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SUMMARY 

Vivax malaria has increased in prevalence in parts of east Asia over during the past 
decade, re-emerging as a major public health problem in areas such as the Korean peninsula 
where it had long been absent. In other areas, a reduction in prevalence of fa1ciparum malaria 
has increased the relative importance of Plasmodium vivax in malaria management. The disease 
now causes significant morbidity in the region with resultant strains on health services and local 
economies. 

The epidemiology of vi vax malaria varies across the region, being highly seasonal with 
long relapse intervals and occurrence of epidemics at higher latitudes while transmission is more 
perennial where it occurs with fa1ciparurn malaria in the south. The reasons for an increase in 
prevalence are unclear, and may involve climatic factors, economic and social factors, and 
changing agricultural practices. Its re-emergence as a public health problem requires a renewed 
focus on the disease and its management. 

By its nature as a vector-borne disease, and with its long persistence in the human host, 
vivax malaria readily spreads within countries and across national borders. Good management 
therefore requires cooperation between states, and sharing of knowledge and capabilities. 
Significant advances have already been made in East Asia in developing such collaboration, with 
the epidemic on the Korean peninsula in particular being addresses through sharing of material 
resources and expertise over the previous few years. This report records proceedings of a 
bi-regional workshop on vivax malaria convened to further develop this cooperation, assess 
current knowledge of vi vax malaria and its management, and identify priority areas for further 
development by WHO, participating member countries, and other institutions. The workshop 
brought together representatives from the ministries of health of the People Republic of China, 
the Republic of Korea, the Democratic People Republic of Korea, and the Socialist Republic of 
Viet Nam, together with representatives from the World Health Organization, and experts from 
non-government organizations and other experts involved in vivax malaria management. 

Several priority areas were identified by the workshop. Knowledge of vectors, relapse 
rates, transmission periods and reasons for outbreaks is limited, and this hinders the development 
of management strategies. Diagnostic capabilities and the capacity of health services to detect 
and respond to outbreaks are limited, particularly in areas where the disease had been absent for 
many years. Several treatment regimens are in use for vivax malaria, and the role of mass drug 
administration and anti-relapse therapy, in particular, needs to be defined. The role of vector 
management needs to be clarified. A marked reduction in infection rates on the Korean 
peninsula were evident over the past year, and it will be important to identify the factors 
responsible for this success. Partnerships to improve collaboration were proposed, in particular 
the possibility of developing an Asian vivax network to facilitate knowledge sharing and 
collaboration for research. The outcomes of the workshop, detailed in this report, are intended to 
form a starting point for an increased focus on this disease and its management in East Asia over 
the coming years. 



1. INTRODUCTION 

An Interregional Workshop on the Control of Vi vax Malaria in East Asia was held in 
Shanghai, China from 17 to 20 November 2003. Workshop participants shared information on 
the factors contributing to vivax malaria transmission, methods of diagnosing and treating the 
disease, and various control activities. The workshop was attended by participants from the 
departments of health of China, the Democratic People's Republic of Korea, the Republic of 
Korea, and Viet Nam. 

The workshop opened on 17 November 2003 with opening remarks, reports from the 
WHO South-East Asia and Western Pacific Regions, and country reports from China, Viet Nam, 
the Democratic People's Republic of Korea, and the Republic of Korea. Over the following days, 
the workshop addressed issues related to vivax malaria in East Asia including human factors 
contributing to transmission, the parasitological and entomological factors contributing to 
transmission, methods of diagnosis, reviews of treatment regimens and national drug policies, and 
mass drug administration (MDA). Further topics included surveillance and early warning 
systems, methods for identifying risk populations, training and capacity-building. Towards the 
end of the workshop, three working groups discussed strategies for vivax malaria control, support 
and training networks, and operational research. The workshop reformed to produce a series of 
recommendations based on the discussions within the working groups. 

1.1 Objectives 

(1) To identify and understand factors contributing to the rise of vivax malaria in the 
South-East Asia and Western Pacific Regions. 

(2) To discuss and evaluate methods of diagnosing vivax malaria, including clinical 
diagnosis, microscopy, and rapid diagnostic tests, and to underscore the necessity of 
quality assurance in microscopy. 

(3) To discuss the efficacy of methods for treating vivax malaria, including regimens of 
chloroquine, primaquine and other drugs, while also covering the need for and 
efficacy of radical cure. 

(4) To discuss control strategies such as mass drug administration (MDA), and 
surveillance and early warning systems. 

1.2 Background remarks <Dr Kamini Mendis) 

An estimated 75 to 90 million cases of vivax malaria occur each year. Approximately 56% 
of all vivax malaria cases occur in South-East Asia. Globally, P. vivax tends to be co-endemic 
with P.falciparum in the tropics, and occurs in an increasing proportion towards higher latitudes. 
P. vivax alone is the prevalent type of malaria present in northern and central China, the Korean 
peninsula, and areas such as the Caucuses. 

Historically, before treatment options became readily available, P. vivax infection caused a 
severe, debilitating illness with a significant associated mortality. Concomitant illness or 
malnutrition may exacerbate the effects of the infection, and even with the treatments available 
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today an association has been demonstrated between recurrent vivax malaria and reduced 
cognitive ability in children. 

P. vivax infections occur more frequently than P. falciparum infections in higher latitudes 
for several possible reasons, including a shorter reproductive cycle, the infectivity of mosquitos 
prior to onset of symptoms, long incubation periods, and delayed relapses. The characteristic of 
early infectivity may be a reason that a lower rate of drug resistance is associated with P. vivax 
than with P. falciparum. It is also why vector control is an effective way to interrupt 
transmission. 

2. PROCEEDINGS 

2.1 Regional and country reports 

2.1.2 Regional reports (Dr Kevin Palmer and Dr Chusak Prasittisuk) 

The transmission oftotal malaria cases in the South-East Asia and Western Pacific Regions 
has been reduced through improved control measures, such as early case detection and treatment 
and the use of insecticide-treated bednets (ITNs), in addition to environmental changes which 
have reduced vector habitats. 

Despite the reduction of total malaria cases, the incidence of vivax malaria has increased 
relative to falciparum malaria. As a result, vivax malaria is becoming a more important health 
issue in the Regions. 

2.1.2 Democratic People's Republic of Korea (Dr Kim Yun Chol) 

Vivax malaria has re-emerged in the Democratic People's Republic of Korea after a long 
period of absence. The first case was reported in 1998, and in subsequent years, the disease 
reached epidemic proportions during the June to October transmission season. The epidemics 
peaked in 2001 when over 300 000 cases were reported. The number of cases reported in 2002 
slightly decreased to 295 000, and 2003 saw a steep drop-off to only 46 000 reported cases of 
vivax malaria. 

While it is not entirely clear why vivax malaria has re-emerged, the public health ministry 
attributes it in part to increased vector breeding exacerbated by a decreased use of agricultural 
insecticide due to the economic difficulties of the late 1990s. 

The predominant vectors in the country are An. sinensis, An. anthropophagus and An. 
yatsushiro. An. anthropophagus is believed to be a recent arrival that may have contributed to the 
re-emergence of malaria. With this vector, biting occurs at night, both indoors and outdoors. 
While relapse and incubation times are not officially confirmed, the health service strongly 
believes that the incubation period is approximately nine months in most cases, with first clinical 
episodes occurring at the commencement of the following transmission season. 

In July 1999, the National Emergency Anti-Epidemic Committee was formed to address 
the problem ofvivax malaria. A bednet distribution programme was established, along with a 
public education programme and courses for training health workers. In 2003, the committee 
dispatched 4800 primary health care (PHC) units to areas affected by vivax malaria to engage in 
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case detection and management activities. The stated goal of the case management effort is to 
provide early diagnosis of infection followed by treatment within 24 hours. 

Most cases are clinically diagnosed; however, there has been an increase in microscopy 
services over the past two years. It is important to note that microscopy services are still largely 
confined to hospitals. Of the cases reported in 2003, 29 000 were clinically diagnosed and 16000 
were confirmed by microscopy, with a slide positivity rate of 51.5%, a decrease from 76.1 % in 
2002. 

While there is a desire to expand the training courses offered by the Committee, the 
necessary additional resources are not available. In addition, the country's economic problems 
have led to shortages of drugs and insecticides, which have hindered response efforts. 

The dramatic reduction in cases from 2002 to 2003 is likely due to an increased awareness 
of malaria in both the community and health services, a reduction in the vector population due to 
climatic factors, and an increase in agricultural use of insecticides. In addition, the country 
administered a mass chemoprophylaxis campaign with primaquine prior to the 2003 transmission 
season. 

2.1.3 Republic of Korea (Dr Ok Park) 

Vivax malaria in the Republic of Korea was first reported near the demilitarized zone 
(DMZ) in 1992, and increased to a peak of 4142 cases in the transmission season of 1999. 
Most cases have occurred in soldiers, discharged soldiers, and residents of the provinces 
bordering the DMZ. Few or no secondary cases have occurred elsewhere in the country despite 
the presence of vector species. 

