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Abstract

Background: Rising antimicrobial resistance (AMR) is a threat to modern medicine, and increasing international

mobility facilitates the spread of AMR. Infections with resistant organisms have higher morbidity and mortality, are

costlier to treat, result in longer hospital stays and place a greater burden on health systems than infections caused

by susceptible organisms. Here we review the role of travel in the international dissemination of AMR and consider

actions at the levels of travelers, travel medicine practitioners and policymakers that would mitigate this threat.

Results: Resistant pathogens do not recognize international borders; travelers to areas with high AMR prevalence

are likely to be exposed to resistant bacteria and return to their home countries colonized. Medical tourists go

between health facilities with drastically different rates of AMR, potentially transmitting highly resistant strains.

Drug-resistant bacteria have been found in every continent; however, differences between countries in the preva-

lence of AMR depend on multiple factors. These include levels of antibiotic consumption (including inappropriate

use), access to clean water, adequate sanitation, vaccination coverage, the availability of quality healthcare and

access to high-quality medical products.

Conclusions: Travelers to areas with high levels of AMR should have vaccines up to date, be aware of ways of

treating and preventing travelers’ diarrhea (other than antibiotic use) and be informed on safe sexual practices. The

healthcare systems of low- and middle-income countries require investment to reduce the transmission of resistant

strains by improving access to clean water, sanitation facilities and vaccines. Efforts are needed to curb inappropriate

antibiotic use worldwide. In addition, more surveillance is needed to understand the role of the movement of

humans, livestock and food products in resistance transmission. The travel medicine community has a key role

to play in advocating for the recognition of AMR as a priority on the international health agenda.

Key policy recommendations: AMR is a threat to modern medicine, and international travel plays a key role in the

spread of highly resistant strains. It is essential that this is addressed at multiple levels. Individual travelers can

reduce antibiotic consumption and the likelihood of infection. Travelers should have up-to-date vaccines and be

informed on methods of preventing and treating travelers’ diarrhea, other than use of antibiotics and on safe sexual

practices, such as condom use. Healthcare facilities need to be aware of the travel history of patients to provide

appropriate treatment to those who are at high risk of exposure and to prevent further spread. Internationally,

in countries without reliable and universal access to clean water, sanitation and hygiene, investment is needed to

reduce the emergence and spread of resistance and ensure the antimicrobials available are of assured quality. High-

income countries must ensure their use of antimicrobials is appropriate to reduce selection for AMR. Surveillance

across all countries is needed to monitor and respond to this emerging threat.
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Introduction

Antimicrobial resistance (AMR) is a problem of increasing
international concern. AMR is the ability of microbes to
withstand the effects of the antimicrobial therapies that were
previously effective in treating infections caused by such
microbes. Drug-resistant pathogens have been found in humans
and animals on all seven continents,1 in the Arctic2 and even
on the international space station.3 However, the prevalence of
drug-resistant pathogens varies greatly across regions (Figure 1).
Initiatives, such as ResistanceMap (resistancemap.org), have
documented the geographic trends in AMR for several years,
and more recently the World Health Organization’s (WHO)
Global Antimicrobial Resistance Surveillance System (GLASS)
has begun to gather country-reported data using a standardized
approach. In high-income countries, high levels of per capita
antimicrobial consumption since the 1950s have driven the
selection of resistant bacteria,4 and recent initiatives to curb
antimicrobial use have had limited impact on consumption.5,6

In middle-income countries, which are rapidly converging to
consumption levels found in high-income countries,7 poor
sanitation, a continued high background burden of bacterial
infections and the increasing use of antibiotics have facilitated
the rapid growth and spread of AMR.8,9

Recent analyses suggest that international mobility10,11 and
socio-economic standards12 may play a greater role than previ-
ously understood in explaining the geographic trends in AMR,
compared to national antimicrobial use levels. Antibiotic expo-
sure may provide the selection pressure for the creation of
resistant mutants but the movement of people, lack of access
to clean water, poor hygiene, vaccine availability and healthcare
facilities promote their broader dissemination.12,13 Travelers to
endemic areas are at risk of exposure to resistant pathogens and
are likely to return colonized.14 Human travelers are only one
part of the mass global movement of live carriers capable of

acting as vectors for resistant bacteria; wild animals, including
migratory birds,15,16 have also been implicated,17 in addition to
livestock animals,18,19 fish and shrimp.20–22 Legally and illegally
imported meat can also carry drug-resistant organisms across
international borders.23,24

