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Abstract

Domestic rats are the principal reservoir for urban leptospirosis. However, few studies have
identified infestation markers in slums and evaluated their predictivity for leptospirosis risk.
We compared households with leptospirosis cases in Salvador, Brazil between 2007 and
2009 and their neighbors using a case control design, surveying for rodent infestation signs
and environmental characteristics. With the 2007—2008 data, a conditional logistic regres-
sion modeling identified the peridomiciliar presence of rodent burrows (OR, 3.30; 95% Cl,
1.50-7.26), rat feces (2.86; 1.24-6.59), runs (2.57; 1.06—6.22), households bordering aban-
doned houses (2.48; 1.04—6.02), and unplastered walls (2.22; 1.02—6.02) as risk factors and
developed a predictive score for leptospirosis. With an independent data set from 2009, a
receiver operating characteristic (ROC) curve analysis evaluated the prediction score per-
formance, with the area under the curve being 0.70 (95% CI, 0.64—0.76) for score develop-
ment and 0.71 (0.65-0.79) for validation. Results indicate that high proportions of urban
slum households are infested with R. norvegicus. The score performed well when identifying
high-risk households within slums. These findings need confirmation in other urban centers,
but suggest that community-based screening for rodent infestation can allow to target rodent
and environmental control measures in populations at highest risk for leptospirosis.

Author summary

Leptospirosis is a rodent-borne zoonosis associated to impoverished areas, where inade-
quate infrastructure and urban services expose the population to infection through con-
taminated water and soil. Given the difficulty of early diagnosis and of implementation of
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large-scale sanitary and rodent control interventions, predictive score that can assess the
risk of infection could be useful to define priority areas for local interventions that miti-
gate the risks. The authors combined data from hospital surveillance for severe leptospiro-
sis cases, domiciliary follow-up visits and environmental surveys to identify
environmental and structural characteristics associated to severe leptospirosis incidence
(using nearby households without severe cases as matched controls). Signs of rodent infes-
tation in the peridomicile (burrows, fecal pellets, rodent run marks), bordering aban-
doned houses and non-plastered walls were associated to severe leptospirosis cases and
were used to develop the predictive score. The score was able to identify the households
with severe leptospirosis cases, and could be applied to define targeted control measures
to reduce risk of infection.

Introduction

Pathogenic Leptospira infection produces a broad spectrum of manifestations ranging from
mild and self-limited illness to life-threatening diseases-Weil’s disease and severe pulmonary
hemorrhage syndrome-with fatality rates greater than 10% and 50% respectively [1]. Every
year, over one million cases of leptospirosis, and 58000 deaths are reported worldwide [2,3]. In
developing countries, leptospirosis is an emerging health problem in urban slums [4], with epi-
demics during the rainy season, especially in flooding lands [5]. In poor communities, lepto-
spirosis has been associated with increased flood risk, inadequate sewage systems and poor
refuse collection services [6].

Urban transmission occurs with rats shedding leptospires in water and soil [7]. In Brazil,
Rattus norvegicus is considered the principal reservoir of leptospirosis, as specimens are found
carrying L. interrogans serovar Copenhageni (the serovar responsible for most of human infec-
tion) in areas of occurrence of incident cases [8]. In addition, subjective rat infestation mark-
ers, such as peridomiciliary sighting of rats by residents and residence in proximity of a rat
preferential environment like open sewers, were independent risk factors for both severe lepto-
spirosis [9] and subclinical Leptospira infection, determined by the presence of agglutinating
antibodies [4]. Objective signs of rodent infestation (i.e. feces of R. norvegicus and rat burrows)
were also identified as a risk factors for subclinical/asymptomatic Leptospira infection [10].
Based on those risk factors, the authors proposed an environmental score to identify house-
holds at high risk of Leptospira transmission and potentially focus rodent control interventions
[7,10]. However, no studies have shown that objective signs of rodent infestation can predict
environmental risk for severe leptospirosis, which is the ultimate target of rodent control
strategies.

