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Abstract. In the Brazilian Amazon, travel costs to centralized malaria clinics for diagnosis and treatment can
approach 20% of one’s monthly salary. A program was established in a mining town for community-based dipstick
test diagnosis and treatment. An economic analysis was performed that compared expected costs under the old
program to the observed costs of the new one. Data were obtained through interviews, government reports, clinic
and hospital records, and community records. There was a 53% reduction (by 1,219 visits) of clinic visits but a
doubling of malaria hospitalization admissions (to 191). The new program had an overall annual savings of $60,900
($11.8K-$160K, sensitivity limits), a 77% reduction of the old program’s cost. The benefit-to-cost ratio was 9:1,
where benefits were patients’ savings from travel and lost wages and costs were government drug, diagnostic, training,
and monitoring expenses. A community-based program incorporating dipstick tests for malaria management can have
economic advantages.

INTRODUCTION methods, in accordance with published guideliné&r the

A tial but il t of Brazil’ lari economic analysis of this data.
n essential but costly component ot Brazil's maiaria con- Design. The general strategy was variation of a cost-min-

trol program has been the establishment of numerous malariaimization approach,in which one determines the most ef-
clinics for microscopic diagnosis and treatment. Because of ficient (cheapest) n,1ethod to obtain a given goal. The goal
the high capital costs and training associated with establish-in this case was to provide diagnosis and treatment to the
ing and maintaining microscopy services, they are restricted study village for 1 year, and for our study, only 2 methods

to central areas and do npt extend to peripheral forested ar‘(new and old) were compared. We compared the dollar value
eas where cases of mala_rla are occurring. Because many Pags costs and benefits expected under the old system (central
tients must travel long distances at great expense for diag-

. d treat A d ideally like t tend di laboratory visits) with those observed under the new pro-
nOSL.S an d treatment, one _Wout \dea z : T 0 ex er_lth "':‘9' gram (which included community-based diagnosis and treat-
nostic and reatment services to peripheral areas withou In'ment). Changes in costs and benefits to all sectors of society

.(]:culrt'rl.ngdaddltlé)ngl Cot.StS' Th:cs IEIFIaI(t!ve %aml?hlnblrgpotrtancg were tallied. An interview of subjects was conducted at the
: |||s. one during |ge§ 0 .St rinking hea ! fgt?ls and ong of the study to determine their willingness to pay for
malaria resurgence. During interviews in some of these re- (o <o vices in the future.

mote areas, we learned that community volunteers were an Assumptions. Under a cost-minimization approach, we

e_rlllthu5|;':1st|(:l, untapdpedd tLestourC(; for case managementt_at thgssumed that the main contributing factors to difference of
village 1evel, provide at such programs were operation- ya aconomic value between programs resulted from changes

ally and te;hnlcally feasible. . in costs for materials, training, and monitoring, and from
We previously reported the establishment of a successful benefits of a reducing the number of FNS clinic visits and

;ﬂ??::;g;?si?rf;;gr;:?l ;Orret:];g‘g)nri?neumﬁmof(%aegxf'Smalaria hospitalizations. There were too few deaths and too
azon! Bar owr)lers of a mining village were res yonsible for- few patient visits to private pharmacies to measure as out-
- . - 9 9 ponsIoi comes. No attempt was made to measure or assign economic
administering dipstick tests (ParaSight-F, Becton Dickinson, . - .
. : . . .’ values to the less tangible, theoretical outcomes regarding
Franklin Lakes, NJ) and mefloquine to patients with speci- . . .
changes in the number of days of suffering from malaria

fied symptoms. By use of data from the year before inter- . - . .
. . . . illness, malaria transmission, changes in cure rates, or alter-
vention began as well as from a neighboring village that we _.. . .
ations in the development of drug resistance.

used as h'StO.”C‘T’II. and concqmltqnt controls, respe_c_tlvely, Deter mining cost/benefit values. The costs and economic
there was a significant reduction in the number of visits to . . .
. . value of benefits of study variables were determined from
the centralized laboratory posts (FNS), and more important- ;
government purchase and accounting records (drugs, sup-

ly, without an overuse or abuse of services seen with pre- " Lo . - :
. . lies, hospitalizations), interviews (patient travel costs and
vious attempts to extend case management to the penpher;f)

through mobile clinic$:2 The purpose of this work is to per- oscti wag?f during travel otr ||_|n_ess), a:jnd goyternmen_t”s]ala;le;?
form an economic analysis of the previously reported study. a?th p%r |etr_n_extp_)ensbes ( rammg ant ; mon ortlng). © St'?[
If an economic, rather than purely humanitarian, argument ©' ("€ © participating bars agreed not to accept compensation

