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a  b s t r  a  c t

Enterobacteria-producing extended-spectrum �-lactamases (ESBL) play an important role

in  healthcare infections, increasing hospitalization time, morbidity and mortality rates.

Among several ESBLs that emerge from these pathogens, CTX-M-type enzymes had the

most  successful global spread in different epidemiological settings. Latin America presents

high prevalence of CTX-M-2 in ESBL-producing enterobacterial infections with local emer-

gence  of the CTX-M-1 group. However, this high prevalence of the CTX-M-1 group has not

yet  been reported in Chile. The aim of this study was to identify ESBLs among enterobacte-

ria isolated from clinical samples of critically ill  patients from southern Chile. One-hundred

thirty  seven ESBL-producing bacteria were isolated from outpatients from all critical patient

units from Hernán Henríquez Aravena Hospital. Phenotype characterization was performed

by antibiogram, screening of ESBL, and determination of minimum inhibitory concentra-

tion (MIC). PCR was used for genetic confirmation of resistance. Molecular typing was

performed by ERIC-PCR. ESBL-producing isolates were identified as  Klebsiella pneumoniae

(n  = 115), Escherichia coli (n = 18), Proteus mirabilis (n = 3), and Enterobacter cloacae (n = 1),  pre-

senting multidrug resistance profiles. PCR amplification showed that the strains were

positive  for blaSHV (n = 111/81%), blaCTX-M-1 (n = 116/84.7%), blaTEM (n =  100/73%), blaCTX-

M-2  (n = 28/20.4%), blaCTX-M-9 (0.7%), blaPER-1 (0.7%), and blaGES-10 (0.7%). The multiple

production of ESBL was observed in 93% of isolates, suggesting high genetic mobility inde-

pendent of the clonal relationship. The high frequency of the CTX-M-1 group and a  high
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rate of ESBL co-production are changing the  epidemiology of the ESBL profile in Chilean

intensive care  units. This epidemiology is a  constant and increasing challenge, not only in

Chile, but worldwide.

©  2019 Sociedade Brasileira de Infectologia. Published by Elsevier España, S.L.U. This is

an  open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

The massive use of expanded-spectrum cephalosporins in the

treatment of infections caused by enterobacteriaceae,  generated

a selective pressure, followed by the rapid emergence of new

�-lactamases that are able to  degrade and confer resistance to

these compounds, named extended-spectrum �-lactamases

(ESBLs).1 Infections by these enterobacteria resistant to third-

generation cephalosporins are a high concern in  intensive

care units.2–5 Regional and multicenter studies carried out by

epidemiological surveillance programs have highlighted the

participation of ESBL-producing enterobacteria as a clinical

and epidemiological emergency. This is due to an  increasing

prevalence of these resistant isolates of clinical origin in recent

years in different parts of the  world.6,7 In Latin America, the

prevalence of ESBL-producing bacteria is  53% among Klebsiella

pneumoniae and 25% in  Escherichia coli.7,8 However, in Chile, the

incidence of K. pneumoniae strains resistant to third generation

cephalosporins mediated by ESBLs is around 60%.9,10

ESBLs like TEM, SHV, and CTX-M are the main �-

lactamases, especially CTX-M with an emergence prevalence

reaching rates of over 85% in  some regions of the world.11,12

The CTX-M-1 group is  one of the most prevalent CTX-M groups

in Europe and North America, spreading worldwide.13,14

Although the prevalence of this group has increased in the

last years in Latin America,15,16 the CTX-M-2 group remains

the main enzyme group reported in the region.9,11,17 Relatively

little is known about the  spread of these enzymes in  health-

care facilities in Chile,18,19 especially in critically ill  patient

units, because there are no nationwide surveillance programs

for this bacterial resistance mechanism.

In intensive care units, knowledge of the epidemiology,

spectrum, and nature of infections, along with the  suscep-

tibilities of the causative organism, are extremely valuable

for  efficient and opportune treatment of several infections.

There is a crucial need for surveillance and an early warning

system that can detect signs of emerging and/or increasing

antimicrobial resistance rates at local, regional, and national

levels in order to minimize the impact of resistance and

dissemination.4,5 In this context, the aim of this study was

to characterize the  ESBL-carrying enterobacteria identified in

critically ill patients of intensive care units in  one  of the main

high-complexity hospital centers in southern Chile.

