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ABSTRACT
The disk diffusion method was employed to assess the sensitivity of 256 The disk diffusion method was employed to assess the sensitivity of 256 Escherichia (E.) coliEscherichia (E.) coli, 42 , 42 

SalmonellaSalmonella spp. and 62  spp. and 62 Streptococcus (S.) suisStreptococcus (S.) suis isolates to 13 antimicrobials, and of 108  isolates to 13 antimicrobials, and of 108 Pasteurella (P.) Pasteurella (P.) 
multocidamultocida and 44  and 44 Actinobacillus (A.) pleuropneumoniaeActinobacillus (A.) pleuropneumoniae isolates to 14 antimicrobials. All study isolates were  isolates to 14 antimicrobials. All study isolates were 
obtained from diagnostic material collected at 8 large pig breeding farms in Croatia. obtained from diagnostic material collected at 8 large pig breeding farms in Croatia. E. coliE. coli isolates showed  isolates showed 
the highest rate of resistance to oxytetracycline, streptomycin and ampicillin (98%, 91% and 85% of isolates, the highest rate of resistance to oxytetracycline, streptomycin and ampicillin (98%, 91% and 85% of isolates, 
respectively), whereas 87% of the isolates were resistant to 4 or more antimicrobials. respectively), whereas 87% of the isolates were resistant to 4 or more antimicrobials. SalmonellaSalmonella spp. isolates  spp. isolates 
were most sensitive to enrofl oxacin and colistin (all isolates), whereas highest rate of resistance was recorded were most sensitive to enrofl oxacin and colistin (all isolates), whereas highest rate of resistance was recorded 
to oxytetracycline and streptomycin (86% and 67% of isolates, respectively). More than 90% of to oxytetracycline and streptomycin (86% and 67% of isolates, respectively). More than 90% of P. multocidaP. multocida  
isolates were sensitive to ampicillin, amoxicillin with clavulanic acid, cefotaxime, colistin, fl orfenicol and isolates were sensitive to ampicillin, amoxicillin with clavulanic acid, cefotaxime, colistin, fl orfenicol and 
enrofl oxacin, whereas the highest rate of resistance was observed to streptomycin and nalidixic acid (59% and enrofl oxacin, whereas the highest rate of resistance was observed to streptomycin and nalidixic acid (59% and 
43%, respectively). 43%, respectively). S. suisS. suis isolates were most sensitive to cefotaxime and fl orfenicol (94% of isolates both),  isolates were most sensitive to cefotaxime and fl orfenicol (94% of isolates both), 
whereas the highest resistance was recorded to streptomycin (100%). All whereas the highest resistance was recorded to streptomycin (100%). All A. pleuropneumoniaeA. pleuropneumoniae isolates showed  isolates showed 
sensitivity to amoxicillin with clavulanic acid, cefotaxime, fl orfenicol and enrofl oxacin, and more than 90% sensitivity to amoxicillin with clavulanic acid, cefotaxime, fl orfenicol and enrofl oxacin, and more than 90% 
of these isolates were sensitive to penicillin G, ampicillin, colistin, gentamicin and spectinomycin, whereas of these isolates were sensitive to penicillin G, ampicillin, colistin, gentamicin and spectinomycin, whereas 
the highest rate of resistance was recorded to nalidixic acid and streptomycin (59% and 36%, respectively). the highest rate of resistance was recorded to nalidixic acid and streptomycin (59% and 36%, respectively). 
Sensitivity to all antimicrobials tested was recorded in 27% of Sensitivity to all antimicrobials tested was recorded in 27% of A. pleuropneumoniaeA. pleuropneumoniae isolates, whereas 41%  isolates, whereas 41% 
of these isolates were resistant to one, and 27% to 2-4 of the antimicrobials tested. Of the bacterial species of these isolates were resistant to one, and 27% to 2-4 of the antimicrobials tested. Of the bacterial species 
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included in the study, the highest rate of antimicrobial resistance was recorded in included in the study, the highest rate of antimicrobial resistance was recorded in E. coliE. coli, and lowest rate in , and lowest rate in A. A. 
pleuropneumoniae pleuropneumoniae isolates.isolates.
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IntroductionIntroduction
Antimicrobial resistance has emerged in the past few years as a major problem and Antimicrobial resistance has emerged in the past few years as a major problem and 

many programs have been set up for its surveillance in human and veterinary medicine. many programs have been set up for its surveillance in human and veterinary medicine. 
These programs are aimed mainly at human pathogens, agents of zoonoses, and indicator These programs are aimed mainly at human pathogens, agents of zoonoses, and indicator 
bacteria of the normal intestinal fl ora from animals (bacteria of the normal intestinal fl ora from animals (LANZ et al., 2003LANZ et al., 2003). Little attention has ). Little attention has 
been paid to the resistance in specifi c animal pathogens (been paid to the resistance in specifi c animal pathogens (LANZ et al., 2003LANZ et al., 2003). ). 

Large swine farms comprise the majority of intensive pig breeding in Croatia. These Large swine farms comprise the majority of intensive pig breeding in Croatia. These 
farms have between 600 and 5000 sows per farm with an adequate number of boars for farms have between 600 and 5000 sows per farm with an adequate number of boars for 
artifi cial insemination (artifi cial insemination (HABRUN et al., 1998aHABRUN et al., 1998a), resulting in a large number of animals ), resulting in a large number of animals 
in a relatively small area. The majority of farms are farrowing - fi nishing units and all in a relatively small area. The majority of farms are farrowing - fi nishing units and all 
technological phases are based on the all-in-all-out principle.technological phases are based on the all-in-all-out principle.

Such farms have a high prevalence of so-called breeding diseases caused by Such farms have a high prevalence of so-called breeding diseases caused by 
opportunistic bacteria (opportunistic bacteria (BILIĆ and HABRUN, 1996BILIĆ and HABRUN, 1996). Although new subunit and polyvalent ). Although new subunit and polyvalent 
vaccines have recently been intensively developed, there is no effi cient immunoprophylaxis vaccines have recently been intensively developed, there is no effi cient immunoprophylaxis 
for all bacterial diseases occurring in intensive pig breeding, where the use of antibiotics for all bacterial diseases occurring in intensive pig breeding, where the use of antibiotics 
for prevention and therapy of some dominant bacterial diseases remains necessary.for prevention and therapy of some dominant bacterial diseases remains necessary.