For some countries, travel-associated infections with drug-
resistant bacteria may represent a substantial fraction of the
national AMR burden associated with foodborne pathogens.
These are of particular interest as they colonize the human gut
for extended periods of time25 and transfer genes carrying drug
resistance into the host microflora.26 This has important public
health and economic consequences. For example, in Norway,
65% of diarrhea cases were contracted abroad,27 and in the USA,
the cost of a single carbapenem-resistant Enterobacteriaceae
(CRE) infection has been estimated at up to USD $66 031.28

Such high costs have the potential to have a destabilizing
impact on resources of healthcare systems worldwide.29 We
will focus on pathogens and/or particular strains that have
a history of clinical failure due to their multidrug-resistant
status. Here we summarize recent evidence on the interna-
tional distribution and mobility of the common foodborne
pathogens: Campylobacter and Salmonella. Then we look into
the importance of intestinal carriage of extended-spectrum
β-lactamase-producing Enterobacteriaceae (ESBL-E). We then
consider the role of travel in the spread of methicillin-resistant
Staphylococcus aureus (MRSA) and vancomycin-resistant
Enterococci (VRE) (Table 1). While MRSA and some VRE tend
to be clonally spread, with genetically highly similar strains
capable of rapidly propagating, a further risk is that a mobilized
resistance gene may be brought by a traveler. This might begin
in one bacterial host but rapidly spread via pathogenic or non-
pathogenic bacteria that are highly virulent or adapted to the
hospital environment. We discuss this in relation to the spread
of New Delhi Metallo-β-lactamase (NDM)-1 and of colistin
resistance via mobile colistin resistance (mcr) genes.

Figure 1. Resistance of E. coli to third generation cephalosporins (Center for Disease Dynamics, Economics & Policy, resistancemap.org).158
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Table 1. Summary table of the main pathogens

Pathogen

Campylobacter • Infections with Campylobacter spp. are a leading cause of diarrheal disease (109 700 deaths worldwide in 201030).
• Drug-resistant Campylobacter infections affect short-term leisure and business travelers37,38 and military personnel.39

• In the USA, UK, Switzerland and Canada, data have shown Campylobacter infections acquired abroad are more likely to
be drug resistant.33,40–42

Salmonella • Invasive non-typhoidal Salmonella caused 59 066 deaths in 2017.43

• Drug resistance in many countries is increasing.45–48

• Multidrug-resistant typhoid has been reported in travelers returning from the Indian subcontinent to Germany,58 Japan59

and the UK.54

ESBL-E • ESBL-E are increasing worldwide,62 and prevalence of infections is 25–50% in some tropical and subtropical regions,
while baseline carriage in the healthy population is 20–40%.65,67,71

• ESBL-E colonization is highest in visitors returning from high prevalence areas including the Indian subcontinent
(29–88%), China and Southeast Asia (18–67%), Middle East (13–52%), Northern Africa (0–57%) and Central and South
America (0–49%).14,62,75

• Travelers have a 12% chance of transmitting an ESBL-E to colonize another household member on return from
international travel.76

USA300 MRSA • USA300 MRSA emerged in 199991 and by 2017, had spread across North America, South America, Asia, the Middle
East, Europe and Africa.100–108

• The international spread of MRSA strain USA300 was often associated with travel to the USA.104,107,109,110

VRE • Ten years on from the first discovery of VRE in Europe over 25% of enterococci associated with bloodstream infections
were VRE in US hospitals.119

• Medical tourism may have contributed to the global spread of VRE, for example, in Singapore.115,120

• VRE imported by four patients into a large Australian teaching hospital cost USD $1.5 million to eradicate; however,
VRE is estimated to cost up to USD $27 000 per episode.121

The role of travel in the spread of drug-resistant

organisms

Campylobacter

In 2010, infections with Campylobacter spp. were a leading cause
of diarrheal diseases and were associated with 109 700 deaths.30

