IMPROVING THE DIAGNOSIS AND TREATMENT OF MALARIA

IN EASTERN INDONESIA

Emiliana Tjitra

I nonrnurn nnm1onv umvERstn uon1uu
IMPROVING THE DIAGNOSIS AND TREATMENT OF MALARIA

IN EASTERN INDONESIA

A thesis is submitted for the degree of Doctor of Philosophy
of the Northern Territory University

Faculty of Science, Information Technology-& Education

Emiliana Tjitra
June 2001
Menzies School of Health Research

PO Box 41096
Casuarina, Northern Territory 0811
Australia

DECLARATION

I declare that the work presented in this thesis is my own, except where acknowledged in the text.
The work presented in this thesis has not previously been submitted, either in whole or in part, for a
degree at this or any other university.

Emiliana Tjitra
June,2001

DEDICATION
For my country, the Republic of Indonesia, in particular the Eastern Indonesian region where malaria
remains a serious public health problem.

ABSTRACT
Malaria remains a major public health problem in Eastern Indonesia. The problem is further
complicated by the limitation of microscopy services, and emergence and spread of parasite
resistance to the current existing antimalarial drugs. Rapid and effective disease management is an
important part of strategies to control malaria. The overall aim of the thesis is therefore to improve the
diagnosis and treatment of malaria in Eastern Indonesia.

The malariometric survey was performed in 13,079 children 0-9 years old in East and West Sumba,
East Nusa Tenggara (NTT) province in 1997, and 2,217 children 0-9 years old in Genyem, lrian Jaya
province in 1998. These two areas in Eastern Indonesia with different malaria endemicity were
studied to determine local epidemiology, and to estimate the parasite density cutoff for a clinical
malaria case definition at the population level in each area. The study of clinical predictors of malaria
in both children and adults, with or without fever, who attended the health center in the study sites
(2,169 in Radamata, West Sumba district in 1998, and 1,081 in Genyem, Jayapura district in 1999)
was then performed to define the most suitable clinical predictors of uncomplicated malaria by
developing and validating clinical malaria case definitions in these representative different malaria
endemicity areas. The utility of dipstick rapid antigen detection test [ICT combined P. falciparum-P.

vivax immunochromatographic test (ICT Malaria P.f/P.v)] as an alternative to microscopic diagnosis
of malaria was evaluated using blinded microscopy as the "gold standard" in 560 patients with
presumptive clinical diagnosis of malaria in Radamata. In parallel, evaluation of the therapeutic
efficacy of the current antimalarial drugs [chloroquine (CQ) and sulfadoxine-pyrimethamine (SP)] in
patients with uncomplicated falciparum and vivax malaria was undertaken in both study sites. A pilot
study was then followed by a randomised controlled trial to quantify the benefit of adding artesunate
(orally, 4 mg/kg bw/day, single daily dose for 3 days) to SP (orally, based on pyrimethamine dosage
1.25 mg/kg bw, single dose on day 0) in uncomplicated falciparum malaria. The therapeutic efficacy
of combined artesunate and SP in vivax malaria was assessed in Genyem, and the utility of the ICT
Malaria P.f/P.v in predicting chloroquine treatment outcome was assessed in Radamata.

Radamata was a hypo-mesoendemic malaria area, while Genyem was a meso-hyperendemic area,
with respective prevalences of parasitemia of 5.1 % (197 of 3,861) and 38.8% (860 of 2,217) using
parasite rate, and 17.1% and 51.0% using spleen rate. Children 1-9 years had a higher prevalence
of parasitemia than infants. Although more than 50% of parasitemic children were afebrile,
parasitemia was associated with fever and splenomegaly. There was a higher mean parasite density
in parasitemic children with fever than without fever for each species in both Radamata and Genyem.
Radamata had a lower calculated parasitemia fever threshold for a clinical case definition of malaria
for any species of Plasmodium, P. falciparum, and any P. vivax (620/ul, 780/ul, and 240/ul
respectively) than that in Genyem (1,260/ul, 1, 160/ul, and 660/ul respectively), with sensitivities and
specificities of the thresholds of 88-99%. In Genyem, infants had a lower P. falciparum parasitemia
fever threshold (480/ul) than children ~I year (1,320/ul). Parasitemia thresholds for P. vivax were less
than for P. falciparum in both areas.

The most frequent clinical symptoms and signs in infants were generally similar to those found in
children 1-4 years old in both Radamata and Genyem. The most frequent clinical symptoms and
signs amongst children 5-12 years old were similar to those in adults in both Radamata and Genyem.
There was no difference in reported severity of disease between children and adults in Radamata,
and there was no severe disease found in Genyem. The clinical symptoms and signs differed little
between P. falciparum and P. vivax. The significant clinical predictors for diagnosis of any parasitemia
and also for parasitemia above the threshold levels were history of fever, rigors, headache, lack of
runny nose, pallor, splenomegaly, hepatomegaly, and lack of crepitations in Radamata. In Genyem,
the significant predictors were history of fever, rigors, anorexia, pallor, and splenomegaly. There were
three diagnostic models developed at each site (Radamata 1-3, and Genyem 1-3) by combining
history of fever with one or more other predictors with had areas under Receiver Operator
Characteristic (AOC) curves for diagnosis of any parasitemia and parasitemia above the thresholds
>0.78 and >0.81 in Radamata, and >0.75 and >0.80 in Genyem. The models gave moderate to high
sensitivities for diagnosis based on microscopy as gold standard (65.8-96.2%), low to moderate
specificities (37.7-64.0%), low to moderate Positive Predictive Values (PPVs) (7.2-65%), moderate to
high Negative Predictive Values (NPVs) (72.1-99.6%), moderate Likelihood Ratio (LR) for positive
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tests (1.46-1.98), and low to moderate LR for negative tests (0.08-0.53). Of the six models, Genyem 2
was the best model for either diagnosis of any parasitemia or parasitemia above the threshold levels
in all ages and for both P. falciparum and P. vivax, in both Radamata and Genyem. The Genyem 2
case definition, which is history of fever with one or more of (rigors, pallor, or splenomegaly) gave a
high sensitivity (89.8-100%), very high NPV (95.0-100%} and low LR for negative tests (0.00-0.20) for
diagnosis of parasitemia above the threshold in children <5 years and in those ~5 years old in both
Radamata and Genyem. It was very close to history of fever alone for sensitivity, but had higher
specificity, PPV, and LR for positive test.

The Indonesian Communicable Disease Control (CDC) national case definition showed low to
moderate sensitivities (6.8-66.3%), moderate to high specificities (68.8-98.6%), low to moderate
PPVs (5.5-85.7%), low to high NPVs (45.3-97.5%), low to high LR for positive tests (1.15-4.70), and
moderate to high LR for negative tests (0.48-0.97) for diagnosis of any parasitemia for all ages and
for both P. fa/ciparum and P. vivax. The health staff diagnosis showed moderate sensitivities (57.774.5%), low to moderate specificities (47.8-65.9%), low to moderate PPVs (5.4-63.7%), low to high
NPVs (54.1-96.7%), low to moderate LR for postive tests (1.12-1.78), and moderate to high LR for
negative tests (0.47-0.87) for all ages and for both P. falciparum and P. vivax.

The ICT P.f/P.v immunochromatographic test was sensitive (95.5%) and specific (89.8%) for the
diagnosis of falciparum malaria, with PPV and NPV of 88.1 % and 96.2%, respectively. The sensitivity
for the diagnosis of P. vivax malaria was 96% with parasitemias of >500/ul but only 29% with
parasitemias of <500/ul. False positive diagnoses of P. vivaxwere common, with overall specificity of
94.8% and PPV of only 50%. Therefore this ICT test was not acceptable for diagnosis of P. vivax
malaria.

The high rates of persistent histidine rich protein 2 (HRP2) and pan-malarial antigen (PMA)
antigenemia following CQ and SP treatment were strongly associated with presence of
gametocytemia, with the proportion with gametocytes on day 7 post treatment being significantly
greater in those with false positive (FP) relative to true negative PMA and HRP2 results. Following SP
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treatment, PMA persisted longer than HRP2, giving a FP diagnosis of P. vivax in up to 16% on day
14, with all FP vivax diagnoses having gametocytemia. In contrast, PMA was rapidly cleared following
artesunate plus SP treatment, in association with rapid clearance of gametocytemia. Overall, the ICT
test did not reliably confirm chloroquine treatment failure or adequate clinical response, with both
false negative and false positive results.

Although CQ was well absorbed (only one of the 122 treated with CQ or CQ plus SP had blood
samples which did not have detectable CQ plus desethylchloroquine >200ng/ml on day 2), CQ is no
longer clinically effective for falciparum malaria in both Radamata [n=66, 65.2% treatment failure
(TF): 9.1 % EarlyTreatment Failure (ETF) and 56.1 % Late Treatment Failure (LTF) and 35%
Adequate Clinical Response (ACR), with 30.4% hematological recovery] and Genyem [n=48, 83.3%
TF (6.2% ETF and 77.1% LTF), and 16.7% ACR, with 37.5% hematological recovery]. For vivax
malaria, CQ is probably still effective in Radamata [n=9, 11.1 % TF (all LTF) and 88.9% ACR, with
50% hematological recovery] but not in Genyem [n=6, 5 TF(1 ETF and 4 LTF)] . SP alone is highly
effective for the treatment of uncomplicated CO-resistant falciparum malaria in Radamata [n=32,
100% cure rate and 81.2% hematological recovery], and moderately effective in Genyem [n=41,
26.8% TF (2.4% ETF and 24.4% LTF) and 73.2% ACR, with 46.7% hematological recovery]. The
combination of CQ with SP did not improve the efficacy of SP alone for the treatment of
uncomplicated falciparum malaria in Genyem [n=34, 38.2% TF (2.9% ETF and 35.3% LTF), and
61.8% ACR, with 57.1 % hematological recovery].

The combination of 3 days artesunate plus SP single dose (ART3+SP1 )showed good clinical and
parasitological response in uncomplicated falciparum malaria in a pilot study [n=20, no ETF, 100%
ACR on day 14 and 93.3% on day 28, with 100% hematological recovery]. In the subsequent
randomised comparative trial, TF rates on day 14 were 0% in the 47 patients treated with ART3+SP1
and 8.7% in the 46 patients treated with SP1 (p=0.12). TF rates on day 28 were 4.4% and 15.2%
respectively (p=0.16). Relative risk of TF at 28 days was 0.3 (95% Cl: 0.1-1.3) with ART3+SP1. Mean
fever clearance time (1.3 vs 1.7 days) and mean parasite clearance time (1.4 vs 2.0 days) were both
faster with ART3+SP1 than with SP1 (p=0.08 and p<0.0001 respectively). Gametocyte carriage was
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lower following ART3+ SP1 than SP1 (RR=0.5, 95% Cl: 0.2-1.0 on day 7; and RR=0.5, 95% Cl: 0.21.1 on day 14). ART3+SP1 was also found to be effective in 22 patients with vivax malaria [no ETF,
100% and 89% ACRs by days 14 and 28].

Microscopy is still the gold standard for definitive diagnosis of malaria, although rapid diagnostics are
likely to improve and become were affordable in the future. The Genyem 2 case definition for clinical
diagnosis of uncomplicated malaria [history of fever with one or more of (rigors, pallor, or
splenomegaly)] could be used to decide who will be treated for malaria, who will undergo microscopy
(if microscopy is available) and to target the use of more expensive drug combinations. A combined
regimen of chloroquine plus sulfadoxine-pyrimethamine (CQ3+SP1) could be a rational option to
replace chloroquine (CQ3) for the presumptive treatment of uncomplicated clinical malaria, except for
vulnerable groups (such as children <5 years old, pregnant women and transmigrants or non immune
visitors), who should be treated with the most effective regimen of combined artesunate plus
sulfadoxine-pyrimethamine (ART3+SP1 ). A recommended algorithm for case detection and treatment
of malaria in both high and low malaria endemicity regions of Indonesia is presented together with
recommendations for malaria research priorities for the country.
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1.

AIMS OF THE THESIS

Malaria remains a major cause of morbidity and mortality in Indonesia. Rapid and effective disease
management is an important part of strategies to reduce malarial morbidity and mortality. Microscopy
is the standard method for malaria diagnosis. Access to reliable and skilled microscopy services is
limited, particularly in remote areas and at the periphery of the health care system. In view of the
problem of microscopic diagnosis and considering the Global Malaria Control Strategy, the
Indonesian Malaria Control Operational Policy, currently, still recommends early diagnosis and prompt
treatment based on a clinical diagnosis of malaria 1, 2. The current national malaria case definition,
fever with rigors and headache is likely to be too specific for disease management, and has never
been validated or evaluated. The problem is further complicated by the emergence and spread of
parasite resistance to antimalarial drugs3.

The overall aim of this thesis therefore, is to identify strategies to improve the diagnosis and treatment
of malaria in Eastern Indonesia. This study is relevant to the Roll Back Malaria initiative, a global
movement that emphasises better application of existing tools and the development of new ones4, 5_
The thesis seeks to improve clinical diagnosis using a better combination of clinical predictors than
the current national case definition, and to determine whether these perform adequately in areas of
different malaria endemicity. This involves striking a balance between sensitivity to avoid missing
malaria. cases, and specificity to avoid unnecessary overtreatment particularly as chloroquine
resistance makes more expensive drug combinations necessary. The thesis also examines
alternatives to clinical and microscopic diagnosis of malaria by evaluating the utility of a rapid antigen
test for both falciparum and vivax malaria. Finally, the study evaluates the efficacy of current
antimalarial drugs in the treatment of uncomplicated malaria, and the efficacy of combination regimen
with existing antimalarial drugs, that may improve therapeutic efficacy and slow the development of
drug resistance.

Thus, with particular focus on developing protocols for use in sub-district level health centres in
Eastern Indonesia in areas with different malaria endemicity, this thesis presents work addressing the
following aims and hypotheses:

1

MALARIOMETRIC SURVEY
AIM 1
To identify two areas in Eastern Indonesia with different malaria endemicity, to determine local
epidemiology, and to estimate the parasite density cutoff for a clinical malaria case definition at the
population level in each area.

HYPOTHESIS 1.1
Radamata [Sumba, East Nusa Tenggara (NTT)] is a hypoendemic area, and Genyem (Jayapura,
lrian Jaya/Papua) is a mesoendemic area.

HYPOTHESIS 1.2
Parasitemia is associated with fever and splenomegaly.

HYPOTHESIS 1.3
Parasitemia is less prevalent in infants than in children.

HYPOTHESIS 1.4
The parasite threshold for a case definition of clinical malaria in Radamata is lower than that in
Genyem.

HYPOTHESIS 1.5
The parasite threshold for a case definition of clinical malaria in infants is lower than that in children.

HYPOTHESIS 1.6
The parasite threshold for a case definition of Plasmodium falciparum causing clinical disease is
higher than parasite threshold for a case definition of P. vivax.

2

HEALTH CENTRE CLINIC SETTINGS
AIM2
To determine the clinical manifestations of uncomplicated any parasitemia in children and adults, in
areas with different malaria endemicity.

HYPOTHESIS 2.1
The prevalence of parasitemia does not differ between children and adults attending the Health
Center in Radamata, but is more prevalent in children than adult attendees in Genyem.

HYPOTHESIS 2.2
The clinical manifestations of uncomplicated parasitemia differ between children and adults.

HYPOTHESIS 2.3
The clinical manifestations of uncomplicated P. falciparum are not significantly different to those of P.

vivax.
HYPOTHESIS 2.4
The common clinical symptoms and signs of uncomplicated parasitemia differ between Radamata
and Genyem.

AIM3
To determine the clinical variables that predict parasitemia with and without the use of a threshold
level, and whether these predictors differ between areas with different endemicity.

HYPOTHESIS 3.1
Use of threshold levels for parasitemia will improve the sensitivity, specificity and PPV of clinical
predictors

HYPOTHESIS 3.2
The clinical predictors of uncomplicated malaria differ between Radamata and Genyem.

3

AIM4
To develop a new clinical case definition for uncomplicated malaria for use in health centres, and to
determine the utility of this new case definition in children versus adults, P. falciparum vs P.vivax,
and in predicting parasitemias above the threshold levels established in each area.

HYPOTHESIS 4.1
New case definitions achieving high specificity and positive predictive value (PPV) will need to be
different from those achieving high sensitivity and negative predictive value (NPV).

HYPOTHESIS 4.2
The predictive values of case definitions for parasitemia differ between children and adults.

HYPOTHESIS 4.3
The new case definitions for parasitemia do not discriminate between uncomplicated P. falciparum
and P. vivax infection.

HYPOTHESIS 4.4
Because of the higher rate of asymptomatic parasitemia in the high endemicity area, in Genyem
relative to Radamata, there will be a difference in the ability of the case definition to predict
parasitemia above the threshold level compared to the ability to predict parasitemia at any level.

AIM5
To evaluate the performance of the new clinical malaria case definitions in areas with different
malaria endemicity.

HYPOTHESIS 5.1
The new clinical malaria case definitions are more sensitive and specific than the clinic
nurse/midwife's diagnosis and patient's diagnosis.

HYPOTHESIS 5.2
The current national case definition will be specific but insensitive in the diagnosis of malaria in both
areas.
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HYPOTHESIS 5.3
The Radamata clinical malaria case definition will perform less well in Genyem than when applied in
Radamata itself. Likewise, the Genyem clinical malaria case definition will perform less well in
Radamata than in Genyem itself.

AIM6
To evaluate the accuracy and utility of the ICT Malaria P.f/P.v immunochromatographic test for the
detection of P. falciparum and P. vivax in patients with a presumptive clinical diagnosis of malaria
using microscopic examination as a gold standard.

HYPOTHESIS 6
The combined P.f/P. v antigen detection test for the diagnosis of P. falciparum and P. vivax malaria is
as sensitive and specific as microscopy in the diagnosis of malaria.

AIM7
To assess the therapeutic efficacy of the current Indonesian first and second line antimaiarial drugs in
uncomplicated malaria using the 1997 WHO protocols6.

HYPOTHESIS 7. 1
Chloroquine as a first line antimalarial drug is no longer effective clinically for treatment of
uncomplicated falciparum malaria in Radamata and Genyem.

HYPOTHESIS 7.2
Chloroquine is still effective for treatment of vivax malaria in both areas.

HYPOTHESIS 7.3
Sulfadoxine-pyrimethamine as a second line antimalarial drug is still effective for treatment of
uncomplicated falciparum malaria in Radamata, but less effective in Genyem.

HYPOTHESIS 7.4

5

Combined chloroquine and sulfadoxine-pyrimethamine for treatment of uncomplicated falciparum
malaria has better efficacy relative to each drug alone.

AIMS
To assess the therapeutic efficacy of the combination of artesunate plus sulfadoxine-pyrimethamine
in uncomplicated malaria.

HYPOTHESIS 8.1
rhe combination of artesunate plus sulfadoxine-pyrimethamine is highly effective for the treatment of
vivax malaria.

HYPOTHESIS 8.2
The combination of artesunate plus sulfadoxine-pyrimethamine for the treatment of uncomplicated
falciparum malaria is more efficacious than sulfadoxine-pyrimethamine alone.

AIM9
To evaluate the accuracy and usefulness of a combined P.f/P.v antigen detection test in predicting
treatment outcome.

HYPOTHESIS 9.1
Persistent antigenemia after malaria treatment with chloroquine and sulfadoxine-pyrimethamine is
associated with P. falciparum gametocytemia.

HYPOTHESIS 9.2
The combined P.f/P.vantigen detection test does not reliably predict treatment failure.

6

2.
2.1

INTRODUCTION
INDONESIA

Indonesia is an archipelago country with five main islands (Java, Sumatra, Kalimantan, Sulawesi and
lrian Jaya) and 13,767 smaller islands. The country consists of 27 provinces, 247 districts and 60
municipalities, 3,836 sub-districts and 67,033 villages with a total population of over 210 million
people (map 1). More than 70% of the population live in rural areas. Java and Bali are the most
densely populated islands. The rest are referred to as the Outer Islands. The country is formally
divided into three regions, West Indonesia (Java, Sumatra and Kalimantan except East Kalimantan),
Central Indonesia (Bali, East Kalimantan, West and East Nusa Tenggara, and Sulawesi) and East
Indonesia (Maluku and lrian Jaya), but more common practice is to refer to Western Indonesia (Java,
Bali, Sumatra and Kalimantan) and Eastern Indonesia (Nusa Tenggara, Sulawesi, Maluku and lrian
Jaya). The total area is about 1.9 million square kilometers. Java-Bali comprises only approximately
6.9% of this area7.

Climate and weather in the archipelago are characterised by an equatorial double rainy season. The
climate changes every six months, with the dry season extending June to September, and the rainy
season from December to March. The humidity ranges from 50% to 100% with the relative average
70% to 90% respectively. The temperature varies, with an average temperature of about 27°C in
coastal areas, 25°C in inland areas, and 22°c or even less in mountainous regionsB

General health services are provided at all levels under the supervision of the Ministry of Health and
Social Welfare. Almost every village has a clinic, a sub-health center for outpatients termed a
Puskesmas Pembantu (Pustu). The village clinic is conducted by a nurse. That nurse works together
with a village-midwife to deliver a maternal and child health care (MCH) programme. These village
clinics operate under the supervision of the health center (Puskesmas) at a sub-district level. The
health center is run by a doctor or senior nurse/midwife with their staff, and serves patients living in
the Puskesmas catchment areas. In addition to the outpatient clinic, several Puskesmas (Puskesmas
plus) have an inpatient facility and a simple laboratory. Each district has a general hospital which
serves and receives referral patients from each of the Puskesmas in that district. Each province has a
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Map 1 Map of Indonesia showing the Eastern Indonesian study areas of Sumba and lrian Jaya.

general hospital which serves and receives referral patients from district hospitals in that province.
The top referral hospital is in Jakarta, the capital of the Republic of Indonesia.

The most common diseases in Indonesia are still communicable diseases. The common infectious
diseases are acute respiratory infection, gastroenteritis, tuberculosis, and malaria particularly in
Eastern lndonesia9.

·2.2

MALARIA SITUATION

Malaria remains a major public health problem in Indonesia, particularly in the Outer Islands. The
prevalence of malaria is very focal in nature. Malaria endemicity ranges from regions with non
existent malaria transmission except for imported cases, hypoendemicity, mesoendemicity, through to
areas with hyperendemic and holoendemic malaria. There is further heterogeneity in malaria
epidemiology with variation in host immunity, host genetics, parasite polymorphisms, mosquito
vectors, host migration patterns, occupational exposure and socio-economic factors. Malaria control
has become more difficult due to the emergence of drug-resistant parasites, insecticide-resistant
vectors, population movements, and limitations in the delivery of health services particulary in remote
areas.

The high risk malarious areas for clinical disease are mostly located in Eastern Indonesia, such as
transmigration areas, forestry projects, plantation, mining and tourist areas. Malaria transmission in
Java and Bali is present in a number of foci which are currently enlarging as transmission spreads
within these provinces. Villages on hill slopes in coastal forest and agricultural areas with migrant
populations are considered particular risk areas for malaria transmission in Central Java and East
Java10

There are limited available compiled data of malaria morbidity and mortality, because the recording
and reporting system has not functioned well. In addition to the problem of geography and suboptimal
lines of communication, there is also the difficulty with disease classification based on reported
symptoms and sign especially if the data have come from non medical personnel. It is not rare to find
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one patient with more than one disease, particularly in rural areas. Moreover, while there is a
requirement that all cases of death be reported to the closest Puskesmas or Pustu, in reality there is
much under-reporting.

In recent years, over two million clinical malaria cases per year but only 100 deaths on average each
year have been reported through hospitals, health centres, and sub-health centres in Indonesia. In
Java-Bali, the annual parasite incidence (API) declined from 1.83 per 1,000 population in 1973 to 0.12
per 1,000 population in 1997. Falciparum malaria was less dominant than vivax malaria, with the
proportion of falciparum malaria ranging from 27.4% to 53.3% between 1989-1997. A limitecl budget
for the malaria control program due to the economic crisis over the last three years, has contributed
to the increased API of 0.38 per 1,000 population in 1999 in Java-Bali. Although, the parasite rate
(PR) in the priority areas of the Outer Islands declined from 9.3% in 1973 to 4.8% in 1997, clinical
malaria cases have similarly increased over the last 3 years. In 1997, the PR ranged from 0.75% in
Bengkulu to 21.2% in lrian Jaya11, 12. The highest numbers of clinical malaria cases are reported
from East Nusa Tenggara (NTT) and lrian Jaya provinces 13. Both p-rovinces are in the Outer Islands
of Eastern Indonesia. lrian Jaya and NTT were thus considered the most suitable areas for the
malaria studies described in this thesis.

2.3

MALARIA CONTROL PROGRAMME

Malaria is an old disease in Indonesia. Efforts to control this disease started with environmental
measures undertaken during the Dutch colonial period. Shortly after the Second World War, trials
using the insecticide dichlorodiphenyltrichloroethane (DDT) to control malaria were implemented to
suppress high densities of Anopheles aconitus in inland rice field areas and An. sundaicus in coastal
brackish-water localities in West Java by Indonesian and Dutch public health authorities 13.

Since Independence, the Malaria Control Programme (MCP) has been a part of the General
Directorate of Communicable Disease Control, Ministry of Health and Social Welfare. This MCP is
planned as an integrated programme with decentralised responsibility for implementation at the
district level. At the central level, MCP is integrated within the Directorate of Vector Borne Disease
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Control {VBDC) which is vested with the overall reponsibility for decisions regarding national policy,
technical guidelines, training and provision of equipment and insecticide support to the programme
through the Sub-directorate of Malaria. At the provincial level, the MCP is integrated within provincial
health services, which are responsible for programme activities through the Division of Disease
Prevention. At the district level, the MCP operates within the Communicable Disease Control {CDC)
Section, and implements all activities through the health center 12. The MCP consists of two distinct
parts, one each for Java-Bali and the Outer islands, each having different aims and methodologies.

In Java-Bali, the Malaria Eradication Programme {MEP) carried out during the period 1959-68,.
effectively reduced malaria endemicity to very low level. The current aim of the MEP in Java-Bali is to
prevent re-establishment of endemicity, and to protect the gains already achieved despite the great
cost and effort involved14.

In the Outer islands, because of the magnitude of the problem, the MCP aims are to focus malaria
control efforts in areas of economic importance, transmigration areas, development projects {tourist,
industrial and mining areas), and border regions; and also to extend control measures as far as
possible elsewhere to reduce morbidity and eliminate mortality from malaria. Thus, the MCP in the
Outer islands only covers a fractlon of the population at risk 13_

Recently, Indonesia has introduced "Gebrak Malaria" based on Roll Back Malaria {RBM), a global
initiative against malaria implemented through health sector development that could foster broad
based support for effective antimalaria interventions to achieve sustainable reduction of malaria
suffering especially among the poor who have little access to health services 4, 5. Covering all
community sections, Gebrak Malaria is a national movement for controlling malaria through
partnership between government, private, non-government organisations {NGO), international and
donor agencies. The vision of Gebrak Malaria is for each person to be able to live healthily in an
environment freed from malaria transmission, through community empowerment to protect
themselves against malaria transmission, building partnerships for controlling malaria, and assuring
the quality of health services for malaria case management and prevention. The goal of Gebrak
Malaria is to strengthen personnel capability and community awareness to overcome malaria
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problems, create an environment freed from malaria transmission, provide accessible and
manageable integrated and comprehensive control measures to reduce malaria mortality and
morbidity, and to improve working productivity to achieve a Healthy Indonesia 2010.

The components of the Indonesian Malaria Control Programme comprise case finding, case
management, vector control, prevention, surveillance for early warning, epidemic preparedness and
response, training, and health education which focus on malaria prevention 12. While there have been
clear guidlines and protocols for these malaria control activities, misinterpretation and lack of
communication have been identified as problems in implementation. Moreover, quality assurance of
the malaria control program has almost never been undertaken routinely.

Although Indonesia is an archipelago country with the complexities of geographical conditions and
population distribution, the health service system is well organised with Pustu at the village level,
Puskesmas at the sub-district level, and several referral hospitals from district to province levels.
Thus, disease management is still the most feasible and appropriate part to control malaria at all
levels of health service delivery. Improving the diagnosis and the treatment of malaria by emphasising
better application of existing tools and the development of new ones, will be a major strategy in
achieving the goals of Gebrak Malaria. This will include improving human resources in health
capability and will also be adapted to local needs.
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2.4

CURRENT APPROACHES TO THE DIAGNOSIS AND TREATMENT
OF MALARIA IN INDONESIA

There are two approaches to the diagnosis of malaria in Indonesia. Microscopy of Giemsa-stained
thick and thin smears is the standard method to confirm the diagnosis of malaria. Because of limited
access to quality microscopy services for the majority of the malaria-exposed population, clinical
diagnosis is the most widely used approach. The Malaria Control Programme Operational clinical
malaria case definition is fever with rigors and headache without any other evident causes of fever.
Therefore, in Java-Bali where facilities for microscopic examination are widely available, malaria is
usually diagnosed with microscopic confirmation. While in the Outer-islands, particularly in Eastern
Indonesia, malaria is usually diagnosed clinically. This clinical case definition of malaria is still
recommended considering the limited access to microscopic examination and the Global Malaria
Control Strategy1, 2.

Problems with microscopic diagnosis occur not only because of limitations in the ability of the
government to provide good microscopes to malaria endemic areas, but also to mantain the
existence of health centre laboratories through ongoing provision of supplies and reagents,
maintenance of skilled microscopists, and standarisation of microscopes. The District and Provincial
Health Laboratories perform yearly quality control under the supervision of the Central Health
Laboratory, Ministry of Health and Social Welfare in Jakarta, to assure the quality of microscopic
examinations, but it covers only a minority of these simple health center-based laboratories.
Moreover, most microscopists have not had laboratory experiences prior to microscopy training, their
period of training is short, and both training and laboratory practice includes non malaria work.
Despite that, the turnover of health staff is high and they prefer alternative work in many cases.
Although microscopic diagnosis is used as the gold standard for diagnosis of malaria, it is time
consuming, usually requiring about 60 minutes from specimen collection to the availability of a result.
Improvement in delivery of high quality microscopy services and development of other diagnostic
laboratory methods are needed to overcome the current problems of conventional microscopic
diagnosis in Indonesia.
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In view of the inability to examine blood smears in large numbers in endemic areas, particularly in the
Outer islands, and in areas where laboratories for microscopic diagnosis do not exist, malaria
diagnosis is often made only by clinical symptoms.Although residents of endemic areas are familiar
with these symptoms, the symptoms of malaria are non-specific and usually overlap with other febrile
illnesses. Based on the most common symptoms reported, the Malaria Control Programme defined a
clinical malaria case definition_ that could be used for case management15, but this clinical malaria
case definition has never been validated and evaluated, and in reality is widely ignored. This has
resulted in widespread under informed and inconsistent use of antimalarials, and may have resulted
in considerable mistreatment, both overtreatment and undertreatment, and may have contributed to
the development of drug resistance. This impact should be minimised by improving the diagnosis of
malaria clinically and with improved laboratory services.

The Indonesian Ministry of Health and Social Welfare therefore has recommended rational malaria
treatment policy to support disease management based on the national Malaria Control Programme.
Chloroquine is the first line antimalarial drug for chemoprophylaxis, and treatment of clinical malaria
and uncomplicated malaria. Sulfadoxine-pyrimethamine and quinine are the second line antimalarial
drugs, for treatment of uncomplicated falciparum malaria resistance to chloroquine. Quinine parentral
is a live-saving drug for treatment of severe and complicated falciparum malaria. Primaquine is a
supplementary of antimalarial drug for radical treatment 15.
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Map 2 The island of Sumba, in Nusa Tenggara Timur Province, showing the study sites in the districts
of East and West Sumba.
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3.

MALARIA IN SUMBA, NTT AND JAYAPURA DISTRICT, IRIAN
JAVA

SUMMARY
The largest malariometric survey performed to date in Indonesia was undertaken in catchment areas
of Waingapu, Puuweri and Radamata Health Centers in East and West Sumba; and Genyem Health
Center in Jayapura, lrian Jaya to identify two areas in Eastern Indonesia with different malaria
endemicity, to determine local epidemiology, and to estimate the parasite density cutoff for a clinical
malaria case definition at the population level in each area. All children under 10 years old were
recruited in these studies: 13,079 in Sumba and 2,217 in Genyem. Sick children were examined in
each of the health centers, healthy children under fives years old were examined at Posyandu, and
healthy children 5-9 years old were examined at school.

Prevalence of parasitemia in posyandu and schools was 25-50% of that in health centers. Children 19 years had a higher prevalence of parasitemia than infants. Using para~ite rates, Sumba was a
hypoendemic malaria area, with a prevalence of 5.1% in Radamata (18.3% in health center
attendees), 2.7% in Puuweri, and 1.6% in Waingapu. Genyem was a mesoendemic area with a
parasitemia prevalence of 38.8% (66.7% in health center attendees). Using spleen rate, Sumba was
a mesoendemic area (Waingapu 18.5%, Puuweri 10.5%, and Radamata 17.1%), and Genyem a
hyperendemic area (spleen rate of 51%) with a greater AES. P. falciparum predominated in both
Sumba (52.3-73.1%) and Genyem (77.6%), with all species exept P. ova/efound in each area. The
majority of parasitemic cases were afebrile in both Sumba (58.4-79.2%), and Genyem (58.8%). The
highest prevalence of febrile parasitemia was documented in children 1-4 years old, and of afebrile
parasitemia in children 5-9 years. Although Radamata had ·a lower proportion of fevers attributable to
any Plasmodium species, P. falciparum, and P. vivax (7%, 5.8% and 1.0%, respectively) compared
with Genyem (23.6%, 21.5% and 2.2%), Radamata had a higher RR of fever in those with
parasitemia (2.9, 3.2, and 1.8, respectively) than in Genyem (1.8, 2.0, and 1.3). There was a higher
mean parasite density in parasitemic children with fever than without fever for each species in both
Radamata and Genyem. Radamata had a lower parasitemia fever threshold for a clinical case
difinition of malaria for any species of Plasmodium, P. falciparum, and any P. vivax (620/ul, 780/ul,
and 240/ul respectively) than that in Genyem (1,260/ul, 1, 160/ul, and 660/ul respectively) with
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sensitivities and specificities of 88-99%. In Genyem, infants had a lower P. falciparum parasitemia
fever threshold (480/ul) than children ~I year (1,320/ul). Parasitemia thresholds for P. vivax were less
than P. falciparum in both areas.

3.1
3.1.1

INTRODUCTION
MALARIA ENDEMICITY

Malaria prevalence can vary considerably within and between geographical areas. Within each area,
malaria transmission may be seasonal and the intensity of transmission varies from year to year.
Epidemiologically, malarious areas are classified as non-endemic, hypo-endemic, meso-endemic,
hyper-endemic and hole-endemic based on the parasite rate (PR) and spleen rate (SR). A
hypoendemic area has a PR and SR of ::;10%, a mesoendemic area between 11% and 50%, a
hyperendemic area between 51 % and 75%, and a holoendemic area >75% 1, 16. To get more
accurate and more valid data, specific-age groups are used for defining endemicity. That group is a
high-risk group which represents indigenous malaria, not imported malaria. In Indonesia, we use
children under 10 years old for PR. Children from 2 to 9 years old are used for SR, to exclude the
physiological splenomegaly found in children under 2 years old 1, and because splenic enlargement is
greatest when natural immunity is being acquired16. In a malariometric survey, both parameters are
usually collected, as well as other epidemiological data.

The Indonesian Malaria Control Program (MCP), undertakes both primary and evaluated
malariometric surveys. A primary malariometric survey is performed in an area which has not yet had
any control programme intervention, whereas an evaluated malariometric survey is one performed
following an intervention or control programme 1. The malariometric survey is thus meaningful and
useful for future field operations.

East Nusa Tenggara (NTT) and lrian Jaya/Papua are referred to as malaria endemic areas. However
because of lack of a standardised reliable reporting system, there are no reliably accurate data
available to confirm the endemicity of these areas. The population of NTT is largely homogenous, but
is more heterogenous in lrian Jaya because of the transmigration program. This program involved
resettlement of non-Papuan people in lrian Jaya from more populated areas of Indonesia.
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Nationally, the highest number of clinical malaria cases is always reported from NTT. In 1995, malaria
was the second commonest reported disease after acute respiratory tract infection in outpatient
health centers (18.9%) and hospitals (9.1 %), and the most common disease in inpatient hospitals
(44.2%). Malaria was also the biggest killer, with 28% of deaths attributed to malaria throughout the
province in 1991, declining to 14.3% in 19951 7, 18. The number of clinical malaria cases increased
from 2.4 million in 1984-1988 (PELITA IV} to 3.0 million in 1989-1993 (PELITA V). However, the Slide
Positivity Rate (SPR) and Parasite rate (PR) remained stable in both periods (35.4 % vs 38.3 % and
5.0 % vs 5.1 %) 13. These findings should be clarified.

Sumba is one of the 4 main islands in NTT, located between Timor island (East Nusa Tenggara
province) and Sumbawa island (West Nusa Tenggara province). There are 2 districts, East and West
Sumba (map 2). In East Sumba, the proportion of malaria cases was 31% in health centers
attendees, and 14.3% of all deaths were attributed to malaria in 199619. In West Sumba, the
proportion of malaria cases was slightly higher (37.7%} in health attendees than East Sumba. In
hospitals, the proportion of malaria was 58.9% in outpatients and 37.9% in inpatients, with 11.7% of
deaths attributed to malaria in 199620.

In lrian Jaya, malaria is the most common disease. The numbers of reported clinical cases and SPR
declined from 221,447 cases and 64.7% in 1993 to 210,991 cases and 52.1 % in 1998, but PR
increased from 20.5% in 1993 to 35.0% in 1998. The proportion of clinical cases with falciparum
malaria was reported to have declined from 51.2% in 1993 to 28.4% in 1998 21. In Jayapura, one of
the districts in lrian Jaya (map 3), the numbers of clinical malaria cases in 1997 were 68,668, with a
SPR of 58.7%, 55.2% of which were P. falciparum22 The diagnosis and treatment of malaria need to
be evaluated.

3.1.2

MALARIA ATTRIBUTABLE FRACTION

In the last ten years, much attention has been focused on malaria attributable fraction (MAF) to give a
more precise case definition of clinical malaria for use at a population level. This is important because
clinical manifestations of P. falciparum infection vary and depend on many factors such as
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endemicity, age, chronicity of infection, immunity, season and disease pattern. Parasitemia does not
automatically result in clinical malaria, nor does a negative blood smear mean absence of
parasitemia. Most studies have focused on the fraction or proportion of fever cases that are
attributable to malaria at a certain level of parasite density23-25_

In 191 0, Ross and Thomson26 reported that the clinical threshold for P. falciparum in presumably
non-immune adult seamen in Liverpool, varied between 600/ul and 1,500/u126_ In 1939, Earle et al
reported that clinical malaria in children appeared when parasitemia exceeded 12,000/ul in an
endemic area of Puerto Rico (quoted by Miller MJ)26_ In semi-immune West Africans, the clinical
threshold parasitemia for P. falciparum in adults ranged from 30 to 4,550 with a mean of 1,644/ul,
whereas in children, symptoms did not occur unless the parasitemia exceeded 11,000/uI26. The
minimum parasitemia of P. vivax necessary to induce a clinical illness varies greatly between the
beginning and end of a clinical attack27. At the beginning of the illness, Boyd reported that very small
densities of parasites, even numbers below ordinary microscopic detection, were capable of initiating
a clinical response, whereas densities of parasites of :S:500/ul were rarely noted at the termination of
an attack27.

Studies of hyperendemic malaria in Nigeria reported a positive relationship between body
temperature and parasite rate, and malaria parasitemia28, 29. A steady rise in temperature occured
with parasite density up to 39.5°C, and temperatures >38°C were associated with parasitemias
>10,000/u130. In suspected malaria cases, there was also a negative relationship between body
temperature and age with the minimum values being found in adolescents and adults29. In Liberia,
the age-specific P. falciparum parasite densities of a total 1,622 people were greatest at ages 0.5-1.0
year, then slowly declined into adulthood. In addition, age-specific P. falciparum parasite densities for
specific isotemperatures showed that children 0.5-1.0 year had low temperatures (<36.5°C) despite
high parasite densities3 1. A similar finding was shown in Tanzanian infants, where 66.5% of malaria
attributable morbidity corresponded to axillary temperatures <37.5°C, but in older children, most
malaria episodes corresponded to increased temperatures32_ In Papua New Guinean children, agespecific prevalence of febrile illness correlated with age-specific patterns of parasite density but not
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with parasite prevalence. This fever threshold in self-reporting febrile cases was seen to decrease
with age, with seasonal changes in fever incidence correlating with parasite density33. In endemic
West Africa, there was no evidence for an association between febrile episodes and parasite count
during the dry and low transmission season. By contrast there was a highly significant relationship
between the likelihood of fever and the parasite count during the rainy, high transmission season34,

35

In Ghanaian children up to 2 years old, fevers attributable to malaria (malaria attributable fraction, AF)
varied with age and season. AF for infants and children 1 years were 51% and 89% in the wet
season, and 22% and 36% in dry season. The estimated parasite density threshold for initiation of a
febrile episode was 100/ul for infants, and 3,500/ul for children 1 years36. Fever was associated with
a P. falciparum parasitemia of >500/ul for infants and >1,000/ul for children aged 1 year, and with P.

vivax parasitemias >500/ul for all ages (<1 O years old), with each of these density cutoffs giving a
specificity and sensitivity of around 90% for a diagnosis of clinical malaria in Vanuatu. There were
23% of fevers attributed to malaria in children <5 years old 25. In Gambian children, fever with
parasitemia 5,000/ul corresponded to a sensitivity and specificity of approximately 90% for a
diagnosis of clinical malaria37. Another threshold was chosen in Papua New Guinea where a
temperature 38°C in children (<10 years) and vomiting in adults (15 years) had a high PPV for a P.

falciparum parasitemia of 10,000/u138. In Malawi, the sensitivity of a parasite density >10,000/ul for
diagnosis of clinical malaria was 89%39. Thus, the association between parasite density and fever
varies according to age, season and site (endemicity or level of transmission).

3.1.3

JUSTIFICATION

Indonesia is a malaria endemic-country with different levels of endemicity, but there are very limited
data on malaria prevalence. Most reported cases of malaria are diagnosed clinically in Eastern
Indonesia. The accuracy and validation of the diagnosis of clinical malaria is still unknown.
Considering WHO's focus on clinical disease rather than infection in its malaria control efforts2, 13,
there is an urgent need for such data to guide diagnostic efforts in the absence of effective
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microscopy in endemic areas. Therefore, malariometric surveys were done in Sumba and Jayapura
to determine prevalence and gather baseline data for further studies of clinical predictors of malaria in
areas of different endemicity.

Fever is a cardinal symptom of malaria. At present, a history of fever without other obvious cause is
recommended as the WHO case definition of malaria in endemic areas in the absence of
microscopy2. However, fever alone is too nonspecfic. This approach may be valuable in areas where
parasitological confirmation are not available and malaria is the most common disease, however in
reality, non malaria fevers are also common. An alternative case definition using fever and
parasitemia (fever attributable to malaria)23, 34, 40, 41 is also nonspecific. In a non-endemic area,
fever with parasitemia may be diagnosed as clinical malaria. In a highly endemic area however
asymptomatic parasitemia is very common even in young childrer,42, and fever and parasitemia
cannot be regarded as clinical malaria since parasitemia will often present coincidentally with fever
due to other diseases. A frequent approach is to use fever and parasitemia exceeding a given cut off
value24, 25, 36-38_ The malariometric surveys in this chapter were used to establish the parasitemia
cut off and clinical case definition for use in the subsequent primary health center studies (chapter 4).

3.1.4

AIMS

The main aim of this malariometric survey was to identify two areas in Eastern Indonesia with
different malaria endemicities based on parasite rate and spleen rate. The survey was also to
determine local epidemiology (prevalence of asymptomatic malaria, species distribution, age
dependency of parasitemia, proportion of fever attributable to malaria, and relationship between
parasitemia and fever), and to estimate the parasite density cut off for a clinical malaria case
definition at the population level in each area.

3.2

MATERIALS AND METHODS
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Figure 1.

Dry season view of East Sumba , with district capital Waingapu in
background .

Item removed due to copyright.

Figure 2.

Staff of Waingapu Health Center, East Sumba , October 1997.

3.2.1

TIMES AND SELECTION OF STUDY SITES

The surveys were carried out from September to December 1997 in the catchment areas of three
Health Centers in NTT: Waingapu Health Center in East Sumba district (figures 1 and 2), and.
Puuweri and Radamata Health Centers in West Sumba district (figures 3, 4, and 5), East Nusa
Tenggara province (NTT); and from November to December 1998 in the Genyem Health Center,
Jayapura district, lrian Jaya province. Waingapu is the capital city of East Sumba district, and is in an
arid coastal region. Puuweri and Radamata are about 7 and 30 kms from Waikabubak, the capital of
West Sumba district, and are in the dry inland hilly and wetter lowland coastal regions respectively
lmap 2). Genyem is about 120 km west of Jayapura the Provincial capital city of lrian Jaya, and is in

a wet lowland region near the coast (map 3). Both NTT and lrian Jaya have a tropical climate. Sumba
has a short rainy season (December-March) and a longer dry season (April-November) (figures 1
and 3), while Genyem is rainy all year round with a season of greater rainfall (November-May).

Malaria transmission is reported to be perennial in both regions, but available data would indicate it is
more intense during the rainy season. These Health Centers were selected according to the following
criteria:
•

Located in an endemic malaria area.

•

Logistically accessible.

•

Outpatient clinic run by a physician and paramedical staff, and microscopy available for the
examination of blood slides.

•

Number of outpatients above 50/day

3.2.2

ETHICS

The study was approved by the Ethics Committee of the National Institute of Health Research and
Development (NIHRD), Indonesian Ministry of Health and Social Welfare, Jakarta, Indonesia; and by
the Joint Institutional Ethics Committee of the Menzies School of Health Research and Royal Darwin
Hospital, Darwin, Australia (appendices 1, 2, and 3). Informed community consent was obtained
through local authorities and leaders. The study did not interfere with routine health center activities
and it was integrated with other programs (figures 6 and 7).
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Figure 3.

Dry season view of West Sumba, 5 km from Puuweri Health Center.
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Figure 4.

Staff of Puuweri Health Center, West Sumba, November 1997.
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Figure 5.

Staff of Radamata Health Center, West Sumba , December 1997.
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Figure 6.

Undertaking staff training , Sumba, October 1997.

3.2.3 STUDY POPULATION
All children under 10 years old in each health center catchment area were recruited. Sick children
were examined in the health centers, healthy children under five were examined in Posyandu (figure
8), and healthy children 5-9 years old were examined in schools. Every child was recruited once

during the survey.

3.2.4

SETTING

Sumba, NTT was chosen as a likely representative hypoendemic to mesoendemic area (figures 1
and 2), and Jayapura district, lrian Jaya as a likely representative mesoendemic to hyperendemic

area (figures 9 and 10). Of the 3 Health Centers in Sumba, NTT, the one which had the highest
number of malaria cases was to be then selected for the clinical study (chapter 4).

3.2.5

CLINICAL EXAMINATION

All children and/or their parents/guardians/teachers were asked for a history of fever in the previous
48 hours. They had a standardised physical examination, and in particular measurement of spleen
enlargement by Hackett grading (0-5) 1, 16. Fever was also documented as present/absent by
physical examination (hot touch) and a child was classified as febrile if there was a history of fever or
hotness to touch. All findings for each child were noted on a standard record form (appendix 6)
(figure 11).

3.2.6

LABORATORY EXAMINATION

The blood specimens were collected directly from finger prick for thick and thin smears. Thin and
thick smears were made in duplicate and both were stained with 10% Giemsa solution. Smears were
initially examined by a local microscopist (figures 7and 12) and were then reexamined blindly by an
expert microscopist from Communicable Disease Control, Ministry of Health. In those with
discrepancies in slide results, the more experienced microscopist's results were used Both
microscopists were unaware of the patients' condition. The thick smear was examined at 1,000 times
magnification. Parasite density was counted per 200 white blood cells (WBC), and was calculated per
ul based on a WBC of 8,000/ul. The smear was declared negative if no parasites were seen in at
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Item removed due to copyright.

Figure 7.

Microscopy retraining , Sumba , October 1997.

Item removed due to copyright.

Figure 8.

Malariometric survey, Sumba , December 1997.

least 100 high power fields. The thin smear was read to confirm the parasite species. 10% of these
slides were cross-checked in Darwin

3.2.7 TREATMENT
All microscopically-confirmed malaria cases were treated with the standard Indonesia Ministry of
Health regimen of chloroquine 15: a total of chloroquine 25 mg base/kg bw (single oral daily dose over
3 days) plus primaquine 0.5-0.75 mg/kg bw, single oral dose for falciparum malaria infection or
primaquine 0.25 mg/kg bw/day, single oral dose for 5 days for vivax malaria, mixed malaria or other
malaria. Primaquine was not given to infants 15. Other illnesses in sick children were treated as usual
at the Health Center.

3.2.8

DATA PROCESSING

Data were entered into Epi-info version 6.0443 for univariate statistical analysis and were transferred
to S-plus44 for estimating fever threshold parasite density. Endemicity, prevalence of asymptomatic
parasitemia, and age distribution of parasitemia were analysed descriptively. Mean values·of age and
parasite density were presented ±standard deviations. Categorical data, prevalence of malaria among
different age groups, species of parasite, and a history of fever were compared by calculating the chi
square value with Yate's correction or by Fisher's exact test. Normally distributed continuous data
were compared by Student's t-test and analysis of variance. Data not conforming to a normal
distribution were compared by the Mann-Whitney U-test or the Kruskal-Wallis test. Average enlarged
spleen (AES) was calculated by multiplying the number of individuals in each Hackett grade of spleen
size and dividing this figure by the total number of individuals with splenomegaly1, 16. The malaria
attributable fraction (AF) of fever cases was estimated based on the formula: AF=p(R-1)/R, where p
denotes the proportion of fever cases with parasites, and R the relative risk of fever in those with
parasites compared to those without parasites37. Relative risk of fever was expressed as risk ratio
with 95% confidence interval. The following formulae were used to estimate the sensitivity and
specificity of a case definition (fever threshold parasite density) using S plus: sensitivity=ncAJN11,,
specificity=1-nc(1-Ac)IN(1-11,) where c is the parasite density cutoff, nc is the subset of fever cases with
parasite densities in excess of c (and which is the number diagnosed as malaria), Ac is the proportion
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of those diagnosed as malaria that are attributable to malaria, ncAc is the number of cases identified
correctly by the case definition, nc(1-Ac} is the number of non-malarial fevers classified incorrectly as
malaria, N is the total number of all cases, and I\, is the proportion of all cases that have malaria
parasitemia 24, 37.The parasite density cutoff used in all analyses was the point where sensitivity and
specificity crossed.

3.3
3.3.1

RESULTS
DEMOGRAPHIC AND GEOGRAPHIC DISTRIBUTION

In Sumba, 13,079 children <10 years old participated in this study. This was 14.7% of the total child
and adult population of these three subdistricts (Subdistrict Office data, 1998, Ministry of Internal
Affairs}: 14.7% (4,392 of 29,838} in Waingapu, 12.7% (4,826 of 38,019} in Puuweri, and 18.4% (3,861
of 21,011} in Radatama. Of these, there were 49.8%-53.0% males and 47.0%-50.2% females. About
10.7%-12.7% were infants, 29.1%-38.7% children 1-4 years old, and 48.6%-59.6% children 5-9 years
old. In Genyem, 2,217 children <10 years old participated in malariometric survey (24% of the total
child and adult population of 9,256 in this subdistrict). The age and gender distribution was similar to
that in Sumba (table 3.3.1).

23

Table 3.3.1 Distribution of children who participated in the malariometric surveys by age-group and
Health Center, Sumba and Jayapura District

# Population

<1year

1-4 years

5-9 years

Total

(All ages)

n (%)

n (%)

n (%)

(0-9 years)

Waingapu

29,838

468 (10.7)

1,552 (35.3)

2,372 (54.0)

4,392

Puuweri

38,019

545 (11.3)

1,406 (29.1)

2,875 (59.6)

4,826

Radamata

21,011

492 (12.7)

1,495 (38.7)

1,874 (48.6)

3,861

9,256

275 (12.4)

878 (39.6)

1,064 (48.0)

2,217

Health Center

Sumba

Jayapura District

Genyem

3.3.2

PREVALENCE OF PARASITEMIA

Parasitemia was found not only in the Health Centers but also in the Posyandus and Schools. In
Sumba, prevalence of parasitemia in Posyandus was very similar to that in Schools, but <50% of the
prevalence in the Health Centers (table 3.3.2a). The prevalence of parasitemia was :510% in
Waingapu, Puuweri and Radamata: 1.6%, 2.7% and 5.1 %, respectively. Each of these areas were
thus hypoendemic. No infants had parasitemia in Waingapu. In Puuweri and Radamata, the
prevalence of parasitemia in children 1-4 years old and 5-9 years old were 2-4 times higher than in
infants (table 3.3.2b).

Genyem was a mesoendemic area with a prevalence of parasitemia of 38.8%. As in Sumba, the
prevalence of parasitemia in Posyandu and School was very similar, but in contrast to Sumba, School
and Posyandu prevalences were over 50% of that seen in Genyem Health Center (table 3.3.2a).
Genyem children 1-9 years old had a higher prevalence of parasitemia than infants (table 3.3.2b).
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Table 3.3.2a Prevalence of parasitemia in children 0-9 years old by sites of data collection and Health
Center, Sumba and Jayapura District

Prevalence of parasitemia n/N (%)
Health Center --------------------------------------------------------------------------Total n/N (%)

p*

Posyandu

School

Health Center

Waingapu

19/1,779 (1.1)

44/2,377 (1.9)

9/236 (3.8)

72/4,392 (1.6)

0.005

Puuweri

44/1,775 (2.5)

66/2,691 (2.5)

20/360 (5.6)

130/4,826 (2. 7)

0.007.

Radamata

89/2, 102 (4.2)

68/1,541 (4.4)

40/218 (18.3)

197/3,861 (5.1)

<0.000001

Sumba

Jayapura District

Genyem

428/1,129 (37.9)

306/899 (34.0)

126/189 (66.7)

860/2,217 (38.8) <0.000001

*chi-square

Table 3.3.2b Prevalence of parasitemia in children 0-9 years old by age-group and Health Center,
Sumba and Jayapura District

<1 year

1-4 years

5-9 years

Total

n/N (%)

n/N (%)

n/N (%)

n/N (%)

Waingapu

0/468 (0)

24/1,552 (1.6)

48/2,372 (2.0)

72/4,392 (1.6)

0.007

Puuweri

8/545 (1.5)

41/1,406 (2.9)

81/2,875 (2.8)

130/4,826 (2.7)

0.169

Radamata

7/492 (1.4)

82/1,495 (5.5)

108/1,874(5.8)

197/3,861 (5.1)

<0.001

381/878 (43.4)

426/1,064 (40.0)

860/2,217 (38.8) <0.000001

Health Center

p*

Sumba

Jayapura District

Genyem

53/275 (19.3)

*chi-square
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3.3.3

MALARIA ENDEMICITY

Sumba had a higher level of endemicity by spleen rate (mesoendemic) than that by parasite rate
(hypoendemic). The spleen rates of children 2-9 years old in Waingapu, Puuweri and Radamata were
18.5%, 10.5% and 17.1%, respectively. Most had H2 splenomegaly, and none had H5 splenomegaly.
The AES was similar in each of the three Sumbanese subdistricts (table 3.3.3).

Similar to Sumba, Genyem also had a higher level of endemicity by spleen rate (hyperendemic) than
that by parasite rate (mesoendemic). The spleen rate in children 2-9 years old was 51%, with a higher
AES than in Sumba (table 3.3.3).

Table 3.3.3. Level of splenomegaly (Hackett grade) in children 2-9 years old by Health Center,
Sumba and Jayapura District

Level of splenomegaly (%)
Health Center

------------------------------------------------------------------------------------------------- AES
0

1

2

3

4

5

Waingapu

2,843 (81.5)

125 (3.6)

496 (14.2)

24 (0.7)

2 (0.1

0

1.85

Puuweri

3,481 (89.5)

35 (0.9)

362 (9.3)

11 (0.3)

1 (0.03)

0

1.95

Radamata

2,459 (82.9)

54 (1.8)

421 (14.2)

26 (0.9)

7 (0.2)

0

1.97

119(7.1)

433 (26.0)

247 (14.8)

52 ( 3.1)

0

2.27

Sumba

Jayapura District

Genyem

3.3.4

817 (49.0)

SPECIES DISTRIBUTION

Of the 4 human malaria parasites, 3 were found to exist in Sumba: P.falclparum, P.vivax, and

P.malariae, with P. falciparum predominanting (66.2%). Few cases in Waingapu and Radamata had
mixed falciparum and vivax parasitemia. At each of the Sumba and Genyem sites, the proportion with
mixed infection by microscopy was less than that expected from the frequencies of infection with P.
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falciparum and P. vivax alone. The proportions of parasitemic cases with P. falciparum were 72.2% in
Waingapu, 52.3% in Puuweri, and 73.1% in Radamata. No cases of gametocytemia alone were
identified in Sumba (table 3.3.4).

Table 3.3.4. Prevalence of parasitemia in children 0-9 years old by species and Health Center,
Sumba and Jayapura District

Prevalence of parasitemia (% of total parasitemic)
Health centre

Negative ---------------------------------------------------------------------······· Total
(% of total)

P.f

P.v

P.m

P.f+P.v

Waingapu

4,320 (98.4)

51 (70.8)

18 (25.0))

2 (2.8)

1 (1.4)

4,392

Puuweri

4,696 (97.3)

68 (52.3)

55 (42.3)

7 (5.4)

0

4,826

Radamata

3,664 (94.9)

141 (71.6)

51 (25.9)

2 (1.0)

3 (1.5)

3,861

612 (71.2)

184 (21.4)

9 (1.0)

55 (6.4)

2,217

Sumba

Jayapura District

Genyem

1,357 (61.2)

As in Sumba, P.falciparum, P. vivax, P.malariae, and mixed P. falciparum and P. vivaxwere found in
Genyem, with the proportion with P. falciparum being 77.6% (table 3.3.4). However, 52 of the 612
cases with P. falciparum had sexual stages/gametocytes only. There cases were included as per
Indonesia Ministry of Health policy for malariometric survey.

3.3.5

PARASITE DENSITY

In both Sumba and Genyem, parasite density ranged from 40 to 374,000/ul, with most (64.6%-88.9%)
having a parasite density between 120 and 9,999/ul. Few cases (~%} had a parasite density of
100,000/ul (table 3.3.5a). As expected, the highest parasitemias were found with P. falciparum, with
no P. vivax or P. ma/ariae parasitemia >22,000/ul. Mean P. falciparum parasite density was
significantly higher than mean vivax density in both Sumba and Genyem (table 3.3.5b). Mean
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parasite density for P. falciparum was significantly lower in Genyem than in Radamata (p<0.000001 ),
however mean parasite densities for P. vivax and P. malariae were not significantly different between
these hypoendemic and mesoendemic areas (p=0.599 and p=0.489, respectively) (table 3.3.Sb).
Genyem children and Sumbanese children 1-4 years old from Waingapu and Puuweri had a higher
mean parasite density than infants and children 5-9 years old. In contrast, infants had a higher mean
parasite density than children 1-9 years old (p=0.005) in Radamata (table 3.3.Sc).

Table 3.3.5a Parasite density/ul by Health Center, Sumba and Jayapura District

Parasite density(% of total parasitemic cases)
Health Center ---------------------------------------------------------------------------------------------------- Total
40-119

120-999

1,000-9,999

10,000-99,999

100,000-

4 ( 5.6)

39 (54.2)

25 (34.7)

3 ( 4.2)

1 (1.4)

72

Puuweri

31 (23.8)

59 (45.4)

25 (19.2)

13 (10.0)

2 (1.5)

130

Radamata

22 (11.2)

74 (37.6)

70 (35.5)

27 (13.7)

4 (2.0)

197

389 (48.1)

245 (30.3)

61 (7.5)

4 ( 0.5)

808

Sumba

Waingapu

Jayapura District

Genyem

109 (13.5)
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Table 3.3.5b Mean parasite density/ul by species and Health Center, Sumba and Jayapura District

Mean±SD (range) /ul
Health Center

----------------------------------------------------------------------------------------P.fasexual

P.v

P.m

P.f+P.v

10,494±5,246

1,367±1,545

460±28

5,640±0

(80-374,000)

(40-4,200)

(440-480)

(5,640)

10,009±24,144

1,043±2,524

2,234±4,378

0

(40-104,960)

(40-12 ,200)

(120-12,120)

9,572± 28,776

1,679±3,151

2,240±2,375

7 ,000±4,923

(40-230,480)

(40-18,600)

(560-3,920)

(3,560-12,640)

4,527±19,213

1,421±3,080

440±470

5, 154±5,977

(40-317,360)

(40-21, 120)

(120-1,360)

(40-29,600)

p

Sumba
Waingapu

Puuweri

Radamata

0.403

<0.000001

0.004

Jayapura District
Genyem

•
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<0.000001

Table 3.3.5c Mean parasite density in parasitemic children 0-9 years old by age group and Health
Center, Sumba and Jayapura District
Mean±SD (range) /ul

Health Center

----------------------------------------------------1-4 years

5-9 years

20, 180±76,086

1,709±2,371

(0-374,000)

(40-8,680)

3,310±4,854

12,272±26,321

2,765±12,075

(20-12,200)

(40-104,960)

(40-84,960)

8,046±8,677

5,399±30,951

4,806±19, 127

(40-230,480)

(40-191,320)

3,294±4,642

5, 736±22, 118

2,204±9,369

(40-16,480)

(40-317,360)

(40-150,000)

<1 year

p

Sumba

Waingapu

Puuweri

Radamata

(360-21,080)

0.394

0.005

0.005

Jayapura District

Genyem

<0.000001

3.3.6 ASYMPTOMATIC PARASITEM/A
Among parasitemic cases, the majority were afebrile in both Sumba and Genyem, with the afebrile
proportion falling with increasing endemicity: 79.2% (57 of 72) in Waingapu, 72.3% (94 of 130) in
. Puuweri, 58.4% (115 of 197) in Radamata, and 58.8% (506 of 860) in Genyem. In contrast, the
prevalence of parasitemia was significantly higher in febrile than non febrile cases in both Sumba and
Genyem, with the parasitemic proportion in febrile cases rising with increasing endemicity from 3.3%
in Waingapu to 55.7% in Genyem (table 3.3.6a). Among the febrile cases, the highest prevalence of
parasitemia was found in children 1-4 years old, 4.5% in Sumba and 34.1% in Genyem. Among the
non-febrile cases, the prevalence of parasitemia was higher with increasing age in both regions (table
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3.3.6b). The majority of parasitemic infants were febrile in both Sumba (53%} and Genyem (66%},

while the majority of 5-9 years old with parasitemia were afebrile (80.6% in Sumba and 76% in
Genyem} (table 3.3.6b). Expected, parasitemia was significantly higher in those with splenomegaly
than without splenomegaly (table 3.3.6c). Similarly, the majority of parasitemic cases had
splenomegaly in each site: 70.8% (51 of 72) in Waingapu, 41.5% (54 of 130) in Puuweri, 43.1% (85 of
197) in Radamata, and 78.3% (673 of 860) in Genyem (table 3.3.Gc).

