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Due to the increasing number of multidrug-resistant (MDR) isolates of Escherichia coli and Klebsiella
pneumoniae reported from the Third People’s Hospital of Yunnan Province, an investigation was
conducted to better understand the phenotype and molecular characterization of the local isolates.
Twenty three non-duplicate E. coli isolates and nine K. pneumoniae isolates were recovered from
hospitalized patients and identified and tested for antimicrobial susceptibility using the VITEKw2
system. Drug-resistant genes were amplified and sequenced, and pulsed-field gel electrophoresis
(PFGE) and multilocus sequence typing (MLST) analyses were performed on the tested isolates. All of
the isolates, except for one extensively drug-resistant (XDR) K. pneumoniae isolate, were demonstrated
to be MDR, and 100% of the E. coli and K. pneumoniae were resistant to ampicillin, cefuroxime,
cefazolin and ceftriaxone. Of the isolates, 69.6% of the E. coli and 100% of the K. pneumoniae isolates
were blacrx.m positive, with CTX-M-55 and CTX-M-15 as the leading genotypes. All K. pneumoniae
isolates shared blagyy genes with the dominant SHV-11 genotype. A total of 87.5% E. coli and 77.8% of
K. pneumoniae carried the ISEcpl, 91.3% of E. coli and 77.8% of K. pneumoniae shared the intl gene,
and 44.4% of K. pneumoniae presented the ISCR1 gene. A large genetic heterogeneity of K. pneumoniae
and E. coli isolates was confirmed by MLST and PFGE analyses. The high frequency of MDR E. coli and
K. pneumoniae in local areas may be a substantial challenge for infection control.
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INTRODUCTION

Multidrug-resistant gram-negative bacteria (GNB) have community settings (Smith et al., 2008; Wei et al., 2005)
increased globally in recent years (Adams-Sapper et al., but also spread throughout the world in many ways,
2012; Drees et al., 2014; Tacconelli et al., 2014). These including by person-to-person transmission following

drug-resistant GNB can not only cause outbreaks in foreign travel and through widely distributed food
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products contaminated with drug-resistant GNB (Peirano
and Pitout, 2010; Kumarasamy et al., 2010; Johnson et
al., 2010). Clinical settings are important reservoirs and
sources of drug-resistant GNB pathogens and drug-
resistance genes. Antimicrobial agents used in hospitals
may facilitate the transfer of mobile drug-resistance
genes across different lineages of the same bacterial
species or across different bacterial species by horizontal
gene transfer. Notably, the emergence and spread of
MDR E. coli and K. pneumoniae are associated with
significant morbidity and mortality (Sievert et al., 2013;
Carbonne et al.,, 2013). In recent years, a significant
increase in the number of MDR isolates of E. coli and K.
pneumoniae has been reported from the clinical
microbiology laboratory in the Third People’s Hospital of
Yunnan Province (Tan et al.,, 2014), a tertiary-care
hospital in Kunming, the capital city of Yunnan Province,
China. To better understand the phenotype and
molecular characterization of the drug resistance
determinants of local E. coli and K. pneumoniae isolates
and to monitor the emergence of novel antimicrobial
resistance isolates, a joint investigation was conducted
between the National Institute for Communicable Disease
Control and Prevention, China CDC, People’s Republic of
China and the Third People’s Hospital of Yunnan
Province, People’s Republic of China, from June to
September 2013.

MATERIALS AND METHODS
Ethics statement

All protocols in the study were approved by the institutional ethics
committee of the Third People’s Hospital of Yunnan Province.
Written consent was given by the patients for the use of pathogens
isolated from them and for the evaluation of information in their
medical records for research purposes. All samples and information
were made anonymous.

