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The present study was carried out to evaluate the prevalence of sequence type 131 (ST131) among 188 extended-spectrum β-lactamase-producing Escherichia coli (ESBL-EC) collected in 2015 in Lucus Augusti University hospital (Lugo, Spain) and AP-HP Beaujon hospital (Clichy, France) with regard to other STs and to characterize, the types of ESBL produced, serotypes, virulence factor (VF)-encoding genes and the ST131 clades and subclades. ST131 was detected in 33 (39.1%) and 46 (47.9%) of the isolates in Lucus Augusti and Beaujon, respectively. The 109 remaining isolates displayed 57 other STs, the following STs being displayed by at least three isolates: ST10 (8 isolates), ST23 (3), ST38 (4), ST58 (3), ST88 (5), ST95 (4), ST167 (3), ST354 (5), ST361 (3), ST410 (6), ST648 (4), ST744 (3), and ST1615 (6). ST354, ST410, and ST1615 were significantly (P < 0.05) more frequent in Lucus Augusti (5.4%, 6.5%, and 6.5%) than in Beaujon (0% for the three STs). The new globally emerging clone ST1193 among extraintestinal clinical ESBL-EC was identified in one isolate from France and one from Spain. CTX-M-15 was the commonest ESBL detected in the two hospitals (44.6% in Lucus Augusti and 50.0% in Beaujon). CTX-M-14 was significantly (P = 0.0003) more frequent in Lucus Augusti (31.5%) than in Beaujon (10.4%), whereas CTX-M-1 (20.8 vs. 7.6%; P = 0.008) and CTX-M-27 (15.6 vs. 6.5%; P = 0.0389) were more frequent in Beaujon than in Lucus Augusti. The ST131 isolates showed a higher virulence score (mean 13.367) compared with the non-ST131 isolates (mean 7.661) (P < 0.001). Among the 79 ST131 isolates, most of them (52; 65.8%) belonged to subclade C2 (also known as subclone

H30Rx) followed by those belonging to subclade C1 (cluster C1-M27: 16 isolates, 20.3%; cluster non-C1-M27: 6 isolates, 7.6%) and clade A (4 isolates; 5.1%). The C2 subclade isolates showed a higher VF-encoding gene score (mean 14.250) compared with the C1-M27 cluster isolates (mean 10.875) (P < 0.001). In conclusion, this study highlights the epidemiological differences between the ESBL-EC isolated from two hospitals of France and Spain obtain in 2015 and reports, for the first time, the presence of clone ST1193 in Spain.
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INTRODUCTION

Extended-spectrum β-lactamase-producing Escherichia coli (ESBL-EC) is an important cause of urinary tract and bloodstream infections, as well as other types of human extraintestinal infections (Arnaud et al., 2015; Mamani et al., 2019). The main sequence type (ST) responsible for the global increase in ESBL-EC is, without a doubt, ST131 (Nicolas-Chanoine et al., 2008, 2014). This pandemic high-risk clone has numerous virulence factor (VF)-encoding genes (Blanco et al., 2013). Whole-genome sequencing (WGS) analysis had revealed that ST131 consists of three different clades (A, B, and C) characterized by different alleles of the fimH gene that is implicated in the colonization abilities, i.e., fimH41, fimH22, and fimH30, respectively (Petty et al., 2014; Ben Zakour et al., 2016). Subclade C2 (also known as subclone H30Rx) associated with the production of CTX-M-15 seems to be the most expanded and successful ST131 sublineage (Banerjee et al., 2013; Price et al., 2013; Dahbi et al., 2014; Peirano et al., 2014; Sauget et al., 2016). However, cluster C1-M27 that belongs to subclade C1 and produces CTX-M-27 has recently expanded, first in Japan (Matsumura et al., 2016, 2017), then in other countries (Thailand, Australia, Canada, USA, France, Italy, Germany, The Netherlands and Spain) (Blanc et al., 2014; Birgy et al., 2016; Bevan et al., 2017; Merino et al., 2018; Peirano and Pitout, 2019). The other STs frequently found among ESBL-EC are ST10, ST38, ST405, ST410, ST648, and ST1193 (Brisse et al., 2012; Naseer et al., 2012; Peirano et al., 2012; Izdebski et al., 2013; Peirano and Pitout, 2019). Besides there are notable differences with regard to the ESBL-EC epidemiology according to the countries, including, sometimes, the emergence of new lineages. Thus, a new clade of ST131 associated with the production of the CTX-M-101 enzyme and the fimH27 allele has recently been identified in E. coli responsible for bacteremia in Denmark (Roer et al., 2017).

The present study was carried out to evaluate the prevalence of clone ST131 among ESBL-EC collected in 2015 in Lucus Augusti University hospital (Lugo, Spain) and AP-HP Beaujon hospital (Clichy, France) with regard to the other STs and to characterize the types of ESBL produced, the serotypes, and the VF-encoding genes as well as the clades and the subclades of the ST131 isolates. This study allowed us to highlight the ESBL-EC epidemiological differences in the two hospitals and to report, for the first time, the presence of the new emerging global clone ST1193 among the ESBL-EC clinical isolates from Spain.

This study was presented in part at the 29th European Congress of Clinical Microbiology and Infectious Diseases, Amsterdam, 13–16 April 2019 (Flament-Simon et al., 2019).



MATERIALS AND METHODS

In this study, 188 non-duplicate (one isolate per patient) ESBL-EC isolated in 2015 in Spain (92 from Lucus Augusti hospital in Lugo) and in France (96 from Beaujon hospital in Clichy) were characterized. They comprised 139 isolates from urine, 25 from blood, seven from bile, and 17 from various other sources.

The following characters were determined as previously described: serotypes using all available O (O1 to O181) and H (H1 to H56) antisera (Guinée et al., 1981), ESBL types (TEM, SHV, and CTX-M enzymes) (Leflon-Guibout et al., 2004), phylogenetic groups (A, B1, B2, C, D, E, F) (Clermont et al., 2013), STs of Achtman scheme (Wirth et al., 2006), clonotypes (fumC and fimH genes) (Weissman et al., 2012), and VF-encoding genes (Mamani et al., 2019). Isolates were classified as extraintestinal pathogenic E. coli (ExPEC) (Johnson et al., 2015) if positive for ≥2 of 5 markers, including papAH and/or papC, sfa/focDE, afa/draBC, kpsM II, and iutA, as uropathogenic E. coli (UPEC) (Spurbeck et al., 2012) if positive for ≥3 of 4 markers, including chuA, fyuA, vat, and yfcV, and as avian pathogenic E. coli (APEC) (Johnson et al., 2008) if positive for ≥4 of 5 markers (hlyF, iutA, iroN, iss, and ompT). The virotypes A to F were assigned according to the scheme developed by Dahbi et al. (2014). The ST131 clades (A, B, C), subclade C2 (also known as subclone H30Rx) and the two clusters of subclade C1 (C1-M27 and the non-C1-M27) were stablished using the PCR assay recently developed by Matsumura et al. (2017).

