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Abstract 

Introduction. The prevalence of antibiotic resistance is a growing problem and is a major threat to 

public health. The first ‘class A’ extended-spectrum β-lactamases (ESBLA), that confer resistance to 

third-generation cephalosporins, were found in the 1980s as point mutations in the parent enzyme. 

CTX-M is the newest plasmid-mediated ESBLA, first recognized in 1989 and mostly found in 

Escherichia coli (E. coli) and Salmonella enterica. The most common ESBL in the world is the CTX-M-

15 enzyme, which was first described in 2001 and most commonly found in E. coli. The prevalence of 

resistance to third-generation cephalosporins is increasing all over the world; the Nordic countries 

have the lowest reported prevalence. The detection of ESBLs is very important for the diagnosis and 

treatment of patients. 

Methods. The objective for this study was to determine the ESBLA genotypes in E. coli bacteria from 

patients in Landspítali’s inpatient wards, emergency rooms and outpatient clinics. ESBLA-producing E. 

coli, isolated from all patients during the years 2006-2012, were included in the study sample. All E. 

coli isolates that have shown ESBLA production have been preserved and stored for future analyses. 

All isolates selected for this study went through DNA extraction, then PCR with primers for the ESBL 

genes blaCTX-M, blaSHV and blaTEM, followed by an electrophoresis. Thereafter all PCR positive isolates 

were sent for sequencing for subgenotyping. 

Results. A total of 164 isolates, from 120 patients were chosen for this study. There were 150 isolates 

positive with the CTX-M primer, 13 positive with the SHV primer and 88 positive with the TEM primer. 

Four isolates were negative with all primers. Genotyping for subtypes was unsuccessful for 23 CTX-M 

and 3 SHV genes. The results showed 92% of all isolates had the CTX-M enzyme, and thereof 66.7% 

had CTX-M-15. The high number of ungenotyped CTX-M genes gives reason for further studying the 

isolates with other primers. 

Conclusion. This was the first Icelandic study on ESBL genotypes in E. coli and the results were 

comparable to what has been seen in other Nordic countries. CTX-M-15 has become the most 

prevalent ESBL subgenotype in the region, like elsewhere in the world. Its rapid spread in Iceland 

warrants further studies on the plasmids and E. coli clones that might be involved in this development. 
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Úrdráttur 

Inngangur. Tíðni sýklalyfjaónæmis er vaxandi vandamál og er mikil ógn fyrir lýðheilsu. Fyrstu ‘class A’ 

“extended-spectrum” β-laktamasarnir (ESBLA), sem valda ónæmi gegn þriðju kynslóðar 

cefalósporínum, fundust á níunda áratugnum sem punktbreytingar í forvera ensími. CTX-M er nýjasta 

plasmíð-borna ESBLA ensímið sem fannst first 1989 og má helst finna í Escherichia coli (E. coli) og 

Salmonella enterica. Algengasta ESBL ensímið sem finnst í heiminum er CTX-M-15, sem var fyrst lýst 

árið 2001 og má helst finna í E. coli. Tíðnin á ónæmi gegn þriðju kynslóðar cefalósporínum er að 

aukast um allan heim; Norðurlöndin hafa lægstu tíðnina. Greining ESBL ensíma er mjög mikilvæg fyrir 

greiningu og meðferð sjúklinga. 

Efni og aðferðir. Markmið þessarar rannsóknar var að kanna arfgerðir ESBLA í E. coli bakteríum hjá 

sjúklingum sem lágu á mismunandi deildum, bráðamóttökum og göngudeildum Landspítalans. ESBLA-

myndandi E. coli, sem var einangrað frá öllum sjúklingum á árunum 2006-2012, voru notuð í þessari 

rannsókn. Þeir E. coli stofnar sem sýndu ESBLA myndun hafa verið varðveittir og geymdir til frekari 

rannsókna. Allir stofnar valdir fyrir þessa rannsókn voru settir í DNA einangrun, PCR með vísum fyrir 

ESBL genin blaCTX-M, blaSHV and blaTEM, og þar á eftir í rafdrátt. Í kjölfarið voru þeir stofnar sem voru 

jákvæðir í PCR sendir í raðgreiningu fyrir undirgerðir. 

Niðurstöður. Alls voru 164 stofnar, frá 120 sjúklingum valdir fyrir þessa rannsókn. Það voru 150 

stofnar jákvæðir með CTX-M vísi, 13 jákvæðir með SHV vísi og 88 jákvæðir með TEM vísi. Fjórir 

stofnar voru neikvæðir með öllum vísum. Raðgreining fyrir undirgerðir misheppnaðist fyrir 23 CTX-M 

og 3 SHV gen. Niðurstöðurnar sýndu að 92% allra stofnanna höfðu CTX-M ensím og þar af voru 

66,7% með CTX-M-15. Mikill fjöldi ógreindra CTX-M gena veitir ástæðu fyrir frekari rannsóknir á 

stofnunum með öðrum vísum. 

Umræður. Þetta var fyrsta íslenska rannsóknin á arfgerðum ESBL í E. coli og niðurstöðurnar voru 

sambærilegar því sem sést hefur í Norðurlöndunum. CTX-M-15 er orðin algengasta ESBL undirgerðin 

á svæðinu, eins og annars staðar í heiminum. Hraði útbreiðslunnar á Íslandi gefur tilefni til frekari 

rannsóknar á plasmíðum og E. coli klónum sem hugsanlega eiga þátt í þessari þróun. 
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1 Introduction 

1.1 Antibiotic resistance 

Infections that are caused by Gram-negative bacteria are common among hospital patients and 

comprise serious infections, such as bacteremia and nosocomial pneumonia. These infections are 

linked with high rates of mortality; for example, Gram-negative sepsis is one of the most common 

causes of death in intensive care units worldwide. Therefore, the knowledge of antibiotic resistance is 

critical for the choice of antibiotic therapy for critically ill patients and for the construction of clinical 

strategy for significant bacterial infections.(1, 2) The prevalence of antibiotic resistance is a growing 

problem all over the world, and has become a major threat to public health. The most common 

infections are getting more difficult to treat and it takes longer to resolve illnesses due to antibiotic 

resistant bacteria. An example of this is the higher mortality rate observed in patients with septicemia 

due to extended-spectrum β-lactamase (ESBL) -producing bacteria compared to those infected with 

non-ESBL producers.(3) Some of the antibiotic resistance results from excessive and improper use of 

antibiotics. (4-6) 

One of the major defenses that Gram-negative bacteria have against β-lactam antibiotics are the β 

-lactamases.(7) β-lactam antibiotics are a class of antibiotics that contain a β-lactam ring in their 

molecular structure. These antibiotics are the largest and most widely used class of anti-infectives, 

and include penicillins, cephalosporins and carbapenems. They work by inhibiting the structural 

crosslinking of peptidoglycans in the bacterial cell walls.(8, 9) The antibiotic resistance happens 

primarily through the production of β-lactamases which are hydrolytic enzymes with the ability to 

inactivate these antibiotics by splitting the amide bond of the β-lactam ring.(9, 10)  

1.2 β-lactamase classification and gene transfer 

1.2.1 Classification 

β-lactamase activity is the most common resistance mechanism that Gram-negative bacteria use 

against β-lactam antibiotics.(11) The Gram-negative bacteria have a double membrane wall; the outer 

membrane keeps large or hydrophobic molecules out and slows down the entrance of drugs, 

increasing the effect of the next line of defense. This next line of defense are periplasmic-β-

lactamases and efflux pumps in the cytoplasmic membrane that pump antibiotics out of the cell. The 

combinational work of the double membrane wall makes the Gram-negative bacteria more resistant 

than Gram-positive bacteria.(12) 

Table 1 shows the classification of β-lactamases, that usually follows two main classification 

schemes. The first scheme is the Ambler structural classification system which classifies the β-

lactamases into four molecular classes based on their primary structure; A, B, C and D. Classes A, C 

and D are the most common and have enzymes that hydrolyze their substrates with serine residue at 

the active site. Class B is made up of metalloenzymes that use at least one active-site zinc ion to 

make β-lactam hydrolysis possible.(7, 13) 
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Table 1. Classification for bacterial β-lactamases (11) 

Bush-

Jacoby 

group 

(2009) 

Molecular 

class 

(subclass) 

Distinctive 

substrate(s) 

Inhibited by 

Defining characteristics 
CA or 

TZB
a EDTA

 

1 C Cephalosporins No No 

Greater hydrolysis of cephalosporins 

than benzylpenicillin; hydrolyzes 

cephamycins 

1e C Cephalosporins No No 

Increased hydrolysis of ceftazidime 

and often other oxyimino-β-lactams 

2a A Penicillins Yes No 

Greater hydrolysis of benzylpenicillin 

than cephalosporins 

2b A 

Penicillins, early 

cephalosporins Yes No 

Similar hydrolysis of benzylpenicillin 

and cephalosporins 

2be A 

Extended-spectrum 

cephalosporins, 

monobactams Yes No 

Increased hydrolysis of oxyimino-β-

lactams (cefotaxime, ceftazidime, 

ceftriaxone, cefepime, aztreonam) 

