
Malaysian Journal of Public Health Medicine 2026, Vol. 26 (2): 170-182 

 

ORIGINAL ARTICLE 
 
TRENDS AND THEMES IN HUMAN NON-TYPHOIDAL SALMONELLA RESEARCH 
ACROSS ASIA, 2015–2024: A BIBLIOMETRIC AND NARRATIVE SYNTHESIS OF 
PUBLIC HEALTH EVIDENCE 
 
Hazlienor Mohd Hatta1, Kamarul Imran Musa1*, Suhaily Mohd Hairon1 and Nik Mohd Hafiz Mohd Fuzi2 
 
1Department of Community Medicine, School of Medical Sciences, Universiti Sains Malaysia, Kubang 
Kerian, Kota Bharu, Kelantan, 16150, Malaysia 
2Surveillance Unit, Kelantan State Health Department, Bandar Kota Bharu, 15200 Kota Bharu, Kelantan, 
Ministry of Health, Malaysia 
 
 
Corresponding author: Kamarul Imran Musa 
Email: drkamarul@usm.my 
 
ABSTRACT 
 
Non-typhoidal Salmonella remains a major, yet fragmented foodborne threat in Asia, driven by evolving food systems, 
demographic transitions, cross-border mobility, and antimicrobial resistance. This study combined bibliometric and narrative 
approaches to map research trends (2015-2024) and synthesise public health–relevant evidence to identify gaps and priorities. 
Peer-reviewed articles were retrieved from PubMed/PMC, Scopus, and Web of Science. Publication trends, keyword networks, 
and thematic evolution were assessed using bibliometrix R package. Evidence on burden, serovar distribution, antimicrobial 
resistance, and molecular epidemiology was extracted and synthesised thematically. A total of 186 studies were included, 
with an average annual growth rate of 21.45%. Research was concentrated in East and Southeast Asia, limiting geographical 
representativeness. Dominant themes were disease occurrence and surveillance, serovars, and AMR, with marked geographical 
heterogeneity. Studies primarily focused on paediatric, hospitalised, and invasive infections, while asymptomatic carriage 
and community-level burden were underrepresented. Salmonella Typhimurium and Enteritidis predominated; however, 
monophasic variants and shifting sequence types, notably an increase in ST34, were reported. Widespread multidrug resistance 
and mobile resistance genes highlight growing treatment challenges and the risk of regional dissemination. Genomic 
surveillance is expanding but geographically uneven. Strengthening surveillance, expanding genomic capacity, and regional 
coordination are crucial to address this escalating public health threat. 
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INTRODUCTION 
 
Non-typhoidal Salmonella (NTS) infections are 
caused by non-typhoidal serovars of Salmonella 
enterica, distinct from typhoidal serovars 
(Salmonella Typhi and Paratyphi). Transmission 
primarily occurs through contaminated food and 
water, animals, and, less frequently, person-to-
person 1. NTS is a leading cause of foodborne 
illness worldwide, with an estimated 93.8 
million cases and 155,000 deaths annually 2. NTS 
infections typically present as self-limiting 
gastroenteritis, but approximately 3–10% 
progress to invasive disease, causing severe 
complications such as bacteraemia, meningitis, 
and focal infections, particularly among young 
children, immunocompromised individuals, and 
those with comorbidities 3. The global case-
fatality rate for invasive non-typhoidal 
Salmonella (iNTS) disease is estimated at 14.7%, 
higher in Africa and Asia 3. NTS also imposes 
substantial economic burden, including 
healthcare costs, outbreak response, and 
productivity losses 4.  

 
NTS serovars vary in host adaptation, virulence, 
and transmission dynamics, with S. Typhimurium 

and S. Enteritidis being the most commonly 
isolated serovars globally 3, 5. Over 2600 
Salmonella enterica serovars have been 
identified; around 170 NTS serovars have been 
discovered in the swine production chain, and 
130 in poultry 6. However, the association of 
certain serovars with increasing antimicrobial 
resistance (AMR), with rates exceeding 70% in 
many settings, poses a growing public health 
threat 7. NTS vaccine development efforts are 
ongoing but are challenged by extensive 
antigenic diversity and shifting serovar 
dominance across regions 8. 

