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a b s t r a c t 

Objectives: Salmonella , a zoonotic pathogen, significantly impacts global human health. Understanding its serotype 

distribution and antimicrobial resistance is crucial for effective control measures and medical interventions. 

Methods: We collected Salmonella isolates and demographic data from Taiwanese hospitals between 2004 and 

2022, analyzing their serotypes and antimicrobial susceptibility. 

Results: Among 40,595 isolates, salmonellosis predominated in children aged 0-4 (61.2%) years and among males 

(55.2%). Males also showed higher rates of extraintestinal infections (18.1% vs 16.0%, P < 0.001), particularly, 

in the ≥ 65 years age group (52.4%). The top five serovars were S. Enteritidis (32.8%), S. Typhimurium (21.7%), 

S. Newport (6.2%), S. Stanley (4.7%), and S. Anatum (4.0%). Notably, S . Enteritidis prevalence increased from 

23.9% (2004-2005) to 43.6% (2021-2022). Antimicrobial resistance was high, with a 51.6% multidrug resistance 

(MDR) rate. Disturbingly, MDR rates exceeded 90% in serovars Albany, Schwarzengrund, Choleraesuis, and Gold- 

coast. Resistance to key therapeutic agents, azithromycin, cefotaxime, and ciprofloxacin, exhibited concerning 

upward trends, and the surge in cefotaxime and ciprofloxacin resistance was closely linked to the emergence and 

spread of MDR S. Anatum and S. Goldcoast clones. 

Conclusions: Prioritizing control measures against S . Enteritidis and closely monitoring the prevalence and spread 

of MDR clones are imperative to mitigate Salmonella infections in Taiwan. 

I

 

t  

b  

i  

r  

e  

w  

e  

i  

f  

c

 

i  

0  

2  

t  

N  

s  

i

 

t  

b  

S  

t  

s  

r

 

i  

i  

h  

i  

(  

h

R

2

B

ntroduction 

Salmonella , a zoonotic pathogen, is a major cause of human gas-

roenteritis. This genus comprises two species, Salmonella enterica and S.

ongori , with over 2600 serotypes [ 1 ]. Salmonella serovars exhibit var-

ous host specificities, with narrow or broad host ranges. The human-

estricted serovars, S. Typhi and S. Paratyphi A, B, and C, caused an

stimated 14.3 million cases of typhoid and paratyphoid fever world-

ide in 2017 [ 2 ]. On the other hand, nontyphoidal Salmonella (NTS) is

stimated to cause 93.8 million illnesses annually, with 80.3 million be-

ng foodborne, resulting in 155,000 deaths [ 3 ]. NTS is a leading cause of

oodborne illnesses in the United States and the second most prevalent

ause of zoonotic diseases in Europe [ 4 , 5 ]. 

In Taiwan, typhoid and paratyphoid fever are infrequent, with low

ncidence rates at 0.147 (0.013-0.346) per 100,000 for typhoid fever and

.036 (0.000-0.084) per 100,000 for paratyphoid fever from 1993 to

022 (data sourced from the Taiwan National Infectious Disease Statis-
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ics System, Taiwan CDC: https://nidss.cdc.gov.tw/en/Home/Index ).

TS disease is not notifiable; however, previous studies highlight its

ignificance in foodborne diseases and community-acquired bacteremia

n infants [ 6 ]. 

Salmonella serotyping is crucial for monitoring epidemiological

rends, tracing contamination sources, and understanding antimicro-

ial resistance (AMR) and virulence. Despite some published data on

almonella serotypes in Taiwan [ 7 , 8 ], there is a notable absence of long-

erm monitoring data. Thus, there is an urgent need for comprehensive

erotyping data to understand the dynamics of serotype distribution and

elationships among Salmonella serovars and AMR. 

AMR in Salmonella poses a global public health threat and signif-

cantly contributes to mortality [ 9 ]. The levels of AMR in Salmonella

solates vary across strains, clones, serovars, geographic locations, and

ost sources [ 7 , 8 , 10–12 ]. In Taiwan, there has been a notable increase

n multidrug resistance, especially to extended-spectrum cephalosporins

ESCs) and fluoroquinolones since 2002 [ 8 ]. The emergence and spread

f multidrug resistance (MDR) clonal strains with resistance to ESCs

ave been observed in Taiwan [ 13–15 ]. Studies have additionally

emonstrated a significantly higher prevalence of azithromycin resis-
ance in NTS isolates from Taiwan than those from the United States 
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Figure 1. Distribution of salmonellosis cases (N = 35,657) across age groups 

and the proportions of EI in all, female, and male cases. EI, extraintestinal in- 

fections. 
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nd European countries [ 16 ]. Although rare, carbapenem resistance has

een identified in this pathogen in Taiwan [ 17 , 18 ]. 

