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Fig. 1. Plaque morphology of TBEV Oshima clones. Oshima-A4, A9 and B11 exhibited
small plaques, while Oshima-Cl showed large plaques. Oshima-All, E2, E3, E7 and
Oshima-pt showed a mixture of small and large plaques.

Fig. 2. Weight changes in mice following subcutaneous inoculations with TBEV
Oshima clones. Five mice in each group were subcutaneously inoculated with TBEV
Oshima clones and observed for 21 days. Mouse weight was observed daily and
compared with that at day 0. Each mouse is represented by a line that connects the open
or closed diamond-shaped boxes. Each box represents the observed ratio of weight
change at observation day. The lines with the open and closed boxes indicate a living

mouse and a mouse that eventually died during the observation period, respectively.

Fig. 3. Viral load in brains and spleens. Three mice per group were subcutaneously
infected with 10* PFU of TBEV Oshima clones, and their brains and spleens were
collected at day 9 p.i.. (A) Infectious viral load in the brain. (B) Copy numbers of TBEV
genome in the spleen. Oshima-pt, All, C1, E2, E3 and E7, which showed a weight
reduction in the infected mice, are indicated by closed diamond boxes. Oshima-A4, A9
and B11, which showed no weight reduction in the infected mice, are indicated by open
diamond boxes. Error bar: SD, P: ANOVA.

Fig. 4. Position of the amino acid substitution Gluy2;—Gly in E protein. The amino
acid at position 122 of E protein is glutamic acid (E), and it is located at domain II of E
protein. (A). Dimer structure of E protein of TBEV Oshima 5-10 strain. (B). Trimer
structure of E protein of TBEV Oshima 5-10 strain. Arrows point to the area of amino
acid substitution from Glu;,—Gly.
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Fig. 2
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Hantavirus is a causative agent of rodent-borne viral zoonoses, hemorrhagic fever with renal syndrome
(HFRS) and hantavirus pulmonary syndrome. Seoul virus (SEOV) is a causative agent of urban and
laboratory rat-associated HFRS worldwide. Surveillance of rodents has been done mainly by serolog-
ical detection of hantavirus-specific antibodies by enzyme linked immunosorbent assay (ELISA) and
immunofluorescent antibody assay (IFA). An immunochromatographic (ICG) test was developed with
the N-terminal 103 amino acids of nucleocapsid protein of Hantaan virus expressed by Escherichia coli
as an antigen to detect IgG antibody specific to hantavirus in sera from Rattus sp. animals. Antibody-
detecting sensitivity of the ICG test was the same as that of ELISA and about 100-times higher than that
of [FA. Overall sensitivities and specificities of the ICG test in comparison to ELISA and IFA for sera from
192 urban rats and 123 laboratory rats were 99.3% and 100%, respectively. Diluted whole blood sam-
ples without separation could be used for the ICG test. The ICG test enabled detection of antibodies to
SEOV, Hantaan, Dobrava/Belgrade, and Thailand viruses, which are causative agents of HFRS throughout

Eurasia. The ICG test is a rapid, simple and safe method for diagnosis of SEOV infection in rats.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Hantaviruses belong to the genus Hantavirus of the family Bun-
yaviridae. Viruses in the genus Hantavirus contain causative agents
of two important rodent-borne febrile zoonoses, hemorrhagic fever
with renal syndrome (HFRS) in the Old World and hantavirus pul-

monary syndrome (HPS) in the New World (Schmaljohn and Hjelle, ... .

1997). The total number of HFRS patients worldwide is about
60,000-150,000 annually (Song, 1999). More than 90% of HFRS
cases occur in Asian countries. On the other hand, hundreds and
probably thousands of HPS cases have been reported in North and
South American countries, respectively (Schmaljohn and Hjelle,
1997).

Twenty-three hantavirus species have so far been registered
as members of the genus Hantavirus. Four of those virus species,
Hantaan virus (HNTV), Seoul virus (SEOV), Dobrava/Belgrade virus
(DOBV) and Puumala virus (PUUV), are known to be causative
agents of HFRS, and Sin Nombre virus, Andes virus and other
related viruses are known to be causative agents of HPS. Each of
the hantaviruses has its own predominant reservoir animals as nat-
ural reservoirs, probably due to the consequence of co-evolution

* Corresponding author. Tel.: +81 11 706 6905; fax: +81 11 706 6906.
E-mail addresses: j_arika@med.hokudai.ac.jp, yosimatu@med.hokudai.ac.jp
(J. Arikawa).

