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TABLE 2. Characteristics of bldpp-containing non-imipenem-susceptible P. qeruginosa isolates
i MIC 'l
Strain Hospital iy Typeof  pyopp  lntepro n (ng/mly

mo. enzyme SO ra7  pM MEM LVX AZT AMK  NET GEN  KAN ABK
TIUM1672 1 Urine VIM-2ike A 1 64 >128 >128 16 32 0.06 0.5 0.5 8 006
TUM1673 1 Sputum  IMP-1-like B 11 >128 8 72 T 8 & >128 4 >128 16
TUMI1682 2 Sputum  IMP-1-like [ I >128 64 >128 32 2 32 »>128 2 »>128 2
TUM1683 2 Sputum  IMP-1-like D v >128 64 >128 32 6 16 >128 2 >128- 2
TUM1708 3 Urine IMP-1-like D v =128 64 >128 32 32 32 >128 4 »128 4
TUM1709 3 Urine TMP-1-Jike D v >128 64 >128 32 12 3 >128 4 >128 2
TUM1710 3 Utine IMP-1-like D v >128 64 >128 32 64 32 >128 2 >128 4
TUM1721 4 Urine  IMP-1-like B v >128 64 >»128 32 32 3 >128 >128 »>128 &4
TUM1732 5 Urine IMP-1ike D v >128 64 =128 32 128 32 >128 4 >128 2
TUMI733 5 Pus IMP-3-iike F VI >128 64 =138 o4 32 2 >128 =128 >128 1
TUML1757 6 Sputum  IMP-1-iike G vII >128 64 =128 16 16 32 >128 1 =128 14

“ CAZ, coftazidime; IPM, itnipensm; MEM, meropenem; LVX, levofloxacin; AZT, aztreonam; AMK, amikacin; NET, netilmicin; GEN, gentamicin; KAN, kana-

mycin; ABK, arbekacin.

*PEGE profiles obtained with Spel chromosomal digestion of P. zeruginosa cartying a metallo-B-lactumase gene as recommended-by Tenover et al, {15),
¢ Integron siructures possessed by each gene us mentioned in the text. |, blayym plike, aaca4 and eadA2; 1, blaypyp -like, aadAl and orfG; 1L, blaggp.-like, aadAl
und unkpown gene; 1V, blayy,. -like, azdAl and unknown gene; V, blayyp.i-like, aacA4, andAl and Blagya.q; VI, by y-like, aacdd; VL, only bla,y,, ,-like gene.

It has been reported that genetic analysis of blg,pp, Te-
vealed features typical of an integron-located gene (9). The
detection of a fype I integron was confirmed in 11 strains, In
these strains, blayp.q-like or bla,,, -like genes were located
immediately downstream of the Infll integrase gene. However,
" these isolates possessed a variety of gene cassettes, such as the
aacA4 aminoglycoside 6’-N-acetyltransferase gene and aadA]
and gad42 aminoglycoside adenyltransferase genes between
the metallo-B-lactamase gene and gacAFEI. Therefore, these
isolates are likely tesistant not only to B-lactams but also to
aminoglycosides. Interestingly, strain TUM1721 possessed not
. only the bla,.,-like genes aacd4 and aaddl but also an
" OXA-type P-lactamase gene on the integron gene cassette.

Lictle is known about optimal chemotherapy for infection
due to metallo-B-lactamase-producing P. aeruginose. To detail
the antibiotic susceptibility of P. aeruginosa possessing 2 me-
tallo-B-lactamase, the MICs of several antibiotics were evalu-
ated (Table 2). All of the isolates were resistant to ceftazidime,
meropenem, and levoffoxacin. Ten of the 11 were resistant 1o
imipenem and netilmicin, nine were resistant to aztreonam,
and eight were not susceptible to amikacin. Bellais et al. re-
- potted that chemotherapy with high aztreonam doses effec-
tively reduced viable cells of a metalio-B-lactamase-producing
strain of P. aeruginosa in a rat pneumonia model (3). In gen-
eral, although metallo-B-lactamases do not hydrolyze aztreo-
nam, ¢ of 11 isolates Were resistant to azireonam in this study
{MIC = 32 pg/ml}. On the other hand, arbekacin was found to
suppress the growth of some isolates in this study. In Japan,
arbekacin, which has fewer side effects than vancomycin, has
been used against methicillin-resistant Staphylococcus aureus
(8). Recently, arbekacin-resistant P. aeruginesa possessing the
165 rRNA methylase gene rmid was isolated in Japan (17).
However, the incidence of these isolates is still low (0.8%, 9 of
1,113 clinical isolates). Therefore, arbekacin could be used as
treatment against metallo-B-lactamase-possessing P. aeruginosa.

In conclusion, this stady indicates that although the preva-
lence of metallo-B-lactamase-producing P. aermuginose has not
increased, this pathogen has spread from a single source to a
wide geographic area of Japan. Further surveillance 2nd mon-
itoring of multidrug-resistant P. qeruginosa should be a high
priority.
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Escherichia coli strain TUM2139 was isolated from a stool sample from a 9-year-old girl on 16 June 2004.
This strain was categorized as Shiga toxin-producing Esckerichia coli (STEC) becaiise the Shiga-like toxin gene
stx; was detected by immunochromatography and PCR assay. The strain was highly resistant to cefotaxime

1

(256 wg/ml} and was also resistant to cefepime, cefpodoxime, ceftriaxone, and aztreonam. In the presence of
" 4 pg of clavaianic acid per mil, the MIC of cefotaxime decreased fo =0.12 pg/ml, indicating that this strain was

an extended-specirum B-lactamase (ESBL} producer. Cefotaxime resistance was transferred to E. coli C600 by
conjugation at a frequency of 3.0 X 107% A PCR assay was performed with primer sets specific for TEM-type
and SHV-type ESBLs and for the CTX-M-2 (Toho-1), CTX-M-3, and CTX-M-9 groups of ESBLs. A specific
signal was observed with the primer set specific for the CTX-M-9 group of f8-lactamases. This B-lactamase was
confirmed to be the ESBL CTX-M-18 by DNA sequencing. This is the first report of an ESBL-producing STEC

isolate.

Shiga toxin (Stx)-producing Escherickia coli {STEC) is an
important cause of waterborne and food-borne ilinesses. STEC
is ingested most commonly with undercooked ground beef
(22). Human infection with STEC js potentially fatal and may
be associated with serious complications such as hemolytic-
uremic syndrome (HES) and hemorrhagic colitis (21). The
production of Six is the unifying feature of all STEC strains.
Various types of Sixs are produced, but they fall into two main
types: Stxl and 51x2 {4, 5, 6, 8). The clinical significance of four
serological or biological variants of Stx2 (Stx2¢, Stx2d, Sti2e,
and Six2f) is unknown (17). The majority of Six genes are
encoded by bacteriophages. The most severe or important
pathogen among STEC strains is E. coli Q157:H7. The cases of
HUS in approximately 90% of children in the developed part
of the world are associated with infections caused by Stx-
producing bacteria; among these, 70% are caused by E. col
0157:H7 (21). Epidemiologic data suggest that isolates that
produce Stx2 alone are more likely to cause severe disease than
those that produce only Stxl or a combination of Stx1 and Stx2
(20).

Recently, Schroeder et al. (23) reported on the antimicrobial
resistance of 752 STEC strains from animals and humans. They
found that 50% of E. coli 026, 0103, 0111, 0128, and 0145
strains from humans were resistant to ampicillin, cephalothin,
tetracycline, streptomycin, or sulfamethoxazole but that no
strain was resistant to expanded-spectrum #-lactams, including
cefotaxime, cefpodoxime, or aztreonam. A recent study sug-
gested that antibiotic therapy for the early stage of STEC
infection is able to prevent progression of the disease to HUS

* Correspunding anthor. Mailing address: Department of Microbi-
ology, Toho University School of Medicine, 5-21-16 Omoti-nishi, Ota-
kn, 1438540 Tokyo, Japan. Phone: 81-3-3762-4151. Fax: 81-3-5493-
5415. E-mail: yoishii@med.toho-u.ac.jp.

(24). However, antimicrobial therapy for STEC infection is still
regarded as controversial, because antibiotics induce increased
levels of S production in vivo (18). On the other hand, many
patients with diarrhea receive empirical antibiotic therapy (21)..

E. coli TUM2139 was isolated from a clinical stool specimen
at Toho University Ohaski Hospital. This strain was resistant
to cefotaxime. On the other hand, the O-antigen type of this
strain was determined to be 026. In this study, the resistance
of E. coli TUM2139 to B-lactam antibiotics and the presence of
virulence factors in this strain were confirmed by PCR assay

and the direct sequencing technique.