2br A Penicillins No No 

Resistance to clavulanic acid, 

sulbactam and tazobactam 

2ber A 

Extended-spectrum 

cephalosporins, 

monobactams No No 

Increased hydrolysis of oxyimino-β-

lactams combined with resistance to 

clavulanic acid, sulbactam and 

tazobactam 

2c A Carbenicillin Yes No Increased hydrolysis of carbenicillin 

2ce A 

Carbenicillin, 

cefepime Yes No 

Increased hydrolysis of carbenicillin, 

cefepime and cefpirome 

2d D Cloxacillin Variable No 

Increased hydrolysis of cloxacillin or 

oxacillin 

2de D 

Extended-spectrum 

cephalosporins Variable No 

Hydrolyzes cloxacillin or oxacillin and 

oxyimino-β-lactams 

2df D Carbapenems Variable No 

Hydrolyzes cloxacillin or oxacillin and 

carbapenems 

2e A 

Extended-spectrum 

cephalosporins Yes No 

Hydrolyzes cephalosporins and 

aztreonam. Inhibited by clavulanic 

acid 

2f A Carbapenems Variable No 

Increased hydrolysis of 

carbapenems, oxyimino-β-lactams, 

cephamycins 

3a B Carbapenems No Yes 

Broad-spectrum hydrolysis including 

carbapenems but not monobactams 

3b B Carbapenems No Yes 

Preferential hydrolysis of 

carbapenems 

a
Abbreviations: CA: Clavulanic acid; TZB: Tazobactam 
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The second scheme is the Bush-Jacoby-Medeiros functional classification where the enzymes are 

classified into several functional groups according to their substrate profile and susceptibility to β-

lactamase inhibitors. This double classification system has complicated scientific communication about 

β-lactamases and therefore a group of experts proposed a simpler approach for the nomenclature.(14) 

The term ESBL was first defined as plasmid-mediated β-lactamases that mediate resistance to 

extended-spectrum cephalosporins, and referred initially to the TEM or SHV varieties. A more narrow 

definition is that an ESBL is a functional class 2be, molecular class A, which hydrolyse oxyimino-

cephalosporins, as can be seen in table 1. This excludes all other β-lactamases with a wider 

spectrum, such as AmpC or OXA-type cephalosporinases. In order to allow for a wider use of the term 

ESBL, a more simplified definition was needed, so Giske et al. proposed that functional class 2be β-

lactamases would become ‘class A ESBLs’ (ESBLA) and AmpC and OXA-ESBLs would become 

‘miscellaneous ESBLs’ (ESBLM). A new concept for carbapenemases was also needed and a useful 

term they came up with was ‘ESBLs with hydrolytic activity against carbapenems’ (ESBLCARBA). This 

new and inclusive terminology will be used in the remainder of this project. In Giske’s proposal, an 

operational criteria for each category of β-lactamases has been described, which will help clinical 

laboratories designate various β-lactamases to the correct classes, as can be seen in table 2.  (14) 

Table 2. Classification proposal of class A ESBLs, miscellaneous ESBLs and ESBLs with 
hydrolytic activity against carbapenems(14) 

Acquired β-lactamases with hydrolytic activity against extended-spectrum cephalosporins and/or 

carbapenems 

β-lactamase 

classes 

ESBLA ESBLM ESBLCARBA 

Operational 

definition 

Non-susceptibility 

to extended-

spectrum 

cephalosporins 

AND 

clavulanate synergy 

Non-susceptibility 

to extended-spectrum 

cephalosporins 

AND 

phenotypic detection 

OR 

genotypic detection 

Non-susceptibility to extended-

spectrum cephalosporins and at 

least one carbapenem 

AND 

ESBLCARBA detected with 

phenotypic and/or genotypic 

methods 

 

1.2.2 Transferability of resistance genes 

The bacteria rely on adaptation to the ever changing environmental conditions in order to survive. 

Genetic variability is necessary for the evolution of bacteria and happens through three different 

mechanisms. The first mechanism is called a microevolutionary change which is a point mutation that 

can occur in a nucleotide base pair; the second mechanism is called a macroevolutionary change 

which is the rearrangement of large segments of deoxyribonucleic acid (DNA) as a single event; and 
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the third mechanism is by aquiring foreign DNA that is carried by plasmids, bacteriophages, naked 

sequences of DNA or transposable genetic elements from other bacteria. These three mechanisms 

provide the bacteria with what seems to be unlimited capacity to develop antibiotic resistance.(10)  

Plasmids are elements that are made of covalently closed, circular, double-stranded DNA 

molecules and are common in bacteria. They are well adapted to serve as agents of genetic exhange 

and the distribution of resistance-genes by using horizontal gene transfer.(10) The plasmid-encoded 

process of bacterial conjugation is a very specific process that enables plasmid DNA to be transferred 

from a donor bacteria to a recipient. In order for the plasmid DNA to be transferred, physical contact 

between the two bacteria is needed.(15, 16)  

The transfer of plasmids between patients and between bacteria within a patient contributes to the 

spread of antibiotic resistance. Thus, a study done in 1980 indicated a plasmid outbreak involving nine 

patients, from two hospitals, who had multiple species of gentamicin-resistant Enterobacteriaceae 

harbouring identical plasmids.(17) Another study, done in 2008, showed a single patient with three 

identified species of Enterobacteriaceae from samples collected over a five month period. The three 

species shared similar restriction patterns in the plasmids and hybridization of the plasmids revealed 

that the fragments were identical for a certain restriction enzyme.(18) 

1.3 History of ESBLA β-lactamases 

1.3.1 Broad spectrum 

The first report of a β-lactamase in Escherichia coli (E. coli) was shortly after penicillin was first used. 

Then in the early 1960s, a plasmid-mediated β-lactamase was described in the bacteria, TEM-1, 

which is a broad-spectrum β-lactamase. Being plasmid-mediated made spread to other species of 

bacteria easier, and it only took a few years for it to spread across the world. TEM-1 can now be found 

in many different species of Enterobacteriaceae, Pseudomonas aeruginosa, Haemophilus influenzae, 

and Neisseria gonorrhoeae. TEM-1, along with its first derivative, TEM-2, hydrolyze penicillins and 

early cephalosporins, which, according to table 1, would classify them as functional class 2b.(19) 

Another broad-spectrum, plasmid-mediated β-lactamase in the same class is the SHV-1 variety, which 

is commonly found in Klebsiella pneumoniae (K. pneumoniae) and E. coli.(11, 19) 

1.3.2 Extended spectrum 

For the past few decades, there have been constant developmental changes in new β-lactam 

antibiotics that are resistant to hydrolysis of β-lactamases. With these changes, new β-lactamases that 

are resistant to the drugs emerge quickly. With the increased spectrum of activity, these enzymes are 

called extended-spectrum β-lactamases (ESBLs).(19) 

The first ESBLA was found in the early 1980s as a derivative of SHV-1, and then in the mid 1980s 

derivatives of TEM-1 and TEM-2 were found. These were found to be point mutations in the parent 

enzymes. (20) Since then, over 200 TEM-type β-lactamases and over 150 SHV-type enzymes have 

been described, most of which have ESBL activity (see http://www.lahey.org/studies/; last accessed 

February 2014). 

http://www.lahey.org/studies/
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ESBLA enzymes hydrolyze aztreonam and extended-spectrum cephalosporins as well as all β-

lactam antibiotics that are inactivated by broad-spectrum β-lactamases. They are therefore able to 

cause therapeutic failures during treatment with these drugs. ESBLA enzymes are inactivated by β-

lactamase inhibitors such as clavulanic acid that can be combined with the β-lactam drug for the 

treatment of certain non-life-threatening infections.(21) 

1.3.3 TEM 

TEM-type ESBLs are mostly found in E. coli and K. pneumoniae. They have also been found in other 

genera of Enterobacteriaceae, such as Salmonella spp., Morganella morganii and others, and in non-

Enterobacteriaceae Gram-negative bacteria. The point mutations that occur within the TEM enzyme 

enables the ESBL phenotypes to hydrolyze oxyimino-cephalosporins, along with penicillins, classifying 

them into functional class 2be, see table 1.(19) 

1.3.4 SHV 

SHV-type ESBLs are mostly found in K. pneumoniae, but have also been found in E. coli, Citrobacter 

diversus and P. aeruginosa. Like the TEM-type, the point mutations enables the SHV phenotypes to 

hydrolyze oxyimino-cephalosporins, which classifies them into functional class 2be.(19) 

1.3.5 CTX-M 

CTX-M is the newest family of plasmid-mediated ESBLA, being first recognized in 1989 in both 

Germany and Argentina. Most of the CTX-M enzymes hydrolyze cefotaxime, and that is where the 

name came from, cefotaximase.(22) These enzymes are not evolutionary related to SHV or TEM 

families, but are thought to originate from the chromosomal AmpC enzyme of Kluyvera ascorbata. 

CTX-M mainly hydrolyze cefotaxime and cephalothin. They are mostly found in E. coli and Salmonella 

enterica, but they also have been found in other species of Enterobacteriaceae. (19) 

There are over 150 CTX-M variants recorded (see http://www.lahey.org/studies/; last accessed 

February 2014),  and they are all arranged into five different groups according to their amino-acid 

sequences. The five groups are CTX-M-1 which first emerged in Germany in 1989, CTX-M-2 which 

emerged in Japan in 1986 and then in Argentina in 1989, CTX-M-8 which emerged in Brazil in 1996-

1997, CTX-M-9 which emerged in Spain in 1994 and CTX-M-25 which emerged in Canada in 2000. 

