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Klebsiella preumoniae strain KG325, which showed high-level resistance to broad-spectrum cephalosporins,
was isolated from the neonatal intensive care unit (NICU) of a Japanese hospital in March 2002. The
ceftazidime resistance of strain KG525 was transferable to Escherichia coli CSH-2 by conjugation. Cloning and
sequence analysis revealed that prodoction of a novel extended-spectrum class A B-lactamase (pl 7.0),
designated GES-3, which had two amino acid substitetions of M62T and E184K on the basis of the sequence
of GES-1, was respoensible for resistance in strain KG525 and its transconjugant. The blagp 5 gene was located
as the first gene cassette in a class 1 integron (hat also contained an aacAl-orfG fused gene cassetle and one
unique cassette that has not been described in other class 1 integrons and ended with a truncated 3* conserved
segment by insertion of 1826. Another five ceftazidime-resistant K. preumoniae sirains, strains KG914,
KG1116, KG545, KG502, and KG827, which were isolated from different neonates during a 1-year period in the
same NICU where strain KG525 had been isolated, were also positive for GES-type B-lactamase genes by PCR.
Pulsed-ficld gel electrophoresis and enterobacterial repetitive intergenic consensus-PCR analyses displayed
genetic relatedness among the six K. pneumoniae strains. Southern hybridization analysis with a GES-type
$-lactamase gene-specific probe showed that the locations of bla g were multiple and diverse among the six
strains. These findings suggest that within the NICU setting genetically relaled K. preumoniae strains carrying
the bla gy gene were ambushed with genetic rearrangements that caused the multiplication and translocation

of the bla,;,., gene,

Resistance Lo B-lactam antibiotics mainly depends on Lhe
production of B-lactamases. To date, a large variety of #-lac-
tamases which were classified by their amine acid sequences
and functional substrate specificity profiles in various gram-
negative bacilli such as Pseudomonas spp. and members of the
family Enterobacteriaceae have been documented (6). Since the
late 1580s, extended-spectrum p-lactamases (ESBLs) derived
from TEM- and SHV-type penicillinases capabie of hydrolyz-
ing the oxymino-cephalosporing have been spreading globally,
mainly in the Enterobacteriaceae, including Klebsiella pneu-
moniae and Escherichia coli (5, 23, 29). Moreover, various
non-TEM-, non-SHV-type class A p-lactamases exhibiting ex-
tended-spectrum activities, including CTX-M-type (13, 31, 38,
39, 41), SFO-type (18), VEB-type (12, 20, 25), and GES-type
- {10, 11, 19, 24, 28, 37) p-lactamases, have also been reported in
various gram-negative bacilli. Among the GES-1ype $-lactama-
ses, (i128-1, which was found o be produced by K preumeoniae
ORI-1, identified from a child transferred from French Guiana
to France in 1998, was the first report of the GES-type class A
B-lactamase (24); and GES-1-producing K preumoniae strains
have caused nosocomial infections in Portugal (9). IBC-1 was

* Corresponding author, Mailing address: Department of Bacterial
Pathogenesis and Infection Conrrol, National Institute of Infectious
Diseases, 4-7-1 Gakuen, Musashi-Murayamuy, Tokyo 208-0011, Japan.
Phone: 81.42-561-0771, ext. 500. Fax: 81-42-561-7173. E-mail:
yarakawa@nih.go jp.

1960

identificd in an Enterobacier cloacee clinical isolalc rom
Greece in 1999 (11), and IBC-1-producing E. cloacae has also
been reported to cause nosocomial infections in a neonatal
intensive care unit (NICU) (17}. GES-2, which displayed more
extended-spectrum activity against imipenem compared with
that of GES-1, was reported in Pseudomonas aeruginosa from
South Africa (28) in 2000, and GES-2 producers also caused a
nosocomial infection (27). All three genes, blegeg 1, Plaggs.s,
and blaye-y, were found o be located as 4 gene casselie within
similar class 1 integrons.

Recently, six clinical isolates of K pnewmoniae showing high-
level resistance to various broad-spectrum cephalosporins, in-
cluding ceftazidime, were identified from the NICU of a Jap-
ancse hospital, and conventional PCR analyses for TEM-
derived ESBLs and CTX-M enzymes falled to specify their
genetic determinants. In the present study, therefore, we char-
acterized the molecular mechanism underlying the multiple-
cephalosporin resistance among these six strains, as well as the
organizations of their genetic environments.

MATERIALS AND METHODS

Bacteria] strains and plasmids, The strains and plasnids used in (his study are
listed in Table L. Six K. pneumoniar clinical strains had been isolaled from
neonates over | year, from September 2001 tc August 2002, and were stored in
the clinival microbiotoy luboralory ul the hospilal until this study. Biochemical
phenotypic ideatification of these strains was carried out by the aralytical profile
index procedure (AP 20E system, bioMerieux, Marcy I'Etoile, France). A pre-
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TABLE 1. Bacterial strains and plasmids used in this study

Strain or plasmid

Characierislics

Souvrce or Reference

K preimoniae KG914, KG1116, KGS25,
KGS45, KGS02, KG827

Clinical isolates from neonatal specimens

This study

E. coli

CSH-2 met8 F~ nalidixic acid® rifampin® T. Sawai, Chiba University

XL1-Blue supkdd vecAl endAl grAY6 thi hsdRI7K™ mK' ) reldld luc [F Stratagene
prodB* laclqZAM15: Tnl0(Tet")

BLii(DE3}plLysS F~ ompT hsdSy (rg~ mg™) gal dem (DE3) pLysS (Cam’) Invitrogen

Plasmids

pRGC525 A natural plasmid cariying blagps., 0f K prneumoniae KGS25 This siudy

pKGDS52S A recombinant plasreid carrying a 6.7-kh BamliTl fragment This study
containing bla.ge s of K. preumonize KG525

pKGM325 A recombinant plasmid carrying a 11.6-kb BamHI fragment This study
enntaining hla e, of K prevmoniae KG515

pTAGES3 A recombinant plasmid carrving a PCR fragment with the entire This study
bl 5.5 sequence and its promoter region cloned into the
PCR2.1 vector

pGES3 A recorubinant plusmid carrying EcoR1 fragment [rom pTAGES3  This study

pIBC1 A recombinant plamid carrying bla;p ., constructed from pGES3 This study

pBCSK~ A cloning vecior; chloramphenicol” Stratagene

pCR2.1 A doning vector; ampicillin® Kanamycin® Invitrogen

pET29a(+) An expression vector; kanamycin® Novagen

pET-GES3 A recombinant plasmid carrying PCR-amplified blaggg., gene This study

ligated to pEiT2%a( + )

timinary double-disk synergy test was carried out with disks containing cefiazi-
dime and amoxicillin-clavulanate. Bacteria were grown in Luria-Bertani (LB)
broth supplemented with appropriate antibiotics, unless specified otherwise.

Antibiotic susceptibility testing. The following antibictics were obtained from
the indicated sources: ampicillin, amoxicillin, and cefminox, Meiji Seika Kaisha,
Ltd., Tokyo, Japan; piperacillin, Toyama Chemical Co,, Ltd,, Toyama, Japan;
cephaloriding and moxalactam, Shionogi & Co., Ltd., Qsaka, Japan; cefmetazole
and chloramphenicol, Sankyo Co., Ltd., Tokyo, Japan; cefotaxime and cefpi-
rome, Aventis Pharma, Ltd, Tokyo, Japan; ceftazidime and clavulanic acid,
GlaxoSmithKline K. K., Tokyo, Fapan; sulbactam, Pfizer Pharmaceutical Inc,
Tokyo, Japan; tazobactarn, Taiho Pharmaceutical Co., Ltd, Tokyo, Japan;
cefepime, Briste] Pharmaceuticals X. K., Tokye, Japan; aztrecnam, Eizai Co,
Lid., Tokyo, Jzpen; imipenem, Banyu Pharmaceutical Co., Ltd., Tokyo Japan;
and rifampin, Daiichi Pharamaceutical Co., Lid., Tokyo, Japan. The MICs of the
B-lactams were determined by the agar dilution method, according to the rec-
ommendations of National Committee for Clinical Laboratery Standards docu-
ment M7-A5 (21). E. colf ATCC 25622 and ATCC 35218 were purchased from
the American Type Culture Collecticn (ATCC) and served as control strains in
the antimicrobial suscepiibility testing,