The aim of this study was to assess the sensitivity of the strains The aim of this study was to assess the sensitivity of the strains Escherichia (E.) coliEscherichia (E.) coli, , 
SalmonellaSalmonella spp.,  spp., Pasteurella (P.)Pasteurella (P.)  multocidamultocida, , Streptococcus (S.) suisStreptococcus (S.) suis and  and Actinobacillus Actinobacillus 
(A.) pleuropneumoniae(A.) pleuropneumoniae isolated in diagnostic material from large pig breeding farms in  isolated in diagnostic material from large pig breeding farms in 
Croatia.Croatia.

Materials and methodsMaterials and methods
Bacterial isolates. Bacterial isolates. Bacterial isolates from different pig organs were collected from Bacterial isolates from different pig organs were collected from 

8 large pig breeding farms in Croatia during 2005, 2006 and 2007. All 8 large pig breeding farms in Croatia during 2005, 2006 and 2007. All E. coliE. coli isolates  isolates 
(n=256) were obtained from suckling and weaned piglets that had died with clinical signs (n=256) were obtained from suckling and weaned piglets that had died with clinical signs 
of diarrhea. The isolates were identifi ed by use of rapid Bactident of diarrhea. The isolates were identifi ed by use of rapid Bactident E. coliE. coli test (Merck,  test (Merck, 
Germany). Atypical isolates were identifi ed by use of BBL Crystal Enteric-Nonfermenter Germany). Atypical isolates were identifi ed by use of BBL Crystal Enteric-Nonfermenter 
biochemical gallery (Becton Dickinson, USA). Hemolytic activity of biochemical gallery (Becton Dickinson, USA). Hemolytic activity of E. coliE. coli isolates was  isolates was 
tested on 5% sheep blood agar. The hemolytic strains containing F4, F6 and F18 fi mbriae tested on 5% sheep blood agar. The hemolytic strains containing F4, F6 and F18 fi mbriae 
were included in this study. Fimbriae were determined by the method of coagglutination were included in this study. Fimbriae were determined by the method of coagglutination 
using home-made sera.using home-made sera.

SalmonellaSalmonella spp. isolates (n=42) were isolated from carcasses of pigs that died with  spp. isolates (n=42) were isolated from carcasses of pigs that died with 
symptoms of septicemia and diarrhea from three pig farms. symptoms of septicemia and diarrhea from three pig farms. SalmonellaSalmonella ( (S.S.) Typhimurium ) Typhimurium 
was sporadically isolated at one farm, and was sporadically isolated at one farm, and S.S. Choleraesuis var. Kunzendorf at the other two  Choleraesuis var. Kunzendorf at the other two 
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farms. Bacterial isolation was performed by conventional methods (farms. Bacterial isolation was performed by conventional methods (BAGER and PETERSEN, BAGER and PETERSEN, 
1991; DAVIES et al., 1998; FEDORKA-CRAY et al., 19981991; DAVIES et al., 1998; FEDORKA-CRAY et al., 1998). Biochemical characteristics were ). Biochemical characteristics were 
assessed by TSI agar culture and the BBL Crystal Enteric-Nonfermenter biochemical assessed by TSI agar culture and the BBL Crystal Enteric-Nonfermenter biochemical 
gallery (Becton Dickinson, USA). Strain typing was done by slide agglutination with gallery (Becton Dickinson, USA). Strain typing was done by slide agglutination with 
respective antisera (Institute of Immunology, Croatia).respective antisera (Institute of Immunology, Croatia).

P. multocidaP. multocida isolates were isolated from the lungs of pigs that died with symptoms  isolates were isolated from the lungs of pigs that died with symptoms 
of respiratory disease at all eight pig farms. The isolates were identifi ed by use of BBL of respiratory disease at all eight pig farms. The isolates were identifi ed by use of BBL 
Crystal Enteric-Nonfermenter biochemical gallery (Becton Dickinson, USA).Crystal Enteric-Nonfermenter biochemical gallery (Becton Dickinson, USA).

A. pleuropneumoniaeA. pleuropneumoniae isolates were obtained from the lungs of pigs that died with  isolates were obtained from the lungs of pigs that died with 
clinical and pathoanatomical symptoms of pleuropneumonia. Primary isolation was clinical and pathoanatomical symptoms of pleuropneumonia. Primary isolation was 
performed in 5% sheep blood agar inoculated with the strain Staphylococcus (performed in 5% sheep blood agar inoculated with the strain Staphylococcus (S.S.) aureus, ) aureus, 
where CAMP phenomenon, satellite growth and hemolysis of the isolate were determined. where CAMP phenomenon, satellite growth and hemolysis of the isolate were determined. 
Serotyping was performed by the gel diffusion test as described elsewhere (Serotyping was performed by the gel diffusion test as described elsewhere (NIELSEN and NIELSEN and 
O’CONNOR, 1984O’CONNOR, 1984). Reference strains were provided by courtesy of Professor J. Nicolet.). Reference strains were provided by courtesy of Professor J. Nicolet.

Streptococcus suisStreptococcus suis isolates were collected from pigs that died with symptoms of  isolates were collected from pigs that died with symptoms of 
pneumonia, septicemia and central nervous system disorder (meningitis). The isolates were pneumonia, septicemia and central nervous system disorder (meningitis). The isolates were 
isolated on 5% sheep blood agar and identifi ed by use of amylase and Voges-Proskauer isolated on 5% sheep blood agar and identifi ed by use of amylase and Voges-Proskauer 
(acetoin) tests ((acetoin) tests (DEVRIESE et al., 1991DEVRIESE et al., 1991) and API Strep system gallery (BioMerieux, ) and API Strep system gallery (BioMerieux, 
France).France).

All isolates were stored in Luria-Bartrani broth with glycerin at -70 All isolates were stored in Luria-Bartrani broth with glycerin at -70 °°C until sensitivity C until sensitivity 
testing.testing.

