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Abstract. This cross-sectional experimental study developed a methodology to analyze the cost-
effectiveness of three malaria diagnostic models: microscopy; on-site OptiMAL®; and on-site
Immunochromatographic Test (on-site ICT), used in remote non-microscope areasin Thailand, from
both a public provider and patient perspective. The study covered six areas in two highly malaria-
endemic areas of provinces located along the Thai-Myanmar border. The study was conducted be-
tween April and October 2000, by purposively recruiting 436 malaria suspected cases attending mo-
bile malaria clinics. Each patient was randomly selected to receive service via the three diagnostic
models; their accuracy was 95.17%, 94.48% and 89.04%, respectively. In addition, their true positive
ratesfor all malariaspecieswere 76.19%, 82.61% and 73.83%; for fal ciparummalaria85.71%, 80.95%
and 80.00%, and for vivax malaria 57.14%, 100% and 50%, respectively, with the parasitemia rang-
ing from 80 to 58,240 ul of blood. Consequently, their costs were determined by dividing into pro-
vider and consumer costs, which were consequently classified into internal and external costs. The
internal costswerethe costs of the public providers, whereasthe external costswerethoseincurred by
the patients. The aggregate costs of these three models were 58,500.35, 36,685.91, and 40,714.01
Baht, respectively, or 339.53, 234.39, and 243.93, in terms of unit costs per actual case. In the case of
microscopy, if all suspected malaria cases incurred forgone opportunity costs of waiting for treat-
ment, the aggregate cost and unit cost per actual case were up to 188,110.89 and 944.03 Baht, respec-
tively. Accordingly, the cost-effectiveness for all malaria species, using their true positive rates asthe
effectivenessindicator, was 446.75, 282.40, and 343.56 respectively, whereas for falciparummalaria
it was 394.80, 289.37 and 304.91, and for vivax malaria595.67, 234.39 and 487.86, respectively. This
study revealed that the on-site OptiM AL ® was the most cost-effective. It could be used to supplement
or even replace microscopy for this criteria in general. This study would be of benefit to malaria
control program policy makers to consider using RDT technology to supplement microscopy in re-
mote non-microscope areas.

INTRODUCTION world and one that has far-reaching medical, so-
cial and economic consequencesfor the countries
inwhich it isfound. There are many factors that
require vigilance of malariato be sustained such
asdrug-resistant malaria, unsuccessful vector con-
trol activities, and the migration of non-immune

persons to malaria sensitive areas (Anonymous,
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1995). In Thailand, malariais confined mostly to
remote areas along the border (MalariaDivision,
2000). Although the geographical areas affected
by malaria have been reduced over the past de-
cade, control is becoming more difficult. Rou-
tinemalariadiagnosis by microscopy isthetime-
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honored method of laboratory confirmation of the
parasite, but it is not immediately accessible in
those areas. Delay in the detection and treatment
of malaria cases may result in malaria outbreaks
and incur considerable expense to control them
(Indaratna and Kidson, 1995). If early diagnosis
and prompt treatment can be improved, by rapid
diagnostic tests (RDTs), such outbreaks/epidem-
ics can be prevented and controlled and the pub-
lic expenditure on special malaria control activi-
tieswill bereduced (Indaratnaand Kidson, 1995).
Therefore, early diagnosis and prompt treatment
has been recommended. Nowadays, malariarapid
diagnostic tests or dipsticks are of considerable
interest. The test can be performed within afew
minutes by individuals with minimal training. It
reguires no electricity and no special equipment.
The product of dipsticks are based on immuno-
chromatographic assays. They can bedivided into
two groups according to the type of Plasmodium
falciparum antigen, histidine-rich protein 2
(HRP2) and Plasmaodium glycolytic enzyme; lac-
tate dehydrogenase (pLDH) (Wongsrichanalai,
2001). Thefirst dipstick wasdeveloped and fiel d-
tested in the early 1990s. Because HRP2 persists
after parasite clearance, the presence or absence
of pLDH is a more reliable diagnostic target
(Wongsrichanalai, 2001).

To supplement, or even replace, microscopy
with a dipstick method is a change in the tech-
nology of case detection. Therefore, it will affect
the cost of malaria control and the economic im-
pact of the disease on the population concerned
(Kaewsonthi et al, 1996). This change will also
lead to significant modifications in the Thai ma-
laria control system, since realizing the benefits
of introducting RDT depends upon diagnosisand
radical treatment being made available at the pri-
mary health care level (Kaewsonthi et al, 1996).
However, studiesinvestigating thiseconomicim-
pact have been rarely documented. Therefore, an
analytical study of the cost-effectiveness of in-
troducing RDTs, as compared with microscopy
isneeded. This study develops a methodology to
analyze the cost-effectiveness of microscopy and
RDTs in the diagnosis of malaria in Thailand,
from both public and private provider, and pa-
tient, perspectives. The methodology utilizers
both actual and estimated data. The ultimate ob-
jective of this study isto provide information to
the policy manager to help make better informed
decisions, leading to increased efficiency in pro-
viding diagnostic services with better supported
arguments for budgets.
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MATERIALSAND METHODS

Conceptual framework

Thisstudy wasarandomized blind field trial
to assess the cost-effectiveness of three diagnos-
tic models: microscopy, and two on-site RDTS,
the DiaMed OptiMAL® and ICT Pf/Pv, used in
remote areas without microscopesin the diagno-
sis of malaria, from both public and private pro-
vider, and patient, perspectives. The costs were
calculated in terms of Baht spent. Effectiveness
was determined independently in terms of the ac-
curacy and true positive value of thetest. There-
sults were reported as a cost-effectiveness ratio.