MATERIALS AND METHODS

Becterial strain, media, and culture. On 16 June 2004, E. coli TUM2139 was
isolated from u stool sample from 4 9-vear-old female patient at Foho University
Ohushi Hospital. She had diarrhea, vomiting, and a low-grade fever. The strain
was fdentified with the Phoenix system (Nippon Becton Dickinson Company,
Ltd,, Tokyo, Jupun). E. coli C600 (F~ kucYl lcuB6 supE44 thi-l thrl tond21
nalidixic acid resistant) was used as the recipient strain for the conjugution
experiments. The bucterial strains were siored at —70°C in Luriu-Bertani (LB)
broth (Difee Laboratories, Detroit, Mich) contuining 30% glycerol. Subse-
quently, the bacterial straing were inocufated -onto Mueller-Hinton agar plates
and incubated overnight at 35°C.

Serotyping. E. coli TUM2139 was screened for Vero toxin (St€) with a Cupillia
0157 iminunochrematography assay kit for Vero toxin (Nippon Becton Dickin-
son Company, L4d.). The O- and H-antigen types of the strain were determined
with neutraiizing antisera. A total of 181 types of antisera sgainst the O untigen
{01 to Q181) und ulso 56 different kinds of antisera against the H antigen were
used, These untisera were made by the National Iustitute of Infections Diseases,
Tokyo, Jupun, which is the typing center for E. ¢oli in Japan.

PCR assay for sixy, str,, eaed, and hlpd. The use of multiplex PCR for the
detection of stey, str;, eaed, und enterohemoirhagic F. coli AlyA was reported by
Fagan et al. (18). DNA amplification was performed by 2 PCR method directly
with the colonies (26). A small umount of the test organism wus plcked up with
a tootkpick and transferred divecily to 50 pl of the PCR mixture. The primers
und the predicted sizes of the PCR amplicons zre listed in Table 1. PCR assays
were performed with EXrag DNA polymeruse (Tukara Bio Inc., Shiga, Japan)
und u GeneAmp PCR System 2400 (Perkin-Elmer, Norwalk, Conn.). The PCR.
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TABLE 1. Primer sequences and predicted lengths of PCR amplification products

Primer specificity Direction Primer sequence (5' to 37) ng?b‘;';t Reference or source
Virulence factors”
Sty Sense ACGATGTGGTTTATTCIGGA 165 8
Antisense CTTCACGTGACCATACATAT
Stin Sense ACACTGGATGATCTCAGTGG 614 10
Antisense CTGAATCCCCCTCCATTATG
EHEC AlyA Sense CCATGACAACGGACAGCAGTT 779 10
Antisense CCTGTCAACTGAGCAGCACTTTG
eaeA Sense GEFGGCGAATACIGGCGAGACT 890 9
Antisense CCCCATCTITTITCACCGTCG
B-Lactamuses”
CTX-M-2 Sense GCGAACAGCGTGCAACAGCAGCTGG : 521 This study
Antisense = GCCAGCGCITTACCCAGCGTCAG .
CTX-M-3 Sense GAGCATATGGTTAAAAAATCACTGCGTCAGTTC 391 This study
Antisense CAGGGATCCTTACAAACCGTCGGTGACGATTTTAGCC
CTX-M9 Sense GTTTGAGCATATGGTGACAAAGAGAGGCAACGG 895 11
Antisense CAGGGATCCTTACAGCCCTITCGGCGATG
TEM Sense GGGOAGCTCATAAAATTCTTGAAGAC 1,199 23
Antisense GGGGGATCCTITACCAATGCTITAATCA
SHV Sense GTTCATATGCGTTATATTCGCCTGTG 876 This study
Antisense ATAGGATCCTTAGCGTTGCCAGTGCT
CTX-M-18" _ . 11
Sense AGAGAGTGCAACGGATGATGTT
Sense GTTGCAGTACAGCGACAATACC
Sense GCTGGTTICTGGTGACCTATTITAC
Antisense GCCATAACTTTACTGGTACTGCAC
Antisense CTGGGTAAAATAGGTCACCAGAAC

° Primers for PCR.

# Primers for sequencing. DNA template amplified by primers for CIX—M—Q wag used for sequencing.

conditions were as follows: incubation 95°C for 3 min, followed by 35 cycles of
95°C for 20 8, S8°C for 40 5, and 72°C for 90 2, with a final cycle of 72°C for 7 min,
The amplified DNA fragments of the tatget genes were identified by electro-
phoresis o a 2% agarose gel, After electrophoresis, the gels were stained with
0.5 mg of ethidivm bromide per ml and visualized with UV illumination.
Antimicrebial susceptibflity testing. MICs were determined by a broth mi-
cradifntion method with cation-adjusted Mueiler-Hinton broth. The dilution
ranges of the antiblotic ugents were 0.25 to 512 wg/ml. Quality control wus done
by using £. coli ATCC 25922 us 4 reference strsin for antibiotic suscepiibility. All
procedures were done und the results were interpreted as described by the
Nationu} Committee for Clinical Laboratory Standards (15, 16). The organisms
were tnoculated at about 5 X 10° cells per well by usirg « MIC2000 inoculation
device (Dynatech, Mcleas, Va)), The MIC was defined as the lowest concen-
tration that prevented visible growh after incubation for 18 h at 353°C,
Antiblotics. The following agents, all with known potencies, were used in this
study: piperacillin {Toyama Chemical Co,, Ltd, Tokyo, fapun); cephulothin
{Sigma-Aldrich Jupan Co,, Ltd., Tokyo, Japan); cefoxitin, imipenem, and cipro-
floxaein (Banyn Fharmaccutical Co., Ltd,, Tokyo, Japan); ceftazidime and cla-
wanlanic acid (Glaxe Smith Kiine 1.td., Tokyo, Japan); cefotaxime (Aveatis Japun
Ltd., Tokyo, Japan); aztreonam {Eisai Co,, Ltd, Tokye, Jupan); tazebactam
{Taiho Pharmacenticsl Co., Ltd, Tokyo, Japan); cefepime (Bristel Pharmucen-
ticxl Co., Ltd., Tokyo, Japan); cefotetun { Yamanouchi Pharmucenticals Co, Ltd,,
Japan); cefmetazole and cefpodoxime (Sankyo Co., Ltd., Tokyo, Japun); ceftri-
axone (Roche Jupur KX, Tokyo, Japan); faropenem (Suntory Lid., Tokye,
Jupar); pentamicin (Nihon Shering K.K. Osaks, Japan); kanamycin (Meiji Seika
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Ltd., Tokyo, Japan); minocycline (Wyeth K.K. Tokyo, Jupun); and nalidixic amd
{Daiichi Pharmaceuticat Ce., Ltd,, Tokyo, Japan).

Conjugation experiment. Conjugation experiments were perfarmc,d by the
broth method (11). A nalidixic acid-resistant marker was zdded to recipient cells
(E. coli C600). Then, the recipient cefls and the donor cells (£. coli TUM2139) were
mixed in & tatio of 1:9, The sume volume of fresh LB broth was udded to the cell
mixture and the mixture was incubated for 90 min at 35°C. After 90 min, the cells
were pluted onto LB agar plates comaining 5 g of ceforaxime per mi und 25 pg of
nalidixic ucid per mi und incobated w 35°C overnight. Donor cells were also plated
on LB agar in the sbsence of antibiotics. After incubution, the colonies were counted
and the frequency of conjugation of 4 plusmid was caleulated.

PCR assay for ESBLs and ESBY. DNA sequence analysis. The total DNA
template was obteined and the amplification products were identified by the same
procedure nsed for the PCR assuay of the bla. g, type, bty type, bl jonq.3 group,
Blaeyn.paa 8roup, and blacyxane group of extended-spectrum B-lactumases
{ESBLs). The primers used for PCR, the predicted sizes of the PCR amplicons,
and the primers used for sequencing are listed in Tsble L PCR conditions were
as follows: incubation at 94°C for 3 min and 30 cycles of amplification (denatur-
ation at 94°C fox 30 s, snneuling at 60°C for 30 s, and extension a1 72°C for 1
min), with a final extension at 72°C for 7 min.

