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Introduction

Healthy travellers can pick up micro-organisms carrying antimicrobial resistance genes 
when visiting regions of the world where antimicrobial resistance among common 
pathogens has reached high endemic levels, and import these to their home countries. 
The microbiota of healthy travellers may, thus, become reservoirs of resistant strains and 
their antimicrobial resistance genes. However, because acquisition of antimicrobial resis-
tant pathogens is only noticed in travellers when they cause an infection, little is known 
about carriage of these resistant pathogens by healthy travellers. As it is estimated that 
the number of international tourists to endemic regions in Asia and Africa will continue 
to grow at the rate of 4.4% a year (1), it is prudent to investigate the risks of introduc-
tion and possible spread of antimicrobial resistance (in particular antibiotic-resistant 
Enterobacteriaceae) by healthy travellers from the Netherlands, a country known for 
its restricted antibiotic use and correspondingly low levels of resistant pathogens in its 
community and health care system.

Main findings and discussion

Impact of international travel on the endemicity of extended-spectrum beta-
lactamase producing Enterobacteriaceae (ESBL-E) in the Netherlands

Previous small to medium sized studies of international travellers had reported high 
acquisition rates of ESBL-E, with observed frequencies varying between 21-51% 
(Chapter 2). To more definitively assess the impact of international travel on carriage 
of antimicrobial resistant pathogens we investigated the acquisition, persistence of car-
riage and transmission of ESBL-E by healthy travellers prospectively enrolled in a large, 
multicenter longitudinal cohort. We found that overall, 34.3% (633/1847) of travellers 
acquired ESBL-E during their international travel (Chapter 4). The median duration of 
carriage after travel was 30 days and approximately 11% remained a carrier of ESBL-
E for more than one year after travel. Also, transmission to close household contacts 
was observed. Acquisition rates varied per subregion from 5.9% in travellers returning 
from Northern America/ Europe/Oceania to 75.1% in travellers returning from Southern 
Asia. Moreover, the frequency of acquisition also varied widely per country within these 
regions.

We determined the contribution of the import of ESBL-E by healthy travellers on a 
population level by using the acquisition rates we found per subregion in our study and 
by taking into account the total number of Dutch travellers visiting these subregions an-
nually (2). From these calculations we estimate that each year between 3.0% and 7.1% of 
the Dutch population acquire an ESBL-E during travel to Asia, Africa and Latin-America. 
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In absolute numbers that is a yearly influx of 500.000 to 1.2 million Dutch travellers with 
ESBL-E. So far no other factor in the Netherlands has been identified accounting for so 
much ESBL-E influx in to the Netherlands. According the Central Bureau for Statistics of 
the Netherlands the two most popular regions visited for long holidays are Western Asia 
and Northern Africa. The large number of visitors to Western Asia can be explained by the 
preference of Dutch tourists for all-inclusive hotels in Turkey (personal data Travel Clinic 
Harbor Hospital), and by first and second generation immigrant inhabitants with Turkey 
as their migration background, as this is the largest group in the Netherlands with a non-
western migration background. The large number of visitors to Northern Africa can be 
explained by the preference of Dutch tourists for all-inclusive hotels in Egypt (personal 
data Travel Clinic Harbor Hospital) and by first and second generation immigrant inhab-
itants of the Netherlands that have Morocco as their migration background, as this is 
the second largest group in the Netherlands with a non-western migration background. 
Our study found high acquisition rates (42.0-42.9 %) by travellers to these two regions. 
With our calculations we estimate that, Dutch travellers to Western Asia and Northern 
Africa together account for an annual influx of as much as 320.000 to 870.000 travellers 
importing ESBL-E into the Netherlands. Thus, although travellers to Southern Asia have 
the highest risk (75.1%) to acquire ESBL-E, travellers to Western Asia and Northern Africa 
contribute most to ESBL-E endemicity at the level of the Dutch population. Since the 
Dutch population has a long history in international travel and global trade, including 
visits to regions with high endemic levels of antimicrobial resistance, the yearly influx of 
ESBL-E yielded by healthy travellers is a major determinant of the ESBL-E endemic level 
in the Netherlands.

A limitation of our study is that our study population included mostly native Dutch 
travellers who came to the travel clinics for vaccinations and travel advice. By using data 
of the Central Bureau of Statistics of long holidays among the Dutch population, we 
were able to include the Dutch inhabitants of Turkish or Moroccan origin who go on 
holiday to their country of origin in our calculation of ESBL-E influx by Dutch travellers 
contributing to ESBL-E endemicity in the Netherlands. We were not able to take into 
account the contribution to ESBL-E endemicity in the Netherlands of recently arrived 
refugees. In 2018 there were almost 26.000 asylum requests in the Netherlands most 
of which were made by Syrian refugees (3). Research in Germany showed that 35% of 
Syrian refugees were carrier of ESBL-E. Since the number of refugees is much lower 
than that of Dutch inhabitants travelling internationally, the contribution of refugees is 
expected to be much smaller than that of Dutch travellers (4).

