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Abstract
Mouse hepatitis virus (MHV) is the leading viral pathogen of laboratory mice in
Taiwan. This study established a modified alkaline phosphatase-labelled
avidin-biotin-complex (ABC-AP) method for detection of MHV in tissues. Mouse
hepatitis virus antigen was clearly detected in samples of liver, stomach, caecal and
colonic mucosa, and spleen. This method may prove useful in diagnosis when
commercial antisera are unavailable or when immunosuppression prevents serological
diagnosis. (Chapter I1). Canine distemper virus (CDV) causes a highly contagious
disease, which has been reported in Taiwan for many years; however the causative
and its genes have never been identified and pathogenesis are poorly understood. The
objectives of the dissertation were to set up a fast and easy diagnostic method of CDV
infection, to isolate the field virus and do phylogenetic analysis of the viral H gene, to
characterize the pathology of CD in Taiwan, and to assess the frequency of CNS
demyelination and other pathological lesions in cases of CDV infection confirmed by
immunohistochemistry (IHC) and/or reverse transcription polymerase chain reaction
(RT-PCR). This study describes a!maodified"non-hiotin polymerized horseradish
peroxidase (HRP) immunohistochemical method fer-the diagnosis of CDV infection
from formalin-fixed, paraffin-embedded tissues:, This'method confirmed seven out of
eight (87.5%) suspected cases. Labeted..CDV, antigen, was observed in cerebrum,
cerebellum, meninges, glial cells, neuronéfﬁascular endothelium, periventricular areas
and pericytes, and cheroid..plexus; grey‘énd white 'matter-and central canal of the
spinal cord; renal pelvis and tubular epi‘t-helium, and. urinary bladder epithelium;
macrophages and lymphocytes in-splenicawvhite pulp. and lymph nodes; skin epidermis;
bronchiolar epithelium and ‘alveolar macrophages; hepatic Kupffer cells, and gastric
and intestinal mucosal epithelium; stratified. squamous epithelium of the tongue and
oesophagus.With the non-biotin HRP detection system, pretreatment by autoclaving
followed by microwave heating gave better labeling results than did microwave
pretreatment alone. No obvious difference was noted between the labeling results
produced by the non-biotin HRP detection system and the Super Sensitive ™
Link-Label IHC detection system (Chapter 111, VI). For the purpose of confirming
the IHC labeling and improving the detection of CDV nucleoprotein RNA, in situ
hybridization (ISH) was applied in paraffin-embedded tissues from selected dogs with
spontaneous CDV infections. In addition to proteinase K, autoclaving in various
solutions (Trilogy, TBS S3006, H-3301, and S1700) for pre-treatments were
compared. The intensity was assessed by using the integrated optical density (10D)
and the integrity of the tissue morphology. The combination of proteinase K digestion
and autoclaving in a Trilogy solution resulted in a 5- to 100-fold ISH signal
enhancement of CDV RNA. This modified technique can be useful in the



retrospective viral studies across a broad range in the future (Chapter 1V). For the
purpose of CDV genotyping, during the period from 2003 to 2005, two CDV strains
were isolated from 17 non-vaccinated puppies with suspected canine distemper by
co-culture with peripheral blood mononuclear leucocytes and B95a cells. In addition,
four cloned hemagglutinin (H) genes were obtained from 166 dogs infected with CDV.
Indirect immunofluorescence assays and antigen tests confirmed that they were CDV.
Analysis of the H genes of the six identified strains revealed that the deduced amino
acid sequences contained nine potential sites for N-linked glycosylation, as had been
found for the H proteins of Japanese isolates. The seventh site is characteristic to the
Taiwan strains described in this report and to the recently reported Japanese strains.
Furthermore, phylogenetic analysis of the H gene showed that the six isolates belong
to the Asia-1 group and are closely related to the recently reported Japanese and
Chinese strains (Chapter V). To realize the histopathological lesions of CDV in
Taiwan, fifty two (IHC or RT-PCR positive) affected dogs were obtained from either
animal clinics or dog shelters fram'2000 to 2009, within which 32 were from clinics
and 20 were from shelters.'Postmortem and laboratory examination included, gross
findings, histopathology, Luxol-fast blue cresyl echt . \violet (LFB-CEV) histochemistry,
non-biotin HRP anti-CDV.immunohistochemistry, and, phosphoprotein gene RT-PCR.
Clinic cases had histories of /treatmentyand .0r ‘vaccination. Twenty four clinic cases
(75%) were puppies less“than 6 monthg;f“b'ld. Seventeen shelter cases (85%) were
identified as ‘adults’ greater.than 6 3m0nth‘§r old. There were-27 males and 25 females.
Eleven dog breeds were represented, but most dogs (35/52, 67%) were crossbred.
Totally, 79% (41/52) showed Jymphoid “depletion, 71% (37/52) had interstitial
pneumonia, 65% (34/52) had CNS demyelination, 32% (17/52) had catarrhal enteritis.
Younger dogs from clinic group frequently had lymphoid depletion (31/32, 96%),
inclusion bodies (28/32, 87%), pneumonia 81% (26/32, 81%), and CNS
demyelination (26/32, 81%), which were all statistically significantly different from
those from shelter. Enteritis was identified in about one third of the animals in both
groups. The distribution of inclusion bodies also showed significant difference in
urinary bladder, lymphoid tissues, lung, and alimentary tract between the two groups.
Twenty nine co-infections and other associated lesions were identified. However, no
significant difference was seen in the frequency of occurrence between two groups
with the exception of interstitial nephritis. In conclusion, lymphoid depletion,
pneumonia, and CNS demyelination were the most common CDV-infected principal
lesions, and the inclusion bodies had a high occurrence in lymph nodes, spleen as well
as mucosa epithelium of lung, stomach, urinary bladder and kidney (Chapter 111, VI).
In the present study, it has been demonstrated that CDV in Taiwan has at least one
clade of the phylogenetic tree showing more than 95% amino acid similarity (< 5%



amino acid variation) in the H gene. The modified non-biotin polymerlized
horseradish peroxidase (HRP) IHC labeling and ISH method are easy, optimal and
accurate for retrospective diagnosis of CDV and MHV. The occurrence of
CDV-associated pathological lesions depend on the source of the animals, treatment
history, age and tissue distribution.

Key word: mouse hepatitis virus; canine distemper virus; immunohistochemistry;
reverse transcription polymerase chain reaction; in situ hybridization
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1.1.

Background

A critical factor for both in situ hybridization (ISH) and immunohistochemistry
(IHC) detection of viral protein and nucleic acid is fixation. The optimal and best
fixatives for tissue were either paraformaldehyde, low concentrationof formalin (5%
of formalin) (Yan et al., 2010) or 10% NBF, zinc formalin and alcoholic formalin
(Babic et al., 2010). In brief, all aspects of tissue processing, including time until
tissue fixation, type of fixative, duration of fixation, post-fixation treatments, and
sectioning of the sample, impactithe staining results (Babic‘et al., 2010). However, the
tissue fixative formaldehyde 'initiates Dlii;g\_,denaturation (interchain hydrogen bonds
break and bases unstack) at the A:Tj-rich‘ ::regions of double-stranded DNA creating
sites for chemical interaction (Srini\)asan et'al.,. 2002; Shi et al., 2001). In this case,
some heat-induced antigen retrieval (HIAR) pretreatment of the histological slides can
enhance the signal of IHC or optimize the detection effect of nucleic acid by ISH
(Srinivasan et al., 2002; Shi et al., 2001).

Canine distemper (CD), which is caused by a morbillivirus genus, family
Paramyxoviridae, produces systemic or central nervous system (CNS) infections of
dogs and related species and it is associated with high mortality in Taiwan (Wu et al.,

2000; Yu et al., 2001). It is a non-segmented, single-stranded negative RNA virus of
2



approximately 15,616 nucleotides. Within the genome are six genes that encode for
one envelope-associated protein (M), two glycoproteins (the
haemagglutinine/attachment protein H and the fusion protein F), two
transcriptase-associated proteins (the phosphoprotein P and the large protein L), and
the nucleo-capsid N that encapsulates the viral RNA (Sidhu et al.,1993).

Diagnostically, CDV is typically detected following either immunohistochemical
labelling (Frisk et al., 1999; Engelhardt et al., 2005; Liang et al., 2007), reverse
transcription-polymerase chain reaction(RT-PCR) (Frisk et al., 1999), a sample
antigen test (Liang et al.;.-2007), histopathological detection of intranuclear and
cytoplasmic inclusion bodies, demyeliriéi_ﬁ,gn of cerebellar and cerebral white matter
(Koutinas et al., 2002; Vandevelde:and Z&rbriggen, 2005;"*Kubo et al., 2007; Sips et
al., 2007), footpad hyperkeratosisi(‘Engelhardt et"al; 2005; Koutinas et al., 2004;
Okita et al., 1997), immunofluorescence (Engelhardt et al., 2005), clinicopathological
findings (Amude et al., 2007) or a combination (Frolich et al., 2000).

The characteristic CNS changes of CDV infection include polioencephalomacia,
white matter demyelination, astrogliosis, eosinophilic intranuclear and cytoplasmic
inclusion bodies, gemistocytes, and occasional multinucleated syncytial giant cells
(Summers et al., 1984; Summers and Appel, 1985). However, syncytial giant cells

were demonstrated in only 9 - 28 % of CDV-infected brains (Palmer et al., 1990; Wu
3



1.2.

et al., 2000), and eosinophilic intranuclear or cytoplasmic inclusion bodies in only 17
% (Haines et al., 1999), 33% (Stanton et al., 2002), 38.1% (Wu et al., 2000) or 72%
(Palmer et al., 1990). Thus, histological examination of lesions does not appear to be a

reliable indicator of CDV infection.

Pathogenesis of canine distemper virus infection

The pathogenesis and clinical features have been widely reported (Appel, 1970;
Beineke et al., 2009). Great variations-in duration, severity and clinical presentation of
distemper have been found- in experimentally infected dpgs as well as in animals
suffering from this world-wide spontaﬁgq,usly occurring, disease. The incubation
period may vary from 1 to4 Weeks: and d;pends on the viral strain, age of the animal
at the time of infection, and immuné status of the host. Disease manifestation ranges
from virtually no clinical signs to severe disease with approximately 50% mortality.
The virus is shed primarily by oro-nasal secretion. Tissue macrophages and
monocytes located in or along the respiratory epithelium and tonsils represent the first
cell type to pick up and propagate the virus. Following this local burst of virus
replication, the pathogen is then disseminated by lymphatics and blood to distant
hematopoietic tissues during the first viremic phase. However, its CNS pathogenesis

is not completely clarified. In the early stage of the infection, demyelination is
4



1.3.

associated with viral replication in the white matter, in contrast, chronic inflammatory
demyelination is due to a bystander mechanism resulting from interactions between
macrophages and antiviral antibodies (Beineke et al., 2009; Vandevelde and

Zurbriggen, 2005).

Pathogenesis of mouse hepatitis virus infection
Mouse hepatitis virus (MHV) which is caused by an enveloped positive stranded
coronavirus genus, family Coronaviridae, cf'iuses a Vvariety of diseases, such as

enteritis, hepatitis, in susceptible“rodents (Haring and Perlman, 2001). Enterotropic
L ‘ :‘I‘r:'—‘";\lr |'I‘ = “ L=
MHV strains, such as_ MHVY,| inifially-=replicate | in, epithelial cells of the

= |
|

. . 3 gy { & - . . .
gastrointestinal (GI) tract after mfjc ion (g-_adulp Frmmunocompetent mice. Disease is

acute and mild with minimal pathologie chan_ges,"?énd virus rarely disseminates to

g
T

other organs. In contrast, morbidity" and™ mortality are high in neonatal

immunocompetent mice, and infection of immunocompromised mice can cause

multisystemic, persistent infection with extended viral shedding and high mortality.

Polytropic MHV strains, such as MHV-A59 or MHV-JHM (JHMV), initially replicate

in the proximal respiratory tract epithelium after infection, then disseminate to many

organs via viremia, lymphatic spread, or olfactory pathways from the nose to the brain.

Infection of adult immunocompetent mice results in subclinical infection, hepatitis,
5



and/or encephalitis, whereas infection of immunocompromised micecan cause severe
disseminated disease with high mortality (Compton et al., 1993; Liang et al.,1995).
The demyelinating JHM strain of MHV similar as CDV, infection of
immunocompetent mice with the results in acute encephalitis, followed by the
development of chronic demyelination in survivors (Haring and Perlman, 2001,
Weiner et al., 1973). The pathogenesis of Neurotropic JHM strain is dependent upon
viral dose, route of infection, the host’s age and genetic background; however,
prominent CNS infections can'be induced with the neurotropic MHV strains either via
the intranasal route or by directdinoculation into'the \CNS: rThe parental JHMV strain
infects astrocytes, oligodendroglia, mi'é%_*ég!ja and neurons (Stohlman and Hinton,

P
2001). ‘-

1.4. Objectives of the studies

The objectives of the studies were to set up an accurate and optimal IHC or ISH
detection method of CDV and MHV infection, to isolate the field virus and do
phylogenetic analysis of the viral H gene, to characterize the pathology of CD in
Taiwan, and to assess the frequency of CNS demyelination and other associated
lesions in cases of CDV infection confirmed by immunohistochemistry (IHC) and/or

RT-PCR.



1.4.1. Immunohistochemical detection of mouse hepatitis virus infection

Mouse hepatitis virus (MHV) is the most common viral pathogen of mice, and
seropositivity for MHV had been reported in 19-83% of animals in mouse colonies
(Kraft and Meyer, 1986, 1990; Casebolt et al., 1988; National Research Council, 1991;
Liang et al., 2009). In Taiwan, MHV is highly prevalent in mouse colonies, especially
in immunosuppressed mice (Liang et al., 1995; Liang et al., 2004). Due to the
inability of immunodeficient homozygous mice to produce antibody,
immunohistochemistry may.represent a useful replacement‘for serology in diagnosing
MHYV infection. In this study, high-titre‘s‘ie_é?;g_m from immunocompetent mice was used
as primary antibody. The findinés reg;rding the distribution of MHV antigen
accorded with those of previeus re;;drts (Weir et al.;-1987; Barthold et al., 1990), the
antigen being demonstrated in the intestine, liver, spleen and stomach, consistent with

multi-organ MHV infection (Compton et al., 1993).

1.4.2. Immunohistochemical detection of canine distemper virus infection
Immunohistochemical detection of CDV antigen in tissue sections was reported by
Palmer et al. (1990), to be superior to the demonstration of inclusion bodies or

syncytial cells for the diagnosis of canine distemper encephalitis. In the infected dogs,
7



immunohistochemical examination demonstrates CDV antigen in glial cells, neurons,
ependymal cells, inflammatory macrophages, choroid plexus cells, and meningeal
cells (Mitchell et al., 1991); in haired skin and footpad epithelium (Haines et al., 1999;
Koutinas et al., 2004); and in lung, spleen, kidney, and lymph nodes (lwatsuki et al.,
1995).

The traditional avidin-biotin complex (ABC) immunohistochemical labelling
method has several disadvantages. First, avidin has a high isoelectric point. At pH 7.4,
it is positively charged and tends to*bind to certain proteins (Haines and Chelack,
1991). The hydrophobic and electrostatic characteristics‘ of the avidin conjugates
appear to play a role in the non-specif?;wpinding (Masuqka et al., 2002). Second,
kidney, pancreas, liver, lymphoid tissues}-and nervous “system tissue may contain
lectin-like, negatively charged, enddgenous, biotin-rich. material which may adhere
non-specifically to the ABC, resulting in false positive reactions (True, 1990;
Ramos-Vara, 2005). Although the background can be greatly reduced by replacing
avidin with streptavidin, background from endogenous biotin is still a problem with
streptavidin methods (Ramos-Vara, 2005).

This report describes the development of a novel method of non-biotin chain
polymer conjugate labeling combined with heat-induced epitope retrieval (Shi et al.,

2001; Ramos-Vara, 2005; Liang et al., 2007) for CDV diagnosis.
8



1.4.3. In situ hybridization detection of canine distemper virus infection

In situ hybridization (ISH) can be used to detect CDV RNA in formalin-fixed,
paraffin-embedded tissues (Muller et al., 1995; Gaedke et al., 1997; Hoyland et al.,
2003; Engelhardt et al., 2005; Vandevelde and Zurbriggen, 2005; D’Intino, et al.,
2006). However, in a retrospective study of the detection of viral RNA in
formalin-fixed, paraffin-embedded tissues, the results of the ISH optimization
following proteolytic enzyme' digestion and heat-induced antigen retrieval (HIAR)
pre-treatment were conflicting (Mcquaid et al., '1990; Gaedke et al., 1997; Kim and
Chae, 2003; Shi et al., 2001). Addiﬁég;\ally, few reports have focused on the
optimization of the protocol for thedetectiszon of (CDV RNA. While both proteinase K
and saponin treatment preserved thé morphology “of: tissues equally well, treatment
with 0.1% saponin resulted in a more robust ISH signal than the proteinase K
treatment (Yamawaki et al., 1993). Gaedke (1997) reported that the treatment with
buffers made with DEPC water before hybridization, the storage time in paraffin wax,
or the length of time the tissue was incubated in the fixative had no effect on the
ISH-based detection of CDV RNA. Additionally, proteinase digestion, sodium
borohydrite, or boiling in citrate buffer in the microwave had no effect.

However, other reports have demonstrated that proteinase K and protease VIII
9



treatment results in the maximal signal with minimal tissue degradation. With both
enzymes, either increasing the concentration or increasing the length of the incubation
produced no increase in the ISH signal. An incubation of 5 min at RT with 0.5 mg/ml
protease VIII and microwaving resulted in the optimal signal for the detection of
measles virus (Mcquaid et al., 1990). Similarly, antigen retrieval using a thermocycler
combined with proteinase K digestion can enhance the ISH signal for the detection of
porcine circovirus 2 (Kim and Chae, 2003). Because CDV are RNA virus which offer
several unique limit regarding their in Situ detection. The detection threshold of ISH
which is estimated to be about 20 copies per cell"-RNA vjruses often produce lower
copy numbers when ‘they infect a cell'é:'é_p_d need in situ_pretreatment before ISH
(Amaro Filho and a Nicol, 2010). ‘

The aim of this study was.to optimize the ISH protocol and provided a combined
HIAR pretreatment for the detection™ of CDV RNA in formalin-fixed,

paraffin-embedded tissues in retrospective studies.

1.4.4. Viral isolation and phylogenetic analyses of field canine distemper virus
Dogs can be protected from the infection by live attenuated vaccine. Nevertheless,
increasing incidences of canine distemper in pups in suburb areas and in urban kennel

shops have recently been noticed in spite of vaccination. Apparent failure in
10



vaccination in Japan is considered to be due to the presence of maternal antibody
which interferes with vaccine virus (Kai et al.,1993; Iwatsuki et al.,2000).
Consequently, there are similar problems in Taiwan. As another possibility, antigenic
changes in the currently prevalent CDV, which the current vaccine does not give
complete protection, are also speculated (Kai et al., 1993; Lan et al., 2006).
Characteristics of prevailing CDV in the field, however, have not been investigated in
Taiwan due to difficulties in isolation of wild CDV from the field samples. The
isolation of CDV was difficult (Imagawa et al., 1980; Metzler et al., 1984). Even
using B95a cell, the viral -isolation rate might be zero (0/32), However, that report
used older dogs, from3-month to 9-yeafi§]g_,as resource for viral isolation (Shin et al.,
1995). CDV was rarely isolated :from r;Iain brain _homogenates (Kimoto, 1986).
However, using canine kidney tissu\e‘system (Ho et al.; 1979; Evans et al., 1991), and
canine lung macrophage cultures have ‘been employed for the isolation of CDV
without losing its virulence, but the cells are often contaminated with bacteria (Appel
et al., 1967). Bovine proliferative cells and peripheral blood macrophages were also
tried for CDV isolation (Metzler et al.,1981). The avirulent CDV may grow well in
kidney cells but poorly in macrophages, whereas the virulent CDV grow well in
macrophages but poorly in kidney cells (Evans et al., 1991). Vero cells have been

widely used for the isolation of CDV as well as measles virus (Metzler et al.,1981,
11



1984; Kimoto ,1986; Evans et al.,1991), but this system is not practical since several
passages are required for virus isolation (Ho et al.,1979). Vero.DogSLAMtag cells
developed cytopathic effect (CPE) as early as 24 hours after inoculation, but it
requires specific transfection techniques (Seki et al., 2003; Lan et al., 2006). Virulent
CDV replicates well in mitogen-stimulated canine or ferret lymphocytes (Ho et al.,
1981; Appel et al., 1992). However, CPE is not produced in these cells, so that the
cultures have to be co-cultured with other susceptible cells such as Vero cells after
confirming the presence of virus antigens by immunofluorescent technique (Appel et
al., 1992). With such primary cells, their preparation.and ppssibility of contamination
with other canine viruses make them imﬁir:'!'@_tical.

Considering these drawbacks in fhe use::'of primary cells-and long passage time of
Vero cells, using B95a cells. of mafmoset B lymphoid: cell line, which have been
reported to be highly susceptible hosts for the isolation of wild measles virus from
patient’s materials (Kobune et al.,1989), and the canine distemper virus isolation (Kai
et al., 1993; Mori et al., 1994; Imagawa et al.,1999). In this study, we succeeded in the
isolation of CDV in Taiwan by using B95a cells and compared the H gene
phylogenetic analyses with other reference isolates. Phylogenetic analyses place the
field Taiwan CDV strains in the Asia-1 group (Liang et al., 2008). CDV isolates in

Taiwan are all have 530 G, 549Y and 178A residues of Haemagglutinin(H) gene
12



(Liang et al., 2008). This is the first report of CDV viral isolation report in Taiwan.