All the P-values were calculated using the Fisher's exact test, except for the comparison of the means that was performed using the one-way ANOVA test. P < 0.05 were considered statistically significant.



RESULTS


Types of ESBL Enzymes

A total of 89 (47.3%) isolates were positive for CTX-M-15, 39 (20.7%) for CTX-M-14, 27 (14.4%) for CTX-M-1, 21 (11.2%) for CTX-M-27, 11 (5.9%) for SHV-12, two (1.1%) for CTX-M-32 and one (0.5%) for CTX-M-55. CTX-M-15 was the commonest ESBL detected in the two hospitals (44.6% in Lucus Augusti and 50.0% in Beaujon). CTX-M-14 was significantly (P = 0.0003) more frequent in Lucus Augusti (31.5%) than in Beaujon (10.4%), whereas CTX-M-1 (20.8 vs. 7.6%; P = 0.008) and CTX-M-27 (15.6 vs. 6.5%; P = 0.0389) were more frequent in Beaujon than in Lucus Augusti (Table 1).


Table 1. Characteristics of 188 ESBL-EC isolated from extraintestinal infections.
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Phylogenetic Groups

The most frequent phylogenetic group was B2 (50.5%), followed by A (14.4%), C (11.7%), B1 (9.6%), F (6.9%), E (5.3%), and D (1.6%). Phylogenetic groups A, C and F were found more frequently among Lucus Augusti isolates, while phylogenetic group B2 was more frequent among Beaujon isolates (P < 0.05) (Table 1).

Among CTX-M-15 and CTX-M-27-producing isolates, the most frequent phylogenetic group was B2, while among those producing CTX-M-1, CTX-M-14, and SHV-12, the most frequent phylogenetic groups were B1, C, and F, respectively (Table 2).


Table 2. Phylogenetic groups and sequence types according to ESBL enzymes.
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Sequence Types

ST131 was detected in 33 (39.1%) and 46 (47.9%) of isolates in Lucus Augusti and Beaujon, respectively. The 109 remaining isolates displayed 57 different STs and the following STs displayed at least three isolates: ST10 (8 isolates), ST23 (3), ST38 (4), ST58 (3), ST88 (5), ST95 (4), ST167 (3), ST354 (5), ST361 (3), ST410 (6), ST648 (4), ST744 (3), and ST1615 (6). ST354, ST410, and ST1615 were significantly (P < 0.05) more frequent in Lucus Augusti (5.4, 6.5, and 6.5%) than in Beaujon (0% for the three STs) (Tables 1, 2). The new emerging global clone ST1193 was identified in one isolate from France and one from Spain. The majority (121 of 188; 64.4%) of ESBL-EC isolates belonged to only three clonal complexes: CC10 (19 isolates), CC23 (22 isolates) and CC131 (80 isolates) (Table S1).



Clonotypes, Clades and Subclades of ST131 Isolates

The 79 ST131 isolates were distributed in three clonotypes: CH40-30 (73 isolates), CH40-35 (2), CH40-41 (4) (Table 1). Subclade C2 (also known as subclone H30Rx) was the commonest subclade detected among the 79 ST131 isolates (52 isolates; 65.8%), followed by cluster C1-M27 (16 isolates; 20.3%), cluster non-C1-M27 (6 isolates; 7.6%), and clade A (4 isolates; 5.1%). The 52 C2 subclade isolates were positive for CTX-M-15, whereas the 16 C1-M27 isolates were positive for CTX-M-27. Five non-C1-M27 isolates of C1 subclade were positive for CTX-M-15 and one for CTX-M-14. The four isolates belonging to clade A were positive for CTX-M-1 (2), CTX-M-15 (1), and CTX-M-27 (1).



Clones

A total of 71 clones (defined by the association of phylogroup, clonotype and ST) were identified among the 188 ESBL-EC with 23 of them including at least two isolates and only five at least five isolates: A-CH11-54-ST10 (6 isolates), B2-CH40-30-ST131 (73), C-CH4-24-ST410 (6), C-CH263-32-ST1615 (6), and F-CH88-58-ST354 (5) (Table 3).


Table 3. ESBL enzymes, serotypes and ExPEC, UPEC and APEC status according to the clones including at least two isolates.
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Serotypes

The 188 ESBL-EC isolates belonged to 30 O serogroups and expressed 17 different H antigens, but 71 of the 79 ST131 isolates belonged to serotype O25:H4. The other prevalent serotypes were: O9:HNM (three ST361 isolates), O11:H9 (three ST1615 isolates), O16:H5 (three ST131 isolates), O18:H7 (four ST95 isolates), O20:H9 (three ST410 isolates), O75:HNM (two ST404 and two ST1193 isolates of clonal complex 14), and O86:H18 (three ST38 isolates). The H4 and H5 flagellar antigens were associated with ST131, the H7 with ST95, the H9 with ST10, ST744, and four STs of the clonal complex 23 (ST23, ST90, ST410, ST1615), the H18 with ST38 and ST69, and the H6 and the H45 antigens with ST648 (Table 3 and Table S1).



Virulence Factor (VF)-Encoding Genes

Of the 188 ESBL-EC isolates, 57.4% were classified as ExPEC, 52.7% as UPEC and 12.8% as APEC. The prevalence of ExPEC (92.4 vs. 32.1%) (P < 0.001) and UPEC (97.5 vs. 20.2%) (P < 0.001) status were higher within ST131 isolates than within non-ST131 isolates. In contrast, the prevalence of APEC (0 vs. 22%) status was higher among non-ST131 isolates (P < 0.001) (Table 4).


Table 4. Virulence factor-encoding genes in the studied 188 isolates and according to ST131 lineage.
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The ST131 isolates showed a higher VF-encoding gene score (mean 13.367) compared with the non-ST131 isolates (mean 7.661) (P < 0.001). However, four isolates belonging to clones B2-CH38-15-ST95 and B2-CH38-294-ST95 were those with the highest number of virulence genes (mean 21.000).

Nineteen VF-encoding genes (papAH, papC, papEF, afa/draBC, yfcV, sat, cnf1, hlyA, iucD, iutA, fyuA, chuA, kpsM II, kpsM II-K2, kpsM II-K5, traT, malX, usp, and ompT) were significantly associated with ST131 isolates, whereas that 10 (fimAvMT78, sfa/focDE, hlyF, tsh, vat, iroN, kpsM II-K1, cvaC, iss, and ibeA) were significantly associated with non-ST131 isolates.