 
Human NTS evidence in Asia remains 
fragmented, with most studies focusing on 
paediatric and hospitalised cases, and often 
limited to a single institution or region 3. 
Surveillance methods vary widely, with 
significant under-ascertainment of the disease 9. 
Widespread detection of NTS in commonly 
consumed foods in Asia underscores the risk of 
outbreaks, travel-associated transmissions, and 
regional dissemination. Despite growing 
interest, public-health- related evidence on 
burden, surveillance, serovar dynamics, and 
AMR has not been thoroughly synthesised. This 
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study aims to map research trends and 
synthesise critical public health evidence on 
human NTS in Asia (2015-2024) using 
bibliometric and narrative approaches, focusing 
on publication trends, thematic evolution, and 
key evidence gaps. 
METHODS  
 
Search strategy 
Literature search was conducted in PubMed/PMC, 
Scopus, and Web of Science to identify peer-
reviewed studies on human non-typhoidal 
Salmonella (NTS) published between 2015 and 
2024 in Asia according to the United Nations 
geoscheme, encompassing East, South, Southeast, 
Central, and Western Asia10. Countries in Western 
Asia (e.g., Saudi Arabia, Iran, Israel) and 
transcontinental Türkiye were included because 
of their inclusion in regional public health 
surveillance and epidemiological reporting. 
 
Search terms included combinations of 
“Salmonella,” “non-typhoidal Salmonella,” “non-
typhoidal Salmonella,” “NTS,” “iNTS,” 
“Salmonellosis,” and truncated terms. Eligible 
studies were original research conducted in 
human populations that addressed public health–
relevant outcomes, including disease occurrence, 
burden, surveillance, clinical characteristics, 
serovars, AMR, molecular epidemiology, 
transmission, or public-health control. We 
excluded reviews, editorials, non-peer-reviewed 
literature, animal-only studies, and typhoidal–
focused research. Laboratory studies were 
included when providing epidemiological or public 
health information, but excluded when focused 
exclusively on experimental or mechanistic 
investigations, such as resistance or virulence 
mechanisms without epidemiological context. 
Studies conducted outside Asia and non-English 
publications without available translations were 
also excluded. Titles, abstracts, and full texts 
were screened against these criteria, with 
disagreements resolved through discussion, and 
the study selection process is summarised in 
Figure 1. 
 
Bibliometric Analysis 
A bibliometric analysis was performed using 
records retrieved from the selected databases. 
Bibliographic data were merged into a single 
dataset and transformed into a bibliometric 
object using the bibliometrix package (RStudio, R 
Foundation for Statistical Computing) via the 
biblioshiny web interface 11. Descriptive 
indicators summarised publication 
characteristics. Annual frequency distributions 
were used to analyse temporal publication trends. 
To identify prominent research topics, a word 
cloud was constructed using the top 50 most 
frequent author-provided keywords, with larger 
font sizes indicating higher frequency. 
Synonymous terms were harmonised before 
visualisation to reduce redundancy (e.g., merging 

“WGS” and “whole-genome sequencing”). 
Keyword co-occurrence network analysis was 
performed to explore the conceptual structure of 
human NTS research. Keywords Plus terms were 
used to capture broader conceptual relationships 
based on cited references, complementing 
author-provided keywords. Co-occurrence links 
were defined as links between two keywords that 
appeared in the same publication, thereby 
forming thematic clusters. 
 
An alluvial plot was generated to visualise 
thematic evolution over time, emphasising the 
emergence, persistence, and transition of major 
research themes. Keywords were standardised 
using a predefined dictionary and grouped into 
seven major categories: AMR, antibiotics, burden 
& surveillance, clinical spectrum, genomics, 
geography, and serotype/sequence type (ST). 
Flow width corresponded to thematic frequency. 
To contextualise bibliometric themes, all 186 
eligible studies were reviewed thematically, with 
studies contributing to each theme when relevant 
data were reported. Data on study location, 
population, epidemiological measures, serovars, 
AMR, sequence types, and genomic findings were 
extracted into a structured database. Two authors 
independently assessed thematic relevance and 
resolved disagreements by consensus. Descriptive 
synthesis was performed across themes, and 
selected results were visualised using ggplot2 in R 
12. Drug resistance (DR) was defined as resistance 
to ≥1 antimicrobial agent, and multidrug 
resistance (MDR) as resistance to ≥3 antimicrobial 
classes.  
 