In North America, Europe and Australia, there is a substantial
increase in gastroenteritis caused by Campylobacter. This genus
may also be frequently reported (in more than 1% of gastroen-
teritis) in parts of Africa, the Middle East and Asia, though
data from these regions are limited.31 The prevalence of drug
resistance in Campylobacter has also increased across high- and
low-income countries during recent decades.32 In the USA, resis-
tance to ciprofloxacin increased from 22.1% of Campylobacter
cases, in the period 2004–2010, to 25.3%, in the period
2011–2012.33 In the UK, ciprofloxacin-resistant Campylobacter
increased from 7% to 38% of clinical isolates between 1995
and 200834 and, in China, from 50% (in 1994–1996) to
93.1% (in 2009–2010).35 This trend is particularly worrying
given that ciprofloxacin is commonly recommended as the first
empirical treatment for diarrhea.32 In humans, the epidemiology
of multidrug-resistant Campylobacter is less documented or
considered less important than that of Salmonella. For example,
Campylobacter is not currently included in WHO’s GLASS.

Campylobacter infections are common among international
travelers. In Sweden, the highest infection rates were associated
with visitors to the Indian subcontinent.36 Infections with drug-
resistant Campylobacter not only affect short-term leisure and
business travelers37,38 but also military personnel who are
exposed to local food sources on a long range through long-
term consumption of local food sources (Figure 2). One-third
of diarrhea cases among US military personnel in Thailand were

caused by Campylobacter species that were resistant to ampicillin
and trimethoprim-sulfamethoxazole.39 In the USA, 62.4% of
Campylobacter infections acquired abroad were resistant to
ciprofloxacin compared to 14.4% of domestic cases between
2004 and 2012.33 Campylobacter infections in the UK were five
times as likely to have been acquired abroad than domestically.40

In Switzerland, 56.0% of travel-associated Campylobacter
cases were quinolone-resistant compared to 39.4% of domestic
cases.41 In Montreal, Canada, 5.4% of Campylobacter jejuni
isolates acquired abroad, between 2002 and 2013, were resistant
to erythromycin, tetracycline and ciprofloxacin, whereas none
of the domestic isolates showed resistance to these drugs.42

Salmonella

In 2017, invasive non-typhoidal Salmonella caused 59 066
deaths.43 International travel has been identified as a risk
factor for Salmonella acquisition.44 Over the past few decades,
the prevalence of antibiotic resistant salmonella has increased
in several regions where surveillance is conducted, including
Australia,45 the USA46 and the European Union.47,48 As in the
case of Campylobacter, recent reports have indicated that a
large number of cases of salmonellosis were resistant to first-
line treatment, such as ampicillin, and are increasingly resistant
to fluoroquinolones.49,50 Resistance to ciprofloxacin has been
reported in multiple countries, principally originating from
South Asia, including India, Pakistan and Vietnam.49 It has
been suggested that these increases are associated with the
widespread use of antibiotics for prophylaxis, growth promotion
and treatment in animals, as well as the use of counterfeit and
substandard optimal drugs.51

Global travel has been shown to play a key role in the
dissemination of antibiotic resistant Salmonella. Sequencing
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Figure 2. Global distribution of carbapenemase-producing Enterobacteriaceae, including NDM.159 Other carbapenemase producers shown are K.

pneumoniae carbapenemase (KPC), active on imipenem metallo-β-lactamase (IMP), OXA (referring to OXA-48, except in India, where it refers to

OXA-181) and Verona integron-encoded metallo-β-lactamase (VIM)

of toilet waste from 18 international airplanes arriving in
Copenhagen airport showed a flux of Salmonella enterica,
and resistance genes of critical importance, such as blaCTX-M

(an ESBL), which came predominantly from South Asia,52

whereas other pathogens, such as Clostridium difficile, came
primarily from the USA. As previously noted, the mass global
movement of military personnel can also spread resistance genes.
The overwhelming majority (94.6%) of isolates of non-typhoidal
Salmonella from US military personnel travelling to Thailand
between 1988 and 2013 had acquired resistance to one or more
antimicrobials.53