0166-0934/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.jviromet.2013.04.021

between reservoir animals and hantaviruses (Plyusnin et al., 1996).
The HFRS- and HPS-causative hantaviruses so far detected all uti-
lize rodents as reservoir animals. Therefore, endemic areas of HFRS
and HPS have been confined to areas inhabited by specific reser-
voir rodents (Plyusnin and Morzunov, 2001). The only exception
is an SEOV carried by the brown rat (Rattus norvegicus). SEOV
has been found across a worldwide geographic range, from Asia
to Africa, Europe, and both Americas (Childs et al., 1987; Cueto
et al., 2008; Heyman et al., 2004, 2009; Korch et al., 1989; Lledo
et al., 2002; McCaughey et al., 1996; Plyusnin and Morzunov, 2001;
Reynes et al., 2003; Seijo et al., 2003; Truong et al., 2009; Wang
et al,, 2000; Weissenbacher et al., 1996; Wu et al., 2007), proba-
bly due to the migration of rodent reservoirs through international
transportation by ship. Laboratory rat-associated HFRS caused by
SEOV infection has also been reported in institutions and univer-
sities in Asia and Europe (Lloyd et al., 1984; Zhang et al., 2010).
Therefore, extensive serological surveillance of rats is important for
prevention of both urban rat- and laboratory rat-associated HFRS
infection. Surveillance of rodents has been done mainly by sero-
logical detection of hantavirus-specific antibodies using enzyme
linked immunosorbent assay (ELISA) and immunofluorescent antij-
body assay (IFA). However, more rapid, simple and safe diagnostic
methods are required for rodent surveys.

In this study, an immunochromatographic (ICG) strip test devel-
oped for detection of SEOV IgG antibody in blood from Rattus

Spp.
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2. Materials and methods
2.1. Viruses and bacteria

SEOV strain SR-11 (Kitamura et al., 1983), Thailand virus (THAIV)
strain thai749 (Elwell et al., 1985), HTNV strain 76-118 (Lee
et al., 1982) and Dobrava/Belgrade virus (DOBV) strain Saare-
maa (Nemirov et al., 1999) were propagated in Vero E6 cells as
described previously (Yasuda et al., 2012). Mouse hepatitis virus
(MHV) strain Nu67 was propagated in DBT cells as described pre-
viously (Kunita et al., 2011). Mycoplasma pulmonis strain m53 was
cultured as described previously (Atobe and Ogata, 1974). Culture
supernatants were stored at —80 °C until use.

2.2. Experimental infection of laboratory rats with SEOV

Two six-week-old WKAH/hkm female rats (SLC, Hamamatsu,
Japan) were inoculated intraperioneally with 6 x 104 FFU of SEOV
(strain SR-11), THAIV (thai749) or DOBV (Saaremaa) as described
previously (Yasuda et al., 2012). Serum specimens were collected
from the tail vein of a rat at the time of inoculation (day 0) and at 3,
6,9, 13,16, 19, 23, 27, 34, 40 and 49 days post inoculation (dpi) of
SEOV. From rats inoculated with strain thai749 or Saaremaa, serum
specimens were collected only at 49 dpi. Serum specimens obtained
at 49 dpi were used as positive control serum specimen to evalu-
ate the ICG strip test. Animal experimentation was performed after
obtaining permission from the Institutional Animal Care and Use
Committee of Hokkaido University. Experiments involving virus
infection were performed in a BSL-3 facility. To examine the appli-
cability of diluted whole blood specimens to the ICG system, blood
samples were collected from the tail vein by the same procedure
as that described above. Four microliters of blood was mixed with
150 wl of PBS to make a 1:75 dilution. A total of 18 sera were col-
lected from SEOV-inoculated rats as described above, and blood
was collected at the time of inoculation (day 0-2 samples) and at
day 4 (2 samples), day 7 (2 samples), day 11 (2 samples), day 14 (2
samples), and day 49 (8 samples) post inoculation of SEOV.

2.3. Laboratory rat sera

A total of 110 laboratory rat sera were obtained from rats kept
at SEOV prevalence-negative facilities and used as negative con-
trol sera. These sera were used for evaluation of ICG test specificity.
The sera were screened initially for detecting antibodies to hemag-
glutinating virus of Japan (HV]), sialodacryoadenitis virus (SDAV),
M. pulmonis, Tizzer and HFRS by using a commercial IgG ELISA
kit (MONILISA ®IV,, MONILISA ®HANTA, Wakamoto Pharmaceu-
tical, Tokyo, Japan). Positive samples against MONILISA ®HANTA
were confirmed by IFA and Western blotting as described below.
As shown in Table 3, the sera were divided into 4 groups depending
on the conditions as follows. The first group consisted of 30 rat sera.
These sera were negative by MONILISA ®IV,, MONILISA®HANTA
and IFA HANTA and were referred to as “Commercial IgG ELISA
(=)". They were obtained from male and femnale rats aged between
10 and 48 weeks. The strains of rats were Wistar Hannover GALAS
(BrlHan:WIST@]cl), Fischer 344 (F344/N), Goto-Kakizaki (GK/Jcl)
and Spontaneously Diabetic Torii (SDT/]cl). The second group con-
sisted of 40 sera that showed ELISA OD values greater than cut-off
OD values (>0.2-2.1) to Hantavirus in MONILISA-HANTA but were
finally confirmed as negative by IFA and WB. The third and forth
groups consisted of IgG antibody positive to sialodacryoadenitis
virus (SDAV) (20 sera) or M. pulmonis (20 sera, by the commercial
ELISA test). As shown in Table 4, a total of 13 laboratory rat sera
were obtained from rats kept at two facilities (facility A and facil-
ity B) where SEOV infection existed. Among the 13 sera, three sera
were confirmed to be SEOV antibody-positive by IFA, IgG ELISA and

1gM Western blotting, while the other 10 sera were confirmed to
be antibody-negative.