PCR amplification. Te amplify the broad-spectrum B-lactamase genes from
the six clinicai strains, PCR analyses were performed with sets of primers specific
for various B-lactamase genes found in Japan—including the TEM-derived ex-
tended-spectrum PB-lactamase (39); CMY-2-, MOX-i-, and DHA-1-type B-
lactamases (8, 40, 41): and CTX-M-1-, CTX-M-2-, CTX-M-9-, IMP-1-, IMP-2-,
and VIM-2-type B-lactamases (13, 26, 30, 31, 33, 3% —under the conditions
described elsewhere {33). Detection of the SIV-type B-lactamase gene was not
performed because most clinical X preumonize strains carry the LEN-1 and/or
SHV-1 B-tactamase gene on their chromosomes (1, 7). In order to detect the
GES-type B-lactamase gene, an 827-bp internal fragment of the gene was am-
plified with primers GES-A {5"-CTT CAT TCA CGC ACT ATT AC-3') and
GES-B (5"-TAA CTT GAC CGA CAG AGG-3"} under the conditions described
above,

Conjugal transfer of $8-lactam resistance, Conjugal transfer of the ceftazidime
resistance of K. pneumoniae K(G523 to a recipient E. colf strain, strain CSH-2 (F~
metB, resistant {o nalidixic acid 2nd rifampin), was performed by the filter mating
method. Transconjugants were selected on LB agar plates containing ceftazidime
{2 pg/ml), rifampin (100 pg/ml), and nalidixic acid (50 pg/mi).

Cloning experiment and DNA sequencing, Basic recombinant DNA tech-
niques were performed as described by Sambrock et al. (32), Total DNA of K
preumonide KG523 was extracted and digested with BamHI. The resultant
fragments were ligated into cloning vector pBCSK+ (Stratagene, La Jolla, Calif.)
restricted with the same enzyme. Transformants were selected on LB agar plates

containing chloramphenicol {30 pg/ml) and ampicillin {50 pg/ml) or ceftazdime
{2 pg/ml). The nucleotide sequence of the cloned fragment was determined with
BigDye terminator cycle Sequencing Ready Reaction kits and an ABI 3100 DNA
sequencer {Applied Biosystems, Fostat City, Calif.) by using custom sequencing
primers.

Site-directed mutagenesis for comparison of GES-3 with IBC-1. PCR-based
site-tirected mutagenesis of the blegps 5 gene was performed with the LAPCR
In Vitro Mutagenesis kit (TAKARA Bio Inc., Ohtsu, Japan}. In brief, the entire
blagps.s gene and its promoter region were amplified by PCR and cloned into
plasmid pCR2.1 with the TA cloning kit (Envitrogen, NV, Leek, The Nether-
lands). One plasmid, pTAGES3, was selected after it was confirmed that it
contained no amplification etror and was then digested with EcoRIL The result-
ant fragment was recloned into pBCSK+. The resultant plasmid, pGES3, with an
insert carrying the Mlagpe 2 gene and its promoter region was used to introduce
a single nucleotide mutation (C to T) at nucleotide position 167, which leads to
an amino acid substitution (T to M) at position 62 in GES-3, resulting in the
conversion of the pene product from GES-3 te IBC-1 expressed under the same
promoter,

Puised-field gel electrophoresis (PFGE) and enterobacterial repetitive inter-
genic consensus (EREC)-PCR analyses. Total DNA was prepared from six K.
pneumoniae strains (34} and digested overnight with Xbal (New England Bio-
labs, Beverly, Mass.). The digested DNA was electrophoresed with a CHEF-
DRII Drive Module (Bio-Rad Laboratories, Hercules, Calif.) under the follow-
ing conditions: pulses ranging from 10 to 40 s a1 6 V/cm for 20 h at 16°C. Six K
preumoniae strains were also typed with the primer ERIC-2 (5-AAG TAA GTG
ACT GGG GTG AGC G-3'). The PCR was carried out under the conditions
described elsewhere {36).

Southern hybridization. Large plasmids were prepared from six K. pneu-
montae strains by the procedure described by Kado and Liu {16). The ¢hromo-
somat DINA was extracted from each isolate by the method of Stauffer et al. (35).
Both plasmid and chromosemal DNA preparations were separately subjected to
Southern hybridization experiments. The 827-bp DNA probes were amplified by
a PCR with primers 5'-CTT CAT TCA CGC ACT ATT AC-3' and $-TAACTT
GAC CGA CAG AGG-3'. The PCR amplicons were labeled with digoxigenin
{DIG) by a random priming labeling method with the PCR DIG detection
system, as recommended by the manufacturer (Roche Diagnostics, Tokyo, Ja-
pan). Southern hybridization was performed by the protocol of the manufacturer
(Roche Diagnostics).

Purification of GES-3 B-lactamase. To overproduce GES-3 p-lactamase in £.
cofi, the blagps.; gene was amplified by using two primers, primer GES-F
(5-CAT ATG CGC TTC ATT CAC GCA CTA TTA CTG-3"), which was
designed te add an Nde! tinker {underliced), and primer GES-R (5-GTC GAC
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TABLE 2. MICs for six K preumoniae clinical isolates from a NICU

MIC (up/miy

- . Dare of
K PreurBnias  soltion Sile of isolalion AMX PIP CAZ
strain o dayiyr) + PP 4 CAZ + CIX ATM CMZ FEP IPM GEN AMK LVX CIP
CLA TZB CLA

KG914 §/14/01  Bronchial secretion >128 >128 128 >1,024 512 &4 64 16 32 013 | 32 <05 <0.06
KGitla 11/16/01  Bronchial secretion >128 >128 128 >1,024 128 64 it] 6 32 013 05 32 <0ne <NnG
KG325 3/4/02 Stool >128 128 128 >1024 256 64 64 16 16 013 2 64 <0.06 <0.06
KG345 3102 Nasal mucosa >128 >128 >128 >1,024 1,024 128 128 128 64 05 2 64 025 025
KG302 512102 Pus >128 128 64 1,024 512 16 32 >128 8 8 2 32 013 <0.06
KG827 8/27/02  Brouchial secretion >128 128 32 >1,024 25 16 64 >128 32 05 2 32 2 1

“ Abbreviations: AMX, amoxicillin, CLA, clavilanic acid; PIP, piperacillin; TZB, tazobactam; CAZ, cefiazidime; CTX, cefortaxime; ATM, aztreonam; CMZ,
ccimetazole; TEP, cefepime; IPM, imipeaem; GEN, gestamicing AMK, amikacin; LVX, lcvofioxacin; CIP, ciprofloxacin.

CTATTIT GTC CGT GCT CAG GAT GAG-3"), which was designed to add an
Sall linker (underlined), and DNA polymerase (Expand High Fidelity PCR
System; Roche Diagnostics), according to the instructions of the manufacturers.
The resulting products were cloned into plasmid pCR2.1 with the TA cloning kit
(Invitrogen, NV) and subjected to confirmatory sequencing. One plasmid with no
amplification error was selected and was partially doubie digested with Ndel and
Sall and then subcloned into pET-29a(+) (Novagen, Madison, Wis.), which had
been digested with the same enzymes. The expression vector construcied, named
pET-GES3, was introduced into E. coli BL21(DE3) pLysS (Novagen). E. colf
BL21(DE3) pLysS carrying plasmid pET-GES3 was cultured in 1 titer of LB
broth containing kanamycin {50 ugiml). Isopropyl-B-p-thicgalactopyranoside (f-
nal concentration, 1 mM) was added when the culture reached anAd gpp 01 0.6, and
the culture was incubated for an additional 2 h. The cells were harvested by
centrifugation and were suspended in 5 ml of 20 mM bis-Tris buffer (pH 6.5).
The suspension was passed through a French pressure cell twice and was thea
centrifuged at 100,000 X g for 1 h at 4°C. The supernatant was used for subse-
quent chromatogeaphic purification. Size-exclusion chromatography was per-
formed on a Hil.oad 16/60 Superdex 200 prep-grade column (Pharmacia Bie-
tech, Uppsala, Sweden) preequilivrated with 20 mM bis-Tris buffer (pH 6.5).
Fractions containing -lactamase activity were collected and applied to an anion-
exchange Hitrap @ HP column with the same buffer, B-Lactamase activity was
recovered in the flowthrough and was dialyzed against 20 mM Tris-HC! buffer
(pH 8.0) overnight at 4°C. This partially purified enzyme was loaded onto a
Hitrap Q HP column (Pharmacia Biotech) presquilibrated with the same buffer
and eluted with a linear gradient of NaCl. Fractions presenting high levels of
activity were pooled and diatyzed against S0 mM phosphate buifer (pH 7.0).