Study areas and population

The study was conducted between April
2000-March 2001. Two adjacent highly endemic
Thailand-Myanmar border provinces, Tak and
Kanchanaburi, were randomly selected. They are
426 and 128 km to the west of Bangkok, respec-
tively, and their populationsin 2000 were 442,319
and 763,605, respectively (Malaria Division,
2000). They are known to be highly endemic ma-
larious areas with APIs (Annual Parasite Inci-
dences) of 57.19 and 10.08 per 1,000 population,
respectively in 2000, (Malaria Division, 2000).
The malariatransmission period in both provinces
is normally throughout the year, but high trans-
mission periodsare around May to September and
December to January, of which the latter follows
seasonal rains. The people working and living in
these areas are therefore at high risk of malaria
infection. Many hill tribes reside in the western
mountainous border. Agriculture remains the
mainstay of the people’slivelihood. The average
malaria species rates in 2000 were 48.9% P.
falciparum, 50.48% P. vivax; and 49.27% P.
fal ciparum, 49.78% P. vivax respectively (Mdaria
Division, 2000). Large numbers of migrant and
foreign workers are employees and agricultural
workersinthese areas. Three widely separate hy-
perendemic remote subdistrictsin each of thetwo
provinceswere chosen by stratified random sam-
pling technique. Inthe very remote areas of these
subdistricts, the malaria curative care is mainly
provided by village malaria volunteers and mo-
bile malaria clinics. Of the former service, pa
tientshave had to wait for theresults of their blood
filmsfor up to 7 days (dataderived from the Sub-
division of Epidemiology, MdariaDivision, Thai-
land). Other malaria services, such as the fixed
rural malariaclinic, the rural health center or ru-
ral hospital, are rarely accessed by these people.
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Study design

Three diagnostic models: microscopy, on-
site ICT Pf/Pv, and on-site DiaMed OptiMAL®,
were simultaneously consecutively set up to de-
tect asexual Plasmodium parasitemiain the study
areas. Microscopy was not conducted as an on-
site serviceliketherest, but it simulated the con-
ventiona method, by which the blood filmswere
taken by village health volunteers and then sent
for examination at nearby malaria clinics, with
theresultsbeing sent back within afew days. The
study samples were malaria suspect cases who
camefor malaria service at the study posts. They
were selected according to the inclusion criteria,
of having fever or having any malariasymptoms,
and were randomly blindly allocated to receive
service according to any one of the three diag-
nostic models. Before receiving service, the pa-
tients were interviewed about their background
history, including name, sex, locality, education,
occupation, history of having fever, history of past
malariatreatment-seeking, and thetheir travel cost
to receive this service. In addition, al patients
attending the service post were questioned to de-
termine external direct and indirect costs.

Specimen collection and handling

Blood samples were taken by finger-prick
of the study patients. For microscopy, thick and
thin blood films were prepared in duplicate by
theVillage MaariaVolunteer (VMV) at the study
site. Onethick blood film per patient was sent for
examination at anearby malariaclinic, by thelo-
cal health official who was responsible for col-
lecting blood from the VMYV in that area. For the
on-site ICT, blood was collected for the test and
duplicate thin and thick blood films were made.
For the on-site DiaMed OptiMAL® test, blood
samples were collected and thick and thin blood
films were aso made. The thick and thin blood
filmsfor both dipstickswere used asthe gold stan-
dard method when the dipsticks' accuracy was
calculated.

Malaria diagnostic techniques

In the microscopic method, thick and thin
blood films were made in duplicate and stained
with Giemsa. They were then examined by local
technicians using the standard documented oper-
ating procedures, under 1,000 X power oil-im-
mersion-field. The technician were unaware of
the subject’s medical status or dipstick test re-
sults. Thethick blood filmswere read strictly by
100 microscopic fields, before interpreting the
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films' results. Parallel with the aforementioned,
another thick blood film was independently read
by another local technician in the study team.
When a malaria parasite was found on the film,
parasitemiawas counted against 500 white blood
cells (WBC), or 5,000 red blood cells (RBC) in
the thin blood film if the parasite were more nu-
merous than in the WBC (Wongsrichanalai et al,
1999). Thereafter, both thick or thin blood films
read by thelocal technicianswere reexamined and
parasitemia recounted independently at the Ma-
laria Headquarters laboratory by the third expe-
rienced technician, and the blood film results ob-
tained in this step were adopted as the gold stan-
dard method. For al cases, parasitemiawas enu-
merated per ul of blood as the average of two
dlide reading results, based on hematologic esti-
mates of 7,500 WBC/ul and 500,000 RBC/ul of
blood.

