEF. Those wells did not produce 
enoughh water for the entire village and by the end of 1996 two wells were broken, so 
thatt many inhabitants remained dependent on water from the river. At the end of 1997 
withh the help of the AMC - the Netherlands, a safe water supply program was 
initiated,, providing new wells as well as fixing the old wells so that 8 functioning 
wellss were available supplying enough clean water to the population. Five latrines 
andd bathrooms were also built at public places such as the health post, the school and 
thee office of the people's committee. There was no electricity until the end of 2000. 

Inn the early 1990's malaria was considered a great problem but of unknown 
magnitude.. In the first half year of 1994 thirty persons of a population of about 750 
hadd died, many of them with fever. Most deaths were children. Before 1994 there was 
noo health care facility and surveys for malaria as well as other common tropical 
diseasess had not been performed. Anopheles dims and Anopheles minimus were the 
principlee vectors in that part of the province. The transmission intensity in Phan Tien 
wass thought to be very high but exact data, including the entomological inoculation 
rate,, were not available. P. falciparum and P. vivax were both present in the region 
(approximatelyy 70% and 30%, respectively). Peaks of reported cases are from 
Octoberr through December/January (year reports Binh Tan health post and Malaria 
Station),, that means, during and after the rainy season that starts about April and 
continuess through October/November. Transmission, however, continues throughout 
thee year in the forested regions around Phan Tien. 

Thee studies of the effects of malaria control in Phan Tien are described 
inn chapter 4 of this thesis. 
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Introduction Introduction 
Nutritio n n 

Malnutritionn is a big problem of human health, especially in the poor countries. 
Basedd on a report of WHO nearly 30% of people of all ages suffer from some form of 
malnutritionn and 49% of the 10.7 million annual deaths on this globe, are associated 
withh malnutrition in the developing countries.(26) Malnutrition causes reduction of 
physicall  growth, mental retardation, vulnerability to infectious diseases, loss of 
workdays,, disabilities or even death. As an apodictic result, the socio-economic 
developmentt of a country wil l be influenced. 

Lesss than one decade ago, malnutrition was very common in Viet Nam, 
especiallyy among the rural and ethnic minority populations, who also suffered the 
mostt from malaria. Clearly, health intervention programs had to combine control of 
malariaa and malnutrition. The government supported food donation programs to the 
mostt vulnerable populations. However, in contrast to malaria, of which the 
prevalencee can be measured quite accurately, the prevalence of malnutrition and its 
severityy were not accurately known. The main reason was that no good reference data 
existedd for the most vulnerable population. In addition, the rapid socioeconomic 
changess of the last decade in Viet Nam paralleled great changes in food supply. 
Similarr to other countries in the region, the prevalence of overweight and obesity 
increasedd rapidly. Analogous to studies in malnourished populations, studies into 
overweightt showed that body dimensions are extremely variable, that reference 
valuess are difficult to obtain and that it is extremely difficult if not impossible to 
determinee general cut off points for healthy body dimension. 

Anthropometricc measurements are considered simple effective methods for 
publicc health assessment and are used worldwide.(27) The health and nutritional 
statuss of an individual, a community or a nation are estimated by these methods. 
Collectionn and assessment of anthropometric data at population level can help in the 
identificationn of the status of health and nutrition and even socioeconomic problems. 
Riskk factors can be derived or predicted and appropriate interventions can be planned. 
Inn addition, anthropometric longitudinal datasets can evaluate the efficacy of the 
interventionss and the trend of growth of a community, especially of infants, children 
andd adolescents. (27;28) 

Anthropometricc dimensions include indices like weight, height, body mass 
index,, middle arm circumferences, body fat, etc. Of these, common indices are 
derivedd from body height and weight with reference curves or cut off points: height-
for-agee (HA); weight for age (WA), weight-for-height (WH) and body mass index 
(BMI) .. Although these are related, each has a specific meaning in terms of the 
processs or outcome of growth impairment as described below. 

Height-for-agee (HA) reflects linear growth and its deficit indicates long term 
cumulativee inadequacy of health or nutrition. The term "height" covers two terms: 
lengthh and stature. "Length" refers to the measurement in the recumbent position and 
itt is often used for children less than 3 years old because they can not stand well. For 
olderr children and adults, the term "stature" is used and it refers to measurement of 
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thee height in the standing position. Low HA may refer to shortness or stunting. 
"Shortness""  does not imply a reason for an individual being short and may reflect 
eitherr normal variation or a pathological process. "Stunting" reflects a process of 
failuree to reach linear growth as a result of inadequate health or nutritional conditions. 
Thee socioeconomic level of a community in the past or in the present time can be 
consideredd as poor if the rate of stunting is high in the studied population. High HA is 
lesss important in public health. 

Weight-for-heightt (WH) reflects body weight relative to height irrespective of 
age.. Low weight-for-height is covered by terms of: "thinness" or "wasting". 
"Thinness""  does not imply a pathological process whereas "wasting" refers to a 
recentt and severe process that has led to significant weight loss. Even though high 
weight-for-heightt can be used in identification both of overweight and obesity, it is 
nowadayss less used to define obesity because BMI or skinfolds are more appropriate 
indices.. The rate of low and high weight-for-height in a population can help in 
evaluationn of the health and nutritional conditions or socioeconomic level in the 
recentt or present period. 

Weight-for-agee (WA) reflects body mass relative to the chronological age. It is 
influencedd by both the height of the child (HA) and his/her weight (WA), and its 
compositee nature makes interpretation complex. However in the absence of 
significantt wasting in a population, similar information is provided by WA and HA, 
inn that both reflect the long term health and nutritional experience of the individual or 
population.. "Lightness" has been proposed as a descriptive term for low WA, while 
"underweight""  has been used to refer to the underlying pathological process. High 
WAA is seldom used for public health purposes because other indicators such as 
weight-for-heightt are more useful. 

Bodyy mass index (BMI) is calculated by dividing weight in kilograms by the 
heightt in square meters. High BMI indicates overweight or obesity and low BMI 
revealss different levels of thinness. BMI is mostly used for adults, older children and 
adolescentss but is not widely used for young children because of its variation with 
age. . 

Skinfoldd measurement is another commonly used index of body dimensions. 
Skinfoldd measurement assesses the thickness of subcutaneous tissues and is widely 
usedd for assessing obesity among adults. However, it has limited value for assessing 
thee degree of wasting because of failure to take into account changes in muscle mass. 

Anthropometricc data are commonly reported as Z-scores (standard deviation 
scores),, percentiles or percentages of median values. In this thesis Z-scores are 
reportedd and data are considered abnormal at values below -2 Z-scores or above +2 Z-
scoress relative to the reference median. Evaluation of anthropometric measurements 
requiress the use of growth standards or references. Local references can be used but 
unfortunatelyy these are often not available in developing countries so the references 
off  industrialized countries are used instead. However the body dimensions or growth 
standardss of different nations may be different.(29;30) Moreover most references in 
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developedd countries are adjusted repeatedly because of changing body dimensions 
overr time.(31-35) 

Thereforee there is a clear need for an international reference to allow for 
comparisonn of the nutritional status of populations in different parts of the world. For 
thatt reason, WHO recommended the use of the 1978 references of the US National 
Centerr for Health Statistics (NCHS/WHO references) as international references. 
However,, it is not clear if extrapolation of criteria for optimal or hazardous body 
dimensionss from one population to other populations is justified.(36;37) Thus 
questionss are raised about the appropriateness of international references for all 
nationss in the world, especially for the members of the Vietnamese ethnic minority 
groups,, who are often very small. If international references are not appropriate, 
whichh methods have to be used? 

Thee LMS method is used to analyse anthropometric data. It generates smooth 
centilee curves of data sets that do not necessarily show a normal distribution.(3 8-40) 
Calculationn of centiles is based on establishing smooth curves for skewness (L), the 
mediann (M) and the coefficient of variation (S). Although the LMS method was not 
designedd to analyse data from small populations and it also does not provide cut off 
pointss for normal body dimensions, it is helpful in generating Z-scores which can be 
analysedd as repeated measures. 

Inn chapter 5 of this thesis the author discusses the role of anthropometric 
measurementss from the perspective of the population of an ethnic minority commune 
inn southern Viet Nam, while using the LMS method. 

Anemia a 

Inn the first year of our malaria studies in an ethnic minority community in 
southernn Viet Nam, 15% of the population had signs of anemia. Despite the fact that 
malariaa was brought under control relatively quickly, anemia prevalence remained 
high.(41)) Thus further studies to evaluate the prevalence and cause of anemia were 
undertaken.. In view of the poor environmental and sanitary condition in the village it 
seemedd logical to study the prevalence of helminth infections and their possible 
relationn to anemia. 

Anemiaa is a significant health problem in many parts of the world especially in 
regionss of low socio-economic status. In 1996 it was estimated that about 2 billion 
peoplee suffer from anemia and most of them are young children and women. If not 
treated,, anemia can lead to increased susceptibility to infection, retarded growth in 
children,, reduced work performance and increased accident rate.(42;43) 

Anemiaa has many causes, including nutrient deficiencies, chronic blood loss 
forr which several causes should be considered, hemolytic diseases, chronic conditions 
thatt suppress erythropoiesis, toxic exposures and hemoglobinopathies. Anemia occurs 
everywheree in the world, but in different regions the main causes of anemia are 
different.. In developing countries, many studies have shown that the main causes of 
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anemiaa are dietary iron deficiency, hemolytic diseases such as malaria and chronic 
bloodd loss due to intestinal parasitic infections. Iron deficiency is believed to cause 
thee largest part of anemia globally.(44) 

Measurementt of the hemoglobin concentration is the most reliable method to 
assesss the anemia status in a population. Cut off values of hemoglobin concentration 
mayy be different in several studies but most authors define anemia as a hemoglobin 
levell  lower than 110 g/1 and severe anemia as a hemoglobin level lower than 70 g/1 as 
recommendedd by WHO.(44) 

Thee serum ferritin level is the most specific biochemical test that correlates 
withh relative total body iron stores. A low ferritin level reflects depleted iron stores 
andd is a marker of iron deficiency in the absence of infections. Serum apoferritin is 
ann acute phase reactant protein and is elevated in response to any infectious or 
inflammatoryy process. Consequently, a serum ferritin level in the normal range only 
reflectss iron sufficiency in the absence of these conditions. In general, iron deficiency 
iss determined by ferritin levels lower than the cut off value of 12 ^ig/l.(44) 

Intestinall  helminth infections 

Afterr three years of malaria control in Phan Tien, the prevalence of malaria 
wass significantly reduced. However the anemia rate did not clearly improve. This led 
uss to suspect that intestinal helminth infections, notably hookworm infections, were 
quitee prevalent in Phan Tien. Helminth infections are among the commonest 
infectionss of humans worldwide and are recognized as an important public health 
problem,, especially in poor countries. In 1996 it was estimated that there were 1.4 
billion,, 1.3 billion and 1 billion people in the world infected with Ascaris 
lumbricoides,lumbricoides, hookworm and Trichuris trichiura, respectively.(45) Even though 
peoplee of all age groups are exposed to infection by helminths, school age children 
andd women bear the greatest disease burden. Most clinicians and medical workers 
however,, do not recognize helminth infections to be an important problem and 
thereforee infected people are often not appropriately treated for their worm infections. 
Thiss may lead to anemia and other complications or even be related to death.(46-48) 

Thee control of intestinal helminth infections, from 1997 to 1999, is discussed in 
chapterr 6 of this thesis. The relation between malaria, hookworm infections and 
anemiaa in Phan Tien is discussed in chapter 7. 
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ABSTRACT T 

Too study the efficacy, tolerance, population pharmacokinetics and 
pharmacodynamicss of artesunate followed by mefloquine at various intervals, 360 
patientss with falciparum malaria received 4 mg/kg artesunate and thereafter 15 mg/kg 
mefloquinee simultaneously (A), after 8 h (B) or 24 h(C). Three dosages were 
completedd with placebo. Follow up was 28 days. 

Al ll  patients recovered rapidly except one case of failure within the first 24 h. 
Mefloquinee pharmacokinetics was similar in the three regimens. Parasites reappeared 
inn 26%, 26% and 33% of patients in groups A, B and C respectively. Early 
recrudescencee was associated with high initial parasite density, slow parasite 
clearancee and rapid mefloquine clearance and low plasma concentrations at day 28. 
Mefloquinee plasma concentrations all reached therapeutic ranges, suggesting reduced 
parasitee sensitivity. 

Inn conclusion, there is no interaction between artesunate and mefloquine with 
respectt to tolerance, efficacy and pharmacokinetics. Single dose combination therapy 
withh artemisinin drugs and 15 mg/kg mefloquine does not completely prevent parasite 
recurrencee and may not prevent mefloquine resistance. 
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INTRODUCTIO N N 

PlasmodiumPlasmodium falciparum malaria was a major health problem in the remote 
areass of Viet Nam. A policy of early diagnosis and treatment of malaria, applying 
shortt drug combination regimens with artemisinin drugs and longer acting agents, 
wass instrumental in bringing malaria under control in most areas of Viet Nam during 
thee last decade. Several studies of artemisinin monotherapy and combination therapy 
weree performed in Viet Nam, including combinations with quinine, 
sulfadoxine/pyrimethamine,, doxycycline and mefloquine.(l-6) Single dose 
combinationn regimens with mefloquine appeared to be practical and became the first 
choicee of treatment.(7) The Vietnamese policy on dosing mefloquine was 
conservative.. While in nearby Thailand increasing resistance necessitated to increase 
thee mefloquine dose to 25mg/kg, a lower dose was applied in Viet Nam because it 
wass assumed that the combination with artemisinin derivatives, would delay 
developmentt of mefloquine resistance. Previous studies however, showed that a 
singlee dose of artemisinin plus 10 mg/kg mefloquine did not prevent recrudescence 
sufficientlyy (15%).(8) Without further evidence of resistance the recommended dose 
off  mefloquine was increased to 15 mg/kg, a dose that initially worked well as 
monotherapyy in Thailand. In combination with a single dose of 4 mg/kg artesunate it 
becamee standard therapy for falciparum malaria in large parts of Viet Nam. However, 
thee efficacy of this regimen in Viet Nam was not confirmed at the time of its 
introductionn and a possible interaction between artesunate and mefloquine was not yet 
confirmed.(9)) (10) 

Inn order to establish the efficacy of the single dose artesunate-mefloquine 
regimenn for uncomplicated falciparum malaria in Viet Nam, and to study the 
tolerance,, pharmacokinetics and pharmacodynamics of different timing of the 
mefloquinee dose, a controlled randomized double blind study was performed in which 
aa single dose of 4 mg/kg artesunate was followed by 15 mg/kg mefloquine, given at 
variouss intervals. 

METHOD S S 

Patientt  selection and treatment 

Fromm December 1997 to March 2001, subjects aged 6 years or older with a 
symptomaticc P. falciparum (asexual blood stages with 1,000/ul < parasitemia < 
200,000/ul)) infection were enrolled at five primary health care posts and one district 
hospitall  in Binh Thuan province, southern Viet Nam. Giemsa stained thick and thin 
bloodd smears were obtained for identification of asexual parasites by light microscopy 
priorr to patient inclusion. Exclusion criteria included P. vivax infection, pregnancy, 
lactation,, any sign of severe or complicated malaria, concurrent chronic disease, 
inabilityy to take oral medication, known allergy to the study drugs and intake of 
antimalariall  agents in the preceding period as follows: artemisinin or derivatives 
(e.g.artesunate)) in the previous 24 hours; mefloquine, tetracycline or doxycycline in 
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thee previous seven days or quinine in the previous 12 hours. Patients could be entered 
intoo the study for a second time if there were at least three months between the first 
andd second date of entry. 

Thee sample size was sufficient to detect a difference between approximately 
30%% and 15% response rates with statistical significance at a = 0.05 and P = 0.2. 
Artesunatee (Plasmotrim® Lactabs) 50 mg, and mefloquine (Mephaquine®) tablets 
2500 mg and mefloquine placebo tablets were obtained from Mepha AG, Aesch, 
Switzerland. . 

Al ll  patients were admitted. After informed consent the treatment regimen was 
allocatedd by drawing an envelope, which included a computer-generated randomized 
dosagee regimen, the mefloquine and placebo tablets and a timetable for drawing 
bloodd samples, starting just before the first drug was administered (tO). All patients 
receivedd an initial dose of 4 mg/kg artesunate. Mefloquine was administered 
simultaneously,, (regimen A), 8 h later (regimen B) or 24 h later (regimen C). By 
breakingg tablets the dose nearest to 15 mg/kg bodyweight was chosen. Mefloquine 
placeboo was given to complete three dosages for all patients. Medication was taken 
underr supervision. Vomiting within 1 hour after intake of trial medication was reason 
forr withdrawal and installation of another treatment. These patients would be 
evaluatedd for tolerance and for efficacy on intention to treat basis. 

Writtenn informed consent was obtained from all patients or their parents. The 
studyy protocol was approved by the research committee of Cho Ray Hospital, Ho Chi 
Minhh City, and the medical ethics committee of the Academic Medical Center, 
Amsterdam. . 

Patientss follow up 

Thee parasite count was determined every eight hours until three negative 
smearss had been obtained. Blood smears were repeated on 7, 14, 21 and 28 days after 
tO.. Parasites were counted against 200 white blood cells in the thick smear, and, by 
recalculatingg it to the patient's total leucocyte count, expressed as the number of 
parasitess per ul of blood. A full blood count was determined on tO and t = 48 h. All 
bloodd smears were retained and reviewed by an experienced technician at the 
departmentt of parasitology of Cho Ray Hospital. His results were taken as gold 
standardd in case of conflicting results. 

Bloodd was collected four times for measuring mefloquine plasma 
concentrations.. In order to ensure variable sampling points for a population 
pharmacokineticc analysis, the first 48 hours were divided in intervals of four hours 
fromm which the first two sampling points were chosen at random, starting at t=4 for 
regimenn A, t=12 for regimen B and t=28 for regimen C. Additional samples were 
collectedd at t = 168 h (7 days, Cd7) and day 28 (C^s). The selection procedure of 
samplingg times was unknown to researchers and clinicians, in order to avoid that 
cleverr deduction would reveal the treatment regimen. Blood was drawn intro 
heparinizedd tubes, centrifuged immediately and plasma was stored at minus 30° C 
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untill  analysis. Mefloquine, and its inactive carboxy metabolite, were measured using 
ann high-performance liquid chromatography as described previously.(ll) Mefloquine 
recoveryy of this assay was >95% with a detection level of 50 ug/L or lower. Patients 
whoo suffered from a recurrence of parasites received additional medication. They 
returnedd on day 28 for determination of the mefloquine plasma concentration Clinical 
andd parasitological outcome were assessed separately.(12;13) "Cure" was defined as 
aa disappearance of symptoms and of parasites; deterioration of the patient's condition 
withinn the first 24 h after initiation of therapy was classified as "early clinical failure", 
andd later as treatment failure, irrespective of parasitological outcome. Early clinical 
failuree was not attributed to failure of study drugs. Parasitological response was 
definedd as follows: parasite recurrence: parasite clearance within 7 days but 
reappearancee within the first 14 days after tO (early recurrence, ER) or from day 14 
untill  28 (late recurrence, LR); R-II: initial reduction of parasite count (>75%) without 
clearancee within the first 7 days; R-III: no or less response. Molecular techniques to 
distinguishh re-infection from recrudescence were not available. Fever and parasite 
clearancee times (FCT and PCT) were defined as the time from tO to the first of three 
consecutivee normal temperature readings (< 37.0°C axillary) or negative blood 
smearss respectively. 

Earlyy clinical failure was treated with intravenous artesunate, parasite 
recurrencee with proguanil plus atovaquone (Malarone®). To avoid interference with 
thee pharmacokinetics, no mefloquine was prescribed to treat recrusdescence. 

Analysiss of data 

Thee time course of the parasite count was fitted to a mono-exponential 
eliminationn model. Log-linear mixed effects model were applied using maximum 
likelihoodd (ML) techniques in S-plus (v. 4.5, Math Soft inc., Seattle) as explained in 
previously.(14)) The model estimates of the initial parasite count, P(0)est and the 
parasitee elimination rate constant, k, were generated for every patient using restricted 
maximumm likelihood method (REML) and from this the time to clear 50% (PC50, 
parasitee elimination half life) and 90% (PC90) of parasites were calculated. The 
interactionn with the variables regimen, age, sex, artesunate, mefloquine dose and 
pharmacokineticc parameters were entered as covariates. The mefloquine 
pharmacokineticss were analyzed in a similar way with non-linear mixed effects 
modelss to estimate the pharmacokinetic parameters for every individual. 

Furtherr analysis of the patients' data was carried out using SPSS (v. 11.0, SPSS 
Inc.. Chicago, 111). Intention to treat analysis included survival analysis and calculation 
off  extreme case scenarios in which patients who were lost to follow were reallocated 
too either complete cure or to parasite recurrence.(15) Contingency tables and Chi 
squaree tests with continuity correction were applied to categorical variables. 
Numericall  variables were tested for Normality before it was decided whether to use 
analysiss of variance (ANOVA), or the Kruskal-Wallis test, to compare groups. 
Parasitee clearance and recrudescence were analyzed with survival analysis (Kaplan 
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Meierr plots and the Cox proportional hazard model). Correlation was expressed by 
Pearson'ss correlation coefficient, r. Statistical significance was accepted if p<0.05. 

AA blinded interim analysis of outcome, was performed midway the study by a 
statisticiann not involved in the study. Differences between the three treatment groups 
weree not found at that time. 

RESULTS S 

Threee hundred sixty patients were recruited. Tolerance to the study medication 
wass good. The main complaints on tO were dizziness (n=202), muscle pain (n=163), 
anorexiaa (n=160), arthralgia (n=120), nausea (n=82), tremor (n=66), dry mouth 
(n=51)) and vomiting (n=24), all equally distributed over the three treatment groups. 
Duringg the first 24 h nine additional patients vomited, four in group A, and five in 
groupp C, the latter before receiving mefloquine. Vomiting of trial medication did not 
occur.. Al l symptoms subsided within three days and no probable or certainly drug 
relatedd adverse effects were recorded. 

Treatmentt  groups 

Excluded:Excluded: pc < 1000 fal 

Availablee for  analysis 

NoNo endpoint reached 

EarlyEarly clinical failure 

Availablee for  analysis 
off  clinical outcome 

InitialInitial  cure, lost < day 7 

R2R2 response 

Availablee for  follow up 

LostLost to follow up after D7 

Reachh end point 

360 0 

A::  120 B::  120 

10 0 

114 4 

C::  120 

110 0 

112 2 

113 3 

109 9 

111 1 

112 2 

106 6 

108 8 

111 1 

104 4 105 5 

Figuree 1: Patient flow sheet. Numbers in cadres are eligible for analysis of outcome. 
NumbersNumbers in circles only for intention to treat or survival analysis. 
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Thee patient flow sheet (figure 1) shows which patients were used for analysis 
off  proportions and which patients were only eligible for the extreme case scenarios 
andd survival analysis. Twenty-three patients were excluded from the analysis because 
uponn review of the blood slides the parasite count at baseline was below 1000/ul. One 
patientt in group C deteriorated within 8 hours after start of therapy and was classified 
ass an early clinical failure. Parasites were still detectable on day 7 in three patients. 
Theyy had recovered completely and were classified as clinical cure with 
parasitologicall  R2 response. Three patients left before any endpoint was reached and 
twoo patients left after parasite clearance but did not return on day 7 so that an R2 
responsee could not be excluded. There was no significant difference among the three 
groupss with respect to initial treatment outcome. Of the remaining 328 patients who 
weree initially cured and completed parasite clearance before day 7, 11 cases were lost 
duringg follow up at some stage. Their results were entered into extreme case 
scenarios.. The radical cure rates were in a best case scenario 75% in group A, 75% in 
groupp B and 69% in group C (Chi-Square test, p = 0.49). In a worst case scenario the 
ratioss were 72%; 73% and 63% (Chi-Square test, p = 0.22) respectively. The rate of 
recrudescencee was not associated with the patients' date of enrollment. The 
proportionall  cumulative parasite clearance and recrudescence curves are shown in 
figuress 2. The mean (95% c.1.) PCT and FCT were 40.6 (38.5 - 42.8) h and 23.7 (22.4 
-- 25.0) h respectively. 

