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Antimicrobial susceptibility of Actinobacillus pleuropneumoniae, Escherichia coli, and
Salmonella choleraesuis recovered from Taiwanese swine

Chao-Fu Chang, Lin-Chu Chang, Yung-Fu Chang, Michael Chen, Tai-Sheng Chiang

Abstract. Minimum inhibition concentrations (MICs) were determined for ampicillin, ceftiofur, cephalothin,
chloramphenicol, enrofloxacin, gentamicin, lincomycin, lincospectin (lincomycin/spectinomycin), neomycin,
premafloxacin, spectinomycin, sulfamethoxazole/trimethoprim, and tetracycline against a total of 180 isolates
of Actinobacillus pleuropneumoniae, Escherichia coli, and Salmonella choleraesuis (60 each) clinically isolated
from pigs on farms in Taiwan from 1994 to 1996. No more than 3 isolates per farm were used. Ceftiofur had
the highest activity in vitro against isolates Af pleuropneumoniae, E. coli, and S. choleraesuis, with MIC,
values of 0.03, 2, and {kg/ml, respectively. Premafloxacin was highly active against isolatés pfeurop-
neumoniae, E. coli, and S. choleraesuis, with MIC4, values of 2, 8, and 0.hg/ml, respectively, which were
lower than those with enrofloxacin (M§&8, 32, and 2ug/ml, respectively). Neomycin was moderately active
againstA. pleuropneumoniae and E. coli, with MIC4, values of 8 and 64wg/ml, respectively, but was inactive
with S, choleraesuis. Gentamicin showed high activity againAt pleuropneumoniae (MIC,, of 2 pg/ml) but
was only moderately active witk. coli and S choleraesuis (MICg, of 64 and 32ug/ml). Cephalothin was
highly active against isolates @ pleuropneumoniae (MIC,, of 1 pg/ml) but was inactive withe. coli (MICg,
of 128 pg/ml). Lincomycin had moderate activity (Mlgof 32 ug/ml) againstA. pleuropneumoniae. Chlor-
amphenicol, lincomycin, and tetracycline were inactive viathcoli and S. choleraesuis (MICg, > 128 ug/ml).

In conclusion, ceftiofur and premafloxacin were highly active against isolatés méuropneumoniae, E. coli,

and S choleraesuis; enrofloxacin and gentamicin were highly to moderately active; cephalothin was highly
active againsA. pleuropneumoniae and moderately active agairtstcholearesuis; chloramphenicol, lincomycin,

and tetracycline were active only with pleuropneumoniae; neomycin was moderately active agaifAsipleu-
ropneumoniae and E. coli. The other antimicrobials tested were inactive.

During the 1990s, pig respiratory disease complawrsery and grower pigs, andl. pleuropneumoniae
(PRDC) emerged in Taiwan as the most important digras encountered most frequently in grower to finisher
ease of swine. Porcine respiratory and reproductipiys.
syndrome virus, swine influenza virus, hog cholera vi- The purpose of this study was to investigate the sus-
rus, pseudorabies virushctinobacillus pleuropneu- ceptibility of A. pleuropneumoniae, S. choleraesuis,
moniae, Salmonella choleraesuis, Escherichia coli, andE. coli to ampicillin, ceftiofur, cephalothin, chlor-
Pasteurella multocida, Streptococcus suis type Il, and - amphenicol, enrofloxacin, gentamicin, lincomycin, lin-
Mycoplasma hyopneumoniae were the most commonly cospectin (lincomycin/spectinomycin), neomycin, pre-
isolated viral and bacterial agents from clinical PRD@]aﬂoxacin’ Spectinomycin, sulfamethoxazole/trimeth-
cases in Taiwaf:*9 Although sound managementoprim, and tetracycline. All except ceftiofuvere pur-
sanitation, nutrition, and vaccination are vital t0 SUGhased from a single sourte.
cessful prevention and control of PRDC on pig farms, a total of 180 porcine isolates were tested in the
appropriate selection and use of antimicrobials for ”ﬁudy. Among them were 60 isolates of each/Aof
treatment and contr(_)I of bacterial infections is the kepMeuropneumoni ae, S. choleraesuis, and E. coli from
to avoiding economic loss: clinical cases on pig farms in Taiwan from 1994 to

