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Abstract
Objective

Salmonella and its increasing antimicrobial resistance (AMR) threaten public health. This study analyzed the epidemiology and AMR profiles of pediatric
Salmonella in China to support rational antibiotic use.

Method

A multicenter retrospective study included 17540 Salmonella isolates from ISPED (2017-2024). Antimicrobial susceptibility was tested by disk diffusion and
MIC, and analyzed with WHONET.

Results

Most isolates were from feces, peaking in children aged 1-3 years and during June—October. S. typhimurium and S. enteritidis were predominant. High
resistance was observed to ampicillin (77.8%), ampicillin/sulbactam (39.3%), and trimethoprim/sulfamethoxazole (39.3%), while levofloxacin remained highly
effective. Resistance differed by serotype, sample type and region, with S. enteritidis showing rising resistance to fluoroquinolones and cephalosporins.

Conclusion

Treatment should be individualized according to Salmonella serotype, regional epidemiological characteristics and antimicrobial susceptibility. Continuous
national antimicrobial resistance surveillance is vital to improve antibiotic stewardship and public health interventions. Based on the multicenter ISPED
program, this study clarified the epidemiological features and antimicrobial resistance of Salmonella isolates among Chinese children from 2017 to 2024.
The findings support targeted public health planning, rational antibiotic use in pediatrics, strengthened Salmonella surveillance, and policy development for
food safety and childhood infectious disease prevention.

1. Introduction

Salmonella is a genus of non-encapsulated, non-spore-forming, facultative anaerobic Gram-negative bacilli. Most strains within the Salmonella genus are
unable to ferment lactose, and this distinct biochemical trait is widely employed for the selective isolation, culture, and laboratory identification of this
pathogen [1]. Salmonella is ubiquitous in the natural environment and commonly colonizes the intestinal tracts of both humans and a wide range of animal
hosts. It is transmitted primarily via the fecal-oral route, and represents a clinically significant zoonotic pathogen in both human and veterinary medicine.
Additionally, Salmonella ranks among the leading causative agents of foodborne ilinesses in the United States, with an estimated 1 million cases of infection
and 400 associated deaths attributed to this pathogen each year [2]. Globally, approximately 93.8 million cases of gastroenteritis are attributed to Salmonella
infections [3], with developing countries experiencing over 300,000 deaths annually [3—-5]. Salmonella species are classified into typhoidal Salmonella and
non-typhoidal Salmonella (NTS) serotypes [6]. In China, NTS is one of the primary bacterial pathogens identified in pediatric patients [7].

Antibiotics are the primary treatment for salmonellosis. However, the unrestrained use of antibiotics in clinical practice and their widespread application in
animal husbandry have exacerbated antibiotic resistance in Salmonella, leading to increased multidrug resistance (MDR) and expanding resistance profiles,
severely compromising the clinical efficacy of conventional antimicrobial treatments. Given its status as a globally predominant foodborne pathogen, the
escalating antimicrobial resistance of Salmonella has evolved into a pressing and high-priority public health concern worldwide [8].

To systematically track and monitor the distribution of common bacterial pathogens and dynamic antimicrobial resistance trends among pediatric patients
nationwide, the Infectious Disease Surveillance for Pediatrics (ISPED) organization—comprising tertiary teaching children's hospitals across China—annually
compiles and analyzes antimicrobial resistance surveillance data from its member institutions. Currently, this project covers 11 provinces and autonomous
regions in mainland China, encompassing 13 tertiary pediatric specialty hospitals. This study conducted statistical analysis based on Salmonella resistance
surveillance data from 2017 to 2024 across twelve ISPED member institutions. Through a retrospective analysis of epidemiological characteristics,
antimicrobial resistance profiles, and infection patterns, this study aims to enhance the national understanding of Salmonella infections and further optimize
clinical management strategies.

2. Materials and methods

2.1 Strain Isolation and Identification

This retrospective study covered eastern, southern, western, and northern regions of mainland China, encompassing 13 children's hospitals: Children's
Hospital of Fudan University, Shanghai; Children's Hospital of Chongqging Medical University, Chongqing; Shenzhen Children's Hospital, Shenzhen, Guangdong;
Children's Hospital, Zhejiang University School of Medicine, Hangzhou, Zhejiang; The 2nd Affiliated Hospital and Yuying Children's Hospital of Wenzhou
Medical University, Wenzhou, Zhejiang,; Children's Hospital Affiliated to Shandong University, Jinan, Shandong; Shanghai Children's Medical Center Affiliated
to Shanghai Jiao Tong University School of Medicine, Shanghai; Xi'an Children's Hospital, Xi‘an, Shaanxi; Children's Hospital of Kaifeng City, Kaifeng, Henan;
The First Hospital of Jilin University, Changchun, Jilin; Children's Hospital of Wuxi City, Wuxi, Jiangsu; Children's Hospital of Xiamen City, Xiamen, Fujian;
Maternal and Child Health Hospital of Inner Mongolia Autonomous Region, Children's Hospital, Hohhot, Inner Mongolia. The research was approved by the
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Ethics Committee of the Children's Hospital of Fudan University (Approval No. (2025)191). Clinical Salmonella isolates collected between January 1, 2017,
and December 31, 2024, were analyzed, excluding duplicate and contaminated strains.

