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Leptospirosis in a Brazilian Health District
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Record linkageand captur e-r ecapturemodelswer e used to estimatethe number of casesof
human leptospirosisin thehealth district of SantaMaria, RSin souther n Brazil. Twelvemonths
of laboratory, hospital and epidemiological surveillancedatawer ematched by name, age, resdence
and themonth of diagnosis. Only labor ator y-confirmed caseswer econsidered. Therecord linkage
revealed morethan 20timesmor e casesthan theofficial estimatefor thehealth district, indicating
aleptospir osisepidemic, with an annual incidenceof morethan 3per 1,000inhabitantsand acase
fatality of 0.37% . Sever ecaseswer e predominantly found thr ough hospital recor ds, over lapping
to someextent with theepidemiological surveillancedata, wher easless sever e caseswer efound
almost exclusively through labor atory logs. Different combinationsof data sour cesinfluenced
the detection rate for low versus high severity cases. Based on log-linear capture-recapture
models, gtratified by case severity and takinginto account possible dependenciesbetween thedata
sour ces, an insignificant number of caseswer e missed by all sour ces.
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Record Linkage and Capture-Recapture Estimates for Underreporting of Human

Underreporting of infectiousdiseases, including those
that arerequired to bereported by law, isanotorious
probleminmany devel oping countries. Asaresult, the
basis for epidemiological planning and preventive
actions is often imprecise or even misleading.
Nevertheless, increasing use of electronic databases
in health administration alowsfor record linkage and
for checking for completenessand accuracy withinand
between the data sources, as well as for the use of
capture-recapture (CR) statistical methods [1-4] to
obtain estimates of the number of cases missed by
surveillance. Combined registersof chronic diseases
and health problems have been established in many
countriesand have been submittedto extensveanayss
of thistype[5-8]. However, published examples of
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thispracticearequiterarein Brazil and arerestricted
to chronic heath conditions, such as lower limb
amputation rate [9], brain tumor prevalence [10],
diabetes[11], the number of street children[12] and
the size of amosquito population [13]. Among the
infectious diseases, AIDS has received the most
attention[14].

A magjor criticism of early CR methods applied to
surveillance data was the lack of plausibility of the
assumption that the data sources are statistically
independent, based onthelegd obligationand common
practice of |aboratoriesand hospitalsto report certain
diseasesto theepidemiologica surveillanceagencies.
However, methods that allow for intrinsic data
dependency havebeen devel oped andtested in practice
for avariety of hedlth conditionsduring thelast decade
[6-8].

We used record linkage and modern capture-
recapture methods to estimate the completeness of
surveillance dataon human leptospirosisinthe health
district of SantaMariain Brazil. Theseestimateswere
used to correct important epidemiological statistics,
including diseaseincidence, casefataity and mortality.
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Material and M ethods

The data collection was restricted to a one-year
period, from May 1, 2001 to April 30, 2002, in the
SantaMariahealth district, Rio Grande de Sul state,
Brazil, with apopulation of approximately 526,000
inhabitantslivingin30municipdities Duringthisperiod,
both macroscopic and microscopic aggl utination tests
for leptospirosis were routinely performed, thus
permitting areliablediagnosis.

Hedthdigrict surveillancedata, regiona (LACEN)
and university (USFM) laboratoriesand hospitalsin
the region were the sourcesfor the epidemiol ogical
data. It was believed that residentswho wereill with
leptospirosiswere unlikely to seek medical assistance
outside the health district, although no verification
procedurewas possiblewith thisdata.

The case definition followed that of the Brazilian
Ministry of Hedlth for thelaboratory confirmed cases,
I.e. a poditive test result for either microscopic or
macrascopic aggl utination testsinindividua spresenting
symptoms compatible with leptospirosis [15]. The
laboratory used “Simples Teste - Leptospirose”,
produced by Fundagdo Oswaldo Cruz, Bio-
Manguinhos, Rio de Janeiro, for macroscopic
agglutination. The UFSM |aboratory cultivated 12
different sorovarsfor themicroscopic agglutination test:
Leptospira australis, L. andamana, L. bratislava,
L. butembo, L. canicola, L. castellonis, L.
copenhageni, L. icterohemorrhagiae, L. patoc, L.
pyrogenes, L. Pomona and L. sentot.

We had two main objectives. a) to evaluate the
completenessof important epidemiologica dataoncase
severity, municipality of residence, age, sex, month of
diagnosis (seasonality) and serovar type, and b) to
estimatethe number of casesof human leptospirosisin
theregion based on record linkage and CR modeling.
Case severity wasconsidered highif the patient died
or was hospitalized because of |eptospirosisand low
otherwise.

Individual records were matched by name, age,
residence and the month of the year the diagnosis of
leptospirosis was made. CR estimates of the total
number of caseswereobtained usinglog-linear models,

which alows testing dependencies between data
sourcesasinteraction terms|[3]. A variety of models
with different breakdownsof casesby disease severity,
seasond influencesand sex weretested and compared
in terms of deviance (twice the log-likelihood) and
corresponding degreesof freedom, aswell asinterms
of resduals. After thispreliminary andysis, adratified
CR analysis was performed for the factors whose
influence wasfound statistically significant. The F-
distribution wasused to test statistical significancefor
sequential sum of squaresasinanandysisof variance.
The number of casesmissed by all three datasources
was calculated by exponentiating the intercept
parameter of thelog-linear models. Statasoftware[16]
wasused.

