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Recently, antimicrobial resistance of pathogenic bacteria has been increasing due to excessive use
of antimicrobial agents in both humans and livestock. PCR amplification and nucleotide sequence
analyses were conducted to investigate16S ribosomal RNA methyltransferase (RMTase) genes and
integrons in 2. mirabilis strains isolated from clinical specimens and chickens in an area of the
Chungcheong providence. In addition, clonality analysis of 2. mirabilis strains was performed using
a repetitive extragenic palindromic sequence-based PCR (REP-PCR) method. Of the total 38 2,
mirabilisisolates, 7 (18.4%) strains were isolated from clinical specimens contained in the RMTase
genes and showed resistance to amikacin, tobramycin, and gentamicin. A total of 23 (60.5%)
isolates carried class 1 integrons, but no isolates in our study harbored class 2 and class 3
integrons. Class 1 integrons detected in our study harbored genes encoding resistance to
aminoglycosides (aadA2, aadAs, aadA7, and aacCA5), B-lactams (blapse), erythromycin (ered),
lincosamides (/nf), and trimethoprim (dfrA 72, dffA17, and dfrA32). We confirmed that the RMTase
genes had spread among only the £ mirabilis isolates from clinical specimens, but class 1
integrons had widely disseminated among P. mirabilis isolates from clinical specimens and
chickens. In addition, identical REP-PCR banding patterns were evidenced in only P. mirabilis
isolates from chickens. Our results suggest the horizontal spreading of 2. mirabilis isolates in the
chicken farm. To prevent further spreading of antimicrobial resistant genes among £. mirabilis
isolates, monitoring and clinical policing will be required.
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Table 1. Oligonucleotides used in this study for detection of antimicrobial resistant genes

Reaction number Primer Sequence (5-3") Gene Reference

Aminoglycoside resistant genes armA-F CAAATGGATAAGAATGATGTT armA [9]
armA-R TTATTTCTGAAATCCACT
rmtA-F ATGAGCTTTGACGATGCCCTA rmtA [9]
rmtA-R TCACTTATTCCTTTTTATCATG
rmtB-F ATGAACATCAACGATGCCCT mitB [9]
rmtB-R CCTTCTGATTGGCTTATCCA
rmtC-F CGAAGAAGTAACAGCCAAAG mtC 9]
rmtC-R ATCCCAACATCTCTCCCACT
rmtD-F CGGCACGCGATTGGGAAGC rmtD 9]
rmtD-R CGGAAACGATGCGACGAT
rmtE-F ATGAATATTGATGAAATGGTTGC mtE [9]
rmtE-R TGATTGATTTCCTCCGTTTTTG
rmtF-F GCGATACAGAAAACCGAAGG rmtF 9]
rmtF-R ACCAGTCGGCATAGTGCTTT

Integrons (for multiplex PCR) Int1 F CAGTGGACATAAGCCTGTTC intl7 [10]
Int1 R CCCGAGGCATAGACTGTA
Int2 F GTAGCAAACGAGTGACGAAATG nt/2 [10]
Int2 R CACGGATATGCGACAAAAAGGT
Int3 F GCCTCCGGCAGCGACTTTCAG int/3 [10]
Int3 R ACGGATCTGCCAAACCTGACT

Integrons (for sequencing) Int1” F GGCATCCAAGCAGCAAG intl7 [11]
Int1” R AAGCAGACTTGACCTGA

Abbreviation: F, sense primer; R, antisense primer.
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PCR AJ4H=9] bandE %‘f‘iﬂ—r DNA FZAHEAE) 0 & FT=
A Fejdlolnt, ZEAO ol7| AR A= ABI PRISM
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Table 2. Characterizations of A mirabilis strains isolated from clinical specimens (H) and chickens (C)

