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Abstract Background/Purpose: : The increasing trend of ceftriaxone resistant non-typhoidal
Salmonella (NTS) worldwide is of serious concern, however, data is lacked in southern Taiwan.
Methods: Salmonella isolates were collected at a regional hospital in Kaohsiung during 2004
e2013. Ceftriaxone resistant NTS isolates were further characterized for beta-lactamases,
typed by pulsed field gel electrophoresis (PFGE), multilocus sequence typing (MLST) and their
plasmids were analyzed by PCR replicon typing and plasmid mutilocus sequence typing.
lmonella; ESBLs, extended-spectrum-b-lactamases; PFGE, Pulsed-field gel electrophoresis; MLST,
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Results: Among 528 NTS isolates, the most common serogroup is serogroup B (44.9%), followed
by serogroup D, and serogroup C. Eleven (2.1%) isolates were resistant to ceftriaxone and were
distributed in three peak periods (2010, 2011, and 2013). PFGE and MLST revealed the ten ser-
ogroup B isolates were of two clones. Beta-lactamase genes were detected in 10 of the 11 iso-
lates, including CMY-2 (5 isolates), TEM-1 (2), CTX-M-14 (1), and 2 isolates carried both TEM-1
and CMY-2. Plasmid incompatibility types were identified in 9 (81.8%) isolates; three were
IncI1, three was IncHI2, one was IncFIB and two had both replicons of IncI1 and IncHI2. The only
ESBL gene blaCTM-X-14 was found in an isolate with plasmid belonged to IncHI2, which has not
been reported in NTS in Taiwan before. Most MLST types and plasmid MLST types of NTS iso-
lates in this study are different from those in northern Taiwan.
Conclusion: Though clonal spread of ceftriaxone resistant NTS was suggested by PFGE and
MLST, plasmid characterization and beta-lactamase detection revealed their plasmid types
and beta-lactamase types were different.
Copyright ª 2018, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Salmonellosis is a food-borne disease worldwide. Non-
typhoidal Salmonella (NTS) causes a variety of diseases in
the both developed and developing countries. Recently,
salmonellosis was the most common pathogens isolates
from children in Taiwan.1,2 The fluoroquinolones and
extended cephalosporins are the choices for treating
salmonellosis, whereas ceftriaxone is the main therapeutic
drug for children.3 However, increasing ceftriaxone resis-
tance has become a serious public health problem in recent
years.4 The mechanisms of resistance to ceftriaxone have
been identified to be plasmid mediated ampC or ESBL
genes: blaCMY-2, blaCTX-M-3, blaSHV-2a, and blaSHV-12 genes in
northern Taiwan.5 Previous studies have identified that
blaCMY-2 gene is located on a self-transfer plasmid, in-
compatibility family IncI1 and Inc A/C in northern Taiwan
and USA.4,6

NTS can cause infection or colonization in both human
and livestock animal. An epidemiologic study in Taiwan
revealed NTS isolates from pigs and human with a common
PFGE pattern had either identical or very similar antibiotics
resistance patterns.7 However, there is no data about cef-
triaxone resistant NTS in that study. We aimed to investi-
gate the trend of ceftriaxone-resistant NTS from 2004 to
2013 and its molecular epidemiology in southern Taiwan
where is the main area of livestock farms in Taiwan.
Material and methods

Bacterial isolates

NTS isolates were collected from patients who visited
Kaohsiung Municipal Hsiao-Kang Hospital, a 496-bed hospi-
tal in southern Taiwan, from January 2004 to December
2013. Approval for the study was obtained from the Insti-
tutional Research Board Committee of Kaohsiung Medical
University Hospital (KMUHIRB-20130158). Salmonella sero-
types were determined by the slide agglutination method
to identify the somatic O antigen and flagellar H antigen
with the use of Antiserum (Difco� antisera, USA) according
to the manufacturer’s instructions.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing for ampicillin, ertape-
nem, ceftriaxone, cefepime, tigecycline, and trimetho-
prim/sulfamethoxazole was performed using the disk
diffusion method according to the guidelines of the Clinical
and Laboratory Standards Institute (CLSI), 2013. Escherichia
coli ATCC 25922 was used as the quality control strain.
Furthermore, MICs were performed by Vitek 2 (bioMérieux)
and the results of ceftriaxone resistant isolates were
interpreted according to the criteria recommended by the
CLSI guidelines of 2013 (MIC � 4 mg/L). Eleven ceftriaxone
resistant isolates NTS were enrolled for further serovar
typing, plasmid replicon typing, plasmid multilocus
sequence typing (pMLST) and phylogenetic analysis.

