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Characterization and Source
Investigation of Multidrug-
Resistant Salmonella Anatum from
a Sustained Outbreak, Taiwan

Ye Feng, Yi-Jung Chang, Shih-Chuan Pan, Lin-Hui Su, Hsin-Chieh Li,
Hsin-Ping Yang, Min-Jia Yu, Cheng-Hsun Chiu

An ongoing outbreak of multidrug-resistant Salmonella
enterica serovar Anatum began in Taiwan in 2015. Pork
and poultry were identified as vehicles for transmission.
Contaminated meat contributed to the high rate of infec-
tions among children. Nearly identical Salmonella Ana-
tum strains have been identified in the United Kingdom,
the United States, and the Philippines.

ontyphoidal Salmonella (NTS) is a major cause

for foodborne diseases worldwide. In Taiwan,
the ambient climate and flourishing pig-raising in-
dustry makes NTS infections rampant. As in other
countries, salmonellosis was primarily caused by Sal-
monella enterica serovars Enteritidis and Typhimuri-
um in Taiwan (1), but rare serovars such as Salmo-
nella Goldcoast have appeared in recent years (2).
Recommended antimicrobial treatment options for
salmonellosis include fluoroquinolones and extend-
ed-spectrum cephalosporins (1). However, resistance
to these antibiotics has been emerging in many coun-
tries, leading to increased disease prevalence, disease
severity, and death and the requirement of last-line
antimicrobial drugs (e.g., carbapenems) (3-5).
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Since 2015, northern Taiwan has seen an increase
in Salmonella infections, caused by previously rare
Salmonella Anatum. The infections were also reported
in central Taiwan, indicating that this outbreak had
already prevailed throughout the entire island (6).
Co-resistance to ceftriaxone and ciprofloxacin are the
main feature of the outbreak clone. Evidence from
epidemiologic, laboratory, and supply-chain investi-
gations identified raw pork and poultry as the vehicle
for spread of this strain. More important, genomic
comparisons against the global public database indi-
cated that this clone has appeared in Europe, Asia,
and America. Given the increasing globalization of
foodstuffs, these findings prompt an urgent global
sharing of whole-genome sequencing (WGS) data to
facilitate disease surveillance and early recognition of
international foodborne outbreaks (7,8).

The Study

Chang Gung Memorial Hospital is a main referral
hospital for cities in northern Taiwan, including Tai-
pei, New Taipei, and Taoyuan. The population in this
region is /7 million. In 2012, the hospital’s clinical mi-
crobiology laboratory launched a program to moni-
tor the NTS serovars causing human infections. All
Salmonella isolates from patients were collected and
serotyped. Before 2015, very few Salmonella Anatum
isolates were recovered, and most were susceptible to
antimicrobial agents. Since then, an increase has been
observed, peaking in 2017 (Figure 1, panel A). As of
June 2019, a total of 319 nonrepetitive isolates have
been identified; of these, 197 (61.8%) isolates were
ceftriaxone-resistant (MIC >2 pg/mL), 301 (94.4%)
were ciprofloxacin-resistant (MIC >0.12 pg/mL),
and 197 (61.8%) were resistant to both. In addition,
292 (91.5%) isolates were resistant to chloramphen-
ic, and 295 (92.5%) were resistant to trimethoprim/
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sulfamethoxazole. A positive correlation was found
between higher temperatures and the infections
(r = 0.4; p<0.05) (Figure 1, panel B); however, no
notable effects on Salmonella. Anatum infections
have been associated with precipitation or humidity
(r<0.3; p>0.05).

Detailed methods are described in the Appendix
(https:/ /wwwnc.cdc.gov/EID/article/26/12/20-
0147-Appl.pdf). We first reviewed the clinical and
laboratory characteristics of 278 patients from 2015~
2018. Most patients had acute gastroenteritis, where-
as a few (14/278, 5%) had invasive diseases, such as
bacteremia and sepsis. In terms of age distribution,
the highest number of cases were in young children
(Figure 1, panel C). Pediatric patients (n = 169) had
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significantly higher rates than adult patients (n =
109) for hospitalization (79.2% vs. 55.0%; p<0.05),
diarrhea (89.9% vs. 68.8%; p<0.05), and fever (89.2%
vs. 58.1%; p<0.05).

Multilocus sequence typing indicated that the
entire collection of clinical Salmonella Anatum iso-
lates belonged to sequence type 64. We randomly
selected 54 clinical isolates for WGS (Appendix
Table 1). Both core genome multilocus sequence
typing and whole-genome single-nucleotide poly-
morphism analyses, performed by using the BacW-
GSTdb database (9), further divided these isolates
into 3 clades (Figure 2, panel A, B). Clades I and 1I
were more closely related to each other; their most
recent common ancestor occurred >21 years ago.
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Clade III was more distantly connected to these 2
clades. Typing based on PCR assay was performed
on the unsequenced isolates. Clade I accounted for
95.6% (305/319) of all isolates, suggesting it was
the cause of the outbreak. The isolates resistant to
ceftriaxone, ciprofloxacin, or both clustered within
clade I, whereas the isolates of clades Il and IIl were
more susceptible. Most of the clade I isolates har-
bored a 90-kb IncA/C plasmid carrying blaDHA-1
(encoding a class C p-lactamase) and gnrB (confer-
ring resistance to quinolones). A conjugation assay

A

Figure 2. Genomic analysis of the
outbreak caused by Salmonella
enterica serotype Anatum, Taiwan.
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demonstrated that this plasmid conferred ceftri-
axone and ciprofloxacin resistance. In addition, 31
(9.7%) clinical isolates carried bla,,, , which was
located within a >100-kb IncI1 plasmid and also
encoded a class C P-lactamase. These 31 isolates
carried bla,,,, , simultaneously. In 11 of them, the
bla,, . ,-carrying and bla_, ,-carrying plasmids
were fused into 1 large plasmid (Figure 2, panel C).

