The Islamic University Journal (Series of Natural Studies and Engineering) Vol.14, No.1, P.1-9, 2006, ISSN 1726-6807, http//www.iugzaza.edu.ps/ara/research/

ANTIBIOTIC RESISTANCE AGAINST STAPHYLOCOCCAL ISOLATES RECOVERED FROM SUBCLINICAL MASTITIS IN THE NORTH OF PALESTINE

Ghaleb M. Adwan Assistant professor, Department of Biology and Biotechnology, An-Najah N. University, E-mail address: adwang@najah.edu

received:13/3/2005, accepted: 29/6/2005

: . . 132 66 (Staphylococcus aureus )

(Staphylococcus epidermidis) . 75.8% % 66.7

S. aureus S. epidermidis

.(Ampicillin)

(Amikacin)

(Cefepime)

(Vancomycin)

(Tobramycin)

(Chloramphenicol) . . 53% S .aureas

42.2%

.S. epidermidis

Abstract: The antimicrobial resistance to 10 antibiotics was determined in 132 staphylococcal isolates. These representing Staphylococcus aureus (n=66) and Staphylococcus epidermidis (n=66). All isolates were from milk samples obtained from subclinical mastitis from Awassi ewes, local goats and Fresian cows. Results indicated that among all the antimicrobial agents tested the highest resistance of staphylococcal isolates was to ampicillin. The frequency of resistance to ampicillin was 75.8 and 66.7% against S. aureus and S. epidermidis isolates, respectively. Resistance to amikacin, cefepime, vancomyc in, tobramycin or chloramphenicol was rare. None of staphylococcal isolates was susceptible to all tested antibiotics. Resistance to at least 3 drugs was found in (35) 53% and (28) 42.4 % of S. aureus and S. epidermidis isolates, respectively.

Key words: subclinical mastitis, antibiotic resistanse, multidrug resistance, S. aureus, S. epidermidis

Introduction Staphylococci are the most prevalent a nd widespread species isolated from milk samples from subclinical mastitis^{(1-6)}. The emergence of antibacterial resistance among microorganisms that impact domestic animal health has been a growing concern in veterinary medicine. Increased resistance of staphylococcal isolates recovered from mastitic domestic ruminants to different antimicrobial agents ha s been reported by several authors ^{(7-9)}. Antibiotic treatment of mastitis leads to significant increase in milk quantity and quality, lower somatic cell count and is likely associated with reduction in prevalence of clinical mastitis among herds, which is economically beneficial ^{(10)}. Bacterial identification and susceptibility tests are important for selecting the appropriate antimicrobial agent when treating mastitis ^{(11)}. Antimicrobial susceptibility of Staphylococci isolated from intramammary infected ruminants have been previously published ^{(7-8, 11-23)} . Drugs most commonly used are beta-lactams, aminoglycosides, macrolides, and lincosamides^{(24-25)}. The purpose of this study was to determ ine the in vitro activity of selected antimicrobial agents against strains of S. aureus and S. epidermidis isolated from dairy domestic ruminants with s ubclinical mastitis in the north of Palestine during the period May to July of 2003.

Materials and Methods A total of 132 Staphylococcal isolates were collected from raw milk samples of local goats (n=10), Awassi sheep (n=28) and Fresian cows (n=94) suffering from subclinical mastitis ^{(6)}. Milk samples were collected into sterilized screw cap bottles between May and July of 2003 and were immediately taken in a container cont aining ice cubes to the laboratory for bacteriological analysis. Each milk sample (10 l) was surface plated on 5% sheep blood agar, nutrient agar and subsequently on mannitol salt agar. Samples were incubated at 37C for 24-48h under aer obic conditions. Gram stain and culture characteristics (colony mor phology, pigmentation, and hemolysis) were used for presumptive identification for all isolates. Colonies suspected as staphylococcus were tested for coagulase test (tube method) as S. epidermidis is coagulase-negative and does not ferment mannitol. Further inoculations were made to confirm identification of the isolates biochemicaly. The bacterial isolates were tested fo r their resistance using disk diffusion method ^{(26)}. Antibiotic disks (Oxoid) used were amikacin (30μg), ampicillin (10μg), cefepime (30μg), clindamycin (2μg), tetracycline (30μg),