Table 3.3.6a Prevalence of parasitemia in children 0-9 years old by history of fever in the previous 48
hours and Health Center, Sumba and Jayapura District

Health Center

Fever(%}

No fever(%}

Total%)

p

Waingapu

15/456 ( 3.3)

57/3,936 (1.4)

72/4,392 (1.6)

0.006

Puuweri

36/556 ( 6.5)

94/4270 (2.2)

Radamata

82/765 (10.7)

Sumba

130/4,826 (2.7}

115/3,096 (3. 7)

197/3,861 {5.1}

<0.000001
<0.000001

Jayapura District

Genyem

354/636 {55.7)

506/1,581 (32.0}

860/2,217 (38.8}

<0.000001

Table 3.3.6b Prevalence of parasitemia in children 0-9 years old by history of fever and age group,
Sumba and Jayapura District
Sumba (%}
Age group

n

(years)

Jayapura District (%}

--------------------------------------------------------Fever (n=1,777)

No fever (n=11,302)

-----------------------------------------------Fever (n=636)

No fever (n=1,581)

<1

68

8 (0.4)

7 (0.1}

35 (5.5)

18(1.1)

1-4

528

79 (4.5)

68 (0.6)

217 (34.1)

164 (10.4)

5-9

663

46 (2.6}

102 (16.1)

324 (20.5)

191 (1.7}
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Table 3.3.6c Prevalence of parasitemia in those children 0-9 years old who had splenomegaly,
Sumba and Jayapura District

Health Center

Splenomegaly (%)

No splenomegaly (%)

p

Waingapu

51/1,012 (5.0)

21/3,380 (0.6)

<0.000001

Puuweri

54/636 (8.5)

76/4, 190 (1.8)

<0.000001

Radamata

85/805 (10.6)

112/3,056 (3.7)

<0.000001

673/1, 123 (59.9)

187/1,094 (17.1)

<0.000001

Sumba

Jayapura District

Genyem

Note: denominator larger than in table 3.3.3 as children 0 and 1 years old were also included

3.3.7 FEVER ATTRIBUTABLE TO MALARIA
In Radamata (Sumba), the proportion of fever cases with parasitemia (p) was 10.7% (82 of 765).
Although the relative risk (RR) of fever in those with parasites compared to those without parasites
was 2.89, only 7.0% of fever cases were attributable to malaria. The proportion of fever cases with P.

falciparum (including mixed infections) and P. vivaxwere 8.4% (64 of 765) and 2.1% (16 of 765)
respectively. Approximately 5.8% of fever cases were thus attributable to P. falciparum, and 1.0% to

P. vivax (table 3.3.7a).

Genyem had a higher proportion of fever cases with parasitemia (53.3%, 339 of 636) than Radamata,
but had lower RR of fever in those with parasitemia compared to those without malaria (1.80).
Genyem had also a higher proportion of fever cases attributable to malaria (23.6%) than Radamata.
The proportions of fever cases with P. falciparum (including mixed infections) and P. vivax
monoinfection were 43.1% (274 of 636) and 9.9% (63 of 345), respectively. Approximately 21.5% of
fever cases were attributable to P. falciparum, and 2.2% to P. vivax (table 3.3.7b).
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Table 3.3.7a Proportion of fevers attributable to malaria in children 0-9 years old, Radamata Health
Center, Sumba
Species

p* (%)

RR (95% Cl)

Attributable proportion (%, 95% Cl)

All Plasmodia

10.7

2.89 (2.20-3.79)

7.00 (4.71 - 9.30)

P. falciparum ....

8.4

3.18 (2.30 - 4.40)

5.78 (3.74- 7.82)

P. vivax

2.1

1.85 (1.03 - 3.32)

0.96 (-0.12-2.04)

*proportion of fever cases with parasites
** including mixed infection

Table 3.3.7b Proportion of fevers attributable to malaria in children 0-9 years old, Genyem Health
Center, Jayapura District
Species

p* (%)

RR (95% Cl)

Attributable proportion (%, 95% Cl)

All Plasmodia

53.3

1.80 (1.62 - 2.00)

23.64 (19.15-28.12)

P. falciparum....

43.1

2.00 (1.75 - 2.27)

21.51 (17.16-25.86)

P. vivax

9.9

1.29 (0.97 - 1.73)

2.25 (-0.41 - 4.92)

*proportion of fever cases with parasites
** including mixed infection

3.3.8

PARASITEMIA FEVER THRESHOLD

There was a large overlap in the ranges of parasite densities associated with fever and lack of fever

(table 3.3.Ba). In both Sumba and Genyem, the parasite density ranged widely (40/ul-374,000/ul) in
febrile cases and less widely (40/ul- 38,080/ul) in non febrile cases. In Waingapu, mean parasite
density was not significantly difference between those with and without fever (p=0.40), but mean
density was significantly higher (p<0.000001) in febrile parasitemia than afebrile parasitemia in
Puuweri, Radamata, and Genyem (table 3.3.Sa). The density of parasitemia was associated with
fever (p<0.000001), with the proportion of cases with fever increasing with increasing parasite density

(table 3.3.Sb). These findings were apparent for both P. falciparum and P. vivax. Mean parasite

33

densities were higher in febrile compared with afebrile cases in both P. falciparum (p<0.000001 in
both Radamata and Genyem), and P. vivax (p<0.06 and p<0.000001 in Radamata and Genyem
respectively) (table 3.3.Bc).

Table 3.3.8a Mean parasite density in parasitemic children 0-9 years old by history of fever in the
previous 48 hours, Sumba and Jayapura District

Health Center

p

Mean±SD (range) /ul

------------------------------------------------------------------------------Fever

Fever

Sumba
Waingapu

30,984±95,742 (40-374,000)

1,782±2, 724 (80-15,920)

Puuweri

19,002±30,745 (80-104,960}

740±1,761 (40-12,200)

Radamata

0.40
<0.000001

14,873±36,718 (80-230,480)
2,098±4,026 (40-23,800)

<0.000001

Jayapura District
Genyem

7,347±24,329 (40-317,360)

1,265±3,002 (40-38,080)
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<0.000001

Table 3.3.8b Distribution of parasite density in parasitemic children 0-9 years old by history of fever in
the previous 48 hours, Sumba and Genyem
Sumba
Level of density/ul

Genyem

------------------------------------- -------------------------------------------------Fever(%)

No Fever(%)

No Fever(%)

Fever(%)

5 (8.8)

52 (91.2)

15 (13.8)

94 (86.2)

120-999

36 (20.9)

136 (79.1)

136 (35.0)

253 (65.0)

1,000-9,999

51 (42.5)

69 (57.5)

131 (53.5)

114 (46.5)

10,000-99,999

34 (79.1)

9 (20.9)

53 (86.9)

8 (13.1)

40-119

7 (100)

100,000-

0

0

4 (100)

Table 3.3.8c Mean parasite density ±SD (range) /ul in parasitemic children 0-9 years old by history of
fever for each Plasmodium species, Radamata and Genyem Health Centers
Genyem

Radamata

Plasmodium species -------------------------------------Fever

P.f asex±sex

P.vivax

P.malariae

P.f+P.v

-----------------------------------------------------Fever

No fever

No fever

18,759±41,514

2,363±4,326

8,675±28,607

1,416±3,327

(80-230,480)

(40-23,800)

(40-317,360)

(40-38,080)

2, 162±2,881

1,458±3,283

2,980±4,510

609±1,419

(120-10,400)

(40-18,600)

(40-21120)

(40-8,960)

2,240±2,876

200±56

509±520

(560-3,920)

(160-240)

(120-1,360)

6,487±6,634

2,996 ±3,993

(40-29,600)

(240-16,640)

8,720±5,543

3,560±0

(4,800-12,640)
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In Radamata, the estimated parasitemia fever threshold for any species Plasmodium [620/ul (600640/ul)] was similar to that for P. falciparum [760/ul (640-880/ul)], but lower for P. vivax (240/u)I, with
sensitivity and specificity of 97%, 98% and 99% and PPV of 58%, 70% and 34%, respectively (table
3.3.Bd) (figures 3.3.Ba,b,c).

In Genyem, the estimated parasitemia fever threshold (malaria case definitions) for any species of

Plasmodium and for P. falciparum were similar (1,260/ul and 1, 1160/ul), but as in Radamata were
lower for P. vivax (660/ul), with sensitivities and specificities of 89%, 90% and 96%, and PPV of 63%,
66% and 61%. In infant (<1 year) and children (1-9 years), the parasitemia fever threshold for all
species of Plasmodium and P. falciparum were 780/ul and 1,360/ul, and 480/ul and 1,320/ul,
respectively (table 3.3.Be) (figures 3.3.Bd-j).

Table 3.3.8d Estimated parasitemia fever threshold for children 0-9 years old by Plasmodium species,
Radamata Health Center, Sumba

Plasmodium species Parasitemia (/ul)

Sensitivity/specificity (%)

PPV (%)

All Plasmodia

600-640

97

58

P. falciparum

640-880

98

70

P. vivax

240

99

34

36

Table 3.3.8e Estimated parasitemia fever threshold for children 0-9 years old by malaria species,
Genyem Health Center, Jayapura District

Plasmodium species Parasitemia (/ul)

Sensitivity/specificity (%)

PPV (%)

All Plasmodia

1,240-1280

89

63

<1 year

760-800

94

80

2!1 year

1,320-1,400

88

67

P. falciparum

1,160

90

66

< 1 year

480

97

39

2! 1 year

1,280-1,360

90

66

P. vivax

560-760

96

61
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Figure 3.3.Ba Sensitivities, specificities and positive predictive values of malaria case definitions in
Radamata (any species of Plasmodium) showing selected cut off of 620 parasites/ul.
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Figure 3.3.Bb Sensitivities, specificities and positive predictive values of falciparum malaria case
definitions in Radamata (P. falciparum including mixed infection) showing selected cut off of 760
parasites/ul.
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Figure 3.3.Sd Sensitivities, specificities and positive predictive values of malaria case definitions in
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Figure 3.3.Se Sensitivities, specificities and positive predictive values of malaria case definitions for
infants in Genyem {any species of Plasmodium) showing selected cut off of 780 parasites/ul.
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Figure 3.3.Bg Sensitivities, specificities and positive predictive values offalciparum malaria case
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Figure 3.3.Bh Sensitivities, specificities and positive predictive values of falciparum malaria case
definitions for infants in Genyem (P. falciparum including mixed infection) showing
selected cut off of 480 parasites/ul.

41

C?

Sensitivity
Specificity

co
c:i

PPV

\

co

C:

c:i

~

!.'.!

LL

~

0

~

\

\

Sens/spec 90%
ppv66%
cutoff 1280-i360

\

\

.,_'----->...,___
'-L-

0

c:i

100

10000

1000

100000

Log1 OCutoff (par/ul)
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Figure 9.

Lake Sentani , lrian Jaya/Papua en route from Jayapura to Genyem .

Item removed due to copyright.

Figure 10. Staff of Genyem Health Center, Jayapura, December 1998.

3.4

DISCUSSION

These are the largest malariometric surveys undertaken to date in Indonesia (figures 8 and 13). The
epidemiology is complex with patterns of endemicity varying from place to place, according to
presumed transmission characteristics, and which reflect the age of the host and level of acquired
immunity of the population.

3.4.1

AGE DISTRIBUTION

In these hypoendemic and mesoendemic regions of Sumba and lrian Jaya (figures 1, 3, 9)
parasitemia was more prevalent in children aged 1-9 years than in infants. The findings confirmed
that infants were relatively protected from malaria in these endemic areas. Studies in P. falciparum
endemic areas of Africa have also shown that the lowest incidence was in Ghanaian infants less than
6 months of age36. In mesoendemic Gambia, meso-hyperendemic Kenya, hyper-holoendemic
Kenya, and holoendemic Kenya, children aged 1-9 years old had also a higher prevalence of P.
falciparum than infants aged 3-11 months45, 46. Disease rates rose after the sixth month of life in
Gambian and Kenyan children46. Another study in lrian Jaya province showed that the prevalence
increased to a peak in childhood {2-10 years) and declined gradually during late childhood and
adolescence47. The cause for protection in infants is still unclear. Breast milk is relatively deficient in
p-aminobenzoic acid, an essential nutrient for parasite growth 48 and may be protective. In Indonesia,
breast feeding is usually given for more than the first year of life. Other factors that may contribute to
prevention of parasitemia in infancy include erythrocytes containing fetal hemoglobin which poorly
support parasite growth49, maternal immunoglobulin transferred across the placenta50, and elevated
production of nitric oxide in infants51.

Generally, when innate protective mechanisms wane, children become susceptible to malaria
infection, and after repeated exposure to infection, clinical immunity develops. In both regions studied,
parasitemic children aged 1-4 years old had a higher mean parasite density and a greater frequency
of fever than infants and children 5-9 years old. Children aged 5-9 years old had a greater prevalence
of asymptomatic parasitemia. These findings are consistent with children aged 1-4 years old being
susceptible and in the process of acquiring clinical immunity, and children aged 5-9 years old having
developed a greater degree of clinical immunity. Clinical immunity usually develops before
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Figure 11. Undertaking staff training , Genyem , November 1998.

Item removed due to copyright.

Figure 12. Microscopy retraining , Genyem , November 1998.

Item removed due to copyright.

Figure 13. Malariometric survey, Genyem , December 1998.

antiparasitic immunity52. In contrast, a malariometric survey in Ghanaian children aged 0-7 years old
reported that while children 5-7 years old had the highest parasite rates, infants 6-11 months had the
highest parasite densities and febrile illness rates53. This may reflect higher transmission in Ghana
(seasonal malaria with PR ranging from 53.3%-84.5%).

3.4.2

GEOGRAPHIC DISTRIBUTION

Although Waingapu, Puuweri and Radamata are all located in Sumba, environmental conditions
differ between East Sumba (Waingapu) and West Sumba (Puuweri and Radamata). East Sumba is
largely savana area and dry (figure 1), while West Sumba is greener than East Sumba with padi
fields and forests (figure 3). Parasitemia cases were observed to be patchily distributed, along the
coastal areas (Waingapu and Radamata), river area (Waingapu), padi fields (Puuweri and
Radamata), and remote areas close to the forest (Waingapu, Puuweri and Radamata). Of these 3
places, Waingapu (1.6%) had the lowest and Radamata (5.1%) had the highest prevalence of
malaria, with all confirmed as hypoendemic areas. We performed the malariometric survey in Sumba
during a prolonged dry season (September-December 1998) related to El Nino activity. Malaria
transmission and parasite prevalence are likely to have been higher in the rainy season (JanuaryMarch). The dry season endemicity in Radamata is thus not strictly comparable to the wet season
endemicity reported from Genyem.

Genyem is a hilly area around the forest of lrian Jaya (figure 9). Here, malaria cases were observed
to be more generally distributed. Lower numbers of cases were observed in transmigration
settlements probably because of greater use of bed nets, and larger numbers of cases in remote
areas close to the forest. Overall, the prevalence of malaria was 38.8% confirming this as a
mesoendemic area.

3.4.3

MALARIA ENDEMICITY AND PREVALENCE

Because pre-school and school age children sick with malaria may have been kept at home at the
time of posyandu and school visits (and may not have been brought to the Health Center), it is
possible that there prevalence data underestimate the true level of endemicity in each area. However
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the magnitude of any underestimatation is likely to have been small. Use of splenomegaly gave a
greater estimate of malaria endemicity in both areas compared to the PR. Using a PR of 1.6-5.1 %,
Sumba was identified as hypoendemic, but was mesoendemic by splenomegaly with a SR of 10.518.5%. Genyem was mesoendemic with a PR of 38.8%, but hyperendemic using the SR of 51%.
Acute clinical episodes of malaria can cause splenomegaly which regresses after the infection has
resolved, but when Plasmodium infections are recurrent, splenomegaly does not regress between
attacks54. Thus, a higher proportion of children resident in malaria-endemic areas may have
enlarged spleens than have parasitemia. Parasitemia is also known to fluctuate over time above and
below the microscopic detection threshold55-57, and higher rates are detected by PCR58-60.
Parasite detection by microscopy on a given day therefore underestimates true point and period
prevalence. Spleen rate may demonstrate period prevalence of infection better than point prevalence.

A malaria survey in all ages on Gag Island, lrian Jaya, showed there was less difference between the
parasite rate (24.3%) and spleen rate (21.0%)47_ In contrast, a longitudinal study in Liberian children
documented one patient with a palpable spleen on half of the repeated examinations but parasites on
only a single occasion ever the entire year, while another who showed parasites for 161 days of the
year never had a palpable spleen 26. Splenomegaly may result from other causes, and much of the
splenomegaly in endemic areas is the result of repeated malaria infection or other infection.
Therefore, many studies have preferred to use parasite rate by microscopy as an indicator to
determine the endemicity of malaria despite its limitations. In this study, parasitemia {and parasitemia
with fever) was associated with splenomegaly, and malaria is likely to have been the major cause of
splenomegaly in the study areas.

As in other studies25, 61, the proportion of parasitemic patients with mixed infection by microscopy
was less than that expected from the frequencies of parasitemia with each individual species. Recent
studies however using polymerase chain reaction (PCR), have shown that the frequency of mixed
infections is higher than that found using microscopy alone and that the proportion with mixed
infection is similar to that predicted 62 . Moreover, because of P. falciparum is known to suppress P.

vivaxto subdetectable levels or inhibited relapses from exoerythrocytic stages and vice versa63, 64, it
was not surprising that the frequency of mixed P. falciparum and P. vivax was lower than expected
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frequency based on frequencies of P. falciparum and P. vivax alone in both Radamata and Genyem.
Similar findings were reported from Thailand and Vanuatu25, 65_

3.4.4 ASYMPTOMATIC PARASITEMIA
More than 50% of parasitemic cases were afebrile (by history and examination) mostly with parasite
densities of <10,000/ul, and mostly in children aged 5-9 years old. After a period with illness, children
1-4 years may pass through a period with high parasitemia before clinical and parasitologic immunity
develops66, and when immunity is fully developed, clinical disease is rare but low-grade
asymptomatic parasitemia is common (children 5-9 years)67_

In Sumba and Genyem, chloroquine is widely available in drug-stores and non drug-stores throughout
urban and rural areas. Residents use it as an antipyretic as well as an analgesic drug. Many malaria
cases had been treated with self-medication, many with sub-curative doses. Clinical immunity and
frequent widespread antimalarial use might both contribute to the lack of .symptoms associated with
parasitemia in these studies.

It is difficult to directly compare the Indonesian results with other studies because of differences in
criteria for definition of fever and differences in age groups studied. However the same pattern of age
related parasite density has been found in a number of African studies29, 30, 34, 68 32, 35, 36, 40_ In
these high-endemic areas, P. falciparum parasite prevalence and densities are highest in children <5
years. In areas of lower endemicity, the peak prevalence is in older individuals69_

Although lrian Jaya has similar endemicity to many parts of Africa, age specific parasite densities
were generally lower in lrian Jaya compared to the African studies30, 70 24, 36, 38-40_ Potential
reasons for this include earlier aquisition of heterologous immunity in lrian Jaya related to early P.
vivax infection25, and host and parasite genetic differences.

In Vanuatu, P. vivax parasite densities were higher than those for P. falciparum in asymptomatic
children <5 years old. This was the opposite to species densities found in both sites in Indonesia, and
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may relate to the fact that P. falciparum is the predominant Plasmodium infection in both of these
Indonesia sites even in the dry season, while P. vivax predominates in the Vanuatu dry season25,

Though Sumba and Genyem had similar age-related changes in proportions of asymptomatic
parasitemia relative to symptomatic parasitemia, the proportion of parasitemic cases without
symptoms fell with increasing endemicity. The reasons for this are not clear. It may relate to
P/asmodium strain multiplicity being greater with increasing endemicity.

3.4.5

PARASITE DENSITY CUTOFF FOR CLINICAL MALARIA

In Indonesia, most cases of malaria are diagnosed on clinical grounds without laboratory confirmation
of parasitemia. A clinical case definition of malaria based on fever or history of fever is often the only
information available to the health worker to decide whether antimalarial treatment is needed.
Conversely, many non-febrile parasitemia occur in endemic areas. It is desirable to know the
proportion of patients with malaria-like illness who do actually have pa!asitemia and the proportion
who have fever attributable to malaria. Recognising this difficulty, a clinical malaria definition in a
given malaria endemic area can be determined by estimating the parasite density fever threshold at a
population leveI 24 , 25, 3B.

As expected, Sumbanese children had lower MAF for each species than Papuan children. This likely
reflects the lower malaria endemicity in Sumba and the higher proportion of non-malarial fever. The
lower proportion of febrile children amongst those with parasitemia, would also have contributed.
However, the MAFs of Papuan children were lower than most African studies23, 36 and niore similar
to those in Vanuatu children25_ As in Africa, the Vanuatu MAF showed seasonal variation. Seasonal
variability was not assessed at these Indonesian sites.

Although overall MAF in lrian Jaya was comparable to Vanuatu, P. falciparum MAF in lrian Jaya was
higher and for P. vivax MAF was lower than in Vanuatu. This may be related to the lack of true dry
season in this area of lrian Jaya and thus the perennial predominance of P. falciparum. This
compares with Vanuatu where although P. falciparum predominates in the wet season, P. vivax
predominates 4:1 in the dry season giving a higher P. vivax MAF.
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In this study, Radamata, a hypoendemic area, had lower estimated parasite density fever thresholds
for parasitemia compared to those in Genyem, a mesoendemic area. These differences are likely to
be related to a lower fever threshold in subjects with lesser immunity in Radamata than in those with
repeated previous exposure such as in the higher transmission area in Genyem71. A higher parasite
threshold for P. falciparum than P. vivax in both areas is consistent with the known lower fever
threshold with P. vivax71 . Infants had a lower parasite threshold for P. falciparum than did older
children. The sensitivity and specificity of all those parasite thresholds were high (88-99%) with
moderate PPVs.

The density of parasitemia resulting in fever in lrian Jaya was much less than areas of similar or
greater endemicity in Africa. Parasitemia thresholds for a clinical diagnosis of malaria in children >1
years in Africa have ranged from 3,500/ul in Ghana, 5,000/ul in Gambia and Tanzania, and 10,000/ul
in Niger24, 36, 70, 72. The Papuan thresholds for a clinical diagnosis oJ falciparum (1,320/ul) in ~1
years and vivax malaria (660/ul in children 0-9 years old) are very similar to those found in Thailand
(1,500/ul for P. falciparum, 200/ul for P. vivax) 73 and Vanuatu children ~1 years (> 1,000/ul for P.
falciparum, >500/ul for P. vivax) 25. The lower threshold in lrian Jaya, Thailand and Vanuatu relative

to African regions of similar endemicity may be related earlier acquisition of clinical immunity from P.
vivax infection in infancy and other likely complex interspecies interactions25

The clinical case definition for malaria thus varies according to level of immunity, age, prevalence of
malaria, species predominating, season, and definition of fever. It highlights the importance of having
established this clinical definition in each of the regions in which the clinical studies outlined in chapter
4 were undertaken. The case definitions for malaria were estimated based on history of fever and or
hotness to touch without measuring body temperature. Although not measuring the temperature could
potentially have led to a weakening of any fever/no fever effect, Cox (1994) has previously shown that
history of fever was a more important indicator of malaria morbidity than measured temperature
during surveilance in Papua New Guinea33. Although case definitions for malaria in this study were
derived during the Sumba dry season and a period of relatively little rainfall in Genyem, these case
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definitions have been previously shown to be independent of season25, 36. Though numbers of vivax
parasitemia were too small to stratify by age, the Vanuatu studies suggest that there is no age
dependence in the relationship of morbidity risk to parasitemia in P. vivax, even in highly endemic
areas, supporting the decision to use the vivax case definition for all children in my study.

3.5

CONCLUSIONS

Radamata is confirmed as a hypoendemic area with a PR of 5.1%, and Genyem as a mesoendemic
ar.ea with a PR of 38.8%. Although there was more than 50% of parasitemic children were afebrile,
parasitemia was associated with fever and splenomegaly, and parasite density also associated with
fever. Symptomatic parasitemia was most prevalent in children aged 1-4 years old and asymptomatic
parasitemia in children aged 5-9 years old. Radamata had lower parasite thresholds for a malaria
case definition than that in Genyem (620/ul vs1 ,260/ul), infants had a lower threshold than that in
children (780/ul vs 1,360/ul) in Genyem, and P. falciparum had a higher threshold than that for P.

vivax in both Radamata (760/ul vs 240/ul) and Genyem (1, 160/ul vs 66.0/ul). These parasite
thresholds for a case definition for clinical malaria were sensitive and specific, despite their modest
PPVs.

Having confirmed two regions with high and low malaria endemicity, the clinical case definitions
derived from these malariometric surveys allowed me to undertake studies (described in the following
chapter) to compare the clinical features and clinical predictors of malaria in regions of different
endemicity.
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4.

CLINICAL ALGORITHM/PREDICTORS OF MALARIA

SUMMARY
In Indonesia, the diagnosis of malaria is based mainly on clinical symptoms because of limited
microscopy services, particularly in Eastern Indonesia. The national case definition for the diagnosis
of malaria has never been validated and is probably not being used by health workers who use
unknown decision rules. Because a clinical case definition for malaria in Indonesia needs to be
applicable in areas ranging from low to high endemicity, a study of clinical predictors of malaria was
performed to define the most suitable clinical predictors of uncomplicated malaria in Radamata
Health Center, NTT, a representative hypo-mesoendemic area and Genyem Health Center, lrian
Jaya, as a meso-hyperendemic area in Eastern Indonesia. Indonesian Communicable Disease
Control (CDC) requested a new single practical case definition that could be applied in areas of
different endemicity in both children and adults. The aim of the study was to develop and validate
clinical malaria case definitions through: (i) determining the clinical manifestations of uncomplicated
falciparum and vivax malaria in children and adults in areas with different malaria endemicity; (ii)
determining clinical variables which predict parasitemia with and without the use of a threshold level,
and assessing whether these predictors differ between areas with different endemicity; (iii) developing
a new clinical case definition for uncomplicated malaria for use in health centers; (iv) determining the
utility of this new case definition in children and adults, for diagnosing P. falciparum and P. vivax
malaria and in predicting parasitemias above the threshold levels established in each area; and (v)
evaluating the performance of the new clinical malaria case definitions in areas with different malaria
endemicity. Based on the assumed Parasite Rate (PR) of the two different endemicity study sites
(10% and 20%), a minimum 200 people with and 200 without malaria were required at each study site
for developing the case definitions and a similar number were required for validation. The total
number of health center attendees at each site was used for determining the clinical manifestations.
Both children and adults, with or without fever, who attended the health center in these study sites
were recruited during the study period.

The overall prevalences of parasitemia were 28.7% of the 2,169 health center attendees in
Radamata, and 48.7% of the 1,081 health center attendees in Genyem. In Radamata and in Genyem
respectively, parasitemia was found in 11.5% (125 of 1,084) and 30.9% (153 of 488) of those with
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other clinical diagnoses by the nurse/midwife, particularly in those with Acute Respiratory Infection
(ARI). In both Radamata and Genyem, of parasitemic cases the majority were adults (>12 years old),
but the highest age specific prevalence was in those 5-9 years old. The lowest age specific
parasitemia prevalence was found in adults in Genyem (34.3%) and in infants (<1 year) in Radamata
(12.7%). Though P. falciparum was predominant in all age groups, the proportion of P. vivax in
comparison to P. falciparum tended to be higher in children in Radamata, and was significantly higher
in infants [8 of 49 (total P. vivax) vs 24 of 458 (total P. falciparum), p=0.007] in Genyem. The
proportion with P. vivax was higher in Radamata than in Genyem [100 of 622 (16.1 %) vs 49 of 526
(9.3%), p<0.001]. Children with parasitemia had a significantly higher mean axillary temperature than
adults (37.8°C vs 36.9°C, p<0.001, and 38.0°C vs 36.9°C, p<0.001) in both Radamata and Genyem.

The most frequent clinical symptoms (fever, cough, runny nose, anorexia, and vomiting) and signs
(splenomegaly, hepatomegaly, pallor, crepitations, and observed cough) in infants were generally
similar to those found in children 1-4 years old in both Radamata and Genyem. The frequent clinical
symptoms (fever, headache, rigors, dizziness, anorexia, myalgia, and cough) and signs
(splenomegaly, pallor, hepatomegaly, crepitations, and observed cough) amongst children 5-12 years
old were similar to those in adults in both Radamata and Genyem. There was no difference in
reported severity of disease between children and adults in Radamata, and there was no severe
disease found in Genyem. The clinical symptoms and signs differed little between P. falciparum and

P. vivax. The mean parasite density of P. falciparum was higher than P. vivax in Radamata. There
was a lower mean age for P. vivaxthan P. falciparum in Genyem.

The significant clinical predictors for diagnosis of any parasitemia and also for parasitemia above the
threshold levels were fever, rigors, headache, lack of runny nose, pallor, splenomegaly,
hepatomegaly, and lack of crepitations in Radamata. In Genyem, the significant predictors were
fever, rigors, anorexia, pallor, and splenomegaly. There were three models developed at each site
(Radamata 1-3, and Genyem 1-3) by combining fever with one or more other predictors with had
areas under Receiver Operator Characteristic (ROG) curves for diagnosis of any parasitemia and
parasitemia above the thresholds >0.78 and >0.81 in Radamata, and >0.75 and >0.80 in Genyem. All
models improved the specificity and Likelihood Ratio (LR) for a positive test, and were of comparable
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sensitivity to fever alone, except the Radamata 3 model in children <5 years old. As with fever alone,
all models showed a lower LR for a positive test in children <5 years old compared with those 2::5
years old in both Radamata and Genyem, and almost all showed lower sensitivities in those 2::5 years
old compared with children <5 years. In Radamata, these models were of similar sensitivities for the
diagnosis of either P. falciparum or P. vivax. In Genyem, these models showed less sensitivity for the
diagnosis of P. falciparum than for P. vivax. The models gave moderate to high sensitivities (65.896.2%), low to moderate specificities (37.7-64.0%), low to moderate Positive Predictive Values
(PPVs) (7.2-65%), moderate to high Negative Predictive Values (NPVs) (72.1-99.6%), moderate LR
for positive tests (1.46-1.98), and low to moderate LR for negative tests (0.08-0.53). Of the six ·
models, Genyem 2 was the best for either diagnosis of any parasitemia or parasitemia above the
threshold levels in all ages and for both P. falciparum and P. vivax, in both Radamata and Genyem.

The Indonesian CDC national case definition showed low to moderate sensitivities (6.8-66.3%),
moderate to high specificities (68.8-98.6%), low to moderate PPVs (5.5-85.7%), low to high NPVs
(45.3-97.5%), low. to high LR for positive tests (1.15-4.70), and moderate to high LR for negative tests
(0.48-0.97) for a diagnosis of any degree parasitemia for all ages and for both P. falciparum and P.

vivax. The health staff diagnosis showed moderate sensitivities (57.7-74.5%), low to moderate
specificities (47.8-65.9%), low to moderate PPVs (5.4-63.7%), low to high NPVs (54.1-96.7%), low to
moderate LR for postive tests (1.12-1.78), and moderate to high LR for negative tests (0.47-0.87) for
all ages and for both P. falciparum and P. vivax. The Genyem 2 model gave a- high sensitivity (89.8100%), very high NPV (95.0-100%} and low LR for negative tests (0.00-0.20) for a diagnosis of
parasitemia above the threshold in children <5 years and in those 2::5 years old in both Radamata and
Genyem, it was very close to fever alone for sensitivity, but had higher specificity (30.9-58.5%), PPV
(21.3-38.2%), and LR for positive test (1.45-2.19).

In summary, the Genyem 2 model which is history of fever with one or more of (rigors, pallor, or
splenomegaly) was found in both regions and for both children and adults to contain the best criteria
for diagnosis of malaria in order to improve on the low sensitivity of the current Indonesian CDC case
definition.
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4.1

INTRODUCTION

4. 1.1

CLINICAL FEATURES

The proportion of parasitemic cases causing symptoms varies among areas of different endemicity.
Of the symptomatic cases, the clinical manifestations of uncomplicated malaria vary with age, host
immunity, and intensity of malaria transmission. There is also evidence that clinical manifestations of
severe malaria vary according to host immunity and intensity of malaria transmission45. The
definitions of severe and complicated falciparum malaria in hospitalised patients and the differences
between severe malaria in adults and children have been comprehensively considered by WHQ74.
However the differences in clinical manifestations of uncomplicated malaria between areas of high
and low endemicity are less well defined.

Fever is still used as the characteristic sign of clinical malaria. However, fever is caused by numerous
illnesses other than malaria and the relationship between parasitemia and fever changes with age. In
Tanzanian infants, 66.5% of malaria attributable morbidity episodes did not correspond to fever
(~37.5°C), while in older children, most of the episodes due to malaria did correspond to fever32. In
Senegal, a highly endemic area, there was evidence for an age-dependent pyrogenic threshold of P.
falciparum parasitemia based on the number of trophozoites per leucocytes 75. The relationship

between fever and parasite density also varies with season23, 35. In Vanuatu, the proportion of fever
attributable to each species of Plasmodium varied markedly between seasons25. Therefore, fever
should be considered as just one of the clinical indicators that may increase the probabi!ity of malaria,
especially in children.

In a retrospective study from an uncharacterised reference Malaysian population (all ages), 60% of
parasite-positive cases had fever with or without other associated signs of malaria76. In India, fever,
headache, and chills were documented as the most common symptoms of both falciparum and vivax
malaria77. Fever also had a high positive association with falciparum malaria78. In Pakistan, a history
of fever, rigors, headache, myalgia, elevated temperature, and a palpable spleen among children was
strongly associated with the presence and density of P. falciparum or P. vivax79. In Thai children 2-15
years old in a low transmission area, fever (~38°C), headache, muscle and/ or joint pain, nausea,
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clinical anaemia, palpable spleen, palpable liver, absence of cough, and absence of diarrhoea were
also associated with malaria infection, but none of these alone or in combination proved a good
predictor of malaria80_ Fever alone did not discriminate well for malaria in the Philippines81.

Fever was also the most common symptom in Liberian adults with malaria. Headache and chills were
the next most common complaints 26. In Tanzania, fever, headache and myoarthralgia were identified
as the typical malaria symptoms of outpatients, and correlated better with parasitemia in adults than
in children82. While the most common complaint among rural clinic outpatients (all ages) in
Zimbabwe were headache, bodily weakness, and fever or feeling hot, none of these symptoms·
significantly predicted a positive parasitemia83_

A study of the severity of symptoms during the initial course of attacks in young children and adults
showed little difference84_ Severity did not correlate with the duration of the pathologic episode84.
Moreover, the severity of clinical symptoms was poorly correlated with the density of parasitemia in
semi-immune Solomon lslanders85.

It is therefore important to document the clinical features of malaria in different age groups and in
areas in Eastern Indonesia with different malaria endemicity in order to identify the symptoms most
associated with malaria for generating an accurate and reliable national case definition of clinical
malaria.

4.1.2

CLINICAL DIAGNOSIS

Ideally, a diagnosis of malaria should be based on a reliable microscopic examination of a stained
blood smear. In malaria endemic areas, a presumptive diagnosis of malaria is often made in anyone
who has a febrile illness. Even when the diagnosis is based on the symptoms and signs, careful
clinical examination to exclude non-malarial causes, and competent examination of a blood smear to
detect parasitemia, the presence of parasites in the peripheral blood of semi-immune individuals does
not necessarily mean that the illness is due to a malarial infection23.
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In Indonesia, clinical diagnosis is a widely used approach, particularly in remote areas where there
are usually no microscopy facilities. Of the many clinical symptoms and signs, fever is still used as the
cardinal symptom. The current national case definition for clinical malaria is fever, periodic rigors and
headache with or without various other features 1. This case definition has not previously been
validated and evaluated.

Several studies conducted in other countries to assess clinical predictors of malaria have shown that
in some instances predictors were useful and in others they were not. Predictors when present varied
between studies. Variable results might be due to different methodologies, populations and
endemicity. In the Philippines, a sequential occurrence of fever, chills and/or sweating or a
combination of all these three symptoms was a good general predictor of malaria with specificity and
positive predictive values over 80% in children under 9 years of age in highly endemic 81, However,
this predictor (intermittent fever, chills and sweats) did not help in discriminating between malaria and
non-malarious fevers in Gambian children aged between 2 months and 5 years72. A study in Thai
children in a low and unstable transmission area with resistant P. falciparum showed that the two best
diagnostic algorithms were history of fever and headache without cough, and history of fever with an
oral temperature 2:::38°C, with a sensitivity of only 51% for both, and specificity 72% and 71%,
respective1y80,

Several studies in children in highly endemic areas in Africa have not found clinical variables useful in
predicting a positive malarial smear40, 53, 70, 83, 86, 87. Other sub-Saharan African studies
however have shown that several variables might be valuable in the selection of clinical malaria
cases for antimalarial treatment. In the rainy season, in Nigerian children aged 2·9 years with fever
~39°C, less than 3 days duration and no other obvious cause of fever, 90% or more of febrile
episodes could be attributed to exposure to detectable parasitemia34. In Malawi, a case definition of
rectal temperature of 37.7°C or higher, splenomegaly or nailbed pallor had 85% sensitivity and 41%
specificity in identifying parasitemic children under 5 years old39. In a study in Ethiopian children aged
2 to 59 months, fever with a history of previous malarial attack or absence of cough or a finding of
pallor gave a sensitivity of 83% in the high risk season and 75% in the low risk season, with
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corresponding specificities of 51 % and 60%; fever with a previous malaria attack or pallor or
splenomegaly had sensitivities of 80% and 69% and specificities of 65% and 81 % in high and low risk
seasons, respective1y88.

In hyperendemic Papua New Guinea, significant predictors for a positive P. fa/ciparum parasitemia in
children were spleen size, no cough, temperature, no chest indrawing, and normal stools, while no
cough and normal stools predicted parasitemia in adults. Fever, no cough, vomiting, and an enlarged
spleen were significant predictors for a P. fa!ciparum parasitemia ~10,000/ul in children; while
vomiting was the only predictor in adults38_

In Eastern Indonesia only a minority of health centers have a microscope and skilled microscopist.
Based on the Global Malaria Control Strategy of WHO, Indonesian malaria control operational policy
still recommends early diagnosis and prompt treatment based on a clinical diagnosis. This national
(Indonesian Communicable Disease Control) case definition defined above is likely to be too strict for
disease management purposes and its application would lead to substantial under-diagnosis.
Moreover, no well-defined clinical case definitions have been used by health staff. The diagnosis of
clinical malaria by health staff is frequently based on their personal experiences. It is necessary to
establish and validate algorithms for malaria at the health center level, particularly in endemic areas
with the absence of microscopy.

4.1.3 JUSTIFICATION
Diagnosis of malaria based on clinical symptoms and signs has been used widely by health workers
and people in endemic areas for many years. However, the apparent overdiagnosis of clinical malaria
in NTT and lrian Jaya suggests that the national definition of clinical malaria is not being used by
health workers, who use their own judgement. In addition, the national definition has not been
validated in malaria endemic areas of Indonesia and has also not been assessed in children vs adults
and in areas of high vs low transmission. In the preliminary study by malariometric survey, simple
clinical malaria case definitions were defined based on fever attributable to malaria with specified cutoff parasite densities in these different areas of endemicity. Realising those case definitions to be
non-specific, their performance needed to be validated and evaluated at the health center level in
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outpatients to develop a more suitable clinical malaria case definition. The developed clinical case
definition will be useful for both individual case management and for estimating the clinical burden of
malaria (surveillance). Relevant to the Roll Back Malaria initiative, a global movement that
emphasises better application of existing tools and the development of new ones5, the Indonesian
Ministry of Health at both Central and Provincial levels expressed interest in a study to assess clinical
predictors of malaria in both low (NTT) and high endemic (lrian Jaya) provinces, and to determine
whether the clinical predictors vary between areas with different malaria endemicity. Importantly,
Indonesian CDC requested a single practical model that could be applied in areas of different
endemicity in both children and adults.

4.1.4 AIMS
The aim of the study of clinical predictors of malaria was to define the most suitable clinical predictors
of uncomplicated malaria in study site areas with different endemicity by developing and validating
clinical malaria case definitions. The specific aims of this study were a~ follow:
(i) To determine the clinical manifestations of uncomplicated falciparum and vivax malaria in children
and adults in areas with different malaria endemicity.
(ii) To determine clinical variables which predict parasitemia with and without the use of a threshold
level, and assessing whether these predictors differ between areas with different endemicity.
(iii) To develop a new clinical case definition for uncomplicated malaria for use in health centers.
(iv) To determine the utility of this new case definition in children and adults, for diagnosing P.
falciparum and P. vivax malaria and in predicting parasitemias above the threshold levels established
in each area.
(v) To evaluate the performance of the new clinical malaria case definitions in areas with different
malaria endemicity.

4.2
4.2.1

MATERIALS AND METHODS
TIMES AND STUDY SITES

This clinical study was conducted at (i) Radamata Health Center, Laratama subdistrict, West Sumba
district, East Nusa Tenggara province, a hypo-mesoendemic area (chapter 3) from February to May
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1998 and (ii) Genyem Health Center, Nimboran subdistrict, Jayapura district, lrian Jaya province, a
meso-hyperendemic area (chapter 3), from February to April 1999. The timing of the studies
coincided with the rainy season at each site.

4.2.2 ETHICS
Informed consent was obtained from parents or guardians and from adult patients. The study was
approved by both the Ethics Committee of the National Institute of Health Research and Development
(NIHRD), Indonesian Ministry of Health and Social Welfare, Jakarta, Indonesia and the Joint
Institutional Ethics Committee of the Menzies School of Health Research and Royal Darwin Hospital,
Darwin, Australia (Appendices 1 and 2 and 3).

4.2.3

SETTING

This study was a prospective evaluation of all attendees at the Puskesmas using a questionaire form
with standardised symptoms and signs (Appendix 7) which also included symptoms of acute
respiratory infection and diarrhoeal disease, standardised physical examination, axillary temperature,
patient 's assessment of diagnosis, and blood smear results. A total of 84 variables of background
information, history of current illness, physical examination, laboratory findings, diagnosis and
treatment regimen were collected from all patients.

4.2.4

SAMPLE SIZE

Assuming the Parasite Rates (PR) of those two endemic areas were 10% and 20 %, respectively with
significance a=0.05 and power ~=0.20, a minimum of 200 subjects with and 200 without malaria was
required at each study site to develop models for predicting malaria. Because these models would
require validation in similar size populations, the numbers of malaria cases recruited at each site were
doubled. Clinical malaria was defined by fever or history of fever (in the previous 24 hours) and patent
parasitemia. The total number of recruited patients was dependent on the local endemicity and the
proportion of health center attendees that had malaria. The clinical manifestations of uncomplicated
malaria were described from the total number of patients. Patients randomised to the first half from
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each study area were used for developing the models of clinical predictors. Those randomised to the
second half were used for validating the models of case definition.

4.2.5 PATIENTS
All patients both children and adults, with or without fever who attended the health center in these
areas were recruited. Every patient was recruited only once during the clinical study period.

4.2.6

CASE DEFINITION

The case definition for uncomplicated malaria was determined based on microscopy findings: any
parasitemia of any P/asmodium, asexual parasitemia of P. talciparum alone, and parasitemia of P.

vivax alone. Those with no parasitemia were considered to have a non-malaria illness.

In developing the models of clinical predictors for diagnosis of uncomplicated malaria, we used two
case definitions of malaria, (i) any asexual parasitemia and (ii) any parasitemia above the parasite
threshold level for clinical malaria established in each area (chapter 3). In this second case definition,
those with no asexual parasitemia or less than the parasite threshold level established in each area
were diagnosed as non-malaria illness. The trialled models for Radamata and Genyem case
definitions for clinical malaria were fever with other symptoms and signs that were considered both
biomedically/clinically importanVuseful and statistically significantly predictive by both univariate
followed by multivariate analysis (see 4.2.12). These models were selected according to the area
under Receiver Operator Characteristic (ROC) curve above the diagonal to discriminate between the
patients who did or did not have clinical malaria during the study89-91. The models were not required
to include danger signs predicting severe malaria in children (not able to drink/feed, vomiting, recent
history of convulsions, lethargic/unconcious state, and unable to siVstand up)6 or severe malaria74
because protocols for management and referral of these patients are already in place in health
centers in Indonesia.

The models derived from the Radamata and Genyem data, as well as the national/CDC case
definition, nurse/midwife's diagnosis, and patients's diagnosis were then validated in the second half
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Item removed due to copyright.

Figure 14. Collecting demographic information , Radamata , West Sumba,
February 1998.

Item removed due to copyright.

Figure 15. Taking standardised history, Radamata , West Sumba , February
1998.

of the dataset in diagnosing (i) any of asexual parasitemia and any malaria with above the parasite
threshold level established in each area, (ii) any of asexual parasitemia in children <5 years old and
patients ~5 years old, and (iii} any asexual P. falciparum and P. vivax only. The best model selected
was then validated in diagnosing parasitemia above the parasite threshold level established in each
area in children <5 years old and patients ~5 years old. The Indonesian CDC case definition is
defined as fever, periodical rigors, and headache with or without other symptoms and signs 1. For the
purposes of this evaluation, rigors that were either periodical or non-periodical were considered to
fulfil the CDC case definition.

4.2.7 CLINICAL EXAMINATION
The local paramedical staff (nurses/midwives) took background information and history (figure 14),
measured the vital signs, diagnosed the patient and prescribed medicines. Axillary temperature was
measured with a digital electronic thermometer. The physician (myself) asked presenting and nonpresenting complaints, severity and duration of symptoms, and patient's self-giagnosis (figure 15).
This physician also performed a standard physical examination, and reviewed the paramedical staff
diagnosis and treatment.

4.2.B LABORATORY EXAM/NATION
The blood specimens were collected directly from finger puncture for thick and thin smears (figure
16). Thin and thick smears were made in duplicate and stained with 10% Giemsa solution (figure 17).

The thick smears were examined and quantitated as described in chapter 3. The thin smear was
examined to confirm parasite species and to measure the proportion of infected red blood cells in
severe cases. 10% of the smears were then cross-checked in Darwin by a senior scientist expert in
malaria microscopy (Mary Dyer}.

4.2.9

TREATMENT

Patients with malaria were treated using standard drug regimens as per national policy15. Diagnosis
of malaria for the purpose of therapy was based on clinical symptoms and signs with or without
confirmed microscopic examination. The clinical malaria patients and microscopy-confirmed

60

Item removed due to copyright.

Figure 16. Performing finger puncture for blood smears, Genyem , Jayapura,
February 1999.

Item removed due to copyright.

Figure 17. Staining blood smears, Radamata , West Sumba , February 1998.

falciparum or vivax or mixed falciparum and vivax malaria patients were treated with chloroquine with
or without primaquine as described in chapter 3. Patients with other illnesses were treated based on
their diagnosis as usual for those health centers.

4.2.10 DATA PROCESSING
Data were entered by data entry on Epi-info version 6. 04b43 for univariate statistical analysis and
were transferred to Stata release s92 for multivariate statistical analysis/logistic regression and AOC
curve generation. Clinical features were described descriptively from the total sample size. Mean
values of age, axillary temperature, and parasite density were presented ±standard deviations.
Categorical data were compared by calculating the chi-square value with Yate's correction or by
Fisher's exact test. Normally distributed continuous data were compared by Student's t-test and
Anova. Data not conforming to a normal distribution were compared by the Mann-Whitney U-test or
the Kruskal-Wallis one way analysis of variance on ranks. Univariate analysis was used to examine
individual clinical findings associated with malaria parasitemia and age-group differences. Relative
risk of those clinical findings were expressed as risk ratio and 95% confidence interval. Patients were
then randomised using random numbers: the first-half was used to develop the clinical predictor
models, and the second-half was used to validate the models and other case definitions. Variables
associated with parasitemia in univariate analysis were included in a stepwise forward and backward
multivariate logistic regression designed to create a model for all ages with the fewest clinical
indicators possible, as described39_ The performance of the case definition models for the diagnosis
of malaria were presented as sensitivity, specificity, Positive Predictive Value (PPV) and Negative
Predictive Values (NPV), Likelihood Ratio for positive test (LR positive test) and Likelihood Ratio for
negative tests (LR negative test), with 95% confidence limits. Sensitivity, specificity, PPV and NPV
were calculated by Epi-info43 based on the numbers of true positives (TP), true negatives (TN), false
positives (FP), and false negatives (FN) of parasitemia cases. LR for positive test was calculated by
the formula of sensitivity/(1-specificity), and (1-sensitivity)/specificity for LR negative test93_ The AOC
curve was obtained by plotting the proportion of TP or the sensitivity of the model against the
proportion of FP or 1-specificity89-91 _
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4.3
4.3.1

RESULTS
DISEASE PATTERN BY CLINICAL DIAGNOSIS

Based on local staff (nurses/midwives) diagnoses, Radamata and Genyem had similar disease
patterns presenting to the Puskesmas. Clinical malaria was the most common diagnosis made by
clinic staff in both Radamata and Genyem Health Centers, accounting for approximately 50% of new
presentations at both Health Centers. Acute respiratory infection (ARI) was the second commonest
illness recorded, while diarrhoea was found in less than 2%. Other diagnoses included gastritis,
common cold, anemia, dermatitis, chronic bronchitis, and pneumonia in Radamata; and ulcer,
lymphadenopathy, anemia, gastritis, abscess, and dermatitis in Genyem (table 4.3.1).

Table 4.3.1 Disease pattern based on principal clinical diagnosis made by assessing nurse/midwife
Disease

Radamata
n=2,169 (%)

Genyem
n=1,081 (%)

Clinical malaria

958 (44.2)

573 (53.0)

Malaria microscopy-confirmed

127 (5.8)

20 (1.8)

ARI*

331 (15.3)

204 (18.9)

40 (1.8)

11 (1.0)

713 (32.9)

273 (25.3)

Diarrhoea
Others
*Acute respiratory infactions

4.3.2

PREVALENCE OF PARASITEMIA

Radamata

In Radamata, only 38.6% of a total of nurse/midwife-diagnosed 958 clinical malaria cases were
confirmed as parasitemic by microscopy. Of all patients, 622 had malaria parasites present. The
overall prevalence of parasitemia was 28.7%, with P. falciparum infection predominant. Of those with
other clinical diagnoses (ARI, diarrhoea, and others) 11.5% (125 of 1,084) had parasitemia (table
4.3.2a). Most parasitemic cases occured in adults (354 of 622, 56.9%) (table 4.3.2b). However, the-

age group prevalence was highest in the children 5-12 years old (164 of 399, 41.1%), and lowest in
infants (15 of 118, 12.7%) (figure 4.3.2).
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Table 4.3.2a Prevalence of parasitemia,species distribution and principal clinical diagnosis made by
assessing nurse/midwife, Radamata Health Center

Diagnosed by nurse/midwife

Total prevalence
of parasitemia
n/N (%)

Species in parasitemic patients

Pf(%)

Clinical malaria

370/958 (38.6)

297 (80.3)

63 (17.0)

10 (2.7)

Malaria by blood smear

127/127 (100)

103 (81.1)

17 (13.4)

7 (5.5)

ARI

38/331 (11.5)

29 (76.3)

8 (21.0)

1 (2.6)

Diarrhoea

8/40 (20.0)

7 (87.5)

1 (12.5)

Others

79/713 (11.1)

67 (84.8)

11 (13.9)

1 (1.3)

Total

622/2, 169 (28. 7)

503 (80.9)

10(? (16.1)

19 (3.0)

---------------------------

*mixed infection
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Pv(o/o)

------------------------

*PfPv (%)

Table 4.3.2b Prevalence of parasitemia by parasite species and age group among all attendees,
Radamata Health Center

Age group

Number Pf(%)

(years)

of patients

Pv (%)

*PfPv (%) Number of parasitemic

Age-specific

cases (% of total cases) parasitemia
(%, 95%CI)

<1

118

10 (0.5)

3 (0.1)

2 (0.1)

15 (2.4)

12.7 (7.3-20.1)

1-4

380

70 (3.2)

18 (0.8)

1 (0.1)

89 (14.3)

23.4 (19.3-28.0)

5-12

399

130 (6.0)

27 (1.3)

7 (0.3)

164 (26.4)

41.1 (36.2-46.1)

293 (13.5)

52 (2.4)

9 (0.4)

354 (56.9)

27.8 (25.4-30.4)

503 (23.2)

100 (4.6) 19 (0.9)

622 (100)

28.7 (26.8-30.6)

>12

1,272

Total

2,169

*mixed infection

b. Genyem

In Genyem, clinical malaria cases had a higher proportion with microscopy-confirmed parasitemia
(61.6%). Of all patients, 526 had malaria parasites present (table 4.3.2c). The overall prevalence of
parasitemia was 48.7%, with P. falciparum also predominant. In patients with other clinical diagnoses,
particularly in patients with ARI, 31.3% (153 of 488) were parasitemic (table 4.3.2c). In contrast to
Radamata, in Genyem adults had the lowest age group prevalence (192 of 560, 34.3%) {table
4.3.2d). As in Radamata, the highest age group prevalence was in children 5-12 years old (140 of

193, 72.5%) {figure 4.3.2). In Genyem, 36.9% (194 of 526) parasitemia cases were under 5 years
old, compared to only 20.7% (104 of 503) in Radamata (p<0.0001 ). While 43.1 % of cases in
Radamata (268 of 622) were children (0-12 years old), 63.5% of Genyem cases (334 of 526) were
children (p<0.000001).
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Table 4.3.2c Prevalence of parasitemia, species distribution and principal clinical diagnosis made by
assessing nurse/midwife, Genyem Health Center
Species in parasitemic patients
Diagnosed by nurse/midwife

--

Total prevalence

------------------------------------

of parasitemia (%)

Clinical malaria

353/573 (61.6)

Malaria by blood smear
ARI

Total

Pv (%)

*PfPv (%) *Pf Pm(%)

308 (87.3)

29 (8.2)

20/20 (100)

18 (90.0)

2 (10.0)

87/204 (42.6)

74 (85.1)

12 (13.8)

3/11 (27.3)

2 (66.7)

1 (33.3)

63/273 (23.1)

56 (89.1)

5 (7.8)

2 (3.1)

458 (87.1)

49 (9.3)

18 (3.4)

Diarrhoea
Others

Pf(%)

526/1,081 (48.7)

15 (4.2)

1 (0.3)

1 (1.1)

1 (0.2)

*mixed infection

Table 4.3.2d Prevalence of parasitemia by parasite species and age group among all attendees,
Genyem Health Center

Age group Number Pf(%)
(years)
of patients
cases(% of
total cases)

<1

71

24 (2.2)

1-4

257

5-12
>12
Total

Pv (%)

*PfPv (%)

*Pf Pm (%) Number of
parasitemic

Age-specific
parasitemia
(%, 95%CI)

8 (0.8)

1 (0.1)

33 (6.3)

46.5 (34.5-58.7)

133 (12.3)

20 (1.8)

8 (0.7)

161 (30.6)

62.6 (56.4-68.6)

193

126 (11.7)

10 (0.9)

3 (0.3)

140 (26.6)

72.5 (65.7-78.7)

560

175 (16.2)

11 (1.0)

6 (0.6)

192 (36.5)

34.3 (30.4-38.4)

1,081

458 (42.4)

49 (4.5)

18 (1.7) 1 (0.1)

*mixed infection
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1 (0.1)

526 (100)

48.7 (45.6-51.7)
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4.3.3

CHARACTERISTICS AND CLINICAL FEATURES OF PATIENTS WITH
PARASITEMIA

4.3.3.1 CHARACTERISTICS AND CLINICAL FEATURES OF PATIENTS WITH PARASITEMIA BY
AGE GROUP (<1, 1-4, 5-12, AND >12 YEARS OLD).
Radamata

Of the 622 patients with parasitemia at Radamata Health Center (age 2 months to 79 years), all
children 0-12 years old were Sumbanese and only 2.8% (1 O of 354) adults were non Sumbanese
(taqle 4.3.3.1a). There were slightly more males (53%) with parasitemia than females, except in

children aged 5-12 years old. Adult patients had a significantly greater history of visiting another
district in the previous 4 weeks than children {15.8% vs 7.9% p=0.013). Children had a significantly
higher mean temperature than adults (37.8°C vs 36.9°C, p<0.001), with the highest in infants.
Children also had a higher mean parasite density than adults, with the highest again in infants. In all
age groups moderate illness was commonest (66.7%-82.3°/o), with mild illness in 12.8%-26.7% and
self-reported severe illness in 2.2%-6.7%. Although P. falciparum predominated in all groups, the
proportion of P. vivaxwas highest in infants (33.3% of all cases) falling progressively with increasing
age to 17.3% in adults.
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Table 4.3.3.1a Characteristics of patients with parasitemia by age group, Radamata Health Center

p

<1 year

1-4 years

5-12 years

>12 years

n=15

n=89

n=164

n=354

Sex: M: F (%)

8: 7 (53.3: 46.7)

48: 41 (53.9: 46.1)

78 : 86 (47.6 : 52.4)

190: 164 (53.7:46.3)

0.607

Sumbanese (%)

15 (100)

89 (100)

164 (100)

344 (97.2)

0.052

7 (7.9)

13 (7.9)

56 (15.8)

0.013

Characteristic

Travel outside Radamata (%)
History of antimalarial use (%)

5 (33.3)

25 (28.1)

58 (35.4)

118 (33.3)

0.706

Axillary temp:mean±SD (range) 0c

37 .8±1.6 (36-41)

37.4±1.2 (3_6-41)

37.4±1.3 (36-41)

36.9±1.0 (35-42)

<0.001

Parasite density: mean±SD (range)/ul

12,975±13,279

9,809±17,700

8, 182±9,842

5,694±10,017

<0.001

(2,240-48,600)

(40-115,600)

(40-56,200)

(40-114,000)

Severity of disease: Mild:Mod:Sev (%)

4: 10: 1

20: 66: 3

21:135:8

77: 269: 8

0.153

(26.7: 66.7: 6.7)

(22.5 : 74.2 : 3.3)

(12.8: 82.3: 4.9)

(21.8 : 76.0 : 2.2)

10: 3: 2

70: 18: 1

130: 27: 7

293: 52: 9

(66. 7 : 20.0 : 13.3)

(78.7: 20.2: 1.1)

(79.3 : 16.5 : 4.2)

(82.8: 14.7: 2.5)

33.3

21.3

20.7

17.2

Pf.:Pv:PfPv (%)

Proportion of parasitemia with Pv (%)
(including mixed PfPv)
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0.145

<0.000001

The common clinical symptoms and signs associated with parasitemia are listed in tables 4.3.3.1b
and d, and summarised in table 4.3.3.1e. Diarrhoea; dyspnoea and convulsions were more common
in infants, runny nose and cough were more common in infants and children 1-4 years old, fever was
more common in infants and children 1-12 years old, rigors were more common in children 1-12
years old and adults, while headache, myalgia, dizziness and nausea were more common in children
5-12 years old and adults (table 4.3.3.1b).