Both strands of the PCR products obiuined were sequenced by vsing the sume st
of primers used to obtain the PCR amplification products and then by using primers
synthesized by primer walking. All primers used for PCR and DNA sequencing are
listed in Tuble 1. DNA sequencing was carried out with a BigDye (version 3.1)
Terminator Cycle Sequencing kit and a model 310 DNA sequencer (Applied Bio-
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TABLE 2. Antimicrobial susceptibilities of donor, recipient, and
conjugant strains

MIC (pg/ml)
Aantibiotic

E. coli TUM2319  Recipient  Conjugunt
Piperacillin 128 =025 64
Piperacillin-tazobactam 2/4 =(0.25/4 1/4
Cephalothin 512 0.5 512
Cefozitin 4 =025 2
Cefmetazole 1 =0.25 1
Cefotaxime 256 =(.2% 32
Cefotaxime-clavulanic acid =0.25/4 =025/4 =0.25/4
Ceftazidime 2 =.25 2
Ceftazidime-clavulanic acid =0).25/4 =0.25/4 =0.25/4
Cefpodoxime 256 =0.25 128
Ceftriaxone 256 =0.25 128
Cefotetan =().25 =0.25 =(.25
Cefepime H =0.25 4
Aztreonam - 8 =0.25 8
Faropenem =0.25 =0.25 =025
Imipenem =0.25 =0.25 =025 .-
Gentamicin =0.25 =().25 =0.25
Kanamycin 2 =0.25 =0.25
Minocyclin =025 =0).25 =().25
Nalidixic acid 4 64 64
Ciprofloacin =0.25 =0.25 =0.25 -

systems, Foster City, Calif)), The deduced amino ucid sequences were examined by
using the BLAST program at the DNA Datu Bank of Japan {Shiznoks, Jupan).

RESULTS

Characterization of E. coli TUM2319. E. coli TUM2319 was
confirmed to be a O26:H11 strain with antisesa, The Capillia
0157 immuncchromatography assay kit was used to determine
whether the Vero toxin (Six) produced by this strain is Vero
toxin 1 (VT1; Sxt) and/or VT2 (Stx2). After this screening, the
strain was investigated for the presence of the stx; and swe,
genes by the PCR assay directly with the bacterial colonies.
Only the stx, gene was amplified. The srx, gene was not de-
tected in this strain. The eaed and enterohemorrhagic E. coli
{(EHEC) hiyd genes were also detected by PCR. From these
results, £, coli TUM2319 was confirmed to be an STEC strain,

Antimicrobial susceptibility testing of E. coli TUM2319. The
antimicrobial susceptibility testing results for E. colf TUM2319
are presented in Table 2. E. coli TUM2319 was resistant to
piperacillin, cephalothin, cefotaxime, ceftriaxone, and cefpo-
doxime but was susceptible to all other agents tested. The MIC
of cefotaxime was reduced from 256 to = 0.25 pg/ml in the
presence of 4 ug of clavulanic acid per mL

Conjugation experiments. Conjugation experiments showed
that conjugants grew on LB agar plates in the presence of 25
g of nalidixic acid per ml and 5 pg of cefotaxime per ml. The
frequency of conjugation was 3.0 X 107°. The MICs of piper-
aciflin, cephalothin, cefotaxime, cefpodoxime, and cefiriaxone
for the conjugants were significantly increased compared with
those for E. coli C600, the recipient strain (Table Z). These
resuits show that this resistance marker could move from a
resistant strain to a sensitive strain by conjugation. E. coli
TUMZ2319 and its conjugants harbored & plasmid of the same
size, approximately 8} kbp (data not shown).
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Type of ESBL. A class A B-lactamase gene of the CTX-M-9
group was detected by PCR. in E. coli TUM2319; but genes for
ESBLs of the TEM type, SHV type, Toho-1 (CTX-M-2) group,
and CTX-M-3 group were not detected, DNA sequencing con-
firmed that the enzyme of the CIX-M-9 group was the CTX-
M-18 ESBL. This B-lactamase gene was also detected on an
80-kbp plasmid in the conjugant. Moreover, the EHEC hiyp4
gene was detected in the conjugants.

DISCUSSION

E. coli strain TUM231% was confirmed to be an O26:H11
strain and an s&,-, eaed-, and EHEC hiy4-positive but sex,-
negative STEC strain by serological tests and PCR assays, E.
coli O157H7 infection in humans sometimes leads to HUS;
however, almost all E. cofi 026:H11 infections are mild {5).

Antibiotic treatment for STEC infections is not recom-

mended. (18). However, chemotherapy might be initiated be- -

fore the diagnosis of an STEC infection. It is most widely
accepted, however, that empirical therapy with antibiotics be
started for children with acute diarrhea. B-Lactam antibiotics,
especially expanded-spectrum B-lactams, such as cefotaxime,
ceftazidime, ceftriaxone, and cefoperazone, are the most use-
ful clinically because they combine safety with high potency
against gram-negative bacteria, such as members of the family
Enterobacteriaceae, including E. eofi. Accordingly, expanded-
spectrum P-lactams are one of the groups of antibiotics rec-
oemmended for the treatment of serious E. coli infections (21).

Expanded-spectrum B-lactams are very stable to class A,
class C, and class D P-lactamases of the Ambler classification

(2); however, ESBLs can casily hydrolyze this group of B-lac-

tam antibiotics, such as cefpodoxime, ceftriaxone, cefotaxime,
and ceftazidime (7). In Japan, CTX-M-type B-lactamase-pro-

“ducing E. coli strains, such as cefotaxime-resistant E. cofi, are

often isolated from clinical specimens, with the CTX-M-2 or
CTX-M-18 B-lactamases becoming the most commonly en-
countered ESBLs (11, 14, 25, 28, 29). The CTX-M-18 enzyme,
which was initiaily reported to be Toho-3 (GenBank accession
number AB038771) when the sequence was electronically pub-
lished in the DNA database on 23 February 2000, does not
hydrolyze ceftazidime. CTX-M-19 is 2 derivative of CTX-M-18
that can hydrolyze ceftazidime (19). If a single amino acid
residue change occurs in the CTX-M-18 enzyme, this mutant
(CTX-M-19) can acquire the capability to hydrolyze ceftazi-
dime (12, 19). Accordingfy, we believe that CTX-M-18 poses a
higher risk when it is encountered in clinical isolates due to this
potential ability to mutate into a ceftazidime-hydrolyzing en-
Zyme.

ESBL-producing Salmonella and Shigella strains have been
reported worldwide. Some 0.8 to 3.4% of clinical isolates of
Salmonella recovered from 1997 to 1999 expressed the ESBL
phenotype (29). Recently, investigators have also reported on
CTX-M-3 (3), TEM-3 (1), and SHV-2a (13) ESBL-producing
Salmonella isolates. However, to our knowledge, no ESBL-
producing STEC or EHEC isolate has been described, until
now.

In conclusion, this is the first report of an ESBL-producing
STEC isolate. The possibility that this isolate may be an un-
suspected reservoir of CTX-M-18 capable of spreading the
plasmid carrying this ESBL to other bacteria might be worth
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considering. It is necessary to extend antimicrobial resistance
surveillance programs for E. coli, including STEC, not only to
the clinical field but also fo the apricultural field.
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- Ab.stract

An antimicrobial resistance surveillance study was carried out in 60 medical centres across Japan, Resistance to piperacillin was 10.8% in
clinical isolates of Escherichia coli, while 1.3% or fewer isolates were resistant to other B-lactams. Klebsiella spp. were more susceptible to
imipenem, cefepime and cefpirome. Isolates of Enterobacter spp., Citrobacter spp., indole-positive Proteus and Serratia spp. were susceptible
to imipenem, cefepime and cefpirome, while Acinetobacter spp. were most susceptible to cefoperazone/sulbactam, imipenem, cefiazidime
(5.8% resistance) and cefepime (7.6%). Isolates of Preudomonas aeruginesa were more susceptible to ceftazidime (12.3% resistance), cef-
operazone/sulbactam (12.5%) and cefepime (12.6%) than to piperacillin (15.0%), cefpirome (22.6%) and imipenerm (30.8%), The percentage

of Japanese imipenemn resistant P, aeruginosa clinical isolates was around 30%.
© 2005 Elsevier B.V. and the International Society of Chemotherapy, All rights reserved,
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1. Introduction

[3-Lactam antibiotics are widely used in the clinical field,
because the incidence of cytotoxity with these antibiotics is
very low compared with other antibiotics, such as aminogly-
cosides, quinolones or chloramphenicols. B-Lactamases are
the major resistance mechanism to B-lactam antibiotics in
Gram-negative and Gram-positive bacteria [}1. Other known
resistance mechanisms include decreased outer membrane
permeability [2—4], over expression of efflux-pumps [3] and
the change of cell wall biosynthesis enzymes as the target of
B-lactam antibiotics [5-8].

The presence of class B 3-lactamase producers, such as
Serratia marcescens, Pseudomonas aeruginosa, Citrobacter
Jreundii or Acinetobacter spp., has been reported in Japanese
hospitals [9]. However, ESBL producers are generally not as
common in Japanese hospitals as in those in the United States
or Europe [10].

