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Summary
Leptospirosis has been reported in rural areas of Brazil. However, there is limited information
about the exposure risk or the risk of Leptospira infection for rural-based populations. A cross-
sectional study was carried out in order to determine the prevalence and risk factors for prior
Leptospira infection in a rural subsistence farming region of the state of Rio Grande do Norte, an
area in which outbreaks of leptospirosis have occurred. Among 290 individuals enrolled, 44
(15.2%) had anti-Leptospira IgM antibodies as determined by IgM ELISA. Infection tended to
occur with activities related to the rice fields (P = 0.08). Our findings indicate that Leptospira
infection occurs even in years of low rainfall, and may have an important impact among poor
rural-based subsistence farmers in Brazil. Additional studies are needed to characterize the mode
of transmission in this region.
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1. Introduction
Leptospirosis is a disease with ubiquitous distribution and is highly endemic in countries
with tropical climates. Leptospirosis has emerged to become a public health threat in Latin
America (Everard and Everard, 1993; Ko et al., 1999; Martinez et al., 1993; McBride et al.,
2005). There is limited information on disease burden, and it is most pronounced in rural
regions of developing countries, among subsistence farmers and livestock herders (Everard
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et al., 1992; Kuriakose et al., 1997; Martinez et al., 1993). In China, there are more than 500
000 cases annually, the majority of which are reported from rural areas of the country. The
example of the emergence of leptospirosis in rural Thailand during the 1990s demonstrated
the potential magnitude of this problem: a nationwide outbreak occurred in the late 1990s
and in 2000 and was responsible for more than 10 000 reported cases (Phraisuwan et al.,
2002).

Outside of outbreak situations, the overall burden of rural leptospirosis is likely to be
significantly under-recognized (Everard et al., 1992; Perrocheau and Perolat, 1997; Russell
et al., 2003). In areas where rural leptospirosis has been studied systematically, a large
proportion of the population has been found to have had previous exposure to Leptospira
(Ashford et al., 2000; Johnson et al., 2004; Kuriakose et al., 1997). Studies performed in
Peru found that the prevalence of prior Leptospira infection was 16.5% among subsistence
farming communities (Johnson et al., 2004).

Leptospirosis epidemics have been reported in Brazil since the 1960s, mostly from urban
centres (Azevedo and Corrêa, 1968; Caldas and Sampaio, 1977; Caldas et al., 1979).
However, large rural outbreaks were first identified in the 1980s, occurring in rice plantation
regions of Northeast Brazil (Lima et al., 1996; Secretaria Estadual da Saúde do Rio Grande
do Norte, 1997; Suassuna et al., 1986). Recently, a study conducted in the state of Rondonia
in Brazil showed that 10% of the population had serological evidence for a prior infection by
Leptospira (Aguiar et al., 2007). Herein, we report findings of surveillance and a
seroprevalence survey, which aimed to determine the impact of rural leptospirosis among
the subsistence farming population in Rio Grande do Norte, a state in Northeast Brazil.

2. Materials and methods
2.1. Study site and surveillance for leptospirosis

Rio Grande do Norte is a state located in Northeast Brazil, where outbreaks of leptospirosis
were first recognized in the rural semiarid western region in 1985. The population in this
region is composed of subsistence farming communities that grow rice, beans and corn. At
the time of the first outbreak in 1985 and afterwards, patients who presented with an acute
febrile illness with myalgias and headache were investigated to confirm the diagnosis of
leptospirosis. Blood samples were collected and laboratory confirmation of leptospirosis was
determined according to protocols of the Brazilian Ministry of Health (Ministério da Saúde,
1995) using the the macroagglutination test (MAT) (Brandao et al., 1998) performed at the
Laboratory of the State Secretary of Health of São Paulo, a reference centre for leptospirosis
in Brazil. The standard WHO recommended battery of serovars was used for MAT
evaluation (Faine et al., 1999; WHO, 2003).

2.2. Rainfall data
Rainfall measurements (mm3) for the period between 1985 and 1999 were obtained from the
registries of Emparn (see http://www.emparn.rn.gov.br/ [accessed May 2008]). Although the
annual rainfall can reach up to 1600 mm, the rainfall season is short and occurs mainly
between January and June, while rainfall is minimal in the remaining period. Droughts occur
in a cyclic pattern, with time spans of 3–5 years.

