
HAL Id: hal-03211370
https://amu.hal.science/hal-03211370

Submitted on 15 Dec 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Acquisition of multidrug-resistant bacteria and colistin
resistance genes in French medical students on

internships abroad
Thi Loi Dao, van Thuan Hoang, Amal Magmoun, Tran Duc Anh Ly, Sophie
Alexandra Baron, Linda Hadjadj, Naomie Canard, Tassadit Drali, Frédérique

Gouriet, Didier Raoult, et al.

To cite this version:
Thi Loi Dao, van Thuan Hoang, Amal Magmoun, Tran Duc Anh Ly, Sophie Alexandra Baron,
et al.. Acquisition of multidrug-resistant bacteria and colistin resistance genes in French medi-
cal students on internships abroad. Travel Medicine and Infectious Disease, 2021, 39, pp.101940.
�10.1016/j.tmaid.2020.101940�. �hal-03211370�

https://amu.hal.science/hal-03211370
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


1 
 

Acquisition of multidrug-resistant bacteria and colistin resistance genes in French medical 

students on internships abroad 

Thi Loi Dao1,2,3, Van Thuan Hoang1,2,3, Amal Magmoun1,2, Tran Duc Anh Ly1,2, Sophie 

Alexandra Baron2,4 , Linda Hadjadj2,4, Naomie Canard1,2, Tassadit Drali1,2, Frédérique Gouriet2,4, 

Didier Raoult2,4, Philippe Parola1,2, Pierre Marty5, Jean-Marc Rolain2,4, Philippe Gautret1,2* 

 

1Aix Marseille Univ, IRD, AP-HM, SSA, VITROME, Marseille, France  

2IHU-Méditerranée Infection, Marseille, France 

3Thai Binh University of Medicine and Pharmacy, Thai Binh, Viet Nam  

4Aix Marseille Univ, IRD, AP-HM,  MEPHI, Marseille, France  

5Université Côte d'Azur, Inserm, C3M, Nice Cedex 3, France; Parasitologie-Mycologie, Centre 

Hospitalier Universitaire l'Archet, Nice Cedex 3, France. 

 

*Corresponding author:  

Philippe Gautret 

VITROME, Institut Hospitalo-Universitaire Méditerranée Infection, 19-21 Boulevard Jean 

Moulin 13385 Marseille Cedex 05, France. Phone: + 33 (0) 4 13 73 24 01. Fax: + 33 (0) 4 13 73 

24 02. E-mail address: philippe.gautret@club-internet.fr 

 

Abstract 

© 2020 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S1477893920304373
Manuscript_c731b111f9b69063777167397023b7ca

https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S1477893920304373


2 
 

Background:  Acquisition of multidrug resistant bacteria (MDR) and colistin resistance genes 

by international travellers has been demonstrated. Studies conducted in medical students during 

internships abroad are scant. 

Methods: Nasopharyngeal, rectal, and vaginal swabs samples were collected from 382 French 

medical students before and after travel to investigate the acquisition of MDR bacteria. The 

bacterial diversity in the samples was assessed by culture on selective media. We also genetically 

characterised the isolates of MDR bacteria including Extended-spectrum beta-lactamase-

producing Enterobacteriaceae (ESBL-E), methicillin-resistant Staphylococcus aureus (MRSA), 

and Carbapenemase-producing Enterobacteriacae (CPE) using the real-time polymerase chain 

reaction method. The samples were collected from 293 students and were investigated for mcr 

colistin-resistance genes using RT-PCR directly on the samples, followed by conventional PCR 

and sequencing. 

Results: A proportion of 29.3% (112/382) of the participants had acquired ESBL-E and 2.6% 

(10/382) had acquired CPE. The most common species and ESBL-E encoding gene were 

Escherichia coli (125/127 isolates, 98.4%) and blaCTX-M-A (121/127, 95.3%), respectively. A 

proportion of 6.8% (20/293) of the participants had acquired mcr-1 genes, followed by mcr-3 

(1/293, 0.3%) and mcr-8 (1/293, 0.3%). We found that taking part in humanitarian missions to 

orphanages (aRR=2.01, p<0.0001), being in contact with children during travel (aRR=1.78, 

p=0.006), the primary destination of travel being Vietnam (aRR=2.15, p<0.0001) and north India 

(aRR=2.41, p=0.001), using antibiotics during travel (aRR=1.77, p=0.01), and studying in 2018 

(aRR=1.55, p=0.03) were associated with the acquisition of ESBL-E. When the primary 

destination of travel was Vietnam (aRR=2.74, p<0.0001) and the year of study was 2018 

(aRR=1.93, p<0.002), this was associated with acquisition of colistin resistance genes. 
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Conclusion: Medical students are at a potential risk of acquiring ESBL-E, CPE and colistin 

resistance genes. A number of risk factors have been identified, which may be used to develop 

targeted preventive measures.  

Key words: medical students; travellers; MDR bacteria; CPE; mcr-1; mcr-8 

 

Introduction 

International travellers are not only exposed to travel-associated diseases [1] but also to the 

acquisition of multidrug resistant (MDR) bacteria [2,3], with extended spectrum β lactamase 

producing Enterobacteriaceae (ESBL-E) acquisition by travellers being the most frequent  [4, 5]. 