Genomic DNA preparation

The genomic DNA preparation were according to Schle-
singer methods.8 Eleven of ceftriaxone resistant NTS iso-
lates stocks were sub-cultured on an Eosin methylene blue
(EMB) and blood agar (BAP) bi plate and a single isolated
colony was inoculated into a 100 ml double distilled water
and then boiled at 95 �C, and then centrifuge 12000 g for
15 min. The supernatant was collected as DNA template
and cell debris were discarded.

Serovar typing of isolated ceftriaxone resistant NTS

Multiplex PCR methods consisting of two five-plex PCR re-
actions and one two-plex PCR reaction were designed for
differentiating between the most common salmonella
enterica subgroups as previously described.9 The multiplex
PCR assays were performed by a final volume of 34 ml
containing 5 ml of DNA template, 4.8 ml 10X reaction buffer,
3 ml dNTPs (2.5 mM of each dNTP), 1 ul (50 ng) of each
primer, 5.0 units Taq polymerase (TaKaRa, Shiga, Japan)
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and de-ionized water to make up the volume. The PCR re-
action were performed in a DNA thermal cycler (Applied
Biosystems Aluminum 96-Well GemeAmp� PCR System
9700, Thermo Fisher Scientific, USA) under the following
conditions: 1 cycle of 94 �C for 5 min, followed by 40 cycles
of 94 �C for 30 s, 62 �C for 30 s, and 72 �C for 1 min, and a
final extension of 72 �C for 5 min. All PCR products were
separated by electrophoresis in 3.5% agarose gel and then
visualized under UV light.
Detection of genes for AmpC and ESBL genes

The plasmid-borne ampC-like genes (encoding CMY or
DHA)10e14 were detected by PCR amplification.15e17 The
reaction was performed in a total volume of 50 ml. The
amplification conditions were as follows: 95 �C for 5 min,
followed by 35 cycles of 95 �C for 1 min, 52e55 �C for 1 min
and 72 �C for 1 min, with a final stage at 72 �C for 10 min to
complete the synthesis of DNA. The amplicons were
sequenced and the entire sequence of each gene was
compared with sequences in the GenBank nucleotide
database (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Pulsed field gel electrophoresis (PFGE) and
phylogenetic analysis

Genetic relatedness of isolates was determined by PFGE,
which was performed according to the CDC PulseNet pro-
tocol.18 The restriction enzyme XbaI (New England Biolabs
Inc., MA, USA) was used at the temperature suggested by
the manufacturer. Restriction fragments were separated by
PFGE in a 1% agarose gel (Bio-Rad) in 0.5 � TBE buffer for
19 h at 200 V and 14 �C and with ramp times of 2.2e63.8 s
using CHEF Mapper apparatus (Bio-Rad). The gels were then
stained with ethidium bromide and photographed under UV
light. The Dice coefficient was used to calculate similar-
ities, and UPGMA was used for cluster analysis with Gel-
Compar II software version 6.5 (Applied Maths).
Multilocus sequence typing (MLST) of NTS

MLST of NTS was carried out by amplification and
sequencing of seven housekeeping genes (aroC, dnaN,
hemD, hisD, purE, sucA, and thrA) according to the pro-
tocols available on Salmonella enterica MLST Database at
http://mlst.warwick.ac.uk/mlst/dbs/Senterica. Allelic
profiles and sequence types (ST) were assigned according
to the MLST scheme at the same website.
Plasmid replicon and multilocus sequence typing
(pMLST)

The incompatibility groups of plasmids in ceftriaxone
resistant NTS were determined by PCR-based replicon
typing (PBRT).19,20 The replicon sequence typing (RST) for
IncF plasmid was performed according to the scheme pro-
posed by Villa et al.21,22 Plasmid multilocus sequence typing
for IncI1 and IncHI2 plasmids were performed as previously
described.22,23 Alleles and plasmid sequence types (ST)
were analyzed at plasmid MLST website (https://pubmlst.
org/plasmid/).

