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A CTX-M-65—-producing Salmonella enterica serovar In-
fantis clone, probably originating in Latin America and
initially reported in the United States, has emerged in Tai-
wan. Chicken meat is the most likely primary carrier. Four
of the 9 drug resistance genes have integrated into the
chromosome: bla.., .= tet(A), sul1, and aadA1.

almonella enterica serovar Infantis is one of the

most common Salmonella serotypes (1); it is fre-
quently isolated from humans and animals, particu-
larly from poultry (2). An increasing incidence of
Salmonella Infantis infections has been reported in the
United States (3), accompanied by emergence and
spread of an extended-spectrum [-lactamase CTX-
M-65-producing Salmonella Infantis clone in humans,
food animals, and retail chicken (4,5). The clone prob-
ably originated in South America because it was ini-
tially discovered in persons who had traveled back
from Peru, Bolivia, Ecuador, and Chile since 2012 (5).
Domestically acquired infections were not identified
in the United States until 2014 (5).

This clone is characterized by having a D87Y mu-
tation in the gyrA gene and carrying multiple resis-
tance genes, including aph(4)-1a, aac(3)-1Va, aph(3')-Ic,
blac y \pes f0SA3, floR, dfrA14, sull, tet(A), and aadAl,
located in 2 distinct regions of a pESI-like megaplas-
mid (4). The CTX-M-65-producing clone has been re-
ported mostly in South America, North America, and
some countries in Europe (4-12).

In Taiwan, Salmonella Infantis is not a common
cause of human salmonellosis, accounting for only
0.61% (246/40,599) of all Salmonella isolates collected
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during 2004-2022. Salmonella Infantis isolates collect-
ed during 2004-2019 showed a low level of antimicro-
bial drug resistance (Appendix Table 1, https:/ /ww-
wnc.cdc.gov/EID/article/29/8/23-0472-Appl.pdf).
However, in 2021, we identified that 7 of 14 Salmonella
Infantis isolates from patients who had salmonellosis
were multidrug-resistant (MDR), and in 2022, MDR
strains accounted for 55% (21/38) of the Salmonella
Infantis isolates recovered that year.

The 28 patients who contracted MDR Salmonella
Infantis were from diverse age groups and geograph-
ic locations, and none of them had a history of inter-
national travel. During 2021 and 2022, the COVID-19
pandemic restricted travel abroad. We report a CTX-
M-65-producing Salmonella Infantis clone in Taiwan.

The Study

We performed clustering analysis on pulsed-field gel
electrophoresis (PFGE) patterns of Salmonella Infantis
isolates, which showed that the MDR isolates recov-
ered in 2021 and 2022 clustered closely together in a
distinct group (Appendix Figure). Antimicrobial drug
susceptibility testing showed that the MDR isolates had
resistance to ampicillin, cefotaxime, ceftazidime, nali-
dixic acid, ciprofloxacin (intermediate susceptibility),
gentamicin, chloramphenicol, sulfamethoxazole, trime-
thoprim, and tetracycline (Appendix Figure). The resis-
tance profile closely resembled that of the widespread
CTX-M-65-producing Salmonella Infantis clone (5).

We isolated Salmonella bacteria from retail raw
chicken meat sold in 12 supermarket stores in Taic-
hung City in 2022 to investigate the source of MDR
Salmonella Infantis. All chicken meat samples were
sourced from domestic farms. Salmonella bacteria
were isolated from 191 (65.6%) of 291 chicken meat
samples. A total of 379 Salmonella isolates were re-
covered from the 191 samples (1-2 isolates from each
Salmonella-positive sample).
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Of the 379 isolates, 68.1% (258) were identified to  Goldcoast (2.6%), Salmonella Agona (2.4%), Salmonella
be Salmonella Infantis, followed by Salmonella Ken- Enteritidis (2.1%), and 6 other serovars (5.0%). Of the
tucky (17.2%), Salmonella Brancaster (2.6%), Salmonella 191 samples, 11% were found to be contaminated with

