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Antimicrobial resistance (AMR) is a growing global health threat, with international travel playing a key role in 
the spread of resistant bacteria. This systematic review examines trends in travel-associated AMR from 2020 to 
2024. A search of PubMed, Scopus and Web of Science identified 10 studies involving 359 AMR isolates. Using 
the Newcastle–Ottawa scale, the study quality was assessed and findings were synthesised to identify pat- 
terns in prevalence, diversity and geographic spread. Results revealed a consistent rise in travel-associated AMR, 
particularly from regions such as Southeast Asia and Africa, which acted as major sources of diverse resistant 
pathogens. These include extended spectrum beta-lactamase-producing Escherichia coli , multidrug-resistant 
(MDR) Corynebacterium diphtheriae and colistin-resistant Enterobacterales. The number of MDR strains increased 
over time, making up 15.3% of cases by 2024. Healthcare exposure during travel emerged as a significant risk 
factor. Overall, the prevalence and diversity of AMR bacteria linked to travel have risen steadily, highlighting the 
urgent need for global cooperation. Enhanced surveillance, antimicrobial stewardship, infection control mea- 
sures and international collaboration are essential to curb the spread of these dangerous pathogens. 
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pathogens acquired during travel can be introduced into new ge- 
ographical regions, leading to the emergence and dissemination 
of resistant strains in local populations.5 This can compromise 
the effectiveness of antimicrobial treatments, making infections 
more difficult to manage and increasing the risk of adverse 
health outcomes. Moreover, the burden of travel-related AMR 
extends beyond individual health. The economic implications 
are also substantial, as the treatment of resistant infections 
often requires more costly and complex interventions, leading 
to increased healthcare expenditures and lost productivity.6 
Global health security implications are also concerning, as the 
unchecked spread of resistant microorganisms can undermine 
the ability of countries to respond effectively to infectious disease 
outbreaks and pandemics.7 
The scale and impact of travel-related AMR are well doc- 

umented in the literature. A systematic review published in 
2020 found that the prevalence of antimicrobial-resistant gut 
colonisation among international travellers ranged from 20 
to 80%, with higher rates observed in individuals travelling to 
low- and middle-income countries.8 Another study reported 
that travellers returning from the Indian subcontinent had an 
increased risk of acquiring extended spectrum beta-lactamase 
(ESBL)-producing Enterobacteriaceae compared with those who 
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ntroduction 

ntimicrobial resistance (AMR) has emerged as a significant 
lobal public health concern in recent decades and poses a se- 
ious threat to the effective prevention and treatment of various 
nfectious diseases. The WHO has declared AMR a ‘global health 
ecurity threat’ and has called for urgent action to address this 
ressing issue.1 One of the key drivers of the global AMR crisis is 
he interconnected nature of the modern world, where the rapid 
ovement of people, goods and pathogens across borders has 
acilitated the spread of resistant microorganisms. International 
ravel has been identified as a significant contributing factor to 
he dissemination of antimicrobial-resistant pathogens.2 , 3 
Given the increasing frequency and volume of global travel, 

he threat of travel-related AMR is particularly concerning. 
ccording to the United Nations World Tourism Organisation, 
nternational tourist arrivals reached 1.5 billion in 2019, a signif- 
cant increase from previous decades.4 This unprecedented level 
f international mobility has created ample opportunities for the 
ross-border transmission of antimicrobial-resistant microorgan- 
sms, further intensifying the global AMR crisis. The spread of 
MR through travel-related pathways poses a significant public 
ealth challenge, with far-reaching consequences. Resistant 
The Author(s) 2025. Published by Oxford University Press on behalf of Royal Society of Tropical Medicine and Hygiene. This is an Open Access
rticle distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which 
ermits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 
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did not travel.9 The consequences of travel-related AMR are
also evident in the data. A study conducted in the Netherlands
found that nearly one-third of all ESBL-producing Escherichia
coli infections in the country were attributable to interna-
tional travel.10 Similarly, a report from the European Centre for
Disease Prevention and Control (ECDC) estimated that travel-
associated infections contribute to approximately 10–20% of
all carbapenem-resistant Enterobacteriaceae (CRE) cases in the
European Union.11 
Addressing this public health challenge is urgent because of

the increasing prevalence and global spread of antimicrobial-
resistant pathogens associated with travel. In 2021, a system-
atic review provided insights into the impact of travel on the dis-
semination of AMR worldwide.5 Given the growing recognition of
the importance of this issue, there is a need for a comprehen-
sive and up-to-date synthesis of the current literature on travel-
related AMR. Therefore, we synthesised existing evidence on the
relationship between travel and the acquisition and transmission
of antimicrobial-resistant pathogens, focusing on the period from
2020 to 2024. 