The first four groups are believed to originate from Kluyvera spp.(22) 

The CTX-M-15 enzyme, which belongs to group 1, is the most common ESBL in most of the world 

and it was first described in India in 2001. The isolate is derived from CTX-M-3 and they only differ by 

one amino acid substitution. This substitution gives CTX-M-15 an increased catalytic activity to 

ceftazidime. CTX-M-15 is most commonly found in E. coli but has also been found in K. pneumoniae 

and other Enterobacteriaceae.(23) 

1.3.6 Other ESBLs 

AmpC β-lactamases, in the ESBLM group, are encoded by chromosomal genes in Gram-negative 

bacteria and they confer resistance to cephamycins and oxyimino-β-lactams and are not inhibited by 

clavulanic acid. Carbapenemases are active against oxyimino-cephalosporins and cephamycins, as 

http://www.lahey.org/studies/
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well as carbapenems. They were first found in Japan in the 1990s, but have since been found 

elsewhere in the world.(7) 

Another growing ESBL family in the ESBLM group are the OXA-type enzymes. They belong to 

molecular class D and functional group 2d. They confer resistance to ampicillin and cephalothin and 

have a high hydrolytic activity against oxacillin and cloxacillin. The OXA-type ESBLs are mainly found 

in P. aeruginosa.(19) Other ESBL families have also been found, but they are not closely related to 

the established β-lactamases and they are not as common: PER, exclusively found in Turkey and 

South America; VEB, found in Vietnam and Thailand; TLA, found in Mexico; and more.(19) 

1.4 Epidemiology of ESBL producing bacteria 

1.4.1 Enterobacteriaceae 

This family of bacteria are Gram-negative rods that colonize the human gastrointestinal tract and can 

cause infections, but they can also be found as colonizers of other animals. Infections caused by 

these organsims are often nosocomially acquired. Members of the Enterobacteriaceae are either 

considered to be opportunistic pathogens or overt pathogens.(24) 

Overt pathogens produce potent virulence factors and can cause life-threatening infections. These 

pathogens include Salmonella, Shigella, and Yersinia species. Opportunistic pathogens produce 

virulence factors that can cause fatal infections, but they do not cause disease in healthy hosts. These 

pathogens include Citrobacter, Enterobacter, Klebsiella, Proteus, and Serratia species.(24) 

1.4.2 E. coli 

E. coli is a pathogen that is a part of the Enterobacteriaceae family, but it is classified somewhere 

between the overt and opportunistic pathogens.(24) E. coli is a part of the normal flora in the 

gastrointestinal tract and mainly resides in the lumen of the colon. As long as this pathogen does not 

acquire genetic elements that encode for virulence factors it rarely causes disease in healthy 

individuals. There are certain strains of E. coli that express potent toxins that can cause 

gastrointestinal infections.(10, 24) Other strains cause extraintestinal infections, including urinary tract 

infections, sepsis and neonatal meningitis.(25) 

The prevalence of resistance in E. coli is a helpful indicator of antibiotic resistance in bacteria in the 

community. This species can occupy both the human and animals, and can be found also in the 

environment. E. coli can exchange genetic material with other pathogen such as Salmonella, Shigella, 

Yersinia, and Vibrio species, as well as pathogenic E. coli.(5) 

1.4.3 ESBL prevalence in the world 

According to an Annual Epidemiological Report from the European Antimicrobial Resistance 

Surveillance Network (EARS-Net), the range of E. coli resistance to third-generation cephalosporins in 

2011 for Europe was from 3% to 36% in invasive bacterial isolates, with a north-to-south gradient. In 

2012, these numbers had increased to 4.4% to 38.1%. The highest percentages are reported in 

southern Europe and the lower percentages in northern Europe. In the years 2008-2011 there was a 

significant increase in 18 out of 28 reporting countries of E. coli resistant to third-generation 
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cephalosporins. Between 71% and 100% of these resistant isolates are extended-spectrum β-

lactamase-producers  (http://www.ecdc.europa.eu/en/publications/Publications/annual-

epidemiological-report-2013.pdf). A report from Center for Disease Dynamics, Economics and Policy 

shows that in 2009 the percentage of third-generation cephalosporin-resistant E. coli ranged from 

1.8% up to 42.0% for North-America and Europe, with southern Europe being the highest 

(http://www.cddep.org/ResistanceMap/bug-drug/EC-CS). 

The Nordic countries have the lowest reported prevalence of third-generation cephalosporin 

resistant E. coli in the world. However, yearly national surveillance reports show that, like elsewhere, 

there is a continuous rise in the resistance in the region. For the years 2009-2012 the percentage of 

invasive E. coli isolates resistant to third-generation cephalosporins increased from 6.2% to 7.9% in 

Denmark, 2.3% to 4.9% in Norway and 2.8% to 4.4% in Sweden. For the year 2012, of all the invasive 

E. coli isolates resistant to third-generation cephalosporins found in Denmark and Sweden, over 90% 

were ESBL producers. No record was found for Norway  

(http://www.ecdc.europa.eu/en/publications/surveillance_reports/arhai/Pages/arhai.aspx). 

1.5 ESBL detection 

The detection of ESBLs is very important for the diagnosis and treatment of patients. Throughout 

recent years there has been great proliferation of ESBL-producing bacteria and their resistance 

towards antibiotics has increased greatly. 

1.5.1 Phenotype detection 

The detection of phenotypic resistance patterns is based on in vitro tests that demonstrate the 

reduction of susceptibility to extended-spectrum cephalosporins in bacterial cultures. There are two 

steps for phenotype detection of ESBLA enzymes, the first one being a screening test and the second 

one is a confirmation test. The first step consists of testing for resistance to cephalosporins, such as 

cefpodoxime, cefotaxime, ceftazidime or ceftriaxone, which are all hydrolyzed by TEM, SHV and CTX-

M ESBL enzymes.(9) The screening tests are done with a disk diffusion method, where the bacteria 

are grown on agar plates in the presence of antibiotic-impregnated disks. The Microbiology 

Department at Landspítali University Hospital follows the European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) standards when it comes to susceptibility tests. The disks used are 

10 g cefpodoxime. If there is a decrease in susceptibility to the cephalosporins tested for, it might 

indicate that there is an ESBL present in the sample.(26) The second step demonstrates the synergy 

between the cephalosporins and clavulanate.(9) The confirmation test is performed with a combined 

disk method using: 30 g ceftazidime and 30/10 g ceftazidime-clavulanate disks, and 30 g 

cefotaxime and 30/10 g cefotaxime-clavulanate disks. If the zone diameter is >5 mm bigger on the 

disk that has the antibiotic along with the clavulanate then the isolate is considered to be ESBL-

producing. The requirement of screening for and confirming the presence of ESBLs in 

Enterobacteriaceae was removed from international standards (CLSI and EUCAST) in 2010. 

Breakpoints were adapted accordingly in order to allow for appropriate therapy of potential ESBL 

http://www.ecdc.europa.eu/en/publications/Publications/annual-epidemiological-report-2013.pdf
http://www.ecdc.europa.eu/en/publications/Publications/annual-epidemiological-report-2013.pdf
http://www.cddep.org/ResistanceMap/bug-drug/EC-CS
http://www.ecdc.europa.eu/en/publications/surveillance_reports/arhai/Pages/arhai.aspx
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producers. However, many experts believe that screening and confirmation tests are important for the 

sake of infection control and epidemiological purposes.(27) 

1.5.2 Genotype detection 

The screening test and the confirmation test only identify the presence of an ESBL. Genotypic 

detection is needed to identify the specific ESBL present in the isolate. The initial step in the 

genotyping process is DNA extraction from the isolate. Then the DNA extract can be screened for the 

presence of TEM, SHV and CTX-M using a polymerase chain reaction (PCR) amplification.(9) The 

PCR is performed by using oligonucleotide primers that are specific for the ESBL types.(19) The PCR 

technique does not differentiate the varieties within each ESBL type. Therefore, further testing has to 

be done by the use of DNA sequencing.(9) 

DNA sequencing is the most accurate method that is used to analyze the various varieties of 

ESBLs. After denaturation of the DNA segments (PCR product) they are mixed with primers for DNA 

synthesis and a mixture of deoxynucleotides (dNTPs: dATP, dCTP, dGTP, and dTTP) and 

dideoxynucleotide (ddNTP) for one of the four bases. With the dNTP the DNA strands will elongate 

and the ddNTP will stop the reaction in the absence of 3’ hydroxyl group, and thus different length 

DNA fragments are created. Each of the four ddNTPs are labeled with different fluorescent colors. The 

DNA fragments are then separated by length and displayed in order by using capillary electrophoresis; 

each segment is exactly one base longer than the previous fragment. After exiting the capillaries the 

fragments pass through a laser beam which activates the fluorescent color that is connected with the 

ddNTP and this results in fluorescence at a specific wavelength. The identification of the four different 

wavelengths is done with a certain computer program, and with that the sequence of the nucleotides is 

found. And from that the base sequence which makes up the gene can be read.(28) 

The identification of the specific type of ESBL that is present in a bacteria can be useful for 

epidemiological purposes, as it helps with the understanding of the spread of antibiotic resistant 

bacteria.(9) 

1.6 ESBL prevalence in Iceland 

From the year 2006, all ESBL-producing E. coli, Klebsiella spp. and Proteus spp. isolated at the 

Microbiology Department at Landspítali have been stored at -80°C for future reasearch on the 

phenotypes and genotypes of ESBL enzymes. A study in 2010 addressed the prevalence of ESBL 

production in E. coli and Klebsiella spp. for the period of 2007-2009. The prevalence was 1.4-1.6% for 

E. coli and 4.2-6.4% for K. pneumoniae.(29) 

The resistance of E. coli isolates towards the antibiotic ceftriaxone, a third-generation 

cephalosporin, can be used as an indication of the prevalence of ESBL production in Iceland. In 2009 

the percentage of E. coli isolates resistant to ceftriaxone was 3%. It increased to 4% for the next two 

years and in 2012 the resistance had reached 5%. When compared to the prevalence in other Nordic 

countries, Iceland has very similar statistics as Norway and Sweden (http://www.landspitali.is/klinisk-

svid-og-deildir/rannsoknarsvid/syklafraedideild/fraedsla-og-visindi/naemisprof/). 

http://www.landspitali.is/klinisk-svid-og-deildir/rannsoknarsvid/syklafraedideild/fraedsla-og-visindi/naemisprof/
http://www.landspitali.is/klinisk-svid-og-deildir/rannsoknarsvid/syklafraedideild/fraedsla-og-visindi/naemisprof/
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Genotyping of ESBLs in K. pneumoniae isolated in the Department of Microbiology during the 

period of 2007-2012 has been completed. The principal ESBL type was CTX-M-15, but CTX-M-14, 

TEM-15, SHV-12 and SHV-28 were also found. No comparable studies have been done for E. coli in 

Iceland.  
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2 Objectives 

The objective for this study was to determine the ESBL genotypes in E. coli bacteria that showed 

ESBL enzyme activity at the Landspítali University Hospital during the years 2006-2012. 
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3 Materials and methods 

3.1 Study setting 

Landspítali University Hospital is the largest hospital in Iceland and serves the Reykjavík capital area 

of 206,000 inhabitants (65% of Iceland’s total population of 322,000) (http://www.statice.is). Patient 

care is provided in the 650 bed inpatient wards, in several outpatient services and two emergency 

room departments. The Hospital’s Department of Microbiology is the national reference laboratory for 

clinical microbiology and performs 125,000 tests yearly (http://www.landspitali.is/um-lsh/spitalinn-i-

tolum/, http://www.landspitali.is/um-lsh/spitalinn-i-tolum/starfsemisupplysingar-lsh/?branch=c39e9e79-

825a-11e2-a34f-005056be0005). 