Isoclectric focusing (IEF). Filty milliliters of the bacterial culture was centri-
fuged, and the cell pellet was suspended in 5 mil of distilled water. A crude
periplasmic preparation containing B-lactamase was obtained by freezing-thaw-
ing the bacterial suspension three times, followed by ultracentrifugation (40,000
X g) for 1 h. The supernatant was condensed to 1/10 volume with an Utrafree-15
Centtifuga! Filter Device (Millipore Corporation, Bedford, Mass.). To deter-
mine the isoelectric point (pl), 5 pl of the condensed supernatant containing
B-lactamase was loaded onto an Ampholine PAG plate (pH 3.5 to 9.5; Pharma-
cia Biotech) with a Multiphor 11 electrophoresis systern (Pharmacia Biotech).
The pl of the B-actamase was measured by staining the gel with a 0.05% solution
of nilrocefin, Purified GES-3 fi-lactamase was also elecirophoresed on the Am-
pholine PAG plate and stained with Coomassie blue.

Nucleotide sequence accession number. The nucleotide sequence data re-
ported in this paper are available in the GenBank nucleotide database under
accession number AB113580.

RESULTS

Characteristics of six K. pneumoniae clinical isolates. The
susceptibilities of the six isolates to B-lactams are presented in
Table 2. All isolates were resistant to piperacillin, ceftazidime,
and aztreonam. The MICs of cefotaxime, cefmetazole,
cefepime, and imipenem for the isolates were variable. Despite
the addition of clavulanic acid, these isolates kept their high-
level resistance 10 ceftazidime (MICs, =128 pg/ml). This ob-
servation was consistent with the negative results of the dou-
ble-disk synergy test with two disks containing ceftazidime and

amoxicillin-ctavulanate, respectively, Metallo-B-lactamase pro-
duction was not detected by using a thiol compound (2). PCR
analyses performed preliminarily to detect broad-spectriim
p-lactamase genes including TEM derivatives, CTX-M-1,
CTX-M-2, CTX-M-9, MOX-1 (CMY-9), CMY-2, DHA-1,
IMP-1, IMP-2, and VIM-2, all of which had already been
identified in Japan, failed to give positive results.

Transfer and cloning of B-lactamase genes. The ceftazidime
resistance determinant of representative strain K pneumoniae
KG525 was successfully transferred o a recipient strain, F. coli
CSH-2; and this finding indicated that the genetic determinant
was located on a transferable plasmid. Two ceftazidime-
resistant E. coli clones, each of which harbored a plasmid
containing BamHI fragment inserts of approximately 6.7 and
11.6 kb, respectively, were obtained as a result of the cloning
experiment. These two recombinant plasmids contained the
same 864-bp open reading frame (ORF) encoding a putative
B-lactamase which had conserved structural features of the
active site of Ambler class A B-lactamases. The deduced amino
acid sequence of the pB-lactamase showed an amino acid sub-
stitution of M62T (a point mutation of T to C at nucleotide
position 167) compared with the amino acid sequences of
GES-1 (24}, GES-2, and IBC-1, as well as an additional E104K
substitution in comparison with the amino acid sequences of
GES-1 and GES-2 (Fig. 1). Moreover, an N170G substitution
was found in GES-3 compared with the amino acid sequence
of GES-2, although the G residue at amino acid position 170
was conserved in IBC-1 and GES-1, as well as in GES-3.
Therefore, we named this novel class A p-lactamase GES-3,
although GES-1 is based on “Guiana extended spectrum” (24).

Antibiotic susceptibilities. The MICs of the p-lactams for
parent strain K preumonige K(G323, transconjugant E. coli
CSH-2(pKGC525), and transformant E. coli XL1-Blue(pKGB525)
are listed in Table 3. Parental strain K. prewmoniae KG525 was
resistant to most PB-lactams except the cephamycins and car-
bapenems. The tranconjugant and transformant were resistant
to ceftazidime, and the MICs of the other §-lactams were
lower for the tranconjugant and the transformant than for the
parent strain. The changes in the MICs of cefotaxime and
ceftazidime for parent strain KG525 were apparently observed
by the addition of B-lactamase inhibitors, such as clavulanic
acid, sulbactam, and tazobactam, while decreases in the MICs
of amoxicillin, ampicillin, and piperacillin, as well as cefo-
taxime and ceftazidime, were observed for the E. coli trancon-
jugant and transformant in the presence of the inhibitors.
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GES-3  MRFIHALLLAGIAHSAYASEKLTFKTDLEKLEREKAAQIGVAIVDPQGEIVAGHRTAQRF
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GES-2 N
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IBC-1 G
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GES-3  MARTVAKVLYGGALTSTSTHTIER¥LIGNQTGDATLRAGFPKDRVVGEKTGTCANGGRND
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I8C-1
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'GES-3  IGFFKAQERDYAVAVYTTAPKLSAVERDELVASVGQVITQLILSIDK
GES-2
GES-1
IBC-1

FIG. §. Comparison of the amino acid sequence of GES-3 with
those of the GES-1, GES-2, and IBC-1 B-lactamases. Only the substi-
tuted amino acid residues are indicated by the single-letter amino acid
code, Dashes represent positions where no amino acid substitution was
observed among the four enzymes, The amino acid residues conserved
among class A B-lactamases are indicated with asterisks.

Genetic environment of blagp . Two distinct BamHI frag-
ments carrying the bla g 4 gene were cloned; their sizes were
approximately 6.7 and 11.6 kb, respectively, and pKGB525 had
the 6.7-kb fragment. Sequencing analysis of the entire insert on
pKGBS523 revealed that the blagpg s gene was located as a
gene cassette within a class 1 integron siructure, as was ob-
served in the other GES-type B-lactamase genes, blagzc,,
blages.s and blago, (Fig. 2). The 59-base element down-
stream of the blagpg 3 gene was made up of 110 bp and was
different from that of the truncated 59-base element of
blages, on pTK1 (GenBank accession number AF156486),
but shared it 99% nucleotide jdentity with those of blaggg , on
pLAP-1 (GenBank accession number AF326355) and bla;ge ,
on pHT9-2 (GenBank accession number AF208529).

The second gene cassette adjacent to the bla o 5 gene was
a fused aacAl-orfG gene cassette, The results of the disk dif-
fusion test indicated that the presence of an azcAl component,
which encodes aminoglycoside-6'-N-acetyltransferase, con-
ferred kanamycin resistance to the transformant E. coli XL1-
Blue(pKGB325) (data not shown). The nucleotide sequence of
this fused gene cassette shared 100% identity with that in a
class 1 imtegron on plasmid pCMXRI1 (GenBank accession
number AB061794). The function of the product encoded by
orfG has not been characterized in detail. The third gene
cassette is 327 bp and was named orfAd. The orfd gene was
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suggested to be a gene cassette by recogunition of the features
typical of these elements: (i) the presence at the cassette
boundaries of 7-bp core site sequences that completely fit the
consensus sequence and (ii) the presence of a 59-base element
of 78 bp downstream of the orf4 gene. However, no remark-
able similarity between the hypothetical protein encoded by
orfA and any other known proiein sequences was detected in a
search performed with the BLAST program. The 3’ conserved
segment of this integron showed a characteristic organization.
The gaclAl gene was truncated at nucleotide position 114 by
the insertion sequence 1826. In the region downstream of 1526,
an IS6100 element and two ORFs of unknown function, ie.,
orfs and orf8, were found. The nucleotide sequence of the
1.4-kb region containing IS6100, orf3, and orf6 was identical 1o
that seen downstream of the sulf gene of the class 1 integron in
the chromosomal multidrug resistance locus of Salmonella en-
terica subsp. enterica serovar Typhimurium (GenBank acces-
sion number AF261825). Sequencing analysis of pKGMS525
carrying the second bla g ; gene on an 11.6-kb fragment was
also done, and the blaggg.; gene was also found in a class 1
integron structure with the same gene cassette configuration as
in pKGB525. The nucleotide sequence of the region from intl!
to IS26 was the same as that found in pKGB523 carrying a
6.7-kb BamHTI fragment.

Construction of IBC-1 by site-directed mutagenesis. Only
one amino acid substitution, M62T, was found between the
sequences of GES-3 and IBC-1 (Fig. 1). Therefore, to examine
whether this amino acid substitution affects the MICs of B-
lactams for the E. coli clones producing each enzyme, we
constructed plasmid pIBC1, which encodes the IBC-1 enzyme
under the same promoter as that for GES-3, by site-directed
mutagenesis of the blageg., gene within the parental plasmid,
pGES3. However, this single substitution did not markedly
influence the MICs for the E. eoli clones (data not shown).

