
Detailed Materials and Methods 

Subject selection and sample collection. The study subjects were recruited among the subjects of 

a larger study in which Swedish students from the universities in Umeå, Stockholm and Gothenburg 

travelling for international exchange studies as part of their university education were invited to 

participate from April 2010 through January 2014. The study protocol included responding to 

questionnaire data and self-submission of fecal specimens before and after travel. Each study subject  

submitted a fecal swab specimen (Copan Venturi Transystem®, Copan diagnostics Inc. USA) for 

bacterial culture and a fecal specimen in a half filled 101*16,5mm plastic collection tube (Faeces 

tube, Sarstedt, Nümbrecht, Germany) for metagenomic analysis. For the present study, only 

healthcare students (medical, nursing and dentistry) travelling to the Indian peninsula or to Central 

Africa and having submitted a full set of fecal specimens qualified for inclusion. None of the subjects 

included were allowed to have taken antibiotics within six months prior to sampling. The inclusion 

was consecutive with a target of 15-20 study subjects travelling to each of the two destinations.  

Fecal specimens for metagenomics were sent to the lab in the collection tubes, and stored at -20°C 

upon arrival. DNA extraction was performed using the QIAamp® DNA Stool Mini Kit (QIAGEN) 

according to the manufacturer’s protocol. DNA concentrations were measured using a Qubit 

instrument, and samples were stored at -20°C before sequencing. Paired-end sequencing libraries 

(2x100 bp) were prepared using the TrueSeq DNA Kit for multiplexing. Sequencing was done at 

Science for Life Laboratories (Stockholm, Sweden) using Illumina HiSeq2000 technology. The study 

was approved by the regional ethical review board in Umeå, Sweden (2011-357-32M). 
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Culturing of ESBL-producing bacteria. Screening for ESBL producing bacteria was done using 

swab culture on chromogenic media (crohmID ESBL, bioMérieux SA, Marcy-l´Etoile France). All 

positive isolates were analyzed through culture-based methods according to EUCAST guidelines 

(http://www.eucast.org). The definition of ESBL producing Enterobacteriaceae by Giske et al. (1) 

was used. Antibiotic susceptibility testing (including cefotaxime, ceftazidime, piperacillin/tazobactam 

and meropenem) was done by disc diffusion (Oxoid Ltd./Thermo Fisher Scientific, Cambridge, 

United Kingdom) on Mueller-Hinton (MH) agar (Oxoid Ltd.). E-tests® (bioMérieux) were used to 

test for the presence of ESBLA phenotype (detecting the presence of CTX-M, SHV and TEM 

enzymes) with cefotaxime/cefotaxime + clavulanic acid and ceftazidime/ceftazidime + clavulanic 

acid as well as cefepime/cefepime+ clavulanic acid if warranted. If applicable, phenotypic detection 

of AMPc type beta-lactamases with cloxacillin inhibitable ESBL enzymes (cefotetan/cefotetan + 

cloxacillin) was performed. Since not all carbapenemase-producers show reduced susceptibility to 

carbapenems, particularly not OXA-48/OXA-181 producers that do not yield an ESBL (2, 3), all 

post-travel samples of this study (before screening on chromogenic media) were tested by disc 

diffusion for susceptibility to meropenem (10µg), piperacillin/tazobactam (30µg/6µg) and ceftazidim 

(10µg) on MH agar (Thermo Scientific) containing 7,5mg/L vancomycin, a modified zone diameter 

cut-off (≥16 mm) for piperacillin-tazobactam was used (4). Resistant Enterobacteriaceae isolates 

were further tested with temocillin (30 µg, Rosco Diagnostica, Taastrup, Denmark) and our test 

scheme contained additional analysis by the CT-103 XL microarray (Check-Points Health B.V., 

Wageningen, The Netherlands) of isolates with reduced sensitivity to temocillin. Phenotypic species 

identification of ESBL positive Enterobacteriaceae isolates was done using an API® identification 

system (API-20E, bioMérieux). Species identification of non-Enterobacteriaceae isolates growing on 

the chromogenic media was performed with MALDI-TOF-MS using a Bruker Daltonics Microflex 
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LT mass spectrometer and the MALDI-Biotyper 3.0 software (Bruker Daltonik GmbH, Bremen, 

Germany).  

