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Abstract: Rapid and simple serologic tests that require only a small amount of blood without the euthanization of
animals are valuable for microbial control in colonies of laboratory animals. In this study, we developed a multiplex
immunochromatographic assay (ICA) for detection of antibodies to Sendai virus (also known as hemagglutinating
virus of Japan), hantavirus, and sialodacryoadenitis virus, which are causative agents of major infectious diseases
in rats. For this assay, an ICA strip was placed into a microtube containing 150 yl PBS and either 0.75 ul of rat
serum or 1.5 ul of whole blood. Binding antibodies were visualized by using anti-rat IgG antibody-conjugated
colloidal gold. Under these conditions, the multiplex ICA simultaneously and specifically detected antibodies to
multiple antigens. Positive serum samples for each infectious disease were used to evaluate the sensitivity and
specificity of the multiplex ICA. The sensitivities of the multiplex ICA for Sendai virus, hantavirus, and
sialodacryoadenitis virus were 100%, 100%, and 81%, respectively. No nonspecific reactions were observed in
any of the 52 positive sera against heterologous antigens. In addition, 10 samples of uninfected sera did not show
any bands except for the control line. These observations indicate high specificity of the multiplex ICA. Moreover,
the multiplex ICA could be applied to diluted blood. These results indicate that the multiplex ICA is appropriate for
rapid and simple serological testing of laboratory rats.
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exhaust air of individually ventilated cages for several

Introduction

weeks. ELISA and PCR/culture/microscopic examina-

The quality of laboratory animals to be used in ex-
perimental studies must be carefully maintained, and
infectious agents of laboratory animal colonies must be
diligently monitored. The microbiological status of ro-
dents has typically been monitored by exposing sentinel
animals to potentially contaminated soiled bedding or

tion are the main tests used for serological diagnosis of
infectious diseases and detection of pathogens in labora-
tory rats and mice, respectively. Commercially available
ELISA kits, such as MONILISA™ (Wakamoto, Tokyo,
Japan), have mainly been used for in-house monitoring.

Assessment of the microbial status without euthaniz-
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ing animals, including sentinels, is now considered to
be important from the viewpoint of the 3Rs. A multiplex
microbead immunoassay and PCR-based detection of
antigen in feces have been reported as methods for di-
agnosing infectious disease without euthanizing animals
[1-6]. We previously reported that the use of a multiplex
immunochromatographic assay (ICA) enabled simulta-
neous and specific detection of antibodies to mouse
hepatitis virus (MHV), Sendai virus (also known hemag-
glutinating virus of Japan, HVJ), and Clostridium pili-
forme (the pathogen that causes Tyzzer disease) with
small amounts of blood that can be collected without
euthanizing mice [7]. Additionally, multiplex ICA is use-
ful for in-house monitoring due to its ability to simply
and rapidly detect antibodies against multiple antigens
without the need for an expensive, dedicated analyzer.

We also reported that an ICA using a minute amount
of rat serum is a highly sensitive, rapid, and simple di-
agnostic method for detecting IgG to pathogenic ortho-
hantaviruses, which are causative agents of rodent-borne
viral zoonoses, hemorrhagic fever with renal syndrome
and hantavirus pulmonary syndrome [8, 9]. The results
of those studies indicate that the use of a multiplex ICA
is a promising strategy for simultaneously detecting se-
rum antibodies to various rat pathogens.

In this study, we developed and evaluated a multiplex
ICA for rats that simultaneously detects serum antibod-
ies to HVJ, Seoul type orthohantavirus (Hanta), and si-
alodacryoadenitis virus (SDAV).

Materials and Methods

Control antigen

Inactivated fractions of purified MHV (S strain) and
HVJ (MN strain) virions were provided by the ICLAS
Monitoring Center (Central Institute for Experimental
Animals, Japan) for detection of IgG to SDAV and HVJ,
respectively [10, 11]. The MHV S strain antigen cross-
reacts with SDAV [12]. A recombinant antigen (N-ter-
minal 103 aa of nucleocapsid (N) protein, HS103) for
Hanta diagnosis was prepared as previously described
[8,9, 13].