PCR detection and genotypic comparison. The remaining
five nonrepetitive ceftazidime-resistant K. pneumoniae strains,
strains KG914, KG1116, KG545, KG502, and KG827, were all
found to be blaps positive by PCR. The results of PFGE
analysis of all six isolates are shown in Fig. 3. Their fingerprint-
ing patterns were very similar but in some cases were distinct.
We examined the fingerprinting patterns from 48.5 to 194 kb in
detail under other conditions (data not shown). Overall, there
were from three to seven band differences among the six
strains examined. The ERIC-PCR patterns amplified with the
ERIC-2 primer were indistinguishable from one another {data
not shown). Taken together with the fact that these isolates
were collected over a 1-year period, we speculate that they
were genetically related and had probably spread via nosoco-
mial transmission of an endemic clone.

Plasmid profiles and Sonthern hybridization. The plasmid
profiles of the six blaggq-positive strains showed the presence
of a large plasmid of approximately similar size in five of the six
strains (Fig. 4A), while some of them possessed additional
plasmids which were smaller and more diverse in size. Hybrid-
jzation analyses with the probe specific for the GES-type B-
lactamase genes, including blagzc 3, revealed that the location
of this gene varied among the strains tested, Hybridization
signals for large plasmids were detected for strains KG914,
KG1116, and KG502 (Fig. 4B). Hybridization signals for both
plasmids and chromosomal positions were observed for
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TABLE 3. MICs of antimicrobial agents for the parental strain, transconjugant, and transformant
MIC {pg/ml)
B-Tactam® K preumoniae E. col CSH- E coli CSH-2 E. coli XLI- E colf XLi-
KGS25 UPKGCS 25 et Lot Blue(pK (B525 ¥ Blue{pBCSK +)
Ampicitlin =128 >128 4 >128 4
Ampicillin + sulbactam >128 2 2 2 2
Amozicillin >128 =128 8 >128 4
Amoxicillin + clavulanate >128 3 4 32 4
Piperacillin 128 16 1 16 1
Piperacillin + tazobactam 128 05 I n.s 0.5
Cefotaxime 64 2 0.13 2 013
Cefotaxime + clavulanate 8 0.06 0.06 0.06 0.06
Cefotaxime + sulbactam 32 0.06 0.06 0.06 0.06
Celvlaxime + tazobactam 04 .06 0.06 U6 .06
Cefrazidime >1,024 128 0.13 128 013
Cefiazidime — clavulanate 256 4 0.13 4 0.06
Cefltazidioie  sulbactam =128 0.25 (13 0.5 .13
Cefrazidime — tazobactam =128 0.5 0.13 0.5 0.13
Cephaloridine >128 16 2 16 2
Cefininox 8 05 nAs ] U8
Moxalactam 4 0.25 0.13 0.5 0.13
Cefpirome >128 1 0.06 2 0.06
Cefepime 16 0.43 0.06 .25 .06
Aztreonam 64 4 0.06 4 0.06
Imipenem 025 0.5 0.25 0.13 0n.13
Gentamicin 2 0.13 0.13 <06 <0.06
Amikacin o4 2 025 4 0.25
Levofloxacin <006 0.13 0.13 <0.06 <0.06
Ciprofioxacin <0.06 <0.06 <0.06 «0.06 <0.06

“ Clavulanate. tzzobactam, and sulbactam were used at a fxed concentration of 4 ug'ml each.
b pKGC525 is a resident plasmid {ound in K pnq:mon:ac strain KG523, and it carnies the blaggs 2 gene.
© pKGBS25 is a recombinant plasmid that carries a 6.7-kb BamHI insert that mediates the blege. , pene.

KG523. One of the hybridized plasmids from each of KG914,
KG1116, and K(G525 were similar in size. A single hybridiza-
tion signal corresponding to the chromosomal position was
detected for each of the strains KG545 and KG827 (Fig. 4C).

pls of B-lactamases. The pI value of the purified GES-3
enzyme was determined to be 7.0 (Fig. 5A). IEF of crude
extracts from six GES-type PB-lactamase-producing clinical
strains revealed two bands with pls of 7.6 and 7.0 (Fig. 5B).
The band with pl 7.0 was also detected in a GES-3-producing

E. coli transformant which harbored the baggg s gene of X
pneumoniae strain KG525. The band with a pl of 7.6 corre-
sponds to the chromosomally encoded LEN-1 (1) or SHV-type
penicillinase of K prewmoniae.

DISCUSSION

Considerable differences in the levels of resistance to various
cephalosporins were observed among the E. coli clones pro-

truncated gacEAl
1

Intl1 blacrsa aacAl orfG orfd “-.\ 1826 186100 alf6 orJ‘S
pKGB525 e ST [ e e

Intl] bla ges.y aac(6')-1b’ derVb aadA2 qacEAl  sull
pTR-1  —— ET e >-—r >.{ Do B VT

Intll blages.y blaoxas  aac(3)-1 qacEA.l sull
pLAP-1 BI e —h e}
(AF347074) —

aac{6')-Ib

blame.

orfO dhfrl  aadAl qacEAI sull orf5 orf6

FIG. 2. Schematic comparison of the class 1 integron on pKGB523 with those on pTK1 (GenBank accession number AF136486), plLAP-1
(GenBank accession number AF326335), and pAIG3 (34). Filled circles indicate the positions of GTTRRRY (core site} or the 39-base elements
around the gene cassettes. pKGM525, which carries the 11.6-kb BamHI insert, was also sequenced; and the nucleotide sequence from int/I to 1S26

was the same as that found in pKGBS25.
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FI1G. 3. PFGE analysis of K. preumoniae isolates. Lanes: 1 and §,
PFGE marker; 2, K preumoniae KG34; 3, K preumoniae KG1116; 4,
K. pneumonine KG525; 5, K. preumoniae KG545; 6, K. preumoniae
KG502; 7, K pneumonine KG827.

ducing GES-1, GES-2, and IBC-1, although the level of pro-
duction of each enzyme may differ in individual clones. For
instance, the MIC of ceftazidime for an E. cofi clone producing
GES-1 was 128 pg/ml (24), while that for an E. coli clone
producing GES-2 was § pg/ml {28). The single amino acid
substitution in the Q loop observed between GES-1 and
GES-2, G170N, may well contribute to the difference in the

M1I2 345

6 M

23.5

FIG. 4. Plasmid profiles and Southern hybridization analysis.
(A) Plasmid profiles of each strain prepared by the method of Kado
and Liu (16); (B} hybridization to large plasmids harbored by each
strain; (C) hybridization to the chromosomal pesition of each strain.
The photograph of the results of gel electrophoresis of chromosomal
DNAs prepared by the method of Stauffer et al. (35) was omitted. The
large plasmids and chromosomal DNA were separately extracted by
using freshly prepared reagents te avoid cross contamination of nicked
or physicochemically amputated DNA fragments. For strains KG345
and KG827, the blages gene was suggested to be encoded by the
chromosome. In strain KG523, the blages gene was suggested to be
encoded by both the plasmid and the chromosome. Lanes: M, Hindll1-
digested DNA marker; 1, K pneumomae KG914; 2, K pneumonice
KG1116; 3, K preumoniae KG525; 4, K prneumonine KG545; 5, K preu-
moniae KGS502; 6, K. przeumaniﬂe KG827.

GES-TYPE B-LACTAMASE-PRODUCING K PNEUMONIAE IN A NICU 1965

substrate specificities of these enzymes. On the other hand, the
MIC of ceftazidime for an E. coli clone producing IBC-1 was
>2536 ug/ml (11). The only amino acid substitution observed
between GES-1 and IBC-1, E104K, might well also be attrib-
uted fo a higher level of resistance of IBC-1 than that of GES-1
to ceftazidime, cefotaxime, and aztreonam (11, 19, 24). The
MIC of ceftazidime for an E. coli clone producing GES-3 was
128 pg/ml, and GES-3 has a single M62T substitution com-
pared with the sequence of IBC-1, which also confers high-
level resistanice to ceftazidime in an E. coli clone (MIC, >256
pg/ml). We investigated whether this one amino acid substitu-
tion observed between GES-3 and IBC-1 affects the MICs for
E. coli clones expressing each enzyme, However, this substitu-
tion did not result in significant changes in the MICs for the E.
coli clones. This finding suggests that the amino acid substitu-
tion at position 62 may not play a crucial role in the extended
substrate specificity of GES-3 against ceftazidime and that
those at positions 104 and 170 would be crucial for extended-
spectrum enzyme activity.