Effective control of urban leptospirosis is hampered by the challenges of introducing large-
scale sanitation programs in slums, the difficulty of early diagnosis in the absence of a point-
of-care diagnostic test [11], and the nonexistence of an effective human vaccine [1]. Use of
boots or protective clothing [12] and antibiotic prophylaxis [13,14] are difficult interventions
to implement in large, chronically at-risk populations. Currently, the principal strategy to pre-
vent urban leptospirosis is rodent management via chemical rodenticides and environmental
approaches to reduce rodent food, water and harborage [15]. Urban rodent management is
based on surveys of households’ exterior areas to obtain information on rodent infestations
and infrastructural deficiencies that support rodent populations [16]. However, these strategies
are costly and have not been standardized for use in slum areas of developing countries. Addi-
tionally, no studies have systematically examined whether variables assessed during rodent
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surveillance can be used as predictive markers for risk of developing severe leptospirosis. Tar-
geted and cost-effective interventions specific to households with high risk for leptospirosis
occurrence could improve both leptospirosis prevention and rodent management. Therefore,
we examined household environments to determine if signs of rodent infestation are associ-
ated with the occurrence of severe leptospirosis in household subjects.

Methods
Ethics statement

Ethical clearance for this study was granted by the Ethical Committee in Research of the
Oswaldo Cruz Foundation (approval number 535/2003), and the National Committee of Eth-
ics in Research (CONEP, approval number 7528). Consent for participation was declared by
signing an Informed Consent Agreement Form for legal adults, and an Informed Agreement
to Consent Form signed by a parent or legal guardian for participants under 18 years of age,
and was obtained during the hospital surveillance activity.

Surveillance site

Salvador, capital of the state of Bahia, has more than 2.9 million inhabitants and is the fourth
most populous Brazilian city [17]. Couto Maia Hospital is the reference center for infectious
disease in the state, providing medical assistance for 98% of the leptospirosis cases from Salva-
dor metropolitan region [9]. Beginning in January 2007, trained personnel conducted active
surveillance for 36 months (until December 2009) in this hospital, to consecutively identify
patients from Salvador that fulfilled a clinical case definition for severe leptospirosis defined as
a hospitalized patient with acute undifferentiated fever associated with either bleeding, acute
renal failure, jaundice, or acute liver injury with transaminases <1,000 U/L [5]. Additionally,
acute and convalescent-phase serum samples were collected and evaluated by microscopic
agglutination test (MAT) for laboratorial confirmation [5]. Using panels including the most
common Leptospira species in Salvador [8], L. interrogans serogroup Icterohaemorrhagiae ser-
ovar Copenhageni (strain Fiocruz L130), a laboratory-confirmed case of leptospirosis was
defined as the presence of a four-fold rise in the MAT titer between paired acute and conva-
lescent-phase serum samples or a titer of 1:800 in a single sample [8].

Study design

Based on the laboratory-confirmed leptospirosis cases detected by the active surveillance, a
matched case-control study was conducted in Salvador. A household was regarded as a case
household if there was at least one severe leptospirosis patient among permanent household
members (i.e., people who spent three or more nights in the household). For each case house-
hold, two neighborhood-matched control households were selected from the same slum com-
munities, according to the sampling scheme used in two previous investigations [9,18]. Briefly,
controls were sampled from households according to distance of 50m (approximately five
households away from the original case households), lack of household members with clini-
cally diagnosed leptospirosis any time in the past, and consent (declared by signing an
Informed Consent Agreement Form for legal adults, and an Informed Agreement to Consent
Form signed by a parent or legal guardian for participants under 18 years of age) to participate
in the study [18]. This strategy was selected in order to avoid overmatching for rodent infesta-
tion characteristics between case and control households. The 50m distance between cases and
controls was chosen to minimize rat infestations overlapping as the home range of R. norvegi-
cus varies between 30-50 m in urban areas [19]. Two control households were selected for
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each of the case households by sampling domiciles in opposite directions. The study team
identified, recruited, and surveyed the case and their matched control households during the
same community site visit.

The case control study design was used as the basis for developing and validating an envi-
ronmental score for detection of households at risk for clinical leptospirosis. Case and control
households from the years 2007 and 2008 were included in the score development group,
while households from 2009 were used as the score validation group.

