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I n t r o d u c t i o n
Pododermatitis is a significant problem in farmed mink (Neovison 

vison) and may impact the welfare and reproductive success of these 
animals (1,2). It can appear as acute, severe ulceration on footpads 
with occasional further infection of nail beds (1) and also as more 
chronic hyperkeratotic purulent plantar dermatitis (Figure 1). The 
disease appears to become endemic in affected farms and often 
recurs during successive breeding seasons. The more acute form 

of pododermatitis, which is also reported in other countries (3), 
has historically been associated with feeding seal meat, primarily 
derived from east coast harp seal (Phoca groenlandica), to mink (1,2). 
Although a primary mechanical etiology associated with increasing 
weight of breeding animals can be suspected for the chronic form 
of the disease, no specific microbial pathogen has been identified to 
date in association with pododermatitis lesions.

Multiple bacterial pathogens have been isolated from footpad 
lesions, with Staphylococcus spp. being the most frequent (D. Bruce 
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A b s t r a c t
Pododermatitis is a disease of concern for mink breeders in Canada and worldwide, as it causes discomfort and lowers the 
breeding rates on farms affected by the disease. Unfortunately, the etiology and pathogenesis of pododermatitis are still unknown. 
In this study, we compared Staphylococcus spp. and Streptococcus canis isolates from healthy mink with isolates from animals 
with pododermatitis on 2 farms in Ontario. Almost all hemolytic Staphylococcus spp. isolated were shown to be Staphylococcus 
delphini Group A by 16S ribosomal ribonucleic acid (rRNA) sequence analysis and polymerase chain reaction (PCR). Pulsed-field 
gel electrophoresis (PFGE) did not reveal any S. delphini or S. canis clonal lineages specifically associated with pododermatitis, 
which suggests that these bacteria do not act as primary pathogens, but does not dismiss their potential roles as opportunistic 
pathogens. While S. delphini and S. canis were the most prevalent bacterial pathogens in mink pododermatitis, they were 
also present in samples from healthy mink. Arcanobacterium phocae is occasionally isolated from pododermatitis cases, but is 
difficult to recover with conventional culture methods due to its slow growth. A quantitative real-time PCR was developed for 
the detection of A. phocae and was tested on 138 samples of footpad tissues from 14 farms. The bacterium was detected only in 
pododermatitis-endemic farms in Canada and was at higher concentrations in tissues from infected footpads than in healthy 
tissues. This finding suggests that A. phocae is involved in the pathogenesis of pododermatitis.

R é s u m é
La pododermatite est une maladie qui préoccupe les éleveurs de visons au Canada et ailleurs dans le monde, étant donné qu’elle cause un 
inconfort et diminue les taux de reproduction dans les fermes où la maladie est retrouvée. Malheureusement, l’étiologie et la pathogénie de la 
pododermatite sont encore inconnues. Dans la présente étude nous avons comparé des isolats de Staphylococcus spp. et Streptococcus canis 
provenant de visons en santé à ceux provenant d’animaux avec pododermatite de deux fermes en Ontario. Presque tous les isolats hémolytiques 
de Staphylococcus spp. ont été identifiés comme étant des S. delphini Groupe A par analyse des séquences de l’ARN ribosomal (ARNr) 16S 
et par réaction d’amplification en chaîne par la polymérase (PCR). L’analyse par électrophorèse en gel à champs pulsés (PFGE) n’a pas permis 
de mettre en évidence pour S. delphini ou S. canis de lignées clonales associées spécifiquement à la pododermatite, ce qui suggère que ces 
bactéries n’agissent pas en tant qu’agents pathogènes primaires, mais ne diminue pas pour autant leur rôle potentiel comme agents pathogènes 
opportunistes. Malgré le fait que S. delphini et S. canis étaient les bactéries pathogènes les plus prévalentes dans les cas de pododermatite 
chez le vison, elles étaient également présentes dans des échantillons provenant de visons en santé. Arcanobacterium phocae est isolé 
occasionnellement de cas de pododermatite, mais il est difficile de l’isoler en utilisant des méthodes conventionnelles de culture étant donné sa 
croissance lente. Une épreuve PCR quantitative en temps réel fut développée pour la détection d’A. phocae et fut testée sur 138 échantillon 
de tissus des coussinets plantaires provenant de 14 fermes. La bactérie fut détectée seulement de fermes canadienne où la pododermatite était 
endémique et se retrouvait en plus grande concentrations dans les tissus de coussinets plantaires infectés comparativement à des tissus sains. 
Ces résultats suggèrent qu’A. phocae est impliqué dans la pathogénie de la pododermatite.