1.4.5. Retrospective pathological analysis of canine distemper in Taiwan

We have noticed that in Taiwan, there have been changes in the suite of
histopathological lesions seen in the prevalent infection of CDV since 2000; CNS
signs are now marked and gastrointestinal involvement is rare (Liang et al., 2007).
Two distinct disease groups of CDV infection, “enteritis and non-enteritis”, have also
been noted in Japan. The non=enteritis type of CD exhibited reduced epitheliotropism,
might be the wild-type of CDV infection (Okita et'aly; 1997). In other reports also, the
frequency of CNS findings seemed Iowé'lif_lligpan what we were eéxperiencing in Taiwan:
eg. syncytial giant cells in 9°% c:)fjthe i-:nfected brains“(Palmer et al., 1990), and
eosinophilic intranuclear or cytoplasmic inclusion bodies in only 17-72 % (Haines et
al., 1999; Palmer et al., 1990; Stanton et'al., 2002; Wu et al., 2000).

In addition to the lesions of CDV itself, infected dogs may have a wide variety of
concurrent infections, including canine adenovirus type 2 (CAV-2)(Chvala et al.,
2007; Damian et al., 2005), coccidiosis (Headley et al., 2009), colibacillosis (Wada et
al., 1996), cryptosporidiosis (Fukushima and Helman, 1984), parainfluenza viruses
(Damian et al., 2005), Mycoplasma cynos(Chvala et al., 2007), toxoplasmosis

(Moretti et al., 2006), Tyzzer's disease (Headley et al., 2009), documented in
13



individual case reports. Based on the previous findings and lack of a large-scale of
case analysis, it is interesting to know concurrent infections with CDV and
characteristics of CDV-associated lesions in different environment for appropriate
management. Thus, we a retrospective study was conducted, for the 10 years from
2000 to 2009, to compare CDV histopathological lesions and complications in two
groups of dogs in Taiwan, 32 dogs that had been treated in clinics and 20 dogs from

shelters.
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Summary

This study established a modified alkaline ph@sphatase-labelled avidin-biétin—complex (ABC-AP) method
for diagnosis of mouse hepatitis virus (MHV) andmycoplqsma pulmonis infection from formalin-fixed,
paraffin wax-embedded sections, murine antibody-positivé'serum being used as the primary reagent. With

this method, MHV antigen in ¢AnNCxj.Cg-Foxn I "“'/%xn"]"“ mice and M. pulmonis antigen in Wistar rats

were immunolabelled in tissue sections. M

ntigéi was clearly detected in samples of liver, stomach,

caecal and colonic mucosa, and spleen."M. ;b’ Imonisantigen yvés demonstrated on the luminal surface of
bronchiolar epithelial cells. This: methodimay prove useful in diagnesis when commercial antisera are
unavailable or when immunosuppression prévents serological diagnosis.

©:2004 Elsevier Ltd. All rights reserved.

Keywords: bacterial infection; mouse; mouse hepatitis virus; Mycoplasmapulmonis; viral infection

Introduction

Avidin-biotin-complex immunohistochemistry
offers a sensitive, reliable method for the detection
of pathogens in tissues. Mouse hepatitis virus
(MHV) and Mycoplasma pulmonis are the most
prevalent pathogens of laboratory mice and rats
(National Research Council, 1991). Respiratory
strains of MHYV infect the nasal mucosa and then
spread to the liver, lymphoid tissue, uterus,
placenta, peritoneum, brain, vascular endothelium
and bone marrow by the lymphatic or vascular
route, or directly via olfactory pathways from the
nose to the brain. Enterotropic strains of MHV
usually infect the intestinal mucosal epithelium

Correspondence to: C. H. Liu, Department of Veterinary Medicine,
National Taiwan University, No. 1, Section 4, Roosevelt Road, Taipei
106, Taiwan.

0021-9975/% - see front matter
doi: 10.1016/j.jcpa.2004.04.003

and nasal passages, with less involvement of
other tissues (National Research Council, 1991;
Compton et al., 1993; Liang et al., 1995).

M. pulmonis, an extracellular pathogen of mice
and rats, preferentially colonizes the luminal sur-
face of respiratory epithelium, the middle ear and
endometrium (National Research Council, 1991;
Percy and Barthold, 1993). Infection is usually
diagnosed by microbial isolation, serological test-
ing and histological examination. Microbial iso-
lation requires multisite culture for reliable results,
and serological methods are hampered by cross-
reactivity between different species of mycoplasma
(Cassell et al,, 1981). Serological testing is useful
during the active and convalescent phases of
disease (Feldman, 2001), but screening of immu-
nodeficient mice is unreliable (Casebolt et al,
1997). Immunohistochemistry is widely used to

© 2004 Elsevier Ltd. All rights reserved.
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detect microbial antigen in tissue sections from
naturally infected animals, except when specific
primary antibodies are commercially unavailable or
excessively expensive. In such cases, the use of
positive antiserum from infected members of the
homologous species is of potential valve. Although
the use of homologous primary antiserum is not
usually applicable in immunohistochemistry, a
suitable method was recently described by Lu and
Partridge (1998). In the present study, an avidin-
biotin-complex and alkaline phosphatase (ABC-AP)
method was developed in which ELISA-positive
murine antiserum was used as the primary antibody
for the diagnosis of MHV and M. pulmonisinfection.

Materials and Methods

Animals

Experiment 1. Specific-pathogen-free cAnNCI] Cg—
FoxnI™/Foxn1™ and Foxn1™* nude mice, orig-
inally obtained from Charles River I:aboratories
(Yokohama, Kanagawa, Japan), were maintained at
the National Laboratory Animal Center (NLAC) in
Taiwan. Thirty of these mice, consisting of 20
homozygous males aged 5 weeks and 10 homo-
zygous females aged 9 weeks were solds to a unit
that maintains animals for use in research in Taiﬂe'
City, on February 2 and March 8, 2000, resp‘ectivd'lyL
Animals were housed in sterile microisolator cageé
(Laboratory Products, Maywood, NJ, USA), kept in
animal cabinets (Nu-air; Plymouth, MN, USA), and
placed in conventional rooms. Sterile water and
commercial rodent chow (PMI Feeds, St Louis,
MO, USA) was provided ad Ulbitum. Bedding
changes, water replenishment and supply of food
were carried out in a class-II biological safety
cabinet. The animal houses were maintained at
20 to 25 °C with a 12-h light/dark cycle.

At 42-49 days after arrival at the unit, the male
nude mice had become emaciated, anorexic and
dehydrated, with scaly skin, hunched posture,
diarrhoea and ocular discharge, and 50% had
died. The female nude mice showed similar but less
severe signs. Four male and two female nude mice
were humanely killed at the age of 15-16 weeks
and samples were taken back to the NLAC for
pathological examination.

Experiment 2. Sixty 6-week-old female Wistar rats
from the NLAC were transferred to a clean
conventional local area and housed in autoclaved
microisolators. Bedding was changed twice a week
in class II biohazard cabinets. Animals were main-

tained at a room temperature of 20-25°C and
humidity of 50-70%, with a 12-h light /dark cycle.
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Sterile water and commercial rodent chow (PMI
Feeds) were provided ad lLbitum. Bedding (Beta-
chip; Northeastern Inc., Warrensburg, NY, USA),
polysulfone cages (Laboratory Products) and
supplies were all autoclaved. A proportion (30%)
of the animals showed sneezing 5-6 weeks after
arrival. Thirteen of the affected animals, now aged
12-24 weeks, were killed for diagnostic evaluation.
Necropsy revealed consolidation of the apical and
cardiac lobes of the lungs. ELISA screening for
pneumonia virus of mice (PVM), Sendai virus,
lymphocytic choriomeningitis virus (LCMV), and
sialodacryoadenitis virus (SDAV) was negative. Anti-
body titres of three rats for M. pulmonis, assessed by
ELISA score, were 6.07 to 17.22. ELISA results were
interpreted on the basis of the method described
below.

Preparc"u:‘ion of ELISA-positive Sera

The ELISA monitoring programme and diagnostic
service~of the, NLAG were used to detect the

following infectious agents: pneumonla virus of
'mTce (PVM) reovirus (Reo-3), Sendai virus, lym-
',p-lfm’c.yth chorlomenlngms virus (LCMV), Theiler’s

maurine encephalomyelitis virus (GD VII), minute
vi ._“s of mice (MVM); mouse hepatitis virus (MHV),
mouse jadenovirus (Mad), ectromelia virus,
Kilham’s fatvirus-(KRV), sialodacryoadenitis virus
(SDAV/RCY); M. pulmonis, hantavirus, K virus, and
Clostridiam piliforme. The procedure followed the
CHarles’ River ELISA scoring system (Serology
Method Manual; Charles River Laboratories,
Wilmington, MA, USA). Briefly, 50 ul of serum
sample, diluted 1 in 60 in BLOTTO (Bovine Lacto
Transfer Technique Optimizer; 5% non-fat dry milk
in phosphate-buffered saline (PBS)) (Johnson et al.,
1984), were added to each appropriate antigen well
and control well. The plate was covered and
incubated for 40 min at 37 °C. After several wash-
ings, 50 pl of horseradish peroxidase-conjugated,
affinity-purified horse anti-mouse or anti-rat IgG
(Kirkegaard and Perry Laboratories, Maryland,
USA), depending on species, were added to each
well. After incubation for 40 min at 37 °C, the plate
was washed again. One hundred pl of 0.4 mM
ABTS-2.0 mM HyOs chromogenic substrate were
then added to each well and the plate was
incubated at room temperature for 40 min. Absor-
bance was determined colorimetrically at 405 nm
with an ELISA microplate reader (Thermo-max;
Molecular Devices, Sunnyvale, CA, USA). Absor-
bance values were transmitted from the ELISA
reader to a personal computer (PC) where
they were converted to scores by dividing by 0.13.
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The denominator of 0.13 divided net absorbance
values of 0.13 to 1.3 into scores of 1 to 10. Integer
scores were read and interpreted by comparison
with the 3-decimal absorbance values. The PC was
also used to compute net scores (Score,pnigen MiNUS
Scoregissue  control)- A result was considered
non-specific and recorded as tissue control (TC)
when both Score,,igen and Scoreige control WeTe 2
or above. Provided that the Score gsue contwol Was
lower than 2 (absorbance values lower than 0.26),
net scores were interpreted as follows: 0—1, nega-
tive; 2—3, borderline; =3, positive. When the test
serum was interpreted as “single agent (i.e., MHV)-
positive”, and the net score was = 10, serum samples
were collected and stored at — 20 °C until used as
primary antibody for immunohistochemistry.

Pathological Examination

The lungs, trachea, lymph nodes; heart; liver,
spleen, small intestine, stomach, kidneys, tirinary
bladder, adrenal glands, skin ‘and;‘brain frem

affected animals in experiments 1 and 2 were

C.T. Liang et al.

ELISA-positive murine anti-MHV serum (diluted 1
in 60 in M.O.M.™ diluent) as the primary antibody
for 24 h at 4 °C. Substitution of PBS or mouse
serum (negative for any pathogen) for the primary
antibody served as a negative control. The sections
were then rinsed in PBS, incubated with M.O.M.™
biotinylated anti-mouse IgG reagent for 60 min
at 40 °C, rinsed in PBS, incubated in Vectastain®
ABC-AP reagent for 60 min at room temperature,
rinsed in PBS, and incubated with alkaline phos-
phatase substrate solution (Vector®™ Red; Vector
Laboratories) in 100 mM Tris HCI, pH 8.2-8.5, for
30 min at room temperature. Endogenous alkaline
phosphatase activity of tissues was inhibited
by adding one drop of levamisole (Vector
Laboratories) to 5 ml of Tris HCl buffer before
preparation of the substrate working solution. The
sections were rinsed in distilled water, counter-
stained with Mayer’s haematoxylin and examined
microseopically.

Lung sections’ from experiment 2 were pre-
treated as described in experiment 1. They were
then.rihsed in PBS, incubated for 30 min at 40 °C in

fixed in 10% neutral buffered formalin/ The tissue _,.dﬂutéd (1 in! 20) normal horse serum (Vector
samples were processed by routine methods | to :-"Ta'boratorles) incubated with diluted (1 in 60)

were stained with haematoxylin and eosin (HE).

q

paraffin wax-embedded blocks. Sections (6!;Tn

Immunohistochemistry

The Mouse on Mouse kit (M.O.M.™: Vector
Laboratories, Burlingame, CA, USA) was used for
the immunohistochemistry study of MHV infection
in experiment 1. The primary antibodies were
ELISA-positive, mouse anti-MHV sera (ELISA
score; 11.2-14.4). Infection with PVM, Reo-3,
Sendai virus, LCMV, GD VII, MVM, Mad, ectrome-
lia virus, K virus, M. pulmonis and polyoma virus
were ruled out on the basis of ELISA results.
Tissue sections were dewaxed in xylene and
rehydrated in a graded alcohol series. Antigen
unmasking was performed by immersion of sec-
tions in Vector antigen unmasking solution 1% in
PBS and boiling for 5 min in a 1450-W microwave
oven (RE-C102; Sampo Co., Taiwan). The sections
were then immersed in cool PBS for 10 min, rinsed
in PBS, and incubated with trypsin (Sigma Chemi-
cal Co., St Louis, MO, USA) 0.1% in PBS for 5 min
at 40 °C. Endogenous peroxidase activity was
quenched with hydrogen peroxide 0.3% in metha-
nol for 5 min at 40 °C. The sections were then
rinsed in PBS, incubated for 30 min at 40 °C in
mouse M.O.M.™ IgG blocking reagent, rinsed with
PBS, and incubated in M.O.M.™ diluent for 5 min
at 40 °C. Subsequently, they were incubated in

[ LLISA-positive murine anti-M. pulmonis serum
(.ELISA score:18:4—17.7) as primary antibody for
24 h at 4 9C, -rinsed in PBS, and incubated with
diluted b10t1nylated horse anti-mouse IgG second-
ary antibody (1 in 100, rat-absorbed) for 60 min at
40 °C. The subsequent procedures were the same as
those in experiment 1.

Results

ELISA Monitoring Results

In the MHV test, 485 mouse serum samples were
examined. Of these, 465 were negative (score <3),
three were positive (score 3—10), and 17 had a high
MHYV score (>10). Seven of 17 samples with a high
score were excluded because of simultaneous
positivity for GDVIIL. Ten serum samples (ELISA
score: 11.2-14.4) were collected for further diag-
nosis of MHV infection in experiment 1.

In the M. pulmonis test, 268 rat serum samples
and 383 mouse serum samples were examined.
Only six rat samples were positive, and 380 mouse
samples were negative (score <3). Three mouse
samples showed a high M. pulmonis score (>10),
but one of these was excluded because of simul-
taneous positivity for MHV. The remaining two
mouse serum samples (ELISA score: 13.4-17.7)
were used for the diagnosis of M. pulmonisinfection
in Wistar rats in experiment 2. These Wistar rats
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Fig. 1. MHV-infected mouse liver showing necrosis with multi-

nucleated syncytial giant cells (arrow) at the penphq@li@-i&)ﬁa
of the lesion. HE. Bar, 50 pm. \;*,:'
]

were confirmed as having M. pulmonis @kcﬁs
testing 13 rat serum samples; three rats (23%)

an ELISA score of 6.07-17.22, and ﬁ@$1‘7

MHV antigen within necrotic hepatocytes and syncytial
rowhead) immunolabelled with ELISA-positive

ik "'F um ary antibody. ABC-AP with haematoxylin
unterst%ar 25 pm.

t the- eriphery of the necrotic foci
1g"’3 nd within the caecal and
Heﬁté:ﬂ syncytial cells (Fig. 4),
' astric mucosa.
crqsc%cal examination of two
ts shoWéd extensive consolidation
] {?arlwle degrees of hyperplasia
of"'br‘o}i)chlolar epithelial cells, and
! célhn.@ftrauon into the bronchioles
nt. alveolar spaces. Loss of cilia and
l,ghp’hal cells in the bronchioles were
.@j Aggregates of necrotic debris and
Wﬁﬁs were present in the bronchiolar
Tumina. Peribronchial and perivascular cuffing
by lymphocytes, macrophages and plasma cells
was also observed. Sections of lung showed
immunohistochemical labelling for M. pulmonis

typical pulmonary lesions.

\.J

Histopathology and Immunohzstochem{gmyt

Experiment 1. Gross examination of e fou
male nude mice revealed that the liy S
pale with multiple, white, depressed foci, 2
in diameter. Microscopically, necrotixg
seen to be scattered throughout t _—

parenchyma, being well demarcated 'ﬁﬁtﬂ the.;_‘_ noied]ﬁ:‘ig
adjacent normal tissues (Fig. 1). Multinuc .
syncytial giant cells with basophilic cytoplasmlc
granules (20 wm in diameter) were often present.
Colonic and caecal mucosal ridges were attenuated
and shortened, and contained syncytial cells
(Fig. 2). Immunohistochemical results revealed

Fig. 4. Colonic epithelial and syncytial cells (arrowheads)
Fig. 2. Syncytial cells (arrowhead) in the surface epithelium of immunolabelled for MHV with ELISA-positive sera.
the colon of a MHV-infected mouse. HE. Bar, 25 pm. ABC-AP with haematoxylin counterstain. Bar, 25 pm.



Fig. 5. Hyperplasia of bronchiolar epithelial cells of a rat
infected with M. pulmonis. HE. Bar, 25 pm. ]

A
A & P,
antigen over the luminal surface of 'll,fyg‘,@rplastié'
bronchiolar epithelial cells (Fig. 6): )
T

i Sy

A T f
Discussion n {id

Only 10 serum samples with a positive ELISA
for MHV alone and two with a pdsitive titre
M. pulmonis alone were used in this ]
results indicated the applicabilit;{'-' of the
to diagnosis in the absence of aif(;@ss to, €omu
cially produced antibodies. There have been
reports of the use of ELISA-positive murln‘_é_{g?ra
primary antibody for the immunohﬁtgcfi‘émi_’é"é}'.
examination of rodent tissue. Polyclonal élh.tgi,s%ﬂl'l_h

has been used for the diagnosis of MHV and

M. pulmonis infection (Brownstein and Barthold,
1982; Brunnert ef al., 1994; Liang et al., 1995). MHV

Fig. 6. M. pulmonis antigen is clearly demonstrated on the
luminal surface of hyperplastic bronchiolar epithelial
cells. ABC-AP with haematoxylin counterstain. Bar,
25 pwm.

C.T. Liang et al.

is the most common viral pathogen of mice, and
seropositivity for MHV had been reported in
19-83% of animals in mouse colonies (Kraft and
Meyer, 1986, 1990; Casebolt et al, 1988; National
Research Council, 1991). In Taiwan, MHV is highly
prevalent in mouse colonies, especially in immu-
nosuppressed mice (Liang et al., 1995). Due to the
inability of immunodeficient homozygous mice to
produce antibody, immunohistochemistry may
represent a useful replacement for serology in
diagnosing MHYV infection. In this study, high-titre
serum from immunocompetent mice was used as
primary antibody. The findings regarding the
distribution of MHV antigen in experiment 1
accorded with those of previous reports (Weir
et al, 1987; Barthold et al, 1990), the antigen

il L b’éirfg-;g_e_monstrated in the intestine, liver, spleen

an(';l’-fﬁoﬁf'éqh, consistent with multi-organ MHV
infeetion (.Qdfﬁ'pton et al., 1993).
y-and culture are widely used in the
f M. @monis infection, but discrepan-
Q‘EO_ cur (Cassell et al,, 1981). ELISA
s detected M. pulmonis infection in 8—-78% of rat
es and 35-91% of mouse colonies, depend-
cénventional or barrier-maintained
ed '(gasebolt et al., 1988; Kraft and
. An' a@antage of ELISA is the low
‘non-specific or false positive reactions
) e(if:"j'iﬁt}iﬂ' haemagglutination inhibition
aft,and Meyer, 1986). Discrepant results
for }_}g pulmonss infection obtained by different
serol ngiqz“t{,tététs may be due to reactive substances

iin’ the serum, such as lysozyme, antinuclear

antibodies, protease and bacterial products
(LaRegina et al, 1987). Culture of M. pulmonis
from tracheobronchial lavage fluid showed 89.6%
positivity in rats and 36.5% positivity in mice in
non-barrier-maintained facilities (Timenetsky and
DeLuca, 1998). For routine monitoring of
M. pulmonis, the preferred use of time-consuming
culture procedures as opposed to serological
testing is applicable only in acute or early infection.
One-third of infected animals do not yield
M. pulmonis in culture (Kraft et al, 1982). Culture
and histopathology may be misleading in evaluat-
ing a colony of rodents for mycoplasma infection,
particularly when the prevalence is low (Cox et al.,
1988).

