
M A J O R A R T I C L E

High Rate of Acquisition but Short Duration
of Carriage of Multidrug-Resistant
Enterobacteriaceae After Travel to the Tropics

Etienne Ruppé,1,2,3 Laurence Armand-Lefèvre,1,2,3 Candice Estellat,4,5,6,a Paul-Henri Consigny,7,a Assiya El Mniai,1

Yacine Boussadia,4,5 Catherine Goujon,7 Pascal Ralaimazava,8 Pauline Campa,9 Pierre-Marie Girard,9

Benjamin Wyplosz,10 Daniel Vittecoq,10 Olivier Bouchaud,11 Guillaume Le Loup,12 Gilles Pialoux,12 Marion Perrier,1

Ingrid Wieder,1 Nabila Moussa,1 Marina Esposito-Farèse,4,5 Isabelle Hoffmann,4 Bruno Coignard,13

Jean-Christophe Lucet,2,3,14 Antoine Andremont,1,2,3 and Sophie Matheron2,3,8
1Assistance Publique–Hôpitaux de Paris (AP-HP), Hôpital Bichat, Laboratoire de Bactériologie, 2Institut national de la santé et de la recherche médicale
(INSERM), Infection, Antimicrobiens, Modélisation, Evolution (IAME), Unité Mixte de Recherche (UMR) 1137, 3Université Paris Diderot, IAME, UMR 1137,
Sorbonne Paris Cité, 4Département d’Epidémiologie et Recherche Clinique, AP-HP, Hôpital Bichat, URC Paris-Nord, 5INSERM, CIC 1425-EC, UMR 1123,
6Université Paris Diderot, UMR 1123, Sorbonne Paris Cité, 7Institut Pasteur, Centre Médical, Centre d’Infectiologie Necker-Pasteur, 8AP-HP, Hôpital Bichat,
9AP-HP, Hôpital Saint-Antoine, Maladies Infectieuses et Tropicales, Paris, 10AP-HP, Hôpital de Bicêtre, Maladies Infectieuses et Tropicales, Le Kremlin-
Bicêtre, 11AP-HP, Hôpital Avicenne, Maladies Infectieuses et Tropicales, Bobigny, 12AP-HP, Hôpital Tenon, Maladies Infectieuses et Tropicales, Paris,
13Institut de Veille Sanitaire, Saint Maurice, and 14AP-HP, Hôpital Bichat, Unité d’Hygiène et de Lutte contre les Infections Nosocomiales, Paris, France

Background. Multidrug-resistant Enterobacteriaceae (MRE) are widespread in the community, especially in trop-
ical regions. Travelers are at risk of acquiring MRE in these regions, but the precise extent of the problem is not known.

Methods. From February 2012 to April 2013, travelers attending 6 international vaccination centers in the Paris
area prior to traveling to tropical regions were asked to provide a fecal sample before and after their trip. Those found to
have acquired MRE were asked to send fecal samples 1, 2, 3, 6, and 12 months after their return, or until MRE was no
longer detected. The fecal relative abundance of MRE among all Enterobacteriaceae was determined in each carrier.

Results. Among 824 participating travelers, 574 provided fecal samples before and after travel and were not MRE
carriers before departure. Of these, 292 (50.9%) acquired an average of 1.8 MRE. Three travelers (0.5%) acquired carba-
penemase-producing Enterobacteriaceae. The acquisition rate was higher in Asia (142/196 [72.4%]) than in sub-Saharan
Africa (93/195 [47.7%]) or Latin America (57/183 [31.1%]). MRE acquisition was associated with the type of travel,
diarrhea, and exposure to β-lactams during the travel. Three months after return, 4.7% of the travelers carried MRE.
Carriage lasted longer in travelers returning from Asia and in travelers with a high relative abundance of MRE at return.

Conclusions. MRE acquisition is very frequent among travelers to tropical regions. Travel to these regions should be
considered a risk factor of MRE carriage during the first 3 months after return, but not beyond.

