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Abstract—As malaria grows more prevalent in the Amazon frontier despite increased expenditures by
disease control authonties, national and regional tropical disease control strategies are being called into
question. The current crisis ivolving traditional control/eradication methods has broadened the search
for feasible and effective malaria control strategies—a search that necessanly includes an investigation of
the roles of a series of individual and community-level soctoeconomic characteristics m determining
malaria prevalence rates, and the proper methods of estimating these hnks In addition, social scientists
and policy makers altke know very httle about the economic costs assoctated with malarial infections In
this paper, I use survey data from several Brazihan gold nuning areas to (a) test the general reliabihty
of malana-related questionnaire response data, and suggest categorization methods to mintmize the
statistical influence of exaggerated responses, (b) estimate three statistical models aimed at detecting the
sociocconomic deternunants of individual malana prevalence rates, and (c) calculate estimates of the
average cost of a single bout of malarra The results support the general reliability of survey response data
gathered m conjunction with malania research. Once the effects of vector exposure were controlled for,
individual soctoeconomic charactenstics were only weakly linked to malaria prevalence rates in these very
special miners’ communities Moreover, the socioeconomic and exposure links that were sigmificant did
not depend on the measure of malana adopted  Finally, individual costs associated with malanal infections
were found to be a sigmificant portion of miners' mcomes

Key words—malarnia, costs, socioeconomic determinants of malaria, measures of malaria, questionnare

responsc data, itinerant gold miners

1. INTRODUCTION

Waves of migrants into the delicate ecosystcms of the
Amazon jungle have triggered alarming increases in
malaria [1]. These dramatic increases are provoking
renewed interest in the individual and environmental
factors that influence the disease's transmission, with
an eye towards reevaluating the control/eradication
methods currently employed. One important compo-
nent of this research nvestigates a series of complex
interrelationships that link socioeconomic factors to
the prevalence and soread of malana at the individual
and houschold levels [2]. It 1s hoped that by identify-
ing these relevant and potentially manmipulable links
that disease control, which currently rehes almost

exclusively on DDT spraying ard the distribution cf

curative drugs, can be made more flexible to better
combat a discase that, untl recently, was thought to
be well on 1ts way to eradication [3].

Renewed interest in malana has also produced a
polarization among malaria rescarchers regarding the
limitations of different types of ficld data in address-
ing the relevant discase transmissicn and control
issues, especrally quantifying the discase. One view
relies almost exclusively on the laboratory analysis
of properly collected blood samples in yuantifying
the disease. A second line of research makes use of
questionnaire responsc data as a basis for analysss.
Researchers from the latter group have been sharply
criticized for their heavy rehance on retrospective
data that is certain to suffer from ecrrors in self-

diagnosis and recall. In what follows, I hope to dispel
some of the fears associated with the quality of
questionnaire response data, and demonstrate the
consistent underlying statistical interrelationships
they contain. .

This paper addresses four important issues. First,
after descriptive statistics and a conceptual discussion
of malana in Sections 2 and 3, respectively, the
reliability of questionnaire response data is tested in
Section 4. Second, acceptable individual measures of
malaria are also derived n Section 4. Third, in
Sections 5 and 6, socioeconomic and other sources of
tine marked differences 1n malaria prevalence across
inlividuals are investigated. The microeconomic
costs of a single case of malaria to an average active
gold mner in the arca of southern Pard covered by
the survey are estimated in Section 7.

2. DATA

Empirical analysis of the soctoeconomic determi-
nants of malaria requires detailed information on
both the individuals exposed to the discase as well
as the micro- and macro-environments they inhabit.
In 1984, a field research group from CEDEPLAR
(Centro de Desenvolvimento e Plancjamento Re-
gional) collected such data in four gold mining
communities in the Brazilian state of Pard, an eco-
nomic and epidemiological frontier receiving thou-
sands of migrants per year and registering substantial
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increases in malaria per capita [1). Data on these four
gold mining communities serve as the empirical
underpinning for the study.

Sample selection is difficult in the case of small-
scale gold mining due to the high rates of itineracy
that characterize the profession, the ‘life cycles’ which
characterize the gold mining sites, and thc intra-
regional environmental diversity that arises when the
Amazon jungle area is carefully examined [4).

Smail-scale gold mining is a very seasonal and
transient occupation [5]. Depending on weather,
available infrastructure, and gold discoveries, miners
move rapidly from one site to another, or enter and
leave the area (and profession) altogether. This
constant flux of individuals in and out of mining sites
makes estimates of population sizes very difficult.
Furthermore, since there is no guarantee that those
leaving the sites will be similar to those arriving, it
is difficult to ensure that the ‘pool’ of individual
characteristics present on the interview data is repre-
sentative,

The potentizl for selectivity biases exists when-
ever individuals not captured in the sample differ
significantly from those in the sample in terms of
the variables of interest. It is quute likely that
some portion of the mobility in these gold mining
communities is directly or indirectly linked to
malana, thereby creating some potentially serious
selectivity biases in our sample. These biases can
take on several forms. First, miners suffering rela-
tively higher malaria prevalences might have aban-
doned the survey sites, or even the profession by
the time the questionnaires were administered. Sec-
ond, better-informed individuals might avoid gold
mining areas altogether. Since we have no informa-
tion on those absent on the interview date, it is
impossible to statistically control these potential
selectivity biases.