High fever was reported more commonly in infants (42.9%) and in children (30.4-34.9%} than adults
(20.5%). Runny nose was more severe in younger compared to older age groups. There were no
consistent trends and variations in severity and duration of other symptoms between age groups
(table 4.3.3.1c). Hepatomegaly and splenomegaly were more prevalent in infants and children than

adults (table 4.3.3.1 d).
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Table 4.3.3.1 b Clinical symptoms associated with parasitemia by age group, Radamata Health
Center
Symptom

<1 year

1-4 years

5-12 years

>12 years

n=15 (%}

n=89 (%}

n=164 (%}

n=354 (%)

Fever

14 (93.3)

86 (96.6)

158 (96.3)

307 (86.7)

<0.001

Rigors

3 (20.0)

50 (56.2)

120 (73.2)

256 (72.3)

< 0.001

Convulsion

3 (20.0)

2 (1.2)

2 (0.6)

<0.001

137 (83.5)

328 (92.7)

<0.001

80 (48.8)

312 (88.1)

<0.001

111 (67.7)

322 (91.0)

<0.001

55 (61.8)

111 (67.7)

218 (61.6)

0.581

6 (6.7)

48 (29.3)

95 (26.8)

<0.001

29 (32.6)

73 (44.5}

86 (24.3)

<0.001

40 (24.4)

136 (38.4)

<0.001

19 (21.3)

46 (28.0)

113 (31.9)

0.016

Headache

28 (31.5)

Myalgia

4 (4.5)

Dizziness

12 (13.5)

Anorexia

9 (60.0)

Nausea
Vomiting

5 (33.3)

Epigastric pain
Abdominal pain

p

Diarrhoea

9 (60.0)

24 (27.0)

29 (17.7)

33 (9.3)

<0.001

Runny nose

9 (60.0)

65 (73.0)

62 (37.8)

125 (35.3)

<0.001

Cough

12 (80.0)

72 (80.9)

87 (53.0)

171 (48.3)

Dyspnoea

5 (33.3)

8 (9.0)

7 (4.3)

34 (9.6)
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<0.001
0.001

Table 4.3.3.1c Severity {mild: moderate: severe) and duration {mean±SD days) of clinical symptoms
associated with parasitemia by age group, Radamata Health Center
Symptom

Fever{%)

Rigors{%}

1-4 years

5-12 years

>12 years

n=15

n=89

n=164

n=354

5.1 :64.5:30.4

18.6:60.9:20.5

<0.001

4.1±3.4 (1-14) 3.9±2.8 (1-14)

3.8±2.9 (1-21)

4.1±4.7 {1-60)

0.969

66.7:33.3:0

42.0:56.0:2.0

45.0:53.3:1.7

57 .8:40.2:2.0

0.210

2.7±1.2 (2-4)

4.4±3.5 (1-14)

4.0±3.1 {1-21)

4.0±4.8 (1-60)

0:786

35.7:64.3:0

17.5:78.1 :4.4

25.0:73.2:1.8

0.085

3.4±3.4 {1-14)

3.8±3.6 {1-30)

4.6±7.3 (1-100)

0.099

25.0:75.0:0

60.0:40.0:0

39.7:59.3:1.0

0.020

3.0±1.4 (2-5)

3.3±1.9 (1-10)

9.5±60.1 {1-999)

0.058

50.0:50.0:0

45.9:53.2:0.9

48.4:51.6:0

0.528

2.5±1.6 {1-7)

3.2±2.0 (1-10)

5.1±8.7 (1-120)

0.003

80.0:20.0:0

85.6:13.5:0.9

94.0:6.0:0

0.018

4.1±3.6 {1-30)

7.0±21.7 {1-300)

0.363

16.7:83.3:0

37.5:60.4:2.1

44.2:54. 7: 1.1

0.648

3.8±2.1(1-7) ·

3.5±3.6(1-21)

4.2±4.6 (1-30)

0.478

100:0:0

82.8:17.2:0

76.7:23.3:0

81.4:18.6:0

0.572

1.8±0.4 (1-2)

2.2±1.6 (1-7)

1.9±1.5 {1-7)

2.2±1.9 {1-7)

0.592

44.4:55.6:0

83.3:16.7:0

75.9:24.1 :0

81.8:18.2:0

0.095

2.4±1.3 (1-4)

2.7±1.8 (1-7)

2.4±1.9 (1-7)

2.8±2.9 (1-14)

0.804

41.5:55.4:3.1

61.3:38.7:0

76.8:23.2:0

0.000

4.2±4.1 (1-14} 3.7±2.5 (1-14)

3.3±3.9 (1-30}

3.7±3.4 (1-30}

0.322

25.0:58.3: 16.7 30.6:63.9:5.5

36.8:62.1 :1.1

43.9:55.5:0.6

0.002

4.0±3.9 (1-14} 4.4±4.3(1-30)

3.4±2.5 {1-14)

30.3±142.3 {1-999)

0.120

7.1 :50.0:42.9

Headache {%)

Myalgia {%)

Dizziness {%}

Anorexia(%)

100:0:0

4.6:60.5:34.9

5.1±4.2 {1-14) 5.4±6.6 {1-30)
Nausea(%}

Vomiting (%}

Diarrhoea(%)

Runny nose (%} 44.4:55.6:0

Cough(%}

p

<1 year
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Table 4.3.3.1d Clinical signs associated with parasitemia by age group, Radamata Health Center
Sign

Pallor

p

<1 year

1-4 years

5-12 years

>12 years

n=15 (%}

n=89 (%}

n=164 (%}

n=354 (%}

12 (80.0}

60 (67.4)

127 (77.4)

235 (66.4)

0.058

1 (1.1}

2 (1.2)

1 (0.3}

0.574

lcterus
Cough

4 (26.7)

25 (28.1)

18 (11.0)

34 (9.6)

<0.001

Dehydration

1 (6.7}

1 (1.1)

1 (0.6)

1 (0.3}

0.022

Hepatomegaly

14 (93.3)

70 (78.7)

96 (58.5)

109 (30.8)

<0.001

Splenomegaly

15 (100}

81 (91.0}

133 (81.1)

169 (47.7)

<0.001

Crepitations

9 (60.0)

54 (60.7)

44 (26.8)

83 (23.4)

<0.001
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Table 4.3.3.1e Commonest clinical symptoms and signs associated with parasitemia in different age groups attendi119 Radamata Health Center

Age group

Symptoms

Signs

(years)

<1

fever>cough>runny nose=anorexia=diarrhoea>vomiting>rigors

splenomegaly>hepatomegaly>pallor>crepitations>cough

1-4

f ever>cough>runny nose>anorexia>rigors>vom iting>headache>diarrhoea

splenom egalY>hepatomegaly>pallor>crepitations>cough

5-12

fever>headache>rigors>dizziness=anorexia>cough>myalgia>vomiting>runny nose

splenomegaly>pallor>hepatomegaly>crepitations>cough

>12

headache>dizziness>myalgia>fever>rigors>anorexia>cough>>nausea >Vomiting

pallor>splenomegaly>hepatomegalY>crepitations>cough
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b. Genyem

In Genyem, of the 526 patients with parasitemia (age 2 months to 70 years), males were more
common than females in infants and children 5-12 years old. Papuans accounted for 83.9% of 521
presentations to the health center for children 0-12 years old and 62.5% (350 of 560) for adults (>12
years old). Of the parasitemic patients, 88.0% of children 0-12 years old (294 of 334) were Papuan
while only 55.2% of adults (106 of 192) were Papuan (p<0.000001 ). As in Radamata, children had
significantly higher temperatures than adults, with the highest in infants (38.0°C vs 36.9°C, p<0.001 ).
The highest mean parasite density was in children 1-4 years old (8, 179/ul) compared to infants in
Radamata, but the lowest was again in adults (2,010/ul). The most common parasite was again .P.

falciparum. The highest proportion of P. vivax was found in infants (24.2%), declining in older age
groups to be lowest in adults (5.7%) (table 4.3.3.1f).

The common clinical symptoms and signs associated with parasitemia in Genyem are listed in tables
4.3.3.1g and i, and summarised in table 4.3.3.1j. Diarrhoea was more common in infants (33.3%)

than other age groups (2.6-11.2%). Vomiting was also more common in infants (30.3%) and children
5-12 years old (31.4%) compared with other age groups (16.7-18%). Runny nose and cough were
more common in infants and children 1-4 years old than in children 5-12 years old and adults. Rigors
were less common in infants (3.0%) than other age groups (35.4-48.6%). Headache, myalgia,
dizziness, nausea, and epigastric pain were more common in older children and adults than younger
children, but abdominal pain was found more commonly in children 5-12 years old (25.7% vs 7.414.6%) (table 4.3.3.1g). As in Radamata, well over half of parasitemic infants had cough (79%) and
crepitations (73%).
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Table 4.3.3.1f Characteristics of patients with parasitemia by age group, Genyem Health Center
<1 year

1-4 years

5-12 years

>12 years

n=33

n=161

n=140

n=192

Sex: M: F (%)

17: 16 (51.5: 48.5)

80 : 81 (49.7 : 50.3)

89 : 51 (63.6 : 36.4)

91 : 101 (47.4 : 52.6)

0.024

Papuan (%)

30 (90.9)

146 (90.7)

118 (84.3)

106 (55.2)

<0.001

Travel outside Genyem (%)

7 (21.2)

29 (18.0)

44 (31.4)

86 (44.8)

<0.001

History of antimalarial use(%)

8 (24.2)

69 (42.9)

59 (42.1)

89 (46.3)

0.129

Axillary temp:mean±SD (range) °C

38.0±1.1 (36.1-39.9)

37.4±1.2 (36.0-40.7)

37.4±1.2 (35.2-40.1)

36.9±0.8 (35.6-40.5)

<0.001

8, 179±13,593

6, 172±11,065

2,010±4,622

<0.001

(40-48,040)

(40-84,440)

(40-75,320)

(40-47,120)

9 :24

49: 112

19: 121

87: 105

(27.3 : 72.7)

(30.4 : 69.6)

(13.6: 86.4)

(45.3 : 54.7)

24: 8: 1: 0

133: 20: 8: 0

126: 10: 3: 1

175: 11 : 6: 0

(72.7 : 24.2 : 3.1 : 0)

(82.6 : 12.4 : 5.0 : 0)

(90.0: 7.2: 2.1 : 0.7)

(91.1 : 5. 7 : 3.2 : 0)

17.4

9.3

8.9

Characteristic

Parasite density:mean±SD (range) /ul 6,703±12,035

Severity of disease: Mild:Mod (%)

Pt.:Pv:.PfPv:.PfPm (%)

Proportion of parasitemia with Pv (%) 27.3
(including mixed P.fPv)
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p

<0.001

0.023

0.004

Table 4.3.3.1g Clinical symptoms associated with parasitemia by age group, Genyem Health Center

p

<1 year

1-4 years

5-12 years

>12 years

n=33 (%)

n=161 (%)

n=140 (%)

n=192 (%)

Fever

31 (93.9)

158 (98.1)

132 (94.3)

135 (70.3)

<0.001

Rigors

1 (3.0)

57 (35.4)

68 (48.6)

81 (42.2)

<0.001

Convulsion

7 (4.3)

1 (0.7)

Headache

24 (14.9)

87 (62.1)

138 (71.9)

Myalgia

9 (5.6)

58(41.4)

154 (80.2)

Dizziness

9 (5.6)

61 (43.6)

137 (71.3)

<0.001

94 (58.4)

84 (60.0)

98 (51.0)

0.205

8 (5.0)

18 (12.9)

54 (28.1)

<0.001

29 (18.0)

44 (31.4)

32 (16.7)

0.004

Epigastric pain

3 (1.9)

32 (22.9)

47 (24.5)

<0.001

Abdominal pain

12 (7.4)

36 (25.7)

28 (14.6)

<0.001

Symptom

Anorexia

15 (45.5)

Nausea
Vomiting

10 (30.3)

0.005
<0.001
<0.001

Diarrhoea

11 (33.3)

18(11.2)

4 (2.9)

5 (2.6)

<0.001

Runny nose

26 (78.8)

116 (72.0)

72 (51.4)

65 (33.9)

<0.001

Cough

26 (78.8)

112 (69.6)

82 (58.6)

83 (43.2)

<0.001

Dyspnoea

4 (12.1)

6 (3.7)

4 (2.9)

10 (5.2)

0.126
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Table 4.3.3.1 h Severity (mild:moderate) and duration (mean±SD days) of clinical symptoms
associated with parasitemia by age group, Genyem Health Center
Symptom

Fever(%)

Rigors(%)

1-4 years

5-12 years

>12 years

n=33

n=161

n=140

n=192

22.6: 77.4

22.8: 77.2

9.8: 90.2

45.2: 54.8

<0.001

3.9±3.3 (1-14) 4.5±3.8 (1-30)

3.9±2.4 (1-14)

4.6±3.9 (1-30)

0.611

100: 0

93.0: 7.0

91.2: 8.8

90.1: 8.8

0.931

2.0±0

4.4±2.8( 1-14)

3.4±1.9 (1-7)

4.4±3.4 {1-14)

0.210

87.5: 12.5

77.0: 23.0

63.8: 36.2

0.017

3.8±2.2 (001-7) 3.6±2.3 (1-14}

5.4±4.9 (1-30}

0.003

88.9: 11.1

96.6: 3.4

62.3: 37.7

<0.001

3.7±2.6 (1-7}

3.6±2.7 (1-14)

12.6±80.3 (1-999)

<0.001

100: 0

88.5: 11.5

86.9: 13.1

0.495

3.4±2.1 (2-7)

3.6±2.0 (1-10)

4.9±4.2 (1-30)

0.028

100: 0

98.9: 1.1

95.2: 4.8

99.0: 1.0

0.227

3.5±2.4 (1-7}

5.0±4.2 (1-30}

7.2±32.4 (1-300) 4.8±4.0 (1-30}

0.128

100: 0

62.5: 37.5

61.1: 38.9

72.2: 27.8

0.706

7±0

2.7±2.0 (1-7}

3.3±3.0 (1-14}

4.5±3.4 (1-14)

0.087

90.0: 0

93.1 : 6.9

88.6: 11.4

90.6: 9.4

0.938

1.9±1.9 (1-7)

2.0±1.7 (1-7)

1.8±1.2 (1-7}

2.5±3.3 (1-14)

0.937

100: 0

94.4: 5.6

100: 0

100: 0

0.767

3.5±4.0 (1-14) 2.6±2.1 (1-7)

1.7±0.6 (1-2)

4.8±3.0 (1-7)

0.523

50.0: 50.0

75.0: 25.0

63.1: 36.9

0.028

4.8±4.4 (1-14) 4.9±4.6 (1-30)

4.3±4.0 (1-30)

6.2±6.2 (1-30)

0.232

26.9: 73.1

57.3: 42.7

51.8: 48.2

0.014

4.6±4.0 (1-30)

20.6±109.4 (1-999) 0.014

Headache (%)

Myalgia (%)

Dizziness(%)

Anorexia (%)

Nausea(%)

Vomiting (%)

Diarrhoea (%}

Runny nose (%)

· Cough(%)

p

<1 year

55.2: 44.8

40.2: 59.8

5.5±4.6 (1-14) 5.2±5.2 (1-30)
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-

Of the 526 patients with parasitemia, none reported severe symptoms. Although objective
assessment of fever showed mean axillary temperatures were similar in each age group between
Radamata and in Genyem (tables 4.3.3.1a and f), fever severity reported by patients was less severe
in all age groups in Genyem relative to severity reported in Radamata. Indeed, in general, severity of
all symptoms was reported to be less in Genyem than in Radamata. Severity of most symptoms
varied between age groups, but there were no consistent trends (table 4.3.3.1 h). Pallor was more
prevalent in infants and children 1-12 years old than in adults. (table 4.3.3.1 i).

Table 4.3.3.1 i Clinical signs associated with parasitemia by age groups, Genyem Health Center
Sign

Pallor

<1 year

1-4 years

5-12 years

>12 years

n=33 (%)

n=161 (%}

n=140 (%)

n=192 (%)

14 (42.4)

84 (52.2)

70 (50.0)

53 (27.6)

1 (0.6)

1 (0.7)

lcterus

p

<0.001
0.678

Cough

18 (54.5)

84 (52.2)

54 (38.6)

52 (27.1)

<0.001

Hepatomegaly

17 (51.5)

56 (34.8)

30 (21.4)

14 (7.3)

<0.001

Splenomegaly

29 (87.9)

151 (93.8)

116 (82.9)

68 (35.4)

<0.001

Crepitations

24 (72.7)

84 (52.2)

35 (25.0)

38 (19.8)

<0.001
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Table 4.3.3.1j Commonest clinical symptoms and signs associated with parasitemia in different age groups attending Genyem Health Center

Age group

Signs

Symptoms

(years)

<1

f ever>cough=runny nose>anorexia>diarrhoea>vom iting>rigors

splenomegaly>crepitations>cough>hepatomegaly>pallor

1-4

fever>runny nose>cough>anorexia>rigors>vom iting>headache>diarrhoea

splenomegaly>crepitations=pallor=cough>hepatomegaly

5-12

fever>headache>anorexia>cough>runny nose>rigors>dizziness>myalgia

splenomegaly>pallor>cough>crepitations>hepatomegaly

>vomiting
>12

myalgia>headache>dizziness> fever>anorexia>cough>rigors>runny nose
>>nausea>vom iting
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splenomegaly>pallor>cough>crepitations>hepatomegaly

4.3.3.2 CHARACTERISTICS AND CLINICAL FEATURES OF PATIENTS WITH P. FALCIPARUM
VSP. VIVAX
Radamata

In Radamata, of the 503 patients with P. falciparum, there were 470 with asexual forms with or
without sexual forms and 33 P. falciparum with only sexual forms. Because sexual forms of P.

falciparum do not cause illness, only the 470 patients with asexual forms were compared with 100 P.
vivax cases. Males were slightly more common than females in both groups. Patients with P.
falciparum had a significantly greater proportion of history of antimalarial use in the previous 4 weeks
than P. vivax patients (p=0.029). The mean parasite density of P. falciparum was significantly higher
than that of P. vivax (7,822/ul vs 4, 110/ul, p<0.001), there was no difference in reported severity of
illness between the groups or in mean axillary temperature (table 4.3.3.2a).

Table 4.3.3.2a Characteristics of patients with P. falciparum vs P. vivax, Radamata Health Center

P. falciparum

P. vivax

(n=470}

(n""100}

Age:mean±SD (range) years

18.5±14.0 (0-79)

17.8±15.8 (0-70)

0.298

Sex: M: F {%)

241 : 229 (51.3: 48.7)

59: 41 (59.0: 41.0)

0.195

Sumbanese (%)

464(98.7)

96 (96.0)

0.079

Travel outside Radamata (%)

58 (12.3)

1 (12.5)

0.988

History of antimalarial use (%)

164 (34.9)

23 (23.0)

0.029

Axillary temp:mean±SD (range)°C

37.1±1.1 (35-42)

37.0±1.1 (36-41)

0.382

Parasite density: mean±SD (range)/ul

7,822±12,107

4, 110±8,548

0.000

(40-115,600)

(40-74,000)

Characteristic

Severity of disease: Mild:Mod:Sev (%) 84: 367: 19
(17.9: 78.1 : 4.0)
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24:75: 1
(24.0 : 75.0 : 1.0)

p

0.141

The commonest clinical symptoms associated with both P. falciparum and P. vivax included
headache, dizziness and rigors (table 4.3.3.2b). Nausea and vomiting were significantly more
common in patients with P. falciparum than P. vivax (P<=0.05) but were still only present in 25.7%
and 33.6% of P. falciparum cases. In contrast, runny nose was less commonly found in falciparum
than in vivax patients (table 4.3.3.2b).

Table 4.3.3.2b Clinical symptoms associated with P. falciparum vs P. vivax, Radamata Health Center
Symptom

P. fa/ciparum
n=470 (%)

P. vivax
n=100 (%)

RR (95% Cl)

p

Fever

427 (90.8)

94 (94.0)

0.97 (0.91-1.02)

0.410

Rigors

322 (68.5)

75 (75.0)

0.91 (0.80-1.04)

0.245

Convulsion

6 (1.3)

1 (1.0)

1.28 (0.16-10.49)

1.000

Headache

387 (82.3)

73 (73.0)

1.13 (0.99-1.28)

0.054

Myalgia

310 (66.0)

58 (58.0)

1.14 (0.95-1.36)

0.162

Dizziness

353 (75.1)

65 (65.0)

1.16 (0.99-1.35)

0.051

Anorexia

304 (64.7)

58 (58.0)

1.12 (0.93-1.33)

0.251

Nausea

121 (25.7)

15 (15.0)

1.72 (1.05-2.80)

0.030

Vomiting

158 (33.6)

22 (22.0)

1.53 (1.03-2.26)

0.031

Diarrhoea

70 (14.9)

10 (10.0)

1.49 (0.80-2.79)

0.262

Runny nose

184 (39.1)

54 (54.0)

0.72 (0.59-0.90)

0.008

Cough

253 (53.8)

63 (63.0)

0.85 (0. 72-1.01)

0.117

9 (9.0)

0.90 (0.45-1.80)

0.918

Dyspnoea

38 (8.1)

There was little difference in severity of symptoms between uncomplicated P. fa/ciparum and P. vivax.
High fever was more common in falciparum patients than that in vivax patients (29.2% vs 17.0%), and
moderate to severe anorexia and nausea were also more common in falciparum (11.8% and 64.5%,
respectively) than that in vivax patients (1.7% and 26.7%). P. falciparum patients had longer mean
duration of rigors and dizziness than that in P. vivax patients, but duration of other symptoms was
similar between both species (table 4.3.3.2c).
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Table 4.3.3.2c Severity (mild:moderate:severe) and duration (mean±SD days) of clinical symptoms
associated with P. falciparum vs P. vivax, Radamata Health Center
Symptom

Fever(%)

Rigors(%)

Headache (%)

Myalgia (%)

Dizziness (%)

Anorexia{%)

Nausea(%)

Vomiting (%)

Diarrhoea (%)

Runny nose (%)

Cough(%)

P. falciparum

P. vivax

n=470

n=100

10.8 : 60.0 : 29.2

18.1 : 64.9: 17.0

0.018

4.0±3.4 (1-60)

3.7±3.4 (1-21))

0.158

50.9 : 47.5 : 1.6

54.7: 42.7: 2.7

0.637

4.2±4.5 (1-60)

3.7±3.7 (1-21)

0.024

22.0 : 75.2 : 2.8

31.5: 67.1 : 1.4

0.179

4.4±6.7 (1-100)

3.9±4.6 (1-30)

0.087

43.5: 55.8: 0.7

41.4: 56.9: 1.7

0.683

9.1±60.2 (1-999)

4.2±5.3 (1-30)

0.243

48.4 : 51.3 : 0.3

50.8 : 49.2 : 0

0.864

4.7±8.1 (1-120)

3.3±2.51 (1:;14)

0.045

88.2 : 11.5 : 0.3

98.3: 1.7: 0

0.065

4.8±5.8 (1-60)

11.4±40.4 (1-300)

0.300

35.5: 62.8 : 1.7

73.3: 26.7: 0

0.018

3.7±3.6 (1-30)

2.5±1.9 (1-7)

0.109

80.4: 19.6: 0

77.3: 22.7: 0

0.776

2.1±1.7 (1-7)

1.9±1.1 (1-4)

0.816

74.3: 25.7: 0

80.0 : 20.0 : 0

1.000

2.5±2.2 (1-14)

2.5±1.9 (1-7)

0.824

64.7: 34.8: 0.5

66.7: 33.3: 0

0.841

3.4±3.1 (1-30)

4.2±4.5 (1-30)

0.209

41.1 : 56.5 : 2.4

33.3: 65.1: 1.6

0.461

14.8±92.7 (1-999)

31.4±145.3 (1-999)

0.467
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p

The frequent clinical signs associated with malaria were also not different between the two species.
These were respectively for P. falciparum and P. vivax: pallor {70.4% and 67.0%}, splenomegaly
(64.0% and 60.0%), and hepatomegaly {46.8% and 41.0%). Only crepitations were significantly less
common in falciparum patients with a rate 67% of that in vivax patients (table 4.3.3.2d).

Table 4.3.3.2d Clinical signs associated with P. falciparum vs P. vivax, Radamata Health Center
Sign

P. falciparum
n=470 {%}

Pallor

331 {70.4)

lcterus

4 {0.8)

Cough

53 {11.3)

Dehydration

3 {0.6)

P. vivax

RR {95% Cl)

p

67 {67.0)

1.05 {0.91-1.22)

0.577

0

0.00 {0.00-0.00)

0.790

16 {16.0)

0.70 {0.42-1.18)

0.251

1 (1.0)

0.64 {0.07-6.07)

0.790
0.343
0.517
0.010

n=100 (%)

Hepatomegaly

220 {46.8)

41 {41.0)

Splenomegaly

301 {64.0)

60 {60.0)

1.14 (0.89-1.47)
1.07 {0.90-1.27)

Crepitations

129 {27.4)

41 {41.0)

0.67 {0.51-0.88)

b. Genyem

At Genyem, of the 458 P. falciparum patients, only the 441 P. falciparum patients with asexual forms
with or without sexual forms were used in this analysis, comparing with 49 P. vivax cases. Mean age
was significantly higher in P. falciparum than that in P. vivax {14.5 years vs 8.2 years old, p=0.001 },
with no vivax cases older than 40 years old. Most of the cases were Papuan. There was no significant
difference between groups in axilllary temperature, parasite density or disease severity (table

4.3.3.2e
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Table 4.3.3.2e Characteristics of patients with P. falciparum vs P. vivax, Genyem Health Center

P. falciparum

Characteristic

P. vivax

p

(n=49)

(n=441)

Age:mean±SD (range) years

14.5±15.2 (0-70)

8.2±10.1 (0-40)

0.001

Sex: M: F (%)

229:212 (51.9:48.1)

25 : 24 (51.0 : 49.0)

0.976

Papuan (%)

337 (76.4)

376 (76.7)

0.748

Travelled outside Genyem (%)

147 (33.3)

12 (24.5)

0.274

History of antimalarial use(%)

181 (41.0)

25 (51.0)

0.234

37.2±1.1 (35.2-40.7)

37.1±1.1 (36 -40.5)

0.709

Axillary temp:mean±SD (range)

0

c

39 (79.6)

Parasite density: mean±SD (range)/ul 5,607±11,245(40-84,440) 2,908±4,272 (40-17,080)

0.510

Severity of disease: Mild:Mod (%)

0.496

36 : 305 (30.8 : 69.2)

18: 31 (36.7: 63.3)

The common symptoms associated with P. falciparum and P. vivax at Genyem are summarised in

table 4.3.3.2f. Headache, myalgia, anorexia, and epigastric pain were statistically more common in
falciparum patients than in vivax patients in Genyem, with RR of 1.41-4.11. While headache was also
more common in P. falciparum in Radamata, the other differences were not significant in Radamata.
The higher frequencies of nausea and vomiting with P. fa/ciparum found in Radamata were not found
in Genyem. Such differences may well be related to chance, because of the multiple comparisons at
each site.

As at Radamata, there was little difference in severity and mean duration of symptoms reported
between species (table 4.3.3.2g).
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Table 4.3.3.2f Clinical symptoms of patients with P. falciparum vs P. vivax, Genyem Health Center

Symptom

P. falciparum

P. vivax

RR (95% Cl)

p

n=441 (%}

n=49 (%)

Fever

379 (85.9)

45 (91.8)

0.94 (0.85-1.03)

0.354

Rigors

172 (39.0)

18 (36.7)

1.06 (0.72-1.56)

0.877

Convulsion

6 (1.4)

2 (4.1)

0.33 (0.07-1.61)

0.405

Headache

223 (50.6)

12 (24.5)

2.06 (1.25-3.41)

0.001

Myalgia

199 (45.1}

10 (20.4)

2.21 (1.26-3.88)

0.001

Dizziness

173 (39.2)

16 (32.7)

1.20 (0. 79-1.83)

0.458

Anorexia

253 (57.4)

20 (40.8)

1.41 (0.99-1.99)

0.039

Nausea

71 (16.1)

5 (10.2)

1.58 (0.67-3.72)

0.382

Vomiting

94 (21.3)

11 (22.4)

1.14 (0.65-2.01)

1.000

Epigastric pain

74 (16.8)

2(4.1)

Abdominal pain

67 (15.2)

Diarrhoea

-

4.11 (1.04-16.23)

0.034

6 (12.2)

1.24 (0.57-2.71)

0.735

30 (6.8)

5 (10.2)

0.67 (0.27-1.64)

0.559

Runny nose

227 (51.5)

30 (61.2)

0.84 (0.66-1.07)

0.252

Cough

249 (56.5)

29 (59.2)

0.95 (0.75-1.22)

0.831

Dyspnoea

17 (3.9)

6 (12.2)

0.31 (0.13-0.76)

0.020

Pleuritic pain

1 (0.2)

0

0.00 (0.00-0.00)

0.182
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Table 4.3.3.2g Severity (mild:moderate) and duration (mean±SD days) of clinical symptoms of

P. falciparum vs P. vivax, Genyem Health Center
Symptom

P. falciparum

P. vivax

n=441

Fever(%)

Rigors(%)

Headache (%)

Myalgia (%)

Dizziness (%)

Anorexia (%)

Nausea(%)

Vomiting (%)

Diarrhoea (%)

Runny nose (%)

Cough(%)

p

n=49

25.9: 74.1

28.9: 71.1

0.796

4.3±3.6 (1-30)

4.2±2.9 (1-14))

0.843

90.7: 9.3

100: 0

0.371

4.2±2.9 (1-14)

4.3±3.1 (1-14)

0.618

69.1 : 30.9

75.0: 25.9

0.760

4.7±4.2 (1-30)

4.2±2.2 (2-7)

0.772

71.4: 28.6

70.0: 30.0

1.000

10.4±70.7 (1-999)

4.6±2.3 (2-7)

0.790

85.5: 14.5

100: 0

0.136

4.5±3.9 (1-30)

3.6±1.9 (2-7)

0.518

97.6: 2.4

100: 0

1.000

5.6±18.9 (1-300)

4.5±3.1 (2-14)

0.706

71.8: 28.2

40.0: 60.0

0.159

4.2±3.3 (1-14)

4.0±2.1 (2-7)

0.714

90.4: 9.6

90.9: 9.1

1.000

2.0±2.1 (1-14)

2.4±2.3 (1-7)

0.760

96.7: 3.3

100: 0

1.000

2.7±2.2 (1-7)

5.6±5.2 (1-14)

0.117

63.0: 37.0

56.7: 43.3

0.637

5.0±5.2 (1-30)

5.1±3.2 (2-14)

0.124

48.6: 51.4

31.0: 69.0

0.110

10.1±63.5 (1-999)

5.6±3.6 (2-14)

0.246
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The frequent clinical signs associated with malaria were respectively for P. falciparum and P. vivax
splenomegaly (66.7% and 85.7%)), pallor (39.9% and 51.0%), cough (39.2% and 44.9%), and
crepitation (32.9% and 50.0%). Splenomegaly and crepitations were statistically lower in falciparum
patients with respective rates 78% and 67% of those in vivax patients (table 4.3.3.2h). The higher
frequency of crepitations in vivax malaria was found in both Genyem and Radamata.

Table 4.3.3.2h Clinical signs associated with P. falciparum vs P. vivax, Genyem Health Center
Sign

P. fa/ciparum
n=441 (%)

RR (95% Cl)

p

25 (51.0)

0.78 (0.58-1.05)

0.178

0

0.00 (0.00-0.00)

0.479

P. vivax
n=49 (%)

Pallor

176 (39.9)

lcterus

2 (0.4)

Cough

173 (39.2)

22 (44.9)

0.87 (0.63-1.22)

0.538

Hepatomegaly

94 (21.3)

14 (28.6)

0.327

Splenomegaly

294 (66.7)

42 (85.7)

0.75 (0.46-1.20)
0.78(0.68-0.89)

0.010

Crepitations

145 (32.9)

24 (50.0)

0.67 (0.49-0.92)

0.036

4.3.4 COMPARISON OF THE COMMON CLINICAL SYMPTOMS AND SIGNS
ASSOCIATED WITH PARASITEMIA BETWEEN AREAS OF DIFFERENT MALARIA
ENDEMICITY.
The common clinical symptoms of the 622 uncomplicated parasitemic cases in Radamata and the
526 uncomplicated parasitemic cases in Genyem Health Centers were fever, headache, dizziness,
rigors, myalgia, anorexia, cough and runny nose. The common clinical signs were pallor,
splenomegaly, hepatomegaly, crepitations and cough. In Radamata (with its higher proportion of
adults among parasitemic cases), the proportion with fever, headache, dizziness, rigors, myalgia,
anorexia, pallor and hepatomegaly were significantly higher, with risks of 1.05-2.09 those in Genyem.
In contrast, in Genyem (with its higher proportion of children among parasitemic cases), history of
cough, runny nose, splenomegaly, crepitations, and cough observed on examination were higher.
However only runny nose and cough observed on examination were statistically different (table
4.3.4);
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Table 4.3.4 Common clinical symptoms and signs associated with parasitemia in Radamata vs
Genyem Health Centers

Symptom/sign

Radamata (n=622, %) Genyem (n=526, %)

RR (95% Cl)

p

Fever

565 (90.8)

456 (86.7)

1.05 (1.00-1.09)

0.025

Headache

493 (79.3)

249 (47.3)

1.67 (1.52-1.85)

<0.000001

Dizziness

445 (71.5)

207 (39.3)

1.82 (1.62-2.04)

<0.000001

Rigors

429 (69.0)

207 (39.3)

1.75 (1.56-1.97)

<0.000001

Myalgia

396 (63.7)

221 (42.0)

1.52 (1.35-1.70)

<0.000001

Anorexia

393 (63.2)

291 (55.3)

1.14 (1.04-1.26)

0.007

Cough*

342 (55.0)

303 (57.6)

0.95 (0.86-1.06)

0.372

Runny nose

261 (42.0)

279 (53.0)

0.79 (0.70-0.89)

<0.000001

Pallor

434 (69.8)

221 (42.0)

1.66 (1.48-1.86)

<0.000001

Splenomegaly

398 (64.0)

364 (69.2)

0.92 (0.85-1.00)

0.062

Hepatomegaly

289 (46.5)

117 (22.2)

2.09 (1.74-2.50)

<0.000001

Crepitations

190 (30.5)

181 (34.4)

0.89 (0.75-1.05)

0.163

Cough**

81 (13.0)

208 (39.5)

0.33 (0.26-0.41)

<0.000001

*by history
** observed on examination
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4.3.5

RISK FACTORS FOR ANY PARASITEMIA AND ANY PARASITEMIA ABOVE
THE THRESHOLDS

Radamata

In Radamata, of the 1,084 patients randomised to the first half for analysis, there were 294 (27.1%)
with any degree or species of parasitemia. Table 4.3.5.1 summarises risk factors associated with any
parasitemia. The strongest associations with parasitemia were Sumbanese origin, fever, rigors, and
pallor, each with Odds Ratios greater than 4. In stepwise multiple logistic regression, forward
s_plection and backward elimination generated the same model. Age was not included in the
generation of either the Radamata or Genyem models because of the non-linear relationship between
parasitemia and age (figure 4.3.2). The model included sex (male), fever, rigors, headache, lack of
history of runny nose, pallor, hepatomegaly, splenomegaly, and lack of crepitations. All these risk
factors which were positively associated with parasitemia in the model had lower Odds Ratios than in
univariate analyses except for lack of crepitations, where the association strengthened. Pallor was the
strongest risk factor in the model (table 4.3.5.1).

Of these 1,084 cases, there were 223 (20.6%) with any species of parasitemia ~620/ul. In general,
using this cut off made little difference in risk factors identified in univariate analyses. Axillary
temperature, abdominal pain and lack of cough in physical examination were however not associated
with parasitemia ~620/ul. The strongest associations with parasitemia ~620/ul were Sumbanese
origin, fever, rigors, pallor, and splenomegaly with Odds Ratios greater than 4. In stepwise multiple
logistic regression, forward selection and backward elimination also generated the same model. The
model using the cut off was very similar to that without use of a cut off and included fever, rigors,
headache, lack of history of runny nose, pallor, hepatomegaly, splenomegaly, and lack of crepitations.
All these risk factors which were positively positive associated with parasitemia in the model had
lower Odds Ratios than in univariate analyses except for lack of runny nose and lack of crepitations,
where the association strengthened. Fever (OR: 4.0) and pallor (OR: 3.8) were the strongest risk
factors in the multivariate analysis model (table 4.3.5.2).
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Table 4.3.5.1 Risk factors for any species with asexual parasitemia from sub-data set A, Radamata
Health Center

Risk factor

% of parasitemic

% of non parasitemic

cases with risk

cases with risk factor

factor (n/N=

(n/N=790/1,084=72.9) Univariate

Odds ratio (95% Cl)

analyses

294/1,084= 27 .1)

Multiple logistic
regression

Characteristic

S,.ex (male)

50.7

39.4

Sumbanese

99.7

96.2

History antimalarial use

33.3

26.6

1.58 (1.21-2.07)*

1.50 (1.09-2.07)**

11.57 (1.98- )*
1.38 (1.03-1.84)**

Axillary temp (per °C)

1.36 (1.20-1.55)*

Symptom
Fever

90.8

67.6

4.74 (3.11-7.22)*

2.06 (1.24-3.43)*

Rigors

69.4

34.4

4.32 (3.24-5.75)*

2.09 (1.46-2.99)*

Headache

80.9

61.0

2.71 (1.96-3.75)*

2.14 (1.44-3.20)*

Myalgia

66.7

56.3

1.55 {1.17-2.05)*

Dizziness

71.1

57.5

1.82 (1.36-2.43)*

Anorexia

61.6

48.6

1.69 (1.29-2.22)*

Vomiting

29.9

17.3

2.04 (1.49-2.77)*

Abdominal pain

32.0

22.8

1.59 (1.18-2.14)*

Runny nose

44.9

55.3

0.66 (0.50-0.86)*

Cough

55.1

65.2

0.66 (0.50-0.86)*

Pallor

73.1

37.9

4.47 (3.33-6.00)*

Cough

12.9

17.8

0.68 (0.46-1.00)**

Hepatomegaly

50.0

22.3

3.49 (2.63-4.63)*

2.16 ( 1.42-3.28) *

Splenomegaly

64.3

35.1

3.33 (2.52-4.41 )*

1.65 (1.08-2.52)**

Crepitations

28.2

38.5

0.63 (0.47-0.84)*

0.37 (0.25-0.54)*

0.67 (0.47-0.95)**

Sign

*p<0,01 I **p:0,01 -0,05
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3.15 (2.25-4.42) *

Table 4.3.5.2 Risk factors for any parasitemia .:!620/ul from sub-data set A, Radamata Health Center

Risk factor

% of parasitemic

% of those not

.:!620/ul with risk

.:!620/ul with risk

factor (n/N=

factor (n/N=

Univariate

Multiple logistic

294/1,084= 27.1)

790/1,084=72.9)

analyses

regression

Odds ratio (95% Cl)

---------------------------------------

Characteristic

Sex (male)

50.2

40.4

1.49 (1.11-2.00)**

Sumbaneese

99.6

96.5

8.01 (1.37- )*

History antimalarial use

35.9

26.5

1.55 (1.14-2.12)**

Fever

95.1

68.4

8.90 (4.82-16.44)* 4.01 (1.99-8.07)*

Rigors

74.0

36.1

5.03 (3.62-6.99)*

2.04 (1.37-3.04)*

Headache

84.3

61.8

3.32 (2.26-4.88)*

2.48 (1.55-3.95)*

Myalgia

67.7

56.9

1.59 (1.16-2.17)*

Dizziness

73.5

58.0

2.02 (1.46-2.79)*

Anorexia

61.9

49.6

1.65 (1.22-2.23)*

Vomiting

31.8

17.8

2.14 (1.54-2.98)*

Runny nose

42.1

55.2

0.59 (0.44-0.80)*

Cough

53.8

64.7

0.64 (0.47-0.86)*

Pallor

78.5

39.4

5.61 (3.97-7.94)*

3.80 (2.58-5.60)*

Hepatomegaly

53.4

23.7

3.68 (2.71-5.00)*

1.92 (1.23-2.98)*

Splenomegaly

69.5

36.1

4.03 (2.94-5.53)*

1.99 (1.25-3.16)*

Crepitations

29.1

37.4

0.69 (0.50-0.95)*

0.47 (0.31-0.71)*

Symptom

0.53 (0.36-0.78)*

Sign

*p<0.01, **p=0.01-0.05
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b. Genyem
In Genyem, of the 541 patients randomised to the first half for analysis, there were 262 (48.4%) with
any parasitemia. Table 4.3.5.3 shows risk factors for any parasitemia. The strongest associations
with parasitemia on univariate analysis were fever and splenomegaly with Odds Ratios greater than 5.
In stepwise multiple logistic regression, the model generated by forward selection was little different
from that by backward elimination. Anorexia was not in the forward model. The backward model
included duration of stay (per year), fever, rigors, anorexia, pallor, and splenomegaly. As in
Radamata, all risk factors which were positively associated with parasitemia in the model had lower
Odds Ratios than those in univariate analyses. Compared with Radamata, presence of rigors was the
strongest risk factor in the multivariate model (OR: 2.51), with pallor having an OR 1.64 (table
4.3.5.3).

Of a total 541 patients, there were 126 (23.3%) with any species of paras item ia 2::1,260/ul. In
univariate analyses, fewer risk factors were identified as positively associated with any parasitemia
2::1,260/ul compared with any parasitemia (table 4.3.5.4). The strongest associations with any
parasitemia 2::1,260/ul were fever and splenomegaly with Odds Ratios greater than 5. In stepwise
multiple logistic regression, the model generated by forward selection was again little different from
that by backward elimination (with anorexia in the forward model). The backward model included
fever, rigors, vomiting, pallor, and splenomegaly. All these risk factors positively associated with
parasitemia in the model again had lower Odds Ratios than in univariate analyses. Fever was the
strongest risk factor in the multivariate model, with the OR of 21.58 being markedly higher than all
other risk factors in both Genyem and Radamata (table 4.3.5.4).
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Table 4.3.5.3 Risk factors for any species with asexual parasitemia from sub-data set A, Genyem
Health Center

Risk factor

% of parasitemic

% of non parasitemic

Odds ratio (95% Cl)

cases with risk

cases with risk factor -----------------------------------------------

factor (n/N=

(n/N=279/541 =51.6)

Univariate
analyses

262/541 =48.4)

Multiple logistic
regression

Characteristic
Sex (male)

52.7

44.1

1.41 (1.01-1.98)**

Papuan

79.0

67.4

1.82 (1.24-2.68 )*

Duration of stay (per year)

0.96 (0.95-0.97)*

History of vist to another district 29.8

41.9

0.98 (0.97-0.99)**

0.59 (0.41-0.84)*

Axillary temp (per °C)

1.60(1.33-1.91 )*

Symptom
Fever

88.2

55.6

5.96.(3.83-9.26)*

2.02 (1.17-3.50)**

Rigors

43.5

16.5

3.90 (2.62-5.81)*

2.51 (1.57-4.01 )*

Myalgia

38.9

55.2

0.52 (0.37-0.73)*

Anorexia

58.4

34.8

2.63 (1.86-3.73)*

Vomiting

22.9

13.6

1.88 (1.21-2.94)*

Pallor

44.3

24.0

2.51 (1.74-3.63)*

Cough

42.4

32.6

1.52 (1.07-2.15)**

Hepatomegaly

25.2

8.6

3.58 (2.17-5.89) *

Splenomegaly

74.4

34.8

5.46 (3.77-7.91)*

1.53 (1.01-2.31)**

Sign

*p<0.01, **p=0.01-0.05
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1.64 (1.07-2.51 )**

2.17 (1.35-3.48)*

Table 4.3.5.4 Risk factors for any parasitemia .~1,260/ul from sub-data set A, Genyem Health Center

Risk factor

of parasitemic

% of those not

Odds ratio (95% Cl)

~1,260/ul with risk ~1,260/ul with risk -------------------------------------factor (n/N=

factor (n/N=

Univariate

126/541 =23.3)

415/541 =76. 7)

analyses

Multiple logistic
regression

Characteristic
Sex (male)

57.1

1.59 (1.07-2.38)**

45.5

Axillary temp (per °C)

1.77 (1.47-2.13)*

Symptom
Fever

99.2

62.9

Rigors

56.3

21.4

4.73 (3.10-7.21)*

Headache

52.4

38.8

1.73 (1.16-2.59)*

Myalgia

39.7

49.6

0.67 (0.45-1.00)**

Anorexia

69.0

39.3

3.45 (2.26-5.27)*

Vomiting

34.1

13.2

3.39 (2.13-5.39)*

1.71 (1.01-0-2.91 )**

1.64 (1.01-2.68)**

73.75 (12.84-)*

21.58 (2.88-161.47)*
2.13 (1.32-3.46) *

Sign
Pallor

52.4

28.2

2.80 (1.86-4.22)*

Hepatomegaly

28.6

13.0

2.67 (1.66-4.31 )*

Splenomegaly

83.3

45.1

6.10 (3.67-10.12)*

*p<0.01, **p=0.01-0.05
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2.43 (1.35-4.39)*

4.3.6

PERFORMANCE OF PREDICTORS FOR THE DIAGNOSIS OF ANY
PARASITEMIA AND OF ANY PARASITEMIA ABOVE THE THRESHOLDS IN THE
DEVELOPING DA TA SETS.

Radamata

In Radamata, of the 9 predictors for diagnoses of any asexual parasitemia and any species of
parasitemia ~620/ul, only sex was not included in model development. Sex (male) was excluded as
treatment would not be given or withheld on the basis of gender. There was little difference in the
performances of predictors/risk factors when used for the diagnosis of any asexual parasitemia or for
any parasitemia ~620/ul. Of the remaining 8 predictors, and anorexia, lack of runny nose and ·
hepatomegaly showed low sensitivities (<60%), and fever, headache, lack of runny nose, anorexia
and lack of crepitations showed low specificities (<60%). Though fever and headache were the most
sensitive predictors, both had the lowest specificities, and vice versa for hepatomegaly. Only rigors,
pallor and splenomegaly had moderately high sensitvities and specificities. All of the predictors had
>75% NPVs, however all had <50% PPVs, and only rigors and hepatomegaly had LR for positive
tests >2. Thus, no individual symptoms or signs had high specificity and PPV for either any
parasitemia or parasitemia ~620/ul (table 4.3.6).

b. Genyem
In Genyem, because duration of stay was related to age, and vomiting was not a risk factor for any
degree of parasitemia and comprised a relatively small proportion of parasitemic ~1,260/ul, these
predictors were not included for diagnosis of any asexual parasitemia and any parasitemia ~1,260/ul.
Specificities of fever, rigors, headache, pallor and splenomegaly were clinically significantly higher for
parasitemia 1,260/ul than for any parasitemia, though on the whole sensitivities differed little. All
predictors showed lower PPVs and higher NPVs for a diagnosis of any parasitemia ~1260/ul than any
asexual parasitemia. Only hepatomegaly showed a lower LR for positive test for a diagnosis of
parasitemia ~1260/ul than any parasitemia. In contrast to Radamata, of a total 9 predictors only 3
predictors had sensitivities >60% (fever, splenomegaly and lack of crepitations), but more predictors
had specificities >60% (hepatomegaly, rigors, pallor, splenomegaly, anorexia and headache). Of
these predictors, only splenomegaly and anorexia had little difference between sensitivities and
specificities. In contrast to Radamata, there were predictors with >60% PPVs (hepatomegaly, rigors,
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splenomegaly, pallor and anorexia), but only 4 predictors (fever, rigors, anorexia and splenomegaly)
had NPV >60%. Rigors, splenomegaly and hepatomegaly had LR for positive test >2. Of all
predictors, only splenomegaly had a moderate sensitivity, specificity, PPV and NPV for any
paras item ia (table 4.3.6).
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Table 4.3.6 Performance of individual predictors for diagnosis of any asexual parasitaemia and any parasitemia above the threshold in sub-data set A,
Radamata and Genyem Health Centers.
Radamata (n=1084)

Predictor
Any parasitemia
n=294

Any parasitemia ~620/ul
n=223

Genyem (n=541)
Any parasitemia
n=262

Any parasitemia ~1260/ul
n=126

Fever (95% Cl):
Sensitivity
Specificity
PPV
NPV
LR positive test
negative test

90.8 (86.8-93.8)
32.4 (29.2-35.8)
33.3 (30.1-36.7)
90.5 (86.3-93.5)
1.34 (1.26-1.43)
0.28 (0.20-0.41)

95.1
31.6
26.5
96.1
1.39
0.15

(91.1-97.4)
(28.5-34.8)
(23.5-29.7)
(93.0-97.9)
(1.32-1.47)
(0.09-0.28)

88.2
44.4
59.8
80.0
1.59
0.26

(83.5-91.7)
(38.6-50.5)
(54.7-64.7)
(72.7-85.8)
(1.42-1.78)
(0.19-0.38)

99.2 (95.0-100)
37.1 (32.5-42.0)
32.4 (27.8-37.3)
99.4 (95.9-100)
1.58 (1.46-1.70)
0.02 (0.00-0.15)

Rigors (95% Cl):
Sensitivity
Specificity
PPV
NPV
LR positive test
negative test

69.4
65.6
42.9
85.2
2.02
0.47

74.0
63.9
34.7
90.5
2.05
0.41

(67.6-79.5)
(60.6-67.1)
(30.4-39.2)
(87.8-92.6)
(1.82-2.31)
(0.32-0.51)

43.5
83.5
71.3
61.2
2.64
0.68

(37.5-49.8)
(78.5-87.6)
(63.5-78.0)
(56.0-66.0)
(1.96-3.56)
(0.60-0.76)

56.3 (47.2-65.1)
78.6 (74.2-82.3)
44.4 (36.6-52.4)
85.6 (81.5-88.9)
2.63 (2.07-3.34)
0.56 (0.45-0.68)

Headache (95% Cl):
Sensitivity
Specificity
PPV
NPV
LR positive test
negative test

81.0 (75.9-85.2)
39.0 (35.6-42.5)
33.1 (29.7-36.6)
84.6 (80.4-88.1
1.33 (1.23-1.44)
0.49 (0.38-0.63)

84.3 (78.7-88.7)
38.2 (35.0-4;1.6)
26.1 (23.0-29.5)
90.4 (86.8-93.1)
1.36 (1.26-1.4 7)
0.41 (0.30-0.56)

44.4 (39.3-51.7)
61.3 (55.3-67 .0)
52.4 (45.7-59.0)
54.5 (48.8-60.0)
1.17 (0.96-1.43)
0.89 (0.77-1.03)

52.4 (43.3-61.3)
61.2 (56.3-65.9)
29.1 (23.4-35.5)
80.9 (76.0-85.0)
1.35 (1.10-1.66)
0.78 (0.64-0.95)

Lack of runny nose (95% Cl):
Sensitivity
Specificity
PPV
NPV
LR positive test
negative test

55.1
55.3
31.5
76.8
1.23
0.81

57.8 (51.1-64.4)
55.2 (51.8-58.5)
25.0 (21.4-29.1)
83.5 (80.1-86.4)
1.29 (1.13-1.48)
0.76 (0.65-0.90)

45.4 (39.3-51.7)
48.0 (42.1-54.1)
45.1 (39.0-51.3)
48.4 (42.4--54.4)
0.87 (0.73-1.04)
1.14 (0.96-1.34)

44.4 (35.7-53.5)
49.9 (45.0-54.8)
21.2 (16.5-26.7)
74.7 (69.1-79.7)
0.89 (0.71-1.10)
1.11 (0.93-1.34)

(63.7-74.5)
(62.1-68.9)
(38.4-47.4)
(82.1-87.9)
(1.78-2.28)
(0.39-0.56)

(49.2-60.9)
(51.8-58.8)
(27.5-35.7)
(73.1-80.2)
(1.08-1 .40)
(0.70-0.93)
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Anorexia (95% Cl}:
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Pallor (95% Cl):
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Splenomegaly (95% Cl):
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Hepatomegaly (95% Cl):
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Lack of crepitations (95% Cl):
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test

61.6 (55.7-67.1)
51.4 (47.8-54.9)
32.0 (28.2-36.1)
78.0 (74.4-81. 7)
1.27 (1.13-1.42)
0.75 (0.64-0.88)

61.9 (55.1-68.2)
50.4 (47.0-53.8)
24.4 (21.0-28.2)
83.6 (80.1-86.6)
1.25 (1.10-1.41)
0. 75 (0.63-0.91)

58.4 (52.2-64.4)
65.2 (59.3-70.8)
61.2 (54.8-67.2)
62.5 (56.7-68.1)
1.68 (1.39-2.03)
0.64 (0.54-0.75)

69.0 (60.1-76.8)
60.7 (55.8-65.4)
34.8 (29.0-41.1)
86.6 (82.0-90.2)
1.75 (1.49-2.08)
0.51 (0.39-0.67)

73.1 (67.6-78.0)
62.2 (58.7-65.5)
41.8 (37 .5-46.2)
86.1 (83.0-88.8)
1.93 (1.73-2.16)
0.43 (0.36-0.53)

78.5 (72.4-83.6)
60.6 (57.3-63.9)
34.0 (30.0-38.3)
91.6 (88.9-93.7)
1.99 (1.79-2.22)
0.35 (0.27-0.46)

44.3 (38.2-50.5)
76.0 (70.5-80.8)
63.4 (55.9-70.3)
59.2 (53.9-64.3)
1.85 (1.44-2.37)
0.73 (0.65-0.83)

52.4 (43.3-61.3)
71.8 (67.2-76.0)
36.1 (29.2-43.5)
83.2 (78.9-86.9)
1.86 (1.48-2.33)
0.66 (0.55-0.80)

64.3 (58.5-69.7)
64.9 (61.5-68.2)
40.6 (36.1-45.2)
83.0 (79.8-85.8)
1.83 (1.61-2.08)
0.55 (0.47-0.65)

69.5 (62.9-75.4)
63.9 (60.6-67.1)
33.3 (29.0-37.8)
89.0 (86.2-91.3)
1.92 (1. 70-2.18)
0.48 (0.39-0.59)

74.4 (68.6-79.5)
65.2 (59.3-70.8)
66.8 (61.0-72.1)
73.1 (67.1-78.4)
2.14 (1.80-2.55)
0.39 (0.31-0.49)

83.3 (75.4-89.2)
54.9 (50.0- 59.8)
36.0 (30.5-41.8)
91.6 (87.2-94.6)
1.85 (1.62-2.11)
0.30 (0.20-0.45)

50.0 (44.2-55.8)
77.7 (74.6-80.5)
45.5 (40.0-51.1)
80.7 (77.7-83.4)
2.24 (1.89-2.67)
0.64 (0.57-0.73)

53.4 (46.6-60.0)
76.3 (73.3-79.1)
36.8 (31.6-42.4)
86.3 (83.6-88.7)
2.25 (1.90-2.67)
0.61 (0.53-0.71)

25.2 (20.1-31.0)
91.4 (87.3-94.3)
73.3 (62.8-81.9)
56.5 (51.8-61.2)
2.93 (1.89-4.53)
0.82 (0.76-0.89)

28.6 (21.1-37.4)
87.0 (83.3-90.0)
40.0 (30.0-50.9)
80.0 (76.0-83.6)
2.20 (1.51-3.18)
0.82 (0.73-0.92)

71.8 (66.2-76.8)
38.5 (35.1-42.0)
30.3 (26.9-33.9)
78.6 (74.1-82.5)
1.17 (1.07-1.28)
0. 73 (0.60-0.90)

70.9 (64.3-76.6)
37.4 (34.2-40.7)
22.7 (19.6-26.0)
83.2 (79.0-86.7)
1.13 (1.03-1.25)
0.78 (0.62-0.97)

62.6 (56.4-68.4)
34.4 (28.9-40.3)
47.3 (41.9-52.7)
49.5 (42.3~56.7)
0.95 (0.84-1.08)
1.09 (0.87-1.36)

69.8 (60.9-77.5)
37.6 (32.9-42.5)
25.4 (20.9-30.3)
80.4 (74.0-85.6)
1.12 (0.98-1.28)
0.80 (0.60-1.08)
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4.3.7 DEVELOPMENT MODELS FOR A CLINICAL DIAGNOSIS OF MALARIA
Radamata

In Radamata, of a total 128 (27) potential models of fever with other predictors (symptoms and signs:
rigors, headache, lack of runny nose, pallor, splenomegaly, hepatomegaly, and lack of crepitations),
three models were then selected based on the ability of each level of health professional (doctor,
nurse/midwife, and health worker) to be able to identify and use each predictor, and with high area
under ROG curve (>0.75). A doctor was considered able to accurately identify hepatomegaly and
splenomegaly, a nurse splenomegaly, and a health worker none of the above. Models were namely
Radamata 1 (doctor}, Radamata 2 (nurse/midwife) and Radamata 3 (health worker), respectively.
These 3 models had higher areas under ROG curves (>0.81) for the diagnosis of parasitemia ~620/ul
than for diagnosis of any parasitemia. Each model included symptoms and signs found at high
frequency in both children and adults (table 4.3.7) (figures 4.3.7.a and 4.3.7.b).

b. Genyem

For Genyem, of a total 16 (24) models of fever with other risk factors (rigors, anorexia, pallor and
splenomegaly), three models were selected based on the potential user, with high area under ROG
curve (>0.75), and inclusion of symptoms and signs found with high frequency in parasitemic children
and adults. These models were named Genyem 1, Genyem2 and Geneym 3, respectively, with
slightly lower area under the ROG curve compared with the models in Radamata. These three
models also had higher area under ROG curves (>0.80) for diagnosis of parasitemia ~1,260/ul than
for diagnosis of any parasitemia (table 4.3.7) (figures 4.3.7.c and 4.3.7.d).
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Table 4.3.7 Area under AOC of clinical algorithm models for diagnosis of any degree asexual parasitemia and any parasitemia above the thresholds from
sub-data set A, Radamata and Genyem Health Center

Radamata (n=1,084)

Model

Any parasifemia

Parasitemia 2'.620/ul

0.8166

0.8469

Fever with one or more of (rigors, headache, lack of runny nose, pallor,
or splenomegaly) (Radamata 2).

0.7979

0.8362

Fever with one or more of (rigors, headache, lack of runny nose, or

0.7825

0.8169

Fever with one or more of (rigors, headache, lack of runny nose, pallor,

Genyem (n=541)
Any parasitemia

Parasitemia 2:1,260/ul

Splenomegaly, hepatomegaly, or lack of crepitations) (Aadamata 1).

pallor) (Radamata 3).

0.7765

0.8200

Fever with one or more of (rigors, pallor, or splenomegaly) (Genyem 2).

0.7765

0.8079

Fever with one or more of (rigors, anorexia, or pallor) (Genyem 3.

0.7510

0.8024

Fever with one or more of (rigors, anorexia, pallor, or splenomegaly)
(Genyem 1).
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4.3.8

TESTING THE MODELS ON THE VALIDATING DATA SETS: AREA UNDER ROC
FOR DIAGNOSIS OF ANY PARASITEMIA AND PARASITEMIA ABOVE THE
THRESHOLD LEVELS

In Radamata Health Center, the prevalence of any parasitemia and any parasitemia 2:620/ul in the
validating data set were similar to the developing data set [27.2% (295 of 1,085) vs 27.1 % (294 of
1,084), and 19.8% (215 of 1,085) vs 20.6% (223 of 1,084)]. There was little difference in area under
ROC curves of the models for any parasitemia between the developing and the validating data sets in
Radamata (tables 4.3.8 and 4.3.7). All models generated in both Radamata and Genyem had areas
under ROC curves of >0.77 with slightly higher area under ROC curves in those generated in
Radamata than in models generated in Genyem for both diagnosis of any parasitemia and any
parasitemia 2:620/ui in Radamata (table 4.3.8).

Table 4.3.8 Area under ROC curves of the models for diagnosis of any asexual parasitemia and any
parasitemia above the threshold levels established in each area in sub-data set B,
Radamata and Genyem Health Centers

Model

Area under ROC curve

--------------------------------------------------------------------------------Radamata
Genyem
------------------------------------------------------------------------------

any parasitemia

any parasitemia with
2:620/ul

any parasitemia any parasitemia with
2:1,260/ul

Radamata 1

0.8105·

0.8260

0.7115

0.8286

Radamata2

0.8089

0.8218

0.6948

0.8114

Radamata 3

0.7903

0.7961

0.6549

0.7786

Genyem 1

0.7895

0.7962

0.7045

0.8114

Genyem 2

0.7826

0.7892

0.6967

0.8114

Genyem 3

0.7758

0.7763

0.6594

0.7786
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In Genyem Health Center, the prevalence of any parasitemia and any parasitemia ~1.260/ul in the
validating data set were also similar to the developing data set [(46.1 % (249 of 540) vs 48.4% (262 of
541 }, and 18.9% (102 of 540) vs 23.3% (126 of 541 }]. In contrast to Radamata, in Genyem there were
lower areas under the ROC curves of all models (Genyem and Radamata} for any parasitemia in the
validating data set compared with the developing data set (tables 4.3.8 and 4.3.7). There were also
lower area under ROC curves of models for diagnosis of any degree parasitemia than parasitemia
~1,260/ul in Genyem (table 4.3.8). All models had areas under the ROC curves >0.65 for diagnosis of
any parasitemia and >0.77 for diagnosis of parasitemia ~1,260/ul with similar variations of area under
the ROG curves among Genyem and Radamata models for both diagnosis of any parasitemia and
any parasitemia ~1,260/ul in Genyem. The area under the ROC curves of the Radamata models for
diagnosis of any parasitemia and parasitemia ~620/ul in Radamata were also similar to area under
ROG curves for diagnosis of parasitemia ~1,260/ul in Genyem (table 4.3.8).

4.3.9

TESTING THE MODELS ON THE VALIDATING DATA SETS: DIAGNOSIS OF
ANY PARASITEMIA AND ANY PARASITEMIA ABOVE THE THRESHOLD
LEVELS

In the Radamata validating set, there were 27.2% (295 of 1,085) subjects who had asexual
parasitemia, and 72.9% (215 of 295) of these had parasitemia ~620/ul (table 4.3.9). Fever alone also
showed high sensitivity (>92%), with low specificity and PPV (<35%), and high NPV {>92%} for
diagnosis any of parasitemia and any parasitemia above the threshold. All Radamata and Genyem
models were highly sensitive {>86%} with high NPVs (>91 %}, but not specific with very low PPVs for
diagnosis of any parasitemia and parasitemia ~620/ul. Among these models there was little difference
in performances for diagnosis of any parasitemia or parasitemia ~620/ul, except lower PPV for
diagnosis of parasitemia ~620/ul than for diagnosis of any parasitemia. In Radamata, among all the
models: Radamata 2 and Radamata 3 appeared better than Radamata 1; Genyem 2 and Genyem 3
appeared better than Genyem 1, and Genyem 2 was likely the best model for diagnosis of both any
parasitemia and parasitemia ~620/ul (table 4.3.9). Genyem 2 also performed better than fever alone
with higher specificities, PPVs and LR for positive test (table 4.3.9).
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In Genyem, there were 46.1 % (249 of 540) asexual parasitemic cases, and 41.0% (102 of 249) of
these had parasitemia ~1,260/ul (table 4.3.9). Fever alone also showed high sensitivity (>85%), with
low specificity and PPV (<55%), and high NPV (76% and 98%) for the diagnosis of any parasitemia
and parasitemia above the threshold. Unlike in Radamata, in Genyem, all models were only
moderately sensitive (<83%) and not specific, with low PPVs (<60%, except Genyem 2) and
moderate NPVs (<75%) for the diagnosis of any parasitemia. These models had higher sensitivities,
NPVs and LR for positive test, with lowered specificity and PPVs for the diagnosis of parasitemia
~1,260/ul in Genyem than for the diagnosis of any parasitemia. There was little difference in
performance among the models for diagnosis of parasitemia above the threshold in Genyem and
Radamata. In Genyem, among all models: Radamata 1 and Radamata 2 appeared better than
Radamata 3, Genyem 2 appeared better than Genyem 1 and Genyem 3, and Genyem 2 appeared
the best model for diagnosis of both any parasitemia and parasitemia-~1,260/ul. Genyem 2 showed
better performance than fever alone, with higher specificities, PPVs (except for diagnosis of
parasitemia ~1,260/ul in Genyem) and LR for positive test for diagnosis of any degree parasitemia
and parasitemia ~1,260/ul in Genyem (table 4.3.9).