Methodology 

This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.12 The PRISMA framework provided
a standardised approach to the planning, conduct and report-
ing of the systematic review, ensuring transparency and method-
ological rigour. The review proposal was preregistered on the
Open Science Framework and can be accessed at https://doi.org/
10.17605/OSF.IO/4HG5M. 

Search strategy 
A comprehensive search of electronic databases was performed
to identify relevant studies published from January 2020 to
December 2024. The search was conducted on 23 December
2024. The databases searched were PubMed, Scopus and Web of
Science. 
The search strategy involved a combination of keywords and

Medical Subject Headings (MeSH) terms related to travel, AMR
and their various synonyms. The search terms included but were
not limited to (‘travel’ OR ‘pilgrim*’ OR ‘Hajj’ OR ‘Hadj’ OR ‘Haj’
OR ‘Olympic’ OR ‘overseas student’ OR ‘international student’ OR
‘immigrant’ OR ‘world cup’ OR ‘mass gathering’ OR ‘crowding’ OR
‘tourism’ OR ‘travel medicine’ OR ‘holiday’) AND (‘drug resistance’
OR ‘antimicrobial resistan*’) ( Table S8). 
The search strategy was designed to capture a broad range of

study designs, including observational studies (e.g. cohort, case-
control, cross-sectional), interventional studies and modelling
studies. Additionally, the reference lists of the included studies
and relevant review articles were manually searched to identify
any additional eligible studies. 

Study selection 
Following the database search, all retrieved records were im-
ported into Rayyan13 for screening and selection. The study selec-
tion process involved two independent reviewers who assessed
396
the eligibility of the studies based on the predefined inclusion and
exclusion criteria. 
Inclusion criteria: 

� Studies that examined the association between travel and the
acquisition or transmission of antimicrobial-resistant bacteria,
viruses, fungi or other microorganisms. 

� Studies conducted in any geographical region or country. 
� Studies published in peer-reviewed journals from January 2020
to December 2024. 

Exclusion criteria: 

� Studies not published in English. 
� Conference abstracts, editorials, commentaries and review ar-
ticles without original data. 

Any discrepancies between the reviewers during the study se-
lection process were resolved through discussion or consultation
with a third reviewer, if necessary. 

Data extraction 
A standardised data extraction form was developed to collect rel-
evant information from the included studies. The data extraction
was performed by two independent reviewers, and the following
information was collected: 

� Study characteristics: author(s), publication year, study design,
study setting and study population. 

� Travel-related factors: destination, purpose of travel, and
travel-associated exposure (e.g. healthcare, food and water,
social activities). 

� AMR-related data: type of resistant microorganisms, preva-
lence or incidence of acquisition, transmission patterns and risk
factors. 

Quality assessment 
The methodological quality of the included observational stud-
ies in this systematic review was assessed using the Newcastle–
Ottawa scale (NOS).14 The NOS is a validated tool for the quality
assessment of non-randomised studies, evaluating them across
three domains: selection of the study groups, comparability of
the groups and ascertainment of the exposure or outcome of in-
terest. Each domain was scored on a scale of 0–4 (selection), 1
(comparability) and 0–3 (outcome/exposure), resulting in a max-
imum total score of 8 stars. Studies that scored ≥7 stars were
generally considered to be of high quality, while those scoring 5–
6 stars were deemed to be of moderate quality and those scoring
< 5 stars were considered to be of low quality. The NOS assess-
ment was conducted independently by two reviewers, and any
discrepancies were resolved through discussion or consultation
with a third reviewer. 