No. allele differences
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NG06.087 2006 Taiwan Human SRR13853512 multilocus sequence
R16.5055 2016 Taiwan Human  SRR13853522 X
NC07.024 2007 Taiwan Human  ERR4400838 typing tree and relevant
CE08.063 2008 Taiwan Human  ERR4338231 information for investigation
$D14.037 2014 Taiwan Human  SRR23864774
R15.2426 2015 Taiwan Human  SRR23864785 of chromosome-borne
R18.1553 2018 Taiwan Human  SRR13853504
R21.0919 2021 Taiwan Human  SRR23864757 CTX-M-65 extended-spectrum
R17.1683 2017 Taiwan Human  SRR23864775 B-Iactamase—producing
NCO05.438 2005 Taiwan Human SRR13853524 .
R16.4088 2016 Taiwan Human  SRR23864759 Salmonella enterica serovar
R18.1512 2018 Taiwan Human  SRR13853505 i i
R17.0992 2017 Taiwan Human  SRR13853521 Ir?fan,tls‘ Ta“,Nan' The CI,USter
R17.3860 2017 Taiwan Human  SRR23864777 highlighted in red consists of
R17.2860 2017 Taiwan Human  SRR23864776 i :
R18.0993 2018 Taiwan Human  SRR23864783 bIaCTX-M-65 Carrymg strains.
NA07.065 2007 Taiwan Human  ERR2719657 GenBank accession numbers
R18.0852 2018 Taiwan Human  SRR13853507 . . .
R18.0926 2018 Taiwan Human  SRR23864778 are shown. ID, identification.
NLO4.149 2004 Taiwan Human ERR4399149
NHO4.059 2004 Taiwan Human  ERR2759750
NCO5.302 2005 Taiwan Human  ERR2719627
CE06.086 2006 Taiwan Human  ERR2719633
EB13.001 2013 Taiwan Human  SRR8196858
R17.5425 2017 Taiwan Human  SRR8189531
R17.1199 2017 Taiwan Human  SRR23864765
R21.1547 2021 Taiwan Human  SRR23864760
€C07.003 2007 Taiwan Human ERR2719639
MOD1_Per24 2011 Peru Human  GCA_006211825.1
MOD1_Per141 2012 Peru Human  GCA_004187315.1
13-3055 2013 Canada Human GCA_024984095.1
154113 2015 Canada Human  GCA_024984075.1
hPHE_169 2013 Peru Human  GCA_018842575.1
Se_Q_151 2018 Ecuador Poultry ~ GCA_019814545.1
93556 2015 Peru Human GCA_008071765.1
hPHE_95 2013 Ecuador Human  GCA_018841615.1
561097 2018 India Human  GCA_007652195.1
19-02053 2019 Germany ~ Human  GCA_020159045.1
VNSEC002 2017 Vietnam Poultry GCA_013377335.1
VNSEC001 2017 Vietnam Poultry ~ GCA_013377355.1
—— 147715 2014 Canada Human  GCA_024984195.1
T UZH-SAL-144-13 2013 Switzerland  Poultry GCA_002200365.1
‘: 2013AM-1918 2013 USA Human  GCA_006907145.1
287724 2016 Bolivia Human  GCA_009142785.1
———  UZH-SAL-12515 2015 Switzerland Human ~ GCA_002200405.1
AUSMDUO00009672 2017 Australia Human GCA_017799155.1
16-2005 2016 Canada Human  GCA_024983495.1
14026835 2014 Italy Human  GCA_010797855.1
532490 2018 Brazil Poultry  GCA_007507545.1
531219 2018 Chile Poultry ~ GCA_007271025.1
506074 2018 Chile Poultry ~ GCA_006984665.1
N165097 2016 USA Poultry ~ GCA_009584525.2
591831 2018 Dominican Human  GCA_007293015.1
18-05623 2018 Germany Human GCA_020159425.1
18-01981 2018 Germany  Human  GCA_020142245.1
— R22.1093 2022 Taiwan Poultry  SRR23864762
R22.3078 2022 Taiwan Poultry SRR23864772
R22.3740 2022 Taiwan Pig SRR23864773
R22.1516 2022 Taiwan Poultry ~ SRR23864766
R22.1900 2022 Taiwan Poultry  SRR23864767
R22.2281 2022 Taiwan Poultry  SRR23864769
R21.0914 2021 Taiwan Human  SRR23864758
R21.1147 2021 Taiwan Human  SRR18297517
] R22.2169 2022 Taiwan Poultry  SRR23864768
R22.0038 2022 Taiwan Poultry SRR23864780
R22.0040 2022 Taiwan Poultry ~ SRR23864781
R22.0223 2022 Taiwan Poultry  SRR23864761
R22.2646 2022 Taiwan Poultry  SRR23864771
R21.1575 2021 Taiwan Human  SRR23864779
R22.0042 2022 Taiwan Poultry ~ SRR23864782
R22.1428 2022 Taiwan Poultry ~ SRR23864764
R22.1155 2022 Taiwan Poultry  SRR23864763
R22.0044 2022 Taiwan Poultry SRR23864784
N55391 2014 USA Poultry ~ GCA_001931595.1
FSIS1502973 2015 USA Cow GCA_008649995.1
FSIS1502169 2015 USA Poultry ~ GCA_001931555.1
617907 2018 Spain Human  GCA_007328735.1
TTU_312 2017 Colombia  Poultry ~ GCA_003917175.1
19-03947 2019 Germany  Human  GCA_020158705.1
Se_Q_005 2018 Ecuador human GCA_020867825.1
385895 2017 Peru Human  GCA_009568345.1
18-00383 2018 Germany  Human  GCA_020159945.1
UZH-SAL-21-13 2013 Switzerland Human  GCA_002200555.1
\_‘: 43931 2014 Peru Human GCA_008739615.1
24990 2014 UK Human  GCA_008098565.1
5G04.129 2004 Taiwan Human  ERR2759834
,—E NJ09.293 2009 Taiwan Human SRR13853503
NC04.268 2004 Taiwan Human ERR2759825
‘_C R18.1364 2018 Taiwan Human SRR13853506
R22.2574 2022 Taiwan Human  SRR23864770
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a mixture of Salmonella serovars. The 258 Salmonella
Infantis isolates had 28 PFGE patterns, among which
the 6 most common patterns were also observed in
the MDR isolates from humans (Appendix Table 2).
We performed a clustering analysis of PFGE profiles,
which showed that the 258 Salmonella Infantis isolates
from chicken meat, 28 MDR isolates from humans, and
1 isolate from a diseased pig recovered in 2022, were
grouped in a common cluster (data not shown).