The main risk factors associated with the acquisition of ESBL-E have been identified as 

travelling in Asia, the occurrence of diarrhoea during the stay, and the use of antibiotics [5-8]. 

The few studies that have evaluated the duration of MDR bacteria carriage, showed that there 

was a rapid decrease in the carriage rate with a possible persistence up to six months in between 

8.6% and 25.0% of cases [7-11]. Of the Gram negative MDR bacteria, the current emergence of 

carbapenemase-producing Enterobacteriaceae (CPE) has become a major concern [12-14]. 

Although the vast majority of MDR bacteria acquired during international travel are Gram-

negative bacteria, the acquisition of Gram-positive bacteria, such as methicillin resistant 

Staphylococcus aureus (MRSA), during travel has also been documented [15, 16]. On the other 

hand, the acquisition of colistin-resistant bacteria is an emerging threat in international travellers 

[3, 17-19]. Recently, the transmission of colistin-resistant genes when international travellers 

return to developed countries from China, Vietnam and India has been reported [19-21]. 
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Resistance to the polymyxin antibiotic colistin and to antibiotics in the carbapenem class is of 

particular concern, because these antibiotics are last line treatments for MDR bacterial infections 

[22].  

A large number of medical students from high-income countries often participate in a clinical 

elective abroad, which is also known as an international medical elective. The most popular 

destinations are low- and middle-income countries. International medical electives are generally 

clinical immersion experiences in a hospital, but younger medical students may also take part in 

humanitarian missions to improve their medical knowledge through clinical experience, helping 

those in conditions of extreme poverty and exploring new cultures [23].  

We recently reported on the occurrence of diarrhoea, respiratory and genital infection symptoms, 

and the acquisition of respiratory, gastro-intestinal and vaginal pathogens in French medical 

students who undertook an internship abroad during the summer months [24] and risk factor for 

[Dao. IJID. 2020]. Destination of travel in Asia or Africa and living in basic accommodation 

conditions increased the risk for respiratory and gastrointestinal symptoms [25]. In France, no 

previous studies have addressed the acquisition of MDR bacteria and colistin resistance genes by 

medical students in relation to internships abroad. This study aimed to investigate the acquisition 

of MDR bacteria and colistin resistance genes and associated risk factors in cohorts of medical 

students from Marseille undertaking internships abroad during the summer. We also genetically 

characterised the isolates of MDR bacteria including ESBL-E genes, MRSA genes and CPE. 

 

Materials and methods 

Study design 
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A monocentric cohort survey was conducted over three years (2017–2019) among medical 

students from the Faculty of Medicine in Marseille, France who planned to take part in an 

international internship during the summer. Recruitment was performed on a voluntary basis, 

during their vaccination and pre-travel consultation at the Institut Méditerranée Infection, which 

is located on the Marseille University medical campus. Participants were required to sign a 

written informed consent form and to complete an inclusion questionnaire covering demographic 

data, intended travel dates and destination, and history of chronic illness. Necessary vaccination 

and antimalarial chemoprophylaxis for specific destinations were provided. Comprehensive 

advice on preventing diarrhoea when travelling (hand hygiene and safe food and water 

consumption) and vector-borne diseases (use of mosquito nets and repellent), and warning 

regarding rabies risks were given to all participants. Participants were requested to self-collect 

throat, nasal, rectal and vaginal samples during the week preceding departure (pre-travel 

samples) and during the week following their return to France (post-travel samples). For 

participants found to be carrying MDR bacteria on their return, follow-up samples were taken 

and analysed six months after return. A flow diagram of the study is presented in Figure 1. 

Samples were collected using commercial rigid cotton-tipped swab applicators (Medical Wire & 

Equipment, Wiltshire, UK) and placed in Sigma Transwab®. Samples were returned by 

participants to our institute for processing. A return questionnaire documenting the exact place 

where the internship took place, the type of activities performed, tourism and travel to other 

countries over the period of the internship, accommodation conditions, contacts with children 

and animals, symptoms and treatment during the stay, was given to students.  

Influenza-like illness (ILI) was defined as the association of cough, sore throat, and subjective 

fever [26]. Diarrhoea was defined by at least three loose or liquid stools per day.  
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Microbiological methods 

Bacterial isolates and species identification 

Suspension of samples in Sigma Transwab® medium were streaked on selective media to screen 

for MRSA, Gram-negative bacteria including, notably, ESBL-E and CPE, Acinetobacter 

baumannii complex, Cephalosporin-resistant Pseudomonas aeruginosa and Glycopeptide-

resistant Enterococcus spp (GRE), and were further tested using E-tests (Biomérieux, Marcy 

l’Etoile, France), the double disk diffusion test and ß-Carbatest. Species identification was 

performed using MALDITOF mass-spectrometry (Microflex LT, Bruker Daltonik, Bremen, 

Germany). (Supplementary Table S1). 

Antibacterial susceptibility testing  

Antibiotic susceptibility testing was performed using the Kirby-Bauer disk diffusion method. 

The results were interpreted according to EUCAST guidelines 2017 [27]. ESBL-E and CPE 

isolates were tested against 13 antibiotics (amoxicillin, amoxicillin-clavulanic acid, piperacillin-

tazobactam, cefepime, ceftriaxone, ertapenem, imipenem, fosfomycin, sulfamethoxazole-

trimethoprim, gentamicin, ciprofloxacin, doxycycline, and amikacin). MRSA isolates were tested 

against 13 antibiotics: oxacillin, rifampicin, clindamycin, erythromycin, pristinamycin, 

gentamicin, vancomycin, teicoplanin, doxycycline, fosfomycin, ciprofloxacin, fusidic acid, and 

sulfamethoxazole-trimethoprim. 