Data collection and definitions

Domiciliary visits for case and control households from patients identified through 2007 were
performed retrospectively during December 2007 and January 2008. For patients identified in
2008 and 2009, case and control household visits were performed prospectively within three
weeks of clinical leptospirosis confirmation. During the visits, the research team, which
included experienced rodent control specialists from the Zoonosis Control Center of Salvador,
conducted environmental surveys of case and control households. The survey team was guided
by an outdoor inspection form, adapted from the CDC manual [10,20]. We define rodent
marks as black grease marks with a soft appearance, rodent runs were well-cleared paths fol-
lowing walls, possibly associated to rodent marks, fecal droppings were recognized as small
dark pellets, with Norway rat ones recognized by being larger in size (about 19mm) and with
blunt ends, black rats had medium-sized feces (about 12mm) with fusiform pellets, and house
mice feces were smaller (6mm) and fusiform. Because of the environmental and socioeco-
nomic differences found in Salvador, some variables from the CDC manual needed to be
excluded or modified and additional variables were incorporated [10]. Abandoned vehicle was
one of the variables maintained from the CDC form. To measure possible environmental vari-
ations between the date of hospitalization and the environmental survey, we asked the head-
of-household (cases and controls) if domicile structure, peridomestic area, drainage systems,
or accumulated refuse had changed from the date of hospitalization.

Statistical analysis

Epidemiological and laboratory data were double-entered and validated using the Epi-Info for
Windows software (Centers for Disease Control and Prevention, Atlanta, GA) database. A chi-
square for matched data (McNemar’s chi-square) and conditional regression logistic were
used to compare categorical and continuous data, respectively, in bivariable analysis to investi-
gate: a) differences in domicile structure between case households and control groups and b)
the association of case and control status with exposure to different environmental household
characteristics (listed in Table 1) in the development group, with o = 0.010. In the develop-
ment group, variables that attained a p-value<0.1 in the bivariate analysis were retained for
multivariable analysis using conditional logistic regression. A backward elimination strategy
was performed to obtain the final model (p-value<0.05).

To develop a practical prognostic score, we assigned weights (proportional to the 3 regres-
sion coefficient values, rounded to the nearest integer) to the independent risk factors identi-
fied by the multivariable analysis performed in the development group [21]. A risk score was
then calculated for each household, and the population was divided into three categories by
comparing differences in sensitivity-specificity: households at low risk, households at interme-
diate risk, and households at high risk for leptospirosis. For both the development and the vali-
dation groups we assessed the discriminative power of the score by using c-statistics generated
by the receiver operating characteristic (ROC) curve, sensitivity and false positivity rates. C-
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Table 1. Rodent-related and environmental risk factors for severe leptospirosis among 95 case and 184 control households in Salvador, Brazil.

Household characteristics Case* (n=95) ‘ Control* (n=184)
No. (%) or median (IQR)¥ Pi
Demographics
No. of inhabitants 4 (3-5) 4 (2-5) -
Male sex 33 (33-50) 36 (25-50) -
Per capita income, US$/d 2.6(1.3-4.1) 2.8 (1.6-4.6) -
Premise type and details$
Residential use only$ 92 (97) 176 (96) -
Borders on a vacant lot 18 (19) 37 (20) -
Open sewer <10m distance 30 (32) 31(17) <0.05
Borders on an abandoned house 22 (23) 24 (13) <0.05
Access to food sources$
Exposed garbage$ 78 (82) 174 (73) <0.05
Animal food$ 45 (47) 66 (36) <0.05
Other food & plants$ 64 (67) 101 (55) <0.05
Open stores of human food 52 (55) 74 (40) <0.01
Access to water$
Standing water$ 24 (25) 45 (24) -
Leaks$ 34 (36) 41 (22) <0.01
Harborage for rodents$
Abandoned vehicles$ 1(0) 0(0) -
Abandoned appliances$ 94 (99) 183 (99) -
Lumber/clutter on ground$ 67 (70) 112 (61) -
Other large rubbish$ 44 (46) 94 (51) -
Outbuildings/Privies$§ 19 (20) 31 (17) -
Dilapidated fences & walls$ 19 (20) 32(17) -
Plant-related$ 75 (79) 147 (80) -
Bushes or shrubbery 42 (44) 61 (33) <0.05
Ornamental plants 65 (68) 168 (70) -
Presence of exposed earth 61 (64) 102 (55) -
Built on earthen slope 50 (53) 88 (48) -
Entry/Access$
Structural deficiencies$ 64 (67) 96 (52) <0.05
Hole(s) in roof 50 (52) 75 (41) -
Hole(s) in wall 29 (30) 38 (21) -
Hole(s) in floor 19 (20) 18 (10) <0.05
Un-plastered walls# 64 (67) 99 (53) <0.05
Rodent active signs$
Active signs$§ 60 (63) 64 (35) <0.001
Rodent burrows 53 (56) 51(27) <0.001
Rodent runs 33 (35) 22 (12) <0.001
R. norvegicus feces 28 (29) 20 (11) <0.001
R. rattus feces 0(0) 0(0) -
M. musculus feces 1(1) 3(2) -
Domestic animals
Dogs 39 (45) 62 (33) -
Cats 13 (13) 18 (10) -