Control strategies have concentrated on early case detection and treatment, vector control 
through fogging and residual spraying, and personal protection through chemo-prophylaxis of 
soldiers and the use of insecticide-treated bednets in high-risk areas. In addition, national 
guidelines on patient management and vector control have been widely disseminated. 
Since 1991, these strategies have placed an enhanced focus on high-risk areas and public health 
activities, as well as resulting in improved cooperation between relevant arms of government and 
with the Democratic People's Republic of Korea. 

Vector populations in the Republic of Korea have been heavily influenced by insecticide 
use on private farms. Since health services have little control over this, officials are concerned 

. that the vectors will develop a resistance to the insecticides used for bednets. Concerns are 
mitigated by the fact that most houses in the transmission areas have screens and bednets do not 
form a major part of vector control. 

2.1.4 China (Dr Tang Lin Hua) 

Vivax malaria occurs alone in parts of south-east and east China, and in conjunction with 
falciparum malaria in the south. Its prevalence has been greatly reduced since a malaria control 
programme was instituted in the 1950s, and transmission today occurs predominantly in remote 
areas. There are no counties in China reporting over 10 cases per 1 000 people per year. 

Since 1985, malaria control efforts have revolved around strategies that encourage h'igh 
community participation, combined with intervention activities based on risk assessments. 
These include the use of insecticide-treated bednets where indoor-biting vectors are prevalent, 
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residual spraying, chemoprophylaxis during the transmission season and targeted use of 
primaquine in the non-transmission season. 

Vivax malaria is generally treated with regimens of chloroquine and primaquine, but new 
options may be necessary in the southern border areas where P. Jalciparum is reportedly 
becoming resistant to these drugs. 

2.1.5 Viet Nam (Dr Doan Hanh Nhan) 

The incidence of malaria in Viet Nam and its associated morbidity and mortality have 
declined dramatically over the past 15 years. Vivax malaria accounts for 25% of all malaria cases 
in the country, a proportion which is on the rise. Transmission occurs seasonally in the north and 
perennially in the south and is largely confined to remote areas where health facilities are poor 
and resources are limited. 

Malaria control strategies, which are currently being modified to concentrate on minority 
groups, include community involvement and the socialization of malaria control, drug efficacy 
monitoring, the use of rapid diagnostic tests in remote areas, setting up of remote microscopy 
points, and the production of case management guidelines. Programmes for residual house 
spraying and use of insecticide-treated bednets are employed in high transmission areas against 
the major vectors of A. minimus, A. dirus andA. sundaicus. Vivax malaria is treated with 
chloroquine and primaquine, a course had 100% efficacy at 28 days in recent surveys. 

As malaria incidence decreases generally, the country is considering the implementation of 
screening programmes at border-crossing points. Microscopy or rapid diagnostic tests may be 
used to screen for incoming cases; however, the effectiveness of this strategy is still being 
studied. 

2.2 Factors influencing transmission ofvivax malaria 

2.2.1 Human factors: epidemiology and socioeconomic impact of vivax malaria 
(Dr Adrian Sleigh) 

During the 1980s, Henan province experienced the highest number of vivax malaria cases 
in China. By 1991, the area had achieved a "basic elimination" of the disease, reporting less than 
1 case per 10 000 people. This, combined with a national economic restructuring, resulted in a 
reduction in funding for malaria control. In response, a cost-benefit study on vivax malaria and its 
control measures was conducted in the province from 1994 to 1998. 

The study found that most of the costs associated with vivax malaria stemmed from case 
management problems such as delays in treating the disease and the administration of inadequate 
courses of antimalarial drugs. Despite these issues, and the fact that only 2.7% of all cases 
adhered to national management guidelines, 37% of cases were considered to be adequately 
managed. Poor case management resulted in increased costs to the patient, health service and 
economy due to prolonged illness, loss of income, and increased transmission to others. 
In addition, patients bore the high cost of drugs, purchases of which supplemented the income of 
local doctors. 

The Chinese Government's budget ofUS$ 100000 per year for malaria control efforts 
covered case management, blood surveys, and vector surveillance. Since most patient costs were 
associated with case management, it was concluded that improved early case detection and 
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management would provide a large cost-benefit gain through reduced transmission and loss of 
disability adjusted life years. 

The study concluded that the Government's investment in vivax malaria control was 
worthwhile and budget increase would lead to a correspondingly higher return on the investment. 
The study also recommended than any increases to the malaria control budget should be used to 
improve the drug management of individual cases, including addressing the reasons why health 
providers supplement their income through the sale of medicines. 

2.2.2 Parasite factors: role of molecular biology in P. vivax control (Dr Qin Cheng) 

The P. vivax life cycle is characterized by the existence of liver stage hypnozoites which 
cause relapses of infection some time after the initial attack. P. vivax is classified into tropical 
strains and temperate strains based on relapse patterns. 

The tropical strains, also known as Chesson strains, occur year round. They are 
characterized by a primary attack within 12 to 20 days, followed by frequent relapses in one to 
four month intervals. The tropical strains also occur in south China. 

The temperate strains are prevalent in central China and dominant in the Republic of Korea 
and the Democratic People's Republic of Korea. Infection from these strains occurs mainly 
during the July to October transmission period and is characterized by a long incubation period 
and long interval relapses. However, temperate strains with short incubation periods and short 
interval relapses also exist. 

The lack of understanding of temperate P. vivax strains hinders effective control. 
Molecular biology, as illustrated in the following three situations, could be a powerful tool in 
investigating P. vivax epidemiology, evaluating drug efficacy and detecting drug resistance. 
A better understanding of these three factors would provide guidance for formulating cost
effective control measures. 

I. The monthly distribution of vivax malaria cases shows a small number of cases occurring 
during the spring pre-transmission period followed by a large number of cases during the 
summer transmission season. If it could be demonstrated that the early cases are the 
source of infection for the following transmission season, then radical cure of the spring 
cases would reduce summer transmission. Typing and comparing the genotypes ofthe 
vivax strains during spring and summer would establish the relationship between them 
and help to determine the effectiveness of a radical cure in the spring. Genotyping strains 
in and between areas could help to determine the genetic diversity of vivax, the repertoire 
and distribution of vivax strains, and the movement of strains while also identifying the 
sources of outbreaks. 

2. Resistance to chloroquine and primaquine, the drugs used to treat vivax infections, has 
been widely reported in the Pacific regions. In China, where unofficial reports have 
questioned the effectiveness of both drugs, there is no documentation on the 
susceptibility of temperate strains of viva x to either drug. The efficacy of various 
primaquine regimens currently in use is also unclear, due to the long follow-up periods 
required by the regimens, and the lack of ability to distinguish relapses from new 
infections. In vivo efficacy trials combined with in vitro susceptibility tests and drug 
level measurements would help determine the efficacy of the drugs. By genotyping the 
pre- and post-treatment infections, it would also be possible to determine relapse patterns 
and distinguish them from new infections. 
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3. Molecular typing of drug resistance markers would allow the extent and level of drug 
resistance to be determined on a large scale, while also improving the understanding of 
the evolution of drug resistance in the regions. Resistance markers currently available 
are: pvdhfr (pyrimethamine resistance), pvdhps (sulfadoxine resistance), and pvcrt 
(chloroquine resistance). In addition, more markers will become available with the 
expected completion of P. vivax genome in 2004. 

2.2.3 Entomological factors affecting transmission in the Republic of Korea (Dr Han-n Ree) 

The species composition of the sinensis complex found in the Republic of Korea consists 
of An. sinensis, An. yatsushiroensis, An. pullus, An. iesteri, and An. sineroides. An. sinensis, 
which accounts for 98% ofthe complex, has very low infection rate and vector efficiency. 

The seasonal density of An. sinensis is very high, appearing initially in June, increasing in 
number to peak in late July, and decreasing thereafter with a small peak in September. 
This general pattern varies by year and area. Beginning in 1996, mosquito density underwent a 
considerable increase, peaking in 1998, the year of the large vivax outbreak in the country. 
During this outbreak, many vivax malaria cases occurred in early May, before the mosquito 
appeared, and peaked by the end of July. The later cases were most likely the result oflong-term 
incubation, giving rise to intense transmission during the transmission season. In 2003, there 
were very few mosquitos with a population that peaked in early June, and a correspondingly low 
number of viva x malaria cases reported. 

An. sinensis host blood analysis studies collected within SO metres of houses from 1962 to 
2000 showed that large domestic animals such as cows and pigs are the preferred hosts, 
depending on their availability. The human biting rate was 1.7% in 1962 and 0.8% in 2000. 
While the mosquito appears at dark, biting sharply increases at 10:00 p.m., peaks at midnight and 
then sharply declines. The mosquito displays equal human biting rates indoor and outdoor when 
lights are off; however, when indoor lights are on, the biting rate triples. An examination of the 
age and sex distribution of civilian vivax malaria cases in the country showed that most cases 
occurred in male adults between 20 and 50 years of age. A possible reason for this distribution 
may be that the young and old sleep inside where they are protected from biting; however, it is 
not clear whether it is behaviour or an occupation such as night fishing that puts adult males at 
higher risk for transmission. 

