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Abstract 

Introduction. The prevalence of extended-spectrum β-lactamases (ESBL) in members of the 

Enterobacteriaceae family increases steadily and causes difficulties in the treatment of infectious 

diseases. Escherichia coli is the commonest pathogen in the family and the most prevalent ESBL in 

this species is the CTX-M-15 derivative. The blaCTX-M-15 gene has spread rapidly around the world, in 

part via the transmissive E. coli ST131. The prevalence of ESBL-producing E. coli in Iceland is low but 

rising. Although nosocomial outbreaks due to E. coli are uncommon, such an outbreak occurred 

recently at Landspítali – The University Hospital of Iceland. Information about bla genotypes in E. coli 

is incomplete in Iceland, and no studies have been published on phylogenetic and multilocus 

sequence typing (MLST) of E. coli in the country.  

Methods. The objective of the study was to perform molecular typing with regard to clonality, 

phylogeny, bla genes and MLST of ESBL-producing E. coli from community acquired infections during 

the years 2006-2012 and from an outbreak that occurred in the neonatal intensive care unit (NICU) at 

Landspítali in early 2014. All community isolates selected for this study were examined with pulsed-

field gel electrophoresis (PFGE) of macroresticted DNA, and typing of phylogeny groups and bla 

genes with PCR. All NICU isolates were analyzed with PFGE, and a selected subgroup was subjected 

to typing of phylogeny groups and bla genes. Six community isolates and one NICU isolate were 

analyzed with MLST. 

Results. A total of 138 community isolates, from as many patients, were analyzed. PFGE analysis 

revealed 126 clones and 36% and 37% of all isolates belonged to phylogroups B2 and D, respectively. 

blaCTX-M, blaSHV and blaTEM were detected in 112, 14 and 73 isolates, respectively. Sequencing of 

blaCTX-M, genes was done for 42 CTX-M positive isolates; 21 produced CTX-M-15. MLST revealed 

ST43 (corresponds to ST131) for the six community isolates analyzed. A total of 37 NICU isolates 

(from 25 infants, three family members and three environmental samples) were analyzed. PFGE 

revealed that 20 infants and one environmental sample shared the outbreak clone, which belonged to 

phylogroup D and produced CTX-M-14. MLST was performed on one isolate and revealed ST8. 

Conclusion. This project completes the first systematic study on bla genotypes and provides the first 

data about phylogenetic groups and multilocus sequence types of E. coli in Iceland. The results 

confirmed that CTX-M-15 has become the predominant ESBL genotype and that the fast spreading 

international clone ST131 has reached Iceland.  This research also describes the first known NICU 

outbreak caused by a CTX-M-14-producing E. coli of phylogenetic group D.  
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Ágrip 

Inngangur. Algengi breiðvirkra β-laktamasa (ESBL) í bakteríum af ætt Enterobacteriaceae fer vaxandi 

og veldur erfiðleikum í meðferð smitsjúkdóma. Escherichia coli er mikilvægasti meinvaldurinn í hópi 

þessara baktería og algengasta ESBL afleiðan í tegundinni er CTX-M-15. blaCTX-M-15 genið hefur 

breiðst hratt út í heiminum, að hluta til með E. coli ST131 sem hefur mikla smitgetu. Algengi ESBL-

myndandi E. coli er lágt á Íslandi en hefur aukist undanfarin tíu ár. Spítalafaraldrar af völdum E. coli 

eru sjaldgæfir, en slíkur faraldur varð nýlega á Landspítala háskólasjúkrahúsi. Rannsóknir á arfgerðum 

bla gena í E. coli hófust nýlega á Íslandi en er ólokið og engar rannsóknir hafa birst um þróunarhópa 

og fjölgenaarfgerðir (MLST) bakteríunnar hér á landi. 

Efni og aðferðir. Markmið þessarar rannsóknar var að kanna sameindafræðilegan skyldleika og 

ónæmisgen ESBL-myndandi E. coli úr utanspítalasýkingum frá tímabilinu 2006-2012 og úr faraldri 

sem varð á vökudeild Landspítlans snemma ársins 2014. Allir bakteríustofnar úr utanspítalasýkingum 

voru rannsakaðir með rafdrætti á meltu erfðaefni í púlssviði (PFGE), og þróunarhópa- og bla 

arfgerðagreiningu með kjarnsýrumögnun (PCR). Allir stofnar frá vökudeild voru rannsakaðir með 

PFGE og valið úrtak var greint m.t.t. þróunarhópa og bla arfgerða. Einungis sex stofnar úr 

utanspítalasýkingum og einn frá vökudeild voru valdir fyrir MLST greiningu. 

Niðurstöður. Alls voru 138 samfélagsstofnar frá jafnmörgum sjúklingum rannsakaðir. PFGE leiddi í 

ljós 126 klóna og þróunarhópagreining sýndi að 36% stofnanna tilheyrðu hóp B2 og 37% tilheyrðu D. 

blaCTX-M fannst í 112 stofnum, blaSHV í 14 og and blaTEM í 73. Helmingur af hinum 42 CTX-M jákvæðu 

stofnum sem gengust undir raðgreiningu á bla genum mynduðu CTX-M-15. MLST greining leiddi í ljós 

ST43 (samsvarar ST131) fyrir alla sex stofnana.  Alls voru 37 vökudeildarstofnar (frá 25 nýburum, 

þremur fjölskyldumeðlimum og þremur umhverfissýnum) rannsakaðir. PFGE sýndi að stofnar frá 20 

börnum og einu umhverfissýni voru samklóna og faraldursklónninn tilheyrði þróunarhópi D og myndaði 

CTX-M-14. MLST greining sýndi ST8 fyrir þann stofn sem greindur var. 

Umræður. Með þessari rannsókn lýkur fyrstu kerfisbundnu rannsókninni á bla arfgerðum í E. coli og 

fást, í fyrsta sinn, upplýsingar um þróunarhópa og fjölgenaarfgerðir E. coli á Íslandi. Niðurstöður 

staðfesta að CTX-M-15 er orðin helsta ESBL arfgerðin hér á landi og að hin útbreidda ST131 hefur 

borist til landsins. Þessi rannsókn lýsir einnig fyrsta vökudeildarfaraldri sem orsakast af CTX-M-14-

myndandi E. coli af þróunarhóp D. 



  

6 



  

7 

Acknowledgments 

I would like to start by thanking my supervisor Ingibjörg Hilmarsdóttir and my mentor Freyja Valsdóttir 

for all their help, support and understanding. My thanks also go to the wonderful and helpful staff of 

the Microbiology Department at the Landspítali University Hospital. And last but not least I give my 

thanks to my wonderful family for all their patience, support and understanding. 

This research was funded by the University of Iceland Research Fund and the Landspítali 

University Hospital Research Fund. 

 



  

8 

Table of contents 

Abstract(..........................................................................................................................................(3!

Ágrip(...............................................................................................................................................(5!

Acknowledgments(......................................................................................................................(7!

Table(of(contents(........................................................................................................................(8!

List(of(figures(.............................................................................................................................(11!

List(of(tables(..............................................................................................................................(11!

List(of(abbreviations(...............................................................................................................(12!

1! Introduction(.......................................................................................................................(13!
1.1! The(Pathogens(..........................................................................................................................(13!
1.1.1! Escherichia)coli)infections!..............................................................................................................!13!
1.1.2! Outbreaks!..............................................................................................................................................!14!
1.1.2.1! Hospital!............................................................................................................................................................!14!
1.1.2.2! Community!.....................................................................................................................................................!14!

1.1.3! Diagnosis!...............................................................................................................................................!14!
1.2! Antibiotic(resistance(...............................................................................................................(15!
1.2.1! Extended@spectrum!β@lactamases!..............................................................................................!15!
1.2.2! Phenotypic!detection!of!ESBL@producing!bacteria!.............................................................!16!
1.2.3! ESBL!genotyping!................................................................................................................................!16!
1.2.4! Infection!control!measures!............................................................................................................!16!
1.2.5! Prevalence!of!ESBL!production!in!Iceland!..............................................................................!17!

1.3! Typing(of(E.%coli(.........................................................................................................................(17!
1.3.1! Phylogenetic!groups!.........................................................................................................................!17!
1.3.2! PFGE!for!outbreak!investigations!...............................................................................................!19!
1.3.3! MLST!........................................................................................................................................................!20!

1.4! Previous(studies(on(ESBLIproducing(organisms(in(Iceland(......................................(21!

2! Objectives(............................................................................................................................(23!

3! Materials(and(methods(...................................................................................................(24!
3.1! Study(setting(..............................................................................................................................(24!
3.2! Bacterial(cultures(and(susceptibility(tests(......................................................................(24!
3.3! Building(the(database(............................................................................................................(25!



  

9 

3.3.1! Community!cases!...............................................................................................................................!25!
3.3.2! NICU!outbreak!cases!.........................................................................................................................!26!

3.4! PFGE(.............................................................................................................................................(26!
3.4.1! PFGE!plug!preparation!....................................................................................................................!26!
3.4.2! Restriction!digestion!........................................................................................................................!27!
3.4.3! Electrophoresis!...................................................................................................................................!27!

3.5! Genotyping(of(bla%genes(........................................................................................................(28!
3.5.1! Selection!of!isolates!..........................................................................................................................!28!
3.5.2! DNA!extraction!....................................................................................................................................!28!
3.5.3! PCR!...........................................................................................................................................................!28!
3.5.4! Electrophoresis!...................................................................................................................................!31!
3.5.5! Sequencing!and!blasting!.................................................................................................................!31!

3.6! Phylogenetic(group(typing(...................................................................................................(32!
3.6.1! Selection!of!isolates!..........................................................................................................................!32!
3.6.2! PCR!...........................................................................................................................................................!32!

3.7! MLST(.............................................................................................................................................(33!
3.7.1! Selection!of!isolates!..........................................................................................................................!33!
3.7.2! PCR!...........................................................................................................................................................!33!
3.7.3! Sequencing!and!blasting!.................................................................................................................!35!

3.8! Permissions(...............................................................................................................................(35!

4! Results(..................................................................................................................................(36!
4.1! The(database(.............................................................................................................................(36!
4.1.1! Community!isolates!..........................................................................................................................!36!
4.1.2! NICU!isolates!........................................................................................................................................!36!

4.2! Antibiotic(susceptibility(tests(..............................................................................................(37!
4.2.1! Community!isolates!..........................................................................................................................!37!
4.2.2! NICU!isolates!........................................................................................................................................!38!

4.3! PFGE(.............................................................................................................................................(39!
4.3.1! Community!isolates!..........................................................................................................................!39!
4.3.2! NICU!isolates!........................................................................................................................................!41!

4.4! Phylogeny(groups(and(bla%genotypes(...............................................................................(43!
4.4.1! Phylogeny!groups!–!community!isolates!.................................................................................!43!
4.4.2! Phylogeny!groups!–!NICU!isolates!..............................................................................................!43!
4.4.3! Genotyping!–!community!isolates!..............................................................................................!44!
4.4.4! Genotyping!–!NICU!isolates!...........................................................................................................!47!
4.4.5! bla)genotypes!among!phylogroups!............................................................................................!48!



  

10 

4.5! MLST(.............................................................................................................................................(49!

5! Discussion(...........................................................................................................................(50!

6! Conclusions(.........................................................................................................................(56!

Reference(...................................................................................................................................(57!

Appendix(A(.................................................................................................................................(62!

Appendix(B(.................................................................................................................................(63!

Appendix(C(.................................................................................................................................(67!

Appendix(D(................................................................................................................................(69!



  

11 

List of figures 

Figure 1. Dichotomous decision tree for phylogenetic typing of E. coli, based on the presence or 

absence of chuA, yjaA and TSPE4.C2.(41) .......................................................................................... 33!

Figure 2. Number of isolates with more than 80% similarity in each PFGE cluster .............................. 39!

Figure 3. Dendrogram based on PFGE of NICU outbreak .................................................................... 42!

Figure 4. Results of phylogenetic typing for 138 E. coli isolates from urine specimens ........................ 43!

Figure 5. Results of phylogenetic typing for 16 E. coli isolates ............................................................. 44!

Figure 6. bla genotypes among 133 isolates that were PCR-positive for blaCTX-M, blaSHV and blaTEM ... 45!

Figure 7. CTX-M derivatives among the 42 blaCTX-M positive isolates that were subjected to sequencing

 .............................................................................................................................................................. 46!

Figure 8. Number of blaCTX-M positive isolates from in- and outpatients from Landspítali, analyzed in a 

previous study (29), and community isolates analyzed in the present study ........................................ 46!

Figure 9. CTX-M derivatives among the 150 CTX-M-positive isolates from 112 patients in a previous 

study (29) .............................................................................................................................................. 47!

Figure 10. Distribution of phylogroups among the 112 CTX-M positive E. coli isolates during the study 

period .................................................................................................................................................... 48!

 

 

List of tables 

 

Table 1: E. coli pathotypes with examples of virulence-associated plasmids(5) ................................... 13!

Table 2. Extraintestinal VFs and their function ...................................................................................... 18!

Table 3. Criteria for interpreting PFGE patterns of digested DNA (46) ................................................. 19!

Table 4. Antibiotics used for urine samples along with ESBL testing .................................................... 25!

Table 5. Primers for blaCTX-M, blaSHV, blaTEM, and 16S rRNA ................................................................. 29!

Table 6. PCR criteria for the amplification of bla genes and 16S rRNA ................................................ 30!

Table 7. Control isolates from Norway (n=16) and ATCC and their genotypes .................................... 31!

Table 8. Primers for phylogenetic typing ............................................................................................... 32!

Table 9. Primers for the housekeeping genes used in the French MLST scheme ................................ 34!

Table 10. Sequencing primers .............................................................................................................. 35!

Table 11. Demographics of the study population (n=138) ..................................................................... 36!

Table 12. Demographics of NICU infants (n=25) .................................................................................. 37!

Table 13. Antibiotic resistance of 138 ESBL-producing E. coli ............................................................. 38!

Table 14. Co-resistance among 131 isolates tested ............................................................................. 38!



  

12 

Table 15. Antibiotic resistance of 37 ESBL-producing E. coli isolates .................................................. 39!

Table 16. Details of isolates belonging to PFGE clusters (n=47) .......................................................... 40!

Table 17. Clonal information for NICU isolates (n=37) .......................................................................... 41!

Table 18. Number of community isolates that harbored each (or none) of the bla genes found in the 

study and the number of bla gene combinations (n=138) ..................................................................... 45!

Table 19. Number of NICU isolates that harbored each of the bla genes found in this study (n=16) ... 48!

Table 20. bla genotypes and phylogeny groups among community isolates ........................................ 48!

Table 21. Allelic profiles and sequence types of the tested isolates (n=6+1) ........................................ 49!