Specimens were initially inoculated onto appropriate media (e.g., Columbia blood agar, chocolate agar) based on the detection target. For Salmonella
detection, specimens were inoculated onto selective Salmonella agar (Xylose Lysine Deoxycholate, XLD, Komaja)) plates and incubated at 35°C for 18-24
hours. Concurrently, swabs contaminated with specimens were placed in SBG enrichment broth (Komaja) for elution. After 18—24 hours of incubation at
35°C, the enrichment broth is examined for color change. Overnight enrichment broth exhibiting turbidity (= 0.5 MacFarland standard) is transferred to XLD
agar and incubated at 35°C for 18—24 hours to observe colonies. Subsequently, suspicious colonies (e.g., those exhibiting central black spots on XLD agar
plates) were screened and identified using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS, Bruker
Corporation). After identification as Salmonella, inoculate onto Krasovitz Bisaccharide Medium and incubate at 35°C for 18—24 hours to observe biochemical
reactions. Subsequently, mix the bacterial culture with Salmonella diagnostic serum on a microscope slide. The appearance of visible, specific agglutination
flocculent patterns indicates the presence of that serotype. Salmonella diagnostic serum was purchased from Ningbo Tianrun Biological Pharmaceutical Co.,
Ltd. The internal quality control (IQC) strain is Salmonella Typhimurium ATCC 14028. For EQC, the laboratory participates in the external quality assessment
(EQA) program organized by the National Center for Clinical Laboratories (NCCL) of the National Health Commission three times annually.

2.2 Antimicrobial susceptibility testing (AST)

The antibiotic susceptibility testing was performed using the E-test (Taikang Biologicals, China) and disk diffusion methods (Oxoid, UK), in accordance with
the reference standards established by the Institute for Clinical and Laboratory Standards M100 and M45, 2024 (Wayne, Pennsylvania, USA). A total of 6
antibiotics were tested: ampicillin, ampicillin/sulbactam, ceftriaxone, azithromycin, levofloxacin and trimethoprim/sulfamethoxazole.

2.3 Statistical analysis

WHONET 2020 was used to analyze antimicrobial susceptibility data. Statistical analysis was performed using SPSS software version 24.0 (IBM, USA),
employing the appropriate chi-square test. A P-value of less than 0.05 was deemed statistically significant.

3. Results
3.1 Sources of isolates

A total of 17540 Salmonella strains were included between 2017 and 2024. Of these, 16630 strains (94.8%) were isolated from fecal specimens, and the
remaining 910 strains (5.2%) were from non-fecal sources, including 620 bloodstream isolates, 109 pus specimens, 46 urine samples, and 135 other types of
specimens. The age of the included children ranged from 1 day to 17 years, with a median age of 1 year. The largest proportion of isolates (42.6%) was
recovered from the 1-3-year age group, followed by the 29 days to 1-year age group (34.2%). Salmonella cases showed obvious seasonal variation: 12314
isolates (70.2%) were collected from June to October, with a peak in July (2729 isolates, 15.5%) (Table 1). The geographic distribution of Salmonella isolates
in mainland China, based on data from institutions participating in the ISPED collaborative group, is presented in Fig. 1.
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Table 1

Distribution characteristics of
17540 Salmonella strains

Groups
Year
2017
2018
2019
2020
2021
2022
2023
2024
Month
1

2
3
4
5
6
7
8
9

10

11

12

Age

<28d

=29d-1y

>1-3y

> 3-6y

> 6-10y

=10y
Specimen type
Stool

Blood

Pus

Urine

Other type
Region
Eastern region
Southern region
Western region

Northern region

Number (%)
Number (%)
1633 (9.3)
1469 (8.4)
1847 (10.5
2188 (12.5
2821 (16.1
2188 (12.5
(

)
)
)
)
2548 (14.5)
2846 (16.2)
Number (%)
318 (1.8)

337(1.9)

391 (2.2)

769 (4.4)

1483 (8.5)
2002 (11.4
2729 (15.5

2613 (14.9

(11.4)
(15.5)
2605 (14.9)
(14.9)
2365 (13.5)
1265 (7.2)
663 (3.8)
Number (%)
125(0.7)
6001 (34.2)
7470 (42.6)
2447 (14.0)
989 (5.6)
508 (2.9)
Number (%)
16630 (94.8)
620 (3.5)
109 (0.6)
46(0.3)
135(0.8)
Number (%)
8926 (50.9)
2109(12.0)
6421(36.6)
84(0.5)
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3.2 Serotype Distribution of Salmonella Isolates

A total of 17540 Salmonella isolates were collected in this study. After excluding 9844 isolates (56.1%) that were only identified to the genus level, 7696
isolates (43.9%) were further characterized to the serogroup and species level. Forty-two distinct Salmonella serotypes were identified among these isolates.
Salmonella Typhimurium was the most predominant serotype, accounting for 59.5% (4575/7696), followed by Salmonella Enteritidis at 18.9% (1454/7696).
Notably, 18 isolates (0.2%) of Salmonella Typhi, 44 isolates (0.6%) of Salmonella Paratyphi B, 12 isolates (0.2%) of Salmonella Paratyphi A, and 2 isolates
(0.02%) of Salmonella Paratyphi C were recovered. Salmonella London was also commonly detected, with 112 isolates (1.5%). All other serotypes each
accounted for less than 1% of the total isolates (Table 2).
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Table 2
Serotype distribution of 7696 Salmonella Isolates