2.3. Seroprevalence study
2.3.1. Study population—The study was conducted in the rural area of São Miguel in
2001. The rural population of the municipality (population, 20 124) has 1825 houses and a
population of 8469 inhabitants (see http://www.ibge.gov.br [accessed May 2008]).
Agricultural activities are the main source of income. Six among the thirteen census zones
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that comprise rural São Miguel were randomly selected as the study site. Each census zone
consisted of three to six villages. Two villages were randomly selected for the census zone
with less than and more than, respectively, 500 people. Households were assigned a number
within selected villages. A random number generator was used to select 10% of the
households within villages for inclusion in the study. All residents of selected households
were eligible for the study and were enrolled using written informed consent procedures
approved by the University of Rio Grande do Norte Ethical Committee (CEPUFRN 39/01),
Oswaldo Cruz Foundation and by the Brazilian National Ethical Committee (CONEP
number 4582).

2.3.2. Data collection—A standardized questionnaire was administered during interviews
to obtain information on: demographic data (age, gender, time at present residence and work
in the rice fields); agricultural activities such as harvesting rice, grass, corn, manioc, beans
and sugarcane, and raising or caring for various types of cattle; the use of protective
footwear; exposure to water sources during leisure activities; the presence of reservoirs in
the home and on plantations; and a past history of leptospirosis.

2.3.3. Anti-Leptospira antibodies—Blood samples were tested for the presence of anti-
Leptospira IgM antibodies by an ELISA (Bio-Manguinhos, Rio de Janeiro, Brazil)
(McBride et al., 2007). This assay is used by the Brazilian Ministry of Health for laboratory
confirmation of leptospirosis and has a sensitivity of 100% in identifying antibodies during
the convalescent phase of the illness among cases confirmed by the standard MAT. The cut-
off value corresponded to the absorbance value of the 98th percentile of blood bank donors
from Brazil. The prevalence of prior Leptospira infection was determined based on cases
having a positive IgM reaction as determined by the IgM ELISA. Like other anti-whole
Leptospira IgM antibody-based detection assays, the ELISA detects antibodies against
carbohydrate moieties, which may persist for up to 5 years after infection (Cumberland et
al., 2001; Lupidi et al., 1991). In addition, a random number generator was used to select a
sample of sera from study subjects, which were subsequently evaluated in the MAT, as
previously described (Ko et al., 1999). A MAT greater than 100 was used as evidence for a
prior Leptospira infection.

2.4. Statistical analysis
The data were stored in EpiInfo 6.04 software (CDC, Atlanta, GA, USA) database. A case
of prior Leptospira infection was defined as having a positive IgM ELISA reaction.
Univariate analysis was performed to evaluate risk factors for acquiring a prior Leptospira
infection. The χ2 and Fisher's exact tests were used to determine significance between
proportions. ANOVA and Wilcoxon's tests were used to assess significant differences for
continuous data. The influence of rainfall on number of cases of leptospirosis was analysed
in a linear regression model that included the year, the yearly rainfall value and the number
of cases notified. The net effect of rainfall was measured by the semi-partial correlation
between the last two variables.

3. Results
3.1. Surveillance for leptospirosis outbreaks in Rio Grande do Norte, Brazil

In the western region of Rio Grande do Norte, rural epidemics of leptospirosis were first
identified in 1985. A total of 2180 cases of clinically suspected leptospirosis was reported
between 1985 and 2005 (Figure 1). The major clinical findings were fever, headaches,
arthralgia, myalgia, cough and dyspnea. None of the subjects were reported to have had
complications such as Weil's disease. Of the 250 cases for which serological testing was
performed, 50% were laboratory confirmed. However, the MAT evaluation was performed
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with single serum samples collected only during acute-phase illness, as paired serum
samples were not obtained during surveillance. Among the 127 laboratory-confirmed cases,
the maximum agglutination titres were directed against L. borgpetersenii serovar Javanica
(44.0%), L. kirschneri serovar Butembo (29.1%), L. santarosai serovar Brasiliensis (26.0%),
L. interrogans serovar Australis (26.0%) and L. kirschneri serovar Panama (24.4%). The
majority of the cases reacted against more than one serotype, with 36.2 and 22.7%,
respectively, reacting against two or more serovars.

