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8 Instituto de Pesquisa Ecológica (IPE), 12960-000 Nazaré Paulista, SP, Brazil
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Brazil has reported more than 1,600 cases of hantavirus cardiopulmonary syndrome (HPS) since 1993, with a 39% rate of reported
fatalities. Using a recombinant nucleocapsid protein of Araraquara virus, we performed ELISA to detect IgG antibodies against
hantavirus in human sera. The aim of this study was to analyze hantavirus antibody levels in inhabitants from a tropical area
(Amazon region) in Rondônia state and a subtropical (Atlantic Rain Forest) region in São Paulo state, Brazil. A total of 1,310
serum samples were obtained between 2003 and 2008 and tested by IgG-ELISA, and 82 samples (6.2%), of which 62 were from the
tropical area (5.8%) and 20 from the subtropical area (8.3%), tested positive. Higher levels of hantavirus antibody were observed in
inhabitants of the populous subtropical areas compared with those from the tropical areas in Brazil.

1. Introduction

Hantaviruses are emerging pathogens that have gained
increasing attention in the last few decades [1]. The genus

Hantavirus belongs to Bunyaviridae family and is transmitted
to human by rodents and possible by other small mammals.
More than 40 Hantavirus species are currently known and
22 of them are considered pathogenic for humans [2].
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The hantaviruses found in Eurasia (e.g., Hantaan and Seoul
virus) are harbored by rodents of the Murinae and Arvi-
colinae subfamilies and cause hemorrhagic fever with renal
syndrome (HFRS) in infected humans. On the other hand
the hantaviruses found in the Americas (e.g., Sin Nombre,
Juquitiba, and Castelo dos Sonhos) are harbored by rodents
of the Sigmodontinae subfamily and cause Hantavirus Pul-
monary Syndrome (HPS) in humans [3–5].

As Manigold and Vial [2] wrote, moles, shrews, and bats
are also increasingly described as natural hosts of new mem-
bers of the Hantavirus genus (e.g., Huangpi virus, Lianghe
virus, Longquan virus, Yakeshi virus, and Seewis virus).
However, the pathogenicity of these viruses for humans is
unclear. Also, there are reports of seropositive domestic
animals such as dogs and cats, suggesting that these become
infected from contact with infected primary hosts. Another
interesting study fresh published [5], demonstrates pet rats
and whales at United Kingdom. However, there is neither
evidence of disease in these species nor of a role as a reservoir
for human infection.

In Brazil the HPS cases are mostly caused by five geno-
types of hantavirus: Juquitiba virus (JUQV),Araraquara virus
(ARAV), Laguna Negra-like virus (LANV-like), Castelo dos
Sonhos virus (CASV), andAnajatuba virus (AJBV) [5]. A sig-
nificantly higher number of HPS-associated fatalities (50%)
were observed in the Midwestern and Southwestern regions
compared with other regions of Brazil [6, 7]. Serological
evidence of HPS has also been reported in the north and
northeast of Brazil where hantavirus genotypes are unknown
[5–10].

The first confirmed cases of HPS in North America
occurred in 1993, and six months later, it was reported in
Brazil [5, 11, 12]. Since then, more than 1600 HPS cases have
been reported in Brazil by Brazilian Ministry of Health/SVS,
with approximately 39% being fatalities [13].

Serological methods are commonly used for hantavirus
diagnosis, including enzyme-linked immunosorbent assays
(ELISAs), immunofluorescence assays, and immunoblot as-
says. Additionally, hantavirus isolation inVeroE6 cell cultures
and detection of anti-hantavirus antibodies by plaque reduc-
tion neutralization are also used for diagnosis. Nevertheless,
both methods require labor-intensive, time-consuming, and
biosafety-level-three conditions [6]. On the other hand,
molecular biology such as RT-PCR allows molecular charac-
terization (viral genotype) and accurate diagnosis [14].

Here, in an effort to better understand and study the
distribution of infections by hantavirus in Brazil, we present
the results of a serological survey including individuals living
in urban and rural areas near the Amazonian forest and in
subtropical areas near rain forests that have degraded envi-
ronmental conditions. Sera from the participants were tested
via an IgG-ELISA [15] that uses a recombinant nucleocapsid
protein from ARAV as the antigen [16].