Salmonella serogroup  Number (%) specific species

A 12(0.2) Salmonella Paratyphi A

B 5421 (70.4) Salmonella Typhimurium
Salmonella Group B (0:4)
Salmonella Paratyphi B
Salmonella Agona
Salmonella Saintpaul
Salmonella Derby
Salmonella Braenderup
Salmonella Heidelberg
Salmonella Wandsworth

c 547 (7.1) Salmonella Group C
Salmonella London
Salmonella Infantis
Salmonella Montevideo
Salmonella Newport
Salmonella Bovismorbificans
Salmonella Kentucky
Salmonella Thompson
Salmonella Choleraesuis
Salmonella Muenster
Salmonella Javiana
Salmonella Paratyphi C
Salmonella Typhisuis
Salmonella Rissen

D 1685 (21.9) Salmonella Enteritidis
Salmonella Group D
Salmonella Stanley
Salmonella Gallinarum
Salmonella Dublin
Salmonella Typhi
Salmonella Muenchen
Salmonella Abortusovis
Salmonella Indiana
Salmonella Panama

E 28 (0.4) Salmonella Group E
Salmonella Anatum
Salmonella Senftenberg
Salmonella Livingstone
Salmonella Reading
Salmonella Weltevreden

F 2(0.0)
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Number (%)
12 (0.2)
4575(59.5)
688 (8.9)
44(0.6)
41(0.5)
37(0.5)
20(0.3)
9(0.1)
2(0.0)
1(0.0)

182 (3.0)
112(1.5)
62(0.8)
31(0.4)
28(0.4)
23(0.3)
22(0.3)
18(0.2)
7(0.1)
5(0.1)
2(0.0)
2(0.0)
2(0.0)
1(0.0)
1454(18.9)
64(0.8)
53(0.7)
48(0.6)
35(0.5)
18(0.2)
6(0.1)
3(0.0)
2(0.0)
2(0.0)
12(0.2)




‘ Salmonella serogroup  Number (%) specific species Number (%) ‘

‘ M 1(0.0) ‘

‘ Total 7696 (100) ‘
3.3 Antimicrobial susceptibility test

In this study, the resistance rates of Salmonella isolates to ampicillin, ampicillin/sulbactam, trimethoprim/sulfamethoxazole, ceftriaxone, azithromycin, and
levofloxacin were 77.8%, 39.3%, 39.1%, 25.0%, 10.5%, and 7.3%, respectively (Table 3).

Comparison the antibiotic resistance rates of Salmor-lr-:ltllezeT?/phimurium, Salmonella Enteritidis and other serotype

Antibiotic Total Salmonella Typhimurium  Salmonella Enteritidis ~ Other serotype P
N R(%) N R (%) N R (%) N R (%)

Ampicillin 16070 77.8 3759 85.5 1346 81.1 1451 65.5 <0.001
Ampicillin/Sulbactam 11642 39.3 2222 28.3 1200 324 1247  39.6 <0.001
Ceftriaxone 15333 25.0 3920 26.9 1415 16.3 1449 194 <0.001
Azithromycin 4843 10.5 1957 8.3 835 1.9 766 19.6 <0.001
Levofloxacin 10799 7.3 1913 6.9 881 9.4 977 8.2 0.061
Trimethoprim/Sulfamethoxazole 16813  39.1 4220 44.6 1435 12.2 1582  39.2 <0.001

Note: The P-value is derived from the chi-square test analysis of the number of cases.

Our results demonstrated statistically significant differences in antimicrobial resistance rates among different Salmonella serotypes. The resistance rates of
Salmonella Typhimurium to ampicillin, ceftriaxone, and trimethoprim/sulfamethoxazole were significantly higher than those of Salmonella Enteritidis and other
serotypes. In contrast, the resistance rates of other serotypes to ampicillin/sulbactam and azithromycin were significantly higher than those of Salmonella
Typhimurium and Salmonella Enteritidis (Table 3).

Among Salmonella Typhimurium isolates, the resistance rates to ampicillin and ampicillin/sulbactam showed an increasing trend from 2017 to 2024, whereas
the rate for trimethoprim/sulfamethoxazole exhibited a decreasing trend. Resistance rates to ceftriaxone, azithromycin, and levofloxacin showed no
statistically significant changes over the study period (Fig. 2A, Table S1). For Salmonella Enteritidis isolates, the resistance rates to ampicillin,
ampicillin/sulbactam, ceftriaxone, levofloxacin, and trimethoprim/sulfamethoxazole all demonstrated statistically significant increasing trends from 2017 to
2024 (Fig. 2B, Table S2). For other Salmonella serotypes, the resistance rates to ampicillin, ampicillin/sulbactam, azithromycin, and
trimethoprim/sulfamethoxazole showed statistically significant decreasing trends between 2017 and 2024, while the resistance rate to levofloxacin
displayed a marked upward trend (Fig. 2C, Table S3).