Molecular characterisation of antibiotic resistance genes 

DNA extraction from isolates of MDR bacteria was performed using EZ1 DNA extraction kits 

(Qiagen, Courtaboeuf, France) with the EZ1 Advanced XL biorobot according to the 

manufacturer’s instructions. 
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Real-time PCR was performed to detect blaSHV, blaTEM, blaCTX-M-A and blaCTX-M-B genes of ESBL 

–E [28], blaOxa48, blaNDM, blaVIM, blaIMP and blaKPC genes of CPE [29], mecA, mecC genes of 

MRSA [30, 31]. Positive results were defined as those with a cycle threshold (CT) value ≤ 26. 

Screening for colistin resistance genes directly from samples 

DNA extraction and pool 

DNA and RNA were extracted from all samples using the EZ1 Advanced XL (Qiagen, Hilden, 

Germany) with the Virus Mini Kit v2.0 (Qiagen) according to the manufacturer’s 

recommendations. DNA pooling was performed as previously described [32]. 

Real-time PCR 

All quantitative real-time PCR (qPCR) reactions were performed using a C1000 Touch™ 

Thermal Cycle (Bio-Rad, USA) with the ready-to-use reaction mix ROX qPCR Master 

according to the manufacturer’s recommendations. Negative control (PCR mix) and positive 

control templates were included in each qPCR experimental run. Results were considered 

positive when the cycle threshold value of real-time PCR was ≤35. Individual retesting of each 

specimen was carried out from the positive pools. qPCR amplification was used to confirm the 

presence of colistin resistance genes using primers as described in Supplementary Table S2: mcr-

1, mcr-2 (including the detection of mcr-6) [33-38], mcr-3, mcr-4, mcr-5, and mcr-8. 

Conventional PCR and sequencing 

To better characterise these genes, positive qPCR samples were simultaneously tested using 

standard PCR. The purified PCR products were sequenced using specific primers and the BigDye 

Terminator® version 1.1 cycle sequencing ready reaction mix (Applied Biosystems, Foster City, 

CA, USA). All primers used in this study have previously been described (Supplementary Table 
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S2). Sequencing was performed on Applied Biosystems 3130 platform (ABI PRISM, PE Applied 

Biosystems, USA). The sequences obtained were edited and assembled using Chromas Pro 1.77 

(Technelysium Pty Ltd, Australia) and were then aligned with reference genes from the 

ARGANNOT site (Gupta SK, 2014) and Genbank site. These sequences are available in 

GenBank at accession numbers from MT475739 to MT475760 (for mcr-1), MT475761 (for 

mcr-3) and MT475762 (for mcr-8). 

The acquisition of MDR bacteria or colistin resistance genes was defined by the detection of 

MDR bacteria or colistin resistance genes after travel in individuals who were negative before 

travel. A flow diagram of the methods used to assess the acquisition of MDR bacteria is shown in 

Supplementary Figure 1.  

Statistical analysis 

Differences in the proportions were tested using Pearson’s chi-square or Fisher’s exact tests 

when appropriate. Means of quantitative data within two groups were compared using Student 

test. Only the variables with a prevalence ≥5.0% were considered for statistical analysis. 

Univariate analysis was used to examine unadjusted associations between multiple factors and 

the prevalence of ESBL-E acquisition or colistin resistance gene acquisition, presented by 

percentages and risk ratios (RR) with a 95% confidence interval (95%CI). Variables with p 

values <0.2 in the univariate analysis were included in the multivariate analysis. Log-binomial 

regression was used to estimate factors’ adjusted risk ratios regarding the acquisition of ESBL-E 

and colistin resistance genes. Step-by-step descending regression was used to select final model 

with the weakest Akaike Information Criterion (AIC). Statistical analysis was conducted using 

STATA software version 14.2. A p value <0.05 was considered as statistically significant. 

Ethics  
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The protocol was approved by our Institutional Review Board (2017-030 and 2019- 006). It was 

performed in accordance with the good clinical practices recommended by the Declaration of 

Helsinki and its amendments. All participants gave their written informed consent. Analysis was 

conducted retrospectively.  

 

Results 

Characteristics of study participants 

A total of 382 students were included in the study, of whom 134 and 293 were respectively 

included in previous reports [24,25]. The gender ratio (male/female) was 0.36. The median age 

was 21 years (ranging from 18 to 29 years). Twelve (3.1%) students suffered from chronic 

respiratory diseases and five (1.3%) used long-term corticosteroids. Most participants (301/382, 

78.8%) were students in their second year of medical school and were taking part in non-medical 

humanitarian missions including social and cultural activities with orphan children, school 

renovations, and supplying medical equipment and providing health education to children. 

