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Healthy travellers to countries where carbapenemases-
producing Enterobacteriaceae (CPE) are endemic might
be at risk for their acquisition, even without contact
with the local healthcare system. Here, we report the
acquisition of CPE (two OXA-181, one New Delhi met-
allo-beta-lactamase 1 (NDM-1)) in three healthy travel-
lers returning from India. The duration of CPE intestinal
carriage was less than one month. The results indicate
that healthy travellers recently returning from India
might be considered as at risk for CPE carriage.

We report the acquisition of carbapenemases-produc-
ing Enterobacteriaceae (CPE) in three healthy French
travellers returning from India, who declared no con-
tact with any local healthcare centres during their jour-
ney in this country.

Healthy travellers carrying carbapenemase-
producing Enterobacteriaceae

As part of the VOYAG-R study (ClinicalTrials.gov
Identifier: NCTo1526187), volunteers who had planned
to travel to intertropical areas for a three-day to three-
month trip were recruited in six centres for travel
vaccinations in the Paris area, from February 2012 to
March 2013. In total, 574 travellers (222 men and 352
women) were included, who visited 72 intertropical
countries located in the Americas (n=183 travellers),
Africa (n=195) or in the Middle East and south-east
Asia (n=196). This included 57 travellers who visited
India. If travelling in groups, only one self-designated
volunteer was solicited. Included travellers were those
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with a negative stool sample for multidrug-resistant
Enterobacteriaceae (MRE) during the week preced-
ing departure and those who provided a stool sam-
ple within a week after their return. Each sample was
accompanied with a self-completed questionnaire.
Before departure the traveller informed on the dates of
departure and return, the visited country, the number
of accompanying travellers, the malaria prophylaxis,
and the type and purpose of the travel. After return,
the traveller reported on the occurrence of digestive
disorders during the travel, the intake of antibiotics,
any contact with the healthcare system at travel des-
tination and the compliance with malaria prophylaxis.
During the follow-up the traveller informed of any anti-
biotic intake and purpose, any hospitalisation and any
new travel to intertropical countries. If positive for
MRE after return, the traveller was asked to provide
stool samples one, two, three, six and 12 months after
return, until no MRE could be detected. Among 57 trav-
ellers who had visited India, three returned to France
with CPE intestinal carriage (Table).

Traveller 1 (C4-049)

A woman in her early fifties, had travelled alone as
a backpacker and tourist to India for 17 days in April
2012. Upon return, she did not report any digestive
disorders, any antibiotic intake or any contact with the
local healthcare system during her travel. Investigation
of stool samples revealed four phenotypically distinct
Escherichia coli, including one that produced both a
CTX-M group 1 and an OXA-181 carbapenemase. One



TABLE

Characterisation of the strains present in the stool samples of three travellers returning from India, France, February 2012

March 2013

Traveller ID Strain Species Beta-lactamases

Follow-up

Co-resistances Return
Month 1 Month 2 Month 3

C4-049Ec1 Escherichia coli CTX-M group 1 TE
C4-049Ec2 Escherichia coli CTX-M group 1 FQ, SXT, TE

1 (C4-049) C4-049Ec3 Escherichia coli CTX-M group 1 FQ, TE
C4-049Ecy Escherichia coli | OXA-181 and CTX-M group 1 FQ
C4-049Ecs Escherichia coli CTX-M group 1 GM, FQ, SXT, TE

2 Ca417) C4-417Ec1 Escherichia coli CTX-M group 1 FQ, TE
C4-417Ec2 Escherichia coli OXA-181 FQ
C4-422Ec1 Escherichia coli CTX-M group 1 FQ
C4-422Ec2 Escherichia coli CTX-M group 1 and pAmpC GM, FQ, TE

3 Cag22) C4-422Ec3 Escherichia coli CTX-M group 1 FQ, TE
C4-422Ecy Escherichia coli CTX-M group 1 FQ, SXT, TE
C4-422Ecs Escherichia coli pAmpC FQ, SXT, TE
C4-422Ec6 Escherichia coli NDM-1 and CTX-M group 1 FQ, AN, GM, SXT, TE

AN: amikacin; FQ: fluoroquinolone; GM: gentamicin; ID: identifier; NDM-1: New Delhi metallo-beta-lactamase 1; pAmpC: plasmid-encoded
AmpC-type cephalosporinase; SXT: trimethoprim/sulfamethoxazole; TE: tetracycline.

Black-filled cells indicate the detection of the strain in question, grey cells indicate that the strain was not detected, light grey cells indicate

that no stool sample was requested (i.e. follow-up completed).

month after return, a CTX-M group 1-producing E. coli,
which displayed a different resistance pattern to that
of the E. coli recovered at return, was also detected.
Two months after return, a stool sample from traveller
1 was negative for MRE.

Traveller 2 (C4-417)

Awomanin her late twenties, travelled to northern India
for 10 days in November 2012, with another person on
a tour. She did not report any digestive disorders, any
antibiotic intake or any contact with the local health-
care system during her travel. Direct cultures of stool
samples collected at her return on agar media were
negative, but cefotaxime enrichment broth yielded
a CTX-M group 1-producing E. coli. Furthermore, the
carbapenemase specific enrichment procedure used
for this study yielded an OXA-181-producing E. coli.
Traveller 2’s stool sample, originating from one month
after return, was negative for any MRE carriage.

Traveller 3 (C4-422)

A woman in her early thirties, travelled on her own to
southern India for one month in January 2013, where
she alternatively backpacked, participated in touris-
tic tours and visited relatives living in India. At return,
she reported having experienced digestive disorders,
but she had not taken any antibiotics nor visited any
healthcare centre during her journey in the country.
From her stool sample at return, six phenotypically
distinct E. coli were identified, among which one pro-
duced both CTX-M group 1 and New Delhi metallo-beta-
lactamase 1 (NDM-1) carbapenemase. At months 1 and
2 after return, she was no longer carrying any CPE, but
was still carrying one CTX-M group 1-producing E. coli.