RESULTS 
 
Bibliometric analysis 
A total of 186 publications were included across 
109 journals (Table 1). Collaboration was 
prominent, with an average of nine authors per 
article, and approximately 18% featuring 
international co-authorship. Publication output 
increased steadily since 2015, peaked in 2022, and 
remained high through 2024, with an average 
annual growth rate of 21.45% (Figure 2). Although 
citation rates per document were modest, the 
consistent upward trajectory indicates a marked 
expansion of research activity, highlighting human 
NTS epidemiology as a growing and increasingly 
collaborative field in Asia.  
 
The word cloud analysis (Figure 3) highlights the 
most frequent author keywords, reflecting 
researchers’ primary objective and core findings. 
The term “humans” appeared prominently, 
emphasising the predefined scope of this review. 
Frequently occurring terms such as “antimicrobial 
resistance,” “antibacterial 
agents/pharmacology,” and “genomics” suggest 
major emphasis on therapeutic challenges, 
resistance patterns, and molecular 
characterisation of NTS strains. The distribution 
also shows a clear demographic and 
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epidemiological focus, with age-specific terms 
and study design descriptors suggesting 
population-based research, particularly in the 
paediatric population. Research output was 
concentrated in East Asia, particularly China and 
Taiwan, while several countries in South and 
Central Asia were represented by relatively few 

studies. Conversely, One Health-related term, 
such as “animals”, appeared less frequently, 
whereas keywords reflecting the human-animal-
environment interface (e.g., “agriculture”, 
“water contamination”, “livestock” or poultry”) 
did not appear in the top rank. 
 

 
Table 1. Main information of the studies 
Description Results 
Period 2015 – 2024 
Documents 186 
Sources 109 Journals 
Annual Growth Rate %   21.45 
Keyword plus (ID) 809 
Author’s keywords (DE) 585 
Document Average Age                   5.58 
Average citations per doc  0.4677 
Average citations per year per doc   0.108 
Authors 1155 
Author appearances 1707 
Document per author 0.161 
Single-authored docs  2 
Co-Authors per Doc 9.18 
International co-authorships %  17.74 

The word cloud shows dominance of AMR, 
paediatric focus and molecular approaches, with 
Figure 3 illustrating their interconnections 
through three major thematic clusters identified 
by co-occurrence network analysis. The central 
blue cluster is predominantly clinical, 
emphasising demographics and terms such as 
“child”, “middle-aged” and “male/female” that 
reflect age- and sex-stratified analyses, 
particularly in paediatric populations, with strong 
links to “incidence” and “prevalence” indicating 
close alignment with surveillance research. This 
cluster is tightly connected to AMR-related 
keywords, suggesting that most studies are 
framed within a human clinical context with AMR 
as the core focus, and connects closely with the 
green cluster, which reflects the molecular and 
pharmacological dimensions, represented by 
terms such as “genomics”, “plasmids”, 
“phylogeny”, and “multi-locus sequence typing”. 
The linkage of this cluster to specific regions 
indicates increasing integration of advanced 
molecular approaches into public health 
surveillance. Notably, AMR-related terms serve as 
critical bridges between molecular studies and 
clinical outcomes. The red cluster forms a 
specialised niche focused on key antibiotics, 
including “ampicillin” and “ciprofloxacin”, and on 
comparative studies of common enteric 
pathogens, particularly “Escherichia coli”.  
 