(Traduit par Docteur Serge Messier) 

Department of Pathobiology (Chalmers, McLean, Hunter, Boerlin), Animal Health Laboratory, Laboratory Services Division (Brash, Slavic), 
and Department of Population Medicine (Pearl), Ontario Veterinary College, University of Guelph, Guelph, Ontario N1G 2W1.
† Deceased.

Address all correspondence to Dr. Patrick Boerlin; telephone: (519) 824-4120, ext. 54647; fax: (519) 824-5930; e-mail: pboerlin@uoguelph.ca

Received April 11, 2014. Accepted May 30, 2014.



130 The Canadian Journal of Veterinary Research� 2000;64:0–00

Hunter, personal communication). Staphylococcal species are com-
monly associated with opportunistic infections of the skin. The most 
common species are Staphylococcus aureus, Staphylococcus intermedius, 
Staphylococcus pseudintermedius, and Staphylococcus delphini (4,5). The 
latter 3 coagulase-positive species make up the S. intermedius group 
(SIG) and are difficult to differentiate using phenotypic methods 
(6,7). In canine and feline infections, S. pseudintermedius is the most 
prevalent SIG species (4). Staphylococcus intermedius has been the 
most frequently identified species in cases of mink pododermatitis in 
Canada (4), but recent findings from Denmark suggest that S. delphini 
is indeed the major coagulase-positive species found in Mustelidae 
and mink in particular (8).

Much like the SIG, b-hemolytic Streptococcus spp. are normal resi-
dents of the skin, respiratory, genitourinary, and intestinal tracts of 
many animals, including dogs, horses, cats, and mink (9,10). They 
are also common opportunistic pathogens, causing a wide range of 
diseases, including mild to severe skin infections (9–11). Streptococcus 
canis is a common cause of infections in dogs and many other mam-
mals (12,13) and has been regularly isolated from cases of pododer-
matitis in Canadian mink (14). The role of S. canis in footpad lesions 
is presently not known, as it is a common member of the natural 
microflora of healthy animals. Arcanobacterium spp. are commonly 
isolated from infected wounds of animals and humans (15–18), but 
can also be found in specimens from healthy individuals.

Although it is recovered much less frequently than streptococci 
and staphylococci, Arcanobacterium phocae is occasionally isolated 
from pododermatitis lesions. Its relatively slow growth and pinpoint 
sized colonies suggest that A. phocae may be commonly overgrown 
by other bacteria in culture and thus overlooked as a potential 
pathogen in pododermatitis. Arcanobacterium phocae is closely related 
to the animal and human pathogens Arcanobacterium pyogenes 
[now Trueperella pyogenes (19)], and Arcanobacterium haemolyticum, 
respectively. This suggests that it may share similar pathogenic 
properties with these species (20). Interestingly, A. phocae was first 
isolated from harbor seals (Phoca vitulina) and grey seals (Halichoerus 
grypus) in 1997 (21). A subsequent study (22) suggested that in the 

past, A. phocae may have been frequently misidentified as Listeria 
ivanovii, and has been underreported. It may be more significant as 
a pathogen than previously thought.

The objectives of this study were to: i) identify the major staphy-
lococcal species from pododermatitis cases in Canadian mink using 
reliable molecular methods; ii) assess whether particular strains of 
Staphylococcus spp. and S. canis are associated with pododermatitis 
using pulsed-field gel electrophoresis (PFGE); and iii) develop and 
apply a quantitative real-time polymerase chain reaction (PCR) assay 
for the detection of A. phocae in order to compare tissues from feet of 
healthy mink and mink with pododermatitis lesions.