In the second diagnostic method, the ML O2
ICT™ Malaria Pf/Pv test card (AMRAD-ICT,
Sydney, Australia), batch 04130 was used for de-
tecting P. falciparumhistidine protein 2 (pfHRP2)
and malaria pan antigen in the peripheral blood
(Garciaetal, 1996; Tjitraet al, 1999).tisarapid
immunochromatographic assay produced in in-
dividual card format, based on a gold-labeled
polyclonal antibody and a monoclonal antibody
against PFHRP2. To do the test, 10 ul of whole
blood were spotted onto asample pad, then buffer
(Reagent A) was dropped onto it, according to
the manufacturer’s instructions and the test was
interpreted 5-10 minutes |ater. Thetest result was
read by the technician who was blinded to the
microscopy result. The test was valid when the
control line was visible, and considered positive
when the pfHRP2 and/or pan malariaantigen lines
werevisible. For interpretation, thetest was clas-
sified as non-falciparum malaria (P. vivax, P.
malariae, and P. ovale) if only the pan-malaria
antigen line was visible. For falciparum malaria,
both pan-malaria and pfHRP2 lines, or only the
pfHRP2 line, were visible. However, amixed in-
fection of both P. falciparum and P. vivax could
not be distinguished from infection with P.
falciparum aone. The line intensity of the test
could begraded into four categories. absent (nega
tive), faint (just visible), intermediate, and greater
than or equal to that of the control. In addition,
the test no longer required a microscope, elec-
tricity, or special technical expertise.

The DiaMed OptiMAL® test is an also
immunochromatographic test with 10 ul of
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fingerprick capillary blood. It was performed by
thetechnician according to the manufacturer’sin-
structions. This test is a dipstick coated with
monoclonal antibodies against intracellular gly-
colytic enzyme, Plasmodium lactate dehydroge-
nase (pLDH), released from parasite-infected
erythrocytes. Differentiation of malaria parasites
is based on antigenic differences between the
pLDH isoforms. The test can differentiate live
from dead Plasmodium organisms because pL DH
is produced only by live parasites. The DiaMed
OptiMAL® test (DiaMed AG, Cressier Sur Morat,
Switzerland), batch 710000, was used to detect
P. vivax and P. falciparum malariain peripheral
blood (Palmer et al, 1998; Congpuong et al,
2001). It is a rapid immunochromatographic as-
say produced by atest strip, based on a gold-la-
beled polyclonal antibody and a monoclonal an-
tibody against pLDH. To do the test, 10 ul of
whole blood was mixed with the DiaMed
OptiMAL® fuffer onto aconjugated well, then an
OptiMAL strip was placed in the well and the
blood sample was allowed to migrate to the top
of the strip. Next, after 10 minutes, the strip was
cleared by transfer into awash well, to which had
been dispensed 4 drops of DiaMed buffer. The
test result was read by the technician who was
blinded to the microscopy result. The test was
valid when the first band (control line) was vis-
ible and the appearance of the second and third
dark bands on the strip indicated malaria-posi-
tive. The second and third bands were embedded
with monoclonal antibodies produced against the
enzyme common to the four target Plasmodium
species, and the enzyme specific for P. falciparum
only, respectively. Hence, for fal ciparum-malaria-
positive, both second and third bands were vis-
ible, whereas only the second appeared for the
non-fal ciparum-malariapositive. Mixed infection
with both P. falciparumand P. vivax could hardly
be distinguished from infection with P. falciparum
alone.

M easurement of costs for the three diagnos-
tic models

The costs, classified by activity related to
the three diagnostic models, were calcul ated into
a one-month period. The costs were determined
by dividing them into internal and external costs.
Each cost was consequently classified into direct
or indirect costs. Theinternal costs were those of
public or private providers, whereas the external
costs were those incurred by the patients. Costs
were determined for the fiscal year 2001 and ex-
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pressed in Thai Baht. The detail of each cost fol-
lows:

Internal direct cost. Internal direct costsincurred
by providers could be classified into the capital
and recurrent costs of each activity. The capital
costs were the costs of items that could be used
for more than one year, including the cost of mi-
croscopes, and the assumed costs of the initia
training for the blood film takers, microscopists
and dipstick testers. These costswereinterpreted
asannual capital costs (Shepard et al, 1998) and
then reduced proportional ly into one-month costs.
The recurrent costs were the costs of items that
were used up within one year, including the cost
of personnel, supplies, and operational costs. The
personnel costs, including salariesand remunera-
tion, could be sub-divided into the costs of blood-
slide takers, microscopists, dipstick testers, and
supervisors, whereas the supply costs include
glassdlides, stain, dipsticks, for example, and the
operational costs are monitoring and public utili-
ties.

Internal indirect costs. Theinternd indirect costs
incurred by the providers, werethe costs effected
by the missed diagnoses of each diagnostic mode,
including the costs effected by fal se-positivesand
fal se-negatives. Thefalse-positive costsincluded
forgonetreatment costs and malaria service costs,
and were estimated for the patients follow-up.
The false-negative costs were estimated as the
costs of continued re-service.

External direct costs. The external direct costs
incurred by the patients were the travel costsin-
curred to get the service.

External indirect costs. The external indirect
costsincurred by the patientswere classified into
two items: the forgone opportunity costs of wait-
ing for treatment and the forgone opportunity
costs incurred by the missed diagnosis of each
diagnostic model. The former was calculated by
multiplying the number of working dayslost wait-
ing for the treatment by the national mininum
wage for labor in that area. The latter (cost of
missed diagnosis) were estimated by using refer-
encesfrom the previous study, because this study
was not conducted post-service survey. For illus-
tration, the costs incurred by a false-positive re-
sult included travel costs, food costs and forgone
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opportunity costs of the non-malariapatientsand
their relatives while receiving follow-up service.
These expenditures were estimated by referring
to previous studies (Deepor 1993; Tjitra et al,
1999), which had shown the unit cost to be 74.89
Baht/case. Likewise, the costsincurred by afalse-
negative result included travel costs, food costs
and the forgone opportunity costs of the malaria
patients and their relatives getting re-service.
These expenditureswere estimated using the same
reference (Deepor, 1993), which had shown the
unit cost to be 52.77 Baht/case.