2.4. Urban rat sera

Atotal of 192 serum specimens were obtained from R. norvegicus
rat that were captured in urban areas in Hanoi and Haiphong port
in Vietnam from 2009 to 2011(Koma et al., 2012). Among them, 26
were antibody-positive to Leptospira interrogans (Koma et al., 2012)
and 21 were antibody-positive to hepatitis E virus (HEV) (Li et al.,
2011).

2.5. Preparation of a recombinant antigen for hantavirus
diagnosis

Since about 100 amino acids of the N-terminal region of the
N protein of HTNV, SEOV, THIV, DOBV and Saaremaa viruses are
highly conserved (Elgh et al., 1996; Yamada et al., 1995; Yoshimatsu
et al, 1993), the HTNV-N terminal end was used as a repre-
sentative antigen in this study. First, the coding region of the
N-terminal 103 amino acids of the N protein of HTNV was ampli-
fied using primers (EIHNPATG, ccgGAATTCatggcaactatggaggaatt;
HANSNP103-Xhol, tttaaCTCGAGcacattaccataac). A stop codon of
the pET43.1b vector was used to terminate recombinant protein
translation. Fragments were cloned into the EcoRI/Xhol restriction
site of the pET43.1b vector (Merck KGaA, Darmstadt, Germany)
in-frame with the NUS protein, and the resultant plasmids were
introduced into Escherichia coli host BL21 (DE3). Expressed trun-
cated NUS-tagged recombinant N protein of HTNV was purified
using HisTrap- HP columns (GE Healthcare, Little Chalfont, UK)
according to the manufacturer’s instructions. Since this region
is closely related to HTNV and SEOV, the truncated antigen is
termed HS103 in this manuscript. HS103 was used as ICG and ELISA
antigens without deletion of the NUS-tag protein to maintain its
solubility. Finally, the HS103 antigen possessed an NUS-tag and a
histidine-taginits N terminal region and another histidine-taginits
C terminal region. Recombinant N protein of HTNV was expressed
in High five cells by a baculovirus vector (Schmaljohn et al., 1990)
and used as an antigen for Western blotting.

2.6. Reference serological diagnosis methods

All samples in this study were first examined for anti-hantavirus
antibodies either by commercial IgG ELISA and/or in-house ELISA
followed by IgG IFA and IgM Western blotting. Serum specimens
positive by commercial IgG ELISA and/or in-house IgG ELISA and
IgG IFA were regarded as antibody-positive.

2.6.1. IgGIFA

IFA was carried out by methods described previously (Kunita
et al,, 2011; Morii et al., 1998; Yoshimatsu et al.,, 1993). MHV-
Nu67-infected DBT cells were used for detection of antibodies
against sialodacryoadenitis virus (SDAV). For detection of antibod-
ies against M. pulmonis, M. pulmonis m53-infected BHK cells were
used. For detection of antibodies against SEOV, SEOV-infected Vero
E6 cells were used. The cells were spotted onto 24-well Teflon-
printed slides, air-dried, fixed in acetone at 4°C for 15min, and
then air-dried after rinsing with DW. The IFA antigens were stored
at —20°C until use. Fluorescein isothiocyanate-conjugated anti-rat
immunoglobulin (heavy and light chains) goat 1gG (Cappel Labora-
tories, Cochranville, PA) was used as the second antibody. IFA titers
were expressed as the reciprocal of the highest serum dilution that
caused characteristic fluorescence in cells. Serum specimens were
examined after 1:100 dilution.
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2.6.2. IgG detection by in-house ELISA

Ninety-six-well plates were first coated with 1 p.g/ml of HS103
in PBS for 1h at 37°C as a capture antigen. After being washed
three times with PBS containing 0.05% Tween 20 (PBS-T), the
plates were blocked with PBS containing 3% bovine serum albu-
min (BSA) for 1 h at 37 °C. After blocking, rodent sera were diluted
at 1:200 with ELISA buffer (PBS containing 0.5% BSA and 0.05%
Tween 20) and added to the plates. After incubating for 1h at
37°C, the cells were washed three times with PBS-T. Bound anti-
body was detected with horseradish peroxidase (HRP)-labeled goat
anti-rat IgG antibody (Invitrogen, Carlsbad, CA, USA) for 1h at
37°C. After being washed as above, color reactions were performed
with o-phenylenediamine dihydrochloride (OPD) (Sigma-Aldrich,
St. Louis, MO) and were allowed to develop for 10 min. Absorbance
was measured at 450nm by using a SpectraMax 340 microplate
spectrophotometer (Molecular Device, Sunnyvale, CA). The opti-
cal density (OD) of each test sample was subtracted from the OD
of the corresponding dilution of the unspecific antigen run on the
same microtiter plate. Samples with titers of less than 0.2 were
considered negative for IgG antibody.

