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Asymptomatic colonization of the intestinal compartment with 
ESBL-producing Enterobacteriaceae isolates (ESBLE) has been 
described previously [1-4]. Higher prevalence of ESBL-producing 
E. coli fecal carriage has been reported in the nosocomial setting
than in the community. Patients of medical units with high levels
of antibiotic consumption have also shown higher rates of ESBL
colonization. Similarly nursing homes and residents of health care or
skilled care facilities, also have high rates of colonization with multi
resistant pathogens, including ESBL producers, than that among true
community patients or healthy volunteers [5,6]. Studies have shown
that ESBL producing uropathogens have their reservoir in the digestive
tract [6]. ESBL producing E. coli cause clinically significant hospital
associated infections and are also known to cause community acquired
infections due to selective pressure owing to widespread use of third
generation cephalosporin. Community acquired infections due to
ESBLE has been reported from studies from Europe and India [1,7].
Previous studies have documented 2-5 years of ESBL digestive carriage
[1,7]. Finally hospitalization of carriers increases the risk of infection
for other hospitalized patients via cross infection [8]. Patients with fecal
carriage of ESBLE isolates have been investigated previously during
nosocomial outbreaks, but the number of prospective longitudinal
studies conducted in the community remains scarce. Previous studies
have suggested that ESBL phenotypes in clinical isolates co vary with
the percentage of healthy fecal carriers of ESBLE.

In Barcelona, Spain a study carried out in the stools revealed that the 
incidence of strains of E. coli producing ESBLs, in hospitalized patient 
was 7.5% while healthy volunteers showed a prevalence of 3.7% (4/108). 
Few retrospective studies have suggested foreign travel to countries 
with high prevalence of ESBLE as a risk factor for acquisition [9,10]. 
Moreover, the community can be a reservoir of ESBLs not yet detected 
in clinical isolates. Studies have reported a strong association between 
travel to Asia, Africa and Middle East with high risk of colonization 
with ESBLE (32% and 29% respectively). Gastroenteritis during travel 
has been strongly associated with acquisition of ESBLE, which may 
be due to exposure of contaminated food and water containing both 
diarrogenic and ESBL producing E. coli strains. Prats et al. [11] studied 
stool samples during an outbreak of acute gastroenteritis involving 
>100 patients and found CTX-M-9 producing E. coli in 11 patients with
same clone present in 7 patients. They concluded that common source
exposure such as food and water was linked to dissemination of ESBL
positive E. coli strains [11]. Person to person transfer of ESBLE has
also been documented within travel groups or families. Prevalence of
fecal carriage was found to be higher in patients with traveler’s diarrhea
when they visited countries outside Europe. Rates of fecal carriage of
ESBLE in healthy individuals has been estimated to be 10% in Asia,
5.5% in Spain and 13.2 in Saudi Arabia [12].

Two studies describing the spread of community-acquired bacteria 
producing CTX-M β-lactamases have recently appeared from UK 
[13,14]. In one, ESBL-producing Enterobacteriaceae were detected 
from the fecal flora of community and hospital-based patients from 
York [13]. The second study from the UK was undertaken by Woodford 
et al. who investigated 291 CTX-M-producing E. coli from 42 centers 
[14]. The community isolates (24% of the 291) were mainly from 

urines and produced CTX-M-15 associated with the mobile element 
ISEcp1 or CTX-M-9. The CTX-M enzymes usually have 4-16 fold more 
activity against cefotaxime than ceftazidime but some of them, such 
as CTX-M-15 and 19, also hydrolyze ceftazidime efficiently [15,16]. 
CTX-M15 was first described in India in 2001 and Indian population 
is a significant reservoir of CTX-M-15 [15]. ISEcp1 is seen with CTXM 
14 and CTXM15 producing isolates [13]. Ability of ISEcp1 to mobilize 
and promote expression of CTX-M15 is a significant factor in rapid 
spread. The SENTRY and MYSTIC 2006 studies showed all Indian 
CTX-M to be CTX-M-15 type which is the only CTX-M type dominant 
in this region. A Spanish study from 2002 isolated E. coli producing 
CTX-M-14 β-lactamases from the urines of seven patients with UTIs 
who had never been admitted to a hospital [17]. High prevalence of 
CTX-M-15 has been reported in a Swedish study on fecal carriage of 
ESBLE in travelers. They also reported that all Indian ESBL isolates 
acquired by them were CTX-M-15.