Eighty-one students (21.2%) were in their fourth year of medical studies and were taking part in 

clinical work in surgical or medical departments in hospitals (Supplementary Table S3). The 

primary travel destinations were in South East Asia (31.7%), Africa (27.7%), South Asia 

(19.9%), and South America (17.5%). The top-five primary destination countries were Vietnam 

(25.7%), India (19.9%), Peru (13.4%), Madagascar (11.3%) and Tanzania (7.9%) 

(Supplementary Table S4). 83.3% of the participants had contacts with local children and 53.7% 

had contact with animals. Accommodation conditions were judged very clean by 19.6%, clean 

by 41.4% and basic by 39% of students, respectively. The median travel duration was 39 days 

(Interquartile = 35 – 48, rang = 19 - 78 days). During their time abroad, 95.3% also travelled as 
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tourists in the country of primary destination and 75 (19.6%) visited additional countries. The top 

five additional destination countries were Cambodia (5.5%), Laos (3.9%), Thailand (3.9%), 

Bolivia (3.1%), and Indonesia (1.3%).  

One-third (131/382) of students reported respiratory symptoms and two-thirds (253/382) 

reported gastrointestinal symptoms during their stay, leading to a low rate of antibiotic 

consumption. Of whom, 21/131 (16.0%) and 15/253 (5.9%) used antibiotic, respectively. The 

majority no longer had symptoms on return. Among the female students, ten (3.6%) reported 

vaginitis symptoms including leucorrhoea, during travel. Two of them took antibiotics for this 

purpose and three (1.1%) were still symptomatic upon their return to France. In addition, 21 

(5.5%) students reported symptoms of skin infection and seven (1.8%) took oral antibiotics for 

these symptoms. Finally, 15 (3.9%) students reported symptoms of other infections during their 

stays, and ten (2.6%) received antibiotics for these symptoms. Overall, 13.6% of students took 

antibiotics for the purpose of treating an infection during travel and 17.8% took doxycycline as a 

chemoprophylaxis against malaria.  

Microbiological culture results  

Before travel, 19 (4.5%) students carried MDR bacteria, compared to 119 (31.2%) after travel. A 

total of 119 (31.2%) participants acquired at least one MDR bacteria, mostly isolated from rectal 

(29.6% acquisition rate), and vaginal samples (4.5% acquisition rate), with the highest 

acquisition rate being for ESBL-E (29.3%) and CPE (2.6%) (Table 1, Figure 1). 

We did not detect any acquisition of MRSA, Carbapenem-resistant A. baumannii, 

Cephalosporin-resistant P. aeruginosa or GRE. 

Acquisition of ESBL-E carriage and characterisation of bacterial isolates 
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ESBL-E acquisition was found in 112 students including 48/121 (39.7%) who had travelled to 

South-East Asia, 31/76 (40.7%) who had travelled to South Asia, 26/106 (24.5%) who had 

travelled to Africa, and 7/67 (10.5%) who had travelled to South America. At the country level 

in South-East Asia, the acquisition rate was 75% in students who had travelled to Cambodia, and 

39.8% in Vietnam. In South Asia, the acquisition rate was 40.8% in India. In Africa, the 

acquisition rate was 63.8% in Togo, 30.2% in Madagascar, 15% in Senegal and 10% in 

Tanzania. Finally, in South America, the acquisition rate was 13.7% in Peru (Figure 2). From the 

112 participants who acquired an ESBL-E during travel, 127 isolates with an ESBL phenotype 

were recovered and analysed. E. coli was the species most commonly found, with 125 (98.4%) 

isolates from 112 carriers. Two isolates (1.6%) of K. pneumoniae were recovered from two 

(1.8%) carriers (Figure 1).  

From these 127 isolates, 221 ESBL-encoding genes could be amplified. BlaCTX-M-A was found in 

121/127 (95.3%) isolates from 108/112 (96.4%) students who acquired an ESBL-E. BlaTEM was 

found in 91/127 (71.7%) isolates from 83/112 (74.1%) students. BlaSHV was found in 9/127 

(7.1%) isolates from 9/112 (8.0%) students (Table 2). Regarding geographical distribution, the 

highest blaCTX-M-A, blaTEM and blaSHV acquisition rates were in South Asia, followed by South 

East Asia, Africa, and South America (Table 2).  

Factors associated with the acquisition of ESBL- E carriage  

In a univariate analysis (table supplementary S5), younger age, taking part in a humanitarian 

mission, participating to activities in an orphanage, primarily travelling to South-East or South 

Asia or specifically to Vietnam, having contacts with children or animals, use of antibiotics 

during travel (notably against respiratory symptoms) and travelling in 2017 were significantly 

associated with higher ESBL-E acquisition rates. Internships in hospitals and notably in a 
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surgical department was associated with a lower risk of ESBL-E acquisition. Travelling to South 

America overall and travelling to Peru and Tanzania specifically was associated with a lower risk 

of ESBL-E acquisition. In multivariate analysis (table 3), participating to activities in an 

orphanage (aRR = 2.01, 95%CI [1.38 – 2.92]), being in contact with children (aRR = 1.78, 

95%CI [1.18 – 2.69]), travelling primarily to Vietnam (aRR = 2.15, 95%CI [1.53 – 3.02]) and 

North India (aRR = 2.41, 95%CI [1.41 – 4.14]), antibiotic use during travel (aRR = 1.77, 95%CI 

[1.15 – 2.72]), and travelling in 2018 (aRR = 1.55, 95%CI [1.05 – 2.28]) were independently 

associated with the acquisition of ESBL-E.  