Study design, specimen collection and patient demographics

This study was a prospective investigation of E. coli and K.
pneumoniae isolates recovered from patients in the microbiology
laboratories of the Third People’s Hospital of Yunnan Province (a
1,000-bed tertiary-care hospital serving approximately 110,000
inpatients per year) between June and September 2013. Among
these patients who had positive E. coli cultures, four were from the
department of nephrology, three were from the intensive care unit
(ICU), three were from the department of urinary surgery, three
were from the department of geriatrics, two were from the
department of traditional chinese medicine, one was from the
department of physiatry, one was from the department of
endocrinology, one was from the department of gastroenterology,

one was from the department of general surgery, one was from the
department of respiration, one was from the department of internal
neurology, one was from the department of neurosurgery and one
was from the department of chest surgery. Of the patients who had
positive K. pneumoniae cultures, three were from the ICU, two were
from the department of respiration, one was from the department of
physiatry, one was from the department of neurosurgery, one was
from the department of nephrology and one was from the
department of urinary surgery.

All patient demographics were recorded, including age, sex,
hospital ward, and the types of specimens. The first isolate was
chosen in the case of duplicate patient samples.

Identification and antimicrobial susceptibility testing of
isolates

Bacteria were isolated from patients according to the standard
protocol from the Manual of Clinical Microbiology Laboratory (Zhou
et al., 2010). Identification and antimicrobial susceptibility testing of
isolates were conducted with standard biochemical tests using the
bioMérieux VITEK-2 system following the manufacturer’s
instructions. Identification of isolates to the species level was further
confirmed by amplifying and sequencing the 16S rRNA gene with
universal prokaryotic bacterial 16S rRNA primers (Weisburg et al.,
1991). A total of 21 drugs were included in the antimicrobial
susceptibility testing: ampicillin  (AMP), piperacillin/tazobactam
(TZP), ampicillin/sulbactam (SAM), cefuroxime (CXM), cefazolin
(CFZ), ceftriaxone (CRO), ceftazidime (CAZ), cefoperazone (SCF),
cefepime (FEP), cefotetan (CTT), ertapenem (ETP), meropenem
(MEM), imipenem (IMP), aztreonam (ATM), ciprofloxacin (CIP),
levofloxacin (LEV), gentamicin (GM), tobramycin (TM), kanamycin
(AN), trimethoprim-sulfamethoxazole (SXT) and furadantin (FD).
The E. coli strains: ATCC 25922 and ATCC 35218 and the K.
pneumoniae strain ATCC 700603 were used as quality control
strains. According to the standardized international definitions of
multidrug-resistant (MDR) (Magiorakos et al., 2012), MDR was
defined as resistant to at least one agent in three or more agent
categories, extensively drug-resistant (XDR) was defined as
resistant to at least one agent in all but two or fewer antimicrobial
categories, and pandrug-resistant (PDR) was defined as resistant
to all agents in all antimicrobial categories.

Amplification and sequencing of the blagene and gene-
capturing elements

Genomic DNA was extracted using a DNeasy® Blood and Tissue
Kit (QIAGEN, Hilden, German, Cat No. 69506) and plasmid DNA
was extracted using a high-purification plasmid mini-preparation kit
(BioTeke Corporation, Beijing, China, Cat#DP1002). PCR was
performed using a SensoQuest LabCycler standard plus
(SensoQuest GmbH, Goettingen, Germany) with Tag DNA
polymerase (SBS Genetech Co., Ltd, China, Lot#042512). All
bacteria were subjected to PCR for the detection of the bla genes
with the primers listed in Table 1 using genomic and plasmid DNA
of the bacteria as templates. The PCR conditions were based on
the reference sources listed in Table 1. The PCR products were
sequenced in both directions by two separate commercial
sequencing companies in China (Beijing Tsingke BioTech Co., Ltd.
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Table 1. Primers used for PCR amplification of the bla gene and gene-capturing elements
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Target Primer name Primer sequence (5°-3’) thdUCt Reference
size (bp)