The Islamic University Journal (Series of Natural Studies and Engineering) Vol.14, No.1, P.1-9, 2006, ISSN 1726-6807, http//www.iugzaza.edu.ps/ara/research/

chloramphenicol (30μg), erythromyc in (15μg), tobramycin (10μg), amoxicillin (10μg) and vancomycin (30μ g). Triplicates of each antibiotic for each isolate were prepared. The diameter of inhibition zones were measured for each plate and the average reading of the three replicates for each antibiotic are shown in table 1. Zone s of inhibition were determined in accordance with the National Committee for Clinical Laboratory Standard

(27), isolates were categorized as susceptible and resistant while intermediate

were considered as resistant.

Results The antibiotic resistance profiles of the S. aureus and S. epidermidis isolates against 10 antimicrobial agents are presented in Table 1. Our results indicated that staphylococcal isolates in the North of Palestine exhibited high level of resistance to ampicillin with respect to all antimicrobial agents tested. The frequency of resistance to ampicillin was 75.8 and 66.7% against S. aureus and S. epidermidis isolates, respectively. Resistance to amikacin, cefepime, vancomycin, tobramycin or chloramphenicol was rare. None of staphylococcal isolates was susceptible to all tested antibiotics. Resistance to at least 3 drugs for both S. aureus and S. epidermidis is presented in Table 2a and 2b. It was found that (35) 53% and (28) 42.4 % of S. aureus and S. epidermidis isolates, respectively are resistant to at least 3 drugs. Table 1. Antimicrobial resistant pattern of S. aureus and S. epidermidis isolates from sub-clinical mastitis.

The pathogens S. aureus (n=66) S. epidermidis (n=66)

The antibiotics Frequency Percentage Frequency Percentage Clindamycin 40 60.1% 35 53.3% Tobramycin 7 10.8% 5 7.6% Amikacin 4 6.1% 7 10.6% Tetracycline 30 45.5% 27 40.9% Chloramphenicol 1 1.5% 5 7.6% Ampicillin 50 75.8% 44 66.7% Vancomycin 5 7.6% 3 4.5% Cefepime 3 4.5% 7 10.6% Erythromycin 27 40.9% 23 34.8% Amoxicillin 35 53% 26 39.4%

Table 2a. Pattern of multidrug resistance among S. aureus isolates.

Resistance patterns* Frequency Percentage AMP-DA-AML-TE-E-TOB 5 7.6% AMP-DA-AML-TE-E 14 21.2% AMP-DA-AML-TE 9 13.6% AMP-DA-AML 2 3.0% AMP-DA-E 2 3.0% AMP-E-TOB 1 1.5% AMP-FEP-VA 1 1.5% DA-AML-TE 1 1.5% *AMP: Ampicillin; DA: Clindamycin; AM: Amoxicillin; TE: Tetracycline; E: Erythromycin; TOB: Tobram ycin; C: Chloramphenicol; VA: Vancomycin.

Table 2a. Pattern of multidrug resistance among S. epidermidis isolates.

Resistance patterns* Frequency Percentage AMP-DA-AML-TE-E-TOB 4 4.5% AMP-DA-AML-TE 8 7.6% AMP-DA-AML-C 3 6.1% AMP-DA-TE-E 6 6.1% AMP-DA-E 3 4.5% AMP-E-AK 3 3.0% AMP-DA-VA 1 1.5% *AMP: Ampicillin; DA: Clindamycin; AM: Amoxicillin; TE: Tetracycline; E: Erythromycin; TOB: Tobramycin; C: Chloramphenicol; AK: Amikacin; VA: Vancomycin.