Sensitivity testing.Sensitivity testing. Susceptibility testing was performed by the disk diffusion method  Susceptibility testing was performed by the disk diffusion method 
according to CSLI standards (Clinical and Laboratory Standards Institute, M31-A3, according to CSLI standards (Clinical and Laboratory Standards Institute, M31-A3, 
ANONYM., 2008ANONYM., 2008) for the following antimicrobial agents: penicillin G (10 IU), ampicillin ) for the following antimicrobial agents: penicillin G (10 IU), ampicillin 
(10 μg), amoxicillin/clavulanic acid (20/10 μg), cefotaxime (30 μg), colistin (10 μg), (10 μg), amoxicillin/clavulanic acid (20/10 μg), cefotaxime (30 μg), colistin (10 μg), 
chloramphenicol (30 μg), oxytetracycline (30 μg), streptomycin (10 μg), neomycin (30 chloramphenicol (30 μg), oxytetracycline (30 μg), streptomycin (10 μg), neomycin (30 
μg), gentamicin (10 μg), nalidixic acid (30 μg), enrofl oxacin (5 μg), spectinomycin (100 μg), gentamicin (10 μg), nalidixic acid (30 μg), enrofl oxacin (5 μg), spectinomycin (100 
μg) and fl orfenicol (30 μg).μg) and fl orfenicol (30 μg).

Penicillin G and fl orfenicol were tested only in Penicillin G and fl orfenicol were tested only in P. multocida, S. suisP. multocida, S. suis and  and A. A. 
pleuropneumoniae,pleuropneumoniae, and chloramphenicol in and chloramphenicol in E. coli  E. coli and and SalmonellaSalmonella spp. Colistin was not  spp. Colistin was not 
tested in tested in S. suis S. suis isolates.isolates.

According to CSLI, Mueller-Hinton agar was used as a culture medium (Merck According to CSLI, Mueller-Hinton agar was used as a culture medium (Merck 
1.05435), with the addition of 5% defi brinated sheep blood on 1.05435), with the addition of 5% defi brinated sheep blood on S. suisS. suis isolate testing.  isolate testing. S. S. 
suissuis isolate sensitivity to penicillin G was also tested on Mueller-Hinton agar with the  isolate sensitivity to penicillin G was also tested on Mueller-Hinton agar with the 
addition of 5% horse serum instead of sheep blood. Chocolate Mueller-Hinton agar was addition of 5% horse serum instead of sheep blood. Chocolate Mueller-Hinton agar was 
used on used on A. pleuropneumoniaeA. pleuropneumoniae isolate testing, according to CSLI recommendation (M37- isolate testing, according to CSLI recommendation (M37-
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A3). A3). E. coli E. coli ATCC 25922, ATCC 25922, E. coliE. coli ATCC 35218 and  ATCC 35218 and Enterococcus faecalisEnterococcus faecalis ATCC 29212  ATCC 29212 
were used as control strains.were used as control strains.

The zone of growth inhibition was interpreted as sensitive, moderately sensitive and The zone of growth inhibition was interpreted as sensitive, moderately sensitive and 
resistant, as recommended by CSLI M31 A3.resistant, as recommended by CSLI M31 A3.

ResultsResults
Serotyping. Serotyping. Forty-two Forty-two SalmonellaSalmonella spp. isolates included 29  spp. isolates included 29 S. S. Choleraesuis var. Choleraesuis var. 

Kunzendorf and 13 Kunzendorf and 13 S. S. Typhimurium isolates. Forty-four Typhimurium isolates. Forty-four A. pleuropneumoniaeA. pleuropneumoniae isolates  isolates 
included 21 serovar 2, 15 serovar 9, and 8 serovar 7 isolates.included 21 serovar 2, 15 serovar 9, and 8 serovar 7 isolates.

Antimicrobial susceptibility testing. Antimicrobial susceptibility testing. The results are presented in Tables 1-5. Table 1 The results are presented in Tables 1-5. Table 1 
shows the sensitivity of the shows the sensitivity of the E. coliE. coli strains tested, which exhibited the highest resistance,  strains tested, which exhibited the highest resistance, 
especially to ampicillin, streptomycin and oxytetracycline (85%, 91% and 98% of resistant especially to ampicillin, streptomycin and oxytetracycline (85%, 91% and 98% of resistant 
strains, respectively). The highest sensitivity rate was recorded to colistin and cefotaxime strains, respectively). The highest sensitivity rate was recorded to colistin and cefotaxime 
(94% and 86% of sensitive strains, respectively). Only 2 (less than 1%) isolates were (94% and 86% of sensitive strains, respectively). Only 2 (less than 1%) isolates were 
sensitive to all antimicrobials tested, while 12% of isolates showed sensitivity to 1-3, 69% sensitive to all antimicrobials tested, while 12% of isolates showed sensitivity to 1-3, 69% 
to 4-9 and 18% to 10-12 antimicrobials tested.to 4-9 and 18% to 10-12 antimicrobials tested.

Table 1. Antimicrobial susceptibility of enterotoxigenic Table 1. Antimicrobial susceptibility of enterotoxigenic Escherichia coliEscherichia coli (n = 256) by agar disc  (n = 256) by agar disc 
diffusion method*diffusion method*

Antimicrobial agent Susceptible Intermediate susceptible Resistant
Ampicillin 15 0 85
Amoxicillin/clavulanic acid 55 16 29
Cefotaxime 86 0 14
Colistin 94 0 6
Cloramphenicol 54 0 46
Oxitetracycline 2 0 98
Streptomycin 8 1 91
Neomycin 19 11 70
Gentamycin 41 6 53
Nalidixic acid 20 0 80
Enrofl oxacin 50 11 39
Spectinomycin 41 1 58
Sulfametoxazome/trimethoprim 12 1 87

