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Hantaviruses are etiologic agents of a zoonotic disease transmittedmainly fromwild rodents to humans, causing
Hemorrhagic Fever with Renal Syndrome in Eurasia and the Hantavirus Cardiopulmonary Syndrome in the
Americas (HCPS), reaching a lethality rate of 40% in Brazil. Hantavirus diagnostic and seroprevalence are often
based on the presence of IgM and IgG antibodies against the virus. Here we propose a rapid test assay able to
identify hantavirus antibodies with sensibility and specificity similar to ELISA assays. We analyzed five groups
of samples, including healthy human population and small mammals of endemic areas, suspected cases of
HCPS, patients with non-related infections and a serum panel from a different geographical region. The test pre-
sented good rates of sensibility (87–100%) and specificity (97–100%) for all groups, being a promising tool suit-
able for both rodent and human hantavirus epidemiological surveys.
55-41-21043267.
antos).
© 2016 Elsevier Inc. All rights reserved.
1. Introduction

Hantaviruses (family Bunyaviridae, genus Hantavirus) are a major
class of zoonotic pathogens that cause two severe diseases in humans,
the hemorrhagic fever with renal syndrome in Eurasia and the hantavi-
rus cardiopulmonary syndrome (HCPS) in the Americas.

Although rodents have been considered to be the primary reservoir
hosts of hantaviruses for a long time, these infectious agents are also car-
ried by a more diverse range of mammalian species, particularly bats,
moles and shrews (Guo et al., 2013; Holmes and Zhang, 2015). Accidental
transmission to humans occurs mainly by the inhalation of virus in aero-
solized rodent excreta. Person-to-person transmission have been report-
ed for Andes hantavirus (Martinez-Valdebenito et al., 2014).

The emergence of hantavirus in human populations is often related
to ecological interactions among reservoirs, virus and humans; influ-
enced by rodent population density and structure, environmental fac-
tors related to virus survival outside the rodent host, and
anthropogenic risk behavior factors that allows prolonged contact to
host habitats and areas supporting virus survival, such as entering and
cleaning of (closed) rodent infested places, camping, hunting, forestry,
farming, living in close proximity to forest and the establishment of
new agricultural practices including food and grain storage (Reusken
and Heyman, 2013).
In the Americas, more than 40 hantavirus genotypes have been de-
scribed and nearly half of them are pathogenic to humans. In Brazil,
six different hantavirus genotypes have been associated with HCPS
(Guterres et al., 2015). In the South region of the country, hantaviruses
cluster with the Araucária (Juquitiba-like) or Jaborá genotypes (Raboni
et al., 2012).

Since the first description of HCPS in Brazil in 1993 up to 2015, a
number of 1,940 confirmed cases have been reported with a total of
765 deaths. The mean lethality rate is 40% and the majority of patients
require hospital care. Of these, 227 cases were reported in Paraná
State, with a lethality rate of 38.3% (Brazilian Health Ministry, 2016).
The similarities of clinical hallmarks found in HCPS and in other viral
hemorrhagic fevers make it difficult to diagnose the disease based
only on clinical examination, therefore serologic and molecular diagno-
sis tests are important for the correct identification of the etiologic agent
and proper treatment. Infection in humans result in very short-term vi-
remia and patients have detectable IgM and IgG antibodies against the
hantavirus nucleocapsid (N) antigen at the onset of clinical symptoms
(Borges et al., 2006; Padula et al., 2000), thus serologic tests are often
used for the detection of these antibodies classes (Vaheri et al., 2008).

Hantavirus virions are enveloped and contain three negative single-
stranded RNA genome segments designated as large (L), medium (M),
and small (S). These segments encode the viral RNA-dependent RNA
polymerase, two envelope glycoproteins (Gn and Gc) and the nucleo-
capsid protein (N) (Elliot and Schmaljohn, 2013; Vaheri et al., 2013).
Among the structural proteins, the nucleocapsid is the most abundant
and antigenic protein in the virus particle, with immunodominant and
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cross-reactive epitopes at theN-terminal domain. Hence diverse recom-
binant N proteins produced by various expression systems have been
applied as diagnostic antigens to detect hantavirus-specific antibodies
(Amada et al., 2013; Hujakka et al., 2001b; Koma et al., 2010; Raboni
et al., 2007; Yoshimatsu and Arikawa, 2014a).