Figure 4 illustrates the temporal evolution of 
major research themes based on thematic 
categories derived from the co-occurrence 
network analysis. Burden and surveillance studies 
dominated the early years, reflecting efforts to 
quantify disease occurrence and strengthen the 
surveillance system, while antibiotic-related 

studies remained present but secondary. From 
2018 onwards, AMR and antibiotic themes 
increased alongside the expansion of clinical 
spectrum studies, indicating a transition from 
descriptive epidemiology to clinically relevant 
concerns, likely driven by rising treatment failures 
and improved laboratory capacity. Burden and 
surveillance-related themes showed steady 
growth, while genomic epidemiology and 
serotype-specific research substantially increased 
in recent years. The geographical theme, which 
signals country-specific research, remains less 
dominant but persistent throughout the period.  
 
Narrative review 
NTS occurrence, burden and surveillance 
Substantial geographical heterogeneity in human 
NTS research was observed with most studies 
originating from East and Southeast Asia, 
particularly China, Taiwan, and Korea, followed 
by Thailand, Iran and India (Supplementary Figure 
S1). However, parts of South and Central Asia and 
several Southeast Asian countries were 
underrepresented, highlighting gaps in evidence, 
especially from low- and middle-income 
countries. Marked diversity in NTS epidemiology 
and surveillance intensity was reported across 
different populations and surveillance settings. In 
East and Southeast Asia, NTS was consistently 
identified as the leading bacterial cause of 
paediatric gastroenteritis, accounting for 10-35% 
of bacterial enteric pathogens isolated in hospital 
settings 13. Population-based studies in China 
estimated approximately 48-236 cases per 
100,000 annually, while hospital-based studies 
suggested a substantially higher burden, with over 
400,000 cases reported annually 14. Young 
children, particularly <5 years, consistently 
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showed the highest incidence, with some studies 
reporting rates exceeding those of typhoidal 
salmonellosis 15. NTS accounted for 0.4-6.0% of 
bacteraemia cases across India, Bangladesh, and 
Kuwait, with higher proportions among paediatric 
and immunocompromised patients 16, 17. Direct 
burden estimates using disability-adjusted life 
years (DALYs) or quality-adjusted life years 
(QALYs) remain scarce, and Asia-specific 
disaggregation from global NTS models is often 
limited or reported under more general diarrhoeal 
disease categories.  
 
Studies on asymptomatic carriage were few and 
mainly conducted among high-risk occupational 
groups, with higher prevalence observed among 
farmers and market workers, reaching up to 45% 
in some settings, compared with food handlers in 
urbanised settings (<1%) 18, 19. These studies also 
demonstrate that surveillance intensity strongly 
influences the reported burden of NTS. Countries 
with established sentinel or national surveillance 
systems report higher detection rates, wider 
population coverage, and more precise incidence 
estimates. In contrast, under-resourced countries 
rely primarily on hospital-based reporting, which 
likely underestimates community transmission 
and asymptomatic carriers. 
 
NTS Serovars 
Of the 186 eligible studies reviewed for thematic 
extraction, 86 reported information relevant to 
serovar distribution and therefore contributed to 
the serovar synthesis (Supplementary Table 1). 
Figure 5 illustrates the ranked distribution of the 
dominant serovars by clinical presentation. 
Throughout the region and study periods, S. 
Enteritidis and S. Typhimurium consistently 
ranked first and second, highlighting their 
significant role in human NTS infection 13, 20. 
However, since the 2010s, an increasing 
representation of swine-related serotypes, 
particularly S. Derby, S. Rissen, and the 
monophasic S. Typhimurium (4,[5],12:i:-) has 
been observed 21, especially in East and Southeast 
Asia. Regional differences were evident, with Asia 
showing a higher prevalence of swine-associated 
serovars, while Southeast Asia demonstrated 
greater serovar diversity, including endemic 
strains such as S. Stanley and S. Weltevreden 20. 
Limited data from South and West Asia suggested 
unique, context-specific serovar patterns. Similar 
dominant serovars were observed in both 
symptomatic and subclinical infections, with no 
clear serovar exclusivity by clinical presentation. 
Paediatric studies showed limited range of 
dominant serovars but more frequent reporting of 
invasive-associated serovars such as S. Cholerasuis 
and S. Dublin, as well as monophasic S. 
Typhimurium (Supplementary Figure 2) 20.  
 