Typhoidal Salmonella is also increasingly resistant to
antibiotic treatment. In the UK, more than 90% of enteric
fever cases are acquired abroad, the majority occurring in
travelers returning from Pakistan, India and Bangladesh.54

In travelers returning to London with enteric fever, 88% of
Salmonella Paratyphi A isolates were resistant to ciprofloxacin,
and almost 80% of Salmonella Typhi isolates were resistant
to ciprofloxacin, 26% to ampicillin, 27% to chloramphenicol,
28% to trimethoprim and 28% to sulphonamides.55 In this case,
ciprofloxacin resistant S. Paratyphi A was associated with travel
to India and Bangladesh but not to Africa. H58 Salmonella
Typhi is multidrug-resistant and appears to be replacing

sensitive strains as the dominant strain.56 Genomic analysis
suggests H58 originated in Asia and has travelled to Africa
on multiple occasions.57 In December 2017, a traveler returning
from Pakistan to the UK was diagnosed with a bloodstream
infection caused by H58 S. Typhi resistant to ceftriaxone,
ceftazidime, ciprofloxacin and co-trimoxazole, prompting
authorities to issue a public health resistance alert (PHRA).54

PHRAs are used to inform microbiologists in the UK of emerging
antimicrobial-resistant bacteria that could spread in the UK
health service. A similar multidrug-resistant typhoid case was
reported in a German traveler returning from India in the same
year.58 A Japanese traveler also returning from India carried a
highly resistant strain of S. Paratyphi in 2013.59 Cephalosporin
resistance has also been reported in the Middle East and
the Congo.60,61

ESBL-E

ESBL-E are increasing worldwide.62 In contrast to many
multidrug-resistant organisms (MDROs), for which expansion
has occurred predominantly in hospitals, ESBL-E are often
observed in community-acquired infections and in the intestine
of healthy volunteers.63–66 CTX-M-producing Escherichia coli
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are the most common ESBL-E and one of the key contributors
to the expansion of these resistant strains in terms of both
geography and host species.67–70 The prevalence of ESBL-E
infections has reached 25–50% in some tropical and subtropical
regions, and baseline carriage in the healthy population is
20–40%, rendering these regions endemic for ESBL-E.65,67,71

Poor hygiene and the overuse of antibiotics contribute to these
high rates of carriage.65 Given that these regions are tourism
hotspots, travelers visiting ESBL-E areas are at risk of acquiring
these bacteria and subsequently disseminating them in their
country of origin upon return.62

Multiple ESBL-E colonization studies indicate that travel is a
risk factor for developing an MDRO infection.72–74 As one might
expect, the prevalence of ESBL-E colonization was the highest in
visitors returning from high prevalence areas including the Indian
subcontinent (29–88%), China and Southeast Asia (18–67%),
Middle East (13–52%), Northern Africa (0–57%) and Central
and South America (0–49%), whereas the risk of colonization is
lower in developed countries.14,62,75 In another study, 75.1% of
visitors to Southern Asia, 40–50% of those to central, eastern, or
western Asia and northern Africa and 44.4% of those to Uganda
acquired ESBL-E while travelling.76 The acquisition rate being
highest in India, at 88.6%. Aside from destination, other factors
associated with ESBL-E acquisition include antibiotic consump-
tion, traveler’s diarrhea or other abdominal complaints, contact
with orphan children, staying in rural areas and consumption of
street food.76–79 The food chain has been identified as a likely
source of ESBL-E as molecular typing studies have identified
ESBL-E to be closely genetically related to strains associated with
food and the environment.80–86

Despite high colonization rates, the duration is often limited
to the first 3 months after return from travel.76,77 However, persis-
tent colonization of up to 12 months has been observed in some
cases.76,77,80,84 Factors associated with persistence are not fully
understood, but travel to Asia and a higher relative abundance
of ESBL-E are associated with prolonged periods of carriage.77

Colonization by multiple ESBL-E—polyclonal colonization—has
been demonstrated in travelers returning from Asia.68,77,80,84,86–88

Whether polyclonal colonization is due to a higher abundance
of ESBL-E or due to a single dominant strain is unknown.
Polyclonal colonization may increase the chance of resistance
genes being transferred to other residents of the gut or increase
the likelihood of acquiring a strain with characteristics that
allow them to persist in the intestine for long periods of time.77,80