The ‘life cycle’ of gold mining sites presents
another source of potential bias. Gold mining camps
evolve over time. Each phase can display different
environmental, socioeconosnic, demographic, and
epidemiological characteristics. In an effort to cap-
ture several stages in this ‘life cycle’ and control for
this potential bias, the CEDEPLAR group selected
four sites at different phases of the ‘cycle’. Serrinha
was very new, Maneldo and Pista do Arraia were in
intermediate positions, and Cuca was the oldest and
most settled.

Finally, the Am~zon region is not environmentally
uniform, making site selection even more difficult.
There are vast differences in topography, ground
cover, drainage patterns, and soil quality even within
confined geographic arcas. This diversity provokes
entomological as well as economic differences that
can influence malaria. The presence of gold mining
camps can also disrupt natural ecosystems to differ-
ing degrees. At the Cuca camp, for example, natural
drainage patterns had been rerouted to aid mining
activitics. A relatively large area had been deforested,
creating new mosquito breeding habitats. At the
other end of the degradation spectrum covered by our
small sample, Serrinha was the least disturbed.

Ir. spite of these and other complications associated
with sampling from itinerant miners in ever-changing
ecosystems, I believe the CEDEPLAR data are
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adequate for analytical purposes relating to mining
communities in southern Para. It must be kept in
mind that the extent to which the results presented
below can be transferred to other endemic areas
depends on ecological similarities and the socio-
economic characteristics of the specific populations
under study.

Descriptive statistics gencrated by questionnaires
administered to sampies of all miners present during
the July 1984 site visits are presented in Tables 1A-E.

Table | Descniptive statistics

Vanables Mean Median SD
(A) Cuca
N =104
Cases of malana® 253 1.41 3.60
(per individual)
Monthly income 510 2000 702.0
(G00's of Cruzeiros)
Age (yr) 2713 238 10.5
Exposure (yr)t 2.24 1.27 22
Days 1nactive} 9.86 650 9.74
Days hospitalized} 1.67 033 364
Medical expenses} 120.0 74.0 1730
(000's of Cruzeiros)
(B) Serrinha
N=104
Cases of malana® 1.99 0.78 321
(per individual)
Monthly income 176 0 102.0 2150
(000's of Cruzeiros)
Age (yr) 28.5 252 101
Exposure (yr)t 258 200 213
Days tnactive} 1330 10.30 10.00
Days hospitahized} 150 0.13 3.59
Mcdical exrzanses} 1580 800 206.0
(000's of Cruzeiros)
(C) Manelio
N =142
Cascs of malaria® 202 1.05 325
(per individual)
Monthly income 2170 100.0 608.0
(000's of Cruzeiros)
Age (yr) 28.1 249 9.96
Exposure (yn)t 250 1.99 217
Days inactive} .71 423 1.95
Days hospitalized} 1.26 0.28 2,67
Medical expenses} 100.0 55.0 1400
(000’s of Cruzeiros)
(D) Pista do Arraa
N=30
Cases of malaria® 23] 0.94 39l
(per individual)
Monthly income 775.0 600 0 822.0
(000's of Cruzeiros)
Age (yr) 27.50 2550 8.21
Exposure (yr)t 3.00 204 2.51
Days active} 17.60 15.00 13.00
Days hospitalized} 4.40 400 4.56
Medical expenses} 271.0 258.0 1330
(000's of Cruzeiros)
(E) Entire sample
N =388
Cases of malana® 2.17 1 06 339
(per individual)
Monthly income 2190 140.0 5930
(000's of Cruzeiros)
Age (yr) 279 24.8 10.0
Exposure (yr)t 2.29 2.00 220
Days inactive} 984 550 9.45
Days hospitalized} 1.56 0.27 3.28
Medical expenses} 1230 70.0 170.0

(000's of Cruzeiros)

*Cases of malaria contracted while living and/or working at any gold
mining site.

tYears spent hving and/or working at any gold mining site.

{Refers 1o last completed malaria infection in gold mining sites,
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3. MEASURING MALARIA

A first step in empirically estimating the inter-
relationships between malaria and a vector of socio-
economic variables is to quantify the diseasc itself, a
difficult task even in controlled climcal and labora-
tory environments. Due to the methodological, con-
ceptual, and logistical difficultics associated with
the widespread use of blood slides [2], I relied on
individuals’ reports of the number of cases of malaria
suffered within a given time period. However, since
miners in that area are likely to associate cvery attack
of fever with a distinct case of malana, a deciston had
to be made as to th: relevant unit of obsesvation, 1.c.
a clinically discernible case of malana versus a fever
that may or may not have represented a unique case
of the discase.

The recurring nature of the discase caused by
potenually long dormant stages within the human
host can complicate clinical diagnoses of a unique
cases of malana [6]. In areas where reinfection is
likely, differentiating new cases from recurring ones
becomes almost impossible * In addition, relapses
may occur in cases in which the disease was improp-
erly treated

Not all malaria cases (reinfections, recurrences, or
relapses) are of the same intensity, even for a given
individual. The effects of a single attac™ of the discase
will depend, among other things, on the type of
malaria contracted, the health status of the infected
individual, the quickness with which he seeks treat-
ment, the type of treatment received, and the number
of previous attacks—all of which, to a certain extent,
are interdependent. [ntensity vanations confound
cost estimates, and limit the certainty with which
individuals can self-diagnose.