Another limitation of our study is that we were not able to include travellers to 
countries within Europe or other countries for which no vaccinations or travel advice 
is needed. Data show ESBL prevalence rates among hospital E. coli isolates in the range 
of 10-25% for popular summer holiday destinations including Spain, Portugal, Greece 
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and Israel (5-7). As resistance genes can be acquired in the first days after arrival in high 
endemic countries (John Penders, not published), also short holidays to these popular 
destination within Europe are likely to contribute to the ESBL-E endemic level in the 
Netherlands.

Although little more than half of travellers who acquired ESBL-E during their travel 
lost their ESBL-E within one month after return, 11.3% of travellers remained a carrier 
of ESBL-E 12 months after return. These sustained carriers also contribute to the ESBL-E 
endemic level in the Netherlands, since 11.3% of 500.000 to 1.2 million healthy travel-
lers will yield 56.000 to 135.000 long term carriers with imported ESBL-E carriage up to 
twelve months after return. Our review showed that other traveller studies found varied 
duration of carriage rates from 5% to 24% at 6 months after return. Our Cox regression 
analysis showed travellers who carried E. coli (vs K. pneumoniae) or an ESBL-gene from 
CTX-M group 9 (vs CTX-M group 1) were at increased risk for sustained carriage. These 
results suggest plasmids carrying CTX-M group 9 provide a colonization advantage over 
plasmids carrying CTX-M group 1. CTX-M group 9 ESBL genes are known to be dominant 
in China. In line with this is the observation that travellers to Central- and Eastern Asia 
in our study cohort were at increased risk for acquisition of CTX-M group 9 (OR 3.3, CI95 
1.4-7.5) and ESBL-gene CTX-M-14/18 (OR 3.5, CI95 1.5-7.9), when compared to travellers 
who did not visit this subregion (Chapter 5). Although our Cox regression analysis did 
not demonstrate that travel to Central and Eastern Asia posed an increased risk for sus-
tained carriage, our data do suggest that these travellers are more at risk for sustained 
carriage of ESBL-E, because of the greater chance to acquire ESBL CTX-M group 9 when 
compared to travellers to other destinations. Another study found travellers return-
ing from Asia had significantly longer sustained carriage compared to travellers from 
sub-Saharan Africa or Latin America (8). Other studies also found CTX-M group 9 to be 
associated with sustained carriage in travellers returning from Asia, and in patients from 
hospital, long-term care facilities and primary care practices (9, 10). A recent study which 
investigated long-term ESBL-E carriage in the adult Dutch community suggested that in 
half of persons who continued to carry CTX-M group 9 ESBL genes for up to 8 months, 
persistence of successful clones rather than horizontal gene transfer was explanatory for 
the persistence of these ESBL-E. They found that those with antibiotic use during the last 
6 months, proton pump inhibitor use or living within 1,000 meters of a pig farm are at 
increased risk for sustained ESBL-E carriage (11).

With our mathematical model which took factors into account like actual total house-
hold size, information which was derived from our questionnaires, we estimated that 
there was a 12% probability of transmission from ESBL positive persons to ESBL negative 
persons in households. Perhaps an epidemiologically more popular way to describe 
transmission rates is the basic reproductive ratio (R0), which is the total number of sec-
ondary ESBL-E cases generated from the total number of ESBL index persons introduced 
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into a susceptible population of household contacts. A basic reproductive ratio >1 is 
considered as the threshold for ESBL-E to spread in the susceptible population (12). In 
our mathematical model of onward transmission of ESBL-E in households of travellers, 
we estimated person-to-person transmission to occur at a rate of 0.0013 per colonized 
person a day and the average duration of carriage to be 100 days. R0 is calculated to be 
0.20, by multiplying the transmission rate (0.0013/day) with the average duration of car-
riage (100 days) and the average number of household numbers (1.54). As this R0 of 0.20 
is far below 1.0, we conclude that transmission to household members does not lead 
to significant spread within the susceptible population. To put our finding in perspec-
tive, a higher R0 of 0.90 was found for MRSA transmission from patients to household 
contacts (13). Another Dutch study using the same mathemathical model as ours for 
onward transmission of ESBL-E in households of recently discharged patients, estimated 
a similar average duration of carriage of 111 days. However, they estimated a higher 
person-to-person transmission rate of 0.0053 per colonized person a day, which is most 
likely explained by the more frequent and longer exposure times between caregiving 
household members to discharged patients (14). Although transmission of ESBL-E in 
households of travellers unlikely leads to sustained spread, a transmission rate of 12% 
does contribute to the endemic level of ESBL-E in the Netherlands, as 12% of 500.000 to 
1.2 million healthy travellers implies 60.000 to 144.000 travellers who transmit ESBL-E to 
their household members yearly.