Certain molecular features have been identified in connection
with prolonged carriage; CTX-M-Group 9 is one example
of this.76

One study noted a 12% chance of transmitting an ESBL-E
that colonizes another household member after a return from
international travel.76 Follow-up studies indicate that the overall
risk of developing an ESBL-E infection is low among those
colonized,77,78,89 and this decreases over time. Nonetheless, it
is notable that individuals with an ESBL-E infection have a
higher mortality rate in the intensive care unit, and patients
colonized with EBSL-E have longer lengths of stay, highlighting
the importance of these pathognes.90 As the number of tourists
to countries with ESBL-E endemic areas increases, travel is likely
to facilitate the expansion and dissemination of these MDROs
worldwide.

MRSA strain USA300

MRSA strain USA300 was first identified among prisoners in the
US state of Mississippi in 1999 for causing skin and soft tissue
infections.91 Between 2000 and 2003, infections and outbreaks
caused by MRSA strain USA300 occurred among athletes in
Pennsylvania, Indiana and California and among prisoners in
Georgia, California and Texas.92,93 By 2011, strain USA300
had emerged as the leading cause of both community-acquired
and hospital-acquired MRSA infections nationwide.94–97 MRSA
strain USA300 has been associated with increased in-hospital
mortality, though, in some cases, with significantly lower
mortality risk compared to other common MRSA strains.98,99

By 2017, USA300 had been documented across North America,
South America, Asia, the Middle East, Europe and Africa.100–108

The intercontinental spread of MRSA strain USA300 and
other MRSA strains has been associated with international travel,
migration, medical tourism and repatriation and transmission via
water-related and sporting events.107 In many cases, the interna-
tional spread of MRSA strain USA300 was associated with travel
to the USA. The first case of MRSA USA300 in Japan occurred in
a 3-month-old girl who was born in a California hospital before
moving to Tokyo.104 In 2008, three family members traveled from
Japan to Hawaii where one became infected with MRSA strain
USA300; seven additional family members were subsequently
infected.109 Additionally, MRSA USA300 infections associated
with travelers from the USA, or with travel to the USA, have
also been reported in France, Germany, Ireland, Switzerland,
Iraq and South Korea.107,110 In Canada, Venezuela, Colombia
and Ecuador, USA300 has become an endemic pathogen and the
dominant MRSA strain.107

In other countries, MRSA strain USA300 prevalence remains
low despite multiple introductions of the bacteria through inter-
national travel. In Switzerland, France and the UK, there were
multiple instances of MRSA USA300 importation from the USA
between 2011 and 2013, which went on to cause small, isolated
clusters of infections but no further geographic spread.111,112 It
remains unclear as to why MRSA USA300 has failed to achieve
widespread transmission in these countries. It has been suggested
that this strain is in decline113 and that the global burden of
MRSA is decreasing.114

VRE

Vancomycin has been in use since the 1940s115; however, VRE
were not reported in the UK and France until the late 1980s.116

The emergence of vancomycin resistance has been associated
with the extensive use of vancomycin to treat MRSA and
C. difficile infections and resulted in the acquisition and spread
of van genes in the genus Enterococcus. The emergence of
VRE has also been associated with the use of avoparcin, an
antibiotic that is structurally similar to vancomycin, in animals.
However, the role this has played in the expansion of VRE in
human populations is unclear. Reliable therapies for VRE were
extremely limited until quinupristin-dalfopristin and linezolid
became available in the early 2000s.116,117 Emerging resistance is
already rendering these treatments ineffective; in India, 2% of
VRE isolates in one medical college were resistant to linezolid.118

The spread of VRE is an example of how rapidly resistance can
spread if not effectively contained. Ten years after VRE was first
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identified in Europe more than 25% of enterococci associated
with bloodstream infections were VRE in US hospitals.119