*Results are expressed as a percentage of 256 *Results are expressed as a percentage of 256 E. coliE. coli isolates susceptible, intermediate/moderately susceptible  isolates susceptible, intermediate/moderately susceptible 
and resistant, respectively, for each antimicrobialand resistant, respectively, for each antimicrobial
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Table 2. Antimicrobial susceptibility of Table 2. Antimicrobial susceptibility of Salmonella Salmonella spp. (n = 44) by agar disc diffusion method*spp. (n = 44) by agar disc diffusion method*

Antimicrobial agent Susceptible Intermediate susceptible Resistant
Ampicillin 67 0 33
Amoxicillin/clavulanic acid 76 10 14
Cefotaxime 95 0 5
Colistin 100 0 0
Cloramphenicol 67 0 33
Oxitetracycline 14 0 86
Streptomycin 14 19 67
Neomycin 71 9 20
Gentamycin 95 0 5
Nalidixic acid 81 0 19
Enrofl oxacin 100 0 0
Spectinomycin 81 0 19
Sulfametoxazome/trimethoprim 48 0 52

*Results are expressed as a percentage of 44 *Results are expressed as a percentage of 44 SalmonellaSalmonella spp. isolates susceptible, intermediate/moderately  spp. isolates susceptible, intermediate/moderately 
susceptible and resistant, respectively, for each antimicrobialsusceptible and resistant, respectively, for each antimicrobial

Table 3. Antimicrobial susceptibility of Table 3. Antimicrobial susceptibility of Pasteurella multocidaPasteurella multocida (n = 108) by agar disc diffusion  (n = 108) by agar disc diffusion 
method*method*

Antimicrobial agent Susceptible Intermediate susceptible Resistant
Penicillin G 72 0 28
Ampicillin 91 0 9
Amoxicillin/clavulanic acid 96 0 4
Cefotaxime 93 0 7
Colistin 100 0 0
Florfenicol 100 0 0
Oxitetracycline 76 0 24
Streptomycin 39 2 59
Neomycin 54 24 22
Gentamycin 76 6 18
Nalidixic acid 57 43
Enrofl oxacin 96 4
Spectinomycin 88 12
Sulfametoxazome/trimethoprim 63 2 35

*Results are expressed as a percentage of 108 *Results are expressed as a percentage of 108 Pasteurella multocidaPasteurella multocida isolates susceptible, intermediate/ isolates susceptible, intermediate/
moderately susceptible and resistant, respectively, for each antimicrobialmoderately susceptible and resistant, respectively, for each antimicrobial
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Table 4. Antimicrobial susceptibility of Table 4. Antimicrobial susceptibility of Streptococcus suisStreptococcus suis (n = 62) by agar disc diffusion  (n = 62) by agar disc diffusion 
method*method*

Antimicrobial agent Susceptible Intermediate susceptible Resistant
Penicillin G 81a (94b) 0 19
Ampicillin 94 0 13
Amoxicillin/clavulanic acid 94 0 13
Cefotaxime 94 0 6
Colistin 0 0 100
Florfenicol 94 0 6
Oxitetracycline 13 0 87
Streptomycin 0 0 100
Neomycin 16 26 58
Gentamycin 26 13 61
Nalidixic acid 19 0 81
Enrofl oxacin 71 10 19
Spectinomycin 58 0 42
Sulfametoxazome/trimethoprim 45 0 55

*Results are expressed as a percentage of 62 *Results are expressed as a percentage of 62 Streptococcus suisStreptococcus suis isolates susceptible, intermediate/moderately  isolates susceptible, intermediate/moderately 
susceptible and resistant, respectively, for each antimicrobial; susceptible and resistant, respectively, for each antimicrobial; aaMueller-Hinton agar with the addition of 5% Mueller-Hinton agar with the addition of 5% 
defi brinated sheep blood; defi brinated sheep blood; bb Mueller-Hinton agar with the addition of 5% horse serum Mueller-Hinton agar with the addition of 5% horse serum

Table 5. Antimicrobial susceptibility of Actinobacillus pleuropneumoniae (n = 44) by agar disc 
diffusion method*

Antimicrobial agent Susceptible Intermediate susceptible Resistant
Penicillin G 91 0 9
Ampicillin 95 0 5
Amoxicillin/clavulanic acid 100 0 0
Cefotaxime 100 0 0
Colistin 95 0 5
Florfenicol 100 0 0
Oxitetracycline 82 0 18
Streptomycin 59 5 36
Neomycin 82 9 9
Gentamycin 96 4 0
Nalidixic acid 41 0 59
Enrofl oxacin 100 0 0
Spectinomycin 95 0 5
Sulfametoxazome/trimethoprim 68 5 27

*Results are expressed as a percentage of 44 *Results are expressed as a percentage of 44 Actinobacillus pleuropneumoniaeActinobacillus pleuropneumoniae isolates susceptible, intermediate/ isolates susceptible, intermediate/
moderately susceptible and resistant, respectively, for each antimicrobialmoderately susceptible and resistant, respectively, for each antimicrobial
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The sensitivity of The sensitivity of SalmonellaSalmonella spp. isolates is presented in Table 2. The highest  spp. isolates is presented in Table 2. The highest 
sensitivity rate was recorded to colistin and enrofl oxacin (100% both), and the highest sensitivity rate was recorded to colistin and enrofl oxacin (100% both), and the highest 
resistance rate to oxytetracycline (86%) and streptomycin (67%). None of the resistance rate to oxytetracycline (86%) and streptomycin (67%). None of the Salmonella Salmonella 
spp. isolates exhibited sensitivity to all antimicrobials tested, whereas 76% of isolates spp. isolates exhibited sensitivity to all antimicrobials tested, whereas 76% of isolates 
showed resistance to 2-4 and 24% to 5-7 antimicrobials. None of the showed resistance to 2-4 and 24% to 5-7 antimicrobials. None of the Salmonella Salmonella spp. spp. 
isolates showed resistance to more than 7 antimicrobials.isolates showed resistance to more than 7 antimicrobials.