3.2 Bacterial cultures and susceptibility tests 

The identification and susceptibility testing of E. coli was done through a series of procedures. The 

first one was the cultivation of the patient’s specimen on a blood agar and a MacConkey agar (Oxoid 

Ltd., Cambridge, UK) over night. E. coli grows on both agars and shows lactose fermentation on the 

MacConkey agar. Lactose fermenting isolates from urine were further identified by the use of the 

indole test in which tryptophan is converted into indole. A single colony was taken from the bacterial 

growth on the blood agar and placed onto a droplet of DMACA indole reagent (0.5 mL 1% p-

dimethylaminocinnamaldehyde in 10% hydrochloric acid)(Rosco, Denmark), which was on a filter 

paper. The test would be positive if the droplet turned blue-green within two minutes. About 99% of E. 

coli are indole positive. Indole negative isolates, as well as non-fermenting and oxidase negative ones 

from urine and other specimens were identified by the use of Api 20E test (bioMérieux, Marcy, l’Etoile, 

France) for Enterobacteriaceae and other Gram negative bacteria. The Api 20E test strip has 20 cups 

which are all miniature biochemical tests. The test was prepared according to manufacturer’s 

instructions and incubated for 24 hours at 37°C before results were read. 

Susceptibility tests were done during the initial culture of the isolates at the Department of 

Microbiology. Until March 15
th
 2012 the Department of Microbiology followed the Clinical and 

Laboratory Standards Institute (CLSI) standards for susceptibility tests, after that time the EUCAST 

standards were followed. According to the CLSI standard, all ESBL-producing E. coli were reported as 

being resistant to beta-lactam drugs other than cefoxitin, mecillinam and carbapenems. The 

susceptibility tests were performed on a Mueller Hinton agar (BD, New Jersey, USA) with wafers that 

were impregnated with antibiotics. The susceptibility test included an ESBL screening test for the 

ESBLA group with a 10 g cefpodoxime wafer. If the diameter around the wafer is equal to or less than 

17 mm an ESBL confirmation test has to be performed.(26) The ESBL confirmation test was also done 

with a bacterial cultivation on a Mueller Hinton agar with the following wafers (BioRad, U.S.A.): 

ceftazidime 30 g/ceftazidime-clavulanate 30/10 g and cefotaxime 30 g/cefotaxime-clavulanate 

30/10 g. If the diameter for the clavulanate wafers is more than 5 mm bigger than the wafer without it, 

then the bacteria is considered to be ESBL-producing. 

http://www.statice.is/
http://www.landspitali.is/um-lsh/spitalinn-i-tolum/
http://www.landspitali.is/um-lsh/spitalinn-i-tolum/
http://www.landspitali.is/um-lsh/spitalinn-i-tolum/starfsemisupplysingar-lsh/?branch=c39e9e79-825a-11e2-a34f-005056be0005
http://www.landspitali.is/um-lsh/spitalinn-i-tolum/starfsemisupplysingar-lsh/?branch=c39e9e79-825a-11e2-a34f-005056be0005
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From the year 2006, all  E. coli, Klebsiella spp. and Proteus  spp. isolates that have shown ESBLA 

production in the confirmation tests have been preserved and stored in tryptose-glycerol medium at -

80°C temperature in the Department’s culture collection for future analyses. 

All results are documented in the Department’s electronic information system called Glims. 

3.3 Building the database 

Prior to this study the Glims system had been used to identify all E. coli (n=42,598) and ESBL-

producing E. coli (n=763) isolates that were recovered from patient specimens during the period of 

May 1
st
 2006 to December 31

st
 2012. Of the 763 ESBL-producers, 508 (66.6%) had been isolated 

from patients who had been hospitalized at Landspítali or seen in the institution’s emergency rooms 

and outpatient clinics during the period. In order to examine clonal relationships among the hospital 

isolates and select the ones to be ESBL genotyped a representative study sample had been created 

from the 508 isolates. Every patient was represented by selecting the first isolate, and for those who 

had two or more isolates, the last one and one isolated halfway between the other two were also 

included. A few exceptions were made to this selection rule: a few patients had the fourth isolate 

added at the end of the study period and six isolates were from six patients outside the hospital. All six 

patients had a previous history of ESBL-producing bacteria while inpatients at Landspítali; three of the 

previous isolates had been K. pneumoniae and three had been E. coli. The final study sample 

consisted of 172 isolates from 121 patients. All had been subjected to pulse field gel electrophoresis 

(PFGE) prior to this study, and the results had revealed 131 PFGE clones. 

The choice of isolates for this study was based on antibiotic susceptibility pattern and the results of 

the previously performed PGFE testing of the isolates. All PFGE clones were studied in this research 

and when two or more isolates belonged to the same clone, the antimicrobial susceptibility tests were 

looked at. If the isolates had the same results, then only one of the isolates was picked, but if the 

results showed resistance (R) for one isolate and susceptible (S) or intermediate (I) for the next 

isolate(s) then both/all isolates were used. A study database of all the chosen study isolates was 

created in Microsoft Excel. The following information was obtained from Glims and entered into the 

study database: a study number for each isolate, the patient’s hospital ward at the time of the 

specimen sampling, date of specimen sampling, the clone number, specimen type and results of 

antibiotic susceptibility testing performed upon the first isolation in the Department of Microbiology. No 

personal identifiers were thus used in the study database. A separate list including personal identifiers 

was kept in order to allow connection to Glims data when needed. The database was stored on a 

centralized and password-protected hospital drive that was maintained by the Information Technology 

and Services Department of Landspítali. 

Once the number of isolates to be used had been established, their species identification needed 

to be verified to make sure that they were in fact E. coli. In the Glims system, the Api 20E result 

number was found and then entered into the Api webpage (apiweb.biomerieux.com) in order to 

confirm whether or not the isolate was E. coli. In case of doubt the Api 20E test was performed again. 
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3.4 DNA isolation 

The isolation of bacterial DNA was done by inoculation on a blood agar plate and incubation over night 

at 37°C. A 5% Chelex solution (Bio-Rad Laboratories, Hercules, CA, U.S.A.) was used, and prepared 

according to the manufacturer’s instructions. Two to three colonies were taken off the blood agar plate 

and put into 500 L of the Chelex solution. This new solution was vortexed, incubated for 10 minutes 

at 100°C and vortexed again. Finally, the solution was centrifuged at 14000 revolutions per minute for 

10 minutes and the supernatant (200 L) was placed in an eppendorf tube and was stored at -20°C.  

3.5 PCR 

Primers for the ESBL genes blaCTX-M, blaSHV and blaTEM were used for this study (see table 3). A 10 M 

stock solution was made by dissolving 10 L of the primers with 90 L of Sigma water, a molecular 

biology reagent clear of DNA and RNA (Sigma-Aldrich, St. Louis, MO). Each PCR tube contained:  

25 L of Quick-Load Taq 2X Master Mix (New England BioLabs, Ipswich, MA) 

1 L of reverse primer 

1 L of forward primer  

18 L of Sigma water  

2.5 L of a 25 mM MgCl2 solution (New England BioLabs, Ipswich, MA)  

5 L of the sample.(30) 

 

Table 3. Primers for blaCTX-M, blaSHV, blaTEM, and 16S rRNA 

Gene Primer (5´-3´) Product size (bp) Manufacturer 

blaCTX-M F-SCS ATG TGC AGY ACC AGT AA 585   

  R-ACC AGA AYV AGC GGB GC     

blaSHV F-ATG CGT TAT ATT CGC CTG TG 862 Sigma-Aldrich,  

  R-AGC GTT GCC AGT GCT CGA TC   St. Louis, MO 

blaTEM F-ATG AGT ATT CAA CAT TTC CG 858   

  R-CCA ATG CTT AAT CAG TGA GG     

16S rRNA F-AGT TTG ATC MTG GCT CAG 797 TAG Copenhagen A/S, 

  R-GGA CTA CHA GGG TAT CTA AT   Copenhagen, Denmark 
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The PCR was done with a 2720 Thermal Cycler (Applied Biosystems, California, USA) according to 

the method shown in table 4. 