Data analysis and synthesis 
Given the anticipated heterogeneity in the study design, pop-
ulation and outcome measures, a narrative synthesis of the
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Figure 1. The study selection process. 
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ndings was conducted. The geographical distribution of the in- 
luded studies was visualised using a world map that highlighted 
he regions and countries where research on travel-related AMR 
as conducted. This mapping facilitated the identification of 
otspots and geographic disparities in the available evidence. 
o complement the visual representations, detailed tables were 
onstructed to provide a comprehensive summary of the in- 
luded studies, key findings and quality assessment scores. These 
ables serve as a reference point for the narrative synthesis. 

thical considerations 
his study was a systematic review of the published literature; 
hus, no direct ethical approval was required. The review adhered 
o ethical principles, such as respecting the confidentiality and 
ntegrity of the data reported in the included studies. 

esults 
earch results and articles 
he initial literature search yielded 2076 potentially relevant ar- 
icles from Scopus ( n = 558), PubMed ( n = 1180) and Web of Sci-
nce ( n = 338). An additional 10 articles were identified through 
anual search techniques on Google Scholar and reference lists, 
esulting in 2086 articles. After removing 1140 duplicate records, 
46 articles were screened based on their titles and abstracts. 
uring this screening, 843 articles were excluded, leaving 103 ar- 
icles that were then subjected to full-text screening. 
During the full-text screening, 93 articles were excluded for the 

ollowing reasons: 

� Non-human studies 
� 
Studies that did not address travel and AMR I
� Reviews, editorial commentary and correspondence 
� Lack of travel history information 
� Full-text articles not available 
� No information about the antimicrobials tested. 

After the full-text screening, 10 articles15 –24 were deemed el- 
gible and included for the final data extraction and synthesis 
Figure 1 ). All ten articles were associated with AMR in bacteria. 

haracteristics of the included studies 
he analysis of the 10 included studies revealed detailed informa- 
ion on the number of travel-related AMR isolates documented 
ver the 2020–2024 period ( Table S1). The overall NOS scores for 
he included studies ranged from 6 to 8 stars, with the majority 
n = 8, 80%) of the studies scoring 7–8 stars ( Table S2). This sug-
ests that the methodological quality of the included studies was 
enerally high, providing a reliable foundation for the synthesis 
nd interpretation of the findings. The isolates were categorised 
ased on their geographic origin and AMR profiles. Overall, 359 
ravel-associated AMR isolates were reported across the studies 
 Table S5). 

riginating and destination regions of 
ravel-associated AMR 

ata from the included studies indicated that Southeast Asia and 
frica were the predominant sources of travel-related AMR bac- 
eria. The Southeast Asian region accounted for 58 AMR isolates 
cross five studies. The specific locations within Southeast Asia 
hat were identified as hotspots included Indonesia (34 isolates), 
ndia (26), Thailand (4) and Nepal (4). 
397

https://academic.oup.com/inthealth/article-lookup/doi/10.1093/inthealth/ihaf071#supplementary-data
https://academic.oup.com/inthealth/article-lookup/doi/10.1093/inthealth/ihaf071#supplementary-data
https://academic.oup.com/inthealth/article-lookup/doi/10.1093/inthealth/ihaf071#supplementary-data


G. Tetteh-Ocloo et al.

Figure 2. Originating and destination hotspots of travel-associated AMR. AMR: antimicrobial resistance. 
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The African continent was the origin of 70 AMR isolates, as re-
ported in six studies. The island of Zanzibar was the most com-
monly cited location, with 60 AMR isolates. The other African
countries mentioned were Guinea (3 isolates), Mali (3), Senegal
(2), Nigeria (1) and the Central African Republic (1). An additional
147 AMR isolates were reported from unspecified or multiple re-
gions, as documented in five studies ( Table S3). 
The main regions of travel-associated AMR were Europe, Ocea-

nia, East Asia and North America. Europe, particularly France (38
isolates), Switzerland (60) and Finland (109), was the destination
for 207 AMR isolates across five studies. The Oceania region, pre-
dominantly Australia, received 68 AMR isolates, as reported in two
studies. In North America, the USA was the destination for 25 AMR
isolates, as documented in one study. In East Asia, Hong Kong (60
isolates) and South Korea (8) were the destinations for 68 AMR
isolates, as reported in two studies (Figure 2 , Table S4). 