Clinical Trials Registration. NCT01526187.
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Multidrug-resistant Enterobacteriaceae (MRE) producing
extended-spectrum β-lactamases (ESBLs) and/or plasmid-

encoded AmpC-type cephalosporinases (pAmpCs) were
long confined to healthcare structures but have been
spreading widely in the community over the last 2 decades
[1]. The spread of MRE is a major public health issue, as a
limited number of antibiotics remain active against these
bacteria, and few new antibiotics are expected to reach the
market in the foreseeable future [2]. The spread of MRE
has been particularly intense in tropical regions, likely
owing to poor hygiene and uncontrolled antibiotic usage
[3]. Between 14.0% and 69.4% of travelers to high-preva-
lence countries are reported to acquire MRE, depending
on the cohort and destination [4–11].
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It is crucial to assess the dynamics of MRE acquisition and loss
during and after travel to tropical regions. Indeed, if MRE impor-
tation from tropical regions was found to fuel a major reservoir,
specific measures would be urgently required. The few available
data suggest that most travelers clear MRE from their gut within a
month following return [12], but that a minority become long-
term carriers (>6 months after return) [4, 6, 7].

A better knowledge ofMRE carriage after return from a tropical
region might also improve patient management. A higher risk of
MRE acquisition has been found among travelers returning from
certain regions with high MRE endemicity (Southeast Asia [5–8,
11] and North Africa [5, 6]), and also among those having taken
antibiotics [10] or having developed diarrhea [4, 10]. Yet no data
are available on clinical or microbiological factors associated with
the duration of MRE carriage, and it is therefore impossible to es-
timate the risk of MRE carriage at a given time after return.

We addressed these questions in the VOYAG-R study (Clin-
icalTrials.gov identifier NCT01526187), in which we deter-
mined the rate of MRE acquisition during travel to the tropics
and monitored carriers for 1 year after their return.

METHODS

Population and Samples
From February 2012 to April 2013, all adults who planned to
travel to tropical regions for between 3 days and 3 months
and who attended 1 of 6 international vaccination centers in
the Paris area were invited to participate in the study. The
study was designed to include equal numbers of travelers to
the 3 main tropical regions: sub-Saharan Africa, Latin America
(including the Caribbean), and Asia. We included countries lo-
cated in both tropical and subtropical regions. Travelers visiting
>1 country were eligible provided they remained in the same re-
gion (eg, Vietnam and Cambodia in Asia). Only 1 volunteer per
group of co-travelers was recruited. After receiving information
on the study, volunteers were asked to complete a brief ques-
tionnaire before leaving the center and to provide a stool sample
during the week preceding their departure. All stool samples
were screened for MRE carriage. Only volunteers who had no
detectable MRE fecal carriage before their departure were
asked to send a further stool sample within a week after their
return. Travelers who were carrying MRE after their return
were asked to provide stool samples 1, 2, 3, 6, and 12 months
later, or until MRE was no longer detected. Fresh stool sam-
ples were self-collected at the traveler’s home and promptly
shipped to the bacteriology laboratory of Bichat-Claude Bernard
Hospital in Paris, France. Each sample was accompanied by a
self-completed questionnaire recording (1) at inclusion: demo-
graphic data (age, sex), dietary habits (omnivorous, vegetarian),
occupation, planned countries of visit, previous travel to the
same region, dates of departure and return, prescribed malaria

chemoprophylaxis, and the type and purpose of travel; and (2)
after return: countries visited, occurrence of diarrhea and/or
antibiotic use during the trip, use of the local healthcare system,
and adherence to malaria prophylaxis. As doxycycline was
exclusively used for malaria prophylaxis and not as an antibiot-
ic, we considered it among antimalarial agents. Nevertheless,
the impact of doxycycline and of other antimalarial agents on
MRE acquisition rate was studied separately. During follow-
up, travelers were asked to inform us if they took antibiotics
(and, if so, why), were hospitalized, subsequently traveled to a
tropical country, or experienced infectious events (particularly
urinary tract infection [UTI]). Follow-up was terminated in case
of further travel to a tropical region.