bla gene

TEM TEM-F TCCGCTCATGAGACAATAACC 931 Sturenburg et al., 2004
TEM-R TTGGTCTGACAGTTACCAATGC

SHV SHV-F TGGTTATGCGTTATATTCGCC 868 Pai et al.,1999
SHV-R GGTTAGCGTTGCCAGTGCT

CTX-M CTX-F TCTTCCAGAATAAGGAATCCC 909 Sturenburg et al., 2004
CTX-R CCGTTTCCGCTATTACAAAC

VEB VEB-F1 GATAGGAGTACAGACATATG 914 Pastera’n et al., 2006
VEB-R1 TTTATTCAAATAGTAATTCCACG

OXA-2 group OXA-2-F AAGAAACGCTACTCGCCTGC 478 Yan et al., 2006
OXA-2-R CCACTCAACCCATCCTACCC

OXA-10 group OXA-10-F GTCTTTCGAGTACGGCATTA 720 Bert et al., 2002
OXA-10-R ATTTTCTTAGCGGCAACTTAC

PER PER-F ATGAATGTCATCACAAAATG 927 Celenza et al., 2006
PER-R TCAATCCGGACTCACT

GES GES-F ATGCGCTTCATTCACGCAC 864 Vourli et al., 2004
GES-R CTATTTGTCCGTGCTCAGG

Gene-capturing elements

intl int1F CCTCCCGCACGATGATC 280 Chen et al., 2013
int1R TCCACGCATCGTCAGGC

ISCR1 CR1F ATGTCTCTGGCAAGGAACGC 1450 Chenetal., 2013
CR1R AGACGACTCTGTGATGGATC

ISEcpl IS-F GTGCCCAAGGGGAGTGTATG 615 Kiratisin et al., 2007
IS-R ACYTTACTGGTRCTGCACAT

and Shanghai Sangon BioTech Co., Ltd.). Sequencing was
performed with an ABI 3100 genetic analyzer (Applied Biosystems)
using the BigDye Terminator v3.1 cycle sequencing kit (Applied
Biosystems, Foster City, CA) according to the manufacturer’s
instructions. The sequences were analyzed using the nucleotide
BLAST program (http://blast.ncbi.nim.nih.gov/).

ISEcpl, which plays a key role in gene transfer (Kiiru et al., 2013;
Dhanji et al.,, 2011; Tian et al., 2011), is often located in the
upstream region preceding blactx.y, an emerging and highly
prevalent CTX-M genotype among E. coli and K. pneumoniae
strains worldwide. The ISEcp1l distribution among the isolates was
assayed by PCR using primers targeting ISEcpl (Table 1).

In addition, the presence of the key gene-capturing elements intl
and ISCR1 was determined by PCR using primers targeting intl
and ISCR1 (Table 1) and genomic DNA (gDNA) from the bacteria
because the expression of intl and ISCR1 is closely associated
with the dissemination of MDR bacteria among clinical isolates.

MLST and PFGE analysis

To study the clonal relationships of the isolates tested, MLST and
PFGE were conducted. According to the MLST protocol described
online (www.pasteur.fr/mist), 7 genes, including gapA, infB, mdh,
pgi, phoE, rpoB and tonB, were used for genotyping the K.
pneumoniae isolates, and 8 genes, including dinB, icdA, pabB,
polB, putP, trpA, trpB and uidA, were used for genotyping the E.
coli isolates. The PCR products from MLST were sequenced as
described in the aforementioned methods. Sequence types (STs)
were assigned using the MLST database (www.pasteur.fr/mist).

PFGE analysis of E. coli was performed using a CHEF Mapper
XA apparatus (Bio-Rad Laboratories, Hercules, CA) according to
the standard protocol of the International Molecular Subtyping
Network for Foodborne Disease Surveillance
(http://www.pulsenetinternational.org/protocols/), and the PFGE
protocol for K. pneumoniae was performed as previously described
(Han et al., 2013). The PFGE banding patterns were analyzed
using Fingerprinting Il Software, version 3.0 (Bio-Rad Laboratories,
Hercules, CA). A PFGE group was defined as having more than
80% similarity.

