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Simple Summary: Canine distemper virus is a serious contagious disease of domestic and wild canines, cats
and sometimes racoons. The study included seven raccoons from Timisoara Zoo, all of them subjected to
diagnostic tests and two, to necropsy. The detection of canine distemper virus in raccoons was accomplished
using qRT-PCR, but several other exams were also conducted: clinical, bacteriological, immunohistochemical
and histopathological examination, toxicological screening andnecropsy - all confirmed the presence of the
canine distemper virus. Based on the gqRT-PCR assay, laboratory tests and lesions observed, it was established
that the raccoons were infected with, and two of them died of, canine DV. In conclusion, the interspecific
infection is possible and the risk of transmission to other racoons and domestic animals (dogs, cats) exists.

Abstract: Canine distemper virus (CDV) is a serious contagious disease of canines, cats and sometimes racoons.
The study included seven raccoons from Timisoara Zoo. The detection of CDV in all raccoons was
accomplished using qRT-PCR, but several other exams were also conducted. Clinically, severe digestive
disorders were observed, characterized by diarrhea and repeated hematemesis. Pseudomembranous
gastroenteritis, congestion and pulmonary edema were found during the necropsy of two racoons.
Immunohistochemically, the brown color was highlighted in the examined sectionsand it was present in the
cytoplasm of the cells from the germinal centers of the medullary area. Histopathological examination revealed
lymphocyte depletion and intranuclear and intracytoplasmic inclusions in the intestine. Based on the qRT-PCR
assay, laboratory tests and lesions observed, it was established that the raccoons got infected with CDV, and
two of them died as a result. The necropsy, histological lesions and immunohistochemical results are
comparable between dogs and racoons. Through the results obtained, it was concluded that the interspecific
infection is possible and the epidemiological risk of infection transmitted by racoons to domestic animals, such
as dogs and cats, needs to be examined in the future.
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1. Introduction

Raccoons belong to the family Procyonidae, which includes 18 species in total. The genus Procyon
has 7 species. Procyon lotor is located in a large geographic area of North America. It extends from
southern Canada through most of the continental United States and Central America [1]. In the
United States, regular outbreaks occur in free-ranging raccoons (Procyon lotor), a species that might
have a role in the epidemiology of CDV within domestic dogs in that region [2]. In Europe,
particularly in Romania, the racoons are wild animals kept in zoos, but the utilization as pets may be
a new trend.
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The disease is caused by a virus from the family of Paramyxoviridae, genus Morbillivirus. It is
mortal in most cases and affects both wild and domestic animals, with dogs being the most common
victims [3-7].

The sources of infection can be primary and secondary. The primary sources are ill and
recovered animals, which eliminate large amounts of the virus through all their secretions and
excretions. Secondary sources include all elements of the environment that have come into contact
with pathological products, such as active animated vectors (humans during viremia) or passive
vectors such as water, food, means of transport and care, etc..Infection occurs directly through the
contact with ill or recovered animals and indirectly through secondary sources. The entrance
pathways of the virus into the animal body are respiratory, digestive and conjunctival [3-6, 8].

The virus is transmitted extremely easily by air through the infected animal’s secretions. The
virus is easily transferred from domestic to wild animals and vice versa. Another way of transmission
is the contact with bedding or other objects touched by infected animals. Following the infection, the
virus first settles in the tonsils and then reaches the internal organs and blood. Respiratory tract,
digestive tract and nervous system are most sensitive to the virus. In domestic animals, any
unvaccinated dog is prone to CDV disease, but the most susceptible are dogs that live in poor
conditions and are not properly fed. The similar situation is expected to occur in wildlife. [9-10]. From
a clinical point a view, about 6 days after exposure, fever (around 40°C), ocular and nasal secretions
occur. These symptoms may be confused with these of a cold, but they worsen after an animal loses
its appetite and becomes less active. Following the initial disease period, diarrhea and vomiting may
also occur, leading to dehydration of the affected animal. In dogs, after two weeks, neurological
disorders manifested by vertigo appear and dogs may end up not recognizing their owner [3].