We conducted whole-genome sequencing of
51 Salmonella Infantis isolates from humans, chick-
ens, and a pig by using the Illumina sequencing
platform (https://www.illumina.com) to investi-
gate drug resistance genetic determinants, plasmid
incompatibility types, and their genetic relation-
ships. Our analysis showed that all 51 Salmonella
Infantis isolates belonged to sequence type 32, and
18 MDR Salmonella Infantis isolates recovered from
humans, chickens, and a pig in 2021 and 2022 had a
D87Y mutation in gyrA, along with an IncFIB plas-
mid and 4 common resistance genes: aadAl, bla_,
vy Sull, and tet(A) (Appendix Table 3). In addi-
tion, 15 of the 18 bla_,, ,, ~carrying isolates had 5
other drug resistance genes: aac(3)-IVa, aph(3')-1a,

aph(3)-1a 1526
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aph(4)-Ia, dfrA14, and floR. Two of the isolates had
4 of the 5 drug resistance genes, and 1 did not have
any of the 5 genes.

We conducted clustering analysis of core genome
multilocus sequence typing profiles, which showed
that the bla_., , .—carrying isolates from Taiwan,
when compared with non-bla_,, ,, .—carrying strains,
showed a closer genetic relationship with bla_, ,, ..~
carrying strains reported in North and South Amer-
ica, Europe, Australia, India, and Vietnam (Figure 1).

To investigate the location of drug resistance
genes, we performed additional sequencing of 6 bla
xaes—Carrying isolates and 1 pan-susceptible isolate
by using the Oxford nanopore sequencing platform
(https:/ /nanoporetech.com). This approach provid-
ed long sequence reads, enabling us to assemble com-
plete genome sequences. Our analysis showed that
all 6 bla_. ,, —carrying isolates from humans, chick-
ens, and a pig had 5 drug resistance genes, aac(3)-1Va,
aph(3')-la, aph(4)-lIa, dfrA14, and floR, within an ~195-
kb IncFIB plasmid. In contrast, aadA1, bla., , ., sull,
and fet(A) were found in an #126-kb DNA segment
inserted within an ABC-F family ATPase gene in the
chromosomes (Appendix Tables 4, 5).

Figure 2. Genetic map of
plasmid pN16S097 from
investigation of chromosome-
borne CTX-M-65 extended-
spectrum B-lactamase—
producing Salmonella enterica
serovar Infantis, Taiwan. The
locations of antimicrobial drug
resistance genes and insertion
sequence 1S26 are indicated.
A 125-kb segment, depicted by
a blue solid arc, is translocated
into the chromosomes of

bla ., . es—carrying Salmonella
Infantis strains emerging in
Taiwan.

1S26

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 8, August 2023



Our investigation suggested that the 195-kb
IncFIB plasmids and the 126-kb genomic islands
found in the chromosome probably originated from
a plasmid similar to pN165097. This megaplasmid,
which has a length of 318,524 bp, was initially de-
tected in a Salmonella Infantis strain and has 9 of
the mentioned drug resistance genes in 2 distinct
regions (8).

We hypothesize that the 126-kb segment car-
rying aadAl, bla.,, , . sull, and tet(A) might have
translocated from a pN165097-like plasmid into a
chromosome through 1S26-mediated transposition,
resulting in formation of an 8-bp (CCGGAAAG)
tandem repeat at the insertion site. This process
led to the loss of the megaplasmid, leaving a plas-
mid of =195 kb (Figure 2). Upon analyzing 5,253
genomes of bla.. , -carrying Salmonella Infantis
strains available in GenBank, we did not observe a
large DNA segment or a bla., ,, -carrying seg-
ment inserted within an ABC-F family ATPase gene
in the chromosomes.

Conclusions
The bla ., ,, s—carrying Salmonella Infantis clone, pre-
viously identified in South and North America and
some countries in Europe, has been detected in Tai-
wan. Chickens are suspected to be the primary source
of bla,, \, —carrying strains. Many PFGE genotypes
have been found among the isolates from retail chick-
en meat, indicating that the bla_. ,, —carrying Sal-
monella Infantis strains have probably evolved and
proliferated on chicken farms, rather than being con-
taminants from chicken processing plants. Integra-
tion of bla_., ,, . into the chromosome suggests that
this drug resistance gene might be more resiliently

maintained within the strains.
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