can be made for community-based case management thefor their services for the following reasons. Their actual

such programs would more likely be sustainable and attrac- Working time was minimal € 3 hr per bar—month), a_nd the
tive to budget-minded agencies. bars were staffed almost on a 24-hr basis for their normal

operations. They believed that providing malaria manage-
ment services would attract customers and gain the respect
of the community. Although the FNS laboratory performed
The methods for the noneconomic aspects of the studyfewer slide examinations under the new program, no savings
have been previously reportédnd we will only describe were attributed to the reduction in labor because employees
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TaBLE 1 TaABLE 2
Case management under the old program in Bai@eNS visits), Plasmodium and vivax malaria hospital admissions under the old
under the new program in BaiggFNS visits and dipstick tests), program in BaixXa, under the new program in Baixaand for the
and for the control village of Mutum (FNS visits)* control village of Mutum*
FNS visits (% PF) Mutum
(n = 900),
Baixao Mutum Baixzo (n = 750), by sample
Program (n = 750) (n = 900) by interviews of of hospital
Program community sample records
First year (old program) 3,306 (15.6%) 5,005 (16.2%) - —
Second year (new program) 1,097 (7.5%) 3,507 (13.1%) First year (old program) 11 admissions, 75 33
626 (19.8%)1 person-years
Second year (new program) 50 admissions, 196 27

* FNS, centralized laboratory clinic; PRlasmodium falciparunmalaria. The expected
number of FNS visits from Baiaduring the second year under the old program was

3,507/5,005x 3,306 = 2,316. The following results were significant@) atP < 0.0001 * There was a significantly higher (about twice) incidence of malaria hospitalizations in

by incidence density calculati&in(1) the_ reduction in the number of observed Baixisits Baixzo observed during the new program compared with the old progPam ©.026; for

compared to expected numbers during the second year, by 1,219 (2,316-1,097, a 53% identified first year/identified second year33/27), with an average stay of 3.7 and 3.2

reduction); (2) the number of Baigavisits (1,097) continuing during the second year; (3)  gays for the first and second year, respectively. On the basis of the samples, the total number

the number of dipstick tests applied (626); and (4) the number of reduced visits not ac- of majaria hospitalizations for Baiga(n = 750) during the first year was 110 (95% con-

counted for by dipstick tests (593). fidence interval, 44—176; incidence density). For the second year, the observed total would
 Dipstick tests applied. be 191 (95% confidence interval, 150—241; incidence density), and the expected total for

the second year would be 120 (27/33) = 90.

person-years

received a fixed salary regardless of the number of slides
examined. under the new program. The next columns list the change in
Sensitivity analysis. The sensitivity analysis of economic  the amount of each component used and the change in total
outcomes incorporated the uncertainty of reported costs, sta-cost for the second year comparing the new program to the
tistical uncertainty (95% Confidence Intervals), and the un- old. Because the results of sensitivity analysis will vary de-
certainty of epidemiologic assumptions. When aggregate pending on the calculations used, the formulas and assump-
outcomes (differences and ratios) are reported, we used theions for each calculation are described in the footnote of
limits of each variable to obtain the range of uncertainty of Table 3.
the aggregate variable. Discounting was not performed be- Summarizing the results of Table 3, there was a net sav-
cause the period of return was short (1 year) and in theoryings per year for Baixa of $60,900 ($60.9K) with an un-
could have occurred over an even shorter period. certainty interval (sensitivity analysis) of ($11.8K—$160K).
Economic outcomes. The absolute savings as well as a There was a 77% reduction in the old program costs if one
cost/benefit ratio comparing the old to new program is re- considers no travel expenses for those with initial symptoms
ported. The cost/benefit ratio was calculated on the basis ofpresenting in Apiacas (see explanation in Table 3; the old
changes in government costs compared with changes in paprogram cost is $78.8K and $18.3K is the new). This rep-
tients’ benefits. Although costs and benefits to society as a resents an $81 savings per person-year, where the average
whole are tallied, each item is also referenced to a specific monthly income is $250. The benefit/cost ratio, calculated
groups (in this case, government or patients). The benefit/as benefit to patients/cost to government, is 9:1, with an
cost ratio was defined as the ratio of the change in economicuncertainty interval of (2-50):1. This represents the return
value to patients compared with the change for the govern-per unit invested over a 1-year period. However, if one
ment. This can be interpreted as the added amount that pachooses to reinvest profits into the program more frequent-
tients “save” for every additional dollar spent by the gov- ly—say, every 4 months—then the point estimate of the ben-
ernment on the new program. This ratio is usually defined efit/cost ratio can be as high as 729:1 per year.
as the marginal change in benefits/costs for all sectors of By interview of 196 subjects at the end of the study, we
society, but in this case, it is analyzed along government established that the average willingness to pay for dipsticks
versus patient categories because the majority of the benefit§excluding mefloquine treatment cost) was $5.60. Multiplied
are accrued by patients and costs by the government. Forby the number of dipstick tests used, this represen&%
sensitivity analysis, the upper limit of this ratio was calcu- of the total saving.
lated by the maximum of patients’ savings/the minimum of
government spending (from the corresponding uncertainty
intervals). Analogously, the lower limit of this ratio was cal-
culated by use of the minimum patients’ savings/maximum  Cost efficiency and cost/benefit analyses have recently be-
government spending. come important considerations as we recognize the need to
economize health resources and use them more efficiently.
RESULTS Nowhere is the need for economic analysis more pressing
than in developing countries where health needs far out-
A summary of previously reported results presented in weigh health resources. For tropical diseases, the issues are
Tables 1 and 2, followed by the data used for the economic complex? with many nonquantifiable variables that must be
analysis in Table 3. The first few columns of Table 3 lists accounted for. Still, when the potential for improving effi-
the program components, their unit costs, and who pays forciency is great, even a crude attempt at economic analysis
each element. Next are listed the amount and total cost ofmay be robust enough to show potential for enormous sav-
each component one would expect to use during the secondngs. We believe we have shown this for our community-
year if the old program had been operating. Next are listed based program.
the amount and total component costs for the second year The approach we chose was a cost minimization method,
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TABLE 3
Cost comparison of old and new methods for management of second-year patiente} Baixa