Several studies using multi-locus sequence typing 
(MLST) reported circulation of high-risk sequence 
types (STs) among dominant NTS serovars. In 
China, 54 STs were identified across 271 isolates, 

with ST11 (S. Enteritidis), ST19 (S. Typhimurium) 
and ST34 (monophasic S. Typhimurium) 
predominating 22. Monophasic S. Typhimurium 
ST34 has emerged as a successful multidrug-
resistant epidemic clone 23, 24. It is more prevalent 
in paediatric infections and linked to intensive 
swine production, increasingly replacing ST19, 
which is more frequent among adults and poultry 
exposure 23, 24. ST34 appears less represented in 
iNTS (Supplementary Figure 3), possibly reflecting 
reduced carriage of virulence genes in some 
monophasic strains 25. Virulence gene distribution 
was also strongly structured by serovar and ST 
rather than randomly dispersed. Pulsed-field gel 
electrophoresis (PFGE) analysis in China 
demonstrated that ST11 isolates causing 
bacteraemia were highly genetically related, 
indicating clonal spread with invasive potential 26. 
Classic NTS virulence determinants (e.g., spv, rck, 
pef) were restricted to S. Typhimurium and S. 
Enteritidis, while monophasic S. Typhimurium 
lacked some plasmid-associated loci25. Another 
study demonstrated that even in S. Enteritidis, 
despite high genetic similarity (>94%), distinct 
PFGE pulsotypes carry entirely different virulence 
mechanisms 27. Salmonella pathogenicity island 2 
(SPI-2) was more frequently associated with 
systemic infection and could be prioritised in 
molecular surveillance to identify more invasive 
strains 28. Additionally, whole-genome sequencing 
identified rare serovars (e.g., S. Welikade, S. 
Ouakam, S. Ealing) among asymptomatic carriers 
harbouring virulence genes, suggesting that low-
prevalence serovars should not be assumed to be 
low risk 29. 
 
Antimicrobial Resistance Pattern in NTS 
Analysis of AMR patterns in NTS across Asia 
revealed marked heterogeneity with a clear shift 
toward MDR. The heatmap (Supplementary Figure 
S4) highlights the regional resistance pattern, 
with China exhibiting the highest and most 
consistent resistance rates, particularly to 
ampicillin, tetracycline, and nalidixic acid, with 
MDR reported in 50-80% of isolates 25. In contrast, 
limited studies from Bangladesh and parts of India 
reported lower MDR rates (1-19%) 16. Resistance to 
quinolones and fluoroquinolones, especially 
ciprofloxacin and nalidixic acid, was widespread 
across countries, indicating endemic resistance. 
In Southeast Asia, MDR prevalence varied 
considerably, around 98.2% in among cases in Laos 
and Thailand, to 78% of the isolates among 
asymptomatic migrant food handlers in Malaysia 
18, 19. Vietnam reported moderate to high MDR, 
particularly in isolates linked to animal reservoirs 
30, 31. Serovar-specific analyses (Supplementary 
Figure S5) showed S. Typhimurium consistently 
exhibited high MDR (70-90%), with its monophasic 
variant approaching near-universal resistance in 
parts of East Asia 23, 24. Although less frequently 
studied, S. Kentucky also showed high 
fluoroquinolone resistance 32.  
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Resistance to third-generation cephalosporins 
remained low overall, but increasing hotspots 
were reported in China, Thailand and India, 
indicating potential extended-spectrum β-
lactamase (ESBL)-mediated resistance 33, 34. ESBL 
prevalence ranged widely (0-80%), higher among 
iNTS or hospitalised cases, and was dominated by 
S. Cholerasuis, S. Kentucky, and S. Typhimurium, 
with rates exceeding 70% 17, 33-35. Dominant genes 
included blaTEM, blaCMY-2, and carbapenemase 
genes (blaOXA-48–like), with blaCTX-M-55 
replacing earlier blaCTX-M over time, especially 
in S. Typhimurium and its monophasic variant, 
suggesting ongoing clonal and plasmid-mediated 
replacement 34, 35. Fluoroquinolone resistance 
involved chromosomal mutations (GyrA, parC) and 
plasmid-mediated quinolone resistance (PMQR) 
genes (notably qnrS1, qnrB, oqxAB, qepA, and 
aac(6′)-Ib-cr)  that are often found to co-occur 
with ESBL genes 36, in which combination with 
Quinolone Resistance-Determining Region 
(QRDRs) mutations may produce high-level 
resistance, particularly in monophasic 
Typhimurium ST34 23. 
 