Detection of MRE
AnMRE was defined as Enterobacteriaceae producing an ESBL,
pAmpC, and/or carbapenemase. As the Enterobacteriaceae that
produce these β-lactamases are resistant to most β-lactam anti-
biotics (which are key antibiotics for the treatment of infections
caused by Enterobacteriaceae), we defined them as MRE [13].
Stool samples were cultured immediately on reception. Approx-
imately 10 mg of stool was plated on ChromID ESBL agar (bio-
Mérieux, Marcy-l’Etoile, France) and bi-valve ESBL agar (AES
Chemunex, Ivry-sur-Seine, France). In parallel, an enrichment
step was performed by diluting approximately 100 mg of stool
in 10 mL of brain-heart infusion broth (BHI), 1 mL of which was
diluted in 10 mL of BHI broth supplemented with 1.5 mg/L ce-
fotaxime and incubated overnight before plating 100 µL on Chro-
mID ESBL agar. Plates were incubated for 48 hours at 37°C in
aerobic conditions. All colony-forming units with distinct aspects
(size, color, shape) on each medium were further identified at the
species level by mass spectrometry (MALDI Biotyper, Bruker
Daltonics, Bremen, Germany) and tested for antibiotic suscepti-
bility by the disk diffusion method as recommended by the
French Society for Microbiology. Carbapenemase-producing En-
terobacteriaceae (CPE) were detected by specific enrichment cul-
ture, as described elsewhere [14].The relative abundance of MRE
was determined as the ratio between the fecal concentrations of
total MRE and total Enterobacteriaceae [15].

Characterization of Resistance Mechanisms
Total MRE DNAwas extracted with the EZ1 DNA tissue kit on
an EZ1 instrument (Qiagen, Courtaboeuf, France). First, ESBL-
producing Enterobacteriaceae were tested for blaCTX-M from
groups 1, 2, and 9 with real-time SYBR Green polymerase
chain reaction (PCR). If negative, blaCTX-M-8, blaCTX-M-25,
blaTEM, blaSHV, and blaVEB were sought with specific PCR prim-
ers, as previously described [15]. pAmpC was sought by using
specific primers for high-level cephalosporinase-producing En-
terobacteriaceae [16]. Strains with reduced susceptibility to car-
bapenems were tested for blaKPC, blaVIM, blaIMP, blaNDM, and
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blaOXA-48 [16]. Amplicons of carbapenemase-encoding genes,
blaTEM, and blaSHV were Sanger sequenced with the Big Dye ter-
minator version 3 kit (Applied Biosystems, Courtaboeuf,
France) for final identification.

Statistical Analysis
Sample size was calculated to obtain a precision of 5% for the
estimated MRE acquisition rate in each region, with a type I
error of 0.05. A total of 570 travelers were required (190 per re-
gion), assuming an MRE acquisition rate of 20% [4]. Baseline
data and outcome measures were summarized using standard
descriptive statistics for the total population and each region.
All univariate analyses were adjusted for the region when it
was required; otherwise, χ2 tests were used. Independent risk
factors for MRE acquisition were identified by logistic regres-
sion. Variables statistically significant at the 0.15 level were con-
sidered for the multivariate model. The final model was built
with the criteria of noncollinearity and the lowest value of
Akaike information criterion. Associations between covariates
and the number of isolates per MRE-carrying subject (1 vs 2
or more) were identified by logistic regression. The duration
of carriage was estimated from the dates of the first positive
and the first negative stool sample for MRE (“event”). We
used the actuarial (life table) method to represent time to
event. Subjects lost to follow-up were censored at the last avail-
able time-point. Subjects who completed follow-up without an
event were censored at the end of the study (12 months). The
effects of covariates on the time to event were estimated using
a Cox proportional hazards model. The rate of MRE acquisition
was compared across regions by using the Kruskal–Wallis test.
All statistical analyses were 2-tailed with a significance level of
5%, and were performed with R statistical software version 3.0.3.

Ethical Issues
The VOYAG-R study was approved by the Ile de France IV eth-
ics committee on 14 November 2011. The study was observa-
tional and did not directly benefit the participants. French
law requires that each participant sign a “nonrefusal” form.
When MRE (including CPE) carriage was detected, the individ-
ual concerned was sent an information leaflet on MRE carriage,
basic hygiene, and the need to mention this carriage when re-
ceiving medical care. Individuals with CPE carriage received a
similar leaflet and were also contacted by the infection control
practitioner of Bichat-Claude Bernard Hospital to ensure the in-
formation was correctly understood.

