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Abstract  

The increasing number of Extended Spectrum Beta-Lactamase (ESBL) producing Escherichia 

coli (E. coli) associated with sepsis in China is the reason for designing the current study. 

During 2014-2016, thirty hospitals representing 10 different provinces in China was involved 

in collecting E. coli isolates causing blood stream infections. Early treatment with suitable 

antibiotics have been found to be of lifesaving importance in the case of care for septic 

patients. Thorough understanding of the pathogens involved is therefore crucial. Using 

antimicrobial susceptibility testing, PCR and Multi Locus Sequence Typing (MLST), the 

molecular characteristics of ESBL producing E. coli isolates could be determined. This study 

can report that the most common ESBL producing genes found were CTX-M-14 (51 isolates, 

45,5%), CTX-M-55 (23 isolates, 20,5%) CTX-M-15 (22 isolates, 19,6%). In addition, 2 

isolates (1,8%) were found to be SHV-11 positive which is another ESBL producing gene. As 

a side finding, 5 isolates harbored Metallo-beta-lactamase (MBL) encoding genes such as 

NDM-5 and NDM-1 which were found to coexist with CTX-M-55 and CTX-M-14 

respectively. An MLST analysis resulted in the finding of 25 different and 17 previously 

unknown (16,2 %) sequence types. The most common sequence types were ST131 (18 

isolates, 17,1 %) as reported previously.  No significant differences in antimicrobial 

susceptibility were identified whether ESBL producing genes such as SHV and CTX-M was 

present or not. This study indicates that there could be novel resistance mechanisms present 

among those isolates not encoding the genes of interest. However, this finding requires further 

research before it can be confirmed.  
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Popular scientific summary  

 

Antibiotic resistance: can humanity ever catch up on bacterial evolution? 

A study on Escherichia coli associated with blood stream infections 

The emergence of antibiotic resistance is a problem that modern medicine cannot ignore. 

Antibiotics is not only used to eradicate bacterial infections as it is a key player in treatment 

of premature born children and cancer patients, as well as during transplantations and surgery. 

Even if actions have been taken to preserve this lifesaving treatment, the development of 

antibiotic resistance remains. The emergence of resistance is promoted by overuse and misuse 

of antibiotics, which is still a large problem despite the knowledge in the field. This is 

problematic in the case of blood stream infections; a medical condition which is dependent on 

successful antibiotic treatment.  

Escherichia coli (E. coli) is commonly known as a bacterium causing diarrheal diseases, but 

as a matter of fact, it is the bacteria most frequently associated with blood stream infections. 

In 2014, the World Health Organization (WHO) listed E. coli as one of nine bacteria of 

national concern due to the emerging resistance. Chinese hospitals reported an increase (from 

20% to 72.2%.) of blood stream infections caused by resistant E. coli in a period between 

2000 and 2011. This resistance was caused by Extended spectrum beta-lactamase (ESBL) 

production, the resistance mechanism most frequently associated with E. coli. E. coli itself is 

producing this enzyme which can inactivate the antibiotics and prevent it from eradicating the 

infection. As a result, during the period 2014-2016, 30 hospitals representing 10 different 

provinces in China were involved in collecting blood samples for further investigation. The 

current study, analyzed these samples to map out the characteristics of the bacteria causing the 

infections. By doing so, valuable clues for why and how resistance is emerging could 

hopefully be obtained.  

Several studies on ESBL producing E. coli had been made earlier and the characteristics 

identified in this study was very similar to previously published studies. It was found that 

ESBL producing E. coli of type 131 (commonly referred to as ST131) is still the most 

common one. This will aid medical staff in deciding what treatment strategy to apply when 

encountering a patient experiencing a blood stream infection. However, 15% could not be 

linked to previously known variants of E. coli which requires further investigation.  
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ESBL producing E. coli is only one example of the importance in dealing with the emergence 

of antibiotic resistance.  Further research and investments in the field is required to gain more 

knowledge about the underlaying mechanisms. In addition, this finding reminds us of the fact 

that E. coli evolves faster than the speed of medical research.  Will research ever catch up 

with the bacterial evolution or will humanity remain in its shadow?   
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Introduction  

Antibiotic resistance is a growing problem for modern medicine (European Centre for Disease 

Prevention and Control, 2017; Public Health Agency of Sweden, 2014; Xiao, YH et al, 2013).  

Beside treatment of bacterial infections, antibiotics play a central role in the care of multiple 

conditions, such as preterm births, cancer, organ transplant, and general surgery. There is no 

doubt that antibiotics are a key player in modern medicine, but overuse and misuse has 

accelerated the development of resistance (European Centre for Disease Prevention and 

Control, 2017; Public Health Agency of Sweden, 2014; Goossens, H., et al, 2005; Xiao, YH 

et al, 2013). For example, antibiotics are not suitable for treatment of virus infections, but 

even so, they are still being prescribed as a viral infection therapeutic agent in some countries 

(European Centre for Disease Prevention and Control, 2017; Xiao, YH et al, 2013; Reynolds, 

L., et al, 2009). One reason for this is that both bacterial and viral infections generates similar 

symptoms, which is often referred to as “flu-like symptoms”. Worth mentioning is that viral 

infections are in general self-limiting, and will usually resolve on their own (Reynolds, L., et 

al 2009; European Centre for Disease Prevention and Control, 2017). In other words, a reason 

for why treatment of viral infection with antibiotics is seen as a successful treatment strategy.  