 

List of abbreviations 

CLSI..........................................Clinical and Laboratory Standards Institute 

DNA..........................................................................Deoxyribonucleic acid 

E. coli..................................................................................Escherichia coli 

ESBL........................................................Extended-spectrum β-lactamase 

EUCAST........European Committee on Antimicrobial Susceptibility Testing 

ExPEC......................................................Extraintestinal pathogenic E. coli 

K. pneumoniae.........................................................Klebsiella pneumoniae 

MLEE....................................................Multilocus Enzyme Electrophoresis 

MLST...............................................................Multilocus Sequence Typing 

NICU..............................................................Neonatal Intensive Care Unit 

PCR.................................................................Polymerase Chain Reaction 

PFGE.......................................................Pulsed Field Gel Electrophoresis 

ST........................................................................................Sequence Type 

UTI..............................................................................Urinary tract infection 

VF........................................................................................Virulence factor 

 

 



  

13 

1 Introduction 

1.1 The Pathogens 

1.1.1 Escherichia coli infections 
Escherichia coli (E. coli) was first described in 1885 as a Gram-negative rod that belongs to 

the Enterobacteriaceae family. It is the most common species found in the gastrointestinal 

tract of humans and warm-blooded animals as well as being the most common pathogen in 

the enterobacterial family.(1) E. coli resides mainly in the lumen of the colon and rarely 

causes disease in healthy individuals, but once the E. coli clones become highly adapted, 

they can become true pathogens. These E. coli pathotypes can cause specific illnesses in 

both normal hosts and those with a weakened immune system.(2, 3) Pathogenic E. coli 

strains are divided into two major groups based on the site of infection and the disease they 

cause (table 1): Extraintestinal pathogenic E. coli (ExPEC) cause infections in organs other 

than the gut and intestinal pathogenic E. coli (InPEC) cause gastroenteritis or colitis when 

ingested.(4, 5) InPEC pathotypes are classified into six groups: enteropathogenic E. coli, 

enterotoxigenic E. coli, Shigatoxin producing/enterohemorrhagic E. coli, enteroaggregative E. 

coli, enteroinvasive E. coli, and adherent-invasive E. coli.(4, 6) 

Table 1: E. coli pathotypes with examples of virulence-associated plasmids(5) 

Pathotype Disease Virulence-associated plasmid(s) 

ExPEC 
Urinary tract infections, sepsis, and 
neonatal meningitis in humans, 
avian colibacillosis in birds 

ColV and Vir plasmids 

InPEC 
Non-bloody diarrhea, hemorrhagic 
colitis and hemolytic uremic 
syndrome 

EAF plasmid, invasion plasmid and 
plasmids encoding colonization factors, 
toxins, adherence factors and adhesins 

 
 

Once an ExPEC strain gets outside of the gut, it can colonize and cause disease in 

the human. The most common infections are urinary tract infections (UTIs), abdominal sepsis, 

septicemia and neonatal meningitis. ExPEC pathotypes are classified into four groups based 

on the disease pathology: uropathogenic E. coli (UPEC), neonatal meningitis E. coli (NMEC) 

and septicemic E. coli in humans, and avian pathogenic E. coli in birds.(4, 7) UPEC are 

responsible for 70-95% of community-onset UTIs and around 50% of nosocomial UTIs. 

Annually, about 11% of women over the age of 18 years are affected by UTIs.(8, 9) E. coli, 

along with group B streptococci, is the major cause of neonatal bacterial meningitis in the 

developed countries, and may possibly become the leading cause.(10) ExPEC infections 

have a high rate of both human and animal morbidity and mortality and they are very costly 

for the human health care system as well as for animal owners.(5, 11) 
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1.1.2 Outbreaks 
1.1.2.1 Hospital 
Nosocomial outbreaks due to E. coli occur but are not common and usually involve neonatal 

intensive care units. The first reported neonatal outbreak caused by E. coli dates back to the 

early 1960s. Over a five month period eleven infants were colonized with E. coli, five infants 

had UTIs and three infants died from septicemia, tracheobronchitis, pneumonia and 

meningitis.(12) There have been seven outbreaks due to extended-spectrum β-lactamase 

(ESBL)-producing E. coli described in neonatal intensive care units (NICU), according to a 

systematic search in the Medline database through PubMed 

(http://www.ncbi.nlm.nih.gov/pubmed). The following keywords were used: E. coli, outbreak, 

transmission, hospital, nosocomial, neonatal, and NICU. The following syntax was used: “E. 

coli” AND “outbreak” OR “transmission” AND “hospital” OR “nosocomial” AND “neonatal” OR 

“NICU”. One of these outbreaks occurred in 1997 and the remaining six during the years 

2008-2013. A total of 119 infants were found to be colonized, and 18 thereof were reported 

with infections, e.g. blood infections, wound infections, meningitis and sepsis. (13-19) There 

are certain characteristics that make neonates vulnerable to invasive infections, such as low 

gestational age, low birth weight, length of hospital stay, and the usage of antibiotics and 

invasive devices.(20) NICU wards deliver intensive care in rooms containing several 

incubators or cots each, and this provides many occasions for microbial spread unless 

infection control procedures are strictly observed. Outbreaks due to ESBL-producing bacteria 

can have catastrophic consequences for this group of patients because of their immature 

immune system and their lack of a protective normal gut flora. 

The choice of antibiotics for neonates is limited, and the emergence of ESBL-producing 

bacteria is therefore problematic for the management of this patient group.(13) 

1.1.2.2 Community 
The most common cause of an E. coli outbreak in the community is an EHEC infection. 

EHEC strains release Shiga toxins, which are responsible for hemorrhagic colitis and 

hemolytic-uremic syndrome in humans. These infections are characterized by the destruction 

of epithelium cells in the gut and result in abdominal cramps and bloody diarrhea.(4) The 

EHEC strains often reside peacefully as reservoir of infection in many production animals 

including cattle, swine, and poultry, which are often the source of disease outbreaks in 

humans.(5) 

1.1.3 Diagnosis 
The principal method for the diagnosis of ExPEC infections is culture from clinical specimens 

on media, such as blood agar and MacConkey agar for about 24 hours at 37°C. E. coli 

usually produces pink colonies because of lactose fermentation on MacConkey agar and then 

it can be further tested for indole production, which is present in about 99% of all E. coli. 

Indole-negative isolates and non-lactose fermenting ones are identified with a battery of 

biochemical tests such as the API® strips from bioMérieux. Susceptibility test is performed on 
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a Mueller Hinton agar when appropriate. E. coli has developed numerous antibiotic resistance 

mechanisms throughout the years, which is why susceptibility tests are always performed 

when the cultured E. coli is considered to signify infection rather than colonization or 

contamination. 

1.2 Antibiotic resistance 

1.2.1 Extended-spectrum β-lactamases 
β-lactamases are enzymes that break down β-lactam antibiotics, which constitute the biggest 

class of antibiotics. In recent years, the prevalence of β-lactamases has increased rapidly and 

become a growing problem in treatment of infectious diseases. Excessive use of extended-

spectrum β-lactam antibiotics, mainly the 3rd generation cephalosporins, leads to the 

production of ESBLs amongst Gram negative rods of the Enterobacteriaceae family, such as 

E. coli and Klebsiella pneumoniae.(21) ESBL enzymes break down penicillin, amino-, ureido-, 

and carboxypenicillins, 1st, 2nd, and 3rd generation cephalosporins and aztreonam. 

Carbapenems are the only β-lactam antibiotics that have an effective functioning on ESBL-

producing bacteria. The general terminology of ESBLs has been a subject of debate (22) and 

in this thesis the term ESBL refers to the mostly plasmid encoded enzymes of molecular class 

A that can be inhibited by clavulanic acid and tazobactam.(21) The genes that encode ESBLs 

are usually found on plasmids and spread between individuals, institutions and countries with 

the bacteria, the plasmids or other transferable DNA. Previous studies have described the 

risks that are associated with antibiotic resistance caused by ESBL-production. Comparison 

of sepsis cases caused by ESBL-producing versus non-ESBL-producing E. coli and 

Klebsiella has shown that a delay in the correct antibiotic treatment is five times more 

common (23),  mortality is almost three times more common (23, 24) and the length of stay is 

remarkably longer when ESBL-producing bacteria are involved.(25) 

The first ESBLs were found in the 1980s and they were derivatives of SHV and TEM β-

lactamases, which break down older β-lactam antibiotics that have a more narrow activity 

than 3rd generation cephalosporins. Since then, over 200 TEM-type β-lactamases and close 

to 200 SHV-type enzymes have been described; almost half of the former and one fourth of 

the latter possess ESBL activity. CTX-M is the newest member of plasmid-encoded ESBLs 

and over 160 derivatives that demonstrate ESBL activity have been found 

(http://www.lahey.org/studies/; last accessed March 2015). The CTX-M-15 derivative has 

spread rapidly in the last decade. It is now the most prevalent ESBL-enzyme in the western 

world (26) and a study done on E. coli from patients at Landspítali – The National University 

Hospital of Iceland indicated that CTX-M-15 is also the most prevalent enzyme here in 

Iceland.(27) The rapid spread of CTX-M-15 can be linked to specific E. coli clonal groups, for 

example sequence type 131 (ST131). E. coli ST131 isolates have been spreading throughout 

the world since 2008 and are often resistant to extended-spectrum cephalosporins, mainly 

due to the production of CTX-M-15.(28) 
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1.2.2 Phenotypic detection of ESBL-producing bacteria 
The ESBL activity of bacteria is detected by performing phenotypic tests based on the 

sensitivity to β-lactam agents and synergy between them and clavulanic acid. Such tests are 

widely used to screen for and confirm the presence of ESBLs in E. coli and K. pneumoniae 

and the results help doctors to choose the correct treatment. These tests are standardized 

and therefore the results can be compared to test results from other countries. The main 

standards used in North-America and Europe are the ones from the Clinical and Laboratory 

Standards Institute (CLSI) (29) and the European Committee on Antimicrobial Susceptibility 

Testing (EUCAST).(30)  

1.2.3 ESBL genotyping 
Genotypic detection is used to identify the specific ESBL that is present in the isolate. The 

first step is to extract the DNA from the isolate and then it can be screened for the presence 

of TEM, SHV, CTX-M or other bla genes by a polymerase chain reaction (PCR) 

amplification.(31) The oligonucleotide primers that are used for the PCR amplification are 

usually non-specific with regard to the bla gene derivatives and thus do not enable the 

distinction between genes that encode broad spectrum β-lactamases versus ESBLs.(32) 

Electrophoresis is commonly used to show the presence or absence of amplicons and when 

present they can be submitted to DNA sequencing which reveals whether the bla gene 

detected encodes an ESBL or not. 

Sequencing is based on the denaturation of DNA segments, which are then 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. The DNA strands 

elongate with the dNTP and the ddNTP stops the reaction in the absence of 3’ hydroxyl 

group, and that creates DNA fragments of different lengths. The fragments are then 

separated by length and displayed in order with the use of capillary electrophoresis. They 

subsequently pass through a laser beam that activates the fluorescent color that is connected 

with each of the four ddNTPs and that results in fluorescence at a specific wavelength. The 

wavelengths are identified with a computer program, which reveals the sequence of the 

nucleotides and thus the base sequence that makes up the gene can be read.(33) The 

sequencing results are then blasted in the National Center for Biotechnical Information (NCBI) 

genome database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to determine the bla gene derivative 

in the isolate. 

1.2.4 Infection control measures 
ESBL-producing bacteria and their plasmids can spread between individuals and many 

hospitals have therefore adopted infection control procedures that aim to prevent such 

transmission. When ESBL-producing bacteria are isolated from inpatients at Landspítali those 

patients are placed in single patient rooms or isolation depending on whether they are 
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colonized or infected by the organisms. Precautions for staff members taking care of the 

patients include:  

• Protective clothing, e.g. coats and gloves 

• A limited number of staff treating the patient 

• All trash to be put into biohazard waste bags 

• Protective clothing to be removed before leaving the room 

• Washing, drying and sanitizing hands before leaving the room 

(http://www.landlaeknir.is/servlet/file/store93/item23195/ESBL_leidbeiningar_sottvarnarlaekni

s_05.05.14.pdf) 

1.2.5 Prevalence of ESBL production in Iceland 
The prevalence of ESBL-production amongst E. coli and K. pneumoniae is fairly low in 

Iceland compared with most European countries, but it has slowly increased in the last 

decade. Resistance against 3rd generation cephalosporins can be used as an indicator of 

ESBL-production: in the years 2009 and 2013, the resistance was detected in 3% and 5% of 

E. coli bacteria, respectively (http://www.landspitali.is/klinisk-svid-og-

deildir/rannsoknarsvid/syklafaedideild/fraedsla-og-visindi/naemisprof/). In 2013, there were 30 

countries that reported information on resistance to 3rd generation cephalosporins to the 

European Centre for Disease Prevention and Control. The percentage of resistance ranged 

from 5.0% (Iceland) to 39.6% (Bulgaria), being 4.4% (Sweden) and 38.1% (Bulgaria) the 

previous year. The Nordic countries stay in the lower register of the percentage scale, ranging 

from 5.0% to 8.1%, and the numbers are the highest in southern Europe 

(http://www.ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-

surveillance-europe-2013.pdf). 

1.3 Typing of E. coli 

1.3.1 Phylogenetic groups 
The E. coli Reference Collection (ECOR) is a collection of 72 isolates collected from human 

and animal hosts in diverse geographic areas. They are representative of the diversity in the 

E. coli species, mainly ExPEC and human and animal commensal strains, and aid 

researchers in deciphering the population structure of commensal E. coli. The ECOR 

collection was differentiated by multilocus enzyme electrophoresis (MLEE) and the analysis of 

MLEE data for 35 loci allowed the first phylogrouping of E. coli into four main phylogenetic 

groups, designated A, B1, B2, and D, as well as two accessory groups, designated C and 

E.(34, 35) The phylogeny tree was done with the use of the UPGMA method, which assumes 

a constant rate of evolution. A later analysis was done where support was obtained for the 

four major groups; A, B1, B2 and D and a few unclassified sequences that are now 

sometimes referred to as group E. Group C was not identified in this analysis and is no longer 

used.(34) Studies have shown that the prevalence of the different phylogenetic groups varies 
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between humans and animals. Phylogenetic groups B2 and D have bigger genomes and 

contain more virulence factors than strains from groups A and B1.(36) Several studies have 

indicated that strains belonging to group A are predominant in humans, followed by strains in 

group B2; and that groups B1 and D are not as common. However, the prevalence of different 

phylogroups may vary with the population studied. This was demonstrated in a recent Danish 

study in which the majority of ESBL-producing E. coli from blood and urine cultures belonged 

to group D.(37) The most predominant group in animals is B1 followed by A, B2 and D.(35) 

Several methods have been used for phylogenetic typing of E. coli. The early ones were 

MLEE followed by ribotyping. MLEE is based on electrophoretic migration patterns of 

metabolic enzymes and these patterns vary with mutations in the corresponding genes.(38) 

Ribotyping is done by digesting the genes with a specific restriction enzyme, which generates 

fragments of different lengths. The fragments are separated in gel electrophoresis and can 

then be visualized after photographing. Both of these techniques are complex and time 

consuming, which is one of the reasons why Clermont et al. described a simple and rapid 

phylogenetic typing technique that is based on triplex PCR followed by gel 

electrophoresis.(39) The technique involves three candidate markers, the chuA and yjaA 

genes encoding hypothetical proteins and the TSPE4.C2 DNA sequences situated within a 

gene encoding a putative lipase esterase. Phylogenetic groups were assigned on the basis of 

different combinations of presence and/or absence of the three markers after the DNA 

amplicons had been subjected to gel electrophoresis.(39) The method was assessed by 

testing 230 strains that had been previously grouped using reference methods. The first step 

was PCR performed with a standard protocol and then a simplified protocol, in which a two-

step triplex polymerase reaction was assessed. The results of the amplification of these 

candidate markers showed that 228 of the 230 strains tested were correctly grouped. Both 

the standard and simplified PCR protocols gave the same results.(39)  

E. coli isolates from urine or blood of patients with extraintestinal infections usually have a 

greater prevalence of specific virulence markers than fecal isolates from uninfected hosts. 