RESULTS

Description of the Travelers
A total of 824 subjects agreed to participate in the study, of
whom 700 provided a stool sample before their departure.

Eighty-one subjects (11.6%) were found to carry at least 1
MRE before departure and were thus excluded from the study
(Supplementary Table 1). Travelers returning to Asia <1 year
after a previous visit were more likely than other travelers to
have MRE carriage before departure (P = .01).

A total of 574 subjects were finally included (Figure 1), of
whom 195 (34.0%) traveled to sub-Saharan Africa, 183 (31.9%)
to Latin America, and 196 (34.1%) to Asia (Supplementary
Table 2). Mean age was 36 years (standard deviation [SD], 13
years), and the male to female sex ratio was 0.63 (222/352). Tour-
ism was themain purpose of travel (479/574 [83.4%]); nomedical
tourism was reported. The median duration of travel was 20 days
(interquartile range [IQR], 15–30 days). Only 10.4% (59/566) of
subjects reported using antibiotics (other than doxycycline)
during the trip. Diarrhea during the trip was reported by 228
of 560 (40.1%) travelers, 35 of whom (15.3%) took antibiotics.

MRE Acquisition
At least 1 MRE was acquired during travel by 292 of the 574
(50.9%) subjects. MRE acquisition rates ranged from 31.1%
(57/183) in Latin America and 47.7% (93/195) in sub-Saharan
Africa, to 72.4% (142/196) in Asia (P < .001). Among travelers
to popular destinations (>10 study participants) who visited
only 1 country, MRE acquisition was most frequent among
those visiting Vietnam (13/14 [92.9%]), India (48/53
[90.6%]), Peru (22/26 [84.6%]), and Togo (9/12 [75.0%]) (Sup-
plementary Figure 1, Supplementary Table 3). MRE carriage
was rare after travel to French Guyana (2/42 [4.8%]) and Co-
lombia (0/10 [0%]).

Variables Associated With MRE Acquisition
In univariate analysis (Table 1), factors associated with MRE ac-
quisition were β-lactam use during travel (odds ratio [OR], 4.22;
95% confidence interval [CI], 1.47–12.08; P = .007), diarrhea
during travel (OR, 1.89; 95% CI, 1.32–2.72; P < .001), and the
type of travel (lower risk for all-inclusive resorts and higher
risk for family visits, backpacking, and organized tours;
P = .03). Regarding use of antibiotics (apart from doxycycline),
fluoroquinolone exposure was not associated with a higher risk
of MRE acquisition compared with other antibiotics (OR, 1.62;
95% CI, .28–9.41; P = .59). In multivariate analysis (Table 1),
the region visited (P < .001), β-lactam use during travel (OR,
4.08; 95% CI, 1.39–11.97; P = .011), diarrhea during travel
(OR, 1.90; 95% CI, 1.31–2.75; P < .001), and the type of travel
(all-inclusive resorts vs others; P = .033) significantly influenced
the risk of MRE acquisition.

MRE Characterization
On return, 526 MRE isolates were recovered from 292 subjects
(mean, 1.8 distinct MRE per positive subject; median, 1.0 [IQR,
1–2]), of whom 135 subjects (46.2%) carried at least 2 MRE.
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Compared to travelers carrying only 1 MRE, these 135 subjects
reported a higher frequency of diarrhea (56.3% vs 41.0%;
P = .01) and antibiotic use during the trip (21.1% vs 9.7%;

P = .04). Travelers to Asia were more likely than travelers to
sub-Saharan Africa and Latin America to acquire >1 MRE
(60.0%, 21.5%, and 18.5%, respectively, P < .001). One subject

Figure 1. Flowchart of the study. The different colors refer to the time-line: boxes in blue refer to the time before the travel, while the shades of orange
refer to the time after the travel. Abbreviation: MRE, multidrug-resistant Enterobacteriaceae.