Further complicating malaria measurement issues
is the fact that ficld researchers are often forced to
rely almost exclusively on questicnnaire responses to
quantify the disease, and these responses can suffer
froni several biases.

The most obvious of these biases stems from the
fact that many of the positive responses are likely to
be based on self-diagnosis. The vahdity of these
responses will depend on the ndividuals’ abihiies to
differentiace attacks of malarn from the ill effects
prompted by other competing, or complicating
ailments. Our field experience has supported the
hypothesis that, with the possible exception of ill-
informed individuals suffering their first bouts of
malaria, the vast majority of people living in the

*A possible exception would be the first appearance of a
different strain of malaria 1n an individual having previ-
ously suffered from the discase For example, a miner
who had suffered three bouts of vivax and 1hen reports
a case of falciparum can certainly be counted as having
at least two umque infections.

+This simple test captures those individuals who, on aver-
age, have suffered an unacceptably high number of
malaria episodes since their arrival in the mining area
The test cannot detect those miners reporting excessive
malaria bouts during sub-intervals of their respective
stays in the camps. Nor does this test consider the fact
that some individuals could have been infected, but not
feverish, when they first arrived at the camps or on the
day of the interview.
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malaria endemic areas of the Amazon frontiers
are experienced enough to perform reliable self-
diagnoses.

The second major problem associated with
response data is recall error. Individuals who have
spent long periods of time in endemic areas and those
who have suifered many cases may give less reliable
accounts of the actual numbhers of their respective
malarial infections. Long-tine residents may forget
the carlier cases, and those suffering from seemingly
countless infections in relatively short time spans may
overestimate the actual number of bouts.

Finally, in judging the relative merits of malaria
measures based on laboratory tests and those derivad
from questionnaire responses, researchers must
specify exactly what they are trying to measure. If
their work focuses on cases of malana verified by
laboratory techniques, then blood slides are the only
certain source of information. If, as s the casc in this
paper, researchers are interested in the economic
consequences of the physical effects produced by an
attack of malaria, regardless of the umquencss of the
infection or its exact definition, then verbal response.
to questionnaires can be sufficient.

In the final analysis, verbal responses are often our
only comprehensive, individual-specific source of
mmformation. This is especially true in arcas 1n which
malaria can be treated 1n cither the public or private
sector, or both. What is proposed in the next section
1s a scheme for testing the rehiability of questionnaire
responses, and two methods of numerically represent-
ing such data to minimize the cffects of the above-
mentioned errors.

4. A RELIABILITY TEST AND THREE DIFFERENT
MEASURES OF MALARIA

Given clinically demonstrable parasite gestation
periods and the extended dosages and cffects of
curative drugs, there seems to be an upper bound
on the number of treated cases of malara that
any person can suffer in a specific time period. Any
respondent who reports an incidence of malaria
above the established upper bound can be assumed
to be overestimating the actual number of distinct
cases suffered, and/or including the efiects of other
discases or infections in his estimates. The upper
bound adopted for this test 1s one case of malaria
per month.

An cxposure-weighted index of malaria was
derived by dividing the number of reported cases of
malaria by the number of months each miner claimed
to have been in the gold mining arca. Any value
exceeding one was deemed unreliable. Ninety-seven
percent of the cases fell below the established upper
bound, but some individuals registered indices as high
as six. For the sample as a whole, the mean value of
the index was 0.13.

Virtually all of the miners passed this reliability
test, indicating that cven though the range of their
answers was quite wide (0-19), the exposure-weighted
responses were not unreasonable.t The first measure
of malana, NUMALGAR, is simply the number of
malaria cases ¢ach miner reported having suffered
since arriving in the mining region. The average
number of malarial episodes individual miners
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suffered while in the mining region was 2.2, with
a standard deviation of 3.4. This relatively large
variance suggests that some responses might be
exaggerated. If the measurement error associated
with NUMALGAR is random, then confidence
intervals will be overly restrictive. If, as | suggest,
the errors are heteroskedastic and increase with re-
ported malaria, then confidence intervals will be too
liberal {7).*

There are a number cf ways to correct for this
suspected nonrandom exaggeration. The method 1
have chosen recodes the reported cases of malaria
S0 as to aggregate unhkely responses and reduce
their relative statistical weight. All relatively high
responses are treated as equally suspect, and a series
of discrete categories are generated to weight these
potential over-estimators equally.

The discrete measure of malaria, CATMAL,
classifies responses into three categories: zero for
those who never suffered a case of malana; one for
those who suffered from one to three cases; and two
for those reporting four or more cases while working
in the mining area. The immediate appeal of this
categorical approach is that it allows researchers to
regroup individual responses into more convincing
subsets. For example, those responding zero are likely
to have reliable recollections. We can also be fairly
confident about those registering one to three cascs
of malaria. The least reliable group, in this case 4-19
reported malarial infections. can be lumped nto a
single category.t

In the case of strong doubits as to the validity
of multiple counts of sclf-diagnosed malaria, re-
searchers can also adopt a simple dichotomous
measure. | have derived such a measure, DIMAL,
which takes on the value one for all those who
reported suffering at least one case of malaria while
working i the gold mining areas, and zero for those
who had not. This measure will also be of interest to
rescarchers who choose to focus on the malaria-free
poputation,