* Carresponding author. Tel: +81 3 3762 4151x2396;
fax: +81 3 5493 5415.
E-maill address: yoishii@med.toho-u.ac.jp (Y. 1shii),

Previous antimicrobial surveillance data suggests that
class B pB-lactamases are produced by P aeruginosa, S.
marcescens and Acinetobacter spp. strains [11-13]. This
surveillance programme was therefore designed to provide
more extensive B-lactam antibiotic susceptibility data by in-
cluding a wide range of Gram-negative organisms and staphy-
lecocci. ‘

2. Materials and methods
2.1. Bacterial isolates

The collection and subsequent testing of clinical isolates
by the 60 participating centres {Fig. 1) began in July and con-
cluded in September of 2002. Each laboratory was instructed
to collect 10 consecutive non-duplicate isolates from each
of 10 designated species groups as stated in a prevalence
format. These 10 organism groups were: Escherichia
coli, Klebsiella spp., Citrobacter spp., Enterobacter spp.,
indole-positive Proteus spp., Serratia spp., Acinetobacter
spp., £ aeruginosa, oxacillin-susceptible Sraphylococ-

0924-8579/3 - see front matter © 2005 Elsevier B.V. and the Infernational Society of Chemotherapy. All rights reserved.

doi:10.1016/j ijantimicag. 2004.12.003
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Fig. 1. Geographical location of 60 participating hospitals in this study.

cus aurens (MIC, <2mg/l) and oxacillin-susceptible
coagulase-negative staphylococei (MIC, =0.25mg/L).
Identification of isolates was determined utilizing routine
methods used in each individual clinical laboratory. The
combined overall collection of bacterial strains from the
60 centres totalled 5523 strains including 594 E. coli,
596 Klebsiella spp., 575 Enterobacter spp., 492 Citrobac-
ter spp., 508 indole-positive Proteus spp., 549 Serratia
spp., 536 Acinetobacter spp., 584 P aeruginosa, 594
oxacillin susceptible S. aurens and 485 oxacillin-susceptible
coagulase-negative staphylococei. Although compliance
was complete, one strain of S, aureus was omitted from
analysis because of documented oxacillin-resistant S. aureus
that was redefined by the National Committee for Clinical
Laboratory Standards (NCCLS) during the protocol period
[14].

2.2, Ansimicrobial susceptibility testing

Susceptibility of each isolate was determined using Etest
(AB Biodisk, Solna, Sweden) according to the manufacture’s
instruction manual and the National Committee for Clinical
Laboratory Standard [14,15]. Bacteria were cultured on
90-mun diameter Mueller Hinton agar plates (Difco Labora-
tories, Michigan, USA) for 16h at 35°C. Isolated colonies
were resuspended in sterile saline to obtain a turbidity of 0.5
MacFarland, Each cell suspension was spread on a 135-mm
diameter Mueller Hinton agar plate (Becton Dickinson,
Maryland, USA) with a cotton swab. Etest strips were placed
on the plates according to the manufacturer’s instructions.
The following strips were used: oxacillin (for Gram-positive

239

bacteria), piperacillin (for Gram-negative bacteria), cef-
tazidime, cefepime, cefpirome, cefoperazone/sulbactam and
imipenem. Results were recorded after 16-20-h incubation
at 35°C except for § awrews and coagulase-negative
staphylococel. MIC value for oxacillin of S: atreus and
coagulase-negative staphylococci strains were determined by
incubation for 24 h. MIC values were interpreted as-the point
of intersection of the inhibition ellipse with the Efest strips
edge. All clinical laboratories used Etest strips, Mueller
Hinton agar plates and reference strains frorn the same lot
number. NCCLS does not have criteria (susceptible, interme-
diate or resistant) for cefpirome and cefoperazone/sulbactam.
In this study, as the expedient breakpoints, the same values for
cefepime were used as for cefpirome and the value for cefop-
erazone alone was used for cefoperazone/sulbactam. All 60
hospitals provided not only their results but also the resistant
strains to the Department of Microbiology, Toho University
School of Medicine. Identification by Vitek I system
(bioMericux, Marcy I’Etoile, France) was used for problem
isolates and MIC values were reconfirmed using Etest at
the Department of Microbiology, Toho University School of
Medicine.

2.3. Quality control

For quality control of the Etest strips, the following
reference strains were used: E. coli ATCC25922, §. au-
reus ATCC29213 and £ aeruginosa ATCC27853 [14].
NCCLS does not give a value for cefpirome and cefopera-
zone/sulbactam minimal inhibitory concentration. Medians
of the MIC values of previous study [11-13] were used as
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MIC values for reference strains. Laboratories tested all
organisms in duplicate.

3. Results
3.1. Quality assurance

Validity of the data generated was checked by using ap-
propriate quality control (QC) and quality assurance mea-
sures. Participating laboratories were required to test a set of
three reference strains for QC composed of the following or-
ganisms: S. aureus ATCC29213, E. coli ATCC25922 and £
aeruginosa ATCC27853. Values obtained for the challenge
setof strains resulted in 186 ofthe 4851 values failing to make
the appropriate susceptibility category {3.8%). Ofthese 3.8%,
1.7% (= 82 strains) were very major (false-susceptible) er-
rots, 0.4% (=20 strains) were major (false-resistant) errors
(Table 1). Overall, this meant 96.2% of MIC categorical re-
sults were acceptable (Tables 2 and 3).

3.2, Activity against staphylococci
As the NCCLS recommends that oxacillin susceptible

staphylococci be considered as resistant to all B-lactam
antibiotics, only oxacillin-susceptible strains were collected

in this stady. Of all isolates tested, 594 S aureus and

485 oxacillin-susceptible coagulase-negative staphylococci
strains were susceptible to cefepime, cefpirome, cefoper-
azonefsulbactam and imipenem. However, 14 S aureus
(24%) and 19 oxacillin-susceptible coagulase-negative
staphylococei (3.9%) were resistant to ceftazidime. Rank
order of activity for all tested agents using M1Csq values was
imipenem > oxacillin > cefpirome > cefoperazone/sulbactam
> cefepime > ceftazidime.

3.3, Activity against E. coli and K. preumoniae

A total of 594 E. coli and 596 K. pneumoniae isolates
were tested. Generally, all agents tested except piperacillin

Table 1
Quality control Etest results from 60 hospitals participating the trial -
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Table 2
Categorical accuracy of 60 hospitals Etest results three strains against six
antibiotics (total 4851 tests)

Categorical Errors (%)
accuracy (%

oy (%) Very major  Major Minor  Total
96.2 L7 0.4 1.7 3.3

(10.8% resistant} were highly active against £, coli and K
preumoniae. No-imipenem resistant strains of E. coli and K.
preumoniae were observed in this study.

3.4. Activily against other Enterobacteriaceae

Enterochacter spp. and Cifrobacter jfreundii showed
lower rates of susceptibility to piperacillin . (76.8-77.9%),
ceftazidime (76.5-78.5%) and cefoperazone/sulbactam
(88.3-89.6%) compared with the other tested B-lactams.
Susceptibility rates for cefepime (97.2-98.6%) and
imipenem (98.8-99.8%) were superior to that of cefpirome
(93.4-96.5%). For the indole-positive Proteus spp., suscep-
tibility rates to piperacillin (90.5%) and imipenem (91.1%)

- were lower than for other B-lactar antibiotics. Serratia spp.

showed lower rates of susceptibility to piperacillin (83.6%)
and cefoperazone/sulbactam (85.4%) compared with the
other tested B-lactams (92.0-96.2%).

3.5. Activity against non-fermentative Gram-negative
bacilli

For Acinetobacter spp., cefoperazone/sulbactam was the
most active antibiotic (96.6% susceptible), followed by
imipenem (95.0%), ceftazidime (88.6%), cefepime (85.4%)
and cefpirome (85.3%). A lower susceptibility rate was seen
for piperacillin (69.8%).

The resistance of £ aerugiresa strains was high for all
tested antibiotics except piperacillin and ceflazidime. The
breakpoint of piperacillin for £ aeruginosa is 128 mg/L (13),
which is higher than that of other organisms.