Travel-associated risk factors

Travel destination is the dominant determinant for acquisition of ESBL-E in our cohort. 
Our travellers to Asia had a higher frequency of ESBL-E acquisition, which is probably due 
to the widely spread distribution of ESBL-E in these regions and, therefore, a high risk 
of food-contamination. In our overall analysis, occasional food consumption from street 
vendors was associated with an increased risk for ESBL-E acquisition, whereby this risk 
further increased when food from street vendors was consumed daily. As diet-associated 
predictors might differ per subregion, we performed a stratified analysis per subregion, 
which identified daily food consumption at a hostel or guesthouse in southern Asia and 
consumption of raw vegetables in southeastern Asia as predictive factors. The highest 
ESBL-E acquisition rate of 88.6% was found in travellers returning from India. Apart from 
the overuse of antibiotics in humans and animals, the high level of ESBL-E endemicity in 
India can, at least in part, be explained by its lack of access to proper sanitation facilities, 
with less than 40% of its population having access to sanitation (15). Also, several large 
and small pharmaceutical factories producing antibiotics are located in India. Research 
in the vicinity of those factories have shown that tons of antibiotics such as ciprofloxacin 
are released in the environment every year (16). In such setting, the selective pressure 
of just one antibiotic likely leads to the co-selection of multi-drug resistant isolates and 
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drive their spread (17). One study demonstrated that the use of fluoroquinolones during 
travel selected for ESBL-E acquisition during travel (18). Moreover, a recent meta-analysis 
showed 12.4% of antibiotics were substandard or falsified in low,- and middle-income 
countries, which is also thought to contribute to increasing antimicrobial resistance in 
these countries (19).

In our multivariable analysis we found that antibiotic use (in particular the use of qui-
nolones) during travel, traveller’s diarrhoea, and pre-existent chronic bowel disease were 
independently associated with an increased risk of ESBL-E acquisition. These conditions 
are all known to be associated with a dysbiosis of the human gut microbiota (20-22). 
Therefore, dysbiosis of the human microbiota with subsequent decreased colonization 
resistance might be a biologically plausible common precondition or mechanism for 
increased susceptibility to the acquisition of ESBL producing micro-organisms. Dutch 
national guidelines for the use of antibiotics advise the prescription of ciprofloxacin or 
azithromycin for moderately severe traveller’s diarrhoea in patients with chronic condi-
tions like diabetes mellitus or use of immunosuppressive drugs. Both ciprofloxacin and 
azithromycin are known to induce a dysbiosis of the human microbiota (20, 23, 24). The 
traveller study of Kantele et al. demonstrated ESBL-E acquisition rates in travellers to 
South-East Asia without traveller’s diarrhoea and without antibiotic use, in those with 
traveller’s diarrhoea but without antibiotic use, and in those with traveller’s diarrhoea 
and antibiotic use to be 19%, 32%, and 69%, respectively. For travellers to South Asia 
similar rates were reported, i.e. 23%, 47% and 80%, respectively. These results suggest 
that the resistance of travellers to become colonized by ESBL-E is synergistically de-
creased by diarrhoea in combination with the use of antibiotics (25, 26). In our study we 
found travel-related and non-travel related risk factors for ESBL-E acquisition, all known 
to be associated with gut dysbiosis. However, the effect of travel itself on the composi-
tion and function of the human gut microbiota remains unknown, as only a single study 
has examined the gut microbiota of diarrhoea-free travellers. This study found the gut 
microbiome in healthy, diarrhoea-free, travellers to be dysbiotic, suggesting that travel 
itself could be associated with temporary dysbiosis of the gut microbiota. However, 
this was merely an assumption or hypothesis, since pre-travel faecal samples of these 
healthy travellers were not analysed (27).

ESBL-E carriage in the community

In chapter 5 we investigated ESBL prevalence and associated risk factors in travellers 
prior to their index travel. These results are, to some extent, reflective for ESBL-E car-
riage and predictors in the Dutch general adult population. We found a prevalence for 
ESBL-E carriage of 6.1% (136/2216) prior to travel, which was slightly higher (versus 4.5% 
and 5.1%) and lower (versus 8.6%) compared to previous Dutch studies among healthy 
individuals (28-30). From the multivariable risk factor analysis, previous antibiotic use in 
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the past three months and previous travel outside of Europe in the past twelve months 
were the major risk factors for ESBL-E carriage prior to travel.

The association between carriage of ESBL-E prior to travel and recent antibiotic use 
found in this study, may reflect reduced colonization resistance to ESBL-E acquisition 
from external sources as well as selection of ESBL-E present in the gut prior to exposure, 
albeit at densities below the detection threshold of routine microbiological culture. 
Especially the use of beta-lactam antibiotics was associated with ESBL-E carriage prior 
to travel. Beta-lactams are the class of antibiotics most commonly prescribed by general 
practitioners, by doctors from outpatient clinics and by dentists in the Netherlands (31). 
Quinolones are less often prescribed, which may help to explain why we did not find a 
significant association between its use and ESBL-E carriage prior to travel. In the Neth-
erlands the use of amoxicillin and amoxicillin clavulanic acid in outpatients has been 
declining over the past decade (31). Future research has to determine whether, and if so, 
to what extent, this decline in the use of beta-lactam antibiotics will be accompanied by 
a decrease in ESBL-E carriage in the community.