The costs were analyzed into two types, ag-
gregate costsand unit costs. Thelatter were strati-
fied into six levels including unit-cost-per-per-
son-examined, unit-cost-per-all-species-positive-
case, unit-cost-per-fal ciparum-case, unit-cost-per-
vivax-case, unit-cost-per-actual-case and unit-
cost-per-non-malaria-case.

M easurement of cost-effectiveness of the three
diagnostic models

The effectiveness of each model isexplained
by indicators, ie accuracy and true positive rate.
The methodology utilizes both actual and esti-
mated data. Light microscopy results were used
as the reference standard for analyzing the three
diagnostic models. Epi Infoversion 6.2 (Epi Info,
CDC, GA) and Excel 7.0 (Microsoft, CA) were
used to cal cul ate test performance and acceptabil -
ity evaluation indices, including sensitivity, speci-
ficity, and positive and negative predictive val-
ues, by using the A2 test for trend and correlation
analysis.

Cost-effectiveness was determined by com-
paring the three diagnostic models' total cost, and
their effectiveness, by determining the ratios of
both aggregate and unit costs from provider and
patient perspectivesin each diagnostic model with
the effectiveness of each model. Theresultswere
reported as cost-effectiveness ratio.

Sensitivity analysis

Asthe RDTS price has been altered, sensi-
tivity analysis should be determined by compar-
ing the unit cost of the actual case performed by
various RDT prices and fixed-price microscopy.
The purpose of thisanalysiswasto determinethe
appropriate RDT cost compared with that of mi-
Croscopy.

Limitations of this study
One constraint of thisstudy wasthat the cal-
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culation of the costs could not completely cover
all prospective items, such as some capital costs:
for example, operation and maintenance of ve-
hicles, buildings, administrative costs. In addi-
tion, the forgone opportunity costs incurred by
the patient affected by false-positive and false-
negative results were estimated by referrence to
another study, as we did not conduct any post-
Service survey.

RESULTS

Subject recruitment

Intotal, 436 suspected malariasubjectswere
recruited from October 1 to 31, 2000. One hun-
dred and seventy-seven werefrom the three study
sites in Kanchanaburi and the remainder were
from the three study sitesin Tak (Fig 1). Most of
them werein the age group 1-14 years, and their
gender distribution was 55.5% male and 44.5%
female. Theleading occupationswerefarmer, ag-
ricultural employee, forestry worker and logger.
The subjects were randomly separated into three
groups: group A was 145 subjects screened by
microscopy (responsibility of village malariavol-
unteers and anot-onsite screening method); group
B, 145 subjects screened by on-site Optimal;
Group C, 146 subjects screened by on-site ICT.

Screening test results

In group A, 145 blood samples were col-
lected by the village malaria volunteers at each
study site; the blood samples were sent for diag-
nosis at nearby malaria clinics. The numbers of
individuals positive by microscopy for P.
falciparumwith or without P. vivax, and P. vivax
only, were 13 and 5, respectively. Meanwhile, in
group B, 145 blood samples were collected by
public providers, housevisitors, and the numbers
of individuals positive by on-site Optimal for P.
falciparum and P. vivax were 20 and 3, respec-
tively. Likewise, in group C, 146 blood samples
were collected by the house visitors, and the num-
ber of individuals positive by on-site ICT for P.
falciparum and P. vivax were 21 and 5, respec-
tively (Table 1). Prompt diagnosis and prompt
treatment were achieved in group B and C, but
not in group A. The positive cases found by any
of the diagnostic models were treated with anti-
malaria drug regimens according to the standard
set by the Thai National Drug Policy, 1995. In
addition, all blood samples were filmed and sent
for confirmation by expert microscopists at the
MalariaHeadquarters, and their resultswere used
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Kanchanaburi

Study site

Fig 1-Map showing areas under study in Tak and

as the gold standard. In addition, parasitemia
ranged from 80 to 58,240/ul of blood.

Effectiveness of the three diagnostic models

The accuracy of each diagnostic model was
calculated by comparison with the standard mi-
croscopy result. Theanalysis showed that micros-
copy and on-site Optimal had almost the same
accuracy level (95.17% and 94.48%, respectively)
but not the on-site ICT, which showed the lowest
accuracy (89.04%) (Table 2). The on-site Opti-
mal showed the highest sensitivity (82.61%) be-
cause of its capacity to detect 100% P. vivax. The
on-site ICT showed the lowest sensitivity, since
its capacity to detect P. vivax was only 50%.