1000 n/o 

80 0 

60 0 

40 0 

20 0 

1 1 
Regimen n 

A B C C 

^r ^r 
244 48 72 96 120 144 168 

Timingg of initial parasite clearance (h) 

Panell  a 

77 14 21 

Recrudescencee (day) 

Panell  b 

28 8 

Figuree 2. Kaplan-Meier curve showing the survival function of P. falciparum 
parasitemiaa (panel a) and recrudescence (panel b), treated with regimens A (solid 
line),line), B (gray line) or C (broken line). 

29 9 



ArtesunateArtesunate with mefloquine for falciparum malaria 

ObservedObserved values 

EarlyEarly recrudescence (R1E) 

LateLate recrudescence (R1L) 

RadicalRadical cure 

722 96 120 144 168 

Timee (h) 

Figuree 3. Parasite population dynamics, treated by A4M3 combination regimens and 
stratyfiedd by outcome. Observed values (blue line); RI early recrudescence (gray 
line);line); RI late recrudescence (green line); Radical cure (red line). 

Thee best population model of the time course of the parasite count, is described 
byy the mono-exponential function: 

P(t)P(t) = P(0)est.e-k>'  (1) 
inn which P(t) is the parasitemia as a function of time and P(0)est the fitted value of the 
initiall  parasite count (the intercept with the ordinate). The linear mixed effect model 
wass improved when a lag time of three hours was introduced, which also explains the 
differencee between the observed initial parasite count, P(0)obs, and P(0)est (figure 3). 
Theree was no significant effect of age, body weight, sex, and treatment regimen on 
thee goodness of fit  of the model. However, when patients with complete cure, early 
andd late recrudescence were compared, the parasite clearance dynamics were 
significantlyy different. The parameter estimates are shown in Table 2. Patients with an 
earlyy recrudescence had a significantly slower parasite clearance and higher P(0)est 
thann patients with radical cure or late recrudescence and this was confirmed in a Cox 
survivall  model of parasite recurrence (p< 0.001 for P(0) and P< 0.001). In terms of 
relativee risks, this means that for every hour prolongation of the PC50, the risk of 
parasitee recurrence increases 1.36 times (95% c.1. 1.06 - 1.21), and for every ten-fold 
increasee of P(0) the risk of recurrence increases 1.7 fold (95% c.1. 1.3-2.1). 

Afterr exclusion of plasma samples with illegible identification codes or 
leakage,, plasma samples of 250 patients were available for measurement of 
mefloquinee concentrations of which 179 had a complete series of four measurements, 
availablee for population pharmacokinetics. 

AA two compartment elimination model with first order absorption yielded the 
bestt fit, in formula: 
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-k.t-k.t  , y-. - * ,< / / l , *-. \ -kj C(/)) = Cme-""  + C^-'"  - (C01 + C02 ' (2) 
inn which C(t) is the plasma concentration (pg/L), t is the time after intake of the 
mefloquinee dose (h), kt and k2 are the distribution and elimination rate constants (h1) 
withh their respective intercepts C0i and C02 (ug/L), ka is the absorption rate constant 
(h1).. With four data points per patient a maximum of four kinetic parameters can be 
estimated.. Therefore the terminal elimination k2 and its intercept C02 were fitted first 
andd their mean value was entered as constants in the population model. For k2 the 
valuee was 0.00217 h"1, corresponding to an elimination half life o f319h(13 days). 
C022 was 1506 ug/L. The maximum plasma concentration, Cmax, was derived 
numerically.. The area under the concentration time curve, from tO until infinity 
(AUCo-ao)) was calculated according as: 

AVCAVC — 0 i  ^02 \ ^  01 ~*~ *-02) n \ 
«jj  k2 ka 

Thee pharmacokinetic data are specified per treatment regimen in table 1. 
Figuree 4 shows that the fitted individual concentration time curves are close to the 
observedd values but tend to underestimate C™* in the lower ranges and Cd28- The 
plasmaplasma concentrations on day 7, observed as well as estimated by the 
pharmacokineticc model, were lowest in group A and highest in group C, due to the 
differencee in mefloquine dosing time, but this did not reach statistical significance 
(dataa not shown). The observed mefloquine plasma concentrations on day 28 showed 
aa similar trend with the highest values in group C and the lowest in group A (table 1). 

TableTable 1. Characteristics of patients with Plasmodium falciparum infections treated by 
artesunatee with mefloquine given at various intervals. 

Clinicall  variables 

No.. of patients for evaluation 

Sexx (F/M) 
Age e 
(years,(years, mean [range]) 

Bodyy weight 
(kg,(kg, median [range]) 

Bodyy temperature 
(°C,(°C, mean [range]) 

P(0)obs s 
(HP/id,(HP/id, GM[95%CI]) 

Artesunatee dose 
(mg/kg,(mg/kg, mean, [range]) 

Mefloquinee dose 
(mg/kg,(mg/kg, mean, [range]) 

Treatmentt  regimen 
A A 

114 4 

14/100 0 
29 9 

[12[12 - 58] 

52.0 0 
[26[26 - 59] 

39.5 5 
[37-41] [37-41] 

10.4 4 
[8.5[8.5 - 12.9] 

3.94 4 
[3.4-5.0] [3.4-5.0] 

14.78 8 
[12.7-19.2] [12.7-19.2] 

B B 

110 0 

13/97 7 
29 9 

[9-51] [9-51] 

52.0 0 
[21[21 - 64] 

39.5 5 
[37-41] [37-41] 

10.5 5 
[8.4-13.1] [8.4-13.1] 

3.90 0 
[3.1-5.0] [3.1-5.0] 

14.65 5 
[11.7-20.8] [11.7-20.8] 

C C 

113 3 

7/106 6 
27 7 

[13[13 - 57] 

52.0 0 
[22[22 - 65] 

39.5 5 
[37-41] [37-41] 

10.1 1 
[8.1-12.6] [8.1-12.6] 

3.88 8 
[3.1-5.0] [3.1-5.0] 

14.56 6 
[11.5[11.5 - 29.5] 

p-value e 

0.240a a 

0.154b b 

0.487c c 

0.739c c 

0.980c c 

0.573c c 

0.604c c 
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Tablee 1. (cont.) 

Mef loqu in e e 
pharmacok ine t i cs s 

No.. of patients for evaluation 

T ' / 2abs s 

(h,(h, med., [range]) 

c c 
max x (\ig/L,(\ig/L, GM, [range]) 

A U C Q ^ ^ 

(mg/L-h,(mg/L-h, mean, range) 

T'/2el l 

(h,(h, med., [range]) 

C-28 8 

(\ig/L,(\ig/L, GM [range]) 

Treatmentt  regimen 

A A 

72 2 

4.8 8 

[2.4[2.4 - 16.0] 

2590 0 

[1064-7555] [1064-7555] 

838 8 

[642[642 -1318] 

322 2 

[145[145 -16402] 

316 6 

[119-963] [119-963] 

B B 

56 6 

4.8 8 

[2.9-25.0] [2.9-25.0] 

2768 8 

[898-8691] [898-8691] 

869 9 

[592[592 -158] 

326 6 

[132[132 -18900] 

352 2 

[95[95 - 1274] 

C C 

51 1 

4.7 7 

[2.0-[2.0- 15.0] 

2509 9 

/"S777 -1040] 

839 9 

^5744 -7057/ 

336 6 

[164-[164-
152184] 152184] 

416 6 

/SOO -7257/ 

p-value e 

0.151b b 

0.604c c 

0.558c c 

0.333b b 

0.012c c 

P(0)obs-P(0)obs- observed initial parasite count; AUCo-*,: area under the mefloquine plasma 
concentrationconcentration time curve; C28-' observed mefloquine plasma concentration on day 28; 
med.:med.: median ; GM: geometric mean; 95% CI: 95% confidence interval; a: Chi-
squaresquare test; b: Kruskal -Wallis test; c: Analysis of Variance. 

TableTable 2. Dynamics of P. falciparum clearance, after treatment with artesunate and 
mefloquine,, by outcome. 

Variabl e e 

Parasitee dynamics 

P(0)obs s 
(l(P/{i],GM[95%Cl]) (l(P/{i],GM[95%Cl]) 

P(0)est t 
(10(1033^X,GM[95%CI]) ^X,GM[95%CI]) 

PC50 0 
(h,(h, mean [95% CI]) 

PC90 0 
(h,(h, mean [95% CI]) 

PCT T 
(h,(h, mean [95% CI]) 

RadicalRadical cure 

9.8 8 
[8.4-11.4] [8.4-11.4] 

13.9 9 
[12.1-15.9] [12.1-15.9] 

5.6 6 
[5.4-5.9] [5.4-5.9] 

18.7 7 
[17.8-19.5] [17.8-19.5] 

38.2 2 
[35.6-40.8] [35.6-40.8] 

Outcome e 

Late Late 
recrudescence recrudescence 

9.8 8 
[7.3[7.3 -13.2] 

15.9 9 
[11.9-21.1] [11.9-21.1] 

5.7 7 
[5.2-6.3] [5.2-6.3] 

19.0 0 
[17.2-20.9] [17.2-20.9] 

43.5 5 
[39.0-48.0] [39.0-48.0] 

Early Early 
recrudescence recrudescence 

19.5 5 
[12.1-31.4] [12.1-31.4] 

30.1 1 
[19.7-48.0] [19.7-48.0] 

8.3 3 
[6.8-9.8] [6.8-9.8] 

27.7 7 
[22.7-32.6] [22.7-32.6] 

53.1 1 
[43.0-63.2] [43.0-63.2] 

p-value e 

0.016a a 

0.002a a 

<0.001a a 

<0.001a a 

0.000 la 
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Variable e 
RadicalRadical cure 

Mefloquinee pharmacokinetics 

(h,(h, med. [range]) 

c c 
max x 

fog/L,fog/L, GM [range]) 

A U C ^ ^ 
(mg/L-h,(mg/L-h, med.[range]) 

T/2el l 

(h,(h, med., [range]) 

fog/L.GM,fog/L.GM, [range]) 

4.8 8 
(2.4-18.5) (2.4-18.5) 

2631 1 
[871-10405] [871-10405] 

814 4 
[574-1667] [574-1667] 

318 8 
[132-152184] [132-152184] 

353 3 
[80-1287] [80-1287] 

Outcome e 

Late Late 
recrudescence recrudescence 

4.8 8 
(2.0-25.0) (2.0-25.0) 

2714 4 
[871-6438] [871-6438] 

804 4 
[577-1223] [577-1223] 

408 8 
[160-18900] [160-18900] 

All All 
[119-963] [119-963] 

Early Early 
recrudescence recrudescence 

4.8 8 
(4.1-8.0) (4.1-8.0) 

2259 9 
[1287-3533] [1287-3533] 

790 0 
[673-889] [673-889] 

220 0 
[155-698] [155-698] 

206 6 
[129-685] [129-685] 

p-value e 

0.9b b 

0.633a a 

0.554b b 

0.000 l b 

0.001a a 

P(0)obs'P(0)obs' observed initial parasite count; P(0)est: initial parasite count estimated by a 
mixedmixed effects population model of the parasite clearance; PC50 and PC90: time to 
reductionreduction of initial parasite count by 50% and 90% respectively; PCT: parasite 
clearanceclearance time; med.: median; AUCQ^: area under the mefloquine plasma 
concentrationconcentration time curve; Cd2%: observed mefloquine plasma concentration on day 
28;28; GM: geometric mean; 95% CI: 95% confidence interval; a: Analysis of 
Variance;Variance; b: Kruskal -Wallis test. 

Tablee 2 shows that the mefloquine concentration was significantly different 
amongg the sub-groups with cure, early and late parasite recurrence, especially Cd28-
Cmaxx and AUCo-oo were lower in patients with an early recrudescence but this did not 
reachh statistical significance (ANOVA and Cox regression model of parasite 
survival).. This also applies to the observed and estimated mefloquine plasma 
concentrationn on day 7 (data not given). The terminal elimination half-life was shorter 
andd Cd28 was lower in patients with early parasite recurrence. 

Thee minimum in vivo parasitocidal plasma concentration of a fully sensitive 
parasitee strain, 500ug/L, is also shown in figure 4. It shows that for all patients the 
plasmaa concentration was above this value for a certain period. On day 28, the 
mefloquinee plasma was still higher then 500 ug/L in 28% of the patients with 
completee cure, 45% in late recrudescence and 10% in early recrudescence (p =0.037). 
Basedd on the population model, the estimated mefloquine plasma concentrations were 
abovee 500 [ig/L during a mean interval of 507 (504-560) h. This was similar for the 
threee regimens and treatment outcomes. However, this interval is a conservative 
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estimatee since the model underestimates the observed terminal plasma concentrations 
and,, consequently, also the interval of plasma concentrations above 500 ug/L. 

12000 0 

10000 0 

8000 0 

11 6000 

4000 0 

2000 0 

MPC MPC 
500mg/L 500mg/L 

Patientt with the highest concentrations 

Patientt with the median concentrations 

Patientt with the lowest concentrations 

ia—--
168 8 336 6 504 4 672 2 

T imee (h) 

Figuree 4. The observed plasma mefloquine concentrations and the time course fitted 
byy a population pharmacokinetic model. Three patients are shown, with the highest 
(circles),(circles), median (triangles) and lowest (squares) mefloquine plasma concentrations, 
coincidentally,coincidentally, all treated by regimen C. The mean inhibitory concentration (500 
ug/L)) of a fully sensitive strain is also indicated. *MPC: Minimum in vivo paprsidal 
concentrationconcentration of sensitive strain 500mg/L 

DISCUSSION N 

Thiss study shows that a single dose of artesunate with mefloquine 15 mg/kg 
doess not prevent recurrence of P. falciparum adequately in Viet Nam. Parasite 
recurrencee was associated with a high initial parasitemia, slower parasite clearance 
andd lower mefloquine plasma concentrations. 

Earlyy recurrence, during the first two weeks, is usually a true recrudescence, 
latee parasite recurrences may include re-infections. Due to the long plasma residence 
timee of mefloquine and the low incidence of malaria in our study area at present, 
over-estimationn of the true recrudescence rate in this study is probably little. On the 
contrary,, other studies indicated that the follow up after mefloquine treatment should 
bee extended until 63 days.(16) Since the follow up in this study was only 28 days, the 
reall  parasite recurrence rate may be somewhat higher. 

Thee pharmacodynamics of this antimalarial combination can be divided into 
twoo components, initial parasite elimination and complete eradication. The fast initial 
parasitee killing and clinical recovery are effects of artesunate and they were similar to 
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valuess found in other studies with artemisinin drugs. No synergy with mefloquine was 
observed.. The explanation of the unacceptably high rate of incomplete parasite 
eradicationn is more complex. Recrudescence, a frequent complication of monotherapy 
withh artemisinin drugs, is associated with high initial parasite counts and with slower 
parasitee clearance rates, but not with resistance to artemisinin.(17-19) Exposure to 
effectivee artemisinin blood concentrations is often not long enough due to their short 
plasmaplasma residence time and time dependent decline of blood concentrations.(20-22) 
Thiss is the pharmacodynamic basis for combining artemisinin drugs with longer 
actingg agents, to ensure long suppressive drug concentrations.(23) 

Completee eradication of all parasites, therefore depended on exposure to 
mefloquine,, but apparently this was insufficient. This may be caused by two factors, 
sub-therapeuticc plasma concentrations and resistant parasites. The plasma 
concentrationss depend on dose, bioavailability and disposition. The dose was strongly 
correlatedd with C ^ and AUC0.oo but these were not associated with parasite 
recurrence.. Variable disposition caused variation in plasma concentrations on day 28. 
Loww plasma concentrations on day 28 were associated with parasite recurrence 
indicatingg that duration of exposure to parasitocidal plasma concentrations is 
importantt complementary to the height of peak concentrations. 

Synergyy between artesunate and mefloquine was not detected, mainly because 
byy the time that mefloquine starts to exert its activity, artesunate is no longer present 
inn the blood.(24) Mefloquine pharmacokinetics were not different between the three 
treatmentt groups, except for a difference in the observed Cd28- This difference is 
explainedd by the different timing of mefloquine administration, although the 
magnitudee of the difference is not completely explained by the 8 and 24 h differences 
inn dosing time and the estimated ti/2ei. Pharmacokinetic interactions between 
artesunatee and mefloquine, as suggested by previous authors, were not found and 
hencee do not explain the subtherapeutic mefloquine plasma concentrations in patients 
withh parasite recurrence.(9) Similarly, the improvement of bioavailability of 
mefloquinee or artesunate during recovery from malaria, reported by Thai authors, was 
nott confirmed in this study.(25-27) Other potential sources of variation in drug 
disposition,, not studied here, are stereoselective pharmacokinetics and pharmaceutical 
bioavailability.(28;29)) The pharmaceutical bioavailability of the mefloquine 
formulation,, used in this study, is possibly lower than of other formulations but this 
doess not explain inter-individual variation as a cause of parasite recurrence.(30) 

Incompletee eradication of parasites may also have been caused by resistance of 
parasites.. The official definition of resistance is based on the administration and 
absorptionn of a therapeutic, non-toxic, dose of an anti-malarial drug, and not on 
plasmaa concentrations. The mefloquine dose used in this study (15 mg/kg) was lower 
thann the therapeutic dose which is recommended for South East Asia (25 mg/kg) and 
thatt would preclude any statement on parasite resistance. However, the population 
pharmacokineticc model yielded a rather accurate description of the individual 
concentrationn time curves even at the extremes of the population and based on this we 
cann draw some tentative conclusions. The observed mefloquine plasma 
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concentrationss and the concentrations fitted by the model, even though this tends to 
underestimatee the observed plasma concentrations on day 28, came all above the in 
vivoo suppressive (chemoprophylactic) plasma concentration for a fully sensitive strain 
(5000 ug/L to 625 ug/L) for a certain period of time even in the cases with early 
recrudescence.(311 ;32) This points at a reduced sensitivity of P. falciparum to 
mefloquinee in southern Viet Nam. 

Mefloquinee resistance has not been documented in Viet Nam before. It may 
havee been overlooked but the general view is that resistance is absent because 
mefloquinee was used mainly in combination with artemisinin drugs. The Vietnamese 
drugg policy has been restrictive towards use of antimalarial agents in the private 
healthh sector. Mefloquine was introduced in the public health sector in 1992 and 
alwayss used in combination with artemisinin drugs. This is different from Thailand, 
wheree mefloquine resistance developed within several years of applying mefloquine 
monotherapyy in highly endemic areas.(33-36) 

Reducedd mefloquine sensitivity is a reason for concern. Firstly because it 
wouldd show that a policy to use mefloquine only in combination with artemisinin 
drugss may not prevent development of mefloquine resistance.(23) Secondly because a 
155 mg/kg dose of mefloquine is not enough in Viet Nam, despite the induction of 
rapidd parasite clearance by artesunate. This has implications for the use of mefloquine 
andd artesunate in other regions.(37) 

Thiss study raises questions if a dose of 15 mg/kg mefloquine should be applied 
att all, even in areas without documented mefloquine resistance. Notably, in a non-
scientificc setting, subtherapeutic plasma concentrations will be common because the 
dosee wil l not always be adapted exactly to body weight and pharmaceutical 
bioavailabilityy is variable. Even in combination with artemisinin drugs such a low 
dosee of mefloquine could lead to recrudescence and selection of resistant parasite 
strains.. A related question is if only raising the mefloquine dose is sufficient to 
preventt recrudescence. The experience in Thailand showed that a regimen with 25 
mg/kgg mefloquine, divided over two days, plus three days of artesunate, is superior to 
singlee dose regimens, with respect to tolerance and efficacy.(38;39) 

CONCLUSION N 

Inn conclusion, there is no effect of different dosing times of a 15 mg/kg dose of 
mefloquinee within the first 24 hours after an initial single dose of artesunate. The 
pharmacodynamicss of this low dose artesunate-mefloquine combination reflect the 
characteristicss of artesunate mono-therapy, i.e. parasite recurrence being associated 
withh high initial parasite counts and slower initial parasite clearance, and confirmed 
thee association between parasite recurrence and lower mefloquine plasma 
concentrations.. However, the data also suggest reduced mefloquine sensitivity of P. 
falciparumm in Viet Nam. Therefore, the mefloquine dose should be raised to 25 
mg/kg,, in combination with artemisinin drugs, preferably given for three days. 
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ABSTRACT T 

Objectives:: To study a new combination, based on dihydroartemisinin and 
piperaquinee (CV8) and atovaquone/proguanil (Malarone) for treatment of 
uncomplicatedd falciparum malaria in Vietnam. 

Methods:: Vietnamese adults with falciparum malaria were allocated randomly 
too treatment with dihydroartemisinin/piperaquine/trimethoprim/primaquine 
256/2560/720/400 mg (CV8, n=84) or Malarone 3000/1200 mg (n=81) both over three 
days.. Patients were followed for 28 days. 

Results:: all patients recovered rapidly. The mean (95% CI) parasite elimination 
half-lifee of regimens CV8 and Malarone was 6.8 (6.2-7.4) h and 6.5 (6.1-6.9) h 
respectivelyy (p= 0.4). Complete parasite clearance time was 35 (31-39) h and 34 (31-
38)) h (p= 0.9). The 28-day cure rate was 94% and 95% respectively (odds ratio 0.84, 
95%% CI 0.18-3.81). No significant side effects were found. 