In the present study, we propose a new point-of-care test for the de-
tection of hantavirus specific antibodies in human and rodent serum or
whole blood samples. According to this evaluation, the rapid test proved
to be a useful tool for the epidemiologic surveillance of the disease in
human and rodent populations. Additionally it is quick, straightforward
to perform andwith no need of additional equipment or special storage
conditions, thus allowing field studies.

2. Methods

2.1. Serum samples

This study is in accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki) and was approved by
the National Ethical Committee (protocol no. 34257314.7.0000.5248)
for the human samples, consent was obtained from each subject and
all privacy rights were respected. The animal handling is in accordance
with the U.K. Animals (Scientific Procedures) Act, 1986 and associated
guidelines, and was approved by the environmental local authority
IAP/PR (environmental licensing no. 002/15). Serum samples were col-
lected from healthy volunteers living in hantavirus endemic areas in
South Brazil (Paraná State) or kindly provided bymultiple public health
laboratories and other external collaborators. Small mammal samples
were obtained by trained staff in several municipalities of Paraná
State, based on reportedHCPS cases and/or on the environmental diver-
sity of the locations. Animal capturing and sample processing were per-
formed as previously described (Raboni et al., 2012). Human and animal
serum samples were then assigned into five groups according to their
origin and clinical features (Table 1). Groups I, II and III were tested
with ICC EIA IgG and/ or IgM HANTEC (Raboni et al., 2007), and then
assayedwith the hantavirus rapid test for comparison purposes. Groups
IV and V were tested with the hantavirus rapid test and compared to
previously known results.

2.2. ICC EIA IgG and IgM HANTEC

The HANTEC EIA kits were developed and validated using the hanta-
virus nucleocapsid protein (Raboni et al., 2007). The GFP protein is used
as a control for unspecific antibody binding. These kits are currently
being distributed by the Brazilian Ministry of Health to the Reference
Laboratories in hantavirus diagnosis. The ICC EIA IgG and IgM HANTEC
kits were used as the initial comparison methods, and performed ac-
cording to the manufacturer's instructions. For the IgM assay, a set of
serum dilutions was performed (1:100 to 1:6,400), in order to improve
specificity by eliminating false-positive samples. Then the absorbance
Table 1
Human and small mammal’s serum samples tested with the hantavirus rapid test.

Group Number of
samples

Description

I 131 Serum samples of healthy human individuals living in
hantavirus endemic areas in South Brazil (Paraná state)

II 708 Wild small mammals serum/whole blood samples from
hantavirus endemic areas in South Brazil (Paraná state)

III 68 Serum samples from patients with suspected HCPSa

IV 97 Panel of serum samples from patients with acute
infections other than HCPSa

V 45 Human serum panel from a different geographical regionb

Total 1,049

a Provided by Brazilian Public Health Laboratories
b Pergamino, Argentina – provided by the Instituto Nacional de Enfermedades Virales

Humanas “Dr. Julio I. Maiztegui”.
difference between the hantavirus nucleoprotein and GFP control
wells are summed. For the IgG assay, a cut-off value is obtained using
controls, and the absorbance difference between the hantavirus nucleo-
protein and GFP control wells should be divided by this cut-off. A sam-
ple is considered positive if it presents values above 1.1; samples
between 0.9 and 1.1 are designated indeterminate and samples bellow
0.9 as negative.

2.3. Hantavirus point-of-care test (POC HANTEC)

The POC HANTEC is a lateral flow immunochromatographic assay
that uses the hantavirus nucleocapsid recombinant protein as the anti-
gen (test line) (Raboni et al., 2007). Protein A (Invitrogen) is composed
of five homologous Ig-binding domains, and each domain is able to bind
proteins from many mammalian species, most notably IgGs (Frank,
1997), for these characteristics it was used as the test control line and
conjugate. The test was performed by adding 5μl of serum or whole
blood into the sample well followed by three drops of sample buffer
(100μl). After 10 to 15 min of incubation, the result was visually read
by at least two people. The control line must be present in all tests, oth-
erwise it was considered invalid and repeated (Suppl. Fig. 1).