Antibiotics

Percent of study results with in quality control ranges for

8. aureus ATCC29213

E. coli ATCC25922

P, acruginosa ATCC27853

Cefepime 99.6 14y
Cefpirome 90.8 ©.5-2)°
Ceftazidime 98.7 {4-16)
Cefoperazone/sulbactam 88.5 1-°
Imiepenem 100 (0.016-0.06)
"Oxaciltin 100 0.12-0.5)
Piperacillin NA -

Total 96.3

95.5 (0.016-0.06) 99.2 (1-8)
72.1 (0.016-0.06) 98.4 (1-4°
99.6 (0.12-0.5) 100 (1-4)
98.8 (0.12-0.5) 100 (1-8y°
97.5 (0.06-0.25) 296 (14

NA - N& -

100 (-4 99.6 (1-8)
954 294

NA: not available,

® The acceptable Limits for quality control strain used to monitor accuracy of minimal inhibitory concentration (pg/ml).
b Range was determined that near (1 tube) the middle of the concentration for cefepime and cefoperazone/sulbactam by our previous reports.
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Table 3
Antimicrobial activity of seven tested B-lactams against clinical isolates (2002)
Organism (no. tested) Antibiotics MIC (mg/L} MIC (mg/L) Category (mg/L) Category (%)
50% 90% Range R P R® s R®
S, aureus (594) Oxacillin 0.38 0.5 0019 -~ 2 =2 - =4 100.0 0.0
Ceftazidime 16 24 i - >256 =8 16 =32 14.3 24
Cefepime 3 4 0.38 - 16 =8 1e =32 99.8 0.0
Cefpirome? 1.0 1.5 0.38 - 4 =<8 16 >32 100.0 0.0
CP.SB* 2 3 0.25 - k7] <16 32 =64 99.8 0.0
Imipenem 0.032 0.064 0.003 - 0.5 <4 8 z16 100.0 0.0
Coagulase negative Onacillin 0.19 0.5 <0.016 - 2 <{}.25 - =0.5 100.0 0.0
staphylocecc (435) Ceftazidime 8 16 1.5 - 96 =<8 16 =32 71.5 3.9
Cefepime 1 2 0.047 - 12 =8 16 =32 99.8 0.0
Cefpirome 0.5 1 0.032 - 4 =8 16 =32 100.0 0.0
CPSB 1.5 2 0.047 - 8 <16 32 =64 100.0 0.0
Imipenem 0.032 0.064 <0002 - 0.75 <4 8 =16 100.0 0.0
- E.coli(594)(CP.SB:585) Piperacillin -2 128 0.032 - =256 <16 3264 =128 796 108
Ceftazidime 0.19 0.75 0.032 - »2% <8 16 =32 99.0 0.5
Cefepime 0.047 0125 <0.016 - 64 =8 16 =32 98.8 0.7
Cefpirome 0.064 0.19 0.016 -  >256 =8 16 =32 98.7 1.3
CPSB 0.19 L5 <0016 - =256 =16 32 =64 98.8 1.0
Imipenem 0.25 0.38 0.019 - 2 <4 8 =16 1000 0.0
Klebsiella spp. {596) Piperacillin 6 24 0.25 - >256 <16 32-64 =128 89.6 T4
Ceftazidime 0.25 0.75 0.032 - >256 =3 16 =32 98.7 1.0
Cefepime 0.047 0125 <0.016 -  >256 <8 16 =32 99.7 0.2
Cefpirome 0.064 0.25 <0.016 -  >256 <8 16 =32 98.8 0.3
CPSB 0.25 2 0016 -  >2356 =16 32 =64 97.1 2.5
Imipenem 0.25 0.5 0.064 - 4 <4 8 =16 §00.0 0.0
C. freundii (492) Piperacillin 3 »256 0.5 - >256 <l6 32-64 =128 76.8 18.7
Ceftazidime 0.75 >256 0.094 -  >25 =8 16 =32 785 197
Cefepime 0.064 1.5 <0.0l6 - >256 =8 16 =32 98.6 0.6
Cefpirome 0.094 4 0.023 - >256 <8 6 >32 96.5 1.6
CPSB 0.50 24 0.047 -  >256 <16 12 =64 89.6 2.6
Imipenem 0.50 L5 0.125 - >32 <4 8 =16 99.8 0.2
Enterobacter spp. (575) Piperacillin 2. >256 0.125 - »256 <16 32-64 =128 779 150
Ceftazidime 038 >256 0064 -  >256 <8 16 =32 76.5 202
Cefepime 0.064 2 <0016 -  >256 <8 16 =32 972 2.1
Cefpirome 0.125 4 0.023 -  >256 <8 16 =32 93.4 3.7
CP_SB 6.5 32 <0.0i16 -  >256 <16 32 =64 88.3 5.9
Imipenem 0.5 1.5 0.125 - »32 =<4 8 =16 98.8 0.5
Indole-positive Proteae Piperacillin 0.5 16 0.032 - >256 <16 3264 =128 90.5 3.5
-(508) (Piperacillin Ceftazidime  0.125 2 0023 - >256 =<8 16 =32 931 45
and CP_SB:507) Cefepime 0.047 0.19 <0.016 -~  >256 =8 16 =32 97.6 14
Cefpirome 0.094 0.5 <0.016 -  >256 =8 16 =32 98.0 0.6
CPSB I 3 0.032 -~  >236 <16 32 =64 97.4 2.4
Imipenem 2 4 0.25 - >32 =4 8 =16 91.1 33
Serratia spp. (549) Piperacillin 2 96 0.38 - >256 <16 3204 =128 83.6 9.8
Ceftazidime Q.28 4 0.023 - >25 <8 16 =32 92.0 71
Cefepime 0.094 3 0.016 - =256 =8 16 =32 92.9 53
Cefpirome 0.094 3 0.023 - >25 =<8 16 =32 92.5 4.7
CpsSB 1.5 64 0.032 - >25 <16 32 =64 854 109
Imipenem 0.50 1.5 0.094 - >32 =4 8 =16 96.2 a6
Acinetobacter spp. (536) Piperacillin 12 64 00l6 - >256 =16 3264 =128 69.8 9.3
Ceftazidime 4 12 038 - >256 =8 16 =32 88.6 5.8
Cefepime 2 16 0.064 -  >256 =8 16 »32 85.4 1.6
Cefpirome 2 32 0.064 ~  >256 =8 16 »32 853 116
CP.SB 1.5 4 0.125 - =256 =16 32 =64 96.6 1.5
Imipenem 038 0.75 0064 - =32 <4 8 »16 95.0 50
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Table 3 (Continued)

Organism (no. tested) Antibiotics MIC (ng/L) MIC (mg/L} Category (mg/L) Category (%)
50%  90% Range g It R° $ R

F. aeruginosa (594) Piperaciliin 4 >256 0.38 - >256 <64 - =128 84.5 15.0
(CP_SB: 584) Ceflazidime 2 48 0.19 - »256 =8 i6 >32 82,0 123
Cefepime 4 32 0.064 - »256 =8 16 =32 75.4 126
Cefpirome & 256 0064 - >256 ‘<8 i6 =32 62.3 226
CP.SB 4 96 0.25 - >25% <16 12 =64 784 125
Imipenem 2.0 >32 - 019 - >32 =4 8 >16 65.7 30.8

a8 Susceptible.

b Intermediate.

¢ Resistant,

4 The brake point of cefpirome used was the same value of cefepime.

¢ Cefoperazone:sulbactam (2:1) and the brake point of this combination used was of cefoperazone alone.

4. Discussion

We report a surveillance programme using Etest strip, a -

simple and reproducible method [16]. Since the same lot of
- Etest strips, quality control strains and Mueller Hinton Agar
plates were used atall hospitals, the QC assurance kept almost
total accuracy (Table 2). However, the results of cefpirome
within QC ranges for E. coli ATCC25922 were only 72.1%.
This could be due to an inoculum effect, thickness of media,
control of Etest strip, condition of incubation or a misread
MIC value.

Compared with previous studies [11-13,17] imipenem
maintained antibiotic activity against Gram-positive and
Gram-negative bacteria except for indole-positive Proteus
spp., Acinetobacter spp. and P. aeruginosa. Against Acineto-
bacter spp., the combination of cefoperazone and sulbactam
was the most potent antimicrobial agent. Sulbactam inhibits
the peptidoglycan biosynthesis of Acinetobacter spp. [18).
Cefpirome had the best activity against indole-positive
Proteus spp. of the tested antibiotics. Overall, cefepime was
active against all organisms, including all Gram-negative
bacteria such as P aeruginosa. Affinity of cefepime and
class C B-lactamases is very low [19], thus it is very stable
against class C B-lactamases.

Enterobacter spp., Citrobacler freundii, Serratia
marcescens and indole-positive Profeus encode AmpC
B-lactamase gene on their chromosome. AmpC type B-
lactamases hydrolyze penicillins and cephalosporins [1], but
not expanded-spectrum cephalosporins. Resistant strains
producing a large amount of AmpC B-lactamase have
been found in the Enterobacteriaceae. This is because the
AmpD enzyme, a precursor from the cell wall encoded by
ampD gene, does not work in these strains, a phenomenon
called de-repressed or constitutive production of AmpC
B-lactamase. We interpreted all Enterobacteriaceae with
lower MICs for cefepime than for cefpirome as AmpC
overproducers.