Conclusion:: CV8 and Malarone are effective combinations against multi-drug 
resistantt falciparum malaria. CV8 has the advantage of a low price. 
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INTRODUCTIO N N 

AA combination of antimalarial drugs is advocated for the treatment of 
PlasmodiumPlasmodium falciparum malaria, not only because of prevalent drug resistance but 
alsoo to prevent further development of resistance.(1;2) The artemisinin drugs are ideal 
candidatess for combination with other antimalarials (ACT) and resistance of clinical 
isolatess of P. falciparum has not been documented so far. They offer rapid parasite 
clearancee and clinical recovery but need to be combined with longer-acting drugs to 
preventt recrudescence.(3) Most importantly, artemisinin drugs can be produced at 
relativelyy low cost and offer an affordable alternative for quinine and sulfadoxine/ 
pyrimethamine.. Recently, dihydroartemisinin was combined with piperaquine, a bis-
aminoquinolinee that was first synthesized more than 30 years ago. Trimethoprim and 
primaquinee were added in a fixed combination. The combination of these four agents 
wass selected as the best of different combinations, systematically studied by Chinese 
researcherss working in Viet Nam (Li Quao Guo, Anh Trinh Kim, unpublished 
observation).. It is produced and marketed under the name CV8® in Viet Nam. CV8 
wass studied in Viet Nam in some preliminary trials and was shown to be effective for 
treatingg P. falciparum infections.(4;5) 

Thee Vietnamese Ministry of Health introduced CV8 in the National Malaria 
Controll  Program (NMCP) in 2000 (Decision 3952/QD-BYT of Minister of Health on 
99 December 1999). Until that time artemisinin mono-therapy or single dose 
combinationss of mefloquine with artemisinin or artesunate were used. The high 
recrudescencee rates of these regimens, up to 25%, were the reason to change the 
policyy to CV8 as a first line drug. Since then it has been used on a large scale as the 
firstfirst line of treatment of falciparum malaria in many regions in Viet Nam. Formal 
studiess with CV8 were not yet published. To document the efficacy and tolerance of 
CV88 we performed a clinical study. As the comparator in this randomized clinical 
triall  atovaquone plus proguanil (Malarone) was chosen, a combination not in use in 
Viett Nam. 

METHOD S S 

Patientss and treatment 

Thiss study was conducted in Binh Thuan, a mountainous province in southern 
Viett Nam from April 2001 until August 2002. The study protocol was reviewed and 
approvedd by the scientific board of Cho Ray Hospital and the Vietnamese Ministry of 
Health.. All patients who presented with fever at a primary health care facility were 
evaluatedd for eligibility. Inclusion criteria were uncomplicated falciparum malaria 
withh parasitaemia of at least 1000/ml and age >16 years. Exclusion criteria included 
pregnancy,, lactation, complicated malaria, inability to take oral medication, known 
allergyy to study drugs and verbal confirmation of the intake of artemisinin derivatives 
inn the previous 24 h, mefloquine, tetracycline or doxycycline in the previous 7 days or 
quininee in the previous 12 h. 
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Writtenn informed consent was obtained from all participating patients. After 

informedd consent the treatment regimen was allocated by drawing an envelope with a 
computer-generatedd randomization code. The codes were allocated in randomized 
blockss of 10 with a 1 : 1 ratio. A total of 90 patients per treatment arm were thought 
too be sufficient to detect with statistical significance a 50% reduction of a 
recrudescencee rate of 25-30%, values observed in previous studies with artemisinin 
combinationss in this area.(6;7) Patients received two tablets of CV8 (each containing 
dihydroartemisininn 32 mg + piperaquine phosphate 320 mg + trimethoprim 90 mg + 
primaquinee phosphate 5 mg, CV8) at t = 0, 8, 24 and 48 h (CV8® regimen) or four 

tabletss of atovaquone 250 mg + proguanil hydrochloride 100 mg (Malarone® regimen) 
att t = 0, 24 and 48 h. When vomiting occurred within 1 hour after intake of drugs, a 

fulll  second dose of the study medication was given. 

CV88 tablets were obtained from Central Pharmaceutical factory 26, Ho Chi 
Minhh City, Viet Nam. Malarone® tablets were kindly donated by Glaxo Wellcome 
Inc.,, UK. 

Patientt  follow-up 

Al ll  patients were admitted to the health facilities where intake of medication 
wass supervised. Vital signs were recorded every 8 h and a complete physical 
examinationn was performed every day. Any sign or symptom was recorded and 
assessedd to its possibility of being drug related. A full blood count was performed 
beforee patient inclusion (day 0). and on day 2. The parasitaemia was counted every 8 
hh until three negative smears had been obtained. Blood smears were repeated on days 
7,, 14, 21 and 28. The parasite density was expressed as the number of parasites per 
microo litre of blood. Gametocytes were recorded but not enumerated and the slides of 
tt = 0 or 8 h, regardless of amount, were taken as the baseline of gametocytes. All 

bloodd smears were retained and re-examined by an experienced technician of the 
departmentt of parasitology of Cho Ray Hospital in Ho Chi Minh City. His results 
weree taken as gold standard in case of conflicting results with the study sites. Fever 
andd parasite clearance times were defined as the time from t = 0 to the first of three 

consecutivee normal temperature readings (<37.0 C axillary) or negative blood smears, 
respectively. . 

Curee was denned as disappearance of symptoms of malaria including 
normalizationn of temperature and disappearance of parasites. Radical cure means 
parasitee clearance by day 7 without recrudescence up to day 28. Rl is initial 
disappearancee of parasites with recrudescence before day 14 (early Rl) or from day 
144 to 28 (late Rl). R2 is an initial decrease of parasite count to <25% of the initial 
value,, followed by resurgence, without clearance by day 7. R3 is no response or a 
smalll  decrease of parasitaemia to not <25% of the initial value, assessed at 48 h after 
initiationn of therapy. 

Treatmentt failure and recrudescence were treated according to the local routine. 
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Forr R2 or R3 responses this usually comprises intravenous administration of quinine 
orr artesunate followed by mefloquine orally. Recrudescence was usually treated with 
orall  artesunate plus mefloquine. 

Thee patient data were analysed with the statistical package SPSS (v. 11; SPSS 
Inc.,, Chicago, IL, USA). Outcome was expressed as the proportion of patients who 
completedd the 28 days of follow-up. Patients who, upon review of the blood slides, 
appearedd to be erroneously included, were excluded from the analysis of efficacy. 
Patientss who withdrew from the study before any endpoint was reached and patients 
whoo were lost to follow-up after initial cure were analysed, on an intention to treat 
basis,, with survival analysis and extreme case scenarios. Contingency tables and Chi-
Squaree tests with continuity correction were applied to categorical variables. 
Numericall  variables were tested for normality and Student's t-test or non-parametric 
testss were applied for comparison. Parasite clearance and recrudescence were 
analysedd with survival analysis. 

Thee time course of the parasite count was fitted in a non-linear mixed effect 
populationn model as described previously.(8) Different models were generated with 
maximizedd log-likelihood estimation. They were compared using analysis of variance 
andd the Bayesian information criterion. The variables sex, bodyweight and regimen 
weree introduced in the model as fixed effects to investigate whether this improved the 
goodness-of-fit.. The final population model was used to estimate the parameters per 
individuall  by restricted maximum log-likelihood estimation (REML). Statistical 
significancee was accepted when P < 0.05. 

RESULTS S 

Duringg the study period 165 patients were included in the study, 84 in the CV8 
armm and 81 in the Malarone arm. Tolerance to the study medication was good. In the 
CV88 group one patient complained about a dry mouth and dermal itch without visible 
abnormalities.. Another patient suffered from a headache. In the Malarone group one 
patientt complained of itch, also without visible abnormalities, and of diarrhoea. Two 
patientss vomited soon after intake of the first dose of Malarone and then withdrew 
fromm the study. These effects were rated as possibly related to the study medication 
butt they can also be attributed to malaria. Four patients, two in both groups, were 
excludedd from the analysis of efficacy because upon review the baseline blood slide 
showedd P. vivax, either with or without P. falciparum. This leaves 161 cases for 
analysiss of efficacy. All patients, except the two who vomited after taking Malarone 
weree followed up for 28 days and 92 of them even for 56 days. The patient 
characteristicss are shown in Table 1. Except for a slight difference in sex ratio, there 
weree no significant differences between the two groups. 

Thee parasites disappeared in all patients of both groups with a similar 
eliminationn rate (Figure 1). The treatment results are shown in Table 2. Both regimens 
offeredd rapid parasite clearance and defervescence. The two subjects who withdrew 
weree analysed in best and worst case scenarios. Recrudescence was treated 
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successfullyy with artesunate plus mefloquine. The proportional cumulative parasite 
clearancee and recurrence is shown in Figure 2. There was no significant difference 
betweenn the two regimens (P > 0.1; OR = 0.74, 95% C.I.: 0.30-1.22). Age, sex and 
bodyy weight did not affect the hazard function. 

Tablee 1: Characteristics of patients with uncomplicated falciparum malaria treated 
withh CV8 or Malarone. 

Variabl e e 
Treatmentt  regimen 

CV8 8 Malaron e e 

Numberr of patients included 

Sexx (F/M) 

Agee [years, median (range)] 

Weightt [kg, mean (95% CI)] 

82 2 

9/73 3 

27.0(16-73) ) 

51.9(51.1-52.7) ) 

79 9 

7/72 2 

26.0(17-64) ) 

53.11 (51.9-54.3) 

oo CV8 

 Malarone 

Timee (h) 

Figur ee 1: Time course of the geometric mean parasite count after treatment with CV8 
orr Malarone for uncomplicated falciparum malaria. Error bars indicate the 95% 
concon dence interval. At lower parasite counts the geometric mean is arti daily raised 
becausebecause of the decreasing number of remaining positive cases. The straight line 
indicatesindicates the mean population estimate of the parasite clearance curve and is a better 
rere ection of the mean. 

Thee non-linear mixed effects population model of the time-course of the 
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parasitaemiaa revealed that a mono-exponential model with a single elimination 
constant,, yielded the best description of the decline of the parasite count. In this 
modell  the estimate of the parasite count at t = Oh, P0est, may be different from the 

observedd parasite count at enrolment, P0obs. Introduction of a time lag between t = 0 

andd 8 h gave no improvement of the model. There were no significant effects of sex, 
bodyweightt or treatment regimen on the goodness-of-fit. The geometric mean parasite 
densitiess and overall mean fitted elimination curve is shown in Figure 1. In the lower 
rangess of the parasite count the geometric mean of the observed values deviates from 
thee fitted line because of its artificial distortion when some but not all blood smears 
becomee negative. The elimination constant was used to calculate the time needed to 
reducee P0est by 50% (PC50) or by 90% (PC90). The mean values of these parameters 
aree shown in Table 2. There was no significant difference of parasite elimination 
dynamicss between patients with radical cure or recrudescence (data not shown). 

TableTable 2: Treatment response of Plasmodium falciparum infections treated with CV8 
orr Malarone 

Variabl e e 

No.. patients withdrawn 

No.. radical cure 
(worst/bestt scenario) 

No.. recrudescences 

EarlyEarly (<\4th 

LateLate (>14th < 

Feverr  clearance 
[h,, mean (95% CI)] 

Parasitee clearance 
[h,, mean (95% CI)] 

POobs s 
[/ll ,, GM (95%  CI)] 

P0«t t 
[/ll ,, GM (95%  CI)] 

PC50 0 
[h,, mean (95% CI)] 

PC90 0 
[h,, mean (95% CI)] 

day) ) 

lay) ) 

CV88 (n - 82) 

77 7 
(94%) ) 

5 5 

24.6 6 
(22.3,, 26.8) 

34.8 8 
(30.9,, 38.6) 

199 392 
(15000,, 25072) 

200 785 
(16965,, 25466) 

6.8 8 
(6.2,, 7.4) 

22.7 7 
(20.7,, 24.6) 

Treatmentt  regimen 

Malaronee (n = 79) 

2 2 

73 3 
[95%,, (92%/95%)] 

3 3 

1 1 

23.5 5 
(20.8,, 26.2) 

34.5 5 
(30.7,, 38.2) 

188 020 
(14139,22967) ) 

199 390 
(16051,23421) ) 

6.5 5 
(6.1,6.9) ) 

21.6 6 
(20.2,23.1) ) 

P-valuee (95% CI of 
thee difference) 

0.9 9 
[ORR 0.84 (95% CI: 

0.18,3.81)] ] 

0.4 4 
(-1.9,4.8) ) 

0.947 7 
(-5.1,5.5) ) 

0.681 1 
(-4375,, 9540) 

0.620 0 
[-3621,7949] ] 

0.41 1 
[-0.4,1.0] ] 

0.41 1 
[-1.4,3.4] ] 

CI:CI:  con dence interval; OR: odds ratio; GM: geometric mean. 
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PO:PO: initial parasite count; P0obs: population observed; POest: population estimate. 
TimeTime to reduce the initial parasite count by 50% (PC50) or 90% (PC90). 

Gametocytess were detected at baseline in 19/159 of the patients (11.9%), 8.5% 
inn the CV8 group and 15.5% in the Malarone group. Gametocytes disappeared along 
withh asexual parasites after administration of drugs, at similar rates in both regimens. 
Inn the CV8 group 6.6% and in the Malarone group 4.6% of the patients developed 
neww gametocytes during follow up (P > 0.05). 

lOOi i 

80' ' 

Cumulative e 
proportion n 
off  40 

parasitaemic c 
patientss 20 

0 0 

CV8 8 
Malarone e 

20 0 400 60 
Timee (h) 

80 0 
-//--

144 21 
Timee (days) 

28 8 

Figuree 2: Cumulative proportion of parasitaemic patients after treatment with CV8 or 
Malaronee for uncomplicated falciparum malaria. 

DISCUSSION N 

Thee combination of dihydroartemisinin and piperaquine, with trimethoprim and 
primaquine,, is well tolerated and very effective in the treatment of falciparum malaria 
inn an area with multi-drug resistance. Malarone was equally effective. Both regimens 
inducedd rapid clinical recovery, parasite clearance and high cure rates. 

Outpatientt follow-up was excellent. Genotyping for distinguishing between 
recrudescencee and re-infection was not available but because of the low transmission 
ratess of malaria in Binh Thuan province and because every recrudescence occurred 
duringg the first 2 weeks, the re-appearance of parasites is most likely to be a true 
recrudescence.(9) ) 

Thee rate of recrudescence was lower than with the low dose (10-15 mg/kg) 
mefloquinee ACT regimens, commonly used in Binh Thuan prior to the introduction of 
CV8,(7)) and also lower than with artemisinin mono-therapy.(2) The improvement is 
probablyy achieved by the combination with piperaquine.(10) Gametocytaemia at 
baselinee (12%) compares well with our previous studies but the low carrier rate and 
thee low gametocyte densities preclude further conclusions on this topic.(6;7) 
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Whenn CV8 was launched in Viet Nam, based on Chinese experience, clinical 
experiencee with dihydroartcmisinin was limited and much was extrapolated from the 
experiencee with other artemisinin drugs. The extensive experience with piperaquine 
inn China, especially on Hainan Island, and the reported resistance after application of 
mono-therapyy was the basis for combining piperaquine with other agents. 
Trimethoprimm was added based on recent empiric findings but the rationale for this 
nott yet convincing. This also applies to primaquine. 

Dihydroartemisinin,, an artemisinin derivative, is a poor water-and oil-soluble 
product,, formulated for human use. It is the main active metabolite of artesunate, 
artemetherr and arteether in humans and not exempted from the potential neurotoxic 
effectss of prolonged supra-therapeutic dosing of artemisinin derivatives.(ll;12) Its 
intrinsicc activity is comparable with that of artesunate or artemether.(ll;13) The 
eliminationn half life is 1 h or less and oral bioavailability is slightly lower than 
artesunate.(14;15)) Dihydroartemisinin was used in some studies in combination with 
mefloquinee for uncomplicated malaria and as suppositories for severe malaria.(16-18) 
Itt is also marketed for mono-therapy in Asia and Africa. The recommended adult 
dosee is 80 mg, given once daily, with an extra dose on day 1. 

Figuree 3: Structure formula of piperaquine (l,3-bis[l-(7-chloro-40-quinolyl)-40-
piperazinyl]phosphate),, a bis-quinoline. 

Piperaquinee is a bis-quinoline (Figure 3). It was synthesized more than 30 years 
agoo in France and originally designated as RP 13 338. Little is known from pre-
clinicall  studies.(19;20) Piperaquine is active mainly on late stage trophozoites of P. 
berghei.(21)) The mechanism of its antimalarial activity is similar to other 4-amino-
quinolines,, interference with the haem polymerization.(22;23) 

Preliminaryy results in humans show that the elimination half-life ranges from 
177 to 25 days (M. A. Ashton, T. M. E. Davis, T.-Y. Hung, K. F. Ilett, M. B. Denis and 
D.. Socheat, personal communication). Measurement of piperaquine in plasma by 
high-performancee liquid chromatography with ultraviolet absorbance detection pre-
sentedd at Mekong Malaria Symposium, 10-13 December, Siem Reap, Cambodia, 
(abstractt in Mekong Malaria Forum, issue no 10, December 2002; Hung et al. 2003). 
Possiblee side-effects of piperaquine include mild dizziness, vertigo, headache, 
listlessness,, nausea, vomiting, abdominal discomfort, but also reversible leucopenia 
wass infrequently reported; dyspnea and palpitations were also reported but not further 
specified.(24;25) ) 

Althoughh efficacy in treating malaria was proven, piperaquine was not selected 
forr further development in France.(25) The same compound however, was 
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synthesizedd in 1966 in China. More than 4000 subjects on Hainan Island received 
fourr consecutive monthly dosages of piperaquine (adults 600 mg, children 350- 400 
mg),, resulting in a significant reduction of malaria incidence and parasite carrier rates. 
Forty-threee individuals (adults and children) with symptomatic falciparum malaria 
weree treated with piperaquine (adult dose 1800 mg over 2 days). Parasites 
disappearedd all within 72 h and early recrudescence did not occur. In 1979 
piperaquinee replaced chloroquine as the standard treatment of P. falciparum 
infectionss on Hainan island.(26) Since then varying rates of resistance were 
reported.(26;27)) Piperaquine resistance can be induced relatively easily in the P. 
bergheii  ANKA mouse model.(26) In vitro studies with clinical isolates from 
Madagaskarr in 1983 and 1984 did not demonstrate cross resistance with 
chloroquine.(28) ) 

Thee antimalarial properties of trimethoprim were studied in the 1960s.(29) It 
hass weak antimalarial activity and is mainly applied in combination with 
sulphamethoxazolee for treatment of bacterial infections, but this combination can also 
bee used for the treatment of malaria. Cross resistance between trimethoprim and 
pyrimethaminee has been observed and resistance to the latter is widely spread in 
Southeastt Asia. (30) 

Primaquinee also has some activity against P. falciparum but the low dose in 
CV88 only affects gametocytes.(31) In Viet Nam, primaquine is traditionally used to 
eradicatee gametocytes in patients treated for symptomatic falciparum malaria. 
However,, there is no evidence that this reduces transmission at population level. It 
mayy cause adverse effects, notably haemolysis in G6PD deficient patients. In practice, 
CV88 has already been used extensively in Viet Nam and no severe adverse reactions 
suchh as haemolysis have been reported passively. The low dose of primaquine and the 
relativelyy low prevalence of G6PD deficiency in the population of southern Viet Nam 
mayy be responsible for this.(32) 

Thee efficacy of the dihydroartemisinin piperaquine combination is probably not 
muchh enhanced by the addition of trimethoprim and primaquine. A non-comparative 
studyy with Artekin, a combination of only dihydroartemisinin (total adult dose 320 
mg)) and piperaquine (similar total dose) yielded a comparable parasite clearance and 
curee rate.(33) CV8 is not indicated for treatment of P. vivax infections. There is not 
yett much need for an alternative to chloroquine and the primaquine content in CV8 is 
tooo low to eradicate hypnozoites. 

Atovaquonee plus proguanil, Malarone, is very effective, even against multi-
drugg resistant P. falciparum.{34-37) The power of this study was not aiming at 
comparingg the efficacy of Malarone and CV8 but merely at showing that the 
recrudescencee rate of the latter was lower than the unacceptably high rates of the 
regimess in use at that time. Interestingly, CV8 and malarone appeared to be equally 
effectivee with narrow confidence limits. 

Atovaquonee is a very active antimalarial compound but resistance develops 
rapidlyy during mono-therapy. It is therefore combined with the synergistic proguanil, 
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inn a fixed combination (Malarone).(38) It is effective against P. falciparum in areas 
withh multi-drug resistance. Malarone has been on the market for several years, but it 
iss not used widely because of its high price. 

Thee variable bioavailibility of the atovaquone component is of concern; it 
increasess three to sixfold when administered with food.(39) However, intake of 
Malaronee with either low-or high-fat food did not affect the outcome of malaria 
treatment.(37)) In this study, patients did not always take Malarone with food. It is 
remarkablee that the parasite clearance rate in this study, induced by Malarone, is 
equall  to that of CV8. Artemisinin compounds are regarded to be the most rapid 
inducerss of parasite clearance. On the basis of the very high intrinsic activity of 
atovaquonee in vitro, high parasite clearance rates in vivo were expected but not yet 
confirmed,, mainly because clearance rates are not routinely calculated in clinical 
trials.. The absent association between the parasite clearance dynamics and treatment 
outcome,, unlike previous studies, was surprising but probably caused by the low 
recrudescencee rate, which precludes further conclusions on the mechanism of recru-
descence. . 

Whatt is the future of these two drug combinations? The low price and high 
efficacyy of dihydroartemisinin and piperaquine are very promising for use in 
developingg countries. Especially the African nations are in need of a cheap and 
effectivee anti-malaria combination therapy, based on artemisinin drugs. The current 
markett price of one course of CV8 in Viet Nam is approximately 1.3 US$. This price 
iss still high for most African citizens but further development and large-scale 
productionn can reduce the price. Fortunately the World Health Organization has taken 
thee lead in further developing these combinations. Pre-clinical studies with CV8 were 
plannedd and post-marketing surveillance of CV8 recently started in Viett Nam. Further 
initiativess were developed to study combinations similar to CV8 but leaving out 
primaquine,, called Artekin I, or leaving out trimethoprim and primaquine, Artekin 
11.(19;33)) These initiatives wil l also attempt to fil l in the gaps in the basic knowledge 
aboutt these drugs. 

Malarone,, however, is a well-documented safe and effective antimalarial drug 
combination.. It is used in industrialized countries for treatment of imported P. 
falciparumfalciparum infections and for chemo-prophylaxis for travellers. Its price, especially of 
thee atovaquone component, is several times higher than that of CV8. Although there 
iss some preferential price policy for developing countries, it wil l hardly be used. 

Thiss is the first formal comparative study with the combination of dihydroartemisinin, 
piperaquine,, trimethoprim and primaquine, CV8, against falciparum malaria. CV8 
appearss to be an effective and safe antimalarial drug combination in an area with 
multi-drugg resistant parasites. This merits further studies with these compounds. The 
combinationn of atovaquone and proguanil proved to be an equally fast acting and 
effectivee combination for the treatment of multi-drug resistant falciparum malaria in 
Viett Nam. 
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ABSTRACT T 

Background:: Malaria control includes prevention with insecticide treated bed 
netss (ITBNs) and early diagnosis and treatment (EDT) of symptomatic patients. A 
combinationn of these strategies is often advocated but its effectiveness has not been 
studiedd extensively. When a decade ago the malaria situation in Vietnam deteriorated 
dramaticallyy a nation wide malaria control strategy was adopted based on a 
combinationn of ITBNs, EDT at the primary health care level with artemisinin drugs 
andd community involvement with health education. 

Objective:: To prospectively follow malaria in an ethnic minority commune in 
thee south of Vietnam with high malaria transmission with seasonal fluctuation, during 
interventionss with ITBNs and EDT. 

Methods:: From 1994 onwards the following interventions were applied: 
distributionn of ITBNs to all households with biannual reimpregnation; construction of 
aa health post and appointment of staff trained in microscopic diagnosis and treatment 
off  malaria; ensuring regular supply of materials and drugs; annual cross-sectional 
malariaa surveys with treatment of all parasitaemic subjects, and a programme of 
communityy involvement and health education. Surveys were held yearly at the end of 
thee rainy season. During the surveys demographic data were updated. Diagnosis and 
treatmentt of malaria were free of charge. Plasmodium falciparum infection was 
treatedd with artesunate and P. vivax infection with chloroquine plus primaquine. 