M. pulmonis infection in the chronic stage is
readily detected histopathologically (Kraft et al.,
1982; Goto et al., 1994), but in some instances MHV
or mycoplasmal infection produces minimal or no
lesions. In such instances, immunohistochemistry
is valuable (Matthaei et al., 1998). In experiment 2,
labelling of M. pulmonis antigen was noted on
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the luminal surface of bronchiolar epithelial cells, a
site also affected by the cilia-associated respiratory
(CAR) bacillus (Matsushita et al, 1987). In a
previous study (Brunnert et al, 1994) the ABC
method failed to detect M. pulmonis in formalin-
fixed lung tissue but gave 27.4% (17/62) positive
results with ethanolfixed lung tissue; this com-
pared with 96% (60/62) positive results given by
the polymerase chain reaction (PCR). However,
MHYV antigens were demonstrated in formalin-
fixed, paraffin wax-embedded blocks for as long
as 2 years after preparation (Brownstein and
Barthold, 1982). Immunohistochemistry, com-
monly used to detect rodent pathogens, takes
much less time than that required for culturing
mycoplasmas. In the present study, however, the
incubation with primary antiserum was carried-out
overnight at 4°C (Miller and van der Maaten,
1989), rather than for 30 min at room temperature
or at 40 °C (Liu et al., 1997; Liang et al., 2000), the
purpose being to increase the immunolabelling.

PCR is more sensitive than immunohistochem==
istry or microbial isolation but requires/ a high,

degree of technical expertise, and contaminatioq
leads to false positivity (Brunnert et al, 1994). I
offers an advantage over serological testing, ho

ever, in situations in which an antibody,response|i
unlikely to be generated. In conclusien, tLq
method described, in which ELISA-pesitive’ serum
was used as primary antibody, may be useful in

diagnosing infection in immunodeficient animals:

or when commercial immunohistochemical
reagents are unavailable (Matthaei et al., 1998).
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Chapter I

A non-biotin polymerized
horseradish - peroxidase method for
the immunohistochemical diagnosis
of canine distemper
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Summary

This report describes a modified non-Bigtin polymetizéd horsepadish peroxidase!(HRP) immunohistochemical
method for the diagnosis of canine'distemper virus (CD\{mfegiiOn from formalin-fixed, paraffin wax-embedded
tissues. This method confirmed infection in seven of|eights(¢ 7:5:"/05 suspected cases. [Labelled CDV antigen was
observed in the following sites: cerebrum, cerebellum, meningesfalial cells, neurons, vascular endothelium, peri-
ventricular areas and pericytes, and choroid plexuf; Erey arld. white mattér and central canal of the spinal cord,;
renal pelvis and tubular epithelium, and“urinary bladder f'_:'ﬂi:cheliuim; macrophages and lymphocytes in splenic
white pulp and lymph nodes; skin epidermis; bron&hi lar epithelium and alveolar macrophages; hepatic Kupffer
cells, and gastric and intestinal mucosal ep_it-h‘é:lium;I stratified squambous epithélium of the tongue and oesophagus.
With the non-biotin HRP detection systerh, prétreatment by autoclaving, followed by microwave heating gave
better labelling results than did microwave pretreatment alone, No obyious' difference was noted between the
labelling results produced by the non-biotin' HRP detéctionssystenr and.the'Super Sensitive' ™ Link-Label THC

detection system.

Keywords: canine distemper; dog; non-biotin HRP; viral infection

Introduction

Canine distemper (CD), which is caused by a morbilli-
virus (genus Morbillivirus, family Paramyxoviridae), pro-
duces systemic or central nervous system (CNS)
infections of dogs and related species and is associated
with high mortality inTaiwan (Wu et al., 2000; Yu et al.,
2001). The characteristic CNS changes include polioen-
cephalomalacia, white matter demyelination, astro-
gliosis, eosinophilic intranuclear and cytoplasmic
inclusion bodies, gemistocytes and occasional multinu-

Correspondence to: C.- H. Liu, Department of Veterinary Medicine,
National Taiwan University, No. 1, Section 4, Roosevelt Road, Taipei, Taiwan
106 (e-mail: chhsuliu@ntu.edu.tw).
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© 2006 Elsevier Ltd. All rights reserved.

cleated syncytial giant cells (Summers et al., 1984; Sum-
mers and Appel, 1985). However, syncytial giant cells
were demonstrated in only 9-28% of canine distemper
virus (CGDV)- infected brains (Palmer et al., 1990; Wu
et al., 2000), and eosinophilic intranuclear or cytoplas-
mic inclusion bodies in only 17% (Haines et al., 1999),
33% (Stanton et al., 2002), 38.1% (Wu et al., 2000)
or 72% (Palmer et al., 1990). Thus, histological exami-
nation of lesions does not appear to be a reliable indica-
tor of CDV infection. Immunohistochemical detection
of CDV antigen in tissue sections was reported by
Palmer et al. (1990) to be superior to the demonstration
of inclusion bodies or syncytial cells for the diagnosis
of canine distemper encephalitis. In infected dogs,

© 2006 Elsevier Ltd. All rights reserved.
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immunohistochemical examination demonstrates CDV
antigen in glial cells, neurons, ependymal cells, inflam-
matory macrophages, choroid plexus cells and menin-
geal cells (Mitchell et al., 1991); in haired skin and
footpad epithelium (Haines et al., 1999; Koutinas et al.,
2004); and in lung, spleen, kidney and lymph nodes
(Iwatsuki et al., 1995). The traditional avidin—biotin
complex (ABC) immunohistochemical labelling meth-
od has several disadvantages. First, avidin has a high
isoelectric point. At pH 74, it is positively charged and
tends to bind to certain proteins (Haines and Chelack,
1991). The hydrophobic and electrostatic characteristics
of the avidin conjugates appear to play a role in the non-
specific binding (Masuoka et al., 2002). Second, kidney,
pancreas, liver, lymphoid tissue and nervous system
tissue may contain lectin-like, negatively charged,
endogenous, biotin-rich material which may adhere
non-specifically to the ABC, resulting in false positive
reactions (True, 1990; Ramos-Vara, 2003)." Although
the background can be greatly reduced by réplacing
avidin with streptavidin, background frem endogenous
biotin is still a problem with streptavidin®methods
(Ramos-Vara, 2009).

This report describes the development of*a=novel ,
method of non-biotin chain pelymer Conjugate-la.bel- 1'

ling combined with heat-induced gpitope] fetrieval

(Shi et al., 2001; Ramos-Vara,2005) for CDV dlagnﬂi""

i
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Materials and Methods t ‘
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Animals

Eight dogs (nos 1-8), from either an animal shélter or a
private clinic, with clinical signs of CD wereusedin the
study. All animals had at least one sign of each of
the following: CNS infection (seizure, ataxia, circling
and myoclonus); digestive tract infection (diarrhoea,
vomiting, depression and anorexia); and respiratory
tract infection (nasal and ocular discharge, cough, dys-
pnoea and sneezing). The animals were either huma-
nely destroyed or died naturally.

Pathological Examination

Samples taken post mortem consisted of brain (including
medulla oblongata, cerebrum and cerebellum), spinal
cord, lung, trachea, lymph nodes, heart, liver, spleen,
large and small intestine, stomach, kidneys, urinary
bladder, adrenal gland, and skin. These samples were
fixed in 10% neutral buffered formalin for at least
36—48 h and no more than 7 days. They were then
processed by routine methods and embedded in paraf-
fin wax. Sections (6 um) were either stained with hae-
matoxylin and eosin (HE) for histopathological
examination or examined immunohistochemically, to
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determine the type of lesion and the presence of inclu-
sion bodies, syncytial cells and CDV antigen.

Immunohistochemistry (IHC)

The Super Sensitive' ™ Non-Biotin HRP Detection Sys-
tem (BioGenex Laboratories, San Ramon, CA, USA)
was used. The primary antibody was mouse anti-CDV
(MCA 1893, Clone DV2-12; Serotec, Kidlington,
Oxford, UK).

Tissue sections were dewaxed in xylene and rehy-
drated in a graded alcohol series. Antlgen unmaskm
was performed by immersion of sections in Trilogy"
(Cell Marque, Hot Springs, Arkansas, USA) 5% in Q.
water (Milli-Q), UF Plus; Millipore Co. Billerica,
MA, USA) and boiling for 15min at 121 °C in an
autoclave(SA-252F; Sturdy Industrial Co., Taipei,
Taiwan). Sections were then 1mmed1ately transferred
to fresh hot Trllogy M solution in a second staining

_dish, heated by a 1450-W microwave oven (RE-C102;

“Sampe;Co., Taipei, Taiwan). This was left to stand for

10min"at 80 °C. The sections were then immersed in

cool Txis-buffered saline (TBS; DakoCytomation, Car-

“pinteriay GATUSA) for 10 min, and then rinsed in TBS.
«for evaluation of the antigen retrieval effect, the first

ﬁqtoclave treatment was omitted and the sections were
placed directly infresh hotTrllogy Molution as above.

Endogenous perox1dase activity was quenched with
hyf:lrogen peroxide 3% in methanol (Merck, Darm-
s}aFlt Germany) for 10 min at room temperature. This
was~Tollowed by rinsing in TBS and incubation in
Powier Blogk'™ solution (BioGenex) for 10 min at room

temperature. The primary antibody diluted I in 500 in

antibody diluent (Ventana Medical System, Tucson,
AZ, USA) was then applied for 24 h at 4 °C.
Substitution of TBS or negative mouse serum for the
primary antibody on sections of CDV-infected cere-
brum served as a non-specific negative control. Cere-
bral sections from dogs with no evidence of distemper
infection served as a specific negative control. The sec-
tions were then rinsed in TBS, incubated with Super
Enhancer' ™ reagent (BioGenex) for 60 min at room
temperature, rinsed in TBS, and incubated in Poly-
mer-HRP reagent (BioGenex) for 60 min at room tem-
perature. 1o compare these results with conventional
ITHC, the Super Enhancer TM reagent was replaced by
Super Sensitive Multilink®™ reagent (BioGenex) and
the Polymer-HRP reagent was replaced by streptavi-
din peroxidase reagent (Super Sensitive ™ Link-Label
IHC Detection System; BioGenex). The subsequent
procedures were identical for each of the two methods
compared. These subsequent procedures consisted
of rinsing in TBS once more, incubation with AEC
(3-amino, 9 ethyl-carbazole) or DAB (3, 3'- diamino-

benzidine tetrahydrochloride) (BioGenex) chromogen
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Table 1
Nucleotide sequences of primers

Primer Nucleotide sequence Location Direction
F2 5-TAAGGGAATCGAAGATGC-3’ 21602177 Forward
R1 5'-CCATCAGCATGCTCACATC-3 2341-2359 Reverse
R2 5'-GATCCCCCAGTTGACTTG-3 25682585 Reverse

solution for 3—5min at room temperature, counter-
staining with Mayer’s haematoxylin, and mounting
with Super Mount®™ (BioGenex). The sections were
then examined microscopically.

CDV Antigen Test

The RapiGen® Canine Distemper Antigen rapid test
kit (RapiGen Inc., Keumjung, Gunpo, Kyonggi, Kor-
ca) was used, according to the manufacturer’s instrue-
tions. Briefly, serum, plasma or ocular discharge from
suspected cases was dispensed into the sample wells;
The results were read after waiting for 510 min-~One
red or purple band in the control line (C) with'no ap-
parent band in the test line (T) indicated anegative re-_
sult for CDV infection. One red or purple‘band in the

control line (C) and one band in the test line (T) indi

cated a positive result. ;

Reverse Transcription Polymerase Chain Reqetion (R7,j-
PCR) t

RNA was extracted from serum, hepariniie{d yvhk)lrb
blood, cerebro-spinal fluid (CSF; without eentriftiga-

tion), nasal swab in 1 ml of phosphate-buffered sa{Llinei !

(PBS), ocular swab in I ml of PBS, and a 10-fold dilution..
of vomitus or faeces from dogs with clinically suspected
CD. The RNA was extracted by the TRIzol® reagent
(Invitrogen, Carlsbad, CA, USA) phenol-chloroform
extraction method. Briefly, a 500 pl volume of homoge-
nized tissue sample was placed in a 2-ml sterile micro-
centrifuge tube and 1ml of TRIzol™ reagent was
added. The tube was left to stand for 5 min at room tem-
perature. After vigorous shaking, followed by the addi-
tion of 200 pl of chloroform (Merck) and vortexing to
ensure an even mix, the tube was left to stand for
2-3 min at room temperature before being centrifuged
at 13000 rpm (12000 g) for 10 min at 2-8 °C. The super-
nate was then transferred to another sterile microcen-
trifuge tube. An equal volume of isopropyl alcohol
(Merck) was mixed with the supernate, which was then
kept at —20 °C for 30 min before being centrifuged at
13000 rpm (12000 g) again for 15 min at 2-8 °C. The
resultant supernate was discarded and the pellet mixed
with 1 ml of 75% cold ethanol (Merck). Centrifugation
was performed once again, as above for 10 min. The pel-
let was air dried in a lamina flow apparatus for 20 min.

Finally, 20 ul of RNase free diethyl pyrocarbonate
(DEPC) water were added to the RNA pellet. Primers
specific to CDV AF378705 strain phosphoprotein (P)
(Table 1) were used. cDNA synthesis was carried out
in 20 pl of RT-PCR reaction cocktail mixture contain-
ing 1 pl of 10 uM primary F2 primer set mixture, 10 pl
of RNA template, 5X first strand buffer (including
250 mM Tris-HCl [pH 83], 375 mM KCI, 15mM
MgCly ), 2pl of 01 M dithiothreitol (DTT), 1l of
10mM " deoxynucleotide  triphosphate  mixture
(dNT%l plof reverse transcriptase 200 IU/ul (Super-
Seript - I, Reverse Transcriptase) (Invitrogen).
cDNAwassyrthesized with a thermocycler (GeneAmp
PCR System2400; Applied Biosystems, Foster City,

%, CA, USA) at 42 °Cifor 1 h, and the sample was dena-

\turetlby the same thermocycler at 70 °C for 15 min.
:The Ieﬁulting ¢DNA product from each sample was
“used”as| al template in the following PCR procedure.
:f!]‘,e PCK reaction cocktail mixture (30 pul ) contained
lsplsof Fp and R2 primer set (each 10 uM), 10 x PCR
buffer (¢ontaining,200mM Tris-HCI [pH 84], and
500 mM! K€l ), 1l of 50 mM MgCly, 1 il of 10 mM
dNTP mixture, and 0.5l of Tag DNA polymerase
5 IU/plInvitrogen ). The primary PCR amplification
was carried out with 35 cycles at 94 °C for 25s, at
57 °Cifor 255, and at 72 °C for 35s. The final extension
was carried out at 72 °C for 5 min.

Primary PCR product (1 ul) was used as the subse-
quent PCR template and amplification was performed
with nested I'2 and Rl PCR primer set in a further 35
sequential cycles at 94 °C for 255, 57 °C for 25, and
72 °C for 25 5. The final extension consisted of one cycle
at 72 °C for 5 min. The targeted amplification sequence
was a 200 base pair (bp) fragment. The amplification
products were analysed on 1.6% agarose gel and the
electrophoresis results were observed under a UV illu-
minator after ethidium bromide staining.

Results
RT-PCR and Antigen Test

Positive results were obtained in four dogs (nos 1—4)
with the RT-PCR and in three dogs (5, 6, 8) with the
CDV antigen test (Table 2). Two of the eight dogs with
CDV infection had not been vaccinated, but the vacci-
nation status of the remainder was unknown.
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Table 2
Details of the dogs with CDV infection

Clinical signs

Dog no. Breed Age (months) CNS GI Re CDVantigen Positive RT-PCR Vaccination
test record

1 Labrador 2 + + NA Blood, CGSFand No
retriever urine

2 Chow chow 3 + + NA Blood NA

3 Shiba 3 + + NA Nasal swab, NA

ocular swab
4 Dachshund 1 + + NA Blood, stool, No
vomitus

5 Mongrel 3 + + NA NA

6 Shih tzu 2 + + + NA NA

7 Pomeranian 60 + NA NA NA

8 Miniature 60 + + NA NA
pinscher

CNS, central nervous system signs (scizure, ataxia, circling and m Qr};llsT);,_GI, gastrointestinal signs (diarrhoea, vomiting, depression and anorexia);
Re, respiratory signs including nasal and ocular disch_a[rg_qézji{gh{ .

s'ﬁﬁ&gsfﬂéﬂs_pp’e‘_z_ing; NA, not available.

-

Fig. 1. Diffuse CDV immunolabelling in the cerebellar white matter
is visible in the astrocytes (arrow). Non-biotin HRP (AEC)
with haematoxylin counterstain; autoclave with microwave
pretreatment. Bar, 50 pm.

Histopathology and Immunohistochemistry

For antigen retrieval, autoclaving combined with
microwave treatment yielded better labelling results
(Fig. 1) than did microwave treatment only (Fig. 2). The
non-biotin HRP detection system gave essentially simi-
lar labelling regardless of the substrate (AEC or DAB),
but AEC labelling was preferable for small, fine antigen
particles and for contrast. Immunolabelling produced
by the non-biotin HRP detection system in CGNS tissues
did not differ s%%\?iﬁcantly from that produced by the
Super Sensitive” " Link-Label detection system.

All eight cases of suspected CD were confirmed
by the combination of methods used (RT-PCR and

Fig. 2. Same area as in Fig, 1, showing CDV labelling in the cerebel-
lar white matter, located focally in the astrocytes (arrow).
Non- biotin HRP (AEC) with haematoxylin counterstain;
microwave pretreatment only. Bar, 50 pm.

CDV antigen test [Table 2], IHC [Table 3] and
histopathology [including and the demonstration of
intranuclear or cytoplasmic inclusion bodies]). Inclu-
sion bodies were observed in seven cases (87.5% ), albeit
not readily, their prevalence varying in different
tissues. The most common sites were the periphery of
the splenic central arteries, macrophages and lympho-
cytes in the lymph nodes and urinary bladder epithe-
lium, pulmonary macrophages and bronchiolar
epithelium, ependymal cells lining the 4th ventricle,
renal pelvis and cerebellar white matter astrocytes.
Eosinophilic cytoplasmic inclusion bodies were occa-
sionally seen in the renal pelvis and urinary bladder
epithelium. Immunolabelling of the CDV antigen by
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NA, not available; ecs, epithelial cells.

the non-biotin HRP method was observed in seven
cases ('Table 3).

The brain lesions in the infected dogs consisted of de-
myelination and glial cell infiltration in the cerebel-
lum, cerebellar peduncles and brain stem. CDV
immunolabelling in the cerebral cortex appeared dif-
fusely or focally in the dendrites of large pyramidal
cells (Fig. 3). It was particularly striking at the periph-
ery of the 4th ventricle (Fig. 4) and in ependymal cells,
but was present in only a few Purkinje cells. In some
cases with cerebellar demyelinating areas, only a few
intranuclear inclusion bodies and neuropils were im-
munolabelled. In more severely affected cases, astro-
cytes in the demyelinating white matter and brain
stem showed immunolabelling with a spidery and

Fig. 3. Diffuse %V:T"Ebelling in the cerebral cortex is seen in the
#  dendritesiof large pyramidal cells (arrow). Non-biotin HRP

o CABC) ith haematoxylin counterstain; autoclave with mi-
/" crowave pretreatment. Bar, 50 pm.

Fig. 4. Extensive immunoreactivity with CDV antigen is exhibited
in the ependymal cells lining the 4th ventricle. Non-biotin
HRP (AEC) with haematoxylin counterstain; autoclave
with microwave pretreatment. Bar, 100 pm.
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Fig. 5. Extensive CDV immunolabelling of the ballooning epithelial
cells of the urinary bladder (arrow). Non-biotin HRP (AEC)
with haematoxylin counterstain; autoclave with microwave
pretreatment. Bar, 50 pm. Y

Fig. 6. Extensive CDV immunolabelling is seen in the cytoplasril of

macrophages and sub-capsular lymphocytes of lymph nodes
giving a beaded appearance. Non-biotin HRP (AEC) with
haematoxylin counterstain; autoclave with microwave pre-
treatment. Bar, 25 pm.

beaded appearance. The CDV antigen was also present
in the grey and white matter and central canal of the
spinal cord. The urinary bladder epithelium showed
ballooning degeneration, with small, granular, eosino-
philic, cytoplasmic inclusions which were immunor-
eactive for CDVantigen (Fig. 5). Immunolabelling was
also present in the renal pelvis epithelium, hepatic
Kupfter cells, gastric and intestinal mucosal epithelia,
and stratified squamous epithelium of the tongue and
oesophagus. No significant inflammatory responses
were noted at these sites.

The lesions in lymphoid tissues consisted of focal or
diffuse tissue depletion and necrosis. Extensive immu-
nolabelling was seen in the following sites: in the

Fig. 7. Alveolar macrophages, bronchiolar epithelium and alveolar

septa show extensive CDV immunolabelling. Non-biotin
HRP (AEC) with haematoxylin counterstain; autoclave
with microwave pretreatment. Bar, 50 pm.

g R o EIEF AT
e %‘Itfi‘&"e

Fig. 8. Extensive CDV immunolabelling is seen in the cytoplasm of
cells of stratum spinosum (rather than the stratum basale) of
the skin. Non-biotin HRP (AEC) with haematoxylin coun-
terstain; autoclave with microwave pretreatment. Bar,
50 pm.

spleen—at the periphery of the central arteries and cy-
toplasm of lymphocytes or macrophages; in lymph
nodes—in the cytoplasm of macrophages and subcap-
sular lymphocytes (Fig. 6); alveolar macrophages, al-
veolar septa and bronchiolar epithelium (Fig. 7);
cytoplasm of salivary gland epithelial cells and gang-
lion cells; cytoplasm of the cells of the stratum spino-
sum of skin (Fig. 8).