Methods

Setting  and  bacterial  samples

Hernan Henriquez Aravena Hospital is a  high-complexity pub-

lic medical center in  La Araucania Region, and a main referral

center for cardiology in southern Chile. The total capacity of

the critical patient units is 129 beds, divided between inten-

sive care (ICU) and intensive therapy units (ITU) of the adult,

pediatric, cardiology and neonatology departments.

One hundred and thirty seven ESBL-producing enterobac-

teria were isolated from patients of all critical units between

December 2014 and October 2015 in the laboratory of the

study hospital, and then transported to the  Applied Molecular

Biology Laboratory of Universidad de La Frontera. Specimens

were isolated from infection sites such as blood, bronchoalve-

olar lavage, eye secretion, urethral secretion, and infected

catheters. All bacteria samples were inoculated in 2 mL  of

Muller Hinton broth and incubated at 37 ◦C for 24  h in a

rotating shaker at 150 rpm. Subsequently the samples were

inoculated in MacConckey agar and once again incubated at

37 ◦C for 18–24 h. This last culture was used for phenotype tests

and genetic material extraction, and stored at −80 ◦C with 20%

glycerol.

Phenotype  resistance  profile

The susceptibility profiles of bacterial isolates were deter-

mined by antibiogram using the Kirby-Bauer method on

Muller Hinton agar (Becton Dickinson, New Jersey, USA),

following the standard procedures of the Clinical and Labo-

ratory Standards Institute.20 For this purpose, the following

antibiotics were used: amoxicillin/clavulanic acid (10 �g/4 �g),

ampicillin-sulbactam (10 �g/10 �g), ceftazidime (30 �g),  cefo-

taxime (30 �g), cefepime (30 �g), cefoxitin (30 �g), piperacillin-

tazobactam (100/10 �g), aztreonam (30 �g), imipenem (10 �g),

meropenem (10 �g), gentamicin (10 �g),  amikacin (30 �g),

ciprofloxacin (5 �g), sulphamethoxazole/trimethoprim (25 �g),

tetracycline (30 �g),  ertapenem (10 �g), cefuroxime (30 �g),

chloramphenicol (30 �g),  and doripenem (10 �g) (OXOID,

Hampshire, United Kingdom). Minimum inhibitory concen-

tration (MIC) against selected �-lactams of ceftazidime,

cefotaxime, aztreonam, cefepime, imipenem, meropenem,

and ertapenem were performed in micro-dilution broth

in concentrations of 0.03–32 �g/mL with and without �-

lactamase inhibitors such clavulanic acid (4 �g/mL) and

phenyl boronic acid (400 �g/mL) (Sigma Aldrich, Stenheim,

Germany). E.  coli ATCC 25922 was  used as the control organism

for antibiotic susceptibility. Procedures and interpretations of

antibiotic susceptibility results were carried out according to

the CLSI 2016 guidelines.20,21

Phenotype  detection  of  ESBL,  MBL,  AmpC  and  KPC

ˇ-lactamases

The �-lactamases were screened for ESBL, AmpC, and

carbapenemases by double disc diffusion test with discs
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containing clavulanic acid (4 �g/mL), boronic acid (400 �g/mL)

and EDTA (320  �g/mL).20–22 The appearance of either an

enhanced or a phantom zone between the antimicrobial

agents and the inhibitor disc was considered a positive result

and indicative of ESBL, AmpC and MBL production, respec-

tively. Finally, the phenotype test for KPC detection was

performed by the Modified Hodge Test following the CLSI

guidelines.20

Bacterial  DNA  extraction  and  PCR amplification

Total DNA extraction was carried out using conventional

DNA extraction by the boiling method.23 Detection of gene

encoding for TEM, SHV, VEB, GES, PER, and CTX-M- type was

performed by PCR assay. The PCR master mix  was as fol-

lows: 2.5 �L of PCR buffer 10×, 2.5 �L of 2 mM  dNTPs, 0.125 �L

of Taq polymerase (New England Biolabs, Ipswich, MA,  USA),

16.875 �L double distilled sterile water and 1 �L  each of the

forward and reverse primers. Aliquots of 24 �L of the master

mix  were taken in individual PCR reaction tubes, and then

1  �L of the extracted DNA was added to  each tube for a  total

volume of 25 �L. The reaction mixture was initially denatured

for 5 min  at 94 ◦C, subjected to 30 denaturation cycles at 94 ◦C

for 1 min, annealed at optimal melting temperature of each

primer for 1 min, extended at 72 ◦C for 1 min, extended at 72 ◦C

for 10 min  and finally soaked at 4 ◦C. The primer sequences

and the respective melting temperatures are listed in  Table 1.

