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Abstract

This study reports outbreak of a new disease caused by Staphylococcus Pseudintermedius in Raccoon dogs. The disease
occurred in a breeding farm of raccoon dogs in Guan County of Shandong Province in China in August of 2019. 47% (425/896)
of raccoon dogs showed the abnormal symptoms; 17.6% (75/425) of them had sever skin and soft tissue infections(SSTIs),
dyspnea and sever pathological lesions in lungs, hearts, livers, kidneys, etc; 4.2% (18/425) were dead in 4 weeks. The pathogen
of the disease was identified as Staphylococcus pseudintermedius by mass spectrometer detection, microscopic examination and
biochemical reaction test. Its nucleotide homology of 16SrDNA was 100% with thats of other published strains and its genotype
was between American strain and Brazilian strain from other animal species. The isolated Staphylococcus pseudointermediate
strain from the diseased raccoon dogs could cause ulceration and suppuration in the skins and sever pathological lesions in some
organs of the infected mice, and it is confirmed as a methicillin-resistant Staphylococcus pseudintermedius (MRSP) strain by
the amplification of mecA gene; and 12 sensitive drugs were screened by drug sensitivity test. Full attention should be paid to
the great economic loss and the potential zoonotic risk caused by the Staphylococcus pseudintermedius in raccoon dogs, and

this study can provide a reference for the clinical diagnosis and treatment of this new disease.
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Introduction

Staphylococcus pseudintermedius (S. pseudintermedius) is a gram-positive and facultative anaerobic condi-
tional pathogen and survives in the skin or mucosa of dogs as a common symbiotic bacterial (Bannoehr and
Guardabassi, 2012). Due to the decline of the dog’s resistance, it can cause severe inflammation, dysfunc-
tions, ulcer in some organs such as skin, external otitis, urinary tract, etc(Windahl et al., 2012; Somayaji et
al, 2016). Before 2005, the classification ofS. pseudintermedius had been confused and any non-pigmented
hemolytic coagulase positive staphylococci isolated from dogs was often referred to as S. intermedius (Sasaki
et al.; 2007). In 2005, it was finally defined as S. pseudintermedius by phenotypic characterization and
molecular reclassification (Devriese et al., 2005). In the past decade, most cases caused by it occurred in
companion dogs (Bannoehr and Guardabassi, 2012; Moodley et al., 2014), and a few in other animals (Iwata
et al., 2018), even in human (Van Hoovels et al., 2006; Somayaji et al., 2016a), but few in raccoon dogs.

Raccoon dog is a wild canine animal, and is widely raised as a valuable fur animal all over the world (Ahola et
al. 2007). About 20 million raccoon dogs are sold in every year and 29.9% of them are from (Li et al., 2018).
Of course, some famous raccoon dog species such as Local Wusuli raccoon dogs and Red raccoons have been
developed in this area and bring remarkable economic benefit to the local farmers(Sun et al., 2012; Ma et al.,
2018b). However, with the expansion of breeding scale, diseases caused by pathogenic microbes have become
an important potent risk for raccoon dog development and some new diseases accidently occurred (Shao et
al., 2014; Feng et al., 2014; Xu et al., 2016; Yu et al, 2018; Nie et al., 2019). This study focuses a new
outbreak disease caused by Staphylococcus pseudintermedius in raccoon dogs and can help for its diagnosis,
treatment and prevention in clinics.

Materials and methods
Cases resource, samples collection, experimental mice

The disease occurred in a breeding farm with about 890 raccoon dogs in Guan County of Shandong Province
in August, 2019; and about half of the raccoon dogs were abnormal and several decades of them showed un-
stable standing, dyspnea, sever swelling in some joints; and a few died for that. Some important information
on this disease was recorded. Three raccoon dogs with typical symptom were carefully examined and some
tissues samples were collected to be used for identifying the pathogens of this disease.

The special pathogenic free (SPF) BALb/c mice were purchased for artificial-infection-test from Experimental
Animal Center of Shandong , of .

Mass spectrometer detection

Three diseased raccoon dogs’ tissues including lung, heart, liver, kidney, pus and lymph node were collected
aseptically. Fach tissue sample was inoculated into TSA culture medium and cultured for 18-24h at 37.
The single colony was picked up to smear on the MALDI target plate and detected using a automatic
rapid biomass spectrum detection system (IVD MALDI Biotyper, Bruker Daltonic Inc, U.S.A.) according
to the instructions, and then the detected results of the samples were compared with the microbial protein
fingerprint in the database and the pathogenic microbes were statistically analyzed.