In the present study, we also isolated a nove! GES-type class
A enzyme, GES-3, from K preumoniae strains which caused
neonatal nosccomial infections in 2002 in Japan. Sequence
analysis of the genetic environments of the bly g 5 genes on
pKGB325 carrying a 6.7-kb insert and pKGMS525 carrying a
11.6-kb insert revealed that the blagpg.4 genes were located as
gene cassettes in class 1 integrons, as observed in other GES-
type B-lactamase genes, including bla;pc, (Fig. 2). Imegrons
are very sophisticated site-specific recombination systems that
capture various gene cassettes, including antibiotic resistance
genes, between their 5' and 3’ conserved segments (14, 15, 22).
The gene cassettes for the GES-type enzymes with a very close
phylogenetic relationship might have originated as a single
clone and then disseminated worldwide with the help of class
1 integrons possessing very similar genetic organizations.
These integrons are mediated by self-transmissible plasmids
with a wide host range. Since very similar GES enzymes have
so far been found in French Guiana, Greece, South Africa,
Portugal, and Japan, these GES-type B-lactamase-producing
strains might have been scattered globally by the recent exten-
sive international travel or dissemination of humans, foods,
and animals.

In the present study, we analyzed genetic relatedness using
PFGE and ERIC-PCR of all six GES-type p-lactamase-pro-
ducing K preumoniae strains isolated in a NICU over a 1-year
period. Since the fingerprinting patterns obtained by PEGE
and ERIC-PCR were very similar, these isclates were sug-
gested to belong to the same genetic lineage that caused the
nosocomial spread. The minor differences in the fingerprinting
patterns obtained by PFGE might be due to the occurrence of
genetic rearrangements over the course of the nosocomial
spread. Interestingly, the results of Southern hybridization sug-
gested that the locations of the bla ;g genes were multiple and
diverse among the six strains studied. By consideration of the
results of PFGE, ERIC-PCR, and Southern hybridization, it
can be speculated that an endemic strain containing the blaggg
genes might have spread within the NICU setting over the
I-year period and might have undergone genetic rearrange-
ments, including translocation and multiplication of the bla ggg
gene.

The presence of multiple blaggs s genes in strain KG525 is
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probably the resuli of these genetic rearrangements, Translo-
cation and multiplication of the Maggg gene might be facili-
tated by mediation of a site-specific recombination system of
an integron or a transposon. A similar example of multiple
locations of the same antibiotic resistance gene has been re-
ported by Yagi et al. (38). In their study, a single clinical E. coli
isolate was found to carry three distinguishable Toho-1-like
B-lactamase genes, which were later identified as bla 1y a2,
by their restriction digestion pattems on the chromosome.
These multiple locations of the same B-lactamase gene would
be beneficial 10 bacteria, since they increase the chance of
amino acid substitutions necessary for extension of the sub-
strate profiles of B-lactamases as well as the multicopy effect of
gene expression. Bradford et al. (3) reported that point muta-
tions leading to ESBLs (ESBLs TEM-1 to TEM-10 and TEM-
12) occurred on the plasmids of a single K prewmnoniae clinical
isolate. A notable finding presented in that report was the
distinct hydrolyzing activity between TEM-10 and TEM-12.
TEM-10 had hydrolyzing activity against ceftazidime, while
TEM-12 also hydrolyzed cefotaxime and aztreonam, in addi-
tion to ceftazidime. A variety of susceptibility profiles for
cephamycins were also observed among the six K preurmoniae
strains in the present study. For instance, strains KG914,
KG1116, and KG525 were susceptible to cefmetazole (MICs,
16 pg/ml), whereas straing KG543, KG502, and KG827 were
resistant to this agent (MICs, =128 pg/ml). In particular, strain
KG302 showed high-level resistance to other cephamycins,
such as cefoxitin (MIC, >128 pg/ml}, cefminox (MIC, >128
pg/ml), and moxalactam (MIC, 128 pg/ml). An evolutionary
event similar to that observed in the TEM enzymes (3) might
have occurred in these X preumoniae strains to give them
further resistance to a broad range of antibiotics. The MIC of
imipenem for strain KG502 was 8 pg/ml, and this might be due
10 the hyperproduction of some B-lactamase with an extended

ANTIMICROB. AGENTS CHEMOTHER.

FIG. 5. IEF. (A} IEF and staining with Coomassie blue. Lanes: M,
pl marker; GES-3, purified GES-3 enzyme. (B) IEF and staining with
nitrocefin. Lanes: 1, GES-3-producing E. ¢oli transformant that har-
bors pKGBS52S carrying bl ges.a; 2. K. preumoniae KG914; 3, K. pneu-
moniae KG1116, 4, K. preumoniae KG525; 5, K pneumoniae KG5435;
6, K preumorige KG502; 7, K preumoniae KG827. The bands of pl
7.63 (pI 7.6 in the text) are the chromosomally encoded LEN-1 or
SHV-1 8-lactamase of K preumoniae, and the bands at pl 6.98 (pI 7.0
in the text) are GES-3. Several B-lactamases with activities at pls Jower
than 7.0 were speculated to be partially unfolded GES-3 B-lactamase,
because these bands were also found in the IEF gels of an E. coli clone
harboring only the blag;g ; gene (data not shown).

substrate specificity as well as the loss of some outer membrane
protein, as reporied by Bradford et al. (4). Further molecular
characterization of the cephamycin resistance observed in
strain KG502 will be undertaken in the next study.

ACKNOWLEDGMENTS

We are grateful to Leonidas S. Tzouvelekis, Laboratory of Bacteri-
ology, Hellenic Pasteur Institute, Athens, Greece, for kindly providing
E. cloacae HT9-producing IBC-1 and E, coli DHS« containing pHT9-2
and to Kumiko Kai for technical help.

This work was supported by grants HI12-Shinko-19 and HI12-
Shinko-20 from the Ministry of Health, Labor and Welfare of Japan.

REFERENCES

1. Arakawa, Y, M. Ohta, N. Kido, Y. Fujii, T. Komatsu, and N. Kato. 1986,
Close evolutionary relationship between the chromosomally encoded B-
iactamase gene of Klebsielle pneumoniae and the TEM B-lactamase gene
mediated by R-plasmids. FEBS Lett. 207:69-74,

. Arakawa, Y, N, Shibata, K. Shibayama, H. Kurokawa, T. Yagi, . Fujiwara,
and M. Goto. 2000. Cenvenient test for screening metallo-B-factamase-
preducing gram-negative bacteria by using thiol compounds. J. Clin. Micro-
biol. 38:40-43.

3. Bradford, P. A., . E. Chetubin, V. Idemyor, B, A, Rasmussen, and K. Bush,
1994, Multiply resistant Klebsiella prneumonige strains from twe Chicago
hospitals: identification of the extended-spectrum TEM-12 and TEM-10
ceftazidime-hydrolyzing B-lactamases in a single isolate. Antimjcrob. Agents
Chemother. 38:761-766,

4. Bradford, P, A., C. Urban, N. Mariano, 8. J. Projan, J. J. Rohal, and K.
Bush. 1997. Imipenem resistance in Kiebsiella pneumoniae is associated with
the combination of ACT-1, a plasmid-mediated AmpC B-lactamase, and the
loss of an outer membrane protein. Anlimicrob, Agents Chemother. 41:563-
569,

5. Burwen, D. R, §. N. Banctjee, R. P. Gaynes, et al, 1994, Ceftazidime
resistance among selected nosocomial gram-negative bacilli in the United
States. I. Infect. Dis, 170:1622-1625.

6. Bush, K, G. A. Jacoby, and A. A. Medeiros. 1995, A funclional classification
scheme for f-lactamases and its correlation with molecular structure, Anti-
microb, Agents Chemother, 3%1211-1233.

7. Chaves, J, M. C. Ladona, C. Seguras, A, Coira, R. Reig, and C. Ampurdanes,
2001. SHV-1 B-lactamase is mainly a chromosomally encoded species-spe-
cific enzyme in Klebsiella pnermoniae. Antimictob. Agents Chemother, 45:
2856-2861.

1

—567—



VorL. 48, 2004

8.

10.

1.

13.

14,

15.

15.
17.

18.

19,

20,

21,

24.