Before going on to test the robustness of the three
measures presented above, the role of exposure to
malaria vectors should be reemphasized. To state
simplistically that three cases of malara is a more
reliable answer than eight 1s to reject the role that
exposure to risk 1s known to play If we control for
exposure, 1t will be possible to more closely discrim-
inate between the rehable responses and those i
need of del.tion or recoding. Continuing with the
example of three and eight responses, I would associ-
ate far more accuracy to eight cases occurring over
the course of 10 years 1n a high-risk srea, than to
three cases reported by a miner who had arnved from
a zero-nisk arca just 30 days before the interview
date In a cursory way, the simple test outhned at
the beginning of this section idenuifies the highly
unlikely suspect cases, which, n this analysis, were

*Recent work by Manano er af [8] on measurement error
suggest possible statistical tests and sample size critena
in deternuning the proper treatment of limited depen-
dent variables,

tIn the absence of skewed heteroskedastic disturbances, the
categories chosen by the researcher will not affect under-
lying statistical relationshups (7).
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excluded before the process of recategorization was
undertaken,

In the analysis that follows, 1 use each of the
measures of malaria derived above (NUMALGAR,
CATMAL, and DIMAL) in examining the links
between a series of socioeconomic and environmental
characteristics and the number of malaria cases
suffered by individual gold miners. The absence of
significant differences in the results generated by the
three different measures of malaria will, 1 believe,
strengthen the case for the continued use of question-
naire response data in future malaria research.

5. MODEL SPECIFICATION

The individual and environmental factors sus-
pected of directly influencing the reported number of
cases of malaria are included in the following equa-
tion:

EQI: MEASURE, = CONSTANT
+a1EXPOSURE, + a2EXPOSURE2,
+a3CUCA, + a4SERRINHA,
+aSMANELAO, + a6INCOME,
+a7AGE, + a8PREMAL,
+a9RURAL, + a10PARA,
+alIMARANHAO, + a12GOIAS, + ¢,

where ‘i represents the ith individual, g1 through
@12 are the coefficients to be estimated, *j* stands for
one of the three measures of malania being used, and
e, is the error term assumed to Jdisplay all the standard
properties. A complete list of the variables included
in this analysis is presented in Table 2.

3.1. Dependent variables

As noted .n Scction 4, three different measures
of malana suffered by individual miners are used
in this analysis. Three separate equations are esti-
mated, one for cach measure. The independent
variables included in each equation are identical to
factlitate comparisons across models. The variable
MEASURE, appears in the following order of in-
creasing levels of aggregation: actual questionnaire
responses (NUMALGAR), a categorical measure
(CATMAL), and finally the dichotomous treatment
(DIMAL).

NUMALGAR is the number of cases of malaria
an individual claimed to have suffczed, i.e. the actual
questionnaire response. Of the 388 miners inter-
viewed, 255 (66%) reported having suffered at lcast
one case of malaria while working in the mining arca,
and the majonty of those, 62%, claimed to have had
more than one bout with the discase.

CATMAL is a discrete measure of malaria, taking
on the values zero to two. Miners who never experi-
enced a case of malaria fal! into category zero.
Category | is for those who suffered between one
and three cases. Category 2 contains miners who
suffered four or more cases while working in tne
mining area.

DIMAL is a dichotomous measure of malaria,
registering zero for those who never suffered a case of
malaria while working in the gold mining area, and
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Table 2. Vanable list

Vanable Description
AGE Years
CUCA Gold mining sites'
MANELAO | = 1f interviewed at that site
SERRINHA 0 = interviewed elsewhere
EXPOSURE Months of exposure 1 high risk mining areas
EXPOSURE2 Exposure squared
INCOME Estimate of last month's income
MEASURE Measures of malana’
(a) NUMALGAR Reported number of malaria cases
(b) CATMAL 0=0 malana, 1 =1 to 3 cases, 2 =4 or more cases
(c) DIMAL 0 =0 malana, 1 =t or more cases
FARA State where nuner grew up
MARANHAG | = raised 1n that state
GOIAS 0 = ranved elsev here
PREMAL Previous experience with malana
0 = rever suffered malaria before coming to gold mining camps
| = suffered et least 1 case
RURAL Ornigin
1 = raral ongin
0 = urban

one for those who had, regardless of the number of
infections.

5.2, Ladependent variables

The independent vaniablec have been placed in four
categories reflecting their expected influence on the
dependent variablzs, MEASURE,. The first category
explores the influerces of exposure to the malaria
vector. Th. second capturcs the effects of income on
malaria prevalence among individual miners. The last
two categories focus attention on proxies for individ-
uals’ understanding of the transmission process, and
experience in diagnosing, treating, and avoiding
malarial infections.