These markers are known as virulence factors (VFs). A few examples are shown in table 2. 

ExPEC isolates use some of these VFs to enable them to colonize host surfaces, injure host 

tissues and to avoid host defense systems. Certain virulent ExPEC clonal groups, that are 

identified by O:K:H serotypes, belong mainly to phylogenetic group B2 and to a lesser extent 

group D, which might explain the predominance of these two groups among clinical 

isolates.(40)  

 

 

 

 

Table 2. Extraintestinal VFs and their function 

Category Virulence gene Description/function 
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Adhesins 

papA Major structural subunit of pilus associated with 
pyelonephritis (P fimbriae) 

sfa/focDE Central region of sfa (S fimbriae) and foc (F1C fimbriae) 
operons 

fimH D-Mannose-specific adhesin, type 1 fimbriae 

Toxins hlyA alpha-hemolysin 

Protectins kpsMT Capsular polysaccharide synthesis 

 

1.3.2 PFGE for outbreak investigations 
Bacterial outbreaks in health care institutions and in the community prompt investigations that 

are usually based on epidemiological data and microbiological analyses. The molecular study 

of bacterial strain relatedness is an important part of the latter and several methods have 

been used for that purpose. Examples are: PFGE, which is the most frequently used 

approach for strain typing of bacterial isolates in outbreaks; MLST, which is used for 

epidemiological studies and for studies on the molecular evolution of pathogens and MLVA, 

which is a simple, inexpensive and fast assay that detects the number of tandem repeat 

sequences at different loci in a bacterial genome.(41)  

Pulsed-field gel electrophoresis (PFGE) of bacterial DNA remains a valuable tool in 

epidemiological studies on strain relatedness in the context of bacterial outbreaks.(42, 43) 

The technique was initially described in 1983 and it is based on the digestion of chromosomal 

DNA with a restriction enzyme to generate smaller fragments of DNA pieces. The fragments 

are subsequently separated by agarose gel electrophoresis, which is done with an electric 

current that switches directions in a predetermined pattern. The patterns of the DNA 

fragments, or bands, that are formed by the electric current are then compared with one 

another to determine the relatedness of the corresponding bacterial isolates.(44) A molecular 

size standard and a digested DNA of a bacterial reference strain must be included in each 

PFGE gel run for accurate comparison between PFGE patterns from different gels.(45)  

The first step in analyzing outbreak bacteria is to examine the DNA fragment pattern. All 

isolates that have the same pattern are of the outbreak clone. Isolates that differ from the 

outbreak strain by two to three fragments are considered as subtypes of the outbreak clone. 

Table 3 shows the criteria described by Tenover et al. for interpretation of PFGE patterns. A 

single genetic event, such as a point mutation, will result in two to three band difference. Two 

independent genetic events will result in four to six band difference. An isolate is considered 

unrelated to the outbreak strain if three or more independent genetic events occur.(44) The 

larger the study population gets, the more important it is to use a computer-assisted analysis 

to analyze the banding pattern. Computer-assisted analysis uses a Dice coefficient to 

compare the similarity of PFGE profiles.(42, 46) 

Table 3. Criteria for interpreting PFGE patterns of digested DNA (44) 

Category No. of genetic 
differences compared 

Typical no. of fragment 
differences compared 

Epidemiologic 
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with outbreak strain with outbreak pattern interpretation 
Indistinguishable 0 0 Isolate is part of the 

outbreak 
Closely related 1 2-3 Isolate is probably part 

of the outbreak 
Possibly related 2 4-6 Isolate is possibly part 

of the outbreak 
Different ≥3 ≥7 Isolate is not part of the 

outbreak 
 

The PFGE method has some limitations. The bacterial DNA changes over time and it has 

been suggested that this technique may not be suitable to study outbreaks that have 

persisted for longer than six months.(44) Different laboratories might use different methods 

for typing and various testing conditions can affect the results of strain typing by PFGE. 

Therefore the comparison of results can be challenging. That is why the Centers for Disease 

Control and Prevention initiated a surveillance system, PulseNet, to put into effect a new 

protocol to standardize the PFGE methodology. The PulseNet protocol uses Salmonella 

serotype Braenderup H9812 as a size standard for E. coli and restriction is performed with 

the XbaI restriction enzyme.(47) The usefulness of PFGE typing can be seen in the results of 

two outbreaks that happened in NICU wards in both France and Spain, where the majority of 

the samples belonged to the same clone, unquestionably confirming a clonal outbreak.(13, 

15) 

1.3.3 MLST 
Multilocus sequence typing (MLST) is used for population studies, where the bacterial 

population structure is examined and an evolutionary analyses of nucleotide sequence data is 

performed, as well as epidemiological studies, where localized disease outbreaks are 

identified and national and global trends of disease are monitored.(48) The ability to 

accurately identify the strains of infectious agents that cause disease is important to 

epidemiological surveillance and public health decisions. MLST is one of the methods of 

choice for the typing of isolates that are of epidemiological or evolutionary importance. The 

method was first introduced in 1998 in order to provide data for epidemiological bacterial 

investigation. It is based on the principles of MLEE by indicating the differences in 

housekeeping genes, but instead of the indirect definition of alleles via enzyme 

electrophoresis the alleles are defined directly by nucleotide sequencing. The MLST method 

involves obtaining short nucleotide sequences of about 450 bp internal fragments of five to 

ten housekeeping genes on different loci around the bacterial chromosome. The number of 

housekeeping genes depends upon the type of genes used and the length of the sequence 

gene fragment, as well as the degree of diversity of the sample being characterized.(46, 48) 

The nucleotide sequences are assigned as alleles for each of the genes, and the alleles on 

each of the loci provide an allelic profile, which defines the sequence type (ST) of each 

isolate. MLST has the advantage of providing results that are easily validated, stored and 
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shared electronically.(34, 48)  MLST is based on PCR amplification followed by DNA 

sequencing, and the results are blasted in the appropriate database. 

There are two MLST schemes used for the analysis of E. coli. The French MLST scheme 

is based on a collection of 153 strains that have been isolated from the feces of a variety of 

host species from different geographical locations. Strains were characterized at six loci: icd, 

pabB, polB, putB, trpA and trpB, using a modified scheme (http://www.pasteur.fr/mlst). The 

German MLST scheme is based on a collection of 437 strains that have been isolated from 

humans and non-human vertebrates that live in Australia and from Australian soil, sediment 

and water samples. Strains from this scheme were characterized at seven loci: adk, fumC, 

gyrB, icd, mdh, purA and recA (http://web.mpiib-berlin.mpg.de/mlst/dbs/Ecoli).(49)  

More than 650 STs have been identified for E. coli via the French typing scheme and 

about 4500 STs have been identified via the German typing scheme 

(http://pubmlst.org/databases.shtml, last accessed April 2015). The major ExPEC STs 

responsible for community-onset and health-care associated infections are ST393, ST131, 

ST69, ST95 and ST73.(50) In the last 20 years there has been a significant increase in 

resistance to fluoroquinolones and extended-spectrum cephalosporins in E. coli. It is believed 

that this increase is linked to the rapid spread of specific STs worldwide. A number of recent 

reports describe a highly virulent ESBL-producing E. coli clone that belongs to the multilocus 

ST 131 (ST131).(51, 52) E. coli ST131 belongs to the phylogenetic group B2 and was first 

identified in 2008 as it emerged independently in different parts of the world, spanning three 

continents, and today it is the most prevalent E. coli among ExPEC isolates all over the 

world.(28) The first isolates identified were all resistant to fluoroquinolones, produced CTX-M-

15 ESBL and caused infections in hospital and community settings.(28, 52) The prevalence of 

ST131 among ESBL-producing E. coli isolates from all specimen types in Europe ranged 

from 22% (Spain) to 66% (United Kingdom) between the years 2006 and 2011. For non-

ESBL-producing isolates the prevalence is much lower; 10% in France and 12% in Spain.(28) 

ESBL-producing E. coli ST131 have also caused outbreaks, for example among neonates 

hospitalized in Sweden between September 2008 and June 2009 (17) and in a nursing home 

in the Netherlands in 2012.(53) 

1.4 Previous studies on ESBL-producing organisms in Iceland 
ESBL-producing bacteria from all patients are stored at a freezing temperature of -80°C in the 

department’s culture collection for future research and analyses. Studies on ESBL-producing 

bacteria in Iceland were initiated in 2008 and the culture collection has provided the study 

material. A study done on ESBL-producing K. pneumoniae included isolates from all 66 in- 

and outpatients in whom the organism was detected during the years 2007-2012. It revealed 

an outbreak of ESBL-producing K. pneumoniae which was initially identified at the 

rehabilitation ward of Landspítali in 2008. This was a hospital-wide outbreak and involved 

35/66 (53%) patients in 12 wards. The outbreak strain produced CTX-M-15 and belonged to 

ST336. Another study was done on ESBL-producing E. coli from 120 patients who were 
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hospitalized in Landspítali or seen in the institution’s emergency room or outpatient clinics 

during the period 2006-2012. No outbreaks were detected in this study. The predominant 

ESBL type was CTX-M-15, as in the previous study. It is not known whether the almost 

simultaneous appearance of CTX-M-15 producing K. pneumoniae and E. coli is due to 

independent events, such as introduction into the country via humans, animals or food 

products, or to a plasmid transfer between the species taking place locally.(27) No studies 

have been reported in Iceland on phylogenetic groups or MLST on E. coli from patients. 
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2 Objectives 
The objective of this retrospective study was twofold. First, to perform molecular typing with 

regard to clonality, phylogeny and bla genes of ESBL-producing E. coli from community 

acquired infections during the years 2006-2012. 

Second, to employ the aforementioned typing analyses to investigate an outbreak due to 

an ESBL-producing E. coli that occurred in the neonatal intensive care unit at Landspítali in 

early 2014. 
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3 Materials and methods 

3.1 Study setting 
Landspítali, the largest hospital in Iceland, serves the Reykjavík capital area of 208,000 

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

referrals from health care providers around the country. Patient care is provided in the 670 

bed inpatient wards, in several outpatient clinics and two emergency room departments. The 

Hospital’s Department of Microbiology is the national reference laboratory for clinical 

microbiology and performed about 129,000 tests in the year 2014. The laboratory processes 

all specimens from health care providers in the capital area, including general health care 

clinics and specialty doctors. The NICU in the Children’s Hospital of Landspítali has 22 beds 

in total, which are divided between five rooms. The yearly admission to the NICU for 2014 

was 750 patients (http://www.landspitali.is/gogn/spitalinn-i-tolum/, 

http://www.landspitali.is/gogn/spitalinn-i-tolum/starfsemisupplysingar-lsh/). 

3.2 Bacterial cultures and susceptibility tests 
A series of procedures were used in order to identify and test susceptibility on E. coli during 

routine testing in the Department of Microbiology prior to this study. Patient specimens were 

cultivated on a blood agar and a MacConkey agar (Oxoid Ltd, Cambridge, UK) overnight. E. 

coli grows on both agars and ferments lactose on the MacConkey agar. Those isolates that 

ferment lactose were further identified by an indole test in which tryptophan is converted into 

indole. A single colony from the bacterial growth on the blood agar was placed onto a droplet 

of DMACA indole reagent (0.5 mL 1% p-dimethylaminocinnamaldehyde in 10% hydrochloric 

acid) (Rosco, Denmark), on a filter paper. A positive test turned the droplet color to blue-

green within two minutes. About 99% of all E. coli are indole-positive. Those isolates that 

were indole-negative, or non-fermenting and oxidase negative, 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 is made up of 20 cups, each with a miniature 

biochemical test. The Api 20E test was prepared according to the manufacturer’s instructions 

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

Antibiotic susceptibility tests were performed and interpreted according to the standards 

from CLSI (29) until March 2012 when they were replaced by the EUCAST standards.(30) 

The tests were performed on a Mueller Hinton agar (BD, New Jersey, U.S.A.) with wafers 

infused with antibiotics. The primary antibiotics used to test E. coli from urine specimens 

belong to three antibiotic classes (table 4). If an isolate was not susceptible to antibiotics in at 

least two classes, then the isolate was tested for secondary antibiotics. Screen tests for the 

presence of ESBL-production in E. coli and K. pneumoniae, and subsequent confirmation 

tests, were implemented in 2002. The regular susceptibility test includes the ESBL screening 

test which relies on the inhibition diameter obtained around a 10 µg cefpodoxime wafer. If the 

diameter around the wafer was equal to or less than 17 mm an ESBL confirmation test had to 
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be performed. The ESBL confirmation test was performed on a Mueller Hinton agar with the 

following combinations of wafers (BioRad, U.S.A.): ceftazidime 30 µg and ceftazidime-

clavulanate 30/10 µg, and cefotaxime 30 µg and cefotaxime-clavulanate 30/10 µg. If the 

diameter for the clavulanate containing wafers was equal to or more than 5 mm larger than 

the wafer without it, then the bacterium was considered to be ESBL-producing.(30, 54) 

Interpretation of susceptibility results were done according to the standard in use.(30, 54) The 

interpretation of susceptibility to β-lactam drugs in ESBL-producing organisms changed 

during the period. An ESBL-producing organism was defined as “resistant” to all β-lactam 

drugs, except mecillinam, until early 2011 when breakpoints were modified. The new 

breakpoints were developed from data on pharmacokinetics, pharmacodynamics and clinical 

results that supported the usefulness of β-lactam drugs against ESBL-producers. 