(Continued)
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Table 1. (Continued)

Household characteristics Case* (n=95) Control* (n =184)
No. (%) or median (IQR)¥ Pi
Chickens 13 (13) 12 (6) <0.05

* Case and control households comprised of respectively, households in which laboratory-confirmed cases of leptospirosis resided and neighborhood households which
were located within 35 to 50m of case households and did not have a member who developed leptospirosis during the study period.

+ Median and inter-quartile range (IQR) values are shown for continuous variables.

i Values are not shown for non-significant associations in matched analyses.

§ Categories and variable defined in the CDC form (20).

¢ Presence of exposed earth slope (>45°) within 10m of the household.

# Walls composed of exposed bricks without external application of stucco or plastering.

https://doi.org/10.1371/journal.pntd.0009154.t001

statistics greater than 0.80, 0.70 to 0.79, 0.60 to 0.69, and 0.50 to 0.59 indicate excellent, good,
fair, and poor predictive ability, respectively.

Results

Household characteristics

From 2007 to 2009, our surveillance identified 179 patients who met the clinical and laborator-
ial definition for leptospirosis. During the study period, in all laboratory-confirmed cases the
highest agglutination titers were directed against L. interrogans serogroup Icterohaemorrha-
giae serovar Copenhageni (strain Fiocruz L130). During the domiciliary visits, we were not
able to survey 15 case households because they could not be located (13) or could not be appro-
priately surveyed due to potential violence and unsafety in the neighborhood (2). We also
excluded two case households for whom we could not find matched control households satis-
fying the selection criteria. Thus, the final number of case and control households were 162
and 315 respectively. Most case households (153) had two matched control households and 9
cases households had only one matched control that fulfilled the selection criteria.

From the total number of case and control households, 95 case and 184 control households
were identified in 2007/08 and were assigned in the development group. Case and control
households identified in 2009, 67 and 131 respectively, were used for the validation group.
Case household characteristics of the development and validation groups are shown in S1
Table. Both case groups (development and validation) presented similar characteristics; only 3
of the 38 variables presented statistically significant inter-group differences, and case house-
holds in the validation group presented proportionately fewer abandoned appliances but had
more holes in the floor and rodent burrows than case households in the development group
(S1 Table).

Bivariate results

Within the development group, several characteristics were statistically associated with severe
leptospirosis in a household (Table 1). Premise characteristics, such as the presence of an open
sewer <10m and household border on an abandoned house were found to be associated with
case households (P<0.05 for both). Food and water sources for rodent (exposed garbage, ani-
mal food, other food and plants, open stores of human food, and water leaks) were also associ-
ated with case households (P<0.05 for all). Bushes or shrubbery were sources of harborage for
rodents more often observed in case households (P<0.05). In addition, case households more
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frequently had with structural deficiencies, such as holes in the floor and un-plastered walls,
which may facilitate rodents’ ability to enter the building (P<0.05 for both).

