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Brief Communication 

Association Between Production of Fibrinolysin 
and Virulence of Staphylococcus hyicus in Relation to 
Exudative Epidermitis in Pigs 

Staphylococcus hyicus is the causative agent of 
exudative epidermitis (EE) in pigs, character
ized by a generalized infection of the skin with 
greasy exudation and exfoliation (L'Ecuyer 
1966). S. hyicus is a natural part of the skin flora 
of healthy pigs worldwide (Wegener 1992), and 
several different strains may simultaneously 
colonize the same pig (Wegener 1993a). Both 
virulent and avirulent strains can be present si
multaneously on diseased piglets (Wegener et 
al. 1993), and virulent strains can be isolated 
from healthy carriers (Devriese 1977, Park & 
Kang 1988). The pathogenesis of EE has only 
been studied in a limited number of studies, but 
EE most likely occurs as a consequence of skin 
trauma that exposes the dermis and facilitates 
establishment of virulent strains. The exact 
mechanism of infection is not known, but a 
number of potential virulence factors including 
capsule production, protein A, coagulase and 
catalase production has been suggested as po
tential virulence factors in the initial pathogen
esis of EE (Wegener 1990). Amtsberg (1979) 
showed that virulent strains of S. hyicus pro
duced an exotoxin that resulted in the separa
tion of cells in the epidermis which caused ex
foliative lesions. The endotoxin has recently 
been found to be a protein of approximately 30 
kDa (Andresen et al. 1993, 1997). 
A large number of different virulence factors 
has been described in different staphylococcal 
species, especially Staphylococcus aureus. One 

of these is fibrinolysin or staphylokinase. 
Staphylokinase is a protein produced by many 
S. aureus and S. hyicus strains (Devriese et al. 
1978, Devriese & Kerckhove 1980) that binds 
to plasminogen and converts it into plasmin that 
dissolves proteins and fibrinogen. The potential 
rple of fibrinolysin in pathogenesis of bacterial 
infections is not known, but it has been specu
lated that it might help the bacteria in obtaining 
amino acids and in colonization by dissolving 
fibrinogen and other proteins. Production of fib
rinolysin has previously been described in S. 
hyicus from pigs in different countries in Eu
rope (Devriese et al. 1978). This study de
scribes the occurrence of fibrinolysin produc
tion among virulent and avirulent isolates of S. 
hyicus as well as a collection of isolates of un
known virulence from healthy and diseased 
pigs in Denmark. 
Nine virulent and 9 avirulent isolates of S. hyi
cus characterized for virulence by infection 
studies (Wegener et al. 1993) were examined 
for production of fibrinolysin. Furthermore, 
one hundred S. hyicus strains of unknown viru
lence from clinical lesions (n = 72) and healthy 
pigs (n = 28) from 100 different herds in Den
mark were investigated. These strains belonged 
to a large number of different geno- and pheno
types (Wegener 1992). All strains were tested 
for production of fibrinolysin using dog serum 
as plasminogen source as described by Dev
riese & Kerckhove ( 1980). Furthermore, 16 iso-
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!ates producing a positive reaction in dog serum 
were investigated for activation of porcine plas
minogen (Devriese & Kerckhove 1980). 
All of the 9 virulent strains produced fibrinoly
sin, whereas only 4 of the 9 avirulent strains 
gave positive results. A total of 44% of S. hyi
cus strains originating from I 00 different Dan
ish pig herds produced fibrinolysin; 37 (5 1 %) 
of the 72 strains from lesions, compared to 7 
(25%) of the strains from healthy pigs. The as
sociation between production of fibrinolysin 
and origin from a lesion or a healthy pig was 
calculated by the chi-square test using epi-info. 
A significant association between the ability to 
produce fibrinolysin and origin (p = 0.017) was 
found. All of the 16 investigated fibrinolysin 
positive isolates did also activate porcine plas
minogen. However, the reactions were weaker 
than with dog serum. 
The association between fibrinolysin produc
tion and isolation from lesions and the presence 
of fibrinolysin production in all of 9 virulent 
strains compared to only 4 out of 9 avirulent 
strains of S. hyicus suggest that fibrinolysinpro
duction might play a part in the pathogenesis of 
EE, possibly as a prerequisite for establishment 
of the infection. This suggests that fibrinolysin 
production is one of several virulence determi
nants in S. hyicus counting among other factors 
capsule formation and toxin production (We
gener 1992). 
Previous studies (Devriese & Kerckhove 1980) 
have shown that fibrinolysin from S. aureus 
does not activate porcine plasminogen. [n this 
study fibrinolysin from S. hyicus strains was 
found to activate porcine plasminogen. This 
could indicate that fibrinolysin from S. hyicus 
differs from fibrinolysin from S. aureus. Previ
ous studies on fibrinolysin in Streptococcus 
species, named streptokinase, have shown some 
degree of host specificity of fibrinolysin from 
different bacterial species (Ellis & Armstrong 
1971, Castelli no 1979, Leigh 1993). The poten-
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tial involvement of fibrinolysin production in S. 
hyicus in the pathogenesis of EE needs further 
investigations. 