2.4. Additional comparative methods

Discrepant results between the two assays (EIA and POC HANTEC)
were confirmed by immunoblot and/or RT-PCR (Johnson et al., 1999).
For the immunoblot, 5μg of the hantavirus recombinant nucleoprotein
were separated by SDS-PAGE and transferred to nitrocellulose mem-
branes. Individual blocked nitrocellulose strips were incubated for 1
hour with each serum diluted 1:100. After three washes with Tris-
buffered saline (TBS), a second 1 hour incubation with anti-mouse
IgG, anti-human IgG or anti-human IgM alkaline phosphatase conjugat-
ed was performed. Following three washes with TBS, membranes were
revealed with BCIP/NBT reagent (Promega).

3. Results

3.1. POC HANTEC

The newly developed point-of-care test was performed with 5 μl of
serum or whole blood samples and visually read after 10 to 15 min. A
red line in the test window indicated a positive result and the absence
of this line a negative result. Some samples presented a faded test line
and were considered as indeterminate. The test was considered invalid
if no control line was observed.

To validate the POC HANTEC test, we evaluated a total of 1,049
serum samples divided into 5 groups: healthy individuals living in en-
demic areas, wild small mammals captured in endemic areas, patients
with suspected HCPS, patients with acute infections other than HCPS,
and a blind panel of human serum from a different geographic region
(Table 1).

3.2. Hantavirus specific antibody detection in human and wild small mam-
mals samples from endemic areas

Combined results from the HANTEC EIA and immunoblot assays
were used to ascertain the samplefinal status as negative/ positive or in-
determinate. A total of 131 serum samples from healthy individuals liv-
ing in hantavirus endemic areas were tested with the POC HANTEC and
the results are shown in Table 2. From the 64 positive samples, the test
was able to correctly identify 58. Three sampleswere indeterminate and
another three were false negative. The sensibility and specificity for
group I was 95.1% and 100%, respectively.

Regarding the results obtained forwhole blood/ sera fromwild small
mammals samples (group II), the POC HANTEC presented a sensibility



Table 2
Hantavirus IgG detection by POCHANTEC in serum/whole blood from smallmammals and
healthy human individuals from endemic areas.

Group Origin POC HANTEC Sample final statusa Total

IgG
positive

Negative Indeterminate

I Human Positive 58 0 0 58
Negative 3 63 0 66
Indeterminate 3 1 3 7
Total 64 64 3 131

II Small
mammals

Positive 39 1 0 40
Negative 1 667 0 668
Total 40 668 0 708

a HANTEC EIA and immunoblot combined results
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of 97.5% and a specificity of 99.9% (Table 5). The two conflicting results
were tested negative by RT-PCR for hantavirus.

Among the 40 confirmed hantavirus positive samples, 26 were pos-
itive by RT-PCR and sequenced as the genotypes Jaborá (11 samples)
and Araucária (Juquitiba-like) (15 samples). The POC HANTEC test
proved to be useful to detect antibody against hantavirus in different ro-
dent genera such as Akodon sp., Oxymycterus sp., and Oligoryzomys sp.
The test was also valid for samples of the rodent genera
Brucepattersonius sp., Juliomys sp., Micromys sp., Mus sp., Necromys sp.,
Nectomys sp., Oryzomys sp., Rattus sp., Rhipidomys sp., Sooretamys sp.,
Thaptomys sp.; and the marsupial Monodelphis sp. Four samples out of
20 obtained from Calomys sp. were invalid.

3.3. Hantavirus specific antibody detection in suspected cases of HCPS

Despite the suspicion of HCPS in all patients fromgroup III, 5 samples
were tested negative by all assays (Table 3). It was possible to correctly
detect anti-hantavirus antibodies in 50 positive sera. Six samples were
considered indeterminate and seven samples gave false negative
results.