A larger percentage of case households (63% of cases and 35% of control households) had
at least one rodent sign and were considered infested (P<0.001) (Table 1). Major active rodent
signs were rodent burrows, runs, and R. norvegicus fecal droppings, and all rodent signs
together were more often found in case household compared to control households (P<0.001
for the three) (Table 1). Nevertheless, R. norvegicus fecal droppings had a poor concordance
with rodent burrows (kappa = 0.31; CI = 0.22-0.40) and a marginally good concordance with
rodent runs (kappa = 0.41; CI = 0.29-0.53). Of note, of the 29 case households with fecal drop-
pings, 28 (96.6%) and 1 (3.4%) had the droppings classified as R. norvegicus and as M. muscu-
lus feces, respectively. Similarly, of the 23 control households with fecal droppings, 20 (87.0%)
and 3 (13.0%) had them classified as R. norvegicus and as M. musculus feces, respectively. No
R. rattus feces were detected.

Statistically significant associations were not found for indicators of low socioeconomic sta-
tus, such as per capita income, number of inhabitants in the house and proportion of males.
Additionally, the risk of acquiring leptospirosis in a household was positively associated with
domestic animals, specifically the presence of chickens.

Multivariable results and development of prediction models

We performed multivariable analysis to identify independent predictors of a case household
within the development group (Table 2). The final model retained five variables: three variables
from the group of rodent infestation factors, one from the group of premise characteristics, and
one other from the rodent access group. Rodent burrows had the strongest association with case
households in the model (OR = 3.30, 95% CI = 1.50-7.26). R. norvegicus fecal droppings
(OR = 2.86,95% CI = 1.24-7.26) and rodent runs (OR = 2.57, 95% CI = 1.06-6.22) were addi-
tional independent risk factors related to rodent infestation. Households bordering on an aban-
doned house or un-plastered exterior wall surface were the premise characteristics associated
with case household (OR = 2.48 (95% CI = 1.02-6.02) and OR = 2.22 (95% CI = 1.02-6.02),
respectively). An additional model was created replacing the variables fecal droppings, rodent
burrows, and runs with the combined variable of any sign of rat infestation. This model retained
only the variable of any sign of rat infestation (OR = 4.91, 95% CI = 2.69-9.75).

To calculate a risk score based on the development group, we assigned each of the five prog-
nostic variables weights that were proportional to its regression coefficient (Table 2). A score
was calculated for each household by adding together the points corresponding to its risk

Table 2. Logistic regression analysis of rodent-related and environmental risk factors for severe leptospirosis and scoring system.

Variables Matched OR (95% CI)* P regression coefficient Pointst
Unadjusted Adjusted

Rodent burrows 5.81 (2.79-12.11) 3.30 (1.50-7.26) 1.19 3

Rodent runs 5.83 (2.61-13.00) 2.57 (1.06-6.22) 0.94 2

R. norvegicus feces 3.76 (1.84-7.64) 2.86 (1.24-6.59) 1.05 3

Borders abandoned house 2.50 (1.16-5.36) 2.48 (1.02-6.02) 0.90 2

Unplastered walls¥ 2.11(1.12-3.98) 2.22 (1.02-6.02) 0.79 2

* Mantel-Haentzel odds ratios (OR) and 95% confidence intervals (CI) are shown for matched analyses. Conditional logistic regression was performed to obtain
estimates for odds ratios which were adjusted for covariates in the final model.

+ Assignment of points to risk factors was based on a linear transformation of the corresponding f regression coefficient. The coefficient of each variable was divided by
0.79 (the lowest S value, corresponding to un-plastered walls), multiplied by two, and rounded to the nearest integer.

+ Walls composed of exposed bricks without external application of stucco or plastering.

https://doi.org/10.1371/journal.pntd.0009154.t1002
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Table 3. Score system sensitivity and false positivity rate in the development cohort.