Resistant pathogens and antimicrobials 
The most commonly documented travel-associated resistant
pathogens were E. coli (306 isolates across 7 studies), Vibrio
cholerae (34 isolates in 1 study) and Corynebacterium diphthe-
riae (10 isolates in 1 study) (Figure 3 , Table S5). Specifically, these
pathogens exhibited resistance across different classes, such as
237 isolates for cephalosporins, 220 isolates for sulphonamides
and trimethoprim, 345 isolates for quinolones, 171 isolates
for tetracyclines, 167 isolates for penicillins, 76 isolates for
macrolides and linasamides, 55 isolates for amphenicol and 107
isolates for other antimicrobials, including nitrogenfurantoin and
colistin ( Table S6, Table S7). 
398
Notably, these studies reported the emergence of multidrug-
resistant (MDR) strains, highlighting the increasing complexity of
managing these infections. The acquisition of resistance to col-
istin, a last-resort antibiotic, was also documented among Enter-
obacterales isolates from travellers returning from Southeast Asia
and Peru. 

Movements and trends of travel-related AMR bacteria 
Temporal trends of AMR isolates 

The analysis of the 10 studies included in this review offers
valuable insights into the temporal trends of travel-related AMR
bacteria over time. Published from 2020 to 2024, these studies
provide a comprehensive examination of AMR trends during
this period. In 2020, travel-associated AMR isolates were not
detected. In 2021, AMR isolates began to be identified, primarily
from Asia and Europe, with the most common resistance pro-
files observed against quinolones, sulphonamides/trimethoprim
and aminoglycosides. By 2022, AMR isolates were documented,
mainly from Southeast Asia, showing resistance to beta-lactams,
quinolones and sulphonamides/trimethoprim. Resistance levels
increased by 34% compared with the 2021 baseline. In 2023,
a shift in geographic origin was observed, with AMR isolates
predominantly coming from Africa and Europe, exhibiting re-
sistance to beta-lactams, tetracyclines and aminoglycosides.
Notably, colistin resistance emerged among Enterobacterales
isolated from travellers returning from Southeast Asia and Peru.
A sharp drop was observed in some regions (e.g. Southeast Asia),
with data indicating a 0% detection rate for many drug
classes, representing a 100% decrease compared with 2022.
Finally, in 2024, AMR isolates surged again, with the majority

https://academic.oup.com/inthealth/article-lookup/doi/10.1093/inthealth/ihaf071#supplementary-data
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Figure 3. Travel-associated AMR bacteria. AMR: antimicrobial resistance. 
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Figure 4. Trends of MDR bacteria over time. MDR: multidrug-resistant. 
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riginating from Southeast Asia and demonstrating resistance 
o beta-lactams, macrolides, quinolones and sulphonamides/ 
rimethoprim. This marked the highest level of AMR detection 
cross all years, with a dramatic rebound in 2023, showing a 
10% increase. 

rends in MDR bacteria 

he studies also reported the prevalence of MDR strains, defined 
s resistance to ≥3 classes of antimicrobials. The temporal trends 
n MDR bacteria over time are as follows: in 2020, no MDR isolates 
ere reported. By 2021, 25 MDR isolates had been documented, 
ccounting for 7.0% of the total isolates. In 2022, the number of 
DR isolates increased to 34, representing 9.5% of the total num- 
er of isolates. However, in 2023, a decline was observed, with 
nly 10 MDR isolates reported, representing 2.8% of the total. Fi- 
ally, in 2024, a significant rise was noted, with 55 MDR isolates 
ecorded, comprising 15.3% of the total (Figure 4 ). 

ey pathogens and their movements over time 

he studies have primarily focused on key AMR pathogens and 
heir movements over the years, with E. coli being the most com- 
only reported. In seven studies, 306 E. coli isolates were doc- 
mented. The movement of AMR E. coli was predominantly ob- 
erved from Southeast Asia, particularly India and Thailand, to 
urope (Finland) and Oceania (Australia) (Figure 5 ). Notably, the 
umber of travel-associated AMR E. coli cases has increased over 
he years, with the majority reported in 2022 and 2024. 
Corynebacterium diphtheriae was reported in one study, 
hich documented 10 AMR isolates originating from West Africa 
Guinea, Mali, Senegal) that moved to France (Figure 6 ). This study 
ighlighted the emergence of MDR C. diphtheriae strains in 2023. 
Vibrio cholerae was documented in one study, with 34 AMR iso- 

ates originating from Indonesia and moving to Australia in 2024 
Figure 7 ). These trends underscore the global dissemination of 
esistant bacteria facilitated by international travel, highlighting a 
otable increase in the number of reported cases and the preva- 
ence of MDR strains. 