ESBL producing Enterobacteriaceae are well known as
expanded-spectrum cephalosporin resistant strains. In this
study, 2.9% (17 strains) of E. coli and 2.0% (12 strains)
of X. preumoniae show resistance to ceftazidime, respec-

tively (data not shown). In Japan, ceftazidime hydrolyzing
ESBL producers are not common in the clinical field, but
cefotaxime hydrolyzing ESBL producers, CTX-M-type or
Toho-type B-lactamases, are sometimes isolated from clini-
cal specimens [10,20-22] For the surveillance of ESBL pro-
ducers, ceftazidime and other B-lactam antibiotics such as
cefotaxime, cefpodoxime, cefiriaxone or aztreonam should
be used [14]. :

Class B B-lactamase producing £ aeruginosa known as
multi-antibiotic resistant strains, are resistant to many -an-
tibiotics, including carbapenems [23]. Eleven strains of £
aeruginosa (1.9%) were confirrned as metallo-B-lactamase
producers by the double-disk synergy test in this surveillance
programme, as previously stated by Kimura et al. [23]. This
study found 30.8% (184 isolates) of imipenem-resistant P
aeruginosq. This suggests that class B B-lactamase is not the
main resistance mechanism for carbapenem in P, aeruginosa.
Prevalence of ceftazidime-resistant £ aeruginosa was 12.3%
(73 isolates) in this study. Ceftazidime does not use OprD on
the outer membrane as a main penetration pathway [2]. These
results suggest that the imipenem resistance mechanism for
P aeruginosa is the result of a decrease or lack of this outer
membrane protein molecule. In the clinical field, penicillin
use is decreasing yearly and this study showed numbers of
piperacillin susceptible £ aeruginosa are increasing. This
fact reflects the recovery of drug susceptibility of £ aerugi-
nosa towards piperacillin.

Six months after the strains from this study were collected
and studied using Etest, Kimura et al. tested antibiotic sus-
ceptibility to imipenem or ceftazidime using a broth micro-
dilution method [23]. They reported 14.8% (88 isolates) of
imipenem resistant P. aeruginosq. Although the same strains
were used, the percentage in this study is 30.8%, This dis-
crepancy could be explained by the method for stock used.
We adopted casitone media (Eiken Co. Ltd., Japan) to stock
and deliver resistant bacteria from each station to Toho Uni-
versity School of Medicine. Sometimes bacteria lose the gene
markers encoded by plasmid DNA in casitone media. Thus,
to reconfirm drug susceptibilities or genes causing antibi-
ofic resistant bacteria, another process for stock and delivery
should be used.
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1n conclusion, imipenem resistant . aeruginosa increased
compared with previous reports. The results of this study
suggest that the participation of OprD is a major resistance
mechanism against imipenem in . aeruginosa. Susceptibil-
ity of £ aeruginosa to piperacillin has increased compared
with previous data. Overall, cefepime is maintaining antibi-
otic activity against Gram-positive and Gram-negative bac-
teria. It is necessary to continue this surveiilance programme
to evaluate commercial antibiotics.
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Abstract

DNA-based diagnosis method for typhoid fever and paratyphoid fever were designed
by using multiplex PCR, which used five pair of primers for detecting Vi antigen gene
(viaB), H antigen gene (fliC-d, fliC-a) and O antigen synthesis gene (B, prt). Clinical
isolates of Sa/monella enterica serovar Typhi and Paratyphi A were correctly identified by
this method. We also designed PCR- restriction fragment length polymorphism (RFLP)
method for screening of the gyr4 mutations of S. enterica serovar Typhi and serovar
Paratyphi A with decreased susceptibility to fluoroquinolones. These two methods were
useful for earlier diagnosis of typhoid fever and paratyphoid fever and earlier screening for
3. enterica serovar Typhi and serovar Paratyphi A with decreased susceptibility to
fluoroquinolones than ordinary culture methods.

Introduction .

Enteric fever remains an important public the treatment by the emergence of
health problem in many countries of the world. multidrug-resistant (MDR) Salmonella enterica
Typhoid fever is a sometimes fatal infection of serovar Typhi, that is resistant to ampicillin,
adults and children that causes bacteremia and chloramphenicol, and trimethoprim-
inflammatory destruction of the intestine and sulfamethoxazole. Fluoroquinolones have proven
other organs. Typhoid fever is endemic in to be effective for the treatment of typhoid fever
developing countries, especially in southeast caused by MDR strains in early 1990’s, and have
Asia and Africa. Chloramphenicol has been a become the first line drugs of treatment for
choice of treatment for typhoid fever for about typhoid fever at moment (1, 5). But, 5. enterica

40 years, but alternative drugs were required for serovar Typhi  strains resistant fo
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fluoroquinolones have already been reported by
many researchers (4, 11, 23). Further, several
failures of clinical treatment of typhoid patients
with ciprofloxacin and other fluoroquinolones
have also been reported (3, 26, 27). The
emergence and spread of these resistant
organisms have been reported from developing
countries, particularly from Vietnam (21, 28), the
Indian subcontinent (4, 15, 22, 26),

Tajikistan (16, 17). Typhoid fever and
paratyphoid fever are sometimes fatal infection,
and require the urgent diagnosis and treatment by
the administration. of appropriate antibiotics. We
describe here that the diagnosis by PCR and
screening method for S. enterica serovar Typhi
and serovar Paratyphi A reduced susceptibility to
several fluoroquinolones by PCR- restriction
fragment length polymorphism (RFLP) method.
Both methods require less time than ordinary
culture methods.

and

Multiplex PCR for S. enterica serovar Typhi
and serovar Paratyphi A.

Typhoid fever and paratyphoid fever are
sometimes fatal infection of adults and children,
and rtequire the urgent treatment by the
administration of appropriate antibiotics. The
diagnosis of typhoid fever and paratyphoid fever
is now performed by ordinary blood or stool
culture methods and biochemical tests. The
¢classical diagnosis method of typhoid fever and
paratyphoid fever requires at least 4 or 5 working
days for the positive results. The more rapid
alternative diagnosis method is required for the
diagnosis of typhoid fever and paratyphoid fever.
Some researchers have already reported the S.
enterica serovar Typhi detection methods with
PCR by using the fliC-d gene (25), Vi capsular
antigen gene (7)and 16S rRNA gene (33),
however PCR diagnosis method for paratyphoid
fever has not reported yet. As only one gene was
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targeted for the idemtification of S. enterica
serovar Typhi in these methods, they detected
other Salmonella serotype strains than S. enferica
serovar Typhi in some cases. We recently

~ developed and reported more specific diagnosis

method based on a multiplex PCR technique for
both typhoid fever and paratyphoid fever,
detecting Vi antigen gene (viaB), H antigen gene
(fliC-d, fliC-a) and O antigen synthesis gene (9,
pri) (9). This system enabled us to identify and
differentiate S enterica serovar Typhi and
serovar Paratyphi A, that are clinically important
Salmonella serovars as human pathogens, by
only a single PCR reaction, when we isolated the
bacteria from blood or stool culture of clinical
patients.

The primer sequences used in this study
are listed in Tablel. We designed the primers
tyv-s and tyv-as for detection of the tyvelose
epimerase gene (fyv, previously called rfbE) and
the primers fliCcom-s and fliCd-as for detection
of the fliC-d gene (phase-1 flagellin gene for d
antigen {H:d]) of S. enterica sexovar Typhi. The
primers parat-s and parat-as were designed for
detection of a paratose synthase gene (prv,
previously called r#/S), and the primers
fliCcom-s and fliCa-as were designed for
detection of a fliC-a gene (phase-1 flagellin;
H:a). The gene prt encodes CDP-paratose
synthase, which converts CDP-4 —keto -3,6-
dideoxyglucose to CDP-paratose. The gene priis
present in both S. enterica serovar Typhi and
serovar Paratyphi A. The gene fyv encodes
CDP-tyvelose epimerase, which converts
CDP-paratose to CDP-tyvelose. The zyv gene is
present in both serovar Typhi and serovar
Paratyphi A, but the fyv gene of S enterica
serovar Paratyphi A does not produce active
CDP-tyvelose epimerase due to the 1-bp deletion
which causes the frameshift mutation and
converts codon 4 of Tyv to.a stop codon. Our
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Table 1. Primers for the rwitiplex PCR amplification of Salmonella enterica serovar Typhi and Paratyphi A.
. . ' Amplified fragment  Primer designed from
Oligonucleotide sequence Length (bp) size (bp) (Accession number)
yv(rfbE)
tyv-s, 5'-gap gaa ggg aaa tga age tit t-3' 22 615bp M29682
tyv-as, 5'- tag caa act gtc tcc cac cat ac-3' 23 M29682
pri(ifbS) -
parat-s, 5'-ctt gct atg gaa gac ata acg aac c-3". 25 258bp M29682
parat-as, 53'-cgt ctc cat caa aag ctc cat aga-3". 24, M29682
viaB
vi-s, 5'-gtt att tca gea taa gga g-3". 19 43%bp D14156
vi-as, §'-ctt cca tac cac ttt ccg-3" 18 D14156,
fiC ‘
fliCcom-s, 5'-aat caa caa caa cct gea geg-3' 21 L21912
fliCd-as, 5'- gca tag cea cca tea ata ace-3', 21 L21912
fliCa-as, 5'-t.,; tgc tta atg tag ccg aag g-3" 22 X03393
fliCcom/fliCd-as 750bp(489bp)*
fliCcom/fliCa-as 329bp

a: Number in parenthse;_--epresents size of PCR product of H:j gene.