M a t e r i a l s  a n d  m e t h o d s

Bacterial isolates and growth conditions
Samples collected from 60 mink, both healthy and with macro-

scopic evidence of pododermatitis at postmortem examination, were 
received for diagnostic testing by the Animal Health Laboratory at 
the University of Guelph from 2 separate farms in Canada. Swabs 
were taken of the oral cavity, feet, and rectum and were used for 
bacterial culture and identification. When footpad lesions were 
observed, swabs were taken of these areas specifically. Hemolytic 
Staphylococcus spp. (n = 56), S. canis (n = 13), and A. phocae (n = 2) 
isolates were grown at 35°C with 5% carbon dioxide (CO2) on blood 
agar plates. No systematic search for and characterization of anaer-
obes was carried out during this study. An additional A. phocae from 
older frozen samples of mink footpads and a Trueperella pyogenes 
isolate from a clinical infection in cattle were obtained from the 
Animal Health Laboratory at the University of Guelph, Ontario. A 
fourth A. phocae isolate, a human clinical A. haemolyticum isolate, and 
the Trueperella bernardiae ATCC 51728 strain were obtained from the 
National Microbiology Laboratory in Winnipeg, Manitoba. No mink 
were sacrificed for the purpose of the study and only animals killed 
by the farmers for reasons independent of the study were used.

Bacterial species identification
Fifty-six hemolytic Staphylococcus spp. isolates were recovered 

from the mink samples through the Animal Health Laboratory, 
of which 36 were confirmed as coagulase-positive. A fragment 
covering 98% of the 16S ribosomal ribonucleic acid (rRNA) gene 
was amplified from these 36 isolates using primers BSF8-20 
(AGAGTTTGATCCTGGCTCAG) and 16S-1522R (AAGGAGGT 
GATCCARCCGCA), as described in a previous study (23). The 
resulting PCR products were sequenced and identified using nucleo-
tide BLAST (24). A previously described PCR for identification of 
Group A and B S. delphini was further carried out on these 36 iso-
lates, using the primers dea-R and dea-F, and deb-R4 and deb-F, 
respectively (25).

Streptococcus spp. and Arcanobacterium spp. were identified to the 
species level using standard culture techniques and MALDI-TOF 
analysis (Bruker Daltonics, Billerica, Massachusetts, USA). The 
identity of A. phocae was further confirmed using the 16S rRNA 
sequencing protocol previously described to eliminate the possibil-
ity of misidentification, especially in light of the recent discovery of 
Arcanobacterium canis (26).

Figure 1. Plantar hyperkeratotic and suppurative pododermatitis on the 
hind (left) and front feet (right) representative of lesions submitted by 
Canadian mink farmers for A. phocae PCR testing.
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Pulsed-field gel electrophoresis of S. delphini 
and S. canis

One isolate of S. delphini and S. canis was used per individual 
mink for further investigation (Table I). Four additional S. canis 
isolates from unrelated dogs were also compared to the original set 
of mink isolates. Staphylococcus delphini genomic deoxyribonucleic 
acid (DNA) was prepared for PFGE following standard protocols 
(27), with the addition of 4 U/mL lysostaphin (Cedarlane Labs, 
Burlington, Ontario) during bacterial lysis. Streptococcus canis DNA 
was prepared using the protocol described by DeWinter and Prescott 
(11). Genomic DNA from both species was digested with SmaI 
(New England BioLabs, Ipswich, Massachusetts, USA) before elec-
trophoresis in a 1.0% agarose gel, using a CHEF-III electrophoresis 
unit (Bio-Rad Laboratories, Hercules, California, USA) in 0.53 Tris-
borate-ethylenediamine tetra-acetic acid (EDTA) buffer containing 
200 mM thiourea (Fisher Scientific, Fair Lawn, New Jersey, USA). For 
S. delphini, gels were run at 14°C at 6V/cm with an angle of 120° and 
a linear ramping from 4 s to 10 s for 12 h, followed by 13 s to 20 s for 
6 h. For S. canis, gels were run under the same conditions, but with 
linear ramping from 1 s to 20 s over 16 h. Gel images were analyzed 
using BioNumerics software v5.1 (Applied Maths, Austin, Texas, 
USA). Band matching was done using a 0.5% position tolerance for 
S. delphini and 1.0% for S. canis, with 0% optimization, and cluster 
analysis was carried out using the Dice similarity coefficient and 
unweighted pair group method with arithmetic mean (UPGMA).