eographical trends 

he data revealed distinct geographical patterns in the origins 
nd destinations of travel-associated AMR bacteria. Southeast 
sia emerged as a significant hotspot, accounting for most AMR 
solates in 2022 and 2024. Africa, especially Zanzibar, was an- 
ther notable source that contributed to the cases reported in 
023. A smaller number of AMR isolates were linked to travel 
o Latin America, specifically Peru, which was associated with 
he emergence of colistin resistance. Additionally, some AMR iso- 
ates were reported from unspecified or multiple regions, high- 
ighting the global nature of this issue. These geographical trends 
nderscore the need for targeted interventions and enhanced 
urveillance in high-risk regions, such as Southeast Asia and parts 
f Africa, to mitigate the cross-border dissemination of AMR. 

ealthcare exposure as a risk factor 
he analysis identified healthcare exposure during travel, specif- 
cally among individuals who visited healthcare facilities such as 
ospitals or clinics, as a significant risk factor for acquiring AMR 
ut bacteria. This association was particularly evident for ESBL- 
399
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Figure 5. Travel-related antimicrobial resistance to E. coli transmission, 2020–2024. 
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producing E. coli (Table 1 ). Travellers who received medical care
in certain regions, including Southeast Asia and parts of Africa,
faced an elevated risk of colonisation with AMR bacteria. These
areas may serve as reservoirs for resistant organisms, increasing
the likelihood of acquisition in healthcare settings where infection
control measures may be suboptimal. Consequently, such trav-
ellers may unknowingly carry and transmit these resistant strains
upon return to their home countries, contributing to the global
spread of AMR. 

Discussion 

Our systematic review revealed several worrying trends in the
global movements and dissemination of travel-associated AMR
bacteria. The analysis of the included studies highlighted the
unidirectional flow of AMR bacteria, with certain regions, such
as the Indian subcontinent, Southeast Asia and parts of Africa,
serving as persistent hotspots for the origination and spread of
these resistant microorganisms. These regions exhibited a high
prevalence and diversity of resistant pathogens, which were then
introduced to other parts of the world via international travel.
This unidirectional pattern of AMR dissemination aligns with the
broader global trends observed recently.5 , 8 It should be noted
that the review by Bokhary et al.5 in 2021 also reported Asia as a
significant reservoir for various AMR bacteria, indicating that the
trend has not changed. The high burden of AMR in these regions
is attributed to a combination of factors, including suboptimal
antibiotic stewardship, weak infection control measures, poor
sanitation and hygiene, as well as the presence of environmen-
tal reservoirs of resistance genes.25 , 26 The consistent identifica-
tion of these regions as the primary sources of travel-associated
400
AMR highlights the need for targeted interventions and collab-
orations to address the root causes of AMR in these hotspot
areas. Strengthening antimicrobial stewardship, improving infec-
tion prevention and control practices in healthcare and commu-
nity settings, as well as enhancing environmental surveillance
and remediation efforts, are crucial steps in mitigating the gen-
eration and dissemination of resistant pathogens from these
regions. 
On the other hand, the limited data from Latin America and

the Middle East represent a notable gap that deserves further
exploration. One potential reason for the lack of representation
from these regions could be the uneven distribution of research
and surveillance efforts globally. Many low- and middle-income
countries, particularly in Latin America and the Middle East, may
have limited resources, infrastructure and technical capacity for
robust AMR monitoring and reporting. This could result in an
underestimation of the true burden of travel-associated AMR
in these regions. Additionally, cultural, political and economic
factors may influence the patterns of international travel and,
consequently, the dissemination of resistant pathogens. For
example, the political and economic ties between certain regions
and travel flows may differ, which could impact the observed
geographic trends. Future research should prioritize the ex-
pansion of AMR surveillance and reporting capabilities in Latin
America and the Middle East, potentially through international
collaborations and capacity-building initiatives. 
We also observed an alarming diversification of resistant