 

The development of antibiotic resistance is a global issue. However, China experiences 

elevated mortality and morbidity rates due to infections caused by multidrug resistant 

pathogens in comparison to other countries (Xiao, YH et al, 2013). A study published in 2008, 

reported that antibiotics accounted for 50% of the total number of drugs being prescribed in 

China, which is higher than in countries such as USA and Sweden (Dong, L., et al 2008). In 

addition, financial issues in the health care settings forces the institutions to utilize sales of 

drugs to increase their budget. Reynolds, L et al reported in 2009 that drug sales account for 

half of the institutional income, with more than 25% being sales of antimicrobial agents 

(Reynolds, L., et al 2009). In 2009 China implemented the Essential Medicine Policy (EMP) 

which had successfully facilitated rational use of antibiotics in other countries previously. 

Unfortunately, a retrospective study published in 2016 reported that the implementation had 

not improved the use of antibiotics in primary healthcare setting in China (Xiao, YH., et al, 

2016). The drug sale assigned to antibiotics increased from 13,41% to 16,34% even though 

the institutional income from drug sales decreased, and that government founding increased 

(Xiao, YH., et al, 2016). More than 40% of the prescriptions of antibiotics were seen as 

inappropriate before and after implementation of the EMP. It is clear that policy making and 

education of the medical sector as well as the public need to continue in China, in order to 
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master the antibiotic resistance development. In addition, antibiotics are also frequently used 

in agriculture for its growth promoting characteristics (Xiao, YH et al, 2013; Venter, H., et al, 

2017). As a result, antibiotic resistance is no longer restricted to the human health care setting 

and is also found in the environment (Li, S., et al, 2016; Li, S., et al, 2015).  

 

The gram-negative bacterium E. coli is a member of the Enterobacteriaceae family which 

comprises other important pathogens such as Salmonella spp. and Shigella spp. These bacteria 

are mainly known for their role in diarrheal diseases (Gomes, AT T et al 2016; Chaudhuri, RR 

et al 2012). Non-pathogenic E. coli is a commensal bacterium, and part of the microflora of 

healthy mammals and birds (European Centre for Disease Prevention and Control, 2017; 

Chaudhuri, RR et al 2012). Its zoonotic feature is a common source of infection in addition to 

human contamination (Rogers, BA et al, 2011; Lahlaoui, H et al., 2014). Previous 

publications have reported ground water contamination of pathogenic and multi-resistant E. 

coli (Li, S et al 2015; Walsh, TR., et al, 2011). Besides diarrheal diseases, pathogenic E. coli 

is the bacteria most frequently associated with blood stream infections (sepsis) and urinary 

tract infections (UTI’s) (European Centre for Disease Prevention and Control, 2017; Wang, S 

et al, 2016; Rogers, BA et al, 2011). The production of one or several extended spectrum β-

lactamases (ESBL) is the main mechanism for antimicrobial resistance within the 

Enterobacteriaceae family (Essack, SY, 2001; European Centre for Disease Prevention and 

Control, 2017; Miao, Z., et al, 2017; Shaikh, S., et al, 2015). Due to the emerging ESBL 

resistance, WHO has listed ESBL producing E. coli as one of nine bacteria of international 

concern (World Health Organization, 2014).  

 

Sepsis is associated with high mortality globally, and is the most common cause of death in 

the intensive care unit (ICU) (American college of Chest Physicians/Society, 1992). In China, 

several studies have been performed to investigate the mortality rates, finding them to be 

between 33,5 and 48,7% (Singer, M., et al, 2016). Increased knowledge on sepsis 

pathophysiology has resulted in crucial assistance for clinicians (Angus, DC., et al, 2013; 

American college of Chest Physicians/Society, 1992; Zhang, Z., et al, 2017). This finding has 

lifesaving features as patients had previously died despite of the fact that the infection was 

eradicated. Previously, sepsis was considered as blood infections, a state which has been 

assigned as bacteremia. Today, sepsis is instead defined as the systemic response following an 

infection i.e. the Systemic Inflammatory Response Syndrome (SIRS), which is manifested by 

two or more of the following conditions: temperature >38ºC or <36ºC, heart rate >90 
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beats/minute, respiratory rate >20 breaths/min or PaCO2 <32 torr (<4,3 kPa), as well as White 

Blood Cell count (WBC) >12,000 cells/mm3 (American college of Chest Physicians/Society 

of critical care medicine consensus conference committee, 1992). Until recently, clinicians 

could only rely on antibiotics as treatment, whereas today, antibiotics in combination with 

monitoring of central venous pressure, mean arterial pressure and central venous oxygen 

saturation, and alongside medical supporting such as infusion and anti-shock is essential for 

treatment of sepsis. This treatment strategy has been found to create life changing differences 

for the patients and is referred to as Early Goal Directed Therapy (EGDT) (Zhang, Z., et al, 