Discussion

The use of non-biotin HRP for the immunohistochem-
ical diagnosis of CDV infection has not previously been
reported. In the present study, it produced improved
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contrast against the background, making the detection
of CDVantigen easier than the histological detection of
intranuclear inclusion bodies. The cloned DV2-12 pri-
mary antibody used required pretreatment of forma-
lin-fixed, wax-embedded sections by steaming,
proteinase K pretreament having been shown by
Ramos-Vara and Beissenherz (2000) to be without
effect for this antibody.

The use of different fixatives, with or without micro-
wave unmasking, may influence the immunolabelling
intensity, depending on the type of antibody (Liang
etal.,2000). An alkaline phosphatase (AP) substrate de-
tection system may be used in immunohistochemical
diagnosis of infectious diseases (Liang et al., 2004) but
will not produce optimal labelling of fibres, processes
or terminals in neural tissues. Unfortunately, the tar-
geting of the CNS by CDV makes an AP system less
suitable for use in its diagnosis. We tried to overcome
these problems by using a microwave unmasking and
AP substrate detection system in CDV diagnosis, but
the results were unsatisfactory.

Seven of the eight cases examined were acute to sub-
acute, with no significant associated inflammatory re-
sponse. Only one case (no. 4) had no CNSlgsions. Ina™
previous study, the microscopical lesions of GDV en¢e-..
phalopathy were divided into four types, namely acute
acute with necrosis, subacute, and chronic ( HeadL
et al., 2001). Acute distemper white matter lesionsw
Characterlzed by vacuolar changes, mild/microgligsi
with some reduction of myelin stain, and lack of pirlr-
vascular mononuclear inflammation. Subachtr:
changes were characterized by a “moth-caten” appear-

ance, moderate to severe demyelination, foct of malacia:*

with Gitter cell infiltration, varying degrees of astrocy-
tic hypertrophy and hyperplasia, a few multinucleated
astrocytes and gemistocytes, and minimal to severe
perivascular lymphoplasmacytic cuffs. Chronic lesions
were characterized by loosely or densely arranged as-
trocytic proliferations and demyelination with or with-
out perivascular lymphoplasmacytic cuffs. There were
no hypertrophic astrocytes or macrophages in such
lesions (Baumgartner et al., 1989). The predominance
of early distemper encephalitis over late lesions in the
present study was similar to that reported previously
(Frisk et al.,1999; Headley et al., 2001).

A higher percentage of cases had eosinophilic intra-
nuclear or cytoplasmic inclusion bodies in this study
(87.5%) than in previous studies (17-72%) (Palmer
et al., 1990; Haines ¢t al., 1999; Wu et al., 2000; Stanton
et al., 2002), but this discrepancy may be attributable
to the small sample size. An explanation for the discre-
pancy between the detection of inclusion bodies and the
immunohistochemical findings may be that the forma-
tion of intranuclear inclusion bodies should be viewed
as paradoxical for an RNA virus, which replicates en-

tirely in the cytoplasm (Summers and Appel, 1994).
Bellini ez al. (1994) presumed that intranuclear inclu-
sions were composed of RNA surrounded only by the
viral nucleocapsid (N) protein and appeared to be de-
void of any other viral antigen. However, intranuclear
inclusion bodies in the present study were more com-
mon than cytoplasmic inclusion bodies. The eosinophi-
lic inclusion bodies were found in gastric (dogs 1, 2 and
8; data not shown) or urinary epithelial cells in this
study, despite the absence of obvious histopathological
changes. However, a previous study revealed gastroin-
testinal lesions and inclusion bodies in the epithelial
cells of the intestines or urinary epithelial cells only in
cases with enteritis (Okita et al., 1997). In the present
study, only two cases had digestive symptoms. In seven
out of the eight cases CDV antigen was identified in the
digestive tract mucosa.

In previous studies, CDV infection was confirmed
immunohistochemically in 58—76% of suspected cases

" (Frisk et al., 1999; Stanton et al., 2002). In these earlier

_studics, CDV-RNA was detected by RT-PCR in 86%
of serumisamples and 88% of whole-blood and CSF
samplesfrom: dogs-with immunohistochemically con-
,, firmed-distemper; There was no evidence of inhibition
Nof Tag-DNA polymerase by haemoglobin (Frisk et al.,
E99 However with theaid of RT-PCR, CD was dlag—
oséﬂ'lm 17 cases (81 % ). The positive results given by
erent organs Varled from 71.4% (cerebellum), to
?o’% (whole=blood}. The specific amplicons consisted
of phosp:hq)protem {P) gene, which is unable to identify
false-positive results due to vaccination, and no immu-
nohistochemical comparisons were made (Wu et al.,
2000).55
Two dogs (I and 4) in this study had not been vacci-
nated but still gave positive RT-PCR results in various
tissues. In addition, Kim et al. (2001) reported that
CDV antigen, as detected by nested PCR, disappeared
14 days after vaccination. Dog 4 gave positive RT-PCR
results in blood, faeces and vomitus but was inclusion
body-negative and IHC-negative. Dog 4, aged only 1
month, had peracute broncho-interstitial pneumonia
and splenic lymphoid depletion (data not shown), giv-
ing no time for the accumulation of CDVantigen. Stan-
ton et al. (2002), who studied 12 dogs with CD, found
discrepancies between the positive results given by
RT-PCR (83%), inclusion bodies detection (33%),
immunofluorescent labelling (50%) and immunohis-
tochemical labelling (58%). Frisk et al. (1999) reported
that in the chronic stage of infection, immunolabelling
of CDV antigen was found mainly in the CNS
but rarely elsewhere. The immunohistochemical meth-
od described provides a more sensitive method of
diagnosing CD encephalitis than methods based on
demonstration of inclusion bodies or syncytial cells.
Disadvantages include the relatively high cost of
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non-biotin kits and the limited life span of slides; more-
over, AEC, if used, is soluble in organic solvents, neces-
sitating the use of a water-based mounting medium
(Haines and Chelack, 1991).
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Abstract
Improving enhancement for the detection of canine distemper viral (CDV)
nucleoprotein RNA was applied in paraffin-embedded tissues from dogs with
spontaneous CDV infections. In addition to proteinase K, autoclaving in various
solutions (Trilogy, TBS S3006, H-3301, and S1700) for pre-treatments were
compared. The in situ hybridization (ISH) intensity was assessed by using the
integrated optical density (IOD) and the integrity of the tissue morphology. A
combination of proteinase K digestion-and autoclaving in a Trilogy solution resulted
in an optimal ISH signal enhancément of CDV RNAu: This rmodiﬁed technique can be

useful in the retrospective viral studies éé—lﬁrggs a broad range,

F
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Introduction

Canine distemper virus (CDV) is a non-segmented, single-stranded negative RNA
virus that belongs to the genus Morbillivirus within the family Paramyxoviridae.
CDV is the most common viral pathogen of canine encephalitis (Appel 1970). The
CDV is typically detected by immunohistochemistry (IHC), immunofluorescence
labelling, reverse transcription-polymerase chain reaction, clinicopathological
findings, or a combination of these approaches (Beineke et al., 2009).

Additionally, CDV RNA and viral transcription ean also be detected in acute
demyelinating lesions in formalin-fixed, parafﬁn-embedded tissues, by using ISH
(Muller et al., 1995; Gaedke et al., 1997';'%1_:@}‘1'1and et al., 2003; Engelhardt et al., 2005;

B

D’Intino, et al., 2006; Zurbriggen et al., 1998; Vandevelde 'and Zurbriggen 2005) or in

|

antigens that are not well demonstrafed by THC ini ¢hronic infection (Mitchell et al.,
1991). For ISH, there are a variety of commonly used pre-treatments for the
formalin-fixed paraffin-embedded tissue sections, including saponin (Yamawaki et al.,
1993), diluted acids, detergents, alcohols, proteases (such as proteinase K, pronase,
and pepsin) (Mcnicol and Farquharson 1997), sodium borohydrite (Gaedke et al.,
1997), and boiling sections in citrate buffer in a microwave (Gaedke et al., 1997; Lan
et al., 1996). Among the pre-treatments for ISH, the most common is the application

of proteases.
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However, problems with ISH persist, because different types of tissues require
different digestion conditions in order to achieve optimal results. Few reports have
focused on optimising the CDV RNA detection protocol in formalin-fixed,
paraffin-embedded tissue sections. Furthermore, there are conflicting results from
ISH optimisation following proteolytic enzyme digestion and heat-induced antigen
retrieval (HIAR) pre-treatments (Mcquaid et al., 1990; Gaedke et al., 1997; Kim and
Chae 2003).

Thus, the intent of our study was to improve the ISH protocol, and combine it with
integrated optical density -measurement (IOD), to provide a semi-quantitative and
simple method for the detection of CD'\'FBJ}'IA in formalin-fixed, paraffin-embedded

N
tissues in retrospective studies. '
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Materials and Methods
Animals
The spontaneous CDV infections in eight dogs were previously confirmed and
described by either RT-PCR and histopathology or by immunohistochemical labelling
(Liang et al. 2007). The tissue samples obtained were fixed in 10% neutral buffered
formalin for between 36 h and 7 days. The samples were then processed and

embedded in paraffin, using a routine process.

Probe preparation
The total RNA was obtained from ﬁgj‘j CDV-infected, B95a cells (Liang et al.
| | .'F

2008), and isolated using” an’RNeasy Mini Kit (Qiagen). The cDNA probe was

|

prepared by using primers tl.la;t amp‘lify the CDV “nucleoprotein (Frisk et al. 1999).
The RT-PCR product (287 bp) was cloned using the PCR 2.1-TOPO TA cloning kit
(Invitrogen). Digoxigenin (Roche)-labelled, double-stranded DNA probes were
generated by PCR using Platinum Taq DNA polymerase (Invitrogen). The reactions
were performed under the following conditions: 95°C for 10 min, 35 cycles at 95°C
for 30 sec, 59.5°C for 30 sec, and 72°C for 30 sec, with a final extension for 10 min

at 72°C. The resultant 287 bp DIG-dUTP-labelled dsDNA probe was then purified

using a QIAquick® PCR purification kit (Qiagen), and analysed on a 2 % agarose gel.
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Pre-treatment before pre-hybridization

From each of the formalin-fixed, paraffin-embedded tissues, we cut 6- pm thick
serial sections. The sections were then deparaffinised, rehydrated, and de-proteinised,
and then treated with one of the following pre-treatments, either (a) digested at 37°C
for 15 min with proteinase K (20 pg/ml, Roche) in PBS (DEPC), each washed with
0.2% glycine and 2x SSC for 10 min, and pre-hybridised and hybridised; or (b)
digested at 37°C for 15 min with proteinase K (20 pg/ml, Roche) in PBS(DEPC),
washed with 0.2% glycine, immersed‘in: 5% concentrated Trilogy stock (Cell Marque)
in Q water (Milli-Q), and. boiled for 15 min at 121°C -in an autoclave (SA-252F,

V g— ]

Sturdy Industrial, Taipei, Taiwan).

—

Next, the autoclaved sections were immediately transfetred to a fresh 5% Trilogy
solution in a second staininé ‘dish that had been pre-heated to 80°C in a 1450-W
microwave oven (RE-C102; Sampo, Taipei, Taiwan), and were left to stand for 10 min
at 80°C. The sections were then immersed in 10% concentrated stock Tris-buffered
saline (TBS S3006; Dako Cytomation) in Q water at room temperature for 10 min,
washed with 2% SSC, and pre-hybridised and hybridised.

The pre-treatment ¢, d, and e samples were processed as previously described;

however, the solutions used in both the autoclaving and microwaving were changed to

(c) 10% stock Tris-buffered saline (TBS S3006) in Q water, (d) a 1% vector
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citrate-based stock antigen unmasking solution (H-3301, Vector Laboratories) in Q
water, or (e) a target-retrieval solution (S1700; Dako Cytomation). After the different
autoclaving and microwaving pre-treatments (b, ¢, d, and e), the sections were
immersed in a 10% concentrated stock TBS S3006 solution in Q water at room
temperature, and each rinsed in 2x SSC for 10 min before being pre-hybridised and
hybridised.
In situ hybridization (ISH)

We used the pre-hybridisation and*hybridisation protocol as previously described

by Chueh et al. (1999) and also in the Appendix of'this study:.

V g— ]

e
_—

Immunohistochemistry (FHC) t

We used the IHC protocol of Liang et al. (2007); which used the Super Sensitive ™
Non-Biotin HRP Detection System (BioGenex Laboratories, San Ramon, CA, USA).
The primary antibody was mouse anti-CDV (MCA 1893, Clone DV2-12; Serotec,

Kidlington, Oxford, UK).

Postive area evalution
The ISH intensities of the five pre-treatments were assessed by estimating the area

of the objects, and the medium pixel intensity per object, as the integrated optical
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density (IOD) of the positively stained areas, by using the image analysis program
Image-Pro® Plus 6.0 (Media Cybernetic, NY, USA). For each tissue section, we
calculated the IOD, which was equal to area x average optical density of positive
staining. The average IOD scores were calculated from duplicate valves from each
section.

Tissue morphologies were graded on a semi-quantitative four-point scale: -, <10%
to no damage; +, 10-25% mild damage; ++, 25-50% moderate damage; and +++,

@_ELEL@JE@I@,&#
- e

it )
>50° 405 ok B 2
50% severe damage. ; ‘El'qp. e _g‘ ?‘

e &
o, rah R

“Clogepeien®
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Results

The pre-treatment process was conducted on a mock control (other dog sections
with no CDV infection) and a reagent control (serial sections of infected cases
without the addition of the probe), wherein no positive labelling was found, which
directly contrasted the aforementioned observations made in the cases of infected
sections where probes were used.

Consecutive serial tissue sections of the major CDV-infected organs, including the
cerebellum, cerebrum, lung, urinary ‘bladder, ‘and spleen, were tested in parallel with
the addition of different HIAR regimens. The results. are summarised in Table 1 and
Fig. 1, wherein it can be observed that ff%_ér-sp{oteinase K pre-treatment in combination
with autoclaving and microwaving enabled-the detection of strong signals with very
low non-specific backgrounds ‘i spleen and urinary .bladder tissues. The results
corresponding to bronchiolar mucosa, cerebellar white matter, 4™ ventricle, as well as
cerebral cortex tissues were similar (data not shown); however, sections that were
subjected to a combination of proteinase K pre-treatment and autoclaving in a Trilogy
solution exhibited a stronger hybridization signal(Fig. 1B, 1G).

The ISH intensities of the five pre-treatments in the spleen tissue were assessed by

average 10D, wherein the corresponding average IOD scores were 0, 19913, 10097, 0,

and 2575 (Fig. 1A-1E). Negative to strong hybridization signals, which were
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blue/purple to black in colour, were observed in the splenic periarteriolar white pulp
areas. The retrospective study, splenic lymphoid depletion and necrosis with
intranuclear inclusion bodies and other lesions, which are characteristics of CDV
infection, were observed.

The ISH intensities of the five pre-treatment samples of urinary bladder were also
assessed by IOD, wherein the average IOD scores were 30, 5624, 5150, 0, and 4123
(Fig. 1F-1J). Hyperplasia and ballooning changes with intranuclear and cytoplasmic
inclusion bodies were also noted in*the bladder mucoesa epithelial cells (data not
shown).

In terms of tissue morphology, tissﬁ%"é‘;s'(:ctions that had ‘only been subjected to
proteinase K pre-treatment exhibited intact and iclear tissue outlines; however, the
hybridization signal was rarely detecfed in tissues that'did not undergo an autoclaving
pre-treatment (Fig. 1A and 1F). The sections that were subjected to proteinase K
pre-treatment in combination with autoclaving in Trilogy solutions exhibited mild
losses in tissue architecture (Fig.1B and 1G).The sections that were subjected to
proteinase K pre-treatment in combination with autoclaving in TBS solutions also
exhibited mild losses in tissue architecture (Fig.1C and 1H). However, the sections

that were subjected to proteinase K pre-treatment in combination with autoclaving in

a H3301 solution exhibited severe losses in tissue architecture without any ISH signal
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(Fig. 1D and 1I). The sections that were subjected to proteinase K / autoclaving

pre-treatment in S1700 solution exhibited moderate losses in tissue architecture but

had distinct signals (Fig. 1E and 1J).
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Discussion
Heat-induced antigen retrieval (HIAR)

In this study, through a combination of proteinase K digestion and autoclaving in a
Trilogy solution, we found a relatively simple method that demonstrates an optimal
ISH signal enhancement of CDV RNA.

The formaldehyde as a 10% neutral buffered formalin is the most widely used
universal fixative because it preserves a wide range of tissues and tissue components.
However, attempts to extract:usable-DNA from formalin-fixed tissues for molecular
biological studies have been wariably successful (Sriniyasan et al., 2002). The
formaldehyde fixative initiates DNA dé@{ation (interchain hydrogen bonds break
and bases unstack) at the AT-rich regions.of double-stranded DNA creating sites for
chemical interaction. There are four ‘interactions of formaldehyde with DNA: 1) The
first is an addition reaction. Formaldehyde 1s added to the nucleic acid base to form a
hydroxymethyl (methylol) group (-CH2 OH). 2) The second is a slower electrophilic
attack of N-methylol on an amino base to form a methylene bridge between two
amino groups. 3) Formaldehyde treatment can generate AP (apurinic and apyrimidinic)
sites via hydrolysis of the N-glycosylic bonds, leaving free pyrimidine and purine

residues. AP sites have a highly unstable cyclic carboxonium ion that hydrolyzes

rapidly to yield 2-deoxy-D-ribose. 4) Formaldehyde may also cause slow hydrolysis
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of the phosphodiester bonds leading to short chains of polydeoxyribose with intact
pyrimidines. When compared to the DNA isolated from frozen tissues, formalin-fixed
tissues exhibit a high frequency of nonreproducible sequence alteration (Srinivasan et
al., 2002; Shi et al., 2001).

Previous attempts have used thermocycling (Kim and Chae, 2003), microwaving
(Lan et al. 1996; Gaedke et al. 1997) or autoclaving (Relf et al. 2002) to enhance the
ISH signal. Recent employment of the HIAR has been shown to enhance the
extraction of nucleic acid or increase’the efficiency of subsequent ISH detection of a
target sequence. The proeess 0f ‘crosslinking makes probe access to the target
sequence difficult. Therefore, tissuesmii{%bg digested to improve probe access to the
specific mRNA while minimizing loss ofsmRNA land tisstie morphology. Many such
digestion strategies have been empléyed to permeabilize fixed cells or tissues using
acids, detergents, alcohols, and enzymes such as proteinase K, pronase, and pepsin.
However, this step remains problematic in that each tissue type requires a different set
of digestion conditions (Mcquaid et al., 1990; Lan et al. 1996; Kim and Chae, 2003;
Shi et al., 2001; Weise et al., 2005; Yamashita 2007). Heating cleaves inter- and
intra-crosslinks in proteins and nucleic acids, and since a gel-like structure formed by

the crosslinks is destroyed and the macromolecules are partially extracted, antibodies

can easily penetrate into tissue sections and the immunoreaction is greatly intensified
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(Yamashita, 2007).

The HIAR Trilogy solution is a novel product that has been shown to have good
antigen retrieval effects for the immunohistochemical labelling of RNA viruses
(Faolain et al., 2005; Ward et al., 2006; Liang et al., 2007); however, due to the
advantage of combining deparaffinisation, rehydration, and the retrieval of antigens
during pressure cooking, this solution has never been used in an ISH protocol. In this
study, Trilogy solution was found to be the idealist for retrieval of RNA in
comparison to other solutions. The-fact that the HIAR effect could be used as an
approach to enhance the extraction of nucleic acids.or tor increase the efficiency of
subsequent detection of a target sequenééj{i;@ not emphasized until recently (Shi et al.,

1

2001; Kim and Chae, 2003): Trilogy sdl-ﬁtion is a novel product that combines

|

deparaffinization, rehydration, and ﬁnmasking of “antigens during pressure cooking
(Faolain et al., 2005). In recent reports, Trilogy solution has been shown to have good
antigen retrieval effects for the immunohistochemical labelling of RNA viruses (Ward
et al., 2006; Liang et al., 2007) or cancer diagnosis (Kuo et al., 2006) but never been
tried in ISH protocol, which has lead to the development of novel ISH labelling
protocols that are especially important for retrospective studies. The HIAR effect
(Mcquaid et al., 1990; Kim and Chae, 2003) can greatly enhance the ISH signal and

provides a simple detection method in formalin-fixed, paraffin -embedded tissues.
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However, the tissue damage caused by the retrieval solution needs to be taken into
consideration. The pH valve of the antigen retrieval solution is another important
co-factor (Shi et al., 2001; Ramos-Vara 2005). Some antigens will be retrieved only
with high pH solution, others with a wide range of pH. Most antigens, HIAR with
0.01M sodium citrate buffer (pH 6.0) will give satisfactory results and good cell
morphology (Ramos-Vara 2005). However, the pH values of the Trilogy (7.69), TBS
(8.22), H3301 (9.14), and Dako S1700 retrieval working solutions (9.22) were from
neutral to weak basic pH valve in-the present study. S1700 and H3301 retrieval
solution had very similar pH value'but gave totally differeqt results. The citrate-based
Vector H3301 retrieval solution combiii?o@,?yith autoclave pre-treatment showed the
most severe destruction of the tissu¢ morphology.