 

Table 4. PCR criteria  

blaCTX-M  

Step 1 Denaturing of DNA 94°C for 5 min 

Step 2 Denaturing of DNA 94°C for 30 sec 

Step 3 Hybridization of primers to bacteria DNA 58°C for 30 sec 

Step 4 Elongation of primers 72°C for 2 min 

Steps 2-4 repeated 30 times 

Step 5 Final elongation of primers 72°C for 7 min 

Step 6 Sample is cooled down to 4°C 

blaSHV  

Step 1 Denaturing of DNA 94°C for 5 min 

Step 2 Denaturing of DNA 94°C for 30 sec 

Step 3 Hybridization of primers to bacteria DNA 58°C for 30 sec 

Step 4 Elongation of primers 72°C for 2 min 

Steps 2-4 repeated 25 times 

Step 5 Final elongation of primers 72°C for 7 min 

Step 6 Sample is cooled down to 4°C 

blaTEM  

Step 1 Denaturing of DNA 94°C for 5 min 

Step 2 Denaturing of DNA 94°C for 30 sec 

Step 3 Hybridization of primers to bacteria DNA 50°C for 30 sec 

Step 4 Elongation of primers 72°C for 2 min 

Steps 2-4 repeated 25 times 

Step 5 Final elongation of primers 72°C for 7 min 

Step 6 Sample is cooled down to 4°C 

16S rRNA 

Step 1 Denaturing of DNA 94°C for 7 min 

Step 2 Denaturing of DNA 94°C for 30 sec 

Step 3 Hybridization of primers to bacteria DNA 52°C for 40 sec 

Step 4 Elongation of primers 72°C for 2 min 

Steps 2-4 repeated 25 times 

Step 5 Final elongation of primers 72°C for 7 min 

Step 6 Sample is cooled down to 4°C 
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3.6 Electrophoresis 

Electrophoresis was done in 1% agarose gel, which was made up of 1.2 g of agarose (Sigma-Aldrich, 

St. Louis, MO) and 120 mL of 0.5X TBE buffer (see Appendix A) for a medium sized gel. The solution 

was heated up in a microwave until it was clear and the agarose was completely dissolved and when it 

had cooled back down to roughly 50°C it was poured into an electrophoresis tray. It took about 30 

minutes for the gel to be ready and then it was placed into a buffer-filled box. In each run, 4.5 L of a 

Quick-Load 100 bp DNA ladder solution (New England BioLabs, Ipswich, MA) was added to one of 

the wells and 4.5 L of negative control, comprised of Sigma water, was added to another well. The 

DNA extracts, 4.5 L, were entered into the remaining wells. An electric current of 120 V (volts) was 

run through the gel for about 40 minutes. Then the gel was placed in ethidium bromide for 15 minutes 

for staining and rinsed in distilled water. After being rinsed for at least 15 minutes, the gel was 

photographed with an InGenius gel documentation system (Syngene, Cambridge, UK) that captures 

ultra violet light and results were read from the pictures taken. 

3.7 Sequencing and blasting 

To check if the PCR positive isolates had the ESBL genotypes blaCTX-M, blaSHV and blaTEM, or just the 

genotypes of precursor ESBL enzymes, the PCR products were sent to Matís, Reykjavík 

(http://www.matis.is/english/), for sequencing. The sequencing was done in an ABI3730 DNA analyzer 

and all results were blasted in the National Center for Biotechnical Information genome database 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi). 

3.8 Quality control 

Quality control of the DNA extraction was carried out by testing all of the extracts for 16S rRNA (see 

table 3). 

The PCR procedure used in this study had been previously validated in the Department of 

Microbiology by using control isolates from a reference laboratory at the University Hospital in Tromsö, 

Norway and the American Type Culture Collection (ATCC) (see table 5). (29) 

 

 

 

 

 

 

 

 

 

 

 

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Table 5. Control isolates from Norway (N=16) and ATCC and their genotypes 

Number Bacteria Genotype 

93N E. coli  ESBL CTX-M-15 

97N E. coli  ESBL CTX-M-9 

100N E. coli  ESBL TEM-128 

103N E. coli  ESBL SHV-12/5a 

251N E. coli  AmpC on chromosome 

252N E. coli  AmpC CMY-7 on plasmid 

253N E. coli  SHV-1 overproduction 

254N E. coli  AmpC DHA-1 on plasmid 

255N K. Pneumoniae ESBL TEM-52 

256N K. Pneumoniae ESBL SHV-12/5a 

258N K. Pneumoniae ESBL CTX-M-15/28 

261N K. Pneumoniae KPC-2 

263N K. Pneumoniae MBL VIM-type 

265N K. Oxytoca K1 

269N E. Cloacae AmpC  + ESBL 

270N P. Aeruginosa MBL IMP-1 

ATCC 700603 K. Pneumoniae SHV-18 

ATCC 25922 E. coli  None 

ATCC 35218 E. coli  TEM-1 

 

3.9 Permissions 

Permissions for the study were obtained from Landspítali’s Ethics committee (no. 37/2010), The Data 

Protection Authority (no. 2013091115) and Landspítali’s Chief Medical Executive. 
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4 Results 

After looking through all the susceptibility tests for the 172 isolates that had been strain typed 

previously, their PFGE results and specimen types/dates, a total of 165 isolates were retained for this 

study. The Api 20E test was performed on 19 isolates for confirmation and there was one isolate that 

showed Klebsiella spp., all others were E. coli. In the end, a total of 164 isolates, from 120 patients, 

belonging to 131 PFGE clones were chosen for this study. Table 6 shows the resistance to the 

antibiotics that had been used during the initial culture of the isolates in the Department of 

Microbiology. 

Table 6. Antibiotic resistance of 164 ESBL-producing E. coli isolates 

Antibiotic (tablet content in μg)
a 

 

Urine (N=129) Other specimens (N=35) 

No. of 

Resistant/No. 

of tested 

Resistance 

% tested  

 No. of 

Resistant/No. 

of tested 

Resistance 

% tested  

Ampicillin (10) 127/127 100 34/35 97.1 

Mecillinam (10) 13/107 12.1 0/24 0 

Ampicillin/clavulanic acid (20-10) 54/113 47.8 15/33 45.5 

Cefoxitin (30)  5/38 13.2 0/7 0 

Piperacillin+tazobactan (30-6)  7/94 7.4  5/32 15.6 

Aztreonam (30) 32/38 84.2 13/15 86.7 

Cephalothin (30) 50/50 100 12/12 100 

Cefuroxime (30) 112/112 100 32/35 91.4 

Cefotaxime (30)
b 

34/38 89.5 13/15 86.7 

Ceftriaxone (30) 94/113 83.2 31/33 93.9 

Ceftazidime (30)
c 

 11/22 50 0/2 0 

Cefepime (30)   1/2 50 0/1 0 

Imipenem (10) 0/40 0 0/5 0 

Meropenem (10) 0/3 0 0/0 0 

Ertapenem (10) 0/73 0 0/28 0 

Gentamicin (10) 56/119 47.1  12/34 35.3 

Amikacin (30)  4/54 7.4  3/14 21.4 

Tobramycin (10) 42/66 63.6  10/13 76.9 

Trimethoprim/sulfamethoxazole (25) 72/106 67.9 20/32 62.5 

Nitrofurantoin (300)  7/90 7.8  1/21 4.8 

Ciprofloxacin (5) 79/106 74.5 22/32 68.8 
a
Until March 15

th
 2012 ESBL-producing E. coli were reported as being resistant to -lactam drugs other 

than cefoxitin, mecillinam and carbapenems. 
b
Resistance % after March 15

th
 2012 was 83.3% 

c
Resistance % after March 15

th
 2012 was 28.6% 
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PCR and electrophoresis on 16S rRNA showed that DNA extraction on all 164 isolates was 

successful. The next step was to run the samples through a PCR with primers for the ESBL genes 

used in this study. Appendix B shows detailed results from the PFGE, PCR, electrophoresis and 

sequencing. Out of the 164 isolates tested, there were 150 positive with the CTX-M primer, 13 were 

positive with the SHV primer, and 88 were positive with the TEM primer (see table 7). Four isolates 

were negative with all primers. Sequencing was successful for the 160 PCR-positive isolates and 

allowed the identification of ESBL types, but genotyping to a subtype was unsuccessful for 23 CTX-M 

and for 3 SHV genes. 

 

Table 7. Number of isolates that harboured each of the bla genes found in the study 

 

a
These genotypes are broad spectrum -lactamases according to the Bush-

Jacoby classification.(13) 

 

About half of the isolates had more than one enzyme present, or 86 isolates, as can be seen in 

table 8. The most common combination was CTX-M and the non-ESBL variant TEM-1, in 75 of the 

160 PCR-positve isolates (46.9%). There were 69 isolates (43.1%) that had various CTX-M types 

alone, two isolates that only had TEM-1, one isolate had only TEM-52, and two isolates that only had 

SHV-12. 

 

Table 8. Number of isolates in each combination 

Enzyme combinations 

CTX-M-5/SHV-12/TEM-1 2 CTX-M-15/TEM-1 48 SHV-12/TEM-1 3 

CTX-M-15/SHV/TEM-1 2 CTX-M/TEM-1 18 SHV-12/TEM-1b 2 

CTX-M/SHV/TEM-1 1 CTX-M-137/TEM-1 5 

  

  

CTX-M-1/TEM-1 3 

  

  

CTX-M-123/TEM-1 1 

      CTX-M-15/SHV-11 1     

Total combinations 86 

 

Genotypes  

CTX-M-1 6 SHV-11
a 

1 TEM-1
a 

85 

CTX-M-2 1 SHV-12 9 TEM-1b
a 

2 

CTX-M-5 2 SHV 3 TEM-52 1 

CTX-M-15 100 Negative 151 Negative 76 

CTX-M-123 2 

    CTX-M-137 16 

    CTX-M 23 

    Negative 14   

 

  

 Total CTX-M 150 Total SHV 13 Total TEM 88 
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Table 9 shows demographic data, which hospital ward patients were in at the time of sampling and 

type of specimen collected according to which bla gene was found. There were significantly more 

women in this study than men, or 68.3% vs. 29.2%, respectively. Three isolates were from specimens 

with a nameless identifier so the age and sex are unknown. Out of the 129 urine specimen there were 

92 which came from female patients and only 37 from male patients. The other specimen types are 

equally divided between both sexes. 