596 • CID 2015:61 (15 August) • Ruppé et al

 at Im
perial College London Library on Septem

ber 16, 2015
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

http://cid.oxfordjournals.org/


Table 1. Univariate and Multivariate Analysis in Travelers With or Without Acquisition of Multidrug-Resistant Enterobacteriaceae

Variable
Total Travelers,

No. (%)

Travelers Without
MRE Acquisition,

No. (%)

Travelers With
MRE Acquisition,

No. (%)

Univariate Analysis Multivariate Analysis

Odds Ratio
(95% CI) P Value

Odds Ratio
(95% CI) P Value

Age, y
18–34 1.00 .38
34–49 0.82 (.54–1.25)
49–64 0.67 (.39–1.13)
≥65 1.31 (.46–3.69)

Sex
Total 574 281 292 .36
Male (reference) 222 (38.7) 119 (42.2) 103 (35.3) 1.00
Female 352 (61.3) 163 (57.8) 189 (64.7) 1.18 (.83–1.69)

Occupation
Total 573 282 291 .12
Professionals/senior
managers

220 (38.4) 103 (36.5) 117 (40.2) 1.00

Laborers 39 (6.8) 22 (7.8) 17 (5.8) 0.73 (.35–1.50)
Middle managers 186 (32.5) 105 (37.2) 81 (27.7) 0.66 (.43–1.00)
Unemployed 128 (22.3) 52 (18.4) 76 (26.1) 1.09 (.68–1.75)

Malaria chemoprophylaxis
Total 563 275 288
Yes 306 (54.4) 134 (48.7) 172 (59.7) 1.28 (.83–1.97) .26
Doxycycline
Total 561 275 286
Yes 75 (13.4) 37 (13.5) 38 (13.3) 0.94 (.56–1.60) .83

Other
Total 560 275 285
Yes 228 (40.7 97 (35.3) 131 (46.0) 1.24 (.84–1.82) .28

Antibiotic use during travel
Total 574 282 292
β-lactam 25 (4.4) 5 (1.8) 20 (6.8) 4.22 (1.47–12.08) .01 4.08 (1.39–11.97) .011
Fluoroquinolone 13 (2.3) 3 (1.1) 10 (3.4) 2.44 (.62–9.54) .2
Nifuroxazide 45 (7.8) 16 (5.7) 29 (9.9) 1.79 (.91–3.51) .09
Other 5 (0.9) 4 (1.4) 1 (0.3) 0.26 (.03–2.52) .24

Diarrhea during the travel
Total 568 277 291 <.001
Yes 228 (40.1) 88 (31.8) 140 (48.1) 1.89 (1.32–2.72) 1.90 (1.31–2.75) <.001

Attendance to a healthcare facility during travel
Total 567 277 290
Yes 24 (4.2) 9 (3.2) 15 (5.1) 1.49 (.60–3.66) .39

Type of travel
Total 574 282 292 .03 .033
All-inclusive resort 27 (4.7) 19 (6.7) 8 (2.7) 1.00 1.00
Mix of all-inclusive
resorts and
organized tours

78 (13.6) 45 (16.0) 33 (11.3) 1.58 (.59–4.24) 1.23 (.45–3.36)

Family 142 24.7 79 (28.0) 63 (21.6) 2.23 (.88–5.64) 1.95 (.76–4.98)
Backpacking 200 (34.8) 77 (27.3) 123 (42.1) 2.96 (1.18–7.47) 2.42 (.95–6.15)
Organized tour 127 (22.1) 62 (22.0) 65 (22.3) 3.07 (1.20–7.86) 2.74 (1.07–7.06)

Visited region
Latin America
(reference)

1 <.001

Sub-Saharan Africa 2.21 (1.40–3.48)
Asia 5.72 (3.55–9.24)

Duration of travel, wk,
median (IQR)

2.86 (2.14–4.29) 2.71 (1.86–4.00) 3.14 (2.29–4.43) 1.06 (.99–1.12) .09

Abbreviations: CI, confidence interval; IQR, interquartile range; MRE, multidrug-resistant Enterobacteriaceae.
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returning from Peru carried 8 distinct MRE (7 producing an
ESBL, 1 producing pAmpC).

