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ABSTRACT
Fifty strains of Staphylococcus intermedius were isolated from different pathological specimens originating 

from dogs during a six-month period. Antimicrobial susceptibility patterns against three fluoroquinolones were 
obtained on 50 Staphylococcus intermedius strains. In vitro antimicrobial susceptibility testing was performed 
employing the disk diffusion method (Kirby-Bauer). The sensitivity against enrofloxacin and marbofloxacin 
showed that 98.0% of S. intermedius strains were sensitive and 96% were sensitive to ciprofloxacin. One of the 
tested strains showed multiple resistance to all tested fluoroquinolones.
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Introduction
Staphylococcus intermedius is the predominant type of coagulase-positive staphylococci 

on normal canine skin (BERG et al., 1984), and is the causative agent of pyoderma and otitis 
externa in dogs (AMINE-KHODJA et al., 1983; BIBERSTEIN et al., 1984; MEDLEAU et al., 1986; 
IHRKE, 1987). Dermatoses account for a large percentage of cases in dogs in the veterinary 
practice. A primary or secondary bacterial skin infection by bacteria of the Staphylococcus 
genus is often a component of the skin diseases (PELLERIN et al., 1998; LLOYD et al., 
1991; NOBLE and KENT, 1992). The flouoroquinolones have revolutionized treatments 
against bacterial pathogens resistant to traditional antibacterial agents (WALKER, 2000). 



190 Vet. arhiv 75 (3), 189-194, 2005

Enrofloxacin, marbofloxacin and ciprofloxacin are members of the fluoroquinolones, a class 
of synthetic antibiotics acting on bacterial DNA topoisomerases II and IV (WOLFSON and 
HOOPER, 1989; DRLICA and ZHAO, 1997). They exhibit high bactericidal activity against 
a broad spectrum of aerobic Gram-negative and Gram-positive bacteria and mycoplasmas 
(HANNAN et al., 1997; WATTS et al., 1997). Nearly complete oral bioavailability, excellent 
pharmacokinetic properties and low toxicity make them a first choice of drugs for the 
treatment of several bacterial infections in dogs and cats (VANCUTSEM et al., 1990; BROWN, 
1996). Enrofloxacin is the first fluoroquinolone developed for veterinary application and 
is approved in dogs and cats for treating urinary tract, respiratory and skin infections 
(BOOTHE, 1994). Marbofloxacin, difloxacin and orbifloxacin were introduced in a number 
of countries for use in animals (SCHNEIDER et al., 1996; MATSUMOTO et al., 1997; VAN 
DEN HOVEN, 1997), but not in Croatia (ŠEOL et al., 2002). Ciprofloxacin, fluoroquinolone 
labelled for humans is also used for animal treatment. In our study we investigated a small 
collection consisting of 50 S. intermedius strains originating from dog and tested them 
against three fluoroquinolones: enrofloxacin, marbofloxacin and ciprofloxacin. The intention 
was to present a brief overview about possible resistance to those very extensively used 
antibiotics. Both enrofloxacin and ciprofloxacin have been used for animal treatment for 
several years, although marbofloxacin is not yet registered in Croatia.

Materials and methods
Over a short period, clinical specimens collected from dogs suffering from different 

syndromes suspected to have an infectious aetiology were submitted for bacteriological 
examination to the Department of Microbiolgy and Infectious Diseases by several clinics 
of the Faculty of Veterinary Medicine, University of Zagreb. 

Identification of S. intermedius was carried out according to the procedure described 
by QUINN et al. (1994): Gram-positive cocci, catalase-positive, facultative anaerobe, β-
hemolytic, coagulase-positive, DNAse-positive. The precise species identification was 
made using the API Staph (BioMérieux, France). In the present study, 50 S. intermedius 
isolates were tested by the Kirby-Bauer’s disk-diffusion method on Mueller-Hinton agar 
(PRESCOTT and BAGGOT, 1998) for antimicrobial susceptibility against three antimicrobial 
agents: enrofloxacin-ENO (5 µg), ciprofloxacin-CIP (5 µg) and marbofloxacin-MAR (5 µg). 
A standard concentration of a pure culture of S. intermedius was placed on Mueller-Hinton 
agar (Becton Dickinson, Cockeysville, U.S.A.), and individual filter paper disk containing 
known concentrations of individual antibiotics were placed on the pathogen. The culture 
was incubated for 18-24 hours at 37 0C. The zone of inhibition around each disk was 
measured, and the measurement compared to a chart (presented in Table 1) which classifies 
the organism into three categories: sensitive, resistant and intermediate sensitive.
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Results and discussion
The majority of all 50 tested strains were sensitive against three tested fluoroquinolones. 