 

Table 9. Demographics of the study population (N=120) 

Characteristics CTX-M SHV TEM Total 

Age
a
 

         Median 65 65 65 

      Range 0-98 18-97  8-98   

Sex 

          Female 76 6 46 82 

      Male 33 3 18 35 

      Unknown 3 

 

2 3 

      Total 112 9 66 120 

Hospital ward
a
 

          Emergency room 38 1 17 39 

      Surgery 29 1 19 29 

      Medicine 15 4 12 20 

      Rehabilitation 9 1 6 10 

      Outpatient clinic 8 1 3 8 

      Intensive care unit 6 

 

4 6 

      Geriatrics 4 1 3 5 

      Pediatrics 1 

 

1 1 

      Health care center 1 

 

1 1 

      Obstetrics 1 

  

1 

      Total 112 9 66 120 

Specimen type
b
 

           Urine 115 13 70 129 

       Other specimen types
c
 23 

 

10 23 

       Blood
d 

12 

 

8 12 

       Total 150 13 88 164 
a
Age and hospital ward at the time of the first isolate cultured from 

patients. (N=120) 
b
All isolates used (N=164) 

c
Other specimens included abscess, ascites, skin lesions, stool, 

kidney aspiration, conjunctiva 
d
Blood specimens: CTX-M=2, CTX-M-1=1, CTX-M-15=6, CTX-M-

123=2 and CTX-M-137=1 
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Figures 1-3 show the breakdown for the various bla genes by years and semesters of sampling. 

CTX-M-15 was first found in the year 2007 and has been present ever since, with a sudden increase 

in the year 2011. 

 

 

Figure 1. Number of isolates for CTX-M genotypes (N=150) 

 

 

Figure 2. Number of isolates for SHV genotypes (N=13) 

 

 

 

 

 

0 

5 

10 

15 

20 

25 

30 

35 

40 

N
o

. o
f 

is
o

la
te

s 

Year of sampling 

CTX-M genotypes 

CTX-M-137 

CTX-M-123 

CTX-M-15 

CTX-M-5 

CTX-M-2 

CTX-M-1 

CTX-M 

0 

1 

2 

3 

4 

5 

6 

2007 2008 2009 2010 2011 2012 

N
o

. o
f 

is
o

la
te

s 

Year of sampling 

SHV genotypes 

SHV-12 

SHV-11 

SHV 



  

31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Number of isolates for TEM genotypes (N=88) 

 

Figure 4 shows the total number of patients who had the CTX-M-15 genotype and the number 

thereof for ambulant patients (emergency rooms and outpatient clinics) who had CTX-M-15, divided 

down by years and semesters of sampling. The 77 patients involved had a total of 100 CTX-M-15 

positive E. coli isolates. 

 

Figure 4. Number of patients who had the CTX-M-15 genotype (N=77) and 
number of ambulant patients with CTX-M-15 (N=33)  
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5 Discussions 

In this first Icelandic study on ESBL genotypes in E. coli we examined isolates from patients who were 

hospitalized or seen in the hospital’s ambulatory departments during the period 2006 to 2012. The 

results revealed that blaCTX-M and mainly blaCTX-M-15 were the predominant genotypes in this patient 

population. 

After performing the Api 20E test on the 19 isolates for confirmation, we found  that one isolate was 

in fact K. pneumoniae. That isolate had the same PFGE clone as another isolate in this study, but they 

were not a 100% match, so even though the number of isolates decreased by one, the PFGE number 

stayed the same. This can be expected due to the fact that species within the Enterobactericeae 

family are very similar. 

5.1 Susceptibility tests 

The rate of ESBL production among E. coli isolates was found to be 1.4-1.6% during the years 2007-

2009(29) and the rate of 1.8% (763/42,598 isolates) during the period of 2006-2012 points towards 

increasing rates with time. The rate of resistance to third-generation cephalosporins in E. coli from 

invasive isolates increased from 3-5% from 2009 to 2012, and has been similar to the rates in other 

Nordic countries (2-8%) during the same period 

(http://www.ecdc.europa.eu/en/publications/Publications/annual-epidemiological-report-2013.pdf). The 

slightly higher resistance rates in invasive isolates here and in other Nordic countries, compared to the 

1.8% ESBL production rate, could be partly explained by the fact that the former represent only 

invasive isolates and most likely non-duplicate ones. Furthermore, 3-9% of the resistance to third-

generation cephalosporins in other Nordic countries appear to be caused by mechanisms other than 

ESBLA (http://www.ecdc.europa.eu/en/publications/Publications/annual-epidemiological-report-

2013.pdf), which most laboratories search for routinely, and that could also explain the difference 

between our observed rates of ESBL-production and the rates of resistance to third-generation 

cephalosporins. 

Until March 15
th
 2012 all susceptibility tests for -lactam antibiotics were interpreted as resistant if 

ESBLs were found in the isolates. The susceptibility tests performed after that time showed more 

resistance towards cefotaxime than ceftazidime. Which is to be expected since CTX-M usually 

hydrolyzes cefotaxime better than ceftazidime. None of the few isolates tested for carbapenem 

antibiotics showed resistance towards them. When compared with a study that Hansen and 

colleagues did in Denmark in 2007, on E. coli from blood and urine specimens, the susceptibility 

results were similar. For example, resistance towards a few antibiotics in Hansen’s study versus this 

study were as follows: ciprofloxacin was 71% vs 73%, gentamicin was 49% vs 44%, amikacin was 

23% vs 10% and nitrofurantoin was 17% vs 7%, respectively.(31)  

5.2 ESBL genotypes 

The results from this study showed that almost all of the isolates, or 91.5%, were found to have the 

CTX-M enzyme, and 66.7% (of the 91.5%) had CTX-M-15, which is the most prevalent ESBL 

genotype in the world. The results were compared to earlier studies that have been done in other 

http://www.ecdc.europa.eu/en/publications/Publications/annual-epidemiological-report-2013.pdf
http://www.ecdc.europa.eu/en/publications/Publications/annual-epidemiological-report-2013.pdf
http://www.ecdc.europa.eu/en/publications/Publications/annual-epidemiological-report-2013.pdf
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Nordic countries. For example, in a study done in Denmark during the years 2008-2009, 92% of the 

isolates produced CTX-M enzymes, and thereof 52% were CTX-M-15.(32) A study done in Sweden 

during the years 2001-2006 also showed CTX-M in 92% of their isolates.(33) 

More than half of the isolates presented two or three β-lactamases, most of the enzyme 

combinations containing CTX-M and TEM-1 (46.6%). A study from Finland from the years 2002-2004 

revealed that 51% of the isolates had the combination CTX-M and TEM-1.(34)  

There were only two isolates that only presented TEM-1, which is a non-ESBL variant. But with 

further research using different primers, other ESBL-producing enzymes might be found in these 

isolates along with the four isolates that did not present CTX-M, SHV or TEM enzymes. 

After the initial sequencing of all 160 isolates that yielded PCR amplicons (as verified by 

electrophoresis) there were 45 CTX-M, 3 SHV and 3 TEM amplicons that could not be genotyped. It 

was decided to run these isolates through the whole process again, from DNA extraction to PCR and 

electrophoresis, and then sequence again. The second sequencing was more successful, yielding 

subgenotypes for 24 of the CTX-M amplicons and the 3 TEM amplicons whereas 21 CTX-M and the 3 

SHV amplicons remained ungenotyped. The reasons for the unsuccessful genotyping warrant futher 

examination. Potential causes could be the relatively small size of the CTX-M amplicons, the 

degenerate nature of the CTX-M primers that have positions allowing for several possible nucleotide 

bases and the possibility of more than one CTX-M or SHV subgenotypes in the bacterial isolates.  

Of all of the isolates in this study there was just one that had an ESBL TEM enzyme, so when it 

comes to expanding this study outside the hospital it might not be necessary to test all isolates for the 

TEM enzyme. It would be enough to test a random sample group among the isolates and those that 

have an ESBL phenotype but no CTX-M or SHV ESBL genotypes. 

5.3 Patient groups and ESBL genotypes 

Out of the 120 patients in this study, 82 of them were women and 35 of them were men. E. coli is a 

major urinary tract pathogen, which explains that out of the 164 isolates used, there were 129 sampled 

from urine; 92 of these were from women. Thus the predominance of women in the study sample 

could be explained by the fact that women are more prone to urinary tract infections than men are. 

Most of the isolates were sampled from ambulatory patients, which came to the emergency rooms 

and outpatient clinics, or a total of 48 (40%). This might be explained by a much higher turnover of 

patients in the emergency rooms and the outpatient clinics than any other hospital ward. The majority 

of the isolates found in the ambulatory patients had the CTX-M-15 subgenotype, or 66.7%, and 14.6% 

isolates had the unsequenced CTX-M genotype. Seventy two isolates, or 60%, were sampled from 

inpatients in different wards of the hospital. Of those isolates, 61% were of the CTX-M-15 

subgenotype, 12.5% were ungenotyped CTX-M enzymes. The occurrence of CTX-M-15 was thus 

comparable in ambulatory patients and inpatients, which indicates that nosocomial spread of the 

enzyme, via bacteria or plasmids, was unremarkable. The absence of low rate of spread was further 

supported by the high number of PFGE clones, or 131, that had been found prior to this study for the 

120 patients in the study sample. Ambulatory patients represented a high proportion of the study 

sample, and although they may differ from patients who seek health care outside the hospital setting, 
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the predominance of CTX-M-15 in this group indicates that this might be the most common ESBL 

genotype in the community. 