pathogens associated with international travel. While the ini-
tial focus was primarily on ESBL-producing E. coli , studies are
now reporting an increasing occurrence of other concerning
resistant organisms, such as carbapenem-resistant Acineto-
bacter , high-level ciprofloxacin-resistant Salmonella Typhi, MDR
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Figure 6. Travel-related antimicrobial resistance of C. diphtheriae transmission, 2020–2024. 
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orynebacterium diphtheriae and Enterobacterales carrying the 
olistin resistance gene mcr. The diversification of resistant 
icroorganisms reflects the dynamic and evolving nature of 
he AMR challenge, which is outpacing our ability to effectively 
onitor and respond to these threats. The emergence and rapid 
issemination of novel resistant pathogens, often facilitated by 
nternational travel, underscore the need for enhanced global 
urveillance and early warning systems.27 , 28 The WHO’s Global 
ntimicrobial Resistance and Use Surveillance System (GLASS) 
s a critical initiative in this regard, aiming to standardise data 
ollection and reporting across countries.29 However, greater 
ntegration of travel-related AMR data into GLASS and similar 
latforms, such as the ECDC guidance on the prevention and 
ontrol of CRE,30 could improve real-time monitoring and inform 

argeted interventions. Expanding the laboratory capacity and 
iagnostic infrastructure in low- and middle-income countries, 
here the burden of AMR is often the highest, is crucial to en- 
bling the timely detection and characterisation of emerging 
esistant strains.31 , 32 Additionally, the development of rapid and 
eliable diagnostic tools that can be deployed in various settings, 
ncluding points of entry and healthcare facilities, can improve 
he detection and tracking of these pathogens. 
The role of travellers as vectors for the introduction and 

issemination of AMR bacteria was consistently demonstrated, 
ndicating that infections in travellers’ home communities are 
ften linked to travel-related transmission. This underscores the 
ignificant public health impact of international travel in driving 
he global spread of these pathogens. This finding aligns with 
he growing body of evidence that has recognised the critical 
ole of human mobility in the global dissemination of AMR.33 , 34 
ravellers, whether they are tourists, migrants, students or 
ealthcare workers, can act as conduits for the introduction and 
pread of resistant microorganisms across borders. The increased 
requency and volume of international travel, coupled with the 
rowing prevalence of AMR in certain regions, have amplified this 
hreat. Addressing the role of travellers in the transmission of 
MR requires a multifaceted approach. Pretravel health consul- 
ations and education campaigns should emphasise the risks of 
cquiring resistant infections and the importance of preventive 
easures, such as hand hygiene, appropriate antibiotic use and 
rudent use of medical services during travel.33 , 35 Some national 
ealth agencies, such as the UK Health Security Agency36 and 
he US Centers for Disease Control and Prevention,37 have begun 
ntegrating AMR risk awareness into travel health guidelines, 
ffering a model for broader adoption. Additionally, targeted 
creening and surveillance programmes for high-risk travellers, 
articularly those returning from regions with high AMR bur- 
ens, can also help identify and contain the spread of resistant 
icroorganisms. 
Our analysis of the included studies highlighted healthcare 

xposures during international travel as a significant risk factor 
or the acquisition of AMR gut bacteria, particularly Enterobac- 
eriaceae. This finding underscores the critical role of healthcare 
ettings in the global amplification and dissemination of resis- 
ant pathogens. Healthcare facilities in certain regions, such as 
he Indian subcontinent, Southeast Asia and parts of Africa, were 
dentified as reservoirs for ESBL-producing E. coli . Travellers visit- 
ng these regions and accessing local healthcare services are at 
n increased risk of acquiring and subsequently introducing these 
esistant microorganisms into their home communities. There- 
ore, strengthening infection prevention and control measures in 
ealthcare facilities in high-risk regions must be a priority. The 
HO’s Core IPC Components provide a useful framework for im- 
roving standards and reducing nosocomial transmission.38 
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Figure 7. Travel-related antimicrobial resistance of V. cholerae transmissions, 2020–2024. 

Table 1. Risk of healthcare exposure 

Study Bacteria Origin Destination Outcome 

Furuya-Kanamori et al.18 AMR E. coli India, Thailand 
and Nepal 

Australia High rate of asymptomatic colonisation. 
Healthcare exposures during travel 
are significant for acquisition. 

Kantele et al.20 ESBL-producing E. coli Tropics Finland Travellers’ diarrhoea is the most 
common clinical manifestation. 
Healthcare exposure during travel 
emphasised. 

Moser et al.21 MDR E. coli Zanzibar Switzerland Colonisation linked to interactions with 
local populations and healthcare 
settings. 

Rondinaud et al.22 Enterobacterales carrying 
the mcr gene 

Southeast Asia 
and Peru 

France Acquisition following travel. Healthcare 
exposure during travel. 