The C2 subclade isolates showed a higher virulence score (mean 14.250) compared with C1-M27 isolates (mean 10.875) (P < 0.001). The genes papAH, papC, papEF, cnf1, and hlyA were associated with the C2 subclade isolates.

The most prevalent virotypes identified in ST131 isolates were A (8 isolates), C2 (25), E (18) and F (14) and a new virotype similar to A (virotype A-like) displayed by seven isolates. Further, a second new virotype similar to E (virotype E-like) was found in one isolate (Table S1). The virotype A was found more frequently among Lucus Augusti isolates (P = 0.0280), while virotype F was more frequent among Beaujon isolates (P = 0.0293).




DISCUSSION

The management of urinary tract and bloodstream infections due to E. coli has been complicated by the emergence of multidrug-resistance, especially of that related to the expansion of high-risk clones such as ST131 (Nicolas-Chanoine et al., 2008; de Toro et al., 2017). Since 2006, the prevalence of ESBL-EC among E. coli causing bacteremia has raised in Lucus Augusti hospital. This increase has been due to the spread of the multidrug-resistant ST131 subclade C2 associated with the production of CTX-M-15. Thus, the number of ESBL-EC isolates increased from 1.0% during 2000–2005 to 5.5% during 2006–2011. While during the first period 0% of the ESBL-EC isolates belonged to subclade C2, during the second period this subclone represented 39.8% (Mamani et al., 2019). A similar situation has been reported in France in different hospitals (Brisse et al., 2012; Sauget et al., 2016) and worldwide (Peirano et al., 2012).

The main change with respect to previous studies conducted at the Lucus Augusti hospital, is the emergence of isolates producing CTX-M-27. Indeed, this enzyme was not produced by any of the 105 ESBL-EC isolates recovered from extraintestinal infections between 2006 and 2007 (Blanco et al., 2009) and by any of the 92 ESBL-EC bloodstream isolates collected from 2001 to 2011 (Mamani et al., 2019) and only by one of 47 ST131 ESBL-EC isolated from urinary tract infections in 2012 (Dahbi et al., 2013). Furthermore, the CTX-M-27 was only detected in one of the 44 Spanish hospitals analyzed in a study carried out in 2006 Díaz et al. (2010), in one of 94 clinical ESBL-EC collected during 2008 in Vall d'Hebron hospital of Barcelona (Coelho et al., 2011), and in none of the 92 ESBL-EC obtained in eight Spanish hospitals during 2010 and 2011 (Merino et al., 2016). In the present study, CTX-M-27 was significantly more frequent in Beaujon (15.6%) than in Lucus Augusti (6.5%). However, the Beaujon's CTX-M-27 percentage appeared as remarkably higher than those found before 2014 (4.5–5.4%) in other 19 hospitals located as Beaujon in the Paris area (Robin et al., 2017; Surgers et al., 2019). Inversely, this percentage was closer to that found between 2014 and 2017 in 24 pediatric centers located in six French regions, i.e., 12.4% among 251 ESBL-EC isolated from febrile urinary tract infections (FUTIs) (Birgy et al., 2020). In addition, it has to be noted that CTX-M-27-producing isolates had already been found in 2012 in the feces of children in day care centers (DDCs) in France (Blanc et al., 2014) and also in feces of patients hospitalized in Madrid during a European survey conducted between 2014 and 2015 (Merino et al., 2018).

The increased prevalence of the CTX-M-27 in the two hospitals enrolled in the present study was mainly due to the expansion of cluster C1-M27 since 17 of the 21 positive CTX-M-27 isolates belonged to this cluster. The four remaining isolates belonged to three different STs, including ST38 (2 isolates), ST90 and ST1193. In the FUTI study, Birgy et al. (2020) also showed that their 31 CTX-M-27-producing isolates mostly belonged to cluster C1-M27 (10 isolates) and ST38 (8 isolates), and also that two belonged to ST1193.

The two ST1193 isolates identified in the present study belonged to clonotype CH14-64 and serotype O75:HNM and were positive for CTX-M-14 (the isolate from Spain) and CTX-M-27 (the isolate from France). As far as we know, this is the first report of the new emerging global clone ST1193 among clinical ESBL-EC isolates from Spain. Inversely, the ST1193 has already been described in France and shown producing either CTX-M-15 or CTX-M-27 in the pediatric FUTIs study (Birgy et al., 2020) and CTX-M-14 among the fecal isolates obtained from children in DCCs in France (Blanc et al., 2014). ST1193 has also been detected in two of 243 third-generation-cephalosporin-resistant E. coli isolates obtained from patients with bloodstream infection in Denmark during 2015 (Roer et al., 2018), in three of 51 clinical ESBL-EC isolated in Germany during 2015 and 2016 (Valenza et al., 2019) and in 11 of 225 cefotaxime-resistant E. coli isolated from UTIs in South-West England during 2017 and 2018 (Findlay et al., 2019). ST 1193 is currently much more expanded in China (Xia et al., 2014; Wu et al., 2017) and the USA (Johnson et al., 2019; Tchesnokova et al., 2019).

Despite the emergence of ST1193 and ST131 cluster C1-M27, it is clear that ST131 subclade C2 associated to CTX-M-15 remains the most prevalent sublineage among ESBL-EC in the two hospitals studied here, as it is the case in most of the European hospitals (Merino et al., 2016; Sauget et al., 2016; Roer et al., 2018; Findlay et al., 2019; Valenza et al., 2019; Birgy et al., 2020). The C2 subclade isolates showed a higher virulence score (mean 14.250) compared with the subclade C1-M27 ST131 isolates (mean 10.875) (P < 0.001) and non-ST131 isolates (mean 7.661) (P < 0.001). Interestingly, the papAH, papC, papEF, cnf1, and hlyA genes were associated with the C2 subclade isolates, which mostly displayed the vitotypes A, A-like, C2, E and F. The virotype A-like is new and differs from the virotype A in the type of capsular kpsM II gene that is K5 instead of K2 (Dahbi et al., 2014). In future studies, it would be very interesting to determine the whole genome sequence of the C2 subclade isolates belonging to the new virotype A-like.

Of note, four isolates belonging to clones B2-CH38-15-ST95 and B2-CH38-294-ST95 were those with the highest number of VF-encoding genes (mean 21.000). These four UTI isolates were classified as APEC and could be of avian origin and foodborne pathogens (Vincent et al., 2010; Singer, 2015; Liu et al., 2018). ST95 is one of the most frequently ST identified among E. coli causing human extraintestinal infections, but it is rarely producer of ESBL enzymes (Kallonen et al., 2017). Nevertheless, recently Birgy et al. (2020) detected nine ST95 isolates among 251 ESBL-EC from pediatric FUTIs. The combination of so many virulence genes and resistance-encoding genes in this successful ST is very worrying.