Among these bacterial pathogers, pleuropneu- 1996 No more than 3 isolates per farm were used, and

moniae, S. choleraesuis, and E. coli are particularly t%?y were identified by conventional methdés\a-

troublesome since they can induce pneumonia aBnal Committee for Clinical Laboratory Standards

acute septicemia with high mortality and can acqu'r(?\ICCLS)—recommended American Type Culture Col-

resistance to antimicrobial&scherichia coli predom- ; . .
. . . . . . lection (ATCC) isolatesE. coli ATCC 25922 ,Saph-
inated in suckling pigss. choleraesuis was found in ' .
g pigss ylococcus aureus ATCC 25923 ,Enterococcus faecalis
From the Department of Veterinary Medicine, National Taiwaf*T CC 29212 A. pleuropneumoniae ATCC 27090, and
University, Taipei 106, Taiwan (C-F Chang, L-C Chang, ChiangPseudomonas aeruginosa ATCC 27853, were used as
the Department of Population Medicine and Diagnostic Sciencgaference strains for quality control?

College of Veterinary Medicine, Cornell University, Ithaca, NY il L s .
14853 (Y-F Chang), and the Animal Health Division, Pharmacia an Agar dilution minimum inhibition concentration

Upjohn Market Co. Ltd., Taipei 104, Taiwan (Chen). MI_C) testing was _ performed as previously _de‘
Received for publication August 2, 1999. scribed®'® Mueller—Hinton agarwas used folE. coli



154 Brief Communications

and S choleraesuis and veterinary fastidious agér
was used foA. pleuropneumoniae. Inoculum was dis-
pensed with a replicatbwith 3-mm pins according to
the manufacturer’s instructions.

The MICs of various antimicrobials to swine bac-
terial pathogens have been compared in several coun-
tries!1® Because antimicrobial resistance is also a se-
rious problem for the swine industry in Taiwan, the
MIC test was performed using 3 bacterial species,
pleuropneumoniae, E. coli, andS. choleraesuis isolat-
ed from pigs. The in vitro activity of various antimi-
crobials to Taiwanese swine isolatesfofpleuropneu-
moniae, E. coli, andS choleraesuis are listed in Tables
1, 2, and 3, respectively. The MICs for the isolates
tested are summarized in Table 4. Ceftiofur had the
highest activity in vitro against isolates Af pleurop-
neumoniae, E. coli, and S. choleraesuis, with MICg,
values of 0.03, 2, and jLg/ml, respectively. Ceftiofur
was highly active against cattle and swine respiratory-
disease pathoged!> Minimum inhibition concentra-
tions of 2ug/ml were obtained withe. coli, which is,
apparently, higher than previous repdft®. Whether
the difference is due to emerging resistance secondary
to heavy use of this antimicrobial in Taiwan is unclear.

The fluoroquinolones generally exhibit activity
against Gram-negative bactetiaOf these, premaflox-
acin was highly active withA. pleuropneumoniae, E.
coli, and S. choleraesuis, with MIC4, values of 2, 8,
and 0.5pg/ml, respectively. Enrofloxacin (8, 32, and
2 ng/ml, respectively) showed weaker activities than
did premafloxacin. Enrofloxacin is an efficacious agent
for treatment of swine bacterial disease in the United
States and Europ€:*34However, antimicrobial resis-
tance has been well documented since enrofloxacin
was approved for use in animals in TaiwaAgain,
this may be due to heavy use of enrofloxacin in the
swine industry in Taiwan.

Neomycin was moderately active agaist pleu-
ropneumoniae andE. coli, with MIC, values of 8 and
64 ng/ml, respectively, but was inactive with chol-
eraesuis. Gentamicin showed significant activity with
A. pleuropneumoniae (MIC g, of 2 ng/ml) but was only
moderately active withe. coli andS. choleraesuis (64
and 32 pg/ml, respectively). Aminoglycosides are
poorly absorbed following oral administration, bind to
a low extent to plasma proteins (less than 25%), and
show low efficiency in penetrating cellular barriers and
entering cells. These antibiotics can produce varying
degrees of vestibular damage (streptomycin, gentami-
cin) or cochlear damage (amikacin, kanamycin, neo-
mycin). In patients with prolonged therapy and exces-
sively high serum concentrations, aminoglycosides
(especially neomycin and gentamicin) can also cause
acute renal tubular necrosisTherefore, these antibi-

In vitro activities of various antimicrobial agents against Taiwanese swine isola#spbéuropneumoniae.

Table 1.