The association between carriage of ESBL-E prior to travel and travel outside of 
Europe was particularly strong for travel to Asia (Eastern Asia), Africa (Northern Africa) 
and Oceania (Australia and New Zealand). Other studies on ESBL-E carriage in the com-
munity of countries with prudent use of antibiotics also found that those who travelled 
to Asia and Africa in the past twelve months are at increased risk for ESBL carriage (29, 
30, 32, 33). The finding that travel outside of Europa is a major risk factor for ESBL-E 
carriage prior to travel confirms our finding that travellers returning from high endemic 
regions for ESBL-E substantially contribute to the ESBL-E endemicity in their country of 
origin. Moreover, in our population of travellers, the population attributable risk was 
greatest for travel outside of Europe; it’s attributable risk was two times higher than 
that for antibiotic use. In our cohort of travellers the prevalences of CTX-M-15 and CTX-
M-14/18 prior to travel were 31.3% (40/128) and 21.9% (28/128), respectively. Previous 
other Dutch studies found lower or similar proportions (13-19%) of blaCTX-M-14 in the 
community. Although our study did not have the statistical power to investigate if CTX-
M-14 carriage prior to travel was associated with previous travel to CTX-M 14 endemic 
regions, it is probable that these CTX-M-14 genes were acquired during previous travel 
to CTX-M-14 endemic regions. Since CTX-M-14 is not prevalent in the Netherlands it is 
less likely that CTX-M-14 carrying Enterobacteriaceae were acquired in the Netherlands 
(29, 30, 34). With the unabated growth in international travel by tourists, business travel, 
but also by migrants and refugees, it is expected that the impact of international travel 
on ESBL-E carriage and infection in the community will keep growing the coming years.

We found that participants working in healthcare with daily patient contact tended 
to be at increased risk for ESBL-E carriage prior to travel, although the association was 
not statistically significant. The number of participants working in healthcare may have 
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been too low to reach statistical significance. Just a few studies reported ESBL-E carriage 
rates among healthcare workers, which ranged from 3 to 21% (35-37).

We did not find an association between consumption of chicken meat or other food 
products and ESBL-E carriage prior to travel. In accordance with our findings, none of the 
studies investigating potential predictors for ESBL-E carriage in countries with prudent 
antibiotic use did identify meat products as a predictor for ESBL-E carriage, except for 
one study (38). Recent studies using whole genome sequencing show that there is no 
evidence of clonal spread of ESBL E. coli through the food chain, rather they suggest 
that distinct plasmids contribute to the spread of antibiotic resistance between different 
reservoirs (39). However, a recent study failed to demonstrate a epidemiological link of 
ESBL genes and plasmid types between isolates from livestock or food reservoirs and 
human isolates from the community (40).

We also did not find the use of antacids as a risk factor for ESBL-E carriage in our study 
population before travel. In addition, antacid use during travel was also not identified 
as a risk factor for ESBL-E acquisition during travel. The use of prescribed antacids has 
been identified as risk factor for ESBL-E carriage in the Dutch population, and the use of 
proton pump inhibitors, the dominant class of antacids prescribed here, has been identi-
fied as a risk factor for ESBL-E carriage at hospital admission (29, 41). Moreover, the use of 
proton pump inhibitors was recently reported to be associated with sustained carriage 
of ESBL-E in the Dutch community (11). Proton pump inhibitors have been associated 
with a dysbiosis of the gut microbiota (42-44). We did not make a distinction between 
proton pump inhibitors (which are prescribed antacids) and neutralizing antacids (that 
can be obtained over the counter medicine without prescription). Thus, it could be that 
our participants were mostly using neutralizing antacids, which have so far not been 
associated with ESBL-E carriage.

As we have shown that returning international travellers are a dominant source for 
influx of ESBL-E (mostly ESBL-E.coli ) in the Netherlands, contributing to ESBL-E endemic-
ity in the community, it is assumed that travellers also contribute to the prevalence of 
community and hospital acquired infections caused by ESBL-E. A recent Dutch study 
provided evidence that ESBL E. coli strains causing hospital infections most likely 
originated from the community. These authors analysed trends of ESBL E. coli and K. 
pneumoniae infections among patients attending a general practitioner and in hospital 
patients from 2008-2012. They found an increase in the proportion of ESBL among E. coli 
isolates from urine and blood samples in both general practitioner patients and hospital 
patients, including ICU patients. However, the proportion of ESBL among K. pneumoniae 
isolates from urine and blood samples did not increase in hospital patients, including 
ICU patients. Therefore, the rise of ESBL-E. coli in the hospital is most likely explained 
by increased influx from the community, as E. coli is a common community pathogen 
and, therefore, little affected by infection prevention policies in hospitals. In contrast, 
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the prevalence of ESBL- K. pneumoniae in the hospital did not increase, suggesting 
that infection prevention policies restricted the spread of this hospital pathogen (45). 
However, from 2013 to 2018 the percentages of both ESBL- E. coli and K.pneumoniae 
have risen to 2-6% for E. coli and 4-9% for K. pneumoniae, with the lowest percentages 
in GP patients/outpatients and the highest percentages in inpatients/ ICU patients (31). 
The reasons behind the overall rise of ESBL- K. pneumoniae need to be further investi-
gated. Interestingly, 19% of bean sprouts samples in the Netherlands were found to be 
contaminated with mostly ESBL-K.pneumoniae in the absence of ESBL-E. coli (46).