5.4 CTX-M-15 

As can be seen in figures 1 and 3, CTX-M-15 first appeared in this study sample in the year 2007 and 

then increased manifold from the second semester of 2011. Also there was at least twofold increase in 

TEM rates from the same period. Since the year-to-year prevalence of ESBL-producing E. coli was not 

examined in this study, it can not be ascertained whether the increase in 2011 was due to a steep 

increase in ESBL-producing E. coli from mid 2011 with a steady percentage of CTX-M-15 among 

them, or a steep increase in the percentage of CTX-M-15 among ESBL-producing E. coli. The 

appearance of CTX-M-15 in 2007 coincided with the onset of a hospital-wide outbreak due to an 

ESBL-producing K. pneuomoniae, that lasted until 2012. The outbreak clones also produced TEM-1, 

like 48 of the E. coli isolates in this study (personal communication from Freyja Valsdóttir). A further 

study of the plasmids in select K. pneumoniae and E. coli isolates from 2007 would be of interest and 

could throw a light on a potential plasmid spread within the hospital. The fact that the CTX-M-15 

isolates from E. coli emerged at the same time as the Klebsiella spp. outbreak provides a good reason 

for a future study of plasmid comparison between the two species as Neuwirth and colleagues did in 

their research with TEM-24 in France. Their results demonstrated an in vivo dissemination of a 

plasmid that encodes the ESBL TEM-24 from a clonal strain of Enterobacter aerogenes to different 

strains of K. pneumoniae, E. coli, Proteus vulgaris, Proteus mirabilis, and Serratia marcescens.(35) 

One of the earliest reports of CTX-M-15 in Europe were two E. coli isolates found, a few months 

apart, in two separate patients at a French hospital in 2001.(36) In 2003 came the first report from the 

United Kingdom of CTX-M-15 isolates, where four isolates had been collected from three different 

hospitals in 2001.(37) In Iceland, the first identification of the CTX-M-15 producing E. coli isolates was 

made in 2007, around the same time as the Klebsiella spp. outbreak emerged. The above mentioned 

studies from Europe and Scandinavia show how much later this ESBL subgenotype seems to have 

appeared in Iceland. However, it is possible that CTX-M-15 was present in E. coli before 2007 and 

was missed in our study which started in May 2006. 

5.5 Limitations 

There were a few limitations to the study. First the study period started in May 2006 and therefore it is 

not known with certainty when exactly the CTX-M-15 subgenotype emerged. Second, the ESBL 

subgenotypes were not identified for 24 isolates (14.6%) and the time frame of the study did not allow 

for an adequate trouble-shooting in order to improve the genotyping process. And finally, primers for 

only the three main ESBLA genotypes were used, and as four ESBL-producing isolates yielded 

negative PCR with these primers other ESBL types need to be searched for. 

5.6 Conclusions 

The prevalence of CTX-M in general, and CTX-M-15 in particular, seems to be comparable to what 

has been found in other Nordic countries, although CTX-M-15 may have emerged later in Iceland. The 

CTX-M-15 enzyme was first described in India in 2001, and since then it has spread rapidly around 
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the world and is now the most common ESBL in the world. This, along with the manifold increase from 

2011 to 2012, seen in this study, suggest that the gene is on highly transferable plasmids or 

associated with rapidly spreading E. coli clones such as ST131. As CTX-M-15 was the most prevalent 

and rapidly spreading enzyme in hospital- and community-acquired infecitons, this could be of great 

importance for infection control and treatment for various infections, like urinary tract infections.  

The next step would be to determine if the E. coli clone ST131, which is spreading rapidly 

throughout the world, has emerged in Iceland. As stated above, since the CTX-M-15 seems to have 

emerged in both E. coli and K. pneumoniae happened around the same time, it would be of interest to 

do a plasmid analysis on select isolates of both bacteria to determine if plasmid transfer had occurred. 
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Appendix A 

5X Tris Borate EDTA (TBE buffer): 

108 g  Trizma base minimum 99.9% titration (Sigma-Aldrich, St. Louis, MO) 

55 g Boric acid powder (Sigma-Aldrich, St. Louis, MO) 

40 mL of 0.5M EDTA pH 8 

 

0.5M EDTA pH 8: 

186.1 g EDTA (disodium salt mv=372.2) (Sigma-Aldrich, St. Louis, MO) 

800 mL distilled water 

24 g NaOH tablets (Mereck, Darmstadt, Germany) 

Solution heated and stirred with a magnet. Check pH and adjust if needed. Solution sterilized in an 

autoclave. 

 

 

 

 

 

 

 

 

 

 

 

  



  

40 

Appendix B 

Results from PFGE, PCR, electrophoresis and sequencing (N=164) 

 

Specimen
a 

PFGE Patient ward Electrophoresis of 

PCR products 

Sequencing 

      CTX-M SHV TEM  

35a 29.001 Surgery A-4 Pos Neg Neg CTX-M-15 

86h 25.001 Medicine B-7 Pos Neg Neg CTX-M-15 

90b 44.001 Medicine B-7 Pos Neg Neg CTX-M 

90f 44.001 Medicine A-7 Pos Neg Neg CTX-M 

284p 14.001 Rehabilitation ward R-2 Pos Pos Neg CTX-M-15 / SHV-11 

284x 113.001 Medicine B-2 Pos Neg Neg CTX-M-15 

284y 112.001 Rehabilitation R-2 Pos Neg Neg CTX-M-15 

289a 30.001 Surgery 13-G Pos Neg Pos CTX-M / TEM-1 

374a 27.001 Outpatient clinic 21-AM Pos Neg Pos CTX-M-137 / TEM-1 

374c 27.002 Intensive care unit 23-A Pos Neg Pos CTX-M-137 / TEM-1 

379a 34.001 Surgery 13-G Pos Neg Neg CTX-M-15 

382a 12.001 Medicine A-7 Neg Neg Neg No sequencing 

506a 30.003 Emergency room 10-D Pos Neg Pos CTX-M / TEM-1 

506e 30.002 Surgery 13-G Pos Neg Pos CTX-M / TEM-1 

506h 30.004 Surgery 12-G Pos Neg Pos CTX-M / TEM-1 

517c 20.001 Medicine A-7 Pos Neg Neg CTX-M-15 

523a 18.001 Surgery B-5 Pos Neg Pos CTX-M / TEM-1 

523c 7.001 Emergency Room G-2 Pos Neg Neg CTX-M 

530a 45.002 Intensive care unit E-6 Pos Neg Pos CTX-M-15 / TEM-1 

530i 45.002 Surgery 13-G Pos Neg Pos CTX-M-15 / TEM-1 

532a 17.001 Surgery B-6 Pos Neg Pos CTX-M / TEM-1 

553a 18.001 Emergency room G-2 Pos Neg Pos CTX-M / TEM-1 

553j 18.001 Medicine A-7 Pos Neg Pos CTX-M / TEM-1 

562a 18.001 Medicine A-2 Pos Neg Pos CTX-M-137 / TEM-1 

562d
c 

18.001 Geriatrics  Pos Neg Pos CTX-M-137 / TEM-1 

575b 20.001 Outpatient clinic 21-AM Pos Neg Neg CTX-M-15 

633b-1 35.001 Medicine B-7 Neg Pos Pos SHV-12 / TEM-1 

633b-2 35.001 Medicine B-7 Neg Pos Pos SHV-12 / TEM-1 

633c 21.001 Medicine B-7 Pos Pos Pos CTX-M-5 / SHV-12 / 

TEM-1 

651a 26.001 Surgery B-5 Pos Neg Pos CTX-M-15 / TEM-1 

841h
b 

70.001 Geriatrics  Neg Pos Neg SHV-12 

847a 33.001 Medicine B-2 Pos Neg Pos CTX-M-15 / TEM-1 

847d
b 

83.001 Geriatrics  Pos Neg Pos CTX-M-15 / TEM-1 
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865a 4.001 Surgery B-6 Pos Neg Pos CTX-M-15 / TEM-1 

869a 41.001 Medicine A-7 Neg Pos Pos SHV-12 / TEM-1b 

869b 92.001 Emergency Room G-3 Neg Pos Pos SHV-12 / TEM-1b 

916a 18.001 Surgery B-5 Pos Neg Pos CTX-M / TEM-1 

948i
b 

82.001 Health care center Pos Neg Pos CTX-M-15 / TEM-1 

1046d 10.001 Rehabilitation ward R-2 Neg Neg Pos TEM-1 

1067a 15.001 Medicine B-7 Neg Neg Pos TEM-52 

1083a 9.001 Surgery B-6 Pos Neg Pos CTX-M-15 / TEM-1 

1083d 43.001 Rehabilitation R-3 Pos Neg Pos CTX-M-15 / TEM-1 

1115a 37.001 Medicine B-7 Neg Neg Neg No sequencing 

1134a 1.001 Medicine B-2 Pos Neg Neg CTX-M 

1138a 32.001 Intensive care unit E-6 Pos Neg Pos CTX-M / TEM-1 

1177b 45.002 Medicine A-7 Pos Neg Pos CTX-M-15 / TEM-1 

1182a 31.001 Medicine 13-E Neg Pos Pos SHV-12 / TEM-1 

1192a 46.001 Rehabilitation ward R-2 Pos Neg Pos CTX-M-15 / TEM-1 

1195b 45.001 Rehabilitation ward R-2 Pos Neg Pos CTX-M-15 / TEM-1 

1195i 45.001 Medicine 14-EG Pos Neg Pos CTX-M-15 / TEM-1 

1195l 54.001 Medicine A-7 Pos Neg Neg CTX-M-15 

1212a 45.002 Emergency room 10-D Pos Neg Pos CTX-M-15 / TEM-1 

1217b 23.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1217d 23.001 Surgery B-5 Pos Neg Neg CTX-M-15 