2.6.3. IgM detection by Western blotting

Recombinant N protein of HTNV expressed by a baculovirus vec-
tor (Schmaljohn et al., 1990) was prepared in High five cells. The
cell pellet was diluted to 300 pwg/ml in sample buffer [1% sodium
dodecyl sulfate (SDS), 1% 3-mercaptoethanol, 0.05% bromophenol
blue, and 10% glycerol] at 95 °C for 2 min. After incubation on ice,
the cell lysate was subjected to polyacrylamide gel electrophore-
sis (PAGE) with precast gel (ePAGEL 10-20%, ATTO, Tokyo, Japan)
and developed at 40 mA for 2 h. The developed proteins were then
transferred to a polyvinylidene difluoride (PVDF; ATTO) membrane
in transfer buffer (0.1 M Tris, 0.192 M glycine, and 5% methanol)
at 2mA/cm? for 60 min using a semi-dry system. The membrane
was immersed in BlockAce (Dai Nippon Pharmaceutical, Osaka,
Japan) for 1h at room temperature and washed tree times with
PBS. Rodent sera were diluted 1:200 in PBS and applied to the PVDF
membrane by the use of Screener Blotter (Sanplastec Inc., Osaka,
Japan). The membrane was then washed with PBS and immersed
in a 1:5000 dilution of rabbit anti-rat IgM (BioFX Laboratories
Inc.) at room temperature for 1h. After washing, the membrane
was immersed in a 1:500 dilution of HRP-labeled anti-rabbit IgG
(BioFX Laboratories, USA) at room temperature for 1h. Finally,
the membrane was soaked in o-phenylenediamine dihydrochlo-
ride (OPD) (Sigma-Aldrich) at room temperature for 1 min (Koma
et al., 2010) until an orange-brown color was visualized. Serum
specimens that produced a clear color reaction were regarded as
positive.

2.7. Avidity test

Avidity of the IgG antibody to hantavirus was assayed according
to a procedure described previously (Gavrilovskaya et al., 1993;
Kariwa et al., 1996). Serially diluted rat sera were added in duplicate
to the wells of an ELISA plate coated with HS103 as in the in-house
ELISA test. After incubation for 1 hat 37 °C, one set of serum dilution
was washed three times with PBS-T containing 8 M urea and the
other set of serum dilution was washed with PBS-T. Bound IgG was
measured by addition of HRP-labeled anti-rat IgG (Invitrogen). The
avidity value was calculated by the ratio of the ELISA OD value of
an 8 M-urea-washed well to that of a well without urea treatment.

2.8. Preparation of an ICG strip
2.8.1. Preparation of colloidal gold conjugate

Gold colloid solution (WRGH2, Wine Red Chemical, Tokyo,
Japan) was mixed with a two-times volume of 10 mM Tris—-HCl

(pH 8.15). Rabbit anti-rat IgG (Sigma-Aldrich) solution was diluted
to 1 mg/ml with 10 mM Tris-HCl (pH 8.15). Equal volumes of the
colloidal gold dilution and antibody solution were mixed in a sili-
conized tube. After brief sonication, the mixture was incubated for
20 min at room temperature. Then the mixture was centrifuged at
14,000 x g for 15 min. After removal of the supernatant, the pellet
was resuspended with the original volume of blocking solution
(0.05% polyethylene glycol 20,000 (PEG) and 2.5% casein sodium
(Wako, Osaka, Japan)in 10 mM Tris-HCl (pH 9.2)). After incubating
for 20 min at room temperature, the mixture was sonicated and
centrifuged as described above. After removal of the supernatant,
the same blocking procedure was repeated two more times.
Finally, the pellet was sonicated and resuspended with phosphate-
buffered saline (PBS) containing 5% trehalose and 1% BSA up to
12.5%.

2.8.2. Preparation of a conjugate pad

A glass-fiber conjugate pad (GFCP103000, Milipore, Billerica,
MA, USA) was soaked in 0.5% casein in 20mM PBS (pH 7.0) for
20 min. The pad was washed with 3.0% sucrose PBS and dried in
air overnight. The colloidal gold conjugate prepared in (i) was put
onto the pad at 200 p1/30 cm. The pad was dried in air overnight
and kept at room temperature.