The longevity or proportion of daily survival of the mosquito can be used to determine 
malaria endemicity. Longevity varies by area and by season, being at its most pronounced in late 
June or early July, and again in late September. 

An. sinensis has a considerable flight range and dispersal rate. Two per cent flew up to 12 
. kilometres (km), and some marked mosquitos flew 16 to 20 km. The flight range, especially 
when combined with high mosquito density, is a significant factor in the spread of infection. 
On the Korean peninsula, most malaria cases occurred within 20 km of the Demilitarized Zone 
(DMZ). The DMZ is four km wide, and soldiers have to be on guard throughout the night. With a 
far travelling mosquito, it is very likely that vivax malaria in the Republic of Korea and the 
Democratic People's Republic of Korea are closely related. 

An. sinensis is a relatively poor vector. However, transmission depends on mosquito 
density and vector control is difficult, so the density cannot easily be reduced. Control options 
include eliminating contact between mosquitos and people through the use of repellents and 
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mosquito coils, and to reduce mosquito longevity through indoor residual spraying in animal 
sheds and on window screens, and also through outdoor thermal fogging. 

Workshop participants noted that insecticide-treated bednets should be an effective control 
technique, given the mosquito biting times, and that the difference between infection rates in 
males and females should be further researched. It was also noted that in the Democratic 
People's Republic of Korea, peak biting time tends to be earlier, depending on the season. 
The importance of other vectors in the Republic of Korea was also questioned, with the answer 
being that the similarly behaving An. yatsushiroensis may be a secondary vector of lower 
importance. 

2.2.4 Entomological factors affecting transmission in the Democratic People's Republic of 
Korea (Dr Gao Qi) 

As noted in the country reports, vivax malaria resurfaced in the Democratic People's 
Republic of Korea in 1998 and peaked with 300 000 cases in 2001. 

Several entomological factors likely contributed to the re-emergence of vivax malaria in 
the Democratic People's Republic of Korea. Vector density increased as a result of unusually 
high temperatures in the September/October period from 1998 to 2000. 

The exceptional weather also resulted in a new species of vector appearing in the country. 
An. anthropophagus, a vector which normally only occurs south of the 33 0 latitude, was 
classified as a new species in the 1980s. It is regarded as the most important malaria vector in 
China because of endophagic and endophilic behaviour, its human biting preference, and a 
vectorial capacity which is 20 times higher than An. sinensis. It was first found in the Liaoning 
province of China on the border of the Democratic People's Republic of Korea in 2000 and 
within the country in 2002. Its appearance was confirmed using polymerase chain reaction -
restriction fragment length polymorphism (pCR-RFLP). However, due to its small numbers, it is 
not clear if An. anthropophagus is a significant vector in the country's outbreaks. 

In 2002, an entomological investigation found that the three prevalent vector species in the 
Democratic People's Republic of Korea were An. sinensis. An. anthropophagus and 
An. yatsushiroensis. An. sinensis accounted for 85% of the mosquitos. It was found in all villages 
and at high densities of 5-54 mosquitos per person per night, with very high biting rates of 20 
bites per house. 

Vector density rose because of a decrease in agricultural insecticide use. None was locally 
produced, and imports were low due to economic difficulties during the mid-l 990s. As a result, 
anopheline larvae were found in all rice fields that were investigated. 

Human biting rates increased as the number oflarge domestic farm animals decreased in 
the face ofthe faltering economy. Also, bednets were not widely available. The bednets in use 
were handed out by the Government a decade previously, and there were no new nets on the 
market. 

In 2003, on finding that An. sinensis was susceptible to permethrin through a World Health 
Organization kit, the Democratic People's Republic of Korea conducted several tests. First, they 
tested the spraying of house walls using permethrin (500mglm2). The results showed that 
permethrin was only effective for seven to 10 days and thus could not be recommended for 
insecticide residual spraying (IRS). A separate test, which involved treating bednets with 
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permethrin (200 mg/m2
), showed that the insecticide remained effective over a 75 day 

observation period. 

A village field trial followed. All nets in the village, including 300 nets that were 
distributed to families who did not have them, were dipped in permethrin. With the village 98% 
covered by treated bednets, data were collected and compared to a control area. In the 
intervention area, malaria cases were reduced 69% in 2003 and 71 % in 2002. In the control area, 
malaria cases were down 33% in 2003 and 49% in 2002. The results showed that the treated 
bednets were effective during the transmission period. 

Workshop participants discussed the fact that heavy flooding in Central China in 1998 may 
have also had an effect on vector densities. A suggestion was made to study the effect of global 
warming on vivax transmission. Finally, the possibility that there is both an indoor strain and a 
separate outdoor strain of An. anthropophagus was raised. 

2.3 Diagnosis of P. vivax infections 

2.3.1 Vivax malaria diagnosis in China (Dr Gao Qi) 

Clinical and parasitological diagnosis of P. falciparum is relatively simple as it is 
characterized by high fever, severe symptoms and high parasitaemias. P. vivax is more difficult 
to detect as symptoms are generally light or atypical, with low parasitaemias. To accurately 
diagnose P. vivax using microscopy, several slides are required; however, in most cases only one 
is done. 

There are three wa~'s vivax malaria is identified and classified for treatment in China. 
The first is clinical diagnosis, which is based on the periodic typical fever rhythm. The second is 
effective presumptive treatment of a fever of unknown cause. If the fever disappears after one 
dose of chloroquine, it is recorded as presumptive vivax malaria and chloroquine treatment is 
continued. The third classification is laboratory-confirmed, in which an examination of thick 
bloodfilm via microscopy is necessary to detect the low parasitaemias. 

The microscopy quality control system in vivax endemic provinces follows a four-level 
process. Initial tests are performed at the township level. All positive slides, plus 10% of the 
negative slides are rechecked at the county level. Following this, the prefecture rechecks the 
positive slides and 5% of the negative slides, and finally, the province level performs the final 
recheck of the positive slides, and 1 % of the negative slides. Regular microscopist training 
courses are held every year in the counties and the Institute of Parasitic Diseases-China CDC 
offers training at the provincial level. 

Finally, the Institute of Parasitic Diseases-China CDC and the Jiangsu Institute of Parasitic 
Diseases are both pursuing the development of P. vivax rapid diagnostic tests. PCR for vivax 

. malaria diagnosis is available but is mainly used for research. 

Workshop participants commented that the four-step process of rechecking slides is a 
workload burden. It was acknowledged that while the National Malaria Control Programme had 
greatly reduced the rechecking targets, local authorities often insist on extensive quality control. 
Also, village doctors make most of the slides, which leads to questions regarding quality, storage, 
and transport time to the township. Private village doctors will not take slides because they 
cannot charge a fee for the service. Doctors who receive incentives from the township do take 
slides without charging, as it is part of their duties. 
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2.3.2 Diagnosis of vi vax malaria by microscopy and RDTs (Dr David Bell) 

Cases of acute vivax malaria are diagnosed clinically or through the demonstration of 
parasitaemias via microscopy or rapid diagnostic tests (RDTs). Clinical diagnosis lacks 
specificity and has a poor positive predictive value. The accuracy of blood-based microscopic 
diagnosis provides several case management advantages, including lower treatment costs, 
improved self-esteem of the local health care workers, greater confidence levels in patients, and 
accurate surveillance data. 

For survey and blood bank screening purposes, vivax malaria is diagnosed through history, 
microscopy, with the use of cell analysers, or through the detection of antibodies (anti-Pv IgG, 
IgM and IgA) using IF AT, ELISA or RDTs. While RDTs seem to be more effective at detecting 
antibodies of P. vivax than its antigens, antibody tests may miss the early infection period, and the 
duration of antibody persistence is not sufficiently known. 

Microscopy is the most established method of diagnosing vivax malaria. Since early 
diagnosis and early treatment have an effect on transmission, there is a distinct advantage to 
making microscopy services available in remote areas, through either village-based microscopy 
or village-level slide preparation with central microscopy. However, extending microscopy 
services to village levels raises problems with quality assurance. Since vivax malaria is 
transmitted in seasonal or epidemic patterns, and across an uneven geographical distribution, the 
low demand for microscopy services and lack of malaria at non-seasonal times result in low 
workload and slide positivity rates, making maintenance of standards difficult. 

In order to ensure the effectiveness of microscopy, it is necessary to establish a good 
quality assurance scheme. Such a scheme must address the skills of the microscopist, in addition 
to the quality of the films, microscope, and reagents used in diagnosis. For high quality 
microscopy services, microscopists must receive adequate training, be subject to a pre
qualification and certification process, and have validation and remedial training. To ensure the 
quality of the microscope, the microscopist must be able to maintain it at a local level. 

RDTs are available which target antigens of P. vivax including parasite lactase 
dehydrogenase (LDH) and aldolase (Table 1). When using such RDTs, it must be remembered 
that they detect the antigen, not the parasite. They also tend to be degraded by excessive heat, 
have a limited shelf life, and their accuracy depends on the technique used in testing. RDTS are 
also, in general, a more expensive method of diagnosis. 
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Table 1: Antigen tests available for P. vivax 

. 