The emergence of CTX-M type enzyme as the predominant ESBL 
E. coli in faecal carriers is not an isolated phenomenon [3,14,18,19].
Pitout [10] who found two closely related restriction patterns among 67
(77%) CTX-M-14 producers those were responsible for a community-
wide clonal outbreak of UTIs during 2000 and 2001. However, studies
from Spain and the UK, also using PFGE, showed that most E. coli
producing CTX-M enzymes from the community were not clonally
related. However, the UK study did suggest some evidence of genetic
relatedness among strains producing CTX-M-15 [14]. E. coli producing
CTX-M β-lactamases seem to be true community ESBL-producers and
the current emergence and spread of these bacteria is intriguing but
worrying. Several factors like plasmids, insertion sequence, transposon
and integrons are involved in the mobilization of CTX-M gene [14,3].

It is also noteworthy that most of the CTX-M-15-producing strains 
were multiresistant to fluoroquinolones, trimethoprim, tetracycline 
and aminoglycosides [14]. ESBLs are often encoded by genes 
located on large plasmids and these also carry genes for resistance 
to other antimicrobial agents such as aminoglycosides, trimethoprim, 
sulphonamides, tetracyclines and chloramphenicol [20]. Multidrug 
resistance profiles involving non-β-lactamase antibiotics in ESBL-
producing isolates may also contribute to the increase in colonization 
pressure. Fluoroquinolone resistance is becoming a common feature 
rather than an exception in ESBL-producing isolates. Recent studies 
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have demonstrated co-transfer of the qnr determinant on ESBL-
producing plasmids conferring resistance to nalidixic acid with reduced 
susceptibility to fluoroquinolones [21,22]. A population based study 
from Canada showed that ciprofloxacin resistance was independently 
associated with the presence of CTX-M β-lactamase and these strains 
commonly caused community onset urinary tract infections [23]. 

Among the SENTRY 2006 and MYSTIC 2006 clinical ESBL isolates 
from India fluroquinolone resistance was 96% and 94% respectively. 
All CTX-M-15 ESBL isolates were resistant to fluroquinolone. Other 
studies have also shown that all E. coli producing CTX-M-15 were 
resistant to ciprofloxacin [13]. Previous fluoroquinolone use has been 
demonstrated to be a risk factor for the acquisition of ESBL-producing 
isolates, particularly isolates producing the CTX-M-type enzymes in the 
community setting. Plasmid mediated Quinolone (qnr) resistance is on 
the rise, in fact qnrB plasmids was reported from Indian isolates carried 
blaCTX-M-15 and SHV-12 [24]. Other antimicrobial agents such as 
trimethoprim–co-trimoxazole or tetracyclines may also contribute to 
the acquisition of ESBL-producing isolates. Thus, very broad antibiotic 
resistance extending to multiple antibiotic classes is now a frequent 
characteristic of ESBLE isolates. 

In summary, asymptomatic colonization of the intestinal 
compartment with ESBLE isolates, is considered a prerequisite for 
infection. This increase was associated with the predominance of ESBLs 
with CTX-M-type enzymes. The association of CTX-M β-lactamase-
encoding genes with mobile elements such as ISEcp1, could explain 
the ease with which these enzymes are spreading among bacteria in 
the community setting. Travel to countries with high rates of ESBLE 
has also been associated with intestinal colonization with these isolates. 
The importance of the detection of carriers of antimicrobial resistant 
bacteria has recently been highlighted not only in patient populations 
but also in healthy people [1-3]. The increase in the proportion of 
carriers in the community increases the risk that other individuals will 
become carriers as a consequence of human-to-human transmission of 
resistant bacteria or through the environment, enriching the resistance 
gene pool and thus facilitating the acquisition of resistance mechanisms 
by susceptible bacteria. Several investigations have illustrated those 
animals might represent a possible source for the dissemination of ESBL 
encoding genes to humans. The evidence of CTX-M-producing isolates 
in cattle, poultry, and dogs and cats is worrying since food-producing 
animals and domestic pets might act as reservoir for the acquisition of 
resistant organisms.