The sensitivity of The sensitivity of P. multocidaP. multocida isolates is presented in Table 3. More than 90% of  isolates is presented in Table 3. More than 90% of 
these isolates showed sensitivity to ampicillin (91%), amoxicillin with clavulanic acid these isolates showed sensitivity to ampicillin (91%), amoxicillin with clavulanic acid 
(96%), cefotaxime (93%), colistin (100%), fl orfenicol (100%) and enrofl oxacin (96%). (96%), cefotaxime (93%), colistin (100%), fl orfenicol (100%) and enrofl oxacin (96%). 
The highest rate of resistance was recorded to streptomycin (59%) and nalidixic acid The highest rate of resistance was recorded to streptomycin (59%) and nalidixic acid 
(43%). Eleven percent of these isolates were sensitive to all antimicrobials tested, whereas (43%). Eleven percent of these isolates were sensitive to all antimicrobials tested, whereas 
24% of isolates were resistant to 1, 48% to 2-4 and 17% to 5-7 antimicrobials. None of the 24% of isolates were resistant to 1, 48% to 2-4 and 17% to 5-7 antimicrobials. None of the 
P. multocidaP. multocida isolates showed resistance to more than 7 antimicrobials tested. isolates showed resistance to more than 7 antimicrobials tested.

The The Streptococcus suisStreptococcus suis isolates showed highest rate of sensitivity to cefotaxime  isolates showed highest rate of sensitivity to cefotaxime 
and fl orfenicol (94% both), and highest rate of resistance to colistin and streptomycin and fl orfenicol (94% both), and highest rate of resistance to colistin and streptomycin 
(100% both) (Table 4). None of the (100% both) (Table 4). None of the Streptococcus suisStreptococcus suis isolates exhibited sensitivity to all  isolates exhibited sensitivity to all 
antimicrobials tested, whereas 42% of these isolates were sensitive to 2-4, 26% to 5-7 and antimicrobials tested, whereas 42% of these isolates were sensitive to 2-4, 26% to 5-7 and 
26% to 8-12 antimicrobials.26% to 8-12 antimicrobials.

The sensitivity of The sensitivity of A. pleuropneumoniaeA. pleuropneumoniae isolates is presented in Table 5. All  isolates is presented in Table 5. All A. A. 
pleuropneumoniaepleuropneumoniae isolates showed sensitivity to amoxicillin with clavulanic acid,  isolates showed sensitivity to amoxicillin with clavulanic acid, 
cefotaxime, fl orfenicol and enrofl oxacin, whereas more than 90% of these isolates were cefotaxime, fl orfenicol and enrofl oxacin, whereas more than 90% of these isolates were 
sensitive to penicillin G (91%), ampicillin (95%), colistin (95%), gentamicin (96%) and sensitive to penicillin G (91%), ampicillin (95%), colistin (95%), gentamicin (96%) and 
spectinomycin (95%). The highest rate of resistance was recorded to nalidixic acid and spectinomycin (95%). The highest rate of resistance was recorded to nalidixic acid and 
streptomycin (59% and 36%, respectively). Twenty-seven percent of streptomycin (59% and 36%, respectively). Twenty-seven percent of A. pleuropneumoniaeA. pleuropneumoniae  
isolates were sensitive to all antimicrobials, 41% to 1 antimicrobial and 27% to 2-4 isolates were sensitive to all antimicrobials, 41% to 1 antimicrobial and 27% to 2-4 
antimicrobials tested. Only 2 strains showed sensitivity to 7 antimicrobials.antimicrobials tested. Only 2 strains showed sensitivity to 7 antimicrobials.

DiscussionDiscussion
Beta-hemolytic Beta-hemolytic E. coliE. coli is the most common bacterial etiologic agent of diarrhoea in  is the most common bacterial etiologic agent of diarrhoea in 

neonatal and postweaning pigs. Treatment of enteric neonatal and postweaning pigs. Treatment of enteric E. coliE. coli infections in swine commonly  infections in swine commonly 
includes the use of broad-spectrum antibiotics (includes the use of broad-spectrum antibiotics (BISCHOFF et al., 2002BISCHOFF et al., 2002). In the present ). In the present 
study, the sensitivity of 256 study, the sensitivity of 256 E. coliE. coli isolates to 13 antimicrobials was tested (Table 1).  isolates to 13 antimicrobials was tested (Table 1). 
The highest rate of resistance was recorded to tetracycline (98%), streptomycin (91%), The highest rate of resistance was recorded to tetracycline (98%), streptomycin (91%), 
sulfamethoxazole/trimethoprim (87%) and ampicillin (85%). Multidrug resistance was sulfamethoxazole/trimethoprim (87%) and ampicillin (85%). Multidrug resistance was 
frequently observed, with 87% of frequently observed, with 87% of E. coliE. coli isolates resistant to 4 or more antibiotics. The  isolates resistant to 4 or more antibiotics. The 
swine swine E. coliE. coli isolates showed a pattern similar to other clinical veterinary  isolates showed a pattern similar to other clinical veterinary E. coliE. coli strains  strains 
in terms of their increased resistance to tetracycline, streptomycin, sulfamethoxazole/in terms of their increased resistance to tetracycline, streptomycin, sulfamethoxazole/
trimethoprim and gentamicin (trimethoprim and gentamicin (CCOATES OATES and Hand HOOPESOOPES, 1980; L, 1980; LIBAL IBAL and Gand GATESATES, 1982; , 1982; 
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HHARNETARNET and G and GYLESYLES, 1984; N, 1984; NIJSTENIJSTEN et al et al.,., 1996; K 1996; KEYESEYES  et alet al., 2000; BISCHOFF et al., ., 2000; BISCHOFF et al., 
20022002).).