2.8.3. Preparation of an ICG test strip

The HS103 antigen prepared as described above and goat anti-
rat IgG (KPL, Washington, DC, USA) were diluted with 12.5% casein
sodium in 2.5mM PBS (pH 7.0) to adjust the concentration to
1mg/ml and then immobilized on a nitrocellulose membrane
(Hi-Flow Plus 240 Membrane Card, 60 mm x 301 mm, Millipore)
by drawing a thin line with a pen (Copic sketch Spare Nib,
Too, Japan) at the test line and control line positions, respec-
tively. After the membrane had been dried at room temperature
for 15 min, the membrane was soaked in 20mM PBS with 0.5%
casein (pH 7.0) for 20 min to block the unsaturated area. Then
the membrane was washed with 3.0% sucrose in DDW and
dried overnight at room temperature. A sample pad (Whatman
Chromatography Paper 3MM Chr, GE Healthcare), conjugate pad,
nitrocellulose membrane and absorbent pad (Cellulose fiber sam-
ple pad CFSP203000, Millipore) were assembled on a Membrane
Card. Finally, the combined membranes were cut into 3-mm-wide
strips by using a paper cutter (PT62, Kokuyo, Osaka, Japan). The
structure of the ICG strip is shown in Fig. 1A. The ICG strips
were stored at room temperature in a dry and dark box until
use.

2.8.4. Procedure of the ICG test

Serum dilution was prepared by mixing 2 pl of serum or 4 .l of
blood with 150 pl of PBS in a microplate well, and an ICG strip was
put directly into the well (Fig. 1B). After standing still for 15 min,
the ICG line was examined by the naked eye. A serum sample that
showed both test and control lines was regarded as positive, and a
serum sample that showed only the control line was regarded as
negative. Samples with the only test line were regarded as semi-
positive.

3. Results
3.1. Determination of basic conditions of the ICG test

Various concentrations of labeled colloidal gold, HS103 antigen
and goat anti-rat IgG antibody were tested with various combina-
tions by using immune rat serum obtained at 49 days post infection
with SEOV as a positive control. Consequently, 1 mg/ml of HS103
antigen and 1 mg/ml of goat anti-rat IgG antibody was used for the
ICG strip as they showed the clearest test line and control line. Since
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Fig. 1. Detection method and scheme of immunochromatographic test strip. (A) Structure of immunochromatographic test strip. HS103 antigen and goat anti-rabbit immune
globulin were placed at the test line and control line, respectively. The 1CG strip consisted of 4 membrane pads: sample pad, conjugate pad, nitrocellulose membrane and
absorbent pad. (B) Detection method. Two microliters serum is diluted with 150 I of PBS and then placed in a microtiter well. The strip is dipped in the solution. After

incubation for 15 min, the test- and/or control line appeared.

the size of the absorbent pad determines the lateral flow speed and
optimal sample volume, various volumes of samples were tested
to determine the optimal sample volume. For the 3-mm-wide ICG
strip, a sample volume of 150 ul gave the clearest results. There-
fore, in the following experiment, serum dilution was prepared by
mixing 2 pl of serum and 150 pl of PBS to make a final dilution of
1:75 and was applied to the ICG strip. The test needed 1-15 min
for complete development at 4-30°C. As shown in Fig. 2A, the ICG
strip showed a clear test band against immune sera to THAIV, HTNV
and DOBV with the same intensity as that with homologous HTNV
immune sera.

3.2. Comparison of ICG test with ELISA and avidity in sera from
rats inoculated experimentally

The results of ICG tests of serially collected rat sera were com-
pared with ELISA OD and avidity % (Table 1). ELISA OD value and
avidity titer increased with increase in the number of days past
inoculation. The ICG test began to be positive on 6 dpi even though
the ELISA OD value was very low (0.039) and the avidity value was
0%. With increase in the number of days post inoculation, ELISA
OD value, avidity titer and intensity of test lines of the ICG test
increased (data not shown) (Table 1).

3.3. Comparison.of detection sensitivities of ICG test, ELISA and
IFA in experimentally inoculated rat sera

Sensitivities for detection of SEOV antibody by the ICG test, ELISA
and IFA were compared in sera from urban rats (Fig. 2B) and exper-
imentally inoculated rats (Fig. 2C). As shown in the figures and
Table 2, antibody detection limits of the ICG test were the same
as those of ELISA and about 200-times higher than those of by IFA.