Antigen Product Manufacturer I Distributor 

HRP2/Aldoiase NOW-leT Binax 

R&R Pflpan-malaria leT Malaria cc 

MalaQuick (-NOW -leT) r-Biophann 

Smart Check Malaria PflPv GlobaleMed 

HRP2 I (pvPoPm) Malaria P.t: RapiCard InstaTest Cortez 
PflPv 

PLDH OptiMal IT DiamedAG 

OptiMal 48 

Malaria Test Card International Immunodiagnostics 

SD Bioline Malaria PflPv SD Bioline 

First Response® Malaria Antigen Premier Medical Corporation. 
Test 

(HRP2IPvEMPl) (ParaSigbt F+V) (Becton-Dickinson) 

In field trials, antigen-detecting RDTs for P. vivax generally performed poorly (Table 2). 
The sensitivity shown by the RDTs was too low to be relied on for case management. Part of this 
may be due to high temperature exposure. 
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Table 2: Recent field trials of rapid antigen tests for P. vivax 

Trial Test n (vivax) Sensitivity (%) 
Parasite density 

Specificity (%) 
(//41) 

Wongsrichanalai NOW-ICT 63 87 98 
2003, Thailand 

Forney 2003 ParaSight F+V 1140 93 26-87 
Thailand / Peru 

99 >5000 

55 1-500 
I 

Cho 2001 ICf 69 45 

Republic of Korea OptiMal 65 

Huong2002 ICT 95 20 100 

VietNam OptiMal 74 100 

Mason 2002 ICT 31 3 97 

Myanmar OptiMal 47 

Iqbal 2002 ICT 187 58 98 

Kuwait 23 <500 

OptiMal 79 

44 <500 

Coleman 2002 OptiMal 52 100 >500 73 

Thailand 58 100-500 

29 <100 

Coleman 2002 ICT 66 >500 99 

Thailand 0 <500 

Playford 2002 ICf 50 44 100 

Australia OptiMal 80 97 

Ferro 2002 OptiMal 70 99 80 - 29000 97 

Columbia 

. W ongsrichanalai NOW-ICT 63 87 98 
2003, Thailand 

Forney 2003 ParaSight F+V 1140 93 26-87 
Thailand / Peru 

99 >5000 

55 1-500 
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Requirements for quality assurance of malaria rapid diagnostic tests 

Manufacturer 

Good manufacturing 
practlceJtesting 

-- -- -- -- --

RoglonaUCountJy District/remote a .. a 
Laboratory 

Lot testing 

"'-

Screening 
Sensitivity testing 

Transport and storage 

Temperature monitoring 
and control 

/' 
.... 

End user 

Training 
Superviskln 

.... ........ ' 

In conclusion, microscopy is the best way to diagnose P. vivax infections accurately, as 
long as the microscopy services include a quality assurance scheme with realistic validation, and 
a network for equipment, supply, and maintenance. In the future, antigen-detecting RDTs may be 
a good diagnostic option if improvements are made in sensitivity. Antibody-detecting RDTs 
could also be considered for screening purposes, but more research on sensitivity and timing is 
needed. 

2.4 Treatment ofvivax malaria 

2.4.1 Treatment of vivax malaria in Viet Nam (Dr Nguyen Hoan Phu) 

P. vivax is the prevalent parasite in north and central Viet Nam, and in south Viet Nam it is 
responsible for 30%-35% of malaria infections. The Chesson strain is prominent. Between 2001 
and 2002, at the Hospital for Tropical Diseases in Ho Chi Minh City, 34%-35% (2% mixed) of all 
malaria cases were vivax infections, a proportion that is increasing. Symptoms included 
headaches (86%), fevers (83%, mostly >39°C), daily fever paroxysms (62%), insomnia,(48%), 
and splenomegaly (22%). 

Vivax malaria is normally treated with a combination of chloroquine (25 mg base/kg) for 
three days and primaquine (0.25 mg base/kg/day) for 14 days. Primaquine is not given to 
pregnant women and children below 3 years of age. In 2001-2002, fever and parasite clearance 
times increased from the year before to 19 to 21 hours and 28 to 3 1 hours respectively, indicating 
a possible decrease in chloroquine sensitivity. In addition, relapses occurred within a 28~day 
follow-up period in 5% of cases. 

A clinical trial tested the efficacy of a regimen of dihydroartemisin (32 mg) and 
piperaquine (320 mg) followed by five days of primaquine. Under this regimen, parasite 
clearance time was very fast, fever clearance time was about the same as under the standard 
treatment regimen, and the relapse rate decreased to 2%. 

Questions remain as to which is the most effective primaquine regimen for radical cure. 
The 14-day primaquine regimen may be the best, despite compliance issues which prompted the 
Ministry of Health to reduce the treatment duration to 10 days. It is also not clear which 
primaquine regimen can be given to patients with glucose 6-phosphate dehydrogenase (G6PD) 
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deficiency. In Viet Nam, 10%-15% of the general population have G6PD deficiency, with higher 
rates common among some ethnic groups. 

2.4.2 The efficacy of chloroquine for P. vivax in central Viet Nam (Dr Ho Van Hoang) 

In central Viet Nam, 30% of all malaria infections are caused by P. vivax. From 1996 to 
2000, three in vivo efficacy studies with 28-day follow-up periods were conducted, involving a 
total of 99 patients. Patients were treated with a regimen of chloroquine (25 mg base/kg) for 
three days. Under this regimen, the fever clearance time ranged from 26 to 36 hours and parasite 
clearance times ranged from 40 to 53 hours. 

~--... 

A paper on a similar study conducted from 1994 to 1995 by Dr Doan Hanh Nhalfet.al. was 
distributed to the participants. Dr Nhan's study covered 221 vivax patients in central Viet Nam 
with a 28-day follow-up period. Results confirmed the efficacy of treating the infection for three 
days with chloroquine (25 mglkg). Out of 192 patients, only six relapsed within one month. In 
addition, 20 patients were given primaquine (30 mglkg/day) for 14 days as a radical cure. Out of 
these, four patients experienced a relapse or re-infection within a six-month follow-up period. 

Dr Nong Thi Tien presented more vivax malaria treatment efficacy data from Viet Nam. 
Between 1996 and 2000, 277 vivax patients from all over the country were followed up for 
28 days. All the. patients had adequate clinical responses (ACR) to the chloroquine standard 
treatment. 

The efficacy of two other drugs was also studied. CV8 was administered to 46 vivax 
malaria patients. Of these, 96% experienced ACR, and two patients suffered late treatment 
failures. Halofantrine w~s given to 24 vivax malaria patients for an ACR rate of88%. With this 
drug, three patients had late treatment failures. 

In 2003, Viet Nam introduced a new vivax malaria treatment regimen of chloroquine 
(20-25 mglkg) for three days and primaquine (0.5 mglkg/day) for five days followed by 10 days 
of primaquine (0.25 mglkg/day). 

The treatment standard for clinically diagnosed cases of viva x malaria in Viet Nam is 
dependent on the area. If P. Jalciparum is prevalent then artesunate alone is used to treat the 
infection. In areas where P. vivax is common, chloroquine alone is the treatment standard. 
Primaquine is only given to confirmed cases. 

2.4.3 Radical cure (Dr Ni Yichang) 

Radical cure is the eradication of P. vivax primary tissue schizontocides in the liver 
(hypnozoites) to prevent relapse. The only effective drug currently available is primaquine, an 
8-aminoquinoline (Table 3). Primaquine has a high toxicity and is known to be a potent oxidant, 
both of which are problematic. Side-effects of the drug include abdominal pain, 
methaemoglobinaemia, and the haemolytic effect in patients with G6PD deficiency, which is 
prevalent among certain Chinese ethnic groups. 

In the search for a less toxic radical cure, the primaquine metabolites were studied in an 
effort to separate the therapeutic effects from the toxic ones. While the most potent metabolite 
was found to be carboxyprimaquine, results showed that the therapeutic and toxic effects could 
not be separated. 
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Novel approaches for radical cure are needed. Combination therapy has long been used in 
malaria treatment, to enhance therapeutic effects, minimize toxicity, and delay drug resistance 
development. Recent studies have found that the Chinese herbal product, daphnetin, an iron 
chelator, may provide benefits when combined with primaquine. Daphnetin has been used for 
decades to treat cardiovascular diseases, with few side-effects when used for long-term 
administration. Daphnetin was recently discovered to have an anti-haemolytic effect. 
In addition, it showed schizontocidal activity for malaria parasites in vitro and in vivo in mice. 
An effect on the exoerythrocytic stages of malaria parasites could not be demonstrated in vivo; 
however, in combination with primaquine it showed promising antimalarial efficacy. It is hoped 
that combining daphnetin with primaquine in treating P. vivax will reduce the toxicity of 
primaquine through lower doses and a protective anti-haemolytic effect. 