DISCUSSION 
 
Over the past decade, priorities in human NTS 
research have shifted markedly toward AMR, 
reflecting growing concern over multidrug-
resistant NTS strains, treatment limitations, and 
the necessity for continuous resistance 
surveillance. The increasing and sustained trend 
of surveillance- and burden-related research 
likely reflects strengthened epidemiological and 
laboratory capacity across Asia, supported by 
global initiatives led by the World Health 
Organiation (WHO) and the Food and Agriculture 
Organization of the United Nations (FAO), 
including the Global Salmonella Surveillance 
Network (Global Salm-Surv; now Global 
Foodborne Infections Network, GFIN) and 
Foodborne Diseases Active Surveillance Network 
(FoodNet) 37, 38. Regional capacity-building 
initiatives and collaborations, including the 
Association of Southeast Asian Nations (ASEAN) 
infectious disease surveillance networks, PulseNet 
Asia Pacific for molecular subtyping of 
Salmonella, and One Health–oriented 
programmes, have collectively strengthened 
laboratory-based surveillance, cross-border 
outbreak detection, and food-chain monitoring 39. 
This allows for the adoption of whole-genome 
sequencing and molecular epidemiology, 
contributing to the recent rise in genomics-
focused research. 
 
The geographical distribution of the evidence also 
limits regional generalisability and may reflect 
disparities in surveillance infrastructures, 
research capacity and priorities across the region. 
East Asia dominates research output and parts of 
Southeast Asia, where established surveillance 
systems, routine culture capacity, and national 
reference laboratories support more 

comprehensive data generation 40. Even in highly 
populated countries such as India, rural-urban 
disparities in diagnostic access limit 
representativeness 41. Thematic heterogeneity is 
also observed with East Asian studies emphasising 
genomic epidemiology and resistance 
mechanisms, while South and Southeast Asian 
research concentrated on disease burden, 
foodborne transmission, and locally relevant 
serovars. Despite a stronger focus on enteric 
fever, countries like Malaysia, Indonesia and 
Vietnam are maintaining national laboratory-
based NTS surveillance with solid serotyping and 
AMR monitoring, but genomic capacity remains 
limited 42. Local studies and routine surveillance 
data remain unpublished or confined to grey 
literature. Strengthening surveillance and 
laboratory capacity in under-represented settings 
is therefore important for generating more 
geographically representative evidence and 
informing regional NTS control. 
 
Our findings show a strong emphasis on paediatric 
populations, likely reflecting both higher disease 
burden and extensive surveillance in this group. 
Children are more vulnerable to invasive infection 
due to immunological immaturity and 
malnutrition, leading to more comprehensive 
testing and case detection 15, 20. While this focus 
has strengthened evidence on clinical severity and 
AMR in children, aligning with Sustainable 
Development Goal (SDG) 3 targets for reducing 
child morbidity and mortality, these limit the 
understanding of adult NTS transmission 
dynamics, foodborne exposure, and occupational 
risk, which are critical for One Health 
interventions and vaccine strategy 43. The 
dominance of hospital-based and laboratory-
confirmed cases, alongside limited community-
level representation, suggested underestimation 
of asymptomatic carriers, community-managed 
cases and other high-risk groups. Despite limited 
evidence, existing studies have highlighted the 
potential of asymptomatic carriers as potential 
reservoirs, implying that the actual burden of NTS 
is underestimated 19. Inclusion of these groups is 
integral for comprehensive surveillance and 
future vaccine strategies. 
 