Subsequently, β-lactam susceptibility of these organisms was issued as “sensitive”, 

“intermediate” or “resistant”.(55) 

Table 4. Antibiotics used for urine samples along with ESBL testing 

β-lactam drugs Other drug classes ESBL tests 
Amoxicillin/clavulanate Ciprofloxacin ESBL screening 

Ampicillin Gentamicin Cefpodoxime 
Cefalexin Nitrofurantoin ESBL confirmation 
Cefoxitin Trimethoprim Cefotaxime 

Ceftriaxone 
 

Cefotaxime-clavulanate 
Cefuroxime 

 
Ceftazidime 

Ertapenem 
 

Ceftazidime-clavulanate 
Mecillinam   

 Piperacillin/tazobactam   
 

All results were documented in the Department’s electronic information system called 

Glims. 

3.3 Building the database 

3.3.1 Community cases 
Prior to this study the laboratory information system had been used to identify all E. coli 

(n=42,598) and ESBL-producing E. coli isolates (n=763) that were recovered from patient 

specimens during the period of May 1st 2006 to December 31st 2012. ESBL-producing 

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

emergency rooms and outpatient clinics had been studied previously. The isolates for this 

project were selected from the remaining 455 isolates, the majority of which were from 

patients in health care centers, nursing homes and private practices. The selection process 

was as follows: (i) patients that had been hospitalized in the previous six months prior to 

sampling dates were excluded, and (ii) for patients with multiple ESBL-producing E. coli 

isolates, the first isolate was included. Out of the 141 selected isolates (from 141 patients) 

138 were available in the culture collection and thus formed the final study sample.   
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3.3.2 NICU outbreak cases 
In the beginning of March 2014, an ESBL-producing E. coli was isolated from a neonate 

hospitalized in the NICU department; the neonate will hereafter be referred to as the index 

case. Immediate measures were taken to screen other hospitalized neonates and infection 

control measures were implemented. Screening, by the use of rectal swabs, showed that 

seven more neonates were colonized, which led to the suspicion of an outbreak. Specimens 

were collected from all neonates that were admitted to NICU and hospitalized neonates were 

screened every other day and also at discharge. In order to investigate whether the organism 

had been present in the NICU before the index case was identified, infants that had been 

discharged during the period of November 2013 to February 2014 were also screened. 

Furthermore, a few family members of ESBL-carrying infants were screened and 

environmental samples were taken from various work areas in the NICU. A total of 37 isolates 

from 25 infants (31 isolates), three family members and three environmental samples were 

found to have ESBL-producing E. coli. Two ESBL-producing E. coli isolates, randomly chosen 

from other wards in Landspítali and the same period, were included in the analysis for 

comparison. Thirty-nine isolates were thus studied for the NICU outbreak.   

3.4 PFGE 
All E. coli isolates from the community cases (n=138) and the NICU outbreak (n=39) were 

analyzed with PFGE that was done according to the PulseNet protocol for Escherichia coli, 

Salmonella and Shigella.(47) 

3.4.1 PFGE plug preparation 
ESBL-producing bacteria are stored in the culture collection of the Department of 

Microbiology, in tryptose-glycerol medium at -80°C. The selected isolates were grown on a 

blood agar plate overnight. Cells were then removed from the agar plate and suspended in 2 

mL of cell suspension buffer (CSB; Appendix A). Absorbance was measured at a wavelength 

of 610 nm with a spectrophotometer (Novaspec® II, Pharmacia Biotech AB, New York, NY), 

and the cell solution was adjusted to obtain an optical density of 0.8-1.0. A 150 µL volume of 

each cell suspension was transferred to eppendorf tubes containing 7.5 µL of proteinase K 

(20 mg/mL; New England BioLabs, Ipswich, MA) and mixed gently. At last, 150 µL of 1% 

agarose mixture (0.10 g SeaKem® Gold agarose, [Lonza, Rockland, ME] in 10 mL TE buffer 

[Appendix A]) were added to each cell suspension and 20 µL plugs were made and allowed 

to solidify at room temperature for 10-15 minutes. 

The plugs were placed into a 10 mL centrifuge tube containing 1 mL of cell lysis buffer 

(CLB; Appendix A) and proteinase K mixture (Appendix A) and incubated at 56°C overnight. 

The tubes were removed from the incubator, the CLB was discarded and the plugs were 

washed with 9 mL of TE buffer (Appendix) and placed on a shaker in room temperature for 

30-45 minutes. This was repeated six times. Finally, 5 mL of TE buffer were added to the 

tubes to serve as storage medium for the plugs.  
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3.4.2 Restriction digestion 
The restriction enzyme used was XbaI (New England BioLabs, Ipswich, MA) in 10x Tango 

buffer (Thermo Scientific, Waltham, MA). The buffer was diluted tenfold with distilled water 

and 100 µL were placed into eppendorf tubes along with one plug and allowed to sit at room 

temperature for 15 minutes before removing the buffer solution. An XbaI restriction enzyme 

mixture was prepared (Appendix A) and 100 µL were placed in the tubes containing the 

plugs. The tubes were then incubated at 37°C overnight. The restriction digestion was 

stopped by placing 4 µL of 6X Loading Dye solution (New England BioLabs, Ipswich, MA) into 

each tube. 

3.4.3 Electrophoresis 
Two liters of electrophoresis liquid were prepared by mixing 0.014-0.020 g of thiourea 

(Sigma-Aldrich, St. Louis, MO) with 200 mL of 5X TBE (Appendix A) and 1800 mL of distilled 

water. The liquid was placed into the electrophoresis box and the temperature adjusted to 

14°C.  

Electrophoresis was done in SeaKem Gold agarose, which was made by adding 1.5 g of 

SeaKem Gold agarose to 15 mL of 5X TBE and 135 mL of distilled water. The solution was 

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

Then it was poured into an electrophoresis tray and allowed to solidify for about 30 minutes. 

Once the gel was solid, the plugs were added to the wells. Salmonella serotype Braenderup 

H9812 plugs were used as a reference for size standard and one placed on either side of the 

gel and one in the middle. On either side of the reference plugs a Lambda ladder PFGE 

marker (New England BioLabs, Ipswich, MA) was placed. After all plugs had been placed the 

wells were sealed with a sealing agarose (0.10 g SeaKem Gold agarose in 10 mL of 0.5X 

TBE buffer). 

The gel was placed into the electrophoresis box (CHEF DR-II system, BioRad 

Laboratories, Hercules, CA) and the electrophoresis conditions were set to as follows: initial 

switch time value of 2.2 seconds and final switch time of 63.8 seconds at a gradient of 6 

V/cm. Run time was 22 hours. The gel was stained with ethidium bromide for 20-30 minutes 

and destained with distilled water for 60-90 minutes at room temperature and then overnight 

in a refrigerator. The gel was photographed with an InGenius gel documentation system 

(Syngene, Cambridge, UK) that captures ultra violet light. Analysis of the captured images 

was carried out using BioNumerics (Version 6.0 from Applied Maths, Austin, TX). Dice’s 

coefficient was used to calculate pair-wise similarities with 0.5% optimization and 1% band 

correlation. A dendrogram was generated using the UPGMA clustering algorithm. A similarity 

level of 80% was used for identification of similar or identical isolates, which will be referred to 

as clusters.(46) The criteria for interpreting PFGE patterns of digested DNA were based on 

the number of band differences between isolates. Isolates that yielded identical patterns were 

considered indistinguishable and isolates that differed from one another by two to six bands 

were considered closely or possibly related. Isolates that differed by seven bands or more 
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were considered unrelated.(44) A clone is the description of two or more isolates that have 

three or less band difference. The index case from the NICU isolates was used as a 

reference for the other isolates collected from the ward. 

3.5 Genotyping of bla genes 

3.5.1 Selection of isolates 
The results of strain typing by PFGE and of antibiotic susceptibility tests were used to choose 

community case and NICU isolates for genotyping of bla genes. At least one isolate for every 

clone was included. When antibiotic susceptibility pattern differed between isolates within a 

clone then one isolate representing each pattern was included. The method used to select 

isolates for sequencing of the bla genes identified was based on the bla genotypes and the 

phylogeny groups. All community isolates from 2006 were selected, and then only the first 

isolate from each year for each bla genotype/phylogeny group combination was selected. 

Isolates that had a combination of CTX-M and TEM/SHV were sequenced for the CTX-M 

enzyme only. All isolates that had only TEM or only SHV enzymes were sequenced.  

In order to compare the evolution of CTX-M genotypes in patients at Landspítali and 

community patients, data from a previous study (27) were included in this project. The study 

included 164 ESBL-producing E. coli from 120 patients who had been hospitalized in 

Landspítali or seen in the institution’s emergency room or outpatient clinics during the period 

2006-2012. The isolates had been tested for the presence of bla genes and when present, 

the ESBL genotypes had been determined by the use of sequencing. The proportions of 

CTX-M-producing and CTX-M-15-producing E. coli in the two studies were compared by the 

use of Fischer’s exact test; a two-sided P-value <0.5 was considered to be statistically 

significant. 

3.5.2 DNA extraction 
The selected isolates were subcultured from the Department’s culture collection to a blood 

agar and two to three colonies were placed into 500 µL of a Chelex solution (Bio-Rad 

Laboratories, Hercules, CA), which was prepared according to the manufacturer’s 

instructions.(56) The mixture was vortexed before being incubated for 10 minutes at 100°C 

and vortexed again, and finally centrifuged at 20800 relative centrifugal force (g) for 10 

minutes. At last, the supernatant, or about 200 µL, was placed in an eppendorf tube and 

stored at -20°C until testing for bla genes, phylogroups and MLST.  

3.5.3 PCR 
The presence of β-lactamase genes was investigated by PCR with primers specific for blaCTX-

M, blaSHV and blaTEM (table 5) and nucleotide sequencing. A stock solution (10 µM) was made 

by dissolving 10 µL of the primers in 90 µL of Sigma water, a molecular biology reagent clear 

of DNA and RNA (Sigma-Aldrich, St. Louis, MO). Each PCR tube contained the following: 

(57)   
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• 25 µL of Quick-Load® Taq 2X Master Mix (New England BioLabs, Ipswich, MA) 

• 1 µL of reverse primer 

• 1 µL of forward primer  

• 18 µL of Sigma water  

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

• 5 µL of the DNA extract. 

 The PCR was done with a 2720 Thermal Cycler (Applied Biosystems, CA) according to 

the method shown in table 6. 

Quality control of the DNA extraction was carried out by testing all extracted isolates for 

16S rRNA (table 5). The PCR procedure used in this study for bla genotyping 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) (table 7)(58) 

Table 5. Primers for blaCTX-M, blaSHV, blaTEM, and 16S rRNA 

Gene Primer (5´-3´)1 Amplicon 
product size (bp) Manufacturer 

blaCTX-M 
F-SCS ATG TGC AGY ACC AGT AA 
R-ACC AGA AYV AGC GGB GC 

585 
  
  

Sigma-Aldrich,  
St. Louis, MO 

  
  

blaSHV 
F-ATG CGT TAT ATT CGC CTG TG 
R-AGC GTT GCC AGT GCT CGA TC 

862 

blaTEM 
F-ATG AGT ATT CAA CAT TTC CG 
R-CCA ATG CTT AAT CAG TGA GG 

858 

16S rRNA 
F-AGT TTG ATC MTG GCT CAG 
R-GGA CTA CHA GGG TAT CTA AT 

797 
TAG Copenhagen A/S, 
Copenhagen, Denmark 

1 F: forward; R: reverse 
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Table 6. PCR criteria for the amplification of bla genes and 16S rRNA 

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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Table 7. 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 

 

3.5.4 Electrophoresis 
A mixture of 1.2 g of agarose (Sigma-Aldrich, St. Louis, MO) and 120 mL of 0.5X TBE buffer 

(Appendix A) was used to make up a medium sized 1% agarose gel. The mixture was heated 

up in a microwave oven until the agarose was completely dissolved, then it was cooled to 

about 50°C and poured into an electrophoresis tray. After about 30 minutes the gel was ready 

and placed into a buffer-filled box. For each run, 4.5 µL of a Quick-Load® 100 bp DNA ladder 

solution (New England BioLabs, Ipswich, MA) was added to one of the wells and 4.5 µL of 

negative control, comprised of Sigma water, was added to another well. The DNA amplicons, 

4.5 µL of each, were entered into the remaining wells. An electric current of 120 V was run 

through the gel for about 40 minutes and then the gel was stained in ethidium bromide for 15 

minutes and rinsed in distilled water for at least 15 minutes. Finally, 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. 

3.5.5 Sequencing and blasting 
PCR positive isolates were selected for DNA sequencing of the bla genes as described 

above. The sequencing results reveal whether the isolates contain the ESBL genotypes of 

blaCTX-M, blaSHV and blaTEM, or just the genotypes of precursor enzymes that inactivate broad-
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spectrum and not extended-spectrum β-lactam drugs. Sequencing was done by Macrogen, 

The Netherlands (http://www.macrogen.com/eng/) 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). 

3.6 Phylogenetic group typing 

3.6.1 Selection of isolates 
All isolates that were selected for genotyping of bla genes (to the level of blaCTX-M, blaTEM and 

blaSHV) were subjected to phylogenetic typing. 

3.6.2 PCR 
E. coli phylogenetic typing was done by the use of a triplex PCR for chuA, yjaA genes and an 

anonymous DNA fragment designated TSPE4.C2 according to the PCR-based method 

described by Clermont et al (table 8).(39) 

 A stock solution was made by dissolving 10 µL of each of the primers with 90 µL of Sigma 

water. Each PCR tube contained: 

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

• 1 µL of reverse primer 

• 1 µL of forward primer  

• 18 µL of Sigma water  

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

• 5 µL of the DNA extract. 

Table 8. Primers for phylogenetic typing 

Gene/fragment Primer (5´-3´)1 Amplicon product 
size (bp) Manufacturer 

chuA 
F-GAC GAA CCA ACG GTC AGG AT 
R-TGC CGC CAG TAC CAA AGA CA 

279 

Sigma-Aldrich, 
St. Louis, MO 

 
yjaA 

F-TGA AGT GTC AGG AGA CGC TG 
R-ATG GAG AAT GCG TTC CTC AAC 

211 

TSPE4.C2 
F-GAG TAA TGT CGG GGC ATT CA 
R-CGC GCC AAC AAA GTA TTA CG 

152 

1 F: forward; R: reverse 

 

The PCR was performed with a 2720 Thermal Cycler under the following conditions: 

Denaturation for 4 min at 94°C, 30 cycles of 5 s at 94°C and 10 s at 59°C, and a final 

extension step of 5 min at 72°C. 
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Electrophoresis and imaging were performed as previously described for genotyping of 

ESBL genes. The patterns of amplified DNA fragments were used to interpret the results, 

according to the decision tree in figure 1. 