The amplified PCR products were analyzed using 1% agarose

gel electrophoresis. Gels were stained with GelRed (Biotium

Inc, Fremont, CA, USA) and visualized by UV trans-illuminator.

Genotyping  analysis

All ESBL-producing isolates were subjected to Enterobac-

terial Repetitive Intergenic Consensus-PCR (ERIC-PCR) with

ERIC2 primer (5′-AAGTAAGTGACTGGGGTGAGCG-3′).  The PCR

conditions were previously described by Aydin et  al.,24 and

interpretation was by alignment of similarity using the DICE

coefficient with a similarity of 90% in the GelJ free software.25

Results

Distribution  of  ESBL-infection  in  intensive  care units

During the study period, 137 patients from all critical patient

units were associated with infections by ESBL-producing

enterobacteria. Among critically ill patients, the highest fre-

quency of specimens by unit was at the adult unit with 38.6%

(n = 53) of all isolates (28.4% from ITU and 10.2% from ICU), fol-

lowed by neonatology unit with 32.3% (n = 44) of all isolates

(21% ICU and 11.3% ITU), pediatric unit with 18.2% (n = 25)

(10.9% ICU, 7.3% ITU) and cardiology unit with 10.9% (n  = 15)

(8% ICU and 2.9% ITU) (Fig. 1). Bacterial isolates were recovered

from urinary tract infections (n = 61; 44.6%), blood infections

(n  = 27; 19.7%), soft tissue infections (n = 27; 19.7%) and respi-

ratory tract infections (n = 22; 16%). After clinical bacteriology

analysis, the 137 ESBL-producing isolates were identified as

belonging to  four species of enterobacteria: K. pneumoniae

(n  = 115; 84%), E. coli (n  = 18; 13.1%), Proteus mirabilis (n = 3; 2.2%),

and Enterobacter cloacae (n = 1; 0.7%). The distribution of species

by critical patient unit is described in Table 2.

Table 1 – Primer sequences and melting temperatures for identification of �-lactamases.

Primers Gene Sequence 5′–3′ Tm  (◦C)

SHV Fw blaSHVlike AGCCGCTTGAGCAAATTAAA 60

SHV Rv TCCCGCAGATAAATCACCAC

TEM Fw blaTEMlike GCCTTCCTGTTTTTGCTCAC 60

TEM Rv GATACGGGAGGGCTTACCAT

CTXM1 Fw blaCTX-M-1group TTAGGAARTGTGCCGCTGT 59

CTXM1 Rv TACAAACCGTTGGTGACGA

CTXM2 Fw blaCTX-M-2group GACGCTACCCCTGCTATTTA 58

CTXM2 Rv AGAAACCGTGGGTTACGATT

CTXM8 Fw blaCTX-M-8group TCGCGTTAAGCGGATGATGCT 64

CTXM8 Rv TCGGTGACGATTTTCGCGGCA

CTXM9 Fw blaCTX-M-9group TGGTGACAAAGAGARTGCAA 58

CTXM9 Rv GATTCTCGCCGCTGAAG

CTXM25 Fw blaCTX-M-25group CGACAGCCTGTGTTTCGCTGC 64

CTXM25 Rv TCGGTGACWATTCTGGCGGCA

VEB Fw blaVEBlike TTCAAATGCTCAARCTGACAA 58

VEB Rv TCCACGTTATTTTTGCAATG

GES1 Fw blaGES-1like CGCTTCATTCACGCACTATT 60

GES1 Rv CGTGCTCAGGATGAGTTGTG

GES10 Fw blaGES-10like GAGAAGCTAGAGCGCGAAAA 60

GES10 Rv ACTTGACCGACAGAGGCAAC

PER1 Fw blaPER-1like ACTGTAGGCGTTGCAGTGTG 60

PER1 Rv TAATTTGGGCTTAGGGCAGA

PER2 Fw blaPER-2like GTTCTGCATCAGGTCGATCA 60

PER2 Rv CCATCAGGCAACATAATGACG
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ICU/ITU neonatology
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Fig. 1 – Distribution of ESBL-producing enterobacteria infections by critical patient units. ICU, intensive care unit; ITU,

intensive therapy unit.