Significant regional differences in antimicrobial resistance rates were also observed. Among Salmonella Typhimurium isolates, the ampicillin resistance rate
in the eastern region was significantly lower than those in the southern, western, and northern regions. The southern region exhibited significantly higher
resistance rates to ampicillin/sulbactam and trimethoprim/sulfamethoxazole compared with the other three regions. The western region had the highest
ceftriaxone resistance rate, while the northern region showed a higher levofloxacin resistance rate than the other three regions (Fig. 3A). Among Salmonella
Enteritidis isolates, resistance rates to ampicillin/sulbactam, ceftriaxone, and levofloxacin were significantly higher in the northern region than in the other
three regions. The highest ampicillin resistance rate was detected in the southern region, whereas the highest trimethoprim/sulfamethoxazole resistance
rate was found in the western region (Fig. 3B). Among other Salmonella serotypes, resistance rates to ampicillin, ampicillin/sulbactam, and
trimethoprim/sulfamethoxazole were significantly higher in the western region than in the other three regions. The eastern region displayed a higher
levofloxacin resistance rate compared with the other three regions (Fig. 3C).

Statistically significant differences in antimicrobial resistance rates were also observed among Salmonella isolates from different specimen types. Among
Salmonella Typhimurium isolates, the resistance rate to ampicillin was significantly higher in fecal isolates than in blood isolates (85.8% vs. 59.2%).
Conversely, the resistance rate to ceftriaxone was higher in blood isolates than in fecal isolates (16.7% vs. 6.6%). Among Salmonella Enteritidis isolates, the
resistance rate to ampicillin/sulbactam was significantly higher in blood isolates than in fecal isolates (55.6% vs. 30.1%). For other Salmonella serotypes, the
resistance rates to ampicillin and trimethoprim/sulfamethoxazole were significantly higher in fecal isolates than in blood isolates (66.9% vs. 48.0% and
40.5% vs. 20.6%, respectively) (Table 4).
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Table 4
Differences in antibiotic resistance ratesamong Salmonella Typhimurium, Salmonella Enteritidis, and other serotypes isolated from different sample ¢

Antibiotic Salmonella Typhimurium Salmonella Enteritidis Other serotype
Stool Blood P Stool Blood P Stool Blood
%(N) %(N) %(N) %(N) %(N) %(N)
Ampicillin 85.8(3155/3677)  59.2(29/49) < 82.0(988/1205) 74.5(76/102) 0.062 66.9(888/1328)  48.0(47.
0.001
Ampicillin/Sulbactam 28.1(612/2182)  38.5(10/26) 0.243  30.1(330/1093)  55.6(40/72) < 40.0(467/1168)  34.4(21,
0.001
Ceftriaxone 27.1(1037/3830)  21.3(10/47) 0.371  15.7(197/1259)  20.0(22/110) 0.242  19.7(262/1332) 14.1(13
Azithromycin 8.3(160/1928) 6.7(1/15) 1.000%*  2.0(16/814) 0.0(0/15) 1.000*  19.6(144/733)  5.3(1/1¢
Levofloxacin 6.6 (122/1846) 16.7(6/36) 0.032*  9.0(66/736) 7.8(8/103) 0.687  7.8(70/895) 5.0(3/6(

Trimethoprim/Sulfamethoxazole ~ 44.4(1829/4119)  47.2(25/53) 0.687  11.5(147/1280) 14.6(16/110) 0.338  40.5(586/1448)  20.6(22.

Note: The P-value is derived from the chi-square test analysis of the number of cases, *: Fisher's Exact Test.

Discussion

The prevalence and distribution of Salmonella present a substantial threat to public health and impose a considerable economic burden [9]. This multicenter

study conducted by the ISPED Collaborative Group enrolled more than 15000 Salmonella isolates from 13 tertiary pediatric hospitals across mainland China.

Owing to the large sample size and the wide geographic distribution of ISPED member hospitals covering eastern, southern, western, and northern China, our
findings reliably depict the current antimicrobial resistance profile of pediatric Salmonella isolates in mainland China.

This study systematically characterized the epidemiological and etiological features of Salmonella infections in mainland China from 2017 to 2024. A total of
17540 cases were enrolled during the study period. The median age of pediatric patients with Salmonella infection was 1 year, with infections occurring
predominantly in the 1-3-year age group, followed by the 29 days to 1-year and 3-6-year age groups. This susceptibility may be attributed to the immature
immune function and underdeveloped gastrointestinal mucosal barrier in young children, rendering them more vulnerable to foodborne pathogens compared
with other age groups [10]. Moreover, caregivers tend to be highly alert to gastrointestinal symptoms in children and seek prompt medical attention for
suspected Salmonella infection [11].

Our data revealed a marked seasonal pattern, with a significant increase in Salmonella infections during warm months, especially in summer. Consistent with
previous studies, higher Salmonella infection rates have been documented in warmer climates [12, 13]. In hot weather, increased consumption of raw, cold, or
undercooked foods — including fresh, frozen, and refrigerated products such as meat and dairy items — has been recognized as an important risk factor for
Salmonella transmission [14]. In addition, warm and humid environmental conditions favor the proliferation and survival of Salmonella, further contributing to
the elevated infection rate during summer.