Acquisition of CPE carriage and characterisation of bacterial isolates 

Overall, 11 isolates from ten carriers (ten isolates from rectal swab samples and one isolate from 

a vaginal swab sample, all obtained from post-travel samples) exhibited a CPE phenotype and 

were screened for resistance genes (Figure 1). BlaOxa48 and blaNDM were found in six and five 

isolates from six and five carriers, respectively. Nine out of ten carriers had travelled to India for 

humanitarian missions in two distinct facilities (Supplementary Table S6). Antibiotic 

susceptibility testing results showed eleven distinct CPE resistance patterns. One of the rectal 

swab samples (patient 146) led to the growth of CPE isolates with two different resistance 

patterns from two distinct species (E. coli and E. cloacae), as shown in Supplementary Figure 2. 

All isolates were positive with ß-Carbatest. No isolates were found to be resistant to fosfomycin. 

The MICs of imipenem and ertapenem ranged from 2 to 32 mg/l and from 1 to 512 mg/l, 

respectively. 

MRSA carriage and characterisation of bacterial isolates 
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We detected two MRSA isolates from two participants in pre-travel samples only and both were 

positive for the mecA gene by qPCR. No cases of MRSA were detected in any post-travel 

samples (Figure 1). 

MDR-bacteria carriage at follow-up  

Of the 119 participants that tested positive for MDR bacteria after travel, 88 samples from four 

anatomical sites from 79 participants (66.4%) were re-tested six months later and the others 

participants were lost to follow-up (Figure 1). 19/79 (24.1%) tested positive for at least one 

MDR bacteria and all were detected in rectal samples. In 17 students (21.5%), the same ESBL-E 

bacterial species (E. coli) was observed both upon return and at six months after return. None of 

these participants reported a clinical infection or antibiotic use during the six-month follow-up 

period. Antibiotic susceptibility testing and gene resistance PCR results comparing these 17 

distinct ESBL-E isolates upon return and six months later are presented in Supplementary Figure 

3. Strictly similar patterns in samples obtained upon return and six months later were observed in 

only two isolates (p040 and p197). In addition, one isolate only differed regarding sensitivity to 

piperacillin-tazobactam that was absent on return and intermediate six months later (p074). In all 

the other 14 paired isolates, marked differences in both antibiotic susceptibility and resistance 

gene patterns were observed. In one student, where ESBL E. coli was detected on return, MRSA 

but no ESBL-E was detected six months later. In one case where E. coli resistant to carbapenem 

was isolated on return, ESBL E. coli (sensitive to carbapenems) was detected six months later.  

Detection of colistin resistance genes 

In total, 78 pools (28 pools of respiratory samples, 28 pools of rectal samples and 22 pools of 

vaginal samples) from 1,552 pre- and post-travel samples were screened over two years (2018–
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2019) (554 respiratory samples, 565 rectal samples and 433 vaginal samples). Of the 78 DNA 

pools tested by qPCR screening, 28 pools (35.9%) were positive for at least one colistin 

resistance gene, including 33.3% (26/78) for the mcr-1 gene, 1.3% (1/78) for the mcr-3 gene, and 

1.3% (1/78) for the mcr-8 gene. None of the DNA pools tested positive for the mcr-2 (including 

the mcr-6 group), mcr-4 and mcr-5 genes. By individual retesting, 26 (8.9%) students were 

positive for at least one colistin resistance gene (two students were positive in both rectal and 

vaginal samples). None of the nasopharyngeal swab tested positive for any genes.   

A total of 24 genes in 22 students could be sequenced out of 28 genes of 28 samples. The 

sequences obtained were successfully assembled and aligned with reference genes (22 for the 

mcr-1 gene, one for the mcr-3 gene and one for the mcr-8 gene). 

We found a prevalence of 6.8% (20/293) detection of the mcr-1 gene. All were detected in post–

travel samples. Interestingly, two female students were positive for mcr-1 in both their rectal and 

vaginal samples in 2019. For the genotypic identification of mcr-1, we succeeded in amplifying 

22 sequences (of 26 samples, 84.6%). Only one male student (0.3%) was positive for mcr-3 by 

both qPCR and sequencing in a rectal post–travel swab sampled in 2018. Only one female 

student (0.3%) was positive for mcr-8 by both qPCR and sequencing in a rectal post–travel swab 

sampled in 2019. 

Characteristics of students carrying colistin resistance genes  

The acquisition of resistance genes occurred mostly in 2018 (81.8%). Of the 22 students carrying 

colistin resistance genes, 77.3% were female. The mean age was 20.5 years (ranging from 19 to 

23). All were in their second year of medical studies and 18/22 (81.8%) had taken part in a non-

medical mission consisting of renovating a school and 4/22 (18.2%) took part in supplying 
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medical equipment and providing health advice. The primary destination countries were Vietnam 

(77.3%) and Peru (22.7%). The acquisition rate was 40% (14/35) in students who had travelled 

to Vietnam, and 15.4% (4/25) in those who had travelled to Peru, in 2018. Most students (86.4%) 

had contact with local children and 45.5% had contact with animals. A total of 12/22 (54.6%) 

students reported at least one respiratory symptom during their stay. Sore throat was the most 

prevalent symptom (40.9% of all students found to be carriers), followed by rhinitis (36.4%) and 

a cough (27.3%). A total of 17 (77.3%) reported gastrointestinal symptoms. Abdominal pain and 

diarrhoea were the most frequent symptoms with prevalence of 59.1% and 50.0%, respectively. 