The only way to prevent the disease in dogs is to vaccinate at the age of eight weeks with booster
after two weeks. The chances of survival increase depending on how quickly the disease is diagnosed
and what the body response to the virus is. A strong immune system gives an animal a high chance
of recovery from the disease, and the immunity to the virus can be developed [11-13].

The study was conducted to establish the cause of disease of seven raccoons from Timisoara
Zo0o, and the cause of death of two, through a series of laboratory tests and the necropsy, in support
of the hypothesis that the clinical signs and death of two raccoons were caused by the interspecific
infection with Canine Distemper Virus.

2. Materials and Methods

The methods included identification techniques of CDV disorders in racoons to compare those
with well-known lesions caused by CDV in dogs. This study was performed after receiving the
approval from the Ethical Committee of the Faculty of Veterinary Medicine in Timisoara.

2.1. Case history, examination and preliminary treatment.

The veterinarian from Timisoara Zoo reported that two out of seven raccoons (Procyon lotor),
aged 7 months, showed clinical signs of impaired digestive system, characterized by severe diarrhea,
up to hematemesis, which are common aspects of CDV disease. In five animals, the clinical signs
were not observed. For all racoons, the blood samples were collected in EDTA Vacuum Blood
Collection Tubes at the beginning of antibiotic treatment, and transported on ice to the infectious
diseases laboratory for screening. Although the veterinarian attempted treatment with Enrofloxacin,
5mg/kg body weight, twice a day, and rehydration, two raccoons died after 2 and 3 days, respectively.

2.2. Detection of canine distemper virus by gRT-PCR.

Detection of canine distemper virus in raccoons was performed using the qRT-PCR technique.
Blood plasma was obtained after centrifugation of samples. Viral genome extraction was performed
from plasma samples using the QIlAamp Viral RNA Kit (Qiagen, Hilden, Germany) following the
manufacturer's instructions. The detection of viral particles was performed using the in vitro
diagnostic One step Distemper virus detection kit (Bioingentech Biotechnologies, Concepcion, Chile)
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in a qualitative assay using an Mx3005P Real-Time PCR System (Agilent Technologies, Santa Clara,
California, USA) according to manufacturer's instructions. Each sample was analyzed in triplicate; a
negative control, a positive control and an internal reaction control were used for each run. Results
were interpreted according to Ct values as follows: a value lower than 11 and higher than 40 was
considered negative, Ct values between 12 and 35 were considered positive, and values higher than
35 and lower than 40 were considered inconclusive.

2.3. Necropsy.

Raccoon cadavers were transported in biosecurity conditions in sealed plastic bags from
Timisoara Zoo to the Laboratory of Pathological Anatomy of the Faculty of Veterinary Medicine in
Timisoara to establish the cause of death. The necropsy was performed according to the mammalian
autopsy technique after skinning the carcasses, opening the thoracic and abdominal cavities, and
examining the tissues and organs, with increased attention to those with lesions visible
macroscopically.

2.4. Toxicological screening.

Since toxicological examination required a short turnaround time, it preceded the PCR
examination. The purpose of this rapid intervention was to save the remaining raccoons, in case of
intoxication being the cause of clinical manifestations and death. In order to exclude any possible
intoxication, prior to obtaining the results from qRT-PCR, and after the necropsy of both dead
raccoons, the liver samples were analyzed to identify the main anticoagulant raticides present on the
Romanian market (difenacoum, difetialone, difacinonone, brodifacoum, bromodiolone,
chlorofacinone).The technique used here involved high performance liquid chromatography.