3.2. Influence of rainfall
The epidemics of leptospirosis occurred during years of increased annual rainfall. The
highest number of reported cases occurred in 1985, 1986 and 1995, which corresponded to
the years with the highest rainfall index. A positive association was found between annual
case numbers and year (P = 0.059) and rainfall (P < 0.001) and the interaction summary
term for year and rainfall (P < 0.001). The semipartial correlation between rainfall and cases
was 0.9691 (P < 0.001), confirming the influence of increased rainfall with increased case
numbers of leptospirosis.

3.3. Leptospiroses seroprevalence study
Of 320 eligible subjects, 290 (91%) individuals were enrolled into the study from 68
residences located within 15 villages of the rural region of São Miguel. Thirty subjects
declined participation in the study. Males constituted 51.7% (n = 150) and females were
48.3% (n = 140). The average age was 28.3 years (± 19.3, SD), ranging from 5 to 84 years.
The per capita household monthly income was less than US$300.00 per month for 96.6% (n
= 280) of the population. Among subjects, 82.7% were engaged directly in subsistence
farming, such as agriculture and animal husbandry.

Of the 290 enrolled subjects, 44 people (15.2%) had evidence of prior Leptospira infection,
as determined by the presence of anti-Leptospira IgM antibodies in the IgM ELISA. MAT
evaluation was also done for a randomly selected sample of 61 subjects. Of this sample, 12
(19.7%) individuals had a positive agglutination titre. The highest agglutination titres were
directed against L. kirschneri serovar Cynopteri (2), L. interrogans serovar Djasiman (2), L.
borgpetersenii serovar Tarassovi (2), L. interrogans serovar Australis (2), two or more
serovars (2), L. borgpetersenii serovar Javanica (1) and L. noguchii serovar Louisiana (1).

As shown in Table 1, the mean age was not significantly different between seropositive and
negative subjects. No association was observed with gender (P = 0.56) or time of residence
in the household. Prior Leptospira infection was not associated with the planting of rice or
other crops, the growing of sugar cane, and care of livestock or milking goats or cows. Of
the 240 people who engaged in farming, 237 (98.8%) did not use protective clothing or
footwear during work-related activities. In children and adolescents under the age of 15 (n =
66), 63.6% of those who played in waters near the rice plantations had a prior infection (P =
0.08). The majority of subjects (85.7%) reported sighting domestic rats in their household
environments. Among 250 subjects who engaged in agricultural work, 91 (36.4%) reported
sighting `red' rats (rato vermelho) in their working environment. Subjects did not report
sighting other types of wild or domestic rats in this setting. However, significant
associations were not found between serologic evidence for prior Leptospira infection and
the presence of rats in the household or workplace environments or with the presence of
dogs (P = 0.83) or cattle (P = 0.33) in the household area.
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4. Discussion
Leptospirosis continues to be an important health problem in Brazil (Ko et al., 1999). As this
study found, leptospirosis is a public health concern in Rio Grande do Norte, principally for
subjects who are directly engaged in subsistence farming. There was a high correlation
between case numbers and rainfall index. Furthermore, the seroprevalence study, which was
performed 7 years after the last outbreak, found that 15% of the rural-based study population
had evidence for a past Leptospira infection, suggesting that there may have been ongoing
transmission even in the absence of an identifiable epidemic. The prevalence of prior
Leptospira infection may have been underestimated, as the presence of IgM antibodies were
used as marker of prior infection and these antibodies decrease significantly over a 5 year
period (Cumberland et al., 2001; Lupidi et al., 1991) In addition, the seroprevalence survey
was conducted following a period of successive drought years with significantly low rainfall
indices, indicating Leptospira transmission during these dry years. In this way, the burden of
Leptospira infection during periods of normal or high rainfall may be higher than estimated
in this survey. Nevertheless, the burden of leptospirosis in this site in Northeast Brazil, as
indicated by the seroprevalence survey, appears similar to that reported by Aguiar and
colleagues in a rural region in West Brazil (Aguiar et al., 2007).

Although epidemics occurred exclusively in rice-cultivating regions of Northeast Brazil
(Lima et al., 1996; Suassuna et al., 1986), as in this study site, we did not identify specific
work-related risk factors. These findings suggest that exposure to Leptospira may be
ubiquitous. In the study community there was a large number of livestock and domestic and
wild rodent animal species that could have served as reservoirs for transmission. We did not
identify exposures to specific reservoirs that were associated with the risk for prior
Leptospira infection. Of note, rice fields were infested with Oligoryzomys nigripes (I.
Duarte, unpublished data), the `red rat', which may be a potential carrier of pathogenic
Leptospira. However, other wild and domestic rats may potentially serve as reservoirs that
were not reported by study subjects.