5.2.1. Risk of exposure. T expected the number
of reported cases of malaria to be directly related to
the amount of time a miner spent in the gold mimng
area. Once the other included variables have been
controlled for, EXPOSURE (mecasured in months)
will capture the effects of the risk associated with
sirply living and working in gold nuning areas for
extended periods of time. EXPOSURE2, the square
of EXPOSURE, will shed so 1¢e light on the risk of
spending «dditional time in these areas. A negative
and sigmficant coefficicnt on EXPOSURE2, for
example, would suggest decreasing marginal 1isk as a
function of time spent 1n mining camps A negative
coefficient on EXPOSURE2 would also support
the acyuired immunity hypothesis that the body's
immune system adjusts to repeated malarial infee-
tions in such a way as to minimize the adverse effects
of subsequent malarial atacks. In the long run,
miners may be unaware they are parasite carriers and
ignore the minor fevers they suffer {6, pp. 59-61].
Such cases represent an under-reporting of actual
malaria :tacks, though nor an under-reporting of
debilitating malaria! fevers, which are of rrimary
concern here.

CUCA, SERRINHA, and MANELAO are three
of the four minming sites included explicitly in this
analysis. They appear in the equations as 0/1 dummy
variables to capture the site-specific effects of income,
price and environmental differences. Pista do Arraia
was unique 1n terms of 1t< isolation and strict govern-
ment-controlled migration, and was therefore chosen
to be the omitted reference site.

5.22 Income The effects of income on the number
of cases of malana reportedly suffered by individual
muners are hkely to work in opposite ways. First,
standard consumer theory suggests that individuals
with higher incomes should be better abie to adjust
their consumption baskets in ways that protect them
from the discase. Better housing and increased
use of repulients, for example, would reduce vector
contact thereby reducing the risk of contracting
malasia. However, given the precanicus and very
hnomogenous nature of lifestyles within these mining
camps, 12 1s unlikely that consumption differences
(via 11 come differences) will provoke any malaria-
reducing changes.

On thc other hand, a miming-site selection process
might be at work if some miners choose to accept
higher malana prevalence rates in some sites in return
for higher income For example, miners 1n Serrinha
averaged 1.99 cases of malaria per year and earned
approx. CR$176,000 per month, while their peers in
Pista do Arraia suffered 2.33 cases per year but
earned over 4 times more (CR$775.000 per month),
A positive coefficient on monthly income in these
models would suggest such a process is at work.

5.2.3. Indwidual characteristics. An individual’s age
(AGE) is expccted to serve as a proxy for accumu-
lated experience in dealing with malaria and relative
risk avers:on. Age, in and of itself, is not known
to affect the probability of contracting the disease.
Older individuals are assumed to be better informed
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regarding techniques of reducing contact with in-
fected mosquitos, either through modern or tradi-
tional means, and to seek timely and more effective
treatment. In addition, risk aversion generally in-
creases with age. I expect this pattern to be present
even in gold mining, a highly nisky profession, and
I also expect these differences in nsk aversion to
influence the lhfestyles of miners and affect their
respective chances of contracting malaria.

Expericnce 1n diagnosing and treating malana
prior 10 arriving at the miming camps is also expected
to influence the number of cases of malaria suffered
by miners. For example, individuals with previous
experience with the discase are also more likely to
be famihar with its transmission process, and act
to avoid contracting the diseasc Field experience has
convinced me that the learning curve for malana 1s
initally quite steep, which suggests that previous
experiences with the disease should decrease the
probab:lity of subsequent malana attacks. A dummy
variable (PREMAL) was included to capture
the mmportance of previous malaria experience.
PREMAL takes on the value of one if a muner
reported contracting at least onc case of malana
before coming to the gold miming area If he had not,
PREMAL takes on the value zero

The final independent varable in this category
(RURAL) was included to refiect the predominance
of malana in rural arcas of Brozil. Persons migrating
from rural communites or farms are expected to be
better informed as to disease diagnoses and trans-
mission processes, as well as better acquainted with
a series of home remedies and modern curative drugs.
For miners whose declared occupation prior to arriv-
ing at the mining camps was agnculture, RURAL
took on the value one, and zero otherwise.

3.2.4. Origin The last group of explanatory vari-
ables was included to capture the regional nature of
the distribution of malana in Brazil. The states of
Pari. Maranhdo. and Goas all have high Annual
Parasite Indices relative to most of the other states
represented 1n the sample [1]. Varying state-spectfic
disease prevalence rates are expected to provoke
changes in behavior patterns of former residents that
might decrease the number of cases suffered.
The three states appear dichotomously in the model;
with all other states of origin ageregated to form the
omitted case.

6. EMPIRICAL RESULTS

Equation EQ! was estimated three times; once for
each measure of malaria. Because of the censored
nature of the original data, the first equation includ-
ing actual questionnaire responses was estimated
using a TOBIT—Maximum Likelihood technique [9].
The equation containing the three-group categorical
dependent variable was estimated using an Ordered
Probit—Maximum Likelihood technique. Finally,
the equation containing the dichotomous dependent
variable was estimated using a simple Probit model
[10]. Results of the estimation procedures appear in
Tables 3-5, and are discussed below.