RESULTS
Specimen collection and patient demographics

During the study period, a total of 23 non-duplicate E. coli
isolates and nine K. pneumoniae isolates were obtained
from hospitalized patients. The proportions of males and
females were 61.0% (n= 19) and 41.2% (n= 13),
respectively, and the median age of the patients was 61
years (range 3.0-88.0 years). 23 E. coli isolates were
recovered from 12 urine specimens, four blood cultures,
three sputum specimens, two secretion specimens, one
pus specimen and one sterile cavity fluid specimen, while
nine K. pneumoniae isolates were isolated from five
sputum specimens, two urine specimens, one blood
culture and one throat swab specimen.
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Table 2. Drug-resistance rates of E. coli and K. pneumonia

E. coli % K. pneumoniae % p
Antimicrobial category Agent® (No. positive/No. tested) (No. positive/No. tested)
s® I° R® s I R

Ampicillin AMP 0 0 100(23/23) 100(9/9)
Antipseudomonal penicilin + beta- P 87.0(20/23) 4.3(1/23) 8.7(2/23) 33.3(3/9) 55.6(5/9) 11.1(1/9) <1.0
penicillin + beta-lactamase inhibitors SAM 4.3(1/23) 13.0(3/23) 82.6(19/23) 11.1(1/9) 88.9(8/9) <1.0
1st and 2nd generation cephalosporin CXM 0 0 100(23/23) 0 0 100(9/9)

CFz 0 0 100(23/23) 0 0 100%(9/9)
3" and 4™ generation cephalosporin CRO 0 0 100(23/23) 0 0 100(979)

CAZ 47.8(11/23) 0 52.2(12/23) 11.1(1/9) 11.1(1/9) 77.8(7/9) 0.2

SCF 73.9(17/23) 17.4(4/23) 2/23 44.4(4/9) 33.3(3/9) 22.2(2/9) 0.6

FEP 52.2(12/23) 4.3(1/23) 43.5(10/23) 33.3(3/9) 11.1(1/9) 55.6(5/9) 0.7
Cephamycin CTT 91.3(21/23) 4.3(1/23) 4.3(1/23) 77.8(7/9) 11.1(1/9) 11.1(1/9) 0.5
Carbapenem ETP 100(23/23) 0 0 88.9(8/9) 0 11.1(1/9)

MEM 100(23/23) 0 0 88.9(7/9) 0 11.1(1/9)

IMP 100(23/23) 0 0 88.9(8/9) 0 11.1(1/9)
Monobactam ATM 13.0(3/23) 0 87.0(20/23) 11.1(1/9) 0 88.9(8/9) <1.0
Fluoroquinolone CIP 8.7(2/23) 0 91.3(21/23) 44.4(4/9) 0 55.6(5/9) 0.0006

LEV 17.4(4/23) 82.6(19/23) 66.7(6/9) 0 33.3(3/9) 0.01
Aminoglycoside GM 34.8(8/23) 0 65.2(15/23) 55.6(5/9) 0 44.4(4/9) 04

™ 39.1(9/23) 21.7(5/23) 39.1(9/23) 33.3(3/9) 11.1(1/9) 55.6(5/9) 0.5

AN 95.6(22/23) 4.3(1/23) 0 55.6(5/9) 0 44.4(4/9) 0.004
Folate pathway inhibitors SXT 39.1(9/23) 0 60.9(14/23) 44.4(4/9) 0 55.6(5/9) <1.0
Nitrofurantoin FD 65.2(15/23) 30.4(7/23) 4.3 (1/23) 22.2(2/9) 11.1%(1/9) 66.7%(6/9) 0.0006
Total 57.0(223/391)  12.5(23/184) 63.8(235/368)  49.3(71/144) 19.4(14/72) 54.5(103/189) <0.0001

@Abbreviations of drugs: AMP, Ampicillin; TZP, Piperacillin/Tazobactam; SAM, Ampicillin/Sulbactam; CXM, Cefuroxime; CFZ, Cefazolin; CRO, Ceftriaxone; CAZ, Ceftazidime; SCF,
Cefoperazone; FEP, Cefepime; CTT, Cefotetan; ETP, Ertapenem; MEM, Meropenem; IMP, Imipenem; ATM, Aztreonam; CIP, Ciprofloxacin; LEV, Levofloxacin; GM, Gentamycin; TM,
Tobramycin; AN, Kanamycin, SXT, Trimethoprim-Sulfamethoxazole; FD, Furadantin. ®S, susceptible; |, intermediate; R, resistant.