This article presents comprehensive long-term surveillance findings

n the demographics, epidemiological trends, and AMR patterns of

almonella serovars from human salmonellosis cases from 2004 to 2022.

aterials and methods 

solates collection, identification, and serotyping 

Bacterial isolates were obtained from hospitals across the country

s part of the PulseNet Taiwan disease surveillance project, which was

nitiated in 2004. Salmonella isolates were obtained from specimens pro-

ided by outpatients and inpatients seeking medical care at these hos-

itals. Identification and serogrouping of the isolates were conducted

ithin the hospital facilities. The collection of isolates was temporar-

ly halted in 2020 but resumed in 2021. The identification of bacterial

solates as Salmonella was confirmed using the MALDI Biotyper (Bruker

orp). For isolates collected in the initial 3 years (2004-2006), serotypes

ere determined using the conventional phase reversal and slide ag-

lutination method, with antisera acquired from S&A Reagents Lab

Bangkok, Thailand). As for the isolates collected from 2007 to 2022,

erotypes were ascertained through the Pulse Field Gel Electrophoresis

attern comparison approach [ 19 ]. In total, 40,595 isolates were ob-

ained between 2004 and 2019 and in 2021-2022 and their serotypes

ere determined. 

ntimicrobial susceptibility testing 

Antimicrobial susceptibility testing was conducted on isolates ob-

ained from three periods: 2004-2010, 2013-2019, and 2021-2022.

otably, no antimicrobial susceptibility testing was performed for

solates from 2011 and 2012, and there were no isolates collected

n 2020. The microbroth dilution method was used for testing, us-

ng custom-made 96-well Sensititre minimum inhibitory concentra-

ion (MIC) panels (TREK Diagnostic Systems LTD., West Sussex, UK).

nitially, the MIC panel included 12 antimicrobials, namely, ampi-

illin, cefotaxime, ceftriaxone, nalidixic acid, ciprofloxacin, gentam-

cin, chloramphenicol, streptomycin, sulfamethoxazole, cotrimoxazole

trimethoprim-sulfamethoxazole), trimethoprim, and tetracycline. How-

ver, this MIC panel underwent several modifications over time. Cef-

azidime and imipenem were added in 2005 and, in 2010, cefox-

tin, colistin, and ertapenem were introduced, whereas ceftriaxone and

rimethoprim were removed. Subsequently, in 2016, imipenem was ex-

luded, and azithromycin was incorporated in 2017, followed by the

emoval of cefoxitin and ertapenem in 2019. The testing procedures ad-

ered strictly to the manufacturer’s instructions, and the interpretation

f MIC results followed the guidelines outlined by the Clinical and Lab-

ratory Standards Institute 33rd edition (2023). Although the Clinical

nd Laboratory Standards Institute interpretive criteria were applied for

ost antimicrobials, an MIC value of ≥ 32 𝜇g/ml was used to indicate

treptomycin resistance. 

tatistical analysis 

The disparity between two sets of categorical data was analyzed us-

ng the chi-square test with a 2 × 2 contingency table. Significant dif-

erences were indicated by ∗ ( P < 0.05 or P < 0.01) or ∗ ∗ ( P < 0.001). 

esults 

emographics 

Of the total cases (n = 40,595), 90.3% (n = 36,668) included gender

ata, with 44.8% females and 55.2% males. Among cases with avail-

ble age data (n = 35,657), the 0-4 years age group constituted the
2

ighest proportion of cases (61.2%), and the 15-24 years age group had

he lowest proportion (2.7%) ( Figure 1 ). Extraintestinal infections ac-

ounted for 16.8% (5068 of 30,107) of cases, including 12.5% from

lood, 1.7% from urine, and 2.6% from other sterile sites. The 5-14 years

ge group had the lowest extraintestinal infection rate, which increased

ith age. Notably, over half (52.4%) of the isolates in the ≥ 65 years age

roup were from extraintestinal infections. Males showed a significantly

igher rate of extraintestinal infection than females (18.1% vs 16.0%,

 < 0.001). However, in the younger age groups (0-4, 5-14, and 15-24

ears), females had higher extraintestinal infection rates. 