Cost analysis

Internal cost analysis. The costs were analyzed
in terms of aggregate costs for a one-month pe-
riod detecting 436 suspected malaria subjects di-
agnosed by the three diagnostic models. The cost
analysis for each model is presented in Table 3,
and briefly described as follows:

A.Microscopy: thetotal cost was approximately
44,183.22 Baht, which was the sum of the capital
costs; 6,464.94 Baht, recurrent costs of 36,001.38,
and indirect costs of 1,716.9 Baht. For analysis
of thiscost, thedirect costs (laboratory, treatment,
and monitoring) werethe sum of the capital costs
and recurrent costs; the former were the capital
cost of the microscope and theinitial training for
blood-didetakers[for village malariavolunteers
(VMVs)]. The cost of initial training for micros-
copists was not included in the other two diag-
nostic models. The costs of taking blood slides,
blood slide examination were also not included
inthe other two diagnostic models. Excluding the
indirect costs, microscopy gave 2 false-positive

Kanchanaburi.
Table 1
Diagnostic performance of the three diagnostic models.
Expert microscopist GroupA Group B Group C Total
Pf asexual (+/- gametocytes) 13 20 21 54
Pv asexual (+/- gametocytes) 5 3 5 13
Negative 127 122 120 369
Total 145 145 146 436
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and 5 false-negative results. Therefore, the cost
of missed diagnosis was 1,716.9 Baht.

B. On-siteOptimal, and C. Onsite I CT: theto-
tal cost wasapproximately 36,173.27 Baht, which
was the sum of the capital costs (41.57 Baht), re-
current cost (34,102.02 Baht) and indirect costs
(2,029.68 Baht). For analysis of this cost, the di-
rect costs (Iaboratory, treatment, and monitoring)
were the sum of the capital costs and recurrent
costs. The former were the capital cost only for
the initial training of the RDT testers, whereas
the latter was the sum of the costs of RDT test/
examination, radical treatment and supervision.
Apart from the indirect costs, the on-site Opti-
mal detected more malariacasesthan microscopy
and gave 4 false-positive and 4 false-negative
results. Therefore, the cost of these missed diag-
noses was 2,029.68 Baht.

Likewise, the total cost of the on-site ICT
was approximately 39,670.61 Baht, including the
capital costs (41.57 Baht), the recurrent cost
(35,568.72 Baht) and theindirect costs (4,060.32
Baht). Like the on-site Optimal, the on-site ICT
detected more mal aria cases than microscopy and
gave9false-positiveand 7 fal se-negativeresults.
Therefore, the cost incurred by missed diagnoses
was 4,060.32 Baht.

External cost analysis. These costs were mostly
travel costs and forgone opportunity costs in-
curred by patients. The costs were analyzed in
terms of aggregate costs for a one-month period
using both actual and estimated data. The cost
analysis of each model is presented in Table 3

and is briefly described as follows:

A. Microscopy: the time costs, due to absence
fromwork from malaria, werelikely to be greater
for patientsin this model, since the time taken to
diagnose a case and provide treatment was much
longer (approximately 3.9 days). The total cost
was approximately 14,317.13 Baht, composed of
the sum of the direct external costs (0 Baht) and
the indirect external costs (14,317.13 Baht). In
the analysis of these costs, there were no direct
external costs, asthe patients did not have to pay
to travel to attend the service. However, they in-
directly incurred costsin terms of forgone oppor-
tunity costs, composed of their man-days lost
waiting for treatment, which was approximately
3.9 days. In addition, they indirectly incurred
missed-diagnosis costs from this model, includ-
ing travel and forgone opportunity costs in get-
ting follow-up service in the case of afalse-posi-
tivediagnosisand re-servicein the case of afalse-
negative diagnosis. The external indirect cosst
were estimated by using referencesfrom aprevi-
ous study, because this study did not conduct any
post-service survey.

All suspected malariacasesincurred forgone
opportunity costs waiting for treatment, and the
aggregate cost amounted to 188,110.89 Baht.

B. On-site Optimal, and C. Onsite ICT: their
total costs were approximately 510.64 and 1,043
Baht, respectively. The costs occurred were
similarto those of microscopy. However, they did
not have forgone opportunity costs of waiting for
treatment, as they gave prompt diagnosis and

Table 2
Three diagnostic models’ test performances for malaria parasites.
Microscopy On-site Optimal On-site ICT

Sensitivity All species 16/21 (76.19%) 19/23 (82.61%) 17/24 (70.83%)

Pf 12/14 (85.71%) 17/21 (80.95%) 12/15 (80.00%)

Pv 417 (57.14%) 2/2 (100%) 5/10 (50.00%)
Accuracy(%)  All species 95.17 94.48 89.04
Specificity 122/124 (98.39%)  118/122 (96.72%)  113/122 (92.62%)
Positive predictive value (%) 88.89 82.61 65.39
Negative predictive value (%) 96.06 96.72 94.17
Number of false-positive (case) 4 9
Number of false-negative (case) 4 7
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Table 3
Cost identified for the three diagnostic models (Baht) for one month.