The circulating serotypes of Salmonella differ globally, and previous studies have identified distinct serotype distributions between pediatric and adult
populations [15]. Nevertheless, Salmonella Typhimurium and Salmonella Enteritidis remain the most prevalent serotypes worldwide [16] and are widely
distributed in developing countries [17]. In China, approximately 70%-80% of foodborne diseases are attributed to salmonellosis, with varying serotype
prevalence across different provinces. Typhimurium and Enteritidis are regarded as dominant and classic serotypes in China, with Typhimurium being the
most commonly reported serotype in most regions [18-20].

The serotyping results from the present study demonstrated that Salmonella Typhimurium and Salmonella Enteritidis were the predominant pathogenic
serotypes in Chinese children, which is consistent with previous findings [21-23]. A variety of other serotypes were also identified in this study, including
Salmonella Stanleyi, Salmonella Derby, Salmonella Paratyphi, and Salmonella Indiana, suggesting a highly diverse serotype distribution among pediatric
Salmonella infections in mainland China.

Antimicrobial resistance represents a major threat in the control and management of Salmonella infections [24]. Accumulating evidence has demonstrated
that the overuse of antibiotics in clinical settings and animal husbandry has contributed to the rapid emergence and dissemination of drug-resistant strains
[24, 25]. In the present study, most of the isolated Salmonella strains exhibited high resistance to ampicillin, with a resistance rate exceeding 50%. Since
ampicillin is one of the earliest and most widely used antibiotics in China’s livestock industry, and meat products serve as the main source of human
Salmonella infection [26], such high resistance is most likely attributable to the inappropriate use of antibiotics in animal farming. Accordingly, high ampicillin
resistance was predominantly detected in Salmonella Typhimurium and Salmonella Enteritidis [27].

In addition, high resistance rates to cephalosporins and trimethoprim/sulfamethoxazole were also observed, consistent with previous reports [28]. Although
the resistance rates to trimethoprim/sulfamethoxazole in Salmonella Typhimurium and other serotypes showed a decreasing trend, they still remained at

relatively high levels. In contrast, the resistance rate of Salmonella Enteritidis to trimethoprim/sulfamethoxazole exhibited a significant upward trend. Zhou et
al. [25] reported resistance rates of 75.6% for ampicillin and 45.2% for trimethoprim/sulfamethoxazole, respectively. As these agents are commonly used as
first-line treatments for salmonellosis, the reduced efficacy of these antibiotics is of great concern and is closely associated with their extensive application.

Page 9/14



The levofloxacin resistance rate in this study was 7.3%, which was significantly lower than the 23.1% reported in a previous study [28]. This discrepancy may
be explained by the predominantly pediatric population enrolled in the present study. Because of potential adverse effects, including central nervous system
toxicity and arthropathy, levofloxacin is generally not recommended for the treatment of pediatric patients with Salmonella infections [29]. Furthermore, our
results revealed an increasing trend in resistance to third-generation cephalosporins among Salmonella isolates, especially ceftriaxone, with a resistance rate
of 25.0%, which was higher than the 22.4% reported in a previous study from Zhejiang Province [30]. We also observed a marked upward trend in
fluoroquinolone resistance among Salmonella Enteritidis and other serotypes, as well as a significant increase in cephalosporin resistance in Salmonella
Enteritidis. Given that these antimicrobial agents are frequently used for the clinical management of foodborne salmonellosis, the rising resistance trends
pose a substantial threat to both animal and human health [31, 32].

This study performed a retrospective analysis of the epidemiological characteristics and antimicrobial resistance profiles of Salmonella infections among
pediatric patients in China from 2017 to 2024. The results showed that the incidence of Salmonella infections peaked in summer and autumn. Children under
6 years of age were identified as the primary high-risk population for intestinal Salmonella infections. Furthermore, the study revealed distinct differences in
antimicrobial resistance patterns among different serotypes and across geographic regions.

Several limitations should be acknowledged: [l the molecular mechanisms underlying Salmonella antimicrobial resistance were not explored in this study; &
Antimicrobial susceptibility testing was not conducted for all isolates, which will be a key focus in our future research. Despite these limitations, this
retrospective analysis offers the most comprehensive profile to date of epidemiological characteristics and antimicrobial resistance patterns of Salmonella
infection among children in China. Continuous surveillance of serotype distribution and antimicrobial resistance trends is essential for the prevention and
control of pediatric Salmonella infection, as well as for guiding rational clinical antimicrobial administration.

This 8-year multicenter investigation systematically delineates the epidemiological landscape and antimicrobial resistance profiles of Salmonella isolates
from Chinese children, bearing important implications for public health practice and policy formulation. First, the prevailing serotypes and distinct resistance
patterns identified in this study underscore the necessity of strengthening surveillance on foodborne Salmonella transmission, given that children constitute
a high-risk population for Salmonella infection. Second, the rising antimicrobial resistance of Salmonella isolates highlights an urgent need to promote
rational antibiotic use in pediatric clinical practice. Health authorities should reinforce the regulation of antibiotic prescriptions and scale up antimicrobial
stewardship programs in primary and secondary healthcare institutions. Third, multicenter data from the ISPED program can provide an evidence-based
reference for revising national guidelines on the prevention and control of childhood Salmonella infection, and facilitate the optimization of preventive
strategies including health education and food safety supervision. Finally, the present findings enrich the global epidemiological database of childhood
Salmonella, advance international collaboration on curbing the transmission of drug-resistant Salmonella, and help safeguard global public health security.