Expected under old method Observed under new method Change
Unit cost Total cost Total cost Total cost
Item (US$) Who pays No. units (thousands of US$) No. units (thousands of US$) No. units (thousands of US$)
FNS laboratory
visit:
Travel 40 (30-50) m
Plus lost wages 15 (10-20) 3
Equals total 55 (40-70) (a) Patient 2,316 127 1,097 60.3 -1,219 -67.0 z
(1,723-3,306) (b and c) (69-231) (d) (1,032-1,162) (e) (41-81) (d) (561-2,274) (f) (22-159) (9) g
Diagnostic smear 0.33 Government 2,316 0.76 , 0.36 -1,219 —0.40 )
(1,723-3,306) (b and c) (0.57-1.10) (1,032-1,162) (e) (0.34-0.39) (561-2,274) (f) (0.19-0.75) (h) >
Dipstick 2.14 Government 0 0 636 1.34 +626 +1.34 £
(576-676) (1.23-1.45) (576—676) (1.23-1.45) (h) T
Therapy QT- 1.00 Government 30F 2,316 X 13% 0.30 82 0.08 —-219 -0.22 %
(224-430) (i) (0.22-0.43) (h) (64-100) (e) (0.064-0.10) (h) (124-366) (f) (0.12-0.37) 8
Chloroquine 0.60 Government 5G9 2,316 X 22% 0.31 714 0.43 +205 +0.12 T
(379-727) (j) (0.23-0.44) (640-788) (k) (0.38-0.47) (—87-4009) (f) (—0.05-0.25) <
Mefloquine 2.00 Government 0 0 124 0.25 +124 +0.25 2
(102-146) (e) (0.2-0.3) (102-146) (0.20-0.30) ;:‘5
Training costs of pro- 10.00 per per- Government 0 0 15 people (0.30) +30 +0.30 () >
vider son-day 2 days 9
Monitoring cost 20.00 per per- Government 0 0 20 person-days (0.40) +20 +0.40 () 5
son-day z
Days hospitalized for 20.00 per day Government 407 days 8.1 612 days 12.2 +205 +4.1 8
malaria (280-534) (m) (5.6-10.6) (515-707) (m) (10.1-15.0) (117-293) (n) (2.3-5.9) n
Totals 136.5 75.6 ~60.9 2
(75.6—243.6) (0) (54.0-8.7) (0) (11-160) (0) °
* Sensitivity analysis in parentheses. €l confidence interval; FNS- centralized laboratory clinics; P¥ Plasmodium vivaxmalaria. By interview, 1,042 of the observed 1,097 FNS visits during the second year occurred because patientsﬁ/ere