istribution of Salmonella serovars 

Among 40,595 isolates, 126 serotypes were identified. The top 10

erovars constituted 82.3% and the top 35 serovars accounted for 97.4%

f isolates. S. Enteritidis and S. Typhimurium were the two most preva-

ent serovars, accounting for 32.8% and 21.7% of isolates, respec-

ively (Supplementary Table S1). Comparing 2004-2013 with 2014-

022, among the top 20 serovars, notable increases in isolation rates oc-

urred in S. Enteritidis, S. Anatum, S. Agona, and S. Livingstone, whereas

eclines were observed for 14 serovars, particularly, S. Stanley, S. Al-

any, S. Schwarzengrund, and S. Choleraesuis. S. Anatum suddenly in-

reased in isolation rate in 2014-2015 and peaked in 2016-2019 but

eclined in 2021-2022. Among the top 21-35 serovars, 11 showed in-

reased isolation rates. S. Goldcoast and S. Brancaster were rarely or

ot isolated in 2004-2015. Notably, S. Infantis, S. Cerro, S. Rissen, S.

avana, and S. Kentucky each had the highest isolation rate in 2021-

022. 

almonella serovar distribution by age, gender, and extraintestinal 

nfections 

Across three age groups, 68.6% of isolates were identified in the 0-

4 years age group, 19.5% in the 15-64 years age group, and 12.0%

n the age group over 65 (Supplementary Table S2). Among the top 35

erovars, S. Choleraesuis, S. Give, S. Brancaster, S. Typhi, and S. Ken-

ucky had a distribution below 40% in the 0-14 years age group. Regard-

ng gender, five serovars ( S. Newport, S. Stanley, S. Anatum, S. Bran-

aster, and S. Typhi) significantly exceeded 44.8% in females, whereas S.

holeraesuis had a lower proportion (32.7%) in females. Extraintestinal

nfection rates were significantly higher in eight serovars than serovar

yphimurium. Noteworthy, S. Choleraesuis and S. Typhi emerged as

he most invasive, with approximately 86% of isolates from extraintesti-

al sites. Seven serovars had significantly lower extraintestinal infection

ates than S. Typhimurium. In addition, notable extraintestinal infection

ates were observed in five less prevalent serovars, including S. Javiana

36.0%), S. IIIa 18:z4,z23:- (88.9%), S. Dublin (79.2%), S. Oranienburg

58.8%), and S. Paratyphi A (89.5%). 
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Table 1 

Antimicrobial resistance rates for Salmonella isolates recovered from 2004-2010, 2013-2019, and 2021-2022. 

Antimicrobial All 2004-2010 2013-2019 a 2021-2022 b 

N R, % N R, % N R, % N R, % 

Azithromycin 4641 4.5 0 0 3015 3.8 1626 5.9 ∗∗ 

Ampicillin 25,899 42.3 16,525 38.2 7748 52.3 ∗∗ 1626 36.8 ∗∗ 

Cefoxitin 9400 10.8 2193 4.4 7207 12.7 ∗∗ 0 0 

Cefotaxime 25,899 6.6 16,525 3.1 7748 12.9 ∗∗ 1626 12.1 

Ceftazidime 23,399 7.3 14,025 2.9 7748 14.0 ∗∗ 1626 13.7 

Ertapenem 9384 < 0.1 2177 0 7207 < 0.1 0 0 

Meropenem 1626 0 0 0 0 0 1626 0 

Nalidixic acid 25,899 20.9 16,525 24.4 7748 15.5 ∗∗ 1626 10.3 ∗∗ 

Ciprofloxacin 25,889 4.0 16,525 3.3 7739 4.8 ∗∗ 1625 8.4 ∗∗ 

CiprofloxacinNS 25,889 26.3 16,525 26.7 7739 25.6 1625 24.6 

Gentamicin 25,899 6.7 16,525 5.5 7748 9.4 ∗∗ 1626 6.0 ∗∗ 

Chloramphenicol 25,899 35.5 16,525 37.8 7748 32.2 ∗∗ 1626 27.6 ∗∗ 

Streptomycin 23,731 36.2 16,518 35.7 7213 37.2 ∗ 0 0 

Trimethoprim 15,975 26.3 14,349 26.1 0 0 1626 28.1 

Sulfamethoxazole 25,897 52.8 16,525 53.9 7747 52.3 ∗ 1625 43.1 ∗∗ 

Cotrimoxazole 23,727 28.7 16,520 26.0 7207 34.7∗ ∗ 0 0 

Tetracycline 25,898 55.3 16,525 57.5 7747 54.7 ∗∗ 1626 35.9 ∗∗ 

Colistin 9373 26.6 0 0 7748 24.7 1625 35.4 ∗∗ 

Tigecycline 1626 9.6 0 0 0 0 1626 9.6 

a Statistical comparison of resistance rates for isolates between 2004-2010 and 2013-2019 
b Statistical comparison of resistance rates for isolates between 2013-2019 and 2021-2022; 
∗ , chi-square P < 0.05; 
∗∗ , P < 0.001. N, number of isolates tested; R, resistance rate; NS, nonsusceptible. 
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rends of AMR in Salmonella isolates 