Real-time PCR design for the detection of  
A. phocae

Primers c (TTGTACACACCGCCCGTCA) and b (GGTACCTTA 
GATGTTTCAGTTC) were designed as a variation of the protocol 
described by Hassan et al (20) to amplify a 620  bp region of the 
16S-23S intergenic spacer region (ISR) of 1 A. phocae isolate. Primers 
specific to A. phocae (Aphocae_F; CAAAAAACCAAAGATGCTCGCG 
and Aphocae_R; TTTGTTWTTTKKGGGTGTGGCTG) were sub-
sequently designed to amplify a 250 bp internal fragment of the 
ISR region by comparing the sequences of these 620 bp products with 
sequences of the closely related species A. haemolyticum [GenBank: 
FN551181], T. pyogenes [GenBank: EU194563], and Trueperella bernardiae 
[GenBank: EU194562]. These primers were used in an amplification 
mix for real-time PCR (20 mL per reaction) consisting of 1X SYBR 
Green I Master (Roche Applied Science, Mannheim, Germany), 250 nM 

each primer, and 10 ng template DNA. To assess the specificity of the 
resulting real-time PCR protocol, genomic DNA was extracted from 
broth cultures of all 4 A. phocae isolates, as well as of E. coli ATCC 
25922, and of the A. haemolyticum and T. pyogenes isolates previously 
mentioned. The Agencourt Genfind v2 kit (Beckman Coulter, Beverly, 
Massachusetts, USA) was used for this purpose, following manufac-
turer’s instructions, with the addition of 3 mL of 150 U/mL achro-
mopeptidase enzyme (Sigma-Aldrich, St. Louis, Missouri, USA) for 
the lysis step. All samples were run in technical triplicate, including 
no template controls. Plates were run on a LightCycler 480 II (Roche 
Applied Science) with an initial cycle of 95°C for 10 min, followed 
by 45 cycles of 95°C for 15 s, 67°C for 15 s, and 72°C for 15 s. Melting 
peaks were determined by ramping at 0.2°C/s from 65°C to 99°C.

Ten-fold serial dilutions of broth cultures were used in order 
to determine the detection limit of the real-time PCR assay. Two 
A. phocae isolates, as well as A. haemolyticum and T. pyogenes iso-
lates, were used in a dilution range between ~1 3 109 and 1 colony-
forming unit (CFU)/mL. The 2 latter species were used as they had 
the highest ISR sequence identity with A. phocae. Genomic prepa-
rations were done for each bacterial serial dilution as previously 
described and 1 mL was used as template for real-time PCR.

Real-time PCR detection of A. phocae in footpad 
tissue samples

Additional mink feet were collected from 14 mink farms in central 
and eastern Canada for DNA extraction from footpad tissue. One 
hundred and thirty-eight feet were collected from 75 individual mink 
at time of pelting and from natural mortality during the summer/
fall season. No animals were sacrificed in order to collect footpad 
samples for this study. Feet were collected by the farmers. Each foot 
was identified and packed separately in a sealed plastic bag and 
shipped on ice to the laboratory by express courier. Whenever pos-
sible, only the rear feet were used in the study, as they are most fre-
quently affected by pododermatitis. Three farms with no history of 
the disease and 11 farms with ongoing occurrences of pododermatitis 
were sampled. From each of 9 of the 11 pododermatitis-associated 
farms, 3 animals showing no macroscopic lesions and 3 animals 
showing clear chronic pododermatitis lesions (Figure 1) were used. 
In the 2 remaining pododermatitis-associated farms, only feet with 
lesions could be obtained.

Twenty-five mg of healthy footpad tissue or tissue from podo-
dermatitis lesions from each foot was used to purify DNA using the 
QIAamp DNA Mini Kit (Qiagen, Valencia, California, USA) accord-
ing to the manufacturer’s instructions for tissue extraction and the 
DNA was eluted in a final volume of 200 mL AE buffer. Quantitative 
real-time PCR was carried out as previously described using 4 mL of 
template DNA. Each sample was run in technical triplicate. Using 
known concentrations of A. phocae DNA to create a standard curve 
between 10 ng/mL and 0.01 pg/mL, target DNA concentration in 
sample footpad tissues could then be calculated.