DNA from ESBL-producing strains was extracted using QIAamp® DNA Mini Kit (QIAGEN) 

according to the manufacturer’s protocol. DNA concentrations were measured using a Qubit 

instrument, and samples were stored at -20°C before sequencing. The samples were sequenced using 

the Illumina MiSeq instrument (FOI, Umeå), producing 299,202 – 1,575,161 (average 760,896) 250 

bp paired-end reads per sample for each library. 

Sequence pre-processing and quality filtering. FASTQ sequences from both genomes and 

metagenomes were trimmed with respect to adapters and low-quality nucleotide stretches using 

TrimGalore! version 0.2.8, www.bioinformatics.babraham.ac.uk/projects/trim_galore/ with 

parameter settings “-stringency 6 -q 28”. Host sequences were subsequently removed from the 

metagenomic data by aligning the trimmed sequences to the hg19 human genome reference assembly 

using Bowtie2 v. 2.0.2 (5) with parameters “-p 8 -un-conc-gz OUTFILE” and discarding those reads 

that had a valid alignment to it. Trimmed and filtered sequences were used as input for all further 

analysis, including resistance gene mapping, reference-genome mapping, and de novo assembly. 

Sequence data have been submitted to the European Nucleotide Archive under project accession 

number PRJEB7369 (http://www.ebi.ac.uk/ena/data/view/PRJEB7369). 

Analysis of genomes from isolates. Filtered and trimmed sequences from the isolated ESBL-

producing Escherichia coli genomes were assembled using the SPAdes assembler (version 2.5.1) with 

the additional parameter “-m 32” (6). Resistance genes were identified by matching the assembled 
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contigs against the Resqu database version 1.1 www.1928diagnostics.com/resdb containing 3,019 

non-redundant protein sequences corresponding to 325 resistance gene families using blastx (7). See 

Table S5 for the complete list of genes in Resqu. Only matches longer than 100 bp and with 90% 

identity or higher were kept. Identified beta-lactam resistance genes were further characterized by 

BLAST against the entire NCBI protein database, to determine if variants were known or novel. 

rRNA analysis and resistance gene mapping. Quality filtered read pairs were scanned with 

Metaxa2 version 2.0 (8) to extract bacterial 16S rRNA (SSU) sequences (additional option “--align 

none”). In each library, the 16S counts for different genera, families and phyla were normalized to 

the total number of 16S counts in that library, yielding relative abundances for each organism group. 

Enterotypes (9) were determined using Principal Component Analysis (PCA) to mainly be driven by 

the abundances of the Prevotella and Bacteroides genera, and therefore we defined enterotypes by the 

ratio of reads mapping to Prevotella 16S rRNA sequences and reads mapping to Bacteroides 16S rRNA. 

If the ratio was above one or below one in both the before and after samples from the same 

individual, the enterotypes was deemed unchanged by travel in that individual. Quality filtered reads 

were mapped against the Resqu antibiotic resistance gene database using Vmatch (http://vmatch.de), 

allowing two mismatched amino acids per translated read to account for sequencing errors but retain 

stringency with regards to finding the sought target genes (options “-showdesc 60 -dnavsprot 11 -l 

20 -h 2”), and thus avoiding inflation by false positive matches (10). The number of matches to each 

resistance gene was counted and normalized to the length of the respective gene to avoid bias due to 

differential length of the resistance genes. The length-normalized numbers were then used for 

deriving an approximation of the number of resistance genes per 16S rRNA sequence identified by 

Metaxa2 (see above). The length-normalized numbers were divided by the length of the 16S gene. 
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De novo metagenomic assembly. De novo assembly of the sequences from each sample was 

performed using Ray Méta (11) on 512 cores of a Cray XE6 system at the PDC Center for High 

Performance Computing at the Royal Institute of Technology in Stockholm. The k-mer length 

parameter k was set to 49 based on trials using a range of values in Ray and Velvet (12) assemblies. 