Recall that all three versions of equation EQI
represent efferts to explore the influence of a series
of individual and environmental factors on the
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Table 3. Determinants of malaria, TOBIT-Maximum Likelihood
estimates, dependent vanable = NUMALGAR

Independent vaniables Estimated coefficient {-ratio*
RISK
EXPOSURE 0.24 5.3300
EXPOSURE2 —-J002 3970
CUCA 1.02 068
SERRINHA 048 0.31
MANELAO 084 0.55
INCOME
MONTHLY INCOME 0.0009 0.79
EXPERIENCE
AGE -1.06 1.60
PREMAL -0.56 066
RURAL -0.62 1.00
ORIGIN
PARA ~-024 0.23
MARANHAO -0.43 0.47
GOIAS -0.60 0.52
INTERCEPT.
CONSTANT -0 31 024
LOG-LIKELIHOOD -47502
N 237

*Absolute value of 1-ratios are asymptotic and *, ** and *** indicate
cocfficients are significant at the 10. 5 and 1% levels, respectively

number of cases of malaria suffered by each iespon-
dent. Onc important exclusion criterion was that the
average exposure-weighted maiaria responses could
not cxceed one casc per month for any miner,
An unfortunately high number of missing values
for some independent variables further reduced our
usable sample size to 237.

The results of three models are presented jointly
1o facilitate comparisons across models, and to
underscore the very consistent interrelationships
dentified by the different measures of malana.
The absolute values of the estimated coefficients
are, of course, different, but the signs and the levels
of significance are very similar, adding credibility .o
the use of questionnaire responses in this type of
study.

The amount of time a miner spent in a gold
mining arca (EXPOSURE) was directly related to

Table 4 Determinants of malaria, Ordered Probit~Maximum
Likelihood estimates, dependent variable = CATMAL

Independent variables Estimated coeflicient t-ratio*
RISK
EXPOSURE 008 5.80%°*
EXPOSURE2 -0.001 4.45°°°
CUCA 0.24 065
SERRINHA 005 0.12
MANELAO 0.16 044
INCOME"
MONTHLY INCOME 00001 0.51
EXPERIENCE:
AGE -0.02 170
PREMAL ~0.13 063
RURAL -0.t1 066
ORIGIN
PARA 016 0.50
MARANHAQ -0.14 0.46
GOIAS -0.02 0.07
INTERCEPT:
CONSTANT -001 0.02
CHI-SQUARE (12) 135
N 237

*Absolute value of 1-ratios are asymptotic and ®, ** and *** indicate
cocfficients are significant at the [0, 5 and 1% levels, respectively.
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Table 5 Determinants of malana, Probit—Maximum Likelihood
estimates, dependent vanable = DIMAL

Independent variables Estimuted coefficient r-ratio*
RISK
EXPOSURE 009 5.62%%*
EXPOSURL2 -0001 4,250
CUCA 013 0.32
SERRINHA ~021 0.49
MANELAO 012 029
INCOME
MONTHLY INCOME 0 0008 0.72
EXPERIENCE
AGE -0.03 245%¢
PREMAL —0 0008 000
RURAL -007 03
CQRIGIN
PARA ~026 071
MARANHAO -0 124
GOIAS -017 051
INTERCEPT
CONSTANT 016 026
CHI-SQUARE (12) 626
N 237

*Absolute value of 7-ratios are asymptotic and *, ** and *** indicate
coeflicients ar+ sigmificant at the 10, 5 ana 1% levels, respectively

the number of cases of malana he suffered This
anticipated result. in that it supports the notion that
exposure to vectors 1n a high nisk area, 1s a good
predictor of malana prevalence. The more ime @ man
spends 1n any mining communily, ceterts paribus,
the more cases of malana he 1s hkely to contract.
The square of EXPOSURE (EXPOSURE2) tests
for incrcases or decreases in the rate of nsk
of eaposure. The sigmificant negative coefficient on
EXPOSURE2 indicates that the initial months
of cxposure carry the highest marginal risks. The
combined cocfhicients on EXPOSURE and EXPO-
SURE?2 suggest that although prolenged exposure
increases the chinces of catching additional cases of
malaria over a rclevant range, the margnal risk
decreases. 1 believe these decreased relative risks
reflect a selecuvity bias inherent in the sample popu-
lation and/or the importance of acquired immunity
among miners.

Individuals whose natural immune systems have
adjusted to the constant presence of parasites in their
blood strcams and ussues are less likely to suffer
debilitating bouts of malara. These so-called asymp-
tomatic carriers almost certainly exist in the gold
mining commumtics under study, and are very
difficult for discasc control officials to locate. They
therefore pose a serious threat to attempts to inter-
rupt disease transmission since, although they do not
react to malanal infections in the normal way, they
are still capable of transmitung the disease to others
via vector contact.

None of the mining camp dummy vanables
(CUCA, SERRINHA, MANELAO) were signifi-
cantly difterent from the omitted camp (Pista do
Arraia) in any of the equations This result suggests
that, although significant intraregional ccological
differences exist, the macro-environment of the
Amazon frontier 1s generally conducive to malaria
transmission.

Income was not linked to individual malaria
prevalence rates, thereby lending no support to the
hypothesis that miners willing to switch sites n
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search of higher returns do so at the risk of an
increased number of malarial attacks. However, more
deiailed time-scrics data on miners’ earnings and
discase patterns is nceded to test the relationship
thoroughly.

An individual’s age (AGE), controlling for time
spent 1n mining camps, was ncgatively related to the
number of cases of malaria he suffered. In other
words, older gold miners, regardless of their accumu-
lated cxposure, registered significantly fewer attacks
of malaria than their younger peers. This may be due
to their greater relative nisk adversity vis-a-vis their
junior miners.