Types of costs Microscopy On-site Optimal  On-site ICT
n=145 n=145 n =146
Internal (incurred by providers)
Direct costs
Capital cost
A. Microscope 262.3 - -
B. Initial training for blood-slide takers 280.24
C. Initial training for microscopists 5,922.4 - -
D. Initia training for RDT testers - 41.57 41.57
Recurrent costs
A. Taking blood-dlides? 8,740.78 - -
B. Blood-slide examination® 14,646.2 - -
C. RDT examination - 20,780.22 22,011.92
D. Radical drug treatment for positive cases 1,824.4 2,531.8 2,766.8
E. Supervision® 10,790 10,790 10,790
Indirect cost (caused by missed diagnosis)
Costs for false-positive” 499.00 985.24 2,417.13
Costs for false-negative® 1,217.9 1,044.44 1,643.19
Total internal costs 44,183.22 36,173.27 39,670.61
External (incurred by patients)
Direct costs
Travel cost to get service - - -
Indirect costs
Forgone opportunity costs of waiting for treatment 13,903.5 - -
(200,800.38)"
Travel cost caused by false-positive diagnosis 149.78 299.56 674.01
Travel cost caused by false-negative diagnosis’ 263.85 211.08 369.39
Total external costs 14,317.13 510.64 1,043.4
(101,214.02)"
Grand total 58,780.59 50,154.41 55,416.21
(188,110.89)"

aincluding personnel costs for taking blood-slides and blood-slide delivery, and materials for taking blood dlides;
bincluding personnel costs for examining blood-slides or RDT and public utilities; cincluding personnel costs and
travel costs; “Yincluding drug and follow-up costs; ¢including personnel costs for re-taking blood-slides and blood-
slide delivery, and materials for re-taking blood-slides; fincluding travel and forgone opportunity costs for getting
follow-up services; %including travel and forgone opportunity costs for getting re-services; "All suspected malaria
cases examined by microscopy incurred the foregone opportunity costs of waiting for treatment.

prompt treatment. Therefore, their total external
cost was significantly lower than microscopy.

Unit cost analysisof thethreediagnostic mod-
els. The costswere analyzed into unit costs, strati-
fied into six levels, including unit-cost-per-per-
son-examined, unit-cost-per-all-species-positive-
case, unit-cost-per-fal ciparum-case, unit-cost-per-

Vol 34 No. 2 June 2003

vivax-case, unit-cost-per-actual-case and unit-
cost-per-non-malariacase. On thewhole, the unit
cost of on-site Optimal wasthe cheapest, followed
by on-site ICT and microscopy, respectively. Us-
ing the unit cost per actua case as an indicator
for determining themodels’ effectiveness, the on-
site Optimal showed the lowest value (234.39
Baht), whereas microscopy showed the highest
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Table4
Cost analysis of the three diagnostic models.
Diagnostic model Cost analysis Cost (Baht)
Microscopy Aggregate cost 58,500.35 (188,110.89)2
Unit cost per all-species-positive case 1,041.82
Unit cost per falciparum case 1,062.82

Unit cost per vivax case 994.45
Unit cost per actual case 339.53 (944.03)2
Unit cost per non-malaria case 236.27 (931.44)2

On-site Optimal Aggregate cost 50,154.41
Unit cost per person examined 252.99
Unit cost per all-species-positive case 342.29
Unit cost per falciparum case 347.19
Unit cost per vivax case 314.10
Unit cost per actual case 234.39
Unit cost per non-malaria case 218.78
On-siteICT Aggregate cost 55,416.21
Unit cost per person examined 278.86
Unit cost per falciparum case 369.88
Unit cost per vivax case 281.65
Unit cost per actual case 243.93
Unit cost per non-malaria case 224.59

aAll suspected malaria cases examined by microscopy incurred the foregone opportunity costs of waiting for treat-

ment.

(339.53 Baht) (Table 4). However, barring
microscopy’sall suspected maariacasesincurred
theforgone opportunity costs of waiting for treat-
ment, so that the aggregate cost, unit cost per ac-
tual case and unit cost per non-malaria case
amounted to 188,110.89, 944.03 and 931.44 Baht,
respectively.

Deter mining the cost-effectivenessratiosof the
three diagnostic models. Using the unit cost for
the actual case compared with the accuracy and
true positive rate astheindicator of effectiveness,
the cost-effectiveness ratios are shown in Table
5. The on-site Optimal test showed the lowest
cost-effectiveness ratio, both for all malaria spe-
cies and for each malaria species, followed by
on-site ICT and microscopy, respectively.

Sensitivity analysis. Sensitivity analysis com-
pared the unit cost for an actual case, by various
RDT prices and fixed price microscopy, as pre-
sented in Fig 2. The purpose of this analysis was
to determine the appropriate RDT price compro-
mising with that of microscopy. It was shown that,
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to equal the unit cost per actual case of both mi-
croscopy and RDT, it could beincreased by up to
200 Baht per test.

DISCUSSION

The occurrence of malaria epidemicsin re-
mote areas, the development of drug resistance,
and the resultant morbidity time of patients can
be further reduced by providing early diagnosis
and prompt treatment to mal aria patients. Micros-
copy cannot provide a satisfactory level of on-
site malaria diagnosis. A diagnostic method that
can improve early on-site diagnosisis preferred
for malaria control in Thailland. RDTs may im-
prove on-sitediagnosis, becausethetestissimple,
lesstime-consuming, requires no el ectricity or so-
phisticated equipment, or well-trained manpower.
However, in considering implementing RDTs in
Thailand, there is a need to analyze their cost-
effectiveness compared with microscopy. There-
fore, this study has developed a methodology to
analyze the cost-effectiveness of the three diag-
nostic models, including microscopy, on-site Op-
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Table5
Comparison of cost-effectiveness of three diagnostic models.