Bacterial staining and microscopic examination

According to previously published methods (Devriese et al., 2005; Song et al, 2020), the pathogenic bacterial
was cultured in glass dishes with solid medium and the single colony was inoculated aseptically into the
clean glass slides, evenly smeared and fixed, then stained with Gram staining reagents, and examined under
a microscope for describing the morphological characteristics of the pathogenic bacterial.



Biochemical reaction test

According to previously published methods (Devriese et al., 2005; Sasaki et al., 2007), the isolated pathogenic
bacterial was inoculated into many micro-biochemical reaction tubes with the culture medium of sucrose,
urea, arginine dihydrolase, xylose, lactose, mannose, wood alcohol, maltose, trehalose, mannitol, N-acetyl
glucosamine, nitrate, VP-MR, fructose, melibiose, sorbitol, respectively, and then cultured at 37 for 24-36h.
The results of these reactions were recorded and comparatively analyzed with the clinical microbiological
diagnosis map for determining the genus of bacteria.

Amplification of 16S5rDNA and mecA genes

According to the instruction of DNA extraction kit, the genomic DNA of the isolated bacterial strain was
extracted. The primers (Forward:5-AGAGTTTGATCCTGGCTCAG-3’, Reverse:5-GGTTACCTT GT-
TACGACTT -3’) and the conditions (95 C for 1 min; 30 cycles of 95 C for 30s, 55 C for 30 s and 72 C for 90s
followed by 1 cycle of 72 C for 10 min) were used for amplifying 16SrDNA gene with the size of 1465 bp; the
primers (forward:5’-GTAGAAATGACTGAACGTCCGATAA-3’; Reverse :5-CCAATTCCACATTGTTTCGGT
CTAA-3’) and the conditions (95 C for 1 min; 30 cycles of 95 C for 30s, 55 C for 30 s and 72 C for 90s,
followed by 1 cycle of 72 C for 10 min) were used for amplifying mecA gene with the size of 310 bp. The
PCR products were observed by 1% agarose gel electrophoresis, and then were sequenced by Beijing Liuhe
Huada Genome Technology Co., Ltd.

The 165rDNA sequence of the isolated bacterial strain was compared with that of the published other strains
in GenBank of NCBI, and its homology and phylogenetic tree were analyzed using DNA Star MEGAT
software.

Pathogenicity caused by the isolated pathogenic bacterial in mice

The isolated pathogenic bacterial strain was inoculated into TSB medium and cultured until the logarithmic
growth phase at 37 . The colony-forming units (CFU) of the bacterial was calculated by 10-fold dilution
according to the published method (Savini et al., 2013; Ma et al., 2018a). Six BALb/c mice from S1 to
S6 were intraperitoneally inoculated with 1x10° CFU/mL of bacterial solution, each of which was 0.2mL.
Control mice from C1 to C2 were intraperitoneally inoculated with sterilized TSB medium, each with 0.2
mL. After inoculation, the mice were observed for describing their clinical symptoms for two weeks and then
were dissected for assessing the pathological lesions in some internal organs. Finally, the pathogenic bacterial
in the inoculated mice was isolated and identified according to the previous referred methods.

Drug sensitivity test

According to the Kirby-Bauer disk method designated by Clinical and Laboratory Standards Institute (CL-
SI), 24 antimicrobial agents were used for drug sensitivity test. The specific operations were as follows:
the isolated bacterial strains were picked up and cultured in TSB medium at 37 for 18h-20h. The 0.2 mL
bacteria suspension was taken on TSA medium and smeared evenly with a coating rod. After standing for
a few minutes, the drug sensitive tablets were spread equidistantly on the surface of the plate with sterile
tweezers and cultured at 37 for 24h. The diameter of bacteriostatic zone was measured and its sensitivity
was determined according to CLSI standard.

Data statistical analysis

The data are represented as the mean +- standard deviation (?X +-SD). The inter-group differences were
analyzed using ANOVA software followed by Student-Newman-Keuls tests of multiple comparisons. P <0.05
was considered statistically significant.