A steady decrease has been observed in sensitivity to fl uoroquinolones (enrofl oxacin), A steady decrease has been observed in sensitivity to fl uoroquinolones (enrofl oxacin), 
as only 58% of the strains were sensitive to this drug. The studies conducted in Croatia as only 58% of the strains were sensitive to this drug. The studies conducted in Croatia 
in 1990 revealed no in 1990 revealed no E. coliE. coli strains resistant to fl uoroquinolones, whereas those carried  strains resistant to fl uoroquinolones, whereas those carried 
out in 1997-1998 found 29.7% of out in 1997-1998 found 29.7% of E. coliE. coli isolates collected from swine to be resistant to  isolates collected from swine to be resistant to 
enrofl oxacin (enrofl oxacin (BILIĆ et al.BILIĆ et al.,, 1999 1999). Comparison of the present and previous study results ). Comparison of the present and previous study results 
((BILIĆ et al.BILIĆ et al.,, 1999 1999) also indicates a steady increase in the bacterial resistance to neomycin ) also indicates a steady increase in the bacterial resistance to neomycin 
(22% and 56% of resistant strains in 1990 and 1997-1998, respectively, (22% and 56% of resistant strains in 1990 and 1997-1998, respectively, vsvs. 70% in the . 70% in the 
present study) and gentamycin (27.5% and 49.7% of resistant strains in 1990 and 1997-present study) and gentamycin (27.5% and 49.7% of resistant strains in 1990 and 1997-
1998, respectively, 1998, respectively, vsvs. 53% in the present study) (Table 1).. 53% in the present study) (Table 1).

The high rate of sensitivity to colistin (94% of study strains) is attributed to the The high rate of sensitivity to colistin (94% of study strains) is attributed to the 
fact that colistin has not been used in veterinary medicine in Croatia to date, and more fact that colistin has not been used in veterinary medicine in Croatia to date, and more 
common use of colistin in intensive pig breeding may result in an increased resistance common use of colistin in intensive pig breeding may result in an increased resistance 
to this antimicrobial in the future. Although there has been a ban on the systemic use to this antimicrobial in the future. Although there has been a ban on the systemic use 
of cloramphenicol in Croatia for more than 10 years now, 46% of study isolates were of cloramphenicol in Croatia for more than 10 years now, 46% of study isolates were 
resistant to this antibiotic.resistant to this antibiotic.

The high multidrug resistance of The high multidrug resistance of E. coliE. coli strains isolated from large swine  strains isolated from large swine 
agglomerations was most probably due to obsolete farming technology, where agglomerations was most probably due to obsolete farming technology, where 
economically profi table productivity could hardly be maintained without the systemic economically profi table productivity could hardly be maintained without the systemic 
use of antibiotics administered in the critical steps of production. use of antibiotics administered in the critical steps of production. 

Over the last few years, bacteria of the genus Over the last few years, bacteria of the genus SalmonellaSalmonella isolated from porcine organs  isolated from porcine organs 
were collected from only three large pig breeding farms in Croatia. At one of these farms, were collected from only three large pig breeding farms in Croatia. At one of these farms, 
S. S. Typhimurium was only sporadically isolated from dead animal organs, whereas Typhimurium was only sporadically isolated from dead animal organs, whereas S. S. 
Choleraesuis var. Kunzendorf was sporadically isolated at the other two farms (Choleraesuis var. Kunzendorf was sporadically isolated at the other two farms (HABRUN HABRUN 
et al.et al.,, 2002 2002).).

The study results showed all the bacterial strains tested to be sensitive to enrofl oxacin The study results showed all the bacterial strains tested to be sensitive to enrofl oxacin 
and colistin, whereas 95% of the strains were sensitive to gentamicin and cefotaxime and colistin, whereas 95% of the strains were sensitive to gentamicin and cefotaxime 
(Table 2). The highest rate of bacterial resistance was recorded to oxytetracycline (86%) (Table 2). The highest rate of bacterial resistance was recorded to oxytetracycline (86%) 
and streptomycin (67% of resistant strains and 19% of moderately resistant strains) and streptomycin (67% of resistant strains and 19% of moderately resistant strains) 
(Table 2). These results are consistent with literature reports on the sensitivity studies of (Table 2). These results are consistent with literature reports on the sensitivity studies of 
SalmonellaSalmonella spp. isolated from pigs ( spp. isolated from pigs (WONDWOSSEN WONDWOSSEN et al., 2000; et al., 2000; OLIVEIRAOLIVEIRA et al., 2002 et al., 2002). ). 
In comparison with other studies, our isolates showed quite good sensitivity to ampicillin In comparison with other studies, our isolates showed quite good sensitivity to ampicillin 
(67%) and amoxicillin with clavulanic acid (76%).(67%) and amoxicillin with clavulanic acid (76%).

The present study revealed the resistance of The present study revealed the resistance of SalmonellaSalmonella spp. in Croatian intensive  spp. in Croatian intensive 
pig breeding to be by far lower than the resistance of pig breeding to be by far lower than the resistance of E. coliE. coli, which is quite conceivable , which is quite conceivable 
considering the markedly lower presence of the former at Croatian pig breeding farms. considering the markedly lower presence of the former at Croatian pig breeding farms. 
Only 4 strains exhibited pentadrug resistance to ampicillin, chloramphenicol, streptomycin, Only 4 strains exhibited pentadrug resistance to ampicillin, chloramphenicol, streptomycin, 
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tetracycline and sulfamethoxazole, characteristic of the multidrug resistance DT104 tetracycline and sulfamethoxazole, characteristic of the multidrug resistance DT104 
phagotype (phagotype (THRELFALL THRELFALL et al., 1996et al., 1996), however, additional studies are needed to confi rm ), however, additional studies are needed to confi rm 
these fi ndings.these fi ndings.

P. multocidaP. multocida was the second most common secondary bacterial infective agent isolated  was the second most common secondary bacterial infective agent isolated 
from porcine respiratory disease complex. All isolates showed sensitivity to colistin and from porcine respiratory disease complex. All isolates showed sensitivity to colistin and 
fl orfenicol, whereas more than 90% of isolates were sensitive to ampicillin, amoxicillin fl orfenicol, whereas more than 90% of isolates were sensitive to ampicillin, amoxicillin 
with clavulanic acid, cefotaxime and enrofl oxacin, which is comparable with the results with clavulanic acid, cefotaxime and enrofl oxacin, which is comparable with the results 
reported by reported by HORMANSDORFERHORMANSDORFER and  and BAUERBAUER (1998) (1998). The highest rate of isolate resistance . The highest rate of isolate resistance 
was recorded to streptomycin and nalidixic acid (59% and 43%, respectively) (Table 4).was recorded to streptomycin and nalidixic acid (59% and 43%, respectively) (Table 4).