2. Material and Methods

2.1. Sites and Study Population. The design for minimum
sample size was performed in accordance with the calcula-
tions specified by Luiz and Magnanini [17]. Based on the

presence of wild rodents cohabiting with humans and the
occurrence ofHPS cases, four study siteswere selected for this
serological survey between 2003 and 2008. Machado river
(from 8∘5557S/62∘0320W to 8∘1015S/62∘4650W) and
Machadinho do Oeste county (09∘2638S/61∘5853W) are
both in Rondônia state in the Amazon tropical region. In
2003, 435 participants living along the Machado river and
working on subsistence farming were enrolled and subjected
to blood drawing for the study (Figure 1). In Machadinho do
Oeste county, 633 inhabitants were enrolled and subjected to
blood drawing in 2005. These participants lived in an urban
area surrounded by tropical Amazonian forests (Figure 1).
The other two study sites were located more than 2000 km
away, near the subtropical rain forests of Sao Paulo state.
These regions included Jacupiranga county in the Ribeira
Valley, where 65% of the Brazilian Atlantic forest remains
(24∘5430S/048∘0801W). A total of 157 inhabitants work-
ing on banana or orange farms and cattle or fish raising were
enrolled in Jacupiranga in 2007 and subjected to blood draws
(Figure 1). The fourth site was in Teodoro Sampaio county
(22∘2270S/052∘2566W) at the mouth of the Parana-
panema river, where the land has been subject to disorganized
occupation andmassive deforestation. Currently, farms at the
mouth of the Paranapanema river have intensive agricultural
activity (Figure 1). In Teodoro Sampaio, 85 inhabitants were
enrolled in the study in 2008 and subjected to blood draws.
All clinical samples were transported to the laboratory in
nitrogen liquid and stored at −80∘C.

2.2. Ethical Considerations. The enrollment of participants in
this serological survey was authorized by the Ethics Commit-
tee of ICB/USP (670/2005), and the confidentiality of their
personal information was ensured. Blood collection of the
participants was only performed after signing the informed
consent, in compliancewith the rules of the ethics committee.
After participants signed the consent form, the survey was
applied for evaluation of the risk factors, gender, age, educa-
tion, and another aspects as epidemiological information.

2.3. ELISA. Sera were tested by an indirect IgG enzyme-
linked immunosorbent assay (ELISA) using the N recom-
binant protein (recN) of ARAV as antigen, as described by
Figueiredo et al. [15, 16], with some modifications. Briefly,
96-well microplates (PolySorp�, Nunc, USA) were coated
with 50 𝜇L of ARAV recN protein or the respective control
(0.5 𝜇g/mL) overnight in a wet chamber at 4∘C. Both antigens
were diluted in carbonate-bicarbonate buffer (0.05M, pH
9.6). All incubations were conducted at 37∘C for 1 h, and the
plates were washed six times with wash buffer (phosphate-
buffered saline [PBS]-0.1% Tween 20) between each step.
In the first step, 50 𝜇L of a blocking solution containing
5% bovine serum albumin in PBS (Sigma, San Francisco,
CA, USA) was added to each well, and the plate was
incubated for 2 h in a moist chamber at 37∘C. Next, 50𝜇L
of the serum sample diluted at 1 : 100 or control samples
diluted to 1 : 1000 in dilution buffer (PBS/BSA 1%) were
added per well. In the third step, the wells were incubated
with 50 𝜇L of phosphatase-labeled anti-human IgG antibody
(Sigma, San Francisco, USA). Finally, 1mg/mL of nitrophenyl
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Figure 1: Map of Brazil showing the four study sites: the city of Jacupiranga (RV) and Teodoro Sampaio (PP) in São Paulo state in the
subtropical region and Machadinho do Oeste city and the Machado river region Rondônia state in the tropical region.

phosphatase substrate (pNPP, Sigma, USA) was added per
well, and the reaction was stopped after 20minutes by adding
50𝜇L of 3MNaOH.The absorbance wasmeasured at 405 nm
using a Multiskan MS (Labsystems, Helsinki, Finland). The
cut-off was established as the mean value + 2 standard
deviations control samples and showed a cut-off Optical
Density (OD) equal to or greater than 0.500.