Results
The morbidity sketch, clinic symptom and pathological lesions

According to the statement of the raccoon dogs’ owners and the scene investigation, the clinic features of the
diseased raccoon dogs are described as following: the first case occurred 4 weeks before; in a recent month,



47% (425/896) of raccoon dogs showed some abnormal symptoms, and 17.6% (75/425) among the abnormal
ones were too severe to stand or walk, and 4.2% (18/425) were dead. The disease in young raccoon dogs was
earlier that that in adult ones, there were no difference between the male and the female.

The symptoms in the early stage: depression, slow responses, loss of appetite, significant reduction of food
intake, increase of body temperature by 0.5 ~ 1.0, disordered coat, curling, and mucus secretion in the nasal
cavity.

The symptoms in the typical clinic stage: the disease in most raccoon dogs was characterized by the symptoms
such as suppuration of skin or/and joints and severe respiratory dysfunction. The suppurative focus mainly
occurred in the limb joints, skins, neck, shoulder, groin, etc; sometimes pustule burst with yellow-white pus,
blood and tissue fluid. The respiratory dysfunction showed cough, sneezing, asthma, shortness of breath,
cyanosis of visible mucosa, sticky secretion in the nasal cavity, severe purulent nasal juice, dyspnea and
abdominal breathing in most sick raccoon dogs.

The symptoms in the later stage: weak physique, emaciation, unstable standing, multiple organs failure,
death.

Pathological autopsy: The diseased raccoon dogs in the typical clinic stage were dissected and the lesions
were as following: swollen with ulceration (Fig.1A) and yellow-white pus (Fig.1B) in the tarsal joint of
the hind limb; some or diffuse hemorrhagic spots or plaques on the surface of the bladder (Fig.1C); lots of
effusion fluid in pleural, many hemorrhagic spots in diaphragm (Fig.1D); lots of mucous secretions in the
larynx and trachea, and many hemorrhagic spots, hyperemia, white inflammatory exudation in the lungs
(Fig.1E); needle-like hemorrhagic spots in the epicardium and no pericardial effusion in the pericardium
(Fig.1F); hepatomegaly, lobulation, partial yellowing, gallbladder filling (Fig.1G); clear hemorrhagic spots in
the kidney, whitening of renal capsule (Fig.1H); splenomegaly, catarrhal inflammation in intestinal mucosa;
congestion and hemorrhagic spots in jejunal mucosa; many bleeding spots in the initial segment of ileum;
many bleeding spots in some intestinal lymph nodes.

Based on the above clinic symptoms, the disease in raccoon dogs was suspected to be Staphylococcus infection.
The pathogen of the disease was identified as S. pseudintermedius by mass spectrometery

To obtain the pathogenic microbes, the samples from six tissues of the diseased raccoon dogs were inoculated
onto the specific TSA medium in Petri Dishes and the cultured bacterial strains were detected using a mass
spectrometer. The results in Table 1 showed that 8 species of bacteria were identified from the pus samples
of the suppurative focuses, 5 species from Lymph nodes, 4 species from the lungs and liver, 2 species from
the kidney. Among these isolated bacteria strains, two strains including staphylococcus pseudintermedius
(S. pseudintermedius) and enterococcus faecalis (E.F) were common and the isolated positive ratios of S.
pseudintermedius in all the tissues were the highest except in pus. So it was deduced that the pathogen of
the disease in raccoon dogs might be S. pseudintermedius .

The isolated bacterial strain was a Gram-positivestaphylococcus

To obtain morphological and staining characteristics of the pathogen, the isolated strain grew into a small
colony with a diameter of 172 mm and showed the specific morphological character with light gray, moist,
round, uplifted, smooth and neat edge (Fig. 2A).

Then the single colony was stained with Gram’s staining reagent and examined by a microscope. The colony
is positive to Gram’s staining and showed the morphological character with cocci, single or double clusters,
or short-chain and long-chain arrangement under oil microscope (Fig. 2B). These results indicate that the
pathogenic bacterial belongs to Staphylococcus.