3.4, Comparison of the results of ICG tests and ELISA using
laboratory rat sera

A total of 110 rat sera were obtained from laboratories where
no hantavirus prevalence was confirmed (Table 3). As summarized
in Table 3, sera from Group I (negative to hantavirus antibody by
all diagnoses), Group II (high background ELISA OD by commercial
ELISA but finally confirmed as negative by IFA) and Groups Il and
IV (antibody positive to SDAV and Mycoplasma) were all negative
by the ICG test. A total of 9 sera from rats of more than 8 months
old and 4 sera from retired rats (>12 months old) were obtained
from facilities A and B where SEOV infection was confirmed. Three
of the sera showed positive results by ELISA and the ICG test, and
the other 6 sera were found to be negative by all methods. Sera
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< Testline <] Control line

Fig. 2. (A) Cross-reactivity of the ICG test to antibodies against Murinae rodent-derived HFRS-related hantaviruses. Immune rat sera against 4 viruses. S: SEOV; T: THAIV; H:
HNTV; D: DOBV; (-): uninfected. (B) ICG test lines in diluted sera. Serum from an urban rat obtained in Vietnam in 2011 (2011jan-wild-#20). (C) ICG test lines in diluted sera.
Serum from an SEOV-inoculated laboratory rat (SEOV-Bday49:) on 49 dpi. Both were examined at 1:75 and 10-fold dilutions from 1 x 102. (D) ICG test strip after application
of a whole blood sample. Blood from an uninfected rat was applied to strip 1 and blood from an infected urban rat was applied to strip 2.

from the 4 retired rats were also negative by commercial ELISA and
in-house IgG ELISA and by IgM WB, but one of the sera showed
positive results by the'ICG test (Table 4).

3.5. Comparison of the results of ICG tests and the reference
methods with urban rat sera

Atotal of 192 sera were obtained from Northern Vietnam, where
SEOV infection is endemic (Table 5). A total of 35 sera that were IgG
and IgM antibody-positive (26) and IgG antibody alone-positive (9)
were also positive in the ICG test. On the other hand, negative sera
and IgM alone-positive sera showed negative reaction in the ICG
test. Therefore, it was confirmed that the ICG test is applicable for
the detection of IgG antibody. A total of 153 sera from rats captured
since January 2011 were examined for antibodies against HEV and
Leptospira. Among them, 21 and 26 sera were found to be positive
against HEV and Leptospira, respectively. These sera showed neg-
ative reaction in the ICG test. ICG reaction may not be affected by
previously existing antibodies against other pathogens.

3.6. Evaluation of sensitivity and specificity of the ICG test using
315 rat sera

A total of 315 sera from laboratory rats and urban rats were
examined for overall sensitivity and specificity (Table 6). The

sensitivity of the ICG test was 38/38 (100%) and the specificity was
276/277 (99.3%). Efficacy ((sensitivity +specificity)/2) of the test
was calculated to be 99.6%.

3.7. ICG test using diluted whole blood specimens

Diluted whole blood samples were used for ICG tests. A total of
4l of whole blood was mixed with 150 pl of PBS to obtain the
same dilution as that of serum (1:75) and the mixture was applied
directly to the ICG test. As shown in Fig. 2D, blood cells were trapped
at the sample pad and clear bands were obtained either at the test
line or control line. The intensities of the lines were the same as
that with the serum specimen. Blood samples from uninfected lab-
oratory rats and urban rats were all found to be negative by the ICG
test. Blood samples collected periodically from inoculated experi-
mentally rats were positive for the ICG specimens obtained early
after inoculation (<4 days post inoculation). As shown in Table 7,
sensitivity of the whole blood test was 16/16 (100%) and specificity
was 44/44 (100%). These results indicated that the ICG test with
whole blood was useful for the rapid diagnosis.

4. Discussion

The ICG test has been used widely for diagnoses of various
infectious diseases by detecting an antigen or antibody against
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Table 1
Comparison of ICG positivity and ELISA OD and avidity by using serially collected
rat sera.

Table 4
Resuits obtained by ICG tests and reference methods with sera of laboratory rats
from an SEOV-prevalence facility.