By comparing these findings against sequences
in GenBank, we found nearly identical genomic
sequences for isolates in the United Kingdom, the
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United States, and the Philippines. The collection
time for these isolates also occurred during 2015-
2019, which nearly coincided with the outbreak in
Taiwan. These international Salmonella Anatum iso-
lates also carried the 90-kb IncA/C plasmid (Figure
2, panel A, C); therefore, they were likely ceftriax-
one- and ciprofloxacin-resistant concomitantly. The
only distinction of these international isolates was
their lack of the bla,,, ,-carrying plasmid. Accord-
ingly, we speculated that the Salmonella Anatum
clone had arrived in Taiwan through food trade and
later acquired the bla,,, —carrying plasmid.

To trace the source of Salmonella Anatum, we in-
vestigated food samples from supermarkets and tra-
ditional markets of 8 districts with high density of
Salmonella patients in New Taipei City and Taoyuan
City, Taiwan (Appendix Figure 1). A total of 11 Sal-
monella Anatum isolates were collected from pork, 4
from poultry, and 1 from beef in these regions (Ap-
pendix Table 2, Figure 1). WGS showed that they all
belonged to clades I and II, providing strong evi-
dence that raw meats were the outbreak vehicle. All
16 isolates harbored the bla,,, —carrying IncA/C
plasmid. Other Salmonella serovars also were detect-
ed in this investigation. The overall Salmonella isola-
tion rate from retail meats was significantly higher
in traditional markets than in the supermarkets
(p<0.001) (Appendix Table 3). In Taiwan, pork in the
supermarkets is usually provided through the cold
transportation chain, whereas for traditional mar-
kets pork is usually provided through the traditional
chain, with notable differences. Temperatures were
much lower in the cutting factory and butcher shop
in the cold chain than in the traditional chain (Ap-
pendix Figure 2). Furthermore, pork was wrapped by
plastic tissue and bags in the cold chain, but the tra-
ditional chain did not do any wrapping or packaging
during transportation.

To clarify the contradictory findings that most
infections occurred in young children even though
pork is not a major food for infants, we conducted
a questionnaire survey among parents of 20 infants
(<1 year of age) with NTS infections and 80 parents
of infants without (controls) (Appendix). Parents of
the infected infants more often touched, rinsed, and
cooked meat before feeding other foods to their in-
fants (Appendix Table 4). Moreover, these parents
were more willing to purchase meat from traditional
markets rather than supermarkets. A possibility is
that they bought meat from the traditional mar-
kets, then their frequent rinsing flushed the Salmo-
nella on the surface of the meats, cutting boards and
knives, and sinks, and finally onto fresh vegetables,
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fruit, and other ready-to-eat foods that were cross-
contaminated and reached the infants through par-
ents or other caregivers. This transmission mode is
of particular importance in infants and has already
been reported for other bacterial pathogens such as
Yersinia enterocolitica (10).

Conclusions

Our study sought to describe an outbreak in Taiwan
caused by a multidrug-resistant Salmonella Anatum
clone. The questionnaire and supply-chain investi-
gations we conducted found that the infection cases
were closely associated with improper packaging
during transportation and unhygienic food handling
in the customers” kitchen. The high similarity of ge-
nomic sequence between the Taiwan isolates and in-
ternational isolates indicates the global dissemination
of this clone and highlights the public health value
of multicountry sharing of epidemiologic, trace-back,
microbiologic, genomic, and food trade data.
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Salmonella [sal"mo-nel’sa]

Daniel F. M. Monte, Fabio P. Sellera

Named inhonor of Daniel Elmer Salmon, an American veterinary pathologist, Salmonella
isa genus of motile, gram-negative bacillus, nonspore-forming, aerobic to facultatively
anaerobic bacteria of the family Enterobacteriaceae. In 1880, Karl Joseph Eberth was the first to

observe Salmonella from specimens of patients with typhoid fever (from the Greek typhodes ¥ (

[like smoke; delirious]), which was formerly called Eberthella typhosa in his tribute. In 1884,
Georg Gaffky successfully isolated this bacillus (later described as Salmonella Typhi) from
patients with typhoid fever, confirming Eberth’s findings. Shortly afterward, Salmon and

his assistant Theobald Smith, an American bacteriologist, isolated Salmonella Choleraesuis §

fromswine, incorrectly assuming that this germ was the causative agent of hog cholera. Later,
Joseph Lignieres, a French bacteriologist, proposed the genus name Salmonella in recogni-
tion of Salmon’s efforts.

With a complicated taxonomy, the genus Salmonella is currently classified into 2
species (S. enterica and S. bongori), encompassing 2,659 serotypes based on somatic O and
H flagellar antigens as specified in the Kauffmann-White-Le Minor scheme. S. enterica
is divided into 6 subspecies: enterica, salamae, arizonae, diarizonae, houtenae, and indica.
Arguably, this zoonotic pathogen remains one of the most pressing global concerns.
It causes a spectrum of diseases in several hosts, and there is much to be learned and
deciphered about its continuous evolution.

Drug-resistant, nontyphoidal, Salmonella

sp. bacteria showing numerous flagella.
Taken from Antibiotic Resistance Threats

in the United States, 2019 (AR Threats |
Report); Centers for Disease Control and
Prevention. lllustration: James Archer/

CDC, 2019.
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