Serum and blood

Serum samples obtained from rats experimentally or
naturally infected with SDAV or HVJ were diluted at
1:40 with ELISA buffer. Samples with ELISA OD values
greater than 0.3 were considered positive for respective
viruses, according to the standards of the ICLAS Moni-
toring Center. Sample that were positive by ELISA were
confirmed by performing an immunofluorescent antibody
assay [11]. The protocol for collecting positive serum
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samples was approved by the IACUC according to the
Regulations for Animal Experimentation of the Central
Institute for Experimental Animals, Japan. The regula-
tions were established in compliance with the law for
humane treatment and management of animals.

Serum samples obtained from urban rats were diluted
at 1:200 with ELISA buffer. Samples with ELISA OD
values greater than 0.2 were considered positive for
Hanta. Samples that were positive by ELISA were con-
firmed via an immunofluorescent antibody assay [8]. All
animal experiments were performed after obtaining
permission from the IACUC of Hokkaido University.

Uninfected sera and whole blood specimens were col-
lected from ten euthanized sentinel SD rats and one
euthanized sentinel SD rat, respectively, that had been
housed in the Institute for Animal Experimentation (Fac-
ulty of Medicine, Hokkaido University, Japan). The
sentinel SD rats were euthanized for microbiological
monitoring through inhalation of an overdose of isoflu-
rane, in accordance with the National University Corpo-
ration Hokkaido University Regulations on Animal
Experimentation, National University Corp. (Sapporo,
Japan). Whole blood was obtained without the addition
of anticoagulant. Husbandry and care procedures com-
plied with the Standards Relating to the Care and Man-
agement of Laboratory Animals and Relief of Pain,
Ministry of Environment of Japan, and followed recom-
mendations in the Guide for the Care and Use of Labo-
ratory Animals [14]. The health status of SPF animals
was assessed 3 times each year for the following patho-
gens: Corynebacterium kutscheri, Mycoplasma pulmo-
nis, Salmonella spp., Bordetella bronchiseptica, Strep-
tococcus pneumoniae, Clostridium piliforme, HV],
SDAV, Hanta, ectoparasites, intestinal protozoa, and
pinworm. The sentinel rats were free of these pathogens.