Among all isolates, over 50% displayed resistance to sulfamethoxa-

ole and tetracycline, whereas 20-42.3% exhibited resistance to seven

ntimicrobials (ampicillin, nalidixic acid, chloramphenicol, strepto-

ycin, trimethoprim, cotrimoxazole, and colistin). In addition, 4.5%

ere resistant to azithromycin, 6.6-10.8% to ESCs (cefotaxime and/or

eftazidime) and cefoxitin, 4.0% to ciprofloxacin, and 9.6% to tigecy-

line ( Table 1 ). Although ciprofloxacin resistance was observed in only

.0% of isolates, 26.3% exhibited nonsusceptibility to ciprofloxacin.

ne isolate ( S. Infantis) in 2013 demonstrated resistance to carbapen-

ms. Comparing 2004-2010 with 2013-2019, higher resistance rates

ere observed for eight antimicrobials and lower rates for four. In con-

rast, 2021-2022 isolates showed higher resistance for azithromycin,

iprofloxacin, and colistin and lower rates for six antimicrobials (ampi-

illin, nalidixic acid, gentamicin, chloramphenicol, sulfamethoxazole,

nd tetracycline). Notably, azithromycin resistance increased from 3.8%

o 5.9%, and ciprofloxacin resistance surged from 4.8% to 8.4%,

hereas ESC resistance slightly decreased. 

Trends of susceptibility to eight antimicrobials for all isolates are

hown in Supplementary Figure S1. Resistance to ampicillin, sul-

amethoxazole, and tetracycline resistance peaked in 2013 and then de-

lined. Chloramphenicol and nalidixic acid resistance decreased since

004, with a higher level of chloramphenicol resistance observed

round 2017. Cefotaxime resistance peaked in 2017-2019 but has sub-

tantially declined since 2021. Ciprofloxacin resistance increased in

018, peaked in 2021, and significantly declined in 2022. Gentamicin

esistance was higher between 2013 and 2018 but has gradually de-

lined since 2019. 

DR in Salmonella serovars 

Among the top 22 serovars, S. Typhimurium, S. Stanley, S. Ana-

um, S. Albany, S. Schwarzengrund, S. Choleraesuis, and S. Goldcoast

ere highly resistant, with a strikingly high MDR rate ranging from

0.4% to 98.6% ( Table 2 ). Five serovars ( S. Agona, S. Albany, S. Wel-

evreden, S. Mbandaka, and S. Goldcoast) showed notably higher resis-

ance to azithromycin, and another five ( S. Typhimurium, S. Anatum, S.

holeraesuis, S. Infantis, and S. Goldcoast) had a significantly elevated
3

efotaxime resistance. Four serovars ( S. Typhimurium, S. Schwarzen-

rund, S. Choleraesuis, and S. Goldcoast) exhibited significantly higher

iprofloxacin resistance. S. Enteritidis displayed an exceptionally high

olistin resistance rate of 72.4%; however, excluding it reduced the col-

stin resistance rate for all other 125 serovars to 2.6%. 

erovars and their contribution to cefotaxime and ciprofloxacin resistance 

From 2004 to 2022, S. Typhimurium, S. Anatum, S. Enteritidis, S.

oldcoast, and S. Agona were key contributors to the cefotaxime resis-

ance ( Figure 2 a). A significant increase in cefotaxime resistance from

016 was strongly correlated with S. Anatum, S. Typhimurium, and S.

oldcoast. Despite having a relatively low cefotaxime resistance rate

2.2%), S. Enteritidis ranked as the third contributor owing to its sig-

ificant number of isolates. S. Agona made a notable contribution to

efotaxime resistance in 2019-2021, with a specific rate of 20.3% for

he period. For ciprofloxacin resistance ( Figure 2 b), S. Typhimurium,

. Choleraesuis, S. Goldcoast, S. Schwarzengrund, and S. Albany were

ajor contributors. S. Choleraesuis and S. Goldcoast had remarkably

igh ciprofloxacin resistance rates at 82.9% and 84.4%, respectively

 Table 2 ). Although S. Choleraesuis was the primary contributor in

004-2005, its contribution declined over time. Notably, S. Goldcoast

ecame the predominant contributor in 2018-2019. 

