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Background
Methicillin-resistant Staphylococcus
aureus (MRSA) isolates of the

sequence type ST398 have been
identified to colonize and cause
infections in animals and humans [1].

In addition to the resistance to B-lactam
antibiotics, MRSA isolates have been
described to show resistance to other
antimicrobial agents [2].

This study aimed at identifying the

genes responsible for  selected
resistance properties and their location.

Material and Methods

A total of 54 independent MRSA ST398
isolates collected in Germany from pigs
with acute infections were investigated
for their susceptibility to 31 different
antimicrobial agents by broth micro-
dilution according to the CLSI [3].

The corresponding resistance genes
were identified by microchip analysis [4]
or by PCR.

Selected resistance genes were tested
for their plasmid localisation by
Southern blotting and/or transformation
experiments.

Results
The distribution of MIC values is shown in Table 1.

Table 1: Distribution of MIC values among the MRSA isolates.

No. of isolates with MIC of ... [mg/L] Resistant®

Antimicrobial agent(s) 0015 003 006 012 025 05 1 2 4 8 16 32 64 128 256 512 no. % MICs,  MICy
Oxacillin+2%NaCl - - - - - - - - 1° 16 37 54 1000 216 16
Ampicillin - - - - - - - 2 9 26 15 1 1 54 100.0 16 32
Amoxicillin/clavulanic acid® - - - - - - 2 25 23 4 - - 27 50.0 4 8
Erythromycin - - - - 10 20 - - - - - - 24 24 444 05 264
Clindamycin - - 3 18 6 3 - - - - 1 - - 23 025 2128
Chloramphenicol 1 - - 2 34 15 - 1 1 - 2 37 8 16
Florfenicol - - - - - 35 17 - - 2 - - 4 8
Tetracycline - - - - - - - - 1 7 4 1 54 1000 128 128
Sulfamethoxazole/trimethoprim® - 3 18 9 2 7 9 5 1 - - - 1 19 012 2
Trimethoprim - - 2 6 13 5 - - - - - - 28 2056 2256
Nalidixic acid - - - - - - - - - 24 21 4 5 64 128
Enrofloxacin - - - 20 21 2 6 1 2 2 - 0.25 1
Gentamicin - 6 30 7 - 2 1 - 3 3 1 - 7 130 05 32
Tiamulin - - - - 33 11 - 1 2 - 3 - 4 05 32

2 only applied, if CLSI-approved breakpoints were available in document M31-A3 [4]; b the MIC to llanic acid or to st

or to trimethoprim, respectively; ¢ the resistant isolates are written in red.

imethoprim are given only as MIC to amoxicillin

Macrolide/lincosamide resistance was seen in 23 isolates; the genes erm(A), erm(B) and/or
erm(C) were identified alone or in different combinations (Table 2, Fig. 1): Three isolates
harboured erm(A) alone, six isolates erm(B) alone, 11 isolates erm(C) alone, two isolates erm(A)
and erm(C), a single isolate harboured erm(A) and erm(B) and in one isolate none of the three
genes was identified.

All 54 isolates were tetracycline-resistant; the genes tet(M), tet(K) and tet(L) were detected (Table
2, Fig. 1). Most of the isolates (n=41) harboured tet(M) and tet(K), 11 isolates harboured all three
genes [tef(M), tef(K), and fef(L)], a single isolate harboured only tetf(M), and one isolate harboured
solely tet(L).

Trimethoprim resistance was identified in 28 isolates; the gene dfrK was detected in 14 isolates.
The two chloramphenicol/florfenicol resistant isolates harboured fexA.

Table 2: Resistance genes identified among the isolates. No. of

% of resistant isolates resistant
- isolates
Conclusions Antimicrobial agent Resistance gene(s) [ A A A A A A A A §
This study revealed that large plasmids Oxacillin mecA :""'::; ne2a
harbouring two or three resistance Ampicillin mecA, blaZ =

genes are frequently identified in
porcine MRSA ST398 isolates.

The co-localisation of resistance genes
on the same plasmid allows the
acquisition and the maintenance of
such plasmids under the selective

pressure of different antimicrobial
agents.
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Trimethoprim dfrk Fig. 1: Prevalence of selected resistance genes.

The genes fexA, tet(M), and tet(K)

Table 3: Plasmid location of transferable resistance genes.

were located on the chromosome, No. of Resistance  Plasmid .

. . . Plasmid size
while tef(L) was located on plasmids isolates gene located
(ca. 14 - 40 kb) in 13 isolates (Table 3). 7 erm(B) 5 ~ 40,30 kb
The gene dfrK was located on the 14 erm(C) 13 ~25kb
same plasmid as fef(L) in all 13 cases 13 te(L) 13 ~ 40.30. 18, 14 kb
or on a smaller plasmid (ca. 8 kb) in

14 dfrk 14 ~ 40, 30, 18, 14, 8 kb

the remaining case. Five of the
tet(L)/dfrK-harbouring plasmids carried

also erm(B) (Fig. 2). 2a) 2b)
Southern blot with erm(B)

123456 7+M kb

erm(B)-PCR of
transformants

The gene erm(A) was not shown to be
plasmid-located, whereas the gene
erm(C) was located on a small plasmid

(ca. 2.5 kb) in all 13 isolates. 8 &
—o9.4
—65
—43
Fig. 2: Plasmid location of erm(B): a) Southern —23

Blot of plasmid DNA and b) PCR of
macrolide resistant transfomants.
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