Multiplex ICA

Preparation of a colloidal gold conjugate: Anti-rat IgG
antibody-conjugated colloidal gold was prepared as de-
scribed previously [8]. Briefly, a gold colloid solution
(WRGH2, Winered Chemical, Tokyo, Japan) was mixed
with an equal volume of 10 mM Tris-HCI (pH 8.15).
Rabbit anti-rat IgG antibody (Sigma-Aldrich, St. Louis,
MO, USA) was diluted to 1.5 mg/ml by using 10 mM
Tris-HCI (pH 8.15) and then mixed with 2 volumes of
the colloidal gold dilution in a siliconized tube. After
brief sonication, the mixture was incubated for 20 min
at room temperature, after which a 1/3 volume of block-
ing solution comprised of 2.5% casein sodium (Wako,
Osaka, Japan) in 10 mM Tris-HCI (pH 9.2) was added.
The mixture was sonicated briefly, incubated for 20 min
at room temperature, and centrifuged at 14,000 x g for
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15 min. After removal of the supernatant, the pellet was
resuspended in blocking solution, bringing the volume
up to the initial volume of colloidal gold. After brief
sonication, the mixture was incubated for 20 min at room
temperature and then centrifuged at 14,000 x g for 15
min. Finally, the supernatant was removed, and the pel-
let was resuspended with 200 u1 of blocking solution.
Preparation of a conjugate pad: A glass-fiber conjugate
pad (GFDX103000, MilliporeSigma, Billerica, MA,
USA) was soaked in 0.5% casein in 20 mM sodium phos-
phate buffer (pH 7.8) for 20 min. The pad was washed
with 3.0% sucrose in double-distilled water and air-dried
overnight. The pad was coated with the prepared col-
loidal gold conjugate at a dose of 200 x1/30 cm. The pad
was air-dried overnight and stored at room temperature.
Preparation of a multiplex ICA strip: HVJ, Hanta, MHV,
which was used for detection of IgG to SDAYV, and goat
anti-rabbit IgG antibody (MP Biomedicals, Solon, OH,
USA) were diluted with 0.05% casein sodium in 10 mM
PB (pH 7.2) to adjust the concentrations to 0.5 mg/ml for
HV]J antigens, to 1.0 mg/ml for Hanta and MHV antigens,
and to 0.15 mg/ml for the IgG. These reagents were im-
mobilized on a nitrocellulose membrane (Hi-Flow Plus
135 Membrane Card, 60 mm x 300 mm, MilliporeSigma)
by using a pen (Super Brush for Copic Sketch and Ciao,
Too Marker Products, Tokyo, Japan) to draw thin lines
for the reagents at the test line position (antigen) and con-
trol line position (anti-rabbit IgG antibody). An ICA strip
containing the 3 antigens and the control as separate lines
was used as a multiplex ICA strip. After the membrane
had been dried at room temperature for 15 min, it was
soaked in 20 mM sodium phosphate buffer containing
0.5% casein (pH 7.8) for 20 min to block the unsaturated
area. Then the membrane was washed twice (5 min each
time) with double-distilled water, soaked in 3.0% sucrose
in double-distilled water, and air-dried overnight. Finally,
a sample pad (20 mm x 300 mm; Chromatography Paper,
Whatman, GE Healthcare BioSciences, Pittsburgh, PA,
USA), conjugate pad, nitrocellulose membrane, and ab-
sorbent pad (50 mm x 300 mm; catalog no. CFSP20300,
Cellulose Fiber Sample Pad Strips, MilliporeSigma) were
assembled on a membrane card (MilliporeSigma). The
combined membranes were cut into 2-mm-wide strips by
using a paper cutter. The structure of the ICA strip is
shown in Fig. 1A. The ICA strip was stored at room tem-
perature in a dry box until use and used within 3 months.
Dilution of serum and whole blood for ICA: A 0.75-ul
serum sample was added to 150 ul of PBS, making a
1:200 dilution. To prepare a positive serum mixture,
0.35-ul portions of either 2 or 3 serum samples that were
positive for SDAV, HVIJ, and Hanta were added to 150
ul of PBS. In addition, to examine the effect of RBCs

on the ICA, 1.5 ul of whole blood was added to the di-
luted serum as a control whole blood dilution, and the
results were compared with those of a serum dilution.

Procedure for the ICA: An ICA strip was placed di-
rectly into a microtube containing PBS-diluted serum or
whole blood (Fig. 1B). The tube was left to sit for 15
min, and then the ICA strip was examined visually. A
sample that showed both test and control lines for detec-
tion of anti-rat IgG antibody was regarded as positive,
and a sample that showed only the control line was re-
garded as negative.

Determination of the basic conditions for the
multiplex ICA

ICA with a single antigen (single ICA) was performed
by using different concentrations of positive serum (1:50,
100, and 200) and antigens (1:1, 10, and 100). Single
ICA with SDAV and Hanta antigens at a concentration
of 1.0 mg/ml and HV] antigen at a concentration of 0.5
mg/ml detected antibodies in serum diluted 1:200 (data
not shown). In addition, no nonspecific reactions were
observed when serum from an uninfected rat was used
under these conditions. The multiplex ICA using all 3
antigens specifically and simultanecously detected anti-
bodies to the corresponding antigens (Fig. 2). Two anti-
gen lines, HVJ and SDAV, HVJ and Hanta, or Hanta and
SDAYV, appeared in PBS with serum mixtures positive
for HVJ and SDAV (Fig. 2, lane 5), HVJ and Hanta (Fig.
2, lane 6), and Hanta and SDAV (Fig. 2, lane 7), respec-
tively. Three antigen lines, HVJ, Hanta, and SDAY, ap-
peared in PBS containing serum mixture positive for
HVIJ, Hanta, and SDAV (Fig. 2, lane 8).