 

 

Figure 1. Dichotomous decision tree for phylogenetic typing of E. coli, based on the 
presence or absence of chuA, yjaA and TSPE4.C2.(39) 

 

3.7 MLST 

3.7.1 Selection of isolates 
MLST was performed on a few selected community acquired isolates in order to investigate 

whether the internationally disseminated E. coli ST131 was present in Iceland and on the 

NICU outbreak strain. The results of ESBL genotyping (i.e. sequencing of bla genotypes) and 

phylogenetic typing were used to select the community isolates. Since E. coli ST131 belongs 

to phylogenetic group B2 (59) and often produces CTX-M-15, these characteristics were used 

as the selection criteria. For the NICU outbreak, the isolate chosen for analysis was the index 

case, since all the outbreak isolates were found to be of phylogenetic group D and produce 

CTX-M-14. 

3.7.2 PCR 
The French MLST scheme was used in this project because the same primer can be used for 

sequencing all the genes, which means a less costly procedure. The isolates were 

characterized at eight loci (table 9):  

dinB (DNA polymerase) 

icdA (isocitrate dehydrogenase)  

pabB (p-aminobenzoate synthase) 
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polB (polymerase PolII) 

putP (proline permease) 

trpA (tryptophan synthase subunit A) 

trpB (tryptophan synthase subunit B) 

uidA (β-glucuronidase) 

A stock solution was made by dissolving 10 µL of each of the primers with 90 µL of Sigma 

water. Each PCR tube contained: 

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

• 1 µL of reverse primer 

• 1 µL of forward primer  

• 18 µL of Sigma water  

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

• 5 µL of the DNA extract. 

Table 9. Primers for the housekeeping genes used in the French MLST scheme 

Gene Primer (5´-3´)1 Amplicon 
product size Manufacturer 

dinB 
 F-GTTTTCCCAGTCACGACGTTGTATGAGAGGTGAGCAATGCGTA  
 R-TTGTGAGCGGATAACAATTTCCGTAGCCCCATCGCTTCCAG 

450 bp 

Sigma-Aldrich, 
St. Louis, MO 

 

icdA 
 F-GTTTTCCCAGTCACGACGTTGTAATTCGCTTCCCGGAACATTG 
 R-TTGTGAGCGGATAACAATTTCATGATCGCGTCACCAAAYTC 516 bp 

pabB 
 F-GTTTTCCCAGTCACGACGTTGTAAATCCAATATGACCCGCGAG 
 R-TTGTGAGCGGATAACAATTTCGGTTCCAGTTCGTCGATAAT 468 bp 

polB 
 F-GTTTTCCCAGTCACGACGTTGTAGGCGGCTATGTGATGGATTC 
 R-TTGTGAGCGGATAACAATTTCGGTTGGCATCAGAAAACGGC 

450 bp 

putP 
 F-GTTTTCCCAGTCACGACGTTGTACTGTTTAACCCGTGGATTGC 
 R-TTGTGAGCGGATAACAATTTCGCATCGGCCTCGGCAAAGCG 

456 bp 

trpA 
 F-GTTTTCCCAGTCACGACGTTGTAGCTACGAATCTCTGTTTGCC 
 R-TTGTGAGCGGATAACAATTTCGCTTTCATCGGTTGTACAAA 

561 bp 

trpB 
 F-GTTTTCCCAGTCACGACGTTGTACACTATATGCTGGGCACCGC 
 R-TTGTGAGCGGATAACAATTTCCCTCGTGCTTTCAAAATATC 

594 bp 

uidA 
 F-GTTTTCCCAGTCACGACGTTGTACATTACGGCAAAGTGTGGGTCAAT 
 R-TTGTGAGCGGATAACAATTTCCCATCAGCACGTTATCGAATCCTT 

600 bp 

1 F: forward; R: reverse 

 

The PCR was performed with a 2720 Thermal Cycler under the following conditions: 

Denaturation for 2 min at 94°C, 35 cycles of 30 s at 94°C, 1 min at 55°C and 30 s at 72°C, 

and a final extension step of 5 min at 72°C. 

Electrophoresis and imaging were performed as previously described for bla genotyping 

for the confirmation of amplicons being present in the isolates. 
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3.7.3 Sequencing and blasting 
Sequencing was performed as previously described for ESBL genotyping. The same primer 

was used for sequencing all genes (table 10). To get an allelic profile, the results were 

blasted in the Institut Pasteur Escherichia coli MLST Database (http://www.pasteur.fr/mlst), 

and then the database was used to search for the STs defined by those specific allelic 

profiles. 

Table 10. Sequencing primers 

Primer1 Primer (5´-3´) Manufacturer 

oF GTT TTC CCA GTC ACG ACG TTG TA Sigma-Aldrich, 

St. Louis, MO oR TTG TGA GCG GAT AAC AAT TTC 
1 F: forward; R: reverse 

3.8 Permissions 
Permissions for this study were obtained from The Data Protection Authority (permissions nr. 

2013091115 and 2014091185) and Landspítali’s Ethics Committee (permissions nr. 37/2010 

and 34/2014). 
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4 Results 

4.1 The database 

4.1.1 Community isolates 
Out of the 141 E. coli isolates retained for the study, 138 isolates from the same number of 

patients were available in the department’s culture collection and formed the final study 

sample. Table 11 shows demographic data, patients’ health care providers and specimen 

type collected. The majority of the isolates, or 91%, were collected from female patients and 

all of the isolates were urine specimens. Just over half (56%) of the isolates came from health 

care clinics. 

Table 11. Demographics of the study population (n=138) 

Characteristics 
Age groups and 

number of patients per 
characteristic category 

Total 

Number of patients 9 77 52 138 
Age (years) 

    Age group ≤18 19-66 ≥67  2-96 
Median 14 41 78 55 

Sex 
    Female 9 70 46 125 

Male 0 7 6 13 
Specimen type 

    Urine 9 77 52 138 
Health care provider1 

    HCC 7 48 22 77 
UCC 1 15 7 23 
PPP 1 10 7 18 

Nursing homes 0 0 10 10 
Rural hospitals 0 3 4 7 

Other2 0 0 3 3 
1HCC: Health care clinics, UCC: Urgent care clinics, PPP: Private 
physician’s practices 
2Other providers included a detox center, a home nursing program and an 
unknown provider 

 

4.1.2 NICU isolates 
The study sample consisted of 37 isolates: 31 isolates from 25 infants, three isolates from 

three family members and three isolates from three environmental sites. Two additional 

isolates from unrelated cases in other hospital wards were included as quality controls for 

PFGE; they were not used in other analyses. Table 12 shows demographic data and 

specimen type for the infants. The majority of the infants were male, and the majority of the 

specimens were rectal swabs. Infants who were identified as carriers of ESBL-producing E. 

coli after discharge from the NICU had been hospitalized either before the outbreak or during 

the outbreak. Specimens obtained from family members included one urine specimen, one 
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placenta specimen and one feces specimen. Environmental samples included swabs from 

different sites from various work areas. 

Table 12. Demographics of NICU infants (n=25) 

Characteristics Patient status and number of 
patients per characteristic category1 

 
Hospitalized Discharged All 

Age (weeks) 0-23 6-16 0-23 
Median 2 12 11 

Sex 
  

 Female 5 4 9 
Male 9 7 16 

Specimen type 
  

 Rectal swab 12 9 21 
Blood 12 0 1 
Feces 1 2 3 

1 Hospitalized: ESBL-producing E. coli was detected during 
hospitalization; Discharged: ESBL-producing E. coli was detected 
after discharge from the NICU 
2 Index case 

 

4.2 Antibiotic susceptibility tests 

4.2.1 Community isolates 
The susceptibility tests showed that 67% (n=92) of isolates from the 138 urine specimens 

were susceptible to at least two groups of antibiotics used to test susceptibility in urine 

samples. Almost all isolates were susceptible to nitrofurantoin and about two thirds of them 

were susceptible to gentamicin and mecillinam (table 13). Resistance to three or more 

antibiotic classes (nitrofurantoin excluded) was seen in 72 isolates, and most often involved 

ciprofloxacin and trimethoprim (table 14). 
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Table 13. Antibiotic resistance of 138 ESBL-producing E. coli  

Antibiotic (wafer content in µg) No. Of Resistant/ 
No. Of tested 

Resistance 
% tested 

β-lactam drugs   
Amoxicillin/clavulanate acid 47/129 36 
Ampicillin (10) 138/138 100 
Cefalexin/Cefalothin (30) 72/76 95 
Ceftriaxone (30) 102/131 78 
Cefuroxime (30) 122/131 93 
Ertapenem (10) 0/91 0 
Mecillinam (10) 53/137 39 
Other drug classes   
Ciprofloxacin (5) 79/131 60 
Gentamicin (10) 37/131 28 
Nitrofurantoin (300) 5/138 4 
Trimethoprim (5) 94/138 68 
Trimethoprim/sulfamethoxazole (25) 89/138 64 

 

Table 14. Co-resistance among 131 isolates tested 

Antibiotics1 No. of 
resistant 

Resistance 
% tested 

CIP+SXT/W 36 27 
CIP+CN 5 4 
CN+SXT/W 7 5 
CIP+CN+SXT/W 24 18 
1 CIP: Ciprofloxacin; CN: Gentamicin; SXT: 
Trimethoprim/sulfamethoxazole; W: Trimethoprim 
 

4.2.2 NICU isolates 
Table 15 shows the results from susceptibility tests performed on all 37 ESBL-producing E. 

coli isolates sampled from the NICU. The isolate from the index case was susceptible to 

ertapenem, aztreonam and ciprofloxacin and resistant to the remaining drugs in table 15. 

Eighteen isolates belonging to the same clone as the index case exhibited the same 

susceptibility pattern. Four other isolates were also susceptible to amoxicillin-clavulanic acid. 

Two isolates were only susceptible to ciprofloxacin, but were not tested for ertapenem. Two 

more isolates were susceptible to ciprofloxacin, intermediate to aztreonam and resistant to 

the remaining drugs in the table (not tested for ertapenem). One isolate was susceptible to 

gentamicin, trimethoprim/sulfamethoxazole, ertapenem, aztreonam and ciprofloxacin. Only 

one isolate was resistant against more than three drug classes, other than β-lactam drugs 

(isolate 1491a). 
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Table 15. Antibiotic resistance of 37 ESBL-producing E. coli isolates  

Antibiotic (wafer content in µg) 
No. of 

Resistant/ No. 
of tested 

Resistance 
% tested 

β-lactam drugs   
Amoxicillin+clav. acid (30) 28/37 76 
Ampicillin (10) 37/37 100 
Aztreonam (30)  7/36 19 
Cefotaxime (5) 36/36 100 
Ceftriaxone (30) 37/37 100 
Cefuroxime (30) 31/31 100 
Ertapenem (10) 0/31 0 

Other drug classes 
! !Ciprofloxacin1 (5)  2/37 5 

Gentamicin1 (10) 33/37 89 
Trimethoprim/sulfamethoxazole (25) 33/37 89 
1 Co-resistance to ciprofloxacin and gentamicin was seen in 1 out of 37 isolates 
tested (1491a) 
 

4.3 PFGE 

4.3.1 Community isolates 
Results from PFGE analysis of the 138 isolates revealed 126 clones. Five clones had two 

isolates each with 100% similarity (clones 20, 99, 109, 136, and 202). Forty-seven isolates 

that belonged to 36 clones (including clones 20, 109, 136 and 202) formed eight clusters 

(table 16 and figure 2). The remaining 89 isolates were unrelated. A dendrogram of all 

isolates can be seen in Appendix D.  

 

Figure 2. Number of isolates with more than 80% similarity in each PFGE cluster
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Table 16. Details of isolates belonging to PFGE clusters (n=47) 

Cluster (no. 
of isolates) 

Date of specimen 
sampling (mm-yy) 

Health care provider (postal 
code-provider)1 

Patient number Phylogroup bla genotype 

Cluster 1 (5) 
 11-08 109-HCC 886a B1 CTX-M-14 
 11-10 103-PPP 1269a A CTX-M 
 03-12, 06-12, 12-12 109-PPP, 110-HCC, 203-HCC 1396a, 1370a, 1387a B1 CTX-M-1, CTX-M-14/TEM, CTX-M/TEM 

Cluster 2 (3)  11-07 109-HCC 34a D CTX-M-15/TEM 
 12-08, 12-08 300-RH, 201-HCC 76a, 377a B2, B1 ND, CTX-M-15/TEM 

Cluster 3 (4)  02-12, 09-12,  200-HCC, 105-HCC,  1444a, 1383a,  D CTX-M/TEM, CTX-M 
 09-122, 10-122 112-HCC, 270-HCC 1417a, 1465a D CTX-M/TEM 

Cluster 4 (3)  05-11, 07-11, 09-11 101-PPP, 104-PPP, 109-HCC 1316a, 1244a, 1274a B2 CTX-M/TEM, CTX-M, CTX-M 

Cluster 5 (6) 
 11-113 201-HCC 1440a B2 CTX-M 
 06-12, 07-12, 08-12, 105-PPP, 201-UCC, 109-HCC, 1385a, 1356a, 1441a,  B2 CTX-M, CTX-M, CTX-M/TEM 
 09-12, 10-123 104-PPP, 104-PPP 1430b, 1402a B2 CTX-M 

Cluster 6 (17) 

 06-06, 12-064 201-HCC, 101-HCC 177a, 913b B2 CTX-M-15 
 01-07 109-PPP 458a B2 CTX-M/TEM 
 01-08, 03-08, 10-08 101-HCC, 201-UCC, 109-PPP 130a, 406a, 593a B2 CTX-M-15, CTX-M-15/TEM, CTX-M 
 03-09, 08-09, 09-095 210-HCC, 201-UCC, 109-PPP 135a, 987a, 1162a B2 CTX-M-15/TEM, CTX-M-15, CTX-M 
 03-105, 06-104, 11-10 201-UCC, 104-HCC, 201-UCC 1205a, 1271a, 1277a B2 CTX-M-15, CTX-M, CTX-M/TEM 
 07-11, 08-11 201-UCC, 201-HCC 1327a, 1268a B2 CTX-M, CTX-M/TEM 
 03-12, 04-12, 12-12 201-HCC, 101-PPP, 220-HCC 1397a, 1415a, 1439a B2 CTX-M-15/TEM, CTX-M, CTX-M/TEM 

Cluster 7 (6)  03-11, 09-11, 09-11 101-PPP, 111-HCC, 105-NH 1257a, 1367a, 1373a B2 CTX-M-15/TEM, CTX-M, CTX-M/TEM 
 09-12, 10-12, 11-12 103-HCC, 109-PPP, 101-HCC 1369a, 1403a, 1451a B2 CTX-M 

Cluster 8 (3)  12-11 105-NH 1395a D CTX-M/TEM 
 02-12, 08-12 108-NH, 112-NH 1251b, 1393b D CTX-M-15/TEM, CTX-M/TEM 

1 HCC: Health care clinics; PPP: Private physician’s practice; RH: Rural hospital; NH: Nursing home 
2 Clone 136 
3 Clone 202 
4 Clone 20 
5 Clone 109 
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4.3.2 NICU isolates 
Out of the 37 NICU isolates that were analyzed with PFGE, 29 (78%) had more than 80% 

similarity (table 17 and figure 3), and 27 of these showed clonal relationship (clone 132). 