Cumulative (%) MIC inpg/ml

Antimicrobial

>128

128
60 (100)

64
41 (68)

32

39 (65)

16

30 (50)

0.5
11 (18)

0.12 0.25
7(12)

0.06

0.03

agents

27 (45)

21 (35)

17 (28)

Ampicillin

60 (100)
13 (22)

58 (97)

56 (93)

Ceftiofur

60 (100)
46 (77)
58 (97)

59 (98)
36 (60)
52 (87)

58 (97)

56 (93)
35 (58)
39 (65)
38 (63)

49 (82)
24 (40)
33 (55)
19 (32)

24 (40)

5 (8)

4(7)
4(7
3(5)
12

Cephalothin

58(97) 60 (100)

57 (95)

Chloramphenicol
Enrofloxacin
Gentamicin

60 (100)

14 (23) 25 (42)

14 (23)

9 (15)
12 (20)

60 (100)

56 (93)

15 (25)

60 (100)
51 (85)

32(53) 54 (90)
35 (58)

5 (8)

3(5)

Licomycin

60 (100)

Licospectin
Neomycin

19(32) 57(95) 58(97) 60 (100)

59 (98)

2 (3)
57 (95)

60 (100)

43 (72)

32 (53) 40 (67)

22 (37)

12 (20)

Premafloxacin

18(30) 60 (100)
60 (100)

15 (25)
51 (85)
60 (100)

3(5)
33 (55)
59 (98)

20 (33)
56 (93)

16 (27)
48 (80)

12 (20)
13 (22)

10 (17)

8 (13)
7(12)

Sulfa/trimethoprim

Spectinomycin
Tetracycline

12 (20)

9 (15)

1(2)




Table 2. In vitro activities of various antimicrobial agents against Taiwanese swine isolatescofi.

Antimicrobial

Cumulative (%) MIC inpg/ml

agents 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 >128

Ampicillin 3(5) 12 (20) 16 (27) 17 (28) 18 (30) 28 (47) 60 (100)
Ceftiofur 19(32) 32(53) 47(78) 54(90) 60 (100)
Cephalothin 10 (17) 22(37) 31(52) 45(75) 60 (100)
Chloramphenicol 1(2) 2(3) 6 (10) 7(12) 12(20) 17(28) 27 (45) 60 (100)
Enrofloxacin 5(8) 8 (13) 10(17) 17(28) 27(45) 31(52) 35(58) 36 (60) 42 (70) 51(85) 59 (98) 60 (100)
Gentamicin 6 (10) 11(18) 16 (27) 41(68) 51(85) 56(93) 60 (100)

Licomycin 1(2) 2(3) 60 (100)

Licospectin 5(8) 7(12) 13 (22) 60 (100)
Neomycin 1(2) 2(3) 3(5) 9(15) 12 (20) 21(35) 45(75) 55(92) 60 (100)
Premafloxacin 4(7) 12 (20) 20(33) 31(52) 32(53) 36(60) 44(73) 48(80) 60 (100)
Spectinomycin 1(2) 5(8) 9(15) 10(17) 17(28) 60 (100)
Sulfa/trimethoprim 1(2) 4(7) 6 (10) 14 (23) 23(38) 24 (40) 60 (100)
Tetracycline 9 (15) 13 (22) 15(25) 16(27) 18(30) 30(50) 60 (100)

Table 3. In vitro activities of various antimicrobial agents against Taiwanese swine isola@<ladleraesuis.
Antimicrobial Cumulative (%) MIC inp.g/mli
agents 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 >128

Ampicillin 8(13) 15(25) 19 (32) 20 (33) 22 (37) 60 (100)
Ceftiofur 1(2) 5(8) 8(13) 25(42) 56 (93) 60 (100)
Cephalothin 1(2) 6(10) 21(35) 33 (55) 40 (67) 49(82) 60 (100)
Chloramphenicol 1(2) 6 (10) 16 (27) 18 (30) 21(35) 22(37) 33(55) 36(60) 60(100)
Enrofloxacin 7(12) 16(27) 27(45) 32(53) 38(63) 51(85) 59 (98) 60 (100)
Gentamicin 17 (28) 22(37) 25 (42) 31(52) 41(68) 60 (100)
Licomycin 2(3) 7(12) 60(100)
Licospectin 12 (20) 21(35) 29(48) 60(100)
Neomycin 3(5) 6 (10) 19(32) 25(42) 31 (52) 33 (55) 38(63) 51(85) 60 (100)
Premafloxacin 9 (15) 18(30) 37(62) 49(82) 60 (100)
Spectinomycin 1(2) 6 (10) 14 (23) 19(32) 28(47) 60 (100)
Sulfa/trimethoprim 4(7) 13 (22) 26 (43) 32(53) 35(58) 60 (100)
Tetracycline 13 (22) 14 (23) 15(25) 21(35) 53(88) 60 (100)
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Table 4. Summary of minimum inhibitory concentrations (MICs) fAr pleuropneumoniae, E. coli, and E. choleraesuis*