The results demonstrated that a simple and _modified combined pre-treatment of
HIAR autoclaving the tissue sections in antigen retrieval buffer and proteinase K
digestion resulted in stronger hybridization signals than proteinase K digestion alone.
Importantly, autoclaving in either Trilogy solution or TBS resulted in strong
hybridization signals of major organs, including spleen, urinary bladder, and lung,
infected by CDV with mild to no tissue morphological damage. Similar retrieval

effects of autoclaving in Trilogy solution for ISH were also noted in cerebellar

sections (data not shown). Since formalin is the most commonly used fixative in
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routine tissue fixation, our modified methods can be useful in retrospective and
pathogenesis study of CDV infection. However, most RNA viruses are low-copy
infections; and thus, RT in situ PCR is often the best method available to detect the
virus in situ (Nuovo, 1995) and will be tried in the future to compare the results in this
study.
Proteinase K effect

In the beginning of this study, using proteinase K treatment only, the CDV RNA
ISH signals were observed in the immunohistochemistral labelling positive sites of
the seven cases. However,-the intensities and distribution Qf ISH signals were not as
distinct and strong as those obt&hl-'g@d following _ non-biotin, horseradish

[l 4

peroxidise-based IHC labelling (Liang et zfl;., 2007). Therefore, we investigated if the

|

CDV RNA decayed in formélin-ﬁxéd, paraffin-embedded tissues. The specificity of
the ISH probe used in this study was validated by detecting CDV RNA in B95a cells
infected with field Taiwan CDV strain. In this study, 20 pug/ml proteinase K was used
for formalin-fixed, paraffin-embedded tissues. In contrast, the final concentration of
proteinase-K used in the detection of CDV-infected B95a cells was 1 pg/ml. To
facilitate probe access in ISH, sections are frequently treated with diluted acid,
proteolytic enzymes and/or non-ionic detergents. While proteinase K is the most

commonly used enzyme for ISH pre-treatment (Lewis and Wells,1992; Mcnicol and
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Farquharson, 1997), the final working concentration used is variable, with previous
studies using 1 pg/ml (Muller et al., 1995; Gaedke et al., 1997), 5 pg/ml (D’Intino, et
al., 2006), 20 pg/ml in the present study, 300 pg/ml (Kim and Chae, 2003) and 1-4
mg/ml (Mcquaid et al., 1990). The concentration of proteinase K used is critical,
however, if morphology is to be preserved, and is tissue dependent. The optimal
proteinase K concentration of brain and lung is 0.25 mg/ml; 0.5 mg/ml in kidney, liver,
intestines, cervical, anal, and laryngeal section; However, it is not critical for protease
digestion time for ISH, unless it is too. concentrated and too long, and destroys the
tissue, to be a factor in background with formalin-fixed tisspe (Nuovo, 1995).

V g— ]

Probe effect

—
The dsDNA probes for ISH have the=disadvantage"that they do not allow to
distinguish between positive.and negative stranded RNA. However, the digoxigenin
PCR labeling method still can be ‘used in detection of new RNA virus
(Sritunyalucksana et al., 2006). The DNA probes are still the most frequently used
type of probes. Firstly, they are relatively easy to make in large quantities. Secondly,
they are the best characterized. Thirdly, the advent of nucleic acid amplification
techniques such as polymerase chain reaction (PCR) has increased their availability

greatly. Finally, DNA probes can come in all sizes (Harvey and Schonau, 2006).

In this study, 50% formamide was added to the prehybridization and hybridization
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buffer, as higher concentrations did not improve the staining results and the omission
resulted in negative staining (Gaedke et al., 1997). The CDV RNA-specific ISH
signals in infected B95a cells were stronger compared to the formalin-fixed tissues
using proteinase K treatment only. This observation may partially be explained by the
fixation of the B95a cells in 4% paraformaldehyde. In the present study, 400 ng/ml of
a dsDNA probe (287 bp) was used for formalin-fixed and paraffin -embedded tissues.
In contrast, the final concentration of probe and proteinase K used in the detection of
CDV-infected B95a cells was 100 ng/ml. However, the concentration of the dsDNA
probe for the detection of <CDViis variable, with previoug reports using 170 or 500
ng/ml, depending on the sizes of probe's'-i-_“}:;é' and| 287 bp, respectively (Gaedke et al.
1997). The final working concentration of:a*CDV-specific RNA probe is also variable,
with previous studies using 2 ng/ml (Engelhardt et al:, 2005), 100 ng/ml (Gaedke et
al., 1997), 1 pg/100 ul (D’Intino, et al.,; 2006) or 10 nug/100 pl (Muller et al., 1995). as
well as 1 mg/ml in muscle, heart, placenta and spermatozoa section (Lewis and Wells,
1992). The same probe sequence (DNA-1) in our study still resulted in a 66% positive
rate compared to either shorter DNA-2 probe, an RNA probe or
immunohistochemistry shown in a previous study (Gaedke et al., 1997). CDV RNA

was still detected in 60% of the samples by ISH compared to 100% of the samples by

in situ RT-PCR (Hoyland et al., 2003). In order to reduce this false negative rate in
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formalin-fixed, paraffin-embedded tissues, we combined HIAR antigen retrieval
techniques with proteinase K pre-treatment in this study.
10D evalution

The 10D, which has previously been successfully applied to analyze IHC staining
(Xu et al., 2008), was used in the present study. This method provides a more
objective and semi-quantitative evaluation of the viral ISH labeling.

In summary, in order to simplify the tedious procedures that use enzyme digestion
for ISH pre-treatment, which requires adjustments in time, temperature, and
concentration for different tissues, the present study has es‘Fablished a modified HIAR
autoclaving technique. In addition to a ﬁ-;ggi concentration_of proteinase K digestion
used in different tissues, mostiimportantly“this technique employed autoclaving in a
Trilogy solution. Strong hybridizatién signals were resulted in CDV-infected major
organs, including the spleen and urinary bladder, with mild to no tissue morphological
damage and a weak non-specific background. Similar retrieval effects of autoclaving
in a Trilogy solution for ISH were also observed in cerebellar and lung sections
(Table 1). This modified ISH method could be useful in the retrospective studies of
CDV and other viral infections.
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Table 1. Comparisons on the five pre-treatments of the major organs of the enhancement for the ISH detection of CDV RNA

Spleen Urinary bladder Lung Cerebellum
Pretreatment methods
Hybridization Tissue Hybridization Tissue Hybridization Tissue Hybridization Tissue
ignal® hology” ignal® o logy” ignal® hology” ignal® hology®
signa morphology Slgl:i_-:'f_—'.l.l 1 ﬂ_%’:%}_? ;.':g\y, signa morphology signa morphology
A -k K ™

1.Proteinase K only -,0° - AP, ;‘ =, _Eé-' , "?"1 - - R
2. Proteinase K with

Trilogy (Cell +++, 19913 + + ++ +

Margue)

3. Proteinase K with

TBS (Dako, $3006) 1> 10097 * * ++ +
4. Proteinase K with

citrate-based solution -0 -+ +++ - +

(Vector, H3301)

5. Proteinase K with

AR solution (Dako, ++, 2575 ++ ++ + +

S$1700)

a Hybridization signal: -, negative; +, weak; ++, moderate; +++ strong
b Tissue morphology: -, no damage; +, mild damage; ++, moderate damage; +++, severe damage.

c: IOD score
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Fig. 1. The effect of five pre-treatments on consecutive serial sections of the CDV
infected spleen (A-E) and urinary bladder (F-J) were compared by hybridization
signal and tissue morphological damage. The asterisk indicates “hybridization signal
IOD score /tissue morphology evaluation”. A negative hybridization signal with no
tissue morphological damage was observed in spleen (A) and bladder (F) subjected to
only proteinase K pre-treatment. Sections showed strongest hybridization signals
which were blue/purple to black in colour, with mild tissue morphological damage,
were observed in the splenic periarteriolar white pulp (B) and cytoplasm of bladder
mucosal epithelial cells (G). Theiproteinase K pre-treatment was combined with
autoclaving in a Trilogy solution. Moderate rﬁybridization signals with mild tissue
morphological damage wete noted in_spleen(C) andibladder (H). The proteinase K
pre-treatment was combined with | au@g—e_tving in a! TBS solution. A negative
hybridization signal was present in.s?lee;'ﬁ!(];) aﬁd bladder (I), in addition to a severe
loss of splenic architecture, The j:p;otein;se K pre-treéatment was combined with
autoclaving in a H3301 solution:“Moderate hybrid{zation signals and tissue damage
were observed in in spleen (E) and bladder'(J). The proteinase K pre-treatment was

combined with autoclaving in a S1700 solution. NBT/BCIP, counterstained with

methyl green. Bar= 40 pm.
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ABSTRACT During the period from 2001‘3 té-tmg,‘"'twolcanine distemper virus (CDV) strains were
isolated from 17 non-vaccinated puppies \lvi h suspected cei_nine distemper by co-culture of peripheral
blood mononuclear leucocytes and 'B95a cells. In.a ditionl, Iour cloned; hemagglutinin (H) genes were
obtained from 166 dogs infected .with CDY. Indirect imm nofluorescence assays and antigen tests
confirmed that they were CDV. :An"alysislof the H gene# bf thesix identified strains revealed that
the deduced amino acid sequences containedsnine potential:sites for N-linked glycosylation, as had
been found for H proteins of Japanese isolates, The seventh site is  characteristic of the Taiwan stra-
ins described in this report and of recently: repdrted Japanese strains. Furthermore, phylogenetic
analysis of the H gene showed that the six isolates belong to the Asia-1 group and are closely
related to the recently reported Japanese and Chinese strains. [Liang CT, Chueh LL, Lee KH, Huang
HS, Uema M, Watanabe A, Miura R, Kai C, Liang SC, Yu CK, and *Liu CH. Phylogenetic Analysis and Iso-
lation of Canine Distemper Viruses in Taiwan. Taiwan Vet J 34 (4): 198-210, 2008. *Correspondence author
TEL/FAX: 886-02-23633289, E-mail: chhsuliu@ntu.edu.tw]

Key words: canine distemper virus, hemagglutinin gene, Taiwan

INTRODUCTION

Canine distemper (CD) was first described in
Spain in 1791, and the agent (canine distemper virus,
CDV) was first isolated by Carre in 1905. The pathog-
enesis and clinical features of this infection have been
widely reported [1]. Over a period of 200 years after

the initial recognition of the disease, it has been the
most common viral infection in dogs, although CDV
can also infect wild carnivores and large cats [2,7,24].
CDV, which belongs to the genus Morbillivirus, fam-
ily Paramyxoviridae, is a non-segmented, single-
stranded negative RN A virus of approximately 15,690
nucleotides. Within the genome are six genes that en-
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code for one envelope-associated protein (M), two
glycoproteins (the hemagglutinin/attachment protein
H and the fusion protein F), two transcriptase-associ-
ated proteins (the phosphoprotein P and the large pro-
tein L), and the nucleocapsid N that encapsulates the
viral RNA [28].

Dogs can be protected from the infection by im-
munisation with live attenuated vaccine. However,
due to the presence of maternal antibodies that inter-
fere with the vaccine virus, increasing incidences of
canine distemper in pups in suburban areas and urban
kennel shops have been noted in spite of vaccination
in Japan [14,15]. Antigenic changes have been specu-
lated as the cause for the currently prevalent CDV, ag-
ainst which the current vaccine fails to give:¢omplete

protection [14,17]. Although similar problems have’

also been reported in Taiwan [22], the characteristics
of prevalent CDV in the field have not beenfinvesti-

gated due to difficulties in the isolatiofi, of wild type.
CDV from field materials [12,16,25]. The most anti- ',

2005. All 166 dogs showed at least one of the signs of
CDV infection, such as central nervous system signs
including seizure, ataxia, circling and myoclonus; di-
gestive signs including diarrhea, vomiting, depression
and anorexia; and respiratory signs including nasal
and ocular discharge, cough, dyspnea and sneezing.

Cell culture and virus isolation The B95a cel-
Is were propagated in RPMI medium 1640 (Gibco,
Grand Island, NY, USA) supplemented with 2 or 10%
heat-inactivated fetal bovine serum (FBS) (Gibco,
Grand Island, NY, USA) and 2 mM glutamine, 1.5 g/L
sodium bicarbonate, 4.5 g/L glucose, 10 mM Hepes,
and 1 mM sodium pyruvate under a 5% CO, atmos-
phere. Virus isolation from peripheral blood leuko-
cytes (PBML).separated on Ficoll Hypaque solution
(Histopaque-1077, Sigma-Aldrich) was performed
using a ﬁiodifig:ation of the method reported by Bli-
xenkrone-Morll_err [3]. Briefly, three to five mL hepa-
| rin-stabilised whole blood of the 17 puppies with sus-

genic variation occurs in the H protein [3] and it has — pected CDV jinfection'were diluted 1:1 in RPMI 1640

been suggested that analyses of €DV genetic varlatlon
should focus on this protein [9]. .! |

Many cell lines have been tested for their qbi,lity
to grow wild type CDV and maintain its.virulence and
homogeneity. Among them, cells from. the :marm(')set
B lymphoid line B95a have been reported to be highly
susceptible hosts [15,27]. The aim of this study, we
successfully obtained two CDV field isolates in Ta-
iwan by co-culturing peripheral blood leukocytes
(PBML) with B95a cells, four cloned H genes from
dogs infected with CDV, and totally six strains com-
pared their nucleic acid sequences of the H genes with
those of other reference isolates.

MATERIALS AND METHODS

Animals Seventeen non-vaccinated puppies, less
than 3-4 months old, from an animal shelter and 440
dogs clinically suspected of CDV infection from the
diagnostic services at National Taiwan University
were included in this study. In the 440 clinical cases, a
positive diagnosis of CDV infection was confirmed
for 166 (37.7 %) by P gene RT-PCR. From these posi-
tive cases, samples were selected quarterly for further
H gene analysis from October, 2003 to December,

supplemented with 2% heat-inactivated FBS. PBML
werelisolated by-centrifugation over a Ficoll density

o gradient of 1.077 g/mL at 400 g for 45 min at room

teniperature The interface cells were harvested and
washed:tio times in RPMI 1640 with 2% FBS by cen-
trrfugatlon at 400 g for 3 min. The 50 - 60% confluent
B95a cells cultured in 25 cm? flasks were overlaid
with PBML for observation of cytopathic effect (CPE)
within 2-3 days. When B95a cells became 100% con-
fluent and no CPE was detected, a second blind pass-
age was carried out by removing the adherent B95a
cells with cell scrapers (Cell scraper 353085, Falcon,
Becton Dickinson Labware, Franklin Lakes, NJ, USA).
One mL of scraped adherent cells was suspended at
fresh 50% confluent B95a cells cultured in 25 cm? fla-
sks (Corning, NY, USA) for the next passage and
examination.

CDYV antigen test When the infected B95a cells
showed 40-50% CPE, the cells were scraped and four
drops of the suspension were dispensed into the Bioin-
dist International Technical (BIT) rapid color CDV
sample wells. The BIT rapid color CDV kit (Don-
ghwa-Ri, Bongdam-Eup, Hwaseong, KyungGi-Do,
Korea) was used to test for the presence of CDV anti-
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gen. Briefly, whole blood (serum or plasma), ocular or
nasal discharge solution from suspected cases was dis-
pensed into the sample wells. The results were read by
naked eye after waiting for 5 to 10 min. One red or
purple band in the control line (C) with no apparent
band in the test line (T) indicated a negative result for
CDV infection. One red or purple band in the control
line (C) and one band in the test line (T) indicated a
positive result.

Indirect immunofluorescence assay (IFA)

When infected B95a cells in 25 cm? flasks showed
40-50% CPE, the cells were harvested and spread on
10-well immunofluorescence assay (IFA) slides (Assi-
stant-Prizisions, Glaswarenfabrik, Karl Hecht KG,

Sondheim, Germany). The slides were air dried and

fixed by acetone/methanol (1:1) at 4°C for ¥5-min. Fhe
virus antigens in the fixed cells were examined micro-

scopically by IFA (Olympus BX51, Shinjku-Ku, To-
kyo, Japan). The primary antibody, a mouse anti-CDV 1}

(TCIDs). The assays were carried out in 96 well plates
(Costar 3599, Corning, NY, USA) by a limiting dilu-
tion method. In each well, 0.1 mL of 3 X 10*/mL B95a
cells was inoculated with 0.1 mL of sequential 10-fold
viral dilutions. During the next 7- 10 days, each well
was examined daily to detect the appearance of CPE,
and then viral titers were calculated.

RT-PCR of H gene Four positive results for the H
gene from the 166 CDV-infected clinical cases, NTU
1-2004, NTU 4-2003, NTU 3-2004, and NTU 2004,
and two CDV isolates from the virus-infected B95a
cells were analysed. Total RNA was extracted by
using the RNeasy Mini Kit (Qiagen). First-strand
cDNA synthesis was performed at 55 °C for one hour
with a specific.reverse primer (CDVHR2, nucleotides
8928 t0.8905, 5“CAATTGARATGTGTATCATCATAC-3'),
by using :SuperScriptTM IIT reverse transcriptase (Invi-
trogen Incy C'arlstbad, CA,USA). H genes were amplif
| jed by using Platinum® Pfx DNA polymerase (Invitrog

Ab(MCA 1893, Clone DV2-12; Serotec, Kidlingl;on,isz & fgé_n) with the primer'set, CDHR2 and forward primer
Oxford, UK) was diluted 1 in 150 in antibody di_lulent‘ - _;"T(CDHFI, nucleotides 7063 to 7082, 5'-CTCAGGTAG-

(Ventana Medical System, Tueson, AZ, USA).!, Ind
then applied to the cells for 60 min at 37°C. The c_tlls
were then immersed in phosphate buffercd Saline
(PBS; DakoCytomation, Carpinteria; CA, VUSA)'for
10 min, followed by incubation with goat anti-motise
IgG FITC-labelled secondary antibody (Chemicdh
5008, Single Oak Drive Temecula, CA, USA) for 60 min
at 37°C. Then the cells were rinsed in PBS, counterstain-
ed with 0.02% Evans Blue dye and mounted with
mounting fluid (Chemicon 5013, CA, USA). When
the results were positive, the IFA test results were re-
confirmed by an eight-well Lab-Tek II Chamber slide
system (Nalge Nunc, Naperville, IL, USA). For this
assay, 4 X 10* fresh B95a cells in 0.5 mL RPMI me-
dium 1640 were seeded on each well of the slide and
incubated for one day, and then inoculated with 100
mL of field virus. Two to three days after inoculation,
once CPE was observed, the slides were fixed and
examined by IFA as described above.

Titration of CDV B95a cells infected with CDV
were frozen and thawed three times, and the titer of the
released virus was determined by endpoint dilution as-
says to calculate the tissue culture infective dose 50%

'l! TC.CARCAATGC-T) yield an amplicon of 1,866 base
55 pairs, in the following conditions: 94°C for 2 min, then

35 eycles of 94°C for 15 sec, 53°C for 30 sec and 68°C
for 2 -min, with-a DNA thermal cycler (Applied Biosys-
tems, CA, USA). The primers nucleotide position based
on the CDV strain 5804 (AY386315). The amplified
PCR products were purified from agarose gels with
the QIA quick PCR purification kit (Qiagen, Inc., CA,
USA).

Sequencing and accession numbers of H genes
from isolated CDVs Most purified PCR products
were directly sequencing using the primers used for
amplication. All direct sequencing reactions were
verified independently at least three times. Alternativ-
ely, some purified PCR products were 3'-end-adeny-
lated by incubation with dNTP and Platinum® Tagq
DNA polymerase, and then cloned into the pCR® 2.1-
TOPO® TA cloning vector (Invitrogen, Inc., Carlsbad,
CA, USA). The direct and cloned H genes were se-
quenced using the ABI PRISM Big Dye™ Terminator
Cycle Sequencing Ready reaction kit and an ABI 3730
XL DNA analyzer (Applied Biosystems, CA, USA).
Sequence analysis was performed with ABI PRISM
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DNA sequencing analysis software V 5.2. The six
CDV strains identified in this study have been submit-
ted to GenBank. The code and GenBank accession
number for each of these strains are as follows: NTU
1-2004 (DQ191175), NTU 4-2003 (DQ191767), NTU
3-2004 (DQ191766), NTU 2004 (DQ191765), NTU
2005-1 (DQ887547), and NTU 2005-2 (DQ887548).

Phylogenetic analysis
the nucleotide sequences of H genes was performed
with the LASERGENE Biocomputing (DNASTAR,
1998, Wisconsin, USA) software package. The tree
was inferred using the neighbor-joining (NJ) method

Phylogenetic analysis of

and the Kimura 2-parameter model, constructed with
the MEGA4 software package [29]. The codes, acces-
sion numbers and provenience for the sequences are as=
follows (Table 1): Taiwan isolates, Dog/NTit-1-2004
(DQ191175, Taiwan), Dog/NTU 4-2003(DQ191767,
Taiwan), Dog/NTU 3-2004 (DQ191766;'Taiwan), Dog/
NTU 2004 (DQ191765, Taiwan), Dog/ NTU 2005;1_;-',

RESULTS

Isolation of field CDV strains Two CDV stra-
ins, NTU 2005-1 and NTU 2005-2, were successfully
isolated from 17 dogs with suspected CDV infection
between 2003 and 2005 in Taiwan. The appearance of
CPE was recognized in the fifth passage (12th day) of
B95a cells co-cultured with PBL of the NTU 2005-1
strain and in the second passage (6th day) of the NTU
2005-2 strain. The CPE was observed as a polygonal
to stellate or large round shape. Multinucleated giant
cells with more than 50 nuclei were observed (Fig.
1A). Mock controls of B95a cells showed normal ap-
pearances (Fig. 1B).