iscussion 

In this study, we present a comprehensive analysis of the extended

9-year epidemiological landscape of Salmonella serovars and AMR in

solates from human cases in Taiwan. The availability of serotyping data

llowed us to examine the distribution of Salmonella serovars across age

roups and genders, assess their invasiveness, and analyze AMR trends

mong different serovars. Our findings reveal substantial shifts in the

revalence of Salmonella serovars and AMR patterns from 2004 to 2022.

otably, the dynamic changes in AMR levels were closely linked to spe-

ific serovars or MDR clones, highlighting the intricate interplay be-

ween Salmonella serovars and AMR evolution over the years. 

The data in Figure 1 illustrates a distribution of salmonellosis cases

cross age groups, which is consistent with patterns observed world-

ide [ 20 , 21 ]. Our findings highlight an exceptionally high rate of ex-
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Table 2 

Antimicrobial resistance in Salmonella serovars, 2004 ‒2022 

Serovar AZI AMP FOX CTX ETP NAL CIP CIPNS GEN CHL STR TMP SUL SXT TET TIG COL MDR 

Enteritidis 22.8 2.8 2.2 0 9.5 0.3 10.8 0.8 4.7 23.8 6.3 34.0 16.5 33.8 4.6 72.4 ∗∗ 33.8 

Typhimurium 5.2 75.2 ∗∗ 16.0 ∗∗ 9.1 ∗∗ 0 25.4 ∗∗ 7.2 ∗∗ 34.8 ∗∗ 14.6 ∗∗ 60.1 ∗∗ 73.7 ∗∗ 17.3 83.1 ∗∗ 19.4 82.3 ∗∗ 12.6 3.0 81.4 

Newport/Bardo 3.3 25.8 6.0 3.2 0 18.7 1.1 21.1 4.4 24.9 19.4 19.6 26.3 19.6 57.5 1.0 2.8 27.9 

Stanley 0 65.6 ∗∗ 4.3 3.0 0 5.1 0.5 5.9 0.6 87.2 ∗∗ 18.1 91.6 ∗∗ 88.3 ∗∗ 87.6 ∗∗ 88.3 ∗∗ 0.0 1.7 87.9 

Anatum 1.1 85.5 ∗∗ 86.6 ∗∗ 77.4 ∗∗ 0 20.6 3.5 87.0 ∗∗ 4.6 85.0 ∗∗ 80.6 ∗∗ 79.6 ∗∗ 88.5 ∗∗ 82.1 ∗∗ 87.0 ∗∗ 9.2 2.7 88.0 

Agona 9.8 ∗∗ 43.0 8.6 6.1 0 26.0 ∗∗ 2.4 27.3 7.6 44.7 ∗∗ 47.2 ∗∗ 4.1 50.8 8.1 46.0 14.8 1.9 45.5 

Albany 32.2 ∗∗ 97.4 ∗∗ 4.5 2.8 0 89.9 ∗∗ 4.6 90.0 ∗∗ 6.4 97.2 ∗∗ 10.1 98.7 ∗∗ 99.2 ∗∗ 98.7 ∗∗ 97.1 ∗∗ 0.0 3.4 98.1 

Derby 2.0 39.4 7.7 4.1 0 17.2 0 21.2 8.4 41.9 ∗∗ 68.8 ∗∗ 20.6 80.9 ∗∗ 16.9 79.1 ∗∗ 22.5 ∗ 1.2 77.2 

Paratyphi B var. Java 3.6 8.6 4.5 3.2 0 2.5 0.2 3.2 0.6 8.0 5.0 0.8 12.1 3.0 6.7 3.7 1.5 8.1 

Weltevreden 14.7 ∗∗ 8.8 5.2 2.9 0 2.8 0.6 4.5 1.5 7.7 11.7 12.2 24.8 15.6 24.8 3.2 2.3 15.3 

Braenderup 3.5 27.2 3.4 2.0 0 1.5 0 5.4 1.1 4.8 4.8 27.2 25.2 24.2 31.5 3.7 2.1 24.3 