CONCLUSIONS

Despite the enormous genetic diversity observed in our ESBL-EC collection (71 clones amongst 188 ESBL-EC), it can be concluded that the majority of the isolates belong to only three clonal complexes (CC10, CC23, and CC131) and that ST131 subclade C2 associated with the production of CTX-M-15 remains the most prevalent E. coli lineage among the ESBL-EC isolates identified in the studied Spanish and French hospitals.



DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/Supplementary Material.



AUTHOR CONTRIBUTIONS

S-CF-S, VG, MD, NM, MA, IG-M, JEB, and MB undertook the laboratory work. M-HN-C and JB conceived the concept for the paper and designed the experiments. All authors provided critical input, contributed to the writing of the manuscript, and have approved the final version.



FUNDING

This study was supported by projects: PI16/01477 from Plan Estatal de I+D+I 2013–2016, Instituto de Salud Carlos III (ISCIII), Subdirección General de Evaluación y Fomento de la Investigación, Ministerio de Economía y Competitividad (Gobierno de España) and Fondo Europeo de Desarrollo Regional (FEDER); and ED431C2017/57 from the Consellería de Cultura, Educación e Ordenación Universitaria (Xunta de Galicia), and FEDER.



ACKNOWLEDGMENTS

S-CF-S acknowledges the FPU programme for her grant (FPU15/02644) from the Secretaría General de Universidades, Spanish Ministerio de Educación, Cultura y Deporte. VG and IG-M acknowledge the Consellería de Cultura, Educación e Ordenación Universitaria, Xunta de Galicia for her postdoctoral grant (ED481B2018/018) and his predoctoral grant (ED481A-2015/149), respectively.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcimb.2020.00125/full#supplementary-material

Table S1. Characteristics of 188 extended-spectrum β-lactamase-producing Escherichia coli (ESBL-EC) collected in 2015 in Lucus Augusti University hospital (Lugo, Spain) and AP-HP Beaujon hospital (Clichy, France).



REFERENCES

 Arnaud, I., Maugat, S., Jarlier, V., Astagneau, P., and RAISIN/multidrug resistance study group (2015). Ongoing increasing temporal and geographical trends of the incidence of extended-spectrum beta-lactamase-producing Enterobacteriaceae infections in France, 2009 to 2013. Euro. Surveill. 20:30014. doi: 10.2807/1560-7917.ES.2015.20.36.30014

 Banerjee, R., Robicsek, A., Kuskowski, M. A., Porter, S., Johnston, B. D., Sokurenko, E., et al. (2013). Molecular epidemiology of Escherichia coli sequence type 131 and its H30 and H30-Rx subclones among extended-spectrum-β-lactamase-positive and -negative E. coli clinical isolates from the Chicago Region, 2007 to 2010. Antimicrob. Agents Chemother. 57, 6385–6388. doi: 10.1128/AAC.01604-13

 Ben Zakour, N. L., Alsheikh-Hussain, A. S., Ashcroft, M. M., Khanh Nhu, N. T., Roberts, L. W., Stanton-Cook, M., et al. (2016). Sequential acquisition of virulence and fluoroquinolone resistance has shaped the evolution of Escherichia coli ST131. MBio 7:e00347–16. doi: 10.1128/mBio.00347-16

 Bevan, E. R., Jones, A. M., and Hawkey, P. M. (2017). Global epidemiology of CTX-M β-lactamases: temporal and geographical shifts in genotype. J. Antimicrob. Chemother. 72, 2145–2155. doi: 10.1093/jac/dkx146

 Birgy, A, Levy, C., Bidet, P., Thollot, F., Derkx, V., Béchet, S., et al. (2016) ESBL-producing Escherichia coli ST131 versus non-ST131: evolution and risk factors of carriage among French children in the community between 2010 and 2015. J. Antimicrob. Chemother. 71, 2949–2956. doi: 10.1093/jac/dkw219. 

 Birgy, A., Madhi, F., Jung, C., Levy, C., Cointe, A., Bidet, P., et al. (2020). Diversity and trends in population structure of ESBL-producing Enterobacteriaceae in febrile urinary tract infections in children in France from 2014 to 2017. J. Antimicrob. Chemother. 75, 96–105. doi: 10.1093/jac/dkz423

 Blanc, V., Leflon-Guibout, V., Blanco, J., Haenni, M., Madec, J. Y., and Rafignon, G. (2014). Prevalence of day-care centre children (France) with faecal CTX-M-producing Escherichia coli comprising O25b:H4 and O16:H5 ST131 strains. J. Antimicrob. Chemother. 69, 1231–1237. doi: 10.1093/jac/dkt519

 Blanco, J., Mora, A., Mamani, R., López, C., Blanco, M., Dahbi, G., et al. (2013). Four main virotypes among extended-spectrum-β-lactamase-producing isolates of Escherichia coli O25b:H4-B2-ST131: bacterial, epidemiological, and clinical characteristics. J. Clin. Microbiol. 51, 3358–3367. doi: 10.1128/JCM.01555-13

 Blanco, M., Alonso, M. P., Nicolas-Chanoine, M. H., Dahbi, G., Mora, A., Blanco, J. E., et al. (2009). Molecular epidemiology of Escherichia coli producing extended-spectrum β-lactamases in Lugo (Spain): dissemination of clone O25b:H4-ST131 producing CTX-M-15. J. Antimicrob. Chemother. 63, 1135–1141. doi: 10.1093/jac/dkp122

 Brisse, S., Diancourt, L., Laouénan, C., Vigan, M., Caro, V., Arlet, G., et al. (2012). Phylogenetic distribution of CTX-M- and non-extended-spectrum-β-lactamase-producing Escherichia coli isolates: group B2 isolates, except clone ST131, rarely produce CTX-M enzymes. J. Clin. Microbiol. 50, 2974–2981. doi: 10.1128/JCM.00919-12

 Clermont, O., Christenson, J. K., Denamur, E., and Gordon, D. M. (2013). The clermont Escherichia coli phylo-typing method revisited: improvement of specificity and detection of new phylo-groups. Environ. Microbiol. Rep. 5, 58–65. doi: 10.1111/1758-2229.12019

 Coelho, A., Mora, A., Mamani, R., López, C., González-López, J. J., Larrosa, M. N., et al. (2011). Spread of Escherichia coli O25b:H4-B2-ST131 producing CTX-M-15 and SHV-12 with high virulence gene content in Barcelona (Spain). J. Antimicrob. Chemother. 66, 517–526. doi: 10.1093/jac/dkq491

 Dahbi, G., Mora, A., López, C., Alonso, M. P., Mamani, R., Marzoa, J., et al. (2013). Emergence of new variants of ST131 clonal group among extraintestinal pathogenic Escherichia coli producing extended-spectrum β-lactamases. Int. J. Antimicrob. Agents 42, 347–351. doi: 10.1016/j.ijantimicag.2013.06.017