In Croatia, an increasing rate of In Croatia, an increasing rate of S. suisS. suis isolation from dead swine organs has been  isolation from dead swine organs has been 
recorded since the occurrence of porcine reproductive and respiratory syndrome in 1996. recorded since the occurrence of porcine reproductive and respiratory syndrome in 1996. 
As testing on Mueller-Hinton agar with sheep blood revealed 81% of isolates to be As testing on Mueller-Hinton agar with sheep blood revealed 81% of isolates to be 
sensitive to penicillin G and 94% to ampicillin and amoxicillin, the testing of bacterial sensitive to penicillin G and 94% to ampicillin and amoxicillin, the testing of bacterial 
sensitivity to penicillin G was repeated on Mueller-Hinton agar with horse serum, which sensitivity to penicillin G was repeated on Mueller-Hinton agar with horse serum, which 
allows for a greater zone of growth inhibition to obtain thus a higher proportion of allows for a greater zone of growth inhibition to obtain thus a higher proportion of 
sensitive strains to detect (sensitive strains to detect (MARIE MARIE et al., 2002et al., 2002). Bacterial testing on Mueller-Hinton agar ). Bacterial testing on Mueller-Hinton agar 
with horse serum showed 94% of isolates to be sensitive to penicillin G (Table 4). The with horse serum showed 94% of isolates to be sensitive to penicillin G (Table 4). The 
same percentage of same percentage of S. suis S. suis isolates showed sensitivity to fl orfenicol and cefotaxime. These isolates showed sensitivity to fl orfenicol and cefotaxime. These 
fi ndings are consistent with literature reports on the highest rate of fi ndings are consistent with literature reports on the highest rate of S. suisS. suis sensitivity to  sensitivity to 
these particular antibiotics (these particular antibiotics (SHYROCK SHYROCK et al., 1992; et al., 1992; STUARTSTUART et al., 1992;  et al., 1992; TARRADASTARRADAS et al.,  et al., 
1994; 1994; AARESTRUP AARESTRUP et al.et al.,, 1998a;  1998a; KATAOKA KATAOKA et al., 2000; et al., 2000; MARIE MARIE et al., 2002et al., 2002).).

Bacterial resistance to oxytetracycline (87% of resistant isolates) was also in agreement Bacterial resistance to oxytetracycline (87% of resistant isolates) was also in agreement 
with literature data (with literature data (AARESTRUPAARESTRUP et al., 1998a,b et al., 1998a,b), as was resistance to streptomycin (all ), as was resistance to streptomycin (all 
isolates) (isolates) (STUART STUART et al., 1992; et al., 1992; TURGEONTURGEON et al., 1994;  et al., 1994; AARESTRUP AARESTRUP et al., 1998b; et al., 1998b; KATAOKAKATAOKA  
et al., 2000; et al., 2000; MARIE MARIE et al., 2002et al., 2002).).

A. pleuropneumoniaeA. pleuropneumoniae serovars 2, 7, 8 and 9 had previously been isolated from porcine  serovars 2, 7, 8 and 9 had previously been isolated from porcine 
pleuropneumonia in Croatia (pleuropneumonia in Croatia (HABRUN et al.HABRUN et al.,, 1998b 1998b). All the strains tested here showed ). All the strains tested here showed 
sensitivity to amoxicillin with clavulanic acid, cefotaxime, fl orfenicol and enrofl oxacin, sensitivity to amoxicillin with clavulanic acid, cefotaxime, fl orfenicol and enrofl oxacin, 
whereas 95% of these isolates exhibited sensitivity to ampicillin and spectinomycin, whereas 95% of these isolates exhibited sensitivity to ampicillin and spectinomycin, 
and 91% to penicillin G (Table 5). These fi ndings indicate a considerably higher isolate and 91% to penicillin G (Table 5). These fi ndings indicate a considerably higher isolate 
sensitivity in Croatia than in Taiwan (sensitivity in Croatia than in Taiwan (CHANG et alCHANG et al.,., 2002 2002), where 73% and only 17% of ), where 73% and only 17% of 
isolates were sensitive to enrofl oxacin and ampicillin, respectively.isolates were sensitive to enrofl oxacin and ampicillin, respectively.

In the present study, as many as 82% of In the present study, as many as 82% of A. pleuropneumoniaeA. pleuropneumoniae isolates were found  isolates were found 
to be sensitive to oxytetracycline, in spite of the high rate of to be sensitive to oxytetracycline, in spite of the high rate of A. pleuropneumoniaeA. pleuropneumoniae  
resistance to this antibiotic reported (resistance to this antibiotic reported (NADEAU et al.NADEAU et al.,, 1988 1988) and the relatively wide use of ) and the relatively wide use of 
oxytetracycline in Croatian pig breeding. The highest rate of resistance was recorded to oxytetracycline in Croatian pig breeding. The highest rate of resistance was recorded to 
streptomycin (36% of resistant isolates and 5% of moderately sensitive isolates), whereas streptomycin (36% of resistant isolates and 5% of moderately sensitive isolates), whereas 
the rate of bacterial sensitivity to other aminoglycosides under study was considerably the rate of bacterial sensitivity to other aminoglycosides under study was considerably 
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higher (neomycin 82% and gentamicin 96%). Only 2 study strains showed sensitivity to 7 higher (neomycin 82% and gentamicin 96%). Only 2 study strains showed sensitivity to 7 
antimicrobials tested, whereas 27% of isolates were sensitive to all antibacterials tested.antimicrobials tested, whereas 27% of isolates were sensitive to all antibacterials tested.

ConclusionsConclusions
Of the bacterial strains tested, Of the bacterial strains tested, E. coliE. coli isolates showed the highest rate of resistance.  isolates showed the highest rate of resistance. 