Doi, Y., N. Shibata, K. Shibayamas, K. Kamachi, H. Kurokaws, K.
Yokoyama, T. Yagi, and Y. Arokawa. 2002. Choracterization of a novel
plasmid-mediated cephalosporinase (CMY-9) and its genetic environment in
an Escherichia clf clinical isolate. Antimicrob. Agents Chemother. 46:2427—
2434,

. Duarte, A, F. Boavida, F. Grosso, M. Correia, L. M. Lito, J. M. Cristino, and

M. ). Salgado. 2003. Outbreak of GES-1 B-tactamase-producing multidrug-
resistant Alebsiclla pneumoniae in a university hospital in Lisbon, Portogal.
Antimicrob. Agents Chemother. 47:1481-1482.

Dubois, V., L, Poirel, C. Marie, C. Arpin, P. Nordmann, and C. Quentin,
2002. Molecular characterization of a novel class 1 integron containing
blaggs.y and a fused product of aac3-Ibfaact'-Ib' gene casseties in Preudo-
monas aeruginose. Antimicrob, Agents Chemother. 46:638-645.
Giakkoupi, P, L. 5. Tzouvelekis, A. Tsakeis, V, Loukova, D, Sefianou, and E.
Tzelepi. 2000. IBC-1, a novel integron-associated class A B-lactamase with
extended-spectrum properties produced by an Enterobacter cloacae clinical
strain, Antimicrob. Agents Chemother. 44:2247-2253.

. Girlich, D., L. Poirel, A. Leelaporn, A, Karim, C. Tribuddharat, M. Fen-

newald, and P. Nordmann. 2001. Molecular epidemiology of the integron-
located VEB-1 extended-spectrum B-lactamnase in nosocomial enterobacte-
rial isolates in Bangkok, Thailand. J. Clin. Microbiol. 39:175-182.
Guiadkewski, M., L Schaeider, A. Palucha, R. Jungwirth, B. Mikiewicz, and
A. Bauernfeind, 1998. Cefotaxime-resistant Enferobacteriaceae isolates from
a hospital in Warsaw, Poland: identification of a new CTX-M-3 cefmaxime-
hydrolyzing PB-lactamase that is closely related to the CTX-M-1/MEN-1
enzyme. Antimicrob. Agents Chemother. 42:827-832,

Hall, R. M., D. E. Brockes, and H. W. Stokes. 1991. Site-specific insertion of
genes into integrons: role of the 59-hase element and determination of the
recombinalion cross-over point. Mol, Microbiol, 5:1941-1959,

Hall, R. M., and C. M. Collis. 1995. Site-specific insertion of genes into
integrons; role of 59-base element and determination of the recombination
cross-over point. Mol. Micrebiol, 15:593-600.

Kado, C. L, and 8. T. Liu. 1981. Rapid procedure for detection and isolation
of large and small plasmids. J. Bacteriol. 145:1365-1373.

Kartali, G, E. Tzclepi, S. Pournaras, C. Kontopoulou, F. Kontos, D. Sofi-
anou, A. N. Maniatis, and A. Tsakris. 2002, Outbreak of infecticns caused by
Enterobacter cloacae producing the integron-associated B-lactarnase 1BC-1in
4 neonatal intensive care unit of a Greek hospital. Antimicrob. Agents
Chemother. 46:1577-1580.

Matsumoto, Y., and M. Ineue, 1999, Characterization of SFO-1, a plasmid-
mediated inducible class A B-lactamase from Enterobacter cloacae. Antimi-
crob. Agents Chemother. 43:307-313.

Mavroidi, A, E. Tzclepi, A. Tsakris, V, Miriagou, I). Sofianox, and L. §.
Tzouvelekis, 2001, An integron-associated P-laclamase (IBC-2) from
Pseudomonas aeruginosa is a variant of the extended-spectrum B-lactamase
IBC-1. I. Antimicrob, Chemother, 48:627-630.

Naag, T, F. Benuoudia, 8. Massuard, and P. Nordmann. 2000. Integron-
located VEB-1 extended-spectrum B-lactamase gene in a Proteus mirabilis
clinical isolate from Vietnam. I. Antimicrob. Chemother. 46:703-711.
National Committee for Clinical Laboratory Standards, 2003, Methods for
dilution antimicrobial susceptibility tests for bactetia that grow aerobically,
5th ed. Document M7-AS, National Committee for Clinical Laboratory
Standards, Wayne, Pa.

. Paulsen, 1. T,, T, G. Littlejohn, P, Radstrom, L. Sundstrom, 0. Skold, G.

Swedberg, and R. A. Skurray. 1993. The 3’ conserved segment of integrons
conlains a gene associated with multidrug resistance to antiseptics and dis-
infectants. Antimicrob. Agents Chemether, 37:761-768.

. Petit, A, D L. Sirot, C. M. Chanasl, J. L. Sirot, R. Labia, G, Gerband, and

R A. Cluzel. 1988, Novet plasmid-mediated B-lactamase in clinical isolates of
Klebsiclla prewmoniae more resistont to ceftazidime than to other broad-
spectrum cephalosporins. Antimicrob. Agents Chemother. 32:626-630.
Poirel, L., I. Le Thomas, T. Naas, A. Karim, and P. Nordmann. 2000.
Biochemical sequence analyses of GES-1, a novel class A extended-spectrum
B-lactamase, and the class 1 integron In52 from Klebsiella preumoniae. An-
timicrob. Agents Chemother. 44:622-632.

. Peirel, L., T- Nzas, M. Guihert, E. B, Chaibi, R. Labia, and P. Nordmann.

1999. Molecular and biochemical characterization of VEB-1, a novel class A

—568—

GES-TYPE B-LACTAMASE-PRODUCING K PNEUMONIAE IN A NICU

28.

3L

32

33,

3s.

36.
37

38,

39

41.

1967

extended-spectrum B-lactamase encoded by an Escherichia coli integron
gene. Antimicrob. Agents Chemother. 43:573-581.

. Pairel, L., T. Naas, D. Nicolas, L. Collet, S, Bellais, J. D. Cavallo, and P.

Nordmann., 2000, Characterization of VIM-2, a carbapenem-hydrolyzing
metallo-p-lactamase and its plasmid- and integren-borpe gene from a
Pseudomonas acruginosa clinical isolate in France. Antimicrob. Agents Che-
mother. 44:891-897.

. Poiret, L, G. F. Weldhagen, C. I}e Champs, and P. Nordmann, 2002, A

nosocomial cuthreak of Pseudomonas aeruginosa isolates expressing the ex-
tended-spectrum (-lactamase GES-2 in South Africa. J. Antimicrob. Che-
mother, 49:561-565.

Poirel, L, G. F. Weidhagen, T. Naas, C. De Champs, M. G. Dove, and P.
MNordmann, 2001, GES-2, a class A B-lactamase from Psexdomonas aerugi-
nosa with increased hydrolysis of imipenem, Antimicrab. Agents Chemather.
45:2598-2603.

. Rasheed, J. K., C. Jay, B. Metchock, F. Berkowitz, L. Weigel, J. Crellin, C.

Steward, B. Hill, A. A, Medeiros, and F. C. Tenover. 1997, Evolution of
extended-spectrum B-lactam resistance (SHV-8) in a strain of Escherichia
coli during multiple episodes of bacteremia. Antimicrob. Agents Chemother.
41:647-653.

. Riccio, M. L., N. Franceschini, L. Boschi, B. Caravelli, G. Cornaglia, R.

Fontana, G. Amicosante, and G. M. Rossolini, 2000. Characterization of the
metallo-B-lactamase delerminant of Acinetobacter baumannii AC-54/57 re-
veals the existence of blay,p allelic varjants carried by gene cassettes of
different phylogeny. Antimicrob. Agents Chemother, 44:1229-1235,
Sabate, M., R. Tarrago, F. Navarro, E. Miro, C. Verpes, J. Bacbe, and G,
Prats, 2000. Cloning and sequence of the gene encoding a novel cefotaxime-
hydrolyzing B-lactamase {CTX-M-9) from Escherichia colt in Spain. Antimi-
crob, Apgents Chemother, 44:1970-1973.

Sambrook, ], E. F. Fritsch, and T. Maniatis. 1989. Molecular cloning: a
laboratory manual, 2nd ed. Celd Spring Harbor Laboratory Press, Cotd
Spring Harbor, N.Y.

Senda, K., Y. Arakawa, 8. Ichiyama, K, Nakashima, H. Ito, S. Ohsuka, K.
Shimcvkata, N, Kato, and M. Ohta. 1996. PCR detection of metalio-f-
lactamase gene (blap,p) in gram-negative rods resistant to broad-spectrum
B-tactams. J. Clin. Microbiol, 3429%09-2913.