Evaluation of the sensitivity and specificity of the
multiplex ICA

Ten, 10, and 32 samples of sera positive for antibody
to HVIJ, Hanta, and SDAY, respectively, were used to
evaluate the sensitivity and specificity of the multiplex
ICA. The multiplex ICA detected the antigen-specific
antibody in all of the HVJ-positive serum samples (Fig.
3A) and all of the Hanta-positive serum samples (Fig.
3B). A specific antibody to SDAV was detected in 26
(81%) of 32 SDAV-positive serum samples (Table 1).
Figure 3C shows multiplex ICA results for 10 samples
in which the specific antibody to SDAV was detected.
No nonspecific reactions were observed in any of the 52
positive sera. Moreover, 10 serum samples from unin-
fected rats did not show any bands except for the control
line (Fig. 3D). These observations indicate high specific-
ity of the multiplex ICA.
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Sample pad 20 mm Absorbent pad 50 mm
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Absorbent pad

Nitirocellulose membrane

[ ; Antigen for  Anti-rabbit IgG
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or in 150 ul PBS .
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Fig. 1. Detection method and scheme of the immunochromatographic assay (ICA) strip. (A) Structure
of'the ICA. Antigens and anti-rabbit IgG antibodies were placed at the test line and control line,
respectively. The ICA strip consisted of 4 membrane pads: a sample pad, conjugate pad, nitro-
cellulose membrane, and absorbent pad. The conjugate pad contained the anti-rat IgG antibody-
colloidal gold conjugate. (B) Detection method. Serum (0.75 u1) and whole blood (1.5 ul) were
diluted with 150 u1 of PBS and then placed in a microtube. The strip was dipped in the solution
for 15 min, and then the test (red arrow) and the control (yellow arrow) lines were examined
visually. A sample for which only the control line appeared was regarded as negative (1), and
a sample for which both test and control lines appeared was regarded as positive (2).
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Fig. 2. Multiplex immunochromatographic assay (ICA) using di-
luted antibody-positive serum. Uninfected (control) serum
and each positive serum were diluted with 150 ul of PBS.
Lanes 1 to 4, 0.75 ul of serum in PBS; lanes 5 to 8, PBS
containing 0.35-ul portions of either 2 or 3 antibody-pos-
itive sera.
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Table 1. Calculation of the sensitivity and specificity of the multi-
plex immunochromatographic assay (ICA)

Infectious diseases Sensitivity? Specificity®
HVJ 10/10 (100%) 52/52 (100%)
Hanta 10/10 (100%) 52/52 (100%)
SDAV 26/32 (81%) 30/30 (100%)

ASensitivity = positive according to the multiplex ICA / positive
according to ELISA and an immunofluorescent antibody assay.
YSpecificity = negative according to the multiplex ICA / negative
according to ELISA and an immunofluorescent antibody assay.
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Fig. 3. Evaluation of the sensitivity and specificity of the multiplex immunochromatographic assay (ICA). Sera positive
for antibodies to each infectious disease, HVJ (A), Hanta (B), and SDAV (C), diagnosed by using ELISA and an
immunofluorescent antibody assay were used (10 samples per infectious disease). (D) Ten uninfected sera were
used as negative serum samples. Serum (0.75 ul) was diluted with 150 u1 of PBS.
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Fig. 4. Evaluation of the applicability of whole
blood for multiplex immunochromato-
graphic assay (ICA). Whole blood (1.5 ul)
was added to 150 ul PBS with or without
each serum (0.75 ul) positive for antibod-
ies to HVJ, Hanta, and SDAV.