In Radamata, the Indonesian CDC national case definition showed moderate sensitivity and
specificity (approximately ~60%) with low PPV and high NPV for diagnosis of any parasitemia and
parasitemia ~620/ul, and the performance of this CDC definition was little different for diagnosis of
any parasitemia and parasitemia ~620/ul (table 4.3.9). In Genyem, this model had very low
sensitivity, but was highly specific with moderate PPV and NPV for diagnosis of any parasitemia and
for diagnosis of parasitemia ~1,260/ul (table 4.3.9).

Radamata local health staff diagnosis showed similar performance to the Indonesian CDC diagnosis
with moderate sensitivity and specificity, low PPV and high NPV for diagnosis of any parasitemia and
parasitemia ~620/ul. However local health staff diagnosis specificity, PPV and LR for positive test
were lower compared with the CDC definition (table 4.3.9). The diagnostic criteria of the Genyem
local health staff showed much greater sensitivity than the CDC definition, and moderate specificity,
NPV and PPV (60%-69%), there was lower specificity and PPV and a higher NPV for diagnosis of
parasitemia ~1,260/ul than for any parasitemia. Compared to the Radamata health staff diagnosis,
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Genyem health staff diagnosis had a higher sensitivity and LR for positive test for diagnosis of any
parasitemia and parasitemia ~1,260/ul (table 4.3.9).

The performance of the patient's own diagnosis in Radamata was similar to the local health staff
diagnosis, except the patient's diagnosis showed lower sensitivity and LR for positive test than the
local health staff diagnosis for both any parasitemia and parasitemia ~620/ul (table 4.3.9). In
Genyem, the patient's diagnosis showed a similar performance to the local health staff diagnosis for
any parasitemia. Interestingly, the sensitivity, NPV and LR for positive test were relatively higher in the
patient's diagnosis than the health staff diagnosis for parasitemia ~1.260/ul in Genyem (table 4.3.9).
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Table 4.3.9 Performance of the models for diagnosis of any asexual parasitemia and any asexual parasitemia with density ;;::620/ul for Radamata and
~1,260/ul for Genyem in sub-data set B

Model

Radamata (n=1,085)

----------------------------------------------------------------------------Any asexual parasitemia
(n=295)

Fever (95% Cl)
Sensitivity
Specificity
PPV

Parasitemia ;;::620/ul
(n=215)

Genyem (n=540)

----------------------------------------------------------------------Any asexual parasitemia
(n=249)

Parasitemia ;;::1,260/ul
(n=102)

LR positive test
negative test

92.5 (88.8-95.2)
35.2 (31.9-38.6)
34.8 (31.5-38.2)
92.7 (89.0-95.2)
1.43 (1.34-1.52)
0.21 (0.14-0.32)

94.9 {90.8-97.3))
33.2 (30.1-36.5)
26.0 (23.0-29.2
96.3 (93.3-98.1)
1.42 (1.34-1.50)
0.15 (0.09-0.28)

85.1 (80.0-89.2)
40.6 (34.9-46.5)
55.1 (49.9-60.1)
76.1 (68.5-82.4)
1.43 ( 1.29-1.60)
0.37 (0.26-0.51)

97.1 {91.0-99.2)
34.7 (30.3-39.4)
25.7 (21.5-30.4)
98.1 (94.0-99.5)
1.49 (1.38-1.60)
0.08 (0.03-0.26)

Radamata 1 (95% Cl)
Sensitivity
Specificity
PPV
NPV
LR positive test
negative test

91.9 (88.0-94.6)
37.3 (34.0-40.8)
35.4 (32.0-38.9)
92.5 (88.9-95.0)
1.47 (1.38-1.56)
0.22 (0.15-0.32)

94.9
35.4
26.6
96.6
1.47
0.14

(90.8-97.3)
(32.2-38.7)
(23.6-29.9)
(93.7-98.2)
{1.39-1.56)
(0.08-0.26)

83.1
43.6
55.8
75.1
1.47
0.39

97.1 (91.0-99.2)
37.9 (33.4-42.6)
26.7 (22.3-31.5)
98.2 (94.5-99.5)
1.56 (1.44-1.69)
0.08 (0.03-0.24)

Radamata 2 (95% Cl)
Sensitivity
Specificity
PPV
NPV
LR positive test
negative test

91.9 (88.0-94.6)
41.4 (37 .9-44.9)
36.9 (33.4-40.5)
93.2 (89.9-95.5)
1.57 (1.46-1.68)
0.20 (0.13-0.29)

94.9
39.1
27 .8
96.9
1.56
0.13

(90.8-97.3)
(35.8-42.4)
(24.6-31.2)
(94.3-98.3)
(1.46-1.66)
(0.07-0.23)

81.9 (76.5-86.4)
46.7 (40.9- 52.6)
56.8 (51.5-62.0)
75.1 (68.1-81.1)
1.54 (1.36-1.74)
0.39 (0.29-0.52)

NPV
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(77.8-87.4)
(37.9-49.6)
(50.6-60.9)
(67.8-81.3)
(1.31-1.66)
(0.28-0.52)

96.1
40.4
27.3
97 .8
1.61
0.10

(89.7-98.7)
(35.8- 45.2)
(22.8-32.3)
(94.1-99.3)
(1.48-1.76)
(0.04-0.26)

Radamata 3 (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Genyem 1 (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Genyem 2 (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test

Genyem 3 {95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test

91.5 (87.6-94.3)
46.1 (42.6-49.6)
38.8 (35.2-42.5)
93.6 (90.5-95.7)
1.70 (1.58-1.83)
0.18 (0.13-0.27)

94.4 (90.2-96.9)
43.3 (40.0-46.7)
29.2 (25.8-32.7)
96.9 (94.5-98.3)
1.66 (1.56-1.78)
0.13 (0.07-0.22)

67.9 (61.6-73.6)
50.9 (45.0-56.7)
54.2 (48.5-59.8)
64.9 (58.3-71.0)
1.38 (1.19-1.60)
0.63 (0.51-0.78)

86.3 (77.7-92.0)
48.9 (44.1-53.6)
28.2 (23.4-33.6)
93.9 (89.7-96.5)
1.69 (1.50-1.90)
0.28 (0.17-0.46)

89.8 (85.7-92.9)
45.1 (41.6-48.6)
37.9 (34.3-41.6)
92.2 (89.0-94.6)
1.63 (1.52-1.76)
0.23 (0.16-0.32)

92.6 (88.0-95.5)
42.5 (39.2-45.9)
28.5 (25.2-32.0)
95.9 (93.2-97.5)
1.61 (1.50-1.72)
0.17( 0.11-0.28)

78. 7 (73.0-83.5)
50.5 (44.6-56.4)
57.6 (52.2-62.9)
73.5 (66.7-79.4)
1.59 (1.39-1.82)
0.42 (0.32-0.55)

96.1 (89.7-98.7)
44.7 (40.0-49.5)
28.8 (24.1-34.0)
98.0 (94.6-99.4)
1.74 (1.58-1.91)
0.09 (0.03-0.23)

86.8 (82.2-90.3)
51.8 (48.2-55.3)
40.2 (36.4-44.1)
91.3 (88.2-93.7)
1.80 (1.65-1.96)
0.25 (0.19-0.34)

90.2 (85.3-93. 7)
49.1 (45.7-52.5)
30.5 (26.9-34.2)
95.3 (92.8-97.0)
1.77 (1.64-1.92)
0.20 (0.13-0.30)

74.7 (68.7-79.9)
57.7 (51.8-63.4)
60.2 (54.5-65.7)
72. 7 (66.4-78.3)
1.77 (1.52-2.06)
0.44 (0.35-0.55)

95.1 (88.4-98.2)
51.6 (46.8-56.4)
31.4 (26.3-36.9)
97.8 (94.7-99.2)
1.96 (1.77-2.19)
0.09 (0.04-0.22)

88.5 (84.1-91.8)
50.1 (46.6-53.7)
39.8 (36.1-43.7)
92.1 (89.0-94.4)
1.77 (1.64-1.92)
0.23 (0.17-0.32)

91.2 (86.3-94.5)
47.2 (43.9-50.f;>)
29.9 (26.5-33.6)
95.6 (93.1-97 .2)
1.73 (1.60-1.86)
0.19 (0.12-0.29)

69.1 (62.9-74.7)
58.1 (52.2-63.8)
58.5 (52.6-64.2)
68.7 (62.4-74.4)
1.65 (1.41-1.93)
0.53 (0.43-0.66)

89.2 (81.1-94.2)
53.7 (48.9-58.4)
31.0 (25.8-36.6)
95.5 (91.9-97.6)
1.93 (1.71-2.17)
0.20 (0.11-0.35)
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Indonesian CDC definition (95% Cl)
59.3 (53.5-64.9)
Sensitivity)
77.1 (74.0-79.9)
Specificity

PPV
NPV
LR positive test
negative test

60.0 (53.1-66.5)
73.9 (70.8-76.8)
36.2 (31.3-41.5)
88.2 (85.6-90.4)
2.30 (1.97-2.69)
0.54 (0.46-0.64)

23.3 (18.3-29.1)
88. 7 (84.3-92.0)
63.7 (52.9-73.4)
57.5 (52.7-62.1)
2.06 (1.39-3.04)
0.86 (0.80-0.94)

29.4 (21.0-39.4)
86.1 (82.4-89.1)
33.0 (23.7-43.7)
84.0 (80.2-87.2)
2.11 (1.44-3.09)
0.82 (0.72-0.93)

36.9 (32.6-41.4)
80.5 (77.1-83.5)
1.56 (1.38-1.78)
0.65 (0.56-0.75)

60.9 (54.0-67.4)
59.9 (56.5-63.1)
27.3 (23.4-31.6)
86.1 (83.0-88. 7)
1.52 (1.33-1.74)
0.65 (0.55-0.78)

67 .1 (60.8-72.8)
61.5 (55.6- 67.1)
59.9 (53.8-65.6)
68.6 (62.5-74.1)
1.74 (1.47-2.06)
0.53 (0.44-0.65)

74.5 (64.7-82.4)
53.7 (48.9-58.4)
27 .2 (22.2-32.9)
90.0 (85.6-93.3)
1.61 (1.38-1.87)
0.47 (0.34-0.67)

47.8 (42.0-53.7)
66.5 (63.0-68.7)
34.7 (30.1-39.6)
77.3 (73.9-80.4)
1.43 (1.22-1.66)
0.78 (0.70-0.89)

49.8 (42.9-56.6)
65.6 (62.4-68.8)
26.4 (22.2-31.0)
84.1 (81.1-86.7)
1.45 (1.23-1.70)
0.76 (0.66-0.88)

68.7 (62.5-74.3)
59.8 (53.9-65.4)
59.4 (53.4-65.1)
69.0 (62.9-74.6)
1.71 (1.45-2.01)
0.52 (0.43-0.64)

81.4 (72.2-88.1)
53.2 (48.4-57.9)
28.8 (23. 7-34.5)
92.5 (88.3-95.3)
1.74 (1.52-1.99)
0.35 (0.23-0.53)

49.2 (43.9-54.5)
83.5 (80.6-86.1)
2.59 (2.21-3.04)
0.53 (0.46-0.61)

Local health staff diagnosis (95% Cl)
60.0 (54.1-65.6)
Sensitivity
61.6 (58.1-65.0)
Specificity

PPV
NPV
LR positive test
negative test
Patient's diagnosis (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
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4.3.10 TESTING THE MODELS ON THE VALIDATING DATA SETS: DIAGNOSIS OF
ANY PARASITEMIA AND PARASITEMIA ABOVE THE THRESHOLD LEVELS IN
CHILDREN <5 YEARS OLD AND PATIENTS ,?5 YEARS OLD
In Radamata, of the 1,085 cases in the validating data set, 17.9% (46 of 257) of children <5 years old
were parasitemic and 30.1% (249 of 828) of patients ~5 years old were parasitemic (table 4.3.10.1).
Fever alone had very high sensitivities and NPVs (>90%) in both children <5 years old and patients
~5 years old, with low specificities and PPVs (<42%), especially in children <5 years old for diagnosis
of any parasitemia. Compared with other models, fever alone generally had a slightly higher
sensitivity, with a lower specificity and PPV. All three Radamata models were also highly sensitive
with high NPVs (89%-92%), low specificities and PPVs (20-47%), particularly in children <5 years old
for diagnosis of any parasitemia. Of these 3 models, Radamata 3 performed the best for diagnosis of
any parasitemia in both children <5 years old and patients ~5 years old. Radamata 3 also showed
better performance than fever alone in improving specificity, PPV and NPV and LR for positive test in
either children <5 years old or patients ~5 years old for diagnosis of any parasitemia in Radamata
(table 4.3.10.1). In Radamata, of the 3 Genyem models, Genyem 3 appeared the best for children <5

years old, and Genyem 2 for the patients ~5 years old. Both Genyem 2 and Genyem 3, showed
comparable NPV but better specificity and LR for positive test than fever alone for diagnosis of any
parasitemia in Radamata (table 4.3.10.1).

In Genyem, of the 540 cases in the valdating data set, 56.0% (88 of 157) of children <5years old were
parasitemic and 42.0% (161 of 383) of patients ~5 years old were parasitemic (table 4.3.10.1). For
diagnosis of any parasitemia, fever alone showed high sensitivity and low specificity with a moderate
PPV and high NPV, in children <5 years old, and moderate sensitivity and low specificity with a low
PPV and moderate NPV in patients ~5 years old. As in Radamata, fever alone, generally, had a
slightly higher sensitivity, with a lower specificity and PPV compared with other models (table
4.3.10.1). The performance of Radamata 3 in Genyem was not as good as in Radamata. Of the

Radamata models, Radamata 2 appeared the best in both children <5 years old and patients ~5
years old, with a better likelihood ratio than fever alone for diagnosis of any parasitemia in Genyem.
For diagnosis of any parasitemia, all three Genyem models were moderate to highly sensitive (64%92%) with moderate NPVs (60%-76%), and low to moderate specificities and PPVs (32%-65%). Of
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the 3 Genyem models, the best performance for diagnosis of any parasitemia was Genyem 2 in both
children <5 years old and patients ~5 years old (table 4.3.10.1). Genyem 2 also showed better
performances than fever alone, with improving specificity, PPV and LR for positive test in children <5
years old and patients ~5 years old for diagnosis of any parasitemia in Genyem (table 4.3.10.1).

For the diagnosis of any parasitemia in Radamata, the Indonesian CDC national case definition for
malaria showed very low sensitivity and high specificity in children < 5 years old, and moderate
sensitivity, specificity and NPV, with low PPV in patients ~5 years old. In Genyem, the CDC definition
showed extremely low sensitivity and low NPV, with high specificity and PPV in children< 5 years old
and also low sensitivity with high specificity and moderate PPV and NPV in patients ~5 years old
(table 4.3.10.1 ).

In both Radamata and Genyem, there was little difference in performance of the local health staff
diagnosis of any parasitemia between children <5 years old and patients ~5 years old. Radamata
health staff showed moderate sensitivities and specificities, with low PPVs and moderate to high
NPVs for diagnosis of any parasitemia in children <5 years old and patients 2:5 years old. Genyem
health staff did not show better performances than Radamata health (table 4.3.10.1).

In both Radamata and Genyem, the performance of the patient's own diagnosis for any parasitemia
was little different between children< 5years old and patients ~5 years old. However, in Radamata,
the sensitivity of the patient's diagnosis was lower than the Radamata health staff diagnosis.
Interestingly, in Genyem, the patient's diagnosis had higher specificities, NPVs and LR for positive
tests than the Genyem health staff diagnosis (table 4.3.10.1 ).
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Table 4.3.10.1 Performance of the models for diagnosis of any asexual parasitemia in sub-data set B by age group, Radamata and Genyem Health Centers

Radamata (n=1,085)

Model

Fever (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Radamata 1 (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Radamata 2 (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test

--------------------------------------------------·-------------------------

Genyem (n=540)

-----------------------------------------------------------------------

<5 years (46/257,17.9%)

2:5 years (249/828, 30.1 %)

<5 years (88/157, 56%)

95.7 (84.0-99.2)
16.6 (12.0-22.5)
20.0 (15.0-26.0)
94.6 (80.5-99.1)
1.15 (1.05-1.25)
0.26 (0.07-1.05)

92.0
42.0
40.5
92.4
1.58
0.19

(87.7-94.9))
(37.9-46.1)
(36.5-44.7
(88.3-95.2)
(1.47-1.71)
(0.12-0.29)

97.7
20.3
61.0
87.5
1.23
0.11

(91.3-99.6)
(11.9-32.0)
(52.4-69.0)
(60.4-97.8)
(1.08-1.39)
(0.03-0.48)

78.3 (70.9-84.2)
46.8 (40.2-53.6)
51.6 (45.2-58.0)
74.8 (66.6-81.6)
1.47 (1.27-1.71)
0.46 (0.34-0.64)

91.3 (78.3-97.2)
22.3 (17.0-28.6)
20.4 (15.2-26.7)
92.2 (80.3-97.5)
1.17 (1.05-1.32)
0.11 (0.04-0.29)

92.0
42.8
40.9
92.5
1.61
0.14

(87.7-94.9)
(38.8-47.0)
(36.8-45.1)
(88.5-95.3)
(1.49-1.74)
(0.09-0.22)

93.2
30.4
63.1
77.8
1.34
0.10

(85.2-97.2)
(20.2-42.8)
(54.1-71.2)
(57.3-90.6)
(1.13-1.58)
(0.04-0.22)

77.6 (70.3-83.7)
47.7 (41.1-54.5)
51.9 (45.4-58.3)
74.7 (66.5-81.4)
1.49 (1.28-1.73)
0.43 (0.31-0.59)

91.3 (78.3-97 .2)
30.8 (24.7-37.6)
22.3 (16.7-29.1)
94.2 (85.1-98.1)
1.32 (1.16-1.50)
0.28 (0.11-0.74)

92.0 (87.7-94.9)
45.3 (41.2-49.:4)
41.9 (37 .8-46.2)
92.9 (89.1-95.5)
1.68 (1.55-1.82)
0.18 (0.12-0.27)

90.9
36.2
64.5
75.8
1.43
0.25

(82.4-95.7)
(25.3-48.8)
(55.4-72.8)
(57.4-88.3)
( 1.18-1 .72)
(0.12-0.52)

77.0 (69.6-83.1)
50.0 (43.3-56.7)
52.8 (46.2-59.3)
75.0 (67.1-81.6)
1.54 (1.32-1.80)
0.46 (0.34-0.63)
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2:5 years (161/383, 42%)

Radamata 3 (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Genyem 1 (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Genyem 2 (95% Cl}
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test

Genyem 3 (95% Cl}
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test

89.1 (75.6-95.9)
47.4 (40.5-54.4)
27 .0 (20.3-34.9}
95.2 (88.7-98.2)
1.69 (1.44-1.99)
0.23 (0.10-0.53)

92.0 (87.7-94.9)
45.6 (41.5- 49.8)
42.1 (37.9-46.4}
93.0 (89.2-95.5)
1.69 (1.56-1.84)
0.18 (0.11-0.27)

58.0 (47.0-68.2)
52.2 (39.9-64.2)
60.7 (49.4-71.0}
49.3 (37.5-61.2)
1.21 (0.89-1.64)
0.81 (0.58-1.12)

73.3 (65.6-79.8)
50.5 (43.7- 57.2)
51.8 (45.1-58.4)
72.3 (64.4-79.0)
1.48 (1.26-1.74)
0.53 (0.40-0.71)

93.5 (81.1-98.3)
28.4 (22.6-35.1)
22.2 (16.7-28.8)
95.2 (85.8-98.8)
1.31 (1.17-1.46)
0.23 (0.08-0.70)

89.2 (84.5-92.6)
51.1 (47.0-55.3)
44.0 (39.6-48.4)
91.6 (87.9-94.3)
1.82 (1.66-2.00)
0.21 (0.15-0.31)

92.0 (83.8-96.5)
31.9 (21.5-44.3)
63.3 (54.3-71.5)
75.9 (56.1-89.0)
1.35 (1.14-1.61)
0.25 (0.11-0.55)

71.4 (63.7-78.1)
56.3 (49.5-62.9)
54.2 (47.3-61.0)
73.1 (65.7-79.4)
1.63 (1.37-1.95)
0.51 (0.39-0.66)

89.1 (75.6-95.9)
39.3 (32.8-46.3)
24.3 (18.2-31.6}
94.3 (86.6-97.9)
1.47 (1.27-1.70}
0.28 (0.12-0.64}

86.3 (81.3-90.2)
56.3 (52.1-60.4}
45.9 (41.4-50.6}
90.6 (86.9-93.3}
1.98 (1.78-2.19}
0.24 (0.18-0.33}

90.9 (82.4-95.7)
37.7 (26.5-50.2}
65.0 (55.9-73.3}
76.5 (58.4-88.6}
1.46 (1.20-1.77}
0.24 (0.12-0.54}

65.8 (57.9-73.0)
64.0 (57.2-70.2}
57.0 (49.5-64.2}
72.1 (65.2-78.1}
1.83 (1.48-2.25}
0.53 (0.42-0.68)

87.0 (73.0-94.6}
43.1 (36.4-50.1}
25.0 (18.7-32.6}
93.8 (86.5-97 .5)
1.53 (1.30-1.80}
0.23 (0.11-0.49}

88.8 (84.0-92.3}
52.7 (48.5-56,8)
44.7 (40.2-49.2)
91.6 (87.9-94.2}
1.88 (1.70-2.07}
0.24 (0.17-0.34}

78.4 (68.1-86.2}
42.0 (30.4-54.5}
63.3 (53.5-72.2)
60.4 (45.3-73.9}
1.35 (1.08-1.70}
0.37 (0.24-0.58}

64.0 (56.0-71.3}
63.1 (56.3-69.4}
55.7 (48.2-62.9}
70.7 (63.8-76.8}
1.73 (1.41-2.13}
0.98 (0.75-1.28}
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Indonesian CDC definition (95% Cl)
Sensitivity
21.7 (11.5-36.8)
94.8 (90.6-97.2)
Specificity

PPV
NPV
LR positive test
negative test

66.3 (60.0-72.0)
70.6 (66.7-74.3)
49.3 (43.8-54.7)
83.0 (79.3-86.1)
2.26 (1.93-2.63)
0.48 (0.40-0.57)

6.8 (2.8-14.8)
98.6 (91.1-99.9)
85.7 (42.0-99.0)
45.3 (37.3-53.6)
4. 70 (0.58-38.17)
0.95 (0.89-1.01)

32.3 (25.3-40.2)
85.6 (80.1-89.8)
61.9 (50.6-72.1)
63.5 (57.8-69.0)
2.24 (1.52-3.31)
0.79 (0.70-0.89)

28.0 (19.7-38.0)
88.5 (82.2-92.9)
1.78 (1.32-2.40)
0.59 (0.41-0.86)

59.8 (53.4-65.9)
60.1 (56.0- 64.1}
39.2 (34.3-44.3)
77.7 (73.5-81.4)
1.50(1.30-1.73)
0.67 (0.57-0.79)

68.2
47.8
62.5
54.1
1.31
0.67

(57.3-77.5)
(35.8-60.1}
(52.0-72.0)
(40.9-66.7)
(1.00-1.71)
(0.45-0.99)

65.9 (54.9-75.5)
52.7 (39.9- 64.2}
63.7 (52.9-73.4)
54.5 (41.9-66.7)
1.38 (1.03-1.84)
0.65 (0.45-0.94)

39.1 (25.5-54.6)
60.1 (62.9-75.7)
22.0 (13.9-32.7)
84.0 (77.5-88.9)
1.29 (0.85-1.95}
0.87 (0.68-1.12)

49.4 (43.0-55.8)
65.3 (61.2-69.1)
38.0 (32.7-43.5)
75.0 (70.9-78.7)
1.42 (1.20-1.68}
0.78 (0.68-0.89)

70.2 (62.4-77.0)
62.2 (55.4-68.5)
57.4 (50.1-64.3)
74.2 (67.2-80.2)
1.85 (1.52-2.26)
0.48 (0.37-0.62)

66.5 (58.5-73.6)
65.8 (59.1-71.9)
58.5 (51.0-65.6)
73.0 (66.2-78.9)
1.94 (1.57-2.40)
0.51 (0.40-0.65)

47.6
84.7
4.17
0.83

(26.4-69.7)
(79.4-89.0)
(1.88-9.23)
(0.71-0.96)

Local health staff diagnosis (95% Cl)
60.9 (45.4-74.5)
Sensitivity
65.9 (59.0-72.2}
Specificity

PPV
NPV
LR positive test
negative test
Patient's diagnosis (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
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For performance in diagnosing parasitemia above the threshold for the two sites, Genyem 2 was
chosen when assessing those < 5years old and those ~5 years old. There were 84.8% {39 of 46) and
53.4% {47 of 88) of parasitemic children <5 years old, and 70.7% {176 of 249) and 34.1% {55 of 161)
of parasitemic patients :2::5 years old with parasitemia ~620/ul in Radamata and :2::1,260/ul in Genyem,
respectively (tables 4.3.10.1 and 4.3.10.2). Fever alone for diagnosis of parasitemia above the
thresholds in children <5 years old and patients ~5 years old was similar to that for diagnosis of any
parasitemia in Radamata, but had lower PPV and higher NPV than for diagnosis of any parasitemia in
Genyem (tables 4.3.10.1 and 4.3.10.2). Model Genyem 2 had lower specificities and PPVs for
diagnosis of parasitemia ~620/ul in Radamata and ~1,260/ul in Genyem than those for diagnosis of
any parasitemia in both children <5 years old and patients ~5 years old. However this model was
highly sensitive {c90%), and had higher specificity and PPV and LR for positive test than fever
alone for diagnosis of parasitemia above the thresholds in children <5 years old and patients

cS years old.

The performance of the Indonesian CDC diagnosis, health staff diagnosis and patient's diagnosis for
parasitemia above the thresholds in children <5 years old and patiens ~5 years old were generally
similar to the performances for any parasitemia in Radamata, but there were lower PPVs and higher
NPVs in Genyem. The CDC definition again had particularly poor sensitivity in children. The sensitivity
of health staff diagnosis and patient's diagnosis for parasitemia above the threshold in patients ~5
years old in Genyem was higher than for diagnosis of any parasitemia (tables 4.3.10.1 and 4.3.10.2).

113

Table 4.3.10.2 Performance
of Genyem2 and existing models for diagnosis of parasitemia above the thresholds in sub-data set B by age group, Radamata
and Genyem Health Centers

Radamata (:?:620/ul)

Genyem (:?:1,260/ul)

Model
<5 years (39/257, 15.2%}

Fever (95% Cl)
Sensitivity
Specificity
PPV

:?:5 years (176/828, 21.3.1%)

<5 years (47/157, 29.9%)

:?:5 years (55/383, 14.4%)

LR positive test
negative test

94.9 (81.4-99.1)
16.1 (11.6-21.8)
16.8 (12.3-22.6)
94.6 (80.5-99.1)
1.13 (1.03-1.24}
0.32 (0.08-1.27)

94.9 (90.2-97.5))
39.0 (35.2-42.8}
29.6 (25.9-33.5
96.6 (93.4-98.3)
1.55 (1.45-1.67)
0.13 (0.07-0.25)

100 (90.6-100)
14.6 (8.8-22.8)
33.3 (25.8-41.8)
100 (75.9-100)
1.17 (1.08-1.26)
0.00 (0.00-0.00}

94.5 (83.9-98.6)
41.5 (36.1-47.0)
21.3 (16.5-27.1)
97.8 (93.3-99.4}
1.62(1 .45-1.80)
0.13 (0.04-0.40)

Genyem 2 (95% Cl)
Sensitivity
Specificity
PPV
NPV
LR positive test
negative test

92.3 (78.0-98.0)
39.0 (32.5-45.8)
21.3 (15.5-28.4}
96.6 (89.7-99.1}
1.51 (1.32-1.74)
0.20 (0.07-0.59)

89.8 (84.1-93.7)
52.5 (48.5-56.3)
33.8 (29.5-38.3)
95.0 (92.1-96.9)
1.89 (1. 72-2.08)
0.19 (0.13-0.30)

100 (90.6-100)
30.9 (22.6-40.5)
38.2 (29.7-47.4)
100 (87.4-100)
1.45 (1.28-1.64)
0.00 (0.00-0.00)

90.9
58.5
26.9
97.5
2.19
0.16

(79.3-96.6)
(53.0-63.9)
(20.8-34.0)
(93.9-99.1)
(1.88-2.56}
(0.07-0.36)

68.8
67.2
36.1
88.8
2.09
0.47

10.6 (4.0-23.9)
98.2 (92.9-99. 7)
72.0 (64.0-78.9}
72.0 (64.0-78.9)
5.85 (1.18-29.09}
0.91 (0.82-1.01)

45.5
82.0
29.8
90.0
2.53
0.67

(32.2-59.3)
(77.3-85.9)
(20.5-40.9}
(85.8-93.0)
(1.74-3.66)
(0.52-0.85}

NPV

Indonesian CDC definition (95% Cl)
20.5 (9.9-36.9)
Sensitivity
94.0 (89.8-96.7)
Specificity
38.1 (19.0-61.3)
PPV
86.9 (81.7-90.8)
NPV
3.44 (1.53-7.75}
LR positive test
0.85 (0.72-0.99}
negative test

(61.3-75.4}
(63.4-70.7)
(31.0-41.5}
(85.6-91.4)
(1.81-2.43)
(0.37-0.58}
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Local health staff diagnosis (95% Cl)
Sensitivity
59.0 (42.2-74.0)
Specificity
64.7 (57.9-70.9)
PPV
23.0 (15.4-32.7)
NPV
89.8 (83.7-93.9)
LR positive test
1.67 (1.22-2.29)
negative test
0.63 (0.43-0.94)

61.4 (53.7-68.5)
58.3 (54.4-62.1)
28.4 (24.0-33.3)
84.8 (81.1-87.9)
1.47 (1.27-1.71)
0.66 (0.54-0.81)

68.1 (52.7-80.5)
41.8 (32.6-51.6)
33.3 (24.2-43.8)
75.4 (62.4-85.2)
1.17 (0.91-1.51)
0.76 (0.48-1.22)

80.0 (66.6-89.1)
57.6 (52.1-63.0)
24.0 (18.2-31.0)
94.5 (90.1-97 .1)
1.89 (1.57-2.27)
0.35 (0.20-0.59)

Patient's diagnosis (95% Cl)
Sensitivity
Specificity
PPV
NPV
LR positive test
negative test

52.3 (44.6-59.8)
64.4 (60.6-68.1)
28.4 (23.6-33:7)
83.3 (79.7-86.4)
1.47 (1.23-1. 75)
0.74 (0.63-0.87)

74.5 (59.4-85.6)
49.1 (39.5-58.7)
38.5 (28.6-49.3)
81.8 (70.0-89.9)
1.46 (1.14-1.88)
0.52 (0.31-0.88)

87.3 (74.9-94.3)
54.6 (49.0-60.0)
24.4 (18.7-31.1)
96.2 (92.1-98.3)
1.92 (1.64-2.24)
0.23 (0.12-0.47)

38.5 (23.8-55.3)
69.3 (62.6-75.2)
18.3 (10.9-28.7)
86.3 (80.1-90.8)
1.25 (0.80-1.95)
0.89 (0.68-1.16)
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4.3.11 TESTING THE MODELS ON THE VALIDATING DATA SETS: DIAGNOSIS OF P.
FALCIPARUM AND P. V/VAX
Of patients with asexual parasitemic, 82.7% (244 of 295) and 89.6% (223 of 249) had P. falciparum,
and 17.3% (51 of 295) and 10.4% (26 of 249) had P. vivaxin Radamata and Genyem, respectively

{tables 4.3.9 and 4.3.11). The performance of fever alone and of all six models for diagnosis of
asexual P. falciparum parasitemia and P. vivax parasitemia were generally similar to that for
diagnosis of any parasitemia, except there were lower PPVs for diagnosis of P. vivax parasitemia

{tables 4.3.9 and 4.3.11).

Similar performances were shown by the Indonesian CDC definition, local health staff diagnosis and
patient's diagnosis for asexual P. falciparum and and P. vivax, with low PPVs for diagnosis P. vivax
parasitemia (tables 4.3.9 and 4.3.11).
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Table 4.3.11 Performance of different models for diagnosis of asexual P. falciparum and P. vivax in sub-data set B, Radamata and Genyem Health Centers

Model

Radamata (n=1,085)

Genyem (n=540)

----------------------------------------------------------------------------P. falciparum
(n=244)

P. vivax

P. falciparum
(n=223)

(n=51)

Fever (95% Cl)
Sensitivity
Specificity
PPV
NPV
LR positive test
negative test

92.2
33.4
28.7
93.7
1.38
0.23

(87.9-95.1)
(30.2-36. 7)
(25.5-32.0)
(90.1-96.0)
(1.30-1.47)
(0.15-0.36)

94.1
28. 7
6.1
99.0
1.32
0.20

Radamata 1 (95% Cl)
Sensitivity
Specificity
PPV
NPV
LR positive test
negative test

91.4
35.4
29.1
93.4
1.41
0.24

(87.0-94.5)
(32.2-38.8)
(25.9-32.5)
(90.0-95.8)
(1.33-1.51)
(0.16-0.37)

Radamata 2 (95% Cl)
Sensitivity
Specificity
PPV
NPV
LR positive test
negative test

91.4 (87.0-94.5)
39.2 (35.9-42.6)
30.4 (27.1-33.9)
94.0 (90.9-96.2)
1.50 (1.41-1.61)
0.22 (0.14-0.33)

-----------------------------------------------------------------------

(82.8-98.5))
(26.0-31.6)
(4.6-8.1)
(96.9-99.7)
(1.22-1.43)
(0.07-0.62)

P. vivax
(n=26)

83.9 (78.2-88.3)
37 .5 (32.2-43.1)
48.6 (43.5-53.7)
76.8 (69.2-83.0)
1.34 (1.21-1.49)
0.43 (0.31-0.60)

96.2 (78.4-99.8)
30.0 (26.1-34.2)
6.5 (4.3-9.6)
99.4 (95.9-100)
1.37 (1.25-1.51)
0.13 (0.02-0.88)

94.1 (82.8-98.5)
30.6 (27.8-33.5)
6.3 (4.7-8.3)
99.1 (97.0-99.8)
1.36 (1.25-1.47)
0.19 (0.06-0.58)

81.6 (75.8-86.3)
40.4 (35.0-46.0)
49.1 (43.9-54.3)
75.7 (68.4-81.8)
1.37 {1.23-1.53)
0.45 (0.33-0.62)

96.2 (78.4-99.8)
32.7 (28.7-37.0)
6.7 (4.5-9.9)
99.4 (96.2-100)
1.43 (1.30-1.57)
0.12 (0.02-0.81)

94.1 (82.8-98.5)
33.7 (30.8-36.6)
6.5 (4.9-8.6)
99.1 (97.3-99.8)
1.42 (1.31-1.54)
0.17 (0.06-0.53)

80.3
43.2
49.9
75.7
1.41
0.46

96.2 (78.4-99.8)
35.0 (30.9- 39.3)
7.0 (4.6-10.2)
99.4 (96.5-100)
1.48 (1.34-1.63)
0.11 (0.02-0.75)
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(74.3-85.2)
(37.7- 48.9)
{44.6-55.1)
(68.7-81.6)
(1.26-1.59)
{0.34-0.61)

Radamata 3 (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Genyem 1 (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test
Genyem 2 (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test

Genyem 3 (95% Cl)
Sensitivity
Specificity

PPV
NPV
LR positive test
negative test

91.0
43.6
31.9
94.3
1.61
0.21

(86.5-94.1)
(40.3-47.1)
(28.5-35.5)
(91.4-96.3)
(1.50-1.73)
(0.14-0.31)

94.1 (82.8-98.5)
37.3 (34.4-40.4)
6.9 (5.2-9.1)
99.2 (97.6-99.8)
1.50 (1.38-1.63)
0.16 (0.05-0.47)

67.7 (61.1-73.7)
49.2 (43.6-54.8)
48.4 (42.7-54.1)
68.4 (61.9-74.3)
1.33 (1.16-1.54)
0.66 (0.53-0.82)

69.2 (48.1-84.9)
42.8 (38.5-47.2)
5.8 (3.6-9.1)
96.5 (92.9-98.4)
1.21 (0.93-1.58)
0.72 (0.40-1.29)

89.3 (84.6-92.8)
42.8 (39.4-46.2)
31.2 (27.8-34.8)
93.3 (90.2-95.5)
1.56 (1.45-1.68)
0.25 (0.17-0.36)

92.2 (80.3-97.5)
36.9 (34.0-40.0)
6.7 (5.0-8.9)
99.0 (97.2-99.7)
1.46 (1.33-1.60)
0.21 (0.08-0.55)

76.7 (70.5-82.0)
46.7 (41.1-52.3)
50.3 (44.9-55.7)
74.0 (67.2-79.8)
1.44 (1.27-1.63)
0.50 (0.38-0.65)

96.2 (78.4-99.8)
38.7 (34.5-43.1)
7.4 (4.9-10.8)
99.5 (96.8-100)
1.57 (1.42-1.74)
0.10 (0.01-0.68)

86.1 (80.9-90.0)
49.2 (45.8-52.7)
33.0 (29.4-36.8)
92.4 (89.5-94.6)
1.70 (1.56-1.84)
0.28 (0.21-0.39)

90.2 (77.8-96.3)
42.8 (39.8-45.9)
7.2 (5.4-9.6)
98.9 (97.3-99.6)
1.58 (1.42-1.75)
0.28 (0.10-0.53)

72.2 (65.7-77.9)
53.3 (47.7-58.9)
52.1 (46.4-57 .8)
73.2 (66.9-78.7)
1.55 (1.34-1.78)
0.52 (0.41-0.66)

96.2 (78.4-99.8)
44.7 (40.4-49.2)
8. r (5.4-11.9)
99.6 (97.2-100)
1.74 (1.56-1.94)
0.08 (0.01 -0.59)

87.7 (82.8-91.4)
47.6 (44.1-51.0)
32.7 (29.1-36.4)
93.0 (90.1-95.2)
1.67 (1.54-1.81)
0.26 (0.18-0.36)

92.2 (80.3-97.5)
41.2 (38.2-44.3) •
7.2 (5.4-9.5)
99.1 (97.5-99.7)
1.57 (1.43-1.72)
0.19 (0.07-0.49)

67.7 (61.1-73.7)
54.9 (49.2-60.4)
51.4 (45.5-57.2)
70.7 (64.6-76.3)
1.50 (1.29-1.75)
0.59 (0.47-0.73)

80.8 (60.0-92.7)
46.9 (42.5-51.3)
7.1 (4.6-10.9)
98.0 (95.1-99.2)
1.52 (1.24-1.87)
0.41 (0.19-0.91)
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Indonesian CDC definition {95% Cl)
58.2 (51.7-64.4)
Sensitivity
74.6 (71.4-77.4)
Specificity

PPV
NPV
LR positive test
negative test

64.7 (50.0-77.2)
68.8 (65.8-71.6)
9.3 (6.6-12.9)
97 .5 (96.0-98.5)
2.07 (1.66-2.59)
0.51 (0.35-0.75)

23.8 (18.5-30.0)
88.0 (83.8-91.3)
58.2 (47.4-68.3) _
62.1 (57.5-66.6)
1.98 (1.36-2.90)
0.87 (0.80-0.94)

19.2 (7 .3-40.0)
83.3 (79.7-86.3)
5.5 (2.0-12.9)
95.3 (92.8-97.0)
1.15 (0.51-2.59)
0.97 (0.80-1.17)

30.4 (26.4-34.8)
83.8 (80.6-86.6)
1.51 (1.32-1.72)
0.67 (0.57-0.78)

60.8 (46.1-73.8)
56.6 (53.5-59.6)
6.5 (4.5-9.1)
96.7 (94.9-97.9)
1.40 (1.11-1.76)
0.69 (0.49-0.98)

68.2 (61.6-74.1)
59.9 (54.3- 65.3)
54.5 (48.4-60.4)
72.8 (66.9-78.0)
1.70 (1.45-2.00)
0.53 (0.43-0.66)

57.7 (37.2-6.0)
48.6 (44.2-53.0)
5.4 (3.1-8.9)
95.8 (92.4-97.8)
1.12 (0.80-1.58)
0.87 (0.55-1.37)

48.0 (41.6-54.4)
65.6 (62.3-68.8)
28.8 (24.5-33.5)
81.3 (78.1-84.1)
1.39 (1.19-1.64)
0.79 (0.70-0.90)

47.1 (33.2-61.4)
63.1 (60.0-66.0)
5.9 (3.9-8.8)
96.0 (94.2-97.3)
1.28 (0.94-1.72)
0.84 (0.65-1.09)

67.7 (61.1-73.7)
56.8 (51.1-62.3)
52.4 (46.5-58.3)
71.4 (65.4-76.8)
1.57 (1.34-1.83)
0.57 (0.46-0.70)

76.9 (55.9-90.2)
47.9 (43.5-52.3)
6.9 (4.4-10.7)
97.6 (94.6-99.0)
1.48 (1.18-1.85)
0.48 (0.24-0.98)

39.9 (34.8-45.2)
86.0 (83.2-88.4)
2.29 (1.95-2.68)
0.56 (0.48-0.65)

Local health staff diagnosis (95% Cl)
59.8 (53.4-66.0)
Sensitivity
60.3 (56.9-63.6)
Specificity

PPV
NPV
LR positive test
negative test
Patient's diagnosis (95% Cl)
Sensitivity (Cl)
Specificity

PPV
NPV
LR positive test
negative test
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4.4

DISCUSSION

In Indonesia, the diagnosis of malaria can be based on clinical symptoms and/or signs (particularly in
outer islands beyond Java-Bali) and/or blood slide microscopy (Java-Bali) 1. The clinical diagnostic
accuracy will vary from area to area according to the level of malaria endemicity, the incidence of
other causes of fever (such as viral infections/dengue, typhoid), and the experience of health-care
providers. We therefore evaluated the performance of several clinical diagnostic approaches
including health-staff (nurse/midwife) diagnosis, patient's own diagnosis and the Indonesian CDC
S?ase definition. We then also developed and tested models for a new national case definition based
on the clinical survey data. Although clinical features were clearly different between children and
adults,
a single practical model was selected that at the request of the Indonesian CDC could be applied in
areas of different malaria endemicity and in both children and adults .

4.4.1

.
MALARIA PREVALENCE (see results sections 4.3.1-4.3.2)

Among the health center attendees in both Radamata and Genyem, malaria was the most common
disease (~50%) diagnosed by nurse/midwife. Of these clinical malaria cases, only 38.6% in
Radamata (hypo-mesoendemic area) and 61.6% in Genyem (meso-hyperendemic area) were
confirmed by microscopy. This is similar to the findings in a hyperendemic area of Ghana, where of
the clinically diagnosed malaria casesonly 62.6% were parasitologically confirmed94. This confirms
that there is overtreatment, resulting in unwarranted costs for patients and/or health services and
risks of side effects. Overtreatment has also almost certainly contributed to the selection of parasite
strains resistant to the long half-life drugs chloroquine and sulfadoxine-pyrimethamine (see chapter

6).

Conversely, there were 11.5% and 31.3% of parasitemic cases with other clinical diagnoses in
Radamata and Genyem respectively. Lack of sensitivity of clinical diagnosis results in malaria being
untreated, thereby increasing the risk of severe and complicated malaria. Cases of alternative
diagnoses with parasitemia may represent true malaria as well as the possibility of incidental
parasitemia not contributing to an intercurrent clinical illness. ARI and diarrhoea were the common

120

other nurse/midwife diagnoses occuring in association with parasitemia in Radamata (11.5% and
20%) and Genyem (42.6% and 27.3%). In African children, malaria and ARI account for
approximately 30% of mortality95. The overlap in clinical features of pneumonia and malaria in
African children is well documented96, 97. Although diarrhoea has been reported to occur in malaria
with a frequency ranging from 9% to 38%98-101, diarrhoea was not an independent risk factor for
parasitemia in either Radamata or Genyem.

In the clinical studies, the overall malaria prevalence in all health center attendees was higher in
Radamata (28.7% vs 18.3%) and lower in Genyem (48.7% vs 66.7%) than in the 0-9 age groups
assessed at the health centers in the preceding malariometric surveys (chapter 3). The different age
groups studied (0-9 years old in the malariometric survey and all ages in the clinical study), and
seasonal changes likely explain the differences. Although, Radamata was confirmed as a hypomesoendemic area, adults had a surprisingly higher proportion with parasitemia than children <5
years old. Sumbanese mostly are farmers. The plantation land is usually close to the forest. The
study period was in the rainy season (January-March) which is a plantation period. Occupational
exposure may therefore account for the high adult overall parasitemia. The wet season may also
have explained the higher prevalence of parasitemia in children in the clinical study than in the dry
season sampling in the malariometric survey. In Genyem, a meso-hyperendemic area, as expected,
children had a higher parasitemia prevalence than adults. These findings are consistent with other
studies in endemic areas of lrian Jaya and Africa, with children being susceptible and less immune
than adults who have acquired clinical immunity31, 47, 102-105

Although P. falciparum was the most prevalent parasite species in all age groups, children tended to
be have a higher frequency of P. vivax than P. falciparum in Radamata, with a significantly higher
frequency of P. vivax in infants and children 1-4 years old in Genyem. This is consistent with the
findings from Vanuatu25, 106, Greece61 and Pakistan 79, and is consistent with the suggestion of
earlier acquisition of clinical immunity to P. vivaxthan P. falciparum25.
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4.4.2 CHARACTERISTICS AND CLINICAL FEATURES OF MALARIA (see results
sections 4.3.3-4.3.4)
Unlike Radamata where the population is homogenous Sumbanese, the population in Genyem is
heterogenous (Papuan and transmigrant). Papuan children were significantly more likely than nonPapuans (transmigrants) to have parasitemia than in adults. This probably reflects the high use of
bed nets and other transmission prevention measures in transmigrant children and the development
of immunity in Papuan adults.

Mean axillary temperatures and parasite densities generally declined with increasing age in both
Radamata and Genyem. This study supported Delfini's findings in Nigeria of a negative relationship
between body temperature and age with the lowest values in malaria being found in adolescents and
adults29. Studies in Nigeria also showed a positive relationship between body temperature and
parasite density28, 29. The age-specific P. falciparum parasite densities were greatest in infants (0.51.0 year), then slowly declined towards adulthood. However, age-specific P. falciparum parasite
densities for specific isotemperatures showed that infants (0.5-1.0 ye.ar) had relatively low
temperatures despite the high parasite densities31.

There was no reported severe disease in Genyem, which may reflect greater clinical immunity in
Genyem than in Radamata related to the endemicity levels of these areas (chapter 3), although
cultural differences in reporting of disease severity may also occur. Interestingly, in Radamata,
although children had higher axillary temperatures and parasite densities than adults, there was no
. difference in reported severity of disease between children and adults. In general the reported
severity of fever and other symptoms in Genyem was less than in Radamata. However during the
collection of data on symptoms severity and duration there was a distinct impression that these
subjective parameters particularly duration were unreliable and inaccurate. This is consistent with
findings from Senega184. One, study in India observed that the association of symptoms with
parasitemia did vary with the degree of malaria endemicity78.

Although P. fa/ciparum was a predominant species in all age groups, the proportion of P. vivax
tended to be higher in younger age groups in both sites, particularly in Genyem. In addition, the P.
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vivax proportion was overall higher in Radamata than in Genyem. This may be related to El Nino
activity during the study period, when the wet/rainy season was drier than average in this region. A
higher prevalence of P. vivax during a dry season than wet/rainy season has been demonstrated in
Vanuatu 25.

There has been no previous clinical malaria data by age group, species and level of endemicity in
Indonesia. In this study infants and children 1-4 years old had similar symptoms and signs which were
not different between Radamata and Genyem. Children 5-12 years old were similar to adults (>12
years old) in both Radamata and Genyem. As children ~5 years old are able to give a reliable history,
we therefore regrouped patients into <5 years old and ~5 years old groups for developing a case
definition of malaria for the region.

In Radamata and Genyem the common symptoms (fever, cough, runny nose and anorexia) and signs
(splenomegaly, hepatomegaly, pallor and crepitations) of parasitemic children <5 years old were
similar to those observed during malaria attacks in Senegal and Ethiopian children 0-5 years old84,
88. For older children and adults the common symptoms (fever, headache, rigors, dizziness, myalgia,
anorexia, nausea and vomiting) and signs (splenomegaly, pallor, hepatomegaly, cough and
crepitations) generally were similar to those obs~rved during malaria attacks in Senegalese patients
>6 years old84, Tanzanian adults82 and cases in India77.

It was not possible to discriminate clinically between P. falciparum and P. vivax malaria, with similar
clinical features in both infections. The higher frequency of preceding antimalarial use with P.
falciparum relative to P. vivax in Radamata may reflect the high frequency of chloroquine treatment
failure with P. falciparum but not in P. vivax in Radamata (chapter 6). It is unlikely to reflect greater
severity of illness as reported disease severity and mean axillary temperature were very similar
between species. The higher parasite density found for P. falciparum compared with P. vivax is well
documented, including studies performed in low transmission areas in Thailand80, and in Pakistan 79.
Interestingly, in both Radamata and Genyem, crepitations were more common for P. vivaxthan P.
falciparum, and dyspnoea was also higher for P. vivaxthan P. falciparum in Genyem. The overlap in
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clinical features between pneumonia and P. falciparum malaria is well documented96, 97_ Our data
suggest a similar overlap with P. vivax. P. vivax has been reported to cause severe lung injury in
adults 107-109. Further studies are required to clarify the contribution of P. vivax to respiratory
symptoms in uncomplicated malaria.

While the spectrum of symptoms and signs in parasitemic patients were similar in Radamata and
Genyem, overall frequencies of symptoms and signs were significantly less in Genyem, except for
runny nose and observed cough. This probably reflects clinical immunity in the higher endemic
Genyem area, possibly however with a higher rate of Acute Respiratory Infection.

4.4.3

CLINICAL PREDICTORS OF MALARIA (see results sections 4.3.5-4.3.6)

There were a number of significant predictors for the diagnosis of malaria in Radamata and in
Genyem, however each predictor had an OR of only a moderate magnitude. History of fever, rigors,
pallor and splenomegaly were significant predictors of parasitemia in ~oth Radamata and Genyem.
Headache, lack of runny nose, hepatomegaly and lack of crepitations were only for Radamata (likely
reflecting a higher proportion of adults among those with parasitemia), while anorexia was a predictor
for Genyem. Fever, headache, clinical anemia, splenomegaly, hepatomegaly, and absence of cough
have also been predictors of malaria in Thailand80, while history of fever, pallor and splenomegaly
were predictors for any degree of P. falciparum parasitemia and/or parasitemia ~10,000/ul in
Malawi39 and rigors and lack of runny nose were predictors in Ethiopia88.

In developing the models for diagnosis of malaria, fever was included as the main predictor as
suggested by many studies38, 39, 80, 88, 110_ In this study fever was based on history of recent
fever (in the previous 24 hours). Measuring body temperature routinely to determine fever in the busy
health center setting is problematic and in this study proved less predictive of parasitemia than history
of fever. A history of recent fever has also been show to be a reliable indicator of malaria morbidity in
Papua New Guinea33,
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We defined malaria as (i) malaria with any asexual species parasitemia or (ii) parasitemia ~ 620/ul for
Radamata and ~1,260/ul for Genyem to reflect the calculated threshold in the two regions for clinical
illness24, 37, 38, 40. Given the high case-fatality rate of untreated falciparum malaria, a clinical case
definition for malaria must minimise the number of patients undertreated. Area under ROC curves
was used in selection of the models when comparing a number of models created from combining
fever with statistically significant and blologically or clinically relevant predictors for diagnosis89-9 1.
Sensitivity of diagnosis with the model was considered a priority5. Alhough a number of predictors
were similar, the models generated for each site were different. Radamata models were developed
with a higher proportion of adults in those with parasitemia, while Genyem models were developed
with a higher proportion of parasitemic children. Of the three selected models from each site
(Radamata 1-3 and Genyem 1-3), the highest area under ROG curve was shown for the model with
more predictors included and used for diagnosis of parasitemia above the threshold.

This study did not identify highly reliable individual clinical predictors for both diagnosis of any
parasitemia and parasitemia above the thresholds. This is similar to finding from Thailand80_ Only
splenomegaly was identified as a modest predictor for diagnosis of any parasitemia in Genyem. In the
Philippines, sequential occurence of fever, chills and sweating was a good predictor of malaria81.
Fever alone in this study showed high sensitivity and NPV, but low specificity and PPV for both
diagnosis of any parasitemia and parasitemia above the thresholds in both Radamata and Genyem.
This is consistent with a study from Malawi which showed that any history of fever was highly
sensitive(>90%) but not specific (approximately 20%} for both diagnosis of any parasitemia and
parasitemia above the threshold level in children <5 years old 39. In Genyem, the sensitivity (>40%)
and specificity (approximately 80%) of rigors was comparable with an Ethiopian study for diagnosis of
any parasitemia in the high risk season88. In Radamata, headache (sensitivity above 80% and
specificity approximately 40%} was comparable to the Thai study80. Lack of runny nose was less
sensitive than in the Ethiopian study (44-58% vs 71-85%)88_ The sensitivities of pallor and
splenomegaly were higher than in the Thai and Ethiopian studies, and lower than in Malawi, but their
specificities were, respectively lower and higher39, 80, 88. The performance of hepatomegaly in
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Genyem was also comparable with the Thailand study80. No studies could be cited to compare the
performances of anorexia and lack of crepitations for diagnosis of parasitemia.

4.4.4 PERFORMANCE OF CLINICAL MALARIA CASE DEFINITIONS (see results
section 4.3. 7)
Almost all clinical algorithm studies have been for children, particularly children <5 years old39, 40,
80, 88, 11 O, 111. Although the two regions studied were of different endemicity and the age groups
were different, there were little differences in area under ROC curves between the selected 6 models.
All models gave area under ROC curves >0.65, whether applied in Radamata or Genyem and both
for development and validating data sets.

In patients ~5 years old in Genyem, the models were less sensitive than in children <5 years for
diagnosis of any parasitemia. This was not found for Radamata and may relate to the acquisition of
clinical immunity in patients ~5 years old in Genyem66, 67 and high ra!es of asymptomatic
parasitemia. Lower PPV in children <5 years old than in patients ~5 years old in Radamata and the
reverse in Genyem reflected the different preval~nces of parasitemic cases in these age groups in the
two regions.

In children <5 years old Radamata 3 [history of fever with one or more of (rigors, headache, lack of
runny nose, or pallor)] was the best model for diagnosis of any parasitemia in Radamata with a
sensitivity of 89.1%, specificity of 47.4% and LR for positive test of 1.69. However this model had a
lower sensitivity (58.0%) and LR for postive test (1.21) in Genyem. Genyem 2 [history of fever with
one or more of (rigors, anorexia, or pallor)] was the best model for use in both Genyem (90.9%
sensitivity, 37.7% specificity and 1.46 LR for positive test) and Radamata (89.1% sensitivity, 39.3%
specificity and 1.47 LR for positive test). Genyem 2 was similar to Radamata 3 for diagnosis of any
parasitemia in children <5 years old. Thus, either Radamata 3 or Genyem 2 were comparable with
the Malawi revised case definition (rectal temperature~37.7°C or nailbed pallor or splenomegaly) for
diagnosis of any P. fa/ciparum parasitemia in children <5 years old (85% sensitivity and 41%
specificity)39. This is in contrast to the lower sensitivity found with the Gambian (for children <5 years
old) model (temperature >38°C and/or splenomegaly and/or moderate to severe pallor) for the
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presence of parasitemia (77% sensitivity and 51% specificity) and malaria (fever with P. falciparum
>5,000/ul) (88% sensitivity and 51% specificity) 72. In patients 2::5 years old, Genyem 2 was also the
best model for the diagnosis of any parasitemia with sensitivities of 86.3% and 65.8%, specificities of
56.3% and 64%, and LRs for positive test of 1.98 and 1.83 in Radamata and Genyem respectively.
The Genyem 2 model performances in patients 2::5 years old were also comparable with an Ethiopian
modelfor diagnosis of any parasitemia in low and high risk settings in children <5years old88. The
predictors of malaria included in Genyem 2 (fever, rigors, pallor and splenomegaly) were similar in the
two sites and it is encouraging that this model was at least as good when applied in Radamata.
Although rigors were more common in adults, and pallor and splenomegaly were more common in
children, Genyem 2 performed well when applied to both children and adults.

Apart from a lower PPV for P. vivax (related to its lower prevalence), there was little difference
between the diagnosis of P. falciparum and P. vivax in Radamata. Interestingly, as for fever alone, the
models had a higher sensitivity NPV predictable for the diagnosis of P. vivax than for P. falciparum.

In Radamata 72.9% of parasitemia cases were above the threshold and there was little difference in
performances of the models between diagnosis of any parasitemia and parasitemia above the
threshold. In Genyem, only 41% of parasitemic cases were above the threshold. This reflects
acquired clinical immunity in Genyem, and the models had a higher sensitivity and LR for positive test
for the diagnosis of parasitemia above the threshold than for the diagnosis of any parasitemia.

As expected, the Indonesian CDC diagnosis had low sensitivities and high specificities, except in
patients 2::5 years old in Radamata, with high (>2) LR for positive test in both Radamata and Genyem,
particularly in children <5 years old. The poor sensitivities and LR for negative tests, particularly in
children <5 years old may be because CDC case definition reflects more adult predictors and is too
restrictive. To prevent underdiagnosis of malaria a more sensitive case definition is a priority. The
combination of two or three predictors may improve the specificity but sensitivity remains low83. A
strict combination model in Thailand (fever and headache and absence of cough) also showed
similarly low sensitivity80. A higher proportion of parasitemic cases were in adults in Radamata and
the Indonesian case definition reflects more adult predictors. The Indonesian CDC definition therefore
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performed better in Radamata. In Genyem, the CDC definition had very low sensitivities for the
diagnosis of any parasitemia and parasitemia above the thresholds (for both P. falciparum and P.
vivax). As well as reflecting the different age distributions of parasitemia between the regions, this
poor performance in Genyem may also relate to acquired immunity affecting diagnostic criteria.

The empirical unknown decision rules for diagnosis used by health staff (nurse and midwife) resulted
in moderate sensitivities and specificities (approximately 60%) with LRs for postive tests of 1.78 and
1.50 respectively for the diagnosis of any parasitemia in children <5 years old and patients ~5 years
old in Radamata. Similar data was reported from Zimbabwe83. The overall performance of health
staff diagnosis was moderate and similar for diagnosis of any parasitemia and parasitemia above the
threshold, and for diagnosis of P. falciparum and P. vivax (except for P. vivax in Genyem) in both
Radamata and Genyem. The sensitivity of health staff diagnosis at Genyem was higher for
parasitemia above the threshold (74.5%) than for any parasitemia (67.1%). This is likely to reflect a
high rate of incidental low level parasitemia concomitant with other diseases such as ARI in the
meso-hyperendemic Genyem region.

Interestingly, the patient's own diagnosis showed somewhat better performance than health staff
diagnosis in Genyem. Patients in Genyem may well have more experience in self-diagnosis of
malaria. This was not apparent in Radamata.

4.5
4.5.1

CONCLUSIONS
THE BEST MODEL

The Genyem 2 model was the best of the 6 selected models overall for diagnosis of any parasitemia
and parasitemia above the threshold levels and for P. falciparum and P. vivax in both Radamata and
Genyem. Genyem 2 had high enough sensitivities (72-96%) and greater specificities (42-58%) and
LR for positive test (1.55-1.96) than fever alone. However Genyem 2 was less specific than the
Indonesian CDC case definition and health staff diagnosis or patient's own diagnosis (except for
patients ~5 years old). The importance of avoiding under-diagnosis of falciparum malaria makes
Genyem 2 the best model to adopt for the national case definition of malaria. For more accurate
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diagnosis, health staff should be trained to detect pallor and splenomegaly which are included in the
Genyem 2 model. This was suggested also from the Malawi and Ethiopian studies39, 88.

4.5.2

HOW BEST TO USE THE GENYEM 2 MODEL?

The new case definition, Genyem 2 can be used for both surveillance and individual case
management purposes. When used for case management, the model could be used to decide who
will be treated for malaria, who will undergo microscopy (if microscopy is available) or to target the
u~e of expensive drug combinations.

The Genyem 2 model has greater specificity and LR for positive test than fever alone, and can be
used to reduce overtreatment. This is now particularly important because the current cheap first-line
antimalarial drug is no longer effective in Radamata and Genyem (chapter 6) and more expensive
drug combinations appear necessary (chapter 7). Although Genyem 2 has a sensitivity almost as
good as fever alone, 8 to 14% and 4 to 28% patients in Radamata and Genyem will stll miss out on
'
receiving antimalarial treatment. This poses a risk of undertreatment to the minority of parasitemic
patients. These have been discussed by Kevin Marsh and colleagues in an African setting 112.

Microscopic examination is the ideal method for definitive diagnosis of malaria, however in most
Indonesian Health Centers with microscopy services, only a minority of febrile patients seen during
clinic hours are able to have microscopy. The Genyem 2 model could therefore be used as a guide
for determining who requires blood slide microscopic examination. One option would be to restrict
microscopy to those meeting the Genyem 2 criteria, so as to identify parasite species as well as direct
antimalarial treatment. Another option is to use microscopy only on those febrile patients who do not
meet the Genyem 2 criteria, so as to minimise underdiagnosis and undertreatment in this group. The
disadvantage of this would be the lack of speciation in the majority of malaria cases who would be
treated empirically without microscopy.

Considering the desire to prevent the emergence and spread of antimalarial drug resistance
(chapters 6 and 7), the Genyem 2 model could also be used for targeting the most effective
antimalarial regimen for treatment of malaria. All confirmed malaria cases by microscopy could be
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treated with the best antimalarial regimen for falciparum or vivax malaria respectively. Febrile patients
in high endemic areas not meeting the Genyem 2 criteria could still be treated with a less effective
cheaper antimalarial regimen such as the current Indonesian CDC recommendation for treatment of
clinical malaria cases (so as not to miss out on treatment altogether )15. Vulnerable groups such as
children <5 years old, pregnant women and transmigrants or non immune visitors could still be
targeted for the most effective regimen (albeit expensive).

In the light of these options and my findings from chapters 5-7, my final recommendations for the use
of the Genyem 2 model and for treatment regimens are described in chapter 9.
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5.