The remaining variables 1in the cxperience group
indicated consistent but statistically loose relation-
ships between the number of cases of malaria and
previous experience with the discase. Consistently
negative cocflicients across the three models suggest
that previous expericnce with malaria before coming
to the mining (PREMAL) camps did tend to reduce
the number of malaria cases suffered, though the data
did not establish a defimte link.

Finally. a miner’s onigin, cspecially in the cases of
Maranhio and Goias seemed to influence the number
of malaria cases he reported. One potential reason for
this weak result 1s that malaria in Brazil is endemic
in relatively few himited geographic areas, even within
states registering high apgregate prevalence rates.
Since we do not know the exact municipality of origin
of cach muner, the potentially important impact of
this information is lost in state-level aggregation.

7. COSTS OF MALARIA

The short-run costs to an individual gold miner of
a case of malaria will depend on the number of days
he is rendered inactive, the arrangements for distribu-
tion of proceeds within his working group, and his
out-of-pocket expenses on medicine and medical
trcatment, including travel

The most difficult aspect of mcasuring the micro-
cconomic intpact of malana 1s esumating its debihtat-
ing physical effect. Individual reactions to malaria
depend on the physical health of the newly mnfecied
man, as well as his previous discase and treatment
history. D.¥erences in physical stamina and socio-
economic status may zlso confound efforts to capture
empincally productivity losses due to malana. For
example, two men who are ‘equally il by laboratory
standards can display vastly different productive
capacities, as well as respond differently to econemic
incentives.

All of these factors help explain the very wide
distribution of reported days of mnactivity due to
malaria (Table 1E). I chose the median value of this
distribution as a representative datum for calculating
costs, thereby limiting the importance of those cases
involving long periods of inactivity—up to 45 days
in one instance—which are unhkely to reflect the
effects of a single, treated case of malaria. Reported
days of inacuivity may also be greater than days
*sick’ if miners leave the camps and do not return
until they are completely cured. The median number
of days of inactivity reportedly due to malana,
inclusive of days spent in hospitals, was 5.9. The
mean value was 9.8.
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Deriving estimates of individual income losses
caused by absences from work required insight into
current small-scale gold mining practices in rural
Brazil [S]. Contemporary gold-mining aclivitics have
switched from a generally individual manual panning
technique to one involving suction pumps, carried
out by teams of 5-6 men whose sustenance is pro-
vided by a ‘patrio’. For cach dig, lasting 7-20 days,
the output of the team depends on the efforts of cach
individual. The ‘*patrdo’ gets the hon's share of the
gold—relatively larger if he provides pumps and other
capital cquipment— and cach worker 1s guaranteed a
certain percentage of the remainder. Camaraderie
and team experience certainly enhance productivity.
When a member of the team contracts malaria, he
can guarantec receipt of his share of the proceeds of
the particular dig by providing a substitute laborer,
to whom he pays a fixed daily wage

Field data indicate that the median individual
monthly monetary income from gold mining was
approx. Cr$ 140,000, or Cr$*.667 per day,* with
» mean value of Cr$279,000 Short-term labor to
replace ill miners could be hired at the rate of
Cr$ 10,000 per day +

Finally, median total medical expenses gold miners
reported for their last malaral infecuon, including
hospital fees, ete. was Cr$70,000 Mean value of
total medical expenses was Cr$ 123,000

We are now i a position to estimate the average
total Juiy 1984 Cruseiro cost of a single case of
malaria suffered in the four gold miming communiuies
under study Since monthly production shares
are guarantecd to those who begin each dig, share
losses due to malaria are zero if a subsutute
worker 1s provided { The median number of inactive
days was 59, during which time sick workers had to
pay a subst'tute at the dwmly rate of Cr$ 10,000.
Median out-of-pochet expenses totalled Cr$ 70,000.

*Miners' incomes are subject to wide vanations dcross
indwiduals and over time, primanly due to luck 1n
strihing gold My estimates of miners' incomes are based
on their slated mmcomes for the month preceding the
interview date No systematic response bras 15 expected,
but the estimates should be interp roted wath care

ttshould come as no surprise that short-term workers carn
a higher datly wage than therr full-ime counterparts
The Cr$4.667 per day waze represents ¢ median value,
and 1s not corrected for age, expenence, or the type of
work performed In addition, the part-ime wage can
have a real value of zero duning pernods of unemploy-
ment, in which case the expecred danly wage will cestainly
be lower

11 assume that total group production will not fall when a
potentially less experienced subsutute laborer tahes the
place of a full-ume muner For the present analytcal
purposes, this 15 an innocuous assumption in that its
violation will lead 10 an understatement of the actuval
microeconomic ¢s1s of malana

§The ORTN (tnflation-free government bond) for July 1984
was Cr$ 13.254 67 These figures reflect short-term: esti-
mates of thz vut-of-pochket costs incurred by gold miners
sufiering from malaria They do not encompass any of
the potentially serious long-tertn *ndividual or joint
productivity 1osses attnibutable to the disease, nor do
they include the important non-ecconomic costs in the
form of human suffering, etc.

{lIn July 1984, | ORTN equalled approx. U.S.5 6 7725,
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Thus, the estimated tota! cost or income loss of
a single bout of malaria to an average gold miner
would be Cr$ 59,000 + Cr$ 70,000 = Cr$ 129,000, or
9.73 ORTNs (inflation-frec government bonds) per
case of malaria.§ This sum represents approx. 12% of
the median annual salary (8 working months of dry
season).