Conclusion

This multicentre ISPED study analysed 17540 Salmonella isolates from 13 paediatric hospitals in mainland China. Salmonella infections were predominant in
children aged 1-3 years and peaked in summer. High resistance rates were detected to ampicillin, ampicillin/sulbactam, and
trimethoprim/sulfamethoxazole, while resistance to azithromycin and levofloxacin remained relatively low. Antimicrobial resistance profiles differed
significantly by serotype, geographic region, and specimen type. Temporal trends from 2017 to 2024 varied across serotypes, with increasing resistance to
multiple agents in Salmonella Enteritidis and contrasting trends in Salmonella Typhimurium and other serotypes. These findings highlight the substantial
regional and serotype-specific variations in paediatric Salmonella resistance and support targeted antimicrobial stewardship and surveillance in children.

Declarations

Ethics approval and consent to participate:

The study protocol was approved by the Ethics Committee of the Children’s Hospital of Fudan University (No. (2025)191). This study was conducted
according to the guidelines laid down in the Declaration of Helsinki. The need for Informed Consent was waived by the Ethics Committee of the Children’s
Hospital of Fudan University due to the retrospective nature of the study. All authors have approved the final article.

Consent for publication:

Not Applicable. This study did not include any identifying images, personal or clinical details of participants that could compromise anonymity, so no consent
for publication from patients is required.

Availability of data and materials:

The data supporting this study’s findings are available from the corresponding author upon reasonable request, and all relevant data on childhood Salmonella
epidemiology and antimicrobial resistance (2017-2024) are organized and included in the manuscript and supplementary materials.

Competing interests: All authors declare that they have no competing interests.
Funding: None.
Author’ contributions:

Data collection: Saige Chen, Pan Fu, Chunmei Jing, Xia Wu, Hongmei Xu, Yinghu Chen, Mingming Zhou, Jikui Deng, Hongmei Wang, Yiping Chen, Jinhong
Yang, Ji'an Li, Shifu Wang, Qing Cao, Xing Wang, Huiling Deng, Huijun Cai, Jianhua Hao, Yuyang Zhou, Yuanyuan Huang, Hongxia Xiang, Zhigiang Zhuo,

Page 10/14



Meilian Huang, Yumin Wang, Lefeng Guo, Hui Yu, Chunzhen Hua, Chuanging Wang.

Concept and design: Saige Chen, Pan Fu, Chunmei Jing, Xia Wu, Hongmei Xu, Yinghu Chen, Mingming Zhou, Jikui Deng, Hongmei Wang, Yiping Chen,
Jinhong Yang, Ji'an Li, Shifu Wang, Qing Cao, Xing Wang, Huiling Deng, Huijun Cai, Jianhua Hao, Yuyang Zhou, Yuanyuan Huang, Hongxia Xiang, Zhigiang
Zhuo, Meilian Huang, Yumin Wang, Lefeng Guo, Hui Yu, Chunzhen Hua, Chuanging Wang.

Analysis of data: Saige Chen, Pan Fu, Chuanging Wang.
Drafting of the manuscript: Saige Chen, Pan Fu, Chunmei Jing.

Critical revision of the manuscript for important intellectual content: Saige Chen, Pan Fu, Chunmei Jing, Xia Wu, Hongmei Xu, Yinghu Chen, Mingming Zhou,
Jikui Deng, Hongmei Wang, Yiping Chen, Jinhong Yang, Ji'an Li, Shifu Wang, Qing Cao, Xing Wang, Huiling Deng, Huijun Cai, Jianhua Hao, Yuyang Zhou,
Yuanyuan Huang, Hongxia Xiang, Zhigiang Zhuo, Meilian Huang, Yumin Wang, Lefeng Guo, Hui Yu, Chunzhen Hua, Chuanging Wang.

Supervision and final approval of the version to be published: Hui Yu, Chunzhen Hua, Chuanging Wang.
Acknowledgements:

We would like to thank all investigators of the Group of Infectious Diseases Surveillance of Paediatrics (ISPED) of China who have participated in this study.

References

1. Rambach A. New plate medium for facilitated differentiation of Salmonella spp. from Proteus spp. and other enteric bacteria. Appl Environ Microbiol.
1990;56:301-3.

2. Andino A, Hanning I. Salmonella enterica: survival, colonization, and virulence differences among serovars, Sci. World J., 2015, 2015, 520179.
3. Majowicz SE, Musto J, Scallan E, et al. The global burden of nontyphoidal Salmonella gastroenteritis. Clin Infect Dis. 2010;50(6):882-9.

4. Seif Y, Kavvas E, Lachance JC, et al. Genome-scale metabolic reconstructions of multiple Salmonella strains reveal serovar-specific metabolic traits. Nat
Commun. 2018;9(1):3771.

5. Antillon M, Warren JL, Crawford FW, et al. The burden of typhoid fever in low- and middle-income countries: a meta-regression approach. PLoS Negl Trop
Dis. 2017;11(2):e0005376.

