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The prevalence of extended-spectrum �-lactamase-producing strains was demonstrated in 5 of 44 (11.4%)
Escherichia coli, 17 of 43 (39.5%) Klebsiella pneumoniae, 3 of 50 (6.0%) Enterobacter cloacae, and 2 of 25 (8.0%)
Citrobacter freundii strains at a teaching hospital in China. Nineteen of these 27 strains expressed CTX-M-3
�-lactamase (pI 8.6). A subset of the clinical isolates expressing the CTX-M-3 enzyme, tested by pulsed-field
gel electrophoresis, revealed multiple clones. Five isolates expressed a novel enzyme, SHV-43 (pI 8.0), which
had two substitutions (Leu113Phe and Thr149Ser) compared with SHV-1.

Since extended-spectrum �-lactamase-producing Entero-
bacteriaceae (ESBL-Ent) were first recognized in 1983 (9),
more than 90 TEM-family extended-spectrum �-lactamases
(ESBLs), 37 SHV types, 13 OXA types, and 20 CTX-M types,
have now been identified, along with a few ESBLs of unknown
parentage (http://www.lahey.org/studies/webt.htm). ESBL-Ent
have been found worldwide, and because of the broad resis-
tance to multiple agents seen in these isolates and their ability
to disseminate widely in hospitals, they are a great therapeutic
challenge (8, 18). Resistance to broad-spectrum �-lactams is
becoming an ever-increasing problem in China (6, 23). In this
study, we investigate the prevalence and genotypic character-
istics of ESBL-Ent strains from Peking Union Medical College
Hospital in China.

Forty-four isolates of Escherichia coli, 43 isolates of Kleb-
siella pneumoniae, 50 isolates of Enterobacter cloacae, and 25
isolates of Citrobacter freundii were sequentially and nonrepeti-
tively collected from inpatients at Peking Union Medical Col-
lege Hospital (a 1,000-bed tertiary-care hospital in Beijing)
from February to May 1999. No temporal clustering of cases
was noted except for six K. pneumoniae cases that occurred in
a pediatric ward. The MICs of the antibiotics were determined
by agar dilution methods established the National Committee
for Clinical Laboratory Standards (NCCLS) (14). Antimicro-
bial standards were supplied by their corresponding manufac-
turers. E. coli strain ATCC 25922 and Pseudomonas aeruginosa
strain ATCC 27853 were used as reference strains. ESBL-
producing strains were identified by the ESBL Phenotypic
Confirmatory Test according to NCCLS guidelines (15). E. coli
ATCC 25922 and K. pneumoniae ATCC 700603 (containing
blaSHV-18) were used as negative and positive controls, respec-
tively.

Isoelectric focusing (IEF) was performed by the method of
Matthew et al. (12) on polyacrylamide gels (pH 3.5 to 9.5;
Amersham Pharmacia Biotech, Piscataway, N.J.). �-Lactamase
extracts from strains known to produce TEM-1 (pI 5.4), TEM-

10 (pI 5.6), SHV-12 (pI 8.2), or CMY-2 (pI 9.0) were used as
IEF controls (Table 1). IEF standards were purchased from
Bio-Rad (Hercules, Calif.). An IEF inhibition assay was per-
formed by overlaying the gels with 250 �g of nitrocefin/ml with
or without 0.3 mM cloxacillin or 0.3 mM clavulanic acid in
0.1 M phosphate buffer, pH 7.0 (22). Transfer of resistance
was studied by performing conjugation experiments on a sam-
ple representative of 11 strains by using E. coli strain C600
(lac negative, Nalr Rifr) as the recipient. Transconjugants were
selected on trypticase soy agar containing 10 �g of cefotaxime,
50 �g of nalidixic acid, and 60 �g of rifampin each per ml and
reconfirmed by selection on MacConkey agar (Becton Dickin-
son) containing the same antibiotics.

Plasmid DNA was isolated with a plasmid miniprep kit (Qia-
gen, Hilden, Germany) according to the manufacturer’s rec-
ommendations. � DNA/HindIII fragments were used to esti-
mate plasmid size (Gibco BRL Life Technologies). A
restriction enzyme (RE) digest was performed on four CTX-
M-3-containing isolates from different medical wards and
sources (CH7, CH11, CH13, and CH27) with the EcoRI or
HpaI REs (Gibco BRL Life Technologies).

