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Abstract 

International travel facilitates the acquisition and carriage of extended-spectrum beta-lactamase-

producing Escherichia coli (ESBL-E). We describe genomes of predominant ESBL-E clones 

detected before and after travel among subjects departing from Rio de Janeiro, Brazil, during 

2015-2021, and genomes publicly available from countries visited by travelers. WGS (Illumina 

NovaSeq) was performed on 70 ESBL-E isolates from 66 travelers (18 pre- and 52 post-travel). 

Sequence type (ST), antimicrobial resistance (AMR), virulence genes, and plasmids were 

determined by Center for Genomic Epidemiology tools. Phylogenetic trees were constructed 

with each of the most frequent ST of travelers’ genomes (TG) and genomes with the same ST 

from Enterobase (EG). Other analyses were performed with Prokka, Roary, SNP-sites, and 

FastTree. Trees were visualized with iTOL. Among 70 ESBL-E, the clonal composition was 

quite diverse, with 41 different ST, with predominance before of CC10 and CC131, and after 

travel, CC10, CC131, CC69, and CC38, and three ST described for the first time: ST14408 and 

ST14412 (CC10), and ST4411 (CC20). Core genome phylogenetic analysis revealed 17 clusters, 

eight of which formed by post-travel TG and EG detected in the same country visited by traveler. 

We observed an increased number and diversity of AMR genes, plasmids, and virulence genes in 

post-travel isolates, although we only found statistical significance for IncFIB plasmid. Genome 

clustering supported the high-risk clone acquisition and AMR during international trips. More 

than half of detected clones were related to ExPEC and showed an increased number and 

diversity of AMR and virulence-related genes, as well as plasmids in post-travel isolates. 

Keywords: Acquisition during travel, Colonization by ESBL-producing Escherichia coli, Whole 

genome sequencing 
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Introduction  

Escherichia coli is among the most frequently detected bacteria worldwide and the most 

isolated pathogen from the so-called 'ESKAPE' group. These pathogens are significant 

contributors to life-threatening infections and are renowned for their ability to acquire and 

disseminate antimicrobial resistance [1,2]. International travel is critical for the spread of highly 

resistant strains [3]. Aminopenicillin-resistant E. coli was the predominant antimicrobial-

resistant pathogen associated with death in 47 countries in 2019 [4]. Infections caused by 

extended-spectrum beta-lactamase (ESBL)-producing E. coli (ESBL-E) pose an increased 

challenge due to limited therapeutic choices. ESBL, along with AmpC and carbapenemase 

genes, are frequently located on plasmids, facilitating their dissemination within the gut 

microbiota, which serves as a major reservoir for the persistence and spread of antimicrobial 

resistance. 'Successful' bacterial clones also play a pivotal role in the dissemination of 

antimicrobial resistance. Notably, since the 2000s, the global spread of the pandemic E. coli 

sequence type 131 (ST131) high-risk clone is a significant contributor to the worldwide increase 

in ESBL prevalence, particularly CTX-M-15 ESBL [5,6]. 

International travel increases the risk of ESBL-E carriage, particularly in certain risk 

areas such as Southeast Asia and the Indian subcontinent [7]; isolates acquired as gut colonizers 

may be a major source of infection, as urinary tract infections (UTI), with E. coli being the 

primary causative agent of these infections globally [8–10], including in Brazil [11–13]. The 

detection of ESBL-E in meat and raw vegetables underscores the importance of additional 

sources contributing to the persistence and dissemination of such microorganisms within the 

community [14,15].   

Most previous studies on ESBL-E gut colonization during travel were performed using 

culture-based techniques; which can underestimate colonization risk [9,16]. In a recent study 

with travelers departing from three US cities, by culture-based technique, 41% of travelers 

acquired ESBL-E strains. However, by metagenomic analysis, almost 70% of these travelers 

acquired new E. coli strains, some of which might have been new ESBL-E isolates. In addition, 

some of the strains regarded as new acquisitions in travelers’ guts may have already been present 

before travel, but undetected by culture-based techniques [17]. Whole genome sequencing 

(WGS) could provide more accurate data, as a high-resolution surveillance tool that allows a 
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more thorough exploration of the fecal microbiome, with more precise tracking of antimicrobial-

resistant pathogens at the individual strain level [18]. 