Statistical analysis
Stata/IC v13.0 software (StataCorp, College Station, Texas, USA) 

was used for statistical analysis of PCR results. A multi-level logistic 
regression model with random intercepts for animal and farm was 
used to assess the association between disease status (independent 

Table I. Number and source of S. delphini and S. canis isolates 
used for pulsed-field gel electrophoresis (PFGE) in this study

				    Number of
	 Number of	 Number 		  pododermatitis-
	 diseased	 of swabs 		  associated
	 mink/total	 (oral, footpad, 	 Bacterial	 isolates/total
Farm	 mink	 rectal)	 species	 isolates
A	   9/30	 39 (10,15,14)	 S. delphini	 5/15
			   S. canis	 5/5

B	 15/30	 46 (15,17,14)	 S. delphini	 1/6
			   S. canis	 2/8
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variable) on endemic farms and the detection of A. phocae (depen-
dent variable); samples for pododermatitis from non-endemic farms 
were not included in this analysis. Additionally, a multi-level linear 
regression model, fitted with restricted maximum likelihood and ran-
dom intercepts for animal and farm, was used to compare A. phocae 
concentration values in tissues from endemic and non-endemic 
farm-related mink. Disease status was again used as the independent 
variable. A log10 transformation was used on these values and 0.03 
was added to each original value to assure homogeneity of variance 
and to account for zero values in the transformation, respectively. 
Foot status (left versus right) was excluded from these analyses as 
it had no significant effect on the outcomes. Pearson residuals and 
standardized residuals were assessed graphically to identify outliers 
in the multi-level logistic and multi-level linear models, respectively. 
In the multi-level linear regression model, the standardized residu-
als and best linear unbiased predictors (BLUPS) were graphically 
assessed to determine whether they met the assumptions of homo-
geneity of variance and normality. In the multi-level logistic regres-
sion, only the BLUPS needed to be assessed for these distributional 
assumptions.

Re s u l t s

16S rRNA gene sequencing of Staphylococcus 
spp.

Thirty-two of the 36 coagulase-positive staphylococci isolates 
investigated had 16S rRNA gene sequences 99.85% identical to that 
of S. delphini ATCC 49171 and 99.70% identical to S. intermedius 
ATCC 29663T. All 32 isolates were shown to be Group A S. delphini 
by PCR. Of the remaining 4 isolates, 2 were identified as S. cohnii 
and 2 as S. schleiferi subsp. coagulans.

Pulsed-field gel electrophoresis of S. delphini 
and S. canis

Pulsed-field gel electrophoresis (PFGE) was carried out for a 
subset of 21 of the 32 S. delphini isolates (Table I). Each isolate 
had a unique SmaI banding pattern. No clustering was visible for 
pododermatitis-derived S. delphini or for those from healthy mink 
(Figure 2). In 4 instances, pairs of isolates that shared more than 80% 
pattern similarity were obtained from 1 sick and 1 healthy mink. In 
addition, no clear clustering by farm was visible (Figure 2).

Based on PFGE results, all but 3 of the 13 S. canis isolates shared 
greater than 77% pattern similarity (Figure 3). Seven of the 13 iso-
lates shared more than 83% pattern similarity and 3 isolates from 
individual infected mink on the same farm had identical PFGE 
patterns. The same result was observed on the second farm for 
3 isolates from infected individuals. Although the canine isolates had 
unique PFGE patterns, they were closely related to those from mink 
(Figure  3). The 2 most closely related isolates from dogs showed 
80% and 73% pattern similarity to S. canis isolates from mink. No 
clear-cut clustering of isolates by animal species, i.e., mink or dog, 
or by farm was visible.

A. phocae intergenic spacer and real-time PCR 
for detecting A. phocae

The 620 bp ISR fragment from the A. phocae isolate from a mink 
with pododermatitis showed 98.8% identity with the published 
A. phocae ISR sequence (20). The next most closely related species 
was A. haemolyticum with only 82.9% identity.