The six K. pneumoniae isolates from an apparent cluster in a
pediatric ward were subjected to pulsed-field gel electrophore-
sis (PFGE) typing performed by digesting chromosomal DNA
with XbaI as previously described (13). Strain types were con-
sidered unique if there was a more than six-band difference
(25). Plasmids from five of the six isolates (CH6, CH8, CH19,
CH21T, and CH22) were subjected to RE digest.

blaTEM, blaSHV, and blaCTX-M. �-Lactamase genes were
amplified by PCR. Plasmid DNA from all transconjugants
was used as a template in PCRs. The primers and PCR
controls used are shown in Table 2. The strain containing the
blaCTX-M-5 gene was used as a positive control for the ampli-
fication of blaCTX-M subgroup II. PCR products were purified
by use of the QIAquick PCR purification kit (Qiagen). Direct
cycle sequencing in both directions was performed with an
automatic 373A DNA sequencer (Applied Biosystems, Foster
City, Calif.) or with the AB Prism 377 DNA sequencer
(PerkinElmer, Foster City, Calif.).

Five of the 44 (11.4%) strains of E. coli, 17 of the 43 (39.5%)
strains of K. pneumoniae, 3 of the 50 (6.0%) strains of E. clo-

* Corresponding author. Mailing address: Department of Clinical
Laboratory, Peking Union Medical College Hospital, Chinese Acad-
emy of Medical Sciences, Beijing 100730, China. Phone: 86-10-6529-
5415. Fax: 86-10-6512-4875. E-mail: chmj_pub2@95777.com.

790



acae, and 2 of the 25 (8.0%) strains of C. freundii presumably
produced ESBLs. Characteristics of these 27 ESBL-Ent are
shown in Table 3. Cefotaxime MICs were much higher than
ceftazidime MICs for these strains. All of the strains were
susceptible to imipenem except one strain of E. cloacae.

Nineteen of the 27 strains (70.3%) expressed �-lactamase
with a pI of 8.6, and 5 strains expressed an enzyme with a pI of
8.0. Eighteen isolates also produced a �-lactamase with a pI of
5.4 that was consistent with TEM-1, and four isolates produced
the enzyme with a pI of 7.6 that was consistent with SHV-1
(Table 3). An IEF inhibition assay performed on all strains
showed that an enzyme with a pI of 7.9 in isolate CH23 was
inhibited with cloxacillin, suggesting an AmpC-type enzyme,
while others were inhibited with clavulanic acid, suggestive of
non-AmpC enzymes (20). This enzyme with a pI of 7.9 was not
transferred by conjugation. Cefotaxime resistance was much
higher than ceftazidime resistance in all of the 11 transconju-
gants, which remained susceptible to cefoxitin (Table 3). A
variety of plasmids ranging in size from 1 to 48 kb were visu-
alized by electrophoresis (Table 3). RE analysis done on plas-
mids from four clinical strains from the medical ward carrying

a single plasmid and harboring CTX-M-3 did not reveal an
identical digestion pattern.

Three of the six isolates of K. pneumoniae in the pediatric
ward, CH6, CH19, and CH21, belonged to the same PFGE
type (type A), and all three carried the blaSHV-43 gene express-
ing an enzyme with a pI of 8.0. RE digestion performed on
the plasmid DNA of these three isolates indicated that CH6
and CH21T were identical. Three other isolates of K. pneu-
moniae from the same ward, CH8, CH17, and CH22, were
all of unique PFGE types. These three isolates carried the
blaCTX-M-3 gene, producing an enzyme with a pI of 8.6. RE
digestion performed on two of the three isolates indicated
patterns different from each other and from the four isolates
from the medical ward carrying the same blaCTX-M-3 gene.