AMR: antimicrobial-resistant; ESBL: Extended Spectrum Beta-Lactamase; MDR: multidrug-resistant. 
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Moreover, improving the availability and access to essential
antimicrobials, as well as ensuring their appropriate use, can also
help mitigate the selection and spread of resistant bacteria in
these settings. Initiatives like the Access, Watch, and Reserve
(AWaRe) antibiotic classification system, also promoted by the
WHO, offer guidance for optimising antibiotic use and preserv-
ing last-resort agents.39 Additionally, promoting pretravel health
consultations and educating travellers on the risks associated
with healthcare exposures during travel can empower individu-
402
als to make informed decisions and take appropriate precautions.
Targeted surveillance and screening programmes for travellers
returning from regions with high AMR prevalence can also facil-
itate the early detection and containment of resistant infections.

Limitations 
Although this systematic review presents a valuable synthesis of
the current evidence on the global movements and dissemina-
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ion of travel-associated AMR bacteria, it is important to acknowl- 
dge the limitations of the available evidence and the potential 
mplications for future research and policy considerations. The 
eview was limited to studies published in English, which may 
ave resulted in the exclusion of relevant studies published in 
ther languages. The included studies predominantly focused 
n AMR dissemination from certain regions, such as Southeast 
sia and Africa, whereas other potentially important regions (e.g. 
iddle East, Latin America) were under-represented. This uneven 
eographic distribution of the data may limit the generalizability 
f the findings and the ability to draw conclusions about global 
rends. Moreover, the included studies varied according to their 
ethodologies, AMR reporting profiles and the level of detail re- 
orted. This heterogeneity may hinder the direct comparison and 
ynthesis of findings across studies, potentially affecting the ro- 
ustness of the conclusions. The reliance on published literature 
ay underestimate the true burden of travel-associated AMR 
ecause cases may go undetected or unreported, particularly in 
esource-limited settings with limited surveillance and diagnostic 
apacities. The dissemination of AMR bacteria is influenced by 
 myriad of factors, including environmental, sociocultural and 
conomic determinants, which may not be fully captured in the 
vailable literature. The literature search was confined to three 
ajor electronic databases, which may have led to the exclusion 
f studies not indexed in these sources. Despite these limitations, 
his systematic review offers a valuable synthesis of the current 
iterature on the relationship between international travel and 
he acquisition of antimicrobial-resistant pathogens. The findings 
an inform future research, policy and interventions aimed at 
ddressing the global challenge of travel-associated AMR. 

onclusion 

his systematic review revealed trends in the global movement 
nd dissemination of travel-associated antimicrobial-resistant 
acteria. The analysis highlights a unidirectional flow of AMR 
acteria, with Southeast Asia and Africa serving as persistent 
otspots for the origination and spread of these resistant mi- 
roorganisms. The diversification of resistant pathogens, the role 
f travellers as vectors and the significant risk associated with 
ealthcare exposures during travel underscore the escalating 
ublic health challenge posed by the international spread of AMR. 
o address this threat, a multifaceted approach is required, in- 
olving enhanced global surveillance and early warning systems, 
mproved antimicrobial stewardship and infection prevention and 
ontrol measures, targeted traveller education and interventions, 
s well as strengthened global collaboration and policy harmon- 
sation. Sustained efforts in these areas, coupled with expanded 
esearch to address knowledge gaps, are essential to combat the 
lobal dissemination of travel-associated AMR and safeguarding 
ublic health worldwide. 

ecommendations and future directions 
ased on the findings of this systematic review, several key rec- 
mmendations and future research directions can be proposed 
o address the challenge of travel-associated AMR. These rec- 
mmendations align with existing policy frameworks and guide- 
ines, such as the WHO’s Global Action Plan on Antimicrobial Re- 
istance and the ECDC’s guidance on the prevention and control 
f CRE. 
Short-term: 

� Develop and implement reliable, rapid and portable diagnostic 
tools that can be deployed at entry points and in healthcare 
facilities to screen high-risk travellers. 

� Establish integrated cross-border surveillance networks to 
track the movements and dissemination of AMR bacteria 
globally. 

Long-term: 

� Expanding the laboratory capacity and diagnostic infrastruc- 
ture in low- and middle-income countries to enable the 
timely detection and characterisation of emerging resistant 
pathogens. 

upplementary data 

upplementary data are available at International Health online. 
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