Conjugation and transfer of cefotaxime resistance
determinants

The donor isolates were grown with shaking at 37 �C over-
night in LB medium containing 2 mg/ml of cefotaxime. The
recipient cell was E.coli J53. The 200 ml of donor isolates
and 200 ml recipient were added in 20 ml LB broth. After
centrifuge 8000 rpm for 7 min, we remove the supernatant
and re-suspend the pellet using the remaining liquid in tube
and dropped the concentrated bacterial suspensions onto
LB agar and incubated at 37 �C overnight. The single colony
was scraped from LB agar and refresh in BHI broth con-
taining 100 ug/ml sodium azide and 2 ug/ml cefotaxime.
After shake for 2 or 4 h, plating 100 ul BHI broth onto LB
agar containing 100 ug/ml sodium azide and 4 ug/ml
cefotaxime. Plasmids of transconjugants were checked for
replicon typing and blaCMY-2 gene checked by PCR.

Analysis of the flanking regions of blaCMY-2

To identify the flanking regions of blaCMY-2, the genetic
structure of blaCMY-2 gene was detected with multiplex PCR
methods.24

Results

A total of 528 NTS isolates were collected from January
2004 to December 2013 in Kaohsiung Municipal Hsiao-Kang
Hospital. The distributions of Salmonella serogroups were
as follows: two isolates belonged to serogroup A; 237
(44.9%) isolates were serogroup B; 129 were serogroup C;
142 were serogroup D; 6 were serogroup E; and 12 belonged
to other Salmonella serogroups. During the study period,
we found that the prevalence of salmonellosis has
decreased annually since 2009 (Fig. 1). Serogroup B was the
most predominant serogroup, followed by serogroup C in
our early study period. Serogroup D has become the second
common serogroup since 2009. Eleven ceftriaxone-resistant
NTS isolates from stool, including ten in serogroup B and
one in serogroup C, were identified during the study period
(Table 1). The further serovar typing revealed 1 serovar
Thompsom (serogroup C) and 10 serovar Typhimurium
(serogroup B) (Table 1). Serovar Thompsom was isolated in
2005 and all the others were isolated in 2008e2013. The
ceftriaxone resistant NTS isolates were from 11 individual
patients, including 4 patients younger than 2 years, 1 pa-
tient was 83 years old male. Seven patients were females.
All of them were present in gastroenteritis and totally
survived.

All eleven NTS isolates were resistant to ampicillin.
Three (27.3%) were resistant to ciprofloxacin. Although the
isolate number of salmonellosis decreased annually, the
resistance rate of NTS to ceftriaxone has increased from
1.23% of 2005 to 8.33% of 2013. During the study period,
three peaks in ceftriaxone resistance rates were noted
(Fig. 2). Among ceftriaxone resistant NTS isolates, blaCMY-2
gene was the most prevalent beta-lactamase gene (7 iso-
lates) followed by blaTEM-1 (4 isolates), and blaCTM-X-14 (1
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Figure 1. Annual isolates versus serogroups in Kaohsiung Municipal Hsiao-Kang Hospital from 2004 to 2013. (A) NTS isolate
number in each year. (B) Isolate number of NTS serogroup.
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isolate). Two isolates carried both blaTEM-1 and blaCMY-2
(Table 1).

PFGE and MLST reveal six isolates were of pulsotype I
and their MLST were all ST36 type (Table 1, Fig. 3). Four
isolates were of pulsotype II and their MLST type belonged
to ST34 (Fig. 3). The only S. Thompson isolate (S22) was
isolated in the 2005. Three isolates in 2010 were also
resistant to ciprofloxacin. Three isolates (S38, S42, and S46)
harboring IncI1 plasmid and 3 isolates (S36, S39 and S40)
harboring IncHI2 plasmid. Two isolates harboring both IncI1
and IncHI2 plasmid (S41, S43) (Table 1). One isolate (S45)
has IncFIB plasmid. Two isolates’ plasmid replicon typing
were non-typeable (Table 1). The pMLST of IncI1 plasmids
reveal two ST96 (S38 and S41), one ST56 (S42) and one ST72
(S46). A new sequence type (ST245) of IncI1 plasmid in S43
was first identified. One IncI1 and all IncHI2 plasmids
revealed non-typeable because of no PCR product for at
least one of the alleles in the pMLST (Table 1). A compar-
ison of pMLST sequence types of IncI1 and IncHI2 plasmids in
the study with previously reported in northern Taiwan as
shown in Table 2. Except that pMLST ST56 was found in both
northern and southern Taiwan, the other pMLST types of
ceftriaxone resistant NTS were different between isolates
from northern and southern Taiwan.