CTX-M-specific PCR performed on all transconjugants and
three clinical strains (with a pI of 8.3) indicated that only those
with a pI of 8.6 (n � 8) were positive for CTX-M-3-subgroup-
specific PCR. Sequencing confirmed the presence of the
blaCTX-M-3 gene in these isolates (Table 3). SHV-specific PCR
was positive for five strains with a pI of 8.0, and two of these
were sequenced (CH6 and CH20). The deduced amino acid
sequence had two substitutions compared with that for SHV-1:
phenylalanine for leucine at position 113 (codon change of
CTT to TTT) and serine for threonine at position 149 (codon
change of ACT to TCT). The novel enzyme was designated
SHV-43. Sequencing performed on the transconjugants carry-
ing enzymes with a pI of 5.4 (CH2T, CH15T, CH25T, and
CH26T) or 7.6 (CH8T) indicated the presence of the blaTEM-1

and blaSHV-1 genes, respectively.
This study confirmed the presence of ESBLs in E. cloacae

and C. freundii by using clavulanic acid. Due to clavulanic acid
usually inducing �-lactam resistance and the overproduction of
functional group 1 �-lactamases in these strains (5), the prev-

TABLE 1. Bacterial strains used as IEF and PCR controls

Straina Type of
�-lactamase Originb Reference

E. coli DH5�/pBR322 TEM-1 USA 24
K. pneumoniae TEM-10 USA 21
K. pneumoniae KPLA-1 SHV-12 Switzerland 16
E. coli J53-2-194 CMY-2 USA 7
E. coli DH5�/pCLL3417 CTX-M-5 Latvia 4

a KPLA-1(SHV-12), E. coli J53-2-194, and E. coli/pCLL3417 were generous
gifts from H. Hächler, R. A. Bonomo, and P. A. Bradford, respectively.

b USA, United States of America.

TABLE 2. Nucleotide sequences of the oligonucleotides used for PCR amplification and DNA sequencing

Gene and primer Nucleotide sequence (position)d Reference or source

blaTEM
a

JP2 5�-TTG AAG ACG AAA GGG CCT CGT G-3� (on promoter 4–25) 24
BLA30 5�-CTG ACG CTC AGT GGA ACG-3� (nt 3147–3165 position corresponding to pBR322)c 24
BLA34 5�-GGG GCC AGA TGG TAA GCC C-3� (nt 949–968) 24

blaSHV
b

SHVA 5�-TGG TTA TGC GTT ATA TTC GCC-3� (nt 120–140) 17
SHVB 5�-GGT TAG CGT TGC CAG TGC T-3� (nt 990–972) 17
SHVC 5�-ATC ATG GGA AAG CGT TCA TC-3� (nt 318–299) This study
SHVD 5�-TTG ATC CGC TCC GTG CTG-3� (nt 773–790) This study

blaCTX-M
c

P1 5�-ATG GTT AAA AAA TCA CTG CGC C-3� (Y10278; nt 1–22) This study
P3 5�-ATG ATG ACT CAG AGC ATT CG-3� (Y14156; nt 1–20) This study
P4 5�-CGG CCT GTA TTT CGC TGT TG-3� (AF189721; nt 314–333) This study
P2b 5�-TCC CGA CGG CTT TCC GCC TT-3� (AJ005044; nt 833–814) This study

a JP2 and BLA30 (downstream of the 3� end of the bla gene) were used to amplify the blaTEM genes; JP2, BLA30, and BLA34 were used to sequence the amplified
blaTEM genes. The E. coli/pBR322(TEM-1) strain was used as the TEM-specific PCR positive control.

b SHVA and SHVB were used to amplify the blaSHV genes; SHVA, SHVB, SHVC, and SHVD were used to sequence the entire range of amplified blaSHV genes.
The KPLA-1(SHV-12) strain was used as the SHV-specific PCR positive control.

c P1 and P2b were used to amplify blaCTX-M subgroup I genes (including blaCTX-M-1 blaCTX-M-3 and blaCTX-M-10); P3 and P2b were used to amplify blaCTX-M subgroup
II genes (including blaCTX-M-2, blaCTX-M-4, blaCTX-M-5, blaCTX-M-6, and blaCTX-M-7); and P4 and P2b were used to amplify blaCTX-M subgroup III genes (including
blaCTX-M-8). Sequencing used the same primers as those for PCR. E. coli/pCLL3417(CTX-M-5) was used for the positive control for PCR of subgroup II and the
negative control for the other subgroup.

d nt, nucleotide.
e Downstream of the 3� end of the bla gene.
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alence of ESBLs may be underestimated (10, 26). The methods
to detect ESBLs in Enterobacter and Citrobacter strains are
unavailable in NCCLS guidelines.