Results

Matching the data resulted in 1,611 individual
records. Theprincipa difficultiesinthisprocesswere
spelling errors and the abbreviation of names.
Completenessof patient informetion after record linkege
showed largegapsfor professiona exposure, serovars,
age and residence (Table 1). Among thosewhose age
wasreported, onequarter werelessthan 12 yearsold,
another quarter was older than 40 years, and the
remaining half werein between. Sightly morethan half
(53%) were men. Over 90% of the cases whose
residence was reported were from the Santa Maria
region. Themonthsof August, September and October,
during which there is seasonally-elevated rainfal,
concentrated more than 60% of al cases.

Among the 608 patientswith aknown serovar, 20%
had more than one serovar isolated. Leptospira patoc
wasthe predominant serovar, foundin 63% of patients
with only oneserovar andin half of all patients. Other
frequent serovars were L. sentot, L. bratislava, L.
butembo and L. castellonis, representing 14%, 9%,
7% and 6% of all isolated serovars, inthe sameorder.
Leptospiraicterohemorrhagiaewasfoundinonly 1%
of the patients.

The number of laboratory-confirmed cases
increased from 75, inthe hedth digtrict epidemiologica
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Table 1. Percentage of important epidemiological information on leptospirosisunavailableafter record linkage
(N=1,611)

I nformation unavailable N %
Professiond risk 1,571 95.33
Serovar 1,040 63.11
Age 783 47.51
Residence(municipdity) 721 43.75
Sex 58 3.52
Hospital stay 56 3.40
Diseaseoutcome 17 1.03
Hospitdization 1 0.06

Table 2. Casesof human leptospirosisfor all combinations of datasourcesby case severity inthe SantaMaria,
Rio Grandedo Sul hedlthdigtrict

Data sources L ow case High case All cases
severity (n=1,510) severity (n=101) (n=1,611)
Laboratory Hospital Surveillance N % N % N %
No No Yes 58 3.84 0 0.00 58 3.60
No Yes No 0 0.00 17 16.83 17 1.05
No Yes Yes 0 0.00 8 7.92 8 0.48
Yes No No 1,418 9391 0 0.00 1,418 88.02
Yes No Yes 32 212 0 0.00 32 1.99
Yes Yes No 2 0.13 50 49.50 52 3.23
Yes Yes Yes 0 0.00 26 25.74 26 1.61

Table3. Fina capture-recapture model parametersby case severity (stratified analysis)

Parameter L ow case severity High case severity
Estimate F* P>F** Estimate F* P>F**
(std.error) (std.error)

I ntercept -12.090 _ _ -23.119 _ _
(0.078) (0.025)

Laboratory 19.334 1341 0.0003 1.112 1954.94  0.0001
(0.077) (0.027)

Hospital -6.662 16772.15 0.0001 26.000 8631.14 0.0001
(0.248) (0.002)

Survellance 16.146 0.03 0.8668 -0.678 795.89 0.0001
(0.063) (0.025)

Laboratory & Surveillance -19.939 31.74 0.0001 >k *xk *xk
(0.002)

* F-distribution valuefor sequential sum of squares. ** Prabability of obtaining alarger F-value. *** Not significant for thismodel.
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surveillance register, to 1,611 after record linkage.
Therefore the incidence of leptospirosis should be
corrected accordingly, from 14 (official estimate) to
306 per 100,000 inhabitants. Although no deaths
caused by leptospirosis were registered in the vita
statisticsmortality register for thisperiod, six deaths
from hospita recordsindicated acasefatdity of 0.37%
and amortality of 1.14 per 100,000 inhabitants.
Therewasadtriking differencein thedistribution of
cases according to the data sources for low versus
high case severity (Table 2). While the former are
overwhelmingly concentratedinlaboratory detawithout
overlapping with other sources, thelatter had hospital
patient records asthe main datasource, with amost
half of them overlapping with |aboratory dataand a
quarter of them captured by all three sources. This
justifiesaCR analysisstratified by case severity.
Log-linear CR modelstested theinfluence of case
severity, seasond influencesand sex ontheleptospiross
case counts. Only case severity was statistically
significant (datanot shown). A stratified CR analysis
for low and high case severity confirmed the
predominant importance of |aboratory datafor less
severe cases as compared to the hospital data for
severe cases (Table 3). Surveillance data are an
individualy sgnificant sourcefor thelow severity cases,
asdividing the estimate by itsstandard error givesa
larget-value, dthoughit addslittleto theinformation
aready obtained from thelaboratory and hospital data,
as indicated by the insignificant F-statistic for the
seguentid sumof squares. A Sgnificant negativeesimate
for theinteraction of |aboratory and surveillance sources
means that being captured by one of them makesit
very unlikely to be captured by the other. Onthe other
hand, no significant interaction of data sourceswas
foundfor severecases. Different fromthelow severity
group, being detected by epidemiol ogica survelllance
meansbeing lesslikely to appear among severecases,
because exponentiating the estimate givesan oddsretio
of 0.51 (95% confidenceinterval from 0.48t0 0.53).
Each of the stratified modelsin Table 3 explained more
than 90% of the variation in case counts (pseudo-R?).
Theresidualswerevery small in magnitude, with the
largest difference between observed and predicted