 Dahbi, G., Mora, A., Mamani, R., López, C., Alonso, M. P., Marzoa, J., et al. (2014). Molecular epidemiology and virulence of Escherichia coli O16:H5-ST131: comparison with H30 and H30-Rx subclones of O25b:H4-ST131. Int. J. Med. Microbiol. 304, 1247–1257. doi: 10.1016/j.ijmm.2014.10.002

 de Toro, M., Fernández, J., García, V., Mora, A., Blanco, J., and de la Cruz, F., et al. (2017). Whole genome sequencing, molecular typing and in vivo virulence of OXA-48-producing Escherichia coli isolates including ST131 H30-Rx, H22 and H41 subclones. Sci. Rep. 21:2103. doi: 10.1038/s41598-017-12015-0

 Díaz, M.A., Hernández-Bello, J.R., Rodríguez-Baño, J., Martínez-Martínez, L., Calvo, J., Blanco, J., et al. (2010) Diversity of Escherichia coli strains producing extended-spectrum beta-lactamases in Spain: second nationwide study. J. Clin. Microbiol. 48, 2840–2845. doi: 10.1128/JCM.02147-09. 

 Findlay, J., Gould, V. C., North, P., Bowker, K. E., Williams, M. O., MacGowan, A. P., et al. (2019). Characterization of cefotaxime-resistant urinary Escherichia coli from primary care in South-West England 2017-18. J. Antimicrob. Chemother. 75, 65–71. doi: 10.1101/701383

 Flament-Simon, S. C., García, V., Duprilot, M., Mayer, N., Alonso, M. P., García-Meniño, I., et al. (2019). “High prevalence of ST131 subclades C2 and C1-M27 producing CTX-M-15 and CTX-M-27, respectively, among ESBL-producing Escherichia coli causing extraintestinal infections in Spain and France during 2015,” in 29th European Congress of Clinical Microbiology and Infectious Diseases, (Amsterdam).

 Guinée, P. A. M., Jansen, W. H., Wadström, T., and Sellwood, R. (1981). “Escherichia coli associated with neonatal diarrhoea in piglets and calves,” in Laboratory Diagnosis in Neoanatal Calf and Pig Diarrhoea. Current Topics in Veterinary and Animal Science, eds P. W. de Leeuw and P. A. M. Guinée (Leiden: Martinus Nijhoff Publishers), 126–162.

 Izdebski, R., Baraniak, A., Fiett, J., Adler, A., Kazma, M., Salomon, J., et al. (2013). Clonal structure, extended-spectrum β-lactamases, and acquired AmpC-type cephalosporinases of Escherichia coli populations colonizing patients in rehabilitation centers in four countries. Antimicrob. Agents Chemother. 57, 309–316. doi: 10.1128/AAC.01656-12

 Johnson, J. R., Johnston, B. D., Porter, S. B., Clabots, C., Bender, T. L., Thuras, P., et al. (2019). Rapid emergence, subsidence, and molecular detection of Escherichia coli sequence type 1193-fimH64, a new disseminated multidrug-resistant commensal and extraintestinal pathogen. J. Clin. Microbiol. 57:e01664–18. doi: 10.1128/JCM.01664-18

 Johnson, J. R., Porter, S., Johnston, B., Kuskowski, M. A., Spurbeck, R. R., Mobley, H. L., et al. (2015). Host characteristics and bacterial traits predict experimental virulence for Escherichia coli bloodstream isolates from patients with urosepsis. Open Forum Infect. Dis. 2:ofv083. doi: 10.1093/ofid/ofv083

 Johnson, T. J., Wannemuehler, Y., Doetkott, C., Johnson, S. J., Rosenberger, S. C., and Nolan, L. K. (2008). Identification of minimal predictors of avian pathogenic Escherichia coli virulence for use as a rapid diagnostic tool. J. Clin. Microbiol. 46, 3987–3996. doi: 10.1128/JCM.00816-08

 Kallonen, T., Brodrick, H. J., Harris, S. R., Corander, J., Brown, N. M., Martin, V., et al. (2017). Systematic longitudinal survey of invasive Escherichia coli in England demonstrates a stable population structure only transiently disturbed by the emergence of ST131. Genome Res. 27, 1437–1449. doi: 10.1101/gr.216606.116

 Leflon-Guibout, V., Jurand, C., Bonacorsi, S., Espinasse, F., Guelfi, M. C., Duportail, F., et al. (2004). Emergence and spread of three clonally related virulent isolates of CTX-M-15-producing Escherichia coli with variable resistance to aminoglycosides and tetracycline in a French geriatric hospital. Antimicrob. Agents Chemother. 48, 3736–3742. doi: 10.1128/AAC.48.10.3736-3742.2004

 Liu, C. M., Stegger, M., Aziz, M., Johnson, T. J., Waits, K., Nordstrom, L., et al. (2018). Escherichia coli ST131-H22 as a foodborne uropathogen. MBio 9:e00470–18. doi: 10.1128/mBio.00470-18

 Mamani, R., Flament-Simon, S. C., García, V., Mora, A., Alonso, M. P., López, C., et al. (2019). Sequence types, clonotypes, serotypes, and virotypes of extended-spectrum β-lactamase-producing Escherichia coli causing bacteraemia in a Spanish hospital over a 12-year period (2000 to 2011). Front. Microbiol. 10:1530. doi: 10.3389/fmicb.2019.01530

 Matsumura, Y., Pitout, J. D., Gomi, R., Matsuda, T., Noguchi, T., Yamamoto, M., et al. (2016). Global Escherichia coli sequence type 131 clade with blaCTX−M−27 gene. Emerg. Infect. Dis. 22, 1900–1907. doi: 10.3201/eid2211.160519

 Matsumura, Y., Pitout, J. D. D., Peirano, G., DeVinney, R., Noguchi, T., Yamamoto, M., et al. (2017). Rapid identification of different Escherichia coli sequence type 131 clades. Antimicrob. Agents Chemother. 61:e00179–17. doi: 10.1128/AAC.00179-17

 Merino, I., Hernández-García, M., Turrientes, M. C., Pérez-Viso, B., López-Fresneña, N., Diaz-Agero, C., et al. (2018). Emergence of ESBL-producing Escherichia coli ST131-C1-M27 clade colonizing patients in Europe. J. Antimicrob. Chemother. 73, 2973–2980. doi: 10.1093/jac/dky296

 Merino, I., Shaw, E., Horcajada, J. P., Cercenado, E., Mirelis, B., Pallarés, M. A., et al. (2016). CTX-M-15-H30Rx-ST131 subclone is one of the main causes of healthcare-associated ESBL-producing Escherichia coli bacteraemia of urinary origin in Spain. J. Antimicrob. Chemother. 71, 2125–2130. doi: 10.1093/jac/dkw133