Findings:: In 1994, when the baseline survey was held, there were 716 
inhabitants.. Of children under two years of age, 37% were parasitaemic; 56% of 
childrenn aged 2 to 10 and 35 % of the remaining population were parasitaemic. P. 
falciparumfalciparum contributed 73% to 79% of these. The respective splenomegaly rates were 
20%,, 56% and 32%. In 1999 the proportions of parasitaemic subjects were 4%, 7% 
andd 1% respectively of which P .falciparum contributed 56%. Splenomegaly rates 
weree 0%, 5% and 2% respectively. 

Interpretation:: A combination of ITBNs and EDT, free of charge, 
complementedcomplemented by annual diagnosis and treatment during malaria surveys and 
communityy involvement with health education successfully brought malaria under 
control.. This approach can be applied to other regions in the south of Vietnam and 
providess a solid basis for further studies in other areas with different epidemiology of 
malaria. . 
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INTRODUCTIO N N 

Malariaa remains a threat to almost 50% of the world's population. With 200 
millionn estimated new cases and 1-2 million deaths per year, the disease remains a 
majorr cause of morbidity and mortality.(1;2) No new methods of controlling malaria 
havee appeared since the introduction of insecticide- treated bednets (ITBNs) in the 
1980s,, and they are not expected in the near future. A control strategy comprising 
properr application of existing means is advocated: early diagnosis and treatment 
(EDT)) of symptomatic malaria to prevent progression to sieyere and potentially fatal 
stages;; preventive measures including use of ITBNs and selective residual spraying; 
andd prediction, containment and, if possible, prevention of epidemics ; and 
strengtheningg of local capacities.(2;3) Although use of ITBNs has been shown to 
reducee malarial morbidity and mortality, this measure needs to be supported by an 
adequatee health care system providing EDT, possibly at the household level.(2;4) 
WHOO advocates the proper combined approach of ITBNs and EDT in its Roll Back 
Malariaa initiative, but there has been littl e study of the combined efficacy of these two 
approaches.(5) ) 

Inn Viet Nam, malaria became a serious problem during the late 1980s and early 
1990s.. In 1991, a total of 1.642.000 cases of uncomplicated malaria, 32.000 cases of 
severee malaria, and 4.650 deaths from the disease were reported, and resistance to 
chloroquinee and sulfadoxine/pyrimethamine was widespread. (6) The mountainous, 
forestedd regions of the country, which have limited basic health care facilities, and are 
populatedd by ethnic minorities, were especially affected. In 1992, a malaria control 
strategyy based on the above-mentioned principles was adopted. It was decided that 
diagnosiss and treatment of malaria should be free, and two important elements were 
addedd to the basic approach: development and application of artemisinin drugs; and 
healthh education at the community level. The price of drugs such as mefloquine on 
thee international market was an important incentive for the development and use of 
artemisininn drugs. 

AA programme of malaria control was started in Binh Thuan Province, in 
southernn Viet Nam, in accordance with national guidelines. Al l health posts were 
providedd with a microscope and health staff were trained in diagnosis and treatment 
off  malaria. Support was obtained from several parties, including nongovernmental 
organizations,, and through scientific collaboration projects. The present paper reports 
thee results of an assessment of the effectiveness of this combined approach in an 
ethnicc minority commune, Phan Tien, carried out using a longitudinal follow-up of 
thee population and annual surveys carried out from 1994 to 1999. 

METHOD S S 

Populationn and study site 

Phann Tien village, an ethnic minority community, is situated in Bac Binh 
districtt in the mountainous part of Binh Thuan Province. The population is composed 
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off  several ethnic minority groups. Phan Tien has been in existence for approximately 
200 years as one of the areas for resettlement of members of displaced hill tribes, and 
theree is still some influx of families. People live in families of 5 - 6 persons in one 
hut;; the huts have clay walls and a thatched roof. In 1993, a primary school was 
started;; it also serves families of a nearby commune. Prior to 1999, Phan Tien was 
isolated:: during the wet season it could not be reached by car and in the dry season 
onlyy after a drive of several hours in an all-terrain vehicle. However, a permanent, 
gravell  road, built in 1999, substantially increased the movement of people to and 
fromm the village. There is no electricity, and until 1994 the water supply was from a 
smalll  river. In 1994, the first wells were drilled with the help of UNICEF. The people 
livedd from subsistence farming, mainly rice and forest labour. Food supplies were 
supplementedd under the national malnutrition programme. In general, living 
conditionss were very poor. 

Beforee 1994, malaria was considered a great problem but of unknown 
magnitude.. During the first half of 1994, a total of 30 persons out of a total population 
off  about 750 died, many of them with fever. Most deaths were among children. There 
wass no health care facility and malaria surveys had not been performed. Anopheles 
diruss and A. minimus were the principal vectors in that part of the province. The 
transmissionn intensity in Phan Tien was thought to be very high but precise data, 
includingg the entomological inoculation rate, were not available. Cases of both 
PlasmodiumPlasmodium falciparum and P. vivax malaria were present in the region 
(approximatelyy 70% and 30%, respectively). The number of reported cases peaked 
fromm October through December - January (annual reports, Binh Tan health post and 
Malariaa Station), i.e. during and after the rainy season, which starts about April and 
continuess through October - November. Transmission continues throughout the year, 
however,however, in the forested regions around Phan Tien. 

Designn and procedures 

AA population-based intervention study was undertaken with repeated cross-
sectionall  surveys and census updates. Demography, yearly census. A full census of 
Phann Tien was taken in 1994. Houses were numbered and all individuals were 
registered.. A record was completed for each individual with name, unique identifier, 
age,, sex, and ethnic group. Over the period 1994 - 99, surveys were conducted every 
yearr at the end of the rainy season and demographic data were updated, including 
registeringg neonates, deaths, and population movement. 

Interventions s 

HealthHealth care 

Inn 1994 a health post was built, two medical staff were appointed, and a 
microscope,, materials and drugs supplied. Subsequently, 10 community members 
("healthh coworkers") were appointed. They regularly discussed malaria and other 
healthhealth issues with the population, monitored the use of bednets, and checked fever in 
personss unable to come to the health post. Between surveys, detection of malaria was 
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passive.. All those reporting with fever at the health post were examined for malaria 
andd those who could not come to the health post were examined and treated during 
homee visits. The diagnosis of malaria depended on the microscopic demonstration of 
parasitess in Giemsa-stained thick and thin blood smears. All slide-positive cases were 
treated,, in accordance with national guidelines, as follows: P. falciparum malaria, 
withh artesunate for 5 days; and P. vivax disease with chloroquine and primaquine for 
33 and 10 days, respectively. 

Bednets Bednets 

AA double-sized bednet impregnated with permethrin was supplied to each 
familyy in 1994, and a second net was supplied in 1995. From then until 1997, the 
numberr of doublebednets was gradually increased to one net for every two persons. 
Bednetss were reimpregnated with permethrin twice yearly. Nets and reimpregnation 
weree supplied free of charge. 

MalariaMalaria survey. 

Eachh year, at the end of the rainy season, a survey was conducted in which the 
totall  population was examined. Questions were asked about health and complaints, 
splenomegalyy was assessed, and blood samples were taken for detection of malaria 
parasites.. Complaints were assessed and treated when possible or patients were 
referred.. From 1995 onwards, assessment of splenomegaly was done by the same 
cliniciann every year. Malaria was diagnosed by microscopic demonstration of 
parasitess in Giemsa-stained thick and thin blood smears. The slides were read on the 
spott during the surveys by experienced microscopists; 200 high power (10x6x100) 
fieldsfields were examined before a slide was considered negative. Two independent 
laboratoriess reviewed the slides afterwards. There was a discrepancy of less than 1% 
betweenn the results from both laboratories. The results of the supervising teaching 
laboratoryy are reported here. All positive cases were treated during the survey with 
thee same regimens as at passive case detection. Results were analysed for three age 
groups:: neonates and infants up to 2 years of age (group A), children aged 2-9 years 
(groupp B), and children aged >10 years and adults (group C). Children under 2 years 
oldd are usually carried by their mothers, and children aged >10 years often assist their 
parentss working in the fields or in the forests after school-time. Children aged 2-9 
yearss go to school and play in the commune, and leave the village rarely; malaria in 
thiss group probably reflects local transmission. Data for schoolchildren who did not 
residee in Phan Tien were included in the surveys but excluded from the analysis. 

HealthHealth education 

AA baseline survey of knowledge, attitude and practice (KAP) was held in 50 
householdss in Phan Tien in 1995 and 2000. On the basis of the survey's findings, a 
continuouss health education programme was instituted, which was regularly adapted. 
Thee programme focused on malaria but also included other aspects of health and 
hygiene.. The principles and techniques were based on a health programme for 
Vietnamesee ethnic minority communities, which was set up with the aid of the 
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nongovernmentall  organization Care International. The health education campaigns 
weree carried out by the health post workers, subsequently also by the health co-
workerss and the survey team during the annual surveys. Data analysis. Data were 
enteredd in a computerized database and analysed using SPSS 10.05 software (SPSS 
Inc.,, Chicago, IL, USA). Results were expressed as a proportion (p) of the population 
samplee studied (n); the 95% confidence interval (95% CI) of the proportion was 
calculatedd with a correction for a finite total population (N): 

SEE = Vp»(l-p)/n  V(N-n)/N; (95% CI = p  1.96  SE) 

2 2 
Forr comparison of proportions between respective years, the % test with 

Yates'' correction was used. 

RESULTS S 

Populationn structure 

Inn October 1994, a total of 716 persons living in 128 houses were registered in 
Phann Tien village. By 1999 the population had increased to 1082 but the population 
structuree remained the same with approximately 50% being younger than 15 years of 
agee (Table 1). 

Malari aa surveys 

Interventionss Distributio n and reimpregnation of insecticide treated bednets 

Earlyy diagnosis &  treatment 

Malaria a 

surveys s 

KAPP surveys f f 

II I I | I 4 

Seasonn r a in d ry 

jj  I i I j I I I j I I I j I I I j I I I j I I I j 

Jan.. Jan. Jan. Jan. Jan. Jan. Jan. 
19944 1995 1996 1997 1998 1999 2000 

Figuree 1: Timing of surveys and interventions in Phan Tien village. 

Thee malaria control measures and timing of surveys are shown in Figure 1. 
Duringg the rains the village could not be reached. Throughout the study period the 
rainss started in April - May and continued through to October - November, in 1998 

60 0 



alsoo to December (Figure 2). 
ChapterChapter 4 

—--  199 5 
-•» --  199 6 
-®--  199 7 
-* --  199 8 
-«--- 1999 

400 0 

350 0 

300 0 

2 5 0. . 

200 0 

150 0 

1000 I 

50 0 

Jann Feb Mar Apr May Jun July Aug Sep Oct Nov Dec 

Month h 

Figuree 2. Monthly rainfall from 1995 through 1999 in Binh Thuan province, Viet 
Nam. Nam. 

Duringg the first survey in 1994, we examined a total of 537 persons (237 male, 
3000 female), i.e. 75% of the population. The main reasons for not participating in the 
surveyy were attending boarding secondary school elsewhere (registered in the village 
butt only present during holidays) and working in the forest. After 1997, when malaria 
incidencee had started to decline, the population became less interested in 
participating.participating. In 1999, we examined only 47% of the population (group A: 62%, B: 
63%% and C: 39%). 

Tablee 1 gives the numbers examined and infected persons per age group. 
Positivee slide rates in the various age groups are shown in Table 1 and Figure 3, and 
splenomegalyy rates in Figure 4. The rates of positive slides and splenomegaly 
declinedd significantly from year to year, except for 1999. 

Inn 1994, a total of 41% of the population had positive blood smears; in 1998, 
noo positive slides were found (x.2 test = 148, P < 0.001). An adult febrile forest worker 
fromm another commune who sought medical help at the time of the 1998 survey was 
foundd to be positive for P. falciparum. In 1999, a resurgence of malaria occurred 
(3%)) exceeding the level of 1997 (2%) but significantly lower than 1996 (x2 test = 
5.7;; p = 0.017) and before. Early in 1999 Phan Tien was connected to the main road 
(highwayy no. 1, Ho Chi Minh City - Hanoi) by a gravel road. In the first months of 
19999 malaria was diagnosed in road workers ("imported malaria"), later also in the 
locall  population including children, suggesting local transmission. The number of 
passivee cases had dropped steadily from year to year (despite an increase in 
population),, but rose again in 1999 (Table 2). 
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Figuree 3: Proportion of parasitaemic subjects in different age groups in Phan Tien 
villagee observed at malaria surveys from 1994-1999. Error bars indicate the 95% CI 
ofof the sample proportion. 
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Figuree 4: Proportion of subjects with splenomegaly in different age groups in Phan 
Tienn village observed at malaria surveys from 1994-1999. Error bars indicate the 
95%95% CI of the sample proportion. 
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Tablee 1: Results of malaria surveys in Phan Tien village, 1994-1999 

Totall  population 

No.. examined 

Malari aa in surveys 

P.P. falciparum 

P.P. vivax 

Mixedd infection 

Totall  malaria 

Byy age group 

GroupGroup A: < 2years 

Totall  population 

No.. examined 

Totall  malaria 

1994 4 

716 6 

537(75%) ) 

154 4 

60 0 

7 7 

221(41%) ) 

44 4 

411 (93%) 

155 (37%) 

GroupGroup B: 2 to 10 years 

Totall  population 

No.. examined 

Totall  malaria 

GroupGroup C: > 10 years 

Totall  population 

No.. examined 

Totall  malaria 

199 9 

162(81%) ) 

90(56%) ) 

473 3 

334(71%) ) 

116(35%) ) 

1995 5 

793 3 

713(90%) ) 

124 4 

33 3 

3 3 

160(22%) ) 

54 4 

333 (61%) 

6(18%) ) 

214 4 

206(96%) ) 

65(32%) ) 

525 5 

474(90%) ) 

89(19%) ) 

1996 6 

866 6 

627(72%) ) 

35 5 

10 0 

0 0 

45(7%) ) 

50 0 

488 (96%) 

3(6%) ) 

245 5 

223(91%») ) 

21(9%) ) 

571 1 

356(62%) ) 

21(6%) ) 

1997 7 

976 6 

695(71%) ) 

9 9 

7 7 

0 0 

16(2%) ) 

48 8 

444 (92%) 

1(2%) ) 

279 9 

234(84%) ) 

9(4%) ) 

655 5 

417(64%) ) 

6(1%) ) 

1998 8 

1028 8 

413(40%) ) 

0 0 

0 0 

0 0 

0 0 

42 2 

266 (62%) 

0 0 

292 2 

170(58%) ) 

0 0 

694 4 

217(31%) ) 

0 0 

1999 9 

1082 2 

507(47%) ) 

9 9 

8 8 

1 1 

18(3%) ) 

37 7 

233 (62%) 

1(4%) ) 

313 3 

197(63%) ) 

13(7%) ) 

732 2 

287(39%) ) 

4(1%) ) 

Tablee 2. Passive case detection of malaria at the health post in Phan Tien, 1995-1999 

P.P. falciparum 

P.P. vivax 

Mixe dd infection 

Totall  malaria 

1995 5 

104 4 

66 6 

3 3 

173 3 

1996 6 

69 9 

28 8 

0 0 

97 7 

1997 7 

53 3 

10 0 

0 0 

63 3 

1998 8 

34 4 

8 8 

0 0 

42 2 

1999 9 

102 2 

10 0 

0 0 

112 2 

Inn 1995 the splenomegaly rate in the population was 32%. During the five 
yearss of interventions this dropped to less than 2% in 1998 (Chi square = 100, 
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p<0.001)) in parallel with the parasite index. In 1999 a small increase (2.1%) occurred 
comparedd to the rate of 1998 but it was still significantly lower than 1997 (5%, Chi 
squaree = 5.2; p = 0.02) and previous years. . 

KA PP surveys 

AA summary of the results of the KAP surveys is shown in Table 3. In the 50 
householdss that participated in both surveys, there were 54 bednets per 306 persons in 
19955 and 146 nets for 326 persons in 2000. The KAP surveys revealed an increase in 
knowledgee about malaria and preventive measures in 2000 compared with 1995. 

Tablee 3: Summary of the results of knowledge, attitude and practice surveys in 50 
householdss in Phan Tien village, southern Viet Nam, 1995 and 2000 

Positivee response (%) 
Item m 

19955 2000 

KnowledgeKnowledge of the cause of malaria 

KnowledgeKnowledge of the symptoms of malaria 

PracticePractice of sleeping under bednet 

SeekSeek early help at health post when ill 

AwarenessAwareness of possibilities to prevent and 
eradicateeradicate malaria 

DISCUSSION N 

Inn 1994 Phan Tien was rather isolated and the level of malaria transmission 
wass not defined exactly, but was probably meso- to hyperendemic. This study shows 
thatt the combination of a bednet programme, a community-based primary health care 
systemm and annual malaria surveys brought malaria under control remarkably fast. 
Thee nationwide decline of malaria in Viet Nam during the last decade can be 
attributedd to the application of the same methods. The rapid socioeconomic changes 
thatt have taken place in the country have also undoubtedly played a role. 

Malariaa control is a public health priority in Viet Nam, with a (vertical) 
nationall  control programme integrated into the (horizontal) basic health care system. 
Malariaa control is considered a responsibility of the community, to be dealt with 
locallyy through the primary health care structure, with guidance and assistance from 
thee district and provincial health authorities. These are: the provincial Malaria Station, 
thee three national Institutes of Malariology, Parasitology and Entomology and, 
ultimately,, the National Malaria Programme of the Ministry of Health. The vertical 
programmess of bednet supply and re-impregnation, of surveys and of instruction on 
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diagnosiss and treatment can only be successful when accepted within the basic health 
servicee and the community. 

Thee system of early diagnosis (by microscopy) and treatment is important to 
preventt development of severe malaria and death. With a good system of microscope 
postss and availability of proper treatment, the risks of the situation becoming out of 
controll  should be limited. Good "malaria care" may improve the confidence of the 
populationn in the health care system; in Phan Tien it provided a starting point for 
otherr interventions in hygiene, sanitation, nutrition and control of intestinal parasites. 

Earlyy diagnosis and treatment 

Thee contribution of EDT to the control of malaria is not yet fully clear. In 
severall  African studies, treatment at health post and district level did not reduce 
mortality,, and involvement of community health workers did not improve the 
situation.. (7-10) Involvement of mothers, however, led to reduction of severe malaria 
inn Burkina Faso, where mortality was not assessed.(l 1) In Ethiopia, it was shown that 
teachingg mothers to provide home treatment of malaria reduced mortality 
dramaticallyy in children under 5 years of age.(4) In the small community of Phan 
Tien,, passive case detection by the health post, with diagnosis and treatment in the 
homee for those too sick to go to the post, certainly reduced morbidity. The annual 
surveys,, with artesunate treatment of symptomatic patients and asymptomatic parasite 
carriers,, in all probability also contributed to the quick reduction of malaria 
transmission.. From 1994 through 1997, 70-90% of the population participated in the 
surveyss (> 80% of infants and children up to 10 years) but participation dropped to 
40%% (> 50 % for children) in 1998 and 1999 because malaria was no longer 
consideredd a serious problem. Both active (Table 1) and passive (Table 2) case 
detectionn data for 1994-1997 demonstrate this diminishing trend. 

Itt is unlikely that we missed many persons with malaria parasites in 1998 and 
19999 (there is no selection by indication) because malaria generally becomes 
symptomaticc in this area of low transmission, and people would attend during the 
surveyss because of the medical care available and because otherwise the nearest 
healthhealth post would be at least an hour away by bicycle. Data on local rainfall for the 
villagee are not available; such data for the province are shown in Figure 2. Rainfall 
wass lowest in 1997, still at the considerable level of 851 mm per year, and highest 
(17688 mm per year) in 1999. Entomological data for the village and surrounding area 
aree lacking but the meteorological data and the timing of the surveys do not lend 
supportt to the hypothesis that dry weather, and thus fewer mosquitoes, led to a 
reductionn in transmission. 

Thee stage at which malaria surveys and treatment of those found to be 
parasitaemicc could have been omitted, with further control left to bednets and passive 
casee detection, is not clear. In the case of Phan Tien, further treatments of 
asymptomaticc persons during surveys might not have been necessary after 1995 or 
1996.. Cases are likely to have become symptomatic and the individuals concerned 
wouldd have reported to the health post. Acquired immunity will probably wane if not 
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regularlyy boosted, and this underscores the need for an adequate primary health care 
systemm once interventions are successful. Since the start of this project, it has become 
clearr that artesunate drugs reduce the number of malaria parasites very efficiently. 
Thiss may influence transmission because of reduction of gametocytogenesis.(12;13) 
andd is probably an important contribution to the reduction of malaria transmission in 
Viett Nam. 

Thee efficacy of ITBNs has been demonstrated in many endemic areas in the 
world,, especially in Africa.(2;14-18) In well-designed and -controlled programmes, 
ITBNss reduced all-cause mortality in children under 5 years of age with varying 
resultss (15-63%) (15), but questions about effectiveness (application outside studies, 
withinn the health service programme), costs, cost-recovery, sustainability (15; 17) and 
possiblee increases in disease and mortality after reduction in transmission (17; 19) 
remainn to be answered. It is likely that, in most study areas, there was also a boost in 
thee primary health care system with improvement of diagnosis and treatment, such 
thatt reductions in morbidity and mortality could not be attributed to bednet use only. 

Healtheducation n 

Lackk of knowledge about health issues is an important problem.(20) If the 
cognitivee level of the population is low, people are less interested in participating in a 
malariaa control programme. Health education enhances the knowledge of the 
populationn (Table 3) so that they know better how to prevent malaria and how to act 
whenn they have malaria, provided proper means are available and affordable. This 
increasedd awareness is an important contribution to the reduction of severe and fatal 
casess and possibly also of malaria transmission. However, health education 
interventionss are not generally undertaken alone but are accompanied by other 
interventions,, such as improving care and supply of bednets. It is therefore difficult to 
establishh the precise contribution of each of the components. 

Increasedd malaria transmissionin 1999 

Afterr the sharp reduction of transmission in Phan Tien in 1998, there was a 
slightt increase in 1999 when malaria was first diagnosed in road workers, and later 
alsoo in the local population. The adults might have acquired malaria in the forests but 
malariaa in infants and schoolchildren suggests local transmission. The low parasite 
ratee observed in the survey of 

Decemberr 1999 indicates that the level of local transmission remained low and 
thatt a good system of bednets and early diagnosis and treatment keeps the situation 
underr control. There are several possible explanations for the increase: imported 
malariaa due to improved communication and transport; early start of heavy rains in 
19999 (possibly accompanied by an increase of mosquitoes); more forest work 
undertakenn because of a bad harvest and the low price of rice in 1998; and the poor 
qualityy of the permethrin that was used to re-impregnate the bednets in March 1999 
(afterr this re-impregnation people complained that mosquitoes were bothering them 
moree than after previous impregnations). In a small test series carried out by the 
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provinciall  malaria station, it was found that only 20% of the anopheline mosquitoes 
broughtt into contact with nets impregnated in March 1999 died, in contrast to 100% 
previously.. Apparently permethrin of inferior quality had penetrated the market. 