2.5. Microbiological and mycosis screening.

To exclude any possible bacterial infections, the inoculations from the small intestine (duodenal
and jejunal fragments), liver and lymph nodes, were performedtoisolate the bacterial strains. The
primary culture was performed on various media, depending on the species of microorganisms that
were suspectedto be involved.For the isolation of Escherichia coli, the primary cultivation was
performed using nutrient broth and agar media, acknowledging that these microorganisms are not
demanding during cultivation due to the rich enzymatic content. All incubations were performed in
aerobic conditions for 24 hours at 37°C. Sabouraud-glucose-agar gel (Beckton Dickinson GmbH,
Heidelberg, Germany) with chloramphenicol and gentamicin (50 mg of each antibiotic / 1000 ml)
were used for mycological examination. Inoculation was performed in aerobic conditions for 48
hoursat 37°C.

2.6. Immunohistochemical / histopathological examination.

For the histopathological examination, samples were collected from the lung and intestine to
highlight the inclusions produced by the virus. Techniques applied in staining intestinal and lung
samples included: fixation (formalin), embedding (dehydration, clarification, fixing in the paraffin
and inclusion), sectioning (6 um with the Slee Mainz microtome) and staining (Hematoxylin — Eosin).

A kit containing a specific immunoglobulin conjugate coupled with peroxidase was used to
detect CDV (nucleocapsid) antigens present in infected cells. For this purpose, portions of intestine
with macroscopic pathological lesions were collected from the carcasses. From each intestinal
portion, sufficient tissue amounts were collected to be included into a 3-part working protocol.

In part I, each sample was fixed in 4% paraformaldehyde for 24 hours, after which the samples
were washed in tap water and kept in 50% alcohol (1 hour), 70% alcohol (1 hour), 95% alcohol (1
hour), 100% alcohol (1 hour) andalcohol:toluenel: 1 mixture (1 hour). The samples were then placed
in paraffin I enclosures and kept inthermostat at 60°C for two hours and in paraffin II inthermostat
at 60°C for one hour. The paraffin used had the following composition: 100 g paraffin + 5 g wax.
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In part II, the blocks were sectioned using a microtome ( 4 pm thickness), after which they were
placed on glass slides. Then, the following steps were taken: paraffin removal with toluene (2 baths
for 15 minutes each), rehydration with ethanol (100% 5 min, 96% -5min, 70% - 5 minutes), washing
the slides with distilled water and removing excess water, neutralizing endogenous peroxidase with
peroxidase block for 10 minutes, washing with TBS 1 (2 baths for 5 minutes), incubating with protein
block for 10 minutes and washing with TBS 1 (2 baths for 5 minutes).

The next step performed in the sectioned slides was to add a conjugate consisting of the primary
antibody coupled with peroxidase in a dilution of 1:100. Then, the slides were kept in the refrigerator
in trays with water until the next day.

In part III, the slides removed from the refrigerator were subjected to the following steps:
washing with TBS 1 (2 baths for 5 minutes), incubation with post primary (30 minutes), washing with
TBS 1 (2 baths for 5 minutes) and incubation with novolink polymer containing the primary antibody
for 30 minutes, rinsing with TBS 1 (2 baths for 5 minutes), treating the slide with 3,3" diamino-
benzidine (DAB) for 5 minutes, washing with distilled water. Subsequently, hematoxylin to stain the
nuclei, was added to the slides for 40 seconds. Finally, the slides were washed with distilled water (2
baths for 5 minutes), followed by the final washing of the slides with: unyhol, plus and bioclear.