3.4. POC HANTEC with other acute disease samples

We investigated cross-reactivity by testing 97 serum samples from
patients with non-HCPS acute disease (Suppl. Table 1). This panel in-
cluded sera positive for Toxoplasmosis (5 samples), Epstein–Barr virus
(EBV) (14), Venereal Disease Research Laboratory test – VDRL (22), Cy-
tomegalovirus – CMV (12), CMV/EBV (2), Chagas disease (5), Leptospi-
rosis (7), Leishmaniosis (1), and Dengue (29). Although the HANTEC
IgM EIA gave a false positive result for one acute Chagas disease serum
sample, no cross-reactivity was observed when tested with the POC
HANTEC test.

3.5. Serum panel from a different geographical region

We assessed the applicability of the POC HANTEC test with samples
from Argentina, another South American country with confirmed han-
tavirus circulation. Results show that it was able to detect all hantavirus
Table 3
Hantavirus IgG/M detection using POC HANTEC in serum samples from patients with
suspected HCPS.

POC HANTEC Sample final statusa Total

Positive Negative Indeterminate

IgM IgG IgM/IgG

Positive 2 7 41 0 0 50
Negative 4 1 2 5 0 12
Indeterminate 0 2 3 0 1 6
Total 6 10 46 5 1 68

a HANTEC EIA and immunoblot combined results.
positive samples (Table 4), indicating that there is a cross-reactivity of
the recombinant Araucaria nucleoprotein with sera from patients in-
fected with another genotype of hantavirus (Andes virus). The test
was also able to detect the Maripa virus from French Guiana (data not
shown). Furthermore the test showed no cross-reactivity for samples
from patients with acute Argentina hemorrhagic fever, Yellow fever,
Dengue and Saint Louis encephalitis.

In summary, the POCHANTEC had a sensibility of 88–100% and spec-
ificity of 97–100% for the five groups of samples (Table 5).

4. Discussion

Hantavirus infection prevalence studies in wild rodents and humans
have been done mainly by serological detection of hantavirus-specific
antibodies using enzyme linked immunosorbent (ELISA) and immuno-
fluorescent antibody assays (IFA) (Pini et al., 2003; Raboni et al., 2012;
Yoshimatsu and Arikawa, 2014b). However, more rapid, simple and
safer diagnostic methods are required for these surveys, and rapid
tests are of great potential for this purpose.

Information about the serological status of the human population
and the potential rodent reservoirs regarding hantavirus exposure is
important, once the seroprevalence data and the distributions of sero-
positive reservoir species will assist health authorities in adjusting
their prevention policies and defining a permanent surveillance pro-
gram for the entire region (Raboni et al., 2012).

The first application of a immunocromatographic rapid test for han-
tavirus detection was the POC Puumala® test for detection of Puumala
virus (PUUV) (Hujakka et al., 2001a, 2001b), followed by POC
Dobrava-Hantaan® (Hujakka et al., 2003). Both tests use a recombinant
N protein for the detection of specific human IgM antibodies. Regarding
the hantavirus reservoir hosts a serological immunochromatographic
rapid test was developed for the detection of anti-PUUV IgG antibodies
in rodents (Sirola et al., 2004). More recently, a rapid strip test was set-
tled for detection of Seoul virus (SEOV) IgG antibody in blood from
Rattus spp (Amada et al., 2013). To our knowledge, the POC HANTEC is
the first reported test to detect antibodies specific for South American
hantavirus in both, human and rodent samples.

Since 2013, the POC HANTEC test was challenged in 18 field expedi-
tions that reached 21 municipalities throughout Paraná State, with the
valid testing of 14 wild rodent genera and the marsupial Monodelphis
sp., showing its potential usefulness with a wide range of mammalian
species. Calomys sp. represented an interesting variable, since it gave
some invalid results (4 of 20), probably due to Calomys IgG weak bind-
ing to protein A, as previously described (Favoreto-Junior et al., 1998).
Despite this, the test with the wild animals panel showed high specific-
ity and sensibility (Table 5) proving that it is a reliable tool for epidemi-
ological surveys in reservoirs populations.