. 8hi, Z. Y, P. Y. Liu, Y. J. Lau, Y. H. Lin, and B, 5. Ha. 1996, Epidemiological

typing of isolates from an outbreak of infection with multidrug-resistant
Enterobacter cloacae by repelitive extragenic palindromic unit bl-primed
PCR and pulsed-field gel electrophoresis. J. Clin. Microbiol. 34:2784-2730.
Staufer, G. V., M. ). Plamanon, and L. T. Stauler, 1981, Construction and
expression of hybrid plasmids containing the Escherichia coli glA genes.
Gene 14:63-72,

van der Zee, A., N. Steer, E. Thijssen, J. Nelson, A. van’t Yeen, and A.
Buiting, 2003, Use of multienzyme muitiplex PCR amplified fragment length
polymorphism typing in analysis of outbreaks of multiresistant Klebsiclla
Ppneumoniae in an intensive care unit. J. Clin. Microbiol. 42:793-802.
Yourlj, S, L, 8. Tzouvelckis, E, Tzelepi, E, Lebessi, N, J. Legakis, and V.
Miriagou. 2003. Characterization of [n111, a class 1 integron that carries the
extended-spectrum $-lactamase gene Blaype 3. FEMS Microbiol Lett 225:
149-153.

Yagi, T, H. Kurckawa, K. Senda, S. Ichiyama, H. Ite, S. Ohsuka, X.
Shibayama, K. Shimokata, N. Kato, M. Ohta, and Y. Arakawa, 1957, Nos-
ocomial spread of cephem-resisiant Escherichia coli strains carrving muitiple
Toho-1-like B-lactamase genes. Antimicrob. Agents Chemother. 41:2606-
2611,

Yagi, T., H. Kurokawa, N, Shibata, K. Shibayama, and Y. Arakawa, 2000. A
preliminary survey of extended-spectrum B-lactamases {ESBLs) in clinical
isolates of Klebsiella prewmoniae and Eschenichia coli in Japan. FEMS. Mi-
crobiol, Lett, 184:53-56,

. Yan, J. J, W. C. Ko, Y. C. Jung, C. L. Chuang, and J. J. Wu, 2002,

Emergence of Kebsielle preumoniae isolates producing inducible DHA-1
B-lactamase in 2 university hospital in Taiwan. J. Clin. Microbiol. 40:3121~
3126,

Yan, J. J., W. C. Ko, 8. H. Tsai, H. M. Wu, Y. T. Jin, and J. J. Wo. 2000.
Dissemination of CTX-M-3 and CMY-2 B-lactamases among clinical isciates
of Eschenichia coli in southern Taiwan. J. Clin. Microbiol, 38:4320-4325.



V. ZEER. Tl



Evaluation of Systemic Inflammatory
Responses in Neonates with Herpes
Simplex Virus Infection

Jun-ichi Kawada,' Hiroshi Kimura,' Yoshinori Ito,* Yoshihiro Ando*
Naoko Tanaka-Kitajima,? Masahiro Hayakawa,’ Hiroyuki Nunoi,*
Fumio Endo,’ and Tsuneo Morishima®

'Department of Pediatrics, Nagoya University Graduate School of Medicine,
Department of Pediatrics, Nagoya Memorial Hospital, *Maternity and Perinatal
Care Center, Nagoya University Hospital, and ‘Department of Nursing, Nagoya
University School of Health Science, Nagoya, *Department of Pediatrics,
Miyazaki Medical College, Miyazaki, *Department of Pediatrics, Aichi Childien's
Health and Medical Center, Aichi, and Depastment of Pediatrics, Kumamelo
University Graduate School of Medicine, Kumamota, Japan

Neonatal herpes simplex virus (HSV) infection is a severe
discase with high mortality and morbidity. To investigate the
pathogenesis of neonatal HSV infection, we examined in-
flammatory responses and markers of apoptasis in patients
with neonatal HSV infection. Concentrations of inflamma-
tory cytokines and markers of apoptosis were significantly
higher in patients with disseminated HSV infection and were
correlated with HSV load. It appears that the immunopath-
ological damage that results from host responses to viral
infection leads to organ dysfunction in patients with neanatal
HSV infection.

Neonatal herpes simplex virus (HSV) infection is a severe disease
with high mortality and morbidity [1]. Neonates develop 3 types
of infection, which are dlassified according to the clinical extent
of disease: localized skin, eyes, or mouth (SEM) infection; central
nervous system (CNS) infection; and disseminated infection,
which involves several organs, such as the lungs, liver, and adrenal
glands, with or without CNS involvemnent. The prognosis for
neonatal HSV infection has improved with the advent of effective
antiviral drugs, such as vidarabine and acyclovir [2]. However,
the mortality for patients with disseminated infection remains
unacceptably high. Patients with disseminated infection have sep-
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sislike symptoms, with fever, hepatic failure, and disseminated
intravascular coagulopathy (DIC), which ofien lead to death [1].

It is known that viral and bacterial infections cause systemic
inflammatory response syndrome (SIRS). A frequent compli-
cation of SIRS is the development of multiple organ dysfunction
syndrome (MODS) [3]. Investigations into the pathophysiology
of SIRS have indicated that proinflammatory cytokines, such
as interleukin (IL)-6 and tumor necrosis factor (TNF)-a, play
a central role [4]. Many studies have shown that the serum
concentrations of proinflammatory and anti-inflammatory cy-
tokines are elevated in patients with SIRS, Concentrations of
these cytokines are reported to be elevated in neonatal patients
with severe bacterial infection {5) and have been correlated
with poor clinical cutcome. The occurrence of organ damage
is thought to be related to immunopathological damage as the
result of overexuberant host responses. Furthermore, some pro-
inflammatory cytokines have the potential to enhance apoptosis
in organ tissues and endothelial cells. Recently, it has been re-
ported that apoptosis plays a role in the development of MODS
in patients with SIRS [6].

Although the criteria for SIRS in neonates have not been
established, we hypothesized that neonatal disseminated HSV
infection corresponds to SIRS, because the clinical manifesta-
tions of these patients were similar and because they often
developed MODS. To evaluate the inflammatory responses, we
measured the serum concentrations of IL-6 and soluble TNF
receptor 1 (STNF-R1). We also measured the concentrations of
mitochondrial aspartate aminotransferase {mAST) and cyto-
chrome ¢, which are considered to be markers of apoptosis 7).

Methods. Informed consent was cbtained from the parents
of all children in this study. Nineteen patients with neonatal
HSV infection were enrolled in this study, all of whom had
been referred to the Nagoya University Graduate School of
Medicine for the diagnosis of HSV infection. Their ages ranged
from 33 to 41 weeks (mean, 38.6 weeks), and their birth weights
ranged from 1208 to 4034 g (mean, 2929 g). The day of onset
of infection ranged from 3 to 23 days after birth {mean, 7.2
days). Diagnosis was based on the isolation of HSV or the de-
tection of HSV DNA by use of polymerase chain reaction (PCR)
[8]. The HSV type was determined with the type-specific meno-
clenal antibody or by use of restriction fragment—length poly-
morphism analysis of amplified products [8]. Nine cases were
caused by HSV-1, and 10 were caused by HSV-2. The clinical
types of neonatal HSV infection were classified according to
the National Institutes of Allergy and Infectious Diseases Col-
laborative Antiviral Study Group [1].
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Comparison of herpes simplex virus [HSV} load {A/ and concentrations of interleukin {ILI-6 {B}, selubte tumer recrosis factor receptor 1

[sTNF-R1; €, mitechondrial aspartate aminotransferase (mAST; B, and ¢ytochrome ¢ {E/in patients with dissemirated (Diss) HSV infection and central
nervous system (CNS)/skin, eyes, and mouth [SEM) HSV infection. All of the samples were obtained at diagnosis or within 3 days after the initiation
of therapy with acyclovir. Bars, Means and SEs for each group. Dotted lines, Detection limits for each sample. The statistical method used was the

Mann-Whitney ¢/ test.

Serum HSV load was quantified by use of real-time PCR
assay using the TagMan PCR kit {(Applied Biosystems), as de-
scribed elsewhere [9]. Serum concentrations of IL-6 and sTNF-
R1 were determined with 100 pL of serum, using sandwich-
type ELISA kits (R&D Systems), as described elsewhere [10).
This assay takes ~5 h. The normal values for IL-6 and sTNF-
R1 are <12.5 pg/mL and 500-1500 pg/mL, respectively.

Serum concentrations of mAST were assayed by use of the
inhibition method with proteinase K, at the SRL Laboratory
(Tokyo). Serum concentrations of cytochrome ¢ were deter-
mined by use of ELISA, at the Fisai Laboratory (Ibaraki, Japan)
[11]. The normal values for mAST and cytochrome ¢ are <7
IU/L and <1000 pg/mL, respectively.