Table 2 – Distribution of enterobacteria species by critical patient units.

Specie ICU/ITU-A ICU/ITU-C ICU/ITU-N ICU/ITU-P No. isolates

K. pneumoniae 40 13  40  22  115

E. coli 10 1 4 3  18

P. mirabilis 2 1 0 O 3

E. cloacae 1 0 0 0  1

Total 53 15  44  25  137

Legends: ICU, intensive care unit; ITU, intensive therapy unit; A,  adults; C,  cardiology; N, neonatology; P, pediatric.

Resistance  profile

All ESBL-producing isolates exhibited multidrug resistance

(MDR) profiles with resistance to three or more  antibi-

otic classes. Among non-�-lactam drugs, high resistance

rates were  observed against ciprofloxacin (n = 115; 84%) sul-

famethoxazole/trimethoprim (n = 120; 87%), and gentamicin

(n  = 104; 76%). However, amikacin and tetracycline were much

more  efficient with susceptibility rates of 80% (n = 110) and

84% (n = 115), respectively. Another antibiotic with greater then

>50% activity was  chloramphenicol.

The most active �-lactam among the ESBL-producing

enterobacteria was  imipenem with susceptibility rate of 90.2%

(n  = 123), followed by meropenem (n = 110; 80%), doripenem

(n = 100; 73%), and ertapenem (n = 93; 67%). High resistance

rates were observed with all types of cephalosporins (>88%)

and �-lactams with inhibitor showed a  resistance rate

between 61% and 93%, with piperacillin/tazobactam being

the most active. Cephamycin cefoxitin, highly similar to

cepahlosporins, presented better activity with a susceptibil-

ity rate of 56% (n = 77). All susceptibility rates are shown in

Table 3.

The MIC50 values for �-lactams were >32 �g/mL for cef-

tazidime, cefotaxime, cefepime, and aztreonam, 8 �g/mL

for cefoxitin, 1 �g/mL for imipenem, 0.25 �g/mL and

0.125 �g/mL for ertapenem and meropenem, respec-

tively. The use of �-lactamase inhibitors like clavulanic

acid decreased the  MIC  by 76% of cephalosporin-resistant

isolates (n  = 104); the MIC50 decreased to  1 and 0.25 for

ceftazidime and cefotaxime, respectively. Phenyl boronic

acid did  not reduce the  MIC  of any isolate except for

one K. pneumoniae (Kp123).

Molecular  identification  of  ESBL

PCR amplification showed that ESBL-producing isolates har-

bored a large amount of ESBL genes. Most of the strains

were positive for blaSHV-like (n = 111/81%), blaCTX-M-1 group

(n = 116/84.7%), and blaTEM-like (n = 100/73%) (Table 4). For

the other CTX-M groups, the blaCTX-M-2 group was the

second most prevalent in ESBL-producing enterobacteria

(n = 28/20.4%) and just one isolate was positive for the blaCTX-

M-9  group (0.7%); blaPER-1-like and blaGES-10-like were

detected in  only one isolate. The most prevalent group of ESBL-

producing K. pneumoniae were CTX-M-1 group and SHV-like,

carried in 85% and 89% of the isolates, respectively; E. coli car-

ried CTX-M group 1  and TEM in 83% and 67% of the isolates,

respectively. These were the most prevalent enzymes in this

species. Fourteen ESBL profiles were observed in  the 137 iso-

lates, and the production rate of multiple ESBL in the isolates

studied was very high with 93% of isolates producing more

than one ESBL enzyme; the most prevalent co-production was

three ESBL enzymes (n = 74) followed by two  enzymes (n = 44).