Two isolates (S41 and S43) had plasmidswith both IncI1 and
IncHI2 amplicons. Conjugation experiments revealed only
IncI1 of S41 is transferable (Fig. 4). The successful trans-
conjugant from S41 was positive for PCR of blaCMY-2 gene and
amplicon of plasmid IncI1, indicating blaCMY-2 gene was in the
plasmid IncI1 of S41. No transconjugant was obtained for
isolate S43. Theflanking regions ofblaCMY-2 containing specific
tnpA-blaCMY-2-blc-sugE structure were identified in five



Table 1 Characteristics of the ceftriaxone resistant non-typhoidal Salmonella isolates from 11 patients at a hospital in
southern Taiwan.

Serovar/Serogroup Strain No./
Year of
isolation

Susceptibility
to AM/CIP/C/
TMP-SMXa

Pulsotype
XbaI

Strain ST Plasmid replicon type
(Plasmid STb or
FAB formulac)d

and insertion sequence

Beta-lactamase
genese

Thompson/C S22/2005 R/S/R/R III ST292 non-typeable not detected
Typhimurium/B S36/2008 R/S/R/R I ST36 IncHI2 (non-typeable) blaCTX-M-14
Typhimurium/B S38/2010 R/S/R/R I ST36 IncI1 (ST96) blaCMY-2
Typhimurium/B S39/2010 R/R/R/R I ST36 IncHI2 (non-typeable) blaCMY-2
Typhimurium/B S40/2010 R/R/R/R I ST36 IncHI2 (non-typeable) blaCMY-2
Typhimurium/B S41/2010 R/R/R/R I ST36 IncI1 (ST96) blaCMY-2

IncHI2 (non-typeable)
Typhimurium/B S42/2011 R/S/S/S II ST34 IncI1 (ST56) blaCMY-2/blaTEM-1
Typhimurium/B S43/2011 R/S/R/R I ST36 IncI1 (ST245)f blaCMY-2

IncHI2 (non-typeable)
Typhimurium/B S44/2011 R/S/S/R II ST34 non-typeable blaTEM-1
Typhimurium/B S45/2013 R/S/R/R II ST34 IncFIB (F46:A-:B20) blaTEM-1
Typhimurium/B S46/2013 R/S/S/S II ST34 IncI1 (ST72) blaCMY-2/blaTEM-1

a AM, Ampicillin; CIP, ciprofloxacin; C, chloramphenicol; TMP-SMX, Trimethoprim/sulfamethoxazole.
b Plasmid ST, plasmid sequence types were performed for the IncI1 and IncHI2 plasmids and were determined by plasmid MLST.
c The FAB formula was performed for the IncFIB plasmid and was determined by replicon sequence typing (RST).
d Non-typeable, no PCR amplification product.
e The flanking regions of blaCMY-2 carrying tnpA-blaCMY-2-blc-sugE structure (Tn6092) are in bold.
f ST245, a new plasmid sequence type found in this study.

Figure 2. Distribution of resistance rates to ceftriaxone in Kaohsiung Municipal Hsiao-Kang Hospital from 2004 to 2013.
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isolates (S38, S39, S40, S41 and S42) (Table 1). Two other CMY-
2 carrying isolates did not have the PCR products for tnpA,
blaCMY-2 and sugE.
Discussion

Although the overall incidence of salmonellosis had gradu-
ally decreased, the rate of ceftriaxone-resistant NTS
increased in southern Taiwan. The similar trend has also
been found in northern Taiwan.4 In our study, serogroup B
was the most prevalent salmonellosis in southern Taiwan
and was also the most common pathology of gastroenteritis
amount children in northern Taiwan.2 It is different from
the epidemiology in northern Taiwan where serogroup D
was the most predominant serogroup.4 Most of the
ceftriaxone-resistant isolates were of serovar Typhimu-
rium, which belonged to serogroup B. The remaining one



Table 2 Comparison of pMLST of Incl1 and IncHI2 plasmids derived from this study and the previously reported in Taiwan.