A stool sample from three months after return was neg-
ative for MRE.

Laboratory investigations

Detection of multidrug-resistant
Enterobacteriaceae

Stool samples were stored at room temperature by
the traveller until shipped by postal services to the
Bacteriology laboratory of the Bichat-Claude Bernard
Hospital, Paris, France, where they were cultured
immediately upon reception. Approximately 1omg of
stool was plated onto a chromID extended-spectrum
beta-lactamases (ESBL) agar media (bioMérieux,
Marcy-UEtoile, France) and onto a bi-valve ESBL agar
(AES Chemunex, lvry-sur-Seine, France). In parallel,
approximately 10omg of stool was diluted in 10omL
of brain heart infusion (BHI) broth, of which 1mL was
diluted to a BHI broth supplemented with 1.5mg/L cefo-
taxime and another 1mL to a BHI broth supplemented
with o.5mg/L ertapenem, and incubated overnight,
until 100pL of each broth were respectively plated onto
a chromID ESBL agar media and a Drigalski agar plate
with disks of ertapenem and imipenem, as described
[1]. Plates were incubated 48h at 37°C in aerobic con-
ditions. All colony-forming units (CFUs) with distinct
morphotypes on chromID ESBL agar media and CFUs
growing within the normal inhibition radius of carbap-
enem disks (www.sfm-microbiologie.org) were further
identified by mass spectrometry (MALDI Biotyper,
Bruker, Bremen, Germany) and tested for antibiotic
susceptibility by the disc diffusion method, as recom-
mended by the French Society for Microbiology (www.
sfm-microbiologie.org).
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Characterisation of the resistance mechanisms

Total DNA of MRE was extracted by the EZi DNA
Tissue Kit processed on the EZ1 instrument (Qiagen,
Courtaboeuf, France). blacrxwm, blawem, blaswy, blagec,
blayw, blawe and blaoxa,s were targeted with specific
polymerase chain reaction (PCR) primers, as described
[1-3]. blaypw was targeted using the following primers:

NDM-F 5’-CTGAGCACCGCATTAGCCG-3’ and
NDM-R 5’-CGTATGAGTGATTGCGGCG-3’ Plasmid-
encoded AmpC-type cephalosporinases

(PAmpC), blaCIT-groupr blaENT»groupv blayox and
blarox, were targeted by the wide-range AmpCU-F
5’-GCARACSCTGTTYGAGMTDGG-3’ and AmpCU-R
5’-CTCCCARCCYARYCCCTG-3’ primers. Amplicons of car-
bapenemases-encoding genes were Sanger-sequenced
with the Big Dye terminator v3 kit (Applied Biosystems,
Courtaboeuf, France) for final identification.

Ethical issues

The VOYAG-R study was approved by the ‘Comité de
Protection des Personnes’ lle de France IV (14 November
2011).

Discussion and conclusion

MRE that produce ESBL and/or plasmid-encoded
AmpC-type cephalosporinases (pAmpC) have spread
massively in developing countries. This phenomenon
likely results from suboptimal hygiene living condi-
tions and uncontrolled antibiotic usage [4]. Therefore,
travellers may be at risk for MRE acquisition when vis-
iting countries in which the MRE prevalence is high.
In recent years, studies focusing on the acquisition
of MRE during travel abroad have shown that MRE
acquisition rates ranged from 14.0% to 30.5% [5-10].
Surprisingly, in those studies no CPE was isolated from
healthy travellers, despite them having visited CPE-
endemic areas such as the Indian subcontinent. Some
sporadic cases of CPE importation, with no connection
with any healthcare centres, have been reported, all for
travellers returning from India [11-13], but not healthy
travellers.

We report the acquisition of CPE in three healthy French
travellers returning from India, who declared no con-
tact with any healthcare centres in this country. These
findings are worrisome as they attest to the develop-
ment of a community reservoir for CPE, at least in India.

The Indian subcontinent had already been identified as
a major reservoir for antibiotic resistant bacteria, and
CPE have been found in both seepage and tap water in
the city of New Delhi [14]. In our study, we only found
CPE in travellers returning from India. In 2010, 7.3 mil-
lion citizens of the European Union travelled to India
[15]. To deal with this issue, specific recommendations
about the management of patients being repatriated,
or patients who have recently (<1 year) been hospital-
ised abroad, have been published by some European
countries [16]. How these recommendations could
extend to subjects who have recently travelled in CPE
endemic areas may be discussed.
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On a positive note, the duration of CPE carriage in
the three travellers was less than one month. In for-
mer studies of acquisition of MRE by travellers, it was
not clear whether the MRE carriage could be short [5]
or long [7,9]. Despite the limited number of acquisi-
tions of CPE, our results might suggest that, travellers
immediately returning from CPE endemic areas should
be considered as at risk for CPE carriage, while in the
absence of antibiotic exposure, travellers at several
months after their return might not pose such a risk.

Our results stress the need for a specific cultiva-
tion method for assessing the intestinal carriage of
CPE when suspected, such as the one we used [1],
because some CPE such as those producing OXA-48-
type carbapenemases (including OXA-181) do not grow
on agar media formulated to detect ESBL-producing
Enterobacteriaceae [1]. Some CPE might have been
missed in former studies because no specific and sen-
sitive detection of CPE was used.

In conclusion, we report here the acquisition of CPE
by healthy travellers to India without contact with
any local healthcare centre, while in this country. In
addition to repatriated patients or patients who have
recently been hospitalised abroad, travellers may be
considered at occasional risk for CPE carriage.
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