2.7. The electron-microscopic examination.

The electron microscopy examination was performed by the Pasteur National Institute in
Bucharest, a partner of the Faculty of Veterinary Medicine in Timisoara. Viral particles were
visualized in a suspension (sample) by their specific adsorption on the surface of a double membrane
electrolytic network (formvar and carbon), followed by fixation, washing, negative staining
(deposition of electro dense substances around viral particles) and examination of transmission
under the electron microscope. The smaller the electron-dense substance used, the deeper it
penetrates the surface structures of the viruses, obtaining more details. For the direct negative
staining method by electron microscopy (EM-DNSM), the fragments of lung and intestine were
placed in a suspension consisting of quartz sand (Merck, KGaA, Darmstadt, Germany) and
phosphate buffered saline (PBS, 5 ml at pH 7.2 -7.4) in sterile conditions. The obtained suspension
was harvested and subjected to clarification centrifugation at 400 xg for 20 min at + 40°C. From the
resulting supernatant, 50 ul suspension was taken, over which electrolytic grids of 150 msh (copper
mesh grids) were covered with double membrane (formvar and carbon) for 1-2 min. The grids were
contrasted with 2% uranyl acetate in distilled water, followed by the examination under the electron
microscope. The lung and intestine fragments taken were fixed for 30 minutes in cold water in PBS,
with 2.5% glutaraldehyde. Subsequently, the parts were post fixed in osmium tetraoxide (OsO4)
solution, dehydrated by successive passages in ethyl alcohol baths in increasing concentrations,
followed by propylene oxide clarification and included in Epon 812. Ultrafine preparations sectioned
at the LKB III ultramicrotome were deposited on electrolytic grids and double contrast with the
Reynolds solution.

3. Results

3.1. Clinical outcome.

The five raccoons did not show any clinical signs, which meant that the disease did not affect all
the animals. Both dead raccoons with clinical signs had good body condition scores before their
death, but had a lower body growth status, lagging behind in development compared to other
siblings. Perhaps, due to anorexia, they were deprived of the proteins needed for antibody synthesis
and this could have affected their immune system. None of the raccoons, healthy or ill, have been
vaccinated against CDV, as the disease had not been reported in zoos in raccoons or other disease-
susceptible species in this habitat. Possibly, the infection and disease were caused by secondary
sources of infection through the active animated vectors (animal caregivers during the possible
period of viremia) or the passive abiotic vectors (water, food, means of transport and care, etc.).This
can be explained by the fact that the zoo is located on the outskirts of the city of Timisoara in a wooded
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area and many stray dogs can reachit (unfortunately, the problem of stray dogs in Timisoara is
currently still not fully resolved). Unvaccinated dogs have a high prevalence of this disease and can
be sources of infection. Moreover, they could have come into contact with animal lovers (visitors,
caretakers, etc.) who later entered the zoo and came into contact with raccoons.

3.2. Detection of canine distemper virus by gRT-PCR.

Following the analysis by qRT-PCR, viral genome was detected in all seven whole blood samples
collected. The results are presented in Table 1.1and dead animals are highlighted.

Table 1.qRT-PCR detection results.

Sample code Ct value! Results
1 (no clinical signs) 33.8 positive
2 (no clinical signs) 31.4 positive
3 (no clinical signs) 36.2 positive
4 (no clinical signs) 345 positive
5 (no clinical signs) 32.7 positive
6 (dead animal) 19.4 positive
7 (dead animal) 21.2 positive

ICt values lower than 11 and higher than 40 were considered negative, Ct values between 12 and 35 were
considered positive, Ct values higher than 35 and lower than 40 were considered inconclusive.

Detecting CDV by qRT-PCR method is a common technique in CDV diagnosis in dogs [22, 23]
and it can be used in raccoons as well.

3.3. Necropsy exam.

Following the necropsy, several lesions were noted, such as: hemorrhagic gastroenteritis (Figure
1), pulmonary congestion (Figure 2), pharyngeal ulcers, foci of necrosis on the surface of the liver and
pancreas. The severity of the clinical signs and the observed anatomo-pathological lesions proved the
septicemic evolution of the disease.

3.4. Toxicological screening.

Due to the presence of hemorrhagic lesions, toxicological examinations were performed using
the classical method of determining anticoagulants to rule out possible poisoning with raticides. The
results were negative.