Risk categories | Development Group
(Score points)

Case Control
household (% |household (%
total) total)
Low (0-2 points) | 30 (32) 116 (63)
Intermediate (3- | 24 (24) 43 (24)
5 points)
High (6-12 42 (44) 24 (13)
points)

https://doi.org/10.1371/journal.pntd.0009154.t003

Validation Group
Cumulative Cumulative false | Case Control Cumulative Cumulative false
sensitivity (95% | positive rate (95% |household (% | household (% |sensitivity (95% | positive rate (95%
CI) CI) total) total) CI) CI)
100 100 28 (42) 88 (78) 100 100
68 (58-77) 37 (30-45) 22 (33) 20 (18) 58 (45-70) 22 (15-31)
44 (34-54) 14 (9-19) 17 (25) 5(4) 25 (15-37) 4(2-10)

factors (minimal score: 0; maximum score: 12). The households were then divided into 11 sub-
groups based on the scores. There were no households in the point subgroups 1 and 11, and.
32% of the case households and 63% of the control households had a score of 0.

Because score values were not normally distributed within case and control households, we
used Wilcoxon ran-sun test to compare the scores by case status. The median risk score for
case households was statistically different from that of control households (5 and 2, respec-
tively; P<0.001). Score cumulative sensitivity and false positivity rate for the 11 subgroups
were used to define 3 groups with significantly different risks: a low-risk group (0 to 2 points),
an intermediate-risk group (3 to 5 points), and a high-risk group (6 to 12 points) (Table 3).
The development group yielded a c statistic of 0.70 (95% CI: 0.63-0.76).

Model validation

The score was calculated for the validation group, for whom 12% of the case households and
40% of the control households had a point value of 0. As the validation group, the median risk
score for case households was also statistically different from that for control households (3
and 0, respectively; P<0.001). The validation group yielded a ¢ statistic of 0.71 (95% CI: 0.65—
0.79). There were no differences in the two scores’ ability to discriminate between case and
control households (p = 0.38). ROC curves were plotted in the Fig 1.

Discussion

Efforts to implement and improve rodent management interventions for urban leptospirosis
have been hampered by the lack of readily available epidemiologically-based markers that
allow identification and monitoring of households at increased risk for leptospirosis. Our
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Fig 1. Receiver operating characteristic curve for based logistic regression model score system. Area under the
curves for the developing cohort 0.70 (95% CI 0.63-0.76) and for the validation cohort 0.71 (95% CI 0.65-0.79).

https://doi.org/10.1371/journal.pntd.0009154.9g001
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study demonstrates that the presence of five variables related to objective signs of rodent infes-
tation and environmental features can be used to predict households located in urban slums
with increased risk for occurrence of severe leptospirosis case. These variables were rodent
burrows, R. norvegicus fecal droppings, rodent runs, borders on an abandoned house and un-
plastered walls. A risk score derived by combining points for each of these features classified
households into subgroups at low, medium, and high risk for occurrence of leptospirosis.
Households in the medium or high-risk groups could potentially benefit from the most intense
chemical rodent control, environmental interventions, and educational measures.

In the process to develop the risk score, we found specific markers of rodent infestation that
were strongly associated with the occurrence of severe leptospirosis in a household. While 63%
of the case households had signs of rodents, only 35% of control households had these signs.
Those results support previous findings from our group [10], showing that the same rodent
infestation markers are also associated with Leptospira infection. Although none of these stud-
ies had been specifically designed to evaluate rodent infestation level, our findings suggest sig-
nificant infestation in the sampled neighborhoods.

Based on the fecal dropping characteristics, R. norvegicus was found to be the predominant
rodent species in the study households’ peridomicile, mirroring previous work [10,22-29]. R.
norvegicus fecal droppings and rat burrows had been previously identified as independent risk
factors for Leptospira transmission in a household [10] and now were also associated with
severe disease. The high R. norvegicus infestation in association with Leptospira infection and
disease in Salvador, together with the corresponding high levels of Leptospira serovar Copen-
hagen carriage within R. norvegicus specimens captured throughout the city [30] provide addi-
tional evidence linking R. norvegicus and leptospirosis. Findings of a unique predominant
rodent reservoir for leptospirosis transmission in urban areas highlight the importance of
implementing targeted management interventions based on R. norvegicus ecology.