Bareilly 0 4.8 6.3 2.6 0 36.1 ∗∗ 1.3 40.9 ∗∗ 0.4 5.0 4.4 0.6 5.2 3.0 4.8 0.0 1.3 5.4 

Virchow 0 9.0 5.4 2.3 0 73.3 ∗∗ 1.8 74.8 ∗∗ 2.8 70.2 ∗∗ 5.0 85.8 ∗∗ 75.3 ∗∗ 72.0 ∗∗ 71.2 ∗∗ 0.0 1.5 71.7 

Livingstone var. 14 + 5.9 58.3 ∗∗ 4.5 2.9 0 6.3 3.4 41.3 ∗∗ 2.4 59.7 ∗∗ 25.1 51.0 ∗∗ 56.8 45.5 ∗∗ 63.1 5.6 2.0 62.1 

Schwarzengrund 0 82.9 ∗∗ 7.2 5.7 0 95.4 ∗∗ 14.4 ∗∗ 95.4 ∗∗ 56.6 ∗∗ 77.0 ∗∗ 63.2 ∗∗ 88.0 ∗∗ 93.8 ∗∗ 86.5 ∗∗ 87.5 ∗∗ 0.0 1.4 94.9 

Hadar/Istanbul 0 10.9 1.6 0.9 0 7.8 1.6 9.9 0.6 6.2 87.6 ∗∗ 1.0 5.9 3.8 96.6 ∗∗ 0.0 2.3 15.5 

Mbandaka 14.7 ∗ 14.2 4.8 3.2 0 4.6 0.5 6.4 0.5 13.2 11.4 4.3 18.7 14.8 25.1 0.0 0.9 16.4 

Choleraesuis 20.0 81.2 ∗∗ 16.7 10.6 ∗ 0 97.3 ∗∗ 82.9 ∗∗ 97.3 ∗∗ 59.6 ∗∗ 82.2 ∗∗ 74.8 ∗∗ 75.6 ∗∗ 98.6 ∗∗ 74.8 ∗∗ 88.4 ∗∗ 0.0 3.6 98.6 

Potsdam 0 12.6 9.0 5.0 0 2.0 1.5 4.0 1.5 6.0 6.8 2.5 9.5 5.7 9.0 0.0 3.5 9.5 

Montevideo 5.6 9.7 2.4 3.8 0 4.9 0.5 27.6 1.1 6.5 9.3 55.0 ∗∗ 61.6 61.0 ∗∗ 57.3 0.0 0 13.0 

Infantis 0 13.5 1.6 12.3 ∗ 1.6 11.7 0 12.3 4.3 12.3 3.3 30.0 23.9 13.1 11.7 0.0 0 13.5 

Goldcoast 45.5 ∗∗ 88.4 63.6 ∗∗ 88.4 ∗∗ 0 81.6 ∗∗ 84.4 ∗∗ 89.1 ∗∗ 82.3 ∗∗ 89.1 ∗∗ 83.0 ∗∗ 90.3 ∗∗ 89.8 ∗∗ 83.0 ∗∗ 88.4 ∗∗ 91.9 ∗∗ 3.4 90.5 

Other 106 serovars 3.9 21.8 7.8 4.9 0 20.0 4.2 26.2 2.5 26.3 19.3 16.7 27.3 17.4 32.9 7.2 4.1 31.1 

All serovars 4.5 42.3 10.8 6.6 < 0.1 20.9 4.0 26.3 6.7 35.5 36.2 26.5 52.8 28.7 55.3 9.4 27.3 51.6 

Abbreviations: AMP (ampicillin), AZI (azithromycin), CHL (chloramphenicol), CIP (ciprofloxacin), CIPNS (ciprofloxacin-nonsusceptible), COL (colistin), CTX (cefo- 

taxime), ETP (ertapenem), FOX (cefoxitin), GEN (gentamicin), IMI (imipenem), NAL (nalidixic acid), STR (streptomycin), SUL (sulfamethoxazole), SXT (trimetho- 

prim/sulfamethoxazole), TET (tetracycline), TAZ (ceftazidime), TIG (tigecycline), TMP (trimethoprim), N (no data). MDR, multi-drug resistant, is defined as 

resistant to three or more antimicrobial classes, including AZI, AMP/FOX/CTX/TAZ, ETP/IMI, NAL, CIP, GEN, CHL, STR, TMP/SUL/SXT, TET, TIG, and COL. 
∗ chi-square P < 0.01; 
∗∗ , P < 0.001, stand for a rate for a serovar significantly higher than that for all serovars. 