6. Chang YJ, Chen YC, Chen NW, et al. Changing antimicrobial resistance and epidemiology of non-typhoidal Salmonella infection in Taiwanese children.
Front Microbiol. 2021;12:648008.

7. Huang X, Huang Q, Dun Z, et al. Nontyphoidal Salmonella Infection, Guangdong Province, China, 2012. Emerg Infect Dis. 2016;22(4):726-9.

8. Plumb ID, Brown AC, Stokes EK, et al. Increased Multidrug-Resistant Salmonella enterica | Serotype 4,[5],12: i: - Infections Associated with Pork, United
States, 2009-2018. Emerg Infect Dis. 2023;29:314-22.

9. Moawad AA, Hotzel H, Awad O, Tomaso H, Neubauer H, Hafe MH, et al. Occurrence of Salmonella enterica and Escherichia coli in raw chicken and beef
meat in northern Egypt and dissemination of their antibiotic resistance markers. Gut Pathog. 2017;9:57.

10. Kent RM, Fitzgerald GF, Hill C, Stanton C, Ross RP. Novel approaches to improve the intrinsic microbiological safety of powdered infant milk formula.
Nutrients. 2015;7:1217-44. 10.3390/nu7021217.

11. Behera JR, Rup AR, Dash AK, Sahu SK, Gaurav A, Gupta A. Clinical and laboratory profile of enteric fever in children from a tertiary care centre in Odisha,
Eastern India. Cureus. (2021) 13: €12826. 10.7759/cureus.12826

12. Lake IR. Food-borne disease and climate change in the United Kingdom. Environ Health Glob Access Sci Sou. 2017;16:117.

13. Naumova EN, Jagai JS, Matyas B, DeMaria A Jr, MacNeill IB, Griffiths JK. Seasonality in six enterically transmitted diseases and ambient temperature.
Epidemiol Infect. 2007;135:281-92.

14. Morton VK, Kearney A, Coleman S, Viswanathan M, Chau K, Orr A, et al. Outbreaks of Salmonella iliness associated with frozen raw breaded chicken
products in Canada, 2015-2019. Epidemiol Infect. 2019;147:e254.

15. Judd MC, Hoekstra RM, Mahon BE, et al. Epidemiologic patterns of human Salmonella serotype diversity in the USA, 1996-2016. Epidemiol Infect.
2019;147:e187.

16. Ferrari RG, Rosario DKA, Cunha-Neto A, et al. Worldwide Epidemiology of Salmonella Serovars in Animal-Based Foods: a Meta-analysis. Appl Environ
Microbiol. 2019;85:e00591-19.

17. Gal-Mor O. Persistent Infection and Long-Term Carriage of Typhoidal and Nontyphoidal Salmonellae. Clin Microbiol Rev. 2019;32:e00088-18.

18. Wei X, Long L, You L, et al. Serotype distribution, trend of multidrug resistance and prevalence of B-lactamase resistance genes in human Salmonella
isolates from clinical specimens in Guizhou, China. PLoS ONE. 2023;18:€0282254. 10.1371/journal.pone.028225.

19. Zeng X, Lv S, Qu C, et al. Serotypes, antibiotic resistance, and molecular characterization of non-typhoidal salmonella isolated from diarrheic patients in
Guangxi Zhuang Autonomous Region, China, 2014-2017. Food Control. 2021;120:107478.

20. Shen H, Chen H, Ou Y, et al. Prevalence, serotypes, and antimicrobial resistance of Salmonella isolates from patients with diarrhea in Shenzhen, China.
BMC Microbiol. 2020;20:197.

21. He Y, Wang J, Zhang R, et al. Epidemiology of foodborne diseases caused by Salmonella in Zhejiang Province, China, between 2010 and 2021. Front
Public Health. 2023;11:1127925. Published 2023 Feb 1.

Page 11/14



22.

23.

24.

25.

26.

27.

28.

29.

30.

Xu H, Zhang W, Zhang K, Zhang Y, Wang Z, Zhang W, et al. Characterization of Salmonella serotypes prevalent in asymptomatic people and patients.
BMC Infect Dis. 2021;21:632. 10.1186/s12879-021-06340-z.

Kim SH, Sung GH, Park EH, Hwang IY, Kim GR, Song SA, et al. Serotype Distribution and Antimicrobial Resistance of Salmonella Isolates in Korea
between 2016 and 2017. Ann Lab Med. 2022;42:268-73. 10.3343/alm.2022.42.2.268.

Soltan Dallal MM, Nasser A, Karimaei S. Characterization of virulence genotypes, antimicrobial resistance patterns, and biofilm synthesis in Salmonella
spp isolated from foodborne outbreaks. Can J Infect Dis Med Microbiol, 2024 (2024), Article 4805228.

ZhouY, Liao B, Fang H, Zeng H, Chen C, Huan ZH et al. Analysis of foodborne salmonellosis serotypes and drug resistance inchildren in Chenzhou City of
China from 2017 through 2022 Transl| Pediatr, 13 (2024), pp. 921-30.

Antunes P, Mourdo J, Campos J, Peixe L. Salmonellosis: the role of poultry meat. Clinical microbiology and infection. Eur Soc Clin Microbiol Infect Dis.
2016;22:110-21.10.1016/j.cmi.2015.12.004.