The recN protein used as the antigen and the posi-
tive/negative control samples were kindly provided by the
Laboratories of Arboviruses and Rodent-borneViruses of the
University of São Paulo School of Medicine (Luis Tadeu M.
Figueiredo, Ph.D., M.D.).

2.4.DataAnalysis. Astatistical analysis of the resultswas per-
formed with Prism version 5.0 (GraphPad Software). Associ-
ations of positive serological tests with subtropical areas and
demographic and socioeconomic variables were analyzed
using theChi-square test, and𝑝 < 0.05was considered signif-
icant.

3. Results and Discussion

Sera from all 1,310 participants in this study were tested
using the ARAV recN-ELISA, and 82 (6.2%) showed positive
results. In the Machado river group (MR), 22 (1.6%) of the
435 participants examined had IgG antibodies to hantavirus.
In theMachadinho doOeste county, 40 (3.0%) among the 633
participants analyzed were previously infected by hantavirus.
In Jacupiranga county (RV) in the southeastern part of Brazil,
14 (9.0%) of the 157 participants had IgG antibodies to
hantavirus. In Teodoro Sampaio county (PP) in the São Paulo
state, 6 (7.0%) of the 85 participants were seropositive for
hantavirus, as shown in Figure 2(a).

Participants from Jacupiranga and Teodoro Sampaio
counties in the subtropical southeastern region of Brazil were
significantly (𝑝 = 0.0008) more seropositive to hantavirus
(20/242, 8.3%) than those from the tropical Amazonian
regions of Machado river and Machadinho do Oeste county
(62/1068, 5.8%).
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Figure 2: (a) demonstrated the absorbance values by ELISA for the total positive (POSIT) and negative (NEGAT) individuals from
four different sites (Jacupiranga, SP, in Ribeira Valley, VR; Teodoro Sampaio/SP in Pontal Parapanema, PP; Machado River/RO, RM; and
Machadinho do Oeste/RO) for the presence of anti-hantavirus IgG antibodies. (b) The graphic represent results from this four study sites
in the tropical and subtropical region (Jacupiranga/SP in Ribeira Valley, VR; Teodoro Sampaio/SP in Pontal Parapanema, PP; Machado
River/RO, RM; and Machadinho do Oeste/RO), categorized by gender. (c) The graphics represent results from this four study sites in the
tropical and subtropical region (Jacupiranga/SP in Ribeira Valley, VR; Teodoro Sampaio/SP in Pontal Parapanema, PP; Machado River/RO,
RM; and Machadinho do Oeste/RO) categorized by age (groups of 20 years). ∗means “or more.”

Among the hantavirus seropositive, 60.9% were female
participants, as shown in Figure 2(b), consisting of 877
women and 433 men (50 and 32, resp., were seropositive).
In Machadinho do Oeste county, it was observed that 3.63%
of females and 2.68% of males were seropositive. In MR it
was observed that 3.22% of females and 1.84% of males were
seropositive. In RV, it was observed that 5.73% of females and
3.18% of males were seropositive.

The ages of those seropositive to hantavirus ranged from
five to 82 years but includedmostly young adults greater than
20 years of age, as shown in Figure 2(c).

The seropositivity to hantavirus was not correlated with
education level, place of birth, time of residence in the study
site, or other risk factors evaluated for epidemiological analyses.

In this study, we evaluated the hantavirus seropreva-
lence in people living in areas presumed of high risk for
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this infection. A high proportion of hantavirus seropositive
subjects were observed in participants from Jacupiranga
county (9%) and Teodoro Sampaio (7%), both of which
located at subtropical regions of the state of São Paulo. This
value is significantly higher than the 1.6% of seropositive
cases reported in a serological survey in the Ribeira Valley
performed in 1993 [8, 12].