Salmonella serovar Area of isolated Year of isolation pMLST
ST

Tn6092 References

Carrying plasmid

Choleraesuis Taoyuan 2007 51 IncI1 Ref. Su et al.4,b

Choleraesuis Taoyuan 2008 52 IncI1 Ref. Su et al.4,b

Typhimurium Taoyuan 2010 53 IncI1 Ref. Su et al.4,b

Typhimurium Taoyuan 2010 54 IncI1 Ref. Su et al.4,b

Typhimurium Taoyuan 2010 55 IncI1 Ref. Su et al.4,b

Typhimurium Taoyuan 2010 54 IncI1 Ref. Su et al.4,b

Agona Taoyuan 2010 56 IncI1 Ref. Su et al.4,b

Enteritis Taoyuan 2010 56 IncI1 Ref. Su et al.4,b

Typhimurium Kaohsiung 2010 96 IncI1 This study
Typhimurium Kaoshiung 2010 96 IncI1 This study
Typhimurium Kaoshiung 2010 non-typeable IncHI2 This study
Typhimurium Kaoshiung 2010 non-typeable IncHI2 This study
Typhimurium Kaoshiung 2011 56 IncI1 This study
Typhimurium Kaoshiung 2011 245a This study
Oranienburg Taoyuan 2011 53 Ref. Yang et al.31,c

Typhimurium Kaohsiung 2013 72 This study
a A new plasmid sequence type found in this study.
b Reference Su et al.4
c Reference Yang et al.31

Figure 3. Dendrograms of XbaI PFGE analysis of clinical isolates of Salmonella enterica generated by GelCompar II software
version 6.5 (Applied Maths).
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serogroup C isolate was of serovar Thomposon. In northern
Taiwan, ceftriaxone resistant NTS were found in serovar
Choleraesuis, serovar Typhimurium, serovar Agona, and
serovar Enteritidis. The beta-lactamase genes identified in
our study were blaCMY-2, blaTEM-1, and blaCTX-M-14. In north-
ern Taiwan, the related resistant genes have been reported
to be blaSHV-2a, blaSHV-12, blaCTX-M-3 and blaCMY-2.

4,5 The
major MLST types and plasmid MLST types are also different
between southern and northern Taiwan.

PFGE and MLST revealed the ten serogroup B isolates
were of two clones. Though clonal spread of ceftriaxone
resistant NTS in the study was suggested by PFGE and MLST,
further plasmid characterization and beta-lactamase
detection revealed their plasmid types and beta-
lactamase types were different.

Su, Teng et al. has described a self transferable blaCMY-2-
harboring IncI1 plasmid with ISEcpl-blaCMY-2-blc-sugE
structure (Tn6092) was responsible for contribution of
ceftriaxone resistant NTS in the northern Taiwan.4 Although
most of CMY-2 containing isolates in the study have the
genetic structure of Tn6092. We found two among seven
CMY-2 containing isolates do not have that genetic
structure. In USA, blaCMY-harboring plasmid was identified
in IncI1 from poultry source and Inc A/C from cattle
products.6 IncN plasmid harbor blaCTX-M-14 ESBL was iden-
tified in China. Recently, a novel plasmid, IncHI2, harboring
blaCTX-M-14, blaOXA-1, and blaTEM-1 resistant genes was iso-
lated in Kenya.25,26 IncHI2 has also been identified in China
and European countries and is well-known for its ability to
spread blaCTX-M-14 and oqxAB resistant genes in serovar
Typhimurium in food animals in China.27,28 The IncHI2
plasmid has also been reported related to multiple resistant
Enterobacter cloacae in Taiwan.29 The presence of the
multidrug-resistant plasmid IncHI2 may facilitate clonal
spreading under antibiotics used in food-producing ani-
mals.28 Our data show that both IncI1 and IncHI2 plasmids
involved in ceftriaxone resistant NTS in southern Taiwan.
Furthermore, this is the first report of IncHI2 plasmid in



Figure 4. (A) Amplicons of blaCMY-2 in transconjugants. Lanes
1 to 5, tranconjugants of S41; lanes 6 to 10, transconjugants of
S43; P, positive control; M, size marker. (B) Amplicons of IncI1
replicon in transconjugants. Lanes 1 to 3, tranconjugants of
S41; S41, as the positive control; M, size marker.
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association with blaCTX-M-14 in serovar Typhimurium in
Taiwan that such plasmid has been spread in serovar
Typhimurium isolates in China and European countries.