Indirect Immunofluorescence assay (IFA)

The IFA results for infected B95a cells showed posi-

tive labeiling in the cytoplasm of altered cells. The

positive greeh-_cqlor labelling was more extensive and
| distinct in the cytoplasm of syncytial cells with red-

(DQ887547, Taiwan), Dog/NTU 2005-2 (DQ8875,48,:§ N fg;‘_olor background (Fig. 2A). The same field counter-
Taiwan), and Dog/Taichung 2003 (AY 378091, Taiwan); = “staining with 0.02% Evans Blue also showed the posi-

China isolates, Dog/TN-China 2003 (AY390347, t Iin-
a), Giant panda/China 1999 (AF178038, China), and
Lesser panda/China 1999 (AF178039;-China); Japa-
nese isolates, Dog/KDK1 (AB025271, Japan); Dog/
Hamamatsu (D85754, Japan), Raccoon dog/Tanu‘96
(AB016776, Japan), Dog/Ueno (D85753, Japan), Do
g/Yanaka (D85755, Japan), Dog/HM-3(AB040767,
Japan), Dog/HM-6(AB040768, Japan), Dog/26D
(AB040766, Japan), and Dog/98-002 (AB025270, Ja-
pan); European and USA isolates, Dog/404 (277671,
Germany), Dog/2544 (277672, Germany), Dog 324/03
(DQ494317, Italy 06), Mink/DK86 (Z47759, Den-
mark), Dog/DK91, B+C (Z47761, Denmark), Dog/
US89 (247762, USA), Black leopard/US91 (247763,
USA), Javelina/US89 (247764, USA), Raccoon/US89
(247765, USA); Old CDVs and vaccine isolates, On-
derstepoort (AF378705), Wyeth-Lederle (AF014953),
Convac vaccine (Z35493), Snyder Hill (AF259552,
USA), and A75-17(AF164967); the Arctic isolates,
Dog 179/04 (DQ226087, Italy 06) and Dog/GRS88
(247760, Northern Greenland).

1
=

tive EITC labeling cells in Fig. 2A was multinucleated

=5 syneytial giant cells(Fig. 2B).

Tit!l‘iitiqn of CDV The titers of the stock solution
oftNTU"2005-1 and NTU 2005-2 strains were 3.1 X 103
TCIDsy/mL and 2.14 X 10* TCIDsy/mL, respectively.

Sequencing and phylogenetic analysis of H
gene The H gene of the six isolated CDV strains
was 1824 nucleotides long and the deduced amino
acid sequence was 607 amino acids long. Nucleic acid
sequences of the H genes of the NTU 2005-1 and NTU
2005-2 strains showed 98.6% identity, and their de-
duced amino acid sequences showed 98.8% identity
(Table 2). At the amino acid level, the NTU 2005-1
and NTU 2005-2 strains showed more than 98.2%
identity with Asia-1 isolates [10,13,26] (Hamamatsu,
KDK-1 and dog/TN-China 2003), 93.1% to 93.4%
identity with the Asia-2 isolate (98-002) [10,26], but
only 90.5% identity with the Onderstepoort vaccine
strain. Atthe nucleotide level, similar results were also
noted (Table 2). In the deduced H protein of the six
new isolates, nine asparagines that are potential sites
for N-linked glycosylation (N-X-S/T) were found at
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Table 1. Nucleotide sequence accession numbers of the H gene of the strains mentioned in this study

Strains Origin Accession Reference

NTU 1-2004 Dog, Taiwan DQI191175 Present study

NTU 4-2003 Dog, Taiwan DQ191767 Present study

NTU 3-2004 Dog, Taiwan DQI191766 Present study

NTU 2004 Dog, Taiwan DQ191765 Present study

NTU 2005-1 Dog, Taiwan DQ887547 Present study

NTU 2005-2 Dog, Taiwan DQ887548 Present study

Taichung 2003 Dog, Taiwan AY378091 Hsieh et al., 2003, unpublished
TN-China 2003 Dog, China AY 390347 Meng et al.,2003, unpublished
China 1999 Giant panda, China AF178038 Li et al., 1999, unpublished
China 1999 Lesser panda, China AF178039 He et al., 1999, unpublished
KDK1 Dog, Japan AB025271 [26]

Hamamatsu Dog, Japan = D85754 4 [13]

Tanu 96 Raccoon dog, Japan “AB016776. . Kai and Ohashi, 1998, unpublished
Ueno Dog, Japan A= D85753 [13]

Yanaka Dog, Japans, - D85755 = [13]

HM-3 Dog, Japafti /* f"‘)\BMOZJS’f"xI 0]

HM-6 Dog, Japan | wﬁﬁgﬁl [10]

26D Dog, Japaft | | AB040766 | | [10]

98-002 Dog, Japan | AB@NO | | [26]

404 Dog, Germany 77767, | 9]

2544 Dog, German_g_';: l I 777672 || , [9]

324/03(Ttaly 2006) Dog, Italy. o DQ494317 a3, [23]

DK86 Mink, Denmatk . % 5:Z47759 13 [4]

DK91, B+C Dog, Denmark 747761 [4]

US89 Dog, USA 747762 [4]

UsSI1 Black leopard, USA 747763 [4]

US89 Javelina, USA 747764, [4]

US89 Raccoon, USA 747765 [4]

GRS&8 Dog.Northern Greenland 7247760 [4]

Onderstepoort vaccine AF378705 [31]

Wyeth-Lederle vaccine AF014953 [28]

Convac vaccine 735493 [17]

Snyder Hill vaccine AF259552 9]

A75-17 vaccine AF164967 Wiederkehr et al.,1999 unpublished
179/04 (Italy 2006) Dog, Italy DQ226087 [23]
amino acid positions 19-21, 149-151, 309-311, [10,11,13,18,19] was also identified in the Taiwan

391-393, 422-424, 456-458, 584-586, 587-589 and
603-605. Of these nine sites, the seventh (584-586)
that had been found in recent Japanese isolates

strains. Within the H protein sequences of the six iso-
lates, 12 cysteine residues known to be important for
the secondary structure of the protein were conserved
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g = at positions 139, 154, 188, 283, 296, 377, 382, 390,
g Qo% % o o — a4 — o 490, 566, 575 and 602 (Fig. 3). Phylogenetic analysis
'E g S S8 5553 * of the H gene showed that all of the six CDV field stra-
g g ins isolated in this study belong to the Asia-1 group
x that is distinct from the Asia-2 group (Fig. 4).
£ Ag|d & &8 d & & 'R DISCUSSION
G
E’ This study of CDV isolation was first carried out
21;:_ 0 ; ~ o oo =~ < + o in tissue homogenates of adult CDV-infected dogs di-
s 8 8 EFE5558" 88 agnosed by RT-PCR or histopathology, but where this
(0]
S failed to show CPE in either B95a or MDCK cell lines
c
= E as previously reported [9,21]. Thus, we also employed
% w g o~ 0 = = a.co-culture of PBML from 17 unvaccinated puppies
hust DN O N N X0 X oD
o A % AR A - with suspected CDV infection with B95a cell lines.
§ T The combination of IFA and CDV antigen tests suc-
= g essfully identified the virus and found CPE in differ-
o 5 Sl o o9 o K 0 ol ent passages of these co-cultures. Virus isolation has
° ST RN PR b T or f o5 th
Ko E T ; een reported: to,be easier from young puppies than
"é | [ adult dogs. Uema etal. [30] reported that two to three
el oo i [ m()nth old infected dogs with or without vaccination
i & % Dl < 0 I~ ke =l 1ls'tory candbe used for CDV isolation. Co-cultivation
% 3 § STEREE - =R Ek fl- ofmononuclear cellswith B95a cells also yielded hig-
% 8 én | " her. @D V] isolation rates [15,27]. False negative IFA
;’ é i results weré/occasionally noted when compared with
5 ér - -~ 0 L antigenitests, especially when CPE was present in 100
g ([::)' SO R R %:-of the cells or when scraped infected B95a cells
ﬁ z werejused. The chamber slide method [13] for IFA
% ~ showed better detection of CDV positive results than
g g‘ - N e A . the scraped IFA slide method in this study. The titers
3 § K * B L K L LS of the two stock strains were 3.1 X 10° and 2.14 < 10*
"E ; TCIDso/mL, respectively. The titers were a little lower
(]
= _ than those of CDV isolated from lymph nodes, large
[0 1
% ey w a1 o a o < e intestines, tonsil or spleen [19].
(=} .
> g *ea R Recent extensive acquisition of molecular data
(0]
2 E on the H gene of CDVs has allowed the identification
E of six distinct phylogenetic clades with regard to their
'% s geographic origin (Asia-1 [10,13,26], Asia-2 [10,26],
S i @ 2 . Europe [4,5,6,9,23,30], USA [4,20,30], Arctic [6,23],
= < <
&8 — é 5 E ~ Q e and Old CDVs [9,17,28,31]. In a given geographical
fgj § § § § = é E % j f§ region, two to three genotypes of CDV's can be present
82 2 ‘é Ei E %D ; E” §° Eo 3 [4,5,6,8,10,20,23,26,30]. Based on the phylogenetic
= =
2 ﬁ ” |2 Z Z AR AAQO0 analysis of the H gene, six Taiwan strains were repor-
o 'é R & S ted in this study, including NTU 1-2004, NTU 4-2003,
2 % é 9 S NTU 3-2004, NTU 2004, NTU 2005-1, and NTU
Q
S 3 < < . 2005-2. These strains belong to the Asia-1 group
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Fig. 1 Syncytium type of CPE in infected BQ5a

syncytial giant cells with more than 50 nucli@vb\% bt)‘?e%ved

ance. Bar, 50 ym.
.n;"

&

2A

_%g%%

I-l JlJ—T

cted with NTU 2005-2 CDV strain. Multinucleated
I of the B95a cells showed normal appear-

2B

Fig. 2 Detection of virus antigen in B95a cells infected by a NTU 2005-1 strain (A) The positive green-color FITC labelling
was distinct in the cytoplasm of syncytial cells with red-color background. (B) Same field as in 2A, counterstaining of in-
fected B95a cells showed multinucleated syncytial CPE appearance. Bar, 40 um.

[10,13,26], which is distinct from the old CDVs and
Asia-2 groups [10,26].

The six CDV strains identified in this study were
tightly related to each other (< 2% amino acid varia
tion). This might be due to all the samples coming from
northern Taiwan during a limited period (2003-2005).
However, strains in the same clade of the phylogenetic
tree showing more than 95% amino acid similarity
(< 5 % amino acid variation) in the H gene may be

considered to belong to the same genotype [26]. The
8137th nucleotide on the viral genome (the 1059th one
on the H gene), a thymine (T) in the vaccine strains, is
substituted to cytosine (C) in the wild-type strains [6].
This point mutation was also found in all six Taiwa-
nese strains in this study. The H gene RFLP analysis
using EcoRV and Sspl [30] may be useful for the de-
tection of Taiwanese field strains. The field CDV stra-
ins in this study possessed nine asparagines that were
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Fig. 3 Multiple alignment of deduced amino acid sequences of the H gene of the Taiwan CDV strains. CDV strains are
referenced in Table 1. Identical residues are shown by dots. The potential N-linked glycosylation sites are boxed. An aster-
isk indicates the seventh potential N-linked glycosylation site.

potential sites for N-linked glycosylation in their de-
duced H protein. The same nine potential sites were
also reported in Japanese strains [10,11,13,18,19].

and for recently reported Japanese strains.

Among them, the seventh (584-586) site is especially
characteristic of the Taiwanese strains in this report
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ABSTRACT

Canine distemper virus (CDV) causes a highly contagious disease, which has been
reported in Taiwan for many years; however phylogenetic analysis of field CDV,
histopathological lesions, and co-infection are poorly understood. The goals of this
study were to characterize the pathology of CDV in dogs in Taiwan, and to assess the
frequency of CNS demyelination in cases of CDV infection confirmed by
immunohistochemistry (IHC) and/or reverse transcription polymerase chain reaction
(RT-PCR). Fifty two (IHC or RT-PCR positive) affected dogs were obtained from
either animal clinics or dog-shelters from 2000 t0"2009. Postmonem and laboratory
examination included gross | findings, '@Qpathology, Luxol-fast blue cresyl echt
violet (LFB-CEV) histochemistry, -men-biotin 'HRP» anti-CDV IHC, and
phosphoprotein gene RT-PCﬁ. Thifty two (32) dogs were submitted from clinic.
Twenty (20) dogs were submitted from shelter. Clinic cases had histories of treatment
and or vaccination. Twenty four clinic cases (75%) were puppies less than 6 months
old. Seventeen shelter cases (85%) were identified as ‘adults’ greater than 6 months
old. There were 27 males and 25 females. Eleven dog breeds were represented, but
most dogs (35/52, 67%) were mixed-breed. Totally, 79% (41/52) had lymphoid

depletion, 71% (37/52) had interstitial pneumonia, 65% (34/52) had CNS

demyelination, and 32% (17/52) had catarrhal enteritis. Younger clinic group
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frequently had lymphoid depletion (31/32, 96%), inclusion bodies (28/32, 87%),
pneumonia (26/32, 81%), and CNS demyelination (26/32, 81%), also showed
statistically significant difference compared to shelter group. Enteritis was identified
in about one third of the animals in both groups. The distribution of inclusion bodies
also showed significant difference in urinary bladder, lymphoid tissues, lung, and
alimentary tract between the two groups. A variety of 29 co-infections and other
associated lesions were identified. However, no significant difference in the frequency
of occurrence between the two groups, the exception was interstitial nephritis. In
conclusion, lymphoid depletiony‘pneumonia, and"CNS demyelination were the most
common CDV-infected princ¢ipal legioﬁé;;g?d high occurrence of inclusion bodies
T

were found in spleen, lymph node,;a:hd mueosa epithelium*of urinary bladder, pelvis,

|
11

bronchioles, and stomach.
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INTRODUCTION

Canine distemper virus (CDV), which belongs to morbillivirus genus, family
Paramyxoviridae, produces systemic or central nervous system(CNS) infections of
dogs and related species, and often associated with high mortality in dogs in Taiwan."*
Expected pathology findings in CDV infected dogs include lymphocyte depletion in
lymphoid tissues, interstitial pneumonia, degenerative changes in epithelia of
respiratory organs, urinary bladder and = gastrointestinal tract, foot pad
hyperkeratosis,'* and intranucledr or intracytoplasmic eosinophilic inclusion bodies
(INIB/ICIB) in epithelial cells of the 7%_@1';j_gary bladder or gastrointestinal tract.'*

| | F

Characteristic central nervous'system CNS*changes include polioencephalomacia,'’
white matter demyelination, astrogliosis, eosinophilic INIB/ICIB in astrocytes and
neuron, gemistocytes and occasional multinucleated syncytial giant cell >'****° and
old dog encephalitis.*

We have noticed that in Taiwan, there have been changes in the suite of
histopathological lesions seen in the prevalent infection of CDV since 2000; CNS
signs are now marked and gastrointestinal involvement is rare."* Two distinct disease

group of CDV infection, “enteritis and non-enteritis”, have also been noted in Japan.

The non-enteritis type of CD exhibited reduced epitheliotropism, might be the
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wild-type of CDV infection.'® In other reports also, the frequency of CNS findings
seemed lower than what we were experiencing in Taiwan eg. syncytial giant cells in 9
% of infected brains,'” and eosinophilic intranuclear or cytoplasmic inclusion bodies
in only 17-72 %% %%

In addition to the lesions of CDV itself, infected dogs may have a wide variety of
concurrent infections, including canine adenovirus type 2 (CAV-2),>°® coccidiosis,’
colibacillosis,” cryptosporidiosis,” Parainfluenza viruses,® Mycoplasma Cynos,’
toxoplasmosis,'” Tyzzer's Diséase, documented; in individual case reports. Based on
the previous findings and -lack 0f a large-scale of ecase apalysis, it is interesting to
know concurrent infections with CDV ﬁ%@;}laracteristics of CDV-associated lesions
in different environment/ for appropriate: management.* Thus, we conducted a
retrospective study, for thé | 10 yéars from . 2000 to 2009, to compare CDV

histopathological lesions and complications in two groups of dogs in Taiwan, 32 that

had been treated in clinics and 20 dogs from shelters.
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MATERIALS AND METHODS
ANIMALS

This retrospective study was based on necropsy cases obtained between March
2000 and December 2009. The RT-PCR associated with the immunohistochemical
labeling-confirmed CDV infection in 52 dogs, and the distribution of these cases over
the 10-year-study-period was as follows: 2000 (26), 2001 (2), 2002 (4), 2003 (6),
2004 (2), 2005 (8) and 2009(4). There were 27 males and 25 females. Most of the
dogs were crossed-breed {(35);/the remainder ‘were distryibuted among 11 breeds:
Beagle (3), Shih tzu (3), Maltese (2), Labﬁéﬂor retriever (2), Chin (1), Chow chow (1),

1

Dachshund (1), Lhasa apso (1), Mir@iatmé;pinscher (1),“Pomeranian (1), and Shiba

|

(1.

Shelter submitted dogs, were submitted to'our laboratory as ‘puppies’ considered to
be less than 6 months old, or as ‘adults’, considered to be more than 6-month-old.
Thus, for the purposes of comparison here age groups were classified as less than 6
months and more than 6 months. The dogs had died or were humanely euthanized by
80 mg/kg pentobarbital IV.

IMMUNOHISTOCHEMISTRY (IHC)

CDV immunohistochemistry was reported previously,' and was performed on
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deparaffinized tissue sections from paraffin blocks used for histology. Tissues
examined by IHC included spleen, cerebrum, cerebellum, brain stem, urinary bladder,
and lung for each dog. Briefly, the Super Sensitive "™ Non-Biotin HRP Detection
System (BioGenex Laboratories, San Ramon, CA, USA) was used. The primary
antibody was mouse anti-CDV (MCA 1893, Clone DV2-12; Serotec, Kidlington,
Oxford, UK). Substitution of TBS or negative mouse serum for the primary antibody
on sections of CDV-infected cerebrum served as a non-specific negative control.
Cerebral sections from dogs ‘with no-evidence of distemper infection served as a
specific negative control.-. Posifive’ control sections from a dog with numerous
inclusion bodies were included in each fI%I:@S?aining.
REVERSE TRANSCRIPTION POLYMERASE CHAIN REACTION (RT-PCR)
This method was reported previoﬁsly.14 Bricfly, DNA was extracted from serum,
heparinized whole blood, cerebro-spinal“fluid (CSF), nasal swab, ocular swab, and
10-fold dilution of vomitus or faeces from dogs with clinically suspected CD by the
TRIzols reagent (Invitrogen, Carlsbad, CA, USA) phenol-chloroform extraction
method. The primers specific to CDV AF378705 strain phosphoprotein (P) were used.
Two groups of primer were used, one group was F2, R1 and R2 primer set. The target

amplication sequence was a 200 base pair (bp) fragment. Another primer group was

P2, P2b and P1. The target amplication sequence was a 78 base pair (bp) fragment
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(Table 1).
PATHOLOGY

All 52 dogs were examined post mortem (necropsy). Samples taken for postmortem
examination consisted of 16 tissues: brain (including medulla oblongata, cerebrum,
cerebellum, and brain stem), spinal cord, lymph nodes, spleen, heart, liver, stomach,
small intestine, large intestine, kidneys, urinary bladder, adrenal glands, lungs, trachea,
and skin. Fixation period was usually 36-48 h and did not exceed 7 days. Tissues were
processed routinely and paraffin embedded; sectioned at Sum transferred to glass
slides, deparaffinized, stained with"haematoxylin‘and eosig (H&E), and examined by
the pathologist or examined immunohisf@éynically (Liang et al., 2007) to determine
the type of lesion and the presence of inclusion| bodies; syneytical cells, and CDV
antigen.

For identification of fungal lesions, PAS stain and GMS stain, were employed. For
identification of demyelinating lesions, Luxo-fast cresyl violet stain was employed.
Histopathology assessment in each case included scoring for nine lesions associated
with CDV infection. These were intranuclear or cytoplasmic inclusion bodies in
epithelia or in CNS lesions, CNS demyelination (cerebrum, cerebellum, brain stem),

lymphoid depletion (lymph nodes and /or spleen), catarral enteritis, interstitial

pneumonia, foot pad hyperkeratosis, and syncytia in at least one of the lesions (Table
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2). The presence of characterisitic intranuclear or intracytoplasmic inclusion bodies
(INIB/ICIB) were recorded in nine tissues: urinary bladder, lymphoid tissues, lung,
cerebellum, cerebrum, brain stem, ependymal cells, alimentary tract and skin (Table 3,
4).

Additional 29 pathological findings including concurrent infections also were
recorded. Concurrent infections included: Virus (1. adenovirus infection, liver,
consistent with canine adenovirus I (infectious canine hepatitis); 2. adenovirus
infection, lung, consistent with canine' adenovirus II); Protozoa (3. coccidiosis, 4.
toxoplasmosis, 5. babesiesis) 45 Mycoplasma (6. hemgbartonellosis); Fungi (7.
aspergillosis); Parasite (8. cestodiasis, Q%-_%gﬁaridiasis, 10. dirofilariasis, 11. acariasis
(scabies). '

Other findings included: Brain (12. brain microabscesses, 13. meningoencephalitis
(without syncytia, inclusion bodies or demyelination), 14. polioencephalomalacia);
Lung (15. suppurative bronchitis, 16 suppurative bronchopneumonia (without
syncytia, or inclusion bodies),17. lung abscess) ; Heart (18. myocarditis;) ; Liver( 19.
hepatitis) ; Adrenal gland ( 20. nodular hyperplasia of adrenal gland; 21. hemorrhage
and necrosis of adrenal gland) ; Spleen (22. extramedullary hematopoiesis (EMH));

Intestine (23. gastrointestinal (GI) crypt abscess) ; Testis (24. orchitis) ; Kidney( 25.

interstitial nephritis; 26. pyelonephritis) ; Bladder (27. follicular cystitis; 28.