Evaluation of the multiplex ICA using whole blood

To investigate the applicability of whole blood dilution
for the multiplex ICA, we compared the ICA results for
diluted antibody-positive serum with the results for di-
luted antibody-positive sera mixed with whole blood.
The multiplex ICA specifically detected antibodies to
the HVJ, Hanta, and SDAV antigens in the presence of
whole blood (Fig. 4). These observations suggest that
the multiplex ICA can detect antibodies to HVJ, Hanta,
and SDAV in whole blood without the need to remove
RBCs from samples.

Our multiplex ICA containing antigens for HV]J,
Hanta, and SDAV specifically and simultaneously de-
tected antibodies to the corresponding antigens using
only a small amount of serum. In addition, it showed
high levels of specificity and sensitivity among antibody-
positive and uninfected serum samples. Moreover, it was
applicable to diluted whole blood.

Monitoring of the microbiological status of rodents
has been commonly carried out by examining sentinel
animals that have been exposed to possibly contami-
nated soiled bedding for several weeks. However, some
infectious agents, such as HVJ, in individually venti-
lated caging are not effectively transmitted through
soiled-bedding transfer [15, 16]. To solve this problem,
methods for assessing exposed sentinel animals by sur-
veying the exhaust air of individually ventilated cages
have been reported [15, 17-20]. If a pathogenic microbe
is detected in animal rooms, sentinels and experimental
animals must be examined to identify the sources of
infection or sensitive hosts. Since the number of strains
maintained is currently increasing, a limited number of
animals tends to be used to maintain each strain. This
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situation prevents sufficient numbers of animals of each
strain from being used for testing. Moreover, assessment
of microbial status without euthanizing animals, includ-
ing sentinels, is regarded as important from the view-
point of the 3Rs. Therefore, experimental animals need
to be evaluated without euthanizing them.

Although PCR-based methods are used to detect ge-
nomes of pathogens in feces of rats for diagnosis of
infectious diseases without euthanizing rats [ 1, 5], PCR-
based methods are not applicable in cases of pathogens
that lack fecal shedding of antigens, such as HV]J, or
when the period of antigen shedding in feces is very
short. In these situations, serologic diagnosis is more
effective for biologic monitoring purposes. A multiplex
microbead immunoassay has been shown to be useful
for serologically diagnosing infectious diseases without
euthanizing rats [2—4, 6, 21, 22]. Recently, the use of
bioluminescence imaging for in vivo monitoring of infec-
tious diseases has also been reported [23]. However, for
in-house evaluations, these methods are impractical
because they require an expensive, dedicated analyzer.
On the other hand, the multiplex ICA is useful for in-
house monitoring because it enables simple, simultane-
ous, and specific detection by directly placing the ICA
strip into a microtube containing a small amount of se-
rum or blood diluted with PBS (Fig. 1B).