Due to the rather high rate of resistance, technological conditions and feeding procedures Due to the rather high rate of resistance, technological conditions and feeding procedures 
should be systematically improved and sow immunoprophylaxis routinely performed to should be systematically improved and sow immunoprophylaxis routinely performed to 
prevent neonatal colibacillosis, while limiting the use of antibiotics that should be so prevent neonatal colibacillosis, while limiting the use of antibiotics that should be so 
utilized as to reduce the development of resistance. Although the rate of utilized as to reduce the development of resistance. Although the rate of Salmonella Salmonella spp. spp. 
resistance was much lower than of resistance was much lower than of E. coliE. coli, the occurrence of a number of multidrug , the occurrence of a number of multidrug 
resistant strains indicates that the sensitivity of resistant strains indicates that the sensitivity of SalmonellaSalmonella spp. should be more closely  spp. should be more closely 
monitored and efforts invested to identify the genes responsible for this resistance. monitored and efforts invested to identify the genes responsible for this resistance. 
The species The species S. suis, P. multocidaS. suis, P. multocida and  and A. pleuropneumoniaeA. pleuropneumoniae showed considerably better  showed considerably better 
senssensitivity than itivity than E. coliE. coli and  and SalmonellaSalmonella spp. spp.
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SAŽETAKSAŽETAK
Disk difuzijskom metodom istražena je osjetljivost 256 izolata Disk difuzijskom metodom istražena je osjetljivost 256 izolata EscherichiaEscherichia ( (EE.) .) colicoli, 42 izolata , 42 izolata SalmonellaSalmonella  

spp. i 62 izolata spp. i 62 izolata StreptococcusStreptococcus ( (SS.) .) suissuis na 13 antimikrobnih lijekova, te 108 izolata  na 13 antimikrobnih lijekova, te 108 izolata PasteurellaPasteurella ( (PP.) .) multocidamultocida, , 
i 44 izolata i 44 izolata Actinobacillus Actinobacillus ((AA.).) pleuropneumoniae pleuropneumoniae na 14 antimikrobnih lijekova. Svi su izolati bili izdvojeni iz  na 14 antimikrobnih lijekova. Svi su izolati bili izdvojeni iz 
dijagnostičkoga materijala s 8 velikih svinjogojskih farmi u Hrvatskoj. U dijagnostičkoga materijala s 8 velikih svinjogojskih farmi u Hrvatskoj. U E. coliE. coli najveći stupanj rezistencije  najveći stupanj rezistencije 
utvrđen je na oksitetraciklin (98% izolata), streptomicin (91% izolata) i ampicilin (85% izolata), te je 87% utvrđen je na oksitetraciklin (98% izolata), streptomicin (91% izolata) i ampicilin (85% izolata), te je 87% 
izolata bilo rezistentno na 4 i više antimikrobnih lijekova. Izolati izolata bilo rezistentno na 4 i više antimikrobnih lijekova. Izolati SalmonellaSalmonella spp. bili su najosjetljiviji  spp. bili su najosjetljiviji 
na enrofl oksacin i kolistin (svi izolati), a najveći postotak otpornosti utvrđen je na oksiteraciklin (86%) i na enrofl oksacin i kolistin (svi izolati), a najveći postotak otpornosti utvrđen je na oksiteraciklin (86%) i 
streptomicin (67%). Više od 90% izolata streptomicin (67%). Više od 90% izolata P. multocidaP. multocida bilo je osjetljivo na ampicilin, amoksicilin s klavulanskom  bilo je osjetljivo na ampicilin, amoksicilin s klavulanskom 
kiselinom, cefotaksim, kolistin, fl orfenikol i enrofl oksacin. Najveća rezistencija bakterije kiselinom, cefotaksim, kolistin, fl orfenikol i enrofl oksacin. Najveća rezistencija bakterije P. multocidaP. multocida utvrđena  utvrđena 
je na streptomicin (59%) i nalidiksičnu kiselinu (43%). Izolati vrste je na streptomicin (59%) i nalidiksičnu kiselinu (43%). Izolati vrste Streptococcus suisStreptococcus suis bili su najosjeljiviji na  bili su najosjeljiviji na 
cefotaksim i fl orfenikol (94% osjetljivih izolata), a najveća rezistencija utvrđena je na streptomicin (100%). Svi cefotaksim i fl orfenikol (94% osjetljivih izolata), a najveća rezistencija utvrđena je na streptomicin (100%). Svi 
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testirani izolati vrste testirani izolati vrste A. pleuropneumoniaeA. pleuropneumoniae bili su osjetljivi amoksicilin s klavulanskom kiselinom, cefotaksim,  bili su osjetljivi amoksicilin s klavulanskom kiselinom, cefotaksim, 
fl orfenikol i enrofl oksacin, a više od 90% izolata bilo je osjetljivo na penicilin G, ampicilin, kolistin, gentamicin fl orfenikol i enrofl oksacin, a više od 90% izolata bilo je osjetljivo na penicilin G, ampicilin, kolistin, gentamicin 
i spektinomicin. Najveća rezistencija utvrđena je na nalidiksičnu kiselinu (59%) i streptomicin (36%). Na i spektinomicin. Najveća rezistencija utvrđena je na nalidiksičnu kiselinu (59%) i streptomicin (36%). Na 
sve testirane antimikrobne lijekove bilo je osjetljivo 27% izolata sve testirane antimikrobne lijekove bilo je osjetljivo 27% izolata A. pleuropneumoniaeA. pleuropneumoniae, a 41% izolata bilo , a 41% izolata bilo 
je rezistentno na jedan testirani antimikrobni lijek, dok je 27% izolata bilo otporno na 2 do 4 antimikrobna je rezistentno na jedan testirani antimikrobni lijek, dok je 27% izolata bilo otporno na 2 do 4 antimikrobna 
lijeka. Od testiranih bakterijskih vrsta najveći stupanj rezistencije imali su izolati lijeka. Od testiranih bakterijskih vrsta najveći stupanj rezistencije imali su izolati E. coliE. coli, dok su izolati , dok su izolati A. A. 
pleuropneumoniaepleuropneumoniae imali najmanji stupanj rezistencije. imali najmanji stupanj rezistencije.

Ključne riječi: Ključne riječi: antimikrobna osjetljivost, antimikrobna osjetljivost, E. coli, Salmonella E. coli, Salmonella sppspp., P. multocida, S. suis, A. pleuropneumoniae., P. multocida, S. suis, A. pleuropneumoniae
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