Days RatiD IgG ELISA OD IgG avidity assay IeM ICG Origin of rats Total 1CG (+)/1gG (+), 1CG (+)/1gG (-),
a ~\b
0 A 0016 ND - _ 1gM (+) 1gM (=)
B 0.010 ND - - Facility A 9 3/3 0/6
Facility B 4 NAC 1/4
3 A ~0.001 0% - - Total 13 3/3 1/10
B -0.001 0% — —
039 % 2 No. of sera of ICG (+)/No. of sera of IgG ELISA (+) and IgM Western (+).
6 A 0 0 * + b No. of sera of ICG (+)/No. of sera of IgG ELISA (+) and IgM Western (—).
B 0.014 0% - - ¢ NA, not available.
9 A 0.122 0% + +
B 0.037 0% + +
Table 5
13 A 0.172 2.3% + + Results of ICG tests of sera from urban rats in Vietnam.
B 0.195 0% + + -
Originof rats  Total ICG(+)/IgG  ICG (+)/1gG  ICG (+)/IgG  ICG (+)/IgG
16 A gfgg ggz * * (+),1gM (+). 1gM (-)IgM  (-).1gM
B - : * * (+) (=P (+) (=)
19 A 0.260 4.2% + + August2009 39  9/9 4/4 0/2 0/24
B 0.540 12.6% + + Jan 2011 100  10/10 4/4 0/2 0/84
23 A 0.389 13.6% + 4 July 2011 33 717 NA® 0/4 0/22
B 0.581 38.4% " . August 2011 20 NA 171 NA 0/19
Total 192 2626 9/9 0/8 0/149
27 A 0.537 23.1% + +
B 0.698 53.3% _ . 2 No. of sera of ICG (+)/No. of sera of IgG ELISA (+) and IgM Western (+).
’ ’ > No. of sera of ICG (+)/No. of sera of IgG ELISA (+) and IgM Western (—).
34 A 0.544 12.6% - + © No. of sera of ICG (+)/No. of sera of 1gG ELISA (—) and IgM Western (+).
B 0912 38.4% - + 94 No. of sera of ICG (+)/No. of sera of IgG ELISA (-) and IgM Western (-).
R -
40 A 0671 53.3% B . NA, not available.
B 1.092 66.5% - +
49 A 0.984 57.0% - + Table 6
B 1.069 55.8% - + Evaluation of the ICG test using 315 rat sera.
1CG Total
Positive Negative
Reference method
Table 2 1gG positive? 38 0 38
Comparison of results obtained by ICG test, ELISA and IFA using experimentally or IgG negative® 1 276 277
Total 39 276 315

naturally infected rat sera with SEOV.

Highest dilution showing positive

Sensitivity of the ICG test was 38/38 (100%) and specificity was 276/277 (99.3%).
Efficacy ({sensitivity + specificity)/2) was calculated to be 99.6%.

reaction @ No. of positive sera. Sera that were showed positive by both Moniliza®-Hanta
Groups Serum ID ICG ELISA IFA (or IgG ELISA in-house) and IFA were regarded as positive.
SEOV-A day0 N - — b Nc?. of negative sera. Sera that were negath{e either by Moniliza®-Hanta (or IgG
SEOV-A day6 <10 <102 %102 ELISA in-house) or IFA were regarded as negative.
SEOV-A day9 x104 x103 x103
SEOV-A day13 x10° x105 x103
Experimentaly SEOV-A day49 x10% x103 x103 pathogens. In the field of hantavirus diagnosis, the first application
inoculated rats SEOV-B day0 - - - of the ICG test for rapid serodiagnosis was Poc Puumala® (Hujakka
ggg&g ggig 102 102 102 et al., 2001a,b). Poc Puumala® was prepared for detecting a PUUV-
SEOV-B day13 %103 <102 %102 specific IgM antibody in human sera. It was also applicable for
SEOV-B day49 %107 x103 x10° detecting IgM antibody in sera of HPS patients infected with Andes
2011jan-wild-#3 <105 <104 %103 virus (Navarrete et al., 2007). Diluted whole blood samples were
Urban rats 2011jan-wil-#20 %10° %104 %105 also applicable to the ICG test, which has enabled rapid diagnosis
<75, at the bedside and in field surveys in vank voles, Norway lemmings
(Lemmus lemmus) and sibling voles (Microtus rossiaemeridionalis)
(Sirola et al., 2004).
Table 3
Results obtained by the ICG tests and reference methods with hantavirus-negative laboratory rat sera.
Group Total MONILISA® IFA ICG
Hantavirus HV] SDAV Myco Tyzzer Hantavirus SDAV Myco + -
2 30 0 0 0 0 ] ND ND ND 0 30
i 40 40 0 0 0 0 0 ND ND 0 40
il 20 0 0 20 0 0 ND 20 ND 0 20
v 20 0 0 0 20 0 ND ND 20 0 20
Total 110 40 0 20 20 0 0 20 20 0 110

These sera were collected in Central Institute for Experimental Animals (CIEA).
2 Sera of group | were antibody-negative against any pathogen. Sera of group Il showed higher ELISA OD in Monilisa®-Hanta, between 0.2 and 2.1, but they showed no
reaction in IFA tests in hantavirus-infected cell antigen. Sera of group Il and IV were antibody-positive against SDAV and Mycoplasma, respectively.
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Table 7
ICG tests results with whole blood samples.

Origin of rats Total ICG(+)/1gG(+), IgM(+) ICG(+)/1gG+, IgM~ ICG(+)/1gG~, IgM+ ICG(+)/1gG—, IgM—
Urbanrat? 42 4/4 NAP NA 0/38
Laboratory rats experimentally 18 1111 7n NA 0/6
inoculated with SEOV*
Total 60 15/15 1/1 NA 0/44

& Rats were captured in Vietnam in August 2011(18 samples) and February 2012 (24 samples). Among the February 2012 samples, were tested other etiological agents, 23
were antibody-positive to Leptospira interrogans and 21 were antibody-positive to hepatitis E virus (HEV)

b NA, not available.