We recently reported that among international travelers departing from Brazil, the 

prevalence of ESBL-E gut colonization before travel was 9% in 2015-2019, increasing to 22% 

among returning subjects with a negative anal swab culture before departure [19]. We 

hypothesized that WGS could help to assess whether newly detected isolates were indeed new 

acquisitions; strains supposedly acquired in a certain country during travel should be more 

similar to local strains than to those detected in Brazil. Thus, the objective of the present study 

was to analyse and compare whole genome sequences of the predominant ESBL-E clones 

detected before and after travel of subjects participating in our project with genomes available in 

a public database, obtained from humans, animals, food, and the environment in countries visited 

by travelers.  

Methods  

Study setting and bacterial isolates 

Study isolates were recovered during a project to determine the frequency of gut 

colonization with multidrug-resistant Enterobacterales acquired by travelers departing from Rio 

de Janeiro, Brazil. Briefly, surveillance for gut colonization was performed by self-collected anal 

swabs before and after travel by subjects who consented to participate and answer a 

questionnaire. Isolates were coded as EC, followed by the participant study number, and the 

letter A when detected before travel, or B when detected after return. Among 243 recruited 

travelers from 2015 to 2021, 66 (27%) carried ESBL-E: 14 had pre-travel colonization only, 48 

had post-travel colonization only, and four had pre- and post-travel colonization, comprising 70 

total isolates. Gut carriage of ESBL-E of the first 59 travelers was described previously [8]. 

Seven new subjects were included in the present report. Of the 52 travelers who had ESBL-E 

post-travel colonization, 20 (38%) returned from Sub-Saharan Africa, 11 (21%) from South 

America, nine (17%) from Southeast Asia, five (10%) from Indian Subcontinent, five (10%) 

from other regions of Asia, and one (2%) each from North Africa and Oceania.  

Whole-genome sequencing, assembly, and annotation 

ESBL-E isolates were sent for WGS by the Illumina NovaSeq 6000 (Illumina, USA) at 

MicrobesNG (United Kingdom). Adapters were removed and reads trimmed using Trimmomatic 
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v.0.39 with a sliding window cutoff of Q15 [20]. Reads were de novo assembled with Unicycler 

v.0.4.8 [21], assemblies quality checked with Quast v.5.2.0 [22] and annotated with Prokka 

v.1.14.6 [23].  

Genomic features, resistome, virulome, and plasmidome  

Sequence types (ST) were determined with MLST 2.0, serotype with SerotypeFinder 2.0, 

FimH type with FimTyper 1.0, acquired antimicrobial resistance (AMR) genes with ResFinder 

4.1, virulence-related genes with VirulenceFinder 2.0, and plasmids incompatibility groups with 

PlasmidFinder 2.1 databases, all with a minimum threshold of 90% identity, available at 

https://www.genomicepidemiology.org/.  

Core genome phylogenetic analyses 

We constructed a phylogenetic tree for each of the most frequent ST of travelers’ 

genomes (TG) with a group of genomes of the same ST retrieved from Enterobase 

(https://enterobase.warwick.ac.uk/) referred to as Enterobase genomes (EG). The tree included 

only complete EG obtained in the same country visited by the traveler, with information about 

the specimen source (human, animal, food, or environment) and year of isolation.  

After the annotation, Roary (v.3.13.0) [24] was used for the alignment and inference of 

the isolates’ core genome. Single nucleotide polymorphisms (SNP) were determined with SNP-

sites (v.2.5.1) [25]. The core genome alignment of the isolates was used to build the maximum 

likelihood tree with the FastTree v.2.1.10 tool [26]. The phylogeny was tested with 1,000 

replicates and the tree was visualized with iTOL v.5.6.1 [27].  We defined a cluster empirically 

by visual inspection of genome groupings in phylogenetic trees and proposed the likely travel 

acquisition of isolates in clusters including only EG obtained off Brazil. Clusters were named 

with the corresponding ST followed by ―C‖ and a numeral.  

Statistical analysis 

 Data were analysed with SPSS statistical suite (v.24). Categorical variables were tested 

using Fischer’s exact test. Continuous and aggregated variables were evaluated with parametric 

mean comparison (unpaired t-test) or, if non-normal distribution, with a non-parametric 

Wilcoxon rank-sum test of median or distribution. A p-value <0.05 was considered statistically 

significant. 