Categories Cost-effectiveness ratio
Microscopy On-site Optimal On-site ICT
All malaria species® 357.4(339.53:0.95) 246.73(234.39:0.95) 274.10(243.93:0.89)
993.72(944.03:0.95)¢
All malaria species® 446.75(339.53:0.76) 282.40(234.39:0.83) 343.56(243.93:0.71)
P. falciparunt 394.80(339.53:0.85) 289.37(234.39:0.81) 304.91(243.93:0.80)
P. vivaxt 595.67(339.53:0.57) 234.39(234.39:1.00) 487.86(243.93:0.50)

aUsing accuracy rate as effectiveness.

bUsing true-positive rate for all malaria species as effectiveness.
cUsing true-positive rate to P. falciparum or P. vivax as effectiveness.
dAll malaria suspected cases examined by microscopy incurred the foregone opportunity costs of waiting for treat-

ment.

Sensitivity analysis
450
400
350
300
250
200
150
100

a
o ©

were well-experienced, and the
equipment and staining procedures
were of good quality. However, in
field situations it is very difficult

: —&— OptiMAL price

—_—r—

—&— TBF price

to expect 99% accuracy with mi-
croscopy, because of the non-

ICT price availability of competent micros-

copists, especially in periphera
aress.

50 75 100 125 150

Price of RDT unit

Fig 2—Sensitivity analysisof unit cost per actual case and different unit-

priced RDTs.

timal, and on-site ICT, from public and private
provider, and patient perspectives, using both ac-
tual and estimated data. In addition, research was
required, to investigate alternatives and design
how data might best be gathered and costs deter-
mined.

The effectiveness of microscopy and thetwo
on-site RDTs were evaluated by indicators, ie
accuracy and true positive rates. Analysis of the
data showed that microscopy and the on-site Op-
timal test had about the same effectiveness and
better than the on-site ICT (Table 2). The on-site
Optimal test showed the highest sensitivity, be-
cause of its capacity to detect 100% P. vivax, fol-
lowed by microscopy and on-site |ICT. However,
the sensitivity of microscopy was unsatisfactory
(76.19%) even if the microscopists in the field
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200 The analysis of the costs of

microscopy and thedipstickswere
calculated using actual and esti-
mated data, which had been pro-
portioned into aone-month period.
Microscopy showed the highest
total internal cost (p < 0.05) be-
causethe cost of microscopy iscomposed of three
capital costs, the microscope, theinitial training
for blood-slide taker and the initial training for
themicroscopist. On the other hand, the other two
models are made up of only one capital cost, the
initial training for RDT testers, which was one
hundred times cheaper than the initial training
required for the other two models. Disregarding
the recurrent costs, the first model (microscopy)
had more elementsin running the test, beginning
from taking blood slides to supervision. In gen-
eral, the costsinvolved in blood-dides and blood-
slide examinations included the saaries of the
technicians (but not the VMV), laboratory sup-
pliesand materials, |aboratory remuneration, and
public utilitiesfor |laboratory work. However, the
second and third (RDT) models did not have the
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cost of making blood-slides but the costs of the
RDTsper test were quite expensive supplemented
by the personnel costs for giving service. In ad-
dition, the cost of radical drug treatment and su-
pervision normally occurred with al models.

Estimation was made to measure the inter-
nal indirect costs caused by missed diagnosesin
both fal se-positive and fal se-negative cases. These
costswere quite straightforward depending on the
test. Application of theon-site| CT should be cau-
tiously considered, as high numbers of missed
diagnoses occurred implicating the investment.
Comparison of thetwo on-site RDTs, showed the
on-site Optimal to be preferable.

Setting aside the external costs incurred by
the patients, and assuming thetravel cost was zero
for al diagnostic models, patients paid the least
when attending the on-site Optimal (approxi-
mately 510.64 Baht) because they did not have
theforegone opportunity costsof waiting for treat-
ment, as they did with microscopy. In general,
theon-site |ICT should show more or lessthe same
external costsasthe on-site Optimal, but the high
missed-diagnosisrateimplicated on increased to-
tal cost. The total external costs of microscopy
werevery expensive, compared with the other two
models, since there was neither prompt diagno-
sis or prompt treatment, and the patient paid a
foregone opportunity cost of waiting for treat-
ment. Moreover, if al suspected malaria cases
incurred foregone opportunity costs of waiting for
treatment, the aggregate cost, unit-cost-per-actual
case and unit-cost-per-non-malariacaseincreased
morethan 200%. Whilethese external costswere
very rough estimates, it was clear that the exter-
nal costs were amajor part of the total cost/case
(see Tables 3 and 4), and the comparison of costs
among the models within the one-month period
and among the three models was, therefore, dif-
ficult.

The unit costsfor the three models were av-
eraged from various perspectives. However, the
unit cost of the on-site Optimal test appeared most
likely to be the lowest, whereas microscopy was
the most expensive. Moreover, the unit-cost-per-
actual-case of thethe on-site Optimal was cheaper
than the on-site | CT, athough they were not sig-
nificantly different (p > 0.05). Both were signifi-
cantly cheaper than microscopy (p <0.05) (Table
4). In other words, it seemed that the average unit
cost of RDTS, even if continually changing (but
not microscopy), could be as high as 200 Baht
per test, and reach about the same cost as micros-
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copy (Fig 2), even thought there were many fac-
tors affecting the costs of the RDTSs.