b: Primers were designed using sequences corresponding to indicated GenBank/EMBL/DDB nucleotide sequence database accession number.

primers detect only S. enterica serovar Typhi v
gene. We designed the primers forthe viaB gene
which specifically detéct the Salmonella Vi
antigen gene, because vigB primers previously
reported by other researchers detected both S.
enterica serovar Paratyphi C, S. enterica serovar
Dublin and the Citrobacter freundii Vi antigen
genes. '

The multiplex PCR using five sets of
primer pairs, which were targeted for the viaB,
prt, v, fliC-d, and fliC-a genes, correctly
identified S, enterica serovar Typhi and serovar
Paratyphi A and differentiated the two serovars
by the combinations of the different-gize bands
produced: four positive bands, which consist of
viaB, prt, tyv and fliC-d PCR products, in §.
' enterica serovar Typhi and two positive bands,
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which consist of prt and fliC-a PCR products, in
S. enterica serovar Paratyphi A (Fig. 1).

The primers for #yv specifically detected
the tyv gene of S. enterica serovar Typhi. The prt
primers also detected strains belonging to the Q2
and O9 groups of Salmonella, and the yvprimers
detected isolates of the Salmonella Q9 group
(Table 2). The primer pairs for fliC-d and fliC-a
specifically detected the f1iC-d and fliC-a genes,
respectively, for the Salmonella serovars, and
were able to distinguish fliC-d and fliC-a genes
from other Salmonella serovar fliC genes. The
primers for fliC-d also detected the fliC-j gene,
which is an alternate phase of §. enterica serovar
Typhi H-1 antigen genes (6, 14). Since fliC-j is a
261-bp deletion derivative of the fliC-d gene
(ref), the PCR product was smaller than fliC-d
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8 100 bp ladder

serovar Grumpensis
serovar Enteritidis
serovar Typhi(09, H-d)
serovar Typhi(09, H-))
serovar Strasbourg
serovar Paratyphi A
serovar Durban

E. coli

Fig. 1. Identification of S. enterica serovar Typhi and serovar Paratyphi A by multiplex
PCR. After PCR, the PCR products were separated by 15% polyacrylamide gel

electrophoresis.

gene (Fig.1).

To examine possible cross-reactions of the
selected viaB, prt, tyv, and fliC primers among
major enteric pathogens, including the several
genera of the family Enterobacteriaceae, some
strains were tested by the multiplex PCR assay;
none showed positive results (Table 2). To
further evaluate the orimer specificities for
Salmonella species, we tested several kinds of
salmonella serovars. The primer combinations of
prt and fliC-a, and the combinations of viaB, &y,
and fliC-d, correctly identified S. enferica serovar
Typhi and serovar Paratyphi A respectively.

The methods described here may make

possible the identification of clinically important
strains of S. enterica serovar Typhi and serovar
Paratyphi A strains within a few working days of
the arrival of specimens in the diagnostic
microbiology laboratory.
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8. enterica serovar Typhi and serovar
Paratyphi A with decreased susceptibility to

fluoroquinolones.

Fluoroquinolones used for the
treatment of MDR S. enterica serovar Typhi
infections, and now they have become the
first-line drugs for the treatment of typhoid fever
(5, 20, 24, 29). However, some S. enferica
serovar Typhi strains that exhibit resistance to
several  fluoroquinolones decreased

susceptibilities to fluoroquinolones have been

are

and

already reported. Several clinical treatment
failures after the administration of ciprofloxacin
and other fluoroquinolones to patients with
typhoid fever due to strains with decreased
susceptibilities to fluoroquinolones have also
been reported (23). The emergence and spread of
these organisms have been reported in
developing countries. The incidence of strains
that are resistant to nalidixic acid and that exhibit
decreased  susceptibilities to  the
fluoroquinolones used for the treatment of
typhoid fever is also increasing in Japan (Fig. 2

most
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Table 2. Bacterial strains used to evaluate the specificity of multiplex PCR and the multiplex PCR results.

Antigen structure PCR results "
Strain No. Serotype Phage Type Oantigen H-1 H-22 yv fC-d viaB fliC.a prt
990116 Salmonella  Typhi D1 9,12,[Vi] d - + + + - +
990120 Salmonella  Typhi El 9,12,[Vi] d - + + + - +
990005 Salmonella  Typhi Uvsl  9,12,[Vi] d - + + +. - +
950006 Salmonella  Typhi A 9,12,[Vi] d - + + + - +
990007 Salmonella  Typhi El 9,12,[vif d - + + + - +
990008 Salmonells  Typhi El 9,12,[Vi] d - + + + - +
990009 Salmonella  Typhi ) El 9,12 [Vi] d - + + + - +
990012 Salmonella  Typhi El 9,12,[Vi] d - + + + - +
990014 Salmonella  Typhi El 9,12,[Vi] d - + + + - +
990037 Salmonella  Typhi DI 9,12,[Vvi] d - + + + - +
980096 Saimonella  Typhi 46 9,12,[Vi] d - + + + - +
9801H1 Saimonefla  Typhi DVs 912 [Vi] d - + + + - +
980077 Salmonella  Typhi Uvsl  9,12,[vi] d - + + + - +
980014  Salmonella Typhi UVSL  9,12,(vi] - + 40 4 -+
GIFU9954 Salmonella  Typhi Rough d - + + + - +
000055  Salmonella  Paratyphi A 1 1,2,12 a 1,5 - . -+ 4
000056 Salmonella  Paratyphi A ! 1,2,12 a {1,3] - + +
990110 Salmonella  Paratyphi A 2 1,2,12 a 1,5] - - - + +
970083 Saimonella  Paratyphi A 2 1,2,12 a 1,51 - - - + +
960007 Salmonella  Paratyphi A 3 1,2,12 a [1,51 - - - + +
000001 Salmonella  Paratyphi A 4 1,2,12 a [1,5] - - - + +
000041 Salmonella  Paratyphi A 4 12,12 a [1,5] ~ - - + +
990081 Salmonella  Paratyphi A 5 1,2,12 a f1,5] - - - + +
970032 Salmonella  Paratyphi A 5 1,2,12 a [1,5] - - - + +
990046 Salmonella  Paratyphi A 6 1,2,12 a [1,5] - - - + +
990103 Salmonella  Paratyphi A 6 1,2,12 a 1,51 - - - + +
99023 Salmonella  Chester 145,12 eh e,nx - - - - -
99076 Salmonella  Agona 145,12 fgs [1,2] - - - - -
99026 Salmonella  OQranienburg 6,7,14 mt  [z5] - - - - -
99063 Salmonella  Infantis 6,7,14 T 1,5 - - - - -
99087 Salmonella  Litchfield 6,8 lv 1,2 - - - - -
99114 Salmonella Hadar 6,8 Zig e,0,X - - - - -
99109 Salmonella  Enteritidis 1,9,12 fle.m,[p [1,7] + - - - +
99112 Salmonella  Javiana 1,9,12 1,258 1,5 + - - - +
99017 Salmonella  Senftenberg 13,19 gl[s]t - - - - - -
99089 Salmonella  Grumpensis 13,23 d 1,7 - + - - -
99108 Salmonella  Poona ’ 1,13,22 z 1,6 - - - - -
1363 Salmonella  Typhimurium 1415112 i 1,2 - - - - -
il64 Salmonella.  Enteritidis = 1,912 flgm,[p [1,7] + . - - +
1365 Salmonella  Weltevreden 3,101151 r Zg - - - - -
S-222 Salmonella  Durban 912 a  enz; + - - + +
§-214 Salmonella  Strasbourg 9,46 d 1,7 + + - - +
S-154 Salmonells Ndolo - 1,9,12 d 1,5 + + . - +
GIFU12823 Salmonella  Paratyphi C 6,7,[Vi] c 1,5 - - + - -
- GIFU13011 Salmonella  Dublin 1,9,12[Vi] gp - + - + - +
Citrobacter  freundii Vit - ] -
Yersinia pseudotuberculosis 1b - - - - -
Yersinia pseudotuberculosis 2a - - - - -
Yersinia psendotuberculosis 2b - - - - -
Yersinia pseudotuberculosis 4a - - - - -
Yersinia pseudotuberculosis 4b - - - - -
Yersinia pseudotuberculosis 5b - - - - -
Yersinia enterocolitica 03 - - - - -
Yersinia enterocolitica 05 - - - - -
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Table 2. Bacterial strains used to evaluate the specificity of multiplex PCR and the multiplex PCR results. (continued )