Unlike the United States, CTX-M �-lactamase was the most
prevalent in this hospital. Class A plasmid-mediated CTX-M
�-lactamase constitutes one of the minor families of ESBLs
that are much more active against cefotaxime than ceftazidime.
In 1990, the first CTX-M enzyme (CTX-M-1) was reported in
E. coli in Germany (2). To date, 20 members of this group have
been reported in the world. They are not related to the TEM
or SHV �-lactamases but show homology to the chromosomal
�-lactamases of Klebsiella oxytoca and Citrobacter diversus (3,
19) and even greater homology to the chromosomal gene of
Kluyvera ascorbata (1a). CTX-M-producing strains have now
been reported over a wide geographic area including the Mid-
dle and Far East, South America, and Europe (1, 3, 4, 11).

It has been demonstrated that ESBLs arise because of point
mutations occurring in the face of selective pressure due to the
use of extended-spectrum cephalosporins. In our hospital,
from 1995 to 1999, the use of cefotaxime increased from 19 to
102 kg of body weight/year while the use of ceftazidime in-
creased from 9 to 15 kg/year. Presumably, the selective pres-
sure of cefotaxime is responsible for the selection of cefo-
taxime-hydrolyzing enzymes. Our colleague also found CTX-
M-11 in one strain of K. pneumoniae at our hospital in 2000 (X.
Zhu, personal communication) (accession no. AY005110).
This enzyme differs from CTX-M-3 by three amino acid
changes. This study also found that a clonal (SHV-43 ESBL)
spread occurred in the pediatric ward during the study period.

Nucleotide sequence accession number. The nucleotide se-
quence data for SHV-43 reported appear in the GenBank
nucleotide sequence database under accession no. AY065991.

China Hangzhou MSD Pharmaceutical Ltd. supported this study.
We thank Jin Yan for providing the data on antibiotic use in our

hospital.
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Duez, B. Joris, and J. M. Frére. 1991. Cloning and sequencing of the gene
encoding the �-lactamase from Citrobacter diversus. FEMS Microbiol. Lett.
83:79–84.

20. Philippon, A., G. Arlet, and G. A. Jacoby. 2002. Plasmid-determined AmpC-
type �-lactamases. Antimicrob. Agents Chemother. 46:1–11.

21. Quinn, J. P., D. Miyashiro, D. Sahm, R. Flamm, K. Bush. 1989. Novel
plasmid-mediated �-lactamase (TEM-10) conferring selective resistance to
ceftazidime and aztreonam in clinical isolates of Klebsiella pneumoniae. An-
timicrob. Agents Chemother. 33:1451–1456.

22. Sanders, C. C., W. E. Sanders, Jr., and E. S. Moland. 1986. Characterization
of �-lactamase in situ on polyacrylamide gels. Antimicrob. Agents Chemo-
ther. 30:951–952.

23. Shen, D., D. J. Biedenbach, P. L. Winokur, M. A. Pfaller, and R. N. Jones.
1999. Phenotypic and genotypic characterization of Chinese strains of Esch-
erichia coli producing extended-spectrum beta-lactamases. Diagn. Microbiol.
Infect. Dis. 34:159–164.

24. Sutcliffe, J. G. 1978. Nucleotide sequence of the ampicillin resistance gene of
Escherichia coli plasmid pBR322. Proc. Natl. Acad. Sci. USA 75:3737–3741.

25. Tenover, F. C., R. D. Arbeit, R. V. Goering, P. A. Mickelsen, B. E. Murray,
D. H. Persing, and B. Swaminathan. 1995. Interpreting chromosomal DNA
restriction patterns produced by pulsed-field electrophoresis: criteria for
bacterial strain typing. J. Clin. Microbiol. 33:2733–2739.

26. Tzelepi, E., P. Giakkoupi, D. Sofiianou, V. Loukova, A. Kemeroglou, and A.
Tsakris. 2000. Detection of extended-spectrum �-lactamases in clinical iso-
lates of Enterobacter cloacae and Enterobacter aerogenes. J. Clin. Microbiol.
38:542–546.

VOL. 47, 2003 NOTES 793