Rising serovar- and sequence-type-specific studies 
reflect growing attention to clinically significant 
and emerging strains. The growing dominance of 
swine-associated serovars such as S. Derby, S. 
Rissen, and monophasic S. Typhimurium, which 
are frequently multidrug-resistant, suggests shifts 
in NTS transmission dynamics. S. Rissen has 
emerged as the most common serovar (up to 20% 
of isolates) in pigs, pork products, and human 
cases in Myanmar, Thailand, and Vietnam, where 
intensive pig farming and high pig consumption 
have been consistently reported 18. While still 
common, the decreasing dominance of poultry-
associated serovars (e.g., S. Stanley, S. Infantis, 
and S. Weltevreden) may reflect changes in food 
safety practices or control strategies, including 
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enhanced farm biosecurity, vaccination in poultry 
flocks, and improved supply chain traceability 44. 
Regionally endemic serovars (e.g., S. London, S. 
Chester, S. Goldcoast, and S. Agona) linked to 
specific outbreaks emphasise how food trade 
chains amplify risk in high-consumption areas, 
where targeted surveillance is crucial to detect 
localised outbreaks 45. Similar dominant serovars 
across symptomatic and asymptomatic studies 
suggest that disease severity is influenced by host 
factors or exposure dose, rather than by serovar 
alone, with at-risk populations, including 
immunocompromised individuals, likely to 
develop more severe disease than healthy 
individuals 46.  
 
This review demonstrated an alarming rise in MDR 
among NTS across Asia, with substantial regional 
and serovar-specific variation, but these findings 
should be interpreted cautiously given the uneven 
geographical evidence base. High resistance to 
first-line agents and fluoroquinolones, including 
ampicillin, tetracycline, and nalidixic acid, likely 
reflects long-term use or selective exposure in 
human and animal reservoirs. Widespread 
fluoroquinolone-resistant strains, particularly in 
East and Southeast Asia, signal reduced treatment 
efficacy. S. Typhimurium and its monophasic 
variant appear to be important MDR drivers in the 
region, exhibiting consistent resistance across 
different drug classes, while S. Kentucky shows 
notable fluoroquinolone resistance. These 
patterns underline the need for serovar-targeted 
AMR surveillance and integration of serovar-level 
data into treatment guidelines to strengthen 
antimicrobial stewardship. Emerging resistance to 
third-generation cephalosporin and azithromycin 
further narrows therapeutic options. Despite low-
frequency detection, transferable mcr genes raise 
concern posed by these strains, given colistin’s 
role as a last-line agent for severe infections 
caused by carbapenem-resistant organisms 47. As 
NTS resistance is closely linked to antimicrobial 
use in agriculture and livestock, the limited 
integration of animal and environmental research 
represents an important One Health gap. This 
limits understanding of reservoirs and 
transmission pathways, particularly for swine-
associated S. Derby, S. Rissen, and MDR 
monophasic S. Typhimurium ST34 identified in this 
review. The encouraging trend toward genomic 
studies offers opportunities to address these gaps 
by enabling high-resolution tracking of strains, 
plasmids, and resistance genes across sectors 48. 
Such approaches are essential for detecting high-
risk clones, guiding empirical therapy and 
preventing endemic spread in human, food, and 
animal reservoirs. 
 
Monophasic variants, though inconsistently 
reported, reflect epidemiological shifts in Asia, 
with under-detection likely due to limited 
laboratory capacity and serotyping resolution 49. 
Understanding dominant STs and monophasic 
lineage is crucial for informing serovar- and 

lineage-relevant vaccine targets and predicting 
strain replacement. Genomic analyses revealed 
clustered resistant strains despite being isolated 
from different locations or time periods, with 
evidence of clonal expansion of dominant lineages 
and co-circulation of genetically diverse lineages 
50. These approaches clarify the spread, host 
adaptation, and transmission of high-risk clones, 
but uneven implementation across countries 
limits cross-border detection, tracking clonal 
replacement, and prediction of emerging 
resistance, underscoring the need for 
standardised sequencing pipelines and data-
sharing platforms. 
 
