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Mastitis is the most common and costly disease
of dairy cows (Hortet and Seegers, 1998;
Zafalon et al., 2007); this is also the single most
common reason for antimicrobial use in dairy
herds, since antimicrobial therapy is the major
primary tool for mastitis control in lactating and
dry cows. Recently, coagulase-negative
Staphylococci (CNS) are increasing in
importance as cause of bovine intramammary
infection (IMI) all over the world. They have
been isolated from milk samples collected from
cows with clinical and subclinical mastitis in
several countries (Aarestrup et al., 1995;
Gentilini et al., 2002; Amaral et al., 2003).

Identification of mastitis pathogens is important
for the selection of appropriate antimicrobial
therapies; beta-lactam derived are frequently
used. Bacterial resistance to such products can be
due to the production of beta-lactamases and/or a
low-affinity to penicillin-binding protein, PBP2a
(Odd and Maeland, 1997). In recent years,
antimicrobial resistance has been a growing
concern worldwide (Overcoming..., 2000).
When a growing proportion of bacteria develop
resistance, effectiveness of current treatments
may be jeopardized, and resistant bacteria,
present in food from animal species, may
contaminate them and be transmitted to humans
through the food chain (Donnely et al., 1996;
Nader Filho et al., 2007). The objective of this
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study was to determine the in vitro susceptibility
to 18 antimicrobial agents of CNS isolated from
milk of bovines showing IMI, in Brazil.

Milk samples (752) from cows raised in nine
Brazilian states (S3o Paulo, Minas Gerais,
Espirito Santo, Goias, Bahia, Para, Parand, Santa
Catarina and Rio Grande do Sul) were
aseptically collected from February to May 2005.
The samples were submitted to the California
Mastitis Test (CMT) proposed by Schalm and
Noorlander (1957). CMT-positive milk samples
were refrigerated to about 4°C, and immediately
delivered to the laboratory of “Genética e
Morfologia, Departamento de Estomatologia e
Fisiologia, Universidade de Sao Paulo -
Campus, Ribeirdo Preto, for analysis. For that,
they were plated on bovine blood agar
(Columbia agar', CM 331 supplemented with 5%
sterile bovine blood) and on Baird Parker agar'
and incubated for 24-48h at 37°C. Gram-
positive,  catalase-positive, rabbit  plasma
coagulase-negative or positive cocci, were
biochemicaly confirmed as Staphylococci when
they produced acid from sucrose, maltose,
mannitol and trehalose, but not from xylose
(Gahrn-Hansen et al., 1987).

The scheme proposed by Kloos and Schleifer,
and modified by Bannerman (2003) is
conventionally used to classify CNS isolates at
the species level; however, in the present study,
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the simplified method proposed by Cunha et al.
(2004) was used.

Antimicrobial susceptibility was tested by the
Kirby-Bauer disk diffusion method with Mueller
Hinton agar, using the following antimicrobial
impregnated disks’ (Cefar-Sdo Paulo, BR):

amoxicillin/clavulanic acid; ampicillin;
bacitracin; kanamycin; cefalexin; erythromycin;
streptomycin; gentamicin; neomycin;
lincomycin; nitrofuranthoin; novobiocin;
oxacillin; penicillin; sulphonamide;
sulfamethoxazole/trimethoprim; tetracycline;

cefotaxime. Zones of growth inhibition were
evaluated according to NCCLS standards
(Performance..., 2002). Oxacillin was included
for detection of methicillin-resistance because it
is more stable than methicillin and provides more
reliable results (Performance..., 2002). Oxacillin
resistance is reported to show resistance to all p-
lactam antimicrobial agents. Staphylococcus
aureus ATCC 25923 was used as a control in all
assays.

From a total of 752 milk samples collected from
February to May 2005, 109 (14.5%) were
positive for CNS. These strains are often referred
to as minor mastitis pathogens. Some
investigators have claimed that they may protect
the udder from infections caused by major
pathogens (Schukken et al., 1989). However,
others have not observed this protection (Hogan
et al., 1988). Accurate identification of CNS is
needed in order to obtain an early prediction of
the potential pathogenicity or antimicrobial
susceptibility to  ascertain the clinical
significance of each species. Four species of
CNS were identified among the 109 strains
tested (Table 1). Among them, S. simulans was
most frequently isolated (94.5%). Other report
(Bes et al., 2000) indicated S. chromogenes, S.
epidermidis, S. hyicus, and S. simulans as the
most common CNS species found in mastitis.
But, in the present study, almost all isolates were
S. simulans. The predominance of this species
among the CNS is similar to the results reported
by Birgersson et al. (1992).