Antimicrobial susceptibility

Detailed information on the resistance rates to all
tested drugs is listed in Table 2. All of the E. coli
and K. pneumoniae isolates exhibited resistance

to AMP, CXM and CFZ and even to CRO (3rd
generation cephalosporin). In addition, most K.
pneumoniae and E. coli isolates were resistant to
ATM (88.9% for K. pneumoniae and 87.0% for E.
coli), SAM (88.9% for K. pneumoniae and 82.6%

4

for E. coli) and CAZ (77.8% for K. pneumoniae
and 52.2% for E. coli). Notably, higher resistance
rates to CIP, LEV, GM, TM, AN, SXT and FD
were detected in 55.6%, 33.3%, 44.4%, 55.6%,
44.4%, 55.6% and 66.7% of K. pneumoniae.



Table 3. Molecular characterization of blagenes among E. coli and K.

pneumoniae isolates

Organism

Genotype of bla gene

No. of isolates

TEM-1

TEM-1, CTX-M-55

E. coli

TEM-1, CTX-M-15

TEM-1, CTX-M-3

CTX-M-15
CTX-M-55

TEM-1, CTX-M-55, SHV-11
TEM-1, CTX-M-15, SHV-1/148
TEM-1, CTX-M-55, SHV-2

K. pneumoniae

TEM-1, CTX-M-15,SHV-1b-b

CTX-M-55, SHV-11
CTX-M-15, SHV-108
CTX-M-15, SHV-11

—_
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Table 4. Sequence analysis of the ISEcpl-carrying blacrx-m.

Organism Type of blactxm IS element No. of isolates
CTX-M-3 1S26 1
CTX-M-55 ISEcpl 6

E. coli CTX-M-15 ISEcpl 4
CTX-M-15 IS1 interrupting ISEcpl 2
CTX-M-15 1S1 1

K. pneumoniae CTX-M-55 IS1 interrupting ISEcpl 4
CTX-M-15 ISEcpl 3

The isolates, and higher resistance to CIP, LEV, GM, TM
and SXT was seen in 91.3%, 82.6%, 65.2%, 39.1%, and
60.9% of E. coli isolates, respectively. The lowest
resistance rates were observed for carbapenems, and all
23 E. coli isolates and eight of nine K. pneumoniae
isolates, except for one XDR isolate, were sensitive to
ETP, MEM and IMP (Table 2). In this study, 100% (23/23)
of E. coli and 88.9% (8/9) of K. pneumoniae isolates
(except one isolate defined as XDR) were confirmed as
being MDR according to the standardized international
definitions for drug resistance.

Amplification and sequencing of the bla genes and
gene-capturing elements

The blargy and blactx groups were detected in 39.1%
(9/23) and 69.6% (16/23) of E. coli and 44.4% (4/9) and
100% (9/9) of K. pneumoniae, respectively. All of the
blatgy-positive isolates, including the 9 E. coli isolates
and the 4 K. pneumoniae isolates, encoded blargy.1. For
the CTX-M-producing isolates, blacrx.y-encoding CTX-M-
3, CTX-M-15, and CTX-M-55 was found in 6.2, 43.8 and
50.0% of E. coli isolates and 0, 44.4 and 55.6% of K.
pneumoniae isolates, respectively (Table 3). All K.
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pneumoniae isolates, but none of the E. coli isolates,
included blasyy genes, and blasyy genes encoding SHV-
2, SHV-11, SHV-1b-b, SHV-108, and SHV-148/-1 was
identified in 11.1, 55.5, 11.1, 11.1 and 11.1% of K.
pneumoniae, respectively (Table 3). Other bla genes,
including blaoxa> group, blaoxa1o group, blayes, blaper
and blaggs, were not detected in any of the isolates in the
study. ISEcpl was identified in the upstream region of
blactxwm in 14 blacrx.m-positive E. coli isolates (87.5%)
and 7 blactxm-positive K. pneumoniae isolates (77.8%).
Sequence analysis of the ISEcpl-carrying blactyxm is
shown in Table 4. IS1 was found to interrupt the ISEcpl
gene in 2 E. coli isolates and 4 K. pneumoniae isolates
within the sequences upstream of blactx.m.

