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In this study, it was aimed to investigate the mastitis pathogens
and to determine the p-lactamase activities of staphylococci isolated
from bovine mastitic milk samples and the sensitivities of these isolates
{o various antibiotics.

For this purpose, 1180 dairy cows On 137 farms were examined
for mastitis and 496 mastitic mifk samples were taken from 249 cows.
Staphylococcus aureus was present in 33.16 %, coagiilase negative
staphylococci in 31.10 %, Escherichia coli in 11.567 %, Streptococcus
uberis in 6.43 %, Streptococcus dysgalactiae in 5.39 %, Sirep-
tococcus agalactiae and Streptococcus spp. in 3.86 %, Candida spp.
in 1.29 %, Pseudomonas aeruginosa in 1.03 %, Baciflus spp. in 0.77 %6,
Citrobacter freundii and Proteus vulgaris in 0.51 %, Actinomyces
pyogenes and Enterobacter aerogenes in 0.26 % of the samples.

The resistance rates of 250 staphylococci to amoxi-cillin
+clavulanic acid, danoffoxacin, enrofloxacin, cloxacillin, gentamycin,
neomyein, amoxicillin, ampicillin, oxytetracycline,  penicillin,
erythromyein and trimethoprim +sulphamethoxazole were 4 %, 10 %,
10.4 %, 18.8 %, 40 %, 40.8 %, 42 %, 45.6 %, 48 %, 50.4 % and 60.4 %,
respectively. p-lactamase was produced by 65.1 % of S. aureus
isolates and 29.8 % of coagulase negative staphylococcl. The most
effective antibiotics for P-lactamase producing isolates were
amoxicillin+clavulanic acid, danofloxacin, enrofloxacin and cloxa-
ciflin.
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INTRODUCTION

Although it is well-known that various microorganisms cause mastitis in
cows, the major microorganism is Staphylococcous aureus (Francis 1989, Francis
and Carrofl 1086, Waage et al. 1999, Watts 1989). Treatment of mastitis due to S.
aureus is quite difficult in veterinary practice and may result in failure. The pres-
ence of strains resistant to antibiotics; the prevention of diffusion of the antibiotics
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to the infection area by hyperplasia of the alveolar epithelium and the massive ac-
cumulation of inflammation cells; the ability of staphylococci to survive in the leu-
cocytes of the host defence system, to form microabcesses and to produce the
enzyme [-lactamase have been indicated as important factors influencing the
treatment process (Craven et al. 1986, Francis 1983, Watts and Salmon 1897,
Yancey et al, 1991).

p-lactam antibiotics (penicillin, ampiciilin, cephalosporins, etc.) are gener-
ally used in bacterial mastitis treatments in veterinary practice. p-lactamase, which
is an extracellular enzyme produced by S. aureus as well as some other bacteria,
leads to inactivafion of this group of antibiotics by hydrolyzing the C-N bonds in
their B-lactam rings (Francis 1989, Watts and Salmon 1897). Many reports have in-
dicated the presence of high rates of B-lactamase production by staphylococci in
clinical mastitis cases in cows {Craven et al. 1986, De Qliveira ef al. 2000, Francis
and Carroll 1988, Jones and Heath 1985, Sezen et al. 1986, Watts and Salmon
1997).

There has been no particular study on the causative agents of mastitis cases
in cows in the provinee of Burdur even though the dairy cow population is highand
an intensive dairy industry is localized in the area. Thus, we aimed in this study to
determine the pathogens responsible from mastitis cases in cows in Burdur, the
production of (i -lactamase by staphylococci isolated from clinical and subclinicat
mastitic milk samples and the pattern of antibiotic sensitivity to several antibiotics
used for treatment of mastitis in veterinary practice.

MATERIAL AND METHODS

Sampling: A total of 131 dairy farms were visited and 1180 lactating cows
were examined for clinical mastitis (by inspection and palpation) and for
subclinical mastitis by the California Mastitis Test. From 249 mastitic cows 496
milk samples were collected aseptically, placed in a cooler and transported to the
Microbiology Laboratory in the Faculty of Veterinary Medicine at Akdeniz Univer-
sity within 2 hours.

Microbiological examination: From each milk sample, 0.1 mi was plated on
each of three 7 % sheep blood agar (Oxoid Ltd, Hampshire, England) plates and
one MacConkey agar (Oxoid) and one sabouraud dextrose agar (Oxoid) plate.
One of the blood agar plates and the MacConkey agar plate were incubated at 37
°C for 1-4 days in air. The other blood agar plates were incubated at 37 °C for 1-4
days in microaerophilic and anaerobic conditions. The sabouraud dextrose agar
plate that was plated for fungus and yeast isolation was incubated at 25 °C for 7
days.