These 27 isolates belonged to 20 infants and one environmental specimen taken from the 

unit’s storage room. The other two isolates (clones 133 and 134) were environmental 

specimens and had two and three band difference, respectively, from the outbreak clone. 

Two additional clones (clones 138 and 144) included two isolates each, and in both cases 

they belonged to an infant and its family member. The remaining four isolates were unrelated. 

The two isolates that were included for quality control showed distinct band patterns, 

unrelated to the NICU isolates, and thus indicated that the PFGE results were reliable. 

Table 17. Clonal information for NICU isolates (n=37) 

Clone 
No. of isolates (no. of 
individuals or sample 

sites)1 

Patient status 
(hospitalized/
discharged)2, 3 

1324 27 (21)  9/11 
138 2 (2) 1/NA 
144 2 (2) 1/NA 
133 1 (1) NA 
134 1 (1) NA 

135, 188, 
222, 262 

4 (4) 3/NA 
1 Clones 132, 133 and 134 included one environmental 
specimen each. Clones 138, 144 and 188 included one 
family member each 
2 Information for infants only 
3 NA: Not applicable, specimens were from family 
members and the environment 
4 Clones 132, 133 and 134 had more than 80% similarity 
 

 

Of the 20 infants that shared the outbreak clone there were nine, including the index case, 

that were still hospitalized during the discovery of the outbreak. Eleven infants had been 

discharged and were called in for screening (eight had been discharged before the outbreak 

was detected and three after the outbreak was detected). 

For the outbreak clone, the index case isolate was the first isolate that was sampled, on 

February 27th. Screening started on March 4th and on March 12th the screening of previously 

discharged patients began. The last isolate was sampled on July 7th. The isolates from clone 

138 were sampled on March 4th and 6th, and the isolates from clone 144 were sampled on 

March 12th and 15th. 
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Figure 3. Dendrogram based on PFGE of NICU outbreak 
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4.4 Phylogeny groups and bla genotypes 

4.4.1 Phylogeny groups – community isolates 
PCR-based phylogenetic analysis on the 138 isolates revealed that 36% (n=50) and 37% 

(n=51) of the ESBL-producing E. coli in the study belonged to the extraintestinal phylogeny 

groups B2 and D, respectively (Appendix B). Figure 4 shows the distribution of phylogeny 

groups during the study period. 

 

Figure 4. Results of phylogenetic typing for 138 E. coli isolates from urine specimens  

 

4.4.2 Phylogeny groups – NICU isolates 
Phylogenetic analysis was performed on the 16 isolates (from 12 patients and two family 

members) that were retained for bla genotyping (Appendix C). The isolates were from 11 

rectal swabs, two environmental specimens, one urine specimen, one feces specimen and 

one blood. Phylogenetic group D was identified in 88% (n=14) of the isolates (from 12 

patients) (figure 5). They included seven outbreak isolates from clone 132; the remaining 

seven isolates belonged to six different PFGE clones. The two remaining isolates belonged to 

phylogeny groups B1 (urine specimen) and B2 (rectal swab).  
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*The index case was identified in March 

Figure 5. Results of phylogenetic typing for 16 E. coli isolates  

 

4.4.3 Genotyping – community isolates 
All 138 isolates showed a successful DNA extraction in PCR with the quality control 16S 

rRNA. All isolates were PCR analyzed with primers for the bla genes used in this study. A 

total number of 112 isolates were found to be positive with the CTX-M primer, 73 isolates 

were positive with the TEM primer and 14 isolates were positive with the SHV primer (table 18 

and figure 6). Five isolates were PCR negative with all three primers. Sequencing of the bla 

genes was done for 42/112 CTX-M positive, 14/73 TEM positive and 13/14 SHV positive 

isolates that were selected as described in section 3.5.1. CTX-M-15 was the commonest 

ESBL gene and was found in 50% of the 42 CTX-M positive isolates. 

A total of 65 isolates harbored two or more bla genes and the most common combination 

was CTX-M and TEM, observed in 58 isolates, as can be seen in table 18.  

0 
1 
2 
3 
4 
5 
6 
7 
8 

Feb Mar* Apr May Jul 

N
o.

 o
f i

so
la

te
s 

Month of sampling 

Phylogeny groups 
NICU outbreak 

D 

B2 

B1 

A 



  

45 

Table 18. Number of community isolates that harbored each (or none) of the bla genes found in 
the study and the number of bla gene combinations (n=138) 

Genotypes) No) Genotypes) No) bla$gene)combinations) No)
CTX$M$1' 6' TEM$11' 11' CTX$M$1/TEM' 3'
CTX$M$2' 2' TEM$1b1' 1' CTX$M$2/TEM' 1'
CTX$M$3' 2' TEM$52' 2' CTX$M$3/TEM' 1'
CTX$M$14' 8' TEM2' 59' CTX$M$14/TEM' 5'
CTX$M$15' 21' Negative' 65' CTX$M$15/TEM' 9'
CTX$M$27' 1'

' '
CTX$M$27/TEM' 1'

CTX$M$37' 1' SHV$11' 1' CTX$M/TEM' 38'
CTX$M$132' 1' SHV$12' 12' CTX$M/TEM/SHV' 1'
CTX$M3' 70' SHV4' 1' TEM$1/SHV$12' 6'
Negative' 26' Negative' 124' ' '

Total)CTX5M) 112'
Total)TEM) 73'

Total)combinations) 65'
Total)SHV) 14'

1Encode broad-spectrum β-lactamase, not ESBL 
2Not subjected to sequencing of blaTEM 
3Not subjected to sequencing of blaCTX-M 
4Not subjected to sequencing of blaSHV 
 

 

Figure 6. bla genotypes among 133 isolates that were PCR-positive for blaCTX-M, blaSHV and 
blaTEM   

 

CTX-M was the dominating ESBL genotype in the 138 isolates. Figure 7 shows the breakdown of 

the blaCTX-M gene for sequenced isolates by years of sampling.  
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Figure 7. CTX-M derivatives among the 42 blaCTX-M positive isolates that were subjected to 
sequencing 

 

Figure 8 shows the evolution, throughout the study period, in the number of blaCTX-M positive 

isolates among Landspítali’s in- and outpatients (a total of 150 isolates from 120 patients) that were 

identified in a previous study (27) and community patients in the present study. 

 

Figure 8. Number of blaCTX-M positive isolates from in- and outpatients from Landspítali, 
analyzed in a previous study (27), and community isolates analyzed in the present 
study 
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Figure 9 shows CTX-M genotyping results from a previous study.(27) The percentage of patients 

who harbored blaCTX-M positive E. coli isolates was 93% (112 of 120) in the previous study compared to 

81% in the present one (P=0.005). Sixty-nine percent (77 of 112) of the blaCTX-M positive E. coli isolates 

had the CTX-M-15 derivative in the previous study and 50% (21 of 42) in the present one (P=0.042). A 

sharp rise was seen in the number of CTX-M-15 producing isolates in 2011. 

 

Figure 9. CTX-M derivatives among the 150 CTX-M-positive isolates from 112 patients in a 
previous study (27) 

 

4.4.4 Genotyping – NICU isolates 
Out of the 37 ESBL-positive isolates that were detected during the outbreak investigation 16 isolates 

from 14 patients and two environmental specimens were subjected for bla genotyping. They included 

seven of the 27 isolates that belonged to the outbreak clone; selection was based on difference in 

susceptibility patterns. Among the ten non-outbreak isolates, all but one (in clone 144), were subjected 

to genotyping. DNA extraction was successful for all isolates and PCR for the bla genes revealed that 

15 isolates produced CTX-M, four produced TEM and one produced SHV (table 19).  

Out of the 16 genotyped isolates, 11 isolates were selected for sequencing. They included all 

seven outbreak clone isolates along with four unrelated isolates representing different genotype-

phylogroup combinations. The isolates were from nine infants: four had been previously discharged 

and five were still hospitalized during sampling. The remaining two isolates were from a family 

member and an environmental specimen. Eight (73%) of these 11 produced CTX-M-14 and they 

belonged to four previously discharged, three hospitalized infants and one environmental specimen. 

Two (18%) isolates from hospitalized infants produced CTX-M-15/TEM and one isolate from a family 

member produced TEM-1/SHV-12. All isolates that were sequenced and belonged to the outbreak 

clone produced only CTX-M-14. 
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Table 19. Number of NICU isolates that harbored each of the bla genes found in this study 
(n=16) 

Genotypes) No) Genotypes) No) Genotypes))))))))))No)
CTX$M$14' 8' TEM$11' 1' SHV$12' 1'
CTX$M$15' 2' TEM2' 3' Negative' 15'
CTX$M3' 5' Negative' 12'

' 'Negative' 1'
' ' ' 'Total)CTX5M) 15) Total)TEM) 4) Total)SHV) 1)

1 Encodes broad-spectrum β-lactamase, not ESBL 
2 Not subjected to sequencing of blaTEM 
3 Not subjected to sequencing of blaCTX-M 

 

4.4.5 bla genotypes among phylogroups 
Of the 112 CTX-M-producing isolates from the community, 44 (39%) and 43 (38%) belonged to the 

phylogeny groups B2 and D, respectively (figure 10). Table 20 shows the phylogeny groups of the 

isolates that produced CTX-M-14, CTX-M-15 and TEM or SHV. 

 

Figure 10. Distribution of phylogroups among the 112 CTX-M positive E. coli isolates during the 
study period 

 

Table 20. bla genotypes and phylogeny groups among community isolates 
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Total'(n=138)' 23' 14' 50' 51'
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Phylogeny groups B2 and D were the most common groups in the 138 isolates from the 

community, representing more than 70% of all the isolates. The 112 CTX-M-producing isolates were 

distributed evenly among phylogeny groups B2 and D, and CTX-M-15 was mainly associated with 

phylogeny group B2. The most common β-lactamase was CTX-M, detected in 81% of the isolates, 

and the predominant ESBL was CTX-M-15.   

All seven NICU outbreak isolates, the closely related clones 133 and 134 from environmental 

samples, as well as four unrelated clones were of phylogeny group D, and the outbreak clone 

produced CTX-M-14. 

4.5 MLST 
There were six community isolates selected for MLST, all belonging to phylogeny group B2 and 

produced CTX-M-15. Sequencing was successful for all housekeeping genes, except for putP. Allelic 

profiles can be seen in table 21. Searching the allelic profiles in the database yielded sequence type 

43.  

For the NICU outbreak, the index case was selected for MLST. Sequencing was successful for all 

housekeeping genes and the allelic profiles yielded sequence type 8. 

Table 21. Allelic profiles and sequence types of the tested isolates (n=6+1) 

Isolates dinB icdA pabB polB putP trpA trpB uidA 

Community 

130a 9 1 15 7 - 9 6 9 
135a 9 1 15 7 - 9 6 9 
177a 9 1 15 7 - 9 6 9 

1196a 9 1 15 7 - 9 6 9 
1257a 9 1 15 7 - 9 6 9 
1397a 9 1 15 7 - 9 6 9 

NICU 1476a 23 9 8 12 9 11 7 13 
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5 Discussion 

In this molecular study on bacterial relatedness and resistance genes in ESBL-producing E. coli from 

the period of June 2006 to December 2012 we examined isolates from patients in the community. We 

also examined isolates from the NICU department at Landspítali where an outbreak was detected in 

the first half of the year 2014. The results revealed that blaCTX-M derivatives, mainly blaCTX-M-15 were the 

predominant genotypes and B2 and D were the predominant phylogeny groups in the community 

isolates. For the NICU isolates the outbreak clone produced blaCTX-M-14 and belonged to phylogeny 

group D; and most of the non-outbreak isolates also belonged to group D. 

There seems to be a steady increase of ESBL-producing E. coli in Iceland over the past few years. 

A study from 2010 examined the rate over three two-month periods in the years 2007-2009 during 

which it increased from 1.4%-1.6%.(58). This study on community isolates of ESBL-producing E. coli 

complements a previous study on isolates from patients at Landspítali during the same period. These 

two study samples represented the 1.8% (n=763) of all 42,598 E. coli isolates identified during the 

study period. Despite gradual increase in rate of resistance to 3rd generation cephalosporins, Iceland 

remains a low prevalence country, like the other Nordic countries.  

Combined resistance among ESBL-producers against fluoroquinolones (ciprofloxacin) and 

aminoglycosides (gentamicin) was 4% in this present study, which is low compared to a study from 

Denmark in which 43% of E. coli ESBL isolates showed reduced susceptibility towards both 

gentamicin and ciprofloxacin.(37) The high resistance towards these antibiotics leads to increased use 

of carbapenems for the treatment of serious infections. The low resistance shown in the present study 

gives doctors more options when prescribing antibiotics. It is important to maintain low resistance 

rates for vital antibiotics in order to prevent excessive use of carbapenems. The recent emergence of 

carbapenem resistance is of major concern for health care providers worldwide. 

One possible reason for bacterial co-resistance are plasmids that carry antimicrobial resistance 

genes, and even virulence genes, and many of these genes transfer easily between bacteria from 

different sources and geographical origin.(60)  

Some of the isolates showed susceptibility towards cefuroxime and ceftriaxone because the 

standard for interpretative breakpoints was changed during the study period. According to new 

standards from CLSI and EUCAST it is not necessary to screen for ESBL and confirm ESBL-

production since the new breakpoints are believed to predict clinical efficacy of β-lactam drugs.(30, 54) 

Different opinions have been voiced regarding these changes. Livermore et al. believe that ESBL-

production should be reported in order to increase patient safety when antibiotics are selected for 

therapy.(61) 

The Department of Microbiology still performs screening for and confirmation on ESBL-producing 

organisms and thus continues to provide doctors with information about ESBL-production and 

distinction from other resistance mechanisms, such as AmpC-production. This practice, coupled with 

systematic storage of isolates from all patients has also resulted in a valuable culture collection of 

ESBL-positive isolates. The collection provides material for further studies on the organisms thus 
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enabling scientists and health care providers to gain insight into the mechanisms of resistance and its 

spread in a geographically isolated country.  