Amplification and sequencing of intl and the ISCR1
gene-capturing elements indicated that 91.3% (21/23) of
E. coli isolates and 77.8% (7/9) of K. pneumoniae
isolates carried the intl gene, and 44.4% of K.
pneumoniae and 0% of E. coli contained the ISCR1
gene.

MLST and PFGE typing
The analysis of MLST sequence types (STs) showed that
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Table 5. MLST profiles of E. coli and K. pneumoniae based on blactx.m type

Organism blactx.m type MLST type (No. of type)
CTX-M-3 ST7 (n=1)
CTX-M-15 ST7 (n=7)
ST7 (n=3)
. ST6 (n=3)
E. coli CTX-M-55 ST5 (n=1)
ST2 (n=1)
ST7 (n=6)
Non-CTX-M ST2 (n=1)

K. pneumoniae

CTX-M-15  ST45S (n=1); ST11 (n=1); ST29 (n=1); ST7 (n=1)
CTX-M-55  ST395 (n=3); ST65 (n=1); ST629 (n=1)

ST7 was the dominant MLST type among the E. coli
isolates, which accounted for 68.8% (11/16) of the blagrx.
m-positive E. coli isolates and 85.7% (6/7) of the non-
blactx.w-positive E. coli isolates. In addition, ST6, ST5
and ST2 were detected in 18.8, 6.3 and 6.3%,
respectively, of the 16 blacrx.w-positive E. coli isolates.
Further, ST6, ST5 and ST2 types uniquely co-existed
with CTX-M-55 (Table 5). In contrast, a large diversity of
MLST types was identified among the nine blactxm-
positive K. pneumoniae isolates, and a total of seven
types were found. Four CTX-M-15 K. pneumoniae
isolates shared different MLST types (Table 5). The five
CTX-M-55 K. pneumoniae isolates were divided into
three MLST types, in which ST395, ST629 and ST65
accounted for 60% (3/5), 20% (1/5) and 20% (1/5),
respectively.

No banding patterns were obtained by PFGE analysis
in three E. coli and two K. pneumoniae isolates because
their DNA samples were consistently auto-digested. In
contrast to the MLST typing, a large genetic diversity of
E. coli isolates was demonstrated by PFGE typing, and
13 clusters were obtained based on the definition of more
than 80% similarity (Figure 1A). However, there was little
relatedness among the PFGE types, ST types and CTX-
M types (Figure 1A). Similarly, the PFGE banding
patterns of the seven K. pneumoniae isolates were very
different (Figure 1B).

DISCUSSION

The emergence and rapid spread of multidrug-resistant
Enterobacteriaceae is a substantial challenge to public
health. We first reported the high frequency and
molecular characterization of MDR E. coli and K.
pneumoniae in Yunnan Province, China. Although,
extended-spectrum beta-lactamases have been
recognized among Enterobacteriaceae  worldwide
(Rossolini et al., 2008; Bonnet, 2004) and are known for
their rapid spread in the US, Europe and Asia (Wang et
al., 2013; Sidjabat et al., 2009; Johnson et al., 2010), it