Most of the identified MRE were E. coli (93.3%; Supplemen-
tary Data 1). Of note, 1 ESBL-producing non-Typhi Salmonella
enterica was isolated from a woman who had backpacked in
Laos. ESBL production was the main resistance mechanism
(91.8%), followed by pAmpC production (8.6%) (Supplementary
Data 1). Four isolates (0.8%) produced both ESBL and pAmpC.
Three isolates (0.6%) from 3 travelers returning from India pro-
duced a carbapenemase (2 OXA-181, 1 NDM-1) [16]. The vast
majority of ESBLs were of the CTX-M type (95.4%), among
which CTX-M group 1 predominated (83.7% of all CTX-M,
Supplementary Data 1). Eventually, an OXA-48–producing
Escherichia coli (coproducing pAmpC) was recovered in a
pretravel sample from 1 subject who recently returned fromAsia.

Follow-up of Travelers Who Acquired an MRE
Among the 292 travelers who acquired an MRE during travel,
245 provided a stool sample 1 month after their return (Fig-
ure 1), which was MRE positive in 83 cases (33.9%) (Figure 1,
Table 2). Forty-five of the 74 (60.8%) subjects who provided a
stool sample 2 months after return were still MRE carriers. Like-
wise, 57.1% (24/42), 52.4% (11/21), and 62.5% (5/8) subjects
still carried an MRE 3, 6, and 12 months after their return (Fig-
ure 1). Only 4.7% of the 515 travelers still followed were MRE
carriers 3 months after their return (Table 2). The dynamics of
MRE loss differed significantly according to the region visited:
travelers returning from Asia carried MRE for longer than trav-
elers returning from sub-Saharan Africa or Latin America
(P < .001; Figure 2, Table 2). Univariate analysis identified no
travel-related variables significantly associated with longer car-
riage. However, carriers of at least 1 multidrug-resistant E. coli
had a lower risk of prolonged carriage than carriers of other
multidrug-resistant species (hazard ratio, 0.58; 95% CI, .38–.90;
P = .01). Eight travelers reported an episode of UTI after their
return, but no microbiological data were available.

Quantification of MRE
On return, the mean relative abundance of MRE (MRE-RA)
was −3.2 log (SD, 1.9 log). Travelers returning from Asia had
a higher mean MRE-RA than travelers to sub-Saharan Africa
and Latin America (−2.9 [SD, 1.9] log vs −3.6 [SD, 1.9] log
and −3.6 [SD, 1.8] log, respectively; P = .01; Figure 3A). Inter-
estingly, patients with a low MRE-RA had shorter carriage: the
hazard ratio for a negative subsequent stool sample per 1-log unit
decrease in MRE-RA was 1.18 (95% CI, 1.1–1.26; P < .001;
Figure 3B).

DISCUSSION

We found that MRE acquisition during travel to tropical regions
was frequent but that carriage was generally brief. Half the trav-
elers in this study acquired at least 1 MRE (an average of 1.8 spe-
cies per carrier), a rate twice as high as that reported elsewhere
[4–10]. This higher rate may be attributed to 3 characteristics of
our study: (1) only travelers to tropical destinations were includ-
ed, and (2) fresh stools (instead of rectal swabs) were cultured
on various media, with (3) an additional enrichment step. Still,
we cannot exclude that travelers with very lowMRE carriage be-
fore travel could have gone undetected, then found to be posi-
tive at return because they used antibiotics during the travel.

In 2013, nearly 10.6 million persons (connecting flights ex-
cluded) departed from a French airport to a tropical region
(4.5 million to sub-Saharan Africa, 1.8 million to Latin Ameri-
ca, and 4.3 million to Asia) [17]. Based on the rates of MRE ac-
quisition found here, we estimate that, in 2013, at least 5.8
million travelers (2.1 million to sub-Saharan Africa, 0.6 million
to Latin America, and 3.1 million to Asia) brought an MRE
from tropical regions to France. Interestingly, 3 months after
their return, >95% of all the travelers studied here were free of
MRE. Thus, importation of MRE by travelers does not fuel a
sustained reservoir of MRE in the community. This finding

Table 2. Follow-up of Travelers After Their Return

Time After
Return, mo

Proportion of MRE Carriers Among Carriers at Return (%)a Proportion of MRE Carriers Among All Travelers (%)a