However, one K. pneumoniae (kp121) presented co-production

of five ESBL enzymes, carrying SHV-like, CTX-M-1 group,

CTX-M-2 group, PER-1-like, and TEM-like (Table 5). The most

frequent profile observed in  the isolates was the simultane-

ous production of the CTX-M-1 group, SHV-like, and TEM-like

(n = 57) followed by two profiles of two enzymes CTX-M-1 group

and SHV-like (n = 25), and CTX-M-1 group and TEM-like (n  = 13).
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Table 3 – Antimicrobial susceptibility profile of ESBL-producing enterobacteria isolated from critical patient units.

Specie No.  isolates Susceptibility rates % (no. isolates)

AMK  GEN STX TET CIP CHL CTX CXM AMC TZP SAM  FOX CAZ FEP ATM ETP MER IPM DOR

K.  pneumoniae 115 83  (95) 20 (23) 9 (10) 90  (104) 9 (10) 57 (66) 0 0.9 (1)  10  (12) 33 (38) 4 (5)  52  (60) 7 (8) 5 (6)  3  (3) 64  (74) 76 (88) 90  (104)  71 (82)

E. coli 18  83  (15) 50 (9)  39  (7)  56  (10) 67 (12) 67 (12) 0 0 33  (6) 78 (14) 17 (3) 89  (16) 44 (8)  11 (2) 28  (5) 94  (17) 100 (18) 94  (17) 89 (16)

P. mirabilis 3 0  33 (1)  0 0 0 33 (1) 33.3 (1) 0 67  (2) 67 (2) 33 (1) 33  (1) 33 (1)  33 (1) 67  (2) 67  (2) 100 (3)  33  (1)  33 (1)

E. cloacae 1 0  0 0 100 (1) 0 0 0 0 0  0 0 0  0 0 0  0  100 (1)  100 (1) 100 (1)

Total 137 80  (110) 24 (33) 12  (17) 84  (115) 16 (22) 58 (79) 2.6 (4) 0.7 (1)  15  (20) 39 (54) 7 (9)  56  (77) 12 (17) 7 (9)  7  (10) 67  (93) 80 (110) 90  (123)  73 (100)

AMK, amikacin; GEN, gentamicin; STX, sulfamethoxazole/trimethoprim; TET, tetracycline; CIP, ciprofloxacin; CHL,  chloramphenicol; CTX, cefotaxime; CXM, cefuroxime; AMC, amoxicillin/clavulanic

acid; TZP, piperacillin/tazobactam; SAM, ampicillin/sulbactam; FOX, cefoxitin; CAZ, ceftazidime; FEP, cefepime; ATM, aztreonam; ETP, ertapenem; MEM, meropenem; IPM,  impenem; DOR, doripenem.
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Table 4 – Prevalence and distribution of ESBL by enterobacteria species.

Specie (no. isolates) ESBL produced by enterobacteria % (no. isolates)

CTX-M1 group CTX-M2 group  CTX-M9 group TEM-like SHV-like GES-10 PER-1

K. pneumoniae (115) 85.2 (98) 21.7 (25) 0.9  (1) 71.3 (82) 89.6 (103)  0.9 (1) 0.9 (1)

E. coli (18) 83.3 (15) 11.1 (2) 0  66.7 (12) 33.3 (6) 0 0

P. mirabilis (3) 100 (3) 0  0  100 (3)  66  (2)  0 0

E. cloacae (1) 0 100 (1)  0  100 (1)  0 0 0

Total (137) 84.7 (116)  20.4 (28) 0.7  (1) 71.5 (98) 81  (111)  0.7 (1) 0.7 (1)

Table 5 – Prevalence of multiple ESBL production by enterobacteria species.

Specie (no. isolates) Rate of  multiple ESBLproduction % (no. isolates)

1  enzyme 2 enzymes 3 enzymes 4  enzymes 5 enzymes

K. pneumoniae (115)  3.5 (4) 28.7 (33) 59.1 (68) 7.8 (9) 0.9 (1)

E. coli (18) 58 (5) 50  (9) 22  (4)  – –

P. mirabilis (3) –  33.3 (1) 67  (2)  – –

E. cloacae (1)  –  100 (1) –  – –

Total (137) 6.6 (9) 32.1 (44) 54  (74) 6.7 (9) 0.7 (1)

Genotyping  analysis

Thirty-eight genotypically unrelated strains of K. pneumoniae

and 19 similarity patterns (>85%) were identified, showing

four major clusters with six to 10 strains by cluster. Two of

these large clusters were restricted to neonatology and adult

services. Twelve out of 19  clusters of K. pneumoniae were con-

stituted by strains isolated from several critical patient units,

showing vertical dissemination between these services; how-

ever, four of them were exclusive of pediatric services. In the

E. coli strains, one  pattern of similarity (CE1) and nine other

genotypically unrelated strains were identified. The three P.

mirabilis showed no relatedness between isolates (data not

shown).