Marbofloxacin and enrofloxacin were active against 49 (98%) S. intermedius isolates 
and ciprofloxacin against 48 (96%) tested strains. There were no intermediate sensitivity 
strains. One S. intermedius strain showed multiple resistance against all three tested 
fluoroquinolones. 

Table 1. Zone diameter interpretative chart (National Committee for Clinical Laboratory 
Standards)

Zone diameter interpretative standards (mm)

Antimicrobial
agent Symbol

R
(resistant)

≤

I
(intermediate s.)

=

S
(sensitive)

≥

ciprofloxacin CIP-5 15 16-20 21
enrofloxacin* ENO-5 16 17-19 20
marbofloxacin** MAR-5 14 14-18 19

* National Committee for Clinical Laboratory Standards. 1997. Tentative standard M31-T. 
Performance standards for antimicrobial disk and dilution susceptibility tests for bacteria isolated 
from animals. NCCLS, Wayne, Pa.
** National Committee for Clinical Laboratory Standards. 1997. Tentative standard M31-A Vol. 
19 N 11 (June 1999) Performance standards for antimicrobial disk and dilution susceptibility tests 
for bacteria isolated from animals; approved standard.

Flouoroquinolones are a group of chemotherapeutics that are a rapid-acting bactericidal 
against a wide variety of clinically important microorganisms. They have been used 
extensively during the past 15 years in veterinary dermatology, predominantly for the 
management of canine pyoderma (IHRKE et al., 1999). More recently, marbofloxacin has 
also proven successful in treating canine pyoderma (SPRENG et al., 1995; CARLOTTI et al., 
1999; LLOYD et al., 1999; PARADIS et al., 2001). Our results showed no marked resistance to 
selected fluoroquiunolone antibiotics. Only one strain exhibited resistance to marbofloxacin, 
but the same strain showed multiple resistance also to enrofloxacin and ciprofloxacin. The 
same sensitivity pattern was observed to enrofloxacin; 49 strains were sensitive (98%) and 
two strains (96%) were resistant to ciprofloxacin. PIRIZ et al. (1996) determined antimicrobial 
susceptibility of 91 methicillin-resistant and methicillin-susceptible S. intermedius strains to 
15 different antimicrobial agents. Of the fluoroquinolones, ciprofloxacin and enrofloxacin 
proved to be a useful alternative for the treatment of methicillin-resistant S. intermedius 
strains. CARLOTTI et al. (1999) isolated 47 strains of S. intermedius from dogs with pyoderma 
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and found only one strain resistant to marbofloxacin, while LLOYD et al. (1999) found two 
S. intermedius strains, out of 247 tested, to be resistant to enrofloxacin, marbofloxacin 
and enrofloxacin. LLOYD et al. (1999) suggested that multiple resistance in S. intermedius 
detected as resistance to enrofloxacin, extended to marbofloxacin and ciprofloxacin probably 
results from the same, or very similar, mutations in the gyrA and/or norA genes. Recent 
studies (GANIÈRE et al., 2001) showed that MICs (minimal inhibitory concentrations) of 
enrofloxacin against S. intermedius ranged from 0.063 μg/mL in 1995 to 64 μg/mL in 1999. 
This suggests that inappropriate use might favour the development of resistant strains in 
vivo. Results of our study are very similar to those discussed above and confirmed the 
excellent activity of fluoroquinolones in treatment of S. intermedius infections.
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SAŽETAK
U razdoblju od šest mjeseci iz pasa je bilo izdvojeno 50 sojeva vrste S. intermedius koji su identificirani 

uobičajenim bakteriološkim postupcima. Osjetljivost na enrofloksacin, ciprofloksacin i marbofloksacin istražena 
je disk-difuzijskim Kirby-Bauerovim postupkom. Od 50 pretraženih, 49 sojeva (98,0%) bilo je osjetljivo na 
enrofloksacin i marbofloksacin, a na ciprofloksacin 48 sojeva (96%). U jednog je soja uočena višestruka otpornost 
na sva tri fluorokinolona. 
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