The limitations of this study are the followings. First, the
PCR used for replicon typing may lead to a false-negative
finding due to the high degree of plasticity of Enterobac-
teriaceae plasmids.30 Second, information on the diet of
the patients or livestock contact histories obtained from
the medical records was not detailed. Therefore, an
epidemiological investigation was difficultly undertaken to
determine the origin of the salmonellosis. Further study is
needed to elucidate the transmission of ceftriaxone-
resistant salmonellosis.

In summary, Serogroup B is the major NTS in southern
Taiwan and ceftriaxone resistant NTS isolates were mainly
of in serovar Typhimurium of serogroup B. The bacterial
characteristics of ceftriaxone resistant NTS isolates in
southern Taiwan is different from those in northern Taiwan.
Though clonal spread of ceftriaxone resistant NTS in
southern Taiwan was suggested by PFGE and MLST typing,
plasmid characterization and beta-lactamase detection
revealed their plasmid types and beta-lactamase types
were different. The appearance of IncHI2 plasmid with
blaCTX-M-14 in Taiwan warrants for further monitor.

Acknowledgements

This work was supported by grants from the Foundation of
Kaohsiung Municipal Hsiao-Kang Hospital, Kaohsiung Medi-
cal University (kmhk-102-014, kmhk-95-048) and the
Research Center of Environment Medicine, Kaohsiung
Medical University (KMU-TP105A21), Taiwan.

References

1. Chung N, Wang SM, Shen CF, Kuo FC, Ho TS, Hsiung CA, et al.
Clinical and epidemiological characteristics in hospitalized
young children with acute gastroenteritis in southern Taiwan:
according to major pathogens. J Microbiol Immunol Infect
2017;50:915e22.

2. Tseng CF, Chiu NC, Huang CY, Huang DTN, Chang L, Kung YH,
et al. The epidemiology of non-typhoidal Salmonella gastro-
enteritis and Campylobacter gastroenteritis in pediatric in-
patients in northern Taiwan. J Microbiol Immunol Infect 2017;
S1684e1182(17):30204e9.

3. Su LH, Chiu CH, Chu C, Ou JT. Antimicrobial resistance in
nontyphoid Salmonella serotypes: a global challenge. Clin
Infect Dis 2004;39:546e51.

4. Su LH, Teng WS, Chen CL, Lee HY, Li HC, Wu TL, et al.
Increasing ceftriaxone resistance in Salmonellae, Taiwan.
Emerg Infect Dis 2011;17:1086e90.

5. Su LH, Wu TL, Chia JH, Chu C, Kuo AJ, Chiu CH. Increasing
ceftriaxone resistance in Salmonella isolates from a university
hospital in Taiwan. J Antimicrob Chemother 2005;55:846e52.

6. Folster JP, Grass JE, Bicknese A, Taylor J, Friedman CR,
Whichard JM. Characterization of resistance genes and plas-
mids from outbreaks and illness clusters caused by Salmonella
resistant to ceftriaxone in the United States, 2011e2012.
Microb Drug Resist 2017;23:188e93.

7. Kuo HC, Lauderdale TL, Lo DY, Chen CL, Chen PC, Liang SY,
et al. An association of genotypes and antimicrobial resistance
patterns among Salmonella isolates from pigs and humans in
Taiwan. PLoS One 2016;49, e95772.

8. Schlesinger J, Navon-Venezia S, Chmelnitsky I, Hammer-
Munz O, Leavitt A, Gold HS, et al. Extended-spectrum b-lac-
tamases among Enterobacter isolates obtained in Tel Aviv,
Israel. Antimicrob Agents Chemother 2005;49:1150e6.

9. Kim S, Frye JG, Hu J, Fedorka-Cray PJ, Gautom R, Boyle DS.
Multiplex PCR-based method for identification of common
clinical serotypes of Salmonella enterica subsp. enterica. J
Clin Microbiol 2006;44:3608e15.

10. Alvarez M, Tran JH, Chow N, Jacoby GA. Epidemiology of
conjugative plasmid-mediated AmpC b-lactamases in the
United States. Antimicrob Agents Chemother 2004;48:533e7.

11. Giakkoupi P, Tambic-Andrasevic A, Vourli S, Skrlin J, Sestan-
Crnek S, Tzouvelekis LS, et al. Transferable DHA-1 cepha-
losporinase in Escherichia coli. Int J Antimicrob Agents 2006;
27:77e80.