Most hospital-derived strains of VRE found in Europe, the
USA, South America and Asia are part of a single clonal lin-
eage,119 suggesting importation and spread through transfer of
humans, livestock and animal products. There are two pre-
dominant genes carried by strains of VRE—vanA and vanB—
both of which may be horizontally acquired. In the VRE strain
circulating in Australia and Singapore vanA is dominant, and
vanB is dominant in the VRE strain circulating in Europe, the
USA and Korea.115 In Singapore evidence suggests VRE strains
causing early outbreaks were imported. The first case of VRE
in Singapore occurred in 2004 in a patient from Indonesia
and a subsequent case in 2005 occurred in a patient who had
first been hospitalized in India.115 It has been suggested, as
Singapore has no significant agriculture, that VRE strains may
have been imported by medical tourists, both those seeking care
from abroad and Singaporeans travelling to other countries for
care.120 In Western Australia, VRE imported by four patients into
one large teaching hospital cost USD $1.5 million to eradicate;
however, this is in contrast to VRE attributable mortality that
has been estimated to be as high as 37% with a cost per episode
of up to USD $27 000.121

Movement of mobile genetic elements

Increasing long-distance travel and the increasing popularity of
undertaking medical procedures abroad have increased the risk
of highly resistant genes being transferred across borders.122 The
mobilization of resistance genes onto mobile genetic elements
facilitates the speed of dissemination of these genes. The arrival
of a new genetic element that is highly transmissible may give
rise to multiple highly resistant organisms or combine with
other resistant elements to form a multidrug-resistant pathogen.
Colistin resistance, in the form of the mcr-1 gene, has now
been identified on plasmids alongside multiple other high-level
resistance genes including ESBLs and carbapenemases.123 New
host pathogens may already be highly adapted to clinical and
community environments, and resistance that is acquired in this
way may incur low or insignificant fitness costs or have mech-
anisms of being maintained by bacteria.124,125 This may make it
more difficult to contain than resistance that arises via de novo
mutations within a pathogen. Here we outline the worldwide
spread of some of the most successful mobile resistance genes
in recent years, NDM-1 and mcr-1.

NDM-1

NDM-1 is an enzyme that confers a high level of resistance to
multiple antibiotics, including penicillins, cephalosporins and
carbapenems, though susceptibility remains to aztreonam.11,126

This is of particular concern as there are few treatment options
beyond the carbapenems for infections caused by multidrug-
resistant Gram-negative bacteria. Furthermore, NDM-1 has
proved to be highly transmissible and capable of rapid
dissemination. Of the NDM-1-producing Enterobacteriaceae,
Klebsiella pneumoniae and E. coli are the most common;
however, NDM-1 has also been described in Klebsiella oxytoca,
Enterobacter cloacae, Citrobacter freundii, Proteus mirabilis,

Salmonella spp. and Providencia spp. NDM-1 has also been
described outside of the Enterobacteriaceae in Acinetobacter
spp. and Pseudomonas aeruginosa.11

At the beginning of the global outbreak, infections with
NDM-1 producers were associated with previous hospitalization
in the Indian subcontinent. NDM-1 was first isolated from a
urinary tract infection (UTI) caused by K. pneumoniae in a
Swedish traveler who had returned after treatment in India in
2007.127 In the UK, between 2008 and 2009, of 29 patients
with NDM-1-producing infections, 17 patients had a history of
travel to India or Pakistan in the previous year. Fifteen of these
patients had either travelled for cosmetic surgery or renal or bone
marrow transplantation or had been hospitalized due to dialysis,
stroke, chronic obstructive pulmonary disease, pregnancy, burns
or traffic accidents.128 Kumarasamy et al. were unable to prove
the origin of British isolates despite comparison with sequences
from across India; however, plasmids carrying blaNDM-1 were
readily transferable and prone to rearrangement, capable of
losing or occasionally gaining DNA on transfer. This makes
blaNDM-1 not only able to rapidly spread but its plasticity may
facilitate adaptation to new hosts. A subsequent analysis of 250
isolates from the UK, obtained between 2008 and 2013, found
52% of those for whom travel history was available had travelled
to, or been hospitalized in, the Indian subcontinent.129