2017; Rivers, E., et al, 2001; American college of Chest Physicians/Society, 1992). However, 

in the International Sepsis Definitions Conference of 2003, the concept of SIRS was 

criticized, as signs of a systemic inflammatory response, such as tachycardia or an elevated 

WBC, is associated with more than a few medical conditions (Levy, MM., et al. 2001). Even 

so, early recognition and treatment using suitable antibiotics in combination with EGDT has 

reduced the mortality and the burden of the disease (Rivers, E., et al, 2001). If not treated, 

sepsis can develop into severe sepsis which is associated with organ dysfunction, 

hypoperfusion or hypotension. If hypotension remains despite adequate fluid resuscitation, 

septic shock has occurred as a result of Multiple Organ Dysfunction Syndrome.  

 

E. coli infections have been frequently treated with β-lactamase antibiotics (penicillins, 

cephalosporins and carbapenems) due to their high efficacy, specificity and variation (Essack, 

SY., 2001; Miao, Z., et al, 2017). Since 2006, an increased number of ESBL-producing E. 

coli has been associated with sepsis in China (Wang, S et al, 2016; Wei Z et al, 2012). For 

example, between 2000 and 2011, Chinese hospitals reported an increase of ESBL-producing 

E. coli from less than 20% to 72.2% (Xiao YH et al, 2013). In 2014, Zhang, J., et al reported 

varying prevalence of ESBL producing E. coli isolates among different regions of China 

(Zhang, J., et al, 2014). In northern China, 57% of the collected isolates were ESBL 

producing whereas in Eastern China the prevalence was 30,2%. A study published in 2017, 

reported that the prevalence of ESBL producing E. coli in the Shandong province is 62,8% 

(Miao, Z., et al, 2017). In the case of sepsis, a study similar to the current one was published 

in 2016. It reported that ESBL producing E. coli caused 55,5% of the community acquired 

blood stream infections in the Shandong province (Quan, J., et al, 2016).   

 

ESBL producing E. coli can still be treated with Carbapenem antibiotics such as imipenem 

and meropenem, which remains labile to ESBL production (Lahlaoui, H., et al, 2014). There 



7 
 

is a positive correlation between an increased use of carbapenems and the number of 

infections associated with ESBL producing E. coli. Carbapenem resistance has already been 

identified in E. coli and is mediated by Metallo-beta-lactamase (MBL) encoding genes such 

as KPC and NDM-1. These enzymes provide resistance to all available beta-lactam antibiotics 

including carbapenems (European Centre for Disease Prevention and Control, 2017; Walsh, 

TR., et al, 2011). Carbapenem resistant E. coli is emerging in Asia and NDM-1 was isolated 

from 14.8% of the clinical patients that took part in a study involving 52 Chinese hospitals 

(Wang, X., et al, 2013). Another study performed in the Henan Province, reported that NDM-

1 was found in 33,3% of collected isolates during June 2011 to July 2012 (Qin, S., et al, 

2014). In contrast, a study performed in the Shandong Province did not identify a single 

carbapenem resistant E. coli isolate (Miao, Z., et al, 2017).  

 

Over the past decade, there has been a shift in ESBL prevalence and which ESBL types that 

are present. Initially, resistance to β-lactam antibiotics was mostly associated with hospital 

acquired Klebsiella spp. and Enterobacter spp. infections, that were harboring ESBL 

encoding genes such as TEM and SHV (Essack, SY., 2001; Livermore, LM., 2007; European 

Centre for Disease Prevention and Control, 2017). Today, the ESBL encoding gene CTX-M is 

the most common worldwide and mostly associated with E. coli among other members of 

Enterobacteriaceae (Lahlaoui, H., et al, 2014; Livermore, LM., 2007; Zhang, J., et al, 2014). 

Based on phylogenetic studies, it has been suggested that CTX-M ESBLs originated from 

Kluyvera spp. from where it was incorporated into mobile genetic elements and then 

transferred to new hosts via horizontal gene transfer (HGT) (Bonnet, R., 2004; Lahlaoui, H., 

et al, 2014). HGT is a natural even that takes place within and between bacterial species and is 

an important mechanism for the evolution of the bacterial population (Bonnet, R., 2004; 

Wirth, T., et al, 2006). Different types of ESBL producing genes such as SHV, TEM and 

CTX-M are usually present in different combinations on plasmids. β-lactam resistance is 

therefore associated with resistance to multiple other antibiotic classes (Lahlaoui, H., et al, 

2014). As a result, the usage of inappropriate treatment strategies is not only selecting for one 

resistant mechanism but several in many cases. Multi Locus Sequence Typing (MLST) is a 

method that can be used for characterization of isolates. The method is based on identification 

and sequencing of seven different housekeeping genes to identify the sequence type (ST). 