F. M. Aarestrup• and H. C. Wegener 
Danish Veterinary Laboratory, Copenhagen, Den
mark. 

References 
Amtsberg G: Nachweis von Exfoliation auslosenden 

Substanzen in Kulturen von Staphylococcus hyi
cus des Schweines und Staphylococcus epidermi
dis Biotyp 2 des Rindes. Zbl. Veterinarmed. (B) 
1979, 26, 257-272. 

Andresen LO, Wegener HC, Bille-Hansen V.· Staphy
lococcus hyicus - skin reaction in piglets caused 
by extracellular products and by partially purified 
exfoliative toxin. Microbial Pathogenesis 1993, 
15, 217-225. 

Andresen LO, Bille-Hansen V. Wegener HC: Staphy
lococcus hyicus exfoliative toxin: Purification 
and demonstration of antigenic diversify among 
toxins from virulent strains. Microbial Pathogen
esis 1997 (in press). 

Caste/lino FJ: A unique enzyme-protein substrate 
modifier reaction: plasmin streptokinase interac
tion. Trends Biochem. Sci. 1979, 4, 1-5. 

Devriese LA: Isolation and identification of Staphy
lococcus hyicus. Am J. vet. Res. 1977, 38, 787-
792. 

Devriese LA, Hajek V. Oeding P. Meyer SA, Schleifer 
KH: Staphylococcus hyicus (Sompo linsky 1953) 
comb. nov. and Staphylococcus hyicus subsp. 
Chromogenes subsp. nov. Int. J. Syst. Bacteriol. 
1978, 28, 482-490. 

Devriese LA, Van De Kerckhove A: A comparison of 
methods used for testing staphylokinase (fibri
nolysin) production in Staphylococcus strains. 
Antonie van Leeuwenhoek 1980, 46, 457- 465. 

Ellis RP, Armstrong CH: Production of capsules, 
streptokinase and streptodornase by Streptococ
cus group E. Am. J. vet. Res. 1971, 32, 349-356. 

L'Ecuyer C: Exudative epidermitis in pigs: Etiolog
ical studies and pathology. Can. J. Comp. Med. 
Vet. Sci. 1966, 30, 94-101. 

Leigh JA: Activation of bovine plasminogen by 
Streptococcus uberis. FEMS Microbiol. Lett. 
1993, 114, 67-72. 

Park C, Kang B: Studies on exudative epidermitis in 
pigs: I: Isolation and some properties of Staphy
lococcus hyicus subsp. hyicus from diseased and 



Fibrinolysin and virulence of Staphylococcus hyicus 297 

healthy pigs. Korean J. vet. Res. 1986, 26, 252-
257. 

Wegener HC: Studies on Staphylococcus hyicus viru
lence in relation to exudative epidennitis in pig
lets. Proc. 11th Meeting of the International Pig 
Veterinary Society (IPVS), Lausanne 1990, p 197. 

Wegener HC: Staphylococcus hyicus epidemiology 
and virulence in relation to exudative dermatitis 
in pigs. Ph.d-thesis. National Veterinary Labora
tory and the Royal Veterinary and Agricultural 
University. Copenhagen, Denmark, 1992. 

Wegener HC: Diagnostic value of phage typing, anti
biogram typing, and plasmid profiling of Staphy
lococcus hyicus from piglets with exudative epi
dennitis. J. Vet. Med. Ser. B. 1993a, 40, 13-20. 

Wegener HC: Development of a phage typing system 
for Staphylococcus hyicus. Res. Microbiol. 
1993b, 144, 237-244. 

Wegener HC, Andresen LO. Bille-Hansen V.· Staphy
lococcus hyicus virulence in relation to exudative 
epidermitis in pigs. Can. J. vet. Res. 1993, 57, 
119-125. 

(Received February 11, 1997; accepted March 24, 1997). 

Reprints may be obtained from: F. M. Aarestrup, Danish Veterinary Laboratory, Biilowsvej 27, DK-1790 Copen
hagen V, Denmark. E-mail:faa@svs.dk, fax: +45 35 30 01 20, tel: +45 35 30 02 81 . 

Acta vet. scand. vol. 38 no. 3, 1997 