Al ll  these factors also contribute to the explanation of the countrywide small 
increasee in malaria that occurred in 1998-99. 

CONCLUSIONS S 

Thee data presented here show that meso-to hyperendemic malaria in the 
Vietnamesee context can be controlled with a combination of interventions. It is not 
possiblee to say which component was the most important and which should be given 
priorityy for resource allocation. ITBNs have shown benefits, but logistics, high costs, 
andd the need to re-impregnate them are disadvantages. Proper primary health care, 
providingg early diagnosis and treatment, is important to prevent severe and potentially 
fatall  malaria and has the additional advantage of potentially improving other aspects 
off  health and health care. Whether annual surveys with treatment of parasite carriers 
shouldd be part of routine malaria control efforts depends on the local situation, but 
withoutt doubt they contributed to the reduction of malaria in this programme. 

Thee results of this study provide the basis for further research into the 
advantagess and disadvantages of these combined interventions, including operational 
andd economic studies in areas of seasonal transmission or continued low-intensive 
transmissionn with seasonal increases. For example, the timing of surveys and 
targetingg of vulnerable groups need to be studied in a situation where ITBNs have 
beenn supplied and an adequate primary health care system exists. In areas of perennial 
highh transmission, the contribution of the different components may be different. 
Heree too studies on the combination of interventions are urgently needed. 
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ABSTRACT T 

Objective:: To study whether control of malaria leads to catch up growth or an 
increasee of obesity in a marginally nourished population 

Setting:: A Vietnamese ethnic minority commune in southern Vietnam. 

Design:: Repeated annual anthropometric surveys were performed from 1995 to 
2000.. Z-scores for height, weight and BMI for age and weight-for-height were 
determinedd by using NCHS 1978 and CDC-2000 reference tables and by the LMS 
method. . 

Intervention:: Active malaria control which reduced the parasite carrier rate 
fromm 50% in 1994 to practically nil in 1998. 

Results:: Inhabitants were generally of short stature and very thin. Using the US 
referencee tables, the prevalence of moderate/severe stunting among children was 53% 
// 24% and of wasting 27% / 9% in the first survey in 1995. Physical condition and 
normall  daily activities of most inhabitants were normal. The repeated LMS-Z-scores 
uncoveredd a significant recovery of stunting, extending into preadolescence, including 
thee development of a pubertal growth spurt for girls and enhancement of pubertal 
growthh in boys, after control of malaria. The mean (95% CI) annual increase of Z-
height-for-agee was 0.11 (0.09 - 0.12) for boys and 0.14 (0.13 - 0.15) for girls (p < 
0.001).. As a consequence, weight-for-age and BMI Z-scores decreased without 
indicationn of developing obesity. 

Conclusion:: Control of malaria induces catch up growth extending into 
preadolescentt age in a Vietnamese ethnic minority population with a chronic state of 
loww food intake, without indication of developing obesity. 
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INTRODUCTIO N N 

Thee rapid socioeconomic changes in Asia are paralleled by the so called 
epidemiologicall  and nutrition transitions.(1;2) Traditionally, public health programs 
focussedd on communicable diseases and malnutrition because these were the most 
importantt health hazards. The interaction between infection and nutrition, however, is 
nott clear, and it difficult to define which of these problems should be addressed 
first.(3)first.(3) To date the situation is even more complex due to the epidemiological 
transitionn to non-communicable diseases, many of which are associated with un-
balancedd diet and overweight. 

Thee association between malnutrition in early life and overweight at later 
stages,, has been addressed before.(4) Stunted growth during gestation or early infancy 
predisposess for overweight and obesity when nutritional intake increases. Overweight 
predisposess for cardiovascular disease and the metabolic syndrome.(5) It is the 
negativee effect of a rapid nutrition transition. An important question is if control of 
infectiouss diseases has the same detrimental effect on body dimensions. 

Thiss matter is very complex because the epidemiological and nutrition 
transitionss are unequally spread among the population of many middle and low 
incomee countries. Especially children of low income groups, suffer from nutrient 
deficienciess and communicable diseases, leading to retarded growth whereas the 
transitionn to high energy food intake with non-communicable diseases is affecting the 
moree affluent strata of societies.(6) 

Thee socioeconomic changes in Viet Nam over the last decade came at a 
variablee pace for different population groups.(7) In the early 1990s Viet Nam was one 
off  the poorest countries of the world. During the last decade it transformed rapidly 
intoo a middle income country and living conditions changed accordingly. The most 
vulnerablee populations were and still are the ethnic minorities. They share much less 
inn the economic progress than the economically more active ethnic Vietnamese 
(Kinh)) and they endure hard living conditions with malnutrition, endemic malaria and 
otherr infectious diseases. 

Inn 1994 a general health programme was initiated in Phan Tien village, an 
ethnicc minority community located in the forested mountains of Binh Thuan 
province,, in southern Viet Nam. Malaria was hyperendemic with parasite carrier rates 
off  up to 50%. Inhabitants were thin and of short stature but without overt 
malnutrition,, performing normal daily activities including cultivating the land and 
workingg in the forest. The hyperendemic malaria situation was brought to almost 
completee eradication within four years.(8) This was complemented by eradication of 
hookwormm infections (unpublished data). Nutritional and socioeconomic 
improvementss seemed to lack behind but solid anthropometric reference tables of the 
minorityy populations in Viet Nam and criteria of optimal values were lacking. Growth 
chartss and tables of the National Center of Health Statistics/World Health 
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Organizationn (NCHS/WHO) were based on a US reference population and criteria for 
optimall  growth and body dimensions were not clear. 

Thee first aim of this study was to establish the rate of malnutrition in this 
populationn and to see whether control of the infectious diseases, mainly malaria, had a 
positivee effect on child growth and body dimensions. In this study we also laid down 
aa methodology to construct growth charts with an accepted method, the LMS method, 
andd a sensitive method to follow secular trends over a relatively short time span. 

Thee secondary objective of this study was inspired by the difficulties in the 
interpretationn of anthropometric data in this population. It was not clear if the use of 
internationall  reference tables was justified. A marginally nourished population is 
muchh different from an industrialised country's reference population. Using the US 
criteriaa generally overrates the rate of malnutrition in developing countries.(9) This 
mayy frustrate statistical analysis by crowding of data in the tail of the distribution 
curvess as well as the mathematical conversion of cut off points to define desirable 
bodyy dimensions. There are also physiological arguments to object to extrapolating 
thee definition of optimal body dimensions to other populations, especially the ethnic 
minorityy groups in Viet Nam, whose members are generally shorter and leaner than 
thee Kinh majority.(10-12) 

Therefore,, in order to improve the interpretation of the anthropometric 
indicatorss in the ethnic minority population of Viet Nam, the secondary objective of 
thiss study was to establish the correlations between body fat, the body mass index 
(BMI)) or its Z-score, (Z)BMI, and the Z-score of weight for height, Z-WH. 

SUBJECTSS AND METHOD S 

Populationn and study site 

Thee study population consisted of all inhabitants of Phan Tien who participated 
inn the annual malariometric surveys from 1995 to 2000. The population of Phan Tien 
iss composed of nine ethnic groups. Two thirds of the population belong to the Rac 
Layy and Ta Lop ethnic minorities. Remaining groups are ethnic Vietnamese (Kinh), 
Nung,, Nop, K'Ho, Tay, Hoa and Cham. In 1994, when the village had just been 
established,, the population was 716; it increased to 1088 in 2000. People lived family 
wisee with 5 to 6 persons in one house, with clay walls and a thatched roof. The local 
economyy was simple, based on small-scale slash and burn subsistence farming and on 
whatt the forest offered as food. During the dry season it took several hours to reach 
thee village from the main road. During the raining season the village could not be 
reachedd by car. Governmental support included a program of rice supplementation for 
vulnerablee groups, such as pregnant women and children, which was usually shared 
withinn families. Before July 1994, there was no health care facility and water supply 
wass from a small river near the village. Mid 1994, three wells were drilled with the 
aidd of UNICEF, but due to their limited supply of safe water most people adhered to 
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usingg river water. Safe drinking water was ensured at the end of 1997 by establishing 
eightt functioning wells. Electricity was introduced at the end of 2000. 

Despitee the general socio-economic improvements in Viet Nam, which started 
att the end of the nineteen-eighties, the living conditions in Phan Tien remained very 
poor,, largely similar to other ethnic minority communes in the remote areas of Viet 
Nam.. Clinically significant malnutrition was not observed throughout the study 
period.. A few children had slightly hypo-pigmented hair and approximately 15% of 
childrenn younger than 16 years old had clinical signs of anemia (pallor). Hb was 
measuredd from 1996 onwards and this showed severe anaemia (Hb < 7g %) of 
maximallyy 2.1%, in 1996. Diarrhoea was noted infrequently while taking the interim 
historyy at the surveys, and this was confirmed by findings in four faeces examination 
surveyss in 1997 (2x), 1998 and 1999 (rate of diarrhoea always less than 0.5%). 

Designn and procedures 

Inn 1994, a full census was done, houses were numbered and all individuals 
weree registered. A record was completed for each individual with name, unique 
identifier,, age, sex, household and ethnic group.(8) Most of the inhabitants of Phan 
Tienn do not usually record or remember their date of birth, only their age in years or 
thee year of birth. In the database the date of birth was fixed to the middle of the solar 
calendar,, i.e. 1st July, so that age could be recalculated to months. This introduces an 
errorr of maximally 6 months in age for every individual, but the group average is 
accurate,, except for children under 1 year old. This small group, of maximally 35, 
wass excluded from the analysis; their results appeared in the repeated measures 
analysiss after they had passed the age of one year. For subgroup analysis, three age 
groupss were recognised: children from 1 to 10 years, teenagers/adolescents from 10 
throughh 23 years and adults older than 24 years.(13) 

Malariaa surveys weree done annually at the end of the rainy season from 1994 to 
2000.. Demographic data were updated at every survey, registering newborns, deaths, 
newcomerss and those who left. In 1997 an additional survey was performed at the end 
off  the dry season in school children only. 

Fromm 1995 onwards, measurement of height and weight was added to the 
surveys. . 

Physicall  examination was performed of all subjects by the same physician and 
aa short interim medical history was obtained. Waterlow's criteria were used to 
classifyy the degree of malnutrition. The criteria differentiate between primary signs, 
i.e.. growth retardation, oedema, mental unhappiness and hepatomegaly; and 
secondaryy signs, i.e. hypo-pigmentation of the hair or skin, anaemia and 
diarrhoea.(14;15) ) 

Bodyy weight and height were measured of all children through the primary 
schooll  and all adults who were present in the village at the time of the annual surveys 
andd did not refuse to participate in the survey. Height was measured in standing 
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positionn on bare feet to the nearest 1cm by using a portable stadiometer, which was 
placedd on the flat hard floor and against a bare wall. Body weight was measured to 
thee nearest 0.1 kg with a digital electronic scale. The weight of children between one 
andd two years was measured by weighing the mother with and without the child in her 
arms. . 

Measurementt of skin folds and middle upper arm circumference was only done 
inn 1995. Thickness of skin folds was measured to the nearest 1mm with a standard 
Harpendenn skin fold calliper at four sites: overlying arm biceps and triceps, 
subscapularr and supra-iliac regions on the right side of the body, in standing 
positional6)) Mid-upper arm circumference (MUAC) was measured at the mid-point 
betweenn the tip of the acromial process and the tip of the olecranon process.(13) 

Dataa processing and analysis 

Usingg the NCHS/WHO reference tables of 1978 and the Center for Disease 
Controll  (CDC) tables of 2000, Z-scores were calculated for children's height-for-age 
(Z-HA),, weight-for-age (Z-WA), weight-for-height (Z-WH) with the programme 
NutStat,, a part of EPI-info 2000 (Centers for Disease Control and Prevention, Atlanta, 
GA,, USA). This calculates the Z-HA and Z-WA for individuals from birth up to 18 
yearss (NCHS/WHO) or 20 years (CDC 2000) of age. Z-WH is calculated for boys up 
too 11.5 years of age and shorter than 145 cm, and for girls up to 10 years of age and 
lesss than 137 cm with the NCHS/WHO tables. With the CDC 2000 tables ZHW is 
calculatedd up to the age of 36 months and for children from 77 to 121 centimeters in 
stature. . 

Withh both reference tables, the interpretation of results was similar: stunting: 
Z-- HA < -2; underweight: Z- WA < -2; wasting: Z- WH < -2, severe malnutrition: any 
off  these Z-scores < -3. The BMI was calculated as weight (kg)/height (m2). Z-scores 
weree again calculated with the two US reference tables and with the LMS method, for 
alll  subjects, including adults. The interpretation of the BMI is different for the two 
USS reference tables and is shown in Table 1. BMI and WH Z-scores were compared 
too skin fold thickness, a height and weight independent measure of body fat. 

Tablee 1: The interpretation of US reference values for BMI for age. 

Cutt off values for 
BMI-for-age e 

<< 5th percentile 

Z-scoress < -2 

>> 85th and < 95th percentile 

>> 95th percentile 

>> +2 Z-scores 

>> +3 Z-scores 

Referencee tables 

NCHS/WHOO 1978 

Wasting g 

Att risk for overweight 

Obese e 

CDCC 2000 

Wasting g 

Overweight t 

Obese e 
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Growthh charts were constructed by gender for HA, WA, WH and BMI, using 

thee LMS method on the first measurements available in the dataset of children and 
adolescents.. The LMS method generates smooth centile curves of data sets that do not 
necessarilyy show a normal distribution̂  17; 18) For this purpose dedicated software 
wass used: LMS-Pro (Cole and Green, Institute of Child Health, Aberdeen, UK). 

Calculationn of centiles is based on establishing smooth curves for skewness 
(L),, the median (M) and the coefficient of variation (S). We aimed at smooth curves 
forr LMS starting with the minimum degrees of freedom for the L, M and S (19;20). 
Thee goodness of fit with different degrees of freedom for L, M or S, was assessed 
withh the Q-test, provided in the Pro-version of the LMS program. LMS also generates 
valuess of L, M and S for age specific intervals, which can be used to calculate the Z-
scoree of every individual given age, height and weight, with the following formula: 

ZZ = [(y/M)L - 1] / LS when L ̂  0 

ZZ - log(y/M) / S when L = 0 

wheree "y" is weight or height for the respective age intervals or, weight for height 
specificc intervals. (21) By this method, the Z-scores of the repeated measurements 
weree calculated, using the set of all first measurements as the reference table. Ages up 
too 24 years were included for constructing the HA and WA charts, ensuring that the 
dataa also included all individuals with recent cessation of growth. WH charts were 
constructedd using the same age groups in order to increase the available number of 
dataa points for fitting. It is not conventional to calculate WH up to the age of 24 years 
butt there is no objection to apply the LMS method to a larger age group and it 
assistedd us in the interpretation of BMI. BMI  is now the preferred indicator of 
overweightt in all age groups, but it is unknown if that also applies to underweight. 

Longitudinall  data were analysed to detect trends over the 5 years of the study 
period.. The repeated post-rainy-season Z-scores of all individuals were analysed as a 
functionn of time in a linear mixed effects model. The linear regression coefficients 
weree generated by restricted maximum likelihood methods (REML). The Z-scores of 
thee single survey done at the end of the dry season was compared to the other surveys 
usingg generalised linear models ("repeated measures ANOVA") . 

Inn order to find whether the anthropometric indicators were different between 
thee ethnic groups, subjects were re-classified into 3 main groups: Rac Lay, Ta Lop 
andd remaining inhabitants. The latter also included subjects with parents of different 
ethnicc groups. Z-scores of population sub-groups were compared using ANOVA. 

Al ll  routine statistics were done by using SPSS 11.5.1 (SPSS Inc., Chicago, II, 
USA)) Mixed effects modelling was done with S-plus 2000 (MathSoft Inc., Seattle, 
WA,, USA). Statistical significance was accepted when p<0.05. 

RESULTS S 

Overr the complete study period, 91% of the population of Phan Tien was 
examinedd at least once with a median of three times (male/female: 53%/47%; 
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children/teenagers/adults:: 35%/35%/30%). Children who were over 1 year in 1995 
weree examined every year. 

Basedd on the Z-scores derived from the NCHS/WHO 1978 and the CDC 2000 
referencee populations, the overall prevalence of stunting during the first survey in 
19955 was 53% with both tables. Severe stunting occurred in 24% and 22% of the 
overalll  population, respectively. The prevalence of wasting was 13% and 27% 
respectively,, including 1.4% and 9% severe wasting. Less than 0.6% of the overall 
populationn was at risk for overweight. Among teenagers and adolescents stunting and 
wastingg were particularly common: 60% stunting, over 12% wasting and no obesity, 
ass compared to both US reference tables. 
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Figuree 1: Growth charts of the population of Phan Tien, a Vietnamese ethnic 
minoritiess commune. Charts were generated with the LMS method, based on the first 
ofof the measurements between 1995 and 2000. In all panels the 5', 50' and 95' 
centilescentiles are shown. Solid lines represent males and broken lines represent females. 

Chartss for HA, WA, WH and BMI were established with LMS. Figure 1 shows 
thee median and the 5th and 95th centiles. The annual growth rate was maximal in 
boyss at the age of 11; for girls a growth spurt at pubertal age could not be discerned. 
AA strong linear correlation between the LMS Z-scores and the Z-scores by US 
referencee populations was observed but with a large intercept of >-2 to -1 SD (Figure 
2).Longitudinall  analysis showed a significant change of Z-scores among children and 
adolescentss younger than 23 in 2000, over the years (Figure 3). In a linear mixed 
effectss model, a significant increase of Z-HA and Z-WA of children of both sexes 
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(p<0.0011 for all) was observed. The mean (95% CI) annual increase of Z-HA was 
0.111 (0.09 - 0.12) for boys and 0.14 (0.13 - 0.15) for girls (p < 0.001). HA increased 
fasterr than WA, particularly in girls. As a consequence, WH and BMI Z-scores 
decreased. . 
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Figuree 2: LMS and US Z-scores in Phan Tien, a Vietnamese ethnic minority 
commune.. Open circles: NCHS 1978, crosses: CDC 2000. 
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Figuree 3: Catch up growth in Phan Tien, a Vietnamese ethnic minority commune. 
MeanMean data of subjects < 23 years in 2000. Error bars indicate the 95% CI. 
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Figuree 4: Mean annual increase of anthropometric Z-scores from 1995 to 2000, by 
thee age in 2000, in the ethnic minority population of Phan Tien, southern Viet Nam. 
TheThe mean annual increase of Z-scores was calculated by a linear mixed effects 
populationpopulation model of the repeated annual LMS Z-scores. 
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Too see whether this trend was age dependent, the individual linear regression 
coefficientss of the mixed effects model, which reflect the change in growth rate, were 
plottedd against the subjects' age in 2000 (Figure 4). As an internal validation it was 
takenn that at the age of 24 years in 2000, height growth rate should become zero. The 
growthh rate increased most in those girls who were 15 years in 2000 and boys who 
weree 16 years in 2000. On average, elderly people did not show an increase of BMI. 

Increasee of growth rate showed a negative correlation with the first Z-HA (R2 = 
0.119,, p <0.001) , Z-WA (R2 = 0.045, pO.001) and Z-WH (R2 = 0.153, pO.001), 
indicatingg that catch-up growth was most outspoken in stunted children. The Z-scores 
off  the survey at the end of the dry season in 1997 did not deviate from the secular 
trendd (data not shown). 

Theree was no significant difference between the increase of growth and having 
aa positive blood smear for malaria during the surveys. There was also no significant 
differencee between the three ethnic groups with respect to LMS Z-scores of all first 
measurementss (ANOVA). 

Withh respect to our second objective, the BMI is shown for all age groups in 
Figuree 5. LMS had difficulties in fitting the BMI-centiles for all aggregated age 
groups,, so that Z-BMI for children was taken from the curves shown in Figure 1. The 
highestt BMI was observed in young adults. Elderly people had very low values for 
BMI. . 

BMII  was positively correlated to the LMS values of WH Z- in boys (R2 = 
0.4072,, pO.001) and girls (R2 = 0.40, P< 0.001). In teenagers this correlation was 
weakerr (R2 = 0.32, p<0.001 and R2 = 0.36, pO.001 respectively). 

Too study whether in these thin subjects, the BMI, was a measure of 
subcutaneouss body fat, the correlation with skin fold thickness was sought. The 
calculationn of the percentage of body fat, based on the sum of the four skinfolds, 
yieldedd unrealistic values indicating that these equations are not appropriate for this 
population.. (22-24) Therefore only the summated skin fold thickness was used for 
furtherr analysis. In children, the BMI and sum of skin folds decreased by ageing and 
reachedd the lowest value at 8 years in girls and 9 years in boys. During puberty they 
increasedd again. In general the correlation between BMI or Z-BMI and the sum of 
fourr skin folds was weak. Only in females over 10 years, there was a positive 
correlationn between the sum of the four skin folds and the BMI (R2 = 0.5229, p < 
0.0011 in teenagers/adolescents and R2 = 0.4892, p < 0.001 in adult females) or Z-
BMII  (R2 = 0.4476, p < 0.001 for teenagers/adolescents and R2 = 0.4595, p < 0.001 
forr adult females). 
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Agee (years) 

Figuree 5: BMI for age in Phan Tien, a Vietnamese ethnic minority commune. Data 
pointspoints represent the first of the measurements between 1995 and 2000 

DISCUSSION N 

Thiss study uncovered catch up growth, especially in previously stunted 
children,, and the development of a pubertal growth spurt, during a period of five 
yearss during which the main health intervention was to bring malaria under control. 

Thee strength of this study was based on the registration and follow up of 
individuall  inhabitants, and the survey examiners being not informed of the results of 
thee previous years. Other potential sources of bias, e.g. by preferentially attracting 
childrenn with complaints or growth retardation, were circumvented by examining all 
childrenn of Phan Tien through the primary school. 

Thee prevalence of clinical malnutrition was low, with a few cases with slightly 
hypopigmentedd hair, a low rate of severe anaemia and no other signs or symptoms of 
malnutrition.. Almost all children, though stunted, continued to grow and childhood 
mortality,, which usually accompanies severe malnutrition in malarious areas, was 
practicallyy nil throughout the study period.(25) In contrast, the international cut-off 
valuess of the anthropometric indicators gave an entirely different picture. According 
too the US reference tables the prevalence of stunting and wasting as well as severe 
malnutritionn would be very high in Phan Tien. This seems incorrect. 

Correctt interpretation of anthropometric measures is important because they 
aree used to detect subjects or populations at risk for poor health and to design and 
followw up health interventions.(26) In industrialized countries, reference tables are 
usuallyy available and regularly updated. (27-31) In developing countries, local 
referencee tables are often not available and thus reference tables from industrialized 
countriess are used instead. Our study shows that the use of US reference tables, 
suggestedd unrealistic rates of (severe) malnutrition. 

