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Purpose

Nosocomial infections caused by multidrug-resistant gram-negative bacilli are a global
problem. Since the conventional investigation algorithm for detection of nosocomial
outbreaks seems incapable of curbing the widespread of multidrug-resistant strains, the major
purposes of the present project were to establish an effective real-time detection system,
which was reinforced by modern computer technology and included a genetic and
epidemiologic database and a rapid strain typing method.

Material and Methods

The database included gram-negative bacilli which produce extended-spectrum
beta-lactamases, AmpC cephalosporinase, or metallo-beta-lactamases. These bacterial
strains were collected between 1999 and 2002 and the beta-lactamases produced by these
strains have been characterized recently. The multilocus sequence typing (MLST) method, a
recently developed bacterial typing method, was developed in this study. The method is
based on polymorphisms of structural genes among different strains of a bacterial species.
Firstly, polymerase chain reaction assays were performed to amplify 14 structural genes of
Escherichia coli and nucleotide sequencing was followed to select the most polymorphic
genes. A total of 25 E. coli strains and 15 Klebsiella pneumoniae strains were tested by
MLST and the results were compared with those obtained by the “gold standard” typing
method, pulsed-field gel electrophoresis (PFGE). After the most polymorphic genes were
selected, a total of 285 E. coli isolates and 439 K. pneumoniae isolates, which had been
known to produce extended-spectrum beta-lactamases, were further typed by MLST and the
data were saved in the database. Phylogenetic analysis can be done easily by comparing

several polymorphic genes among different isolates, and thus the isolates can be typed.



Moreover, the results can be saved easily in a digitalized manner so that they can be retrieved
very quickly. A genetic and epidemiologic database was also established in this study.
Results

Among the 14 structural genes tested, six genes were found to be most polymorphic; they
were adk ~ gcl ~ gdh ~ mdh ~ metA, and ppk.  After phylogenetic analysis, a number was given
for each variant of a structural gene for each isolate, and a MLST type was given for each
isolate with six numbers together. Among 25 E. coli strains and 15 K. pneumoniae strains
tested, there were 24 and 13 PFGE types, respectively. However, only 18 and 7 MLST types
were found for E. coli and K. pneumoniae, respectively. The 285 E. coli isolates and 439 K.
pneumoniae isolates, which had been known to produce extended-spectrum beta-lactamases,
were further typed by MLST and 37 and 29 MLST types were found among E. coli and K.
pneumoniae isolates, respectively.

Conclusions

A genetic and epidemiological database was established in this study. MLST was developed
but the typing method was found to be less discriminatory than PFGE. Since MLST is easier
to perform and to save in a database, the method may become an auxiliary typing tool to
PFGE or a useful screening tying method. More multidrug-resistant bacterial strains should
be tested to intensify the functions of the system; further retrospective and prospective studies
should be performed to evaluate the usefulness of the system. Furthermore, the system may be
used in a nationwide surveillance program for monitoring multidrug-resistant bacterial strains.

Keywords: nosocomial outbreak; multilocus sequence typing; bioinformatics;
genetic database
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- *MLST:E* 2. LF]~PCR 351+ ~PCR ¥ Jif it ~PCR A4 = -] ~ 2 4 2 Allele

7 %]

a“@—;‘j@;%

él—iff-flj

PCR #2 Allele
PCR F 15 % % | #ic
2t (op)

E 4
Kl

);

«- \\?{r

A

arcA

arok

dnakE

mdh

gnd

gapA

pgm

espA F: 5'-ATGGATACATCAAA/CTGG/CA/CAC-3'

F: 5'-GAAGACGAGTTGGTAACACG-3'
R: 5'-CTTCCAGATCACCGCAGAAGC-3'

F: 5-AAGGTGCGAATGTGACGGTG-3'
R: 5-AACTGGTTCTACGTCAGGCA-3'

F: 5'-GAG/TATGTGTGAGCTGTTTGC-3'
R: 5'-CGA/GATA/CACCGCTTTCGCCG-3'

F: 5'-CAACTGCCTTCAGGTTCAGAA-3'
R: 5'-GCGTTCTGGATGCGTTTGGT-3'

F: 5'-GGCTTTAACTTCATCGGTAC-3'
R: 5'-TCGCCGTAGTTCAGATCCCA-3'

F: 5'-GATTACATGGCATACATGCTG-3'
R: 5'-CAGACGAACGGTCAGGTCAAC-3'

F: 5'-CCG/TTCG/CCAG/TAACCCGCC-3'
R.