 Naseer, U., Olsson-Liljequist, B. E., Woodford, N., Dhanji, H., Cantón, R., Sundsfjord, A., et al. (2012). Multi-locus variable number of tandem repeat analysis for rapid and accurate typing of virulent multidrug resistant Escherichia coli clones. PLoS ONE 7:e41232. doi: 10.1371/journal.pone.0041232

 Nicolas-Chanoine, M. H., Bertrand, X., and Madec, J. Y. (2014). Escherichia coli ST131, an intriguing clonal group. Clin. Microbiol. Rev. 27, 543–574. doi: 10.1128/CMR.00125-13

 Nicolas-Chanoine, M. H., Blanco, J., Leflon-Guibout, V., Demarty, R., Alonso, M. P., Caniça, M. M., et al. (2008). Intercontinental emergence of Escherichia coli clone O25:H4-ST131 producing CTX-M-15. J. Antimicrob. Chemother. 61, 273–281. doi: 10.1093/jac/dkm464

 Peirano, G., and Pitout, J. D. D. (2019). Extended-spectrum β-lactamase-producing Enterobacteriaceae: update on molecular epidemiology and treatment options. Drugs 79, 1529–1541. doi: 10.1007/s40265-019-01180-3

 Peirano, G., van der Bij, A. K., Freeman, J. L., Poirel, L., Nordmann, P., Costello, M., et al. (2014). Characteristics of Escherichia coli sequence type 131 isolates that produce extended-spectrum β-lactamases: global distribution of the H30-Rx sublineage. Antimicrob. Agents Chemother. 58, 3762–3767. doi: 10.1128/AAC.02428-14

 Peirano, G., van der Bij, A. K., Gregson, D. B., and Pitout, J. D. (2012). Molecular epidemiology over an 11-year period (2000 to 2010) of extended-spectrum β-lactamase-producing Escherichia coli causing bacteremia in a centralized Canadian region. J. Clin. Microbiol. 50, 294–299. doi: 10.1128/JCM.06025-11

 Petty, N. K., Ben Zakour, N. L., Stanton-Cook, M., Skippington, E., Totsika, M., and Forde, B. M. (2014). Global dissemination of a multidrug resistant Escherichia coli clone. Proc. Natl. Acad. Sci. U.S.A. 111, 5694–5699. doi: 10.1073/pnas.1322678111

 Price, L. B., Johnson, J. R., Aziz, M., Clabots, C., Johnston, B., Tchesnokova, V., et al. (2013). The epidemic of extended-spectrum-β-lactamase-producing Escherichia coli ST131 is driven by a single highly pathogenic subclone, H30-Rx. MBio 4:e00377–13. doi: 10.1128/mBio.00377-13

 Robin, F., Beyrouthy, R., Bonacorsi, S., Aissa, N., Bret, L., Brieu, N., et al. (2017). Inventory of extended-spectrum-β-lactamase-producing Enterobacteriaceae in France as assessed by a multicenter study. Antimicrob. Agents Chemother. 61:e01911–16. doi: 10.1128/AAC.01911-16

 Roer, L., Hansen, F., Thomsen, M. C. F., Knudsen, J. D., Hansen, D. S., Wang, M., et al. (2017). WGS-based surveillance of third-generation cephalosporin-resistant Escherichia coli from bloodstream infections in Denmark. J. Antimicrob. Chemother. 72, 1922–1929. doi: 10.1093/jac/dkx092

 Roer, L., Johannesen, T. B., Hansen, F., Stegger, M., Tchesnokova, V., Sokurenko, E., et al. (2018). CHTyper, a web tool for subtyping of extraintestinal pathogenic Escherichia coli based on the fumC and fimH alleles. J. Clin. Microbiol. 56:e00063–18. doi: 10.1128/JCM.00063-18

 Sauget, M., Cholley, P., Vannier, A., Thouverez, M., Nicolas-Chanoine, M. H., Hocquet, D., et al. (2016). Trends of extended-spectrum β-lactamase-producing Escherichia coli sequence type 131 and its H30 subclone in a French hospital over a 15-year period. Int. J. Antimicrob. Agents. 48, 744–747. doi: 10.1016/j.ijantimicag.2016.09.023

 Singer, R. S. (2015). Urinary tract infections attributed to diverse ExPEC strains in food animals: evidence and data gaps. Front. Microbiol. 6:28. doi: 10.3389/fmicb.2015.00028

 Spurbeck, R. R., Dinh, P. C. Jr., Walk, S. T., Stapleton, A. E., Hooton, T. M., Nolan, L. K., et al. (2012). Escherichia coli isolates that carry vat, fyuA, chuA, and yfcV efficiently colonize the urinary tract. Infect. Immun. 80, 4115–4122. doi: 10.1128/IAI.00752-12

 Surgers, L., Boersma, P., Girard, P. M., Homor, A., Geneste, D., Arlet, G., et al. (2019). Molecular epidemiology of ESBL-producing E. coli and K. pneumoniae: establishing virulence clusters. Infect. Drug Resist. 12, 119–127. doi: 10.2147/IDR.S179134

 Tchesnokova, V. L., Rechkina, E., Larson, L., Ferrier, K., Weaver, J. L., Schroeder, D. W., et al. (2019). Rapid and extensive expansion in the United States of a new multidrug-resistant Escherichia coli clonal group, sequence type 1193. Clin. Infect. Dis. 68, 334–337. doi: 10.1093/cid/ciy525

 Valenza, G., Werner, M., Eisenberger, D., Nickel, S., Lehner-Reindl, V., Höller, C., et al. (2019). First report of the new emerging global clone ST1193 among clinical isolates of extended-spectrum β-lactamase (ESBL)-producing Escherichia coli from Germany. J. Glob. Antimicrob. Resist. 17, 305–308. doi: 10.1016/j.jgar.2019.01.014

 Vincent, C., Boerlin, P., Daignault, D., Dozois, C.M., Dutil, L., Galanakis, C., et al. (2010). Food reservoir for Escherichia coli causing urinary tract infections. Emerg. Infect. Dis. 16, 88–95. doi: 10.3201/eid1601.091118

 Weissman, S. J., Johnson, J. R., Tchesnokova, V., Billig, M., Dykhuizen, D., Riddell, K., et al. (2012). High-resolution two-locus clonal typing of extraintestinal pathogenic Escherichia coli. Appl. Environ. Microbiol. 78, 1353–1360. doi: 10.1128/AEM.06663-11

 Wirth, T., Falush, D., Lan, R., Colles, F., Mensa, P., Wieler, L. H., et al. (2006). Sex and virulence in Escherichia coli: an evolutionary perspective. Mol. Microbiol. 60, 1136–1151. doi: 10.1111/j.1365-2958.2006.05172.x