References

1. Arpin C, Dubois V, Maugein J, Jullin J, Dutilh B, et al. (2005) Clinical and 
molecular analysis of extended-spectrum {beta}-lactamase-producing 
Enterobacteriaceae in the community setting. J Clin Microbiol 43: 5048-5054.

2. Miró E, Mirelis B, Navarro F, Rivera A, Mesa RJ, et al. (2005) Surveillance of 
extended-spectrum beta-lactamases from clinical samples and faecal carriers 
in Barcelona, Spain. J Antimicrob Chemother 56: 1152-1155. 

3. Valverde A, Coque TM, Sa´nchez-Moreno MP, Rollan A, Baquero F, et al. 
(2004) Dramatic increase in prevalence of fecal carriage of extended-spectrum 
blactamase-producing Enterobacteriaceae during nonoutbreak situations in 
Spain. J Clin Microbiol 42: 4769–4775.

4. Brin˜as L, Zarazaga M, Saenz Y, Ruiz-Larrea F, Torres C (2002) Beta-
lactamases in ampicillin-resistant Escherichia coli isolates from foods, humans, 
and healthy animals. Antimicrob Agents Chemother 46: 3156-3163.

5. Kassis-Chikhani N, Vimont S, Asselat K, Trivalle C, Minassian B, et al. (2004) 
CTX-M β-lactamase producing Escherichia coli in long-term care facilities, 
France. Emerg Infect Dis 10: 1697-1698.

6. Bradford PA, Urban C, Jaiswal A, Mariano N, Rasmusssen BA, et al. (1995) 
SHV-7, a novel cefotaxime-hydrolyzing β-lactamase, identified in Escherichia 

coli isolates from hospitalized nursing home patients. Antimicrob Agents 
Chemother 39: 899-905.

7. Arpin C, Rogues AM, Kabouche S, Boulard G, Quesnel C, et al. (2000) 
Prospective survey of colonization and infection caused by SHV-4 producing 
Klebsiella pneumoniae in a neurosurgical intensive care unit. Epidemiol Infect 
124: 401-408.

8. Bonten MJ, Slaughter S, Ambergen AW, Hayden MK, van Voorhis J, et al. 
(1998) The Role of “Colonization Pressure” in the Spread of Vancomycin-
Resistant Enterococci: An Important Infection Control Variable. Arch Intern Med 
158: 1127-1132.

9. Freeman JT, McBride SJ, Heffernan H, Bathgate T, Pope C, et al. (2008) 
Community-onset genitourinary tract infection due to CTX-M-15-producing 
Escherichia coli among travelers to the Indian subcontinent in New Zealand. 
Clin Infect Dis. 47: 689-692.

10. Laupland KB, Church DL, Vidakovich J, Mucenski M, Pitout JD (2008) 
Community-onset extended-spectrum beta-lactamase (ESBL) producing 
Escherichia coli: importance of international travel. J Infect 57: 441-448.

11. Prats G, Mirelis B, Miro E, Navarro F, Llovet T, et al. (2003) Cephalosporin-
resistant Escherichia coli among summer camp attendees with salmonellosis. 
Emerg Infect Dis 9: 1273-1280.

12. Tängdén T, Cars O, Melhus A, Löwdin E (2010) Foreign travel is a major risk 
factor for colonization with Escherichia coli producing CTX-M-type extended-
spectrum beta-lactamases: a prospective study with Swedish volunteers. 
Antimicrob Agents Chemother 54: 3564-3568.

13. Munday CJ, Whitehead GM, Todd NJ, Campbell M, Hawkey PM (2004) 
Predominance and genetic diversity of community- and hospital-acquired 
CTX-M extended-spectrum beta-lactamases in York, UK. J Antimicrob 
Chemother 54: 628-633. 

14. Woodford N, Ward ME, Kaufmann ME, Turton J, Fagan EJ, et al. (2004) 
Community and hospital spread of Escherichia coli producing CTX-M extended-
spectrum beta-lactamases in the UK. J Antimicrob Chemother 54: 735–743.

15. Karim A, Poirel L, Nagarajan S, Nordmann P (2001) Plasmid-mediated extended 
spectrum β-lactamase (CTX-M-3 like) from India and gene association with 
insertion sequence ISEcp1. FEMS Microbiol Lett 201: 237-241.