Data availability 
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This whole genome shotgun project has been deposited at DDBJ/ENA/GenBank under 

the accession PRJNA1071675. 

Results 

General characteristics and clonal composition of ESBL-producing E. coli isolates 

Among the 70 ESBL-E, genome sizes ranged from 4,447,043 to 5,497,874 bp, the 

number of contigs ranged from 59 to 258, and the G+C content from 50.33 to 50.98% (Table 

S1). The isolates were included in 15 CC and 13 ST characterized as singletons (Table S2). 

Three ST were described for the first time: ST14408 and ST14412 of CC10, and ST4411 of 

CC20. The predominant clones in pre-travel colonization were CC10 (n=8, 44%) and CC131 

(n=4, 22%), and as post-travel colonization, CC10 (n=18, 35%), CC131 (n=5, 10%), CC69 (n=4, 

8%) and CC38 (n=4, 8%). Of the four travelers with pre- and post-travel ESBL-E colonization, 

in three the post-travel isolate belonged to an ST different from the pre-travel isolate, and in one, 

both were the same ST. These two isolates (EC165A and EA165B) were obtained on May 5th, 

2017 and June 27th, 2017, and belonged to ST1201, O18ab:14 and fimH53 type, carried AMR 

genes related to beta-lactamase production (blaTEM-1B and blaCTX-M-2), resistance to 

aminoglycosides (aph(3'')-Ib, aph(3'')-Ia, aph(6)-Id), trimethoprim (dfrA8), fluoroquinolones 

(qnrS1), sulphonamides (sul2), tetracycline (tetA and tetB); virulence genes terC22 and terC5; 

and IncHI2 and IncN plasmids. The post-travel genome additionally carried the AMR genes 

dfrA7 and sul1, the virulence gene traT162, and the IncFII plasmid. The core genomes shared 

only 81 SNPs. 

Among these 70 isolates, except for one isolate with blaTEM-176, all carried a blaCTX-M 

encoding gene. The most frequent variant was blaCTX-M-15, present in four (36%) of the 11 ST10 

isolates, seven (78%) of the nine ST131, two of the five ST38, and two of the four ST69.  

Although just isolates with phenotypic and genotypic tests indicating ESBL production had been 

selected for WGS, 14 isolates did not return any ESBL-producing genes. These TG were 

maintained in the phylogeny analyses but excluded from the assessment of AMR genes, 

plasmids, and virulence gene content.  

Phylogenetic analysis 

This analysis included TG of ST38 (n=5, shown in Fig. 1), ST69 (n=4, shown in Fig. 2), 

ST10 (n=11, shown in Fig. 3 and Fig. S1), and ST131 (n=9, shown in Fig. 4 and Fig. S2), in 

addition to EG of isolates from the same ST obtained in countries visited by travelers. The 
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phylogenetic trees revealed 17 clusters; in eight of these, the post-travel genomes did not include 

any isolates from Brazil. In five of the eight clusters, one or more EG were obtained previously 

to the TG in the same country visited by the traveler: ST38-C2, EG in 2013, and TG in 2017 and 

2018, from Peru; ST69-C2, two EG in 2018 and 2020, and TG in 2021, from Thailand; ST10-

C5, EG in 2015 and 2016, and TG in 2018, from Kenya; ST131-C1, EG in 2012-2013 and two 

TG in 2018, from Thailand; ST131-C3, EG in 2018 and TG in 2019, from Madagascar. In two 

clusters, the EG was obtained previously to the TG, but in a country different from that visited 

by the traveler. One of these clusters had isolates from countries sharing a border in Southeast 

Asia: ST69-C3, two EG in 2015, from Laos, and TG in 2018, from Thailand, Cambodia, and 

Vietnam. The other cluster had isolates from countries geographically apart: ST10-C2, two EG 

in 2009, from Tanzania, and TG in 2018 from Egypt. Finally, in one cluster, the EG was 

obtained in the same country visited by the traveler, but in a later year: ST69-C1, TG in 2017, 

and EG in 2018, from Thailand. Three of these eight clusters included a TG and an EG with the 

same blaCTX-M gene type: ST38-C2 (blaCTX-M-14), ST131-C1 (blaCTX-M-27) and ST131-C3 (blaCTX-

M-15); the other clusters included isolates without an ESBL encoding gene or had only genomes 

with different blaCTX-M gene types. One of these eight clusters (ST10-C5) had the group formed 

by EG from animal and environment, all others were from human sources. 