Implications of our findings: who is at risk for carriage of antibiotic resistant 
Enterobacteriaceae

To control MRSA in hospital, current standard care, at least in many Western countries 
including the Netherlands, include risk assesments for MRSA carriage by questionnaires 
to be taken for every patient at the time of their admission. When patients have one or 
more risk factors for MRSA carriage they are isolated and first screened for MRSA. For 
carriage of ESBL-E and carbapenemase producing Enterobacteriaceae (CPE), hospitaliza-
tion abroad, especially if treated on the ICU, is likewise associated with an increased 
risk (4). Moreover, infections with CPE in countries with very low CPE prevalence have 
been associated with prior hospitalization in CPE endemic regions (47). Currently, to 
control antibiotic resistant Enterobacteriaceae, patients are asked whether they have 
been examined, treated or admitted to a hospital abroad in the preceding two months, 
or if longer than two months ago whether they have been operated in a hospital abroad 
or have wounds. If so they are screened for antibiotic resistant Enterobacteriaceae and 
other (multidrug) resistant bacteria. However, this approach does not encompass the 
latest insights into the risk for ESBL-E carriage associated with recent international 
travel. Several recent studies, including our large cohort study, clearly identified travel 
to certain regions in Asia and Africa to be associated with a high risk for ESBL-E car-
riage, even without hospitalization abroad. These findings would argue that patients 
who have recently travelled to ESBL-E endemic regions need to be screened for ESBL-E 
carriage at the time of admission to hospital. As it is not feasible and effective to screen 
all patients with recent travel abroad, screening should focus on those patients with 
a clearly increased risk for ESBL-E. The first question is which regions or countries can 
be considered as high ESBL-E endemic regions? As reliable surveillance data on ESBL-E 
carriage rates are lacking for most low to middle income countries in Asia and Africa (48), 
data on ESBL-E acquisition in returning travellers might be used as a surrogate marker 
for ESBL-E prevalence in the community in these countries. As acquisition rates vary 
widely per country within subregions, for example acquisition in South-Eastern Asia 
varied from 19.0% in Indonesia to 72.2% in Vietnam, it would be prudent to ascertain 
ESBL-E endemicity per country. If we would define high ESBL-E endemic countries as 
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those from which >40% of travellers return with ESBL-E, current data suggests that 
patients returning from India, Egypt, Nepal, Vietnam, Peru, China, Myanmar, Thailand, 
Sri Lanka, Uganda and Turkey should be screened for ESBL-E on admission to hospital. 
Unfortunately, this list is not complete since it only includes countries which are popular, 
intercontinental, travel destinations. This lack of completeness is also illustrated by data 
showing ESBL prevalence rates among hospital E. coli isolates in the range of 25-50% in 
Italy, Morocco, Cyprus, Slovakia and Bulgaria (5, 49, 50). These high ESBL E. coli hospital 
prevalence rates suggest that the ESBL carriage in the community of these countries is 
also high, as E. coli is a true community pathogen. Therefore, admitted patients recently 
returning from these countries may also have to be considered for admission screening.

The second question to consider is how long after return should patients be screened 
on admission to hospitals. Our COMBAT study, which is the largest traveller study so far, 
revealed that 43%, 25%, 14%, and 11% of travellers with ESBL-E acquisition during travel 
still carried their ESBL-E at 1, 3, 6, and 12 months after their return, respectively. The 
second largest traveller study, the VOYAG-R study reported somewhat lower sustained 
carriage rates of 34%, 10%, 5% and 2% at 1, 3, 6, and 12 months after return, respectively 
(8). They concluded that ESBL-E acquisition during travel was relatively short-lived after-
wards. However, their rates are not comparable with the rates we reported because, for 
unclear reasons, when calculating carriage rates they included missing samples in the 
denominator, thus assuming that these would be negative. For example, at 12 months 
after return only 8 of 227 travellers provided a stool sample, of whom 5/8 (62%) still 
carried ESBL-E. The stated carriage rate of 2.2% (5/227) 12 months after return is, thus, 
a gross underestimation as 219 samples were missing. Therefore, we suggest that the 
sustained carriage rates from the COMBAT study are more accurate. I would, therefore, 
suggest that patients with travel to ESBL-E high endemic regions (as specified above) 
in the preceding 1- 3 months, whether they traveled as tourists, migrants or refugees 
should be screened for ESBL-E at the time of their admission to a hospital, as 25-43% of 
travel acquired ESBL-E persisted in the gut beyond that timepoint.

Our findings also suggest that patients with recent international travel and antibiotic 
use during travel or pre-existent chronic bowel disease should be screened for ESBL-E 
carriage when admitted to the hospital.

In our study, we did not analyse the subsequent risk for infection with ESBL-E in 
travellers with ESBL-E acquisition during travel. There is not much data on travellers 
colonized with ESBL-E or CPE and their subsequent risk for developing an infection with 
these antibiotic resistant Enterobacteriaceae. One traveller study followed 90 travellers 
with ESBL-E carriage up to one year after travel and reported no laboratory evidence 
of pyelonephritis or other infections with ESBL-E (25). A French study prospectively 
screened patients who were admitted to the Infectious Diseases ward and had travelled 
abroad in the past twelve months. 5/191 travellers had a clinical infection by multidrug 

General discussion and summary 11



resistant Gram-negative bacteria and 18/191 only carried such strains, of which 22/23 
were ESBL-E. Of the five travellers with infection, four had an urinary tract infection with 
ESBL producing E. coli. Infection or carriage with ESBL-E in patients was ten times higher 
in those who travelled abroad in the past twelve months compared those wo did not 
travel abroad (51). Moreover, other studies identified international travel as a risk factor 
for ESBL-E community acquired urinary tract infections more than a decade ago (52-54). 
Overall, these studies indicate travellers who acquired ESBL-E during travel can develop 
an infection with the ESBL-E strain imported from abroad.