Sequence type 131 (ST131) is the most common one worldwide and is highly associated with 

ESBL producing genes (Rogers, BA., et al, 2011). MLST has been criticized previously, but 
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over time, several housekeeping genes has been included while determining STs which has 

improved the method remarkably (Chaudhuri, RR et al, 2012; Wirth, T., et al, 2006) 

 

The evolution of ESBL producing E. coli is of great concern and it is therefore in the interest 

of society to acquire increased knowledge. The purpose of this study is therefore to map out 

the characteristics of ESBL-producing E. coli associated with blood stream infections in 

China. Similar studies have been performed previously in China, but the study population has 

been small only involving one or a few hospitals or provinces (Miao, Z., et al, 2017; Quan, J., 

et al, 2017; Zhang, J., et al, 2014). During 2014-2016, thirty hospitals from 10 provinces were 

involved in collecting E. coli isolates causing blood stream infections. The molecular 

characteristics of ESBL producing isolates will be determined using MLST. A parallel study 

will also be performed to evaluate whether the ESBL producing genes of interest is coexisting 

with carbapenem resistance genes. This study will hopefully generate valuable clues for an 

increased understanding of the underlying resistance mechanisms, as well as important 

reference data regarding the spread of the pathogen across China.  
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Material and methods 

Collection of bacterial isolates 

Thirty hospitals were involved in collecting E. coli isolates causing blood stream infections 

during the period 2014-2016.  The hospitals represent 10 different provinces of China: Gansu, 

Ningxia, Henan, Shaanxi, Shandong, Jiangsu, Anhui, Zhejiang, Jiangxi and Fujian. Isolates 

were collected as part of routine care upon admittance to the hospital and samples were stored 

in -70ºC until analyzed. The study was approved by the ethics committee of the participating 

hospitals.  

 

Antimicrobial susceptibility testing 

The standard agar dilution method recommended by the Clinical and Laboratory Standard 

Institute (CLSI) guidelines M100-S23 was used to determine antimicrobial susceptibility 

(Clinical and Laboratory Standards Institute, 2013). The following antimicrobial agents were 

tested: Amoxicillin, Amoxicillin-Clavulanic acid, Aztreonam, Cefazolin, Cefuroxime, 

Cefepime, Cefoxitin, Ceftazidime, Ceftriaxone, Moxalactam, Piperacillin-Tazobactam, 

Ciprofloxacin, Levofloxacin, Fosfomycin, Amikacin, Gentamicin, Imipenem, Meropenem, 

Polymyxin, Tigecycline and Trimethoprim. The results were analyzed by WHONET 5,6.  

 

Selection of potential ESBL-producers  

Ceftriaxone MICs were used as proxy of means to identify potential ESBL-producers as 

previously described by Yanjie, H et al (Yanjie, H et al, 2014). A total of 226 whole blood 

samples were selected and incubated on MacConkey agar No. 3 (#CM0115, Oxoid Limited, 

Hampshire, United Kingdom) for 16 hours at 37ºC (5% 𝐶𝑂2). The species identity was 

determined using Matrix-assisted laser desorption ionization-time of flight mass spectrometry 

(MALDI-TOF) as described previously (Jiang, S., et al, 2012) using MicroflexTM LT/SH 

(Bruker Daltonik GmbH, Bremen, Germany). Potential carbapenem resistant isolates were 

selected according to their MIC-value for Imipenem and Meropenem in accordance with the 

guidelines provided by CLSI (Clinical and Laboratory Standards Institute, 2013).  

 

DNA extraction  

Confirmed E. coli positive samples were subjects for DNA extraction using a modified 

boiling method. In short, a few colonies were mixed into 100 µl purified water and vortexed 

briefly. Samples were boiled for 10 minutes using water bath before experiencing quick 
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cooling on ice. Centrifugation was performed at 6000 rpm 4ºC for 10 minutes using 

Eppendorf centrifuge 5424R (Eppendorf, Hauppauge, NY). The supernatant was stored at -

20ºC.  

 

PCR analysis of resistance genes   

Extracted DNA was amplified using a Veriti 96-well thermal cycler (#4375786, Thermo 

Fisher Scientific, MA, USA). 2 µl DNA template was added to 48 µl Taq Plus Master Mix 

(#P412, Vazyme Biotech Co. Ltd., Nanjing, China) and the Cycling conditions were as 

follows: 10 minutes at 94ºC, 30 cycles of one minute at 94ºC, 45 seconds at 54 ºC and one 

minute at 72 ºC and finally 10 minutes at 72 ºC. However, when screening for blaSHV, the 

annealing temperature used was 55 ºC. For information on primers used, see table 1. 10 µl 

PCR product and DL2 DNA marker (#3427A, Takara Biomedical technology Co Ltd., 

Beijing, China) was loaded on a 1% agarose gel (#9012366, Sigma-Aldrich Shanghai Trading 

Co Ltd Shanghai, China). Separation took place at 200V (400mA) during 10 minutes using a 

PowerPac™ Basic Power Supply (#1645050, Bio-Rad Laboratories Co., Ltd., Shanghai, 

China). The PCR product of positive isolates was sent to BioSune (Hangzhou, China) for 

Sanger sequencing. Analysis of the sequencing data was made possible by the Basic Local 

Alignment Search Tool (BLAST) provided by the National Center for Biotechnology 

Information (NCBI, USA).  