All
Sub-Saharan

Africa Latin America Asia All
Sub-Saharan

Africa Latin America Asia

0 292/292 (100) 93/93 (100) 57/57 (100) 142/142 (100) 292/574 (50.9) 93/195 (47.7) 57/183 (31.1) 142/196 (72.4)
1 83/245 (33.9) 9/72 (12.5) 10/50 (20) 64/123 (52) 83/527 (15.7) 9/174 (5.2) 10/176 (5.7) 64/177 (36.2)
2 45/236 (19.1) 5/72 (6.9) 5/48 (10.4) 35/116 (30.2) 45/518 (8.7) 5/174 (2.9) 5/174 (2.9) 35/170 (20.6)
3 24/233 (10.3) 3/72 (4.2) 3/47 (6.4) 18/114 (15.8) 24/515 (4.7) 3/174 (1.7) 3/173 (1.7) 18/168 (10.7)
6 11/230 (4.8) 0/72 (0) 3/47 (6.4) 8/111 (7.2) 11/512 (2.1) 0/174 (0) 3/173 (1.7) 8/165 (4.8)
12 5/227 (2.2) 0/72 (0) 1/46 (2.2) 4/109 (3.7) 5/509 (1) 0/174 (0) 1/172 (0.6) 4/163 (2.5)

Abbreviation: MRE, multidrug-resistant Enterobacteriaceae.
a Travelers lost to follow-up, thosewhose stool samplewas sent out of time as scheduled, and thosewho subsequently traveled to tropical regions were excluded at
each time point.
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has major implications for physicians assessing the individual
risk of MRE carriage among patients having recently traveled
to a tropical region. During the first 3 months after return
from a tropical region, MRE should be considered when pre-
scribing empiric antimicrobial therapy, especially when the

patient took antibiotics and/or developed diarrhea during the
trip. Of note, 8 MRE carriers reported developing a UTI after
their return. As UTI is more likely to be due to MRE in MRE
carriers [15], our results suggest a need for routine antibiotic
susceptibility testing in individuals who develop UTI shortly
after returning from a tropical region.

We provide the first data on the relative abundance of MRE
among all fecal Enterobacteriaceae during the first 12 months
after return from the tropics. We found that carriage lasted
longer in individuals with a high initial MRE-RA, suggesting
that MRE-RA determination could help to predict the likely
duration of carriage. We have previously shown that antibiotic
exposure increases the MRE-RA [15], thereby possibly contrib-
uting to the persistence of MRE carriage. If this is confirmed,
physicians should carefully consider the potential impact on
the intestinal microbiota when prescribing antibiotics to sub-
jects having recently returned from a tropical region.

The main factor associated with MRE acquisition was the re-
gion visited, travelers to Asia being at the highest risk. However,
it is noteworthy that travelers to Peru and Togo were also at a
high risk of MRE acquisition (84.6% and 75.0%, respectively).
Other risk factors included diarrhea, which is a potential mark-
er of exposure to contaminated food or water. Travel to all-
inclusive resorts was associated with a lower risk of MRE acqui-
sition. Exposure to β-lactam antibiotics increased the risk of ac-
quisition, but this was not the case for doxycycline, an antibiotic
used for malaria prophylaxis.

In conclusion, we show that MRE acquisition during travel to
tropical regions is very frequent but relatively short-lived. The
possible presence of MRE should thus be taken into account
when prescribing empiric antibiotic therapy for infections
that occur in travelers having returned from the tropics <3
months previously.

Figure 2. Survival curve representing multidrug-resistant Enterobacteria-
ceae (MRE) carriage rates among travelers during follow-up, according to
the visited geographic area.

Figure 3. A, Fecal relative abundance of multidrug-resistant Enterobacteriaceae (MRE) (log) on return, according to the visited geographic area. B, Fecal
relative abundance of MRE (log) among travelers during follow-up, with respect to the persistence or loss of MRE at the next time point. MRE carriers whose
next sample was negative for MRE are shown in green; MRE carriers whose next sample was positive for MRE are shown in red.
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Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org). Supplementary materials consist of data
provided by the author that are published to benefit the reader. The posted
materials are not copyedited. The contents of all supplementary data are the
sole responsibility of the authors. Questions or messages regarding errors
should be addressed to the author.
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