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Sera from 269 rodents obtained during the routine surveillance operations in plague areas of Rio de
Janeiro and Pernambuco states, Brazil were tested by ELISA for specific IgG antibodies against a recom-
binant nucleocapsid (N) protein of Araraquara hantavirus. ELISA-positive sera were submitted to reverse
transcriptase-polymerase chain reaction (RT-PCR) for amplification of the virus genome and later sequenc-
ing for identification of the viral variant. The samples from the state of Pernambuco were antibody
negative, and although four from Rio de Janeiro were ELISA-positive, they failed to yield viral cDNA by
RT-PCR. This is the first report of the presence of antibodies to a hantavirus among rodents from Rio de
Janeiro and suggests the possibility of human cases of hantavirus pulmonary syndrome (HPS) in that state,
although no case has yet been reported.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Hantavirus pulmonary syndrome (HPS) is a severe disease that
causes respiratory failure, shock and high mortality. Human infec-
tion is acquired by the inhalation of aerosols containing excreta of
rodents infected with a hantavirus (Zeier et al., 2005).

HPS and plague are rodent-borne zoonotic diseases, which
despite differences in etiology (plague is caused by the bacterium
Yersinia pestis), they have similar rodent reservoirs and worldwide
distribution (Perry and Fetherston, 1997; Zeier et al., 2005; Gage
and Kosoy, 2005). However, the occurrence of HPS and plague has
never been detected in the same area of Brazil. Y. pestis circulates
among several foci located in the Brazilian regions of the North-
east (Ceara, Rio Grande do Norte, Paraiba, Pernambuco, Alagoas and
Bahia) and Southeast (Rio de Janeiro and north of Minas Gerais)
(Almeida et al., 1995), while hantaviruses are mostly described in
the South and Southeast regions.

International health regulations require continuous surveillance
of plague areas to implement prevention measures against human
infection in at-risk areas (WHO, 2006). Plague surveillance in Brazil
includes the trapping of rodents in the endemic areas to obtain
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tissue samples and fleas for the search of the plague bacillus among
the rodent hosts and flea vectors and specific antibodies among the
rodent hosts (Almeida et al., 1995).

The present study was conducted to investigate the serologi-
cal evidence of hantavirus infection, as well as to identify the viral
variant through reverse transcriptase-polymerase chain reaction
(RT-PCR) and sequencing, in rodents captured in plague areas of
Rio de Janeiro and Pernambuco states of Brazil.

2. Materials and methods

Atotal of 269 rodent sera obtained during the routine operations
of the Brazilian plague surveillance program and maintained in the
serum collection of the Centro de Pesquisas Aggeu Magalhaes, were
analyzed to detect antibodies against hantaviruses.

The sera were tested for hantavirus-specific IgG antibodies by
ELISA, using as antigen a recombinant nucleocapsid (N) protein of
Araraquara hantavirus produced in the Faculdade de Medicina de
Ribeirdo Preto da Universidade de S3o Paulo. The negative anti-
gen was an extract of E. coli BL21 Star™ DE3 One Shot (Invitrogen,
USA). Briefly, 50 .l of 1:100 diluted sera in phosphate-buffered
saline (PBS), pH 7.4, 0.1% Tween 20 (PBST) containing 10% skim
milk, were added to each well of 96-well polystyrene microtiter
plates (Greiner bio-one, Germany) coated with the N protein or
the negative antigen and incubated at 37 °C for 1 h. After 6 cycles
of washing with PBST, 50 pl of a mixture (v/v) of a goat anti-rat
IgG and goat anti-Peromyscus leucopus IgG horseradish peroxidase
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Table 1
Rodents from the counties of Nova Friburgo, Sumidouro and Teresépolis tested and positive for antibodies against hantavirus by IgG ELISA
Species Total Origin

Nova Friburgo Sumidouro Teresopolis

Tested Positive (titer) Tested Positive (titer) Tested Positive (titer)
Akodon cursor 26 15 1(1:400) 0 0 11 0
Oligoryzomys nigripes 12 9 1(1:400) 1 1(1:400) 2 1(1:400)
Oxymycterus judex 5 5 0 0 0 0 0
Nectomys squamipes 4 2 0 1 0 1 0
Oryzomys ratticeps 4 0 0 0 0 0
Total 51 31 2 2 1 18 1

conjugate (Sigma) diluted at 1:2000 in PBST were added, and the
plates were incubated at 37°C for 1h. After six washes in PBST,
the substrate reagent O-phenylenediamine (OPD, Sigma) diluted in
citrate-phosphate buffer, pH 5.0, and H, 0, according to the manu-
facturer’s instructions was added, and the reaction was allowed to
take place in the dark at 37 °C for 15 min. The reaction was stopped
by the addition of 1N HCI. Optical densities (OD) were measured in
a microplate reader (EMAX, Molecular Devices Corporation, USA)
at 490 nm. The adjusted OD of a serum antigen reaction was the
OD of the well coated with the N protein minus the OD of the
well coated with the negative antigen. The cut off was the mean
of the ODs of the duplicates of each sample plus 3 standard devia-
tions. Samples with an OD higher than the cut off were categorized
reagents. Reagent samples were serially diluted fourfold (1/100;
1/400; 1/1600; 1/6400) and retested to determine the antibody
titer.