UTILITY OF A COMBINED P.F/P.V ANTIGEN DETECTION
TEST FOR THE RAPID DIAGNOSIS OF BOTH FALCIPARUM
AND VIVAX MALARIA

SUMMARY
In areas such as eastern Indonesia where both Plasmodium falciparum and Plasmodium vivax occur,
rapid antigen detection tests for malaria need to be able to detect both species. We performed the
first field evaluation of the ICT combined P. falciparum-P. vivax immunochromatographic test (ICT
Malaria P.f/P.v) in Radamata Primary Health Center, Sumba, Indonesia from February to May 1998 in
S60 symptomatic adults and children with a presumptive clinical diagnosis of malaria. Blinded.
microscopy was used as the "gold standard", with all discordant and 20% of concordant results crosschecked blindly.

Only 50% of those with a presumptive clinical diagnosis of malaria were parasitemic. The ICT P.f/P.v
immunochromatographic test was sensitive (95.5%) and specific (89.8%) for the diagnosis of
falciparum malaria, with positive (PPV) and negative (NPV) predictive values of 88.1 % and 96.2%,
respectively. HRP2 and pan-malarial antigen line intensities were associated with parasitemia density
for both species. Although the specificity and NPV for the diagnosis of vivax malaria were 94.8 and
98.2%, respectively, the overall sensitivity (75%) and PPV (50%) for the diagnosis of vivax malaria
were less than the desirable levels. The sensitivity for the diagnosis of P. vivax malaria was 96% with
parasitemias of >500/ul but only 29% with parasitemias of <500/ul.

Nevertheless, compared with the test with HRP2 alone, use of the combined antigen detection test
would reduce the rate of undertreatment from 14.7% to 3.6% for microscopy-positive patients, and
this would be at the expense of only a modest increase in the rate overtreatment of microscopynegative patients from 7.1 % to 15.4%. Cost remains a major obstacle to widespread use in areas of
endemicity.
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5.1
5.1.1

INTRODUCTION
LABORATORY DIAGNOSIS OF MALARIA

Microscopy of a Giemsa-stained thick and thin smears by a skilled microscopist has remained the
standard laboratory method for the diagnosis of malaria both in regions where malaria is endemic and
in regions where malaria is nonendemic. In Eastern Indonesia, as in many other regions where
malaria is endemic, there are problems with microscopic diagnosis, particularly at the periphery of the
health care system. These include lack of skilled microscopists, limited supply and maintenance of
microscopes and reagents, delays in results, and inadequate quality control. Moreover, ready access
to these microscopy services is limited for the vast majority of symptomatic, malaria-exposed
residents. For these reasons, the Indonesian Malaria Control Operational Policy still recommends
early diagnosis and prompt treatment on the basis of a clinical diagnosis of malaria 15. Because of the
non-specific nature of symptoms and signs of malaria, this results in considerable mistreatment, both
overtreatment with antimalarial agents and undertreatment of those with nonmalarial illness. The
World Health Organization has recently reiterated ''the urgent need f6r simple and cost-effective
diagnostic tests for malaria to overcome the deficiencies of [both] light microscopy'' and clinical
diagnosis 113.

There are several alternative methods for the diagnosis of malaria which have sensitivity and
specificity as good as microscopy. Quantitative Buffy Coat (QBC} and Kawamoto acridine orange
thick and thin smears are not suitable for wide field application and are relatively expensive. They also
need microscopy using fluorochromes or special light sources and filters, and a skilled
microscopist114-127_ Antibody detection using serological tests only measures prior exposure and
not specifically current infection 128_ Other, Polymerase Chain Reaction (PCR} based tests, involve a
lengthy procedure that requires specialised and costly equipment and reagents, and laboratory
expertise, all of which are usually not available in the field58, 129-132_ Over the last decade rapid
antigen detection dipstick assays have been developed and introduced in a variety of settings. This
diagnostic method may relevant to the Roll Back Malaria initiative that emphasises better application
of existing tools4.
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5.1.2

ADVANTAGES OF RAPID ANTIGEN DETECTION TESTS FOR MALARIA

In recent years, multiple studies in areas of both endemicity and nonendemicity have found that rapid
dipstick antigen capture tests for the circulating Plasmodium falciparum-specific antigen Histidine-rich
protein 2 (HRP2) have excellent sensitivity and specificity for the diagnosis of P. falciparum malaria,
generally at least as good as microscopy of a thick and thin film by a skilled microscopist 125, 133-151
129, 152-155. HRP2 is a water-soluble protein produced by trophozoites and immature gametocytes
of P. falciparum 156. There are several commercially available methods of HRP2 antigen detection,
such as ParaSight-F125, 133-139, 142-144 127, 146, 149, 154, 155, 157, the P. falciparum
immunochromatographic test (ICT Malaria Pf)145, 147, 152-154, 158, 159, PATH Falciparu~
Malaria59, 131, and Determine Malaria PF 154_ All of these HRP2 tests have comparable
performances 129, 147, 153, 154. The rapid dipstick antigen test may also detect circulating antigens
from circulating parasites below the level of microscopic detectability and from sequestered parasites
of P. falciparum in deep vascular compartments 133, 140, 146, 160, 161 and placenta162. Moreover,
the rapid dipstick antigen test is simple to perform and to interpret. This test does not require special
equipment, electricity or a trained microscopist, and is less labour-intensive. The result can be read
with the naked eye in 15-20 minutes and the components are stable under warm conditions 133.
Health workers as well as non-health workers can be taught how to perform the test and interpret
results 148, 155, 163. Test performance and interpretation vary relatively little among individual
users 155, 159.

5.1.3

DISADVANTAGES OF RAPID ANTIGEN DETECTION TESTS FOR MALARIA

A major limitation of HRP2-based tests has been their inability to detect malaria caused by other
species. They are not suitable for routine use in areas other species are highly prevalent. Despite
their ability to detect sequestered parasites and circulating antigens, use of these tests may lead to
confusing results in relation to the assessment of treatment failure after parasite clearance by
microscopy. This persistence antigenemia can give positive results for up to 28 days following
chemotherapy and parasite clearance by microscopy133, 149, 154, 157, 164, 165. While, there is a
correlation between whole blood PfHRP2 level and parasite density1 60, current dipstick tests are not
quantitative. Current rapid antigen tests can not provide information of possible prognostic importance

133

and are not suitable for evaluation of drug response (see chapter 8). In addition, the current rapid
dipstick antigen detection test is still expensive, with cost per test varying from US$ 0.60 to US$ 2.50
per test and possibly more 166.

5.1.4

/CT MALARIA P.F/P. V IMMUNOCHROMATOGRAPHIC TEST

This test is based on the detection of HRP2 and a pan-malarial antigen, details of which have not
been published. HRP2 is a water-soluble protein produced by trophozoites and young gametocytes of

P. falciparum 156. Pan-malarial antigen is expressed by blood-stages of P. falciparum and P vivax,
and probably also by Plasmodium ovale, but no data on antigen expression by Plasmodium malariae
are yet available (Garcia M, personal communication). The test kit is identical to the P. falciparumspecific HRP2 test described previously140, but a second monoclonal antibody directed against a
pan-malarial antigen is added. The kit contains a cupboard book with a immunochromatographic test
strip on one side, buffer solution, and microcapillary tubes.

5.1.5

JUSTIFICATION

Considering the problems with delivery of reliable microscopy services and the difficulties of clinical
diagosis due to the nonspecific nature of the symptoms and signs of malaria, an alternative diagnostic
technique is needed to improve disease management. In areas such as Eastern Indonesia where
both P. falciparum and P. vivax occur, rapid antigen detection tests for malaria need to be able to
detect both species. The ICT P.f/P.v kit is simple, rapid and could be applied in the primary health
care setting. It might be useful as an alternative method for diagnosing malaria in remote areas and
for rapid diagnosis of malaria in epidemic and in emergency cases such as in the diagnosis of severe
and complicated malaria where microscopic is negative or unavailable. In relevance to the Roll Back
Malaria initiative that emphasises better application of existing tools5, we therefore, evaluated the
new combined P.falciparum-P.vivax immunochromatographic test (ICT Malaria P.f/P.v) for the
detection of malaria. ICT P.f/P.v is based on detection of P. falciparum-specific HRP2 antigen and a
pan-malarial antigen, and microscopy is used as the "gold standard".
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Item removed due to copyright.

Figure 18. Performing finger puncture for blood smears and ICT Malaria P.f/
P. v antigen testing , Radamata, West Sumba , March 1998.
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5.1.6 AIMS
The main aim of this study was to evaluate the accuracy and utility of the ICT Malaria P.f/P. v
immunochromatographic test for detection of P. falciparum and P. vivax in patients with a
presumptive clinical diagnosis of malaria compared to microscopic examination as the "gold
standard". The specific aims of this evaluation were to assess the performance of the ICT Malaria
P.f/P.v immunochromatographic test relative to microscopy as the "gold standard" and to assess
mistreatment reduction by the ICT Malaria P.f/P.v immunochromatographic test.

5.2
5.2.1

MATERIALS AND METHODS
TIMES AND STUDY SITES

The study was performed from February to May 1998, in Radamata Health Center, Laratama
subdistrict, West Sumba, East Nusa Tenggara Province, Indonesia, a subdistrict with a Plasmodium
infection rate in children Oto 9 years of age of 5.1 % (see chapter 3).

5.2.2 ETHICS
The study was approved by the Ethics Committee of the National Institute of Health Research and
Development (NIHRD), Indonesian Ministry of Health and Social Welfare, Jakarta, Indonesia and by
the Joint Institutional Ethics Committee of Menzies School of Health Research and Royal Darwin
Hospital, Darwin, Northern Territory, Australia (Appendices 1 and 2).

5.2.3

SETTING

This was a blinded, comparative study of a combined P.f/P. v antigen detection test versus
microscopic examination as the "gold standard" in those diagnosed with clinical malaria. The study
was performed in parallel with the study of clinical predictors of malaria described in chapter 4.

5.2.4

PATIENTS

All symptomatic adults and children attending the health centre were enrolled in the study. Only those
who had a presumptive diagnosis of clinical malaria were eligible for the study. A diagnosis of clinical
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malaria was based on fever or history of fever in the preceding 48 hours and no other evident cause
of fever. In routine clinical practice in this setting, all of these people would have been treated
empirically with antimalarial drugs.

5.2.5 LABORATORY EXAMINATION
Thick and thin films were prepared directly from fingerprick blood samples, and
immunochromatographic testing was performed directly with the fingerprick blood samples (figure

18). Thick and thin smears were stained, examined, and quantitated as described in chapter 3. The
initial thick film was considered negative if no parasites were seen in at least 100 high-power fields.

After a period of training, the immunochromatographic test with 15ul of fingerprick capillary blood was
performed by clinic health workers according to the manufacturer's instructions, and the results were
read by the study physician (E.T.) who was blinded to microscopy results. The MLO2 ICT P.f/P.v test
card (AMRAD-ICT, Sydney, Australia) was used. Batch 100088 was used for the first 393 tests and
batch 041388 was used for the remaining 167 tests.

5.2.6

TREATMENT

All patients were treated with a standard regimen of chloroquine with or without primaquine according
to malaria treatment protocols of the Indonesian Ministry of Health 15. Malaria treatment was given
based on clinical symptoms and signs with or without confirmed microscopic examination. The clinical
malaria patients, microscopy-confirmed falciparum malaria, microscopy-confirmed vivax malaria or
mixed falciparum vivax malaria were treated as described in chapters 3 and 415.

5.2.7 ASSESSMENT
All slides with discordant results and 20% of slides with concordant results were cross-checked by an
expert microscopist (Mary Dyer) in Darwin with over 20 years experience. This microscopist was
blinded to patients' diagnosis and to previous microscopy and immunochromatographic test results. A
thick film was considered negative on cross-checking only if at least 200 high-power fields were
negative.
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The test was considered valid if the control line was visible and positive if the HRP2 and/or panmalarial antigen lines were visible. An immunochromatographic diagnosis of P. vivax malaria was
made if only the pan-malarial antigen line was visible. A diagnosis of P. falciparum was made if the
HRP2 line was visible, with or without the pan-malarial antigen line. Coinfection with both P.
falciparum and P. vivax cannot be distinguished from infection with P. falciparum alone: the test
interpretation when two lines are visible is P. falciparum malaria {figure 19). Line intensity was graded
into four categories: absent, faint (just visible), intermediate, or greater than or equal to that of the
control. The accuracy and utility of a combined P.f/P. v antigen detection test was measured by
sensitivity, specificity, positive and negative predictive value, reliability and agreement, and the ability
to reduce mistreatment.

5.2.8

DATA PROCESSING

Epi-lnfo version 6. 04b (Dean AG et al, 1995) was used to calculate test performance and
acceptability evaluation indices, with microscopy used as the gold standard. Performance indices
were calculated for each of the following microscopic diagnoses: malaria as a whole (diagnosis of
either species), P. falciparum (including mixed infection), and P. vivax malaria. The variables
measured were the number of true positives (TP), number of true negatives (TN), number of false
positives (FP), and number of false negatives (FN). Sensitivity was calculated as TP/(TP+FN);
specificity was calculated as TN/(TN+FP); the positive predictive value (PPV) was calculated as
TP/(TP+FP) and the negative predictive value (NPV) was calculated as TN/(FN+TN). Sensitivity and
specificity were used to calculate the likelihood ratios for a positive test result [sensitivity/(1specificity)] and a negative test result [(1-sensitivity)/specificity]93. The likelihood ratios were used to
determine posttest probabilities by using Fagan's nomogram 167. Test accuracy, the proportion of all
tests that gave a correct result, was defined as {TP+TN)/number of all tests. Reliability was expressed
as the J-index (TPxTN - FPxFN)/(TP+FN){TN+FP) 168.

In the analysis for malaria as a whole, results were considered false positive if microscopy detected
P. falciparum and the immunochromatographic test detected P. vivax, and vice versa. Because mixed
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infections are read as P. fa/ciparum alone, when analysing test performance for the detection of P.
vivax, mixed infections detected by microscopy were considered true negative if
immunochromatographic testing detected P. fa/ciparum and true positive if immunochromatographic
testing detected P. vivax. HRP2 is thought to be present in immature (but not mature)
gametocytes 113, 134, 156, which may result in an immunological true-positive antigen-detection test
result. However, in clinical evaluations of the ParaSight-F test, mature gametocytemia alone has not
been associated with an excess of positive test results 113, 134, 157 WHO, 1996). Because sexual
stages do not cause disease, samples that were HRP2 or pan-malarial antigen positive by
immunochromatographic tests but that were asexual parasite negative and gametocyte positive on
microscopy were considered false positive 113_

The Kruskal-Wallis test was used to examine the overall relationship between parasite density on
microscopy and immunochromatographic test line intensity categorised as described above. Stepwise
two-sample ttests with log-transformed data were then used to test the significance of differences in
mean parasitemia between each category of line intensity. Following Bonferroni adjustment for
multiple comparisons, a p value of 0.017 was considered significant.

5.3
5.3.1

RESULTS
PERFORMANCE OF THE /CT MALARIA P.FIP. V IMMUNOCHROMATOGRAPHIC
TEST RELATIVE TO MICROSCOPY AS A GOLD STANDARD

Of the 560 patients who met the case definition for clinical malaria, 289 (51.6%) were males and 271
(48.4%) were females. The age range was Oto 80 years, with 50.7% children (<13 years) and 49.3%
adults (~13 years). Almost all were Sumbanese (98.2%). Two hundred and ninety-four (52.5%) of the
560 people with a presumptive clinical diagnosis of malaria were found to have parasitemia (with or
without sexual forms); 279 (49.8%) had asexual-stage parasitemia (with or without sexual forms), and
15 (2.7%) had P. falciparum gametocytes only. Of the 279 people with asexual-stage parasitemia,
230 (82.4%) were infected with P. falciparum as detected by microscopy, 32 (11.5%) were infected
with P. vivax, and 17 (6.1 %) were infected with both P. falciparum and P. vivax.
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The results of parasite detection by microscopy and immunochromatographic testing are compared in
table 5.3.1a. The test was sensitive (95.5%) and specific (89.8%) for the diagnosis of falciparum

malaria, with a PPV and an NPV of 88.1 and 96.2%, respectively (table 5.3.1 b). The corresponding
sensitivity and specificity for the diagnosis of vivax malaria were 75% and 94.8%, respectively, with an
NPV of 98.2% and a PPV of 50 %. Other evaluation indices are given in table 5.3.1 b.

Table 5.3.1a: Comparison of ICT P.f/P.v testing and microscopic examination for malaria for 560
patients with a presumptive clinical diagnosis of malaria
No. of samples with the following result by ICT P.f/P.v:
Microscopy result

-------------------------------------------------------P. vivax

P. falciparum

P. falciparum asexual

4

223

-----------------Negative

3

Total

230

(±sexuala)
24

6

32

13

3

1

17

P. falciparum sexual only

11

1

3

15

Negative

19

22

225

266

268

54

238

560

P. vivax, asexual

2

(±sexual)
P. falciparum + P. vivax

(±sexual)

Total

a±sexual, with or without sexual-stage parasites
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Table 5.3.1b Performance characteristics of the ICT Malaria P.f/P.v immunochromatographic test
relative to microscopy in 560 patients with a presumptive clinical diagnosis of malaria

Performance

P.fasexual

P.vasexual

(±sexual)

(±sexual)

% (95%CI)

% (95% Cl)

% (95% Cl)

Sensitivity

96.3 (93.2-98.1)

95.5 (92.0-97 .6)

75 (57.5-87.3)

Specificity

79.4 (74.2-83.9)

89.8 (85.7-92.8)

94.8 (92.5-96.5)

PPV

81.7 (76.9-85.7)

88.1 (83.4-91.6)

50.0 (36.3-63.7)

NPV

95.8 (92.2-97.9)

96.2 (93.2-98.0)

98.2 (96.5-99.1)

Accuracy

87.7

92.3

93.6

Jindex

0.76

0.85

0.70

Positive test

4.7

9.4

14.4

Negative test

0.06

0.05

0.26

Total

Likelihood ratio:

Test sensitivity for the detection of P. vivax increased with increasing density of paras item ia (figure
5.3.1.1): sensitivity for the detection of P. vivaxwas 96% with parasitemias of ~500/ul, but only 29%

with parasitemias <500/ul. The mean P. vivaxparasitemia (excluding mixed infections) was 7,157/ul,
with 22% (7 of 32) of the study subjects having parasitemias below 500/ul. Infections in 6 of the 32
subjects with P. vivax infection were not detected by the pan-malarial antibody; 5 subjects had low
parasite density (~80/ul), and 1 subject had a parasite density of 4,880/ul. Both test antibodies were
very sensitive for the detection of P. falciparum antigens: 97% (223 of 230) for HRP2 and 96.1 %
(221 of 230) for the pan-malarial antigen. Of the seven subjects with P. falciparum infection not
detected by HRP2 (3%), not all had low parasitemias: four had parasite densities of between 120 and
1,000/ul, but the three others had densities of between 2,200 and 4,080/ul.
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In febrile Sumbanese subjects in Radamata Health Center the pretest probabilities of falciparum and
vivax malaria on the basis of a clinical diagnosis were 44% and 5.7%, respectively. By using the
calculated likelihood ratios presented in table 5.3.1b 167 a positive ICT P.f/P.v result for each species
gave posttest probabilities for falciparum and vivax malaria of 88 and 44%, respectively. A negative
test gave posttest probabilities of 2.7% and 1.3%, respectively.

Pan-malarial antigen line intensity was associated with parasitemia density for both species (figure
5.3.1.2) (p<0.0000001 and p<0.0002 for P. falciparum and P. vivax, respectively, by the Kruskal-

Wallis test). The differences in mean parasitemia between absent and faint, faint and intermediate,
and intermediate and greater than or equal to that for control pan-malarial antigen line intensities
were more significant for P. falciparum (p==0.06, p<0.001, p==0.0024, respectively) than for P. vivax
(p==0.38, p==0.014 and p==0.17, respectively). HRP2 line intensity was also associated with P.
falciparum parasitemia density (figure 5.3.1.1a) (by Kruskal-Wallis testing, p::::0.000005); however,

the differences in mean parasitemias between absent and faint, faint and intermediate, and
intermediate and greater than or equal to that for control HRP2 line intensities were less than those
for the pan-malarial antigen and were not significant (p==0.38, p==0.07, p==0.038, respectively).
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Figure 5.3.1.1 Sensitivity of antibodies to the HRP2 and pan-malarial antigens at different parasite
densities (excluding mixed infections}. The numbers in each category for P. talciparum
and P. vivax, respectively, are as follows: <50/ul, 3 and 5; 50 to 499/ul, 30 and 2; 500
to 4,999/ul, 86 and 14; >5,000/ul, 107 and 11.
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For analysis of HRP2 antigen line intensity (fig 5.3.1.2a), there were 7 (3%), 38 (16.5%), 33 (14.4%)
and 152 (66.1 %) patients in the line intensity categories of absent, faint, intermediate, and greater
than or equal to that for the control, respectively, for P. falciparum. HRP2 antigen line intensity was
associated with increasing P. falciparum parasite density (p=0.000005).
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Figure 5.3.1.2a: Box-plots of asexual parasite density per microliter by line intensity of the HRP2
antigen, excluding mixed infections. Boxes show the interquartile ranges. The bold
horizontal lines indicate medians; vertical lines indicate 1.5 times the interquartile
range (or the total range if this is less) , with significant outliers indicated by stars.
The width of boxes is proportional to the numbers in each category.
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For analysis of pan-malarial antigen line intensity (fig 5.3.1.2b), there were 9 (3.9%}, 61 (26.5%}, 53
(23.1%), and 107 (46.5%) patients in the line intensity categories of absent, faint, intermediate, and
greater than or equal to that for the control, respectively, for P. falciparum (Pf) and 6 (18.8%), 6
(18.8%), 8 (25%}, and 12 (37.5%} patients in the four categories, respectively, for P. vivax (Pv). Panmalarial antigen line intensity was associated with increasing parasite density for both P. falciparum
(p<0.0000001) and P. vivax (p=0.0002).
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One third (11 of 32} of subjects false positive for falciparum malaria were infected with gametocytes,
as detected by microscopy. Of those with no as.exual parasites on microscopy but an ICT P.f/P.v
result indicating the presence of P. fafciparum or P. vivax, approximately half (14 of 30 who were false
positive for P. falciparum and 11 of 22 who were false positive for P. vivax} had had chloroquine
treatment in the preceding 4 weeks. For microscopy-negative subjects, those with a history of
chloroquine in the preceding 4 weeks were twice as likely to be false positive for HRP2 (11.1 %} as
those without recent treatment (5.4%}[p=0.17 by x2 analysis], and twice as likely to be false positive
for the pan-malarial antigen (20.7 versus 10.8%} (p=0.03}. False positive test results for pan-malarial
antigen were equally distributed in both batches of ML02 tests used, and the line intensity was faint in
almost all (92%} samples that tested false positive. In contrast, the line intensities for only 53% of
samples with false-positive HRP2 test results were faint, with 47% being of intermediate intensity or
greater. Of the 15 subjects in whom only P. fafciparum gametocytes were found by microscopy,
73.3% were positive for HRP2 (with 73% of these having a line intensity of intermediate or above},
and 80% were positive for the pan-malarial antigen (with 75% of these having a line intensity of
intermediate or above}.

5.3.2

MISTREATMENT REDUCTION BY THE /CT MALARIA P.FIP. V
IMMUNOCHROMATOGRAPHIC TEST

The addition of the pan-malarial antibody to the HRP2 antibody used in current antigen detection tests
resulted in a significant reduction in undertreatment at the expense of a modest increase in
overtreatment. Plasmodium infections in 41 (14.7%} of the 279 microscopy-positive patients with
malaria were not detected by the HRP2 antibody. With the addition of the pan-malarial antibody to the
test kit, infections in only 1O (3.6%} of these microscopy-positive patients were not detected by the
combined ICT P.f/P.v test. Of the 266 subjects who were microscopy negative for both asexual and
sexual parasites, 19 (7.1%} were false positive by HRP2 testing, and this number increased to 41
(15.4%} with the addition of the pan-malarial antibody.
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5.4
5.4.1

DISCUSSION
UTILITY OF THE /CT MALARIA P.F/P. V IMMUNOCHROMATOGRAPHIC IN
DIAGNOSING MALARIA

Because the monoclonal antibody to HRP2 used in ICT Malaria P.f/P.v test is identical to that used in
the ICT Malaria Pf test, it is not surprising that the 96% sensitivity and 90% specificity for the detection
of P. falciparum that we found using the combined ICT P.f/P.v were com.parable to the high
sensitivities (range, 92 to 100%) and specificities (range, 84 to 99%) previously reported for ICT
Malaria pf 129, 140, 141, 145, 147, 148, 150-154, 159. The sensitivity of ICT P.f/P.v was better than
that previously reported for HRP2 antigen detection tests in Indonesia137, 144. For the detection of P.
falciparum, the sensitivity and specificity of ICT P.f/P.v (current study), ICT pf129, 140, 141, 145, 147,
148, 150-154, 159, and ParaSight-F125, 133-139, 142-144, 146149, 154, 157155 for HRP2 were,
overall, at least equal to those of microscopy performed in a well-organized malaria diagnostic
laboratory and much better than those routinely achieved by microscopy in remote primary health
centres 113.

In contrast to the excellent sensitivity for the detection of P. falciparum, the overall sensitivity of ICT
P.f/P. v for the detection of P. vivax was less than the desirable level. Although sensitivity was 96%
with parasitemias of >500/ul, sensitivity was only 29% when parasitemias were below this level.
Because of the relatively few symptomatic patients with vivax malaria cases and low parasitemias, it
was not possible to define the detection threshold with certainty. The utility of the current test for the
diagnosis of vivax malaria will depend on the clinical immunity and pyrogenic threshold in the target
population. Pyrogenic threshold, which is the density of plasmodia required to invoke a febrile reaction
in a given individua171 is on average, lower for vivax malaria than for falciparum malaria71 and is
lower in nonimmune subjects than in those with previous exposure71, 169. For one large series of
non-immune subjects, the mean pyrogenic threshold during initial infection with vivax malaria was
<500 parasites/ul with over 70% of subjects developing fever when densities were <1 00/ul71 ,
suggesting that with its current level of sensitivity, ICT P.f/P.v would miss a significant proportion of
symptomatic nonimmune patients with vivax malaria. In population in whom malaria is endemic, the
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pyrogenic threshold for vivax malaria is usually higher71, 169, and in areas of endemicity, the current
ICT P.f/P.v may detect vivax malaria in a greater proportion of semiimmune patients who show
symptoms of vivax malaria. In our study area, which is hypoendemic for malaria, 78% (25 of 32) of
patients with symptoms, of vivax parasitemia had parasitemias above 500/ul (mean, 7,157/ul), and
parasitemia was detected in 96% of these patients by the immunochromatographic test. As in
previous studies with HRP2113, 129, occasional false-negative results for HRP2 and pan-malarial
antigens were found with high falciparum and vivax parasitemias, but the cause for this is not
known 113.

5.4.2 ADVANTAGES AND DISADVANTAGES OF THE COMBINED P.F/P. V ANTIGEN
TEST
The posttest probabilities of detection of vivax and falciparum malaria were such that in febrile
Sumbanese, treatment decisions could reliably be made on the basis of the test results. Despite the
less than desirable sensitivity of ICT P.f/P.v for the detection of P.vivax, the addition of the antibody to
the pan-malarial antigen to the monoclonal antibody of the HRP2 antigen significantly improved the
probability of diagnosis of malaria in the study area. Compared to diagnosis and treatment decisions
based on results of the test with HRP2 alone and despite the relatively low frequency of vivax malaria
in Radamata, use of ICT P.f/P.v would significantly reduce the rate of undertreatment (from 14.7 % to
3.6 %) of microscopy-positive patients at the expense of only a modest increase (7.1 % to 15.4 %} in
the rate of overtreatment of microscopy-negative patients. This increase is modest when one
considers that 225 (84.6%) of these 266 microscopy-negative patients would in almost all instances
be saved unnecessary antimalarial therapy. Moreover, they would also be more likely to be offered
appropriate alternative treatment for their underlying nonmalarial illness.

It is possible that the true specificity of ICT P.f/P.v for the detection of P. falciparum is higher than that
found by using microscopy as the gold standard. Specificity may have increased had PCR been used
as the gold standard for the detection of parasitemia below the detection limit of microscopy.
However, the higher rates of both recent treatment and gametocytemia that we found in those
subjects with false-positive test results are consistent, with persistent posttreatment antigenemia113
and gametocytemia (see chapter 8) being additional likely explanations for false-positive test results.
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While mature gametocytes do not appear to cause false-positive results by ParaSight-F with
HRP2113, 134, 157, our longitudinal evaluations of ICT P.f/P.v in symptomatic Sumbanese with
microscopy-confirmed malaria have shown that false-positive test results with HRP2 and pan-malarial
antigen one week after treatment are significantly associated with the presence of gametocytemia
(see chapter 8). Rheumatoid factor has been found to cross-react with the ParaSight-F
immunoglobulin G (lgG) monoclonal antibody to HRP2, causing false-positive results with this
test170-173. However rheumatoid factor only rarely cross-reacts or causes false-positive results with
the lgM monoclonal antibody to HRP2 used in ICT Malaria Pf and ICT P.f/P.v172- 175 and is thus very
unlikely to be a cause of the false-positive results in tests with HRP2 in this study.

Over half of the positive results by ICT P.f/P.v for the detection of P. vivaxwere false positives, with
the PPV of the test for P.falciparum (88.1 %) being much greater than that for P. vivax (50%).
Because of the low sensitivity of the test for the pan-malarial antigen with P. vivax parasitemias of
below 500/ul, vivax parasitemia below the detection limits of microscopy is very unlikely to explain
false-positive results of tests with the pan-malarial antigen. Although antibodies to both HRP2 and
pan-malarial antigens have high sensitivities for the detection of P. fa/ciparum, it is possible that
parasites in patients with P. falciparum parasitemia below the detection limit for microscopy could in
some cases bind to the monoclonal antibody to the pan-malarial antigen but not to the antibody to
HRP2 and could give a false-positive reading for P. vivax. Alternative explanations are persisting
posttreatment pan-malarial antigenemia or nonspecific binding to the pan-malarial antibody. Although
the monoclonal antibody to the pan-malarial antigen is lgG, cross-reactivity with rheumatoid factor
appears to be rare 176 and is thus unlikely to explain the false-positive results for vivax malaria.

Line intensities for the HRP2 antigen and particularly the pan-malarial antigen were associated with
parasite density. Semiquantitative assessment of these antigens in plasma may prove to be useful
for the rapid prediction of parasite biomass in and prognosis for patients with severe malaria160.

An alternative rapid dipstick method (OptiMAL) for the diagnosis of both P. falciparum and P. vivax
malaria has also recently been introduced. The test uses a monoclonal antibody to the intracellular
antigen parasite lactate dehydrogenase (pLDH). Parasite lactate dehydrogenase is produced by
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asexual and sexual stages (gametocytes) of malaria parasites 177. Like the ICT P.f/P.v, this test also
differentiates species by the use of a P. falciparum-specific antibody and a genus-specific antibody.
Initial results for symptomatic Honduran patients have shown sensitivities of 88 and 94% and
specificities of 100 and 99% for the diagnosis of falciparum and vivax malaria, respectively178.
Comparative studies will be required to assess the relative utility of the available combined antigen
detection tests areas of endemicity.

5.5

CONCLUSIONS

The ICT Malaria P.f/P.v immunochromatographic was highly sensitive and specific for the diagnosis
of falciparum malaria and vivax malaria (parasitemias of >500/ul), and would significantly reduce
the undertreatment (from 14.7 to 3.6%) of microscopy-positive patients at the expense of only a
modest increase in overtreatment (from 7.1 to 15.4%) of microscopy-negative patients. However, this
combined kit is not suitable for Indonesia, because it has not proved to be sensitive enough for the
diagnosis of P. vivax, with only 29% sensitivity for vivax malaria with parasitemias less than 500/ul.
Moreover, the current prices of all antigen detection tests, including the ICT P.f/P.v (presently
US$1.20 per test for >10,000 tests), are too high to enable widespread use in developing countries.
Despite their advantages over microscopy and clinical diagnosis, the cost of all rapid antigen
detection tests must be reduced if these tests are to ever become affordable in most areas where
malaria is endemic.
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6.

THE THERAPEUTIC EFFICACY OF CURRENT ANTIMALARIAL
DRUGS

SUMMARY
Chloroquine (CO) remains the first-line treatment for malaria in Indonesia. Although parasitological
resistance is increasing, therapeutic response data in those clinically unwell with malaria is limited.
We thus evaluated the therapeutic efficacy of current first and second-line antimalarials in patients
unwell with uncomplicated falciparum and vivax malaria using the 1997 WHO guidelines in 2
provinces: Radamata Health Center, a hypoendemic area of Nusa Tenggara Timur (NTT), and
Genyem Health Center, a meso-hyperendemic area of lrian Jaya/Papua. Patients were treated with 1)
CO, 2) sulfadoxine-pyrimethamine (SP) or 3) CO plus SP, and followed for 28 days.

In NTT, of the 66 uncomplicated falciparum malaria CO-treated patients, 65.2% had treatment failure
[TF: 9.1% EarlyTreatment Failure (ETF) and 56.1% Late Treatment Failure (LTF)], and 35% had
Adequate Clinical Response (ACR), with hematological recovery in o~ly 30.4% (7 of 23) of ACR. 36 of
the 37 LTF were retreated with SP, and 32 cases could be followed for another 28 days with a cure
rate of 100% and a hematological recovery of 81.2%. Of the 9 vivax malaria patients, 11.1 % had TF
(all LTF) and 88.9% ACR, with 50% of these having hematological recovery (4 of 8).

In lrian Jaya, of the 48 uncomplicated falciparum malaria patients in the CO group, 83.3% were TF
(6.2% ETF and 77.1% LTF), and 16.7% ACR, with hematological recovery in only 37.5% (3/8). In the
SP group (n=41), 26.8% had TF (2.4% ETF and 24.4% LTF), and 73.2% ACR, with 46.7% (14 of 30)
hematological recovery. In the CO plus SP group (n=34), 38.2% TF (2.9% ETF and 35.3% LTF), and
61.8% had ACR, with hematological recovery of 57.1 % (12 of 21 ). There were 1O vivax malaria
patients, 6 treated with CO and 4 with CO plus SP. Of these, 6 were TF (5 in CO :1 ETF and 4 LTF,
and 1 LTF in the CO plus SP groups), and 4 others were ACR with only 2 (CO plus SP group) having
hematological recovery.

There was a trend to higher gametocyte carriage on days 7 and 14 relative to day 0, with each of the
therapeutic falciparum regimens particularly with SP. On day 2, CO plus desethylchloroquine (DCO)
was detectable in all 122 treated with CO or CO plus SP. Only one sample did not exceed the

150

minimal effective concentration (MEG) for CO of 200ng/ml (155ng/ml). In those treated with CO in
NTT, the day-2 mean CO plus DCQ blood level was significantly higher in those with ACR relative to
those with TF (687.5 ng/ml vs 550.6 ng/ml, p=0.01).

While CO was well absorbed, CO is no longer clinically effective for falciparum malaria in both areas,
with the failure of hematological recovery of concern. For vivax malaria, CO is probably still effective
in NTT but not in lrian Jaya. SP is confirmed as highly effective for the treatment of uncomplicated
CO-resistant falciparum malaria in NTT, but only moderately effective in lrian Jaya. The combination
or CO with SP did not improve the efficacy of SP alone for the treatment of uncomplicated falqiparum
malaria in lrian Jaya. If SP is chosen as the new first line antimalarial therapy, this drug should be
used in combination with another antimalarial drug. The best drug to combine with SP is likely to be
an artemisinin derivative.

6.1
6.1.1

INTRODUCTION
DRUG RESISTANCE

In malaria, drug resistance is defined as the ability of a parasite strain to survive and/or to multiply
despite the administration and absorption of a drug given in doses equal to or higher than those
usually recommended but within the limits of tolerance of the subjects 179. This definition was first
applied to the resistance of Plasmodium falciparum to chloroquine. Since then it has been extended
to other blood schizontocides and other species of P/asmodium such as P. vivax.

The susceptibility of P. falciparum to antimalarial drugs can be assessed by in-vitro or in-vivo
sensitivity testing. In the past, the macrotest was used for in-vitro sensitivity testing of P. falciparum to
chloroquine. The microtest has now replaced the macrotest for testing chloroquine, sulfadoxinepyrimethamine, quinine, amodiaquine and mefloquine. In-vitro assays are based on culturing P.

falciparum isolates in the presence of a range of concentrations of an antimalarial drug for one life
cycle or part of a life cycle. Drug efficacy is assessed by counting the number of parasites developing
into schizonts. Resistance is deduced when the parasite growth is not inhibited above a threshold
concentration 180, 181. Currently, in-vitro sensitivity testing is performed only in the laboratory as a
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complementary tool for rapid assessment and for research purposes to provide baseline and serial
data on drug response in a given area. The in-vitro test is particularly useful for investigating unusual
in-vivo findings and detecting subtle changes in drug susceptibility without having to take into
consideration factors such as host immunity and the possibility of reinfection 182. Until recently, invivo drug resistance assessment with 7 or 28 days observation in the field was performed in
parasitemic people regardless of whether they were clinically unwell or not. The resistance grading
system was based on the parasitological response over 28 days to normally recommended doses of
chloroquine 25 mg base/kg body weight for 3 days. This grading was also used for other blood
schizontocides. The response of the parasites to blood schizontocides ranged from S to R3179(see
6.2.9 for definitions). In the last ten years, chloroquine resistance to P. vivax has been diagnosed
based on the whole blood Minimal Effective Concentration (MEC) of chloroquine. A viable asexual
parasitemia of P. vivaxdespite levels of chloroquine plus desethyl-chloroquine in whole blood
100ng/ml demonstrates resistance 183. All these test systems however assess only parasitological
response for the sensitivity and resistance of parasites to antimalarial drugs, and do not assess the
clinical response. Neither of these tests have been adopted for decision-making and drug policies, as
in-vitro tests for resistance and the MEC of antimalarial drugs do not always coincide with those invivo tests and may thus be irrelevant for clinical purposes.

Mechanism of antimalarial drug resistance include changes in drug accumulation or efflux within the
trophozoite (chloroquine, quinine, amodiaquine, mefloquine, and halofantrine resistance) or reduced
affinity of binding of the drug resulting from point mutations in the genes encoding the target enzyme
(pyrimethamine, sulphanamide, cycloguanil, and atovaquone resistance)184- 186_ In general,
resistance arises when spontaneously arising mutants are selected by antimalarial drug
concentrations that provide differential inhibition to genetically distinct parasite populations, with
lesser or no inhibition of the multiplication of the mutants 187. Two P. falciparum genes homologous to
mammalian multiple drug resistance (MOR) gene have been identified namely Pfmdr1 and
Pfmdr2188_ These code for the P-glycoprotein homologues, Pgh-1 and Pgh-2 186. Amplification of
the pfmdr1 and pfmdr2 genes are observed in some chloroquine-resistant parasites, and in some but
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not all studies, mutations within these genes have appeared to correlate with the resistance
phenotype 186, 189-191.

6.1.2

DRUG RESISTANCE IN INDONESIA

To support disease management, the Indonesian Ministry of Health and Social Welfare has
recommended a rational malaria treatment policy based on the national malaria control programme.
There are 4 antimalarial drugs available in Indonesia. Chloroquine is the standard antimalarial drug
,_for chemoprophylaxis, clinical malaria treatment, and the blood schizontocide component of radical
treatment 15 (figure 20). The first case of chloroquine resistant P. falciparum in-vivo was documented
in East Kalimantan in 1973192, 193. Chloroquine resistance has now spread to all 27 provinces at the
R1-R3 level3. Chloroquine resistant P. vivax malaria has also been detected in a number of provinces
since first reported in Indonesia in 199147, 194-200_ Although chloroquine resistance has been
confirmed in many foci of Indonesia, chloroquine has remained the first-line antimalarial drug because
in many ways chloroquine has been an ideal antimalarial. Chloroquine has the added advantage of
possessing anti-inflammatory properties by interfering with the production of tumor necrosis factor
(TNF) by mononuclear cells that have been stimulated with endotoxin. TNF production plays an
important role in the pathogenesis of malaria fever201-203_ Moreover, chloroquine is widely available,
cheap, well tolerated and safe, and until recently a 3-day short course regimen was still effective.
Economic considerations and the fact that most people in endemic areas have at least some
acquired natural immunity have been justifications for the recommendation that chloroquine remain
the standard first-line antimalarial drug, despite the falling therapeutic efficacy in many parts of
Eastern Indonesia.

The combination of sulfadoxine plus pyrimethamine is used as a second-line antimalarial drug for.
radical treatment of falciparum malaria in those failing with chloroquine treatment (figure 20). P.
falciparum resistant to sulfadoxine-pyrimethamine has been increasingly reported since in-vivo
resistance was first documented in 1979204. Thereafter, only few studies have been undertaken205208. This combined drug is more commonly used than quinine in those failing chloroquine treatment
because it is administered as a single dose, and is well tolerated and safe.
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Figure 20. Chloroquine, first-line antimalarial drug in Indonesia (left) and
sulfadoxine-pyrimethamine, second-line antimalarial drug in Indonesia
(right).

Item removed due to copyright.

Figure 21. 28-day follow-up evaluation of antimalarial drug resistance ,
Radamata , February - May 1998 and Genyem , February - April
1999.

Oral quinine is also recommended as a second line drug for radical treatment of falciparum malaria in
chloroquine-resistant areas, and parenteral quinine is a life-saving drug for severe and complicated
malaria treatment. Despite its use for over 200 years in Indonesia, quinine resistance has been slow
to emerge. This has also been the pattern elsewhere. Although not formally evaluated, quinine
remains clinically effective. To date, no in-vivo quinine resistance has been reported, although in-vitro
resistance has been found. Several isolates have shown in-vitro quinine resistance3. Compliance with
quinine is poor because of the 7-day treatment course required and side effects including
chinchonism. Recrudescent infections resulting from poor compliance may be under-recognised.
Primaquine is used as a supplement to standard antimalarial drugs for radical treatment of malaria.
Because in general P. fatciparum is the predominant species in Indonesia, for treatment of both
confirmed falciparum malaria and treatment of presumptive or clinical malaria, primaquine is given as
a single dose of 0.50-0.75 mg/kg bw on day Oto sterilise or eradicate gametocytes. For confirmed
vivax malaria, primaquine is given as a single daily dose of 0.25 mg/kg bw for 5 days 15_ Over the last
10 years there have been increasing numbers of recurrent (relapse and resistance) vivax malaria
reported. The Malaria Control Programme Operation still recommends a 5-day primaquine regimen
based on a previous unpublished study showing an efficacy of over 80%, and poor compliance with a
14-day primaquine regimen (Arwati et al, unpublished data). In India, a 5 day primaquine regimen was
reported to be 99% effective in 1977209, but this had declined to 87% by 1997210, and was only
73.3% effective by 1999211.

In reality patients often can not reach treatment facilities, self medication is usual, and the outcome of
the infection depends on the efficacy of available drugs. In Indonesia, antimalarial drugs, especially
chloroquine are widely available and relatively cheap. Thus, mistreatment, overtreatment and
inappropriate treatment are commonly documented. This is likely to be contributing to the increasing
levels of antimalarial drug resistance being documented, particularly chloroquine resistance. In
addition, in those who can attend health centres for chloroquine treatment, many are unable to return
for the second-line treatment if they have treatment failure. The extent of the problem is likely to be
markedly underestimated. Although not formally evaluated in Indonesia, use of ineffective treatments
is also likely to have led to an increase in the proportion of patients who go on to develop severe
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malaria. Severe malaria has been a particular problem in economic-migrants, transmigrants, forestry
and mining workers who have moved from low or no transmission areas to regions with high
transmission of multidrug resistant malaria, and who are treated late or with ineffective drugs212. In
Africa, the rise in chloroquine resistance has paralleled a rise in mortality from severe anemia213,
214. Therefore, monitoring the efficacy of antimalarial drugs is vital for maintaining and informing
rational National malaria treatment policy.

6.1.3 ASSESSMENT OF THERAPEUTIC EFFICACY
The multiplication of Plasmodium falciparum in-vivo varies with differences in susceptibility to densitydependent feedback control mechanisms, antimalarial drugs and host immune responses. In areas of
low transmission, people have little or no background immunity. Resistance manifests itself as an
increase in the rate of recrudescence. In high transmission areas, where there is some background
immunity, recrudescence rates increase first in high risk groups, i.e in children (particularly in the first
three years of life) and in pregnant women who have less immunity215-217. Previously, in-vivo
assessments of therapeutic efficacy were often performed in older children and/or asymptomatic
adults. This frequently provided misleading information as these largely immune groups had an
apparently good parasitological response to treatment. There is also variation between human hosts
in drug absorption and disposition, red cell susceptibility to parasite invasion, the spee9 and efficiency
of induction of host immune defense mechanism and in reactions to the infecting parasites21 B.

In 1997, the WHO introduced new guidelines for the assessment of therapeutic efficacy of
antimalarial drugs for uncomplicated falciparum malaria6 to replace the 1967 WHO standardised test
system for the assessment of in-vivo drug response in Plasmodium falciparum 179. In contrast to the
1967 guidelines, the 1997 assessment of therapeutic efficacy guidelines includes assessment of both
clinical and parasitological response. To assess the therapeutic efficacy of routine treatment
regimens, the test should be carried out only in persons suffering with clinical manifestations and
microscopically confirmed falciparum malaria, and should especially include the most vulnerable
population group, infants and young children. The therapeutic response is classified as Early
Treatment Failure (ETF), Late Treatment Failure (LTF), and Adequate Clinical Response (ACR).
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These are defined in full in section 6.2.9. Although this protocol is designed for uncomplicated P.
talciparum infection, this test system has been extended in this thesis to also assess therapeutic

efficacy of antimalarial drugs for uncomplicated P. vivax infection. This test system provides the
information required for guiding drug policies and for monitoring the efficacy of antimalarial drugs6.

6.1.4

JUSTIFICATION

Data from all previous evaluations in Indonesia of resistance to antimalarial drugs using in-vitro and
{n-vivo methods have been based on parasitological response only. There was a need however to

assess the therapeutic efficacy of current national antimalarial drugs based on parasitological and
clinical responses6 to assess the need for revison of national malaria treatment protocols and to act
as baseline data for comparison with future studies. Since newer antimalarials are not available yet in
Indonesia, the efficacy of currently available drugs was evaluated first.

Inappropriate and overtreatment of clinical malaria is likely to be contributing to the increasing levels
of chloroquine resistance found in Eastern Indonesia particularly NTT and lrian Jaya. This thesis
evaluated the efficacy of chloroquine and alternative antimalarial drugs in uncomplicated malaria in
NTT and lrian Jaya, as representative hypo-mesoendemic and meso-hyperendemic regions.

6.1.5 AIMS
The general aim of this study was to evaluate the therapeutic efficacy and tolerance of the current
antimalarial drugs, chloroquine, sulfadoxine-pyrimethamine, and chloroquine plus sulfadoxinepyrimethamine in uncomplicated malaria patients. The specific aims were to determine the
therapeutic efficacy and adverse reactions to chloroquine, sulfadoxine-pyrimethamine and
chloroquine plus sulfadoxine-pyrimethamine for the treatment of uncomplicated malaria, to assess
fever clearance time (FCT) and parasite clearance time (PCT), and hematological response in
adequate clinical response (ACR) patients, and to measure and to determine the association between
chloroquine and desethyl chloroquine blood levels and therapeutic response in uncomplicated
falciparum malaria patients and vivax malaria patients, in NTT and lrian Jaya.
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6.2

MATERIALS AND METHODS

6.2.1

TIMES AND STUDY SITES

The evaluation was undertaken from February to May 1998, at Radamata Health Center, Laratama
subdistrict, West Sumba district, East Nusa Tenggara province (NTT}, a hypo-mesoendemic area,
and from February to April 1999, at Genyem Health Center, Nimboran subdistrict, Jayapura district,
lrian Jaya, a meso-hyperendemic malaria area.

6.2.2

ETHICS

The study was approved by the Ethics Committee of the National Institute of Health Research and
Development (NIHRD}, Indonesian Ministry of Health and Social Welfare, Jakarta, Indonesia and by
the Joint Institutional Ethics Committee of the Menzies School of Health Research and Royal Darwin
Hospital, Darwin, Australia (Appendices 1, 2, and 3).

6.2.3

STUDY OVERVIEW

This was a prospective evaluation of the therapeutic efficacy of chloroquine, sulfadoxinepyrimethamine, and chloroquine plus sulfadoxine-pyrimethamine in uncomplicated falciparum malaria
and vivax malaria patients based on the new 1997 WHO protocol for assessment of therapeutic
efficacy of antimalarial drugs6. Patients were observed for 28 days using a standardised patient drug
efficacy record form (Appendix 8).

6.2.4

PATIENTS

Uncomplicated falciparum malaria patients were selected according to the WHO inclusion criteria for
the assessment of therapeutic efficacy of antimalarial drugs6 as follows:
•

Age over 6 months.

•

P. falciparum monoinfection with a parasite density of 1,000-100,000/ul.

•

History of fever during the previous 48 hours.

•

Ability to come for the stipulated follow-up visits, and easy access to the health center

•

Informed consent form signed by the patient or by parenVguardian for children.
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The exclusion criteria were as below:
•

Severe malnutrition or danger signs of severe and complicated malaria.

•

Pregnancy or lactation.

•

History of hypersensitivity reactions to any other drugs.

•

Febrile diseases other than malaria.

6.2.5

SAMPLE SIZE

The sample size for the chloroquine efficacy study was determined by using double lot quality
assurance sampling219_ If a treatment failure rate at 25% is considered unacceptable, and 10% is
considered acceptable, with a confidence level of 95% and power of 80%, the total number of patients
needed is at least 42. In practice, at least 20% should be added to the minimal sample size.
Therefore, 50 uncomplicated malaria patients were considered needed for each drug evaluation.

6.2.6

CLINICAL EXAMINATION

Clinical history, symptoms and signs were recorded for all patients using a standardised data form.
The nurse or midwife took a history and measured the axillary temperature using a digital electronic
thermometer. The study physician (myself) then asked presenting and non presenting complaints
using the standardised form (Appendix 7) as in the study of clinical predictors (see chapter 4),
performed a standardised physical examination, and reviewed the nurse and midwife's findings. All
patients were reexamined on each day of follow up in the clinic. Close clinical observation for adverse
reactions was performed throughout the study period. Follow-up data were also recorded in the drug
efficacy questionnaire/form (Appendix 8).

6.2.7 LABORATORY EXAMINATION
Blood specimens were collected from a finger prick for thin and thick smears on days 0, 1, 2, 3, 7, 14,
28, and on any other day when the patient developed fever or became unwell; for chloroquine filter
paper blots on days O, 2, and 28 or on any other day when parasitemia recurred; and for hemoglobin
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level on day O, 14, and 28 or any other day when the patient became unwell or developed recurrent
parasitemia (figure 21).

Thick and thin smears were made in duplicate and stained with 10% Giemsa. All slides were read by
an expert microscopist (Sri Suprianto) who was unaware of the patient's condition. Parasite density
was counted per 200 white blood cells (WBC), and then calculated assuming a WBC of 8,000/ul. A
thick smear was considered negative if no parasites were found in 100 h.p.f. A thin smear was then
examined to confirm the parasite species.

On day O, when both microscopy and ICT testing were performed (see chapter 5), all discordant
slides were cross-checked by an expert microscopist in Darwin (Mary Dyer). 10% of concordant
slides were also cross-checked. In Radamata, on follow-up days, all slides were cross-checked. In
Genyem, slides from TF cases were cross-checked on day of TF and in 10% of day 28 ACR slides.
At least 200 h.p.f were checked before a slide was considered negative.

Whole blood concentrations of chloroquine and desethylchloroquine were measured by high
performance liquid chromarography (HPLC) at Naval Medical Research Unit 2, Jakarta, Indonesia.
The MECs of chloroquine and desethylchloroquine used in this study were 200 ng/ml for falciparum
malaria and 100 ng/ml for vivax malaria 183, 194, 220.

Hemoglobin was measured by a HemoCue hemoglobinometer (AB Leo Diagnostics, Helsingborg,
Sweden) using dried reagent-coated disposable microcuvettes which also served as the blood
collection device.

6.2.8

TREATMENT

Chloroquine was administered to 67 uncomplicated falciparum malaria patients and 14 vivax malaria
patients in Radamata, and to 50 uncomplicated falciparum malaria patients, 6 vivax malaria and 3
patients with mixed falciparum and vivax infections in Genyem. The chloroquine formulation and
regimen used was chloroquine (ResochinR, from Bayer, Jakarta, Indonesia; 1 tablet = 150 mg base)
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1O mg base per kg body weight as a single daily dose, on days O and 1, and 5 mg base per kg body
weight on day 2.

Sulfadoxine-pyrimethamine was administered to 36 falciparum malaria patients in Radamata; and to
46 uncomplicated falciparum malaria patients and 4 mixed falciparum and vivax infections patients in
Genyem. The sulfadoxine-pyrimethamine formulation and regimen used was sulfadoxinepyrimethamine [FansidarR, from Roche, Jakarta, Indonesia (Radamata), and Roche New South
Wales, Australia (Genyem); 1 tablet= 500 mg sulfadoxine and 25 mg pyrimethamine], based on
pyrimethamine dosage: 1.25 mg per kg body weight, single dose orally, on day O. All sulfadoxinepyrimethamine treated patients in Genyem were treated as per 1997 WHO guidelines. In Radamata,
there was a paucity of patients clinically-unwell with malaria at the time the efficacy studies
commenced. In Radamata therefore a modification of the 1997 guidelines was made such that for
sulfadoxine-pyrimethamine only, eligible patients were those patients with LTF following chloroquine
treatment.

In Genyem, another 38 patients with uncomplicated falciparum malaria, 4 vivax malaria, and 2 mixed
falciparum and vivax infections were treated with chloroquine (ResochinR, from Bayer, Jakarta,
Indonesia; 1 tablet = 150 mg base ) 1O mg base per kg body weight per day, on days o and 1, and 5
mg base per kg body weight per day on day 2 single dose orally, plus sulfadoxine-pyrimethamine
(FansidarR, from Roche, New South Wales, Australia, 1 tablet=500 mg sulfadoxine and 25 mg
pyrimethamine), based on pyrimethamine dosage: 1.25 mg per kg body weight, single dose orally, on
day 0. The choice of drug regimen in Genyem was determined by day of presentation, with
chloroquine being administered on Monday, sulfadoxine-pyrimethamine on Tuesday, and chloroquine
plus sulfadoxine-pyrimethamine on Wednesday.

In all patients, drug administration was observed by the study team. They all were kept in the clinic for
one hour to ensure that they did not vomit. Administration of the study drug was repeated in those
who vomited and observation extended to two hours. If axillary temperature was 38°C, paracetamol
was given 1O mg per kg body weight eight hourly for 24 hours.
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All falciparum malaria patients aged 1 year old with ACR were given primaquine 0.50- 0.75 mg base
per kg body weight, single dose orally on day 28. For vivax malaria and mixed infection patients,
primaquine was given as a single oral daily dose of 0.25 mg base per kg body weight for 5 days from
day 28, as per standard Ministry of Health guidelines (see section 6.1.2). This drug was not given to
infants 15.

All cases of uncomplicated falciparum malaria with treatment failure (TF) were treated with oral
quinine 10 mg per kg body weight per dose, 3 times daily, for 7 days, plus a single oral dose of
primaquine 0.50 - 0. 75 mg base per kg body weight, except for infants 15. TF cases with danger signs
were referred to hospital for intravenous quinine as treatment for severe or complicated falciparum
malaria. Cases of vivax malaria with TF were treated with a repeated course of a standard regimen of
chloroquine 25 mg base/kg bw for 3 days plus, in all except infants, primaquine 0.50-0.75mg base/kg
bw single oral dose for 14 days 15.

6.2.9 ASSESSMENT
The therapeutic efficacy of antimalarial drugs for uncomplicated malaria was assessed using primary
endpoints and secondary endpoints.
The primary endpoints were as follows:

Therapeutic response on the basis of parasitological and clinical cure on day 28, including the
following sub-classifications of therapeutic response adapted from the 1997 WHO protocols6:
•

Early Treatment Failure (ETF), defined as the development of one of the following conditions
during the first three days of follow-up: danger signs or severe malaria on days 1, 2 or 3, in the
presence of parasitemia; parasitemia on day 2 higher than on day O; parasitemia on day 3 25%
of the count on day 0.

•

Late Treatment Failure (LTF), defined as the development of one of the following conditions from
day 4 to day 28, without previously meeting any of the criteria of ETF: danger signs or severe
malaria after day 3 in the presence of parasitemia (same species as on day O); unscheduled
return of the patient because of clinical deterioration in the presence of parasitemia; presence of
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parasitemia on any of the scheduled days of return (days 7, 14 or 28) with the same species as
on day 0.
•

Adequate Clinical Response (ACR}, defined as not developing any of the criteria of early or late
treatment failure defined above, and parasite! clearance confirmed throughout the follow-up
period.

•

Tolerability and safety based on the incidence of adverse reactions, defined as any symptom or
sign which did not exist before, but developed after the initiation of treatment (but not a classic
symptom or sign of malaria infection}.

The secondary endpoints included:

•

Fever Clearance Time (FCT}, defined as the time (days) from initiation of treatment to fever
clearance (afebrile by history and axillary temperature <37.5°C on day of follow up} in those with
ACR.

•

Parasite Clearance Time (PCT}, defined as the time (days} from initiation of treatment to parasite
clearance (parasite count falling below the level of microscopic detection} in those with ACR.

Sensitivity of the parasites to antimalarial drugs.

Classification of sensitivity was adapted from the 1967 WHO criteria 179:
•

Sensitive (S}, defined as the clearance of asexual parasitemia within 7 days of initiation of
treatment, without subsequent recrudescence.

•

Early Resistance 1 (early R1}, defined as the clearance of asexual parasitemia as in sensitivity,
followed by recrudescence within 7 days.

•

Late Resistance 1 (late R1}, defined as the clearance of asexual parasitemia as in sensitivity,
followed by recrudescence on day 8 - day 28.

•

Resistance 2 (R2}, defined as a marked reduction (75%} of asexual parasitemia within 48 hours,
but no clearance by day 7.

•

Resistance 3 (R3}, defined as no marked reduction of parasitemia (<75%) or an increase of
asexual parasitemia in 48 hours.

Hematological response is defined as hematological recovery in those with ACR on day 28 with a
hemoglobin on day 28 greater than that on day 0.
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Gametocyte carriage on days 7, 14 and 28, defined as the proportion of patients with gametocytes on
each of these days221.

6.2.10 DATA PROCESSING
Data were entered by data entry on Epi-inf o version 6.04b43. The baseline characteristics were
described descriptively. Values for age, axillary temperature, parasite density, hemoglobin and blood
levels of chloroquine plus desethylchloroquine were presented as means±standard deviations. The
key variables for the therapeutic response were ETF, LTF, and ACR. The variables for the
parasitological response were R3, R2, early R1, late RI, S, and gametocyte carriage. The parameters
assessed in those with ACR were FCT, PCT, and hematological recovery (Hb day 28>Hb day 0).

6.3
6.3.1

RESULTS
BASELINE CHARACTERISTICS AND CLINICAL FEATURES OF MALARIA
PATIENTS

6.3.1.1 UNCOMPLICATED FALCIPARUM MALARIA

In Radamata Health Center, a total of 67 patients (children less than 13 years old, 34.3%; and adults
over 12 years old, 65.7%) with uncomplicated falciparum malaria were enrolled in the chloroquine
efficacy study (table 6.3.1.1a). There were 64% males and 36% females and almost all (98.5%) were
Sumbanese. None of these patients had travelled outside Sumba in the previous 4 weeks. Of the
patients with a history of antimalarial use, all had used chloroquine. On enrolment all had history of
fever, but only 32.8% (22 of 67) had an axillary temperature of 37.s0c. Of these 67 patients, 35.8%
were anemic with a hemoglobin less than 11 g/dl. Chloroquine was not detected in 28 blood blots
(66.7%). History of chloroquine use (in the previous 4 weeks) was not significantly associated with
detectable chloroquine. Detectable CQ plus DCQ was found in 44.4% (8 of 18) of those with a history
of chloroquine use and 25% (6 of 24) of those with no history of chloroquine use (p=0.32). All patients
with uncomplicated falciparum malaria reported having both fever and headache prior to chloroquine
treatment. Other symptoms and signs were similar to those found in chapter 4.
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Thirty six of the 37 chloroquine-treated patients with LTF agreed to participate in the subsequent
study of SP efficacy: 41.7% children and 58.3% adults. All were Sumbanese. 80.6% (29 of 36) had an
axillary temperature <37.5°C, and 47.2% (17 of 36) had a hemoglobin <11 g/dl, respectively. They
had relatively low parasite densities, ranging from 40/ul to 27,480/ul; 27.8% (1 Oof 36) had a
parasitemia less than 1,000/ul prior to sulfadoxine-pyrimethamine treatment {table 6.3.1.1a).

Table 6.3.1.1 a Baseline characteristics of patients with uncomplicated falciparum malaria on
enrolment for chloroquine treatment and those with chloroquine treatment failure on
enrolment for sulfadoxine-pyrimethamine treatment, Radamata Health Center

Characteristic

Chloroquine
(n=67)

Sulfadoxine-pyrimetham ine
(n=36)

Age: mean± SD (range) years

17.7±10.5 (3-50)

15±9.1 (3-50)

Sex: Male (%) : Female (%)

43 (64.2) : 24 (35.8)

23 (63.9) : 13 (36.1)

History of antimalarial use (%)

23 (34.3)

Axillary temperature: mean±SD (range)

0

c

Parasite density: mean±SD (range) /ul

37.4±1.3 (36-41)

36.7±1.1 (36-40)

10,220±826 (1, 160-32,400) 5,656±6,902(40-27,480)

Gametocyte carriage(%)

10 (14.9)

13 (36.1)

Hemoglobin: mean±SD (range) g/dl

11.6±2.1 (6.2-16.1)

11.0±1.5 (7.6-14.5)

CQ+DCQ blood level: mean±SD (range) ng/ml

58.0±136.6 (0-750)

In Genyem Health Center, of a total 134 eligible uncomplicated falciparum malaria patients, 50
patients were treated with chloroquine (CO), 46 patients were treated with sulfadoxine-pyrimethamine
(SP), and 38 patients were treated with CO plus SP. Their ages ranged from 10 months to 67 years
old; 67.2% (90 of 134: 33 of 50, 28 of 46, and 29 of 38) were children and 32.8% were adults {table
6.3.1.1b). There were more Papuan males than females. SP had been used in 4 of those with a

history of antimalarial use (3 in CO group and 1 in CO plus SP group). Of the 134 patients with a
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history of fever, only 45.5% (23 of 50, 20 of 46, and 18 of 38) had a documented axillary temperature
of 37.5°C. Although screening parasitemias were a!l 1,000/ul, parasitemias <1,000/ul were
documented in 28.4% by the time of starting treatment [30% (15 of 50) in the ca group, 32.6% (15 of
46) in the SP group and 21.1 % (8 of 38) in the ca plus SP group]. A hemoglobin of <11 g/dl was
found in 18 (36%) of the ca group, 18 (39.1%) of the SP group, and 22 (57.8%) in the ca plus SP
group.