NDM-1-producing Enterobacteriaceae were subsequently
isolated from a patient with a UTI returning to Canada who had
been hospitalized in India.130 This isolate belonged to the same
sequence type as an isolate reported in Australia originating
in a patient previously hospitalized in Bangladesh. Of 77 cases
reported in 13 countries across Europe between 2008 and 2010,
31 had travelled, or had been hospitalized, in India or Pakistan
and 5 had been hospitalized in the Balkan region.131 A total of
13 of the 77 cases were associated with subsequent transmission
within hospitals. It has been speculated that the Balkan region
may serve as a secondary reservoir for NDM-1; however, strains
in this region have also been attributed to patients travelling from
the Balkans to Pakistan for kidney transplants.132 By early 2010
isolates carrying NDM-1 had been isolated in three different
US states,133 and by the end of 2011, the presence of NDM-
1 had been documented throughout all regions of the world
except Latin America and Antarctica.122 In 2013 evidence of the
first NDM-1 isolate was published in Colombia and has rapidly
spread throughout the region134 (Figure 2).

Beyond nosocomial spread and risk factors associated with
medical tourism, travelers may return from countries with a
high prevalence of NDM-1, colonized with producing strains,
without having ever been in contact with healthcare facilities.132

Two backpackers returning from India to the Netherlands sub-
sequently contracted NDM-1-producing infections despite not
using medical facilities during their trip.135 The spread of NDM-
1 has been associated with the prevailing direction of people
migrating between countries.11

mcr-1

Colistin resistance is of concern as this is a drug of last resort
to which organisms that are highly resistant to other antibiotic
classes are often susceptible.136 It is one of the few drugs available
still effective against some CRE, including NDM-1 producers.123
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Figure 3. Countries reporting plasmid-mediated colistin resistance encoded by mcr-1, figure produced by Center for Disease Dynamics, Economics

& Policy using data from Al-tawfiq et al.136

Hence, the recent emergence of the mcr gene, mcr-1, may herald
the arrival of truly pan-resistant strains against which no antibi-
otic treatment is effective.

mcr-1 carriage was first detected in E. coli in a 2016 Chinese
study that isolated mcr-1 in 15% of 523 samples of raw meat and
21% of 804 animals during 2011–14, and, perhaps most worry-
ingly, 1% of 1322 samples from inpatients with infections.26 The
mcr-1 gene originates from an initial mobilization event in the
2000s, which is likely to have occurred on Chinese pig farms
where colistin was commonly used to promote growth.123 Once
mobilized in this way, mcr-1 was able to spread both horizontally
between bacterial species and geographically between continents
(Figure 3), facilitated by the transportation of food animals and
meat products.18,137

The movement of both colonized and infected humans has
also played a role in the spread of colistin resistance. Bacteria
carrying mcr-1 are capable of colonizing humans without prior
exposure to colistin, including healthy volunteers.138 The mcr-1
gene was isolated in E. coli from six Dutch travelers returning to
the Netherlands between November 2012 and November 2013.
Two of whom had visited Peru and Bolivia, two had visited
China, one had visited Tunisia and one had visited Thailand,
Vietnam, Laos and Cambodia.139 Even more worryingly, samples
acquired from these travelers were also ESBL producers. A total
of 16% of a sample of travelers visiting Vietnam from Japan
were found to have acquired strains of E. coli positive for mcr-1
during their trip.140 Several of these travelers had stayed in four-
star hotels, eaten in middle class restaurants and experienced
upper class living in Vietnam; however, this did not prevent their
colonization by colistin-resistant bacteria. A Canadian traveler
who returned from 2-week stay in China, during which he had
been hospitalized, was subsequently admitted to hospital with
an infection that did not respond to treatment with colistin.141 A

total of 10.5% of stool samples belonging to travelers returning
from India to the Netherlands were found to be carrying colistin-
resistant E. coli.142

Discussion

In 2017, there were 1.3 billion international tourist arrivals
worldwide,143 and it has been predicted that this number will rise
to 1.8 billion by 2030,144 as travel becomes affordable for a grow-
ing share of the global population. Travelers may be more likely
to self-treat with antibiotics, either because they are available
over the counter in the country they travel to145 or because they
have brought them from home.146 For instance, 5% of travelers to
South and Southeast Asia at Hamburg airport between Novem-
ber 2014 and April 2015 carried ciprofloxacin.147 Travelers
to many parts of the world, including South(-east) Asia and
Southern Africa, are at high risk of returning home colonized by
a resistant pathogen.139 They are also more likely to practice risky
sexual behaviours while abroad,148 enabling the spread of drug-
resistant sexually transmitted infections, such as gonorrhea.149