ELISA-positive sera were submitted to RT-PCR as described by
Moreli et al. (2004), with minor modifications, for amplification of
the virus genome and later sequencing for identification of the viral
variant. A positive control (Rio Mamoré hantavirus) and a negative
control were used.

3. Results

Serum samples from 218 rodents captured in the county of Tri-
unfo, Pernambuco State, during the years 2000, 2004 and 2005:
120 Necromys lasiurus (Bolomys lasiurus), 87 Oryzomys subflavus, 1
Calomys expulsus (Calomys callosus), 9 Oligoryzomys nigripes, and 1
Trichomys apereoides were assayed. All of them were found to be
negative for hantavirus antibodies.

Out of 51 samples from rodents captured in Nova Friburgo,
Teres6polis and Sumidouro counties in Rio de Janeiro State, dur-
ing the year 2001, four showed antibodies to a hantavirus: three O.
nigripes and one Akodon cursor. Table 1 shows the distribution of
the rodents examined and positives per origin (county) and their
respective antibody titers. Hantavirus genome was not amplified
by RT-PCR from RNA extracted from ELISA-positive samples.

4. Discussion

In Brazil, hantaviruses have been mostly described in the South
and Southeast, and plague occurs mostly in the Northeast where
studies of hantaviruses are lacking. So far, most studies on han-
taviruses in Brazil have been limited to animals trapped close to
areas where HPS occurred (Romano-Lieber et al., 2001; Katz et al.,
2001; Suzuki et al., 2004; Rosa et al., 2005). Only a few serosur-
veys have been carried out in rodents from areas without confirmed
human HPS cases (Lemos et al.,2004; Oliveira et al.,2004). The pres-
ence of antibodies to hantaviruses has been detected in N. lasiurus
(B. lasiurus), A. cursor, O. nigripes and Holochilus sciureus. N. lasiu-
rus (B. lasiurus) and A. cursor were associated with Araraquara virus
and O. nigripes with Juquitiba virus in Southeast and South Brazil,

respectively (Suzuki et al., 2004; Figueiredo, 2006). More recently,
two new hantaviruses have been recognized associated with the
rodents H. sciureus (Rio Mearim virus) and Oligoryzomys fornesi
(Anajatuba virus) in the northern Brazil (Rosa et al., 2005) and
two others with humans, Araucaria in the state of Parana (Raboni
et al., 2005) and Paranoa in Brasilia the Federal District (GenBank
accession no. EF576661.1).

At present, no human case of HPS has yet been recorded in the
states of Pernambuco and Rio de Janeiro. Our study shows for the
first time the presence of antibodies to one or more hantaviruses
among rodents from Rio de Janeiro. These results may be underes-
timates because the samples examined were stored for prolonged
periods, from 1 month to 5 years, at —20°C, and had been frozen
and thawed several times, which could be deleterious to the titers.
However, in some cases their prevalences are quite high (up to 100%
for O. nigripes from Sumidouro).

Viral genome was not amplified from ELISA-positive samples
from Rio de Janeiro. This could be attributed to the storage con-
ditions of the samples. On the other hand, Moreli et al. (2004)
reported that samples frozen and thawed could be suitable for
hantavirus genome detection by RT-PCR.

The failure to amplify the genome of the virus could also be
due to the lack of adequate levels of viremia in infected specimens.
Experimental studies with hantaviruses have shown that viremia
can be rather transient after infection and that viral RNA titers do
not reach high levels (Botten et al.,, 2000; Romano-Lieber et al.,
2001; Lemos et al., 2004).

Although no human case has yet been reported in the state of
Rio de Janeiro, the serological evidence of infection among rodents
suggests hantavirus circulation and the possibility of human cases
of HPS. Further studies are necessary to better understand the sit-
uation of hantavirus infection in rodents of Rio de Janeiro.

The absence of ELISA-positive rodents in Triunfo in the state of
Pernambuco cannot rule out infection for the entire state. Further-
more, two known reservoir species had sample sizes of only nine
(0. nigripes) and one (C. expulsus), far too few to rule out infection.

On the other hand, it is curious that a large sample of N. lasi-
urus (B. lasiurus) analyzed (120) showed no evidence of infection
with Araraquara virus. N. lasiurus (B. lasiurus) is the reservoir for
Araraquara virus, and with a few exceptions hantaviruses seem
to be distributed throughout the range of their hosts. This find-
ing suggests the possibility that the N. lasiurus from Pernambuco
might be genetically different from those that support infection
with Araraquara virus. Studies on a larger rodent sample size from
other areas from the state of Pernambuco are needed.
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