12. Chia JH, Su LH, Lee MH, Kuo AJ, Shih NY, Siu LK, et al.
Development of high-level carbapenem resistance in Klebsiella
pneumoniae among patients with prolonged hospitalization
and carbapenem exposure. Microb Drug Resist 2010;16:
317e25.

http://refhub.elsevier.com/S1684-1182(18)30319-0/sref1
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref1
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref1
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref1
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref1
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref1
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref2
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref2
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref2
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref2
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref2
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref2
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref2
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref3
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref3
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref3
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref3
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref4
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref4
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref4
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref4
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref5
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref5
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref5
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref5
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref6
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref6
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref6
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref6
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref6
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref6
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref6
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref7
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref7
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref7
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref7
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref8
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref8
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref8
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref8
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref8
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref9
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref9
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref9
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref9
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref9
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref10
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref10
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref10
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref10
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref11
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref11
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref11
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref11
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref11
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref12
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref12
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref12
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref12
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref12
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref12


296 C.-Y. Chen et al.
13. Rasheed JK, Jay C, Metchock B, Berkowitz F, Weigel L,
Crellin J, et al. Evolution of extended-spectrum b-lactam
resistance (SHV-8) in a strain of Escherichia coli during multiple
episodes of bacteremia. Antimicrob Agents Chemother 1997;
41:647e53.

14. Eckert C, Gautier V, Saladin-Allard M, Hidri N, Verdet C, Ould-
Hocine Z, et al. Dissemination of CTX-M-type b-lactamases
among clinical isolates of Enterobacteriaceae in Paris, France.
Antimicrob Agents Chemother 2004;48:1249e55.

15. Yan JJ, Ko WC, Chuang CL, Wu JJ. Metallo-b-lactamase-pro-
ducing Enterobacteriaceae isolates in a university hospital in
Taiwan: prevalence of IMP-8 in Enterobacter cloacae and first
identification of VIM-2 in Citrobacter freundii. J Antimicrob
Chemother 2002;50:503e11.

16. Ma L, Lin CJ, Chen JH, Fung CP, Chang FY, Lai YK, et al. Taiwan
Surveillance of Antimicrobial Resistance. Widespread dissemi-
nation of aminoglycoside resistance genes armA and rmtB in
Klebsiella pneumoniae isolates in Taiwan producing CTX-M-
type extended-spectrum b-lactamases. Antimicrob Agents
Chemother 2009;53:104e11.

17. Li L, Yang YR, Liao XP, Lei CY, Sun J, Li LL, et al. Development
of ceftriaxone resistance affects the virulence properties of
Salmonella enterica serotype Typhimurium strains. Foodborne
Pathog Dis 2013;10:28e34.

18. Ribot EM, Fair MA, Gautom R, Cameron DN, Hunter SB,
Swaminathan B, et al. Standardization of pulsed-field gel
electrophoresis protocols for the subtyping of Escherichia coli
O157:H7, Salmonella, and Shigella for PulseNet. Foodborne
Pathog Dis 2006;3:59e67.

19. Carattoli A, Bertini A, Villa L, Falbo V, Hopkins KL, Threlfall EJ.
Identification of plasmids by PCR-based replicon typing. J
Microbiol Methods 2005;63:219e28.

20. Johnson TJ, Nolan LK. Plasmid replicon typing. Methods Mol
Biol 2009;551:27e35.

21. Villa L, Garcia-Fernandez A, Fortini D, Carattoli A. Replicon
sequence typing of IncF plasmids carrying virulence and resis-
tance determinants. J Antimicrob Chemother 2010;65:2518e29.

22. Garcia-Fernandez A, Carattoli A. Plasmid double locus
sequence typing for IncHI2 plasmids, a subtyping scheme for
the characterization of IncHI2 plasmids carrying extended-
spectrum b-lactamase and quinolone resistance genes. J
Antimicrob Chemother 2010;65:1155e61.

23. Garcia-Fernandez A, Chiaretto G, Bertini A, Villa L, Fortini D,
Ricci A, et al. Multilocus sequence typing of IncI1 plasmids
carrying extended-spectrum b-lactamases in Escherichia coli
and Salmonella of human and animal origin. J Antimicrob
Chemother 2008;61:1229e33.