 In three other clusters the post-travel genome grouped with EG from Brazil: ST38-C3, 

ST10-C1, and ST10-C3. The clusters also had different blaCTX-M gene types or included isolates 

without ESBL genes. ST10-C3 had a particular feature: the cluster included a post-travel isolate 

with blaCTX-M-14 obtained from the same anal swab specimen source of the ST167/CC10 isolate 

carrying the blaOXA-181 carbapenemase gene, as previously described [28]. 

The other six clusters included pre- and post-travel genomes grouped with isolates of 

different countries: ST38-C1, ST10-C4, ST131-C6, ST131-C2, ST131-C4, and ST131-C5. 

Pre- and post-travel acquired antimicrobial resistance genes 

In the group of pre- (n=13) and post-travel (n=43) genomes returning with ESBL 

encoding genes considered as a group, the median number of AMR genes per isolate was eight; 

the number of plasmids was three and four, respectively; and of virulence genes, eight and 13, 

respectively, as shown in Fig. 5. These differences were not statistically significant.  

The most frequently detected non-beta-lactam AMR genes were to the class of 

tetracyclines and aminoglycosides, both present in 77% of isolates, and sulphonamides, present 
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in 75% of isolates (Fig. S3). The predominant resistance genes detected among pre- and post-

travel isolates, respectively, were: to tetracyclines, tetA (10, 77% and 18, 42%) and tetB (1, 8% 

and 16, 37%); to aminoglycosides, aph(6)-Id and aph(3)-Ib (8, 61%, and 24, 56%); and to 

sulphonamides, sul2 (8, 61% and 22, 51%, shown in Fig. S4).  

Pre- and post-travel plasmids and virulence genes 

The predominant plasmid groups among pre- and post-travel isolates, respectively, were 

Col (7, 54% and 30, 70%) and IncFIB (5, 38% and 31, 72%, p=0.046) (shown in Fig. S4 and 

S5). Finally, the most frequent virulence gene groups were protectin, serum resistance, and 

dispersin (11, 85% and 38, 88%), siderophores (11, 85% and 35, 81%), adhesins (6, 46% and 28, 

65%) and toxins (6, 46% and in 26, 60%) (shown in Fig. S6 and S7). The most frequent genes in 

the protectin, serum resistance, and dispersin group were iss (9, 69% and 28, 65%), traT (7, 54% 

and 29, 67%), and ompT (5, 38% and 22, 51%); among siderophores were fyuA (8, 61% and 24, 

56%), sitA (7, 54% and 24, 56%), and irp2 (7, 54% and 23, 53%). The most frequent genes in the 

adhesins group were pap (5, 38% and 11, 26%), iha (3, 23% and 12, 28%), and hra (2, 15% and 

11, 26%), and among toxins were sat (3, 23% and 11, 26%), and hlyEF (only in post-travel 

isolates, 10, 23%). Except for the frequencies of IncFIB plasmid group, all differences between 

pre- and post-travel isolates were not statistically significant. Additional features such as fimH 

type, O:H type, and the virulence genes per isolate are presented in Fig. S6. 

Discussion 

To make a deeper analysis of ESBL colonization during travel, we selected for WGS all 

ESBL-E isolates obtained during the study period. Among the 70 isolates, in 14 (20%), the CTX-

M-encoding genes were not found in the sequenced genome. We suppose that the E. coli isolate 

subcultured from our stocks and sent for sequencing lost the blaCTX-M gene-carrying plasmid due 

to transportation stress or lack of AMR selective pressure, a phenomenon previously described 

[29,30].  