Thee LMS method gave a better description of the anthropometric data in this 
population.. It has become the gold standard for constructing growth charts based on 
largee reference populations.(32) In this study it served well to normalise the data, to 
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producee Z-scores and draw growth charts for the entire population of Phan Tien. No 
associationn was found between ethnicity and anthropometric indicators. This is valid 
forr the two largest groups, Rac Lay and Ta Lop, but a possible difference with the 
Kinhh subjects, who definitely have a different physiognomy, cannot be excluded 
becausee of the small size of the Kinh group in Phan Tien. Since the majority of 
Vietnamesee are Kinh, the Phan Tien chart cannot be extrapolated to the general 
Vietnamesee population. 

Thee difficulties in interpretation of anthropometric data may benefit from 
longitudinall  follow up. We are not aware of any report using mixed effects population 
modelss on LMS Z-scores for this purpose, although Cole already outlined the use of 
LMSS for longitudinal studies.(33) However, from a methodological point of view, we 
arguee that the analysis of the repeated measures, based on LMS results, is the 
appropriatee approach for data sets like ours. In theory, if fitted centiles would not 
accuratelyy describe the real distribution in the population, the repeated Z-scores 
wouldd show a tendency to correct this over the years, simulating a secular trend. It is 
unlikelyy that this also happened in this study for several reasons. Firstly because only 
aa systematic fitting error in the initial growth charts, would mimic a secular trend in 
alll  growing age groups and such errors are unlikely to occur with the LMS 
method.(34)) Secondly, the trends in HA and WA and the opposite trends in BMI and 
WH,, are meaningful and thus argue against erroneous fitting with LMS. Thirdly, the 
precisionn of the LMS method was maximised by using the first measurements of all 
subjectss who ever participated and, lastly, the LMS Z-scores showed a strong linear 
correlationn with Z-scores based on the US reference populations. Our fear that the 
distributionn of the data of Phan Tien would be distorted by squeezing them into the 
taill  of the distribution of the US reference population did not bear out. But, because of 
thee large intercept it seemed more appropriate to use the LMS Z-scores than the US 
referencee populations. 

Thee longitudinal analysis of LMS Z-scores enabled us to recognise catch up 
growth.. Catch up growth is an intriguing phenomenon with largely unknown 
dynamics.(35)) It appears that child survival benefits from better nutrition and catch up 
growth.. (3 6) On the other hand, catch up growth in stunted children is mainly 
translatedd into weight gain and increased risk of obesity and thus has a negative 
impactt on long term health. (3 7) This is made painfully clear by the steep increase of 
obesityy rates in areas of rapid nutrition transition.(38) 

Recoveryy from stunting however is a rather flexible process which may extend 
welll  into preadolescence.(39) Our data show similar results and in addition, an 
emergencee of growth spurt at pubertal age in girls, where this was not evident before, 
andd its enhancement in boys. Catch up growth was most evident in short and low 
weightt children but the changes were small and these findings have to be confirmed. 

Thee control of malaria probably contributed to this trend.(8) At the start of the 
studyy the local malaria transmission in the village was very high with equal exposure 
too all inhabitants. Thereafter the malaria prevalence declined rapidly. At the 
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individuall  level, no interaction was found between carrying malaria parasites at the 
timee of the survey and the Z-scores or acceleration of growth. This is probably related 
too the fact that malaria surveys only indicate the point prevalence of malaria but do 
nott measure cumulative exposure over time. However, at population level, the 
improvementss of the health in Phan Tien, by controlling malaria and helminth 
infections,, and the introduction of a primary health care post were the most 
significantt changes which took place between 1994 and 2000. 

Intakee of nutrients, remained unchanged at a low level throughout the study 
period.. Although this is based on our non-quantified observations, it is supported by 
thee persistence of high anaemia rates after control of malaria and hookworm 
infections.. It is also supported by other data which show that the diet of ethnic 
minoritiess and poor people in Viet Nam hardly improved on protein and lipid intake 
duringg the same period, despite the socioeconomic changes for other groups in the 
population.(40)) We tentatively argue that the improvements of health, and not so 
muchh improvements of diet, promoted the catch up growth. 

Severee malnutrition was not frequent, and it may have been over estimated 
withh the US reference tables, but the population of Phan Tien was indeed very thin 
andd clearly at risk for deficiency of macro and micronutrients. The BMI and the 
amountt of body fat, assessed by measuring skin folds, were extremely low, and there 
wass no indication of gaining body fat, for example by elderly subjects, over the years. 

Thee BMI is known to differ between different ethnic groups, especially in the 
lowerr ranges and has not been validated as an indicator of malnutrition. (41) (42) In 
thiss study, the correlation between skin fold thickness and BMI was weaker in males 
thann in females, illustrating that at low values, the muscular body mass contributes 
significantlyy to BMI. This study also revealed that the BMI and WH may even mimic 
deteriorationn of the nutritional status when recovery of stunting occurs which in itself 
iss a clear sign of an improved health situation. Notably, the interpretation of BMI as 
ann indicator for obesity associated health risks, is also fraught with difficulties. It was 
recentlyy concluded that it is not feasible to define cut offs for optimal body 
dimensionss and overweight for the general Asian populations.(43) The summated 
skinn folds are by nature a height and weight independent indicator of the amount of 
bodyy fat. But, as our results show, also their predictive value for pathologic 
conditionss declines when they reach the very low range. 

Itt is tempting to speculate on the nutrition transition in Viet Nam. Viet Nam is 
aa country with very rapid socioeconomic changes but for the ethnic minorities these 
changess are less rapid. In this study cohort we observed catch up growth probably 
causedd by controlling malaria without any indication of the obesity pandemic 
affectingg this commune. However, prolonged follow up in Phan Tien may teach us 
moree about the dynamics of the transition from marginal nutritional status to 
overweight.overweight. We tentatively suggest that in areas with marginal food supply, it is 
advisablee to start with interventions for infectious diseases, especially malaria control, 
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becausee that stimulates catch up growth without inducing overweight. This certainly 
needss further study. 

CONCLUSION N 

Inn conclusion, in a chronic state of low food intake, cut-off values for 
anthropometricc indicators, based on international reference tables, have limited 
diagnosticc and prognostic value. Repeated annual surveys in a Vietnamese ethnic 
minorityy population analysed with the LMS method and repeated measures analysis, 
uncoveredd catch up growth extending into preadolescent age, without any indication 
off  the obesity pandemic affecting this community. The almost complete eradication 
off  malaria in this population was probably the most important cause for these 
beneficiall  effects. 
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ABSTRACT T 

AA program to control intestinal helminth infections, based on stool surveys, 
masss treatment of children below 17 years, improvement of sanitation and health 
educationn was performed between 1997 and 1999 in Phan Tien - an ethnic minority 
cornmunityy in mountainous southern Viet Nam. Before interventions 28.6% of 
childrenn excreted eggs of at least one parasite, hookworm being the most common 
(23%)) followed by Trichuris trichiura (1.9%), Hymenolepis nana (1.9%), Enterobius 
vermiculariss (0.9%), Ascaris lumbricoides (0.5%), and multiple helminths infection 
(0.5%o).. Strongyloides stercoralis was never detected. Poor sanitation and personal 
hygiene,, and walking barefoot were considered the main risk factors for intestinal 
helminthh infections. 

Thee success of 400 mg albendazole single dose mass treatment was initially 
frustratedd by poor quality of the used drug formulation, only containing half of the 
indicatedd amount of albendazole. Using another formulation quickly reduced the 
hookwormm infection rate. Praziquantel was used to treat H. nana infections. After 
threee years of intervention, intestinal helminth infections were reduced to 3.3% 
(p<0.0001).. We conclude that interventions combining health education, 
improvementimprovement of sanitation and mass treatment effectively control intestinal helminth 
infectionss but that quality of the used drugs is an important factor. 
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INTRODUCTIO N N 

Thee successful malaria control program, initiated in 1994 in Phan Tien, a 
mountainouss ethnic minority commune in southern Viet Nam, did not reduce the 
initiallyy found 15% anemia prevalence in children as expected, suggesting another 
importantt cause of anemia.(l) Intestinal helminth infections (IHI ) are very common 
inn the remote rural areas of Viet Nam, associated with poor living conditions, poor 
sanitationn and lack of knowledge. IHI is an important cause of anemia, especially 
amongg school-age children and adolescents, who are more frequently infected and 
withh higher parasite densities than adults.(2) 

Severee complications of IHI such as severe anemia, bowel obstruction, bile duct 
infection,, pancreatic duct infection and pancreatitis are reported (3;4) but usually IHI 
evolvee slowly and gradually and remain asymptomatic or mildly symptomatic. 
Consequently,, detection and treatment of IHI are often neglected, giving way to a 
largee burden of silent infections, especially in children. However, this may result in 
chronicc anemia, reduced physical fitness and activity, impaired school performance, 
increasedd susceptibility to infection, and retarded growth in children.(2;5-7) 

Too assess the prevalence of infections by the different intestinal helminths in 
Phann Tien, and to determine the appropriate interventions, repeated surveys were 
conductedd from 1997 onwards. 

METHOD S S 

Populationn and study site 

Phann Tien, an ethnic minority community, is situated in Bac Binh district in the 
mountainouss part of Binh Thuan province, in southern Viet Nam. In three years 
(Apr.. 1997- Dec. 1999) the population increased from 907 to 1083 subjects, by 
immigrationn and a high birth rate (3.2% per year), approximately half of the 
populationn being younger than 15 years. Subsistence agriculture and forest work such 
ass logging wood, was the main source of income of this commune. There was no 
healthh care facility before 1994 and no electricity before 2000. 

Housess in Phan Tien are mainly made of clay walls and thatched roofs, without 
toiletss or bathrooms. Animals and human excrements were disseminated in and 
aroundd the village. Walking barefoot was common in Phan Tien, especially for 
infantss and young children. People and cattle shared a small river surrounding the 
villagee as their water source for consumption, washing and agricultural irrigation. The 
capacityy of three wells, drilled in 1994 with the aid of UNICEF, was insufficient, and 
twoo of them broke down in 1996 so that many inhabitants kept consuming river 
water.. The rainy season runs from late April through November, followed by a dry 
seasonn during which the river drops to very low levels and the water becomes turbid. 
Thee ambient temperature ranges from 20 to 35oC and humidity is high. 
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Thiss study comprised annually repeated stool examinations of all children in 
Phann Tien, younger than 17 years during an intervention program from April 1997 to 
Decemberr 1999. There were no exclusion criteria. 

Fecess examination surveys 

FecesFeces examination surveys were synchronized with the malaria surveys, at the 
endd of the rainy season, but in 1997 two surveys were done, in April , at the end of dry 
seasonn and in December, at the end of the wet season. Empty plastic containers were 
distributedd to families with children at pre-school age. The older children received the 
containerss at school. By checking the population registration it was ensured that all 
childrenn received a container and were stimulated to return a fresh stool specimen. 
Freshh stool samples were immediately examined by the Willi s and Kato-Katz thick 
smearr tecmiiques.(8;9) The agar plate method was used to detect Strongyloides 
stercoralis.(lO)) Any intestinal helminth infection was specified by infecting species. 

Interventions s 

Water,Water, sanitation and health education 

Inn 1997, after the first survey a safe water supply program was initiated, 
providingg new wells as well as fixing the old wells so that 8 functioning wells were 
available,, enough to supply the complete population with clean water. At the same 
timee five toilets and bathrooms were built at public places like the health post, the 
schooll  and the office of the people's committee, as examples to be imitated by the 
familiess of Phan Tien. 

Healthh education was done throughout the surveys with information on the 
benefitss on wearing of sandals/shoes, hand washing before meals and using clean 
water,, maintenance of the household environment and save storage of food. This 
programm was practiced by teachers in the primary school, during meetings of the 
women'ss union and by the local medical staff. Moreover, health personnel visited 
familiess of infected members at home. Sandals/shoes were supplied free of charge to 
alll  during the surveys in Dec. 1997 and 1998. 

MedicalMedical mass treatment 

Masss treatment aimed at administration of albendazole to each individual of the 
populationn of Phan Tien presented at the time of the surveys which always included 
100%% of the school children. During the first mass treatment, given after the first 
surveyy of April 1997, albendazole (two tablets of 200 mg) of a local pharmaceutical 
companyy was used. The contents of the albendazole tablets were examined by 
standardd High Performance Liquid Chromatography (HPLC) when the first mass 
treatmentt had not exerted any effect on the IHI rate. In the mass treatment campaigns 
off  December 1997 and September 1998 a Korean product (a single tablet of 400 mg 
albendazole,, Sudo Pharm. INDCO., LTD) was used. Hymenolepis nana infections 
weree treated with praziquantel (50mg/kg) during the surveys of 1998 and 1999. 
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AA full registration of all inhabitants was kept and updated during every survey. 
Resultss of every individual were entered in an electronic data base and analyzed with 
SPSSS (version 11, SPSS Inc., Chicago, 111.). Results were expressed as a proportion 
(p)) of the population sample studied (n); 95% confidence interval (95% CI) of the 
proportionn was calculated with a correction for a finite total population (N) according 
to: : 

SEE = Vp*(l-p)/ n  V(N-n)/N; (95% CI  = p  1.96  SE) 

Thee studied children were divided into three age groups: < 5 years, 6 through 
100 years, and 11 through 16 years. Chi-square test (yl) was used to compare the rate 
off  IHI in different surveys and different age groups. Statistical significance was 
acceptedd at a p-value <0.05. 

RESULTS S 

Duringg the first three surveys approximately 43.4%, 49.7% and 38% of all 
childrenn returned the container with a fresh stool sample for examination respectively. 
Inn the last survey, when the rate of IHI  had significantly dropped, only hundred 
twentyy two fecal samples (23.5%) were collected. In all surveys, the response rate 
amongg children between 6 and 10 years was the highest (from 36.1% to 60.8%; 
Figuree 1). 

Beforee interventions, in the first survey of April 1997, 28.6% (95% CI: 24.1 to 
33.2)) of children excreted eggs of at least one parasite, hookworm being the most 
commonn (23.0%; 95% CI: 18.8 to 27.3) followed by Trichuris trichiura (1.9%; 0.5 to 
3.2%),, Hymenolepis nana (1.9%; 95% CI: 0.5 to 3.2), Enterobius vermicularis (0.9%; 
95%% CI: 0 to 1.9), Ascaris lumbricoides (0.5%; 95% CI: -0.2 to 1.2), and infection 
withh multiple helminths infection (0.5%; 95% CI: -0.2 to 1.2). Strongyloides 
stercoraliss was never found. Hookworm was almost always present in those infected 
withh multiple helminths. The infection rate was significantly more prevalent in 
childrenn aged 6 - 10 years than in other ages (data not given) in the first two surveys 
(figuree 2). IHI  was slightly more prevalent in girls compared to boys in the two first 
surveyss but this difference did not reach statistical significance. 
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Figuree 1: The proportions of intestinal helminthic infections in the children below 17 
yearss in Phan Tien, in feces examination surveys from April 1997 to December 1999. 
IHIsIHIs *:  Intestinal Helminth Infections 

m m 

JSS Mix infection 
HH H. nana 
'A'A E. vermicularis 

 T. trichiura 
'' A. lumbricoides 

II  Hookworm 

Apr.. '97 Nov. '97 Dec. '98 
Year r 

Dec.. '99 

Figuree 2: The intestinal helminthic infection rates of the children of Phan Tien, 
stratifiedd by age groups. IHI: Intestinal Helminth Infections 

Ass a result of the health education, people started boiling their drinking water 
andd some families built a latrine at their compound. People increasingly used sandals 
andd shoes, stimulated by the free distribution of sandals. In general, the sanitation in 
Phann Tien improved. 

Thee quality of the albendazole drugs used in the first mass treatment campaign 
wass checked when no reduction of IHI was observed in the second survey (26.6%; 
95%% CI: 22.7 to 30.6). The albendazole formulation was examined to its content by 
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standardd analytical techniques including, high performance liquid chromatography 
(HPLC),, by the department of Clinical Pharmacology in the Academic Medical 
Centerr in Amsterdam. It appeared that the albendazole tablets contained less than half 
off  what it should be. In December 1997 65.7% of the entire population received 
albendazolee from the other manufacturer and 51.4% in September 1998 (100% of all 
schooll  children on both occasions). Hereafter the IHI rate declined rapidly, as is 
shownn in Figure 1. 

Att the survey of November 1998 the IHI rate had decreased to 8.7% (95% CI: 
5.66 to 11.8; p O.0001) but the infection rate of H. nana remained stable at 6.2% 
(95%CI:: 3.5 to 8.8) until praziquantel was given to infected subjects in December 
1998.. In December 1999 this decreased to 1.6% (95% CI: -0.3 to 3.6) in 1999. The 
overalll  IHI rate decreased to 3.3% (95% CI: 0.5 to 6.0) after three years of 
interventionn (%2 = 20.81, p < 0.0001). 

DISCUSSION N 

AA high prevalence of parasitic intestinal infections was found in children in 
Phann Tien, related to low standards of sanitation and walking barefoot. The highest 
prevalencee of IHI was found in children from 6 to 10 years old, because they often 
playy outside. Younger children are looked after more carefully by their parents and 
olderr children play less and may have more knowledge about personal hygiene. 

Surprisingly,, Ascaris lumbricoides, which is the most frequently found worm in 
otherr areas in Viet Nam (11) and worldwide,(12-15) was very rare in this population. 
Thiss is probably explained by the habit of the ethnic minority population of Phan Tien 
off  not cultivating vegetables which are usually eaten uncooked, such as lettuce, for 
uncookedd eating raw, uncooked food and not using human excreta in agriculture. 

Afterr the first half year of interventions, the IHI prevalence had not changed. 
Thiss rose suspicion of the quality of the albendazole tablets, made by a local 
pharmaceuticall  company. Although a compensatory increase during the rainy season 
couldd not be excluded -the first survey was performed at the end of the dry season and 
thee second after the rainy season- we considered the ecological conditions in Phan 
Tienn suitable for stable soil transmission of hookworms throughout the year. 
Moreover,, it was confirmed that the tablets contained only half of the indicated dose 
andd when another formulation was used, the IHI rate declined rapidly. Therefore we 
concludee that the lack of any effect on the prevalence of intestinal helminth infections 
wass due a sub-therapeutic dose of albendazole. 

Masss treatment is very important for a rapid elimination of intestinal helminth 
infections,, while health education and sanitation play a role in preventing re-infection. 
AA previous study in the north of Viet Nam was exemplary: after 5 years of 
interventionn by health education and improving personal and environmental hygiene 
butt without anthelminthic treatment, only a moderate decrease of A. lumbricoides 
andd hookworm infections was observed.(16) In our study, mass treatment was not 
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continuedd after the third survey in November 1998 but IHI rate did not increase in 
1999.. This is consistent with the preventive role of hygienic interventions. Therefore, 
wee emphasize that mass treatment with albendazole is an essential tool for rapid 
reductionn of intestinal helminth infections while other interventions such as health 
education,, improvement of environmental sanitation and supplying safe water are 
necessaryy to prevent reinfection. 

Albendazolee is a broad-spectrum anthelminthic drug. Several community based 
trialss have shown albendazole to be safe and effective in eradicating many parasites 
butt the dosing regimens applied in mass treatment campaigns varied from a single 
400mgg dose to 2000 mg divided over five days, with consequently variable success 
rates.(( 17-21) In this study, the single 400 mg albendazole dose of the second 
formulationn was highly effective whereas the first formulation was not. This shows 
thatt the success of mass treatment campaigns depends greatly on the quality of the 
usedd formulation. This is an important aspect to take into the total account of costs 
andd efforts invested in the control of intestinal helminth infections. 

Manyy previous studies showed that chemotherapy with broad-spectrum 
antihelminthicc drugs is one of the most important strategies in helminthic control 
programss and both mass treatment and selective or targeted treatment after mass 
screeningscreening can be applied.(22-25) Selective or targeted treatment may be most 
effectivee for the control of morbidity if a highly exposed group can be identified. (2 6) 
However,, it always requires mass screening first with expert medical staff, which is 
nott available everywhere, particularly not in remote areas in developing countries. On 
thee contrary, mass treatment can be guided by primary screening but it can also be 
basedd on extrapolating the results of helminthic surveys in similar communities. 
Furthermore,, the advantage of mass treatment is that teachers, mothers or other non-
health-professionalss can distribute anthelminthic drugs efficiently to school age 
childrenn with minimal training.(27 ;28) This saves time, human resources and 
finances.finances. In this study we show that mass treatment, focusing on school children, is 
effective,, even when the coverage among the entire population is between 50 and 
60%. . 

Praziquantell  at a dose of 50mg/kg of body weight (29) was effective in 
eliminatingg H. nana. In this study we administered praziquantel only to those subjects 
whoo were infected with H. nana but Nahmias et al. showed that combining a single 
dosee of 400mg of albendazole and praziquantel (40mg/kg body weight) in their mass 
treatmentt campaigns eradicated approximately 85% of all intestinal helminth 
infections.(30)) In that study the high rates of hymenolepiasis and schistosomiasis 
justifiedd the use of praziquantel for mass treatment. The current price of an 
albendazolee 400mg tablet is around US$ 0.20; a praziquantel 600 mg tablet costs 
aroundd US$ 0.1. A combined regimen can be cost effective for deworming 
campaigns,, without stool examination, especially in areas with multiple helminthic 
infections. . 
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Nowadayss the impact of intestinal helminth infections on human health, 

especiallyy of children, is well recognized. The findings in this study are most likely 
representativee of most other ethnic minority communes in the remote areas of Viet 
Nam.. Because mass treatment of IHI with albendazole is cheap and can reduce IHI 
quicklyy in a short period of time, we suggest that this can be organized through the 
logisticss of the malaria control program in Viet Nam which is free of charge to the 
vulnerablee and poor populations.(l) 

CONCLUSION N 

Inn an ethnic minority commune in a mountainous area in southern Viet Nam, a 
highh prevalence of intestinal helminth infections was found. Interventions with 
repeatedd albendazole mass treatment, health education and improvement of 
environmentall  hygiene and supply of clean water were initially frustrated by poor 
qualityy of the albendazole formulation used. Replacement quickly led to a significant 
reductionn of the IHI rate. This method can be used for other areas with similar 
conditions. . 
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ABSTRACT T 

Subject:: to determine the prevalence of anemia and evaluate the relationship of 
malariaa and helminth infections on anemia status in Phan Tien village - a 
mountainouss ethnic minority community in southern Vietnam. 

Methods:: This longitudinal study was performed from April 1997 to 2000 by 
measuringg the hemoglobin concentration of all people who participated in annual 
surveyss at the end of the rainy seasons. Ferritin concentration was measured in 2000 
too evaluate the proportion of iron deficiency anemia. The relation between malaria 
andd intestinal helminth infections with anemia was investigated. 

Results:: 2767 blood samples were collected and measured for Hb concentration 
duringg six surveys. Anemia was always over 43% and mainly associated with iron 
deficiencyy (80.1%). Using generalized estimating equations, a small but significant 
declinee of the anemia prevalence was detected (OR: 0.805; p < 0.0001). Malaria was 
significantlyy associated with anemia (OR: 2.408; p = 0.0006). There was no 
significantt effect of the control of intestinal helminth infections on the time course of 
anemiaa (95% CI: -0.1548 to 0.1651). 