Yersinia
Yersinia
Vibrio
Vibrio
Vibrig
Vibrio
Vibrio
Vibrio
Vibrio

Aeromonas
Aeromonas

enterocolilica 08
enterocolitica 09
cholerge ¢ltor Ogawa 0l
cholerage eltor Inaba 01
cholerae 0139
cholerae non-Ql,non-0139
mimicus

parahaemoliticus

Sluvialis

hydrophila

sobria

Aeromonas caviae
Escherichia coli

Shigella
Shigella
Shigella
Shigella -

dysenteriae
flexneri
boidyit
sonnei

1) +; PCR-positive, -; PCR-negative.

2) -; no H-2 phase.
1) Hl-j antigen.
43 Our primers for viaB

gene did not react with Vi antigen genes of C. freundii .

(%)
50
45 serovar Typhi
B scrovar Paratyphi A
40
35

30
25
20
15
10

5

1997 1998 1999

Fig.2 Incidence of S. enterica serovar Typhi and serovar Paratyphi A with decreased
susceptibility to fluoroquinolones in Japan.
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(10). In most strains, the = acquired
fluoroquinolone resistance was attributed to
mutations in the genes encoding DNA gyrase
(GyrA, GyrB) (18, 30-32)or DNA topoisomerase
IV (ParC, PatE) (12, 13). We analyzed the
of quinolone resistance with
mutations in the genes coding for gyrase and
topoisomerase IV of S. enterica serovar Typhi
and serovar Paratyphi A, which are especially
clinically important serotypes of Salmonella spp.

association

The point mutations in gyr4 and parC of S.
enterica serovar Typhi and serovar Paratyphi
A with  decreased . susceptibility to
fluoroquinolones.

We determined gyrd and parC mutation
of several strains with -resistant to
fluoroquinolones or decreased susceptibility to
fluoroquinolones (8). The strains resistant to
fluoroquinoiones were obtained  from
experimentally selection in vitro. The data are
shown in Table 3. The S. enterica serovar Typhi
and scrovar Paratyphi A clinical isolates with
decreased susceptibility to fluoroquinolone had
only a single mutation in the gyrd gehe, at either
position 83 or 87 of GyrA. The strains with
high-level resistance to fluoroquinolones induced
by in vitro selection with ciprofloxacin had
double mutations in the gyrd gene at both

position 83 and position 87 of GyrA (Table 3). -

Only one S. enterica serovar Paratyphi A strain
(strain NIHP3-1 in Table 3) had a mutation in the
parC gene, at Glu-84 of ParC, in addition to
double mutations in the gyr4 gene. For the parC
gene, the mutation was a change of GAA (Glu) to
AAA (Lys) at codon 84. Alterations in the
resistance  determining  regions
~ (QRDRs) of the gyrB and parE genes were not
found in any of the strains tested. These findings
indicate that gyr4 mutations are of principal

guinolone

importance for the fluoroquinolone resistance of
S. enterica serovar Typhi and serovar Paratyphi
A. Alterations at position 83 or 87 of the GyrA
amino acid sequence have been described
previously for Salmonella strains. Double
mutations at positions 83 and 87 of the GyrA
amino acid sequence were also reported in
clinical of & serovar
Schwarzengrund, which caused nosocomial
infections in the United States and which
exhibited ciprofloxacin resistance (19). Although

1solates enterica

strains with high-level fluoroquinolone resistance
due to double mutations at codons 83 and 87 in
the GyrA amino acid sequence have not been
found in clinical isolates of S. enterica serovar.
Typhi and serovar Paratyphi A, several cases of

~ the fajlure of treatment for typhoid fever due to
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strains  with decreased susceptibilities to
fluoroquinolones have been reported. Since we
obtained isolates with double mutations in the
gyrd gene by in vitro selection and a mutation in
parC caused by a novel substitution in Lys-84,
such mutations in clinical isolates of S. enterica
serovar Typhi and serovar Paratyphi A may
appear in the fitture. Establishment of a
surveillance sysiem for the detection of gyrd
mutations will be important for the detection of
fluoroguinclone resistance in S. enterica serovar
Typhi and serovar Paratyphi A.

PCR-RFLP for screening S. enterica serovar
Typhi and serovar Paratyphi A with
decreased susceptibility te fluoroquinolones,

The alterations at the codon Ser-83 and
Asp-87 of GyrA are the most frequently found in
the clinical isolates with reduced susceptibility to
fluoroquinolones in S. enterica serovar Typhi
and serovar Paratyphi A (2,- 8, 28). We
previously reported that only gyrd mutations
contribute the fluoroquinolone resistance in S.
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Table 3. The results of RFLP patterns, MICs and gyr4 muations of each strains,

MIC (ug/ml) ayrd ¥
Serovar Strain No. cPFX" NA"Y 83 87 RFLP-pattern ¥
TCC (Ser)  GAC (Asp)
Typhi NIHP3-4” >32  >256 TTC (Phe) TAC (Tyr) A
Paratyphi A NIHP3-1?  >32  >256 TTC (Phe) AAC (Asn) A
Typhi NIHP3-43% 16 >256 TTC (Phe) TAC (Tyr) A
Typhi NIHP3-397 8 >256 TTC (Phe) TAC (Tyr) A
Paratyphi A  NIHP3-44? 8 >256 TTC (Phe) TAC (Tyr) A
Paratyphi A NIHP3-3 % 8 >256 TTC (Phe) TAC (Tyr) A
Paratyphi A NIHP3-419 8 >256 TTC (Phe) TAC (Tyr) A
Paratyphi A 950040 2 >256 TTC {Phe) None B
Typhi 000006 0.5 >256 TAC (Tyr) None B
Typhi 000015 0.5 >256 None  GGC (Gly) C
Typhi 000016 0.5 >256 TAC (Tyr)  None B
Typhi 000019 0.5 >256 TAC (Tyr)  None B
Typhi 000022 0.5 >256 TAC(Tyr)  None B
Paratyphi A 990112 0.5 >256 TTC (Phe) None B
Paratyphi A 990110 0.5 >256 TTC (Phe)  None B
Paratyphi A 000040 0.5 >256 TTC (Phe}  None B
Paratyphi A 000055 0.5 >256 TTC (Phe) None B
Paratyphi A 990021 0.5 >256 TTC (Phe)  None B
Paratyphi A 980043 0.5 >256 TTC (Phe)  Nome B
Typhi 990018 0.25 >256 TTC (Phe) None B
Typhi 990120 025  >256 TTC (Phe)  None B
Typhi 990020 025  >256 None  GGC(Gly) C
Typhi 990104 0.25 64 TTC(Ph¢)  None B
Typhi 000015 0.25 64 None TAC (Tyr) C
Typhi 000027 0.25 64 None TAC (Tyr) C
Typhi 000037 0.25 64 None TAC (Tyr) C
Paratyphi A 970131 0.032 4 None None D
Paratyphi A 000066 0.016 4 None None D
Paratyphi A 990118 0.064 2 None None D
Typhi 990100 0.032 2 None - None D
Typhi 990113 0.016 2 None None D
Typhi 010053 0.016 2 None None D
Typhi 010063 0.016 2 None None D
Paratyphi A 010044 0.032 1 None None D

1) CPFX; ciprofloxacin, NA,; nalidixic acid
2) mutants experimentally selected in vitro.
3) None; no mutations were found. -

4) The digested patterns in Fig. 1.

enterica serovar Typhi and serovar Paratyphi A.
Any gyrB, parC and parE mutations which are
responsible for the fluoroquinolone resistance
were not found in the clinical isolates of S
enterica serovar Typhi and serovar Paratyphi A
(8). The susceptibility test by disk diffusion test
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with nalidixic acid disk is now employed for the
screen for the strain with reduced susceptibility
to  fluoroquinolones. However, alternate
DNA-based method is required for the rapid

screening for the = strains with reduced