  



11 
 

 

Table 1: Primers used for detection of ESBL-coding genes  

PCR target Primer Sequence (5’-3’) 
Fragment size, 

bp 

SHV 
SHV-OS5 TTATCTCCCTGTTAGCCACC 

780 
SHV-OS6 GATTTGCTGATTTCGCTCGG 

CTX-M-1 
CTX-M-1F CCCATGGTTAAAAAATCACTGC 

942 
CTX-M-1R CAGCGCTTTTGCCGTCTAAG 

CTX-M-2 
CTX-M-2F CGACGCTACCCCTGCTATT 

552 
CTX-M-2R CCAGCGTCAGATTTTTCAGG 

CTX-M-8 
CTX-M-8F* AACRCRCAGACGCTCTAC 

326 
CTX-M-8R* TCGAGCCGGAASGTGTYAT 

CTX-M-9 
CTX-M-9F ATGGTGACAAAGAGAGTGCAAC 

876 
CTX-M-9R TTACAGCCCTTCGGCGATGATT 

NDM 
NDM-F GGTTTGGCGATCTGGTTTTC 

621 
NDM-R CGGAATGGCTCATCACGATC 

KPC 
KPC-Fm CGTCTAGTTCTGCTGTCTTG 

798 
KPC-Rm CTTGTCATCCTTGTTAGGCG 

IMP 
IMP-F GGAATAGAGTGGCTTAAYTCTC 

232 
IMP-R GGTTTAAYAAAACAACCACC 

VIM 
VIM-F GATGGTGTTTGGTCGCATA 

390 
VIM-R CGAATGCGCAGCACCAG 

 

Molecular typing of ESBL-producing E. coli   

Sequence typing of all ESBL producing isolates were performed according to Wirth et. al 

(Wirth, T., et al, 2006). In short, a Veriti 96-well thermal cycler (#4375786, Thermo Fisher 

Scientific, MA, USA) was used for DNA amplification were each PCR reaction contained 2 

µl DNA template and 48 µl Taq Plus Master Mix (#P412, Vazyme Biotech Co. Ltd., Nanjing, 

China). Cycling conditions were as follows: 10 minutes at 94 ºC followed by 30 cycles of 45 

seconds at 94 ºC, 30 seconds at appropriate annealing temperature and 45 seconds at 72 ºC, 

and finally 10 minutes at 72 ºC. For information on primers and annealing temperature, see 

table 2. 10 µl PCR product and DL2 DNA marker (#3427A, Takara Biomedical technology 

Co Ltd., Beijing, China) was loaded on a 1% agarose gel (#9012366, Sigma-Aldrich Shanghai 

Trading Co Ltd Shanghai, China). Separation took place at 200V (400mA) during 10 minutes 

using a PowerPac™ Basic Power Supply (#1645050, Bio-Rad Laboratories Co., Ltd., 

Shanghai, China). If positive, the PCR product was sent to BioSune (Hangzhou, China) for 

Sanger sequencing. The MLST analysis were performed according to the guidelines provided 

by the MLST database of University of Warwick (http://mlst.warwick.ac.uk/mlst/dbs/Ecoli). 

http://mlst.warwick.ac.uk/mlst/dbs/Ecoli
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Table 2. Primers used for identification of housekeeping genes 

PCR target Primer Sequence (5’-3’) 
Fragment size,  

bp 

Annealing 

temperature, 

ºC  

adk 
adkF1 TCATCATCTGCACTTTCCGC 

583 54 
adkR1 CCAGATCAGCGCGAACTTCA 

fumC 
fumCF TCACAGGTCGCCAGCGCTTC 

806 54 
fumCR1 TCCCGGCAGATAAGCTGTGG 

gyrB 
gyrBF TCGGCGACACGGATGACGGC 

911 60 
gyrBR1 GTCCATGTAGGCGTTCAGGG 

icd 
icdF ATGGAAAGTAAAGTAGTTGTTCCGGCACA 

878 54 
icdR GGACGCAGCAGGATCTGTT 

mdh 
mdhF1 AGCGCGTTCTGTTCAAATGC 

932 60 
mdhR1 CAGGTTCAGAACTCTCTCTGT 

purA 
purAF1 TCGGTAACGGTGTTGTGCTG 

816 54 
purAR CATACGGTAAGCCACGCAGA 

recA 
recAF1 ACCTTTGTAGCTGTACCACG 

780 58 
recAR1 AGCGTGAAGGTAAAACCTGTG 
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Results  

Antimicrobial susceptibility profiles 

In order to map out the antimicrobial resistance pattern among the selected E. coli isolates 

with known sequence type, the standard agar dilution method was used in accordance with the 

recommendations from the CLSI guidelines M100-S23. It was found that there was no 

significant difference in resistance profile if the genes of interest were present or not (see table 

3).  