Organism § = 60)

A. pleuropneumoniae E. coli S choleraesuis

Ampicillin 0.25-128, 16, 128 2—>128,>128,>128 1-28,>128,>128
Ceftiofur 0.03-0.12, 0.03, 0.03 0.25-4,05, 2 0.06-2,1,1
Cephalothin 0.03-8, 0.5, 1 8-12, 32, 128 0.5-32, 4, 32
Chloramphenicol 0.03-64, 1, 16 2—>128,>128,>128 1->128, 64,>128
Enrofloxacin 0.03-16, 0.5, 8 0.03-128, 1, 32 0.03-4, 0.25, 2
Gentamicin 0.03-4, 1, 2 0.25-128, 16, 64 0.25-32, 8, 32

Licomycin 4-64, 16, 32 32—>128,>128,>128 64-128,>128,>128

Licospectin 32-128, 32, 128 16—128,>128,>128 32—>128,>128,>128
Neomycin 2-32, 8,8 0.25-128, 32, 64 0.25=>128, 4,>128
Premafloxacin 0.03-8, 0.25, 2 0.03-8, 0.25, 8 0.03-0.5, 0.12, 0.5

32—>128,>128,>128
0.5-128, 32, 128
0.25-64, 8, 16

Spectinomycin
Sulfamethoxazole/trimethoprim
Tetracycline

4—>128,>128,>128
1—->128,>128,>128
1->128, 128,>128

8—>128,>128,>128
2—>128, 16,>128
4—>128, 128,>128

* Results are expressed as minimum inhibitory concentration in micrograms per ml as a rangg,aMdcMIC,,, respectively, for each
antimicrobial agent.

otics have certain limitations to their use in the treaer antibacterial agents tested had no activity against
ment of bacterial infections. these 3 swine pathogens.

Cephalothin, a first-generation cephalospétiwas
highly active against isolates @f. pleuropneumoniae
(MICy, of 1 pg/ml), moderately active witts chol- . pharmacia and Upjohn, Kalamazoo, MI.
eraesuis (MICq, of 32 pg/ml), but inactive withE. coli  b. Sigma, St. Louis, MO.

(MICqq of 128 pg/ml). The lincomycin—spectinomycinc. Difco, Detroit, MI.

combination creates synergetic effects if the 2 antitfi- Cathra, Automad, MN.

otics are present in the proper ratio and the appropriate

type of salts of both antibiotics are employ&dLin-

comycin was moderately active (MjCof 32 ng/ml)

with A. pleuropneumoniae but inactive againsi. coli ( _ Del oN of

and S. choleraesuis (MICq, >128 ng/ml). These data dlf‘fere_nt mgdla of MIC-determinations and tablet diffusion tests.

.. . . Vet Microbiol 64:299-305.

are S|r_n|Iar to the r(_asults qf others that |nd|cated_lln-2. Chang CC, Chung WB, Lin MW, et al.: 1993, Porcine repro-

comycin and spectinomycin are not very efficacious quctive and respiratory syndrome (PRRS) in Taiwan I. Viral

againstA. pleuropneumoniae and S. choleraesuis.® isolation. J Chin Soc Vet Sci 19:268-276.
Ch|oramphenico| and tetracyc”ne were h|gh|y ac-3. Chang SC, Chang HJ, Hsiao ML: 1998, Antibiotic usage in

tive againstA. pleuropneumoniae (MIC,, of 15 and 14 public hospitals in Taiwan. J Microbiol Immunol Infect 31:125—
’ 132.