Statistical analysis was performed by use of StatView software
(version 5.0; SAS Institute). Statistical comparisons of virus
loads, serum concentrations of cytokines, and serum concen-
trations of markers of apoptosis were evaluated by use of the
Mann-Whitney U test. Regression analyses were used to com-
pare virus loads, serum concentrations of cytokines, and serum
concentrations of markers of apoptosis. P< .05 was considered
to be statistically significant.

Results.  Of 19 patients with necnatal HSV infection, 7

were classified as having disseminated infection, 10 as having
CNS infection, and 2 as having SEM infection. The mean +
SD time of onset was significantly earlier in the patients with
disseminated infection, compared with those with CNS or SEM
infections (3.9 = 0.8 vs. 9.1 + 5.4 days), as reported elsewhere
[1]. Other characteristics (birth weight, gestational age; sex, and
HSV type) did not differ among the clinical types.

Most of the patients with disseminated infection had high
fever, tachycardia, and tachypnea. At admission, 4 of the 7 pa-
tients already had DIC. All but 1 patient received therapy with
acyclovir. Two patients died of MODS. The remaining patients
recovered without apparent sequelae after 1 year of observation,

The serum HSV loads of the patients are shown in figure 1A,
The mean + SE HSV load was significantly higher in patients
with disseminated infection (10°* £ 10°7 copies/mL) than in pa-
tients with CNS and SEM infections (10°¢ + 10** copies/mL).

Serum concentrations of IL-6 and sTNF-R1 were also ex-
amined (figure 1B and 1C). The mean * $E concentration of
IL-6 was significanty higher in patients with disseminated in-
fection (550 = 180 pg/mL) than in patients with CNS and SEM
infections (27 *+ 22 pg/mL). The mean * SE concentration of
sTNF-R1 was also higher in patients with disseminated infec-
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tion (6600 % 610 vs. 2400 & 240 pg/mL}. Two patients who
had extremely high concentrations of IL-6 (>1000 pg/mL) and
sTNF-R1 (>7000 pg/mL) subsequently died.

Serum concentrations of mAST and cytochrome care shown
in figure 1D and 1E. Concentrations (mean * SE) of both of
these markers of apoptosis were significantly higher in patients
with disseminated infection than in patients with CNS and SEM
infections (1100 % 320 vs. 4.9 + 0.7 IU/L for mAST; 5000 +
650 vs. 130 £ 29 pg/mL for cytochrome ).

We then analyzed the correlations between the different pa-
rameters. There were positive correlations between HSV load
and cytokine concentrations (HSV load vs. sSTNF-RI, r=0.85
and P<.0001; HSV load vs. IL-6, r = 0.68 and P = .003). There
were also positive correlations between the concentrations of
cytekines and markers of apoptosis. Cytochrome ¢ correlated
with sSTNF-RI (r = 0.86 and P<.0001) and IL-6 (r = 0.78 and
P<.001). Furthermore, mAST correlated with IL-6 {r = 0.77
and P<.001) and sTNF-R1 {r = 0.78 and P<.001). Represen-
tative results are shown in figure 2A (HSV load vs. sTNF-R1)
and figure 2B (sSTNF-RI1 vs. cytochrome ¢).

The concentrations of cytokines and markers of apoptosis
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were estimated sequentially and plotted against the day after
onset of disseminated HSV infection. The concentrations of
sTNF-R1 and cytochrome ¢ decreased with time (figure 2Cand
2D). The concentration of sTNF-R1 decreased gradually but
remained detectable until 15-20 days after onset. On the other
hand, the concentration of cytochrome ¢ decreased more rap-
idly and was negligible 10 days after onset. As with cytochrome
¢ the concentrations of IL-6 and mAST decreased rapidly with
time (data not shown).

Discussion.  IL-6 is an important mediator of the early
systernic host response to infection; it reaches peak concentra-
tions rapidly after onset, with a half-life of several hours [12}.
The concentration of IL-6 has been shown to be an effective
prognostic indicator of clinical severity in SIRS and correlates
with mortality states. In addition to IL-6, we examined sTNF-
R1, which is one of the extramembraneous fragments of the
TNF receptor on cells. TNF-w« is one of the major proinflam-
matory cytokines in the cytokine cascade that is manifested in
SIRS. However, the detection of TNF-« in patients with SIRS
has not been consistent, and correlations with severity and
outcome of disease have been poor because the peak concen-
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Figure 2. Coretation of soluble tumer necrosis factor receptor 1 {sTNF-R1) concentrations with herpes simplex virus (HSV) load {A/and cencentrations
of cytochrome ¢ (B} Regression analysis was used for the comparison. Dynamics of sTNF-R1 {C] and cytochrome ¢ (0 of patients with disseminated

HSV infection. Lines connect individual data points for each patient.
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trations of TNF-a occur rather rapidly after the onset of disease.
‘TNF-a binds to sTNF-Rs that are shed into the circulation
[12]. Thus, instead of measuring the concentration of TNF-«,
we measured the concentration of sTNF-R1, which is the nat-
ural homeostatic regulator of the action of TNF-ar. In the pres-
ent study, most of the patients with disseminated HSV infection
had high concentrations of IL-6 and sTNF-RI1. The 2 patients
who subsequently died had higher concentrations of these cy-
tokines. Furthermore, the concentrations of IL-6 and sTNF-R1
correlated with HSV load. These data suggest that the im-
munopathological damage caused by the host responses leads
to organ dysfunction or death in patients with neonatal dis-
seminated HSV infection and that these immune responses are
dependent on the magnitude of HSV infection.

It is known that some of the proinflammatory cytokines have
the potential to enhance apoptosis in organ tissues and endo-
thelial cells and that apoptosis plays a role in the development
of MODS in patients with SIRS [6]. In partictalar, TNF-« js the
major cytokine implicated in the developtnent of apoptosis, ei-
ther by signaling through TNF-R1 or via other mechanisms.
TNF-ex has been shown to mediate apoptosis in endothelial cells,
hepatocytes, and other cell types that are dysfunctional in SIRS
[6]. To evaluate apoptosis in the patients, we measured the con-
centrations of cytochrome ¢ and mAST. Both cytochrome cand
mAST are mitochondrial proteins. It has been shown that TNF-
« causes rapid release of cytochrome ¢ from mitochondria, and
convergent evidence suggests that the release of cytochrome ¢
from mitochondria is a critical step in the apoptotic process.
Early during the apoptotic process, mitochondrial depolari-
zation occurs, and cytochrome ¢ and mAST are released from
the mitochondria into cytoplasm [7]. In the present study, the
concentrations of cytochrome ¢ and mAST were significantly
higher in patients with disseminated infection than in patients
with CNS and SEM infections and correlated with HSV load
and concentrations of cytokines. This result suggests that, as
the result of host immune responses, apoptosis is associated
with the severity of neonatal HSV infection. In fact, apoptosis
of liver cells subsequent to HSV infection is shown in mice
[13]. In addition, TNF- is an impottant factor in the devel-
opment of endothelial injury and DIC in patients with SIRS.
It has been reported that 34% of patients with disseminated
infection show DIC [1]. In the present study, 4 of the 7 patients
with disserninated infection had DIC at admission. The fre-
quent observation of DIC in patients with disseminated infec-
tion might be associated with systemic cytokine responses.

It is not clear why neonates with disseminated HSV infection
show high inflammatory responses. Previous studies have shown
that deficiencies in the neonatal immune response permit dis-
seminated HSV infection. NK cells and antibody-dependent cel-
lular cytotoxicity are critical components of the early immune
response to viral infection {14}. It has been shown that concen-

trations of transplacentally acquired neutralizing antibodies and
antibody-dependent cellular cytotoxicity are lower in patients
with disseminated HSV infection. On the other hand, Schultz et
al. reported that the cytokine-producing capacity of macrophages
was higher in neonates than in adults {15]. It might be speculated
that, during disseminated infection, macrophage or cther im-
mune cells are activated in an abnormal fashion to eradicate
HSV. These uncontrolled immune responses may result in dam-
age to the organs of the patients.

Our findings are important for the development of a strate-
gy for treating neonatal HSV infection. Although an intact in-
flammatory response is essential for the maintenance of normal
host defense mechanisms, the modulation of inflammatory re-
sponses or apoptosis could be an appropriate target for ther-
apeutic intervention. Although further studies are necessary,
the combination of antiviral and anticytokine or antiapoptotic
therapies may imptove the prognosis of neonatal disseminated
HSV infection.
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