was remarkable that in this study 100% (9/9) of K.
pneumoniae and 69.6% (16/23) of E. coli carried the
blactx.m genes. In contrast, less than 50 cases of CTX-M-
producing K. pneumoniae isolates had been described in
the United States before 2013 (Wang et al., 2013).
Because the isolates recovered from patients were from
different hospital departments and displayed high genetic
diversity, the high rates of MDR E. coli and K.
pneumoniae isolates in the hospital may be a
considerable challenge for antimicrobial drug-use and
infection control. Unlike the distributions of the dominant
CTX-M genotypes in Beijing (CTX-M-10, 35.9%) (Li et al.,
2012), Hunan Province (CTX-M-14), Jiangxi Province
(CTX-M-14), Fujian  Province (CTX-M-14) and
Guangdong Province (CTX-M-14) (Wang et al., 2012),
the CTX-M-55 and CTX-M-15 genotypes were the
leading CTX-M genotypes in Yunnan Province in this
study and they were identified in 50 and 43.8% of E. coli
isolates, 55.6% and 44.4% of K. pneumoniae isolates,
respectively. It is noteworthy that CTX-M-15 is the most
prevalent genotype throughout the world (Carbonne et
al., 2013; Kiratisin et al., 2007; Wang et al., 2013; Li et
al.,, 2012; Paterson et al., 2003; Parveen et al., 2012),
and it has frequently been reported in several parts of
China (Li et al., 2012; Wang et al., 2012), however, CTX-
M-55 has only been described a few times in China. Only
one E. coli isolate was identified as CTX-M-3 in the study.
Strikingly, all of the CTX-M genotypes identified in the
study, including CTX-M-15, CTX-M-55 and CTX-M-3,
have traditionally been classified in the CTX-M-1
subgroup, and increasing evidence indicates that the
CTX-M-1 subgroup of bacteria exhibits higher levels of
resistance to several antibiotics than other CTX-M
subgroups (Wang et al., 2013; Paterson et al., 2003;
Parveen et al., 2012). Here, we propose that the high
frequency of CTX-M-1 subgroup isolates may have
contributed to the high level of MDR agents identified in
the study. A survey conducted from 1998 to 1999 in
Thailand, a country neighboring the Yunnan Province,
reported the first detection of blacrx.m at a hospital. The
prevalence of blacrxm was 52% (CTX-M-9 only) and



Osce (Ope 1 50%) (Tol 1.5%-1 5%) 00 0% 5>0 0%) D O%-100 0%)

PFGE.-Xbal PFGE-Xbal

No.ofE.coli CTX-M type ST type

Tan et al.

A

245

N | I [} ll I [*l 07 CTIXAME ST
al 20 CTIXM&  ST6
| 11 r‘ | l | ||| 17 CTXALIE ST
| ' I 22 CTXNAMLIE ST-7
| ! ' l | 23 CIXAMs ST
' I.ill 1 | | “ll |1 01 sT.7
03 ST.7
I AR 02 o1.3
” " 1 I " II ! 10 $T.7
I "m JLl 16  CINALE T
" Ili“' ' 11 CTNALEE ST
l||" l' | ] " | 13 CTXMAS ST
19 CIXALIE  ST.7
i N i, 04 s1.2
| ! (| ' 14 CIXALIE ST
| . | I} 18 CTIXALEE  ST.7
oW | 0s ST.7
[} Nl I 09 CIXALEE  ST.6
| : " 12 CIXAML&E ST
B | | Wi 1§ CIXNALE  STT
Dice (Opt 1.50%) (Tol 1.5%-1.5%) (H>0.0% S>0.0%) [0.0%-100.0%)
PFGE_Xbal 6~36s PFGE_Xbal_6~36s
e © o «g 8 Noof Kpneumoniae CTX-M type SHV ype  STope B
t..._..._f._..._..tu_._..
. ||||||I' | 01  CTXMIS sHvanss 48
: “ | || A 04 CTX-MIS savn 11
N1 07  CTX-MSS sHval 395
| | l| |" | 08 CTX-M3S sV 395
i : ! | 03 CTX-MSS sHval 65
2 " ' “ I 05 CTX-M-55 sEva 629
- i X-M1S sEv- 2
l I. 'lll ll] i 06 CTX-M-15 SHV.1bb 29