3.5. Microbiological and mycosis exam.

Based on the biochemical characteristics of the xylose lysine deoxycholate agar subculture (XLD)
(Microbiology Labor-Technik, Arad, Romania), it has been concluded that the isolated bacterial
cultures were Escherichia coli.Escherichia coli and Candida spp. were identified bybacteriological
examination of samples taken from the intestine, liver and lymph nodes. The morphological
characteristics of the isolated strains, observed on smears stained with methylene blue, revealed the
presence of Candida spp. In the case of Candida spp.,the samples for the histopathological examination
were collected from the brain, lungs and intestines.
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Figure 1. Intestine: Gross lesion,  Figure 2. Lung in acute disease:
enteritis, hyperemia Congestion and no other
significant lesions

3.6. Immunohistochemical / histopathological examination

Due to the fact that the histopathological lesions of the digestive tract resemble the lesions of
parvovirus, namely the necrosis of the glandular crypts (Figure 3), the immunohistochemical
examination was performed to exclude it. However, the results were negative, as they lacked brown
areas characteristic to the antigen-antibody reaction in the case of positive samples.

In the lung samples, after performing the histopathological examination, inclusions induced by
both intracytoplasmic viruses (eosinophils) and intranuclearviruses were observed (Figures 4 and 5).
Examination of the small intestine revealed nematodes of the genus Ascaris spp. Their presence
explains the evidence of eosinophils during the histopathological examination. Additionally, even if
no signs were reported, histopathological examinations of the brain were performed but the results
were negative. These characteristic lesions occur very rarely, but some adenoviruses may cause
inclusions.

Immunohistochemical analysis allowed the fixation of the primary antibodies coupled with
peroxidaseby the viral nucleocapsid. Subsequently, the antigen-antibody-peroxidase complexes were
visualized with the help of secondary antibodies and by adding 3,3'-diaminobenzidine, which reacts
with peroxidase and results in a dark brown granular color indicating the presence of viral antigens
in the cytoplasm of the cells. In the examined sections, browncolorwas observed and it was present
in the cytoplasm of the cells from the germinal centers of the medullary area (Figure 6). This aspect
is considered a confirmation of the CDV, and it represents a positive for the presence of viral antigens
in the cytoplasm of enterocytes.

The inclusions produced by morbilliviruses have been reported by some researchers in cats [3],
while in raccoons they have not been shown. Thus, to confirm the etiological diagnosis with certainty,
we utilized electron microscopy.

3.7. The electron-microscopic examination

Following this examination, ultrastructural aspects of enterocytes were highlighted: electron-
dense, enveloped agglomerations with spherical geometry, diameter of about 150 nm, characteristic
of morbilliviruses that replicate in the cytoplasm by attaching the virus to the host cell (Figure 7),
aspect also reported by Habermann et al. [14].
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Figure 3. Intestine: Necrsi/loss Figure 4. Intestine: Cyltopiasmic
of intestinal crypts. HE x 10 eosinophilic inclusion bodies.
HE x 10

Figure 5. Intestine: Cytoplasmic Figure 6. Intestine: Immuno-
eosinophilic and intranuclear positivity in mononuclear
inclusion bodies (IB). HE x 20 inflammatory cells. (IHC) x 10

Figure 7. Intestine. Ultrastructural appearance of an enterocyte, electron-dense agglomerations of
intracytoplasmic and intranuclear morbilliviruses. Negative staining, x 60000

Electron microscopic examination revealed viral particles characteristic of morbilliviruses in
lung samples.
4. Discussion

There is no special treatment to cure this disease, but there are ways to treat the symptoms.
Depending on the severity of the condition and how advanced the disease is, fluid infusions are
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recommended if the animal is dehydrated and a drug treatment is administered to control episodes
of vomiting and encephalitis. The response to the maintenance treatment and the treatment of CDV
disease differ, depending on the sizes of the animals, their health, their age and how advanced the
disease is. The best way to prevent the disease is to get them vaccinated with CDV vaccines at the
age of two months with a booster administered two weeks later. [14, 20, 21]. Although general
immunity to this disease is not described in the literature, it has played an important role in the onset
and evolution of the CDV infestation.