16. Poirel L, Naas T, Le Thomas I, Karim A, Bingen E, et al. (2001) CTX-M-type 
extended spectrum beta-lactamase that hydrolyzes ceftazidime through a 
single amino acid substitution in the omega loop. Antimicrob Agents Chemother 
45: 3355–3361.

17. Bou G, Cartelle M, Tomas M, Canle D, Molina F, et al. (2002) Identification and 
broad dissemination of the CTX-M-14 β-lactamase in different Escherichia coli 
strains in the northwest area of Spain. J Clin Microbiol 40: 4030–4036.

18. Rodriguez-Bano J, Navarro MD, Romero L, Martinez ML, Miguel M, et al. 
(2004) Epidemiology and clinical features of infections caused by extended-
spectrum β-lactamase-producing Escherichia coli in nonhospitalized patients. 
J Clin Microbiol 42: 1089-1094.

19. Mirelis B, Navarro F, Miro´ E, Misa RJ, Coll P, et al. (2003) Community 
transmission of extended-spectrum β-lactamase. Emerg Infect Dis 9: 1024-
1025.

20. Paterson DL (2000) Recommendation for treatment of severe infections caused 
by Enterobacteriaceae producing extended-spectrum β-lactamases (ESBLs). 
Clin Microbiol Infect 6: 460-463.

21. Mammeri H, Van De Loo M, Poirel L, Martinez-Martinez L, Nordmann P (2005) 
Emergence of plasmid mediated quinolone resistance in Escherichia coli in 
Europe. Antimicrob Agents Chemother 49: 71-76.

22. Wang M, Sahm DF, Jacoby GA, Hooper DC (2004) Emerging plasmid-mediated 
quinolone resistance associated with the qnr gene in Klebsiella pneumoniae 
clinical isolates in the United States. Antimicrob Agents Chemother 48: 1295-
1299.

23. Pitout JD, Hanson ND, Church DL, Laupland KB (2004) Population-based 
laboratory surveillance for Escherichia coli-producing extended-spectrum 
β-lactamases: importance of community isolates with blaCTX-M genes. Clin 
Infect Dis 38: 1736-1741.

24. Jacoby GA, Walsh KE, Mills DM, Walker VJ, Oh H, et al. (2006) qnrB, another 
plasmid-mediated gene for quinolone resistance. Antimicrob Agents Chemother 
50: 1178-1182.

http://www.ncbi.nlm.nih.gov/pubmed/16207960
http://www.ncbi.nlm.nih.gov/pubmed/16244084
http://www.ncbi.nlm.nih.gov/pubmed/15472339
http://www.ncbi.nlm.nih.gov/pubmed/12234838
http://wwwnc.cdc.gov/eid/article/10/9/03-0969_article.htm
http://www.ncbi.nlm.nih.gov/pubmed/7785992
http://www.ncbi.nlm.nih.gov/pubmed/7785992
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2810925/
http://www.ncbi.nlm.nih.gov/pubmed/9605785
http://cid.oxfordjournals.org/content/47/5/689.full
http://www.ncbi.nlm.nih.gov/pubmed/18990451
http://www.ncbi.nlm.nih.gov/pubmed/14609463
http://aac.asm.org/content/54/9/3564.abstract
http://www.ncbi.nlm.nih.gov/pubmed/15294889
http://www.ncbi.nlm.nih.gov/pubmed/15347638
http://www.ncbi.nlm.nih.gov/pubmed/11470367
http://www.ncbi.nlm.nih.gov/pubmed/11709308
http://www.ncbi.nlm.nih.gov/pubmed/12409370
http://jcm.asm.org/content/42/3/1089
http://wwwnc.cdc.gov/eid/article/9/8/03-0094_article.htm
http://www.ncbi.nlm.nih.gov/pubmed/11168179
http://www.ncbi.nlm.nih.gov/pubmed/15616277
http://www.ncbi.nlm.nih.gov/pubmed/15047532
http://www.ncbi.nlm.nih.gov/pubmed/15227620
http://www.ncbi.nlm.nih.gov/pubmed/16569827

	Title
	Corresponding author
	References