Zhou X, Xu L, Xu X, Zhu Y, Suo Y, Shi C, et al. Antimicrobial resistance and molecular characterization of salmonella enterica serovar enteritidis from retail
chicken products in Shanghai, China. Foodborne Pathog Dis. 2018;15(6):346-52.

Linlin X, Qin X, Gao HXY, Sun T, Dong X et al. Molecular epidemiological investigation of Salmonella isolated from the environment, animals, foods and
patients in China,Food Research International,196,2024,115013, ISSN 0963-996.

Gao F, Huang Z, Xiong Z, et al. Prevalence, serotype, and antimicrobial resistance profiles of children infected with Salmonella in Guangzhou, southern
China, 2016—-2021. Front Pediatr. 2023;11:1077158. Published 2023 Mar 15.

Yue M, Liu D, Li X, et al. Epidemiology, Serotype and Resistance of Salmonella Isolates from a Children's Hospital in Hangzhou, Zhejiang, China, 2006—
2021. Infect Drug Resist. 2022;15:4735-48. Published 2022 Aug 22.

31. Hassena AB, Belmabrouk S, Amor MG, Zormati S, Guermazi-Toumi S, Siala-Trigui M, et al. Study of virulence genes, antimicrobial resistance, and genetic
relatedness of foodborne Salmonella isolates from. Tunisia J Food Prot. 2022;85:1779-89.
32.Niu X, TuL, Yu Q, Lu B, Tian J, Wang W, et al. Serotypes and antimicrobial resistance patterns of food-borne Salmonella isolates in the Jiaxing Region,
China, from 2020 to 2024. J Glob Antimicrob Resist. 2025;45:294-8.
Figures
Cases
o 0 5,099
Heilongjiang
; e
Inner Mongolia | b
13 ~y  Jilin I-,"'.
e .; ?1 \
Xinjiang SN i B N 5 y
Vaa = { a7 Vaoning }
Gansu ) 4
e ‘ o S L
1 .. o ﬂi-n'J ;i_‘/\-f: ';Shanxf_'- N AL
G 4 ¥ g{_ @"“L. II' ¢ (/Shandong -
- ®) Qinghai :_' ;_5: I:. I __.' u 414 ' 7
P P o /,\ 7 Shaa“*i{' Henan = -
_ : D , -»..E = 13%2 «JI 106
A S S : .":' —~ L, 5 :
Tibet L\ . ; § " Shanghai
4,447
: gj" Macao
H_ain@n
Figure 1

Page 12/14



Regional distribution of 17540 Salmonella isolates on the map of China
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Figure 2

Resistance rates (%) ofSalmonella Typhimurium (A), Salmonella Enteritidis(B), and other serotype (C) to six main antimicrobials, as reported by the ISPED
program in 2017 to 2024.Among Salmonella Typhimurium isolates, the resistance rates to ampicillin and ampicillin/sulbactam showed an increasing trend
from 2017 to 2024, whereas the rate for trimethoprim/sulfamethoxazole exhibited a decreasing trend. For Salmonella Enteritidis isolates, the resistance rates
to ampicillin, ampicillin/sulbactam, ceftriaxone, levofloxacin, and trimethoprim/sulfamethoxazole all demonstrated statistically significant increasing trends
from 2017 to 2024. For other Salmonella serotypes, the resistance rates to ampicillin, ampicillin/sulbactam, azithromycin, and
trimethoprim/sulfamethoxazole showed statistically significant decreasing trends between 2017 and 2024, while the resistance rate to levofloxacin

displayed a marked upward trend.

Page 13/14



== Exilern region

A wes i i B
— Weshom region
Northe region
3 Z
0
T T
t ¥
i :
E -1
i g
-5
A
Antibiotic Antibiotie
C % b m Exstem region
ns ' " South region
- = ! nr W,
& — Weslern region
g &0 e - LLL) MNogthern region
4 —
é al
1] »s
i » e n
= b 0 it it

Antiblotic

Figure 3

Differences in antibiotic resistance rates among Salmonella Typhimurium (A), Salmonella Enteritidis (B), and other serotypes (C) across different regions.
Among Salmonella Typhimurium isolates, the ampicillin resistance rate in the eastern region was significantly lower than those in the southern, western, and
northern regions. The southern region exhibited significantly higher resistance rates to ampicillin/sulbactam and trimethoprim/sulfamethoxazole compared
with the other three regions. The western region had the highest ceftriaxone resistance rate, while the northern region showed a higher levofloxacin
resistance rate than the other three regions. Among Salmonella Enteritidis isolates, resistance rates to ampicillin/sulbactam, ceftriaxone, and levofloxacin
were significantly higher in the northern region than in the other three regions. The highest ampicillin resistance rate was detected in the southern region,
whereas the highest trimethoprim/sulfamethoxazole resistance rate was found in the western regio. Among other Salmonella serotypes, resistance rates to
ampicillin, ampicillin/sulbactam, and trimethoprim/sulfamethoxazole were significantly higher in the western region than in the other three regions. The
eastern region displayed a higher levofloxacin resistance rate compared with the other three region.
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