solat REP-PCR Antimicrobial resistance determinants Antimicrobial susceptibilities
PO pattemns Class 1 integrons 16S rRNAmethylases AK NN CN  CTX CP LBV W
H1 A S ) ) S S S S
H2 B S S R R S S S
H3 C S R R R R | R
H4 D dfrA12-orfF-aadA2 armA R R R R S S R
H5 E blapse—aadA2 S ) ) R R R S
H6 F dfrA1-orfC S S S S | S R
H7 G dfrA12-orfF-aadA2 rmtB R R R R S S R
H8 H dfrA 1 2-orfF-aadA2 S S S S S S S
H9 | dfrA12-orfF-aadA2 rmtB R R R R S S R
H10 J S ) ) S S S S
H11 K blaPSE-aadA2 rmtB R R R R R R S
H12 L S ) R R R R R
H13 M ) R R S S S S
H14 B estX rmtB R R R R R | |
H15 N dfrA12-orfF-aadA2 rmtB R R R R R R R
H16 0 S ) ) S S S S
H17 P dfrA12-orfF-aadA2 armA R R R R R | R
H18 Q S S R S S S S
1 a aacCA5-aadA7 R R R S | S R
2 a aacCA5-aadA7 S S R S | S R
(@} a aacCA5-aadA7 S S R S | S R
C4 a aacCA5-aadA7 S S R R | S R
() b S | S S R S S
6 C S S ) S | S R
c7 C S ) ) S S S S
8 b S S S S | S S
9 d aadAs-dfrA17 R R R S R S R
C10 d aadAs-dfrA17 R R R S R R R
1 d aadAs-dfrA17 S R R S R R R
C12 d aadAs-dfrA17 S R R S R R R
13 d S ) ) S | S R
C14 d aadAs-dfrA17 S | ) S R S R
c15 d ) ) ) S R S R
c16 e aadaA2-linF S S S S R R R
17 C dfrA32-ereA-aadA2 S R S | S S R
18 c aadA2-linF R ) ) S R R R
19 C S ) ) S S S S
C20 C dfrA32-ereA-aadA2 S R S | | S R

Abbreviation: REP-PCR, repetitive extragenic palindromic sequence-based PCR; AK, amikacin; NN, tobramycin; CN, gentamicin; CTX,
cefotaxime; CIP, ciprofloxacin; LEV, levofloxacin; W, trimethoprim; S, susceptible; |, intermediate resistant; R, resistant.
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Table 3. Antimicrobial susceptibilities of 2. mirabilis strains isolated from clinical specimens and chickens

Numbers (%) of isolates

Isolates from clinical specimens

Isolates from chickens

Total isolates

Agent (=18) (n=20) (n=38)
S | R S | R S I R

AK 11 (61.1) 0 (0.0) 7 (38.9) 16 (80.0) 0 (0.0) 4 (20.0) 27 (71.1) 0 (0.0) 11 (28.9)
NN 9 (50.0) 0 (0.0) 9 (50.0) 11 (55.0) 2 (10.0) 7 (35.0) 20 (52.6) 2 (5.3) 16 (42.1)
CN 6 (33.3) 0 (0.0) 12 (66.7) 12 (60.0) 0 (0.0) 8 (40.0) 18 (47.4) 0 (0.0) 20 (52.6)
CTX 7 (38.9) 0 (0.0) 11 (61.1) 17 (85.0) 2 (10.0) 1 (5.0) 24 (63.2) 2 (5.3) 12 (31.6)
cIp 10 (55.6) 1 (5.6) 7 (38.9) 3 (15.0) 8 (40.0) 9 (45.0) 13 (34.2) 9 (23.7) 16 (42.1)
LEV 11 (61.1) 3(16.7) 4 (22.2) 15 (75.0) 0 (0.0) 5 (25.0) 26 (68.4) 3 (7.9 9 (23.7)
W 9 (50.0) 1 (5.6) 8 (44.4) 4 (20.0) 0 (0.0) 16 (80.0) 13 (34.2) 1 (2.6) 24 (63.2)

Abbreviation: AK, amikacin; NN, tobramycin; CN, gentamicin; CTX, cefotaxime; CIP, ciprofloxacin; LEV, levofloxacin; W, trimethoprim; S,

susceptible; |, intermediate resistant; R, resistant.
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