Table 3: Radical cure of P. vivax: Different primaquine regimens in use 

Total adult dose Adult Dosage Duration Notes 
(mg) (mg base/day) (number of days) 

66 13.2 5 Used in Viet Nam before 2003 

(0.25 mg base/kg/day) 

132 13.2 10 Used in Viet Nam, 2003 

(0.25 mg base/kg/day) 

150 30 5 Used in Viet Nam, 

(0.50 mg base/kg/day) 
1992-1997 

180 22.5 8 Used in China (in P. Jalciparum 

(0.38 mg base/kg/day) 
and P. vivax mixed areas) 

180 22.5 2 x 4 (1-4 weeks Used in China (in 100% vivax 
interval) areas) 

210 15 14 WHO recommended standard 

(0.25 mg base/kg/day) Used in the Democratic People's 
Republic of Korea, the Republic of 
Korea, and Viet Nam (Hospital of 
Tropical Diseases, Ho Chi Minh 
City) 

360 45 Once (or divided in 3 Noted a mitigating haemolytic 
doses *)/week for 8 effect in the less severe G6PD 

weeks deficiency type A; seems more 
effective for Chesson strains 

420 30 14 Indonesia, 1999-2000; widely 

(0.50 mg base/kg/day) 
recommended for the Chesson 
strains 

900 30 Divided in 2 For more severe G6PD deficiency 
doses/week for 30 

weeks* 

* menttoned by Dr Nl Y lchang, Chma 
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2.4.4 Vivax malaria treatment in China (Dr Gao Qi) 

In the 1950s and 1960s, when China was experiencing large outbreaks ofvivax malaria, 
many treatment trials involving different doses of chloroquine and primaquine were undertaken. 
The duration of treatments with primaquine lasted from 3 to 14 days, with total doses between 
75-2\0 mg, and follow-up periods ranged between 4 and 12 months (Table 4). In general, 
relapses occurred more frequently with the regimens that lasted fewer than seven days, but the 
relapse rates varied according to regimen and follow-up period. Relapse rates were also affected 
by geographical area of different endemicity if the same regimen and follow up time were used 
(e.g. Hainan versus Shanghai). In addition, more relapses were observed in children, especially 
young children. 

Table 4: Previous trials of primaquine as anti-relapse therapy for vivax malaria in 
China 

No. of 
Survey Clinical relapse Relapse with parasite 

Areas Dosage/day period 
No. of No. of cases 

(month) % % 
cases cases 

Shanghai 2 I Omg!14d 58 9 0 0 0 0 

Shanghai 157.75mg!7d 31 8 0 0 0 0 

Shanghai 112.5mg!5d 39 8 0 0 1 3 

Shanghai 105mg/7d 38 8 0 0 0 0 

Shanghai 90mg!3d 15 8 I 7 1 7 

Shanghai 75mg!5d 8 8 1 13 1 13 

Hainan 21Omg!6d 63 4 0 0 2 3 

Guizhou 21Omg/14d 13 12 0 0 2 15 

Guiyzhou 100mg!5d 102 12 1 1 15 15 

Henan 67.5mg!3d 14 11 3 21 5 36 

Other studies were undertaken to help determine the national drug policy regarding 
primaquine. Results showed that a total dose of 180 mg of primaquine (22.5 mg/day for eight 
days) had a relapse rate of 3.5%, significantly lower than the 12.4% relapse rate of a total dose of 
120 mg of primaquine (30 mg/day for four days). 

Clinical trials compared two-course treatments of primaquine at dosages ono mg/day for 
four days (120 mg total dose), 30 mg/day for seven days (210 mg total dose), and 22.5 mg/day 
over eight days (180 mg total dose), with a one-course treatment of primaquine at 30 mg/day over 
seven days (210 mg total dose) followed up between 3 to 5 months later. The best results were 
achieved with the 2 \0 mg total dose given in two courses (Table 5); however, this regimen also 
caused an alarmingly high occurrence of methaemoglobinaemia and other side-effects. 
The effectiveness of the 180 mg total dose two-course regimen was comparable and had fewer 
side-effects. 
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Table 5: Comparison of results of clinical trials of various primaquine regimens 

Total PQ Interval No. of Follow-up Relapses Side-effects 

dose/days mg/day time cases (mos.) (%) Normal Cyanosis 

21Omgl7 d 
30 4 71 3 0 19 26 

2 times 

180 mgl8 d 
22.5 192 3 0.5 1 15 1 

2 times 

120mgl4 d 
30 0.5 91 5 3.3 0 2 

2 times 

210mgl7 d 
30 83 6.0 1.3 1.7 . - 4.5 

1 time 

From 1990 to 1993, another test compared two primaquine regimens. The first involved doses of 
22.S mg/day for eight days and the second involved a two-course treatment of22.S mg/day for 
four days with a one-month interval. While both regimens had similar relapse rates, 3.4% versus 
3.2% respectively, the latter caused fewer side-effects. 

China's national drug policy for vivax malaria in 1998 was as follows: 

• For areas with both P. vivax and P. Jalciparum infections: 
- chloroquine total dose of I.S g over three days 
- primaquine 22.S mg/day over eight days, starting simultaneously with the 
chloroquine treatment. 

• For areas where only P. vivax occurred: 
- chloroquine total dose of I.S g over three days 
- primaquine two course treatment of 22.S mg/day for four days, with 1-4 weeks 
interval. 

• In areas with high P. vivax incidence rates, a radical cure of four days of primaquine is 
administered to entire families and villages, as well as to patients with clinically 
diagnosed cases in the spring (pre-transmission) season in an effort to reduce outbreaks 
in the following transmission season. It should be noted that there is a lack of 
scientific evidence supporting the effectiveness of the spring radical cure. 

Workshop participants noted that WHO recommends that children should be given crushed 
tablets instead of chloroquine syrup because chloroquine has a small safety margin in children. 

It was also noted that the Democratic People's Republic of Korea had a relapse rate of 36% 
when they administered chloroquine without primaquine. In 2002, the the Democratic People's 
Republic of Korea's national drug policy combined chloroquine with primaquine (IS mg/day for 
14 days) and in 2003 chloroquine was administered with primaquine (22.S mg/day for eight 
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days). Both the regimens resulted in much lower relapse rates. The Democratic People's 
Republic of Korea has not yet decided on the primaquine regimen for 2004. 

2.4.5 Primaquine for treatment ofvivax malaria 

Workshop participants received a copy of a paper by Karl H. Rieckmann, entitled 
"Primaquine for treatment ofvivax malaria". ProfRieckmann was invited to the workshop, but 
unable to attend. 

According to Prof Rieckmann, there is good evidence from volunteer studies conducted in 
the 1950s that rapidly acting blood schizontocides (chloroquine, primaquine) enhance the efficacy 
of primaquine in preventing relapses. 

The total dose amount of primaquine, rather than the dosage schedule, determines the 
efficacy of treatment. This 'total dose concept', based on pre-clinical studies in non-human 
primates and subsequent clinical studies, suggests that administering the same total dose in 
shorter courses could improve patient compliance. Unfortunately, in South-East Asia and in the 
South-West Pacific, total adult doses of 21 0 or 315 mg primaquine are no longer sufficient to 
cure an increasing number of P. vivax infections. 

It is not known if higher doses of primaquine can be tolerated well. Higher doses may 
exacerbate certain side-effects of the drug, including abdominal distress, methaemoglobinaemia, 
and acute intravascular haemolysis. Recent trials in Indonesia showed that a dose of 30 mg/day 
was well tolerated over a period of weeks when the drug was taken with food. The trials also 
showed the higher dosage did not cause more pronounced methaemoglobinaemia; however both 
findings will need further evaluation. 

2.4.6 Tafenoquine: a new 8-aminoquinoline drug (Dr Qin Cheng, Dr K. Rieckmann) 

Tafenoquine, a new 8-aminoquinoline drug, was developed by the US Army. It acts 
against all stages of the life cycle of P. vivax and P. Jalciparum. Its two-week half-life, much 
longer than primaquine's seven hours, makes shorter treatment courses of three days possible, in 
addition to achieving potentially better compliance. 

In 1999, a comparative trial involving Australian soldiers returning from Papua New 
Guinea was carried out. Treatments of primaquine (22.5 mg/day for 14 days) versus tafenoquine 
(400 mg/day for three days) as post-exposure prophylaxis showed similar relapse rates of 3%. 
The study was repeated with soldiers returning from East Timor, where tafenoquine had a slightly 
better effect than primaquine. 

In a separate set of trials, the use of primaquine (30mg/day for two weeks), compared with 
tafenoquine (200 mg once a week for eight weeks), showed that after six months of observation 
tafenoquine had a cure rate of 96% versus primaquine's 77%. 

While the shorter tafenoquine regimen from the first trial was better accepted than 
primaquine, patients experienced similar side-effects and toxicity, including haemolysis in G6PD 
deficient individuals, and gastrointestinal side-effects. 
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2.4.7 Management of severe vivax malaria (Dr Srivicha Krudsood) 

In Thailand, the relative importance of P. vivax has been increasing as the number of 
P. Ja/ciparum cases has been reduced at a faster pace due to the introduction of highly effective 
falciparum malaria treatment regimens. At present, the ratio of P. Jalciparum: P. vivax malaria is 
1: l. 