Chloroquine was not detected in blood blots from 64.4% (29 of 45), 45.2% (19 of 42), and 82.1% (23
of 28) of the ca, SP, and ca plus SP groups respectively. A history of chloroquine use was
significantly associated with detectable ca plus oca. Of those with a history of chloroquine use, ca
plus DCa was detected in 52.5% (31 of 59) compared with only 25.0% (13 of 52) of those with no
history of chloroquine use (p=0.003). However, a history of chloroquine usage did not reliably predict
detectable ca plus DCa with nearly half of those claiming chloroquine ingestion having no detectable
levels. The clinical symptoms and signs of these patients were similar to chapter 4.

165

Table 6.3.1.1 b Enrolment characteristics of patients with falciparum malaria by treatment regimen, Genyem Health Genter

Chloroquine

Characteristic

Sulfadoxine-pyrimetham ine

(n=50)

(n=46)

Chloroquine plus sulfadoxine-pyrimethamine
(n=38)

Age: mean±SD (range) years

14.5±26.7 (0-48)

15.2±30.1 (1-67)

10.8±27.1 (1-63)

Sex: Male : Female (%)

32 (64) :18 (36)

28 (60.9) :18 (39.1)

20 (52.6) : 8 (47.4)

Origin: Papuans (%)

30 (60)

32 (69.6)

31 (81.6)

Travel outside Genyem in previous 4 weeks (%) 37 (74)

26 (56.5)

30 (78.9)

29 (58)

26 (56.5)

15 (39.5)

37.6±2.7 (36-40)

37.5±2.7 (36-40.7)

37.4±2.1 (36-39.5)

Parasite density: mean±SD (range) /ul

9, 192±28,795 (360-56,600)

10,655±31,658 (440-84,400)

10,395±27,938 (440-58,200)

Gametocyte carriage(%)

10 (20)

2 (4.3)

8 (21.0)

Hemoglobin: mean±SD (range) g/dl

12.1 ±4.6 (8.3-17 .6)

11.6±5.5 (5.0-18.6)

10.3±5.3 (2.6-18.6)

CQ+DCQ blood level: mean±SD (range) ng/ml

83.4±154.8 (0-640)

130.6±161.9 (0-510)

34.6±92.9 (0-365)

History of antimalarial use (%)
Axillary temperature: mean±SD (range)

0

c
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6.3.1.2 UNCOMPLICATED VIVAX MALARIA

In Radamata Health Center, because of relatively few eligible vivax malaria patients seen during the
study period, there were only 14 vivax malaria patients enrolled in the chloroquine efficacy study
(table 6.3.1.2a). Their age ranged from 1 to 50 years old; 6 (42.9%) were children and 8 (57.1%)

were adults. 57% were males and all were Sumbanese who had never travelled outside Sumba. Of
those with a history of antimalarial use, all had used chloroquine. All had a history of fever, but only
64.3% (9 of 14) had an axillary temperature of <37.5°C, and 7.1% (1 of 14) had a parasite density of
<1,000/ul (680/ul). Anemia with hemoglobin of <11 g/dl was found in 35.7% (5 of 14) of patients, and
75% (6 of 8) had no detectable chloroquine in their blood. Detectable CQ plus DCQ was found in one
of those 2 (50%) with a history of chloroquine use and one of those 6 (16.7%) with no history of
chloroquine use (p=0.46). The clinical symptoms and signs were very similar to those in patients
evaluated in the falciparum malaria efficacy study in Radamata and those with P. vivax in chapter 4.

Table 6.3.1.2a Enrolment characteristics of patients with vivax malaria for cloroquine treatment,
Radamata Health Center (n=14)

Age: mean±SD (range) years

19.4±15 (1-50)

Sex: Male (%) : Female (%)

8 (57.1): 6 (42.9)

History of antimalarial use (%)

3 (21.4)

Axillary temperature: mean±SD (range) 0C

37.4±1.1 (36-40)

Parasite density: mean±SD (range) /ul

5,077±4,018 (680-16,080)

Haemoglobin: mean± SD (range) g/dl

11.3±2.6 (6.1-16.2)

CQ+DCQ blood level: mean±SD (range) ng/ml

24.9±50.0 (0-136)
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Similarly, in Genyem Health Center, there were relatively few eligible vivax malaria patients seen
during the study period. Of the 10 eligible vivax malaria patients, 6 patients were treated with
4 were treated with

ca and

ca plus SP (table 6.3.1.2b). Their ages ranged from 1 to 26 years old, 80% (4 of

6 and 4 of 4) respectively were children. Chloroquine was used in all those with a history of
antimalarial use. Only one of those 10 patients had an axillary temperature >37.5°C. There were one
in the

ca group and one in the ca plus SP group who had initial parasite counts of

and 440/ul) respectively. Hemoglobin of <11 g/dl was noted in 4 (66.7%) of the
of the

<1,000/ul (920

ca group and 3 (75%)

ca plus SP group. Chloroquine was not detected in blood blots from 60% (3 of 5) in the ca

group and 50% (2 of 4) in the

ca plus SP group. In the ca group, one of the 2 patients (50%) with a

history of chloroquine use, and 1 of the 3 patients (33.3%) with no history of chloroquine use had
detectable

ca plus oca. The frequent clinical symptoms and signs were again fever, rigors,

splenomegaly and pallor as seen in chapter 4.

Table 6.3.1.2b Enrolment characteristics of patients with vivax malaria by treatment regimen,
Genyem
Health Center.

Characteristic

Chloroquine (n=6)

Chloroquine plus SP (n=4)

Age: mean±SD (range) years

11.0±26.0 (1-26)

4.0±6.0 (1-8)

Sex: Male : Female (%)

4 (66.7) : 2 (33.3)

3 (75.0) : 1 (25.0)

Origin: Papuans (%)

4 (66.7)

4 (100)

Travel outside Genyem in previous 4 weeks(%)

4 (66.7)

3 (75.0)

History of antimalarial use (%)

2 (33.3)

2 (50.0)

Axillary temperature: mean±SD (range) 0C

36.7±1.0 (36-37.6)

36.4± (36-36.6)

Parasite density: mean±SD (range) /ul

9,027±18,756 (920-25,600)

4,790± 6,996 (440-7,800)

Hemoglobin: mean±SD (range) g/dl

11.9±8.6 (7.1-17.7)

9.3±4.1 (7.2-12.1)

ca+oca blood level: mean±SD (range) ng/ml

180±261.8 (0- 575)

88.8±102.5 (0 - 180)
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6.3.2

THERAPEUTIC EFFICACY OF CHLOROQUINE

6.3.2.1 UNCOMPLICATED FALCIPARUM MALARIA

In Radamata Health Center, one of the 67 patients who was treated with CO was lost to follow up on
day 1. Treatment failure (TF) were observed in 43 of the remaining 66 patients (65.2%). There were
9.1 % patients with ETF (1 on day 1, 3 on day 2, and 2 on day 3), 56.1 % with LTF (4 on day 4-7, 13 on
day 8-14, and 20 on day 15-28), and 34.8% with ACR respectively. Of the 43 TF patients, 5 had
resistance at a level of R3 (11.6%}, 3 R2 (7.0%), 5 early R1 (11.6%}, and 30 late R1 (69.8%}. Two
ETF patients (1 child with R3 and 1 adult with R2) were hospitalised because of prostration. Fever
clearance in the 23 patients with ACR were documented by day 1 in 8 (34.8%), by day 2 in 10
(43.5%), and by day 3 in 5 (21.7%). Parasite clearance was observed by day 1 in 2 (8.7%} of patients,
by day 2 in 11 (47.8%), by day 3 in 7 (30.4%}, and by day 4 in 3 (13.0%) patients. Only 30.4% of
these ACR patients had any hematological recovery by day 28. Gametocyte carriage was very
significantly higher on days 7 (p<0.0001) and 14 (p=0.0006) than on day O(table 6.3.2.1a) In further
analysis, gametocyte carriage in TF (chloroquine resistant) cases was not significantly different
(p>0.05) compared to ACR (chloroquine sensitive) cases on each of days O (8/40 vs 2/8), 7 (16/37 vs
3/8), 14 (9/21 vs 1/8), and 28 (2/6 vs 1/8)
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Table 6.3.2.1a Therapeutic efficacy of chloroquine in uncomplicated falciparum malaria patients,
Radamata Health Center

Therapeutic response

n=67

Lost to follow-up (%)

1/67 (1.5)

Early Treatment Failure (ETF: %, 95% Cl)

6/66 [9.1 (3.4-18.7)]

Late Treatment Failure (LTF: %, 95% Cl)

37/66 [56.1 (43.3-68.3)]

Adequate Clinical Response (ACR: %, 95% Cl)

23/66 [34.8 (23.5-47.6)]

Fever Clearance Time (FCT}: mean±SD (range) days

1.9±0.7 (1-3)

Parasite Clearance Time (PCT): mean±SD (range) days

2.4±0.8 (1-4)

Hematological recovery (Hb day 28>Hb day 0: %, 95% Cl}

7 [30.4 (13.2-52.9)]

Gametocyte carriage on day 7 (%, 95% Cl)

32/60 [53.3 (40.0-66.3)]

14 (%, 95% Cl)

24/56 [42.9 (29.7-56.8)]

28 (%, 95%CI)

7/43 [16.3 (6.8-30.7)]

In Genyem, there were 2 of a total of 50 uncomplicated falciparum malaria patients who did not return
to complete chloroquine treatment. Of the remaining 48 patients with uncomplicated falciparum
malaria, ETF occurred in 6.2% (3 on day 3), LTF occured in 77.1% (16 on day 4-7, 16 on day 8-14,
and 5 on day 15-28}, and ACR was found in only 16.7%. There were 20% (8 of 40} who had
resistance at the level of R3, 22.5% (9 of 40) R2, 5% (2 of 40) early R1, and 52.5% (21 of 40) late
R1. Of the 8 ACR patients, 1 (12.5%) was afebrile on day 1, 5 (62.5%} on day 2, and 2 (25%} on day
3. Three (37.5%) were aparasitemic on day 1, 3 (37.5%) on day'2, 1 (12.5%) on day 3, and 1 (12.5%)
on day 4, respectively. Hematological recovery was found in only 37.5% ACR pati~nts (3 of 8). There
was a trend to higher gametocyte carriage by days 7 (p=0.02} and 14 (p=0.15) compared to day

(table 6.3.2.1b).
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Table 6.3.2.1 b Therapeutic efficacy of chloroquine in uncomplicated falciparum malaria patients,
Genyem Health Center

Therapeutic response

n=50

Excluded (%}

2/50 (4.0)

Early Treatment Failure (ETF: %, 95% Cl)

3/48 [6.2 (1.3-17.2)]

Late Treatment Failure (LTF: %, 95% Cl)

37/48 [77.1 (62.7-88.0)]

Adequate Clinical Response (ACR: %, 95% Cl)

8/48 [16.7 (7.5-30.2)]

Fever Clearance Time (FCT): mean±SD (range) days

2.1±0.6 (1-3)

Parasite Clearance Time (PCT): mean±SD (range) days

2.0±1.1 (1-4)

Hematological recovery (Hb day 28>Hb day O: %, 95% Cl)

3/8 [37.5 (8.5-75.5)]

Gametocyte carriage on day 7 (%, 95% Cl)

19/45 [42.2 (27.7-57.8)]

14 (%, 95% Cl)

10/29 [34.5 (17.9-54.3)]

28 (%, 95% Cl)

3/13 [21.4 (4.7-50.8)]

-

6.3.2.2 UNCOMPLICATED VIVAX MALARIA
In Radamata Health Center, 5 of a total 14 vivax malaria patients treated with CQ were excluded, 4
moved from study site on days 1 and 2, and 1 had mixed infection on day 14. Of the 9 remaining
patients, none had ETF, but one (11.1 %} had LTF on day 15-28 with late R1. FCT of the 8 ACR
patients was 1 day in 37.5%, 2 days in 37.5%, 3 days in 12.5%, and 4 days in 12.5%. PCT was 2
days in all of the ACR patients. Only 50% (4 of 8) showed any hematological recovery (table

6.3.2.2a).
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Table 6.3.2.2a Therapeutic efficacy of chloroquine in vivax malaria patients, Radamata Health
Center

Therapeutic response

n=14

Excluded(%}

5/14 (35.7)

Late Treatment Failure (LTF: %, 95% Cl}

1/9 [11.1 (0.3-48.2)]

Adequate Clinical Response (ACR: %, 95% Cl}

8/9 [88.9 (51.7-99.7)]

Fever Clearance Time (FCT): mean±SD (range} days

2.0±1.1 (1-4)

Parasite Clearance Time (PCT}: mean±SD (range} days

1.9±0.4 (1-2)

Hematological recovery (Hb day 28>Hb day O: %, 95% Cl}

4/8 [50.0 (15.7-84.3)]

In Genyem, all of the 6 vivax malaria patients who were treated with CQ could be followed up for 28
days. Of these, 16.7% had ETF (1 of 6, on day 3) and 66. 7% had LTF (4 of 6, 1 on day 4-7 and 3 on
day 8-14). Of the 5 TF patients, 40% showed R3 and 60% showed late R1. The only ACR patient had
FCT and PCT in 2 days, and did not show hematological recovery (table 6.3.2.2b).

Table 6.3.2.2b Therapeutic efficacy of chloroquine in vivax malaria patients, Genyem Health Center

Therapeutic response

Early Treatment Failure (ETF: %, 95% Cl}

1/6 [16.7 (0.4-64.1 }]

Late Treatment Failure (LTF: %, 95% Cl)

4/6 [ 66.7 (22.3-95.7)]

Adequate Clinical Response (ACR: %, 95% Cl)

1/6 [16.7 (0.4-64.1 )]

Fever Clearance Time (FCT}: mean±SD (range) days

2.0±0

Parasite Clearance Time (PCT): mean±SD (range) days

2.0±0

Hematological recovery (Hb day 28>Hb day O: %, 95% Cl)

None
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6.3.3

THERAPEUTIC EFFICACY OF SULFADOXINE-PYRIMETHAMINE

6.3.3.1 UNCOMPLICATED FALCIPARUM M~LARIA
In Radamata, 36 patients with LTF to chloroquine were then treated with SP. There were 3 patients
lost to follow-up (2 on day 14 and 1 on day 28) and one was excluded because he had P. vivax
infection on day 28. All of the remaining 32 patients demonstrated ACR (100%). Of the 32 ACR
patients, 31.3% remained afebrile from the time of initiation of SP treatment; and 28.1 %, 31.3%, and
9.4% patients became afebrile by days 1, 2 and 3, respectively. 31.3%, 46.9%, 15.6%, and 6.3%
patients were aparasitemic on days 1, 2, 3, and 4, respectively. 81.2% patients with ACR (26 of 32)
showed hematological recovery. Over 50% gametocyte carriage were found on days 7 and 14, and it
was higher on day 7 compared to day O (p=0.01) (table 6.3.3.1a).

Table 6.3.31a Therapeutic efficacy of sulfadoxine-pyrimethamine in uncomplicated falciparum
chloroquine resistance malaria, Radamata Health Center

Therapeutic response

n=36

Lost to follow-up (%)

3/36 (8.3)

Excluded (%)

1/36 (2.8)

Adequate .Clinical Response (ACR: %, 95% Cl}

32/32 (100)

Fever Clearance Time (FCT): mean±SD (range) days

1.2±1.0 (0-3)

Parasite Clearance Time (PCT): mean±SD (range) days

2± 0.8 (1-4)

Hematological recovery (Hb day 28>Hb day 0: %, 95% Cl)

26/32 [81.2 (63.6-92.8)]

Gametocyte carriage on day 7 (%, 95% Cl)

21/32 [65.6 (46.8-81.4)]

14 (%. 95% Cl)

16/32 [50.0 (31.9-68.1 )]

28 (%, 95% Cl)

5/32 [15.6 (5.3-32.8)]
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In Genyem, there were a total of 46 patients with uncomplicated falciparum patients who were treated
with SP. 5 were excluded: 2 had concomitant disease during follow-up, 1 moved from the study site,
and 2 withdrew consent. Among the remaining 41 SP patients, 2.4% had ETF (1 on day 2), 24.4%
had LTF (1 on day 4-7, 4 on day 8-14, and 5 on day 15-28), and 73.2% had ACR. Among the 11 TF
patients, the resistance levels were R2 in 1 (9.1 %), early R1 in 1 (9.1 %), and late R1 in 9 (81.8%). Of
the 30 ACR patients, 40%, 26.7%, 26.7%, and 6.7% were afebrile by days 1, 2, 3 and 4 respectively;
and 20%, 43.4 %, 16.7% and 20% were aparasitem ic by days 1, 2, 3, and 4 respectively.
Hematological recovery was found in 46.7% of ACR patients. Gametocyte carriage was significantly
higher on days 7 (p<0.0001 ), 14 (p<0.0001 ), and 28 (p=0.01) than that on day O(table 6.3.3.1b).

Table 6.3.3.1 b Therapeutic efficacy of sulfadoxine-pyrimethamine in uncomplicated falciparum
malaria patients, Genyem Health Center

Therapeutic response

n=46

Excluded (%)

5/46 (10.9)

Early Treatment Failure (ETF: %, 95% Cl))

1/41 [2.4 (0.1-12.8))

Late Treatment Failure (LTF: %, 95% Cl)

10/41 [24.4 (12.4-40.3))

Adequate Clinical Response (ACR: %, 95% Cl)

30/41 [73.2 (57.0-85.8)]

Fever Clearance Time (FCT): mean±SD (range) days

2.0±1.0 (1-4)

Parasite Clearance Time (PCT): mean±SD (range) days

2.4±1.1 (1-4)

Hematological recovery (Hb day 28>Hb day O: %, 95% Cl)

14/30 [46.7 (28.3-65.7))

Gametocyte carriage on day 7 (%, 95% Cl)

21/40 [52.5 (36.1-68.5))

14 (%, 95% Cl)

20/39 [51.3 (34.8-67.6))

28 (%, 95% Cl)

8/35 [22.9 (10.4-40.1))
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6.3.4

THERAPEUTIC EFFICACY OF COMBINED CHLOROQUINE PLUS
SULFADOXINE-PYRIMETHAMINE

6.3.4.1 UNCOMPLICATED FALC/PARUM MALARIA
In Genyem, of a total of 38 uncomplicated falciparum malaria patients who were treated with

ca plus

SP, 4 patients were excluded: 2 withdrew consent, and 2 moved from study site. The therapeutic
response in the remaining 34 patients treated with

ca plus SP was as follows: 2.9% ETF (on

day 3),

35.3% LTF (6 on day 4-7, 1 on day 8-14, and 5 day 15-28), and 61.8% ACR. Of the 13 TF patients,
15.4%, 23.1%, 14.4%, and 46.1%% were R3, R2, early R1, and late R1, respectively. Among the
~1 ACR patients, FCT and PCT were 1 day in 42.9% and 4.8%, 2 days in 28.6% and 42.9%, 3 days in
28.6% and 28.6%, and 4 days in 0 and 23.8% respectively. 57.1% (Cl: 34.0-78.2) of the ACR
patients had hematological recovery. Gametocyte carriage on days 7 and 14 was statistically higher
than carriage prior to initiation of treatment (p=0.01 for both days) (table 6.3.4.1), but was no different
to carriage following either chloroquine or sulfadoxine-pyrimethamine alone.

Table 6.3.4.1 Therapeutic efficacy of chloroquine plus sulfadoxine-pyrimethamine in uncomplicated
falciparum malaria patients, Genyem Health Center

Therapeutic response

n=38

Excluded(%)

4/38 (10.5)

Early Treatment Failure (ETF: %, 95% Cl))

1/34 [2.9 (0.1-15.3)]

Late Treatment Failure (LTF: %, 95% Cl)

12/34 [35.3 (19.7-53.5)]

Adequate Clinical Response (ACR: %, 95% Cl)

21/34 [61.8 (43.6-77.8)]

Fever Clearance Time (FCT): mean±SD (range) days

1.9±0.8 (1-3)

Parasite Clearance Time (PCT): mean±SD (range) days

2.7±0.9 (1-4)

Hematological recovery (Hb day 28>Hb day 0: %, 95% Cl)

12/21 [57.1 (34.0-78.2)]

Gametocyte carriage on day 7 (%, 95% Cl)

16/33 [48.5 (30.8-66.4)]

14 (%, 95% Cl)

14/27 [51.8 (31.9-71.3)]

28 (%, 95% Cl)

2/26 [7.7 (0.9-25.1)]
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6.3.4.2 UNCOMPLICATED VIVAX MALARIA

In Genyem, among the 4 vivax malaria patients who treated with ca plus SP, none had ETF, 25%
had LTF (on day 14-28), and 75% had ACR. The FCT and PCT of those ACR patients ranged from 1
to 3 days and 2 to 4 days. 66.7% (9.4-99.2%) patients with ACR had hematological recovery (table

6.3.4.2).

Table 6.3.4.2 Therapeutic efficacy of chloroquine plus sulfadoxine-pyrimethamine in vivax
malaria patients, Genyem Health Center

Therapeutic response

n=4

Late Treatment Failure (LTF: %, 95% Cl)

1/4 [25.0 (0.6-80.6)]

Adequate Clinical Response (ACR: %, 95% Cl)

3/4 [75.0 (19.4-99.4)]

Fever Clearance Time (FCT): mean±SD (range) days

1.7±1.2 (1-3)

Parasite Clearance Time (PCT): mean±SD (range) days

3.0±1.0 (2-4)

Hematological recovery (Hbday 28>Hb day 0: %, 95% Cl)

2/3 [66.7 (9.4-99.2)]

6.3.5

CHLOROQUINE AND DESETHYL CHLOROQUINE BLOOD LEVELS

6.3.5.1 UNCOMPLICATED FALCIPARUM MALARIA

In Radamata Health Center, chloroquine and desethylchloroquine (DCa) levels could be measured
from blood blots in 42, 43 and 29 of chloroquine-treated patients with uncomplicated falciparum
malaria on days o, 2 and 28 respectively. Although the majority of patients had undetectable ca plus
oca level prior to treatment, 9.5% (4 of 42) had pre-treatment blood levels above the MEC for P.

falciparum. (table 6.3.5.1a). ca was well absorbed, with all patients having ca plus oca levels
greater than the MEC for P. falciparum on day 2. Though, not reaching statistical significance, there
was higher proportion of those with ACR compared with those with TF who had pre-treatment blood
levels above the MEG for P. falciparum (p=0.08). Mean ca plus oca levels on day 2 were
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significantly higher in those with ACR than in those with TF (p=0.01 ). There was no difference in CQ
plus DCQ levels between each group by day 28.
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Table 6.3.5.1a Whole blood concentrations of chloroquine (CQ) plus desethyl chloroquine (DCQ) in patients with Adequate Clinical Response (ACR) versus
Treatment Failure (TF) following chloroquine treatment of uncomplicated falciparum malaria, Radamata Health Center

Day

No of samples

Mean CQ+DCQ (range) ng/ml

ACR

TF

% patients with undetectable CQ+DCQ

TF

ACR

% patients with (CQ+DC0)>200 ng/ml

ACR

TF

ACR

TF

0

15

27

78.1 (0-356)

46.7 (0-750)

53.3

74.1

20.0

3.7

2

15

28

687.5 (375-1,367)*

550.6 (292-2,287)*

0

0

100

100

28

15

14

320.7 (0-2,753)

331.0 (0-1,459)

40.0

28.6

33.3

35.7

*difference between ACR and TF was significant (p=0.01); all other differences were not significant (p>0.05).
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In Genyem Health Center,

ca plus oca levels could be measured from blood blots in 43, 43 and 24

chloroquine-treated patients with uncomplicated falciparum malaria on days 0, 2 and 28, respectively.

ca plus oca prior to treatment,
but 18.6% (8 of 43) had ca plus oca levels above the MEC for P. falciparum (table 6.3.5.1b). ca

As in Radamata, the majority of patients had no dectable levels of

appeared to be well absorbed in both ACR and TF groups, with levels being greater than the MEC for
P. falciparum in all except one TF sample. There was no statistically significant difference between
mean blood levels in the ACR and TF groups on both days 2 and 28, or in the proportion with an
undetectable level or levels >200 ng/ml on each of these days of follow-up.

ca plus SP treatment in Genyem, except the proportion in
both the ACR and TF groups with detectable ca plus oca levels by day 28 was lower (table
Similar findings were also found following

6.3.5.1c).

6.3.5.2 UNCOMPLICATED VIVAX MALARIA

ca plus oca levels could be measured in 8 of the 9 patients with uncomplicated vivax malaria seen
at Radamata Health Center. Unfortunately, blood blots from the TF case were not collected. On day

o, one of the 2 samples had detectable ca plus oca, with levels of ca plus oca being above 100
ng/ml (the MEC for elimination of P. vivax). Mean levels of

ca plus oca were 24.9 ng/ml (0-136),

770.7 ng/ml (378-1276) and 106.0 ng/ml (0-295) on days 0, 2 and 28, respectively. Five of the 8 ACR
patients still had detectable

ca plus oca on day 28, but only 3 of them exceeded 100ng/ml.
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Table 6.3.5.1 b Whole blood concentrations of chloroquine (CQ) and desethyl chloroquine (DCQ) in patients with Adequate Clinical Response (ACR) versus
Treatment Failure (TF) following chloroquine treatment of uncomplicated falciparum malaria, Genyem Health Center

Day

No of samples

Mean CQ+DCQ (range) ng/ml

ACR

% patients with undectectable CQ+DCQ

TF

TF

% patients with CQ+DC0>200 ng/ml

ACR

TF

0

8

35

111.2 (0-640)

80.7 (0-475)

75.0

62.9

25.0

17.1

2

8

35

700.2 (590-870)

727.4 (155-3,650)

0

0

100

97.1

28

7

17

149.3 (0-595)

124.7 (0-1,050)

28.6

52.9

28.6

11.8

ACR

All differences between ACR and TF groups were not significant (p>0.05).
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ACR

TF

Table 6.3.5.1 c Whole blood concentrations of chloroquine (CQ) and desethyl chloroquine (DCQ) in patients with Adequate Clinical Response (ACR) versus
Treatment Failure (TF) following chloroquine plus sulfadoxine-pyrimethamine treatment of uncomplicated falciparum malaria, Genyem Health Center

Day

No of samples

ACR

TF

Mean CQ+DCQ (range) ng/ml

ACR

% patients with undectectable CQ+DCQ

% patients with CQ+DC0>200 ng/ml

TF

ACR.

TF

ACR

TF

84.2

77.8

10.5

11.1

0

19

9

29.5 (0-365)

45.6 (0-325)

2

19

9

661.6 (640-1,040)

597 .2 (325-1, 125)

0

0

100

100

28

19

3

73.7 (0-935)

0

63.2

100

5.3

0

All differences between ACR and TF groups were not significant (p>0.05).
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6.3.6

ADVERSE REACTIONS AND OUTCOMES

In Radamata, the adverse reactions to

ca were mild vomiting (4.5%) and mild itching (3.0%). Only

one patient (3.1%) with mild vomiting (3.1%) had an adverse reaction to SP. In Genyem, adverse
reactions to

ca, SP, and the combination of ca plus SP treatment were similarly mild (table 6.3.6).

In both Radamata and Genyem, all adverse reactions were self limiting and resolved rapidly. In
Genyem, all falciparum malaria TF cases treated with quinine were cured clinically and
parasitologically, and none developed severe or complicated falciparum malaria.

6.3.7 ADDITIONAL EVALUATION OF DIFFERENT REGIMENS IN PATIENTS WITH
UNCOMPLICATED MIXED FALCIPARUM AND VIVAX MALARIA
During the study, we also enrolled 9 patients with mixed infection with P. falciparum and P.vivax at
Genyem Health Center. Of these 9 mixed infection patients, 3 were treated with
with SP, and the other 2 were treated with

ca, 4 were treated

ca plus SP. The majority were children (77.8%); 33.3%

had an axillary temperature of >37.5°C. 11.1 % had a parasite density of <1,000/ul (960/ul), and
66.7% had a hemoglobin of <11 g/dl. The frequent clinical symptoms and signs were fever (100%),
headache (77.8%), splenomegaly (88.9%) and pallor (66.7%).

All of the 3 mixed infection malaria patients who were treated with

ca had TF; two ETF (both on day

3) and one LTF (on day 8-14). Of the 3 TF patients, two showed R3, and one showed late R1.

Of the 4 mixed falciparum and vivax infection patients who treated with SP, none had ETF, 3 had LTF
(2 R2 on day 4-7 and 1 Late R1 on day 8-14), and one had ACR with fever and parasite clearance by
day 3 and hemoglobin recovery by day 28.

Of the 2 mixed falciparum and vivax infections treated with

ca plus SP, one had LTF (on day 8-14)

with late R1, and the other had ACR with fever and parasite clearance by day 3, without hemoglobin
recovery.
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Table 6.3.6 Adverse reactions from chloroquine, sulfadoxine-pyrimethamine, and chloroquine plus sulfadoxine-pyrimethamine in uncomplicated falciparum
malaria patients, Radamata and Genyem Health Centers

Chloroquine (%)

Adverse reaction

Radamata (n=66)

Genyem (n=48)

Tinitus

1 (2.1)

Dizzy

1 (2.1)

Itching

Sulfadoxine-pyrimethamine (%)

Radamata (n=32)

Genyem (n=41)

Chloroquine plus sulfadoxine-pyrimethamine (%)

Genyem (n=34)

1 (2.9)
1 (2.4)

2 (3.0)

1 (2.9)

1 (2.4)

Rash
Vomiting

3 (4.5)

Total

5 (7.5)

1 (3.1)

2 (4.2)

2 (4.9)

1 (3.1)

183

2 (5.9)

6.4

DISCUSSION

This evaluation focused on the response to Indonesia's first-line and second-line antimalarial drugs
for the treatment of uncomplicated falciparum malaria. However, during the execution of this study,
we could also evaluate a relatively small number of patients with uncomplicated vivax malaria and
mixed infection.

6.4.1

BASELINE FEATURES OF UNCOMPLICATED MALARIA PATIENTS

tn both Radamata and Genyem Health Centers, uncomplicated falciparum and vivax malaria were
observed more in males and in Genyem more commonly in indigenous people. Males are likely to be
more mobile and have greater occupational exposure to malaria than females. Non-indigenous
people in Genyem have a much greater usage of bed nets (Tjitra, unpublished observations). In
relation to.the endemicity which reflect the acquired natural immunity and age: in this evaluation the
proportion of adult uncomplicated malaria patients was higher than children patients in Radamata and
vice versa in Genyem (similar to the findings in chapter 4). This is coAsistent with greater acquired
immunity in children in Genyem because of its higher malaria transmission.

Anemia (hemoglobin <11 go/o) was found more commonly in those with vivax malaria and mixed P.
falciparum and P. vivax infection (68.4%, 13 of 19) than in those with uncomplicated falciparum
malaria (42.3%, 58 of 134) in Genyem (p=0.04). This may have been the case because P. vivax
exclusively invades reticulocytes. The increased removal of the youngest red cell population (thereby
blocking the supply of new cells) would be predicted to have a greater long-term impact on
hemoglobin level in P. vivaxthan P. falciparum, which can invade older erythrocytes25_ A related
finding is the higher frequency of pallor with vivax malaria found in the Genyem (but not Radamata)
clinical study (chapter 4). Although, P. vivax is less virulent than P. falciparum, recurring infections
from latent liver stage (hypnozoite) may contribute to chronic anemia. The importance of vivax
malaria as a cause of maternal anemia has also been recently described222.

Chloroquine was the most common antimalarial drug used in both areas. In this study, there was a
clear association between a history of chloroquine use and detection of CQ plus DCQ in blood in
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Genyem, though in Radamata (with a smaller sample size) this did not reach statistical significance.
Despite this association, a history of chloroquine usage at both sites did not reliably predict detection
of ca plus

oca in blood. This is similar to findings in Africa223.

In Genyem, a mesoendemic area, 26.8% (41of 153) of clinical uncomplicated malaria patients had a
parasite density of 1,000/ul in the screening as mentioned for the inclusion criteria, but these were
<1,000/ul in the day 0 blood smears following recruitment. This was not seen in Radamata. A higher
degree of acquired natural immunity, higher rates of prior antimalarial drug use prior to the study, and
difference in timing of blood samples for screening and evaluation may have contributed to this
1

reduction in parasitemia. The cut off of fever parasitemia threshold used in these efficacy studies
(1,000/ul) was higher than the cutoff for clinical malaria established for Radamata (720/ul), and lower
than the cutoff for Genyem (1280/ul) for any malaria species (chapter 3). These cases were still
included in this study.

6.4.2

THERAPEUTIC EFFICACY OF CHLOROQUINE

This study is the first evaluation of antimalarial therapeutic efficacy in Indonesia based on
parasitological and clinical responses including hematological recovery in patients clinically unwell
with parasitologically confirmed malaria. Radamata is confirmed as an area with high rates of
chloroquine resistance to P. falciparum with an ACR of only 34.8%. 46.5% (20 of 43) the chroquine
TF's cases were detected after day 14. Although genotyping of these TF parasites was not
performed, new infection or reinfection would be rare within 28 days in a hypoendemic area like
Radamata (chapter 3). The finding of poor chloroquine efficacy is in agreement with a previous report
of chloroquine sensitivity in-vivo of only 24% and 50% in NTT (despite in-vitro sensitivity of 73%)3.
Despite chloroquine being well absorbed (with all patients having

ca plus oca levels greater than

the MEC for P. falciparum on day 2), ETF (9.1 %, 3 adults and 3 children) still occured, and the
proportion of R2 and R3 was 18.6% of TF cases. Even higher rates of R2 and R3 resistance (33.3%,
9 of 27) have been previously documented in Flores, NTT3.
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lrian Jaya has been recognized for some time as a meso-hyperendemic malarious area with high
rates of chloroquine resistance (82% and 84% in-vitro resistance, and 53% and 71% in-vivo
resistance)3, 47 , 197, 224, and a high frequency of pfmdr1 mutations in chloroquine-resistant P.
falciparum parasites225. This study confirms the expected poor efficacy of chloroquine in lrian Jaya

with 83.3% (40 of 48) of falciparum malaria patients having chloroquine TF. Only 12.5% (5 of 40) of
resistant cases were detected after day 14 in Genyem, suggesting that the majority of these were true
TFs rather than reinfection. As well as overall TF being higher in Genyem, there was also a higher
proportion of R3 and R2 resistance (42.5% of TF cases) than in Radamata. One of the three ETFs
was in a 11 years old Papuan child who would be expected to have had significant immunity. ·
Although the minority with ACR had rapid FCT and PCT, chloroquine monotherapy can no longer be
recommended as first-line treatment of uncomplicated falciparum malaria in Genyem, where malaria
is found predominantly in children (chapter 4).

Interestingly, in this study, mean CQ plus DCQ levels on day 2 were higher in ACR than in TF cases
in Radamata but not Genyem. Higher chloroquine blood concentration on day 2 may thus improve the
cure rate in patients with little immunity but may be less important in the presence of significant host
immunity. Alternatively, this may reflect a moderate degree of chloroquine resistance in Radamata,
compared with high-level chloroquine resistance in Genyem. In a setting with high-level chloroquine
resistance achieving high levels of chloroquine may not be enough to overcome resistance. This has
therapeutic implications: in Flores (NTT), increasing the dosage of chloroquine base from 15 to 25 to
37 .5 mg/kg body weight led to improved clearance of parasitemia226.

Although, chloroquine showed rapid clearance of fever and parasitemia at both sites, only a minority
of ACR cases (approximately a third at each site) had any degree of hematological recovery.
Although a moderate hematological recovery (58.9%) was reported following chloroquine treatment of
uncomplicated falciparum malaria patients (all ages) in Myanmar227, the Indonesian results are
similar to those in Tanzanian children (5-36 months) where chloroquine treatment of uncomplicated
falciparum malaria with or without micronutrients did not improve hemoglobin level between day O and
follow-up228_ This lack of hematological recovery following chloroquine therapy is a major concern,
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as mortality from severe anemia has been closely linked temporally with the development of
chloroquine resistance in Africa213, 214.

At both study sites, chloroquine increased gametocyte carriage by days 7 and 14. Dynamics of
gametocytemia are independent of level of endemicity229. Though chloroquine destroys the
gametocytes of P. falciparum during the early stages of development, chloroquine is not
gametocytocidal against mature gametocytes230. In-vitro studies show that increased gametocyte
production with chloroquine treatment is a general response to retarded asexual growth in
unfavourable conditions such as subcurative chemotherapy23 1. Another study concluded that
chloroquine did not induce gametocytogenesis, but allowed preformed gametocytes to persist232.
Treatment failure and chloroquine resistance has been previously shown to result in higher
frequencies and levels of gametocytemia during follow-up229, 233, 234. The high rates of post
treatment gametocytemia following chloroquine monotherapy in these areas of high chloroquine
resistance would favour increased malaria transmission. This combined with poor efficacy, indicates
that chloroquine monotherapy can no longer be recommended in Radamata, particularly with the
relatively low level of acquired immunity in this hypoendemic area.

In Radam~ta, the therapeutic efficacy of chloroquine for treatment of vivax malaria was acceptable
(ACR: 88.9%}, and the hematological recovery appeared higher (50%} than following treatment of
falciparurn malaria. Only one of the 9 patients had LTF, with late R1 on day 28. It was not possible to
distinguish with confidence a recrudescence from a relapse, because the blood blot from this TF case
was not available for chloroquine blood level and genotyping. In a clinical setting, to distinguish
chloroquine failure from relapse may difficult without measuring drug levels235. P. vivax resistance to
chloroquine, based on a MEC of 100 ng/ml, has been previously documented in Sikka, NTT, in Flores
(Fryauff DJ, unpublished data}. Efficacy of a 14-day primaquine regimen has been reported to be
superior to a 5-day regimen and a regimen without primaquine, to prevent relapse in P. vivax
infections over a 6-month period of follow-up in lndia211.
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As well as eliminating hypnozoite parasites, radical treatment with a 14-day course of primaquine,
may also improve the therapeutic efficacy of chloroquine for treatment of vivax malaria236-238
though its intrinsic antimalarial activity against asexual stages239.

Chloroquine efficacy in vivax malaria was as similarly poor as that found for treatment of
uncomplicated falciparum malaria. Although this study was limited by the small numbers of assessible
patients in lrian Jaya with vivax malaria and mixed falciparum-vivax malaria, the results are consistent
with the moderate to high rates of P. vivax resistance to chloroquine reported from elsewhere in lrian
Jaya since 199147, 194, 196, 197. The susceptibility of the Indonesian strain of P. vivaxto
chloroquine indicated a level of resistance between that of the standard Chesson strain of P. vivax
and the reported resistant strains from Papua New Guinea240. The mechanism of chloroquine
resistance in vivax malaria is incompletely understood, as is the reason for its absence in other vivax
endemic areas in which chloroquine is widely used199, 200, 241-243. Regional differences in strainsusceptibility to chloroquine may explain this. Radical treatment for viyax malaria is not widely used
because most treatment is based on a clinical diagnosis and a presumptive treatment regimen.
Combining chloroquine with 14 days of primaquine may improve the therapeutic efficacy of
chloroquine for treatment of vivax malaria211, 236-238. Because SP is not recommended for
treatment of vivax malaria15 and has poor therapeutic response in vivax malaria238, 244, and
because of poor compliance with 14-day primaquine or 7-day quinine treatment regimens, an
alternative regimen for radical treatment of vivax malaria in lrian Jaya is a challenge (see chapter 7).

All adverse reactions to chloroquine in both Radamata (3% itching and 4.5% vomiting) and Genyem
(2.1 % tinnitus and 2.1 % dizzy) were mild and resolved without treatment. All these adverse reactions
except tinnitus have been reported in previous studies in lndonesia3. Mild vomiting and itching were
also reported as adverse reactions in Nigerian children with acute uncomplicated falciparum malaria
treated with chloroquine plus chlorpheniramine245. In adult Filippinos, vomiting (17%), abdominal
pain (17%), anorexia (13%), and headache (17%) were reported as adverse reactions following
chloroquine treatment246.
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6.4.3

THERAPEUTIC EFFICACY OF SULFADOXINE-PYRIMETHAMINE

In Radamata, sulfadoxine-pyrimethamine treatment of chloroquine resistant falciparum malaria gave
a cure rate of 100% and a better hematological recovery of 81.2%. In Gag islands, lrian Jaya, retreatment of P. falciparum chloroquine treatment failures with sulfadoxine-pyrimethamine also
demonstrated rapid clearance and complete sensitivity during the 28-day follow-up period47. Results
of clinical, parasitological and hematological responses to sulfadoxine-pyrimethamine in children with
P. falciparum chloroquine treatment failure was similar to those reported in 2 African studies247, 248,
though sulfadoxine-pyrimethamine TF has emerged in many other African sites249-255. The
relatively low parasitemias and mild clinical illness following treatment with chloroquine (31.3%
afebrile before initiation of sulfadoxine-pyrimethamine treatment) may have contributed to the better
therapeutic response seen in Radamata.

In Genyem, sulfadoxine-pyrimethamine treatment of uncomplicated falciparum malaria resulted in an
ACR of only 73.2%. The only ETF case was a non-Papuan child (a Javanese transmigrant born in
Genyem) who usually slept under a bed-net. That child may have had less immunity than Papuan
children who tend not to use bed-nets. 45.5% (5 of 11) of TF cases were found after day 14 and it is
possible some of these were new infections in this meso-hyperendemic area, and that the ACR of
sulfadoxine-pyrimethamine could have been higher than 73.2% in Genyem, particularly in Papuans.
This result was slightly lower than that seen in a 1987 study which documented a cure rate of 88.9%
(16 of 18, and 2 TF as R1)207. Although sulfadoxine-pyrimethamine is available, it has not been
widely used because of its lesser availability in the private sector in rural areas, the possibility of
serious adverse reactions, and its greater cost. Nevertheless, significant sulfadoxine-pyrimethamine
TF has already emerged.

Because both sulfadoxine and pyrimethamine have long half-lives, malarial parasites may be
exposed to sub-therapeutic b!ood level during the long elimination period, especially in high
transmission area. This may increase the likelihood of resistance. Resistance is mediated by point
mutations in the target enzymes, dihydrofolate reductase (DHFR) and dihydropteroate synthase
(DHPS), repectively. In paired (before and after treatment) Kenyan samples, the predominant
combinations of DHFR and DHPS alleles before treatment were triple mutant DHFR and double
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mutant DHPS (41% [7 of 17], and of double mutant DHFR and double mutant DHPS (29% [5 of 17].
Almost all of the posttreatment isolates had triple mutations in DHFR which was associated with RI
and RII resistance to sulfadoxine-pyrimethamine in Kenyans256 or ETF and LTF in Cameroonian
patients257.Therefore, sulfadoxine-pyrimethamine monotherapy should not become a standard
presumptive treatment for acute malaria258. Wide scale use of sulfadoxine-pyrimethamine in East
Africa, an area with relatively high transmission and minimal vector control, has resulted in
measureable increases in parasitological failure in less than 5 years259-261. In an in-vitro drug study
.Jn Brazil, South America, sulfadoxine-pyrimethamine resistance was seen in 92% (23 of 25)262. In
Thailand, the cure rate of a standard dose fell from virtually 100% in 1966 to 82% in 1975 and 42% in
1979263. An alarming frequency of clinical and parasitological failure following sulfadoxinepyrimethamine treatment (>50%) has also been reported in Myanmar264.

In Genyem, sulfadoxine-pyrimethamine cleared fever and parasitemia with FCT and PCT similar to
chloroquine. This contrasts with other studies have reported a slower clinical response with
sulfadoxine-pyrimethamine than with chloroquine. This was attributed to anti-inflammatory effect of
chloroquine and possible (but not yet proven) faster parasitological clearance with chloroquine227,
245. Sulfadoxine-pyrimethamine treatment resulted in slightly higher hematological recovery (46.7%)
than chloroquine treatment (37.5%). In several studies elsewhere, patients treated with SP had
greater increases in their hemoglobin at each week during the follow-up period or at day 14, than did
children treated with chloroquine213, 227. Supplementation with iron (not folic acid) may improve
hematological recovery without increasing susceptibility to malaria265.

Adverse reactions were infrequent, mild, and resolved without treatment. Rash and itching have been
documented in previous studies in lndonesia3; while vomiting has been reported in Africa245.

The effect of sulfadoxine-pyrimethamine on gametocytes in falciparum malaria is still unclear.
Although pyrimethamine supresses gametocyte maturation in mosquitoes266, as with chloroquine,
sulfadoxine-pyrimethamine is not gametocytocidal against mature gametocytes of P. falciparum230.
Studies in Mozambique concluded that there was no induction of gametocytogenesis by sulfadoxine-
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pyrimethamine232. Many studies including this study have shown high rates of gametocyte carriage
following treatment with sulfadoxine-pyrimethamine. It remains unclear whether sulfadoxinepyrimethamine specifically induces gametocytemia or is merely permissive of covalescent
gametocytemia through its inability to kill already committed immature gametocytes245, 267, 268.

In an attempt to prevent the rapid emergence of sulfadoxine-pyrimethamine resistance seen
elsewhere and already evident in Papua, it will be necessary to combine this with another antimalarial
drug, preferably one that reduces post-treatment gametocytemia and malaria transmission.

6.4.4

THERAPEUTIC EFFICACY OF COMBINED CHLOROQU/NE-SULFADOXINEPYRIMETHAMINE

In Genyem, the addition of sulfadoxine-pyrimethamine to chloroquine did not show superior
therapeutic efficacy alone for treatment of uncomplicated falciparum malaria compared with
sulfadoxine-pyrimethamine, however this combination was well tolera.ted. As with monotherapy to
sulfadoxine-pyrimethamine, there was only one ETF case, again a non-Papuan child. The addition of
sulfadoxine-pyrimethamine to chloroquine did not significantly reduce the proportion of R3 and R2
(38.5%) TF compared to chloroquine alone (42.5%). Fever and parasite clearance were no faster
than with either chloroquine or sulfadoxine-pyrimethamine treatment, but there was a trend for
hematological recovery (57.1%) to be higher than with chloroquine (37.5%) and sulfadoxinepyrimethamine (46.7%) treatment. A study in Papua New Guinean children showed no advantage in
combining chloroquine (a single dose, 10 mg/kg) with sulfadoxine-pyrimethamine, and this
combination regimen was associated with an increased incidence of vomiting 258_ However, in
Gambian children, a combination of these drugs (chloroquine 30 mg/kg for 3 days and sulfadoxinepyrimethamine single dose) was more effective in resolving symptoms than sulfadoxinepyrimethamine alone, though parasitological TF was no different253_ In adult Filippinos (12-65 years),
a combination of chloroquine (25 mg/kg/bw for 3 days) and sulfadoxine-pyrimethamine had faster
FCT and PCT than chloroquine alone for the treatment of acute falciparum malaria246. Variation in
the level of chloroquine and/or sulfadoxine-pyrimethamine resistance, and differences in age groups
studied may have contributed to these differences in treament outcome. Although in antagonism with
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the combination of chloroquine and sulfadoxine-pyrimethamine has been found in-vitrcf!.69 there has
been no in-vivo evidence of an increased risk of TF or a delayed response of parasites otherwise
sensitive to sulfadoxine-pyrimethamine. In Genyem (mostly children), the very poor therapeutic
efficacy of chloroquine for the treatment of uncomplicated falciparum malaria is likely to explain the
inability of combined chloroquine plus sulfadoxine-pyrimethamine to improve the efficacy of
sulfadoxine-pyrimethamine alone. More studies are required to clarify these findings elsewhere in
Indonesia.

Although sulfadoxine-pyrimethamine is not recommended for the treatment of vivax malaria, .
combined chloroquine plus sulfadoxine-pyrimethamine in the few cases studied (4 patients) may have
improved on the therapeutic response to chloroquine alone for the treatment of vivax malaria (75%
ACR, 25% LTF of late R1, and 66.7% hematological recovery). Combined chloroquine single dose
and sulfadoxine-pyrimethamine for treatment of vivax malaria in 6 children Papua New Guinean led to
a slower resolution of fever and parasite clearance than did chloroquine244. FCT did not appear to be
slower the combination in Genyem, but the numbers were to small to show a clear effect. Further
comparative studies of chloroquine and primaquine versus chloroquine plus sulfadoxinepyrimethamine and primaquine will be required to determine if the addition of sulfadoxinepyrimethamine to the existing regimen will improve radical treatment of vivax malaria in lrian Jaya.

As with chloroquine and sulfadoxine-pyrimethamine alone, the combination these drugs was well
tolerated and adverse reactions were few. There were mild dizziness and itching, which resolved
without treatment. In the Philippines, vomiting (9%), abdominal pain (3%), and headache (3%) were
the adverse reactions found with this combination246.

6.5

CONCLUSIONS

Although studies at additional sites would be useful to confirm these findings, chloroquine is no longer
effective as first line therapy for falciparum malaria in Sumba, and for both falciparum and vivax
malaria in lrian Jaya. Increasing the standard dosage may improve the clearance of parasitemia, but
it will not prevent the progression of chloroquine resistance and may increase toxicity. An alternative
regimen is urgently needed. Switching to sulfadoxine-pyrimethamine alone is not a rational option for
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either P. falciparum or P. vivax. Not only will it quickly lose efficacy, but it will likely rapidly result in
widespread high grade anti-fol ate resistance in P. falciparum that will effectively preclude the future
option of introducing artesunate-antifolate combinations such as artesunate plus sulfadoxinepyrimethamine or artesunate plus chlorproguanil-dapsone.

Although sulfadoxine-pyrimethamine is only the second-line treatment for falciparum malaria in
Indonesia and is not widely available through private vendors, significant rates of sulfadoxinepyrimethamine P. falciparum treatment failure have already emerged. This suggests that mutations at
the dihydrofolate reductase codons 108, 51 and 59 are already common221, 256,257, 270-276_ One
further mutation at codon 164 will likely result in rapid dissemination of highly sulfadoxinepyrimethamine resistant parasites as occurred in Thailand, Vietnam and South America within as
short a time as five years following the introduction of sulfadoxine-pyrimethamine monotherapy276279. Sulfadoxine-pyrimethamine has poor efficacy for P. vivax and sulfadoxine-pyrimethamine
monotherapy would not be a rational option for vivax malaria.

Another option is to combine chloroquine with sulfadoxine-pyrimethamine. Until recently, there was a
paucity of trial evidence to support this. Recent studies in falciparum malaria have shown improved
efficacy with the combination than with either drug alone246, 253. In Papua, there was no evidence
for benefit with the addition of sulfadoxine-pyrimethamine to chloroquine, though the study was small
and more data from lrian Jaya are required. The very poor adequate clinical response rate with
chloroquine in lrian Jaya means that chloroquine will likely provide very little protection against the
development of high grade sulfadoxine-pyrimethamine resistance. Moreover, unless combined with
primaquine, gametocyte carriage post treatment will not be reduced with combination therapy, further
increasing the risk of emergence of anti-folate resistance in the population.

Though more data are also required, the combination of chloroquine (25 mg/kg bw for 3 days) with
doxycycline (200 mg/day for 7 days) is another option for the treatment of falciparum malaria, with a
recent Indonesian study showing a 90% (26 of 29) cure rate280_ However, this regimen can not be
given to children under 8 years old or pregnant women, is not sufficiently effective for the treatment of
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vivax malaria (68% cure rate, 15 of 22)280, and compliance will be poor with the 7-day doxycyline. It
will not be suitable for widespread implementation.

Although available for many years in other countries, amodiaquine has not been used as widely as
chloroquine for the treament of malaria. To date it is unavailable in Indonesia. However amodiaquine
does have a similar structure to chloroquine. A preliminary report has shown that combination of
amodiaquine and artesunate is effective and has a better therapeutic efficacy than the combination of
chloroquine and artesunate for treatment of uncomplicated falciparum malaria in Africa (Ringwald P,
personal communication). A combination of amodiaquine and sulfadoxine-pyrimethamine may be
another optional regimen for treatment of both falciparum and vivax malaria

The best drug to combine with the existing antimalarial drugs in Indonesia may be one of the
artemisinin derivatives, which are known to be effective against both falciparum and vivax
malaria28 1, are safe, and have a rapid action and short half-life282. A combination of sulfadoxinepyrimethamine with an artemisinin derivate may protect against the progression of sulfadoxinepyrimethamine resistance and may mantain sulfadoxine-pyrimethamine efficacy. This is examined in
chapter 7.
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7.

THE THERAPEUTIC EFFICACY OF COMBINED ARTESUNATE
PLUS SULFADOXINE-PYRIMETHAMINE VERSUS
SULFADOXINE-PYRIMETHAMINE ALONE IN
UNCOMPLICATED FALCIPARUM MALARIA, AND THE
THERAPEUTIC EFFICACY OF ARTESUNATE PLUS
SULFADOXINE-PYRIMETHAMINE IN VIV AX MALARIA

SUMMARY
Qhloroquine is no longer clinically effective for uncomplicated falciparum malaria and vivax malaria in
lrian Jaya, and sulfadoxine-pyrimethamine is only moderately effective. Combining artesunate with
existing antimalarial drugs may improve cure rates, delay emergence of resistance, and reduce
transmission. We therefore performed a pilot study followed by a randomised controlled trial to
quantify the benefit of adding artesunate to sulfadoxine-pyrimethamine in uncomplicated falciparum
malaria. The studies used a modified 1997 WHO protocol for assessment of the therapeutic efficacy
of antimalarial drugs. In the pilot study, 20 patients with uncomplicated falciparum malaria were
treated with artesunate orally, 4 mg/kg bw/day, single daily dose for 3 days plus sulfadoxinepyrimethamine orally (based on pyrimethamine dosage 1.25 mg/kg bw) single dose on day O. Fifteen
could be followed for 28 days, showing good clinical and parasitological response. No early treatment
failure (ETF) was found. Adequate Clinical Response (ACR) was 100% on day 14 and 93.3% on day
28, with 100% having a hematological response.

In the subsequent randomised comparative trial, 105 uncomplicated falciparum malaria patients
(stratified by age/ethnic group) were randomised: 53 received artesunate plus sulfadoxinepyrimethamine, and 52 patients received sulfadoxine-pyrimethamine alone; 47 and 46 respectively
could be followed for 28 days. Treatment failure (TF) rates on day 14 were O°lc:i in the artesunate plus
sulfadoxine-pyrimethamine group and 8.7% in the sulfadoxine-pyrimethamine group (p=0.12). TF
rates on day 28 were 4.4% and 15.2% respectively (p=0.16). Relative risk of TF at 28 days was 0.3
(95% Cl: 0.1-1.3). Mean fever clearance time (1.3 vs 1.7 days) and mean parasite clearance time (1.4
vs 2.0 days) were both faster in the artesunate plus sulfadoxine-pyrimethamine group than in the
sulfadoxine-pyrimethamine group (p=0.08 and p<0.0001 respectively). Only 20 (39.2%) of 51 patients
treated with artesunate plus sulfadoxine-pyrimethamine were still parasitemic on day 1 compared with
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45 (86.5%) of 52 patients treated with sulfadoxine-pyrimethamine alone (p=0.000001, RR=0.4, 95%
Cl: 0.3-0.6). Gametocyte carriage was lower following artesunate plus sulfadoxine-pyrimethamine
than sulfadoxine-pyrimethamine (RR=0.5, 95% Cl: 0.2-1.0 on day7; and RR=0.5, 95% Cl: 0.2-1.1 on
day 14). Mild diarrhoea, rash and itching resolved without treatment. The addition of artesunate to
sulfadoxine-pyrimethamine resulted in more rapid fever and parasite clearance, was well tolerated,
reduced risk of treatment failure, and lowered gametocyte carriage in uncomplicated falciparum
malaria.

Artesunate plus sulfadoxine-pyrimethamine was also found to be effective in 22 patients with .vivax
malaria, treated with the same regimen and dosage in lrian Jaya. Nineteen of 22 could be followed for
28 days. There were no ETF cases. AC Rs were found in 100% (20 of 20) by day 14 and 89% (17 of
19) by day 28.

The addition of artesunate to sulfadoxine-pyrimethamine as first-line treatment may be the best option
to reduce the high rates of both P. falciparum and P. vivaxtreatmentiailure currently occurring in lrian
Jaya, and may delay the further development of anti-folate resistance throughout the province.

7.1
7.1.1

INTRODUCTION
ARTESUNATE

Artesunate is one of the artemisinin (qinghaosu) derivatives (figure 22). Qinghaosu, a sesquiterpene
lactone peroxide isolated from the medicinal herb Artemesia annua L, has been used for centuries in
traditional Chinese medicine for fever and malaria. Artemisinin and its derivatives have short-lives and
act early in the development of asexual parasites283. By developing new formulations and by
modifying the parent compound, several semi-synthetic derivatives have been created that have
greater solubility and activity than artemisinin (dihydroartemisinin, artemether, arteether, and
artesunate). Artemisinin, artemether and artesunate, have been used in China for the treatment of
uncomplicated malaria both falciparum and vivax malaria for over 20 years281 and increasingly in the
rest of South-East Asia for the last decade284, 285. The drugs possess potent antimalarial activity
and produce rapid resolution of fever and parasitemia286. They reduce parasite biomass by around
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Figure 22. Artesunate, used in randomised comparative trial of artesunate
plus sulfadoxine- pyrimethamine versus sulfadoxine-pyrimethamine
alone.

Item removed due to copyright.

Figure 23. 28-day follow-up evaluation of the therapeutic efficacy of combined
artesunate plus sulfadoxine-pyrimethamine , Genyem , AugustNovember 1999.

10,000 fold for each asexual cycle282_ Resistance to these drugs has not yet been reported clinically,
nor has cross-resistance with other antimalarial drugs currently available. However, isolates of P.
falciparum from the China-Myanmar border have been demonstated to have in vitro resistance to
artemisinin derivatives (6.3-22.2%)287_ These drugs are remarkably well tolerated in adults and
children281, with no serious adverse effects having been reported in humans. Neurotoxicity has been
demonstrated in animal studies following the parenteral administration of high doses of arthemether
or arteether (non-water soluble) and constant oral intake of high dose artemether and very high dose
artesunate288-292_ Several million patients have been treated with artesunate in China, Vietnam and
Thailand, with no evidence of the adverse neurological effects described in animats293-29S_ To date
only one case of neurotoxicity has been reported after artesunate treatment for falciparum malaria, a
patient with ataxia and slurred speech296_ There is also no evidence for other serious adverse
reactions in patients treated with artemisinin derivatives295_ Qinghaosu is active not only against
asexual parasites of P. falciparum but also against the early stages of gametocytes297-300_ The
decline in morbidity and mortality from falciparum malaria in the past decade in Vietnam has coincided
with the widespread use of artemisinin derivatives in the treatment of malaria294, 301, 302_ Currently,
artemisinin and its derivatives are registered for use as antimalarial drugs in most malaria endemic
countries which have the problem of multidrug resistant malaria303_ In Indonesia, these drugs are still
not available.

Artesunate is the most rapidly acting of all artemisinin derivatives and is water soluble. Artesunate
can be administered orally or by intramuscular or intravenous injection. In contrast to artemether or
arteether, there is not any reproducible data demonstrating neurotoxicity of artesunate. The
availability of a relatively cheap and safe oral formulation such as artesunate would increase the
choices available for malaria treatment. Artesunate has been widely used in Asia. A problem with
artesunate is that when it is used alone over short periods (less than 5 days), clearance of
parasitemia from the blood is only temporary in up to 50% of patients.This high recrudescence rate
results from the rapid elimination of the drug281, 282,286, 303_ A pilot evaluation of a total 600 mg of
artesunate (200 mg loading dose followed by 100 mg daily for 4 days) in uncomplicated falciparum
malaria in a highly endemic and multidrug resistant malarious area of Indonesia confirmed that
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finding. The parasite clearance rate dropped to 60% after 14 days following 100% clearance at day
14. No side effects were noted in this study304. There is a need to combine artesunate with another
antimalarial drug, which needs to be present in the blood at effective concentrations during four
asexual cycles (>6 days) to ensure elimination of the parasite282.

7.1.2

COMBINATION CHEMOTHERAPY

The rationale for combining drugs with independent modes of action and different resistance
111echanisms is to improve therapeutic efficacy and to prevent or delay the emergence or
development of resistance 187, 305. It has been adopted in cancer chemotherapy, and in the
treatment of HIV, tuberculosis, leprosy and pseudomonas infection. In malaria, the combination of
artesunate and mefloquine is highly active against multidrug resistant Plasmodium falciparum
infections. Some studies have suggested that combination with mefloquine is not the ideal way for
protecting the usefulness of artemisinin and its derivatives. There was a strong correlation between
the activity of mefloquine and artesunate in-vitro with potential for dev~lopment of cross-resistance in
nature306, 307. Nevertheless, this has not been borne out in in-vivo studies. In an area of high
mefloquine resistance in Thailand, the addition of artesunate to mefloquine has not only increased the
cure rate to almost 100%, but has also slowed the development of resistance to mefloquine, reduced
malaria transmission, and reduced the incidence of P. falciparum malaria217, 302, 308.