Specific attention is warranted for patients admitted for transrectal ultrasonography-
guided prostate biopsy, elective colorectal surgery and liver transplantation as ESBL-E 
colonization in patients undergoing these procedures have a higher risk for post pro-
cedure ESBL-E infection (55-58). A recent study among patients admitted for elective 
colorectal surgery showed the risk for deep surgical site infections was doubled in pa-
tients who carried ESBL-E versus non-carriers, and the causative pathogen of the surgical 
site infection was more likely to be ESBL-E versus in non-carriers (57). The higher risk for 
surgical site infections in patients carrying ESBL-E is most likely explained by the failure 
of the routinely recommended prophylaxis with cefazolin and metronidazole to cover 
for ESBL-E wound contamination during intra-abdominal surgery (59). These findings 
suggest patients admitted for elective colorectal surgery who have recently travelled to 
high endemic ESBL regions should be screened for carriage of ESBL-E, so that either the 
prophylaxis regimen is adjusted or adjustment of empirical therapy will be considered, 
in case surgical site infection follows after the procedure. More research is needed to 
weigh the (dis)advantages of targeted surgical prophylaxis in ESBL-E carriers.

The high rates of co-resistance to other classes of antibiotics are a further worry. We 
observed resistance to gentamicin, trimethoprim-sulfamethoxazole, ciprofloxacin and 
multidrug resistance in 30.8%, 64.4%, 44.8%, 44.3%, respectively, among ESBL E. coli 
strains isolated from returning travellers. Our finding of high co-resistance rates among 
travel-acquired ESBL E. coli strains requires doctors to consider adjusting their empirical 
therapeutic regimens in patients who recently travelled to a high ESBL-E endemic coun-
try. In line with antibiotic stewardship, the risk factors identified for ESBL-E carriage in re-
turning travellers can be used to make a more informed assessment of the personal risk 
of ESBL-E infection, thereby limiting the prescription of second tier antibiotics to those 
with an evident increased risk for ESBL-E infection. Recently, risk scoring methods based 
on case-control studies have been developed to predict bloodstream infection caused 
by ESBL-E in patients with suspected community sepsis. The so-called Stockholm-score 
(60) includes healthcare contact abroad within 6 months in addition to a history of prior 
ESBL-E positive culture or prostate biopsy when predicting ESBL-E community blood-
stream infection. If one of these risk factors is present, the authors suggest empirical 
treatment has to be adjusted. Although the severity of disease and prior antibiotic use 
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increased the risk for ESBL-E infection, these risk factors were not useful as a tool for 
guiding empirical therapy as these were present in both cases and controls. However, 
the severity of illness should be considered in the decision to adjust empirical therapy, 
with the aim to limit unnecessary use of carbapenems (61).

From a prevention perspective, travellers to endemic areas should be informed about 
possible exposure to multidrug resistant micro-organisms, especially ESBL-E and CPE, 
while travelling and how best to limit their risk for ESBL-E acquisition. They should be 
advised by travel clinics to take the usual hygiene measures to prevent traveller’s diar-
rhoea, to refrain from antibiotic use when diagnosed with self-limiting gastroenteritis, 
and to avoid eating food from street vendors. These are, so far, the only factors which can 
be acted upon, as our multivariable risk factor analysis showed that additional actions 
including regular hand hygiene did not protect against ESBL-E acquisition. Also, we did 
not find that probiotics had a protective effect on ESBL-E acquisition among travellers. 
Similarly, a randomized controlled trial showed travellers using probiotics had similar 
ESBL-E carriage rates compared to the control group of travellers not using probiotics 
(62).

Impact of international travel on carbapenemase-producing 
Enterobacteriaceae (CPE) in the Netherlands

In 2010 the first case of infection with a KPC-2 producing Klebsiella pneumoniae was 
reported in a patient after hospitalization in Greece, who later died of pneumoniae 
caused by this CPE. In the same year, two patients with carriage of NDM-1 producing 
K. pneumoniae were reported after they had travelled in India (63). The danger of CPE 
was demonstrated in 2010 when a large outbreak of OXA-48 carbapenemase producing 
K. pneumoniae occurred in the Maasstad Ziekenhuis in Rotterdam, a medium to large 
sized hospital in the Netherlands. Molecular typing showed the OXA-48 producing K. 
pneumoniae strain to be identical or very closely related to other OXA-48-positive K. 
pneumoniae isolates identified in France and Morocco, suggesting the strain originated 
from Morocco (64). The prevalence of CPE among clinical isolates in the Netherlands has 
up to now been low (<1%). Medical microbiologists and health care politicians are very 
much aware of the danger of CPE for which, an action plan designated “Netherlands CPE 
green in 2025” was developed in 2015. This is a campaign that aims to keep the Dutch 
CPE statistics in the “green” zone, i.e. at levels below <1% up to the year 2025.