S'LTCA/ GACA/GAACCATTTGAAA/G/TCC-3'

R: 5'-TTATTTACCAAGGGATATT-3'

OmpA F: 5'-AGACAGCTATCGCGATTGC-3'

95°C for 1 685 2
min, 55°C

for 2 min,

72°C for 3

min, 30

cycles

95°C for 1 620 2
min, 57°C

for 2 min,

72°C for 3

min, 28

cycles

94°C for 45 550 1
s, 45°C for

45, 72°C

for 1 min, 30

cycles

94°C for 45 580 4
s, 50°C for

45, 72°C

for 1 min, 30

cycles

94°C for 45 710 2
s, 50°C for

45 s, 72°C

for 1 min 10

s, 30 cycles

94°C for 45 627 2
s, 50°C for

45s,72°C

for 1 min 10

s, 30 cycles

94°C for 45 695 1
s, 50°C for

45s,72°C

for 1 min, 35

cycles

94°C for 45 580 1
s, 50°C for

45 s, 72°C

for 1 min, 35

cycles

94°C for 45 676 3
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adk

gdh

metA

ppk

gcl

R: 5'-GCTTTGTTGAAGTTGAACAC-3'

F: 5’-CGGGCGCGGGGAAAGGGACTC-3’
R: 5’-GCGCGAACTTCAGCAACCG-3’

F: 5>-TCGGCGTAGGGCGTGCTGAC-3’
R: 5’-CTGCTCTTGTTCGCGCCCTCTTC-3’

F: 5’-CGCAACACGCCCGCAGAGC-3’
R: 5’-GCCAGCTCGCTCGCGGTGTATT-3"

F: 5’>-TGCCGCGCTTTGTGAATTTACCG-3’
R: 5’-CCCCGGCGCAGAGAAGATAACGT-3’

F: 5’-GCGTTCTGGTCGTCCGGGTCC-3’
R: 5’-GCCGCAGCGATTTGTGACAGACC-3’

s, 50°C for
45, 72°C
for 1 min, 30
cycles

94°C for 45
s, 59°C for
45 s, 72°C
for 2 min, 30
cycles

94°C for 45
s, 59°C for
45, 72°C
for 2 min, 30
cycles

94°C for 45
s, 59°C for
45 s, 72°C
for 2 min, 30
cycles

94°C for 45
s, 58°C for
45 s, 72°C
for 2 min, 30
cycles

94°C for 45
s, 58°C for
45, 72°C
for 2 min, 30
cycles

595

796

610

770

758

° All reactions had an initial denaturation at 95°C for 12 min and a final extension at 72°C for

10 min.
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Foo s RIEE R T A MLST § 2J1 A Ak B % 1

R HIf T A Fta#ic MLST 50 MLST £ # 7] allele 55

A A adk gc gdh mdh metA ppk

< 5 25
I 1 324215 3 2 4 2 1 5
II 2 324215 3 2 4 2 1 5
III 1 324215 3 2 4 2 1 5
v 1 324125 3 2 4 1 2 5
Vv 1 223145 2 2 3 1 4 5
VI 1 123334 1 2 3 3 3 4
VII 1 242324 2 4 2 3 2 4
VIII 1 133435 1 3 3 4 3 5
IX 1 233251 2 3 3 2 5 1
X 1 233251 2 3 3 2 5 1
XI 1 331252 3 3 1 2 5 2
XII 1 331252 3 3 1 2 5 2
XIII 1 432454 4 3 2 4 5 4
X1V 1 432454 4 3 2 4 5 4
XV 1 211323 2 1 1 3 2 3
XVI 1 231323 2 3 1 3 2 3
XVII 1 331252 3 3 1 2 5 2
XVIII 1 253422 2 5 3 4 2 2
XIX 1 423421 4 2 3 4 2 1
XX 1 362142 3 6 2 1 4 2
XXI 1 441234 4 4 1 2 3 4
XXII 1 545332 5 4 5 3 3 2
XXIII 1 564423 5 6 4 4 2 3
XXIV 1 541432 5 4 1 4 3 2

BB A :U&‘%ﬁ' 15
I 1 332423 3 3 2 4 2 3
II 1 232425 2 3 2 4 2 5
111 2 412425 4 1 2 4 2 5
v 1 412425 4 1 2 4 2 5
A\ 1 323425 3 2 3 4 2 5
VI 1 222425 2 2 2 4 2 5
VII 1 323425 3 2 3 4 2 5
VIII 1 323425 3 2 3 4 2 5
IX 2 223425 2 2 3 4 2 5
X 1 223425 2 2 3 4 2 5
XI 1 332435 3 3 2 4 3 5
XII 1 223425 2 2 3 4 2 5
X111 1 223425 2 2 3 4 2 5
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J} sl EE 3% 5 A -k f3A% & A1/ MLST A 7 Flir

TEM 4] 1
153235
SHV 4|
133435
211323
231323
263322
332435
412425
545332
CTX-M 4|
123334
133435
143425
222425
223145
223425
224435
231323
232425
253422
323425
324125
342445
352435
362142
423421
432454
441234
452234
541432
545332
564435
565423
CMY-2 4]
223145
231423
232425
233251
242324
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263322
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324125
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332435
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352435
362142
412425
423421
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For s R F AU AL 2 Bt K EkiEEE - MLST & 3% % & Ftedkc

R pclEEE e+ ik oK 2% % )/ MLST 4 3 e i

SHV 7] 245
122425 1
212325 15
212425
222425
223425
223325
223425
223435
224445
332435
333445
323425
323425
332423
334425
334435
334445
342425
343435
344425
344435
354425
412425
422425
423425
424435
434425
434435
444435

CTX-M %]
212325
222425
223325
223425
223435
224445
323425
323425
334425
343435
422425
424435

DHA-1 %
223325
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423425
CMY-2 7]
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CMY-8 4]
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IMP-8 ]
223425
333445
334435
434435

— N
PO~ W

— NN

45



	共（45）頁
	壹、中文摘要
	Material and Methods
	Results

	Conclusions