Discussion Antibiotic resistant bacteria is a growing problem concern worldwide. Mastitis is the most common reason for antibiotic use in dairy herds. Effectiveness of current treatments and ability to control infectious diseases in both animals and humans may become in danger. Increased resistance of staphylococcal strains isolated from intramammary infections to several antimicrobial agents has been reported ^{(7, 28)}_. In our study both isolates of S. aureus and S. epidermidis demonstrated high level of resistance to ampicillim. These results were consistent with a previous report from Poland, where 68.9% of S. aureus isolates were resistant to ampicillin ^{(21)}. However, these results were in contrast to other studies that reported lower

The Islamic University Journal (Series of Natural Studies and Engineering) Vol.14, No.1, P.1-9, 2006, ISSN 1726-6807, http//www.iugzaza.edu.ps/ara/research/

resistance (7 to 49.6%) of S. aureus isolates recovered from mastitic domestic ruminants ^{(12, 14, 17, 23)}. Our data showed that our staphyloco ccal isolates are less resistant to tetracycline compared with that reported in a previous study ^{(29)} where it was found 69% of S. aureus isolates were resistant to this antibiotic. Other recent studies reported that 8.5 to 26% and 17.6 to 20.5% of S. aureus and Coagulase-negative staphylococcus isolates were resistant to tetracycline, respectively ^{(2, 17, 21)}. In the present study, staphylococcal isolates had high resistance to clindamycin. These data were in disa greement with that reported recently

(19), where it was found that all isolates of S. aureus recovered from bovine

mastitis were susceptible to this antibiotic. On the other hand, we found that most staphylococcal collection is sensitiv e to chloramphenicol and this is in accord with the same previous study ^{(19)}, in which it was found that all isolates were susceptible to chloram phenicol. This may be due to that chloramphenicol is now used rarely fo r the treatment of domestic ruminants in this country. In general our staphylococcal isolat es showed high level of resistance particularly to ampicillin, clindamycin, tetracycline, amoxicillin and erythromycin which are commonly used in treatment of animals. This high rate of resistance to these antibiotics in our staphylococcal collection is likely due, in part, to selective pressure resulting from misuse of these antibiotics or commonly given antimicrobial growth promoters ^{(30-32)}. On the other hand, the behavior of amikacin, tobramycin, cefepime and vancomycin were proved to be the mo st active antimicrobials tested. This observation may provide the rational for alternative therapy that could be used in mastitic animals likely to be colonized with multidrug resistant staphylococcal isolates. Resistance to at least 3 drugs was found in 53% and 42.4 % of S. aureus and S. epidermidis isolates, respectively. The presence of multidrug resistance in staphylococcal isolates has been reported by several investigators ^{(11, 13, 33-35)}. The emergence of multidrug resistant is olates may be due to misuse of antibiotics in animal production. The recommendation is for animals with staphylococcal mastitis to be culled from the dairy herd ^{(8)}, because the appropriate therapy may become a serious clinical problem. For that reason, we can conclude that identification of mastitis pathogens is very important and antibiotic treatment is one of the recommended approaches in order to reduce intramammary infection and, consequently, the prevalence of mastitis in the herd. This could resu lt in lower subclinical intramammary infection prevalence in the domestic ruminants. However, the indiscriminate use of antimicrobial agents either for treatment of mastitis or any other infection might generate an increase of the resistance level of many microrganisms to these drugs.

References 1. Leitner G., Chaffer M., Zamir S ., Mor T., Glickman A., Winkler M., Weisblit L., Saran A., 2001 - Udder disease etiology, milk somatic cell counts and NAGase activity in Israeli Assaf sheep throughout lactation. Small Rumin. Res., 39: 107-112.

2. Kudinha T., Simango C., 2002 - Prevalence of coagulase-negative staphylococci in bovine mastitis in Zimbabwe. J. S. Afr. Vet. Assoc., 73: 62-65.

3. McDougall S., Pankey W., Delane y C., Barlow J., Mardough P.A., Scruton D., 2002 - Prevalence and inci dence of subclinical mastitis in goats and dairy ewes in Vermont, USA. Small Rumin. Res., 46, 115– 121.

4. Workineh S., Bayleyegn M., Mekonnen H., Potgieter L.N., 2002 - Prevalence and aetiology of mas titis in cows from two major Ethiopian dairies. Trop. Anim. Health Prod., 34: 19-25.