One single isolate (EC287B, of ST1421) did not carry a blaCTX-M-type gene. This isolate 

carried the blaTEM-176 and the plasmid-mediated AmpC blaMIR gene, had a phenotypic test 

indicating ESBL production, and was resistant to cefoxitin, cefotaxime, and ceftazidime in a disk 

diffusion susceptibility test [31]. TEM-176 has been occasionally listed among ESBL-producing 

isolates; however, to date, there is no characterization of this beta-lactamase as an ESBL, and the 
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Beta-Lactamase DataBase (BLDB) (http://bldb.eu/BLDB.php?prot=A#TEM, accessed on 

January 11, 2024) has a question mark under ―functional information‖ for this enzyme [32]. 

The clonal composition of ESBL-E isolates was quite diverse, with 41 different ST, as 

expected for the intestinal microbiota. More than half (56%) of the STs corresponded to high-

risk clones and extra-intestinal pathogenic E. coli (ExPEC), [33–37] frequently detected as post-

travel colonization, reinforcing the potential risk of travel as a source of bacterial pathogens. The 

chance of acquiring high-risk clones was further evidenced in the present project among isolates 

of a subject returning from Sub-Saharan Africa with a carbapenemase encoding gene, as we 

described previously [28]; isolate 184/2aE of ST167/CC10, carrying the carbapenemase 

encoding gene blaOXA-181, was isolated from the same specimen with isolate EC184B carrying 

blaCTX-M-14 included in cluster ST10-C3. These results illustrate the increased diversity observed 

in the gut microbiota after travel, as reported by others [38,39]. Indeed, the present study 

collection included four travelers with pre- and post-travel ESBL-E colonization, but in only one 

the ST of both isolates was the same (ST1201), persisting for at least two months. 

In each of the phylogenetic trees with the most frequent ST of travelers’, in addition to 

the TG, we had one EG from at least five countries. In this way, genomes from countries other 

than that visited by the traveler were used as comparison groups. We propose that clusters 

formed with a post-travel TG and an EG obtained in the same country visited by the traveler 

were probably acquired in these countries. Therefore, ST38 isolates were probably acquired in 

Peru, ST69 in Southeast Asia, ST10 in Kenya, and ST131 in Thailand and Madagascar.   

ST38 has been described in Peru in different years [40], ST69 has been described as a 

cause of various infections in Laos [41], and was acquired by travelers in this country [39]. The 

ST10 clone has been reported to colonize and cause human infection in the visited country [42]. 

And the ST131 was reported in animals, causing infection in hospitalized patients in Madagascar 

and Thailand, and the environment in Thailand [43–46].  

A different scenario occurred with clusters of post-travel TG and EG from Brazil, as 

observed in ST38 and ST10 trees. A version of the clone without an ESBL gene may already 

have been present in travelers’ guts before departure and may have acquired a new plasmid with 

AMR genes during the trip. Indeed, in a subject with the same ST before and after travel 

(ST1201), we observed that the post-travel isolate (EC165B) acquired a plasmid, two AMR 
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genes, and one virulence gene, compared with the pre-travel isolate. This same phenomenon has 

been described by others [47], showing the importance of studies with WGS. 

Several studies have shown the presence of ESBL-E in vegetables, commercial meat, and 

the gut of food handlers. The findings in all these sources reinforce the circulation of isolates 

among humans, animals, and environmental settings, showing the importance of studying 

microbiology as a One Health system for a deeper understanding of microbial diseases [5,14,15]. 

Several local factors have been associated with a higher prevalence of ESBL-E 

colonization, including an increased proportion of individuals >65 years old in the community, 

frequent use of cephalosporins, the number of hospital facilities, poultry, and pig population 

densities, and the percentage of agricultural land [48–50]. Additionally, individual risk factors 

for those without prior healthcare exposure extend beyond local determinants, including 

antimicrobial use, diarrhea, and contact with local people, animals, the environment, and food 

[50–52]. 

When we investigated if pre- and post-travel isolates could differ in the number of AMR 

and virulence genes and plasmids, we detected an increased number of genes encoding resistance 

to several antimicrobial classes, but differences were not statistically significant, possibly due to 

our small sample size and to the bias towards being a group in which there is a tendency for 

predominance of resistance genes. Other studies using metagenomic analysis and without 

selection of isolates by AMR markers, or including other bacteria in addition to E. coli, have 

reported an increase in the abundance of AMR genes in post-travel compared to pre-travel 

isolates [9,53,54]. Travel is indeed an important factor in the spread of resistance determinants, 

mainly genes encoding ESBL, carbapenemase, plasmid-mediated quinolone resistance, and 

colistin resistance (mcr genes) [55]. Among the ESBL genes, blaCTX-M is quite widespread 

globally in several niches, including among humans, other animals, and the environment [56,57] 

the acquisition of high-risk clones harboring this gene is widely reported [19,50,55]. 