In my previous study (chapter 6), chloroquine was found to be no longer clinically effective for
falciparum malaria in both Sumba and lrian Jaya, and for vivax malaria in lrian Jaya. An in-vitro study
against African isolates showed that chloroquine-resistant isolates were significantly more susceptible
to artemisinin and its derivatives compared with chloroquine-susceptible isolates306. In contrast,
another in-vitro study reported the combination of artesunate with chloroquine was antagonistic
against chloroquine-resistant strains of P. falciparum (RSA 11) and additive against chloroquinesensitive of P. falciparum strains (D10)309. However there is no evidence that this translates into a
reduced in-vivo effect305. The benefit of addition of artesunate to chloroquine is still unclear and is
the focus of a number of multicenter studies being conducted under the auspices of the WHO 294.
However in lrian Jaya, it would be unwise to use this combination because of high rates of
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chloroquine treatment failure in this area. The previous failure of Fansimef (a combination of Fansidar
with mefloquine) in Thailand, suggests that drug combinations are more likely to be effective and
protect against drug resistance if introduced before resistance to one drug has taken place.

Sulfadoxine-pyrimethamine is highly effective in Sumba and still relatively effective in lrian Jaya with a
cure rate as high as 73% for the treatment of uncomplicated falciparum malaria (chapter 6). If
sulfadoxine-pyrimethamine is chosen as a new first line therapy, it will be prudent to combine this with
another antimalarial drug in an attempt to prevent or delay the rapid emergence/development of
sulfadoxine-pyrimethamine resistance seen elsewhere in South East Asia, South America and East
Africa227, 249, 259, 260, 262-264 and already evident in lrian Jaya Province. In chapter 6, my study
in lrian Jaya Province showed that combining the existing Indonesian antimalarial drugs chloroquine
and sulfadoxine-pyrimethamine did not improve on the therapeutic efficacy of sulfadoxinepyrimethamine alone for uncomplicated falciparum malaria, although it may have resulted in a higher
cure rate than chloroquine alone in the few vivax malaria patients studied. Therefore, use of another
therapeutic combination needs consideration to improve cure rates and to slow the development of
sulfadoxine-pyrimetham ine resistance.

7. 1.3 JUSTIFICATION
Chloroquine, the current national first-line antimalarial drug is no longer adequately clinically effective
for falciparum malaria in Eastern Indonesia, and for vivax malaria in lrian Jaya. Although sulfadoxinepyrimethamine, the current second line antimalarial drug is highly effective in many parts of Eastern
Indonesia, it is only moderately effective for treatment uncomplicated falciparum malaria in lrian Jaya
Province with cure rates of 73% (chapter 6). Although sulfadoxine-pyrimethamine is not
recommended for treatment of vivax malaria in Indonesia 15, and has been commonly shown to be
less effective for the treatment of vivax malaria than chloroquine alone238, 244, 310, there have been
no studies assessing artesunate plus sulfadoxine-pyrimethamine for treatment of vivax malaria.

Combination therapy with sulfadoxine-pyrimethamine plus artesunate may be a good alternative
antimalarial regimen for both falciparum and vivax malaria in lrian Jaya. The combination of
artesunate plus sulfadoxine-pyrimethamine will rapidly reduce initial parasite biomass protecting
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sulfadoxine-pyrimethamine against the development of parasite resistance, with sulfadoxinepyrimethamine eradicating the small residual parasite load at a time of persisting adequate blood
concentration282_ This combination may thus improve cure rates, delay emergence of resistance and
reduce transmission. The need for such trials globally was declared an urgent priority in a recent major
multicentre transnational position statement294_ Only one study of this drug combination has been
reported, in Gambian children with uncomplicated falciparum malaria22 1, and none in vivax malaria.
The results were promising and other studies are in progress in Africa. Moreover, only a few studies
have reported the efficacy of artesunate for treatment vivax malaria238, 310-312, and none have
been studied in an area with such widespread P. vivax resistance to chloroquine. WHO has recently
recommended such studies in P. vivax, particularly in areas with chloroquine-resistant P. vivax303_
lrian Jaya has high chloroquine resistance to both P. fafciparum and P. vivax, and in such an area,
the combination of artesunate plus sulfadoxine-pyrimethamine may be a practical and effective
combination regimen for the treatment of both falciparum and vivax malaria, particularly when a
species diagnosis is not possible in the majority of malaria patients dLagnosed clinically.

7.2

7.2.1

THERAPEUTIC EFFICACY OF COMBINED ARTESUNATE PLUS
SULFADOXINE-PYRIMETHAMINE IN UNCOMPLICATED
FALCIPARUM MALARIA

PILOT STUDY

1-2-1.1 AIMS
The general aim of this pilot study was to quantify the benefit of adding artesunate to sulfadoxine-

pyrimethamine in uncomplicated falciparum malaria patients in a highly chloroquine-resistant area.
The specific aims were to determine the therapeutic response, to asses the mean fever clearance
time (FCT} and parasite clearance time (PCT}, to assess gametocyte carriage and hematological
recovery in adequate clinical response (ACR} cases, and to determine the adverse reactions of
combined artesunate plus sulfadoxine-pyrimethamine in patients with uncomplicated falciparum
malaria.
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7.2.1.2 MATERIALS AND METHODS
7.2.1.2.1 Time, study site and ethics

The study was performed at Genyem Health Center, situated in a meso-hyperendemic area of lrian
Jaya Province, Indonesia, from March to April 1999. Ethical approval and informed consent was
obtained as in chapter 6

7.2.1.2.2 Setting and patients

This pilot study of the therapeutic efficacy of combined artesunate-SP in uncomplicated malaria
patients was performed as a part of an evaluation of the efficacy of combinations of current
antimalarial drugs (chapter 6). The study was based on the 1997 WHO revised in vivo antimalarial
drug sensitivity protoco16. Patients were observed for 28 days using a standardised drug efficacy
record form (Appendix 8). Twenty uncomplicated falciparum malaria patients who attended the clinic
were selected as in chapter 56_

7.2.1.2.3 Clinical and laboratory examinations

Clinical examination, serial thick and thin films, and hemoglobin examinations were performed in
chapter 6.

7.2.1.2.4 Treatment

Twenty falciparum malaria patients were treated with artesunate (ArtesunatR, Mekophar, Ho Chi Minh,
Vietnam, 1 tablet=50 mg; 4 mg/kg bw/day, single oral daily dose for 3 days), plus sulfadoxinepyrimethamine (FansidarR, Roche, New South Wales, Australia, 1 tablet=500 mg sulfadoxine and 25
mg pyrimethamine; dose based on pyrimethamine 1.25 mg/kg/bw, single dose orally on day 0). In all
cases, drug administration and management of treatment failures was as described in chapter 6.

7.2.1.2.5 Assessment and data processing

The efficacy of combined artesunate plus sulfadoxine-pyrimethamine was measured into primary
endpoints and secondary endpoints as in chapter 6. The key variables for the therapeutic response
were ETF, LTF, and ACR. The variables for the parasitological response were R3, R2, early R1, and
late RI. Secondary endpoints described among those with ACR were FCT, PCT, proportion with
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hematological recovery, and proportion with gametocyte carriage. Data were entered into Epi-info
version 6. 04b43.

7.2.1.3 RESULTS

7.2.1.3.1 Characteristics of patients with uncomplicated falciparum malaria
Of the 20 patients with uncomplicated falciparum malaria, 80% were children under 13 years old and
20% were adults with age ranging up to 25 years old. 60% (12 of 20) had an axillary temperature
~37.5°C, and 85% (17 of 20) had a hemoglobin less than 11g/dl. Although all had screening
parasitemia >1000/ul, 15% (3 of 20) had parasitemia <1,000/ul on enrolment (table 7.2.1.3.1 ).

Table 7.2.1.3.1 Enrolment characteristics of patients with uncomplicated falciparum malaria treated
with combination of artesunate plus sulfadoxine-pyrimethamine, Genyem Health Center, March - April
1999.

Age: mean±SD (range) years

7.5±7.1 (0.5-25)

Sex: Male : Female (%)

11 (55.0) : 9 (45.0)

Ethnic group: Papuan:non-Papuan (%)

15 (75.0) :5 (25.0)

Travel outside Genyem in previous 4 weeks (%)

12 (60.0)

History of antimalarial use (%)

9 (45.0)

Body weight: mean±SD (range) kgs

21.8±13.0 (7.6-49)

Axillary temp: mean±SD(range) 0c

37.4±1.4 (35.6-39.9)

Hemoglobin: mean±SD (range) g/dl

9.1±1.7 (6.0-12.7)

Parasitemia: mean±SD (range) /ul

14,507±19,975 (800-70,200)

Gametocyte carriage (%)

2 [13.3 (1.7-40.4)]

7.2.1.3.2 Therapeutic efficacy of combined artesunate plus sulfadoxlne-pyrimethamlne
Five of the 20 patients were excluded (2 had Acute Respiratory Infection: 1 on day 7 and 1 on day
16, and another 3 moved from study site: 1 on day 7 and 2 on day 28). Of the remaining patients,
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none had ETF, while LTF was found in 6.7% (1 of 15) patients based on clinical evaluation and
antigen detection using ICT kit on day 28 (without confirmation by PCR genotyping). ACR was 100%
(15 of 15) by day 14, and 93.3% (14 of 15) by day 28. All patients with ACR demonstrated hemoglobin
increases within 28 days. By day 2, 92.9% (13 of 14) of patients with ACR were afebrile, with 57.1%
(8 of 14) aparasitemic by day 1. No gametocyte carriage was found after day 7 (table 7.2.1.3.2).

Table 7.2.1.3.2 Therapeutic efficacy of combined artesunate plus sulfadoxine-pyrimethamine in
uncomplicated falciparum malaria; Genyem Health Center, March-April 1999.

Excluded (%)

5 (25)

Early Treatmaent Failure (ETF: %, 95% Cl)

0

Late Treatment Failure (LTF: %, 95% Cl)

1 [6.7 (0.2-31.9)]*

Adequate Clinical Response (ACR: %, 95 Cl) by day 14

15 [100 (78.2-100)]

28

14 [93.3 (68.0-99.8)]

Fever Clearance Time (FCT): mean±SD (range) days

1.9±0.8 (1-3)

Parasite Clearance Time (PCT): mean±SD (range) days

1.7±0.9 (1-2)

Hematological response (Hb day 28>Hb day 0: %, 95%CI)

14 [100 (76.8-100)]

Gametocyte carriage (%, 95% Cl)

2 [13.3 (1.7-40.4)]

day 7
14

0

28

0

*on day 28 by clinical and ICT criteria

In this pilot study, artesunate plus sulfadoxine-pyrimethamine proved very effective for treatment of
uncomplicated falciparum malaria with rapid fever and parasite clearance, good hematological
response, absence of gametocyte carriage after day 7, and no reported side effects. We therefore
performed a randomised comparative study to determine whether this combination of artesunate plus
sulfadoxine-pyrimethamine had a better efficacy than sulfadoxine-pyrimethamine alone.
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7.2.2

RANDOMISED COMPARATIVE STUDY OF COMBINED ARTESUNATESULFADOXINE-PYRIMETHAMINE VS SULFADOXINE-PYRIMETHAMINE
ALONE IN UNCOMPLICATED FALCIPARUM MALARIA PATIENTS

7.2.2.1 AIMS

The general aim was to compare the therapeutic efficacy of combined artesunate-sulfadoxinepyrimethamine versus sulfadoxine-pyrimethamine alone in patients with uncomplicated falciparum
malaria in a highly chloroquine resistant area. The specific aims were to determine the therapeutic
response, to assess the mean fever and parasite clearance times (FCT and PCT), to assess .
gametocyte carriage and hematological recovery, and to determine the adverse reactions using this
combination.

7.2.2.2 MATERIALS AND METHODS
7.2.2.2.1 Time, study site and ethics

This study was also performed at Genyem Health Center, from August to November 1999. Informed
consent and ethical approval was as described in section 7.2.1.2.1

7.2.2.2.2 Setting

This was a randomised comparative trial of combined artesunate plus sulfadoxine-pyrimethamine
versus sulfadoxine-pyrimethamine alone in children and adults with uncomplicated symptomatic
falciparum malaria patients. The study was based on the 1997 WHO revised in vivo antimalarial drug
sensitivity protoco16. Patients were observed for 28 days using a standardised drug efficacy record
form (Appendix 8).

7.2.2.2.3 Sample size

In this trial, sample size calculation was based on a previous adequate clinical response rate6 to
sulfadoxine-pyrimethamine of 73% found in 46 patients at the same study site (chapter 6), and an
adequate clinical response in all 15 patients treated with combined artesunat~ plus sulfadoxinepyrimethamine in the pilot study above (see 7.2.1 ). Fifty-two patients in each group gave 80% power to
detect a difference between an anticipated 73% cure rate with sulfadoxine-pyrimethamine and an
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expected cure rate of 95% with combined artesunate plus sulfadoxine-pyrimethamine (Epi-info version
6. 04b) 4 3.

7.2.2.2.4 Patients and treatment

105 uncomplicated falciparum malaria patients who attended the clinic were selected as in chapter 6 6.
All eligible uncomplicated falciparum malaria patients consented, and were randomised according to a
computer-generated sequence of random numbers, stratified by age (children and adults) and ethnicity
(Papuan and non-Papuan). Treatment allocation was concealed by the use of sealed opaque envelopes,
which were opened sequentially. In this trial, we randomised patients to either open label artesunate
(ArtesunateR, Mediplantex, HaNoi, Viet Nam; 1 tablet= 50 mg) 4 mg/kg bw/day, single oral daily dose for
3 days) plus sulfadoxine-pyrimethamine (FansidarR, Roche, Australia; 1 tablet= 500 mg sulfadoxine
and 25 mg pyrimethamine; dose based on pyrimethamine 1.25 mg/kg/bw, single dose orally on day 0),
or to sulfadoxine-pyrimethamine alone.

In all cases, drug administration, and management of treatment failures was as described in chapter
615.

7.2.2.2.5 Clinical and laboratory examinations

Clinical examination, and serial thick and thin films, and hemoglobin levels were performed as in
chapter 6. In addition, blood blots for PCR and genotyping were also collected from finger punctures
on day 0, 1, 2, 3, 7, 14, 28, and on any other day when the patient became unwell or developed fever
(figure 23). Laboratory staff were unwared of the patient's condition as described in section 6.2.7

Genotyping of acute and convalescent samples was used to distinguish recrudescence of the original
parasite strain from reinfection with a new parasite strain. Paired day O and convalescent parasite
DNA were prepared from blood spotted onto filter paper from those in whom recurrent asexual
parasitemia developed following initial clearance. The polymorphic domain of the P. falciparum gene
MSP-2 was amplified by PCR by Dr Jocelyn Saunders (see acknowledgements) using the primers
and conditions as described by Viriyakosol et a1313. All PCR reactions were performed in 50 ul using
HotStarTaq DNA polymerase and the supplied buffer (Qiagen, Victoria, Australia). Restriction
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digestion and analysis were then performed using the Hinf1 restriction enzyme, and results were then
confirmed using a second restriction enzyme Rsa1 as described by Felger et a1314_ Recrudescences
were defined as absence of genetic heterogeneity in paired samples, and new infections by
heterogeneity of paired samples314_

7 .2.2.2.6 Assessment and data entry

The primary endpoints were:

Therapeutic response on the basis of parasitological and clinical cure by day 14 and day 28, based on
1997 WHO protocol criteria6, modified to include parasite genotyping to differentiate recrudescence
from reinfection. New infections by genotyping were classified as non-treatment failures in treatment
failure analyses, and were excluded in analyses of cure rates.
Tolerability and safety based on the incidence of adverse reactions. An adverse reaction was defined
as the development of any symptom or sign which did not exist before the initiation of treatment that
was not a classic symptom or sign of malaria or intercurrent infection.
Secondary endpoints were:

Fever Clearance Time (FCT), defined as the time (days) from initiation of treatment to fever clearance
(remaining afebrile by history and with axillary temperature <37.5°C on day of follow up),
Parasite Clearance Time (PCT), defined as the time (days) from the initiation of treatment to parasite
clearance (parasite count falling below the level of microscopic detection),
Hematological recovery, defined as cured on days 14 and 28, with a hemoglobin level greater than
that on day 0.
Gametocyte carriage on days 7 and 14, defined as the proportion of patients with gametocytes on each
of these days 221, stratified by those with and without gametocytes on day O; and gametocyte density on
days 7 and 14.

Additional analyses:

1. Subgroup analysis of therapeutic efficacy using 1997 WHO protocol criteria6 (ETF,
LTF and ACR as in chapter 6):
2. Sensitivity of the parasites to antimalarials drugs (S, R1-R3), using 1967 WHO criteria179,
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All data entry and analysis used Epi-info version 6. 04b43. Categorical data for each of primary and
secondary endpoints were compared by calculating the chi-square value or by Fisher's exact test.
Data on all participants not lost to follow-up were included in an intention to treat analysis. Normally
distributed continuous data were compared by Student's t-test and analysis of variance. Data not
conforming to a normal distribution were compared by the Mann-Whitney U test or the Kruskal-Wallis
one way analysis of variance on ranks. Relative risks of primary and secondary endpoints were
obtained by using the sulfadoxine-pyrimethamine group as a reference group.

7.2.2.3 RESULTS

7.2.2.3.1 Characteristics of patients with uncomplicated falciparum malaria

Of the 105 eligible patients with uncomplicated falciparum malaria, 83.8% were children ~12 years
and 16.2% were adults between 13 and 82 years old with a similar proportion in each treatment group
(table 7.2.2.3.1). By chance the median parasitemia was higher in the sulfadoxine-pyrimethamine

group and proportion with gametocytemia was higher in the artesunate plus sulfadoxinepyrimethamine group compared with other groups (table 7.2.2.3.1). Neither of these differences were
statistically different. Other baseline characteristics were similar between each group (table
7.2.2.3.1). There was one patient with hemoglobin less than 5g/dl, but without danger signs in the

artesunate plus sulfadoxine-pyrimethamine group.
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Table 7.2.2.3.1 Characteristics of uncomplicated falciparum malaria patients on enrolment in combined artesunate plus sulfadoxine-pyrimethamine trial,
Genyem Health Center, August - November 1999

Artesunate plus sulfadoxine-pyrimethamine {n=53)

Characteristic

Sulfadoxine-pyrimethamine alone {n=52)

Age: mean±SD {range) years

9.5 {0.5-82)

7.7 {0.5-46)

Children : Adults {%)

81.1 : 18.9

86.5: 13.5

Male : Female {%)

58.5: 41.5

61.5: 38.5

Ethnic group: Papuans : non Papuans {%)

83.0: 17.0

86.5: 13.5

History of previous antimalarial use {%)

49.1

36.5

Body weight: mean ±SD {range) kgs

23.6 ±16.7 {7.5-68.0)

21.1 ±12.9 {7.3-64.0)

c

37 .0 ±1.1 {36.1-40.0)

37 .2 ±1.3 (36.3-40.1)

Hemoglobin: mean ±SD {range) g/dl

10.7 ±2.7 {4.2-16.0)

10.6 ±1.8 (6.3-14.9)

Parasitemia: mean ±SD {range) /ul

8,536 ±15,354 {1,000-83,200)

10,495 ±14,345 {1,000-78,200)

Parasitemia: median {IQR) /ul

1,960 (1, 160-8,680)

4,800 {1,620-12,880)

Gametocyte carriage {%)

14.9

4.3

Gametocytemia: mean±SD {range) /ul

526±563 {80-1,400)

140 ±28 (120-160)

Axillary temp: mean ±SD {range)

0
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7.2.2.3.2 Therapeutic efficacy of combined artesunate-sulfadoxine-pyrimethamine versus
sulfadoxine-pyrimethamine alone in uncomplicated falciparum malaria patients.

Durin~ this trial 12 patients were withdrawn from analysis (based on WHO criteria)6, six in each
group; four patients developed mixed infection with P. vivax (all in the sulfadoxine-pyrimethamine
group) on day 2-3 requiring alternative antimalarial treatment, seven moved from the study site (five in
the artesunate plus sulfadoxine-pyrimethamine group: four on day 1-3 and one on day 14, and two in
the sulfadoxine-pyrimethamine group on day 3) and one had measles infection (artesunate plus
sulfadoxine-pyrimethamine group) on day 14 treated with trimethoprim-sulfamethoxazole. Two
children vomited, both in the artesunate plus sulfadoxine-pyrimethamine group. Vomiting did not recur
following repeat dosing. Two patients (both in the artesunate plus sulfadoxine-pyrimethamine group)
were identified as new infections by genotyping, on days 14 and 28.

There was a trend to higher clinical and parasitological cure (ACR) in the artesunate plus sulfadoxinepyrimethamine group on both day 14 and day 28 (100% vs 91.3%, p=0.12 on day 14; and 95.6% vs
84.8%, p=0.16 on day 28) (table 7.2.2.3.2a). Overall treatment failure_ by day 28 was 15.2% (7 of 46)
in the sulfadoxine-pyrimethamine group compared with 4.4% (2 of 45) in the artesunate plus
sulfadoxine-pyrimethamine group (p=0.16, RR of treatment failure: 0.29, Cl: 0.06-1.33). All treatment
failure cases were successfully treated with oral quinine and cured. In an intention to treat analysis, in
which participants withdrawn (but not lost to follow-up) and those.with new infections by genotyping
were included for analysis with treatment failures, clinical and parasitological cure (ACR) remained
higher in the artesunate plus sulfadoxine-pyrimethamine group relative to the sulfadoxinepyrimethamine group, both on day 14 (46/48, 95.8% Cl: 90.2-100 vs 42/50, 84.0% Cl: 73.8-94.2;
p=0.05) and day 28 (43/48, 89.6% Cl: 80.9-98.2 vs 39/50, 78% Cl: 66.5-89.5; p=0.12).

There were two ETF patients, all children with TF within 3 days, one R3 and one R2. Both were in the
sulfadoxine-pyrimethamine group (4.3%, 95% Cl: 0.5-14.8), with no ETF in the artesunate plus
sulfadoxine-pyrimethamine group (p=0.24) (table 7.2.2.3.2a). Of the 47 patients in the artesunate
plus sulfadoxine-pyrimethamine group with complete data, four patients who had previously cleared
parasitemia had recurrent parasitemia. Two of these four patients were identified as new infections by
genotyping. One (a child) had clinical symptoms on day 14 and a positive immunochromatographic
HRP2 antigen test result3 15, and another one (an adult) was positive by microscopy on day 28. The
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two others (both children), detected on day 21 and day 28 by microscopy, were confirmed by
genotyping as LTF with late R1 (table 7.2.2.3.2a). In the 46 patients in the sulfadoxine-pyrimethamine
group who completed the study, there were five (all children) with recurrent parasitemia. All were
confirmed by microscopy and genotyping as LTF, one patient being R2 on day 7, one late R1 on day
14, and three late R1 on day 28 (table 7.2.2.3.2a). There were no patients with treatment failure (ETF
and LTF) in the artesunate plus sulfadoxine-pyrimethamine by day 14.

Mean fever clearance time (1.3 days vs 1.7 days, p=0.08) and mean parasite clearance time (1.4
days vs 2.0 days, p=0.000001) were both shorter in the artesunate plus sulfadoxine-pyrimethamine
group compared with the sulfadoxine-pyrimethamine group (table 7.2.2.3.2b). All evaluable patients
(50 of 50) treated with combination therapy were afebrile by day 2 compared with only 73.5% (36 of
49) of sulfadoxine-pyrimethamine treated patients (p<0.0001)(figure 7.2.2.3.2a ). Parasite clearance
was significantly different between the two treatment groups. Only 39.2% (20 of 51) cases were
parasitemic by day 1 in the artesunate plus sulfadoxine-pyrimethamine group compared to 86.5% (45
of 52) parasitemic in the sulfadoxine-pyrimethamine group (p=0.000001)(figure 7.2.2.3.2b). There
was only modest hematological recovery in both treatment groups by day 14 [artesunate plus
sulfadoxine-pyrimethamine 56.5% (26 of 46) vs sulfadoxine-pyrimethamine 45.2% (19 of 42),
p=0.29], but there was a trend to better hematological recovery on day 28 with combination therapy
[79.1% (34 of 43) vs 61.5% (24 of 39), p=0.08]. Mean changes in hemoglobin between day 14 and
day 0, and day 28 and day O were not significantly different between groups (table 7.2.2.3.2b)
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Table 7.2.2.3.2a. Therapeutic response to combined artesunate plus sulfadoxine-pyrimethamine vs sulfadoxine-pyrlmethamine alone, including primary
endpoints, Genyem Health Center, August-November 1999
Therapeutic response

Artesunate + sulfadoxine-pyrimethamine (n=53)

Sulfadoxine-pyrimethamine alone (n=52)

Excluded (%)

6 (11.3)

6 (11.5)

Early Treatment Failure (ETF: %, 95%CI)

0

2 (4.3 (0.5-14.8)]

Late Treatment Failure (LTF: %, 95%CI)
On day4-14
On day4-28

0
4.3 (0.5-14.5)]

2 ((4.3 (0.5-14.8)]
5 (10.9 (3.6-23.6)]

New infection on genotyping

2 [4.3 (0.5-14.5)]

None

p

Primary Endpoints: Adequate Clinical Response (ACR: %, 95%CI)
On day 14, total
children
adults

46* (100 (92.2-100)]
39 (100 (91.0-100)]
7 (100 (59.0-100)]

42 (91.3 (79.2-97.6)]
37 (90.2 (76.9-97.3)]
5 (100 (47.8-100)]

0.12

On day 28, total
children
adults

43* (95.6 (84.8-99.5)]
37 (94.9 (82.7-99.4)]
6 (100 (54.1-100)]

39 [84.8 (71.1-93. 7)]
34 (82.9 (67.9-92.8)]
5 (100 (47.8-100)]

0.16

New infections by genotyping (one each on days 14 and 28) not included in primary analysis
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Figure 7.2.2.3.2a Fever clearance

Proportion of children febrile during the first 7 days of follow-up. Vertical lines are 95% Cl
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Table 7.2.2.3.2b Secondary endpoints of the therapeutic response to combined artesunate plus sulfadoxine-pyrimetnamine vs sulfadoxine-pyrimethamine
alone, Genyem Health Center, August-November 1999

Artesunate plus
sulfadoxine-pyrimethamine

Therapeutic response

Sulfadoxine-pyrimethamine
alone

Mean difference or
RR (95% Cl) -

Fever Clearance Time (FCT): mean ±SD (range) days

1.3 ± 0.5 (1-2)

1.7 ± 1.0 (1-4)

-0.4 (-0.04 to -0.75)

Parasite Clearance Time (PCT): mean ±SD (range) days

1.4 ± 0.5 (1-2)

2.0 ± 0.6 (1-4)

-0.6 (-0.36 to -0.84)

Hematological response
Hb14>Hb0 (%, 95%CI)
Hb28>Hb0 (%, 95%CI)
Hb14-Hb0: mean ±SD (range) g/dl
Hb28-Hb0: mean ±SD (range) g/dl

26 [56.5 (41.1-71.1)]
34 [79.1 (63.9-89.9)]
0.3 ± 1.7 (-2.7-5.5)
1.0 ± 1.8 (-3.5-6.0)

19 [45.2 (29.8-61.3)]
24 [61.5 (44.6-76.6)]
0.02 ± 1.6 (-3.6-3.6)
0.6 ± 1.7 (-2.4-4.7)

RR 1.25 (0.82 -1.9)
RR 1.28 (0.96 -1.72)
0.28 (0.98 to -0.42)
0.40 (1.17 to -0.37)

day 7
day 14
day28

7 [14.9 (6.2-28.3)]
7 [14.9 (6.2-28.3)]
0

14 [31.8 (18.6-47.6)]
13 [31.0 (17.6-47.1)]
3 [7.1 (1.5-19.5)]

RR 0.47 (0.21-1.05)
RR 0.48 (0.21-1.09)

day 7
day 14
day 28

2 [5.0 (0.6-16.9)]
2 [5.0 (0.6-16.9)]
0

13 [29.5 (16.8-45.2)]
12 [27.3 (15.0-42.8)]
2 [4.5 (0.5-14.5)]

RR 0.17 (0.04-0.70)
RR 0.18 (0.04-0.77)

377 ±238 (80-760)
109 ±60 (40-200)

680 ±1,224 (40-4,720)
726 ±1,301 (40-4,760)

-303 (-686 to -80)
-617 (-1023 to-211)

Gametocyte carriage(%, 95%CI)
All patients

Patients without gametocytes on day 0

Gametocyte density: mean ±SD (range)/ul
day 7
All patients with gametocytem ia
day 14
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Gametocyte carriage following treatment

A greater proportion of the artesunate plus sulfadoxine group had gametocytes on day O (14.9%, 7 of
47) than the sulfadoxine-pyrimethamine group (4.3%, 2 of 46). However by days 7 and 14,
gametocyte carriage in the artesunate plus sulfadoxine-pyrimethamine group was half that in the
sulfadoxine-pyrimethamine group [RR=0.47 (0.21-1.05) and RR=0.48 (0.21-1.09) on days 7 and 14,
respectively] (table 7.2.2.3.2b, figure 7.2.2.3.2c). Among patients still gametocytemic on day 14,
mean gametocyte density in those treated with artesunate plus sulfadoxine-pyrimethamine was
significantly lower than in those treated with sulfadoxine-pyrimethamine group (table 7.2.2.3.2b). In
those with an absence of gametocytes on day 0, gametocyte carriage on days 7 and 14 was
significantly lower in the artesunate plus sulfadoxine-pyrimethamine group than that in sulfadoxinepyrimethamine alone group [RR=0.17 (0.04-0.70) on day 7, and RR=0.18 (0.04-0.77) on day 14,
respectively] (table 7.2.2.3.2b).
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7.2.2.3.3 Adverse reactions

In falciparum malaria, mild diarrhoea (2.1%), rash (4.3%) and itching (2.1%) occurred following
artesunate plus sulfadoxine-pyrimethamine treatment, with diarrhoea only (2.2%) following
sulfadoxine-pyrimethamine treatment (RR of any adverse reaction: 3.91, 95%CI: 0.45-33.72, p=0.37).
These symptoms resolved without treatment (table 7.2.2.3.3).

Table 7.2.2.3.3 Adverse reaction of combined artesunate plus sulfadoxine-pyrimethamine and
~ulfadoxine-pyrimethamine alone in uncomplicated falciparum malaria, Genyem Health Center,
August- November, 1999.

Adverse reaction

Artesunate+SP (%)

SP alone(%)

Total(%)

N=47

N=46

Diarrhoea

1 (2.1)

1 (2.2)

Rash

2 (4.3)

2 (2.2)

Itching

1 (2.1)

1 (1.1)

Total

4 (8.5)

1 (2.2)

N=93

_2 (2.2)

5 (5.4)

7.2.2.4 DISCUSSION

In this randomised comparative study, overall treatment failure with artesunate plus sulfadoxinepyrimethamine was similar to that in the pilot study, and was lower with the combination of artesunate
plus sulfadoxine-pyrimethamine than with sulfadoxine-pyrimethamine alone. The results of our study
in children and adults are comparable to the findings of a recent large double-blind randomised
controlled trial in Gambia children (table 7.2.2.4)221. In each of the studies, the risk of treatment
failure with the combination of artesunate plus sulfadoxine-pyrimethamine was approximately 30% of
that with sulfadoxine-pyrimethamine alone [lrian Jaya, RR: 0.29, Cl: 0.06-1.33; Gambia, RR: 0.26, Cl:
0.07-0.90 (table 7.2.2.4)] with a pooled RR estimated using a fixed effects model of 0.27, Cl: 0.10-
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0.71 316. The efficacy of sulfadoxine-pyrimethamine in our study was higher than that expected from
previous studies. The difference between treatments in our study did not reach statistical significance
but the study could not be extended because of difficulties in the study site region.

Both early treatment failure cases were in sulfadoxine-pyrimethamine-treated non-Papuan children
(transmigrants born in lrian Jaya), who usually sleep under bed nets. Parasite rates in these children
are usually lower than that in Papuan children. However, the other two non-Papuan children in the
sulfadoxine-pyrimethamine group had an adequate clinical response. It is well recognised that host
immunity contributes to clearance of parasitemia215, 217. Treatment failure rates may be higher in
the non-Papuan population in lrian Jaya.

The addition of artesunate to sulfadoxine-pyrimethamine rapidly cleared fever and parasitemia with
I

an adequate clinical response rate of 100% by day 14. Within two days all patients had become
afebrile and aparasitemic. Sulfadoxine-pyrimethamine alone proved insufficient to effect a reliable
rapid therapeutic response, with fever clearance times and parasite clearance times being
significantly slower than in those treated with artesunate plus sulfadoxine-pyrimethamine.
Reappearance of parasitemia within 3 weeks is common when artesunate is used alone, particularly
if treatment is given for 5 days or less303. Poor therapeutic responses have been found with both Sand 7-day treatment courses of artesunate monotherapy for uncomplicated falciparum malaria in
multidrug-resistant areas of lndonesia304 and Thailand317. This high recrudescence rate results
from the rapid elimination of the drug282, 303. The presence of sulfadoxine-pyrimethamine in the
blood at effective concentrations during four asexual cycles (>6 days) is likely to ensure elimination of
residual parasites after the very rapid and substantial reduction of initial parasite biomass with
artesunate282.
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Table 7.2.2.4 Randomised controlled trials of artesunate plus sulfadoxine-pyrimethamine vs sulfadoxine-pyrimethamine using modified 1997 WHO guidelines

Gambia

Indonesia

Pooled effect

(Von Seidlein et al,
Lancet, 2000)

Current study

(RR, 95% Cl Fixed)

Characteristic

Age
Parasitemia

~11 years
~500/ul

All ages
~1,000/ul

Methodology

Study design
Sample size

Double-blind
200 vs 200

Unblinded
53 vs 52

Treatment failure

TF by day 14
(no genotyping)

3/189 vs 6/194
RR 0.51 (0.13-2.02)

1/47 vs 4/46
RR 0.24 (0.03-2.11)

0.34 (0.10-1.11)

TF byday28
(no genotyping)

4/187 vs 14/192
RR 0.29 (0.10-0.87)

4/47 vs 7/46
RR 0.56 (0.18-1.78)

0.38 (0.17-0.85)

TF byday28
(with genotyping to
reclassify new infections
as non-treatment failures)

3/187 vs 12/192
RR 0.26 (0.07-0.90)

2/45 vs 7/46
RR 9.29 (0.06-1.33)

0.27 (0.10-0.71)

On day?

38/185 vs 126/189
RR 0.31 (0.23-0.42)

7/47 vs 14/44
RR 0.47 (0.21-1.05)

0.32 (0.25-0.43)

Gametocyte
carriage

219

In regions of moderately intense malaria transmission such as in lrian Jaya, new infections are not
infrequent during the 28-day follow-up period used in this study. With the long half-life of sulfadoxinepyrimethamine, concentrations may be sufficient to eradicate a sensitive new infection, but insufficient
to eradicate a resistant one318.

Artemisinin derivatives are not only blood schizontocides, but also prevent gametocyte development
by their very rapid clearance of asexual stages before commitment to sexual maturation can occur,
and by their activity against early stage gametocytes {stage 1-111)297-299. Resistance of P. falciparum
to antimalarials such as chloroquine and pyrimethamine does not affect the susceptibility of its
asexual and sexual stages to artemisinin derivatives297, 298. A study in Thailand showed
gametocyte carriage was significantly lower after artemisinin-derivative combination therapy than after
treatment with mefloquine alone. Moreover, retreatment with artemisinin derivatives reduced
subsequent gametocyte carriage compared with retreatment with either mefloquine or quinine. As a
result of reduced gametocyte carriage, the use of artemisinin derivatives with mefloquine in routine
treatment in Thailand and Vietnam has been associated with a reduction in both malaria trasmission
and malaria morbidity294, 302. More widespread use of artesunate-containing combination therapy
may reduce transmission elsewhere. In Vietnam and Thailand, low endemicity means that most
infections are symptomatic, and asymptomatic parasitemia and gametocytemia are rare. However, in
high transmission settings such as lrian Jaya/Papua, high rates of asymptomatic asexual and sexual
parasitemia mean that confining use of artesunate combination therapy to symptomatic infections will
likely have at best a modest effect on transmission.

Severe adverse reactions to sulfadoxine-pyrimethamine such as Stevens-Johnson syndrome occur at a
rate of 9 to 33 per 100,000319. In Gambian children, the combination of a 3-day course of artesunate
given with a single dose of sulfadoxine-pyrimethamine was safe and well tolerated for treatment of
uncomplicated falciparum malaria320. In our study, adverse reactions were mild, infrequent, and
resolved without treatment.

Though both our study and the Gambian study have confirmed that artesunate plus sulfadoxinepyrimethamine is highly efficacious, concern remains that the long half. life of sulfadoxine-
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pyrimethamine will make sulfadoxine-pyrimethamine vulnerable to the development of further
resistance long after the artesunate has cleared. Artesunate plus the shorter half-life chlorproguanildapsone may be an alternative but this is not yet available, and to date there are no efficacy data for
chlorproguanil plus dapsone from South East Asia. The neighbouring country of Papua New Guinea
(PNG) has also had an unacceptable level of chloroquine treatment failure. In May 2000 the PNG
Ministry of Health changed its national antimalarial drug policy, combining sulfadoxine-pyrimethamine
with chloroquine/camoquine for first-line therapy for uncomplicated falciparum malaria, with
artesunate/artemether plus sulfadoxine-pyrimethamine to be used for treatment failure321.

7.3

THERAPEUTIC EFFICACY OF COMBINED ARTESUNATE PLUS
SULFADOXINE-PYRIMETHAMINE IN VIV AX MALARIA

7.3.1

AIMS

To determine the therapeutic efficacy of combined artesunate plus sulfadoxine-pyrimethamine in
vivax malaria patients, to assess the mean fever clearance time (FCT) and parasite clearance time
(PCT), and to assess hematological recovery in adequate clinical response (ACR) cases.

7.3.2

MATERIALS AND METHODS

7.3.2.1 TIMES AND STUDY SITE

This open therapeutic efficacy study was performed over two time periods at Genyem Health Center,
lrian Jaya. A pilot efficacy study was performed from March to April 1999, and then extended to
include a larger number of patients from August to November 1999.

7.3.2.2 ETHICS

As described in section 7 .2.1.2.2

7.3.2.3 SETTING AND PATIENTS
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A pilot study of the therapeutic response of combined artesunate-sulfadoxine-pyrimethamine in five
vivax malaria patients was performed as a part of an evaluation of the efficacy of combination of
current antimalarial drugs (chapter 6). This pilot efficacy study was then extended to include another
17 patients with symptomatic vivax. Both phases of the study were based on the 1997 WHO revised

in-vivo antimalarial drug sensitivity protoco16. Patients were selected as in chapter 6 and observed for
28 days using a standardised drug efficacy record form (Appendix 8).

7.3.2.4
CLINICAL AND LABORATORY EXAM/NA T/ONS
,.

Clinical examination, and serial thick and thin films, and hemoglobin levels were performed as in
chapter 6.

7.3.2.5 TREATMENT

In the pilot phase of the efficacy study, 5 vivax malaria patients were treated with artesunate for three
days plus sulfadoxine-pyrimethamine on day one, as described in section 7.2.1.2.4, with dosage the
same as for treatment of uncomplicated falciparum malaria. In the extension phase, a further 17 vivax
malaria patients were also treated with the artesunate plus sulfadoxine-pyrimethamine (regimen as in
the pilot study but with manufacturer as in section 7.2.2.2.4). ACR cases were given primaquine 0.25
mg/kg bw/day, single dose orally for 5 days on day 28. In all cases, drug administration and
management of treatment failure was as described in chapter 515.

7.3.2.6 ASSESSMENT AND DATA ENTRY

In the absence of a formal protocol for P. vivax at the time of the study, assesment of the efficacy of
artesunate plus sulfadoxine-pyrimethamine for P. vivaxwas based on the 1997 WHO therapeutic efficacy
protocol for uncomplicated falciparum malaria (WHO, 1997). Following the release of a draft WHO
"Protocol For Assessment Of Therapeutic Efficacy Of Chloroquine For Uncomplicated Vivax Malaria In
Asia" (WHO, 2000), endpoints were reclassified to conform to this classification. Data were entered into
Epi-info version 6. 04b43 and analysed as in chapter 6.

7.3.3

RESULTS

7.3.3.1 CHARACTERISTICS OF PATIENTS WITH VIVAX MALARIA
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In the pilot phase, 4 children and 1adult with vivax malaria were enrolled (age range: 6 months to 20
years). One had an axillary temperature <37.s0c, four had hemoglobin <11g/dl, and one had
parasitemia <1000/ul (table 7.3.3.1). In the extension phase, 17 eligible vivax malaria patients were
enrolled, mostly Papuan children {94.1%). Age ranged from 1 to 30 years old; 23.5% had an axillary
temperature >37.s0c, 94.1% had a parasite density >1,000/ul, and 52.9% had a Hb <11 g/dl,
respectively (table 7 .3.3.1 ).

7.3.3.2 THERAPEUTIC EFFICACY OF COMBINED ARTESUNATESULFADOXINEIPYRIMETHAMINE IN VIVAX MALARIA

Of the 5 vivax malaria patients in the pilot phase, one with P. falciparum infection on day 7 was
excluded. One other moved from study site on day 28. He was included for analysis on day 14 but
excluded from analysis on day 28. Of the 3 remaining vivax malaria, one had LTF with late R1 on day
21. ACR of vivax malaria patients were 100% on day 14 (4 of 4, including 1 excluded on day 28) and
66.7% on day 28 (2 of 3). All had hematological recovery (table 7.3.3.2). In the extension phase of
the efficacy study, one of the 17 eligible vivax malaria patients was excluded due to withdrawal of
consent on day 2. Again there were no ETF cases and only one of 16 {6.3%) patients had LTF, with
late R1 on:day 28. Thus the ACR was 100% (16 of 16) by day 14 and 93.8% (15 of 16) by day 28. Of
these ACR patients, 80% (12 of 15) were afebrile and 93.3% (14 of 15) were aparasitemic by day 1;
with 66.7% (10 of 15) having hematological recovery by day 28 (table 7.3.3.2). No adverse reactions
were reported. When patients from both studies were combined and analysed together, ACR rates
were 100% (95% Cl: 83.2-100) by day 14 and 89.5% (95% Cl: 66.9-98.7) day 28 (table 7.3.3.2).
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Table 7.3.3.1 Enrolment characteristics of vivax malaria patients treated with a combination of artesunate plus sulfadoxine-pyrimethamine Genyem Health
Center, 1999.

Pilot phase

Characteristic

(March-April 1999)
(n=5)

Extension phase

All patients

(August-November 1999)
(n=17)

(n=22)

Age: mean±SD (range) years

9.3±10.1 (0.5-20)

5.5±6.9 (1-30)

5.9±6.9 (0.5-30)

Sex: Male : Female (%)

2 (40.0) : 3 (60.0)

11 (64.7) : 6 (35.3)

13 (59.1): 9 (40.9)

Ethnic group: Papuan : non Papuans (%)

3 (60.0} : 2 (40.0}

14 (82.3): 3 (17.7)

17 (77.3}: 5 (22.7}

Travel outside Genyem in previous 4 weeks (%)

2 (40.0)

7 (41.2)

9 (40.9)

History of antimalarial use(%)

3 (60.0)

10 (58.8)

13 (59.1)

Body weight: mean±SD (range) kgs

29.4±28.4 (6.2-61.0)

17.3±12.3 (8.0·61.0)

18.0±14.6 (6.2-61.0)

Axillary temp: mean±SD(range) 0c

38.9±1.7 (37.1-40.5)

36.9±0.9 (36.0-38.9)

37.1±1.2 (36.0-40.5)

Hemoglobin: mean±SD (range) g/dl

9.2±3.4 (7.1-13.1}

10.4±2.5 (6.6-17.6}

9.9±2.5 (6.6-17.6)

Parasitemia: mean±SD (range) /ul

3,960±5,266 (840-10,040)

2,685±2,289 (880-7,480)
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3,951±4,125 (840-17,080)

Table 7.3.3.2 Therapeutic efficacy of combined artesunate plus sulfadoxine-pyrimethamine in uncomplicated malarid patients in a pilot study, Genyem
Health Center, 1999.

Pilot phase

Therapeutic efficacy

Extension phase

(n=5)

All patients

(n=17)

(n=22)

Excluded (%)

2 (40)*

1 (5.9) ***

3 (13.6)

Presence of parasitemia on day 4

0

0

0

Presence of parasitemia by day 14

0

0

0

Presence of parasitemia by day 28 ([%], 95% Cl)

1 [33.3 (0.8-90.6)]**

1 [6.3 (0.2-30.2)]****

2 [10.5 (1.3-33.1)]

Adequate Clinical Response (ACR: %, 95 Cl) by day 14

4 [100 (39.8-100)]

16 [100 (79.4-100)]

20 [100 (83.2-100)]

28

2 [66.7(9.4-99.2)]

15 [93.8(69.8-99.8)]

17 [89.5 (66.9-98.7)]

Fever Clearance Time (FCT): mean±SD (range) days

1.5±0.7 (1-2)

1.4±0.6 (1-3)

1.4±0.6 (1-3)

Parasite Clearance Time (PCT): mean±SD (range) days

1.0±0 (1-1)

1.1±0.2 (1-2)

1.1±0.2 (1-2)

10 [66.7(38.4-88.2)]

12 [70.6 (44.0-89.7)]

Hematological response (Hb day 28>Hb day 0: %, 95%CI)

2 [100(15.8-100)]

*one on day 7, one on day 28
**on day 21
***on day 2
****on day 28
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7.3.4

DISCUSSION

Relatively few studies have assessed the therapeutic response in P. vivax infection to
artesunate/other artemisinin derivative with or without other antimalarial drugs238, 310-312, 322, and
to date no other studies have reported efficacy of artesunate/other artemisinin derivative in
combination with sulfadoxine-pyrimethamine. Although WHO has recommended efficacy studies of
combination chemotherapy with artemisinin derivatives for treatment of chloroquine-resistant P.

vivax303, .hitherto no such studies have been reported. Potential reasons for this include a greater
focus on studies of potentially life-threatening falciparum malaria and the paucity of malaria-endemic
areas with chloroquine-resistant P. vivax. Moreover, to date there have been no definitive guidelines
or protocols for assessment of the therapeutic efficacy of antimalarial drugs in patients with P. vivax,
although WHO has recently proposed a working draft for assessing efficacy of chloroquine in
Asia323.

This lrian Jaya study of artesunate combination therapy confirms the rapid initial parasite and fever
clearance found with artesunate monotherapy in P. vivax infection. A pharmacokinetic and
pharmacodynamic study in Vietnamese adults with vivax malaria has also shown that intravenous
and oral artesunate each resulted in rapid clearance of both sexual and asexual forms of the
parasite311. A Thai study of therapeutic responses in vivax malaria using the eight most widely used
antimalarial drugs, found artesunate to result in the most rapid parasite and fever clearance time of all
238. This Thai study also showed that although artesunate for 5 days cleared parasitemia in all 19
adults, 64:7% had recurrent parasitemia between 16 and 28 days. Because this was similar to other
rapidly-acting drugs in their study (artemether, halofantrine, and quinine}, and because South East
Asian strains of P. vivax are now known to relapse at 3 weekly intervals236, 324, the authors
attributed reappearance of parasitemia in these patients to relapse and not recrudescence of
resistant parasites. The absence of recurrent parasitemia within 28 days in 12 Chinese patients with
vivax malaria successfully treated with seven days of dihydroartemisinin322 may have been due to a
longer relapse interval in the vivax strains found in the more temperate latitudes of China than in
South-East Asia. In the only other reported study of artesunate combination therapy in vivax malaria
to date, the addition of high dose primaquine (30 mg/day for 14 days} to artesunate (200 mg/day for 3
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days) resulted in rapid clearance of parasitemia and a cure rate of 100% (23 of 23) by day 28310.
Absence of recurrent parasitemia between 16 and 28 days in this study is likely to have been due to
elimination of persistent liver stages (hyponozoites) by the use of primaquine in these patients, though
primaquine may have also contributed to the complete initial clearance of the blood stages through its
activity against erythrocytic stage parasites310.

Sulfadoxine-pyrimethamine is not recommended for monotherapy of P. vivax infection in Indonesia
and elsewhere because of its slow parasite and fever clearance244, 325. None of the lrian Jaya
patients received primaquine to eradicate hypnozoites before day 28, yet only 10.5% had recurrence
of P. vivax by day 28. This is well below the day 28 relapse rates of over 50% carefully documented in
tropical Pacific and South East Asian strains of P. vivax treated with short acting drugs such as
quinine324 and artesunate alone238. This low rate of recurrent parasitemia in our study is highly
suggestive that despite its slow activity against P. vivax, residual antimalarial activity of long half-life
sulfadoxine-pyrimethamine was able to successfully suppress the majority of first relapses in these
patients. Although we cannot exclude recrudescence in the two patients with recurrent parasitemia on
days 21 and 28 in this study, they are likely to represent failure of low residual concentrations of
sulfadoxine-pyrimethamine to suppress relapses in all patients. Residual sulfadoxine-pyrimethamine
would not be expected however to suppress the second and subsequent relapses of P. vivax, and a
standard course of primaquine would be required to eradicate hypnozoites.

The benefits of adding artesunate to sulfadoxine-pyrimethamine for treatment of vivax malaria are not
confined to the much faster parasitological and clinical response than that historically found with
sulfadoxine-pyrimethamine244, 325. Addition of artesunate to sulfadoxine-pyrimethamine may delay
the emergence of pyrimethamine-resistance in P. vivax, recently linked to amino acid substitutions at
codons 58 and 117 in the dihydrofolate reductase gene (analagous to those at codons 59 and 108 in
P. falciparum DHFR)326. The ability of residual sulfadoxine-pyrimethamine to suppress blood stages

of relapsing infection suggest that the high grade P. vivax resistance to sulfadoxine-pyrimethamine
found in Thailand238, 310 has not yet emerged in lrian Jaya. This is similar to the much higher
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efficacy of sulfadoxine-pyrimethamine in falciparum malaria in lrian Jaya (73-85% in our studies) than
in Thailand, where P. falciparum is highly drug resistant263.

In Indonesia, recommended treatments for chloroquine-resistant P. vivax malaria include chloroquine
25 mg/kg bw for 3 days plus primaquine 0.25 mg/kg bw/day for 14 days or chloroquine 1O mg/kg bw
weekly plus primaquine 0.50-0. 75 mg/kg bw weekly for 12 weeks 15. Compliance with both regimens
is poor and the combination of artesunate plus sulfadoxine-pyrimethamine appears to be a practical
option for the treatment of chloroquine-resistant P. vivax malaria. Other options for partner drugs to
combine with artesunate for vivax malaria include tafenoquine (WR 238605), a second generation 8aminoquinoline. Tafenoquine is reported more active327 than primaquine, is less toxic and has a
longer half-life (10-14 days)328, 329. It shows promise for radical treatment of vivax malaria330, 331,
with the dosage still under study. Combination artesunate with tafenoquine may also be a good option
for treatment of blood stages of chloroquine-resistant P. vivax, with the advantage of eradicating
hypnozoites and preventing relapse. Chlorproguanil-dapsone is another potential partner drug for
artesunate. Based on the response of P. vivax and P. falciparum to artesunate and sulfadoxinepyrimethamine in lrian Jaya, the combination of artesunate with the potentially more effectivechlorproguanil-dapsone may have high efficacy ·against both P. falciparum and P. vivax.

7.4

CONCLUSIONS

The addition of artesunate to sulfadoxine-pyrimethamine as first-line treatment may be the best and
most practical option to reduce the high rates of both P. falciparum and P. vivaxtreatment failure
currently occuring in l_rian Jaya, and may delay the further development of anti-folate resistance
throughout the province. We have shown that combining sulfadoxine-pyrimethamine with artesunate
for the treatment of uncomplicated falciparum malaria resulted in more rapid fever and parasite
clearance, was well tolerated, reduced the risk of treatment failure, and lowered gametocyte carriage;
while for the treatment of vivax malaria the combination also resulted in a high cure rate with rapid
fever and parasite clearance. Use of this combination would be advantageous in this region where
sulfadoxine-pyrimethamine is still relatively effective for both species, and where a species diagnosis
· is not possible in the majority of malaria patients who are diagnosed clinically.
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Item removed due to copyright.

Figure 24. Early treatment failure , Radamata , West Sumba , 1998.

Item removed due to copyright.

Figure 25. Adequate clinical response , Genyem, Jayapura, 1999.

8.

PERSISTENCE OF THE ICT P.F/P.V HRP2 AND PANMALARIAL ANTIGENS FOLLOWING TREATMENT OF
FALCIPARUM MALARIA AND THE UTILITY OF THE ICT
P.F/P.V TEST IN PREDICTING TREATMENT OUTCOME.

SUMMARY
In regions with drug-resistant malaria, the ability to rapidly detect or predict treatment failure (TF)
soon after a course of standard therapy for P. falciparum malaria would facilitate the prompt institution
of second-line therapy. A problem with rapid HRP2 antigen detection tests for malaria is the
persistence of antigen in blood after the disappearance of asexual parasitemia and clinical symptoms,
resulting in false positive (FP) test results following treatment. We therefore examined persistence of
the HRP2 and pan-malarial antigens of the ICT P.f/P.v test following treatment of uncomplicated
falciparum malaria, whether persistent sexual forms (gametocytes) are a cause of FP tests after
treatment, and whether the test is useful in predict treatment outcome. Using the 1997 WHO protocol
for assessment of the therapeutic efficacy of antimalarial drugs, we compared serial antigen test
results with microscopy in patients symptomatic with P. falciparum malaria in Indonesia, for 28 days
following treatment with chloroquine (CQ; n=66), sulfadoxine-pyrimethamine (SP; n=36), and
artesunate plus sulfadoxine-pyrimethamine (ART+SP; n=15).

Persistent FP antigenemia following SP occurred in 29% (HRP2) and 42% (PMA) on day 7, and 10%
(HRP2) and 23% (PMA) on day 14. The high rates of persistent HRP2 and PMA antigenemia
following CO and SP treatment were strongly associated with presence of gametocytemia, with the
proportion with gametocytes on day 7 post treatment being significantly greater in those with FP
relative to true negative PMA and HRP2 results. Gametocyte frequency on day 14 post SP was also
greater in those with FP PMA results. Following SP treatment, PMA persisted longer than HRP2
giving a FP diagnosis of P. vivax in up to 16% on day 14, with all FP vivax diagnoses having
gametocytemia. In contrast, PMA was rapidly cleared following ART+SP treatment, in association
with rapid clearance of gametocytemia. Gametocytes appear to be an important cause of persistent
post-treatment panmalarial antigenemia in endemic areas, and may also contribute in part to
persistent HRP2 antigenemia following treatment.

229

Approximately half of the 66 Sumbanese patients treated with CQ could be evaluated on each day of
follow up. Although HRP2 line intensities ;::control in convalescence were highly predictive of
treatment failure, any degree of positivity for the HRP2 and PMA in convalescence was only
moderately predictive of treatment failure. Positive predictive values of the HRP2 and PMA for TF
were 76.9% and 87.0% respectively on day·3, 82.4% and 87.5% on day 7, and 78.9% and 78.9% on
day 14. Negative HRP2 and PMA results in convalescence were even less predictive of an adequate
clinical response, and false negative HRP2 and PMA test results were found in one sixth (6/37)
recrudescent infections diagnosed by microscopy among late treatment failures. To reliably predict
treatment outcome with rapid antigen tests, further development appears necessary, to improve
sensitivity for viable asexual parasites while avoiding detection of both gametocytes and persistent
antigen in convalescence.

8.1

INTRODUCTION

Chloroquine remains the first line therapy for uncomplicated malaria ~n Indonesia, however
chloroquine efficacy is declining throughout the country, particularly in the Eastern Provinces (chapter
6)3. Because of lack of access to microscopy services, diagnosis of treatment failure is mostly based
on a clinical diagnosis and is often delayed. In such area likes Indonesia (Sumba) with mainly low to
moderate rates of malaria transmission are high risk of developing severe disease. The ability to
rapidly detect or predict treatment failure soon after a course of standard therapy for P. falciparum
malaria would facilitate the prompt institution of second line therapy and can assist in differentiating
apparent malaria treatment failure from other diseases with similar clinical manifestations such as
viral encephalitis, dengue and typhoid fever (figure 24). For the purpose of predicting disease
outcome, the requirements for an ideal rapid diagnostic test comprises high sensitivity (>95%) and
specificity (>90%), detection of pure asexual parasitemia, close to 95% accuracy, quantitative or
semi-quantitaive information on parasite densities, and discriminatation between the presence of
viable parasites and parasite products 166.

230

8.1.1

RAPID DIPSTICK ANTIGEN TEST FOR MALARIA

Rapid dipstick antigen capture tests for the circulating P. falciparum-specific antigen histidine rich
protein-2 (HRP2) have been shown to have excellent sensitivity and specificity for the initial diagnosis
of P. falciparum malaria, generally at least as good as microscopy of a thick and thin film by a skilled
microscopist (chapter 5) 133-136, 138, 139, 113, 125, 141-144, 146, 147, 157, 168 148, 150-152, 154,
158, 159, 332, 333. Although currently too costly for widespread use in malaria-endemic regions, they
have become very useful as an adjunct or alternative to malaria microscopy, particularly when
experienced microscopy is unavailable 166. However a problem when using these dipstick tests to
detect asexual falciparum parasitemia is the persistence of HRP2 antigen in blood after the
disappearance of both viable asexual parasitemia and clinical symptoms 133, 134, 146, 148, 149,
154, 161, 164, 165, 334-336. This may result in false positive (FP) diagnoses of viable asexual
infection when HRP2 testing is performed after treatment of malaria113, 166, and may limit its ability
to reliably predict recrudescent parasitaemia and reduce the usefulness of the test in predicting
treatment failure 166, 337.

There are only limited data on the ability of antigen detection tests to detect and predict treatment
failure when used during or after the completion of therapy. Although some studies have suggested
rapid antigen detection tests (Parasight F, ICT Malaria P.f, Determine Malaria P.f, and ICT Malaria P.f
/P .v) may be potentially useful for monitoring the response to antimalarial therapy or predicting
treatment failure 154, 161,164,333, 334, concern has been raised by other studies that persistence
of HRP2 antigen following clearance of parasitaemia may lead to confusing results when used for this
purpose 157, 165, 166. Moreover, none of the studies that have addressed this issue 154, 157, 161,
164, 165, 333, 334 have used the 1997 WHO protocol for assessment of the therapeutic efficacy of
antimalarial drugs6.

Most published data on persistent HRP2 antigenemia after treatment relate to the Parasight-F test for
HRP2113, 133,134, 161, 164,166,337,338, which uses an lgG monoclonal antibody to HRP2 in
contrast to the lgM monoclonal antibody to HRP2 used in the ICT Malaria P.f. and ICT P.f./P.v. tests
(chapter 5) 175, 333.
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8.1.2

/CT MALARIA P.F/P. V IMMUNOCHROMATOGRAPHIC TEST

The ICT P.f./P.v. test detects both the P. falciparum-specific antigen HRP2 and a pan-malarial
antigen found in asexual stages of P. falciparum and P. vivax (chapter 5). An immunochromatographic diagnosis of P. falciparum is made if the HRP2 line is visible, with or without the
pan-malarial antigen line. A diagnosis of P. vivax is made if only the pan-malarial antigen line is visible
(chapter 5). In chapter 5, the ICT P.f/P .v test was found to be very sensitive for the detection of P.
falciparum but less so (75%) for detection of P. vivax.

In contrast to HRP-2, there are very little data on persistence of the pan-malarial antigen after
clearance of parasitaemia. It is not known how long the ICT P.f./P.v pan-malarial antigen persists
after treatment in malaria-endemic areas. A preliminary report in mostly non-immune travellers
reported rapid clearance of pan-malarial antigen in parallel with clearance of asexual stage parasites
by microscopy333_ However, none of these patients had gametocyta~mia during the follow-up333_

8.1.3

JUSTIFICATION

Antigen persistence after treatment of P. falciparum with the ICT P.f./P.v. test is important not only
because of the potential for convalescent false positive diagnoses and for potential inability to reliably
predict treatment failure, but also because persistence of the antigen after the HRP2 antigen has
cleared would result in the test being falsely interpreted as P. vivax.

There have been high rates of post-treatment gametocytemia reported following both chloroquine and
sulfadoxine-pyrimethamine treatment233, 339-342_ In contrast, convalescent gametocyte carriage is
markedly reduced following treatment with artemisin derivatives234, 300_ It is not known to what
extent gametocytes are detected by either the pan-malarial antigen or the lgM monoclonal antibody to
HRP2 in endemic areas.
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8.1.4 AIMS
The main purpose of this study therefore was to undertake serial ICT P.f/P.v Malaria
immunochromatographic testing in conjunction with the 1997 WHO protocol for assessment of
efficacy of antimalarial drugs to evaluate longitudinally the utility of both HRP2 and pan-malarial
antigen detection in predicting treatment outcome following therapy of uncomplicated falciparum
malaria. The specific aims were to determine whether persistent false positivity to either of these
antigens after treatment was associated with presence of sexual forms (gametocytes} in
convalescence after chloroquine treatment, sulfadoxine-pyrimethamine treatment, and a combined of
artesunate plus sulfadoxine-pyrimethamine treatment in uncomplicated falciparum malaria case; and
to asses a positive predictive value (PPV) and a negative predictive value (NPV), and accuracy of
these antigens in predicting treatment outcome following standard first-line therapy of uncomplicated
falciparum malaria with chloroquine.

8.2
8.2.1

MATERIALS AND METHODS
TIMES AND STUDY SITES

The studies examining persistence of antigenemia (HRP2 and pan-malarial antigens} following
chloroquine and sulfadoxine-pyrimethamine, and predicting treatment outcome of these antigens
following chloroquine treatment were performed from February to May 1998, in Radamata Health
Center, West Sumba, NTT, Indonesia, an area hypoendemic for malaria with a parasite rate in
children 0-9 years of 5.1 % (chapter 3), with high rates of chloroquine resistance but no demonstrable
sulfadoxine-pyrimethamine resistance (chapter 6). The study examining clearance of antigenemia
following combination treatment with artesunate and sulfadoxine-pyrimethamine was performed from
March-April 1999 in Genyem Health Center, Jayapura, lrian Jaya province, Indonesia (chapter 7).
This area has moderately high malaria transmission with parasite rates in children 0-9 years
averaging 39% (cha~ter 3), and with high rates of resistance to chloroquine and documented
resistance to sulfadoxine-pyrimethamine (chapter 6).