being below 0.83, thussuggesting avery goodfit. The
main conclusionsfrom the stratified analysisisthat
different combinations of data sourcesinfluencethe
detection ratesfor low versushigh severity casesand
themodd saccounting for thisfound that aninggnificant
number of the cases were missed by all three data
sourcesafter record linkage.

Discussion

Evaluation of completeness of reporting indicated
seriousgapsinthegathering of relevant epidemiol ogica
information (Table 1). Even basicinformation on age
and residence, as well as more specific data on
professional exposure and serovars, were often
unavailable, making it difficult to develop timely
preventiveactions.

Therewasadtriking lack of communication between
the hedlth digtrict epidemiologica surveillanceandthe
laboratory and hospital administration, resulting in
substantia underreporting of humean leptospiross(Table
2). Record linkagefound 21 times more casesthan the
number registered by thehealth district. Theincidence
thus exceeds 3 new cases per 1,000 inhabitants, per
year, reaching epidemic proportions. Thestuationwas
particularly aggravated in the period from August to
October, when more the 60% of all cases were
registered. The case fatality rate of 0.37% was
considerably lower, and the incidence of 306 per
100,000 considerably higher than the national average
of 2.45% and 2.43 per 100,000, respectively, reported
for theyear 2000 [15]. However, thelatter islikely to
be agross underestimation of thereal number of cases
in the country and biased towards severe cases for
which hospitalization increases the likelihood of
notification. For thisreason, the national casefatality
averageislikely to be biased upward.

Several limitations should be kept in mind when
interpreting these findings. First, a case severity
definition based only on hospitdization and casefatdity
may not bevery precise, giventheunknown variability
of thehospitalization criteriabetween hospitals. More
precise information on disease complications (e.g.
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hemorrhageand rend failure) and treetmentsindicating
such scenarios (e.g. intensive care) were generally
missing from the patient records. However, the
percentage of patientswith severe disease estimated
for thelinked data (6.3%) iswithin the 5-10% range
reported in the literature [15,17]. Second, we could
not quantify the probability of laboratory results
indicating aninfection from previousyears asopposed
toarecent infection. Inendemic areassuch asthis, the
antibodiesagainst Leptospira can persist inthe human
body for long periodsof time[17]. Onthe other hand,
the presence of disease symptoms that motivated
|aboratory investigation madethisscenario congderably
lesslikdly. Theuseof anenzyme-linked immunaosorbent
assay forimmunoglobulintypesM, G and A, which
can distingui sh between old and recent infection, has
already been recommended by the health authorities
[15], but itsuseisstill very restricted. In addition, net
biasduetofalsepositiveand false negativediagnosis
may be less severe for CR methods than with
traditiona counting methods[5]. Third, no adjustment
could bemadefor the probability that themildest cases
with unspecific flu-like symptomswerenot diagnosed
at al asthey did not seek medica assstance. Although
they may have little clinical relevance, their
epidemiological importanceisobviousasthey arethe
carriers of infectious Leptospira. Fourth, the CR
methodissenstiveto asmall overlap between sources
andthe so-called * variable catchability’ [3], whichin
this context may reflect unknown differencesinthe
accessibility of medical servicesand in assistance-
seeking behavior. Thelatter depends on knowledge
and beliefs about the disease, but it remains
unaccounted for in the model. M ore sophisticated
model s capable of modeling these effects have been
developed recently [18].

Despitethe above limitations, the estimateswere
based on laboratory test resultsand can beinterpreted
asbest ‘informed guesses’ in the case of the data at
hand. Although the case definition based on apositive
result of either of thetwo laboratory testsroutinely used
to diagnoseleptospiros smay overestimatethe number
of recent infectionsinascreening, thisisnot likely given
the di sease symptomswhich motivated the laboratory

testsinthefirst place. Neverthel ess, dueto the current
limitations of epidemiological surveillancein Brazil,
estimates based on laboratory confirmed cases of
leptospirosisare more precisethan broader definitions
based solely on clinical symptoms and possible
epidemiological linkswith other cases[15].

A relationship between flushfloodsand theincidence
of leptospirosisin southern Brazil hasbeen described
recently [19]. Apart from better drainage, which
requiressubgtantial investments, other modifiablerisks
include better dissemination of knowledge on disease
prevention, diagnosisand treatment. A smplelinkage
of existing datasourcescan greatly enhanceimportant
epidemiological information to combat leptospiros's,
with virtually no additional economic resources, and
thislinkage can provideamorerealistic picture of the
disease burden.
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