The case fatality rate of malaria is 0.6% at the Bangkok Hospital for Tropical Diseases. 
In recent years there have been only two deaths among persons with vivax malaria, one of which 
involved a patient with an HIV co-infection. A review of four severe cases of vivax malaria 
occurring between 1990 and 2003 in Bangkok showed that the severity of the disease was caused 
by the presence of a concomitant disease. 

In the first case, the patient was a 16-month-old boy who displayed symptoms of fever 
lasting four days, tachycardia, normal consciousness, severe anaemia (haematocrit 14%, 
haemoglobin 3.7), normal white blood cells, and low P. vivax parasitaemia. Parasite clearance 
was achieved on the third day of treatment using oral chloroquine and intravenous fluids, but this 
course of treatment had no effect on the fever, and the boy died of respiratory failure on the 
fourth day of admission. An autopsy showed a maculopapular rash, liver and spleen enlargement, 
petechial haemorrhage of lungs, interstitial pneumonitis, and hyperplasia of intestinal peyer 
plaques. The stool culture was positive for Salmonella typhi, revealing that the boy had died of 
complications of typhoid fever and not ofvivax malaria. 

In the second case, a 16-year-old male reported two days of fever and malaise. 
Eight months prior to his admission he had undergone a splenectomy due to a blunt trauma. 
On admission he exhibited a slightly increased body temperature, mild jaundice, hepatomegaly, 
tachycardia, high white blood cell count, total bilirubin 2, slightly increased liver enzymes, and 
P. vivax parasitaemia. He was treated initially with oral chloroquine but changed to artesunate IV 
when his condition continued to rapidly deteriorate. Parasite clearance was achieved within three 
days. The patient then developed a fulminant hepatitis, respiratory and renal failure, impaired 
consciousness, and subsequently died of multi -organ failure three days after admission. 
An autopsy concluded that the most probable cause of the man's death was septicaemia resulting 
from the splenectomy. 

The third. case involved a 17 -year-old man who complained of fever, headache and 
diarrhoea for five days. He was transferred to the Bangkok Hospital for Tropical Diseases from 
another hospital in shock. On admission, he was experiencing high fever, hepatomegaly, severe 
anaemia (haematocrit 26, haemoglobin 8), leucopenia, leucopenia, total bilirubin 2, increased 
liver enzymes, and low P. vivax parasitaemia. Under artesunate IV treatment, parasite clearance 
occurred within three days. The patient was then given packed red blood cells, antibiotics, and 
symptomatic treatment. He gradually improved and was discharged after one month. 
Haemoglobin typing showed HbE 21 % (common in north-east Thailand), HbA 79% and HbF 
0.9%. The patient had severe haemolytic anaemia on the basis of his haemoglobin E 
haemoglobinopathy. It is possible that the acute P. vivax infection caused a haemolytic crisis. 

The fourth case was a 16-year-old man who was referred to the hospital with vivax malaria 
and shock. He was being treated for the malaria with dopamine and quinine. He had experienced 
a fever for four days along with repeated vomiting. On admission, he displayed symptoms of 
fever, hepatomegaly, anaemia (haemoglobin II, haematocrit 37%), leuco- and thrombopenia, 
total bilirubin 4, increased alkaline phosphatase, and signs of metabolic dysregulation. Under a 
regimen ofartesunate IV, parasite clearance occurred on the third day. After intensive care 
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treatment the patient improved and was discharged. The patient showed severe vivax malaria 
with metabolic dysregulation probably due to repeated vomiting. 

Severe malaria can be prevented with early and appropriate antimalaria chemotherapy. 
Danger signs of severe malaria include behavioural changes, repeated vomiting, oliguria, severe 
diarrhoea, unexplained heavy bleeding, high fever, severe dehydration, anaemia, and jaundice. 
Severe vivax malaria can be treated with quinine, artesunate, or artemether, and with 
suppositories of artemisinin and artesunate, all of which should be given at doses that are also 
used for treating of P. falciparum malaria (Table 6). 

Table 6: Treatments (or severe vivax malaria 

Drug Treatment regimen 

Quinine Loading dose of 20 mg hydrochloride saltlkg (loading dose) diluted in 
10 ml/kg isotonic fluid by IV infusion over 4 hours; followed 8 hours 
later by 10 mg/kg over 4 hours every 8 hours until the patient can 
swallow, then quinine tablets 10 mg quinine saltlkg (maximum 600 mg) 
every 8 hours to complete seven days treatment 

Artesunate 2.4 mg/kg IV on the flIst day followed by 1.2 mg/kg daily for a 
minimum of three days until the patient can take oral therapy or another 
effective antimalarial 

Artemether 0.2 mg/kg intra-muscular on the first day, followed by 1.6 mglkg daily 
for a minimum of three days until the patient can take oral treatment of 
another effective antimalaria 

Artemisinin suppositories 40 mg/kg loading dose suppositories per rectum, followed by 20 mg/kg 
at 4, 24, 48 and 72 hours followed by an oral antimalarial 

Artesunate suppositories one 200 rng suppository IR at 0, 4, 8, 12, 24, 36, 48 and 60 hours 
followed by an oral antimalarial 

2.4.8 Clinical trials and treatments in Thailand (Dr Srivicha Krudsood) 

Mahidol University has conducted a number of recent clinical trials on the treatment of 
vivax malaria among Thai patients. To follow is an overview of the findings of the trials: 

• Chloroquine treatment alone achieved a cure rate of 56% within a three-month 
follow-up period. When combined with tafenoquine in varying doses and durations, 
cure rates increased to 89%-100%. 

• Within a three-month follow-up, the cure rate for a regimen of Atovaquone/proguanil 
(Malarone) + primaquine 30 mg/day for 14 days was 96%. Two patients out of 44 
suffered relapses. 

• The cure rate of chloroquine treatment alone was 99% within a one-month follow-up 
period. 
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• A regimen of fansidar alone achieved a cure rate of 40% within a one-month follow-up 
period. When combined with primaquine 30mg/day for 14 days, the cure rate was 
100%. 

• Artesunate treatment alone in total doses of 600 mg and 700 mg experienced cure rates 
of 50% within a one-month period. When combined with primaquine 30 mg/day for 
14 days, both regimens had 100% cure rates among 801 patients studied. Parasite 
clearance was achieved within 48 hours. Among the 801 patients in this study, 34 
were G6PD deficient. Close monitoring of their haematocrit levels showed a 
significant drop starting on day 3 of treatment, peaking between days 7 and 14. 
Treatment had to be discontinued in three out of 18 patients. 

Mixed infections are frequent in Thailand. At the Bangkok Hospital for Tropical Diseases, 
33% of the falciparum malaria patients developed vivax malaria within two months. In addition, 
11 % of the vivax malaria patients contracted falciparum malaria within an average of 13 days. 

2.5 Experiences with mass drug administration (MDA) 

2.5.1 Experiences with MDA of primaquine in the Democratic People's Republic of Korea 
(Dr Kim Yun Chol) 

From April to May 2002, the Democratic People's Republic of Korea carried out an MDA 
intervention trial with technical support from the WHO. The MDA used primaquine (15 mg/day 
for 14 days), and excluded pregnant women, children under five years of age, and some others 
with contraindications. A study and control group were selected from the same area. 

Out ofa population of391 000 in seven counties, 328 000 persons were treated. 
The control area consisted of 421 000 people who were not treated. Side-effects occurred in 
13 365 persons, 59% of whom were women. The main side-effects were: 

• headache 32% 

• stomach-ache 18% 

• dizziness 13% 

• anorexia 13% 

• vomiting 10% 

• nausea 4% 

• brownlredlblack urine 2% 

• anaemia 0.5% 

• No cases ofhaemolysis reported. 

Blood surveys of 5 138 people in the study area and 4 124 persons from the control area 
were carried out after the administration of primaquine in May 2002, and again at the end of the 
transmission season in September 2002. Two persons in the study area were found to be infected 
in May and one in September. In contrast, 14 people in the control area were infected in May and 
11 in September. Monthly reported malaria incidence between May 2002 and February 2003 was 
significantly lower in the intervention area at 1402 cases compared to 14256 cases from the 
control area. 
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In May 2003, two different primaquine MDA regimens were evaluated in another county. 
Regimen I, administered to a study population of 10 033, was a two-course treatment of 
30 mg/day over seven days for a total dose of 420 mg. Regimen II, given to 10 022 people, 
consisted of 15 mg/day for 14 days for a total dose of210 mg. Results showed 25 cases of 
malaria in group I and 45 cases in group II; however, 939 (9.4%) people in group I complained of 
side-effects compared with 700 (5.3%) in group II (Table 7). 

Table 7: Side-effects of primaquine MDA regimens 

Side-effect Group I Group II 

Headache 17% 17% 

Anorexia 14% 16% 

Stomach-ache 13% 10% 

Diarrhoea 11% 7% 

Signs of bleeding (nosebleeds, blood discharge, 10% 7% 
brown/red black urine) 

Dizziness Not reported 12% 

Fever Not reported 7% 

Cyanosis 3% 3% 

The conclusion of these trials was that primaquine is effective in the Democratic People's 
Republic of Korea, and that the 14-day primaquine regimen is as effective as the higher dose 
regimen in addition to being better tolerated. There are also indications ofhaemolysis occurring 
and the prevalence and activity ofG6PD deficiency need to be further studied. 