95



suppurative cystitis); Skin (29. skin microabscess) (Table 6).
DATAANALYSIS

Pearson’s X test was used to compare : 1. age distribution of dogs in clinic and
shelter groups; 2. pathological findings among the groups in two groups, (Table 2); 3.
For each dog, we recorded the sites (organs) in which the inclusion bodies were seen
(Tables 3 and 4). We then (i) compared the number of INIB/ICIB positive sites in the
clinic and shelter groups, and (ii) for each of nine sites, compared the frequency of
occurrence of INIB/ICIB between Clini¢ and ‘Shelter groups by using the Pearson’s X*
test (Table 5). 4. additional- findings, including concurreth infections in two groups
(Table 6); The two-tailed Student’s t té‘i‘a_“tis,\gsias used to/compare average number of
occurrence of INIB/ICIB per dog and difterent corinfectioris and associated lesions in

the clinic and shelter groups.<Eor all“statistical“tests, a p value of < 0.05 was

considered statistically significant.
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RESULTS
ANIMALS

From January 2000 to December 2009, RTPCR or IHC confirmed CDV infection
of 52 dogs was submitted to our necropsy service. In the 32 dogs of clinic group, most
were less than 6-month-old (24 cases, 75%); the remainders were older than
6-month-old (8cases, 25%). In contrast, in the 20 dogs of shelter group, most were
older than 6 months (17 cases, 85%); the remainders were less than 6-month-old (3
cases, 15%).

V g— ]

IHC & RT-PCR

_—
This study detected a total'of 52|cases=of CDV either-tested by RT-PCR (73%,
38/52) only or IHC (63%, 33/52). The positive rate of RT-PCR diagnosis was 100%
for the 38 cases for which specimens ‘were available. The positive rate of
immunohistochemical labeling was 97% (33 of 34) for 34 cases with specimens
available for IHC. For cases combined tested both by IHC and RT-PCR, what was 95
% (19/20) agreement, only one case showed negative ( Table 7).

Of the 52 cases, 65% (34/52) had CNS demyelination confirmed by H&E or

LFB-CEV. Of these demyelination cases, 68% (23/34) were RT-PCR positive for

CDYV, and 82% (28/34) were IHC positive for CDV. Of the demyelination cases, 97%
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(33/34) had inclusion bodies. The IHC labeling (Fig. 1B, D). was more easy
interpreted for diagnosis of CDV than was routine H&E staining (Fig. 1A,C). In
general, the cerebrum (Fig. 1B), cerebellar white matter, 4™ ventricle, lung(Fig. 1D),
urinary bladder, and spleen were likely to be IHC-positive in CDV-infected dogs, and
characteristic of THC labelling as reported previously'* and had at least six of

pathology findings consistent with canine distemper (Table. 2).

PATHOLOGY

All cases were examined.by histology. Totally, the mos‘F common CDV diagnostic
lesions of the dogs were lymphoid depii%?ig;%, INIB/ICIB, interstitial pneumonia, and
CNS demyelination in decreasing order.:The positive rates were 79% (41/52), 75%
(39/52), 71% (37/52), and 65.% (34/52), respectively.-However, the distribution of the
nine CDV lesions varied considerably between the two groups of dogs. In the clinic
dogs, the three most common lesions were lymphoid depletion (96% of the dogs),
intranuclear inclusion bodies (87%), and interstitial pneumonia (81%). In the shelter
dogs, these three lesions were also the most common, although the percentage of
affected dogs was lower in each case, 50%, 55%, and 55%, respectively. In both

groups of dogs, the least common lesion was foot pad hyperkeratosis, which affected

28% of the clinic dogs and 20% of the shelter dogs (Table 2).
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We recorded eosinophilic INIB/ICIB in different organs of each dog of two groups
(Table 3, 4). Two types of inclusion bodies were noted. One type was characterized as
one, large, round or ovoid, distinct, homogenous, intensely eosinophilic INIB. The
most common sites were cerebral astrocytes (Figure 2A), cerebellar white matter
astrocytes, ependymal cells lining the 4th ventricle, the periphery of the splenic
central arteries (Figure 2B), macrophages and lymphocytes in the lymph nodes, tonsil
lymphoid tissues, pulmonary macrophages and bronchiolar epithelium, renal pelvis,
urinary bladder epithelium (Figure2C) and gastric glandular cells (Figure 2D).
Another type was one or several smaller eosinophilie ICIB, seen chiefly in the renal
pelvis, urinary bladder epithelium (F 1gurefg-C) and skin epidermis.

| | F‘

The 29 co-infections and associated lesions with CDV'infection are recorded and
compared in two groups (Table 6). Most common Cco-infections were Cestodiasis, and
Dirofilariasis. However, the co-infections included the basophilic adenovirus
inclusion bodies (type II) (Figure 3A), adenovirus inclusion bodies (type I),
coccidiosis, babesiosis, hemobartonellosis, aspergillosis and suppurative bronchitis
were found in clinic group only. The parasitic infestation was more common in the
older shelter group. Other common associated lesions included: 13.

meningoencephalitis, 16 suppurative bronchopneumonia 22. extramedullary

hematopoiesis (EMH) and 25. interstitial nephritis showed high incidence in shelter
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group (Table 6).

The microfilariae of Dirofilaria immitus were very common in both groups. They
were found in pulmonary capillaries but were also noted in the interstitium with
mixed leukocytic aggregates and erythrocytes (Figure 3B). Some rarely found
infections included adenovirus infection in hepatic cells (type I) (Figure 3C),
babesiosis as well as hemobartonellosis were also found in this study. One case
showed disseminated pyogranulomatous pneumonia with numerous, intralesional
banana-shaped protozoal tachyzoites strongly suggested toxoplasma-like protozoa
(Figure 3D) infection. One.case showed disseminated pyggranulomatous lesions in
the cerebrum, kidney, liver and seros'aii;gﬁ - gastrointestinal tract with intralesional

;

PAS-positive thin septae’ hyphae, land Y-shaped branching, strongly suggested

|

Aspergillosis infection.

DATAANALYSIS

The clinic group showed significantly difference of younger age than the shelter
group. There were significant differences in lesion frequencies, or disease pattern,
between the clinic and shelter groups. The occurrence of 6 of the 9 diagnostic CDV
lesions was significantly higher in the clinic dogs than in the shelter dogs: intranuclear

inclusion bodies; demyelination in the cerebrum, cerebellum and brain stem;
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lymphoid depletion, and interstitial pneumonia (Table 2). For the remaining three
lesions, catarral enteritis, hyperkeratosis, and syncytium, there was no significant
difference in frequency of occurrence between the two groups of dogs.

In the clinic group (n = 32), inclusion bodies were most common in urinary bladder
(68%), lymph node or spleen (65%), lung (62%) and cerebellum (56%), with 50%
positive rate of detection overall in this group. In the shelter dogs, the most common
sites for the inclusion bodies were the lymphoid tissues and cerebellum (both 35%),
followed by the brain stem (30%); the least:common sites were the alimentary tract
and the skin (both 10%). The in¢lusion bodies of shelter group were identified in the
same tissues but were significantly ‘le's%rgg‘r'nmon, with oyerall 23% detection rate
(Table 5). '

The occurrence of the INIB/ICIB ‘in four of the mine sites was significantly higher
in the clinic dogs than in the shelter group, namely in the urinary bladder, lymphoid
tissues, lung, cerebellum, and alimentary tract. For the remaining tissues, there were
no significant differences in occurrence between the two groups of dogs. Furthermore,
the mean number of inclusion body positive tissues per dog in the clinic group (4.6 +
0.6), was significantly higher than that in the shelter group (1.8 +£0.6) by two-tailed

Student’s t test.

However, there was no significant difference in the mean number of co-infections
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and associated lesions per dog between the two groups (2.2 in the shelter group, and

1.5 in the clinic group). Furthermore, the occurrence of 28 of the 29 co-infections and

associated lesions was not significantly different between the two groups by

two-tailed Student’s t test; the exception was interstitial nephritis, which was

significantly more common in the shelter dogs than in the clinic dogs.
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DISCUSSION

To the best of our knowledge, this study is a first comprehensive, retrospective
study of the pathology of CDV infection, that includes statistical analysis of the
distribution of lesion, inclusion bodies, and co-infections in two contrasting groups of
dogs. The principal findings were: (i) The CDV diagnostic lesions including lymphoid
depletion, frequency of INIB/ICIB, pneumonia and demyelination, were significant
different between younger clinic and older shelter group, (ii) The high occurrence of
INIB/ICIB of CDV in Taiwan was foted in'spleen, lymph nodes, lung and gastric
mucosa epithelium. However, its positive rates were high in younger clinic group. In
this study, most of the cases were “non-@%tis group” which'showed pneumonia (55

[l 4

to 81%) and degenerative demyelinating lééions in the CNS (20-78%) depending on

|

sheler or clinic group (Table 2). These results. were'quite similar as “non-enteritis
group” of canine distemper in Japan. Those cases were suspected different
antigenically from the vaccine strain (Okita et al.,,1997). However, the high
occurrence of INIB/ICIB in urinary bladder (26-68%), spleen and lymph nodes
(35-65%), lung (15-62%) and gastric mucosa epithelium(10-43%) in this study (Table
5) were similar to “enteritis group”of CDV in Japan (Okita et al.,1997). (iii) The
positive rates of RT-PCR, IHC labeling, CNS demyelination and INIB/ICIB were

73%, 63%, 65%, 75%, respectively. The positive rates of either IHC labeling only
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63% of total cases or RT-PCR diagnosis only 73% could be higher, because some
case blocks are damage (35% not available, n =18), so we did not test IHC and few
cases did not had RT-PCR results (27% not available, n=14) (Table 7).

When all 52 dogs were considered together, the positive rates of distemper
inclusion bodies was 75%, which was slightly higher than previously reported;

20 8192329 However, intranuclear inclusion

previous studies have ranged from 17 to 7
bodies were chiefly finding in this study rather than intracytoplasmic inclusion bodies
in neuron.” The occurrence.of inclusion bodies in 4 of 9 tissues was significantly
higher in the clinic dogs than in the shelter dogs betweep our two groups of dogs
(Table 5). This may reflect the fact| thag:ﬂ_le clinic group_was acute stage of CDV
infection, and younger, contrasting with the'¢hronic stage ‘and older shelter group.®?’
However, 75% of these dogs‘in ciinic group aré under 6-month-old were noted in
the present Taiwanese study. The antigenic genetic variation of field CDV in Taiwan
may account for these cases. Because the H gene of field isolated CDV in Taiwan had
10% amino acid variation from the vaccine Onderstepoort strain.’> The present study
showed that the immunohistochemical detection of CDV antigen in tissue sections
was superior to the demonstration of inclusion bodies or syncytial cells for the
6,14,19,20

diagnosis of canine distemper. This finding is consistent with previous reports.

Among our findings of co-infections and associated lesions of particular note, was
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the high occurrence of pulmonary adenovirus type 2, which affected 15% of the clinic
dogs (Table 6). A similar high value was also reported.”™® The primary CDV infection,
which might causes immunosuppression, and have predisposed the dog to secondary
Tyzzer’s disease and intestinal coccidiosis;’ other viruses or with Bordetella
bronchiseptica and Mycoplasma spp. infection,” or concurrent toxoplasmosis.'’

There was a single case of simultaneous disseminated Aspergillus infection, with
the kidney, spleen, liver, gastrointestinal serosa and brain involvement being similar
to that described previously.'“"However, the etiology of mycotic meningoencephalitis
also should consider -Blastomyces dermatitidis, Histoplasma capsulatum,
Coccidioides immitis, Cladophialophdﬁ;pantiana, species of Aspergillus and

1l A ‘
Fusarium, and Sporobolomyces roseus.

We also noted a high incidence of Dirofilaria mierofilariae (25% of shelter dogs,
and 9% of clinic dogs) (Table 6); we are unable to determine the species, because we
did not undertake the PCR test needed to discriminate between different species of
canine microfilaria.”’ Since pathogenic mycoplasmas are rarely fulminant in a healthy
host,'® our finding suggests possibile immunosuppression induced by CDV.

In addition to the co-infections documented in Table 6, which were determined by

examination of lesions in histological sections, it is likely that additional infections

were also present, however these were not detected because we did not do cultures or
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PCR. Examples of such infections are Parainfluenza viruses,” Mycoplasma cynos,’

. 9 . .
7 and Tyzzer's Disease.” Two lesions previously

Colibacillosis,”® cryptosporidiosis -
reported to be associated with CDV, namely associated metaphyseal bone lesions *
and myocardial degeneration,'® were not found in the present study.

In conclusion, the systemic and demyelinating CDV lesions in two groups of dogs
in Taiwan were identified using RT-PCR along with immunohistochemical labeling.
The combination of these two techniques provides the accurate CD diagnosis rather
than depending on examination of inclusion bodies, and provides a more specific, and
sensitive method to  confirm "CDV infection. However, the incidence of
histopathological lesions of distemper méhdmg inclusion bodies, varied from 20 to
96%, depending on organs,’ animal age; source, and- treatment history. This

comprehensive pathological study.‘'of CDV can. serve'as a comparative database for

emerging lesions of CDV infection in the future.
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Table 1. RT-PCR primer sequence of the phosphoprotein (P) gene of CDV Onderstepoort,
strain(AF378705)

Primer Nucleotide sequence (5°-3”) Nucleotide Target
position
Set 1
F2 TAAGGGAATCGAAGATGC 2160-2177 -
R1  CCATCAGCATGCTCACATC 2359-2341 200
R2  GATCCCCCAGTTGACTTG 2585-2568 426
Set 2
P2 (F) ATGTTTATGATCACAGCGGT 2132-2151 429

P2b (F) ATTAAAAAGGG(G/C)ACAGGAGAGAGATCAGCC 2482-2511 78

PI(R) ATTGGGTTGCACCACTTGTC 2560-2540 -
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Table 2. Comparison of the occurrence of diagnostic CDV lesions in shelter and clinic
group of CDV infected dogs. Data is presented as number of positive cases, and

percentage of positive cases.

i . ) o Chi-square
Diagnostic Lesions Shelter (N=20) Clinic (N=32) st
es
Intranuclear inclusion
11(55%) 28(87%) *x
body
Demyelination, Cerebrum 7(35%) 25(78%) ok
Demyelination,
4(20%) 23(71%) ok
Cerebellum
Demyelination, Brain stem 6(30%) 25(78%) ok
Lymphoid depletion 10(50%) 31(96%) *x
Catarrhal enteritis 6(30%) 11(34%) ns
Interstitial pneumonia 11(55%) 26(81%) *
Hyperkeratosis 420%y-~ | 9(28%) ns
Syncytium ‘@ 6(30%). | 14(43%) ns

** statistically significant, P<,01; T , statistically signifieant, P<.05; ns, not statistically

significant
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Table 3. Sites of inclusion bodies in shelter group of CDV infected dogs(N=20)

Lot No./organ Urinary Lymphoid Lung Cerebellum Cerebrum Brain Ependymal Alimentary Skin

bladder tissues stem cells tract

NTU00-171 - - - ] ) _ ) -
NTU00-172 - ; . ] ] ) ] )
NTU00-233 + + + o+ 4 v N N
NTU00-276 - + + o+ + + - ] ]
NTU00-350 - + - ] ] N ) )

NTUO00-384 - - - - - - - - -
NTUO00-385 - - - - - - - - -

NTU00-403 + - - - - - - - -
NTU00-412 - -

NTUO00-433 - -
NTU00-434 - -

NTU00-457 - -
NTU00-458 + -

NP007 + +
NP24 NA +
NP49 - -
NP106 -
NP107 -
NPI110 +
NP159 -
No. detected 5

=+ 4
1
1
1
1
1

% positive 26 35 15 35 20 30 25 10 10

%+ : positive; -: negative; NA: not available

110



Table 4. Sites of inclusion body in clinic group of CDV-infected dogs(N=32)

Source Lot No. Urinar Lymphoi Lun Cerebellu Cerebru Brai Ependyma Alimentar Ski
y dtissues g m m n 1 cells y tract n

bladder stem

C NTU00-17 - - -+ - + o+ - ]
5
C NTU00-39 - - - - - - - -
6
C NTU00-44 + + + o+ + + o+ - ;
8
CV  NTU00-49 + + + o+ - - T ]
1
C NTU00-50 + + + o+ +
X (I,
C NTU00-53 - - E-.;,:' ) Eé‘ By - ; ;
6 2 :
CV  NTU00-53 +
9
NP001
NP002
NP003
NP008
NPO12
NP140
NPI38  +
NP109  NA
NP126 - - - - - - - -
NP188
NP190
NP160
NP161
NP29 NA  + .- - - - NA
NPI28 - + + - - - T ]
NPI35 - - -+ + - + ]

NPI158  + + + o+ ] + o+ ) ]

+
+
1
1

+

o+ o+ o+ o+ o+
+ o+ o+ o+
1

O 0 0o 0 o o a0 oo ao0a0n

o o
< < <

NPI189  + - + - ; o + ]
NP200  + + + o+ _ - n ]
NP108 - - - - - . - -

a
<
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(6% NP151 NA + + o+ - + + - -

C 98-5102 NA  + - - + - - - NA

C dogl NA - - + + + + - NA

C 09-997 NA - - + + + o+ - -

C 09-887 NA - + o+ + - + + NA
No. 17 21 20 18 15 13 14 14 7
detected
% positive 68 65 62 56 46 40 43 43 25

C:clinic ; CV: clinic treatment with CDV vaccination history; +: positive; -: negative; NA: not

available; r
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Table 5. Comparison of the frequency of intranuclear and intracytoplasmic
inclusion bodies (INIB/ICIB) in 9 sites in shelter and clinic CDV-infected dogs.
Data presented are number of INIB/ICIB positive dogs, total number of dogs
examined, and the percentage of dogs INIB/ICIB positive.

] o chi-square
Sites of INIB/ICIB Shelter group Clinic group test
nos % nos %

Urinary bladder ~ 5/19 26 17/25 68 *ox
Lymphoid tissues 7/20 35 21/32 65 *
Lung 3/20 15 20/32 62 *x
Cerebellum 7/20 35 18/32 56 ns
Cerebrum 420 420 4532, b 46 ns
Brain stem 6/20 30 13/32* 40 ns
Ependymal cells  5/20 . 25 - 14/32 .43 ns
Alimentary tract 220 10 | ~ L | 1f1/32 43 +
Skin 2/20 10 || ,_.-"" “7128 25 ns

+ positive; - negative; statlstlcallﬂf %lgmﬁcam *P<O0. 05 ¥ P <0.01; ns, not

1

significant; nos number of samples{

r 1

\
|
|
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Table 6. Twenty-nine complication and associated lesions distribution in shelter and
clinical group of CDV infected dogs (Percentage of different lesions and co-infections

/total animal counted

Co-infections  Co-infections and associated lesions Shelter group,  Clinic group
/Organ (N=20) (%) (N=32) (%)

Co-infections

Virus Adenovirus infection, liver, type | 0 3
Adenovirus infection, lung, type II 0 16

Potozoa Coccidiosis 0 6
Toxoplasmosis 5 0
Babesiosis 0 3

Mycoplasma Hemobartonellosis 0 3

Fungi Aspergillosis 0 3

Parasite Cestodiasis 30 9
Ascaridiasis = 10 3
Dirofilariasis a0 9
Scabies 5 0

Associated lesion \ -

Brain Brain microabscess?s :,,ﬂ ‘ 0 3
Meningoencephalitis rﬁ h ‘ 25 6
Polioencephaloma;lla{cia IS | 5 6

Lung Suppurative bronghitis 1 0 16
Suppurative bronchopneumonia 25 16
Lung abscess 3

Heart Myocarditis 3

Liver Hepatitis 5 6

Adrenal gland  Nodular hyperplasia of adrenal gland 10 6
Hemorrhage and necrosis of adrenal 5 0
gland

Spleen Extramedullary hematopoiesis(cEMH) 30 19

Intestines GI crypt abscess 5 3

Testis Orchitis 3

Kidney Interstitial nephritis 15 0
Pyelonephritis 0 3

Bladder Follicular cystitis 5 0
Suppurative cystitis 5 0

Skin Skin microabscess 5 0
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One dog can have more than one co-infections or associated lesions; In 28 of the 29
co-infections and associated lesions, there were no significant differences in frequency of
occurrence between shelter and clinic dogs (X chi-square test); the exception was
interstitial nephritis, which was significantly more common in the shelter dogs than in the

clinic dogs.
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Table7. Diagnostic Criteria of CDV cases included in this study, N=52

Single test RT-PCR [HC Demyelination INIB/ICIB
positive 38(73%) 33(63%)
negative 0 1
not available  14(27%); S 2; C12  18(35%); S 13;C5
] 34(65%) 39(75%)
Combined tests 20
positive 19
negative 1

C: clinic; INIB/ICIB: intranuclear or intracytoplasmic inclusion bodies; IHC: immunohistochemistry;

RT-PCR: Reverse Transcription Polymeraslq_,ﬁlhgiﬁ@éﬁ@ﬁn_)g,_ S: shelter.
g .. =

o
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Figure 1. Comparison between H & E and IHC labelling in two CDV infected dogs.