Conclusion:: It was concluded that, in ethnic minority communes in Viet Nam, 
anemiaa is highly prevalent but it cannot serve as a proxy indicator of malaria, and not 
off  hookworm infections. This is probably caused by the marginal nutritional status of 
thosee who are at risk of malaria and helminth infections. Since micronutrient 
deficiencyy is common in the vulnerable populations of South-east Asia, infectious 
diseasee control programs should be accompanied by monitoring iron deficiency and, 
whenn needed, supplementation can be organized through the helminthiasis or malaria 
controll  programs. 
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INTRODUCTIO N N 

Anemiaa continues to be a major health problem worldwide. According to 
estimatess of the World Health Organization (WHO), 2 billion people suffer from 
anemiaa in the world.(l) Anemia can lead to absenteeism, diminished learning ability, 
increasedd susceptibility to infection, growth retardation in children, reduced work 
performancee and increased accident rate.(2-7) 

Thee causes of anemia are multifactorial. Micronutrient deficiencies such as 
iron,, folate, and vitamin B12 are important causes of anemia.(8) Iron deficiency (ID) 
iss the commonest cause of nutritional anemia and is accountable for almost a million 
deathss annually (9-11) Sickle cell disease, other haemoglobinopathies and 
thalassaemiaa also contribute to anemia.(12) Anemia is often associated with parasitic 
diseasess such as malaria and hookworm infections.(13-16) Hookworm infections may 
causee anemia because they induce iron deficiency by chronic intestinal blood loss. 
Thee association between chronic anemia and malaria in the highly endemic regions 
suchh as sub-Saharan Africa and Papua New Guinea, or with hookworm infections, 
mayy be so strong that anemia is often taken as a proxy indicator of malaria or 
hookwormm control programs. However, in other regions, this relation is not so evident 
andd other factors such as malnutrition and genetic factors may play a significant role. 

Too assess the rate of anemia in the ethnic minority population in Viet Nam and 
too investigate whether malaria control and control of hookworm infections decrease 
thee rate of anemia, we followed the population of Phan Tien, an ethnic minority 
communee in southern Viet Nam, as a cohort, from before until after control of malaria 
andd hookworm infections. 

SUBJECTSS AND METHOD S 

StudyStudy site and population 

Thee study was conducted in Phan Tien village, an ethnic minority commune 
locatedd in the mountainous area in Binh Thuan province, southern Viet Nam. Hidden 
inn the forest, it took several hours to reach the village from the main road even in the 
dryy season and it could not be reached by car in the rainy season. Before July 1994, 
theree was no health care facility and water supply was from a small river next to the 
village.. Electricity was introduced at the end of 2000. 

Thee population of Phan Tien is composed of several ethnic minority groups. 
Thee number of individuals rose from 716 to 1088 in 2000 due to immigration of 
settlerssettlers of different ethnic minority groups and a high birth rate (3.2% per year). 
Peoplee lived family wise with 5 to 6 persons in one house, with clay walls and a 
thatchedd roof. They did not have knowledge of private sanitation, were often walked 
barefoott especially infants and young children. Humans shared their domestic area 
withh animals. Human and animal excrements were disseminated in and around the 
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village.. People and cattle shared a small river as their water source for consumption, 
washingg and agricultural irrigation. 

Thee economy of Phan Tien was and is still based on subsistence agriculture, 
mainlyy rice paddies, and on what the surrounding forests have to offer. In general, the 
locall  economy and living standards, including sanitation, are very poor. Nutritional 
intakee is marginal with low protein and micronutrient intake.(17) 

DemographicDemographic surveillance 

AA full census of Phan Tien was performed in 1994. Houses were numbered and 
alll  individuals were registered. A record was completed for each individual with 
name,, unique identifier, age, sex, household and ethnic group. Over the period 1994-
2000,, surveys were always held at the end of the rainy season with a single additional 
surveyy at the end of the dry season in April 1997. During surveys, the demographic 
dataa were updated, including registering neonates, deaths, and population movement. 

Measurements Measurements 

Malariaa was investigated during all surveys by on the spot microscopic 
examinationn of Giemsa stained thick and thin blood smears by experienced 
microscopists.. The result was presented as positive/negative and specified by 
Plasmodiumm species. Intestinal helminth infections were only investigated in children 
lesss than 17 years old starting in the survey of April 1997 and during the end of the 
rainyy seasons from 1997 to 1999, as described elsewhere. Fresh stool samples were 
immediatelyy examined by the Willi s and Kato-Katz thick smear techniques and the 
agarr plate technique for strongyloidiasiŝ 18-20) Intestinal helminth infections and 
helminthh species were presented as positive or negative. 

Hemoglobinn concentrations (Hb) were measured in all surveys from 1996 to 
2000.. Blood was collected by finger puncture for measurement of Hb with a portable 
hemoglobinometerr (HemoCue®, AB, Angelhom, Sweden).(21-23) 

Anemiaa was defined per age group and a threshold of the Hb value: children < 
55 years old (group A): Hb < 110 g/L; 5 - 12 years (group B): Hb < 115 g/1; boys of 
1 2 - 155 years (group C) as well as girls of 12 - 15 years (group D): Hb < 120 g/1; 
non-pregnantt females above 15 years (group E): Hb< 120 g/1 and males above 15 
yearss (group F): Hb < 130 g/1. Severe anemia was defined as Hb value <70g/l.(24) 

Serumm ferritin was only measured in 2000. 3ml of venous blood was collected 
off  all participants and centrifuged immediately.. Sera were stored in -700C until 
measurementt in the Academic Medical Center - the Netherlands. Iron deficiency in 
bothh sexes was defined as ferritin level < 12ug/l for children < 5 years old and < 
15ug/ll  for the rest the people. Iron deficiency anemia (IDA) was anemia plus iron 
deficiency.. (23) 
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Al ll  data were entered into a computerized database with the repeated 
measurementss of Hb, malaria and intestinal helminth infections specified for all 
inhabitants.. Data were analyzed on the basis of repeated measures. 

Thee association between anemia and malaria or intestinal helminth infections 
wass investigated per year by Student's t-test for Hb values, using SPSS (version 11.0 , 
SPSSS Inc., Chicago, 111.). For the longitudinal analysis, generalized estimating 
equationss was applied with "anemia" as the repeated measure, using SAS ( release 
8.01,, Sas Institute Ine, Cary, NC, USA). Since the value of Hb itself changes by age it 
wass not analyzed in a repeated measures model. Statistical significance was accepted 
whenp<0.05. . 

RESULTS S 

Thee results of the malaria control program in Phan Tien have been described 
elsewhere.. (17) In brief, during the first survey in 1994, 41% of the general 
populationn carried malaria parasites, of which Plasmodium falciparum contributed 
70%.. Following the interventions with early diagnosis and treatment of malaria, 
distributionn of insecticide treated bed nets and health education, the malaria 
prevalencee decreased dramatically. Overall prevalence of malaria over the study 
periodd is shown in Figure 1. In 1998 no malaria was detected in the indigenous 
populationn of Phan Tien. Although malaria was reintroduced by new settlers, road 
andd forest workers, the overall prevalence still remained low (3%) in 1999. There was 
noo indication of local malaria transmission in the commune itself. 
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Year r 
Figuree 1: The prevalence of malaria, intestinal helminth infections, and anemia in the 
populationn of Phan Tien. 

Thee intestinal helminth infection control program is also described elsewhere 
(Lee Q. Hung, Thesis, September 20 2004, University of Amsterdam). In brief, in 
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Aprill  1997, intestinal helminth infections were diagnosed in 28.6% of the children of 
Phann Tien. Hookworm infections were the most (23%), followed by Trichuris 
trichiuraa (1.9%), Hymenolepis nana (1.9%), Enterobius vermicularis (0.9%), Ascaris 
lumbricoidess (0.5%), and multiple helminths infection (0.5%). Most of the mixed 
infectionss also involved hookworm. Strongyloides stercoralis was not detected. A 
controll  program, based on albendazole mass treatment, safe water supply and health 
education,, started after this survey. Hymenolepis nana infections were treated with 
praziquantell  in 1998 and 1999. To ensure safe water supply, wells were made 
availablee at the end of 1997. Improvements of the sanitary facilities were carried out 
simultaneously,, supported by health education and promotion of personal and 
environmentall  hygiene. 

Thee prevalence of intestinal helminth infections decreased significantly during 
thee program, despite a delay during the first 6 months caused by using inappropriately 
formulatedd albendazole tablets. By the end of 1999, the overall prevalence of 
intestinall  helminth infections had decreased to 3.3% and hookworm infections to 
0.8%.. The prevalence of intestinal helminth infections is shown in Figure 1. 

Hbb was measured in a total of 2767 blood samples, collected at 6 surveys. The 
prevalencee of anemia and severe anemia in the first survey, in 1996, was 66.1% and 
2.1%% respectively. The prevalence of anemia observed in the consecutive surveys is 
shownn in Figure 1, along with malaria and intestinal helminth infections. Figure 2 
presentss all Hb values in the first survey (1996), stratified by age and gender. The Hb 
valuess and anemia rates, specified by age group and survey, are shown in Table 1. 
Duringg the consecutive six surveys, the mean Hb values of children in group A were 
oftenn the lowest. 
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Figuree 2: Distribution of hemoglobin concentrations in the population of Phan Tien 
inn 1996, stratified by sex and age. 
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Thee prevalence of anemia in Phan Tien was very high, but variation from year 
too year was considerable, ranging from 43% to 77% (Table 1) and severe anemia 
rangedd from 1.2 to 3.0%. This is considered a severe significance from the 
perspectivee of public health.(24) 

Thee mean Hb values of subjects with and without malaria were compared with 
Student'ss t-test, for every age group in every survey. Hb values were not different 
betweenn parasitamic and non-parasitaemic subjects in the surveys of 1996 through 
19977 (data not shown). Hb values of parasitemic subjects were lower in group A 
(t=3.49;; p=0.001) and group B (t=2.99; p=0.02) in 1999 and in group B (t=2.61; 
p=0.01)) in 2000. There was no significant association between malaria and anemia 
ratess among the different age groups. By analysing the repeated data with generalized 
estimatingg equations (GEE) a significant decline of the anemia prevalence was 
detectedd (OR: 0.805; 95% CI: 0.761 to 0.850, p < 0.0001) with an independent 
significantt effect of the malaria prevalence (OR: 2.408; 95% CI: 1.458 to 3.796, p = 
0.0006).. In the subgroup of children younger than 17 years with available stool 
examinationn results, the same findings were confirmed but there was no significant 
effectt of the intestinal helminth infections on the time course of anemia (95% CI: -
0.15488 to 0.1651). 

Tablee 1: The mean Hb values and prevalence of anemia in Phan Tien from 1996 to 
2000,, stratified by age and gender. 

Hbb levels by age group Proporti . 

Year r 

1996 6 

Aprr  '94 

Novv '97 

1998 8 

1999 9 

2000 0 

<5 5 

Mean n 
(SE) (SE) 

99.77 (1.3) 

103.88 (1.7) 

98.11 (2.2) 

104.2(1.7) 104.2(1.7) 

104.66 (2.5) 

100.00 (1.3) 

5-12 2 

Mean n 
(SE) (SE) 

105.44 (1.4) 

111.8(7.2; ; 

105.33 (1.1) 

116.9(1.1) 116.9(1.1) 

U5.6(l.l) U5.6(l.l) 

108.8(7./; ; 

12-155 boy 

Mean n 
(SE) (SE) 

1213(3.8) 1213(3.8) 

110.6(3.0) 110.6(3.0) 

110.77 (2.2) 

118.8(3.5; ; 

119.88 (4.5) 

116.9(3.2) 116.9(3.2) 

12-155 girl 

Mean n 
(SE) (SE) 

112.77 (2.6) 

118.6(25; ; 

108.66 (2.1) 

126.55 (1.6) 

121.0(3.6; ; 

119.8(25; ; 

>155 male 

Mean n 
(SE) (SE) 

110.99 (1.2) 

112.00 (3.5) 

107.88 (1.4) 

118.33 (1.6) 

\\9.5(1.6) \\9.5(1.6) 

117.11 (5.0) 

>15 5 
female e 

Mean n 
(SE) (SE) 

128.33 (1.6) 

112.22 (6.5) 

122122 A (1.9) 

129.99 (3.2) 

129.33 (1.7) 

104.55 (6.5) 

off  anemia/ 
severe e 

anemia a 
(%) ) 

66.1/2.1 1 

62.6/1.2 2 

76.88 / 3.0 

43.00 / 2.2 

47.8/1.3 3 

64.99 / 2.4 

Ferritinn concentration was only measurred in 2000. The mean (  SE) ferritin 
valuess were 8.9 ug/1 (  9.1) and 8.2 ug/1 (  5.2) for children < 5 years old and the 
remainingg population, respectively. In girls and females ferritin values were lower 
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thann in boys and males but this did not reach statistical significance (data not shown). 
Prevalencee of iron deficiency was very high: 86.3% of the overall population. Iron 
deficiencyy was found in 85.7% of anemic subjects. 

DISCUSSION N 

Thiss study uncovered a high frequency of anemia in an ethnic minority 
communee in Viet Nam. Anemia in developing countries is often related to malaria 
andd hookworm infections. In this commune anemia was not easily redressed by 
controllingg both infections. Understanding the dynamics of anemia, malaria and 
hookwormm infections as a public health problem may benefit public health 
interventionn programs. 

Thee prevalence of anemia varied during the study period, but nearly half of 
populationn always suffered from anemia. Initially, malaria was considered the most 
significantt cause. It is evident that malaria causes hemolysis and that both 
symptomaticc and asymptomatic malaria are strong risk-factors for anemia.(25;26) In 
thiss study, we did not detect an association between malaria and hemoglobin 
concentrations,, or even anemia, when analyzing the respective surveys on it self, 
exceptt in 1999. Not until the repeated dataset was analyzed with GEE, the 
relationshipp between anemia and malaria became clear. Similarly, Stoltzfus did not 
detectt any association between malaria and haemoglobin concentration on Pemba 
Island,, off the East African coast, except in children below 30 months of age with a 
highh parasite density, probably because the statistical power of analyzing a single 
crosss sectional survey is limited.(27;28). 

Inn our study, eventually in 1999, when local malaria transmission had been 
interruptedd for approximately two years, Hb levels were lower in malaria-infected 
subjects.. This may suggest a possible role of malaria immunity also protecting against 
anemia.. An arithmetic, but more plausible, explanation is that in hyperendemic areas, 
suchh as Phan Tien in the early nineteen nineties, malariometric surveys only measure 
thee point prevalence of parasite carriers. They underestimate the total force of 
infectionn and thus obscure the association with the chronic effects of repeated 
infections,, such as anemia. In fact, the number of malaria cases during the survey of 
19999 was small to draw sound conclusions. When the improvement of anemia did not 
substantiate,, we postulated that hookworm infections were a significant contributor to 
anemia.. This was confirmed when a high frequency of hookworm infections was 
demonstrated,, but no association between hookworm infection and anemia was 
found.. And also, control of hookworm infections did not improve the rate of anemia, 
despitee the fact that most of the anemia was explained by iron deficiency. Worldwide, 
hookwormm infections are an important cause of iron deficiency, especially the 
infectionss with high worm densities.(14;28-30) In our study we did not count egg 
loadss and so we cannot exclude the possibility that worm densities were low and thus 
didd not contribute significantly to iron deficiency anemia. 

106 6 



ChapterChapter 7 
Thee most likely explanation for the high rate of anemia in this population is 

thereforee insufficient dietary intake of micronutrients, especially iron. It may explain 
aa delayed recovery of iron deficiency anemia after control of hookworm infections. In 
anotherr study we showed that the Phan Tien inhabitants had a marginal nutritional 
statuss throughout the study period. Previously we observed some reversal of stunted 
growthh in Phan Tien, probably related to the control of malaria. This suggests that 
macronutrientt deficiency was not critical but that miconutrients, especially iron, were 
deficient.. Iron supplementation through existing control programs such as the malaria 
controll  program should be considered. 

Hemoglobinopathiess and thalassemia may also contribute to anemia. 
Thalassemiaa and hemoglobin E occur in Vietnamese subjects, but the prevalence in 
Viett Nam is not known.(31) Attempts to investigate this in Phan Tien have not been 
successfull  thus far. 

CONCLUSION N 

Inn conclusion, in ethnic minority communes in Viet Nam, anemia is highly 
prevalentt but it cannot serve as a proxy indicator of malaria, and not of hookworm 
infections.. This is probably caused by the marginal nutritional status of those who are 
att risk of malaria and helminth infections. Since micronutrient deficiency is common 
inn the vulnerable populations of South East Asia, infectious disease control programs 
shouldd be accompanied by monitoring iron deficiency and, when needed, 
supplementationn can be organized through the helminthiasis or malaria control 
programs. . 
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Thee studies presented in this thesis are the result of a long-standing 
collaborationn in medical research between Cho Ray Hospital in Ho Chi Minh City, 
thee Center for Malaria & Goitre Control of Binh Thuan Province and the Academic 
Medicall  Center in Amsterdam. The author and his team carried out a series of studies 
inn Binh Thuan province, a province in southern Viet Nam. The early malaria 
treatmentt studies were soon complemented by malaria control studies and this led to 
studiess into malnutrition, intestinal parasite infections, anemia and other health 
problemss of the vulnerable ethnic minority population of Binh Thuan province. 

ChapterChapter 1, the introduction, describes the burden of malaria and other diseases 
inn the rural and remote areas of Viet Nam. At the end of the 1980s and early 1990s, 
malariaa was a great health problem in Viet Nam with an increasing incidence of 
malaria,, complicated and fatal cases and increasing frequency of local outbreaks. 
Binhh Thuan, was highly endemic for malaria in that time. 

Thee research group was involved in malaria treatment studies at the primary 
healthhealth care level in Binh Thuan but, it was realised that the largest burden of disease 
wass not presented to the health services. The majority of the population of Binh 
Thuann belongs to the group of ethnic Vietnamese, but the ethnic minority groups in 
Binhh Thuan suffered the most from malaria. Phan Tien was an isolated ethnic 
minorityy village, at the foot of the Truong Son mountains, with a very high perennial 
malariaa transmission but without health facility. The health needs of the population 
andd our scientific objective of studying the effects of the Vietnamese malaria control 
programm were complementary. The entire population of Phan Tien was included in a 
dynamicc cohort study, looking at the prevalence of malaria, malnutrition, intestinal 
helminthh infections, anemia and the longitudinal effects of control measures. 

ChapterChapter 2 describes a malaria treatment study of artesunate with mefloquine at 
variouss intervals in non-severe falciparum malaria. The efficacy, tolerance, 
populationn pharmacokinetics and pharmacodynamics of artesunate followed by 
mefloquinee at various intervals were studied in 360 patients with falciparum malaria. 
Theyy received 4 mg/kg artesunate and 15 mg/kg mefloquine either simultaneously 
(A),, or after 8 h (B) or 24 h(C). Each patient received 3 doses of "mefloquine", one 
beingg the real druk, the other 2 being placebo. Follow up was 28 days. 

Al ll  patients recovered rapidly except one case of failure within the first 24 h. 
Mefloquinee pharmacokinetics was similar in the three regimens. Parasites reappeared 
inn 26%, 26% and 33% of patients in groups A, B and C respectively. Early 
recrudescencee was associated with high initial parasite density, slow parasite 
clearancee and rapid mefloquine clearance and low plasma concentrations at day 28. 
Mefloquinee plasma concentrations all reached therapeutic ranges, suggesting reduced 
parasitee sensitivity. 

Itt was concluded that there is no interaction between artesunate and mefloquine 
withh respect to tolerance, efficacy and pharmacokinetics. Single dose combination 
therapyy with artemisinin drugs and 15 mg/kg mefloquine does not completely prevent 
parasitee recurrence and may not prevent mefloquine resistance. There is probably 

112 2 



Summary Summary 
alreadyy some reduced mefloquine sensitivity prevalent in Viet Nam, and therefore a 
regimenn of three days of artesunate with a higher dose of mefloquine is 
recommended.. The national drug policy changed in the meantime. The regimen of 
firstt choice, for the treatment of uncomplicated malaria is nowadays CV8. 

ChapterChapter 3, describes the first randomized clinical trial with a new combination 
drugg based on dihydroartemisinin and piperaquine (CV8®) in Viet Nam and 
atovaquone/proguanill  (Malarone®) for treatment of uncomplicated falciparum 
malariaa in Viet Nam. Vietnamese adults with falciparum malaria were allocated 
randomlyy to treatment with dihydroartemisinin/piperaquine/trimethoprim/primaquine 
256/2560/720/400 mg (CV8®, n = 84) or atovaquone/proguanil 3000/1200 mg 
(Malarone®,, n = 81), both over 3 days. Patients were followed-up for 28 days. 

Al ll  patients recovered rapidly. The mean (95% CI) parasite elimination half-
lif ee of CV8 was 6.8 h (6.2-7.4) and of Malarone 6.5 h (6.1-6.9) (p= 0.4). Complete 
parasitee clearance time was 35 (31-39) and 34 h (31-38) (p= 0.9). The 28-day cure 
ratee was 94% and 95%, respectively (odds ratio 0.84, 95% CI 0.18-3.81). No 
significantt side-effects were found. 

Itt was concluded that CV8 and Malarone are effective combinations against 
multi-drugg resistant falciparum malaria. CV8 has the advantage of a low price. 

InIn chapter 4, the control of malaria in Phan Tien is described as a successful 
examplee of the Vietnamese national malaria control program, which includes 
preventionn with insecticide treated bed nets (ITBNs) and early diagnosis and 
treatmentt (EDT) of symptomatic patients. A combination of these strategies is often 
advocatedd but its effectiveness had not been studied extensively. When a decade ago 
thee malaria situation in Viet Nam deteriorated dramatically a nation wide malaria 
controll  strategy was adopted based on a combination of ITBNs, EDT at the primary 
healthhealth care level with artemisinin drugs and community involvement with health 
education. . 

Wee prospectively followed malaria in Phan Tien during interventions with 
ITBNss and EDT. From 1994 onwards the following interventions were applied: 
distributionn of ITBNs to all households with biannual reimpregnation; construction of 
aa health post and appointment of staff trained in microscopic diagnosis and treatment 
off  malaria; ensuring regular supply of materials and drugs; annual cross-sectional 
malariaa surveys with treatment of all parasitaemic subjects, and a programme of 
communityy involvement and health education. Surveys were held yearly at the end of 
thee rainy season. During the surveys demographic data were updated. Diagnosis and 
treatmentt of malaria were free of charge. Plasmodium falciparum infection was 
treatedd with artesunate and P. vivax infection with chloroquine plus primaquine. 

Inn 1994, when the baseline survey was held, there were 716 inhabitants. 
Amongg children under two years of age, 37% were parasitemic; 56% of children aged 
22 to 10 and 35 % of the remaining population were parasitemic. P. falciparum 
contributedd 73% to 79% of these. The respective splenomegaly rates were 20%, 56% 
andd 32%. In 1998, only one parasite carrier was detected, a visitor from outside the 
village.. In 1999 there was slight increase probably by re-introduction of malaria by 
workerss on the road and electric grid. The proportions of parasitemic subjects were 

113 3 



4%,, 7% and 1% respectively of which P .falciparum contributed 56%. Splenomegaly 
ratess were 0%, 5% and 2% respectively. 

AA combination of ITBNs and EDT, free of charge, complemented by annual 
diagnosiss and treatment during malaria surveys and community involvement with 
healthhealth education successfully brought malaria under control. This approach can be 
appliedd to other regions in the south of Viet Nam and provides a solid basis for 
furtherr studies in other areas with different epidemiology of malaria. 