 

 

  

Table 3: Rates of antimicrobial resistance among selected E coli. Isolates 

Antimicrobial agents 

 

Total (n= 217) 

SHV+ 

CTX-M+ 

(n= 112) 

SHV- 

CTX-M- 

(n= 105) 

  Number of isolates (%) 

Aminoglycosides Amikacin 72 (33) 37 (33) 35 (33) 

 

Gentamicin 114 (53) 54 (48) 60 (57) 

Carbapenems Imipenem 17 (8) 8 (7) 9 (9) 

 

Meropenem  16 (7) 9 (8) 7 (7) 

Cephalosporins  Cefazolin 207 (95) 108 (96) 99 (94) 

 

Cefepime 69 (32) 34 (30) 35 (33) 

 

Ceftazidime 115 (53) 56 (50) 59 (56) 

 

Ceftriaxone 217 (100) 112 (100) 105 (100) 

 

Cefuroxime 205 (94) 105 (94) 100 (95) 

 

Cefoxitin 65 (30) 36 (32) 29 (28) 

 

Moxalactam 21 (10) 12 (11) 9 (9) 

Fluoroquinolones Ciprofloxacin 149 (69) 73 (65) 76 (72) 

 

Levofloxacin 146 (67) 75 (67) 71 (68) 

Folate pathway inhibitor Trimethoprim 3 (1) 0 (0) 3 (3) 

Fosfomycin Fosfomycin  1 (0) 0 (0) 1 (1) 

Monobactam  Aztreonam  138 (64) 65(58) 73 (70) 

Penicillin  Amoxicillin 214 (99) 111 (99) 103 (98) 

 

Amixocillin-clavulanic acid 69 (32) 35 (31) 34 (32) 

 

Piperacillin-tazobactam 38 (18) 22 (20) 16 (15) 

Lipopeptide Polymyxin B 8 (4) 5 (4) 3 (3) 

Glycylcycline Tigecycline 10 (5) 5(4) 5 (5) 
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Identification of SHV and CTX-M resistance genes 

Isolates harboring potential ESBL-producers were selected (n = 226) using Ceftriaxone MIC 

values as proxy of means. Species confirmation was made possible using MALDI-TOF which 

resulted in elimination of 9 none E. coli isolates. The resulting 217 isolates, were subjects to 

PCR amplification to identify ESBL producing genes such as SHV and CTX-M . 112 isolates 

were found to be SHV or CTX-M positive (52%). More specifically, CTX-M-14 (51 isolates, 

45,5%), CTX-M-55 (23 isolates, 20,5%) CTX-M-15 (22 isolates, 19,6%), CTX-M-134 (8 

isolates, 7,1%), CTX-M-65 (5 isolates, 4,5%), CTX-M-123 (3 isolates, 2,7%), SHV-11 (2 

isolates, 1,8%), CTX-M-24 (1 isolate, 0,9%) and CTX-M-104 (1 isolate, 0,9%). No CTX-M-2 

or CTX-M-8 were found. 

 

Identification of carbapenem resistance genes 

MIC-values for Imipenem and Meropenem were used to select isolates experiencing potential 

carbapenem resistance. The resulting 20 isolates were subject for PCR amplification of the 

following carbapenem resistance genes: NDM, KPC, IMP and VIM. None of the isolates 

were found to encode KPC or VIM genes. However, 4 NDM-5 (3,6%), 1 NDM-1 (0,9%) and 

1 IMP-4 (0,9%) genes were found. 2 isolates of NDM-5 coexisted with CTX-M-55 and CTX-

M-14 respectively. The remaining 3 NDM positive isolates did not coexist with either SHV or 

CTX-M.   
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Molecular epidemiology of ESBL producing isolates  

To determine the sequence type of the ESBL producing E. coli isolates (n= 112), an MLST 

was performed in accordance with the database provided by University of Warwick. Due to 

unknown reasons, the sequencing failed in the case of 7 isolates. The remaining 105 isolates 

represented 25 different and 17 novel (16,2 %) sequence types. The most common STs were 

ST131 (18 isolates, 17,1 %) and ST38 (9 isolates, 8,6%), ST1193, ST405, ST648 and ST95 (8 

isolates of each, 7,6%) as seen in table 4 and figure 1. One can also see that the most common 

CTX-M genes are frequently linked with prominent STs. Interestingly, 4/5 identified NDM 

genes are associated with unknown STs.  

 

Table 4: Overview of identified STs and association with ESBL coding genes 

ST 

Number of 

isolates  

NDM-

1 

NDM-

5 

SHV-

11 

CTX-M-

55 

CTX-M-

15 

CTX-M-

14 

CTX-M-

134 

CTX-M-

65 

CTX-M-

123 

ST131 18 

   

1 5 12 1 

  
unknown 17 1 3 

 

4 1 5 2 2 1 

ST38 9 

   

2 1 5 2 

  
ST1193 8 

   

2 1 3 2 

  
ST405 8 

   

3 3 2 1 1 

 
ST648 8 

   

1 3 4 

   
ST95 8 

   

3 2 2 

 

1 

 
ST12 6 

  

1 1 

 

5 

   
ST167 4 

 

1 
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Using eBURST, an image illustrating the relationship between the identified STs was created 

(figure 1). The ST database provided by University of Warwick was used as reference. The 

STs were arranged in 6 groups, 2 ST-complexes and 16 singletons (figure 1). In order to 

create a complex, 3 or more STs need to be related. The branching reveals that there is only 

single nucleotide variations (SNV) between the different STs in relation to its founder. 