A, B. Case 58, brain. A. H & E, showing multifocal spongy form of the mid-brain
thalamus neuropil B, non-biotin HRP (AEC) with haematoxylin counterstain, showing
diffuse immunolabelling of thalamus neuropil. C, D. Case 57, lung. A. H & E,
showing interstitial pneumonia with exfoliated pulmonary macrophages and necrotic
debris in the alveolar lumen. D, non-biotin HRP (AEC) with haematoxylin
counterstain showing intracytoplasmic immunoreactivity in the bronchiolar

epithelium and macrophages. All scale bars =40 um.
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Figure 2. Eosinophilic intranuclear and intracytoplasmic inclusion bodies in four

dogs with CDV. H & E. A, multifocal spongy form of the mid-brain thalamus
neuropil with eosinophilic intranuclear inclusion bodies in the sub-ependymal
astrocytes (arrowhead), case 58. B, splenic lymphoid depletion and necrosis with
eosinophilic intranuclear inclusion bodies (arrowhead) in the white pulp, case 49. C,
eosinophilic intranuclear and intracytoplasmic inclusion bodies (arrowhead) in the
bladder ballooning mucosa epithelium, case 51. D, eosinophilic intranuclear
inclusion bodies (arrowhead) in the gastric mucosa gland, case 50. All scale bars =

10 pm.
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Figure 3. Co-infections and associated lesion in four dogs with CDV. H & E. A,

purulent bronchointerstitial pneumonia with smudge 8-10um adenovirus, basophilic
intranuclear inclusion bodies in the pulmonary bronchiolar epithelium (arrow), case
58. B, 10-40um (body length) microfilaria of Dirofilaria immitis (arrows)deposited in
the pulmonary alveolar septa, and capillaries with nodular aggregates of
pyogranulomatous epithelioid macrophages, eosinophilic intranuclear inclusion
bodies in the macrophages(arrowhead), case 49. C, hepatic cell necrosis with 5-8  m
basophilic adenovirus, intranuclear inclusion bodies (arrows) in the hepatocytes, case
51. D, hemorrhagic to necrotizing pneumonia with numerous, 4-8 x 2-4 um,
intra-lesional, curvilinear tachyzoites (arrow) free within areas of pulmonary necrotic

parenchyma, case 50. All scale bars =10 um.
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Chapter VII

ISCUSSION

General D
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Immunohistochemical detection of CDV and MHYV infection

1. An alkaline phosphatase (AP) substrate IHC detection system may be used in
immunohistochemical diagnosis of infectious diseases (Chapter II) but will produce
variable labeling of fibres, processes or terminals in neural tissues. Unfortunately, the
targeting of the CNS by CDV makes an AP system less suitable for use in its
diagnosis.

2. With the non-biotin HRP detection system, pretreatment by autoclaving following
by microwave heating gave better immunohistochemical labeling of CDV infection
than did microwave pretreatment alone.

The use of non-biotin HRP for th%%.r_?munohistochemical diagnosis of CDV
infection has not previously been reported=(Chapter IIL,VT), In the present study, it
produced improved contrast against‘ the background; 'making the detection of CDV
antigen easier than the histological detection of intranuclear inclusion bodies. The
cloned DV2-12 primary antibody used required pretreatment of formalin-fixed,
wax-embedded sections by steaming, proteinase K pretreament having been showen
by Ramos—Vara and Beissenherz (2000) to be without effect for this antibody. In this
study, the positive areas of IHC labeling quite often exhibited neither

histopathological lesions nor occurrences of inclusion bodies. These characteristics

are quite similar as “non-enteritis” group in Japan. These “non-enteritis” group were
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considered antigenically different from vaccine strain (Okita et al.,1997). However,
another cases in this study had numerous INIB/ICIB in pelvis, urinary bladder, lung
and stomach. These group are similar as “enteritis” group in Japan (OKkita et al.,1997).

The use of different fixatives, with or without microwave unmasking, may
influence the immunolabelling intensity, depending on the type of antibody (Liang et
al., 2000). The immunohistochemical method described provides a more sensitive of
diagnosing CD encephalitis than demonstration of inclusion bodies or syncytial cells.
3. A combination of proteinase K digestion and autoclaving in a Trilogy solution
resulted in optimal ISH signal enhancement of CDV RN A.: ,

As seen in the study (Chapter IV),"tle'i'g;{nodiﬁed technique can be useful in the
retrospective viral studies/across a broadirange.| The HIAR effect (Mcquaid et al.,
1990; Kim and Chae, 2003) c.aﬁ greaﬂy enhance. the ISH signal and provides a simple
detection method in formalin-fixed, paraffin -embedded tissues. However, the tissue
damage caused by the retrieval solution needs to be taken into consideration.

The IOD evalution method was used in this study. This method provided a more

objective and semiquantitative evaluation of the viral ISH labeling.

CDV viral isolation and H gene phylogenetic analysis

1. According to the phylogenetic analysis of these H gene amino acid sequences, six
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Taiwan strains, Dog/NTU 1-04, Dog/NTU 4-03, Dog/NTU 3-04, Dog/NTU 04, Dog/
NTU 05-1, Dog/ NTU 05-2 reported in this thesis were grouped in a similar cluster
with CDV detected in dogs from Asia-1 strains, but quite distinct from the
Onderstepoort old vaccine strain and Asia-2 strain.

2. Co-cultivation of mononuclear cells with B95a cells will give higher CDV isolation
rates (Chapter V)(Kai et al., 1993; Mori et al., 1994). The higest antigenic variation
was found in the H protein of CDVs, whereas the F and P proteins were affected to a
lesser extent (Blixenkrone-Moller etal., 1992). The nucleocapsid (NP) protein does
not reflect the variation in- pathogenicity of clinical grqups. In the recent years,
extensive acquisition of molecular dat'e'»i-_“a'gg"the H gene of CDVs has allowed the
identification of distinet phylogenetic clades with régardto their geographic origin
(Asia-1, Asia-2, Europe, USA, Arcfic), and the year 'of isolation (Hashimoto et al.,
2001; Martella et al., 2002; Hirama et al.; 2004). In a given geographical region, two
to three genotype of CDVs can be present (Haas et al., 1999; Hashimoto et al., 2001;
Lednicky et al.,2004; Martella et al., 2006; Calderon et al.,2007; Dremer et al.,2007).
These six strains in this study (Chapter V), were 98.4 to 99.6 % identical in nucleotide.
Same nine potential sites for asparagines N-linked glycosylation in the H gene of the

CDV isolates were also reported in Japan (Iwatsuki et al., 1997; Hirama et al., 2004).

However, eight glycosylation sites had also been reported in Asia-2 group (Haas et
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al.,1997; Mochizuki et al.,1999; Hashimoto et al., 2001; Lan et al.,2007) or Arctic
group (Demeter et al.,2007). Four glycosylation sites (positions 19-21, 149-151,
422-424, 587-589) were shared by all CDVs (Haas et al., 1997; Hashimoto et al.,
2001). The latter glycosylation site (positions 309-311) was found in all recent virus
isolates but was absent in the older Snyder Hill strain. The glycosylation sites at the
extreme C-terminus (positions 603-605) is unlikely to be used. Slightly more amino
acid changes were noted in the the region around and between the two positions
422-424 and 456-458, which.indicate’sites in'the protein subject to a greater antigenic
pressure and selective force.(Haas etal.,1997).

The strains in the same clade of the p@genetic analysis showing more than 95 %
amino acid similarity in/the"H gene may be ‘considered to the same genotype
(Mochizuki et al., 1999).Using ‘this ériterion, the results of our study indicates only
one type of field CDVs in Taiwan based on similarities in the H genes. However,
based on the change of the nucleotide at the position 8137 (1059 of H gene) of the
viral genome from thymine (T) in the vaccine strains to cytosine(C) in the wild-type

strains. This point mutation can be found in the nucleotide sequences of all wild-type

CDVs (Demeter et al., 2007) and also found in all six strains of our thesis.

Pathological lesions and associated lesions analysis

1. The lymphoid depletion, pneumonia and CNS demyelination were the most
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common CDV-infected principal lesions, and occurrence of inclusion bodies had high
lymphotropism and epitheliotropism. However, its positive rate was high in younger
clinic group.

2. The distribution of inclusion bodies also showed significant difference in urinary

bladder, lymphoid tissues, lung and alimentary tract between two groups(Chapter VI).
A variety of 29 co-infections and other associated lesions (Chapter VI) were identified.
However, no significant difference in frequency of occurrence between two groups,

the exception was interstitial nephritis.

Questions yet to be investigated '

In this study, we have previded irﬁia:c;-ﬁant information about the CDV viral
isolation method, H gene phyloggﬁetic é-rlalys;is results of Taiwan strains, better
immunohistochemical and ISH. labeling ofiCDV and MHV infection using
formalin-fixed, paraffin-embedded sections, and realized the tissues distribution of
inclusion bodies in different group. However, we still not solve the question, why
CDV induced demyelination but CDV antigen was found chiefly in astrocytes rather
than myelin-making oligodendrocytes (Vandevelde and Zurbriggen, 2005). The
increasing incidences of canine distemper in pups in suburb areas and in urban kennel

shops have recently been noticed in spite of vaccination (Kai et al.,1993; Iwatsuki et

al.,2000 ; Lan et al., 2006) in Japan and also noted in this study(7/32, 21%). However,
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no direct evidence concerning the amino acid variation of the H gene of the field CDV

in Taiwan to the current vaccine protection has been established. Passive

immunotherapy with more CDV-infected cases, combined with clinical trial,

pathological and immunohistochemical analysis might facilitate and -clarified

pathogenesis of this disease and save animal life.
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Appendix 1: Five pre-treatments of the ISH protocols

10.

The sections were initially deparaffinised, rehydrated, and immersed in 0.2 M HCl
at room temperature for 20 min, rinsed with 0.2% glycine in PBS, and digested
with 20 pg/ml proteinase K at 37°C for 15 min. After washing with 0.2% glycine,
the sections were subjected to five different pre-treatments;

In pre-treatment a, the sections were each immersed in a 10% concentrated stock
Tris-buffered saline (TBS S3006), 2x SSC for 10 min, and prehybridised and
hybridized as described by Chueh et al. (1999). No optional protocol was
changed.

In pre-treatment b, the Trilogy solution plus the slide sections were heated in an
autoclave in the first dish for 15 min at 121°C. The sections (slides) were then
taken out, put into another fresh Trilogy solution, pre-heated to 80°C by
microwave, and left to stand for 10 min at 80°C;

In pre-treatment c, the serial sections wereprocessed as described in pre-treatment
b; however, the solutions used.ini both the autoelave and microwave were changed
to (c) 10% stock Tris-buffered saline (TBS S3006).in Q. water;

In pre-treatment d, the serial sectionsiwere-processed as described in pre-treatment
b; however, the solutions used in botﬁ“ﬁ're autoclave and'microwave were changed
to (d) a 1% vector citrate-based ‘fstiock ailtigen unmasking solution (H-3301, Vector

Laboratories) in Q water; L
In pre-treatment e, the serial sections were pfocessed as described in pre-treatment
b; however, the solutions used in both the autociave and microwave were changed
to (e) a target retrieval solution (S1700; Dakoe Cytomation);

After the different pre-treatments, the sections were then immersed in a 10%
concentrated stock Tris-buffered saline solution (TBS S3006; Dako Cytomation)
in Q water at room temperature for 10 min, rinsed in 2x SSC for 10 min, and
prehybridised and hybridised as previously described by Chueh et al. (1999);

The following protocols were the same in each of the five pre-treatment groups.
Each section was prehybridised at 37°C for 60 min with prehybridization buffer
(50% formamide, 2x SSC, 1x Denhardt’s solution, 1 mM EDTA, and 100 pg/ml
heat-denatured salmon sperm DNA);

Hybridisation was carried out in a hybridization buffer (50% formamide, 2x SSC,
1x Denhardt’s solution, 1 mM EDTA, 10% dextran sulphate, and 350 pg/ml
heat-denatured salmon sperm DNA);

Before being added to the solution, the labelled DNA probe and salmon sperm
DNA were denatured for 10 min at 95°C and immediately transferred onto ice for
3 min;
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12.

13.

14.

15.

16.
17.

18.

19.

Hybridization was carried out in a humid chamber at 37°C for 16 h;
Post-hybridization washes consisted of 2x SSC, 1x SSC, 0.5x SSC, and 0.1x SSC.
All washes were performed twice at 42°C for 15 min;

In order to detect the bound probes, the slides were briefly rinsed in a washing
buffer (0.1 M maleic acid, 0.15 M NaCl, and 0.3% Tween-20, pH 7.5) for 2 min
and were then immersed in a blocking buffer for 30 min (0.1 M maleic acid, 0.15
M NacCl, 1% blocking reagent, pH 7.5);

The probes were detected wusing an alkaline phosphatase-conjugated
anti-digoxigenin antibody that had been diluted to 1:250 in a blocking buffer.
Slides were incubated for 40 min at room temperature with the antibody, washed
three times for 10 min in a maleic acid buffer (0.1 M maleic acid, 0.15 M NacCl,
pH 7.5) and then immersed in 500 pl of detection buffer (100 mM Tris—HCI, 100
mM NaCl, 50 mM MgCl,, pH 9.5) at room temperature for 2 min;

The reactions were developed by incubating with a mixture of 200 pL of nitroblue
tetrazolium chloride (NBT)iand S-bromo-4-chloro-3-indolyl phosphate (BCIP)
substrates (18.75 mg/ml NBT and” 9.4 ‘mg/ml -BCIP, toluidine salt in DMSO,
Roche, Mannheim, Germany)din 10 ml of ‘detection buffer (100 mM Tris—HCI,
100 mM NaCl, and S0:mMMgClss.pH 9.5)-gvernight at room temperature in ISH
pouches (402 Sealpak pouches, Kapak MN USA) with 2 ml aforementioned
solution added to each*pouch; | o |

The reactions were stopped and ltlte sh&es were washed with Q water for 5 min;
Counterstaining of the NBT/B¢I reaction shdes with methyl green was carried
out for 1-5 min (H3402, Vector Burhngame CA USA) followed by dipping the
slides in 0.05% acetic acid in acetone 5—10iimes before dehydration;

After dehydration in 95% and 100% ethanol, the slides were mounted and stored
until examination; and

Substituting the probe on sections of CDV-infected spleen, cerebrum, and
cerebellums served as a non-specific negative control. Cerebellar and splenic
sections from dogs with no evidence of distemper infection served as a specific

negative control.
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Appendix 2: Details of the ISH protocol on B95a cells

The ISH performed on B95a cells was basically the same as that performed on

the tissue sections, except that CDV-infected B95a cells were cultured on 15-mm

circular cover slips, fixed in 4% paraformaldehyde for ISH labeling, and the lower

final concentration of the proteinase K (1 pg/ml) and labelled probe (100 ng/ml) were

compared to tissue sections (400 ng/ml of a dsDNA probe (287 bp) and 20 pg/ml

proteinase K). The ISH protocol is as follows:

1. All of the ISH procedures were performed in the six-well chamber;

The 15-mm circular cover slips sections were rehydrated using DEPC-treated PBS
for 1 hour;

The sections were immersed in 0.2 M HCI at room temperature for 20 min, rinsed
with 0.2% glycine in PBS, and digested with-500 pl (1 pg/ml) of proteinase K at
37°C for 15 min;

After washing with 0.2% glycine and 2% SSCy each section was prehybridised at
37°C for 60 min with prehybridisation buffer (50%. formamide, 2x SSC, 1x
Denhardt’s solution, 1 mM EDTA, 100 ng/ml heat-denatured salmon sperm DNA).
Hybridization was carried out in a hybridization buffer (50% formamide, 2x SSC,
I1x Denhardt’s solution,” 1 "mM EU_TA, 10% dextran sulphate, 350 pg/ml
heat-denatured salmon'sperm DNA); E

Before being added to the solﬁtion, the labélled DNA probe and salmon sperm
DNA were denatured for 10 min at 95°C and immediately transferred onto ice for
3 min. The final concentration of the labelled probe was 100 ng/ml;

The cover slips were put backwards (infected cells facing down) onto an acetone
pre-treated slide with 180 pl hybridisation buffer already added;

7. Hybridization was carried out in a humid chamber at 37°C for 16 h;
8. Post-hybridization washes consisted of 2x SSC, 1x SSC, 0.5x SSC, and 0.1x

10.

11.

12.

SSC;

All washes were performed twice at 42°C for 15 min;

In order to detect the bound probes, the slides were briefly rinsed in washing
buffer (0.1 M maleic acid, 0.15 M NaCl, 0.3% Tween-20, pH 7.5) for 2 min and
then immersed in a blocking buffer for 30 min (0.1 M maleic acid, 0.15 M NaCl,
1% blocking reagent, pH 7.5);

The probes were detected using an alkaline phosphatase-conjugated
anti-digoxigenin antibody that had been diluted to 1:250 in a blocking buffer;
Slides were incubated for 40 min at room temperature with the antibody, washed
three times for 10 min in a maleic acid buffer (0.1 M maleic acid, 0.15 M NacCl,
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14.
15.

16.

pH 7.5), and then immersed in 500 ul of detection buffer (100 mM Tris—HCI, 100
mM NaCl, 50 mM MgCl,, pH 9.5) at room temperature for 2 min;

The reactions were developed by incubation with a mixture of 200 uL of nitroblue
tetrazolium chloride (NBT) and 5-bromo-4-chloro-3-indolyl phosphate (BCIP)
substrates (18.75 mg/ml NBT and 9.4 mg/ml BCIP, toluidine salt in DMSO,
Roche, Mannheim, Germany) in 10 ml of detection buffer (100 mM Tris—HCI,
100 mM NacCl, and 50 mM MgCl,, pH 9.5) overnight at room temperature in ISH
pouches (402 Sealpak pouches, Kapak, MN, USA) with 2 ml added to each
pouch;

The reactions were stopped and the slides were washed with Q water for 5 min;
Counterstaining of the NBT/BCIP reaction slides with methyl green was carried
out for 1-5 min (H3402, Vector, Burlingame, CA, USA), followed by dipping of
the slides in 0.05% acetic acid in acetone 5—-10 times before dehydration; and
After dehydration with 95% and 100% ethanol, the slides were mounted and
stored until examination.
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Appendix 3: Super sensitive non-biotin HRP combined with MOM detection

system

1. Basically, the host of primary antibodies and the tissues can not be the same

species.

2. If you do THC of dog’s tissues or your primary antibodies are different from your

tissue sections, please follow the procedures published on ‘J Comp Pathol. 136,

57-64, 2007~

3. If you do THC of mouse tissues, and your primary antibodies are same mouse origin,

please use MOM kit and follow the procedures published on ”J Comp Pathol 131,

214-220, 2004

MOM (mouse on mouse) @ 5t IHC (rabbit on mouse)
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TBST washing (i = 41)
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— 10X dilution -
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. | Super _=“
—-- (Cat. QD420-¥.IK BTk v B ov gl B £
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PBS washing (i = 41) TBS washmg (ﬁ v.l,J_)

Avidin-based detection system Poly- HRP reagent(klt) RT lhr | B 47 LT e F 309 7 £
PBS washing (i = 41) TBS washing (i = #1)
AEC % ¢ W T B P £
(Imin)
TBST wash > 12 Hemotoxylin 3-5min # § %4 ¢ Yo kIR T L B 4ot i
— (No. 3008-1, Muto Pure Chemicals) 3 mins
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(Aqueous mountlng medium—without xylene, Dako)

Reference:
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Liang CT et al., A non-biotin polymerized horseradish peroxidase method for the IHC diagnosis
of canine distemper virus infection. J Comp Pathol. 136:57-64, 2007 (SCI).

Liang CT et al., IHC diagnosis of mouse hepatitis virus and Mycoplasma pulmonis infection
with murine antiserum. J Comp Pathol. 131:214-220, 2004 (SCI).

LA IIFHE o FlIREF o T R R R G PR G S TR E L P R
R mpgeRz Y o i‘-g&%ﬁ e 26:213-222 > 2000 -

*MOM detection system: VECTOR MOM immunodetection kit (Basic Cat. No.
BMK-2202)
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rNIYERSITY

School of Medicine
Department of
Modecular & Comparative Pathobialogy

December 17, 2010 833 N Broadway B Floor
Baltimore, MD 21205-2156

Tel 443-2E7-2953 [/ Fax 443-787-2054

Re: Dr. David Liang, Visiting Scientist

To Whom it may concern,

It was pleasure to have Dr. Liang as a visiting scientist training in our Department of
Molecular and Comparative Pathobiology and Phenotyping Care fram July 28 to
December 18, 2010. Unfortunate delays related to visa procurement prevented his
participation in our Mouse Pathobiology course July 12-16. But I am confident that his
hard work and commitment to participating in all available training, phenotyping and
pathology activities compensated for his missing that opportunity.

Training consisted primarily of hands on experience with our pathology and
phenatyping cases in diverse biomedical research areas, many opportunities to attend
lectures and seminars, and access to our comparative medicine and pathology training
materials. He also attended the RTP Rodent-Liver Pathology short course, and the
American College of Veterinary Pathologists (ACVP) national meeting in Baltimore.

Dr. Liang demonstrates a high level of expertise and collegiality. MLAC is fortunate to
have such a motivated, hard working and expert faculty member to support
translational research efforts at MLAC. As I expected, his visit was an excellent
experience for all involved, and T hope that it will lead to further productive
collaboration among colleagues and institutions.

7“}! and sincerely,

CDwBraytnﬂ DA.M. Diplomate, A.C.LA.M., A.CV.P.
Director, Phenotyping Core
Associate Professor, Molecular and Comparative Pathobiology

@D
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