In April 2003, an MDA intervention with primaquine 15 mg/day for 14 days was carried 
out among 427244 people, or 95% of the target population, in four different counties. Out of 
these people, 1.5% showed side-effects, 0.2% or 1003 cases could not complete the 14-day 
treatment because of severe side-effects, and no haemolytic case was reported. The incidence of 
reported cases in this intervention area in 2003 was greatly reduced compared to the previous 
year. This intervention confirmed the efficacy of mass chemoprophylaxis of primaquine during 
spnng. 

During discussion, the point was made that in general, the number of cases in 2002 in both 
the Democratic People's Republic of Korea and the Republic of Korea cannot be compared with 
2003, as malaria was greatly reduced everywhere, possibly due to climatic conditions. As such, it 
might be more appropriate to compare the Democratic People's Republic of Korea 2003 data 
from intervention areas with 2003 data from other countries. It was also recommended that the 
Democratic People's Republic of Korea studies and experiences should be published in an 
international journal. 
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2.5.2 Effects of interventions on P. vivax malaria transmission (Dr Kamini Mendis) 

In 1956, Mac Donald published his famous growth of infection rate curves, which are 
influenced by reproduction rates. 
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Mass treatment 

Vector control Early treatment of cases 

Mass treatment influences 'a', the number of cases at time '0'. However, if the starting 
point is > 1 person, the shape of the curve will not change, it is only shifted to the left. Much 
more influential are vector control and early treatment of cases, which both influence Ro, the 
Vectorial Capacity, as Ro is potentiated by 'y' (about 20 cycles of transmission per season). 
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P. vivax gametocytes are short lived, lasting only a few days. As a result, they are much 
less important than P.falciparum gametocytes, and additionally, they are killed by chloroquine. 
Further, relapse rates with temperate vivax strains are few (1-3). The most important factors for 
vivax control are vector control and case detection. Radical cure using primaquine may have less 
effect on transmission. 

2.6 Surveillance and risk assessment 

2.6.1 Surveillance and early warning systems for P. vivax in China (Dr Tang Lin-hua) 

Throughout the 1990s, China's malaria control programme included routine reporting of 
standard malaria indices in addition to indigenous and imported cases. Reporting was designed to 
identify high-risk areas and outbreaks in order to plan for interventions and subsequently monitor 
response to the interventions. In the wake of the 2003 SARS outbreak, China has placed a 
renewed emphasis on surveillance and early warning of all diseases at a national level. As a 
result, there has been an improvement in rapid and centralized communications and an increase in 
the demand for detailed reporting of diseases. 

Most surveillance activities in China are passive and only 10% of true cases are actually 
reported by the largely privatized rural health sector. A limited amount of additional data comes 
from active case finding, sentinel sites, and collection of laboratory data. Therefore, cases are 
probably grossly underreported. There have been a significantly higher number of outbreaks over 
the previous year. China's policy now includes mechanisms for increased case reporting, 
epidemiological surveys and active case finding to identify the size of the outbreak. 

Outbreak response is managed by local health authorities, with support from the Chinese 
Centre for Disease Control and Prevention (CDC), and generally includes increasing the 
resources for case management. Specific responses to malaria outbreaks include targeted 
prophylaxis and the use ofbednets where An. anthropophagus is the major vector. Efforts are 
also being made at developing mechanisms to speed the delivery and analysis of information at a 
central level, to ensure that appropriate authorities are aware and involved. 

Public health authorities have difficulty in compiling accurate case figures due to the low 
case reporting rates of passive surveillance. Development of early warning systems takes into 
account vulnerability factors and transmission risk factors, and improved statistical monitoring at 
a central level will help to address this shortcoming and improve resource allocation. 

2.6.2 Methods for identifying risk populations (Dr Nong Thi Tien) 

In Viet Nam, risk identification and resource allocation for malaria control is based on a 
five-tier stratification system. The categories, which take into account physio-geography, 
bio-geography, disease indicators, and. entomological factors, include: 

(1) no malaria, no vectors; 

(2) previously endemic, now without indigenous cases; 

(3) low-endemic, 1-5 cases per 1000 population/year; 

(4) moderate-endemic, 5-10 cases per 1000 population/year; and 

(5) high-endemic, >10 cases per 1000 population/year. 
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Control methods vary by category but include individual case management, management 
of migration, and preventative measures such as use ofbednets and house spraying. Intervention 
also varies within categories depending on the resources and behaviour present. For example, 
residual house spraying is employed in category 5 areas where bednet use is below 80%. 

Workshop participants questioned whether the 5-tier system could be simplified into a 3-
tier system, placing special emphasis on the remote and forest populations which now bear the 
bulk of malaria. 

2.6.3 Strengthening of integrated surveillance including epidemic preparedness and response 
(Dr Eva-Maria Christophel) 

Disease surveillance should follow a consistent process of data collection, analysis of 
information, deciSion-making, action, and evaluation. The selection of indicators to be used in 
the process would depend on the objectives of the management programme, such as control or 
eradication, and should include both impact and operational markers. However, it is vital to 
have standardized, consistent case definitions to allow comparison of data from diverse areas. 

Many surveillance programmes use the Kunming malaria indicators, which present some 
problems. Standard indicators should be mutually exclusive, but the Kunming indicators include 
non-exclusive indicators such as "probable" or "confirmed" cases. Beyond the exclusivity 
concerns, several other issues must be resolved to improve the applicability of the indicators 
within the Region: 

• Certain indicators are missing, including markers of risk populations and 
entomological indicators. 

• Frequent underreporting occurs. 

• It is not clear how low reporting should go, for example, should village-level data be 
reported. 

• The role of surveys to confirm passive-reporting data needs to be clarified. 

• The reporting system must be refined to prevent work-overload of people at both 
ends of the reporting chain. 

• There is an emphasis on fa1ciparum malaria, and some indicators may be less 
appropriate for use in areas with exclusive vivax malaria. 

Improved integration of surveillance and response programmes would lead to workload 
reductions and more rapid responses to outbreaks. One way to achieve this would be to create 
field teams capable of screening for a number of diseases. Unfortunately, the practice of donors 
in specifying funds for specific disease programmes, and the difficulties of recipients in widening 
the scope of the funded work hinder the development of such integrated processes. 

2.6.4 Role of health systems in malaria control in China (Dr Adrian Sleigh) 

In China, malaria control began in the primary health care environment of the 1950s and 
developed according to the principles of "prevention first" and the complementary use of 
traditional and western medicine espoused by Mao Zedong. Control efforts were implemented 
through commune health services and a system of "bare-foot" doctors. 
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Since the early 1990s most village clinics have been run by private doctors, many of who 
were formerly public practitioners. As a result, health care costs have increased in the rural areas 
where income has remained low. Average inpatient costs comprise up to two months of mean 
annual income, leading to a very low utilization of health services. 

In 1997, the government attempted to address this problem by reviving the collapsed 
commune health services. The attempt failed due to a combination of lack of income from 
government and beneficiaries, incomplete coverage of health care needs, and in some areas, 
inadequate local political support. In 2003, the central government made another attempt to 
address the issue and instituted a scheme to provide more comprehensive coverage of health care 
to China's 800 million rural residents. 

In order to provide better health care in areas affected by vivax malaria, the government 
must improve the incentives Offered to rural doctors and provide free preventative services, such 
as primaquine administration prior to the transmission season. Alternative means of income for 
township hospitals and rural practitioners who provide such services will also need to be 
provided. Finally, further cost-benefit data on primary and preventive health care related to vivax 
malaria and other illnesses are required to guide health service reforms. 

2.6.5 ACTMalaria (Dr Kevin Palmer) 

ACTMaiaria (Asian Collaborative Training for Malaria) was instituted in 1996 to design 
and provide training on various aspects of malaria control, and is now incorporated with a 
secretariat office in the Philippines. The partnership assesses the needs of its 11 member 
countries and runs both country-based and international training courses such as Malaria 
Management for Field Operations (MMFO). The number of courses offered by ACTMalaria is 
expected to increase in 2004, and will likely include quality assurance training for microscopy. 
At present, the bulk of the funding for the programme is provided by the United States Agency 
for International Development (USAID); however, efforts are underway to broaden its funding 
base. 

While the Republic of Korea and the Democratic People's Republic of Korea are not yet 
members of the partnership, both could benefit from the information exchange and training 
provided by ACTMalaria. A potential expansion of activities within these countries and the 
existing partners could include staff exchange programmes, field entomology training, and 
integration into other tropical disease training. However, any expansion of activity would require 
adequate funding and could not compromise the quality of existing work. 

2.6.6 Capacity-building (Dr Gabrielle Munding) 

In 2000, the International Committee of the Red Cross (lCRC) commenced antimalaria 
activities in the Democratic People's Republic of Korea with the distribution of chloroquine and 
primaquine. Distribution of insecticide-treated bednets began in 2003, along with training 
workshops for health service staff on aspects of vivax malaria control. The distribution and 
re-impregnation ofbednets is organized through a system of village Red Cross volunteers in 
conjunction with the Ministry of Public Health. 
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3. WORKING GROUPS 

On the final day of the workshop, participants divided into three working groups to discuss 
important issues with respect to vivax malaria, and to develop recommendations. The terms of 
reference for each working group are listed in Table 8. 