The clinical and lesion manifestations in CDV vary from respiratory to digestive, cutaneous and
nervous. The clinical signs found in raccoons were similar to those found in dogs [25], the animal
species that is most commonly affected by this disease, and included: digestion, vomiting, diarrhea,
hematemesis. Due to the fact that the death occurred after 2 and 3 days respectively, no clinical signs
of nervousness were reported, as these usually set in after approximately 14 days from the onset of
the disease [15].As othersreport[22], the disease due to CDV may range from subclinical to severe
and is sometimes fatal. Clinical signs may include fever, inappetence, coughing, ocular or nasal
discharge, difficult respiration, vomiting, diarrhea, lethargy, and/or neurologic abnormalities.
Neurologic disease may occur during the acute infection or may manifest in the weeks following
exposure. Clinical signs may also include muscle twitching, weakness, blindness or even seizures.
Infection of the tissues of the nasal planum and footpads may result in excessive or thickened tissue.
Puppies surviving CDV may have enamel defects of their permanent teeth.

Diagnostic testing for CDV in racoons can be performed by analyzing nasal swabs as well as
tissue samples by PCR, like in dogs. From our experience with the PCR analysis, an ideal sample
type varies based on clinical signs. The recommendation for PCR exam is made after observing the
following clinical signs: gastrointestinal signs (whole blood and/or feces), respiratory signs (nasal,
pharyngeal, or ocular swabs) or neurologic signs (whole blood, urine, and/or a conjunctival SWAB).

Lesions reported during the gross necropsy examination of raccoons included those observed
by other researchers in dogs with this disease, e.g. severe dehydration due to severe enteric
phenomena, pulmonary congestion, hemorrhagic enteritis [12].

Like in dogs, the presence of bacteria and fungi did not cause the death of the raccoons, because
the lesions present were not characteristic of such. The presence of bacteria and fungi was also
reported by Konjevi¢ et al. [16].The infection of lymphoid cells by CDV leads to immunosuppression,
the severity of which can lead to variability in the clinical disease with the potential of secondary
bacterial infection (for this reason the antibiotic treatment is used), up to and including the
development of neurological signs in its later stage [23]. Additionally, Ascaris nematodes have been
identified, an observationalso made by Kazacos et al. [17].

The histopathological lesions characteristic of CDV infection, namely intracytoplasmic and
intranuclear inclusions, corresponded to those mentioned by other researchers in racoons [13] as well
as in dogs [26].

The results obtained by using the IHC technique are similar to the results found in the literature
on the use of this method in the diagnosis of CDV [18,19], such as in dogs [26].

Clinical signs (characterized by severe diarrhea which led to severe dehydration, and eventual
death by hypovolemic shock), histopathological results (including immunohistochemical
observations) and electron microscopy images are comparable between a dog and a racoon. The
implications of the CD viruses in clinical signs, immunological response, body organs damage
(followed by death) are also comparable between dogs and racoons.

As stated in the literature, during the CDV evolution, immunity has played an important role in
triggering the disease and maintaining its severe evolution. Due to the high morbidity and mortality
rates and broad host range (domestic dogs and wildlife, in at least six orders and over 20 families of
mammals), understanding the epidemiology of CDV is important for its control in both, domestic
animals and wildlife [27]. From the epidemiological point a view, canine distemper cases in Timisoara
Zoo raccoons increase the risk of transmission to pets in the Timisoara area. Unvaccinated or
improperly vaccinated dogs between 3 and 6 months of age are at greatest risk of infection [28].
Through the reports in literature [27-30] and through the obtained results, the interspecific infection
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is clearly possible and the epidemiological risk of infection transmitted by racoons to domestic
animals, such as dogs, and cats is present.

5. Conclusions

Canine distemper virus generally affects dogs (Family: Canidae, Subspecies: Canis lupus
familiaris), but it can also be identified in other species such as raccoons(Family: Procyonidae,Genus
Procyon loto). Clinical signs (characterized by severe diarrhea which leads to severe dehydration and
eventual death caused by hypovolemic shock), histopathological results (including
immunohistochemical observations) and electron microscopy images are comparable between dogs
and racoons. The easiest and the highest accuracy method to diagnose CDV involves performing a
PCR assay on the harvested blood, nasal swabs or tissue samples.
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