already in Apiacas (the town in which the FNS is located) for other reasons at the time of onset of symptoms. Similarly, of the 2,316 FNS visitsvexpemtiéetl expect a similar number to have experienced onset of symptoms in Apiacas. If
travel costs are associated with these visits, $70.1K and $3K are the costs of expected and observed visits, respectively. Factors incotheratusitivity analysis include the following: (a) population interviews=(30), range of reported
average cost per visit; (b) Baigawithout Mutum adjustment, where the number of expected visits equals the number of observed nisitder of dipstick tests applied; (c) Baoxavithout Mutum adjustment, which uses previous year’s visits a
expected number of visits; (d) lower limit lower limit unit X lower limit cost; upper limit= upper limit unit X upper limit cost; (e) statistical analysis, 95% CI of incidence dehs(fy uncertainty interval calculated as (minimum observed
maximum expected, maximum observedminimum expected); (g) uncertainty interval calculated as (minimum change in number ofkumitsimum unit cost, maximum change in number of unitsnaximum unit cost); (h) uncertainty interval
calculated as (minimum change of number of unitsinit cost, maximum change in number of unitsunit cost); (i) low and high expected number of visitspercentage oPlasmodium falciparunmalaria expected in Baixain the second year

(b X 13%, cXx 13%); (j) low and high expected number of visitspercentage of PV malaria expected in Baixa the second year (b X 22%, cX 22%); data for the PV proportions have not been shown but are equal to (%PVoBa&stayear)

X (%PV Mutum second year)/(%PV Mutum first year); (k) dipstick negativeV by smear. The uncertainty interval is statistical: 95% CI for the sum of the observed incidence dg(ijitiesuncertainty, amount paid directly; (m) statistical, 95%
ClI of incidence density (hospital days/person-yéar@)) statistical, 95% CI of difference of incidence densities (hospital days/personfydajsyincertainty interval calculated as (sum of lower limits of terms, sum of upper limit of terms) with
consideration of positive or negative change.
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but one that restricted the comparison to only 2 alternatives, ernment supervision and investment can conduct its own
the old and the new programs. This strategy assumes thafprogram under sustainable economic conditions.

the outcomes that cannot be accounted for in monetary terms

are either similar for the 2 alternatives or not perceived by Acknowledgments: We thank Dr. Elisabeth Duarte and Dr. Kathleen
users to be important or direcﬂy related to the intervention. Pang for their cri_tical reviews. We _thank Maria Luisa Cunha, Edson
Because this perception in part determines sustainability of P€rtile, Gumercindo Lopes, David Manuel de Santana, and the

. - . health staff of Apiacas municipality for their help in conducting the
an intervention, we did not attempt to measure these lesSgigq work.
tangible economic outcomes. There are certain effects that_. ) R . . . .

h d f hat fit th b . Financial support: This project received funding from the Tropical
we have r_10t acco_unte or_t ?‘t It these above Categor'_eS'Diseases Research Unit of the World Health Organization, Geneva,
Changes in malaria transmission, from presumably earlier and the National Health Foundation (FNS), Brazil.

_trez.a.tment, are reflected in the “Ur_nt?e’ of Ca§es anc_i thus are\uthors’ addresses: Lorrin W. Pang MD, MPH, Maui District Med-
indirectly measured. The drug toxicity associated with the 2 jcal Officer, 54 High Street, Wailuku, HI 96793. Fabiana Piovesan-
alternatives (both involving standard regimens) we assumeAlves, MD, Parasitology Department, Instituto de Ciencias Biome-
to be similar. Reduced duration of suffering resulting from gg:SaSSII,QC/?\C\)/eSngU rresé%S’Bl?’?I“’ Cidade Universitaria, CEP
prompt treatment we assume to be relatively unimportant. __ 580 au.o— » prazil ) _
However, we did not attempt to account for the degree of Re%réntgrsequelsts:h LO"'”S(\)’Z- ggang'zgg High %%BRg‘é 33212'2“/(3”“‘(”:'
- - B T HI 96793, Telephone: -984- , Fax: -984- e-mail:
suf_fermg associated with increased hospitalizations of ma- lwpang@mail.health.state. hi.us).
laria cases.

Finally, the new program might have resulted in a delay
in diagnosis and treatment in Apiacas of nhonmalaria cases.
T_hls_ wquld be r_eflected in the number_ of ponmalarla hos- 1. Da Cunha MLON, Piovesan-Alves F. Pang LW, 2001. Com-
plltallz.atlons, which were not measured in thls study. In othgr munity-based program for malaria case management in the
situations, the above factors may be very important consid- Brazilian AmazonAm J Trop Med Hyg 65872—876.
erations for deciding between various alternative interven- 2. Ettling MB, Thimmasarn K, Shepard DS, Krachaiklin S, 1991.

tions, providing the more tangible effects are first described. Economic analysis of several types of malaria clinics in Thai-
P 9 9 land. Bull World Health Organ 69467—476.

Although the sensitivity analysis yielded large uncertainty 5 Ettling MB, Thimmasarn K, Krachaiklin S, Bualombai P, 1989.
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