Figure 1. Dendrogram of pulsed-field gel electrophoresis (PFGE) patterns of E. coli (A) and K. pneumoniae (B) isolates and
their genetic relatedness to the CTX-M genotype and sequence type (ST), if available.

subsequently increased to 65% in 2003 (CTX-M-15, 44%;
CTX-M-14, 11% and CTX-M-9, 10%) (Chanawong et al.,
2007). More recently, the frequency has increased to
99.6% of blactx.w-producing E. coli (CTX-M-14, 43.6%;
CTX-M-15, 37.2%; CTX-M-27, 1.3%; CTX-M-40, 1.3%
and CTX-M-55, 17.5%) and 99.2% of blacrx.m-producing
K. pneumoniae (CTX-M-3, 3.2%; CTX-M-14, 52.4%;
CTX-M-15, 38.9%; CTX-M-27, 0.8% and CTX-M-55,

4.7%) in 2004-2005. These results indicate that CTX-M-
55 is also an emerging CTX-M genotype in Thailand.
Significantly, an XDR K. pneumoniae isolated from the
blood culture sample of a 66-year-old male patient
exhibited resistance to all the carbapenem drugs tested
in the study. This XDR K. pneumoniae exhibited the CTX-
M-15, SHV-1b-b and TEM-1 genotypes, and it also
carried the ISEcpl and ISCR1 gene-capturing elements.
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In this study, TEM-types were less numerous among
the E. coli and K. pneumoniae isolates than CTX-M-types
(39.1 vs 69.6% for E. coli and 44.4 vs 100% for K.
pneumoniae). This result is not surprising because
cefotaxime and ceftriaxone are used nationwide. The
blasyy genes were not present in the E. coli isolates, but
all of the K. pneumoniae isolates contained the blagnyy
genes. Moreover, these blasyy K. pneumoniae isolates all
coexisted with CTX-M genes. The dominant SHV
genotype was SHV-11, and it was identified in 55.6% of
K. pneumoniae isolates, which was significantly higher
than that identified in the Beijing area (Li et al., 2012).
The other SHV genotypes found in the study includes
SHV-2, SHV-1b-b, SHV-108, and SHV-148/-1 was
unique, and each accounted for 11.1% of the isolates.

A high frequency of ISEcpl, which is regarded as
having a key role both in drug-resistance gene transfer
and as a promoter for blacrx.v, was detected in blagryx.u-
carrying E. coli isolates and K. pneumoniae isolates in
this study. Two other gene-capturing elements, intl and
ISCR1, which were previously noted elsewhere (Li et al.,
2012) and are involved in multidrug resistance among
clinical isolates, were also demonstrated in E. coli and K.
pneumoniae isolates, respectively, further supporting our
proposal that these gene-capturing elements might
contribute to the high detection rates of MDR E. coli
isolates and K. pneumoniae isolates in the Yunnan area.
In addition, the genetic heterogeneity of E. coli and K.
pneumoniae was noticed among the isolates (Figure 1A
and 1B) analyzed in the study, suggesting that the
emergence and polyclonal spread of multidrug-resistant
E. coli and K. pneumoniae occurred among clinical
isolates with diverse genetic backgrounds.

To summarize, we report for the first time the molecular
characterization and phenotypes of E. coli and K.
pneumoniae isolates in Yunnan Province, China. Our
data revealed a high frequency of MDR E. coli and K.
pneumoniae isolates among polyclonal strains in local
areas. The CTX-M-1 subgroups which are involved in the
development of higher levels of drug resistance were
highly endemic among hospitalized patients. Active
monitoring of novel antibiotic resistance is critical to avoid
the rapid spread or outbreaks of these multidrug-resistant
isolates in local health care facilities.
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