We observed increased diversity of plasmids among post-travel isolates, with a 

statistically significant difference for IncFIB. IncF and its replicon types are pandemic 

conjugative plasmids mainly detected in ExPEC, and the plasmid incompatibility group most 

frequently detected in travel-acquired isolates. This finding may be related to the acquisition of 

AMR genes, such as blaCTX-M and carbapenemase-encoding genes [29,38].  
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The virulence genes were abundant in both pre- and post-travel isolates. Despite the lack 

of significance, adhesins, toxins, and bacteriocins were proportionally increased in post-travel 

isolates. These genes are particularly related to colonization (adhesins and bacteriocins) and 

intestinal infection (toxins), present in intestinal pathotypes and ExPEC [38,58,59]. One post-

travel isolate carried the aggR gene, which characterizes Enteroaggregative E. coli (EAEC), and 

two others had eae, of Enteropathogenic E. coli (EPEC), also described in travelers departing 

from the Netherlands [60]. Other virulence genes, such as the fyuA, irp2, sat, and senB genes, the 

pap encoding the P fimbria, detected in our study, have already been detected with greater 

frequency in isolates considered as persistent and in epidemic clones [38].  

Limitations 

The relatively small sample size and wide dispersion of sequenced isolates may have 

prevented the finding of statistically significant differences in prevalences of genome features. 

The putative loss of ESBL-encoding plasmids in some isolates may have contributed to this 

constraint. However, these limitations did not weaken the relevance of the results presented, 

which highlight the high frequency of high-risk clones and the different possibilities for the 

contamination and dispersion of these microorganisms around the world. The use of one single 

sample from each specimen could have impacted the chances of finding resistant samples but 

was decided after a pilot study where we found little differences among the isolated E. coli 

samples in the same specimen [8]. 

Conclusions 

Data obtained with phylogenetic analyses of E. coli core genomes from travelers 

reinforced the hypothesis of the acquisition of high-risk clones in countries visited during 

international trips. More than half of the clones detected in this collection were related to ExPEC 

pathotypes with increased number and diversity of AMR genes, virulence-related genes, and 

plasmids in post-travel isolates, though with differences not statistically significant.  
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Figures List 

Figure 1: Phylogenetic tree based on the core genome of five ST38 ESBL-producing E. coli 
isolates from the present study and 20 additional genomes from isolates of the same ST 
deposited in Enterobase. The Figure was generated by iTOL v5.6.1. 
*Isolate with blaCTX-M confirmed by PCR but absent in genome analysis. 
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Figure 2: Phylogenetic tree based on the core genome of four ST69 ESBL-producing E. coli 
isolates from the present study and 44 genomes from the same ST deposited in Enterobase. The 
Figure was generated by iTOL v5.6.1. 
*Isolates with blaCTX-M confirmed by PCR but absent in genome analysis. 
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Figure 3 Clusters highlights of phylogenetic tree based on the core genome of 11 ST10 ESBL-
producing E. coli isolates from the present study and 197 genomes from the same ST deposited 
in Enterobase. Clusters 1-5 are shown in squared trees (A) and (B). The circular phylogenetic 
tree is shown in Fig. S1. The Figure was generated by iTOL v5.6.1. 
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Figure 4 Clusters highlights of phylogenetic tree based on the core genome of nine ST131 
ESBL-producing E. coli isolates from the present study and 329 genomes from the same ST 
deposited in Enterobase. Clusters 1-6 are shown in squared trees (B), (C) and (D). The circular 
phylogenetic tree is shown in Fig. S2. The Figure was generated by iTOL v5.6.1. 
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Figure 5: Number of (A) AMR genes, (B) plasmids, and (C) virulence genes in genomes of 
ESBL-producing E. coli isolates obtained pre- (n=13) and post-travel (n=43). We excluded 14 
genomes of isolates with blaCTX-M confirmed by PCR but absent in genome analysis. 

 
  