After presumptive identification based on colony morphology and micro-
scepic morphology, biochemical and growth characteristics of the isolates were
determined. To classify whether the presumptively identified staphylococci pro-
duced coaguiase or not, the tube coagulase test with rabbit plasma (Bactident
Coagulase, Merck KGaA, Darmstadt, Germany) was applied to each of them. In
addition, coagulase positive isolates were identified based on their haemolytic ac-
tivity, the asetoin test and the oxidation-fermentation test for mannitol, maltose
and glucose {Koneman ef al. 1988).
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Susceptibility testing: The following commercial antibiotic disks were used
for testing for antibiotic susceptibility: penicillin G (Oxoid, 10 iu), ampicillin (Oxoid,
10 ng), amoxicillin (Oxoid, 25 ug), cloxacillin (Oxoid, 5 pg), amoxicillin+clavulanic
acid (Oxold, 30 mg), oxytetracycline (Oxoid, 30 pg), timethoprim+
sulphamethoxazole (Oxoid, 25 pg), enrofioxacin (Oxoid, 5 ug), danofloxacin
(Mast Diagnostics, Mast Group Ltd., Merseyside, U.K., 5 ng), gentamycin {Oxoid,
10 pg), neomycin (Oxoid; 30 pg) and erythromycin (Oxoid, 15 pg).

Antibiotic susceptibilities of the staphylococci were determined by the disk
diffusion method on Mueller Hinton agar (Oxoid) plates (Bauer et al. 1966). An
aliquot (0.2 mi) of pure culture of each isolate previously incubated at 37 °C for 6-8
hours in trypticase soy broth (Oxaid) was transferred on to the Mueller Hinton agar
and spread evenly by a sterile glass baget. After drying the inoculurn at room
temperature for 5-10 minutes, the antibiotic disks were placed on the agar and
plates were incubated at 37 °C for 24 hours. Finally, the growth inhibition zone
diameter of each antibiotic disk was measured. The decision about whether the
test isolate was resistant or susceptible to the antibiotic was made by comparing
the measured zone diameters (in millimeters) with a standard zone chart.

B - lactamase activity: Commercial b - lactamase identification sticks (Oxoid,
BR66A) were used to differentiate the b - lactamase producing staphylococci from
other staphylococci. The colonies in the inhibition zone ofthe penicillin disk onthe
Mueller Hinton agar were touched gently with the sticks and the sticks were incu-
bated at room temperature in humid conditions for one hour. The colour changes
were recorded at 5 minutes, 15 minutes and 1 hour during incubation. A dark
pink-red colour indicated p-lactamase activity in the isolate. The sticks with no col-
our change were incubated for 3 more hours under the same conditions and then
a final decision was made. The sticks with no colour change were classified as
non-p-iactamase producing staphylococci. (Anon 1995, Jones and Heath 1985).
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RESULTS

Pathogenic microorganisms were isolated from 335 {67.5 %) out of the 496
milk samples collected in this study. S. aureus (33.16 %) was found to be the most
common pathogen in the bovine mastitic milk samples in Burdur province.
Coagulase negative staphylococgifollowed S. aureus atahighrate (31.10%). The
pathogens isolated are listed in Table 1.

Table 1: The number and prevalence of microorganisms isolated from bevine mastitic milk
samples

Genus / Species No of isolates %
StapAyiococatls atreus 129 33.16
toagulase negative staphylococcl 121 31.10
Escherichia coll 45 11.57
- Streplococcts Ubers 25 6.43
Streptococeus aysgalactiae 21 5.39
Streplococous agafcliae 15 3.86
Streplococeus spp. 15 . 3.86
Canaica spp. 5 1.29
Pseudomonsas aenighosa 4 1.03
Baciiis sgo. 3 0.77
Citrobacler frednail 2 0.51
Frolaus wgans 2 0.51
Actinomyces pyogenes 1 0.26
Enlerobacter aerogenes 1 0.26
Total 389 100

p-lactamase activity was detected in 84 (65.1 %) out of 129 8. aureus, and 36
(29.8 %) out of 121 coagulase negative staphylococci isolates(Table 2).