In our cohort of 2,001 international travellers we found 5 travellers (0.25%) who ac-
quired CPE during their travel (Chapter 6). The CPE genes acquired by these travellers 
were NDM-1/2, NDM-7, OXA-48, OXA-244 and IMI-2 that were acquired in South-East 
Asia/Eastern Asia, Myanmar, Turkey/Greece, Indonesia and Myanmar, respectively. Per-
sistence of CPE colonization up to 1 month after return was found in two travellers, and 
up to 6 months after return in one traveller. Moreover, we found evidence of transmis-
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sion of CPE from a traveller who had acquired OXA-244 in Indonesia to his household 
member, after returning home.

Only three previous studies have reported CPE acquisition in returning travellers who 
were not hospitalized abroad. These included one French traveller with an OXA-181 
producing E. coli returning from India, a French traveller and Swiss traveller with NDM-1 
producing E. coli acquisition from India and an OXA-48 producing E. coli acquired by a 
Dutch traveller returning from Egypt (26, 65, 66). Again, these observations provide evi-
dence that travellers can acquire CPE during travel without being hospitalized abroad.

In countries in Asia with high CPE endemicity, the percentage of CPE infections that 
have its origin in the community have been reported to be as high as 29.5%. However, 
in Europe and the United States the percentage of CPE infections that are community 
acquired can be high as well, with reported proportions up to 18.2% (67).

In low endemic CPE countries, like France, preceding travel to Asia has been identified 
as a risk factor for CPE infection in hospitalized patients (68).

Although CPE acquisition rates in travellers are low, screening for CPE may be consid-
ered as possible spread of CPE can lead to large outbreaks in the hospital. Such admis-
sion screening for CPE should take into account the most popular travel destinations of 
Dutch inhabitants (2, 7) (personal data Travel Clinic Harbor Hospital). High endemic CPE 
regions in which Dutch travellers are most likely to be exposed to CPE are Turkey and 
Egypt (OXA-48), Italy (KPC), Spain (OXA-48) and Greece (KPC, VIM) (69-71). However, one 
should also consider to include India, Pakistan, Bangladesh, and Myanmar in its admis-
sion screening, countries which are less frequently visited by Dutch inhabitants, but are 
highly endemic for NDM-producing Enterobacteriaceae, (72-74).

Impact of international travel on mcr-1 in the Netherlands

In 2015, the scientific community was stunned by a report describing the discovery in 
China of a plasmid based gene, designated mcr-1, that encoded for colistin resistance 
(75). Following this new report, we analysed our collection of ESBL positive samples from 
returning travellers for mcr-1 presence. Six travellers returning from different geographic 
regions were identified to have acquired the mcr-1 gene, providing clear evidence that 
the mcr-1 gene had already spread worldwide at the time of enrolment in 2013-2014 of 
participants in our cohort study (Chapter 7). Indeed, soon after its discovery, many re-
ports described the mcr-1 gene in isolates from animals, animal food products, humans 
and environmental samples from around the world. In China a hospital outbreak (n=6) 
of a mcr-1-producing K. pneumoniae strain among children with acute leukaemia was 
described (76).

In our review we aimed to analyze the dynamics behind this worldwide spread of 
mcr-1 (Chapter 8). By reviewing whole-genome sequences and MLST profiles from 65 
published mcr-1 carrying E. coli human, animal and environmental isolates we found 
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the worldwide dissemination of mcr-1 is driven mainly by highly promiscuous plasmids 
rather than mcr-1-carrying clones. More regional circulation and dissemination of the 
mcr-1-carrying plasmid IncHI2 was found in Europe and IncI2 in Asia.

Of the 65 E. coli isolates, 4 carried carbapenemase encoding genes (NDM-5 from China 
and USA) and KPC-2 (from Singapore). Moreover, 29/65 (44.6%) carried plasmid-encoded 
CTX-M ESBL genes, and 10/65 (15.4%) carried plasmid mediated quinolone resistance 
(qnr) genes. However, the co-resistance rates may not be representative, as there is a 
significant selection bias of the published mcr-1 carrying E. coli isolates, since most stud-
ies searched for mcr-1 in their existing ESBL-E collections. Interestingly, we found a high 
percentage of florfenicol (48.9%) and novobiocin (100%) resistance, antibiotics that are 
only used in food animals, strengthening the current hypothesis that mcr-1 emerged 
first in animals.

Although we found the population of mcr-1-carrying E. coli to be highly diverse, it was 
dominated by two large groups of genetically related isolates. One of the groups was 
centered on ST10, which has a high prevalence among the microbiota of humans and 
food animals and possesses a range of antimicrobial resistance genes (among which 
plasmid-carried CTX-M ESBL genes) that is more extensive compared to other ST types, 
suggesting it has an intrinsic propensity for acquiring AMR genes. Therefore, we hypoth-
esized that certain commensal E. coli populations, including ST10, may act as a reservoir 
for the mcr-1 gene, which likely explains their over-representation in our study.