Staphylococcus pseudintermedius confirmed by biochemical test

To determine the subgroup of the isolated staphylococcus , its biochemical reactions to 16 designated reagents
were tested. The results in Table 2 showed that the designated reagents including sucrose, urea, arginine di-



hydrolase, xylose, lactose, mannose, maltose, trehalose, N-acetylglucosamine and fructose are positive to the
isolated strain, but negative for wood alcohol, mannitol, nitrate, VP-MR, melibiose and sorbitol. Especially,
the positive responses to maltose, trehalose and mannitol in Fig.3 can confirm that the isolated pathogenic
bacterial isStaphylococcus pseudintermedius , but not Staphylococcus intermedia and Staphylococcus delphini

Genotype of the isolated S. pseudintermedius determined by 16SrDNA sequence analysis

To determine the genotype of the isolated S. pseudintermedius , 16STDNA gene was amplified from the strain
samples and its homology and phylogenetic tree were analyzed using DNA Star software. The results in Fig.4
showed that 16STDNA gene with the size of 1465 bp was successfully amplified, and its nucleotide homology
with that of other nine published strains was 100% (Fig.5); and 16SrDNA gene of the isolated strain was
named as Sp-SDAU . The phylogenetic analysis showed thatSp-SDAU strain was between American strain
(GenBank:FJ536213) and Brazilian strain (GenBank:KX242544) from other animals (Fig. 6).

Pathogenicity of the isolated S. pseudintermedius in mice

To assess the pathogenicity of the isolated S. pseudintermedius,6 mice were artificially inoculated using the
purified bacterial. After 14 days post inoculation (dpi), the symptoms such as lethargy, depression, loss of
appetite, closing eyes, fear of cold, drowsiness, crouching in cages, fur wrinkles occurred in all the six mice; in
five of six mice, the obvious ulceration and suppuration appeared in the abdominal skins or hind limb (Fig.
7); but none of six mice was dead in two weeks. After anatomy, swelling and bleeding in varying degrees
occurred in the lungs, hearts, livers, kidneys; even hemorrhage and necrosis did in some mice (Fig. 8),
which were consistent with those of the diseased raccoon dogs. Correspondingly, the pathogen was isolated
from the ulcerative skin and lungs of the infected mice, and was identified as S. pseudintermedius . It was
confirmed that the isolated S.pseudointermediate from the diseased raccoon dogs can cause sever lesions in
mice.

Amplification of mecA gene and screening of sensitive drugs

To analyze the resistance of the isolated bacteria and screen the sensitive drugs against it, the resistant mecA
gene was amplified and drug-sensitivity test was conducted. The results in Fig.9 showed that the mecA gene
with the size of 310bp could be detected from the isolated strains using PCR, which suggests that the
isolated strain is methicillin-resistant. The results in Table 3 showed that the isolated S.pseudintermedius
strain is sensitive to twelve drugs including enrofloxacin, ofloxacin, neomycin, chloramphenicol, meropenem,
and amikacin, ciprofloxacin, polymyxin B, streptomycin, cephalothin, florfenicol, erythromycin; but resistant
to nine drugs including kanamycin, gentamicin, lincomycin, compound sulfamethoxazole, sulfamethoxazole,
tetracycline, aztreonam, penicillin G and vancomycin; especially, completely resistance to lincomycin, com-
pound sulfamethoxazole and aztreonam.

Discussions

S. pseudintermedius is a novel Staphylococcus specieidentified in the last decade (Devriese et al., 2005) and
this organism has been commonly associated with skin and soft tissue infections (SSTIs) in pet dogs (Chuang
et al., 2010; Savini et al., 2013; Stegmann et al., 2010), but few raccoon dogs cases have been described. As
an important fur animal, raccoon dog is being widely raised in China and its SSTIs and zoonotic diseases
caused by the pathogens are of particular concern (Wang et al., 2014; Xu et al., 2016; Wioletta and Maria,
2018). In this study, about 47% (425/896) of raccoon dogs were infected by S. pseudintermedius and 17.6%
of them had sever SSTIs and 4.2% of them were dead in 4 weeks. This is a new threaten to raccoon dogs!

In this study, the clinical symptoms of the raccoon dogs were described according to the characteristics
of the disease at different stages and the symptom including suppuration of skin or/and joints and severe
respiratory dysfunction was recommended to be used as one of important basises of clinical diagnosis for
S. pseudintermedius infection in raccoon dogs. In addition, the pathological lesions in many organs of the
diseased raccoon dogs were also examined and described, which greatly enriches the clinical data of the
disease.