Also, of the 18 female students, none reported vaginal symptoms, during their stay. A proportion 

of 4.6% (1/22) were prescribed malaria chemoprophylaxis with doxycycline. 13.6%, 4.6% and 

4.6% received antibiotics for respiratory symptoms, gastrointestinal symptoms, and for vaginal 

and other symptoms, respectively (data not shown). 

Of the 22 students who acquired at least one colistin resistance gene, nine (40.9%) students had 

acquired at least one MDR bacteria (8 ESBL-E type E. coli and 1 CPE type E. cloacae). We 

found no significant correlation between the acquisition of a colistin resistance gene and the 

acquisition of MDR bacteria (Supplementary Table S7). 

Factors associated with the acquisition of colistin resistance genes  

The results of univariate analysis presented in Supplementary Table S5. In a multivariate 

analysis, resistance gene acquisition remained significantly higher in 2018 (aRR = 1.93, 95%CI 

[1.28 – 2.92]). Primary destination of travel in Vietnam was independently associated with the 

acquisition of colistin resistance genes (aRR = 2.74, 95%CI [1.84 – 4.10]) (table 3). 
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Discussion 

Our study revealed a 29.3% acquisition rate of ESBL-E (mainly E. coli, but also K. pneumoniae) 

in French medical students taking part in an internship abroad. Our results are in line with those 

obtained in a cohort of Swedish healthcare students on a clinical assignment abroad with a 35% 

colonisation rate with a new ESBL-E strain during travel [39]. Also, in a study conducted in 205 

young, healthy German travellers, a 30.4% ESBL-E carriage rate was found upon return to 

Germany [9].  

The high prevalence of blaCTX-M-A gene (95.3%) in ESBL-E acquired by students reflects the 

worldwide dominance of this ESBL-E type [40], including in Vietnam and India, where we 

identified a higher risk of acquisition [41,42]. Similar data were obtained among travellers from 

Sweden, with 73% of acquired ESBL-E resulting positive for blaCTX-M gene detection [43]. Also, 

in a cohort of Canadian travellers returning from South Asia, 88% of acquired ESBL E. coli 

resulted positive for blaCTX-M gene amplification [44]. 

A key finding in our study is that 83.3% of the participants had had contact with local children 

and that contact with children and activities in an orphanage were associated with increased odds 

of ESBL-E acquisition. This finding is in agreement with the result of a multi-centre cohort study 

by Arcilla et al. [7]. In that study, the authors indicated that one of the strongest predictors of 

ESBL-E acquisition was contact with orphan children. As human-to-human transmission of 

ESBL-E has been recorded [45], our observation suggests an acquisition of ESBL-E when in 

contact with the children in the orphanage through faecal contamination in connection with 

probably unhygienic conditions in these facilities. However, the data collected are not sufficient 

to substantiate this hypothesis. 
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Our results showed that the main factor associated with ESBL–E acquisition was the region 

visited. Students with a primary destination in Vietnam or north India were 2-2.4 times more at 

risk of ESBL-E acquisition, reflecting results of other studies [7, 8, 43, 46, 47]. In the medical 

literature, traveling to South Asia [7, 8] and in particular to India [9, 44, 48] is associated with a 

significant risk of acquiring ESBL-E, while travelling to Africa, the Middle East, and South and 

Central America were associated with lower risk. The acquisition of ESBL-E after a trip to 

Europe in general appears to be rare and could be explained by most studies not including 

travellers to Southern Europe. However, one study identified travel to Greece as a risk factor 

[49]. 

In our study, overall antibiotic use during travel (excluding prophylactic use of doxycycline 

against malaria) was associated with a higher risk of acquisition of ESBL-E. This finding is in 

line with the results of other studies [7, 29, 44, 48] but contrasts with the results of others [8, 9, 

43]. Arcilla et al. showed that quinolone use during travel was the strongest predictor of ESBL-E 

acquisition [7]. In our study, the use of beta-lactam during travel led to a 1.5 times higher risk of 

ESBL-E acquisition but this was not statistically significant. However, in the present study, beta-

lactam and quinolone use was very low overall, probably because medical students are well 

aware of the rational use of antibiotics during travel. 

In this study, univariate analyses indicated that students reporting gastrointestinal symptoms and 

diarrhoea during travel were 1.3 times more at risk of ESBL-E acquisition, but this was not 

statistically significant. Diarrhoea has been identified as a major risk factor for ESBL-E 

acquisition in other studies [7, 39, 48, 50]. In our study, the onset of gastro-intestinal symptoms 

including diarrhoea occurred early during travel, while sampling was performed on return, 

several weeks later. It could be that the potential acquisition of ESBL-E in connection with 
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diarrhoea was partially cleared at the time of sampling. A cohort study among 132 German and 

Dutch travellers who provided daily stool samples before, during, and after travel showed that 

the number of travellers with a temporary colonisation during the journey exceeded the number 

of travellers still colonised after return [18]. Univariate analyses indicated that contact with 

animals increased the risk for acquisition of ESBL -E, but this was not significant in multivariate 

analysis. In a review of Pomba et al, humans may acquire MDR bacteria or the resistance genes 

not only from food-producing animals but also by contact with animals [51]. In a population-

based modelling study conducted in the Netherlands from 2005 to 2017, direct contact with farm 

and companion animals or environmental sources at least once in the past 4 weeks was a risk 

factor for transmission of MDR bacteria encoding gens [52]. Internship in surgery department 

decreased the risk for acquisition of ESBL -E in univariate analysis, but this was not significant 

in multivariate analysis. This may have resulted from regular hand washing in surgery 

department that possibly reduced the risk for acquisition of MDR bacteria.  