In the Netherlands a very low prevalence of mcr-1 was recently reported in only 
2/576 (0.35%) fecal samples of patients attending the Leiden University Medical Center, 
a tertiary hospital in the Netherlands, this gene was detected by real-time PCR. These 
patients had no history of recent travel nor of recent colistin use (77). Another Dutch 
study found 2/18 phenotypically colistin resistant E.coli isolates, as determined by Vitek 
susceptibility testing, to harbour the mcr-1 gene (78). In the meantime, other plasmid 
mediated genes encoding for colistin resistance have been identified (labeled mcr-2 
to mcr-8). The low prevalence of mcr-1 in combination with a low prevalence of CPE 
found in the Netherlands, suggests health care in this country is currently not facing 
a substantial threat of extremely resistant or even pan-drug resistant Gram-negative 
bacteria in the near future. A low prevalence of mrc-1 (1.5%) was detected in collections 
of ESBL E.coli cultured from retail chicken meat in the Netherlands in 2009 and 2014 
(79), suggesting mrc-1 reservoirs have been present in Dutch animal husbandry for at 
least a decade. Also, the rate of mrc-1 positive E.coli isolated from animals (including 
chicken) coming to slaughter in European countries is low (0.7%) (80). Interestingly, a 
recent study found a large variation in the prevalence rate of mcr-1 (2-39%) in retail 
chicken meat bought from different supermarket chains throughout the Netherlands 
(81). As the country of origin of the chicken meat could not be traced back, the variation 
might be explained by the fact that the chicken meat originated from different farms. 
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In Tunesia, mcr-1 prevalence in chicken from different farms varied from 20-83% (82). In 
one of our traveller’s E. coli isolate acquired in Tunesia, the mcr-1 carrying plasmid was 
identified as an INcHI2-type backbone of the ST4 pMLST subtype co-carrying a CTX-M-1 
ESBL gene, which was also described in all mcr-1 carrying plasmids from E. coli isolates 
from chicken farms in Tunesia.This suggests that transmission from chicken meat to the 
traveller might have occurred, as the traveller reported consumption of beef, chicken 
and eggs (82).

Since our review revealed mcr-1 carrying E. coli isolates along with carbapenemase 
encoding genes, one should be aware of the possibility of the emergence of untreat-
able pandrug resistant Enterobacteriaceae and the possible danger of import of these 
pandrug resistant Enterobacteriaceae by travellers to their home country or from the 
veterinary sector of society.

Future research

For the future, first of all it is important to recognize antimicrobial resistance is a problem 
that affects all regions, therefore a global solution to tackle the problem of antimicrobial 
resistance is needed. Indeed, the WHO has launched such a program, a global action 
plan on antimicrobial resistance (48). To be able to solve the problem of antimicrobial 
resistance at its roots, awareness and political will to address the problem in countries 
with high rates of antibiotic resistance, including resistant strains belonging to the 
family of Enterobacteriaceae, is needed (83). The finding that neonatal sepsis caused by 
ESBL-E is a risk factor for neonatal death in low income countries with high level ESBL-E 
endemicity, highlights the severity of the problem (84). One of the key actions needed 
is to gather more surveillance data on antimicrobial resistance, as data on ESBL and CPE 
prevalence rates are lacking in many low- and middle income countries (49). The imple-
mentation of this action plan is underway, and, predictably, meets difficulties since it 
involves funding issues, public awareness, multisectoral collaboration and political will 
to combat antimicrobial resistance (85, 86).

Secondly, new antibiotics are needed to combat antimicrobial resistance in gram 
negative bacteria. If one thing is sure, it is that antimicrobial resistance will pose new 
challenges for treatment. Development of new antibiotics, like new combinations of 
already-licensed beta-lactams and beta-lactamase inhibitors, and reappraisal of “old 
antibiotics” should be encouraged by the government and other stakeholders (87).

Thirdly, more detailed molecular characterization of strains from hospital, community 
and travellers are needed to better understand the dynamics of import, spread and 
sustained carriage of ESBL-E by travellers. Available data show that the most frequent 
ST-types found in E. coli from the Dutch community and in a Dutch traveller study were 
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similar, namely ST131, ST10 and ST38 (11, 29, 88). Another Dutch study in the commu-
nity found persistent carriage of CTX-M group 9 by ST131 and ST10 E. coli. Persistent 
carriage in this study was most likely explained by successful clones, as CTX-M group 9 
was carried by the same ST type E. coli and the same plasmid in the first and last positive 
sample (11).

Fourthly, more insights are needed in the dynamics and functioning of the human 
microbiota in relation to international travel to better understand what causes the 
increased susceptibility for the acquisition of ESBL producing organisms in the gut. As 
of now, no studies have analysed the human microbiota of travellers before and after 
travel, to answer the question if, independent of known risk factors, travel itself causes 
a dysbiosis in the human gut, and if so, which intermediate factors may be involved in 
this disturbance (27).

Lastly, the large impact of international travel on ESBL-E endemicity in the Netherlands 
is relevant for medical specialists, infection prevention specialists, general practitioners 
and public health practitioners. Implications for each group needs further thought and 
possibly more research to be able to formulate and manage the implications of interna-
tional travel on ESBL-E endemicity through specific policies and guidelines.
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