1222a 2.001 Rehabilitation ward R-2 Pos Neg Pos CTX-M-15 / TEM-1 

1243a 6.001 Surgery A-4 Pos Pos Pos CTX-M-5 / SHV-12 / 

TEM-1 

1245e 64.001 Geriatrics K-2 Pos Neg Pos CTX-M-15 / TEM-1 

1248a 3.001 Surgery A-4 Pos Neg Pos CTX-M-15 / TEM-1 

1248b 3.001 Surgery A-4 Pos Neg Pos CTX-M-15 / TEM-1 

1250a 42.001 Medicine B-2 Pos Neg Pos CTX-M / TEM-1 

1252c 53.001 Geriatrics K-1 Pos Neg Pos CTX-M-15 / TEM-1 

1252d 55.001 Emergency Room G-2 Pos Neg Pos CTX-M-15 / TEM-1 

1273b 117.001 Emergency room G-2 Pos Neg Pos CTX-M-15 / TEM-1 

1276a 22.001 Medicine A-6 Pos Neg Neg CTX-M-15 

1279a 5.001 Intensive care unit E-6 Pos Neg Pos CTX-M / TEM-1 

1279g 5.001 Surgery B-5 Pos Neg Pos CTX-M / TEM-1 

1285b 114.001 Medicine A-7 Pos Neg Neg CTX-M-15 

1291b 8.001 Surgery B-5 Pos Neg Pos CTX-M-15 / TEM-1 

1291c
c 

19.001 Health care center Pos Neg Pos CTX-M-15 / TEM-1 

1298a 47.001 Rehabilitation ward R-2 Pos Neg Pos CTX-M-15 / TEM-1 

1302a 40.001 Surgery B-6 Neg Neg Neg No sequencing 

1302b 39.001 Surgery B-6 Pos Neg Neg CTX-M-15 

1304b 111.001 Surgery 12-G Pos Neg Neg CTX-M-15 
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1308a 11.001 Surgery B-5 Pos Neg Pos CTX-M-1 / TEM-1 

1309k 106.002 Medicine 11-E Pos Neg Neg CTX-M-15 

1309L 106.001 Outpatient clinic 10-E Pos Neg Neg CTX-M-15 

1309n 106.001 Outpatient clinic 10-E Pos Neg Neg CTX-M-15 

1318a 28.001 Outpatient clinic 21-AM Pos Neg Neg CTX-M 

1320a 36.001 Surgery B-6 Pos Neg Pos CTX-M-1 / TEM-1 

1321a 48.001 Surgery B-5 Pos Neg Neg CTX-M-15 

1322a 24.001 Surgery B-6 Pos Neg Pos CTX-M-15 / TEM-1 

1328a 38.001 Rehabilitation ward R-2 Pos Neg Neg CTX-M-15 

1329a 16.001 Rehabilitation ward R-2 Pos Neg Neg CTX-M-15 

1331a 13.001 Rehabilitation ward R-2 Pos Neg Pos CTX-M-1 / TEM-1 

1332a 28.001 Rehabilitation ward R-2 Pos Neg Neg CTX-M 

1353a 65.001 Outpatient clinic A-1 Pos Pos Pos CTX-M / SHV / TEM-1 

1355b 78.001 Intensive care unit E-6 Pos Neg Pos CTX-M-15 / TEM-1 

1357a 71.001 Emergency room G-2 Pos Neg Neg CTX-M-2 

1358a 74.001 Medicine 14-EG Neg Pos Neg SHV-12 

1360a 98.001 Obstetrics 22-A Pos Neg Neg CTX-M 

1362a 50.001 Intensive care unit 12-B Pos Neg Neg CTX-M-15 

1362b 50.001 Emergency Room G-2 Pos Neg Neg CTX-M-15 

1363a 63.001 Medicine 11-G Pos Neg Pos CTX-M / TEM-1 

1364a 103.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1365a 130.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1366a 110.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1368a 100.001 Outpatient clinic 10-E Pos Neg Neg CTX-M-15 

1372a 119.001 Emergency room G-2 Pos Neg Pos CTX-M-15 / TEM-1 

1376a 131.001 Outpatient clinic 11-A Pos Neg Neg CTX-M 

1378a 123.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1378b 124.001 Emergency Room G-2 Pos Neg Neg CTX-M-15 

1378c
c 

125.001 Domus Medica Pos Neg Neg CTX-M-15 

1380a 77.001 Surgery 21-A Pos Neg Neg CTX-M-1 

1382a 88.001 Emergency room G-2 Pos Neg Pos CTX-M-15 / TEM-1 

1384a 87.001 Surgery B-5 Pos Neg Pos CTX-M / TEM-1 

1386a 76.001 Surgery 21-A Pos Neg Pos CTX-M-15 / TEM-1 

1389a 84.001 Surgery 12-G Pos Neg Pos CTX-M-15 / TEM-1 

1390a 122.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1398a 80.001 Medicine A-6 Pos Neg Pos CTX-M-15 / TEM-1 

1398b 80.001 Medicine A-6 Pos Neg Pos CTX-M-15 / TEM-1 

1399a 99.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1399b 99.001 Emergency Room G-2 Pos Neg Pos CTX-M-15 / TEM-1 

1400a 62.001 Emergency room 20-D Neg Neg Pos TEM-1 

1401a 52.001 Surgery 12-G Pos Neg Neg CTX-M 
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1401b 52.001 Surgery 12-G Pos Neg Neg CTX-M-137 

1401c 57.001 Surgery 12-CD Pos Neg Pos CTX-M / TEM-1 

1404a 59.001 Emergency room G-2 Pos Neg Neg CTX-M-1 

1405a 120.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1406a 45.002 Emergency room G-3 Pos Neg Pos CTX-M-15 / TEM-1 

1408a 89.001 Surgery B-5 Pos Neg Pos CTX-M-15 / TEM-1 

1410a 118.001 Emergency room G-2 Pos Neg Pos CTX-M-15 / TEM-1 

1411a 56.001 Emergency room G-2 Pos Neg Pos CTX-M-15 / TEM-1 

1412a 95.001 Emergency room G-2 Pos Neg Pos CTX-M-15 / TEM-1 

1413a-1 93.001 Emergency room G-2 Pos Neg Neg CTX-M-123 

1413a-2 94.001 Emergency Room G-2 Pos Neg Pos CTX-M-123 / TEM-1 

1414a 51.001 Surgery A-4 Pos Neg Neg CTX-M-15 

1420a 49.001 Surgery 13-G Pos Neg Neg CTX-M-15 

1420b 50.001 Health care center Pos Neg Neg CTX-M-15 

1420c 50.001 Surgery 13-G Pos Neg Neg CTX-M-15 

1421a 67.001 Emergency room G-2 Pos Pos Pos CTX-M-15 / SHV / 

TEM-1 

1421b 67.001 Surgery 13-D Pos Neg Pos CTX-M-15 / TEM-1 

1421c 67.002 Outpatient clinic 11-A Pos Pos Pos CTX-M-15 / SHV / 

TEM-1 

1422a 109.001 Emergency room 20-D Pos Neg Neg CTX-M-15 

1423a 97.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1423b 96.001 Medicine A-2 Pos Neg Neg CTX-M-15 

1424a 85.001 Emergency room G-2 Pos Neg Pos CTX-M / TEM-1 

1426a 66.001 Emergency room G-2 Pos Neg Pos CTX-M-15 / TEM-1 

1427a 129.001 Medicine 13-E Pos Neg Pos CTX-M-137 / TEM-1 

1428b 114.001 Emergency room G-3 Pos Neg Pos CTX-M-15 / TEM-1 

1429a 108.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1431a 104.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1431b 105.001 Emergency Room G-2 Pos Neg Neg CTX-M-15 

1432a 115.001 Outpatient clinic 10-E Pos Neg Pos CTX-M-15 / TEM-1 

1433a 68.001 Surgery 21-A Pos Neg Pos CTX-M-15 / TEM-1 

1434a 121.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1435a 121.001 Intensive care unit 12-B Pos Neg Neg CTX-M-15 

1436a 61.001 Emergency room G-2 Pos Neg Neg CTX-M 

1436b 116.001 Emergency Room G-2 Pos Neg Neg CTX-M-15 

1437a 126.001 Medicine B-2 Pos Neg Pos CTX-M-15 / TEM-1 

1445a 60.001 Emergency room G-2 Pos Neg Neg CTX-M 

1446a 91.001 Pediatrics Pos Neg Pos CTX-M-15 / TEM-1 

1448a 73.001 Outpatient clinic 11-A Pos Neg Neg CTX-M-15 

1448b 72.001 Outpatient clinic 11-A Pos Neg Neg CTX-M-15 
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1449a 75.001 Emergency room G-2 Pos Neg Neg CTX-M-1 

1450a 102.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1453a 101.001 Emergency room G-2 Pos Neg Neg CTX-M-137 

1455a 58.001 Emergency room G-2 Pos Neg Pos CTX-M / TEM-1 

1457a 49.001 Surgery 12-G Pos Neg Neg CTX-M-15 

1458a 128.001 Emergency room G-2 Pos Neg Neg CTX-M-15 

1462a 81.001 Geriatrics K-1 Pos Neg Pos CTX-M-15 / TEM-1 

1464a 79.001 Emergency Room G-2 Neg Neg Neg No sequencing 

1466a 127.001 Surgery 21-A Pos Neg Pos CTX-M-15 / TEM-1 

1467a 86.001 Emergency room G-2 Pos Neg Pos CTX-M-15 / TEM-1 

1468a 90.001 Geriatrics  Pos Neg Neg CTX-M-15 
a
The numbers refer to patients (N=120) and the letters refer to specimens from each patient (N=164) 

b 
Patients 841h, 847d and 948i had a previous ESBL-producing K. pneumoniae while inpatients. 

c 
Patients 562d, 1291c and 1378c had a previous ESBL-producing E. coli while inpatients. 

 

 

 

 

 

 