ChapterChapter 5 describes the nutritional status in Phan Tien following malaria 
control.. A cross-sectional study with annual surveys from 1995 to 2000 was 
conductedd in Phan Tien to study the nutritional status and trends of growth. 
Al ll  people > 1 year were examined. Height and weight were measured annually from 
19955 until 2000. Skinfold thickness and middle upper arm circumference (MUAC) 
weree only measured in 1995. Z-scores for height, weight and BMI for age and 
weight-for-heightt were determined by using NCHS 1978 and CDC 2000 reference 
tabless (called US Z-scores) and by the LMS method, which was also used to draw 
growthh charts. Longitudinal analysis was based on mixed effects modeling of the time 
coursee of the repeated Z-scores. 

Duringg the first measurement, based on US Z-scores, the prevalence of 
moderate/severee stunting was 53% / 24%; for wasting this was 27% / 9%. This would 
indicatee severe malnutrition in the population of Phan Tien. However, it did not 
accuratelyy reflect the good physical condition and normal daily activities of most 
inhabitants,, although almost all subjects were very thin, with a very low BMI and 
withh very littl e subcutaneous fat. LMS Z-scores accurately described the distribution 
off  anthropometric parameters in the population, and showed a significant catch up 
growthh of height, especially during puberty. Consequently, weight-for-height and 
BMI-for-agee decreased. It is argued that the control of malaria was the most 
significantt health intervention during the last decade, and probably contributed 
significantlyy to the recovery of stunting. 

Itt was concluded that in a marginally nourished Asian population, the standard 
anthropometricc indicators have littl e diagnostic and prognostic value. Analysis of 
repeatedd Z-scores, generated with the LMS method, is a sensitive tool to detect 
secularr trends over a relatively short period, in small populations. Catch up of stunted 
growthh may falsely suggest increase of wasting in a population. 

ChapterChapter 6, "Intestinal helminth infections in an ethnic minority commune in 
southernn Viet Nam", describes a program to control intestinal helminth infections. 
Thiss control program was based on stool surveys, albendazole mass treatment in 
childrenn below 17 years, targeted use of praziquantel, and sanitation and health 
education.. At baseline, over 28% of the studied children were infected with intestinal 
helminths.. Hookworm infection was the commonest (23%») followed by Trichuris 
trichiuratrichiura (1.9%), Hymenolepis nana (1.9%), Enterobius vermicularis (0.9%), Ascaris 
lumbricoideslumbricoides (0.5%), and multiple helminths infections (0.5%); Strongyloides 
stercoralisstercoralis was not detected. Poor sanitation, lack of personal hygiene, and walking 
barefoot,, were considered the main risk factors for intestinal helminth infections. 
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Thee success of 400 mg albendazol single dose mass treatment was initially 
frustratedd by poor quality of the used drug formulation, only containing half of the 
indicatedd amount of albendazole. Using another formulation quickly reduced the 
prevalencee of hookworm infections. Praziquantel was used at a dose of 50mg/kg for 
subjectss infected with H. nana only. The program was strengthened by the 
distributionn of plastic sandals to all children, health education, ensuring safe drinking 
waterr by drilling wells and the construction of five pit latrines, as an example to 
follow. . 

Afterr three years of intervention, the overall intestinal parasitic rate had 
decreasedd to 3.3% (pO.001). We conclude that interventions which combine health 
education,, improved sanitation and albendazole mass treatment, can effectively 
controll  intestinal helminth infections but that the quality of the used drugs is an 
importantt factor. 

ChapterChapter 7, "Anemia, malaria and hookworm infections in a Vietnamese ethnic 
minority""  describes the prevalence of anemia and the relationship with malaria and 
intestinall  helminth infections in Phan Tien. 

Thiss longitudinal study was performed from April 1997 to 2000 by measuring 
thee hemoglobin concentration of all people who participated in annual surveys at the 
endd of the rainy seasons. Ferritin concentration was measured in 2000 to evaluate the 
proportionn of iron deficiency anemia. The relation between malaria and intestinal 
helminthh infections with anemia was investigated. 

27677 blood samples were collected and measured for Hb concentration during 
sixx surveys. Anemia was always over 43% and mainly associated with iron deficiency 
(80.1%).. Using generalized estimating equations, a small but significant decline of 
thee anemia prevalence was detected (OR: 0.805; p < 0.0001). Malaria was 
significantlyy associated with anemia (OR: 2.408; p = 0.0006). There was no 
significantt effect of the control of intestinal helminth infections on the time course of 
anemiaa (95% CI: -0.1548 to 0.1651). 

Itt was concluded that, in ethnic minority communes in Viet Nam, anemia is 
highlyy prevalent but it cannot serve as a proxy indicator of malaria, and not of 
hookwormm infections. This is probably caused by the marginal nutritional status of 
thosee who are at risk of malaria and helminth infections. Since micronutrient 
deficiencyy is common in the vulnerable populations of South-east Asia, infectious 
diseasee control programs should be accompanied by monitoring iron deficiency and, 
whenn needed, supplementation can be organized through the helminthiasis or malaria 
controll  programs. 
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Hett onderzoek dat wordt gepresenteerd in dit proefschrift is het resultaat van 
eenn langdurige wetenschappelijke samenwerking tussen het Cho Ray Ziekenhuis in 
Hoo Chi Minh Stad, het Provinciale Centrum voor bestrijding van Malaria en Krop in 
dee provincie Binh Thuan, Vietnam, en het Academisch Medisch Centrum. De auteur 
enn zijn onderzoeksgroep hebben een aantal onderzoeken uitgevoerd in Binh Thuan. 
Dee eerste onderzoeken naar behandeling van malaria, werden spoedig aangevuld met 
veldonderzoekenn naar malariabestrijding en dit leidde weer tot onderzoek naar 
ondervoeding,, intestinale worminfecties, bloedarmoede en andere 
gezondheidsproblemenn van dekwetsbare ethnische minderheidsgroeperingen in Binh 
Thuan.it,, evenals van het aantal lokale uitbraken. In die tijd behoorde Binh Thuan tot 
dee meest endemische provides van Vietnam. 

Dee onderzoeksgroep was aanvankelijk betrokken bij behandeling van 
ongecompliceerdee malaria op het niveau van de eerstelijn gezondheidszorg in Binh 
Thuan,, maar al snel werd duidelijk dat de grootste ziektelast niet aan de 
gezondheidszorgg werd gepresenteerd. 

Dee meerderheid van bevolking in Binh Thuan behoort tot de ethnisch 
Vietnamezen.. De minderhedengroeperingen hadden echter de meeste last van 
malaria.. Phan Tien was een nederzetting van leden van deze minderheden, geïsoleerd 
inn de bossen aan de voet van het Truong Son gebergte, met een hoge transmissie van 
malariaa door het gehele jaar heen, maar zonder enige voorziening voor 
gezondheidszorg.. De behoefte aan gezondheid van de bevolking en de 
wetenschappelijkee doelstelling van de onderzoeksgroep, het volgen van het 
Vietnamesee malariabestrijdingsprogramma, vulden elkaar goed aan. De gehele 
bevolkingg werd opgenomen in een dynamisch cohort onderzoek, waarmee de 
epidemiologiee van malaria, intestinale worminfecties en bloedarmoede evenals de 
lange-termijnn effecten van bestrijdingsmaatregelen werden bestudeerd. 

Hoofdstukk 2 beschrijft een onderzoek naar de effectiviteit van artesunaat met 
mefloquinee op verschillende doseertijden, voor ongecompliceerde Plasmodium 
falciparumfalciparum malaria. 

Dee effectiviteit, bijwerkingen, populatiefarmacokinetiek en -farmacodynamiek 
vann combinatie regimes van een enkele dosis artesunaat, aangevuld met een dosis 
mefloquinee op verschillende doseertijden, werden bestudeerd in een dubbelblind, 
gerandomiseerdd onderzoek onder 360 patiënten met ongecompliceerde falciparum 
malaria.. Zij kregen een aanvangsdosis van 4 mg/kg artesunaat, gevolgd door 15 
mg/kgg mefloquine op hetzelfde moment (A) na 8 uur (B), of na 24 uur (C). 
Blinderingg werd bewerkstelligd door het gebruik van mefloquine placebo. De 
patiëntenn werden gevolgd tot 28 dagen na het begin van de behandeling. 

All ee patiënten herstelden snel, met uitzondering van één geval waarin een 
verslechteringg van de conditie optrad binnen de eerste 24 uur. De farmacokinetiek van 
mefloquinee was hetzelfde in de drie behandelgroepen. Recrudescenties, het 
terugkerenn van parasieten in het bloed binnen 28 dagen, werd gevonden in 26%, 26% 
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enn 33% respectievelijk, in de groepen A, B en C. Vroege recrudescentie was 
geassocieerdd met een hoge initiële parasitemie, een trage afname van de parasitemie 
enn lagere mefloquine plasma concentraties op dag 28. Omdat de mefloquine plasma 
concentratiess in alle gevallen boven de minimaal therapeutische waarden kwamen, 
warenn de recrudescenties een aanwijzing voor verminderde gevoeligheid van de 
parasietenn voor mefloquine. 

Dee conclusie van dit werk is dat er geen interactie optreedt tussen artesunaat en 
mefloquinee met betrekking tot bijwerkingen, effectiviteit en farmacokinetiek van 
mefloquine.. Bovendien werd duidelijk dat combinatietherapie van een enkele dosis 
artesunaatt met een lage dosis mefloquine, 15 mg/kg, recrudescenties niet voorkomt, 
enn wellicht de ontwikkeling van mefloquine resistentie niet verhindert. Omdat er 
mogelijkk al enige mefloquine resistentie aanwezig is in Vietnam, kan om die reden 
beterr gekozen kan worden voor een regime van drie dagen artesunaat met een hogere 
dosiss mefloquine. In Vietnam werd het nationale beleid voor de behandeling van 
malariaa inmiddels aangepast. Het regime van eerste keus voor ongecompliceerde 
malariaa werd CV8. 

Hoodstukk 3 beschrijft het eerste gerandomiseerde vergelijkende onderzoek in 
Vietnamm met CV 8, een nieuwe geneesmiddelencombinatie gebaseerd op 
dihydroartemisininee met piperaquine. Dit werd vergeleken met atovaquone/proguanil 
(Malarone),, als behandeling van ongecompliceerde falciparum malaria. Vietnamese 
volwassenn malaria patiënten werden willekeurig behandeld met 
dihydroartemisinine/piperaquine/trimethoprim/primaquinee 256/2560/720/40 mg 
(CV8,, n = 84) of Malarone 3000/1200 mg (n = 81), beide gedurende 3 dagen. 
Patiëntenn werden gevolgd gedurende 28 dagen. 

All ee patiënten herstelden voorspoedig. De gemiddelde (95% Cl) parasieten 
eliminatiee halfwaardetijd van CV8 was 6.8 uur (6.2-7.4) en van Malarone 6.5 uur 
(6.1-6.9)) (p = 0.4). De tijd tot volledig verdwijnen van alle parasieten was 35 (31-39) 
enn 34 (31-38) uur (p = 0.9). Het genezingspercentage na 28 dagen was 94% en 95%, 
respectievelijkk (OR 0.84, 95% Cl 0.18-3.81). Belangrijke neveneffecten werden niet 
waargenomen.. Er werd geconcludeerd dat CV8 en Malarone beide effectieve 
combinatiess zijn tegen meervoudig resistente falciparum malaria. CV8 heeft het 
voordeell  van een lage prijs. 

Inn hoofdstuk 4 wordt de bestrijding van malaria in Phan Tien beschreven als 
eenn succesvol voorbeeld van het Vietnamese nationale malariabestrijdings-
programma.. Dit is onder andere gebaseerd op vroege diagnostiek en behandeling van 
patiënten,, maar ook op het voorkómen van de infectie door muggenbestrijding of het 
gebruikk van klamboes die geïmpregneerd zijn met insecticiden. Dikwijl s wordt een 
combinatiee van deze strategieën aanbevolen, maar de effectiviteit van een dergelijke 
gecombineerdee aanpak was nog niet goed bestudeerd. Toen meer dan 10 jaar geleden 
dee malaria situatie in Vietnam dramatisch verslechterde werd een nationaal malaria 
controlee programma ingesteld, gebaseerd op deze combinatie van geïmpregneerde 
klamboes,, vroege diagnostiek en behandeling met artemisininepreparaten op het 
niveauu van de eerstelijnsgezondheidszorg en participatie van de bevolking in malaria 
bestrijdingg met gezondheidsvoorlichting. De resultaten van deze aanpak werden 

119 9 



prospectieff  gevolgd in Phan Thien, waar door het gehele jaar een hoge malaria 
transmissiee was, met enige seizoensfluctuatie. Vanaf 1994 werden de volgende 
seizoensinterventiess toegepast: verspreiding van geïmpregneerde klamboes aan alle 
huishoudenss met tweemaal per jaar re-impregnatie met insecticiden; het oprichten van 
eenn gezondheidspost met aanstellen van staf, getraind in de microscopische diagnose 
enn behandeling van malaria; het garanderen van een adequate aanvoer van materialen 
enn geneesmidden; jaarlijks bevolkingsonderzoek met behandeling van alle 
parasitemischee individuen, en gezondheidsvoorlichting en stimuleren van 
bevolkingsparticipatiee in dit programma. Diagnose en behandeling van malaria 
werdenn gratis verstrekt. Plasmodium falciparum-infecties werden behandeld met 
artesunaatt en Plasmodium v/vax-infecties met chloquine en primaquine. De 
bevolkingsonderzoekenn werden elk jaar aan het eind van de regentijd verricht. 
Tijdenss deze onderzoeken werd de demografie van Phan Thien herzien. Tijdens het 
eerstee bevolkingsonderzoek in 1994 woonden er nog 716 mensen in Phan Thien. Van 
dee kinderen jonger dan twee jaar hadden 37% malaria parasieten aantoonbaar in het 
bloed.. Van de kinderen van 2-10 jaar was dat 56% en in de overige bevolking 35%. 
Hett aandeel plasmodium falciparum-infecties bedroeg 73% tot 79%. Miltvergroting 
werdd gevonden in 20%, 56% en 32% in deze leeftijdsgroepen. In 1998 werd slechts 1 
individuu met malariaparasieten gevonden, een bezoeker van elders. In 1999 was er 
enigee toename van transmissie, waarschijnlijk door immigratie van weg- en 
elektriciteitsnet-werkers,, zodat parasieten gevonden werden in respectievelijk 4%, 7% 
enn 1% respectievelijk waarvan 56% door Plasmodium falciparum. Miltvergroting 
werdd toen gevonden in 0%, 5% en 2% respectievelijk. 

Err werd geconcludeerd dat de combinatie van geïmpregneerde klamboes en 
gratiss verstrekte vroegdiagnostiek en behandeling van malaria, aangevuld met een 
jaarlijkss bevolkingsonderzoek en behandeling van parasitemische individuen, 
gezondheidsvoorlichtingg en participatie van de bevolking, de malaria transmissie in 
Phann Thien snel onder controle bracht. Deze aanpak kan ook toegepast worden in 
anderee delen van het zuiden van Vietnam en voorziet in een goede basis voor verder 
onderzoek. . 

Hoofdstukk 5 beschrijft de voedingstoestand van de bevolking van Phan Tien 
tijdenss de bestrijding van malaria. Van 1995 tot 2000 werden de jaarlijkse 
bevolkingsonderzoekenn in Phan Thien uitgebreid met het meten van lengte en 
gewichtt van alle personen ouder dan één jaar. In 1995 werden bovendien de dikte van 
huidplooienn en de omtrek van het midden van de bovenarm gemeten. De Z-scores 
voorr lengte, gewicht en body mass index voor leeftijd, en gewicht voor lengte, 
werdenn bepaald met behulp van de Amerikaanse NCHS-1978- en CDC-2000-
referentietabellen,, en d.m.v. de LMS methode. De LMS methode werd ook gebruikt 
omm groeicurves te tekenen. De analyse van de longitudinale metingen was gebaseerd 
opp een zgn. mixed effects model van de herhaalde Z-scores over de tijd. 

Bijj  het eerste bevolkingsonderzoek werd, gebruik makend van Amerikaanse 
referentietabellen,, een matige/ernstige achterstand in lengtegroei waargenomen in 
53%/24%% van de kinderen. Voor de achterstand in gewichtstoename was dit 27% / 
9%.. Deze waarden zouden aangeven dat ondervoeding in de bevolking van Phan 
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Thienn zeer ernstig was. De meeste mensen waren inderdaad erg mager en hadden zeer 
weinigg onderhuids vet, maar de bevindingen bij lichamelijk onderzoek, de goede 
lichamelijkk conditie en normale dagelijkse activiteiten pleitten tegen ernstige 
ondervoeding. . 

Dee Z-scores, berekend met behulp van de LMS methode, leverden een 
adequatee beschrijving op van de verdeling van de antropometrische indicatoren in de 
populatie.. Hiermee kon tussen 1995 en 2000 een toename van lengtegroei worden 
aangetoond,, vooral tijdens de puberteit. Tegelijk namen de Z scores van gewicht voor 
lengtee en gewicht voor leeftijd af. In dit hoofdstuk wordt beargumenteerd dat de 
bestrijdingg van malaria waarschijnlijk de grootste bijdrage leverde aan deze 
inhaalgroei. . 

Tevenss werd geconcludeerd dat de standaard antropometrische indicatoren 
weinigg diagnostische en prognostische waarden hebben in marginaal gevoede 
Aziatischee bevolkingsgroepen. Analyse van herhaalde Z scores, gegenereerd met de 
LMSS methode, is een gevoelige methode om kleine verschuivingen in groei in kleine 
populatiess te detecteren. Inhaal van lengtegroei is een gevolg van bestrijding van 
malariaa en kan ten onrechte suggereren dat ondervoeding toeneemt, dit omdat het 
lichaamsgewichtt minder snel toeneemt dan de lengte. Dit is een belangrijke 
bevinding,, vooral in het licht van de globale toename van overgewicht in snel 
industrialiserendee landen. 

Hoofdstukk 6, "Intestinale worminfecties in een ethnische minderheidsgroep in 
zuidelijkk Vietnam", beschrijft een bestrijdingsprogramma in Phan Tien van 
worminfectiess van de darm, gebaseerd op bevolkingsonderzoek van ontlasting van 
kinderen,, behandeling van de gehele bevolking met albendazol en geïndiceerd 
gebruikk van praziquantel, vanaf 1997 tot 1999. Bij het eerste onderzoek waren 28% 
vann de kinderen geïnfecteerd met wormen. Mijnworminfecties kwamen het meeste 
voorr (23%) gevolgd door Trichuris trichiura (1,9%) en Hymenolepis nana (1,9%), 
Ascariss lumbricoides (0,5%) en Enterobius vermicularis (0,9%). Strongyloides 
stercoraliss werd niet aangetoond. Inadequate sanitaire voorzieningen, persoonlijke 
hygiënee en blootsvoets lopen leken de belangrijkste risicofactoren voor deze infecties. 
Dee massabehandeling met albendazol had in eerste instantie weinig effect omdat, naar 
laterr bleek, de gebruikte tabletten slechts de helft of minder dan de aangegeven 
hoeveelheidd bevatten. Nadat een andere formulering gebruikt was nam het aantal 
mijnworminfectiess snel af. Praziquantel werd geïndiceerd gebruikt om kinderen met 
eenn Hymenolepis nana infectie te behandelen. De campagne werd ondersteund met 
hett uitreiken van gratis plastic sandalen, gezondheidsvoorlichting, het slaan van 
enkelee waterputten en het bouwen van een aantal latrines. Na 3 jaar interventie was 
hett aantal intestinale worminfecties afgenomen tot 3,3% (p < 0.001). Er werd 
geconcludeerdd dat interventies die gezondheidsvoorlichting combineren met 
verbeteringg van sanitaire voorzieningen en massabehandeling van kinderen, 
intestinalee worminfecties snel onder controle kan brengen, maar dat de kwaliteit van 
gebruiktee geneesmiddelen een belangrijke factor is. 

Hoofdstukk 7, "Anemie, malaria en mijnworminfecties in een Vietnamese 
minderheidsgemeenschap",, beschrijft de prevalentie van bloedarmoede in relatie met 
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malariaa en intestinale worminfecties in Phan Thien. In dit longitudinale onderzoek 
werdd tijdens de bevolkingsonderzoeken voor malaria van 1996 tot 2000 de 
hemoglobineconcentratiee bepaald van alle individuen die ook werden onderzocht op 
malaria.. In 2000 werd bovendien de ferritineconcentratie gemeten om de prevalentie 
vann ijzergebrek te bepalen. De relatie tussen anemie, malaria en intestinale 
worminfectiess werd geanalyseerd. 

Overr de jaren werden in totaal 2767 Hb bepalingen verricht. De prevalentie van 
bloedarmoedee was altijd meer dan 43% en was vooral gerelateerd aan ijzergebrek 
(80%).. Door middel van de statistische techniek van de zgn. generalized estimating 
equationss (GEE) werd een kleine, maar significante, jaarlijkse afname van de 
prevalentiee van bloedarmoede vastgesteld ((OR: 0,805; p<0,00001). Er was tevens 
eenn klein maar significant verband tussen de afname van anemie en afname van 
malaria,, dat alleen met behulp van GEE kon worden zichtbaar gemaakt (OR 2,408; p 
== 0,0006). De bestrijding van de mijnworminfecties had geen effect op de prevalentie 
vann anemie. 

Err werd geconcludeerd dat bloedarmoede vaak voorkomt onder de Vietnamese 
minderhedengroeperingen,, maar dat het niet als surrogaat merker voor de prevalentie 
vann malaria of mijnworminfecties kan dienen. Dat is waarschijnlijk het gevolg van de 
marginalee voedingstoestand van hen die ook veel lijden aan malaria en 
mijnworminfecties.. Omdat deficiëntie van micronutrienten veel voorkomt onder 
bevolkingsgroepenn van zuidoost Azië is het aan te bevelen 
ziektebestrijdingsprogramma'ss aan te vullen met onderzoek naar ijzergebrek en, waar 
nodig,, te supplementeren via deze bestrijdingsprogramma's. 
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Erratum. . 
Opp pagina 118, aan het einde van de eerste alinea, is een gedeelte van de tekst niet afgedrukt. De 
correctee tekst is: 

Dee eerste onderzoeken naar  behandeling van malaria werden spoedig aangevuld met 
veldonderzoekenn naar  malariabestrijdin g en dit leidde weer  tot onderzoek naar  ondervoeding, 
intestinalee worminfecties, bloedarmoede en andere gezondheidsproblemen van de kwetsbare 
ethnischee minderheidsgroeperingen in Binh Thuan. 

HoofdstukHoofdstuk 1, de inleiding, beschrijft de ziektelast van malaria en andere ziekten onder 
dee bevolking van de landelijke en afgelegen gebieden van Vietnam. Aan het einde van de 
tachtigerr  jaren, begin negentiger  jaren van de vorige eeuw was malaria een groot probleem 
voorr  de volksgezondheid in Vietnam. Er  was een toename van de incidentie, complicaties en 
sterfte,, evenals van het aantal lokale uitbraken. In die tij d behoorde Binh Thuan tot de meest 
endemischee provincies van Vietnam. 

Dee onderzoeksgroep was 
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