Moreover, fast results, easy manipulation and flexibility for sample
use (serum, plasma and whole blood) makes it highly recommended
for field studies. The small sample volume required to run the POC
HANTEC enables the use of blood from the animal tail tip or saphenous
vein puncture, making possible the release of non-infected animals,
Table 4
Serum panel from a different geographical region tested with the Hantavirus POC
HANTEC.

Samples POC HANTEC Total Concordance

Positive Negative

Argentina hemorrhagic fever 0 14 14 100%
Yellow fever 0 1 1 100%
Dengue virus 0 2 2 100%
Saint Louis encephalitis 0 1 1 100%
Hantavirus IgM 6 0 6 100%
Hantavirus IgG 1 0 1 100%
Hantavirus IgM/ IgG 5 0 5 100%
Negative 1 14 15 93.34%



Table 5
Sensibility and specificity of the POC HANTEC.

Groups

I II III IV V

Number of samples⁎ 124 708 62 97 45
Sensibility 95.08 97.50 87.72 - 100.00
Specificity 100.00 99.85 100.00 100.00 96.97
Efficacy 97.54 98.68 93.86 100.00 98.48

⁎ Indeterminate results were excluded from the analysis.
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thus allowing long-term studies and preventing biodiversity loss, which
can lead to increase of reservoir population density and consequently,
higher incidence of illness (Suzán et al., 2009).

An easy method of IgG detection is also important for epidemiolog-
ical surveys in human population living in areas of viral circulation. To
verify the test performance in this context, a panel of samples of healthy
individuals living in hantavirus endemic areas was tested, and the POC
HANTEC also showed high sensibility and specificity rates (Table 5).
Such panel represents a special challenge for the test sensibility, since
these individuals are likely to exhibit low anti-hantavirus IgG levels.
Human hantavirus seroprevalence surveys allows the estimation of
viral circulation among a population, and ELISA-based assays are the
most common choice to perform the initial screenings (Badra et al.,
2012; De Souza et al., 2011;Witkowski et al., 2015). However, low han-
tavirus seroprevalence is reported worldwide (1.7 to 4.7%), suggesting
that an in loco assay should be suitable to improve logistics, such as to
simplify sample storage. Additionally, it is important to note that hanta-
virus ismainly related to rural areaswith difficult access and an on-time
result could favor control and prevention measures.

When tested with samples from patients with suspected HCPS, the
POC HANTEC could correctly identify anti-hantavirus antibodies in 50
out of 69 sera. Among the discrepant results, five indeterminate and
seven negative sera in the POC HANTEC were reagent in the immuno-
blot assay, showing a sensibility issue especially for exclusively IgM-
positive sera. This result can be explained by the fact that protein A
has low affinity to human IgM (Frank, 1997). Therefore negative results
with the POC HANTEC for early acute patients do not exclude the possi-
bility of hantavirus infection. According to diagnostic guidelines, sero-
logical tests must be carefully considered together with clinical and
epidemiological evaluations to diagnose the disease (PAHO, 1999). Fi-
nally, since no cross-reactionwith a panel of 11 acute infectionswas ob-
served, added to the ability of detection of antibodies against different
hantavirus genotypes, the POC HANTEC represents a real potential of
use for the anti-hantavirus antibody detection not only in Brazil, but
also in other South American countries.

5. Conclusion

The POC HANTEC test for hantavirus specific antibody detection pre-
sented good rates of sensibility (87–100%) and specificity (97–100%). It
can be transported, kept and run under field conditions with no need of
equipment or electricity, yielding results in 10 to 15 minutes. This rapid,
sensitive, and cost-effective test can be used for epidemiological surveys
andhelp focus target controlmeasureswith thegoal of reducing thedisease
burden. The test enabled the detection of antibodies to Jaborá, Araucária
(Juquitiba like) and Andes viruses, and has a potential use for other regions
of Brazil and other South American countries. Currently we are improving
the test sensibility to exclusively IgM-positive serum and broadening our
sample panel from other regions of Brazil and South America.
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