The community isolates studied in this research had no obvious epidemiological connection, and 

therefore the high number of clones observed in the results of PFGE was expected. Eight clusters, 

with ≥80% intracluster similarity, were found, although there was no known connection between 

patients within each cluster. Some of the isolates were sampled months apart and not necessarily 

from the same health provider. Similar results have been seen in other studies. For example, 

Wickramasinghe et al. did a study on community isolates from the United Kingdom and found 18 CTX-

M-15-producing isolates that belonged to eight clusters, which had no apparent connection.(62) 

Önnberg et al. did a study on community and hospital isolates from Sweden and found 71 isolates 

belonging to 18 clusters, some of the isolates belonged to the same patients, but were taken years 

apart, other isolates had no connection with one another.(63) Arpin et al. studied community isolates 

from France and found 29 isolates that belonged to four clusters, some of the isolates coming from 

different geographical areas from the country.(64) 

The study period for this research spanned more than six years and involved many different health 

care providers. The PFGE method is not ideal for such a long period; it is more suitable for a study 

with a smaller time frame, and stronger epidemiological connections such as within the same hospital 

or the same outbreak in the community. Although the results in this research should be interpreted 

with this limitation in mind, a transmission of a clone within the community cannot be excluded. Some 

STs, such as ST131, have a high propensity to spread. Interestingly, in four of the eight clusters 

detected among the community isolates in the present study, all isolates belonged to phylogeny group 

B2, ESBL genotyping revealed CTX-M-15 and the five isolates that were subjected to MLST turned 

out to be of ST43. According to Weisenberg et al. (65), the ST43 clone corresponds to the ST131 

clone obtained with the German MLST scheme. 

The main purpose for using the PFGE method for the community sample was to aid in the selection 

of isolates for other analyses. If any of the isolates that shared a clone had shared a susceptibility 

pattern, then only one of the isolates would have been selected in order to reduce the size of the study 

sample.  

The PFGE results revealed a clonal outbreak that occurred at the NICU ward at Landspítali in early 

2014. Twenty infants had 26 isolates that belonged to the same clone, along with one environmental 

specimen. The outbreak investigation indicated that the outbreak clone was present in the NICU 

already in December 2013. Two of the infants harboring the clone had been hospitalized in the NICU 

since November and December and were first identified as carriers of ESBL-producing E. coli in the 

beginning of March 2014. Furthermore, a third infant that had been in the NICU in December and 

discharged before the outbreak was discovered, was also found to be a carrier when screened.  

Thus, strain typing via PFGE was useful in uncovering the clonal transmission of ESBL-producing 

E. coli, indicating that the outbreak clone might have been present in the NICU for more than two 

months before the outbreak was discovered, and helped define the end of transmission events. The 

possible presence of the outbreak clone was present for two months before being discovered raises 

the question of systematic screening of infants in order to minimize transmission events through 



  

52 

enhanced infection control. A study from a NICU in a Dallas hospital revealed an outbreak caused by 

an ESBL-producing K. pneumoniae; five infants had an infection and six were colonized. Improved 

hand hygiene and environmental cleaning cleared the outbreak within 18 days. There was no 

systematic screening performed at this NICU before the outbreak, but it was quickly implemented 

during the outbreak to prevent further infections.(66) When highly transmissive organisms, like E. coli 

ST131 are involved, then screening may not suffice to prevent ongoing spread within a hospital ward. 

A study from a NICU in Italy reported an active surveillance performed weekly on infants. Despite 

these measures an outbreak due to ESBL-producing E. coli ST131 occurred and lasted for over three 

months. Fifteen infants were colonized and no infections occurred. Although transmission continued 

under routine screening, the silent intestinal colonization was brought to light through this surveillance 

method that may thus have reduced the number of affected infants.(14) Systematic screening in 

NICUs, and other ICUs, could possibly prevent and help dissolve future outbreaks. 

As previously mentioned, there have only been seven outbreaks due to ESBL-producing E. coli 

described in NICUs. The outbreak periods ranged from one month up to a year and a half. The 

smallest outbreak consisted of two colonized infants and two that got infections and the largest 

outbreak consisted of 26 colonized infants, one of whom got an infection. Fortunately, in all seven 

outbreaks there was only one fatality.(13-19) The outbreak described in the NICU at Landspítali was 

similar to the previously described outbreaks, with regard to the number of patients as well as the 

duration of the outbreak. 

PCR-based phylogenetic typing of ESBL-producing E. coli revealed that almost three fourths of the 

community isolates belonged to the extraintestinal phylogeny groups B2 and D, or 36% and 37% 

respectively. Studies have shown that the relative proportions of the four phylogroups vary with the 

population studied and geographical location. 

A study from East Japan was done on commensal bacteria retrieved from 2575 vaginal swabs and 

106 normal stool samples. Phylogeny results showed that 76% and 16% of the 88 vaginal isolates and 

44% and 28% of the 61 fecal E. coli isolates belonged to phylogroup B2 and D, respectively.(67) 

Another study on commensal bacteria, which was done in Australia, included 189 fecal specimens 

from in- and outpatients (95 females and 94 males) who had symptoms of gastro-intestinal disease 

along with 77 fecal specimens from asymptomatic community individuals (36 females and 41 males). 

Phylogenetic typing revealed that a total of 45.1% of the isolates belonged to phylogroup B2 and 

22.9% to group D. The odds of having phylogroups B2 and D increased with advancing age in males, 

and the odds of phylogroups A and B2 increased with advancing age in females.(68) A third study 

done on commensal E. coli from France, Croatia and Mali showed different results. Out of the 168 

fecal E. coli isolated from same number of patients, there were 74% that belonged to phylogroups A 

and B1, but only 11% that belonged to group B2. Phylogroup A dominated other groups in France, 

phylogroup B1 in Mali and in Croatia these two groups were equally common.(69) None of the above-

mentioned studies reported ESBL-production in the commensal E. coli isolates that were analyzed. 

Two Nordic reports included ESBL-producing E. coli from a population that was comparable to the 

one in the present study and found similar results. Hansen et al. did a study on 205 ESBL-producing 

E. coli from blood and urine samples collected from in- and outpatients in Denmark. More than half of 
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the isolates belonged to phylogeny groups B2 and D, or 26.3% and 31.7%, respectively.(37) An 

epidemiological study was done in Sweden for the years 2007-2012. Urine samples were collected 

during three periods lasting one to three months in the years 2007, 2009 and 2011. A total of 901 

ESBL-producing E. coli isolates were collected and phylogeny results revealed that 42-47% of the 

isolates belonged to phylogroup B2 and 28-29% belonged to group D.(70) 

Five out of the six PFGE clones (83%) that were analyzed from infants belonged to phylogeny 

group D. In the seven previously described NICU outbreaks the majority of the E. coli isolates 

belonged to phylogeny groups are B2 and A. To date, there have not been any outbreaks reported 

with isolates belonging to phylogeny group D.  

The high percentage of phylogroup D that was observed in isolates from the small NICU population 

in this study seems rare. A Swedish study on apparently non-ESBL-producing E. coli from infants 

showed that strains that belonged to phylogroup D were more often ampicillin-resistant than strains in 

other phylogroups and the resistance was mostly due to the plasmid borne blaTEM-1 production.(71) 

Such an association of antibiotic resistance genes with particular phylogroups could be explored 

further in our NICU isolates along with phylogroup D isolates from other infants (if any) and adults. 

blaTEM was absent from many of the phylogroup D isolates in the study, and ESBL-production was due 

to a variety of ESBL gene derivatives.  

Strains belonging to phylogroup B2 have more virulence factors than other phylogroups (72) and 

virulent ExPEC strains usually belong to phylogroup B2 and to a lesser extent group D; commensal 

strains belong mainly to phylogroups A and B1.(73) It is possible that the absence of infection in all of 

the infants except one may have been partly related to phylogroup D.  

The bla genotyping analysis revealed that the majority of community patients (81%) had CTX-M-

producing E. coli. This genotype was present in an even greater proportion of E. coli from hospital 

associated patients in a previous study, or 93% (112 of 120 patients) (p=0.005).(27) That same study 

showed that 69% of the 112 patients whose E. coli isolates were subjected to bla sequencing 

harbored CTX-M-15 whereas 50% of sequenced isolate from the present study had CTX-M-15 

(p=0.042). 

Since the focus of this study was the molecular analysis of ESBL-producing E. coli, no attempts 

were made to compare the incidence of CTX-M-producing E. coli in patients seen at Landspítali and 

community patients throughout the study period. However, data from these studies suggest a different 

evolution of CTX-M spread in the two populations. Not only was this genotype, and the CTX-M-15 

derivative, more common among the hospital-associated population, this group also exhibited a 

sharper rise, at the end of the study period, in the absolute numbers of patients whose E. coli 

produced CTX-M-15 in general, and CTX-M-15 in particular (figures 7-9). This was particularly clear 

for the outpatient population at Landspítali, the majority of which was seen in the emergency room. 

The reasons for this apparent difference are unknown. A plausible explanation for outpatients could be 

that patients who receive empiric, but ineffective, therapy in the community seek emergency room 

services when symptoms do not abate and that could result in a higher rate of ESBL-producing 

organisms in specimens from emergency room patients compared to community patients. As for the 
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inpatients, while most E. coli strains don’t seem to spread easily within the hospital, highly 

transmissive strains might behave differently. 

Two studies, done in the U.S.A. (n=44) and Switzerland (n=30) on both in- and outpatients, 

revealed that the majority of the clinical isolates produced CTX-M (84% and 100%, respectively) and 

around half of those were CTX-M-15 (57% and 47%, respectively). In both these studies ST131 was 

predominant which would suggest that the predominant phylogroup would be B2.(74, 75) A French 

study included 21 fecal ESBL-producing E. coli from community individuals; 18 (86%) produced CTX-

M and seven (37%) thereof had CTX-M-15. Almost half of the isolates examined belonged to 

phylogroup A and only three to phylogroup B2.(76) A similar, but larger German study showed that 

95.2% of 211 ESBL-producing fecal E. coli produced CTX-M and 48% of these had CTX-M-15. Just 

over 80% of the CTX-M-15-producing isolates belonged to phylogroups A and D (47% and 34%, 

respectively).(77) The first two studies on ESBL genotypes mentioned above included isolates 

collected from inpatients and community patients, which might explain the higher number of isolates in 

phylogroup B2. In the latter two studies, which were done on commensal community isolates, the 

predominant group was A. Commensal E. coli isolates often belong to phylogeny group A and 

nosocomial ones belong mainly to phylogroup B2.(77) 

The results of ESBL genotyping in the present study were similar to the findings in the two studies 

from the U.S.A. and Switzerland and Hansen’s study from Denmark, where over 90% of the isolates 

produced CTX-M and 60% of these were CTX-M-15.(37)  

The ESBL genotyping results for the NICU isolates may not be representative for the NICU 

population or infants in Iceland, since most of the isolates were clonal. Out of the six clones detected 

among infants, three were subjected to ESBL genotyping; one (outbreak clone) produced CTX-M-14 

and two produced CTX-M-15. 

At least five of the seven previously mentioned NICU outbreaks reported a clonal spread of ESBL-

producing E. coli, and only one of the five involved a CTX-M-14-producing E. coli. The outbreak 

occurred in Madrid, Spain from January 2009 until September 2010. Thirty newborns were admitted to 

the NICU; 14 were infected with ESBL-producing E. coli and 16 colonized. Isolates from twenty-five 

infants produced CTX-M-14, and 22 of those belonged to phylogroup A and ST23 (according to the 

German scheme).(15) The other outbreaks occurred in Italy, France, Poland, and Sweden and the 

outbreak clones produced CTX-M-15 and TEM-52, and belonged to phylogroups B2 and A, 

respectively.(13, 14, 16, 17) 

MLST for this study was performed according to the French scheme from the Pasteur Institute. 

Although sequencing of the community isolates was not successful for all the housekeeping genes, 

the sequencing results suggested that all six isolates were of ST43. Therefore, the prevalent ST131 

clone has spread to Iceland, which might explain the rapid spread of CTX-M-15 amongst the 

population. The NICU outbreak clone belonged to ST8; no published reports were found on NICU 

outbreaks caused by E. coli ST8. 

There were some limitations to this study. First, PFGE is not considered optimal for analyzing strain 

relatedness over long periods. However, despite this limitation for apparently unrelated isolates, the 
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presence of a few clusters containing isolates of phylogroup B2, some of which were ST43 (ST131), 

might have indicated a true transmission of a fast spreading clone within the community. Second, as 

the study sample involved ESBL-producing E. coli only, the phylogroup distribution observed may not 

be representative of all E. coli isolates from clinical specimens in Iceland. The presence of the fast 

spreading ST131, which is often ESBL-producing, could cause a higher proportion of phylogroup B2 

among ESBL-producers compared to non-ESBL-producers. Third, unlike the previous study done on 

hospital-associated patients at Landspítali, the present study did not provide ESBL genotyping on E. 

coli from all patients. However, since 40% (48 of 120) of the patients in the previous study were 

outpatients, and the 42 patient isolates subjected to bla gene sequencing in the present study were 

evenly distributed throughout the roughly 6-year study period and belonged to all phylogroups it is 

likely that the results can be projected on the community population as a whole. 
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6 Conclusions 

The Department of Microbiology at Landspítali has actively identified ESBL-producing organisms for 

almost 15 years, and participated in the European surveillance of antibiotic resistance for several 

years. However, unlike most other European countries that initiated ESBL genotyping many years 

ago, no such attempts were made in Iceland until very recently. This project completes the first 

systematic study on ESBL genotypes in E. coli in Iceland and confirms that the local epidemiology is 

no different from other countries in that CTX-M-15 has rapidly become the predominant ESBL 

genotype. Since the study period started in mid 2006, it is not known when CTX-M-15 was introduced 

to Iceland but a complementary study of isolates that were identified during the period of 2002-2006 

and preserved might answer that question. 

To our knowledge, this project provides the first data, about phylogenetic groups and multilocus 

sequence types of E. coli in Iceland and revealed the presence of the international clone ST43 

(ST131).  

Finally, very few outbreaks due to ESBL-producing E. coli have been reported from NICUs and this 

project describes the first one to be caused by a CTX-M-14-producing E. coli of phylogenetic group D. 