Addressing the NTS threat requires regional 
coordination, as virulent and resistant strains 
readily spread through vast trade, travel, and 
shared food systems. Neighbouring countries 
often share similar environments, antimicrobial 
use patterns, and high-risk serovars, facilitating 
rapid dissemination. Understanding regional 
burden and epidemiological patterns supports 
proactive interventions, improves empirical 
treatment, and prioritises high-risk serovars for 
surveillance, providing a foundation for 
coordinated policy and cross-border 
collaboration. This study combined bibliometric 
mapping with a structured narrative review to 
synthesise human NTS research in Asia and 
identify dominant themes, gaps, and 
heterogeneity. Grounding the review in 
bibliometric conceptual analysis enhanced 
objectivity and transparency. However, findings 
are limited by English language peer-reviewed 
literature indexed in major databases, likely 
underrepresenting grey literature and routine 
surveillance data from resource-limited settings. 
Furthermore, most studies were hospital-based, 
with limited standardised burden estimates, 
restricting cross-country comparability. Exclusion 
of purely mechanistic laboratory studies may also 
have omitted complementary biological insights 
relevant to epidemiological interpretation. 
Despite these constraints, the synthesis provides 
a structured regional overview that can inform 
future standardised, cross-sectoral, and 
geographically inclusive research efforts. 
 
CONCLUSIONS 
 
Research on human NTS in Asia has expanded 
rapidly over the past decade, reflecting the 
growing recognition of its public health 
importance. Burden and surveillance, serovar 
distribution, and AMR-related studies were the 
main focus, but thematic and geographical 
heterogeneity were observed across the region. 
Hospital-based and paediatric studies dominate, 
with underrepresentation of community-based 
studies, adult populations, and low-resource 
settings. The emergence and expansion of virulent 
and resistant serovars, alongside escalating 
multidrug resistance, highlight evolving threats 
that are not fully captured by existing surveillance 
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systems. However, the uneven geographical 
evidence base limits generalisability of findings 
across the region, particularly to under-
represented areas. Strengthening advanced 
laboratory capacity, expanding population-based 
surveillance, harmonising reporting standards, 
and improving regional data sharing and 
coordination are crucial for informing targeted 
public health interventions across the region. 
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Figure 1. Study selection process 
 
 
 
 
 
 

 
Figure 2. Annual Trends in Human Salmonella Research Publications in Asia (2015–2024) 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Records identified from: 
Pubmed/PMC (n = 106855) 
Scopus (n = 60314) 
Web of Sciences (n = 64476) 

Records removed before 
screening (n=229642) 

Duplicate records  
Records marked as ineligible 
by automation tools (non-
human, outside Asia, non-
english, not original article) 
 

Records screened based on title 
and abstract 
(n = 2003) 

Records excluded 
Not relevant (n=357), Non-
human (n=262), Single strain 
(n=37), Typhoidal study (n=55), 
not original article (n=53), 
laboratory based (n=105), non-
Asia (n=60) 

Reports sought for retrieval 
(n = 1095) 

Reports not retrieved 
(n=34) 

Full text articles assessed for 
eligibility 
(n = 1061) 

Reports excluded: 
Undifferentiated pathogen 
(n=65) 
Undifferentiated source 
(n=68) 
Non-Asia (n = 237) 
Typhoidal study (n=37) 
Undifferentiated Salmonella 
studies (n=168) 
Laboratory-focused (n=279) 

Studies included in review 
(n = 186) 
 

Identification of studies via databases  

Id
en

tif
ic

ati
on  

Sc
re

en
in

g  
 

In
cl

ud
ed  



Malaysian Journal of Public Health Medicine 2026, Vol. 26 (2): 170-182 

  

 
 
 
 

 
Figure 3. Keyword landscape and conceptual structure of human non-typhoidal Salmonella (NTS) research 

in Asia, 2015–2024 
(A) Word cloud of the top 50 author keywords; larger font size indicates higher frequency. 

(B) Keyword co-occurrence network showing thematic clusters. Node size reflects keyword frequency, and 
links indicate co-occurrence within publications, highlighting clinical, molecular/AMR, and antibiotic-

focused research domains. 
 
 
 

 
Figure 4. Trends and Thematic Evolution of Keywords in Human Salmonellosis Research in Asia (2015–

2024) 
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Figure 5. Ranked distribution of dominant non-typhoidal Salmonella (NTS) serovars reported in human 

studies across Asia, 2015–2024, stratified by clinical presentation
 

 