By way of overview, the on-site Optimal
proved the most cos-effective, compared with the
other two models (p < 0.05) (Table 5) in all as-
pects, both for al malaria species and for each
malaria species, except for the cost-effectiveness
ratio between the on-site Optimal and the on-site
ICT in detecting fal ciparum malaria, which was
not significantly different. This finding could be
explained by the observation that their sensitiv-
ity in detecting P. fal ciparumwas about the same,
but not for P. vivax. In other words, the cost-ef-
fectiveness of microscopy might be very much
lower if all suspected malaria cases incurred the
foregone opportunity costs of waiting for treat-
ment.

Finally early diagnosisand prompt treatment
servicesin remote areas not having amicroscope
can beimproved using on-site RDTs. Optimal was
the most cost-effective, whereas microscopy was
less cost-effective, especialy when the cost-ef-
fectiveness of microscopy and the dipstick from
the patient perspective was considered, wherethe
dipstick was always cost-effective. Even though
the on-site Optimal was cost-effective for some
conditions, as mentioned previously, its cost-ef-
fectivenesswill depend on its shelf-life, whichis
one year from the date of production. If alarge
stock of dipstick were to expire each year, the
cost-effectiveness of the dipstick would fall fur-
ther. Again, the dipstick must be imported; the
cost of importation has to be considered in mak-
ing a decision for implementing the dipstick in
Thailand. In addition, though most of the private
sector may not be able to afford the dipstick at
that price, the provision of thedipstick at asubsi-
dized price would be helpful for involving the
private sector in the early diagnosis and prompt
treatment of malaria. It isalso worthwhileto pro-
vide RDTs at the point-of-service, by consider-
ing their cost-effectivenessin different situations,
rather than sending blood-slides for diagnosis at
nearby malariaclinics, which serveslittle purpose
in the early diagnosis and appropriate treatment
of malaria.

ACKNOWLEDGEMENTS

This project was supported by the Malaria
Division, Thailand, DiaMed SEA, Thailand and
Becton and Dickinson, Thailand. Dr Kaemthong
Indaratna, Center for Health Economics, Faculty

Vol 34 No. 2 June 2003




Cost-EFFecTIVENESS OF THREE MALARIA DiaGgNosTIC MODELS

of Economics, Chulalongkorn University, Thai-
land, Dr Krongthong Thimasarn, the former Ma-
laria Division Director, Thailand as well as the
staff of MalariaDivision, Office of Vector Borne
Disease Control Number 1 Phra Puthabat and
Number 5 Nonthaburi, arethanked. We gratefully
acknowledge the important revisions suggested
by an anonymous reviewer.

REFERENCES

Anonymous. Malaria Country Report, Presented at the
Intercountry Consultative Meeting of National
Malaria Control Program Managers, revised for
external review of the Thai Malaria Country Pro-
gram, 17-28 July 1995: 47.

Congpuong K, Bualombai P, Jitchamroen S, Konchom
S. Comparison of the OptiMAL rapid test with
routine microscopic examination of Giemsa-
stained thick blood film for diagnosis of malaria.
J Med Assoc Thai 2001; 84: 357-63.

Deepor N. Behavior and cost analysis of malaria pa-
tients in seeking care prior to attending malaria
services. Bangkok: Chulalongkorn University,
1993: 87-95. Master of Economics Thesis.

Garcia M, Kirimoama S, Marlborough D, Leafasia J,
Rieckman KH. Immunochrotographic test for
malaria diagnosis. Lancet 1996; 347: 1549.

IndaratnaK, Kidson C. Changing economic challenges
in malaria control. Southeast Asian J Trop Med
Public Health 1995; 26: 388-96.

Vol 34 No. 2 June 2003

Kaewsonthi S, Harding AG, Kidson C, Indaratha K.
Assessing the economic impact of arapid on-site
malaria diagnostic test. Southeast Asian J Trop
Med Public Health 1996; 27: 210-5.

Malaria Division, Department of Communicable Dis-
ease Control, Ministry of Public Health, Thailand.
MalariaAnnual Report: malariasituation in 2000.
2000: 156-61.

Palmer CJ, Lindo JF, KlaskalaWI, et al. Evaluation of
the OptiMAL test for rapid diagnosis of Plasmo-
diumvivax and Plasmodiumfalciparum malaria.
J Clin Microbiol 1998; 36: 203-6.

Shepard DS, Hodgkin D, Anthony Y. Analysis of hos-
pital costs: amanual for managers. Waltham, MA:
Institute for Health Policy, Heller School,
Brandeis University, May 7, 1998: 10-72.

TjitraE, Suprianto S, Dyer M, Currie BJ, Anstey NM.
Field evaluation of the ICT Malaria Pf/Pv
immunochromatographic test for detection of
Plasmodiumfal ciparumand Plasmodiumvivaxin
patients with a presumptive clinical diagnosis of
malaria in Eastern Indonesia. Clin Microbiol
1999; 37: 2412-7.

Wongsrichanalai C. Rapid diagnostic techniques for
malaria control. Trends Parasitol 2001; 17: 307-
9.

Wongsrichanalai C, Chuanak N, Tulyayon S, et al.
Comparison of arapid immunochromatographic
test to expert microscopy for the detection of Plas-
modium fal ciparum asexual parasitemiain Thai-
land. Acta Trop 1999; 73: 263-73.

333