We observed a 21.5% persistence rate of ESBL-E at six months in our study, which corroborates 

the result of a study that showed 16/63 (25%) travellers were still carrying ESBL-E six months 

after return travel [11]. By contrast, several recent studies showed lower rates of persistent 

carriage at six months post-return, ranging 4.7% to 16.7% [4, 7-9]. To date, a limited number of 

studies on the acquisition of MDR Enterobacteriaceae in travellers have included follow-up 

sampling at regular time intervals in the months following return. Such studies have shown that 

the median carriage duration was less than a month after return [7].  

We found a CPE acquisition rate of 2.6% (10/382) with 9/10 cases returning from India. The 

acquisition rate of CPE in our study was five times higher than that described in a recent study 

reporting that 0.5% French travellers returning from India were colonised with CPE [12]. In our 
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study, all students who acquired CPE had taken part in a non-medical humanitarian mission 

consisting of social and cultural activities with orphan children and supplying medical equipment 

and providing health advice to children. This result suggests a relationship between the 

acquisition of CPE and contact with local children in India. As the number of students who 

acquired CPE was low, it was not intended to analyse predictive factors. Of the 11 isolates 

producing carbapenemase, we detected four blaOxa48 E.coli, two blaOxa48 E. cloacae and five 

blaNDM E.coli. In a group of 2001 Dutch travellers, CPE were acquired by five travellers 

returning from Asia (0.25%), but outside the Indian subcontinent, including E. cloacae blaIMI-2, 

E. coli blaOXA-244, Klebsiella pneumoniae blaOxa48, E. coli blaNDM-1/2, and E. coli blaNDM-7 [10]. In 

total, of 31 Polish patients returning from South and South-East Asia, CPE acquisition was 

detected in three patients (9.7%) returning from India with six isolates – five blaNDM-1 E. coli and 

one blaNDM-1 K. pneumoniae [14]. 

We observed a 7.5% acquisition rate of colistin-resistance genes following travel. Our result are 

in line with those obtained in a study conducted on 412 US international travellers with 5% 

acquiring mcr-mediated colistin-resistant genes after travel [17]. A prevalence of 6.8 % students 

acquired the mcr-1 gene. Our result is in the range of that obtained in a study conducted on 122 

Dutch international travellers with a post-travel prevalence of mcr-1 (4.9%) in their faecal 

microbiota [53]. We found no significant association between the acquisition of colistin 

resistance genes and the acquisition of MDR bacteria in our study. It suggests that the sources of 

contamination were different. Indeed, environmental bacteria, especially those from water 

sources, appears to be the main reservoir and source of mcr-like genes [54]. This should be 

further explored in a future study on colistin-resistant bacteria including environmental sampling 

in addition to student sampling.  
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In addition, we report here for the first time the circulation of the mcr-8 gene in a rectal sample 

of a student who had returned from Vietnam. The mcr-8 gene has rarely been reported. This gene 

was identified for the first time in K. pneumoniae strains isolated from animals and humans in 

2016 in China [37]. The mcr-8 gene has been described in China in Stenotrophomonas spp., 

Raoultella ornithinolytica and K. quasipneumoniae from animals and environmental origins [55-

57]. To date, mcr-8 genes have been found in samples from human specimens (faeces, urine, and 

blood) in K. pneumoniae isolates from Laos, Algeria, Bangladesh, and Morocco [35, 58-60]. To 

our knowledge, the circulation of mcr-8 gene in Vietnam has not been previously described. Our 

result suggests that mcr-8 gene is in circulation in Vietnam. 

We observed that the primary travel destination being Vietnam was associated with a higher risk 

of acquisition of colistin resistance genes. Yamaguchi et al., revealed a high percentage (36.8%) 

of colistin-resistant E. coli carrying chromosomal mcr-1 in the faecal microbiota of a community 

of Vietnam residents [61]. In this study, 40% of students who participated in a school renovation 

project in Vietnam became carriers of mcr genes. Even though the details of transmission 

mechanisms are not clear, our result indicates that students who stay for a few weeks in Vietnam 

will become colonized with colistin-resistant bacteria with a prevalence similar to that of 

Vietnamese residents. Finally, we observed significant annual variations regarding the 

acquisition rates of ESBL-E and colistin resistance genes. However, our study was only carried 

out over two-three years and we have not explanation for this observation. To our knowledge, 

there were no studies conducted on annual variation of MDR bacteria in humans to date. 

MacKinnon et al conducted a 10-year surveillance study on regional and annual variation in 

MDR E. coli from chicken cecal samples in Canada. Their results showed that the prevalence of 

MDR E. coli was statistically significantly associated with annual and regional variations, but no 
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significant interaction effect between year and region was observed [62]. It is necessary to carry 

out studies over a longer period of time in the future to clarify our results. 