24. Su LH, Chen HL, Chia JH, Liu SY, Chu C, Wu TL, et al. Distri-
bution of a transposon-like element carrying bla(CMY-2) among
Salmonella and other Enterobacteriaceae. J Antimicrob Che-
mother 2006;57:424e9.

25. Wong MH, Zeng L, Liu JH, Chen S. Characterization of Salmo-
nella food isolates with concurrent resistance to ceftriaxone
and ciprofloxacin. Foodborne Pathog Dis 2013;10:42e6.

26. Kariuki S, Okoro C, Kiiru J, Njoroge S, Omuse G, Langridge G,
et al. Ceftriaxone-resistant Salmonella enterica serotype
typhimurium sequence type 313 from Kenyan patients is
associated with the blaCTX-M-15 gene on a novel IncHI2
plasmid. Antimicrob Agents Chemother 2015;59:3133e9.

27. Doublet B, Praud K, Nguyen-Ho-Bao T, Argudin MA, Bertrand S,
Butaye P, et al. Extended-spectrum b-lactamase- and AmpC b-
lactamase-producing D-tartrate-positive Salmonella enterica
serovar Paratyphi B from broilers and human patients in
Belgium, 2008e10. J Antimicrob Chemother 2014;69:1257e64.

28. Li L, Liao XP, Liu ZZ, Huang T, Li X, Sun J, et al. Co-spread of
oqxAB and blaCTX-M-9G in non-Typhi Salmonella enterica
isolates mediated by ST2-IncHI2 plasmids. Int J Antimicrob
Agents 2014;44:263e8.

29. Chen CM, Yu WL, Huang M, Liu JJ, Chen IC, Chen HF, et al.
Characterization of IS26-composite transposons and multidrug
resistance in conjugative plasmids from Enterobacter cloacae.
Microbiol Immunol 2015;59:516e25.

30. Johnson TJ, DebRoy C, Belton S, Williams ML, Lawrence M,
Nolan LK, et al. Pyrosequencing of the Vir plasmid of
necrotoxigenic Escherichia coli. Vet Microbiol 2010;144:
100e9.

31. Yang WC, Chan OW, Wu TL, Chen CL, Su LH, Chiu CH. Devel-
opment of ceftriaxone-resistance in Salmonella enterica
serotype Oranienburg during therapy for bacteremia. J
Microbiol Immunol Infect 2016;49:41e5.

http://refhub.elsevier.com/S1684-1182(18)30319-0/sref13
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref13
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref13
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref13
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref13
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref13
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref14
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref14
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref14
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref14
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref14
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref15
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref15
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref15
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref15
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref15
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref15
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref16
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref16
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref16
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref16
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref16
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref16
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref16
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref17
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref17
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref17
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref17
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref17
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref18
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref18
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref18
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref18
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref18
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref18
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref19
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref19
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref19
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref19
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref20
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref20
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref20
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref21
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref21
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref21
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref21
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref22
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref22
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref22
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref22
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref22
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref22
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref23
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref23
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref23
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref23
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref23
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref23
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref24
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref24
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref24
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref24
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref24
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref25
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref25
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref25
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref25
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref26
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref26
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref26
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref26
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref26
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref26
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref27
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref27
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref27
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref27
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref27
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref27
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref27
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref28
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref28
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref28
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref28
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref28
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref29
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref29
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref29
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref29
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref29
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref30
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref30
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref30
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref30
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref30
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref31
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref31
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref31
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref31
http://refhub.elsevier.com/S1684-1182(18)30319-0/sref31

	Molecular epidemiology of the emerging ceftriaxone resistant non-typhoidal Salmonella in southern Taiwan
	Introduction
	Material and methods
	Bacterial isolates
	Antimicrobial susceptibility testing
	Genomic DNA preparation
	Serovar typing of isolated ceftriaxone resistant NTS
	Detection of genes for AmpC and ESBL genes
	Pulsed field gel electrophoresis (PFGE) and phylogenetic analysis
	Multilocus sequence typing (MLST) of NTS
	Plasmid replicon and multilocus sequence typing (pMLST)
	Conjugation and transfer of cefotaxime resistance determinants
	Analysis of the flanking regions of blaCMY-2

	Results
	Discussion
	Acknowledgements
	References