Discussion

Antibiotic resistance is one of the  greatest concerns in  pub-

lic health, since infections by multi-resistant microorganisms

can cause great economic losses as well as deterioration in the

patient’s quality of life. Deteriorated health conditions and the

selective pressure of antibiotics in  the hospital environment

are important factors for the occurrence of these infections,

which is why intensive care units are a  cause for concern

in this emerging issue that requires urgent surveillance and

control.26 The aim of our study was to identify and evaluate

the genetic profile of resistance associated with ESBL enzymes

in infections in critical patient units of the most complex hos-

pital in southern Chile.

In this study, 137 infections caused by enterobacteria with

an ESBL profile were identified, with a similar distribution

between adult and pediatric services. The high percentage

of infections in the pediatric service was  associated with a

high isolation rate in neonatology (32%). Recent studies have

indicated that this population is at high risk from this type

of infection,27 leading to high mortality and morbidity in this

type unit.28 A meta-analysis conducted by Li et al. identified 13

risk factors for infection and colonization of ESBL in neonatal

patients; among them are low birth-weight, parenteral nutri-

tion and gestational age.29 In addition, transversal risk factors

of intensive care units, such as length of hospital stay, pre-

vious antibiotic treatment, mechanical ventilation, catheter

use, and previous colonization of ESBL-producing enterobac-

teria, make the  neonatology service an  area of great concern

for these infections.29,30

Fecal carriage of ESBL-producing enterobacteria was

another risk factor strongly related to infection by ESBL-

producing bacteria in the present study. In a descriptive

hospital study from India, up to 65% of patients hospi-

talized in critically ill  patient units had ESBL-producing

enterobacteriaceae,  with 26.6% of colonized patients becom-

ing infected.31 Even though in Europe the colonization rate

by ESBL-producing enterobacteria is lower than 25.9%, infec-

tion rates remain between 12.5% and 23%.26,32,33 All these risk

factors, such as fecal carriage, length of hospital stay, previ-

ous antibiotic treatment, mechanical ventilation, and catheter

use are very prevalent conditions in critical patient units and

could be strongly associated with the  high isolation of ESBL-

producing enterobacteria observed in  our study.

Despite this high isolation rate, we observed a low diver-

sity of ESBL-producing enterobacteria: only four species were

isolated from ESBL infections showing a high prevalence of K.

pneumoniae (83.9%) followed by E. coli (13.1%). This predomi-

nance has been reported in several epidemiological studies in

Latin America, but with lower margins between species.7,34,35

In a multicenter study of 13 European ICUs carried out between

2008 and 2011, Gurieva et  al. observed that K. pneumoniae iso-

lates in intensive care units had 3.7 times greater transmission

capacity than E.  coli.26 Curiously, a  high percentage of the  epi-

demiological reports from Europe and some places in Africa

and in  the Middle East show a  greater predominance of iso-

lates of E. coli,  although with less significant differences in

distribution compared to K. pneumoniae.5,33,36

Our susceptibility results showed a  high rate of resis-

tance to multiple drugs; this MDR profile is frequent in
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ESBL-positive infections, where antibiotic activity is restricted

to carbapenems, such as meropenem and imipenem, and to

other classes like tigecycline and amikacin.33,35 This mul-

tidrug resistance has been associated mainly with membrane

impermeability, caused by the selective pressure of hospital

environments and plasmid resistance.37,38 In Chile, Elgor-

riaga et al. (2012) reported plasmid resistance to quinolones

and aminoglycosides associated with ESBL-producing enter-

obacteria from hospital infections.39 However, in  our plasmid

analyses, we observed transfer of resistance only to �-lactams

like cephalosporin, with a  higher level of resistance to  cefo-

taxime, suggesting the plasmid transfer of the  CTX-M type

enzyme but no association with multidrug resistance (data

not shown).