Medical tourism has been associated with the spread of
resistance genes, including NDM-1.150 This industry has been
predicted to reach USD $8 billion by 2020 in India alone,151

as patients seek cheaper surgical procedures abroad that are
available according to their timeline. Patients commonly travel
for transplants, dentistry, cardiac surgery, orthopedic procedures
and cosmetic surgery.122 This flux of patients is multidirectional;
those from developing countries may seek high-quality care in
developed countries and those from high-income countries may
seek lower cost and more convenient care in middle-income
countries.

For travelers embarking on trips abroad, vaccines should
be up to date; vaccination reduces transmission of resistant
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Table 2. Practices for travel medicine clinicians to help patients avoid colonization and infection with resistant bacteria

Recommendation Rationale

Ensure vaccines are up to date Vaccination reduces the transmission of resistant bacteria and the burden
of cases that need to be treated with antibiotics.

Provide information on methods of preventing and treating travelers’
diarrhea, other than use of antibiotics

This includes drinking from clean water sources, washing fresh fruit and
vegetables with clean water, washing hands before eating and other basic
hygiene practices. Treatment advice for diarrhea should include staying
hydrated, taking oral rehydration solution, rather than immediately
resorting to an antibiotic.

Provide information on safe sexual practices, such as condom use Resistant infections can be transmitted through sexual contact, for
example, multidrug-resistant gonorrhoea or syphilis. Even susceptible
infections lead to antibiotic use, increasing selection for resistance.

Knowledge of recent trip to a country with high levels of resistance
should inform treatment

Travellers to such countries are likely to return home colonized or infected
with resistant bacteria.

strains and the consumption of antibiotics (Table 2).152 Travelers’
diarrhea is bacterial in origin in 80–90% of cases147; however,
travelers should be informed on methods of preventing travelers’
diarrhea, apart from antibiotics, including effective sanitation
and hygiene practices in addition to ensuring access to clean
water for drinking and washing of raw fruit and vegetables.
Information on safe sexual practices, such as condom use, should
be available to all travelers, including those going to high-risk
countries, such as Thailand.153 Hospital workers should be aware
of patients with a history of travel to endemic regions as potential
carriers of resistance. This would allow for the implementation of
infection prevention control measures, such as increased hygiene
and isolation.11

Ultimately, to curb travel-associated AMR, there needs to
be global progress in addressing AMR. Resistance in any single
country has the potential to reach everywhere. Investment is
needed in the healthcare systems of low- and middle-income
countries and greater attention to antimicrobial stewardship
in high-income countries.12 Globally, efforts to reduce inap-
propriate antibiotic use and improve surveillance need to be
enhanced using a one health approach that incorporates both
animal and human health. Opportunities to control typhoid with
vaccination should not be overlooked, in addition to improving
access to clean water, adequate hygiene and effective sanitation.
Research efforts to document international trends in AMR
have focused on analyzing levels of antimicrobial consumption
between countries154 and monitoring AMR prevalence where
surveillance networks are in place.155 Towards this goal
ResistanceMap (resistancemap.org) is a freely available online
platform that collates both consumption and resistance data.156

Differences in resistance levels between countries show a clear
association with levels of antibiotic consumption in some
environments.157 While antimicrobial consumption certainly has
a role to play in all countries particularly those with strong
public health systems, previous analyses have shown that reduced
resistance is better correlated with the quality of healthcare
systems, governance and a lower disease burden.12 Following
the emergence of mcr-1, its subsequent global dissemination was
driven, not by colistin consumption levels, but most likely by the
travel of colonized or infected humans123,139 and the trade of live
animals.18 Such events highlight the importance of travel in the
spread of resistance and the need to monitor the dissemination

of both resistance genes and resistant pathogens in travelers
visiting hotspots of resistance, such as China, Southeast Asia and
the Indian subcontinent. The travel medicine community stands
in a unique position to advocate for AMR and to ensure that it
receives a high priority on the international agenda.
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