Table 2; f-lactamase test results for S, awreus and coagulase negative staphylococci

p-lactarnase positive p -lactamase negative
N n % n %
S, auretis 129 84 65.1 45 349
Coagulase negative staphylococc 121 ' 36 20,8 85 70.2
Total 250 120 48 130 52

N: totat isolate numbers, n: g - lactamase positive and negative isolate numbers

The antibiotic susceptibility test resuits for 250 staphylococci in this study
are shown in Table 3. It was found that amoxicillin+clavulanic acid, danofioxacin,
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Table 3: Susceptibilily of the & aureus and coaguiase negalive staphylacocel isolates to different anticbiotics

S, aurelrs Coagulase negative slaphylocoes]
b -lactamase positive: b -lactamase negalve b -lactamase positive b -lactamase negative Total
n: 84 n:45 n:36 n; 85 n: 260
R S R S R ] R

Antibiotics n % n % n % n % n % n % n % n % n % n %
Penlcillin 58 69 26 N 8 178 | a7 | 822 | 27 75 9 26 33 | 288 52 pl.2 | 126 | 504 | 124 | 498
Amplcillln 54 643 | 20 | 357 3 17.8 a7 82.2 22 61.1 14 B9 30 353 55 64.7 114 | 458 136 54.4
Amaxicilin 49 583 35 | 417 6 133 39 86,7 22 61.1 14 89 28 29 57 67.1 105 42 145 58
Cloxacillin 20 233 | 64 | 76.2 5 it 40 88.9 7 19.4 29 80.6 15 17.6 70 a2.4 A7 188 203 | 81.2
Amaoxicillin+ 3 3.6 1] 96.4 1 2.2 44 g7.8 a Q 38 100 B 7.1 79 92,9 10 4 240 96
clavulanic acid
Oxytetracycling 40 47.6 | 44 | 524 20 44.4 25 55.6 22 61.1 14 389 38 447 a7 58.3 120 48 130 52
Trimethoprim+ 51 807 ) 33 | 3_3 28 62.2 17 378 | 22 61.1 14 89 5 58.8 as 41.2 | 151 604 9 26
Sulphamethex.
Enrotloxacin 10 18| 74 88 5 111 40 839 4 11.1 32 889 7 8.2 78 01.8 26 104 | 224 B89.6
Danofloxacin a8 8.5 76 19085 8 13.3 <= 86.7 4 14 32 889 7 a2 78 91.8 25 i0 225 9¢
Gentamyein 332 30.31| 51 60.7 20 44,4 25 55.6 12 333 24 66,7 35 41.2 50 58.8 100 40 150 60
Neomyein a2 38.1 52 | 61.9 15 333 30 86.7 17 47.2 19 52.8 38 44.7 47 553 | 1oz | 40.8 148 | 59.2
Enythromycin 51 607 | 33 | 393 23 51.1 22 489 25 69.4 11 30.6 47 563 38 44.7 146 | 58.4 104 | 41.6

Reresistant, S: gensitive, n: isolate number
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enrofioxacin and cloxacillin were the most effective antibiotics for B-lactamase
producing staphylococci. The susceptibility rates of S. aureus to these antibiotics
were; 06.4 % for amaxicillin+clavulanic acid, 90.5 % for danofloxacin, 88 % for
enrofloxacin and 76.2 % for cloxacillin. On the other hand, all coagulase negative
staphylococcei were susceptible to amoxicillin+clavulanic acid (100%), 88.9 % of
them were susceptible to both danofloxacin and enrofloxacin, and 80.6 % were
suscepiible to cloxacillin,

DISGUSSION

It has been reported in several studies that S. aureus is a major microorgan-
iam isolated from mastitic milk and infected mammary glands of cows (Francis
and Carroll 1988, Nazer and Tavakoli 1994, Waage et al. 1999, Watts 1989). In our
study, S. aureus was found to be the most prevaient pathogen also. On the other
hand, we could not isolate any pathogenic microorganisms from 32.5 % of the
mitk samples from mastitic cows. The reason might be elimination of the patho-
gens from milk of the cows with chronic mastitis (Yancey etal. 1991}, and the pres-
ence of antibiotic residues in milk (Waage ef al. 1999).

In this study, staphylococci were found to be resistant to several antibiotics
(penicillin, ampicillin, amoxicillin, oxytetracycline, trimethoprim+sulphamet-
hoxazole, gentamycin, neomycin and erythromycin) at high rates. These rates
were similar to those found in other studies done in Turkey (Akay 1886, Hadimli et
al. 2001, Ulusoy et al. 1985), but they were higher than the rates reported abroad
(Craven etal. 1986, De Oliveiraefal. 2000, Francis and Carroll 1986, Teale and Da-
vid 1999, Watts and Salmon 1997). These high rates can be attributed to the ran-
dom selection of antibiotics for treatment of mastitis in the field.

Several studies (Craven et al. 1986, De Oliveira et al. 2000; Francis and
Carroll 1986, Hadimli et al. 2001, Jones and Heath 1985, Sezen et al. 1986, Watis
and Salmon 1997) reported the presence of p -lactamase activity in S. aureus iso-
lates at different rates ranging between 25 % and 100 %. [n this study, 65.1 % of 5.
aureus isolates and 29.8 % of coagulase negative staphylococci were determined
as B - lactamase producing staphylococei. As Hadimli etal. (2001) stated, we also
detected p - lactamase activity in the coagulase negative staphylococgi.