Figure 2. Contribution of Salmonella serovars to cefotaxime resistance (a) and ciprofloxacin resistance (b). 
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raintestinal infections (16.8%), which notably increases with age. Re-

arding sample sources, 83.2% of isolates are from feces, 12.5% from

lood, 1.7% from urine, and 2.6% from other sterile sites. This dif-

ers from Salmonella surveillance data from the US FoodNet (1996-

006), which reports 89% of isolates from feces and only 5% from

lood [ 21 ], and European surveillance data in 2021, which shows 92%

f isolates from feces and only 2% from blood [ 20 ]. The variation in

he ratio of invasive salmonellosis between Taiwan and other countries

ay not be attributed to Salmonella virulence but could be influenced

y health care–seeking behavior, specimen sampling criteria and rates,

nd other factors. Nevertheless, further investigation is needed to de-

ermine the reasons behind the higher rate of invasive salmonellosis in

aiwan. 

Our serotyping data revealed a lower serovar diversity of Salmonella

solates in Taiwan from 2004 to 2022, with only 126 serovars identi-

ed in 40,595 isolates, and the top 35 serovars accounting for 97.4% of

solates (Supplementary Table S1). In comparison, a study in the United

tates recorded 687 serovars in 46,639 isolates from 1996 to 2006 [ 21 ].
4

ur data indicate that the prevalence of serovars changed over time,

ith a particularly notable increasing trend for S. Enteritidis (Supple-

entary Table S1). S. Enteritidis was the most common isolated serovar,

ccounting for 23.9% of isolates in 2004-2005 and increasing to 43.6%

n 2021-2022 (Supplementary Table S1). S. Enteritidis has been a ma-

or contributor to human salmonellosis in the United Kingdom since the

ate 1980s and is the most prevalent serovar worldwide [ 22 ]. Eggs are

he primary vehicle for S. Enteritidis infection in humans [ 23 ]. Success-

ul intervention measures implemented to prevent contamination and

rowth of S. Enteritidis in eggs have effectively reduced the incidence

f S. Enteritidis infection in humans in the United States and Europe

 5 , 23 ]. Given that S. Enteritidis infections have consistently accounted

or around 40% of human salmonellosis, with a rising trend, controlling

his organism is essential to reducing the incidence of salmonellosis in

aiwan. 

Our study highlights a significant concern regarding AMR in

almonella isolates from humans in Taiwan. Notably, S. Typhimurium, S.

tanley, S. Anatum, S. Albany, S. Schwarzengrund, S. Choleraesuis, and
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. Goldcoast demonstrate an extremely high prevalence of resistance,

ith an MDR rate exceeding 80% ( Table 2 ). The dynamic patterns in

MR are intricately linked to the fluctuations in major serovars. Particu-

arly noteworthy are the escalating trends in resistance to azithromycin,

SCs (e.g. cefotaxime and ceftazidime), ciprofloxacin, and colistin. In

 study by Lauderdale et al. of 798 Salmonella isolates from humans

etween 1998 and 2002, only one isolate ( S. Schwarzengrund) exhib-

ted resistance to cefotaxime and 2.0% of isolates were resistant to

iprofloxacin [ 7 ]. However, the rate of cefotaxime resistance has surged

o 12.1%, and the rate of ciprofloxacin resistance has reached 8.4%

or isolates from 2021-2022, indicating a concerning upward trajectory

ver time ( Table 1 ). The rise in cefotaxime resistance is primarily at-

ributed to S. Typhimurium, S. Anatum, and S. Goldcoast ( Figure 2 a).

he emergence of MDR clones of S. Anatum and S. Goldcoast is par-

icularly pivotal for the high level of cefotaxime resistance observed

etween 2016 and 2022, whereas the MDR S. Goldcoast clone signif-

cantly contributes to ciprofloxacin resistance between 2018 and 2022

 Figure 2 b). 

The significant increase in the prevalence of S. Anatum and S.

oldcoast was accompanied by the emergence of specific MDR clones

 13 , 14 ]. S. Anatum was not common between 2004 and 2014; however,

he isolation rate has abruptly increased since 2015 [ 13 ]. The increase

n isolation of S. Anatum was accompanied by the emergence of an MDR

. Anatum clone in 2015 [ 13 ]. S. Anatum became the third most preva-

ent serovar in 2017 and the majority (94.1%) of the isolates belonged

o the MDR clone [ 13 ]. The origin of the MDR S. Anatum clone is un-

nown; however, MDR strains of the clone have been isolated in the

nited States from seafood imported from Taiwan and the Philippines

nd travelers who returned from these two countries [ 24 ]. MDR S. Ana-

um strains typically harbor an IncC plasmid that carries 11 resistance

enes, including blaDHA-1 and qnrB4 ; thus, S. Anatum has become the

argest contributor to cefotaxime resistance since 2016 ( Figure 2 a). 