Interestingly, 17 previously unknown STs were identified as indicated with “?” in figure 1.  

 

Figure 1: Illustration of the relationship between the STs identified in this study. 16 singletons, 6 groups 

(founder indicated with yellow circle) and 2 ST-complexes (founder indicated with blue circle) were identified. 

17 previously unknown STs were also identified (indicated with “?”). The size of the yellow circle indicating 

ST131 reveals that this ST it the most prominent one.  

 

In order to study the relationship of the previously unknown STs identified in this study with 

the complete ST database of E. coli, another image was created using eBURST(figure 2). The 

complete ST database of E. coli was provided by University of Warwick and is illustrated 

with yellow circles in figure 2. The diameter of the yellow circles illustrates the diversity of 

the ST. It was found that most of the previously unknown STs (purple) were closely related to 

more diverse STs such as ST131 and ST38 but a few however, were linked to less diverse STs 

such as ST1193 and ST167.  
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Figure 2: Comparison of the STs found in this study with the complete ST database of ESBL producing E. coli 

(yellow). The location of the STs in relation to other STs is not relevant and give no information on relationships 

between them. Previously unknown STs are marked in purple, known STs are marked in green and the founder 

of STs are indicated with blue center. The diameter of the yellow circles describes the diversity of the ST. It was 

found that previously unknown STs were associated with both prominent and less prominent STs. This can be 

seen as purple STs are found in previously known STs illustrated with large and small diameters.  
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Discussion  

The increasing rate of ESBL producing E. coli associated with sepsis in China was the reason 

for designing the current study (Wang, S et al, 2016; Xiao YH et al, 2013; Wei Z et al, 2012). 

Sepsis is associated with high mortality globally and a study performed in 2016 reported a 

mortality of 33,5-48,7% in China (Singer, M., et al, 2016). E. coli causes most of the bacterial 

blood stream infections and ESBL production is the most common mechanism for 

antimicrobial resistance (Essack, SY, 2001; European Centre for Disease Prevention and 

Control, 2017; Miao, Z., et al, 2017; Shaikh, S., et al, 2015). It was decided to investigate the 

occurrence of ESBL encoding genes such as SHV and CTX-M, as previous studies have 

reported that these genes are the most frequently associated with E. coli worldwide (Lahlaoui, 

H., et al, 2014; Livermore, LM., 2007; Zhang, J., et al, 2014). The use of a ceftriaxone MIC 

cutoff value of 8 μg/ml to estimate ESBL producing E. coli, as described by Yanjie, H., et al, 

promised an overall sensitivity, specificity, positive predictive value, and negative predictive 

value, of 97.8%, 100%, 100%, and 99.5%, respectively (Yanjie, H., et al 2014). It was found 

that 112/217 isolates (52%) carried the ESBL producing genes of interest. Similar isolations 

rate of ESBL producing genes has been reported previously 201/320 (62.8%), 256/550 

isolates (46.5%) and 409/721 isolates (56.7%) even if additional ESBL producing genes has 

been included (Miao, Z., et al, 2017; Zhang, J., et al, 2014; Quan, J., et al, 2017). Miao, Z., et 

al also reported that all the isolates harboring CTX-M encoding genes were not resistant to 

Ceftriaxone (Miao, Z., et al, 2017). However, Yanjie, H., et al did point out that their study 

was based on single-center data and that it is important for every clinical microbiology 

laboratory to review their selection processed regularly. Moreover, there are many more 

ESBL producing genes which were not tested in this study, which could have altered the 

results if included. Therefore, it is worth mentioning that the current study should not be 

considered as a prevalence study with increased validity, as the results can be misleading and 

somewhat uncomprehensive. One only finds what one is looking for, using a selection process 

can interfere with reality and interesting information can be lost. However, in the current 

study, it was necessary to reduce the number of isolated analyzed due to time limitations. 

More research is needed to know the true prevalence.  

The current study showed very similar prevalence in ESBL coding genes, STs and antibiotic 

susceptibility patterns as previously published papers (Essack, SY., 2001; Miao, Z., et al, 

2017; Quan, J., et al, 2017; Xiao YH et al, 2015; Zhang, J., et al, 2014). In the case of SHV, 2 

isolates of SHV-11 (1,8%) was identified which is in accordance with what Zhang, J et al 
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reported previously (Zhang, J., et al, 2014). In contrast, Miao Z et al did not identify a single 

SHV gene (Miao, Z., et al, 2017). Even in this study, CTX-M-14 (51 isolates, 45,5%), CTX-

M-55 (23 isolates, 20,5%) and CTX-M-15 (19,6%) were the most common once as previously 

reported by Miao Z et al and Zhang J et al (Miao, Z., et al, 2017; Zhang, J., et al, 2014). Table 

4 also revealed that these genes are more abundant in prominent STs. Interestingly, Quan, J., 

et al reported a difference between different regions of China (Quan, J., et al, 2017). While 

CTX-M-14 and CTX-M-15 were the most common one in most regions, the prevalence of 

CTX-M-55 exceeded CTX-M-15 in some regions. This clearly illustrates the complexity in 

resistance patterns of ESBL producing E. coli. Moreover, Miao Z et al also reported diversity 

among what CTX-M genotypes that were found in different areas (Miao, Z., et al, 2017). 