Bordering an abandoned house was an independent risk factor for leptospirosis infection,
as these locales provide harborage for rodents [31]. Furthermore, abandoned houses indicate
environmental deterioration because, due to rapid population growth in the study area, only
structures that are almost destroyed would be abandoned. Open sewer proximity, which was
not retained in the model, could be the rodents’ source of water in an infestation and thus a
risk factor for Leptospira infection. It has been shown that R. norvegicus prefers environments
with open water and has been associated to sewers [32-34]. Although the proximity to an
open sewer was a risk factor for severe leptospirosis household status, it did not remain in the
final model that was used to build the predictive score, likely because of the strong linkage
between R. norvegicus and sewers and the potential correlation between them.

We observed a large availability of concomitant food, harborage, and access sources for
rodents in the neighborhoods studied. These variables that favor household rodent infestation
were not appropriate to predict leptospirosis high-risk households given their non-specific abun-
dance throughout the urban slum. The only independent risk factor belonging to these groups
was the presence of an un-plastered wall, a variable initially proposed for rodent access. This var-
iable was also associated with Leptospira infection in a previous study [7] and we believe un-plas-
tered walls may be a proxy for socioeconomic status not captured by the income variable.

This study proposes an environmental score based on five independent risk factors to strat-
ify urban households into distinct risk groups for leptospirosis infection. The score performed
well in stratification of severe leptospirosis and was successfully validated in an independent
sample, showing no decrease in discrimination. Our score is an easily accessible research tool,
appliable by virtually anyone following quick training, while maintaining moderate prognostic
accuracy of 0.7. At the intermediate risk level, point value 3, score sensitivity and specificity
were 68% and 63% respectively. The aim of environmental survey tools is to identify the
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highest sensitivity that can be combined with an operating point in order to provide the lowest
proportion of false negative results. Previous environmental survey tools have defined the
lower limit of specificity as 50% in order to decrease false classification of risk and prevent
unnecessary deployment of control measures [35].

Large cities in Brazil (Salvador, Sao Paulo, Recife, and others) have implemented rodent con-
trol programs aimed to decrease leptospirosis incidence. Interventions vary, but most city pro-
grams focus on prioritizing areas identified as having high leptospirosis incidence. These areas
are large (20,000 to 60,000 households per city) and include households with high variability in
socioeconomic and environmental status. This heterogeneity makes difficult for rodent control
specialists from the Zoonosis Control Center to systematically select priority households needing
rodenticide. Rodent control programs are cost-time expensive because they require rodent infes-
tation screening in all premises in those areas and rodenticide treatment three times a year in
premises identified as priority. Due to the low visibility of leptospirosis and the relatively recent
implementation of rodent control programs, these programs are frequently negatively affected
during epidemics of other diseases, due to resource shortages. Using this score system on top of
the mass rodent infestation screening that is already performed, interventions prioritizing rodent
chemical control in households with score point values >3 could be more cost effective than
conventional interventions. Additionally, classifying households by degree of risk for leptospiro-
sis could help policymakers identify high risk areas and implement more focused and efficient
interventions during outbreaks or in periods of inadequate resources.

Our model has several limitations. First, the study was limited by the time lag between ini-
tial occurrence of leptospirosis and our 2007 assessment of rodent-related risk factors in
households. Excluding households with modifications in domicile and peridomicile structure
or open sewer or refuse deposit could help control this bias, but other unregistered environ-
mental factors could have changed during the study period. Second, we tried to control obser-
vational bias through a predefined structured questionnaire. Third, the sampling distance of
50 m (~5 households) between case and control households used to avoid overmatching
related to rodent infestation variables may have inadvertently masked other risk factors.
Fourth, the results of the present study may not be generalizable to other urban settings. None-
theless, 37% of the Brazilian urban population reside in slums with equal or greater levels of
poverty than the study neighborhoods [36]. Additionally, a large proportion of the world’s
slum population resides in conditions of poverty and environmental degradation that support
high levels of rat infestations similar to that in Salvador.

In conclusion, we developed and validated a risk score based on five variables related to
objective signs of rodent infestation that predicts risk of severe leptospirosis occurrence in an
urban slum household. These findings may be useful in developing rodent management pro-
grams to predict individual household risk, to direct control measures, and for policymakers
to better allocate limited health care resources.
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