5. Dego O.K., Tareke F., 2003- Bovine mastitis in selected areas of southern Ethiopia. Trop. Anim. Health Prod., 35: 197-205.

6. Adwan G., Abusafieh D., Aref R., Abo Omar J., 2005 - Prevalence of microorganisms associated with intr amammary infection in cows and small rumenants in the North of Pa lestine. Journal of the Islamic University of Gaza, (Series of Na tural Studies and Engineering), 13: 165-173.

7. Myllys V., Asplund K., Brofeldt E ., Hirvela-Koski V., Honkanen- Buzalski T., Junttila J., Kulkas L., Myllykangas O., Niskanen M., Saloniemi H., Sandholm M., Saranpaa T., 1998 - Bovine mastitis in Finland in 1988 and 1995—changes in prevalence and antimicrobial resistance. Acta. Vet. Scand., 39: 119–126.

8. De Oliveira A. P., Watts J.L ., Salmon S.A., Aarestrup F.M., 2000 - Antimicrobial susceptibility of Staphylococcus aureus isolated from bovine mastitis in Europe and the Un ited States. J. Dairy Sci., 83: 855–862.

9. Pitkala A, Haveri M, Pyorala S, Myllys V, Honkanen-Buzalski T. 2004 - Bovine mastitis in Finland 2001--preva lence, distribution of bacteria, and antimicrobial resistance. J Dairy Sci., 87: 2433-2441.

10. Oliver S.P., Lewis M.J., Gillespie B.E., Dowlen H.H., Jaenicke E.C., Roberts R.K., 2003 - Prepartum antibio tic treatment of heifers: milk

The Islamic University Journal (Series of Natural Studies and Engineering) Vol.14, No.1, P.1-9, 2006, ISSN 1726-6807, http//www.iugzaza.edu.ps/ara/research/

production, milk quality and economic benefit. J. Dairy Sci., 86: 1187–1193.

11. Gentilini E., Denamiel G., Betancor A., Rebuelto M., Rodriguez Fermepin M., De Torres R.A., 2002 - Antimicrobial susceptibility of coagulase-negative staphylococci isolated from bovine mastitis in Argentina. J. Dairy Sci., 85: 1913–1917.

12. Adesiyun A.A., 1994 - Characteristics of Staphylococcus aureus strains isolated from bovine mastitic milk: bacteriophage and antimicrobial agent susceptibility, and enterotoxige nicity. J. Vet. Med. B., 42: 129– 139.

13. Stephan R., Dura U., Untermann F., 1999 - Resistance situation and enterotoxin production capacity of Staphylococcus aureus strains from bovine mastitis milk samples. Schweiz Arch Tierheilkd., 141: 287-290 (Article in German with English summary).

14. Calvinho L.F, Toselli F.G, Weimann W.R, Canavesio V.R, Neder V.E., Iguzquiza I.A., 2002 - Antimicrobial sensitivity of coagulase-positive staphylococcal strains isolated fr om bovine mastitis in the central dairy catchment area of Argentin a. Rev. Argent. Microbiol., 34: 171- 175 (Article in Spanish with English summary).

15. Corrente M., Greco G., Madio A ., Ventriglia G., 2003 - Methicillin resistance in staphylococci isolated from subclinical mastitis in sheep. New Microbiol., 26: 39-45.

16. Devriese L.A., Baele M., Vaneechou tte M. Martel A., Haesebrouck F., 2002 - Identification and antimicrobial susceptibility of Staphylococcus chromogenes isolates from intramammary infections of dairy cows. Vet. Microbiol., 87: 175-182.

17. Erskine R.J., Walker R.D., Bolin C.A., Bartlett P.C., White D.G., 2002 - Trends in antibacterial susceptibility of mastitis pathogens during a seven-year Period. J. Dairy Sci., 85: 1111–1118.

18. Gianneechini R.E., Concha C., Franklin A., 2002 - Antimicrobial susceptibility of udder pathogens isolated from dairy herds in the west littoral region of Uruguay. Acta. Vet. Scand., 43: 31-41.