Extending this analysis, a miner at the mid-point
of our sample distribution contracts roughly one
case of malaria per year, which for the entire 338-
man sample, represents a total annual estimated cost
of 338 x 9.73 ORTNs = 3775.24 ORTN:s, or approx.
U.S.$25,379.|

Replicating the above calculations using mean,
as opposed to the median, values for all variables
raises the cost of malaria substanually. 9.8 days x
Cr$ 10,000 = Cr$ 98,000 in replacement labor. Using
average medical expenses, total cost to an indivi-
dual miner 1s now Cr$98,000 + Cr$ 123,000 =
Cr$ 221,000 or 16.67 ORTNs. Eatrapolating the
expected costs for the sample now generates a total
annual group cost of 16.67 ORTNS x 388 x 2
(attacks per year) = 12,936 ORTNSs or U.S.$ 86,962.
Though the median values were inittally used to
control for potential response exaggerations, the true
cost probably hies somewhere between the mean and
median estimates.

8, CONCLUSIONS

There has been some confusion regarding the
wisdom and feasibility of empirical studies of tropical
diseases, as well as a general tendency among physi-
cians and laboratory scientists to shun attempts at
quanuflying malaria, especially on the basis of field
data collected via questionnaires. The pros and cons
associated with available laboratory measures of
malana are discussed clsewhere [2] The goal of this
paper was threefold' (a) to add statistical credibility
to questionnaire response data; (b) to simultaneously
test a series of hypotheses regarding the determinants
of malaria prevalence rates among a group of itiner-
ant gold muners; and (c) to generate estimates of
the microcconomic costs of malana for this specific
subset of the frontier population.

From a methodolcgical point of view, the vast
majority of miners’ responses regarding malaria
prevalence could not be rejected as unreasonable, and
the statistical interrclationships presented here were
not significantly affected by the measure of malana
employed as the dependent varable. The latter
underhnes the fact that statistical ‘noise’ associated
with dependent vanables that 1s not concentrated at
cut-off points in the categorization process does not
affect parameter estimates; a reconfirmation that
will hopefully boost the reliability of questionnaire
responses in the muinds of some researchers, and
provide incentive for continued work on collecting,
refining, and analyzing such data.

Several interesiing retationships consistently hinked
the number of inalanal infections suffered while
working in the gold mimng arcas to a list of included
variibles serving as proxies for exposure to vector
contact, and the means and cxperience necessary for
individuals 10 limit malaria prevalence rates cffec-
tively. As expected, living and working in a high risk
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area was the most powerful determinant of the
likelihood of contracting the discase. Income was not
found to be associated with malaria prevalence,
indicating the absence of any mining-site mechanism
trading oft increased income for more malarial infec-
tions across the mining camps sclected for study.
Finally, thc hypothesized negative relationship
between age and reported malaria was substantiated,
providing support for the role of accumulated experi-
ence and risk aversion in malana avoidance.

Inconclusive evidence suggests that information
about, and/or experience with, malaria prior to
arrive at the runing arca was influential in reducing
the number of cases a given individual contracted.
Similarly weak, but consistently negative correlations
surfaced between malaria prevalence, and miners’
origins and previous occupations. Since all of
these vanables served as proxies for access to infor-
mation about the discase, there seems to be himited
scope for information campaigns as a policy tool
for decreasing the malana prevalence rates in the
very special case of the gold mining communities
investigated here.

Special caution should be taken in interpreting
these results and extrapolating them to other popula-
tions outside mining areas. All empirical results are
derived from a unique subset of the Brazilian frontier
population. Besides displaying atypical age and sex
distributions, the sample 1s very likely to depict a
highly skewed picture of the socioeconomic matrix of
more heterogencous frontier settlements. In addition,
as noted above, the scope for modifications of these
particular micro- or macro-environment to reduce
the indices of malaria 1s very limuted The same 1s
definitely not true in other frontier communities.

Estumates of the out-of-pocket costs of malaria
represented a substantial proportion (12%) of min-
ers’ incomes. | suspect the median value underesu-
mates the true cost of malara 1n these areas,
primarily because of the sample selectivity biases
which almost certainly onit the individuals who
had suffered. or were currently suffering, severc
bouts of malana and were therefore not present at
the camps at the time of the interviews. In addiuon,
these estmates do not include the indirect and
long-term costs associated with repeated malarial
infections.

Interestingly, the cost estimates do include some
of the soctoeconomic adjustments (for example, guar-
anteed shares and hired labor markets) made In
the gold mining communities that seem to accommo-
date malaria, and therefore limit its economic impact
on infected individuals. Fruitful research remains to
be done on the evolution of social structures and

1105

production schemes in endemic areas. This would be
especially rewarding in light of current anti-malaria
campaigns which focus on disease control, especially
at the community level, rather than wholesale disease
cradication.

Finally, while scveral authors have identified wide
interpersonal  differentials in malarial prevalence
rates, and firmiy linked these differentials to a series
of socioeconomic and environmental factors, many
of these relationships were not replicated in this study
(2, 11]. This reemphasizes the importance of a flexible
set of discase control measures that can be altered
to fit the sociocconomic and ecological realities of
spectfic endemic areas, as well as react to changes in
the discase environments and other circumstances as
frontier scttlements evolve.
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