The seroprevalence of 6% and 8% to hantavirus observed
in the present study is not outside standards range observed
in the literature, like, for example, the rate of 14% observed
in the population of Jardinopolis county in the state of Sao
Paulo [18] and of 6.1% in Chile, presumably, with ANDV
[19]. Higher seroprevalence was observed, presumably, to the
genotype ORNV, in northern Argentina (20%), and, pre-
sumably, to the genotype LNV in Paraguayan Chaco, where
12.8% of the urban population and 57% of the indigenous
population were infected [20].

In the tropical Amazonian region of Rondônia, the
seroprevalence to hantavirus inMachadinho doOeste county
(3%) and Machado river region (2.8%) was similar. Other
studies conducted in the Amazon region have yielded dif-
ferent hantavirus seroprevalence rates. A survey of several
cities in the Amazonas state between 2007 and 2009 yielded
a seroprevalence rate of 0.6% [11], whereas another study
performed along a highway that crosses the Amazon region
from Cuiabá city to Santarem city reported seroprevalence
rates of 2.16% to 9.43% [21].

According description by Nava et al. [22], in the Pontal
do Paranapanema, at Morro do Diablo State Park (Teodoro
Sampaio, SP), it is a forested region, surrounded by small
rural settlements and large private properties. The area is a
wedge-shaped region bounded on the north by Rio Paraná
and on the south by Rio Paranapanema. As well as the Ribeira
Valley (Jacupiranga, SP), theAtlantic Rain Forest in São Paulo
state is one of the last remaining significant zones, where
only 1.8% of the original natural vegetation remains and is
considered a biodiversity hotspot.

A significantly higher proportion of seropositive individ-
uals to hantavirus was observed in the subtropical region
of Brazil (São Paulo state) compared to the tropical region
(Rondônia state). It is possible that the higher occurrence
of hantavirus infections in São Paulo state is associated with
the degradation of the local environment. São Paulo, which
is the most densely populated state in Brazil, has two main
ecosystems: the “cerrado (savannah)” in its western region
and neotropical Atlantic Rain Forests along the coast. These
ecosystems sustain Sigmodontinae rodents and have been
modified, segmented, and damaged by extensive sugarcane,
soybean and coffee farming, livestock raising, and rapid
and poorly planned urbanization. Such degraded landscapes
allow close contact of humans with zoonoses, resulting in
enhanced transmission of pathogens to humans. Environ-
mental degradation favors the abundance of opportunistic
rodent species (Necromys lasiurus, Akodon sp., and Calomys
tener), which are risk factors for hantavirus infection. In
contrast, the environment and landscape in the Amazonian
tropical region (Machado river region and Machadinho do
Oeste county) is better conserved and has a higher diversity
of rodents. Therefore, the participants from these study sites

were less frequently infected by hantavirus given that the bio-
diversity loss would tend to increase pathogen transmission.

One of the limitations of this study is the seroprevalence
accuracy of data available at these areas combined with full
background from participants of this study. Also, it was
impossible to analyze hantavirus infection in rodents from
the same studied sites since we did not collect samples.
Probably, a comparison of seropositivity to hantavirus among
humans and rodents at the different study sites would help
to understand why more infections occur in the subtropical
area of Brazil (São Paulo state) more than in the tropical area
(Rondônia state).

4. Conclusions

In conclusion, our findings highlight a higher seroprevalence
rate (IgG) for antibodies against hantavirus in the human
population in Brazil, with a higher rate in the subtropical
region (Atlantic Rain Forest) than in the tropical region
(Amazon Forest). Degraded ecosystems allow close contact
of humanswith zoonoses, resulting in enhanced transmission
of pathogens to humans. Particularly it is relevant because
São Paulo state is one of the most densely populated states
in Brazil. We are highlighting our findings to provide a
better understanding of hantavirus infection and circulation
in Brazil, specifically demonstrating hotspots that will require
public health action to prevent a possible outbreak.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Authors’ Contribution

FelipeAlvesMorais andAlexandre Pereira contributed equally
to this work.

Acknowledgments

This study received financial support from FAPESP
(05/01603-4). The authors would like to extend special
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