In order to complete the study on ESBL-producing E. coli from the Reykjavík capital area the next 

steps would include the estimation of the incidence of ESBL-producing E. coli in the subgroups 

involved, i.e. inpatients, outpatients and community patients, comparison of PFGE patterns observed 

in these groups for the detection of shared clones, and finally, phylogenetic typing and MLST of 

isolates from in- and outpatients The final results would provide a valuable insight into the evolution of 

an ESBL-producing organism in a geographically isolated Western country. 
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Appendix A 

Cell Suspension Buffer (CSB): 
Final solution concentration Solution concentration To make 1 L 
100 mM Tris (pH 7.5-8)  1 M Tris   100 mL Tris 
100 mM EDTA (pH 8)  0.5 M EDTA   200 mL EDTA 
Filled up to 1 liter mark with distilled water and then sterilized in an autoclave 
 
TE buffer: 
10 mM Tris, 1mM EDTA (pH 8) 
 
Cell Lysis Buffer (CLB): 
Final solution concentration Solution concentration To make 1 L 
50 mM Tris (pH 8)   1 M Tris   50 mL Tris 
50 mM EDTA (pH 8)   0.5 M EDTA   100 mL EDTA 
1% Sarcosyl    N-Lauroylsarcosine  10 g Sarcosyl 
Filled up to 1 liter mark with distilled water, pH checked and adjusted if needed, and then sterilized in 
an autoclave. 
Proteinase K is added to the solution just before using the buffer, its effectiveness dissipates quickly 
Final concentration of proteinase K in the solution should be 0.1 mg/mL 
 
Proteinase K mixture: 
For every isolate mix 1 mL CLB and 35 µL proteinase K (20mg/mL) 
 
XbaI restriction enzyme mixture: 
For each plug mix 88 µL distilled water, 10 µL Tango buffer and 1 µL XbaI restriction enzyme (10U/µL) 
 
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 (Merck, Darmstadt, Germany) 
Solution heated and stirred with a magnet. Check pH and adjust if needed. Solution sterilized in an 
autoclave 
 
Chelex:  
95 g Chelex (Bio-Rad Laboratories, Hercules, CA, USA) 
95 mL distilled water 
Sterilized in an autoclave 
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Appendix B 

Table 22. Results from PFGE, phylogrouping, bla genotyping and MLST from community isolates (n=138) 
in chronological order 

Specimen1 
PFGE 
Clone 

number 

Sample date2 
(yymmdd) 

Patient ward or health 
care provider 

Phylogeny 
group (ST) bla genotypes 

177a 112.002 60613 Health care clinic B2 (ST43) CTX-M-15 
1137a 220.001 60724 Health care clinic D CTX-M-14/TEM 
1156a 173.001 61205 Rural hospital A CTX-M-15 
913b 20.002 61220 Health care clinic B2 CTX-M-15 
299a 210.001 61221 Nursing home A CTX-M-15 
458a 112.003 70112 Private physician's practice B2 CTX-M/TEM 
34a 192.001 70116 Health care clinic D CTX-M-15/TEM 

307a 157.001 70122 Private physician's practice B1 TEM-1 
56a 233.001 70524 Private physician's practice B2 CTX-M/TEM 

887a 260.001 70525 Private physician's practice B2 TEM-1b 
926a 247.001 70607 Health care clinic D CTX-M-15 
733a 178.001 70719 Health care clinic D CTX-M 
656a 259.001 70814 Health care clinic B2 CTX-M-132 
467b 198.001 70828 Private physician's practice B2 CTX-M/TEM/SHV 
148a 254.001 71008 Health care clinic A CTX-M-27/TEM 
702b 148.001 71009 Health care clinic D CTX-M/TEM 
860a 225.001 71022 Health care clinic B1 SHV-12 
448a 209.001 71102 Health care clinic A CTX-M-1 
960a 182.001 71107 Health care clinic D CTX-M 
233a 153.001 71217 Urgent care clinic D CTX-M/TEM 
481a 170.001 80109 Health care clinic D CTX-M-14 
130a 108.002 80116 Health care clinic B2 (ST43) CTX-M-15 
771a 177.001 80124 Health care clinic A CTX-M-1/TEM 
406a 230.001 80323 Urgent care clinic B2 CTX-M-15/TEM 
310a 165.001 80420 Urgent care clinic A CTX-M-15 
521a 213.001 80609 Health care clinic D CTX-M-3/TEM 
350a 256.001 80610 Rural hospital A CTX-M/TEM 
285a 158.001 80618 Unknown provider A TEM-1/SHV-12 
109a 208.001 80715 Health care clinic A TEM-52 
914a 240.001 80813 Health care clinic D CTX-M 
986a 185.001 80908 Health care clinic D SHV-12 
133a 99.001 80919 Private physician's practice B2 CTX-M/TEM 
356a 197.001 81021 Health care clinic D TEM-1/SHV-12 
593a 227.002 81023 Private physician's practice B2 CTX-M 
934a 179.001 81101 Urgent care clinic B1 TEM-1 
886a 160.001 81110 Health care clinic B1 CTX-M-14 
662a 142.001 81125 Private physician's practice D CTX-M/TEM 
108a 180.001 81222 Private physician's practice B1 SHV-12 
377a 191.001 81223 Health care clinic B1 CTX-M-15/TEM 
76a 190.001 81231 Rural hospital B2 Not detected 

919a 246.001 90204 Nursing home D CTX-M-14/TEM 
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135a 114.002 90302 Health care clinic B2 (ST43) CTX-M-15/TEM 
16b 143.001 90304 Health care clinic B2 Not detected 

468a 167.001 90324 Health care clinic D CTX-M/TEM 
652a 218.001 90404 Urgent care clinic D CTX-M/TEM 
592a 147.001 90427 Private physician's practice D CTX-M/TEM 
464a 171.001 90518 Health care clinic B1 TEM-1/SHV-12 
234a 257.001 90616 Health care clinic B2 CTX-M/TEM 
967a 187.004 90630 Health care clinic B2 Not detected 
987a 115.002 90823 Urgent care clinic B2 CTX-M-15 

1162a 109.002 90904 Private physician's practice B2 CTX-M 
1171a 92.001 91005 Health care clinic B2 SHV-1 
1174a 206.001 91109 Private physician's practice B2 CTX-M 
1184a 215.001 91203 Health care clinic D CTX-M/TEM 
1186a 249.001 91208 Health care clinic D CTX-M/TEM 
1191a 251.001 91223 Health care clinic D TEM-52 
1193a 212.001 100108 Health care clinic A CTX-M-15 
1196a 99.001 100211 Private physician's practice B2 (ST43) CTX-M-15/TEM 
1200a 244.001 100226 Health care clinic D CTX-M-1/TEM 
1203a 18.002 100308 Nursing home A CTX-M-14/TEM 
1205a 109.002 100312 Urgent care clinic B2 CTX-M-15 
1206a 253.001 100316 Health care clinic B2 CTX-M 
1214a 183.001 100416 Health care clinic D CTX-M/TEM 
1219a 193.001 100514 Health care clinic B1 CTX-M-1 
1271a 20.002 100630 Health care clinic B2 CTX-M 
1325a 264.001 100816 Health care clinic D CTX-M 
1307a 205.001 100817 Health care clinic B2 CTX-M/TEM 
1312b 174.001 100817 Health care clinic B1 TEM-1 
1319a 223.001 100820 Nursing home D TEM-1/SHV-12 
1275a 194.001 100910 Home nursing program B2 CTX-M 
1249a 166.001 101031 Urgent care clinic A CTX-M/TEM 
1269a 163.001 101102 Private physician's practice A CTX-M 
1277a 14.003 101122 Urgent care clinic B2 CTX-M/TEM 
1324a 250.001 101203 Detox center D CTX-M/TEM 
1259a 146.001 101216 Nursing home D CTX-M/TEM 
1256a 245.001 110124 Health care clinic D CTX-M-14/TEM 
1270a 151.001 110125 Health care clinic D CTX-M/TEM 
1313a 221.001 110210 Health care clinic D CTX-M-15 
1284a 237.001 110308 Health care clinic A CTX-M-14 
1254a 201.001 110318 Health care clinic A CTX-M 
1257a 236.001 110328 Private physician's practice B2 (ST43) CTX-M-15/TEM 
1296a 184.001 110408 Health care clinic D TEM-1/SHV-12 
1294a 242.001 110412 Health care clinic D CTX-M 
1288a 207.001 110502 Health care clinic B1 CTX-M-2/TEM 
1310a 234.001 110504 Health care clinic B2 CTX-M-15 
1299a 243.001 110524 Health care clinic D CTX-M/TEM 
1316a 241.001 110524 Private physician's practice B2 CTX-M/TEM 
1289a 211.001 110608 Health care clinic A CTX-M-1/TEM 
1305a 176.001 110701 Private physician's practice A CTX-M 
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1244a 238.001 110721 Private physician's practice B2 CTX-M 
1327a 228.001 110725 Urgent care clinic B2 CTX-M 
1278a 214.001 110807 Urgent care clinic D CTX-M/TEM 
1268a 117.002 110811 Health care clinic B2 CTX-M/TEM 
1274a 231.001 110905 Health care clinic B2 CTX-M 
1367a 204.001 110922 Health care clinic B2 CTX-M 
1373a 226.001 110922 Nursing home B2 CTX-M/TEM 
1461a 224.001 111007 Private physician's practice D CTX-M/TEM 
1454a 141.001 111104 Private physician's practice D SHV-12 
1440a 202.001 111117 Health care clinic B2 CTX-M 
1395a 252.003 111222 Nursing home D CTX-M/TEM 
1379a 150.001 120109 Rural hospital A CTX-M-37 
1251b 252.002 120217 Nursing home D CTX-M-15/TEM 
1355a 78.001 120217 Rural hospital D CTX-M/TEM 
1444a 137.001 120223 Health care clinic D CTX-M/TEM 
1396a 159.001 120309 Private physician's practice B1 CTX-M-1 
1392a 154.001 120314 Health care clinic D CTX-M/TEM 
1374a 155.001 120327 Health care clinic B2 CTX-M-3 
1397a 227.001 120328 Health care clinic B2 (ST43) CTX-M-15/TEM 
1415a 261.001 120420 Private physician's practice B2 CTX-M 
1407a 175.001 120525 Private physician's practice D TEM-1 
1385a 263.001 120606 Private physician's practice B2 CTX-M 
1456a 189.001 120607 Private physician's practice D CTX-M-2 
1370a 161.001 120625 Health care clinic B1 CTX-M-14/TEM 
1356a 229.001 120715 Urgent care clinic B2 CTX-M 
1393b 252.001 120813 Nursing home D CTX-M/TEM 
1441a 200.001 120816 Health care clinic B2 CTX-M/TEM 
1383a 88.002 120911 Health care clinic D CTX-M 
1394a 172.001 120912 Health care clinic A SHV-12 
1369a 203.001 120914 Health care clinic B2 CTX-M 
1417a 136.001 120926 Health care clinic D CTX-M/TEM 
1430b 202.002 120927 Private physician's practice B2 CTX-M 
1465a 136.001 121005 Health care clinic D CTX-M/TEM 
1447a 216.001 121019 Health care clinic D CTX-M/TEM 
1361a 152.001 121022 Health care clinic D CTX-M 
1402a 202.001 121022 Private physician's practice B2 CTX-M 
1381a 181.001 121023 Health care clinic B1 SHV-12 
1403a 199.001 121031 Private physician's practice B2 CTX-M 
1442a 169.001 121107 Health care clinic A CTX-M 
1451a 203.002 121115 Health care clinic B2 CTX-M 
1438a 164.001 121116 Health care clinic B2 TEM-1 
1418a 255.001 121127 Nursing home A Not detected 
1416a 140.001 121203 Rural hospital D Not detected 
1371a 145.001 121210 Private physician's practice D CTX-M 
1387a 162.001 121211 Health care clinic B1 CTX-M/TEM 
1439a 108.003 121212 Health care clinic B2 CTX-M/TEM 
1463a 217.001 121217 Health care clinic D CTX-M/TEM 
1391a 41.001 121219 Rural hospital A TEM-1/SHV-12 
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1443a 168.001 121221 Health care clinic A CTX-M-15/TEM 
1 The numbers refer to patients and the letters refer to specimens from each patient 
2 The years 2006 through 2009 are presented with one digit only 
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Appendix C 

Table 23. Results from PFGE, phylogrouping, bla genotyping and MLST from the NICU outbreak (n=37) in chronological order 

Specimen1 PFGE 
Clone 

number 

Sample 
date 

(yymmdd) 
Specimen type 

Sex 
(1=male, 

2=female) 
DOB: M/Y2 Patient ward Phylogeny 

group3 bla genotypes 

1486a 188.001 140224 Urine 2 Family Children's ambulant service B1 TEM-1/SHV-12 
1476a4 132.001 140227 Blood 2 Feb-14 NICU D (ST8) CTX-M-14 
1475a 132.001 140304 Rectal swab 2 Nov-13 NICU ND ND 
1478b 132.001 140304 Rectal swab 1 Feb-14 NICU ND ND 
1479a 132.001 140304 Rectal swab 1 Dec-13 NICU ND ND 
1479b 132.001 140304 Rectal swab 1 Dec-13 NICU ND ND 
1480a 132.001 140304 Rectal swab 1 Feb-14 NICU D CTX-M-14 
1480b 132.001 140304 Rectal swab 1 Feb-14 NICU ND ND 
1472a 132.002 140304 Feces 2 Jan-14 NICU ND ND 
1472b 132.002 140304 Rectal swab 2 Jan-14 NICU ND ND 
1474a 132.002 140304 Rectal swab 2 Feb-14 NICU ND ND 
1478a 132.002 140304 Rectal swab 1 Feb-14 NICU ND ND 
1481a 132.003 140304 Rectal swab 1 Feb-14 NICU D CTX-M-14 
1468a 138.001 140304 Rectal swab 1 Feb-14 NICU D CTX-M-15/TEM 
1482a 133.001 140306 Environmental specimen 

  
NICU D CTX-M-14 

1483a 134.001 140306 Environmental specimen 
  

NICU D CTX-M 
1469a 138.002 140306 Feces 1 Family Children's ambulant service D CTX-M/TEM 
1477a 132.001 140310 Environmental specimen 

  
NICU ND ND 

1484a 144.001 140312 Placenta 2 Family Obstetrics and gynecology ND ND 
1485a 144.001 140315 Rectal swab 1 Mar-14 NICU D CTX-M 
1492a 132.002 140412 Rectal swab 2 Dec-13-D Children's hospital ward ND ND 
1494a 132.002 140416 Feces 2 Jan-14-D NICU ND ND 
1494b 132.002 140416 Feces 2 Jan-14-D NICU ND ND 
1495a 132.002 140417 Feces 2 Jan-14-D NICU ND ND 
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1495b 132.002 140417 Feces 2 Jan-14-D NICU ND ND 
1489a 132.002 140418 Rectal swab 1 Feb-14-D NICU D CTX-M-14 
1488a 132.002 140422 Rectal swab 1 Feb-14-D NICU ND ND 
1490a 132.002 140422 Rectal swab 1 Feb-14-D NICU ND ND 
1498a 132.002 140422 Rectal swab 1 Jan-14-D NICU ND ND 
1496a 132.002 140424 Rectal swab 1 Jan-14-D NICU ND ND 
1493a 132.002 140430 Rectal swab 2 Jan-14-D NICU D CTX-M-14 
1497a 132.002 140502 Rectal swab 1 Jan-14-D NICU D CTX-M-14 
1491a 135.001 140517 Rectal swab 1 Feb-14 NICU B2 CTX-M-15/TEM 
1499a 132.002 140519 Rectal swab 1 May-14 NICU ND ND 
1487a 262.001 140519 Rectal swab 2 Dec-13 NICU D CTX-M 
1501a 132.001 140702 Rectal swab 1 May-14-D NICU D CTX-M-14 
1500a 222.001 140707 Rectal swab 1 Jul-14 NICU D CTX-M 

1 The numbers refer to patients and the letters refer to specimens from each patient 
2 D: patient previously discharged  
3 ND: Not done 
4 Index case 
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Appendix D 

 

Figure 11. Dendrogram based on PFGE of community isolates (n=138) 