¢ Blood were collected from rats on day 0 (2 samples), day 4 (2 samples), day 7 (2 samples), day 11 (2 samples), day 14 (2 samples), and day 49 (8 samples) post inoculation
of SEOV. IgG antibody in blood by ICG test and in sera by reference methods were detected after 11 days inoculation.

However, Poc Puumala® is optimized for human IgM anti-
body detection in acute phase infection of PUUV. It showed lower
sensitivity for detection of antibodies to Murinae rodent-derived
hantaviruses such as HTNV, SEOV, and DOBV, which are major
causes of HFRS in Eurasia. To solve this problem, a recombinant N
protein of DOBV or HTNV was used for improvement of the ICG test
as POC Dobrava-Hantaan® (Hujakka et al., 2003). However, both
Poc Puumala® and POC Dobrava-Hantaan® are not an object for the
rat IgG antibody detection in persistent phase. SEOV causes HFRS
worldwide by transmission from urban and laboratory rats. Diag-
nosis in rat sera is also important from a public health point of view.
Therefore, in this study, we have aimed to develop an effective ICG
test for SEOV infection among Rattus species animals. In addition
to SEOV, THAIV and related viruses were found from black rats of
Indonesia (Plyusnina et al., 2004), Cambodia (Reynes et al., 2003),
and Singapore (Johansson et al., 2010). Natural reassortant han-
taviruses between HTNV and SEQV (Chen et al., 2012) and a HTNV
outbreak among laboratory rats (Zhang et al., 2010) were reported
from China. Therefore, attention must be paid to SEOV, THAIV, and
HTNV as a rat-borne hantaviruses.

In previous studies, it was shown that an immunodominant and
common antigenic site is located at the N-terminal end of the N
protein of hantaviruses (Elgh et al., 1996; Yamada et al,, 1995;
Yoshimatsu et al., 1993). Therefore, in this study, the N-terminal
103 amino acids {HS103 antigen) was expressed by E. coli and
used as an ICG antigen. At first, attempts were made to express
the entire N protein of HTNV by using pRSET (data not shown) or
PinPoint vectors in E. coli (Yoshimatsu et al., 1996). These trials
recovered two problems. One was degradation of the recombinant
N protein in E. coli and the other was poor solubility of the recom-
binant antigen. Truncation of the N protein gave better results for
degradation, and fusion of the NUS-tag protein improved solubility
of the recombinant antigen. As expected, the HS103 antigen was
successfully applied to the ICG test for rat IgG detection. The ICG
test enabled detection of the anti~-SEOV IgG antibody in early-phase
. (6 dpi) serum from rats inoculated experimentally, which showed
very low IgG ELISA ODs and IgG avidity value (0%). Furthermore, the
sensitivity of the ICG test for detection of the anti-SEOV antibody
was the same as that of ordinary ELISA and about 100-times higher
than that of IFA. In addition to the high sensitivity, the ICG test
showed no false-positive results in examination of many negative
rat sera that were confirmed as being antibody-negative by mul-
tiple reference methods including commercial IgG ELISA, in-house
IgG ELISA, IFA and IgM Western blotting.

The reason for the high sensitivity and specificity is not clear.
However, the high sensitivity and specificity may have been due
to the characteristics of HS103 antigen and colloidal gold particles.
Truncation of the antigenic portion might increase its antigenicity
and reduce non-specific binding. In addition to the selection of an
antigen, selection of a system is important. Colloidal gold conjuga-
tion used in this study exceeded blue latex-conjugation (data not
shown).

SEOQV infection among laboratory rats is one of the most impor-
tant zoonoses among laboratory animals. Therefore, serological
monitoring of SEOV infection among laboratory rats has been car-
ried out extensively. The ICG test presented here showed very high
specificity even among sera that showed high background reac-
tions by commercial IgG ELISA as well as antibody-positive sera
to other infectious diseases. Furthermore, application of diluted
whole blood in this ICG test enable rapid, safe and simple diag-
noses with blood samples from tail veins of live animals. These
results suggest that the ICG test will have future applications for
diagnoses of laboratory rats.

The N-terminal end of the N protein is antigenically conserved
among Murinae rodent-derived hantaviruses. Therefore, the ICG
test with HS103 antigen enables detection of IgG antibodies in
immune sera against HTN, SEOV, THAIV and DOBV. Epizootiological
studies of rodents in East Asian countries have indicated the pos-
sibility of existing novel Rattus-derived hantaviruses. In addition
to the cross-reactivity, high specificity of this ICG test even in wild
rodents was demonstrated in this study. Therefore, an epizootio-
logical study with our ICG test would be useful for finding novel
hantaviruses from novel rodent reservoirs.

In conclusion, the ICG test has good analytical performance com-
pared to the performance of reference methods and meets the
requirements for a highly applicable field test.
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