ELISA has been mainly used for serological diagnosis
in laboratory rats. In the current study, we used serum
samples found to be positive for antibodies against HVJ,
Hanta, and SDAV by ELISA and an immunofluorescent
antibody assay to evaluate the sensitivity and specificity
of our multiplex ICA. The rate of detection of the spe-
cific antibody to SDAV was 81% (26 of 32 samples; Fig.
3A and Table 1). This result indicated that ICA was less
sensitive than ELISA for detection of SDAV. Further
studies including correlation and comparison analyses
of ELISA OD values and detection by ICA are needed
to determine whether ICA-negative and ELISA-positive
results are due to the low titer of specific antibodies to
SDAV. Recently, a multiplex microbead immunoassay
has been used for diagnosis of infectious diseases [2—4,
6]. It was reported that a multiplex microbead immuno-
assay is as sensitive as and more specific than MHV
ELISA for screening of antibodies to SDAV [6]. This
suggests that ICA is also less sensitive than a multiplex
microbead immunoassay for detection of SDAV. In com-
parison, the rate of detection of specific antibodies to
Hanta and HVJ was 100% (10 of 10 samples) for both
pathogens (Figs. 3A and B, Table 1). The sensitivity of
Hanta in our multiplex ICA conforms with the results of
our study showing that the overall sensitivity and spec-
ificity of the single ICA of Hanta in sera from 192 urban
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rats and 123 laboratory rats were 99.3% and 100% when
compared with ELISA and IFA, respectively [8]. It has
been shown that a recombinant antigen (HS103) for
Hanta, which was used in this study, cross-reacted with
Thailand virus, Hantaan virus, and Dobrava/Belgrade
virus, which are also Murinae rodent-derived hemor-
rhagic fever with renal syndrome-related hantaviruses
[8]. These results suggest that our multiplex ICA detects
antibodies against the Thailand virus, Hantaan virus, and
Dobrava/Belgrade virus. However, many more positive
serum samples need to be analyzed to precisely evaluate
the sensitivity of ICA for HVJ. Conversely, ICA did not
produce nonspecific reactions in any of the 52 positive
sera (Figs. 3A—C and Table 1). In addition, 10 unin-
fected control sera did not show any bands except for
the internal positive control for each test (Fig. 3D and
Table 1). These results indicate that the multiplex ICA
has high specificity for HVJ, Hanta, and SDAV.

According to recommendations from the Federation
of European Laboratory Animal Science Associations
(FELASA), health monitoring programs in laboratory
animal facilities should include at least 11 pathogens
[24]. In the current study, our multiplex ICA specifi-
cally detected antibodies to 3 pathogens: HVJ, Hanta,
and SDAV. Therefore, to use the multiplex ICA widely
for routine serologic screening, it will need to identify
antigens to several more infectious diseases than just
these 3 agents. We previously reported an ICA that is a
highly sensitive, rapid and simple diagnostic method for
detecting IgG to Hanta in rat serum [8, 9, 13]. Although
additional pathogens need to be included to adapt the
ICA for microbiological monitoring, the format devel-
oped in the current study is an effective and rapid tool
for evaluation of HVJ and SDAV or in the case of a
disease outbreak due to one of these pathogens.

The multiplex ICA specifically detected antibodies to
HVJ, Hanta, and SDAV antigens in the presence of whole
blood (Fig. 4). This suggests that samples for the multi-
plex ICA do not require removal of RBCs. Furthermore,
serum samples from dried blood on filter paper have been
used widely for human and veterinary diagnostic tests
[25, 26]. Various microsampling devices for collecting
blood have become available commercially. Additional
studies to determine whether the multiplex ICA can be
applied to dried-blood samples are needed to achieve
practical use of this test modality.

The preparation of ICA strips is time-consuming and
labor-intensive, and many laboratories may lack the
necessary reagent and technical skill. However, ICA has
many advantages exceeding these disadvantages. Since
ICA strips can be kept at room temperature for at least
3 months (data not shown), nonrefrigerated transport of

test strips should be possible. In addition, the cost to
prepare ICA strips is low. In fact, ICA strips have been
widely used to diagnose various infectious diseases by
detecting antibodies against pathogens [27-31]. Com-
mercial production of test strips might overcome these
disadvantages.

This study showed that the multiplex ICA using three
antigens, HVJ, Hanta, and MHYV, could simultaneously
and specifically detect antibodies to HVJ, Hanta, and
SDAV in small quantities of serum or diluted blood. This
suggests that the multiplex ICA has promise for future
diagnostic applications in laboratory rats. Further work,
such as serological tests using a larger number of samples
from rats maintained in a variety of animal facilities and
incorporating additional infectious agents, is needed to
achieve practical use of the ICA.
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