Real-time PCR resulted in a product with a unique melting peak 
for A. phocae. Using 10 ng of purified genomic DNA, the 4 isolates 
of A. phocae were detected with crossing points (Cp) between 12.9 
and 14.8 cycles. No PCR amplification signal was detectable for 
T. bernardiae or Escherichia coli. Non-specific signals were detected 
for A. haemolyticum and T. pyogenes only after Cp 32.4. Melting peak 
temperatures were also clearly distinct, with A. phocae at 84.5°C, 
A. haemolyticum at 85.5°C, and T. pyogenes at 91.3°C.

Figure 2. Pulsed-field gel electrophoresis (PFGE)-based dendrogram of 
21 SmaI digested S. delphini genomic DNA from healthy and diseased 
mink from 2 unrelated farms in Canada. Scale bar represents percent 
similarity based on Dice coefficients and UPGMA clustering. Asterisk (*) 
indicates 2 isolates taken from the same individual mink.

Figure 3. Pulsed-field gel electrophoresis (PFGE)-based dendrogram of 
13 SmaI digested S. canis genomic DNA from healthy and diseased mink 
from 2 unrelated farms in Canada and clinical infections in 4 unrelated 
dogs. Scale bar represents percent similarity based on Dice coefficients 
and UPGMA clustering.
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The detection limit for the real-time PCR was of ~5 CFUs/mL 
of broth culture for A. phocae and non-specific DNA amplification 
ceased completely below concentrations of 2.6 3 106 CFU/mL for 
A. haemolyticum and below 2.4 3 107 CFU/mL for T. pyogenes.

Detection of A. phocae in tissue samples
Figure 1 shows a pododermatitis representative of most lesions 

observed in the current study. Real-time PCR was run for 45 cycles 
and the average concentration was determined using Cp from each 
footpad sample based on technical triplicate results. No amplification 
was observed in any healthy control farm samples (n = 0/24). Of the 
footpads collected from endemic farms, 39% (n = 21/54) of healthy 
tissues and 62% (n = 37/60) of diseased tissues tested positive for 
A. phocae. The average concentrations from endemic farm samples 
were 11.9 pg/mg tissue (median = 0.00) from healthy tissues and 
340.2 pg/mg (median = 1.34) from diseased tissues.

Association between disease status and the 
detection/concentration of A. phocae

Logistic regression analysis (Table IIa) showed that the odds of 
detecting A. phocae on endemic farms was significantly higher among 
foot samples with lesions than in samples without lesions, with 
most of the variance among farms being explained at the farm-level.

Multi-level linear regression analysis (Table IIb) showed that the 
concentration of A. phocae was not significantly different between 

samples without lesions from endemic and non-endemic farms. The 
concentration of this bacterium was greater in samples from animals 
with lesions, however, than in samples from animals without lesions. 
The greatest proportion of the variance was again explained at the 
farm-level. Based on visual inspection of the residuals and BLUPS, 
both multi-level models fit the data.

D i s c u s s i o n
Although it was previously believed that most of the coagulase-

positive staphylococcal isolates from mink pododermatitis are 
S. intermedius, 16S rRNA gene sequencing and PCR typing showed 
that Group A S. delphini is the major coagulase-positive staphylo-
coccal species found in footpad lesions from mink in Canada. The 
S. intermedius group (SIG) bacteria can be difficult to identify and 
have been widely misidentified in the past (28,29). Our results cor-
relate with recent reports of S. delphini in mink from other countries 
and confirm its strong association with this Mustelidae species on a 
broader geographical basis (8).

In many bacterial species, specific clones are associated with dis-
ease (30) and we hypothesized that particular S. canis and S. delphini 
strains may be associated with the development of pododermatitis 
in mink. Our results demonstrated a high diversity in PFGE patterns 
for S. delphini from both healthy and diseased mink. Isolates from 
lesions did not show any signs of clustering, however, and therefore 

Table IIa. Results of a multi-level logistic regression model used to 
evaluate the association between disease status on endemic farms and 
the detection of A. phocae using a multi-level mixed-effects logistic 
regression model

Variable	 OR	 95% CI	 P-value
Health status
  Healthy-endemic	 Referent
  Pododermatitis	 7.15	 1.34 to 38.03	 0.021

Variance component	 Variancea (95% CI)		  VPC
Farm-level	 6.22 (1.28 to 30.10)		  52.1%
Animal-level	 2.43 (0.32 to 18.20)		  20.3%
a	Total variance = 11.9 using latent-variable technique for sample-level variance, 
i.e., π2/3 = 3.29).
OR — odds ratio; CI — confidence interval; VPC — Variance partition coefficient.