19. Yoshimura H., Ishimaru M., Kojima A., 2002 - Minimum inhibitory concentrations of 20 antimicrobial agents against Staphylococcus aureus isolated from bovine intramammary infections in Japan. J. Vet. Med. B. Infect. Dis. Vet. Public Health, 49: 457-460.

20. Guerin-Faublee V., Carret G., Hou ffschmitt P., 2003 - In vitro activity of 10 antimicrobial agents against b acteria isolated from cows with clinical mastitis. Vet Rec., 152: 466-471.

21. Malinowski E., Klossowska A., Kaaczmarowski M., Lassa H., Kuzma K. 2002 - Antimicrobial susceptibility of staphylococcus isolated from affected with mastitis cows. Bull. Vet. Inst. Pulawy, 46: 289-294, 22. Makovec J.A., Ruegg P.L., 2003 - Antim icrobial resistance of bacteria isolated from dairy cow milk samples submitted for bacterial culture: 8,905 samples (1994-2001). J. Am. Vet. Med. Assoc., 222: 1582- 1589.

23. Corti S., Sicher D., Regli W., Stephan R., 2003 - Current data on antibiotic resistance of the most important bovine mastitis pathogens in Switzerland Schweiz Arch Ti erheilkd., 145: 571-575. (Article in German with English summary).

24. Gentilini E., Denamiel G., Lloren te P., Godaly S., Rebuelto M., DeGregorio O., 2000 - Antimicrobial susceptibility of Staphylococcus aureus isolated from fovine mastitis in Argentina. J. Dairy Sci., 83: 1224-1227 25. Goñi P., Vergara Y., Ruiz J., Albizu I., Vila J., Gómez-Lus ,R., 2004 - Antibiotic resistance and epidemiological typing of Staphylococcus aureus strains from ovine and rabbit mastitis. Int. J. Antimicrob Agents, 23: 268–272

26. Kirby W.M.M., Bauer A.W., Sherris J.C., Truck M., 1966 - Antibiotic susceptiblity testing by a standardized single disk method . Am. J. Clin. Pathol., 45: 493-496.

27. National Committee for Clinical Laboratory Standards (NCCLS), Performance standards for anti microbial disk and dilution susceptibility tests for bacteria isolated from animals, NCCLS, Pennsylvania, USA, 1999, M31-A.

28. Watts J.L., Salmon J.A. 1997 - Activity of selected antimicrobial agents against strains of Staphylococcus aureus isolated from bovine intramammary infections that produce -lactamase. J. Dairy Sci., 80: 788 - 791.

29. Simko S., Bartko P., 1996. Antibiotic resistance in Staphylococcus aureus mastitis in sheep, sheep milk and its products. Vet. Med. (Praha), 41: 241-24 (Article in Slovak with English summary).

30. Pedersen K.B., 1999 - Some growth promoters in animals do confer antimicrobial resistance in humans. Br. Med. J., 318: 1076.

31. Witte W., 2000 - Selective pressure by antibiotic use in livestock. Int J.

Antimicrob. Agents, 18: S19-S24.

The Islamic University Journal (Series of Natural Studies and Engineering) Vol.14, No.1, P.1-9, 2006, ISSN 1726-6807, http//www.iugzaza.edu.ps/ara/research/

32. Van den Bogaard A.E., Stobberi ngh E.E., 2000 - Epidemiology of resistance to antibiotics links between animals and humans. Int. J. Antimicrob. Agents. 14: 327-335.

33. Todhunter D.A., Cantwell L.L., Smith K.L., Hoblet K.H., Hogan J.S., 1993 - Characteristics of coagulase-negative staphylococci isolated from bovine intramammary infections. Vet. Microbiol., 34: 373–380.

34. Rajala-Schultz P.J, Smith K. L., Hogan J.S., Love B.C., 2004 - Antimicrobial susceptibility of mastitis pathogens from first lactation and older cows. Vet. Microbiol., 102: 33–42.

35. Ombui J.N., Kimotho A.M., N duhiu J./G., 2000 - Antimicrobial resistance patterns and plasmid profiles of Staphylococcus aureus isolated from milk and meat.East Afr Med J., 77: 461-462