Annotation of assemblies. Prodigal (13) version 2.60 with parameters “-c -m -p meta” was used to 

identify open reading frames in assembled contigs and translate those into amino acid sequences. 

These were subsequently mapped using blastp (in NCBI Blast (7) version 2.2.28+) to the Resqu 

resistance gene database in order to identify contigs containing sequences resembling known 

resistance genes. Networks of co-localized resistance genes were generated in Cytoscape version 3.0 

(14). Contigs were additionally mapped to a reference collection of gastrointestinal microbial 

genomes to discern taxonomic origin (see below). 

Mapping to reference genomes and contigs. Quality-filtered reads and assembled contigs were 

mapped against the Human Microbiome Project (HMP) gastrointestinal_tract reference genome 

collection 

(http://downloads.hmpdacc.org/data/reference_genomes/body_sites/Gastrointestinal_tract.nuc.fsa

) using Burrows-Wheeler Aligner, bwa (15), version 0.7.5a with the “mem” subcommand. Reads 

from all libraries were also mapped back to the total collection of contigs from all samples using 

Bowtie2 (v. 2.0.2) to estimate their abundance in different libraries. 
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Statistical testing. Resistance gene copies per bacterial 16S rRNA counts were log-transformed by 

adding a number corresponding to the smallest relative abundance for any detected gene across all 

samples, and significant changes of average abundances between before and after samples were 

assessed using paired Student’s t-tests. Wilcoxon signed-rank test was used as a complement to find 

genes with changed median abundance. All p-values were corrected for multiple testing using a 

Benjamini-Hochberg False Discovery Rate (FDR) and genes with an FDR <0.05 were considered 

significant (16). The same procedure was adapted for resistance gene categories. Changes in 

normalized log-transformed relative abundances of taxonomic groups were similarly tested using 

paired Student’s t-tests and tests with an FDR of <0.05 were considered significant. Contigs with 

significantly different abundance between the groups of travelers returning from the Indian 

peninsula and Africa were identified using the Limma package (17). Correlations between resistance 

gene abundances and other factors (gender, age, length of visit, time between return from trip and 

sample delivery, health care work, sickness during travel, diarrhea, malaria prophylaxis and ESBL 

culturing results) were assessed using linear regression in the R statistical program (http://www.r-

project.org). The p-values for each coefficient were corrected for multiple testing and tests with an 

FDR <0.05 were considered significant.  
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Figure S1. The core resistome of  the cohort. a) The number of  samples containing a certain resistance 
gene. b) Abundance of  the resistance genes detected in all samples (log 10 scale). 
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Figure S2. a) Taxonomic composition at the phylum level. b) Changes of  the relative abundance of  
Proteobacteria, measured as proteobacterial 16S rRNA sequences per total 16S rRNA sequences, 
before and after travel. 
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Figure S3. Changes of  the most abundant taxonomic families, for each individual. The 
diameter of  each dot represents the magnitude of  change in that individual (log 10 scale). 
Green color indicates decreases and red color indicates increases. To the right, the mean fold 
changes across all individuals traveling to central Africa (left) and the Indian peninsula (right) 
are shown (log 10 scale). 
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Figure S4. Changes of  the most abundant genera, for each individual. The diameter of  each 
dot represents the magnitude of  change in that individual (log 10 scale). Green color indicates 
decreases and red color indicates increases. 
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Table S3. Details of the individual assemblies
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Table S4. Beta-lactam resistance genes found in ESBL
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Table S5. Resistance genes included in the Resqu database
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