Table IIb. Results of the multi-level mixed-effects linear regression model 
used to compare A. phocae concentration values in tissues from mink 
with and without pododermatitis

Variable	 10ba	 95% CI	 P-value
Health status
  Healthy-endemic	 7.76	 0.43 to 144.54	 0.167
  Pododermatitis	 35.5	 2.00 to 645.65	 0.015

Variance component	 Variance (95% CI)		  VPC
Farm-level	 0.77 (0.29 to 2.06)		  41.9%
Animal-level	 0.43 (0.21 to 0.88)		  23.4%
Residual	 0.64 (0.45 to 0.91)		  35.7%
a	Back-transformation (from log10) for each coefficient.
CI — confidence interval; VPC — Variance partition coefficient.
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did not support the hypothesis that a distinct S. delphini clonal lin-
eage is associated with pododermatitis. Staphylococcus delphini was 
originally isolated from skin lesions of sea mammals (31), which 
supports the suspected association of pododermatitis with feeding 
seal meat to mink, although there are no reports available in the 
literature on its isolation from seals specifically. Our PFGE results 
also showed that no specific S. canis clonal lineage could be associ-
ated with pododermatitis, and in some cases, isolates from healthy 
mink footpads and from pododermatitis lesions had indistinguish-
able banding patterns. Thus, our results provide no evidence to 
support the hypothesis that specific S. delphini or S. canis clones are 
associated with pododermatitis in mink. In an attempt to further 
investigate the relationships between S. canis from mink and dogs, 
a few isolates from canine samples were also subjected to PFGE. 
Two of these isolates were genetically closely related to those from 
mink and no clear clustering of either mink or canine isolates was 
apparent. Despite the small number of isolates tested, our results 
therefore strongly suggest that no specific lineages of S. canis have 
adapted to either species.

Although other bacteria are recovered far more frequently from 
mink, A. phocae may appear to play a role in pododermatitis. As 
A. phocae grows much slower than other bacteria and forms very 
small colonies, it is likely often missed or overgrown by other 
bacteria during routine culture from tissue samples/swabs contain-
ing mixed bacterial populations such as is the case with mink feet 
samples. Thus, it may be present in more pododermatitis lesions 
than traditional bacterial culture methods would indicate. The 
development of a real-time PCR assay for detecting A. phocae allows 
detection of the bacterium directly from tissue samples without 
the interference caused by other bacterial species. By comparing 
tissue samples from pododermatitis-free and endemic farms, we 
have observed a clear gradient in the occurrence of A. phocae: the 
bacterium was only detected in samples from endemic farms, with 
significantly larger amounts found in diseased tissues than in tis-
sues from mink showing no macroscopic signs of pododermatitis. 
Most importantly, the observation that A. phocae was never found 
in farms with no previous history of the disease suggests a clear 
association between the bacterium and the potential for develop-
ment of pododermatitis. These findings demonstrate that, although 
A. phocae could not be detected in every case of pododermatitis, it is 
strongly associated with the lesions and farms where the problem 
occurs. The distribution of the variance components from the multi-
level models also strongly suggests that farm-level interventions 
would have the greatest impact on the prevalence/concentration of 
this bacterium. Thus, A. phocae may play a role as an opportunistic 
pathogen in mink pododermatitis and further investigations on this 
organism are warranted.

In conclusion, the present study confirmed that, contrary to pre-
vious reports, Group A S. delphini is the major coagulase-positive 
staphylococcus species found in pododermatitis lesions from mink 
and that no specific restricted clone of this species or of S. canis is 
associated with this disease. In addition, our results demonstrated a 
significant association of A. phocae with pododermatitis and corrobo-
rated the previously described link between feeding seal meat and 
the emergence of pododermatitis in mink. This raises the hypothesis 
that temporary changes in feeding practices may have introduced a 

new pathogen in farmed mink, which has persisted after the practice 
was discontinued. Finally, a new quantitative PCR was developed 
during this study that will form a solid basis for further epidemio-
logical investigations on the role of A. phocae in mink.
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