It is very difficult to determine the pathogens of the disease in clinic, because SSTIs and respiratory dys-
function can be caused by many pathogens, especially staphylococcus (Rashid and Kravitz, 2015). In the
past, this disease in pet dogs had been misdiagnosed as S. intermedius and other bacteria infection (Sasaki
et al., 2007; Bannoehr et al., 2007; B6Rjesson et al., 2015). The mass spectrometer detection has been
recommended as an effective method for diagnosing it (Silva et al., 2015; Somayaji et al., 2016; Wang et al.,
2017). According to the results in this study, this method can indeed do that from all the tissues samples,
but it is noteworthy that there are 8 species of bacteria identified from the pus tissue on the skin, and some
of them might severely interfere the correct judgment on the pathogens; whereas, much less in the visceral
organs such as lung and kidney. Therefore, it is better to aseptically collect samples from deep tissues for
detecting the pathogens using mass spectrometry.

Usually, three species of S. intermedius group (SIG) including S. pseudintermedius , S. intermedia and S.
delphini can effect the judgment for the pathogens of SSTIs (Fitzgerald, 2009). To distinguish them, some
biochemical reactions to some designated reagents should be tested. According to the previous reports, S.
pseudintermedius is positive to maltose and trehalose, but negative to mannitol; S. intermedia is positive to
trehalose and mannitol, but negative to maltose; S. delphini is positive to maltose and mannitol, but negative
to trehalose (Bannoehr and Guardabassi, 2012; Sasaki et al., 2007; Devriese et al., 2005). The results of
biochemical reactions of the isolated pathogen in this study were exactly the same as previously reported,
so we deduced that the isolated pathogen should be S. pseudintermedius. This can supply a reference for
distinguishing S. pseudintermedius infection without mass spectrometer in veterinary clinics.

In some previous reports, S. pseudintermedius has been concerned as a potential zoonotic pathogen (Stegmann
et al., 2010; Somayaji et al. 2016b). To evaluate the pathogenicity of the isolated S. pseudintermedius from
raccoon dogs on other animals, the mice were inoculated with 1.8x10° CFU of S. pseudintermedius and most
of them developed skin abscess, ulcer, dyspnea, and sever pathological lesions in some important organs in
14 dpi, which were almost identical with those of the diseased raccoon dogs. The results suggest that the
isolated S. pseudintermediuscan not only cause sever lesions in raccoon dogs, but also in mice. Although S.
pseudintermediu has been previously reported as a zoonotic pathogen, yet its pathogenicity on cross-species
is rarely evaluated. This study can supply some important data for that.

Some studies suggest that S. pseudintermedius can be divided into methicillin-sensitive S. pseudintermedius
(MSSP) and methicillin-resistant S. pseudintermedius (MRSP) (Ruscher et al., 2010; van Duijkeren et al.,
2011). Methicillin resistance is mediated by the mecA gene. The mecA gene is located in the mobile genetic
element SCCmec , which encodes the penicillin binding protein (PBP) and has a low affinity for 3-lactam
antibiotics (Chambers et al., 1997; Bannoehr and Guardabassi, 2012; Ane et al, 2012) When the bacteria
were confirmed to contain mecA gene by PCR method, it showed that the bacteria were methicillin-resistant
(Chambers, 1997). In recent years, the incidence of MRSP has been increasing, which has brought more and
more challenges to clinical treatment against it (Moodley et al., 2014; Mccarthy et al., 2015; Richards et al.,
2018). In this study, the resistant gene of mecA was amplified from the isolated strain, which indicates that
it is a MRSP strain, like previous reported other strains.

Interestingly, how many antibiotics are sensitive or resistant to it? The results of drug sensitivity test showed
that the strain was highly sensitive to 12 antibiotics and most of them were quinolones and aminoglycosides,
and a few of them were chloramphenicol, macrolides and polypeptides, these indicate that the isolated strain
has not develop serious multi-drug resistance like the global epidemic MRSP strains, although it belonged to
MRSP. In addition, according to the results of drug sensitivity test, the diseased raccoon dogs were treated
with some of sensitivity drugs such as quinolones and most of them completely recovered in two weeks, this
greatly helps the treatment of this disease in clinical practice.

Conclusions

This study reports a new disease caused by Staphylococcus pseudintermedius in raccoon dogs and describes
its clinical symptoms and pathological lesions in many internal organs; the pathogen of this disease was
identified by many methods and belongs to MRRP strain; the isolated S. pseudintermedius strain from



raccoon dogs can cause severe SSTIs and pathological lesions in the infected mice. This is a first report on
the disease in raccoon dogs.
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