Mg/m" respec_tlvely) but inactive agalnSI cholerae- 4. Chiu YT, Lu YP, Chang IC, et al.: 1998, Pathologic studies and
suis andE. coli. antimicrobial susceptibility ofSalmonella choleraesuis pneu-
Ampicillin was inactive agains@. pleuropneumon- monia in pigs. J Chin Soc Vet Sci 24:99-108.
iae, E. coli, andS. choleraesuis (MIC4, of 108,>128, 5. Eaves LE, Blackwell PJ, Fegan M: 1989, Characterization and
and >128 pg/ml, respectively). Sulfamethoxazoleftri- antimicrobial sensitivity of haemophilli isolated from pigs. Aust
Vet J 66:1-4.

methOp“m’ W'dely used in the swine 'ndUStry In Ta|'6. Fales WH, Morehouse LG, Mittal KR, et al.: 1989, Antimicro-

Sour ces and Manufacturers
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Placentitis, fetal pneumonia, and abortion due to Rhodococcus equi infection in a
Thoroughbred

Janet C. Patterson-Kane, J. Mike Donahue, Lenn R. Harrison

Abstract. Rhodococcus equi is a rare cause of equine abortion. This report describes pyogranulomatous
placentitis and fetal pneumonia in a case of abortion from a Thoroughbred mare. Numerous Gram-positive
coccobacilli were noted histologically within macrophages in placental and pulmonary leRlmuacoccus
equi was isolated in pure culture from the placenta, lung, liver, kidney, and stomach content. This is the first
description of placentitis due t@hodococcus equi infection in a horse.

Infection by Rhodococcus equi organisms carrying plas- culture from the placenta, lungs, liver, kidney, and stomach
mid-encoded 15-17 kDa virulence antigéissan important content. Direct fluorescent antibody tests conducted on kid-
cause of pneumonia, colitis, and tracheobronchial or colonmey and placenta did not detdatptospira spp. No antibod-
lymphadenitis in foals up to 6 months of age. Infection usles to any of 6 serovars dfeptospira were detected in fetal
ally occurs by inhalation of contaminated dastjth intes- pericardial fluid. Fluorescent antibody tests conducted on
tinal infection in some foals following ingestion of bacterigrozen sections of lung did not detect equine herpesvirus
expectorated from pulmonary lesions. The bacteria survig@tigen. Routine tissue specimens were fixed in 10% neutral
and replicate within macrophages by preventing phagpuffered formalin, routinely processed, and embedded in
some-lysosome fusichFew cases of abortion associategyaraffin wax. Five-micrometer sections were mounted on
with isolation of R. equi from the equine fetus have beery|ass slides and stained with hematoxylin and eosin (HE).
reported; in one case, pneumonia was described, but placefrther sections of placenta and lung were stained with
tal tissue was not available for examinat6t® To the au- Brown and Brenn Gram stain (BB).
thors’ knowledge, this is the first description of rhodococcal gjgnificant histologic lesions were confined to the placenta

fetallpneumonia and plﬁcentitirs] in a Porse. | and lungs. Inflammatory changes were noted in all examined
A late-term aborted Thoroughbred fetus and placenta Welg(,ns from both horns and the body of the chorioallantois.

Sme'tte.d to the .Departr'nent of Veten.nary. Sciences, LIV chorioallantoic stroma was expanded by moderate peri-
stock Disease Diagnostic Center, University of Kentuck

. o Yrascular and interstitial infiltrates of macrophages, with
Lexington, Kentucky, for postmortem examination. The fe- phages,

tus was within the chorioallantois, and a focally extensiv?e:maller numbers of neutrophils and lymphocytes (Fig. 1);

. e . - walls of some blood vessels were infiltrated by small num-
region of the chorionic surface surrounding the cervical star :

was red. A small amount of meconium was noted on tHs > of the inflammatory c.eI.Is. Many macrpphages had an
dorsum of the neck of the fetus. The lungs were pale a undant _c_ytoplasm cor!tf_ilnlr)g numerous intracytoplasmic,
consolidated, and specimens failed to float in 10% neut’gfam-positive coccobacilli (Fig. 1). The inflammatory cell
buffered formalin.Rhodococcus equi was isolated in pure infiltrates were most severe toward the allantoic surface of
the membrane. The suballantoic stroma was expanded by
small clear spaces with degeneration of collagen bundles;

From the Livestock Disease Diagnostic Center, 1429 Newto . . _
Pike, Lexington, KY 40511-1280. Current address (Patterson-Kar\:\m'ere was multifocal hypertrophy and hyperplasia of over

Department of Pathology and Infectious Diseases, The Royal V ing allantoic epithelial cells. Small number_s (_)f neutrophils_
erinary College, Hawkshead Lane, Hatfield, North Mymms, HerNd macrophages were loosely scattered within the amnionic
fordshire AL9 7TA, UK. membrane. Bronchioles contained small numbers of clus-

Received for publication November 23, 1999. tered, degenerate granulocytes. Alveolar spaces contained