Our study had some limitations. The distinction between the persistence of ESBL-E carriage at 

six months post-return and recolonisation with a new strain was based on antibiotic resistance 

patterns and detection of resistance genes. Only genome sequencing could formally make it 

possible to distinguish between persistent carriage and recolonisation. Due to the direct detection 

of colistin resistance genes in nasopharyngeal, rectal, and vaginal samples, we did not identify 

the bacteria that housed the antibiotic resistance genes. Type of contact and time of contact with 

animals was not documented. 

In conclusion, the acquisition of MDR bacteria and colistin resistance genes during travel abroad 

by medical students is very frequent. A number of risk factors have been identified, allowing 

identifying students at increased risk of ESBL -E acquisition on which targeted preventive 

measures could be based. Because of a theoretical risk of community and hospital spread, 

healthcare staff including medical students should apply reinforced standard precautions (hand 

disinfection with an alcohol-based solution) after return from areas with a high prevalence of 

MDR bacterial carriage. Previous studies have investigated the effect of the use of probiotics 

during travel on the carrier rates of ESBL-E and have found no effect [50,63]. In addition, direct 

PCR-based screening is a sensitive method to detect mcr genes in international travellers. 

Medical students returning from electives abroad may contribute to the dissemination of mcr 

genes. 
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Table 1:  Carriage of multi-drug resistant bacteria 

 Before-travel After-travel Acquisition1 P value2 

n % n % n %  

Carriage of MDR bacteria        

Yes 19a 5.0 119b 31.2 119 31.2 < 0.000 

Type of resistance         

Extended-spectrum β-lactamase 

producing Enterobacteriaceae  

17 4.5 112 29.3 112 29.3 < 0.000 

Methicillin resistant S. aureus 2 0.5 0 0 0 0 NA 

Carbapenemase-producing 

Enterobacteriaceae 

0 0 10 2.6 10 2.6 NA 

Anatomical site        

Nasal 0 0 1 0.3 1 0.3 NA 

Pharyngeal 2 0.5 1 0.3 1 0.3 NA 

Rectal 14 3.7 119c 31.2 113 29.6 <0.000 

Vaginald 3e 1.4 11f 4.9 10 4.5 0.02 

a, e, f: one student was positive for two samples, b: 16 students were positive for two samples, two 

students were positive for three samples; c: five students were positive for two samples; d: n = 224 

(female students in 2018-2019) 

1Negative before travel and positive after travel; 2p-value, McNemar’s Test.
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Table 2: Bacterial species and resistance genes in 127 isolates of extended-spectrum β-lactamase 

producing Enterobacteriaceae acquired by students following travel according to regions to which they 

travelled. 

Genes 

Number of isolates with ESBL-encoding genes per 

region and acquisition rates in students (%) 

Total 

N=127 

Species (n) South East 

Asia 

n=54 

South Asia 

n=36 

Africa 

n=29 

South 

America 

n=8 

blaCTX-M-A 49 (40.5%) 35 (46.1%) 29 (27.4%) 8 (11.9%) 121 

Escherichia coli (119) 

Klebsiella pneumoniae (2) 

blaCTX-M-B 0 0 0 0 0 0 

blaTEM 36 (29.8%) 24 (31.6%) 25 (23.6%) 6 (8.9%) 91 

E. coli (90) 

K. pneumoniae (1) 

blaSHV 4 (3.3%) 4 (5.3%) 0 1 (1.5%) 9 

E. coli (8) 

K. pneumoniae (1) 

Total 89 63 54 15 221 

E. coli (125) 

K. pneumoniae (2) 



34 
 

Table 3: Risk factor for acquisition of ESBL and colistin resistance genes (multivariable 

analysis) * 

 
Acquisition of ESBL 

Acquisition of colistin 

resistance genes 

aRR 

[95%CI] 
p-value 

aRR 

[95%CI] 
p-value 

Year of study     

2017 0.78 

[0.57 – 1.07] 
0.13 - - 

2018 1.55 

[1.05 – 2.28] 
0.03 

1.93 

[1.28 – 2.92] 
0.002 

2019 ref ref ref ref 

Social cultural activities in 

an orphanage   

2.01 

[1.38 – 2.92] 
<0.0001 - - 

Destination of travel     

Vietnam 2.15 

[1.53 – 3.02] 
<0.0001 

2.74 

[1.84 – 4.10] 
<0.0001 

 

North India 

2.41 

[1.41 – 4.14] 
0.001   

Contact with children 1.78 

[1.18 – 2.69] 
0.006 - - 

Overall oral ATB use 

during travel (excluding 

malaria 

chemoprophylaxis) 

1.77 

[1.15 – 2.72] 
0.01 - - 

*Only variables of final model were presented 
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Figure 1: Number of participants with positive detection of resistant bacteria pre-travel, post-travel and at six months following return. Methicillin-

resistant Staphylococcus aureus (MRSA), Extended-spectrum beta-lactamase-producing Enterobacteriaceae (ESBL-E), Carbapenemase-producing  

Enterobacteriacae (CPE). Escherichia coli (E. coli), Enterobacter cloacae (E. cloacae), Klebsiella pneumoniae (K. pneumoniae), Hafnia alvei (H. 

alvei
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Figure 2:  Geographical distribution of 127 isolates of extended-spectrum β-lactamase producing Enterobacteriaceae, bacterial species by anatomic 

site and resistance genes, and geographical distribution of colistin resistance genes acquired by students following travel

 