The resistance/susceptibility of the p - lactamase producing staphylococci
to B - lactam antibiotics has been investigated by several research teams {Craven
et al. 1986, De Oliveira et al. 2000, Francis and Carroll 1986, Hadimli et al, 2001,
Jones and Heath 1985, Sezen et al. 1986, Watts and Salmon 1997), and penicillin
and ampicillin were found to be the most affected antibiotics (Nazer and Tavakoli
1904, Sezen et al. 1986, Teale and David 1999, Watts and Salmon 1997). Gur re-
sults supported this conclusion and we found resistance to amoxicillin in addition
to penicillin and ampicillin. We also found a higher rate of resistance to cloxacillin
in staphylococci than in the repotts of some researchers (Craven etal. 1986, Fran-
cis and Carroll 1986, Hadimli et al. 2001). This high rate may have arisen from the
high percentage of cloxacillin resistant isolates obtained from the same farms. An-
other factor might be differences among the isolates of staphylococci isolated in
different geographical regions. On the other hand, high rates of resistance to the
antibiotics were also determined in B - lactamase negative isolates. We consider
that the development of resistance fo B - lactam antibiotics in staphylococci may
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be due to the random use of antibiotics for clinical / subclinical mastitis and dry pe-
riod treatments, the resulting selection of bacteria resistant to antibiotics and mu-
tations in the bacterial genome in addition to the production of B - lactamase
enzyme.

The combination of p - lactam antibiotics with B -lactamase inhibitors, such
as clavulanic acid and sulbactam, increases the activity of antibiotics against bac-
teria (Francis 1989). In the present study, we did not detect any resistance to
amaxicillin + clavulanic acid by p - lactamase producing coagulase negative
staphylococci. We only found resistance to this antibiotic in 3 p - lactamase posi-
tive S, aureus isolates. This finding confirmed earlier statements that 8 - lactamase
inhibitors increase the effect of these antibiotics an staphylococci {Francis 1988,
Hadimli et al. 2001, Teale and David 1899).

As a result of this study, we found that S. aureus is the most prevalent patho-
gen causing mastitis in cows in the Burdur province. We found 3 -lactamase activ-
ity at a high rate in staphylococci and we considere that this enzyme might be the
main factor in the development of resistance to the p -lactam antibiotics like peni-
cillin, ampicillin and amoxicillin. We also revealed that amoxicillin+clavulanic
acid, danofloxacin, enrofloxacin and cloxacillin are the most effective antibiotics
against staphylococci.
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OSETLJIVOST NA ANTIBIOTIKE | ZASTUPLJENOST 3 LAKTAMAZE U STAFILOKOKAMA
IZOLOVANIN IZ MLEKA KRAVA SA MASTITOM

TURUTOGLU H, MUDUL S i PEHLIVANQGLU F

SADRZAJ

Ova studija je imala za cilj ispitivanje bakterijskih uzro&nika mastitisa krava,
aktivnosti B laktamaze u njima i osetljivosti na antibiotike.

Ukupno je ispitano 1180 mle&nih krava na 131 farmi. Od tog broja mastitis je
dokazan kod 249 krava od kojih je uzeto 496 uzoraka. Staphylococcus aureus je
bio zastupljen sa 33.16 %, koagulaza negativne stafilokoke sa 31,10 %, Esche-
richia coli sa 11.57 %, Streptococcus uberis sa 6.43 %, Streptococcus dysga-
lfactiae sa 5.39 %, Strepiococcus agalactiae i Streptococcus spp. sa 3.86 %,
Candida spp. sa 1.29 %, Pseudomonas aeruginosa sa 1.03 %, Bacillus spp. sa
0.77 %, Citrobacter freundil | Proteus vulgaris sa 0.51 %, Actinomyces pyogenes i
Enterobacter aerogenes sa 0.26.%

Stepen rezistencije za stafilokoke prema amoksicilinu < klavulinskoj kiselini,
danofloksacinu, enrofloksacinu, kloksacilinu, gentamicinu, neomicinu, amaoksi-
cilinu, ampicilinu, oksitetraciklinu, penicilinu, erifromicinu i trimetoprim
+sulfametokszolu je bio 4 %, 10 %, 10.4 %, 18.8 %, 40 %, 40.8 %, 42 %, 45.6 %, 48
%, 50.4 % 160.4 %. Enzim B-laktamazu je stvaralo 65.1 % S. aureus izolata i 29.8 %
koagulaza negativnih stafilokoka. Najefikasniji antibiotici za izolate koji stvaraju
B-laktamazu su amoksicilin+-klavulinska kiselina, danofloksacin, enrofloksacin i
kloksacilin.