We did not identify the aetiologic agent or animal reservoirs for transmission at the
subsistence farming community site. In the MAT evaluation of a sample of study subjects,
highest agglutination titres were directed to a range of reference serovars, suggesting that
several agents may be circulating in this endemic region. However, culture isolation studies
need to be performed, as serological approaches may not adequately identify the infecting
serogroup (Levett, 2003); alternatively, transmission may have been due to a predominant
serovar that belongs to a serogroup that is not represented in the MAT reference panel and
that has not been previously identified. Identification of effective control measures will
require a systematic investigation of animal reservoirs, as has been done in other rural
settings where leptospirosis is endemic (Bunnell et al., 2000; Hartskeerl and Terpstra, 1996).

In contrast to findings of other studies, male gender was not found to be a risk factor for
prior Leptospira infection in the study community. In Caledonia, Perrocheau and Perolat
(1997) reported that epidemics occurred in rainy months, primarily among male farmers. In
another study conducted in North Brazil, males were more often seropositive (Aguiar et al.,
2007); however, in our study at the Sao Miguel site, males and females appeared to have
similar risks of being exposed to Leptospira. Furthermore, we found that children had
similar prevalence rates to those of adults. While adults may be exposed through farming
work, children may be exposed to Leptospira in water ponds near the rice fields, when
playing and bathing. Although the association was not significant, we found a trend for
higher seroprevalence among children who played in water bodies bordering rice
plantations. Similar findings have been observed in Trinidad and Barbados (Everard et al.,
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1989), where exposure depended largely on the children's age group and was associated with
the parents' occupation.

Of importance was the reintroduction of dengue virus in Brazil, which occurred during the
mid-1980s and reached the state of Rio Grande do Norte in the late 1990s. Leptospirosis has
an overlapping clinical presentation with that of dengue; often it is difficult if not impossible
to differentiate the two diseases based on clinical findings. In the Americas, there is growing
evidence that leptospirosis is frequently misdiagnosed as dengue (Bruce et al., 2005;
Flannery et al., 2001b; Ko et al., 1999; Levett et al., 2000). In the study community,
outbreaks of suspected dengue have been reported since 2001, as shown in Figure 1. It is
conceivable that a proportion of these cases may have been, in fact, due to leptospirosis.
Under-reporting of leptospirosis cases due to diagnostic confusion with dengue may be a
possible explanation for the relatively high prevalence of prior Leptospira infection
observed in this study, which occurred during a period when cases of leptospirosis were not
identified. Finally, the diagnostic dilemma created by the re-emergence of dengue in the
Americas underscores the importance of implementing laboratory-based surveillance for
acute febrile illnesses in the region and extending diagnostic support to neglected rural
regions, where transmission of dengue and leptospirosis has become endemic.

Our study had several limitations. We used the whole-Leptospira IgM ELISA to identify
individuals with prior Leptospira infection. Although the MAT is the standard assay used to
determine seroprevalence, this assay has been increasingly used (Ashford et al., 2000;
Flannery et al., 2001a; Sarkar et al., 2002; Tangkanakul et al., 2000). Furthermore, we
evaluated a sample of subject sera in the MAT and found that there was high concordance
between the results of the IgM ELISA and MAT, indicating that misclassification of prior
infection status was a less likely possibility. Our study was limited by the cross-sectional
design of the community-based prevalence survey. Risk exposures may have changed from
the time that the prior infection occurred. Furthermore, migration in and out of the study
community has been an ongoing phenomenon, especially as men move from rural villages to
seek work opportunities in the metropolitan areas of Brazil. A prospective study should
therefore be conducted to ascertain the infection and disease in order to obtain more reliable
estimates on rates and risk associations.
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Figure 1.
Confirmed cases of leptospirosis and annual rainfall index in the western region of Rio
Grande do Norte, Brazil, 1985–2005. Black and white boxes represent the number of
laboratory-confirmed leptospirosis cases and suspected dengue cases (y-axis on left)
reported from this subsistence farming region. The line represents the annual accumulated
rainfall (y-axis on right).
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