8.2.2

ETHICS

The study was approved by the Ethics Committee of the National Institute of Health Research and
Development (NIHRD}, Indonesian Ministry of Health and Social Welfare, Jakarta, Indonesia and by
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the Joint Institutional Ethics Committee of Menzies School of Health Research and Royal Darwin
Hospital, Darwin, Australia (Appendix 1, 2, 3, 4, and 5).

8.2.3

SETTING

The studies examining antigen clearance after chloroquine and sulfadoxine-pyrimethamine were
performed as part of the 28-day in vivo drug efficacy studies, using modified 1997 WHO guidelines
with standard inclusion and exclusion criteria described in chapter 56, The study examining antigen
clearance after artesunate plus SP was a part of pilot study examining combination chemotherapy for
malaria (chapter 7).

In study of predicting treatment outcome, therapeutic response was classified as adequate clinical
response (ACR) (figure 25) or treatment failure [early and late treatment failure (TF)] (figure 24)
using the 1997 WHO in vivo criteria (chapter 6)6.

8.2.4

PATIENTS

Sixty-six Sumbaneses with uncomplicated falciparum malaria and parasite densities ranging from
1,160 to 32,400/ul (chapter 6), and 15 Papuans with uncomplicated falciparum malaria with parasite
density ranged from 800 to 70,200/ul (chapter 7) were selected according to the 1997 WHO criteria
for assessment of therapeutic efficacy of antimalarial drugs for uncomplicated falciparum malaria in
areas with low or moderate transmissions.

8.2.5

CLINICAL AND LABORATORY EXAMINATION

Clinical examination and evaluation was performed as in chapter 6.

Thick and thin smears and immunochromatographic antigen testing were performed on days 0, 1, 2,
3, 7, 14, 28 and on any day patients became unwell, and quantitated and cross-checked as described
in chapters 5 and 6. Only those parasitemic with P. fa/ciparum asexual stages (with or without
gametocytes) were eligible. Mixed infections with P. vivax were excluded.
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The ICT P.F/P.v MLO2 test cards used in the Sumba chloroquine and sulfadoxine-pyrimethamine
studies were batch number 041388, and for the Papuan artesunate plus sulfadoxine-pyrimethamine
study was batch number 010579.

8.2.6

TREATMENT

Sixty-six adults and children Sumbaneses with unc?mplicated falciparum malaria were treated with a
standardized supervised 3-day regimen of oral chloroquine as described in chapter 6 without
primaquine. Those 36 uncomplicated falciparum malaria with treatment failure with chloroquine (but
without danger signs6 requiring quinine treatment) were then treated with sulfadoxine-pyrimethamine
(as in chapter 6) without primaquine.

Fifteen adults and children with uncomplicated falciparum malaria in lrian Jaya were treated with the
standardised supervised 3-day regimen of oral artesunate plus sulfadoxine-pyrimethamine as
described in pilot study in chapter 7.

8.2.7 ASSESSMENT
Microscopic and immunochromatographic results were assessed as in chapters 5 and 6. Because
gametocytes do not cause disease, immunochromatographic test results were considered false
positive (FP) on each day of follow-up if positive for HRP2 or pan-malarial antigens but microscopynegative for asexual parasites with or without gametocyte positivity. Antigen test results were
considered true negative (TN) if antigen testing was negative and microscopy was negative for
asexual stage parasitemia, with or without gametocyte positivity.

Treatment outcome was defined as in chapter 6.

8.2.8 DATA PROCESSING
Results were analysed by Epi-lnfo version 6.04b43. To examine whether presence of gametocytes
was associated with FP persistent antigenemia after treatment for malaria the proportion with
gametocytemia in those with TN antigen test results was compared using a two-tailed Fisher's exact
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test with the proportion with gametocytemia in those with FP antigen test results, for each antigen on
days 7 and 14 after each treatment. Mean gametocyte counts in each group were compared using
the Mann-Whitney U-test.

Positive Predictive Value (PPV), the proportion of positive ICT Pf/Pv test readings which truly
reflected current or future treatment failure on or subsequent to each day of follow-up, was calculated
as TP/(TP+FP). Negative Predictive Value (NPV), the proportion of the test's negative readings which
truly predicted an ultimate adequate clinical (ACR) response, was calculated as TN/(TN+FN).
Predictive accuracy, the proportion of all tests on each day of follow-up that correctly predicted
ultimate outcome, was defined as (TP+TN)/number of all tests performed on that day of follow-up.

8.3
8.3.1

RESULTS
PERSISTENCE OF THE HRP2 AND PAN-MALARIAL.ANTIGENS FOLLOWING
TREATMENT AND ASSOCIATION WITH GAMETOCYTEMIA

Sixty-six Sumbanese children and adults with symptomatic P. fafciparum malaria treated with
chloroquine, 36 of the 37 chloroquine-treatment failures subsequently treated with sulfadoxinepyrimethamine, and all 15 of those treated with artesunate plus sulfadoxine-pyrimethamine could be
evaluated by both microscopy and immunochromatographic testing at least once. High frequencies of
recurrent asexual P. fa/ciparum parasitemia were found following treatment with chloroquine, but
there were no recurrences of asexual P. falciparum parasitemia following sulfadoxine-pyrimethamine
monotherapy or treatment with the combination of artesunate plus sulfadoxine-pyrimethamine (figure
8.3.1.1 a). Over 50% of chloroquine-treated patients who were negative for asexual parasites on
microscopy had P. falciparum gametocytemia on days 2, 3, 7 and 14, with a similar proportion
following sulfadoxine-pyrimethamine (figure 8.3.1.1b). In contrast, and as expected, gametocytes
occurred infrequently following artesunate combination therapy and were cleared rapidly (figure
8.3.1.1b).
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Figure 8.3.1.1 Microscopic findings following chloroquine treatment (dotted bars) of P. fafciparum
malaria, sulfadoxine-pyrimethamine treatment of chloroquine-treatment failures (solid bars), and
artesunate plus sulfadoxine-pyrimethamine treatment (hatched bars), showing recurrence of asexual

P. fafciparum parasitemia following chloroquine treatment (Figure 8.3.1.1 a). * P. vivax asexual
parasitemia was noted on day 28 in one sulfadoxine-pyrimethamine treated patient and in 2 following
treatment with artesunate plus sulfadoxine-pyrimethamine.
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Figure 8.3.1.1 b: Proportion with P. falciparum gametocytemia in those negative for asexual P.

fa/ciparum parasites on each day of follow-up.
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Following chloroquine treatment, false positive HRP2 and pan-malarial antigenemia was more
frequent and persisted longer (figure 8.3.1.2a) than following sulfadoxine-pyrimethamine (figure
8.3.1.2b). Following sulfadoxine-pyrimethamine treatment, a higher proportion of patients were false

positive for the pan-malarial antigen than for HRP2 antigen on each day of followup to day 14 (figure
8.3.1.2b}. Because pan-malarial antigen positivity in the absence of HRP2 positivity results in a

diagnosis of P. vivax malaria, this resulted in a false convalescent immunochromatographic
diagnosis of vivax malaria on days 1, 2, 3, 7 and 14 in 1 (3%}, 2 (9%), 3 (10.3%), 4 (12.9%), and 5
(16.1 %} of evaluable patients respectively. Significantly, in all of these 15 false-positive diagnoses of
vivax malaria, P. falciparum gametocytes were present on microscopy. Following chloroquine ·
treatment, a false-positive diagnosis of P. vivax occurred on day 7 only, and was made in 2/24 (8%)
patients negative for P. fa/ciparum asexual parasites on microscopy.

In contrast to the findings following treatment with chloroquine and sulfadoxine-pyrimethamine,
therapy with artesunate plus sulfadoxine-pyrimethamine was followed by high frequencies of
persistent HRP2 antigenemia but rapid clearance of pan-malarial antigenemia (figure 8.3.1.2c},
which paralleled the rapid clearance of gametocytemia. There were no false positive diagnoses of P.
vivax in convalescence. There was a recrudescence of pan-malarial antigenemia on day 28 in the
absence of asexual or sexual parasites on microscopy, that may have reflected emerging subpatent
reinfection in this moderately-high transmission area of Papua.

Figure 8.3.1.2a-c: False positive persistence of HRP2 (pale bars) and pan-malarial antigenemia (grey
bars) following antimalarial drug treatment of symptomatic P. falciparum malaria. Results do not
include true positive results associated with asexual parasitemia on microscopy, and are expressed
as false-positive antigen results as a proportion of the total false-positive and true negative results for
each antigen on each day of follow-up.
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falciparum malaria.

On each day of followup following both chloroquine (figure 8.3.1.3a) and sulfadoxine-pyrimethamine
(figure 8.3.1.3b), the majority of false positive tests to both HRP2 and pan-malarial antigens were

associated with gametocytemia, whereas gametocytemia was found in only a minority of true negative
antigen results. On day 7 post-treatment, the proportion with gametocytes was significantly greater in
those with false positive (FP) HRP2 tests: 11/14 FP vs 3/10 true negative (TN) (p=0.035) after
chloroquine treatment, and 9/9 FP vs 8/21 TN (p=0.001} after sulfadoxine-pyrimethamine. With fewer
HRP2 false-positives by day 14, the difference in the proportion with gametocytes in those with FP
HRP2 results relative to TN results was no longer statistically significant on day 14. The association
between pan-malarial antigen false positivity and gametocytemia was even stronger. On day 7 posttreatment, the proportion with gametocytes was significantly greater in those with false positive (FP)
pan-malarial antigen tests: 11/12 FP vs 3/12 TN (p=0.0009) after chloroquine and 13/13 FP vs 4/17
TN (p=0.0001) following sulfadoxine-pyrimethamine. On day 14, gametocyte frequency was also
greater in those with FP pan-malarial antigen results following sulfadoxine-pyrimethamine treatment:
6/7 FP vs 9/24 TN (p=0.02).

In marked contrast to the findings following chloroquine and sulfadoxine-pyrimethamine treatment,
there were no false positive pan-malarial antigen results following treatment with artesunate plus
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sulfadoxine-pyrimethamine (figure 8.3.1.3c). Importantly, this lack of convalescent false positive panmalarial antigen results was strongly associated with lack of gametocytemia, with gametocytes being
present at very low levels (mean 120/ul) in only 2/15 (13%) patients on day 7 and absent in all
patients on day 14. Conversely, a high proportion of those with false positive HRP2 antigen tests
following artesunate plus sulfadoxine-pyrimethamine did not have gametocytemia, suggesting that
other causes of persistent HRP2 antigenemia are important in this high-transmission setting.

Figure 8.3.1.3. Frequency of P. falciparum gametocytemia on days-7 and 14 following antimalarial
drug treatment, in those with false positive immunochromatographic antigen tests (below the line)
compared with those with true negative tests (above the line).
[* indicates a significant difference (p<0.05) using two-tailed Fisher's exact test].
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241

l?ZI PIii Gametocytes present
30

D

[f@:!!¼rf Gametocytes absent

-------------------------------------------·

25- --------------------------True

f.Jegatfves - ··

20

-

15

----------

10

----------

...

5 . ----------

.c

E

0

z

5

Q)

::i

False
Positives

10
15- -----------------------------------------HRP2
PMA
HRP2
PMA
Day7

Day 14

0

p<0.05
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Although a greater proportion of those with false positive antigen tests following both chloroquine and
sulfadoxine-pyrimethamine had gametocytemia, gametocytes were also found in those with true
negative antigen tests. Because gametocyte counts may have been lower in the true negative group
and too low to be detected by each antigen, we compared mean gametocyte counts in those with
false positive antigen tests with gametocyte counts in those with true negative tests (table 8.3.1a). As
expected, those with false positive antigen tests had higher mean gametocyte counts than those with
true negative tests, particularly following sulfadoxine-pyrimethamine treatment. This was a consistent
trend, and despite small numbers reached statistical significance for the pan-malarial antigen.
Although numbers were small, there was a trend for mean gametocyte counts to be higher in those
.with true negative convalescent HRP2 antigen test results relative to those "Yith true negative panmalarial antigen test results, suggesting a potentially higher gametocyte detection threshold for
HRP2.
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Table 8.3.1 a Gametocyte density in those with false positive pan-malarial and HRP2 antigenemia after treatment rerative to those with true negative antigen
results. Mean gametocyte counts in each group (standard error in brackets) are compared using the Mann Whitney U-test.

Antigen

Drug Treatment

Day after
treatment
n

Pan-malarial
antigen

Chloroquine

Sulfadoxine pyrimethamine
HRP2

Chloroquine

Sulfadoxine pyrimethamine

False Positives
Gametocyte density (/µI)
mean (sem)

7

11

14

7

7
14

13
6

712 (176)
280 (92)

7
14

11
7

652 (212)
263 (92)

7

9

14

2

812 (246)
120 (80)

768 (212)
263 (92)
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n

3
7

4
9
3
7
8
13

True Neoatives
Gametocyte density (/µI)
mean (sem)

p value

80 (0)
144 (44)

0.07
0.24

130 (41)
80 (16)

0.008
0.006

508 (428)
114(44)

0.64
0.24

310 (100)
168 (48)

0.07
0.80

Alternative potential explanation for the higher proportion of convalescent gametocytemia in antigen
test false-positives relative to true-negatives, is that the false positives had a higher initial asexual
parasite count prior to treatment and hence a potentially higher likelihood of generating more
gametocytes following treatment with chloroquine or sulfadoxine-pyrimethamine. To exclude this
possibility we compared day Oasexual parasite counts in those with convalescent false positive
antigen tests with day Oasexual counts in those with true negative tests (table 8.3.1b). There was no
evidence for a consistent difference between starting asexual counts that could explain our findings.
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Table 8.3.1 b Initial asexual P. falciparum parasitemia in those with false positive panmalarial and HRP2 antigenemia after treatment relative to with those
with true negative antigen results. Mean gametocyte counts in each group (standard error in brackets) are compared using the Mann-Whitney U-test

Antigen

Drug Treatment

Day after
treatment

False Positives
Day 0 asexual parasite density (/µI)
mean (sem)

n
Pan-malarial
antigen

Chloroquine

Sulfadoxine pyrimethamine

HRP2

Chloroquine

Sulfadoxine pyrimethamine

7

11

14

7

7

13

14

6

7

11

14

7

7

9

14

2

n

True Neaatives
Day 0 asexual parasite density (/µI)
mean (sem)

p value

10,512 (3,124)
11,436 (3,936)

3
7

14,748 (4,736)
8,196 (3,152)

0.29
0.46

5,928 (1,252)
4,680 (1,500)

4

9

15,648 (6,440)
6,744 (2,116)

0.25
0.61

12,276 (3,292)
11,436 (3,936)

3
7

8,280 (1,904}
8,196 (3,152)

1.00
0.46

4,964 (1 ;228)
4,880 (3,440)

8
13

11,876 (3,588)
6,076 (1,556)

0.08
0.93
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8.3.2

PERFORMANCE OF THE /CT MALARIA P.F/P. V IMMUNOCHROMATOGRAPHIC
TEST IN DIAGNOSING/PREDICTING CHLOROQUINE TREATMENT OUTCOME.

Of the 66 chloroquine-treated patients with uncomplicated falciparum malaria, 43 {65%) patients were
treatment failures with 77% of treatment failures occurring on or after day 14 (table 8.3.2.1). Due to a
temporary interruption in supply of immunochromatographic tests to the field site, not all cases could
be evaluated by both microscopy and ICT Malaria (table 8.3.2.1 ).

ICT P.f/P.v test positivity on each day of follow-up was higher than microscopic positivity for asexual
parasites on all days, except day 28 (figure 8.3.2.1 ). Conversely, among those ultimately ha"(ing an
adequate clinical response, only a minority had negative ICT P.f/P.v results prior to day 7 (figure
8.3.2.1). The proportion of those with adequate clinical response who were negative by ICT P.f/P.v

was similar on each day of follow-up {except day 2) to the proportion negative for asexual parasites
(figure 8.3.2.2).

Positive HRP2 and pan-malarial antigen results were moderately predictive of treatment failure on
each day of follow-up with positive predictive values of 77% and 87% respectively on day 3, and
82.4% and 87.5% respectively on day 7 (table 8.3.2.2a). Positive predictive values for the panmalarial antigen trended towards being greater than those for HRP2 (table 8.3.2.2a).
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Table 8.3.2.1 Distribution of treatment failure cases treated with chloroquine by day observation, Radamata Health Center.

Day

Total observed

Number of new treatment failure

Number evaluable by both

(% of total number of TF cases)

ICT Malaria P.f/P.v and microscopy:
Total (No. treatment failures on or
subsequent to each day of follow-up)

0

66

0

38 (25)

1

66

1 ( 2.3)

27 (22)

2

65

3 ( 7.0)

33 (25)

3

62

2 ( 4.7)

32 (22)

7

60

4 ( 9.3)

29 (20)

14

56

13 (30.2)

37. (23)

28

43

20 (46.5)

34 (16)

Total number of treatment failure cases=43
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Figure 8.3.2.1 Proportion of patients with treatment failure on or subsequent to each day of follow-up,
who had microscopy postitive for asexual parasites, microscopy positive for asexual
stages and/or gametocytes, and ICT Malaria P.f/P.v positivity for P. falciparum on the
chloroquine treatment follow-up days indicated.
an additional 10% of cases on day 7 had false positive ICT P.f/P.v readings of P. vivax
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Figure 8.3.2.2 Proportion of patients ultimately having adequate clinical response, with microscopy
negative for asexual parasites, microscopy negative for both asexual parasites and
gametocytes, and with negative ICT Malaria P.f/P.v on each of the chloroquine
treatment follow-up days indicated.

Positive predictive value for treatment failure was high in those with intense HRP2 and pan-malarial
antigen line positivity(~ control). After day 1, all patients (except 1 patient on day 3) with HRP2 line
intensity~ control had treatment failure on or subsequent to each day of testing, with HRP2 PPV for
TF of 100%, 83%, 100%, 100%, and 100% on days 2, 3, 7, 14, and 28). However those with intense
line positivity comprised only a minority of the total number of treatment failures evaluated on each of
these days (9 of 25, 5 of 22, 1 of 20, and 9 of 23 treatment failures on days 2, 3, 7, and 14
respectively). Pan-malarial antigen line intensity ~control was also highly predictive of treatment
failure (PPVs for TF of 100%, 100%, 77.8%, 90.9% on days 2, 3, 7, and 14, respectively) but again
only a minority of treatment failures occurring on or subsequent to each day of follow-up had such line
intensities (5 of 25, 5 of 22, 7 of 20, and 10 of 23 ultimate treatment failures assessed on days 2, 3, 7,
and 14 respectively). By day 28, HRP2 was still detectable in 1 (5.6%) of the 18 adequate clinical
response patients (with a gametocyte density of 440/ul). None of those with an adequate clinical
response had pan-malarial antigenemia by day 28.
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Table 8.3.2.2a Positive predictive value of microscopy and each of the ICT Malaria P.f/P.v antigens on each day of follow up in predicting treatment failure
of chloroquine treatment.

Mic positive asexual

Mic positive gametocytes

HRP2 antigen

Pan-malarial antigen

parasites

but not asexual parasites

PPV (95% Cl)

PPV (95%CI)

PPV (95% Cl)

PPV (95% Cl)

0

65.8 (48.6-80.3)

None

67.6 (50.1-81.4)

69.4 (51.7-83.1)

1

87.5 (67.6-97.3)

100 (2.5-100)

88.0 (67 .7-96.8)

91.3 (70.5-98.5)

2

100 (83.1-100)

57.1 (18.4-90.1)

79.3 (59.7-91.3)

87.5 (66.5-96.7)

3

83.3 (35.9-99.6)

72.2 (46.5-90.3)

76.9 (55.9-90.2)

87.0 (65.3-96.9)

7

100 (47.8-100)

71.4 (41.9-91.6)

82.4 (55.8-95.3)

87.5 (60.4-97.8)

14

100 (73.5-100)

64.3 (35.1-87 .2)

78.9 (53.9-93.0)

78.9 (53.9-93.0)

28

100 (79.1-100)

None

93.3 (66.0-99.7)

100 (69.9-100)

Day
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Although confidence intervals were wide, negative HRP2 and pan-malarial antigen results did not
reliably predict an adequate clinical response (table 8.3.2.2b). Negative predictive values with either
antigen did not offer predictive advantage over microscopy negative for both asexual and sexual
parasites (table 8.3.2.2b). In six of the 37 (16.2%) treatment failures diagnosed on or after day 7 in
which ICT testing was performed, false-negative ICT P.f/P .v test results occurred on the same day in
which positive microscopy for asexual stage parasites first classified them as treatment failures. Five
of these treatment failures had relatively low asexual parasitaemias of 80/ul and 160/ul (day 7), 200/ul
and 600/ul (day 14) and 120/ul (day 28). However in one of these six treatment failures (on day 28),
ICT P.f/P.v test was negative despite an asexual parasitaemia of 10,000/ul.

On each day of followup, both antigens were only moderately accurate in differentiating those patients
ultimately responding to treatment and those not responding to treatment (table 8.3.2.3), with
predictive accuracy for the HRP2 and pan-malarial antigens being less than 95% on each day of
follow-up. Accuracy was only 75% and 84% respectively on day 3 and 69% and 72% on day 7.
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Table 8.3.2.2b. Negative predictive value of microscopy and each of the ICT Malaria P.f/P.v antigens on each day of.follow up in predicting
ultimate adequate clinical response of chloroquine treatment.

Day

Microscopy negative

Microscopy negative for both

for asexual parasites

asexual parasites & gametocytes

NPV (95% Cl)

HRP2
NPV (95% Cl)

Pan-malarial antigen
% NPV (95% Cl)

NPV (95% Cl)

1

100 (15.8-100)

66.7 (9.4-99.1)

100 (19.8-100)

75.0 (21.9-98.7)

2

83.3 (35.9-99.6)

61.5 (35.6-86.1)

50.0 (9.2-90.8)

55.6 (22. 7-84. 7)

3

50.0 (15.7-84.3)

34.6 (17.2-55.7)

66.7 (24.1-94.0)

77.8 (40.2-96.1)

7

50.0 (18.7-81.3)

37.5 (18.8-59.4)

50.0 (22.3-77.7)

53.8 (26.1-79.6)

14

81.8 (48.2-97.7)

56.0 ( 34.9-75.6)

55.6 (31.3-77.6)

55.6 (31.3-77.6)

28

100 ( 79.4-100)

100 (81.5-100)

89.5 (65.5-98.2)

81.8 (59.0-94.0)
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Table 8.3.2.3. Overall predictive accuracy of each of the ICT Malaria P.f/P.v antigens on each day
of follow-up in correctly predicting ultimate outcome of chloroquine treatment.

Day

HRP2 antigen

Pan-malarial antigen (%)
% correct (95% Cl)

% correct (95% Cl)

1

89 (71-98)

89 (71-98)

2

76 (58-89)

79 (61-91)

3

75 (57-88)

84 (67-95)

7

69 (49-85)

72 (53-87)

14

68 (50-82)

68 (50-82)

28

91 (76-98)

88 (73-97f

8.4

8.4.1

DISCUSSION
ASSOCIATION OF P. FALCIPARUM GAMETOCYTEMIA WITH PERSISTENT
JCT P.F/P. V HRP2 AND PAN-MALARIAL ANTIGENEMIA AFTER
CHLOROQUINE AND SULFADOXINE-PYRIMETHAMINE TREATMENT.

We have demonstrated high rates of persistent ICT P.f/P.v HRP2 and pan-malarial antigenemia
after treatment of symptomatic Indonesians with P. falciparum malaria using the two most
commonly used antimalarial drugs worldwide, chloroquine and sulfadoxine-pyrimethamine. The
cause of persistent HRP2 antigenemia after malaria treatment is not known. Potential causes
include persistent viable asexual parasitemia below the detection limit of microscopy, delayed
clearance of circulating antigen (free or in antigen-antibody complexes), rheumatoid factor and
persistent sexual forms (gametocytes) 113, 166, 172. There are several lines of evidence to
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suggest that persistence of the pan-malarial antigen following clearance of asexual parasites in
residents of malaria-endemic areas results largely from detection of circulating sexual stages in
convalescence. In this study we found a consistent association between gametocytemia and false
positive pan-malarial antigenemia on days 7 and 14 following both chloroquine and sulfadoxinepyrimethamine. Moreover, gametocyte density was higher in those with convalescent pan-malarial
antigen false positivity than in those with true-negative results, consistent with gametocyte density
being above the antigen detection threshold in those with false positive tests. Thirdly, and in
marked contrast to the findings following chloroquine and sulfadoxine-pyrimethamine treatment,
artesunate therapy resulted in rapid clearance of gametocytes which was associated with a rapid
clearance of pan-malarial antigenemia, and an absence of false positive results by day 7. This
last finding is consistent with recent results from a series of eight cases with P. falciparum
followed longitudinally with the ICT P.f/P.v test following treatment with an unnamed drug(s)333.
In these mostly non-immune patients (D. Eisen, personal communication), the pan-malarial

-

antigen reactivity declined in parallel with the decline in parasitemia, with no false positive panmalarial antigen results in convalescence. Significantly, these patients were treated early and
none developed gametocytemia333, further evidence that detection of gametocytes is the
predominant cause of false positive pan-malarial antigenemia in convalescence.

Potential alternative causes of persistent pan-malarial antigenemia early in convalescence are
unlikely to have contributed to a major degree to the day 7 and 14 false-positive results we
observed. While it could be argued that in an area of known chloroquine resistance, persistent
asexual parasitemia below the threshold for microscopic detection could potentially result in
persistent true-positive pan-malarial antigenemia following chloroquine treatment and also, as an
epiphenomenon, post-treatment gametocytemia233, this is a less likely explanation for the
persistent pan-malarial antigenemia following sulfadoxine-pyrimethamine treatment (and its
association with gametocytemia), in which there were no parasitological or clinical failures
observed in 28 days of follow-up. Conversely, late recurrence of pan-malarial antigenemia
following initial clearance, as we found following artesunate plus sulfadoxine-pyrimethamine is
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consistent with emerging re-infection in this high transmission region (chapter 7), at a level below
the detection limit for microscopy.

Antigen persistence after treatment of P. falciparum with the ICT P.f./P.v. test is important not
only because of the potential for false positive diagnosis of active infection in convalescence, but
because persistence of the pan-malarial antigen after the HRP2 antigen has cleared, as we
observed following chloroquine and particularly sulfadoxine-pyrimethamine therapy, results in the
test being falsely interpreted as P. vivax. This is likely to be a particular problem in semi-immune
residents of malaria endemic areas where greater chronicity of infection prior to treatment results
in higher frequencies of gametocytemia on presentation339 and in convalescence23 4. Moreover,
treatment of chloroquine-resistant P. falciparum with chloroquine, as is widely practised in
malaria~endemic areas results in higher frequencies of gametocytemia in convalescence than
following treatment of chloroquine-sensitive strains233, 343_ Rates <:>f gametocytemia in endemic
areas where chloroquine is still used are now much higher than noted before chloroquine
resistance emerged233_ However, because gametocyte carriage is markedly reduced following
artesunate therapy300, persistent false-positive pan-malarial antigenemia is unlikely to be a major
problem in malaria-endemic areas such as Thailand and Vietnam that have switched to
artesunate-containing combination therapies300_ Because post-treatment gametocytemia is also
unusual in non-immune returned travellers with their usually shorter duration of infection prior to
treatment, convalescent pan-malarial antigenemia is also unlikely to be a problem in these
patients333.

It is still not clear to what extent HRP2 is found in gametocytes. While HRP2 has been described
in published reviews as being found in immature but not mature gametocytes 11 3, to date there
are no published primary data supporting this assertion. Recently, HRP2 mRNA transcript and
protein have both been demonstrated in late-stage gametocytes (Rhian Haywood, David Sullivan
and Karen Day, personal communication). An early study in Kenyan children found no association

256

between post-treatment gametocytemia and Parasight-F HRP2 false positivity six days after
treatment 134, but this association has not been specifically looked for in convalescence.since.
We have demonstrated an association between circulating gametocytemia and persistent ICT
P.f/P.v HRP2 antigen reactivity following both chloroquine and sulfadoxine-pyrimethamine
treatments, suggesting that detection of gametocytes may contribute to persistent false-positive
HRP2 reactivity in convalescence. Although it is possible that the association between falsepositive HRP2 antigen reactivity and gametocytemia following sulfadoxine-pyrimethamine
treatment is related to an epiphenomenon of persistent sub-microscopic asexual parasitemia
causing both persistent HRP2 and gametocytemia. Importantly, the lack of demonstrable
sulfadoxine-pyrimethamine resistance at the Sumba study site (chapter 6) does not support this.
An Indian study also found a high frequency of persistent ICT P.f HRP2 antigen following
treatment with sulfadoxine-pyrimethamine (42% on day 7), with half of these false-positive HRP2
results on day 7 being gametocytemic, but rates of gametocytemia in those with true-negative
results on day 7 were not reported148. In cross-sectional evaluations of the Parasight-F157 and
ICT P.f/P.v immunochromatographic tests (chapter 5)315, the sensitivity of the HRP2 antigen for
gametocytes in those negative for asexual stages was 22% and 73% respectively. It is possible
that there are differences in the ability of the lgG monoclonal antibody to HRP2 used in the
Parasight F test to detect gametocytes compared with the lgM monoclonal to HRP2 used in the
ICT Malaria P.f. and ICT P.f./P.v. tests, however this will require direct comparative studies.

While we found an association between gametocytemia and HRP2 antigen reactivity following
treatment, we and others have also found evidence that other causes of persistent HRP2 are
important. Indeed, in contrast to pan-malarial antigen reactivity, other causes of persistent HRP2
reactivity are likely to be more important than post-treatment gametocytemia. We found high
frequencies of persistent HRP2 reactivity following artesunate combination therapy, despite the
rapid clearance of gametocytemia. Persistent ICT P.f/P.v HRP2 reactivity for as long as 31 days
has also been reported in a patient without patent gametocytemia333.
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The gametocyte detection threshold for HRP2 may be higher than that for the pan-malarial
antigen. All of the convalescent false-positive diagnoses of P. vivax (ie HRP2 negative, panmalarial antigen positive) had gametocytes. In the presence of declining gametocyte levels
following sulfadoxine-pyrimethamine treatment, HRP2 reactivity fell more quickly than panmalarial antigen reactivity, with a trend to higher gametocyte counts in those with true-negative
convalescent HRP2 reactivity than in true-negative pan-malarial antigen reactivity.

8.4.2

UTILITY OF THE COMBINED P.F/P.V ANTIGEN DETECTION TEST IN
PREDICT/NG TREATMENT OUTCOME

A recent WHO report (WHO, 2000) has confirmed the need for studies to assess the potential
role of rapid diagnostic tests in the detection of treatment failure. One potential application of such
tests is to detect persistent or recrudescing parasitaemia that would reliably predict treatment
failure. Results of this study suggest that post-treatment testing for the HRP2 and pan-malarial
antigens using the ICT P.f/P.v Malaria immunochromatographic test are only moderately
predictive of treatment failure with its current largely qualitative format. Moreover, negativity for
either of these antigens in convalescence was even less predictive of an adequate clinical
response. Neither HRP2 or the pan-malarial antigen met the WHO goal of being "able to
differentiate between responding and non-responding patients with close to 95% accuracy'' 166.
Even by day 28, diagnostic accuracy of the HRP2 and pan-malarial antigens in correctly
identifying TF or ACR was only 91 % and 88% for each antigen respectively. The results of this
study support the consensus that persistence of HRP2 antigenemia after clearance of asexual
stages results in false positive results in convalescence and contributes to the sub-optimal
accuracy of HRP2 tests in predicting treatment outcome 166.

Semiquantiative interpretation of the ICT P.f/P.v test results did enhance the ability of the test to
predict treatment failure, with positive predictive values for treatment failure with the ICT P.f/P.v
test being highest in those line intensities with either antigen being ~control. This suggests that
overall predictive accuracy may be improved by modifying current rapid diagnostic test formats to
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provide more quantitative data, particularly if these are used in conjuction with clinical assessment

166

Our results suggest that in addition to the predictive inaccuracies generated by false positive test
results, false negative test results also diminished test accuracy in diagnosing treatment failures in
convalescence. One sixth of the late treatment failures occurring on or after day 7 were HRP2and pan-malarial antigen-negative on the first day in which microscopic positivity for asexual
parasites first diagnosed them as late treatment failures. This suggests that emerging
parasitaemia early in recrudescence is not reliably detected by the ICT P.f/P.v test, further
evidence for the limitations of convalescent antigen detection in predicting treatment failure.
Although the ICT P.f/P.v test usually detects relatively low levels of parasitaemia in patients
presenting with their initial clinical illness (chapter 5), the inability to reliably detect similarly low
parasitaemias early in recrudescence may reflect a shorter duration of recrudescent infection

-

relative to the initial clinical illness. This supports an earlier observation in Cameroonian children
that the ability to accurately diagnose low parasitaemias with antigen tests may depend on not
only the number of parasites but also the length of the infection (and the level of antigen
accumulating in plasma)335.

The ability of the pan-malarial antigen to predict treatment outcome has not previously been
reported. A recent study in mostly returned travellers found that the disappearance of the panmalarial antigen paralleled the decline of asexual parasitaemia following treatment, raising the
possible utility of panmalarial antigen testing in monitoring response to antimalarial therapy333.
Our findings in eastern Indonesia however, show that in malaria-endemic regions, the panmalarial
antigen persists at higher frequencies following treatment than HRP2 (chapter 5), and that positive
results are only moderately predictive of treatment failure. Reasons for this include longer duration
of infection in endemic areas and high frequencies of post-treatment gametocytemia in
convalescence. The pan-malarial antigen may prove to be useful in predicting treatment failure in
settings where post-treatment gametocytemia is rare eg; in non-immune travellers with short
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duration of illness, and in patients treated with artemisinin derivatives234 . However as with HRP2
testing, negativity for the panmalarial antigen in convalescence did not reliably predict an
adequate clinical response, and false negative results with the panmalarial antigen were also
found in one sixth of recrudescent infections.

An alternative rapid antigen test for malaria, OptiMAL™, has also been evaluated for antigen
persistence following treatment. The OptiMAL™ test detects parasite-specific LDH (pLDH), with
one monoclonal antibody detecting P. falciparum-specific LDH and the other detecting pan-·
malarial pLDH 175. Levels of pLDH have been shown to decline in parallel with clearance of
asexual parasitemia, and investigators in these studies have suggested that this lack of antigen
persistence following treatment may make this test useful in predicting treatment failure in both
developing and developed countries3 44-346_ However, these studies have been performed in
large urban referral centres, and in most, no details of post-treatme_nt gametocytemia were
reported344-346_ In these settings, early highly effective treatment in subjects with predominantly
no or lapsed immunity, is uncommonly associated with post-treatment gametocytemia234, 333_
This contrasts with the high rates of post-treatment gametocytemia found in primary health
centres in malaria-endemic areas where infections are more chronic, even in those treated with
effective drugs (section 8.5.1 )234, 34 1. As with the pan-malarial antibody of the ICT P.f/P.v test,
the pLDH monoclonal antibodies of the OptiMAL™ test detect not only asexual parasites, but also
gametocytes175,347, 348, with OptiMAL™ pLDH sensitivity for gametocytes ranging from 80%
345 to 92%348_ This suggests that in contrast to the referral centre findings reported to date, and
as suggested by a preliminary African study347, the high rates of post-treatment gametocytemia
found following chloroquine or sulfadoxine-pyrimethamine in primary health centres in malariaendemic areas may lead to gametocyte-associated persistence of pLDH despite clearance of
asexual parasites, and may result in an unreliable ability to predict treatment outcome. This would
be analagous to the probable gametocyte-related differences in ICT P.f/P.v panmalarial antigen
persistence between referral centre studies (rapid clearance)333, and those performed in
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endemic area clinics (persistence) (section 8.5.1). For this reason studies of the ability of pLDH
clearance to predict treatment outcome in primary health centres in endemic areas are required
before pLDH rapid antigen tests can be advocated as prognostic tools in these setting.

8.5

CONCLUSIONS

It is likely that gametocytes are the predominant cause of persistent panmalarial antigen reactivity
after treatment of malaria. Persistent pan-malarial antigen reactivity in convalescence does not
appear to occur in those patients who do not develop gametocytes following treatment and is
unlikely to be a diagnostic problem in these patients. In contrast, because gametocyte-associated
pan-malarial antigen reactivity persists longer than HRP2 reactivity after treatment, a high
frequency of those with post-treatment gametocytemia have false-positive ICT P.f/P.v diagnoses
of P.

vivax in convalescence. While gametocytes are associated with, and likely contribute to,

persistent ICT P.f/P.v HRP2 antigen reactivity after chloroquine and sulfadoxine-pyrimethamine
treatment of Plasmodium fa/ciparum malaria, other factors are likely to be more important causes
of the false-positive HRP2 reactivity seen in convalescence.

Although positive antigen results in convalescence were moderately predictive of treatment failure,
neither HRP2 or pan-malarial antigen detection reliably predicted treatment outcome following
chloroquine treatment of falciparum malaria in Eastern Indonesia. While improvements in
quantitation of current antigens may improve predictive ability, based on this and other studies,
the use of alternative antigens with more rapid clearance and greater sensitivity and specificity for
viable asexual (but not sexual) parasites is likely to be required before rapid antigen detection
tests can be used to reliably predict malaria treatment failure.
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9.
9.1

RECOMMENDATIONS
EPIDEMIOLOGY

More than 50% of parsitemic people in the study areas were asymptomatic/afebrile. Such cases
are a source of malaria transmission, chronic malaria and potentially resistant parasite strains.

Recommendation 1

The asymptomatic parasitemic population should be included in malaria control programs
in Indonesia.

Recommendation 2

The parasite threshold levels for high and low malaria prevalence regions be considered
for use in future studies of drug efficacy and malaria vaccines.

9.2

CLINICAL DIAGNOSIS

Recommendation 3

If validated elsewhere in Indonesia, the Genyem 2 case definition [recent history of fever
(in the last 24 hours) with one or more of rigors, pallor or sp/enomega/y] should be used
for the diagnosis of uncomplicated clinical malaria.

The presence of "danger signs" directs the clinical algorithm to severe malaria (figure 9.1).The
Genyem 2 case definition will result in 4-28% undertreatment, confirming that microscopy remains
the gold standard for malaria diagnosis.

Recommendation 4

Where possible microscopy should supplement clinical information to reduce both
undertreatment and overtreatment and to enable Plasmodium species specific treatment.
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Recommendation 5

The diagnostic and treatment algorithm in figure 9.1, incorporating Genyem 2 case
definition and microscopy where available, be considered for the Indonesian malaria
policy.

9.3

USE OF RAPID DIAGNOSTICS

The dipstick rapid diagnostic tested {ICT Malaria P.f/P.v) had poor sensitivity for P. vivax and is
costly. However, a dipstick rapid diagnostic would be valuable for rapid initial diagnosis or
confirmation of P. falciparum in severe and complicated malaria (figure 9.1). Because persistent
antigenemia was found following treatment with the current antimalarial drugs used in Indonesia
(chloroquine and sulfadoxine-pyrimethamine), the dipstick rapid diagnostic should not be used for
evaluation of treatment outcome, except for supporting treatment failure suggested by clinical
assessment.

Recommendation 6

As rapid diagnostics become cheaper and more developed, they be further assessed for
incorporation into Indonesian malaria policy.

9.4

TREATMENT

Recommendation 7

Chloroquine monotherapy should not be used as the first-line for malaria therapy,
particularly in Genyem and combination therapy should be supported and promoted.

Since others antimalarial drugs are not currently available, a combined regimen of chloroquine
and sulfadoxine-pyrimethamine is a rational option to replace chloroquine as a first-line
antimalarial drug in Indonesia to prevent the emergence and spread of sulfadoxine-pyrimethamine
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(SP) resistance. Artesunate has also been shown to be an effective drug for combination with the
existing antimalarial drug SP in Indonesia against both falciparum and vivax malaria.

Recommendation 8
The treatment regimens outlined in figure 9.1 and box 9.1 be considered for the Indonesian
malaria policy
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Figure 9.1 Algorithm for case detection and treatment of malaria
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Box 9.1 Recommended malaria treatment regimens

•

High risk groups (children <5 years old, pregnant women, and transmigrants or non immune visitors)
who fulfil the Genyem 2 case definition for uncomplicated malaria, and are without microscopic
confirmation for malaria, are treated with the combined regimen of artesunate 4 mg/kg bw/day, daily
oral dose for 3 days, plus sulfadoxine-pyrimethamine based on a pyrimethamine dosage of 1.25 mg/kg
bw, as a single oral dose (ART3+SP1 ). Other groups who fulfil with the Genyem 2 criteria and are
without microscopic confirmation for malaria are treated with combined regimen of chloroquine 10
mg/kg bw/day for 2 days followed by 5 mg/kg bw on day 3, as daily oral doses, plus sulfadoxinepyrimethamine based on pyrimethamine dosage 1.25 mg/kg bw, single oral dose and primaquine 0.500. 75 mg/kg bw, single oral dose (CQ3+SP1+PQ1). Infants and pregnant women are excluded from
primaquine but given CQ3+SP1.

•

All those fulfilling Genyem 2 case definition for uncomplicated malaria with microscopy-confirmed P.

falciparum are also treated with the combined regimen of ART3+SP1, and if mixed infection with P.
vivax adding primaquine 0.25 mg/kg bw/day, daily oral dose for 14 days (ART3+SP1+PQ14), except for

infants and pregnant women (ART3+SP1 ). Other malaria including P. vivax infection could be treated
with a combined regimen of chloroquine 1O mg/kg bw/day for 2 days followed by 5 mg/kg bw on day 3,
as daily oral doses plus primaquine 0.25 mg/kg bw/day, daily oral dose for 14 days (CQ3+PQ14). This
chloroquine containing regimen should be replaced with another combined regimen such as
ART3+PQ14 for P. vivax chloroquine resistant areas such as in lrian Jaya (Genyem).
•

Those fulfilling Genyem 2 case definition but with negative microscopy are still treated with the
combined regimen of CQ3+SP1 +PQ1 if microscopy quality is uncertified (to reduce undertreatment),
but would not need malaria treatment if microscopy quality is certified (to reduce overtreatment).

•

Those with recent fever not fulfilling Genyem 2 case definition but with positive microscopy should be
treated as for Genyem 2 cases based on the species identified. High risk groups with recent fever but
not fulfilling Genyem 2 case definition and with microscopy that is either not done or negative but
uncertified are also treated with the combined regimen of CQ3+SP1 +PQ1. All others not meeting the
Genyem 2 case definition are not treated for malaria, but are treated for an alternative diagnosis.

•

The above regimens do not preclude giving additional treatment for non-malarial illnesses where
clinically indicated.

•

Severe and complicated malaria confirmed as P. falciparum by microscopy or dipstick rapid diagnostic
test are treated with quinine (QN) parenteral 1O mg/kg bw/dose given every 8 hours followed when able
to swallow/drink with the combined regimen of ART3+SP1 or ART3+SP1+PO14 if mixed with P. vivax
infection. If P. vivax infection it could be treated with QN parental 1O mg/kg bw/dose given every 8
hours or chloroquine (CQ) intramuscularly 3.5 mg/kg bw/dose given every 6 hours and followed when
able to drink/swallow with the combined regimen of ART3+PQ14. Clinically suspected severe and
complicated malaria which is negative by microscopy/dipstick rapid diagnostic test could be still treated
with the combined regimen of CQ3+SP1 +PQ1 or one of the parenteral regimens if unable to
swallow/drink.
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9.5

FURTHER RESEARCH PRIORITIES

Recommendation 9
Local and international support be encouraged for further malaria research in Indonesia,
with priorities as listed in Box 9.2.

Box 9.2 Research priorities

•

Cost analysis of the malaria burden for the country.

•

Decision analysis for the diagnosis and treatment of malaria at the primary health care level.

•

Validation of the performance of Genyem 2 case definition for the diagnosis of uncomplicated
malaria in different settings such as: hospital vs health center, -children vs adults, and dry
season vs rainy season.

•

Alternative dipstick rapid diagnostics for P. falciparum and P. vivax, including those with
possibly a shorter antigenemia.

•

Cost effectiveness and the impact of malaria monotherapy versus combined therapy.

•

Surveillance for and analysis of drug resistant parasite strains.

•

Evaluation of the therapeutic efficacy and compliance of the combined regimen CQ3+SP1 as
the first-line malaria therapy, and the combined regimen of ART3+SP1 as the secondline/potentially most effective malaria therapy.

•

Alternative/more effective combined regimens for radical treatment of any malaria.

•

The association of Acute Respiratory Infection with vivax malaria.
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Appendix 1 Ethical approval letter of "Clinical features and predictors of malaria: comparison
between areas of different endemicity in East Nusa Tenggara" study.
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NATIONAL INSTITUTE
OF HEALTH RESEARCH AND DEVELOPMENT
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TO WHOM IT MAY CONCERN

The Committee on Health Research Ethics,
peer review on the research proposal with the following title:
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Appendix 2 Ethical approval letter of "Clinical features and predictors of malaria: comparison
between areas of different endemicity in East Nusa Tenggara" study.

PO Box40596
Casuarina

Northern Territory 0811
Australia

21 August 1997
Dear Emiliana,
-

Re: Clinical features and predictors of malaria: comparison between areas of
different endemicity in East Tengarra
The committee approved the above proposal at its meeting of 21 August 1997.
This approval relates to work being undertaken at the Menzies School of Health
Research in Darwin only. Adherence to the laws, regulations, customs and ethical
requirements of Indonesia remain the responsibility of the researchers.
Yours sincerely,

~~

Alan Ruben
Chair, Joint Institutional Ethics Committee,
Royal Darwin Hospital and Menzies School of Health Research
cc. Chris Berryman, Northern Territory University

301

Appendix 3 Ethical approval letter of "Clinical features and predictors of malaria: comparison
between areas of different endemicity in Indonesia" study.

MON, 03-~G-98 11:48
......DEP KES JKT

P.01

.

•,

MINisTRY OF HEALTH

...... :. . . NAT:ION·AL' INSTiTUTE
OF HEALTH
RES:EARCH
AND DEVELOPMENT
.
.. ...
=··

Jl. ~ranaba NoJ•"- No. 29

M:ana to,S(,I) ·

:

.

r.o. BOX. 122& Jwn& 10012;·'

.

Tclp.

4244226-4244228-4243!22

Fu.

(O'll) 4243?33

4244146-424,m3-4243314

.·

·:_ •,, 10~

..

.No. KS.02.01:Z~l..---2._
·, .. · •,
··:. :· ·. ·.· .
... ~.

. :.: ..
......: ... .:. :

.

,.
'

',•

:

TO W8QM IT MAY CONC~N

.. ·.-.:'-; ; ·}. .

::><.:!:·-=.

The <;o.~~~m~c on Health Research Ethics. after conducting peer review on lbe
research p~opo~! with the following_ title; .
•

,•,:,,'•,:,•.

,•::·,,,, I

~clinical Fi!a;u~es ~nd Prt!dictors of Malaria: Compan"son Between Areas of Different
Endmdcity
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Appendix 4 Ethical approval letter of "Efikasi artesunat-sulfadoksin/pirimetamin pada penderita
malaria falsiparum tanpa komplikasi" study.

MENZIES

SCHOOL OF

NORTHERN

HEALTH

TERRITORY

RESEARCH

AUSTRALIA

20 August 1999
Dr Emiliana Tjitra
Menzies School of Health Research
POBox41096
CASUARINA NT 0811
Dear Emiliana

Re:

99/37 Clinical features and predictors of malaria: comparison between
areas of different endemicity in Eastern Indonesia: Randomised comparative
study of combined artesunate-sulfadoxine/pyrimethamine vs
sulfadoxine/pyrimetbamine alone in uncomplicated falciparum malaria

The Joint Institutional Ethics Committee of Royal Darwin Hospital and Menzies School of
Health Research considered and approved your application at the meeting held on 19 August
1999.
The Committee made the following recommendations:
l. The Information Sheet is extremely technical. Please ensure that when it is translated it is
simplified and written in language that is appropriate and accessible to the study
participants.
This approval is for twelve months. A progress report is required before the end of this
period. Approval for a further twelve months will be granted if the JIEC is satisfied that the
conduct of the project has been consistent with the original protocol.
The committee must be notified and approve any significant changes to the protocol. The
committee must also be notified at the completion of the project.
The safe and ethical conduct of this project is entirely the responsibility of the investigators
and their institution{s). As a condition of ethical approval you should report immediately
anything which might affect continuing ethical acceptance of the project, including adverse
effects of the project on subjects and the steps taken to deal with these, other unforeseen
events, or new information that may invalidate the ethical integrity of the study.
Yours sincerely

Dr John Condon
Chair
Joint Institutional Ethics Committee of Royal Darwin Hospital
and Menzies School of Health Research
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Appendix 5 Ethical approval letter of "Clinical features and predictors of malaria: co~parison
between areas of different endemicity in Eastern Indonesia: Randomised comparative study of
combined artesunate-sulfadoxine/pyrimethamine vs sulfadoxine/ pyrimethamine alone in
ncomplicated falciparum malaria".
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yang ada scsuai dengan Pauca Sila.

Jakarta,
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Appendix 6. Data sheet used in the cross-sectional study

SURVEI MALARIA
(Malariometric Survey}
TANGGAL: _ _ _ _ _ __
(Date)

No: _ _ _ _ _ __

PUSKESMAS: 1::Genyem/ 2=0thers
POSYANDU:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
(Integrated village HS)
SEKOLAH:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ DESA: _ _ _ _ _ _ _ _ _ __
(School)

(Village)

NAMA {pertama}: _ _ _ _ _ _ _ _ _ _ _ NAMA {keluarga}:_ _ _ _ _ _ _ _ _ __
(First)
(Last)
NAMA {ortu/wali}: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
(Parent/Guardian's name)

TANGGAL KELAHIRAN {tgl lahir}: _ ___,_/- - ~ ' - - UMUR:_ _ th __ bl
(Date of Birth)
(Age)
JENIS KELAMIN: 1::U 2::P
(Sex)
(1 =Ml2=F)
RIWAYAT DEMAM DALAM 48 JAM TERAKHIR {demam48j}: V /T
(History of fever in last 48hours
y/n)
OTHER SYMPTOMS: V / T
(Other Symptoms? y/n)
If Yes:

KELUHAN LAIN: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
(Other symptoms)
PEMBESARAN {limpa}:_ (Hackett: 0, 1,2,3,4,5)
(Spleen enlargement)
{DARAH} TEPI {MAL}ARIA: 1= -ve/ 2= Pf/ 3= Pv/ 4= Pm/ 5= Pf Pv/ 6= other;
(Malaria Blood Smear)
KEPADATAN PARASIT {juml par}: ___ _/200 leukosit = ______ ul
(Asexual Parasite Density)
200 WBC
KEPADATAN GAMETOSIT: ___ _/200 leukosit = ______ ul
(Sexual Parasite Density)
. 200 WBC
OBAT {ANTIMAL}ARIA: 1= C3/ 2= C3P1/ 3= C3P5
(Antimalarial drugs)
OBAT LAIN:1=ParacetamoV 2=Vitamin
(Other Drugs)
PELAKSANA:_ _ _ _ _ _ _ _ _ _ __
(Investigator)
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Appendix 7. Data sheet used in the clinical study

PENELITIAN GEJALA KUNIS MALARIA
Tanggal: __ I __ I __
(Date Day I Month/ Year)

No:._ _ _ _ _ _ __
(No)

Puskesmas: _ _ _ __
(Health Center)

Pustu: _ _ _ _ _ __
(Sub Health Centre)

Desa: _ _ __
(Village)

Nama {pertama}: _ _ _ _ _ _ _ _
Nama {keluarga}: _ _ _ _ _ _ _ _ _ _ _ _ __
Nama {ortu/wali}: _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Tanggal kelahiran {tgl lahir}: __ I __ I __
(Parent/Guardian's name)
(Date of birth
Day /Month/Year)
Umur: __ th __ bl Seks : 1=L,2=P
(Age)
(Sex
M/F)

Asal: _ _ _ _ _ _ __
(Origin)

{Lama ting}gal: __ tahun
(Duration
Years)

Geiala klinis:
Gejala klinis

(Clinical Symptom)

Keluhan utama
(Presenting complaint)
0/M/Mo/Se

Lama sakit (hari)
(Duration of illness,
days)

Keluhan lain
(Check-list complaint)

Lama sakit (hari)
(Duration of illness,

0/M/Mo/Se

days)

fever1

fever2

(0 / 1 / 2 / 3)
fever3

Mengglgil
(Chills)

1

2

3

4

Kejang

1

2

3

4

(0 / 1 / 2 / 3)
Panas (demam)

fever4

(Fever)

-

(Convulsion)
Sakit kepala
(Headache)
Pegallinu
(Mvalgla)
Pusing
(Dizzy)
Anoreksla
(Anorexia)

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

Mual

1

2

3

4

1

2

3

4

Sakit {ulu hati}
(Eoiaastric oain)
Sakit {perut}
(Abdominal oainl

1

2

3

4

1

2

3

4

Mencret
(Diarrrhoea)
Pilek

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

(Nausea)

Muntah
(Vomiting)

(Runnv nosel
Batuk

(Cough)
Sesak
(Dvsonoeal
Saklt rusuk
(Pleurltlc palnl
Lain-lain:

Derajat Kesakitan
(Lain3)M/Mo/S(1/2/3)

(Other clinical symptom)
Pernah berperglan ke kecamatan lain { kecamatan} : Ya/Tidak

BIia Ya, ke:, _ _ _ _ __

Visited any other subdistrict

(If yes, to: )

(Yes /No)

Rlwayat minum obat {antlmal}aria dalam {4 mgg} terakhlr:
Ya/Tldak
(History of taking antimalarial drugs in the last 4 weeks?
Yes /No
Bila Ya, {obat antlmal}aria: (1=Klorokuin / 2=Prlmakuin / 3=Sulfadoksin-Pirimetamin / 4=Kina)
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Lama Tak
Sekolah/Kerja
/Lain4l. Davs

(If yes, antimalarial: 1=Chloroquine /2= Primaquine/ 3=Sulfadoxine-Pyrimethamine / 4=Ouinine )
Riwayat minum {obat lain} dalam minggu ini: Va!Tidak
(History of taking other drugs in this week
Yes /No)

Bila Va, {obat}: 1=Antibiotika / 2=Antipiretik / 3=Antihistamin / 4=Vitamin / 5=Tidak tahu
(If yes:: 1= Antibiotic /2= Antipyretic / 3=Antihistamin / 4=Vitamin / 5=Do not know what drug)
Lain Obat:_ _ _ _ _ _ _ _ __
(Other drug)
Pemeriksaan Fisik

{BB} (kg): __ ._
(Weight, kg)

Pucat:

Y/T

(Pallor)

Suhu aksila (° C): _ . _

Per{nafas}an/menit: __

Nadi/menit:
(Pulse/min)

(Respiratory rate/min)

(Axilla temperature, °C)

lkterik: V/T

Sianosis: V/T

Kejang: V/T

Batuk: V/T

(Jaundice)

(Cyanosis)

(Convulsion)

(Cough)

Per nafasan {kussmaul}: V/T

Per{nafas}an{cup}ing {hid}ung: Y/T Pernafasan dengan {tarikan dada}: V/T

(Deep respirations)

(Alar flaring)

(Chest indrawing)

Dehldrasl: V/T

{Bintik} darah di {kulit}: V/T

Bercak merah di {kulit}: V/T

(Dehydration)

(Ptechiae)

(Macular papular rash)

Pembesaran {kel)enjar {limf}e: V/T

Hepatomegali {hati}(cm): __

Splenomegali {limpa}(H): -

(Lymphadenopathy > 1.5cm)

(Hepatomegaly, cm)

(Splenomegaly, Hackett)

Paru: 1= normal/ 2=krepitasi / 3=wheezing
(Lungs: normal I crepitation / wheezing)

Lain abn: _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
(Other abnormality from physical examination)

Pemeriksaan laboratorium
Hemoglobin {Hb} (g%): __ . _·

Darah tepi malaria: 1= -ve / 2=Pf / 3=Pv 14= PfPv / 5= Pm/ 6=1ain

(Hemoglobin, g%)

(Malaria blood smear)

Deteksi Ag malaria: 1=-ve/ 2=Pf/ 3=Pv
(Malaria Antigen detection)

lntensitas: HRP2: 0=-ve/ 1=Faint/ 2=1ntermediate/ 3=greater or equal to control
AGX: 0=-ve/ 1=Faint/ 2=1ntermediate/ 3=greater or equal to control
Per: _

(1=-ve, 2=Pf, 3=Pv, 4=PfPv, 5=Indetermlnate)

Kepadatan parasit{jem/ par}: ____ ! 200 leukosit = ______ I ul
(Asexual Parasite density

/ 200 WBC =

/ ul)

Kepadatan Gametosit: ____ ! 200 leukosit = ______ I ul
(Sexual Parasite density

/ 200 WBC =

/ ul)

Diagnosis:
Diagnosis oleh: penderita /orang tua /pengasuh {Ox pasien}:1=Malaria klinis / 2=Penyakit lain
(Diagnosis by: patient I parent I guardian (self diagnosis):
Clinical malaria/ Other diseases)

Diagnosis {Dx}oleh {dokter} Puskesmas:
1 =Malaria klinis / 2=Malaria berdasarkan hasil lab / 3::ISPA/ 4=Diare/ 5=Penyakit lain
(Diagnosis by Puskesmas doctor:1=Clinical malaria/2=Malaria confirmed by blood smear/4=diarrhoea/5=Other diseases)

Penyaklt lain: _ _ _ _ _ _ __
(Other diseases)

Pengobatan: Obat antimalaria: 1=C3l 2=C3P1 / 3::C3P5 / 4=(SP)1 P1 / 5=O7P1
(Antimalarial drugs)
Obat lain: 1=Antibiotika/ 2=Antipiretik/ 3=Antihistamin/ 4=Vitamin/ 5=other
(Other drugs prescribed)
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Appendix 8. Data sheet used for antimalarial drug assessment
EFIKASI OBAT ANTIMALARIA
No:
(First name)

Nama {pertama}: _ _ _ _ _ _ __
(Family name)

Obat: 1:CQ/ 2=SP/ 3=ON/ 4:Arts + SP/ 5=Arts
(Drua)

Malaria: 1=PF/ 2=PV/ 3=PFPV/ 4=PFPM/ 5=PM
(Blood Smear)

(Days of Follow-up)
Tanggal: _ _j _ _j 98
(Date:
day /month/ 98
Tanda {bahavaHchoose 0-5) CDanaer sians)

Rlwayat {panas} dim 24 Jakhlr

Nama {keluarga}: _ _ _ _ _ _ _ _ _ _ _ _ __

HO
(Dav0l

H1
(Day1)

H2
(Dav 2)

H3
(Day3\

H7
(Day7)

H14
(Dav 14\

H28
CDay28)

H_ (Lain)

0/1/2/3/4/5

0/ 1/2/3/4/5

0/1/2/3/4/5

0/1/2/3/4/5

0/1/2/3/4/5

0/1/2/3/4/5

0/1/2/3/4/5

0/1/2/3/4/5

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

1/2/3

1/2/3

1/2/3

1/2/3

1/2/3

1/2/3

1/2/3

1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

0/1/2/3

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

0/ 1/2/3/4/5

0/1/2/3/4/5

0/1/2/3/4/5

0/1/2/3/4/5

0/1/2/3/4/5

0/ 1/2/3/4/5

0/1 /2/3/4/5

0/1/2/3/4/5

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

Y/N

YIN

1/2/3/4/5

1/2/3/4/5

1/2/3/4/5

1/2/3/4/5

1/2/3/4/5

1/2/3/4/5

1/2/3/4/5

1/2/3/4/5

(Historv of fever in the last 24 hours)
{Suhu} akslla ("C)
(Axillarv temoerature 0c)

Hemoglobln{Hb} (g%)
(Haemoalobin, a%l

Kepadatan paraslt ijml par} /ul
(Asexual oarasite densitv /ul)

Deteksl Ag malaria
(1=-ve/ 2=Pf/ 3=Pvl

lntensltas: HRP2
(0=-ve/ 1=Faint/ 2=Intermediate/ 3=>=control)

lntensltas: AGX
<0=-ve/ 1=Faint/ 2=Intermediate/ 3=>=control\

Kepadatan Gametoslt / ul
(Sexual Parasite Densitv/ul)

Drug Blood Level na/ul
{Dosls} (Tablet)
(Dose- no. tablets)

Pengobatan {tx}{lain}
(Concomitant treatment\

Tidak dapat dilkutl {do}
(Lost to follow-uo)

Tldak dapat dianallsls{Eksklud}
(Excluded) (choose 0-5)

Efek samping {ES}
(Adverse reaction)

Penilaian akhlr: {hasll}
(Overall assessment 1-5\
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Tanda bahaya: (Danger signs: 0= no danger sign/ 1=Notable To Drink/Eat/ 2=Vomltlng Excessively/ 3=Recent History Of Convulsions/ 4=Letharglc/Unconsclous State/
5=Unable To Sit/Stand Up)
Esklud:( 0=No exclusion/ 1=Durlng Followup Has Concomitant Disease/ 2=Movement Of Patient From Study Site/ 3=Fallure To Complete The Treatment Due To
Withdrawal Of Consent/ 4=another Antimalarial in followup/ 5= Has Mixed Infection)

Penllaian akhir (hasll): _ 1= (EFT) 2= (LFT) 3= (ACR) 4= (Lost to Follow-up) 5= (Excluded)
(Overall)
Sensitivity:_ (1=R3/ 2=R213=Early R1/ 4= Late R1/ 5= Sensitive)
On Day:_
FCT: _ (Days)

PCT:_ (Days)

Genotyping: _

(1=1dentity/ 2=Difference) PCR: _ (1=-ve/ 2=Pf/ 3=Pv/ 4=PIPv/ S=lndeterminate)

Efek samping { A R } : - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (Adverse reaction: )
Penderlta dl{rujuk ke RS}: Ya / Tidak
(Refer to the hospital)

Sebab Obat lain {lain tx}: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
(Concomiitant treatment reason)

Diet Pattern: Malam: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pagi: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Plasma:
NOx: __._

Urine:
NOx: __,__
Creatlnine: __, __

Creatlnlne:
NOx:Creatlnlne: _ _•_ _

NOx:Cr~atinine: __._ __

TNF:
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