Since their discovery in  Germany, the number of CTX-M

variants has increased substantially and they predominate

in Europe and South America.1,17 Currently, more  than

165 variants of CTX-M have been identified worldwide

(www.lahey.org/Studies). The CTX-M-1 group was  one of the

most frequently identified ESBLs in strains isolated from criti-

cal care services in our samples, with an over 80% prevalence.

Inside the CTX-M-1 group, CTX-M-15 is  one of the  prevail-

ing enzymes in Europe and North America, with spreading

worldwide predominance.13,14 In Latin America, although the

prevalence of this group has  increased in recent years,15,16

the CTX-M-2 group remains the main enzyme reported in the

region.9,11,17–19 However, data from our study differ signifi-

cantly from those previously reported, since the  prevalence

of the CTX-M-2 group was secondary in  our study. It was

identified in only 20.4% of the isolates studied, a signifi-

cantly lower frequency than that observed for the CTX-M-1

group. This suggests the establishment of a  new molecular

profile of resistance, which implies changes in both dis-

semination mechanisms and preventive actions. The genetic

environment of each enzyme group is different; CTX-M-2 is

mostly associated with a complex class 1 integron, while CTX-

M-1  is associated with insertion sequences.19 This implies

that dissemination of CTX-M-1 is  usually associated with an

individual determinant of resistance, unlike the multidrug

resistance of a class 1 integron carrying the CTX-M-2 group.

In the 137 strains studied, 14 different molecular profiles

were found for ESBL-producing bacteria although only six

different types of ESBL were observed (CTX-M-1 group, CTX-

M-2  group, CTX-M-9 group, TEM-like, SHV-like, PER-1-like, and

GES-10-like). The high prevalence of CTXM-1 (86%), SHV (81%)

and TEM (73%) in  several profiles suggests great versatility in

the dissemination mechanisms exhibited by these enzymes.

The different profiles suggest an individual mobility of each

resistance determinant, mainly observed in K. pneumoniae.  The

versatility of profiles observed in this species reveals the plas-

ticity of its genome, and its ability to adapt and carry out gene

uptake from hospital environments.

Due to the high prevalence of certain enzymes, co-

production of ESBL enzymes was  observed in a  large

proportion of our isolates (93%). Jened et al.  reported a  sim-

ilar prevalence of co-production in isolates from a  tertiary

hospital.36 However, in their study the presence of three ESBL

enzymes was observed in only 17.5% of the isolates, signif-

icantly lower than that observed in  our study, where 60.8%

of the isolates presented three or more  ESBL enzymes, again

suggesting a  high degree of gene mobility, independent of the

clonal relationship. In fact, the diversity observed in the  geno-

typing of our isolated species showed that, despite observing

clonal dissemination in some of our isolates, reporting the

presence of vertical transmission in the same or  among differ-

ent units of critical care, a high percentage of strains (38/115

K. pneumoniae,  9/18 of E.  coli  and all three P.  mirabilis) were

characterized as  clonally unrelated.

Critical care units remain the epicenter of the antibiotic

resistance crisis in hospitalized patients because they are

places where multiple risk factors converge. Moreover, the

diminished immunity of patients leads to the need for pro-

longed therapy and, consequently, to permanent selective

antibiotic pressure.2,33 Our study confirms that the high preva-

lence of ESBL in  enterobacteria obtained from critical patients

is  a  constant and increasing challenge in  Chile as  well, an issue

of concern not only for our country but worldwide.26,30,33,40

Conclusions

High prevalence of CTX-M type enzymes is  an emerging

endemic problem in Latin America. A high frequency of iso-

lates carrying the enzyme of the CTX-M-1 group observed in

this study, suggests a  change in the epidemiology of ESBL

profile in Chile. Epidemiological and molecular data obtained

on the prevalence of ESBL genes provide effective tools for

understanding the dissemination mechanisms involved and

the trends in antibiotic resistance in critical patient services

in southern Chile, allowing for  better surveillance of these

bacterial pathogens and their resistance profiles.
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