The MDR S. Goldcoast clone emerged as a major contributor to cefo-

axime and ciprofloxacin resistance after it became prevalent ( Figures 2 a

nd b). S. Goldcoast was not detected in Taiwan until 2014; however, an

DR clone surfaced in 2017 and became prevalent in 2018 [ 14 ]. MDR S.

oldcoast strains carry an IncHI2-IncHI2A megaplasmid usually housing

ver 10 resistance genes, including blaCTX–M-55 and qnrS13 , along with

n efflux pump activator known as ramAp [ 14 , 25 ]. This plasmid-borne

amA can activate the expression of efflux pumps, such as acrAB - tolC , el-

vating resistance to various antimicrobials, including azithromycin and

iprofloxacin [ 25 ]. The IncHI2-IncHI2A plasmid in the MDR S. Gold-

oast clone may be highly mobile, as evidenced by its presence in S.

gona. In some S. Agona strains, all resistance genes have been inte-

rated into the chromosomes, likely through an IS26-mediated trans-

osition [ 17 ]. MDR S. Goldcoast strains with carbapenem resistance

ere identified in a nosocomial salmonellosis outbreak at a hospital in

entral Taiwan in 2020-2021, where carbapenem resistance was devel-

ped through the acquisition of a blaOXA-48 -carrying IncL plasmid by the

trains [ 18 ]. 

Despite the low prevalence of S. Infantis between 2004 and 2022, its

ignificance is underscored by the emergence of a blaCTX–M–65 –carrying

. Infantis clone in Taiwan in 2021. The MDR S. Infantis clone, previ-

usly identified in South and North America and some European coun-

ries [ 26 ], typically harbored nine resistance genes, of which blaCTX–M–65 

nd four other genes had moved from a pESI-like megaplasmid into the

hromosomes [ 15 ]. Chickens are suspected to be the primary source

f this clone because an investigation revealed 68.1% (258/379) of

almonella isolates recovered from chicken meat being S. Infantis and

ll belonging to the MDR clone [ 15 ]. The diverse Pulse Field Gel Elec-

rophoresis genotypes among the isolates from retail chicken meat sug-

est the evolution and proliferation of blaCTX–M–65 –carrying S. Infantis

trains on chicken farms. Although human cases caused by the MDR

. Infantis clone remain limited, the isolation rate increased in 2022.

herefore, careful monitoring of the emergence of the MDR S. Infan-
5

is clone is warranted because chicken is the most consumed meat in

aiwan. 

S. Choleraesuis, a swine-adapted serovar, typically causes severe

anifestations, such as pneumonia and septicemia, in pigs but infre-

uently leads to infections in humans. Nevertheless, it has been a promi-

ent serovar associated with human salmonellosis in Thailand and Tai-

an [ 27 , 28 ]. Isolates of S. Choleraesuis from human and swine sources

ave displayed high rates of resistance to multiple antimicrobials, partic-

larly, cefotaxime and ciprofloxacin [ 8 , 29 ]. Our findings reveal that S.

holeraesuis ranked as the seventh most common serovar in 2004-2005;

owever, its prevalence has significantly decreased over the years (Sup-

lementary Table S1). Notably, in 2022, no S. Choleraesuis was iden-

ified among 1488 Salmonella isolates recovered. A study by Su et al.

uggests that the decline in S. Choleraesuis infections in humans may

e attributed to various control measures implemented on farms and

hanges in agricultural practices [ 30 ]. 

In conclusion, Salmonella isolates obtained from human salmonel-

osis cases in Taiwan between 2004 and 2022 reveal a concerning up-

ard trend in AMR. Notably, there is a troubling increase in resistance to

zithromycin, cefotaxime, and ciprofloxacin. In recent years, the emer-

ence and spread of MDR clones of S. Anatum, S. Goldcoast, and S.

nfantis, as well as S. Typhimurium, imposes a potential risk of com-

romising the effectiveness of essential therapeutic drugs. Urgent and

ontinuous monitoring of Salmonella resistance, especially MDR clones,

s critical for effective control and public health protection in Taiwan. 
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