 Wu, J., Lan, F., Lu, Y., He, Q., and Li, B. (2017). Molecular characteristics of ST1193 clone among phylogenetic group B2 non-ST131 fluoroquinolone-resistant Escherichia coli. Front. Microbiol. 8:2294. doi: 10.3389/fmicb.2017.02294

 Xia, S., Fan, X., Huang, Z., Xia, L., Xiao, M., Chen, R., et al. (2014). Dominance of CTX-M-type extended-spectrum β-lactamase (ESBL)-producing Escherichia coli isolated from patients with community-onset and hospital-onset infection in China. PLoS ONE 9:e100707. doi: 10.1371/journal.pone.0100707

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Flament-Simon, García, Duprilot, Mayer, Alonso, García-Meniño, Blanco, Blanco, Nicolas-Chanoine and Blanco. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcimb-10-00125-t003.jpg
Clones (no. of isolates
from Spain and France)

A-CH11-54-ST10 (5/1)
A-CH11-negative-ST167 (2/1)
A-CH11-54-ST744 (1/2)
A-CHE9-54-ST361 (2/1)
B1-CH4-82-ST58 (1/1)
B1-CH6-31-ST453 (0/2)
B2-CH38-15-ST95 (0/2)
B2-CH38-294-ST95 (0/2)
B2-CH40-30-ST131 (30/43)
B2-CH40-35-ST131 (2/0)
B2-CH40-41-ST131 (1/3)
B2-CH14-27-ST404 (1/1)
B2-CH14-64-ST1193 (1/1)
C-CH4-35-ST23 (1/2)
C-CH4-41-ST88 (0/2)
C-CH4-303-ST88 (0/2)
C-CH4-142-ST90 (2/0)
C-CH4-24-ST410 (6/0)
C-CH263-32-ST1615 (6/0)
E-CH26-negative-ST38 (0/3)
E-CH37-27-ST405 (1/1)
F-CH88-58-ST354 (5/0)
F-CH4-171-ST648 (2/0)

ESBL enzymes

CTX-M-14 (4), SHV-12 )
CTX-M-143)

CTX-M-15 (2), CTX-M-55 (1)

CTX-M-15 (3)

CTX-M-1 (1), CTX-M-82 (1)

CTXM-1 2)

CTX-M-14(2)

CTX-M-15 (2)

CTX-M-15 (56), CTX-M-27 (16), CTX-M-14 (1)
CTX-M-15 (2)

CTX-M-1 (2), CTX-M-15 (1), CTX-M-27 (1)
CTX-M-14(2)

CTX-M-14 (1), CTX-M-27 (1)

CTX-M-1 (2), SHV-12 (1)

CTX-M-1 (1), CTX-M-14 (1)

CTXM-1 (2)

CTX-M-1 (1), CTX-M-15 and CTX-M-27 (1)
CTX-M-14 (3), CTX-M-15 (3)

CTX-M-14 (6)

CTX-M-15 (1), CTX-M-27 (2)

CTX-M-14 (1), CTX-M-15 (1)

CTX-M-14 3), SHV-12 )

CTX-M-15 (2)

Serotypes

0B:HNM (1), O101:HNT (2), ONT:HNM (3)
O101:HNM (2), 0101:H25 (1)

ONTH (1), ONTHNM (2)

O9:HNM (3)

09:H25 (1), ONTHNM (1)

023:HNM (1), ONTHNM (1)

O18:HT (2)

O18H7 (2)

025:H4 (69), O14:H4 (1), ONT:H4 (3)
025:H4 (2)

O16:H5 (3), O153:H5 (1)

O75:HNM (2)

O75:HNM (2)

O55:H9 (1), O78:HNM (2)

O8:HNM (1), O86:HNT (1)

O9H17 (2)

08:H9 (2)

O9:HNM (2), 020:H9 (3), ONTHNM (1)
O11:HO (3), O153:HO (1), ONTHO (2)
086:H18 (3)

0102:H4 (1), O102:HNM (1)

O1:H34 (1), O1:HNM (1), O11:H4 (2), O153:HNT (1)
045:H45 (2)

ExPEC UPEC APEC

O O N R =

O~ 0 WO OoOONN=NN®N

MM o oo oo o

oMo OOOOOOCONNNN

OO0 O0OO0O0ONONMOOOOCONNEMNOO O N





OPS/images/fcimb-10-00125-t004.jpg
Genes
Total ST181
(n=188) Cluster
c1-M27
(n=16)
Adhesin
fimH 180 (95.7) 16 (100)
fimAvrrs 27 (14.4) 0
papAH 50(26.6) 0
papC 51(7.1) 0
papEF 52(27.7) 0
sfa/focDE 10(6.3) 0
afa/draBC 20(10.6) 0
yieV 104 (65.3) 16 (100)
Toxin
sat 82(43.6) 15 (93.8)
enft 25(13.9) 0
hiyA 25(13.3) 0
hiyF 31(165) 0
catB 5@.7) 0
tsh 12 (6.4) 0
vat 179 0
Iron uptake
iucD 182 (70.2 15 (93.8)
utA 134 (71.3) 15(93.8)
iroN 32(17) 0
fuA 128 (68.1) 16 (100)
chuA 121 (64.4) 16 (100)
Capsule
kosM Il 106 (56.4) 15(93.8)
KpsM I1-K2 13(69) 0
kpsM II-K5 83 (44.1) 15(93.8)
neuC-K1 10(6.3) 0
KosM Il 2(1.1) 0
Miscellaneous
cvaC 21(11.2) 0
iss 23(12.2) 0
traT 139 (73.9) 13 (813)
ibeA 12 (6.4) 0
malX 113 (60.1) 16 (100)
usp 101 (53.7) 16 (100)
ompT 126 (67) 16 (100)
EXPEC status 108 (57.4) 15(93.8)
UPEC status 99 (52.7) 16 (100)
APEC status 24(12.8) 0

“P-values (by Fisher's exact test) are shown where P < 0.05.
Significant differences are indicated in bold.