Table 8: Terms of reference of working groups at vivax malaria workshop 

Working Group I: Strategies to Control 
Vivax Malaria 

Working Group IT: Networks on 
Technical Support and Training 

Working Group III: Operational 
Research 

(I) Review existing strategies to control vivax malaria 
in Asia with regards to diagnosis, treatment, 
surveillance/reporting systems/epidemic response, 
vector control; and health systems. 

(2) Discuss various strategies that could be effectively 
applied to control vivax malaria in endemiC and 
epidemic situations. 

(3) Develop recommendations for improving vivax 
control strategies. 

(1) Discuss technical support network for vivax 
malaria control with respect to surveillance / 
information exchange / epidemic response / cross 
border exchange of information; diagnosis / treatment / 
monitoring drug resistance / RDT development; vector 
control; operational research. 

(2) Capacity-building and training network: 
review database of experts and institutions; review 
existing training programmes and training institutions; 
role of ACTMalaria. 

(3) Develop recommendations for establishment of 
technical support networks and networks for training to 
improve control of viva x malaria. 

(1) Review and discuss the operational research 
required to improve control ofvivax malaria. 

(2) Identify and prioritize operational research topics. 

(3) Discuss how to promote and collaborate in 
operational research on vivax control. 

(4) Develop recommendations to further strengthen 
operational research on vivax malaria. 
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The specific, finalized recommendations reached as a result of the workshop and the efforts 
of the working groups are listed in Section 4 of this report. In addition, the working groups 
identified six current priorities with respect to vivax malaria: 

(I) Urgent research on G6PD deficiency is needed, to be followed at a later time with 
typing. Research must be carried out in collaboration with clinicians in each country, and 
especially in the Democratic People's Republic of Korea, where there are plans to treat one 
million people with MDA in 2004. 

(2) To design consistent and high quality dose-identifying trials for primaquine in 
different settings. Regimen compliance will also need to be addressed in these trials. 

(3) To determine which species is the major vector contributing to vivax malaria 
transmission. 

(4) To develop treatment flowcharts to be used in field tests. 

(5) To determine the proportion of true vivax cases that are clinically diagnosed, 
including those diagnosed with PCR. Based on this, it will be possible and important to 
determine positive and negative predictive values of such cases. 

(6) To evaluate the benefit of "spring treatment" and the various primaquine dosing 
schemes. 

4. RECOMMENDATIONS 

4.1 Diagnosis 

4.1.1 Microscopy should remain the preferred diagnostic method for case management. 

4.1.2 RDTs are still not reliable enough and therefore should not replace microscopy for case 
management. 

4.1.3 Microscopy facilities should be established in all areas subject to endemic or epidemic 
vivax. 

4.2 Treatment 

4.2.1 Chloroquine (25 mglkg over three days) remains the standard treatment for both confirmed 
and probable (clinical) cases ofvivax malaria. 

4.2.2 Artemisinin derivatives are not recommended for treatment of uncomplicated vivax 
malaria. 

4.2.3 Artemisinin derivatives have a role in the management of severe vivax malaria together 
with parenteral quinine or suppositories. 

4.2.4 Primaquine should only be used for treatment of microscopically confirmed vivax malaria. 
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4.2.5 The recommended dosage of primaquine for treatment of vivax malaria in Asia (i.e. not 
tropical strains) remains at 0.25 mglkg given over 14 days. 

4.2.6 For patients with proven G6PD deficiency, primaquine should be given as 45 mg single or 
divided doses weekly for eight weeks ideally under medical supervision in order to reduce the 
risk ofhaemolysis. 

4.2.7 G6PD testing should be done before administration of primaquine in areas known to have a 
high prevalence of highly reactive G6PD deficiency. Tests kits for G6PD deficiency should be 
provided in those areas by national malaria control programmes. 

4.3 Mass prophylaxis 

4.3.1 In the Democratic People's Republic of Korea where mass prophylaxis has reportedly been 
given without significant complications, expansion to 4 million people should only be carried out 
if there is clear evidence of the need to continue given the fact that data indicates that case 
numbers have significantly dropped to a point where good surveillance and targeted interventions 
(case management and vector control) can effectively control transmission. 

4.3.2 To better justify the use of mass drug administration for the control of epidemic vivax 
malaria in temperate regions more data should be collected on: 

(I) the effectiveness of mass treatment to reduce the hypnozoites of the long incubation 
forms of viva x in humans; 

(2) side-effects especially in G6PD deficient members of the target populations to be 
treated; and 

(3) optimum primaquine regimens needed to achieve high levels effectiveness and 
compliance. 

4.4 Operational research 

4.4.1 To promote intercountry research projects on vivax malaria that involve the sharing of 
samples and sharing of results in order to facilitate capacity building and the transfer of important 
technologies among countries in East Asia. 

4.4.2 Specific areas to be studied with respect to epidemiology include: 

(1) the biology of the "long incubation" type(s) of P. vivax in order to better understand 
the mechanisms involved in the prolonged incubation period; 

(2) the distribution and characteristics (incubation period, relapse rates, and severity of 
disease) of existing subspecies of P. vivax to better understand the epidemiology of vi vax 
malaria in East Asia; 

(3) the efficacy of chloroquine alone and chloroquine combined with primaquine using 
a 28-day follow-up period combined with PCR confirmation; 

(4) the effectiveness of primaquine in preventing relapses in the long incubation forms 
of P. vivax using a 12-month follow-up combined with PCR confirmation; 
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(5) the distribution and frequency ofG6PD deficiency and levels of severity in each 
country; 

(6) how to develop a rapid test for G6PD deficiency, indicating severity levels; 

(7) the sensitivity and specificity of current methods of clinical diagnosis versus 
microscopy using PCR to confirm results, through limited surveys; 

(8) how to develop a test that detects parasites (hypnozoites) in humans during long 
incubation periods; and 

(9) how to develop better rapid diagnostic tests for detecting P. vivax in cases of acute 
disease. 

4.4.3 Vector control 

(l) To determine the influence of human behavioural factors related to malaria control 
in areas of both endemic and epidemic vivax malaria. 

(2) To identify methods of personal protection for soldiers, farmers and other groups 
with high levels of exposure to malaria transmission in areas prone to vivax malaria 
outbreaks. 

(3) To determine the effect of the absence of domestic animals has on vector behaviour 
and transmission ofvivax in the Democratic People's Republic of Korea. 

(4) To determine the significance of An. anthropophagus as a vector ofvivax malaria in 
China and the Democratic People's Republic of Korea. 

4.5 Vector control/personal protection 

4.5.1 Vector control/personal protection should be the main strategy for the control of viva x 
malaria in East Asia. 

4.5.2 High coverage of insecticide-treated mosquito nets or long-lasting treated mosquito nets, 
impregnated screening curtains and door covers should be considered as the main methods of 
vector control/personal protection for high-risk population groups. 

4.5.3 While space spraying is not effective for malaria control, indoor residual spraying when 
done properly using appropriate residual insecticides is effective. 

4.5.4 Vector control/personal protection interventions should be carefully monitored in terms of 
coverage and insecticide effectiveness. 

4.6 Surveillance 

4.6.1 Surveillance and reporting of vivax malaria should be strengthened including the regular 
reporting of both confirmed and probable cases. 

4.6.2 Surveillance data on vivax malaria should be regularly shared among neighbouring 
countries. 
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4.6.3 The Kunming indicators should be reviewed and if necessary revised to include indicators 
suitable for vivax malaria areas. 

4.6.4 Epidemic / early warning system based on a fever alert should be strengthened to include 
malaria. 

4.6.5 Stratification of areas at risk for vivax malaria should be carried out to increase the 
effectiveness of available resources. 

4.7 Technical support and training 

4.7.1 WHO regional and country offices should take a leading role in information exchange on 
vivax malaria in the South-East Asia and Western Pacific regions. 

4.7.2 The role of regional networks for the exchange of surveillance and epidemiological data 
should be explored. 

4.7.3 The possibility of establishing an "Asian Vivax Malaria Network" should be actively 
explored. The network would serve as a mechanism for: 

(1) technical support, including identification of experts and consultants; 

(2) data exchange; 

(3) information transfer; 

(4) operational coordination; and 

(5) advocacy 

4.7.4 Capacity-building is a priority for the Democratic People's Republic of Korea. 
The training should ideally take place outside the country and include a broad spectrum of disease 
control, not only malaria. 

4.7.5 In-country training targeted at district health staff including training on malaria microscopy 
should be carried out possibly involving ACTMalaria. 

4.7.6 The Democratic People's Republic of Korea and the Republic of Korea should become 
members of ACTMalaria. 

4.7.7 Field Epidemiology Training Program (FETP) training for selected individuals from the 
Democratic People's Republic of Korea should be considered as part ofa programme for 
strengthening overall epidemic preparedness on the Korean Peninsula. 
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