Cefar — Sdo Paulo, Brasil.
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Table 1. Frequency of coagulase-negative

staphylococcal species from clinical and

subclinical cases of bovine mastitis in Brazil
Total number isolated

Species %)
S. simulans 103 (94.6)
S. haemolyticus 2 (1.8)
S. warneri 2 (1.8)
S. cohnni 2 (1.8)
Total 109 (100)

Mastitis is the single most common reason for
the wuse of antimicrobials in dairy cattle
husbandry. Therefore, antimicrobial resistance of
mastitis pathogens has received much interest
over the past few years. The in vitro activities of
each of the antimicrobial agents tested against
CNS are summarized in Table 2. All CNS tested
isolates were resistant to at least one
antimicrobial. The highest resistance was
observed against penicillin (102/109-93.5%),
followed by resistance to sulphonamide (97/109-
88.9%), mnovobiocin (96/109- 88.6%) and
ampicillin (93/109-85.3%). Important resistance
was also observed against oxacillin (88/109-
80.7%) and lincomycin  (83/109-76.1%).
Susceptibility of CNS isolated from bovine IMI
to selected antimicrobial agents has been
previously reported (Aarestrup et al., 1995;
Gentilini et al., 2002; Amaral et al., 2003; Correa
et al, 2005). Results with penicillin predict
susceptibility or resistance to other B-lactamase-
sensitive antimicrobial agents, e.g. ampicillin.
Penicillin-resistance found in this study is higher
than that reported in studies conducted in
Argentina (21.1%) (Gentilini et al., 2002) and
Denmark (36.1%) (Aarestrup et al., 1995), but is
similar to other results reported in Brazil (77.8%)
(Corréa et al.,, 2005). The high number of
Staphylococci isolates showing resistance to
penicillin, ampicillin and lincomycin is similar to
other Brazilian reports (Amaral et al., 2003;
Corréa et al,, 2005) as also does that to
sulphonamide (Corréa et al., 2005). The high
number of isolates showing methicillin
(oxacillin) resistance (Table 2) is a serious cause
of concern.
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Table 2. Antimicrobial susceptibility test of 109 Staphylococcus coagulase-negative strains, isolated from
752 milk samples obtained from mastitic cows in Brazil, from February - May 2005

Antimicrobial agents N° %

Amoxicillin/clavulanic acid 51 46.7
Ampicillin 93 85.3
Penicillin 102 93.5
Oxacillin 88 80.7
Bacitrin 64 58.7
Cefotaxime 55 50.4
Cefalexin 84 77.0
Erythromycin 67 61.4
Streptomycin 69 63.3
Kanamycin 86 78.8
Gentamicin 48 44.0
Neomycin 64 58.7
Lincomycin 83 76.1
Nitrofurantoin 50 45.8
Tetracycline 75 68.8
Novobiocin 96 88.6
Sulphonamide 97 88.9
Sulfamethoxazole/trimethoprim 57 52.2

N°= Number of isolates resistant; % = Percentage of resistant isolates

Multidrug resistance was commonly found.
Almost all isolates showed resistance to two or
more drugs (Figure 1). The occurrence of multi-
resistant strains may be a response to the
selective pressure caused by the abusive use of
antimicrobials in animal practice (Donnely et al.,
1996). In the present study, an alarming level of

multidrug resistance was detected when
compared with results of other authors. Oliveira
et al. (2002) did not report any Staphylococcus
isolate showing multidrug resistance. However,
Corréa et al. (2005) reported a high level of
multi-resistance of S. aureus isolated from milk
of mastitic bovine.
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Figure 1. Distribution of multidrug resistance to 18 antimicrobial drugs among 109 isolates of coagulase-
negative Staphylococcus isolated from milk samples of mastitic cows in Brazil (2005).
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The emergence and  dissemination of
antimicrobial resistance is the result of numerous
complex interactions among antimicrobials,
microorganisms, and the environment. There is
growing evidence and little doubt that resistance
genes can be spread and exchanged between
different bacterial populations (McDermott et al.,
2002).

The disk diffusion method of determining

human data. Thus, the NCCLS guidelines may
not be appropriate to determine the antimicrobial
susceptibility of bovine mastitis pathogens, and
certainly can not be used to predict clinical
efficacy of the drug for the treatment of bovine
mastitis (Rajala-Schultz et al.,, 2004). In
conclusion, coagulase-negative staphylococci
isolated from milk of mastitic bovine showed
high resistance to all antimicrobial drugs tested.
The multidrug resistance was extremely high,

antimicrobial susceptibility, although widely and a cause for serious concern.
used and economically attractive, has limitations.
The interpretative criteria used for categorizing

isolates as susceptible or resistant are based on

Keywords: coagulase-negative Staphylococci,
antimicrobial resistance, bovine mastitis.

RESUMO

Um total de 109 cepas de Staphylococci coagulase-negativa foi isolado de leite de vacas com mastite
clinica e subclinica, em 35 fazendas, situadas em nove estados brasileiros, no periodo de fevereiro a
maio de 2005. Os isolados foram investigados em relagdo a susceptibilidade in vitro a diversos agentes
antimicrobianos. A resisténcia a penicilina foi a observagdo mais freqiiente (93,5%), seguida por
sulfonamida (88,9%), novobiocina (88,6%) e ampicilina (85,3%). Todas as cepas examinadas
mostraram resisténcia a pelo menos uma das drogas antimicrobianas testadas. Cepas apresentando
resisténcia multipla foram extremamente comuns, com 10,0% dos microrganismos isolados
apresentando resisténcia a todas as drogas antimicrobianas. Os resultados obtidos indicaram que as
cepas de Staphylococci coagulase-negativas, isoladas no Brasil, apresentaram um alto grau de
resisténcia a antimicrobianos. Estes resultados sdo, provavelmente, uma conseqiiéncia da pressdo
devida ao uso intensivo de drogas antimicrobianas.
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