No. (%) of isolates

ST131
Subclade C2
(n=52)

52 (100)
0

30 (57.7)

30 (57.7)

31 (59.6)
0

10(19.2)

52 (100)

50(96.2)
17 (32.7)
17 32.7)
0
10.9)
0
0

50(96.2)
50(96.2)
0
52 (100)
52 (100)

49.(94.2)
7(13.5)
42 (80.8)
0
o

0
0
42(808)
0
52 (100)
52 (100)
52 (100)
50(96.2)
52 (100)
0

ST134
(=19

79(100)
o
31(39.2)
31(39.2)
32 (40.5)
0
15 (19.0)
77 (97.5)

74(93.7)
18 (22.8)
18 (228)
0
101.8)
0
0

74(93.7)
74.(93.7)
0
79 (100)
79 (100)

73 (92.4)
11(13.9)
62(78.5)
0
0

0
0
64(81)
o
79 (100)
79 (100)
79 (100)
73 (92.4)
77(97.5)
o

Non-ST431
(n=109)

101 (92.7)
27 (24.8)
19 (17.4)
20(183)
20(18.3)
10(9.2)
5(4.6)
27 (24.8)

8(73)
7(6.4)
7(64)

31 (28.4)
4@7)
12(11)

17 (156)

58(53.2)
60/(55)
32(29.4)
49 (45)
42(38.5)

33(303)
2(1.9
21(19.3)
10(9.2)
2(1.8

21(19.3)
23 (21.1)
75(68.8)
12 (11)
34(312)
22(20.2)
47 (43.1)
35(32.1)
22(202)
24 (22)

P-value®

ci-m27
vs.
c2

<0.00001
<0.00001
<0.00001

0.0049
0.0049

P-value®

ST131
vs.
non-ST131

<0.00001
0.0008
0.0013
0.0007
0.0036
0.0018

<0.00001

<0.00001
<0.00001
<0.00001
<0.00001

0.0011
0.00005

<0.00001
<0.00001
<0.00001
<0.00001
<0.00001

<0.00001
0.0015

<0.00001
0.0036

<0.00001
<0.00001
0.0422
0.0011
<0.00001
<0.00001
<0.00001
<0.00001
<0.00001
<0.00001





OPS/xhtml/Nav.xhtml




Contents





		Cover



		High Prevalence of ST131 Subclades C2-H30Rx and C1-M27 Among Extended-Spectrum β-Lactamase-Producing Escherichia coli Causing Human Extraintestinal Infections in Patients From Two Hospitals of Spain and France During 2015



		Introduction



		Materials and Methods



		Results



		Types of ESBL Enzymes



		Phylogenetic Groups



		Sequence Types



		Clonotypes, Clades and Subclades of ST131 Isolates



		Clones



		Serotypes



		Virulence Factor (VF)-Encoding Genes







		Discussion



		Conclusions



		Data Availability Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Cellular and Infection Microbiology

High Prevalence of ST131 Subclades
C2-H30Rx and C1-M27 Among
Extended-Spectrum
B-Lactamase-Producing Escherichia
coli Causing Human Extraintestinal
Infections in Patients From Two
Hospitals of Spain and France
During 2015





OPS/images/fcimb-10-00125-t001.jpg
Characteristic

No. (%) of isolates

Lucus augusti hospital,  Beaujon hospital,
Spain (n = 92) France (n = 96)
ESBL enzyme
CTX-M-1 7(7.6) 20 (20.8)
CTX-M-14 29 (31.5) 10 (10.4)
CTX-M-15 41(44.6) 48 (50.0)
CTX-M-27 6(65) 15 (15.6)
CTX-M-32 222) [
CTX-M-55 0 1(1.0)
SHV-12 8(8.7) 3@.1)
Phylogenetic group
A 18 (19.6) 9(9.4)
B1 7(7.6) 11(11.5)
B2 38(41.3) 57 (59.4)
c 16 (17.4) 6(63)
D 101.1) 2(2.1)
E 222) 8(83)
F 10 (10.9) 3@.1)
ST131
Total 33(39.1) 46 47.9)
Clade A 101.1) 3(.1)
Subolade C1 5(5.4) 11(11.5)
Cluster C1-
M27
Subclade C1 0 6(6.3)
Cluster non-
ci-m27
Subclade C2 27 (20.3) 25 (26.0)
Clade-Not 0 1(1.0)
typeable
Clonotype 30(32.6) 43 (44.8)
CH40-30
Clonotype 2@22) 0
CH40-35
Clonotype 11.1) 3@.1)
CH40-41
Virotype A 7(7.6) 1(1.0)
Virotype C1 11.1) 1(1.0)
Virotype G2 10(10.9) 15 (15.6)
Virotype C3 [ 2@.1)
Virotype E 10(109) 8(83)
Virotype F 383 11(11.5)
Virotype 101.1) 6(63)
Adlike
Virotype E-like 101.1) 0
Virotype-not 101.1) 2@.1)
typeable
Other ST*
ST10 6(6.5) 2(.1)
sT23 101.1) 2@.1)
sT38 0 4(42)
ST58 2@22) 1(1.0)
sT88 101.1) 4(42)
ST95 0 4(42)
STi67 2@22) 1(1.0)
ST354 5(5.4) 0
ST361 222 1(1.0)
ST410 6(6.5) 0
sT648 333 1(1.0)
ST744 101.1) 22.1)
ST1615 6(6.5) 0

2Represented by at least 3 isolated.
Significant differences are indicated in bold.

P-value

0.008
0.0003

0.0389

0.0367

0.0007
0.0151

0.0341

0.0164

0.0280

0.0293

0.0265

0.0126

00126





OPS/images/fcimb-10-00125-t002.jpg
ESBL enzyme
(no. of isolates)

CTX-M-1 (27)

CTX-M-14 (39)

CTX-M-15 (89)

CTX-M-27 (21)
CTX-M-32 (2)
CTX-M-55 (1)
SHV-12 (1)

Phylogenetic groups

A@3),B1(11),B2@),C
(6),D (1), E@), F (1)

A(8),B1(4),B2(10), C
(1), E@),F(4)

A(11), B2 (64), C (4), D
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Al
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The most frequent STs are indicated in bold.

Sequence types

ST10 (1), ST23 (2), ST34 (1), STS8 (1), ST69 (1), ST88 (3), STIO (1), ST131 (2), STIS5 (1), ST162
(1), ST205 (1), ST224 (1), ST453 (2), ST1266 (1), ST1431 (1), ST2067 (1), ST2558 (1), ST2766
(1), ST3778 (1), STB152 (1), ST new 2-6057like (1), ST new 3-1268like (1)

ST10 (4), ST12 (1), ST59 (1), ST73 (1), ST88 (2), ST93 (1), STYS (2), ST131 (1), ST167 (3), ST354
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ST1193 (1), ST1615 (6), ST5528 (1), ST10328 (1)

ST4 (1), ST34 (1), ST38 (2), ST44 (1), ST69 (1), STI0 (1), STS (2), ST127 (1), ST131 (59), ST141
(1), ST358 (1), ST361 (3), ST405 (1), ST410 (3), ST540 (1), ST648 (4), ST744 (2), ST1284 (1),
ST2279 (1), ST3075 (1), ST5214 (1)

ST131 (17), ST38 (2), ST9O (1), ST1193 (1)

STS8 (2)

ST744 (1)

ST10 (2), ST28 (1), ST117 (1), ST156 (1), ST354 (2), ST1485 (1), ST3778 (1), ST new 1-10 like (2)
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