Taken together, this highlight the importance of comprehensive study populations when 

studying the complexity of ESBL producing E. coli.  

This study could not report any significant difference in resistance profile between isolates 

harboring the ESBL coding genes of interest and the isolates that did not. This finding is 

remarkable and requires further tests in order to be confirmed. If the results of the current 

study can be confirmed, one can propose that there are other resistance mechanisms causing 

the increased resistance among non-ESBL producing isolates.  

Zhang et al could report an increased frequency of resistance in ESBL producing isolates in 

2014 (Zhang, J., et al, 2014). In contrast, the current study can report increased resistance 

within the group of Penicillin and Cephalosporin antibiotics which is a frequently used 

treatment strategy in the case of E. coli infections (Essack, SY., 2001; Miao, Z., et al, 2017). 

In the case of 3rd generation cephalosporins, the resistance was 53% which is in line with 

previously reported results (Xiao YH et al, 2015; Zhang, J., et al, 2014). Furthermore, the 

current study can report Ciprofloxacin resistance in 65% of ESBL producing E. coli and 67% 

Levofloxacin resistance. Zhang et al and Quan et al, reported similar numbers in the case of 

Fluoroquinolone resistance as well were the numbers were 73% and 69% as well as 68% and 

70% respectively (Quan, J., et al, 2017; Zhang, J., et al, 2014). Worth mentioning is that these 

similarities are found even though different types of patient samples has been analyzed. One 

could therefore suggest that the resistance pattern does not seem to be linked to the site of 

infection. Even so, the previously mentioned studies also differ in the case of what hospital 

and province that are included. The possibility to compare data between the different studies 

can therefore be discussed.  
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The occurrence of carbapenem resistance genes were also tested in this study and NDM 

encoding genes were identified. Specifically, four isolates were associates with NDM-5 

(3,6%) and one isolate harbored NDM-1 (0,9%). Interestingly, four of five NDM genes were 

associated with previously unknown STs (table 4). Previous studies have reported none or 

single ESBL producing isolates experiencing carbapenem resistance in China (Miao, Z., et al, 

2017; Quan, J., et al, 2017; Zhang, J., et al, 2014). However, the current study could report 17 

and 16 isolates resistant to imipenem and meropenem respectively some of which did not 

harbor NDM encoding genes. Previous studies have reported varying prevalence of 

carbapenem resistance. These results indicate that Carbapenem can be used as a treatment 

option, as ESBL producing E. coli is susceptible to carbapenem antibiotics in great extent 

(Quan, J., et al, 2017; Lai, CC., et al, 2014; Zhang, J., et al, 2014). 

The information on which STs are prevalent can reveal important information about 

dissemination of ESBL encoding E. coli. This study found that ST131 was the most common 

one as it was associated with 18 isolates (17,1%) (table 4). These numbers are also closely 

related to that of Japan (21%), Norway (20%) and a study involving eight European countries 

that found that ST131 represented 24% of ESBL producing E. coli. (Rogers, BA., et al, 2011). 

However, the relatively low prevalence indicates that the different isolates are derived from 

different clones and that we are not dealing with an outbreak of a specific ST. Previously 

published numbers are similar, 13,4% and 12,7% respectively (Miao, Z., et al, 2017; Quan, J., 

et al, 2017; Zhang, J., et al, 2014). In table 4 it is also shown that ST131 is highly associated 

with CTX-M55, CTX-M-15 and CTX-M-14. Interestingly, figure 1 illustrates that one 

previously unknown ST is associated with ST131. It is known that ST131 is very capable of 

evolving and creating large diversity. However, figure 2 illustrates that some previously 

unknown STs were in fact associated with less diverse STs. This indicates that other STs are 

also evolving with increased diversity even if ST131 is the most obvious example.  

As seen previously, besides ST131 there seem to be no other prominent ST, but instead a 

large group of STs somewhat equally prevalent (table 4). STs such as ST38, ST405, ST95 and 

ST648 are included in this group and the same pattern has been shown previously with only a 

few exceptions (Miao, Z., et al, 2017; Quan, J., et al, 2017; Zhang, J., et al, 2014). As an 

example, this study identified 8 isolates of ST1193 which has only been identified in a few 

cases or not at all previously (Miao, Z., et al, 2017; Quan, J., et al, 2017; Zhang, J., et al, 

2014). In addition, STs such as ST131 and ST405 are international complexes and found 

worldwide, which illustrates the global dissemination of ESBL producing E. coli.  
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The use of MLST in phylogenetic studies on diverse species such as E. coli can be 

problematic (Chaudhuri, RR et al, 2012; Wirth, T., et al, 2006). Gene bias might occur and the 

choice of housekeeping genes might alter the outcome of the results. The MLST panel has 

changed over the years and adding the gene gyrB for example was a game changer which 

improved accuracy of the MLST method (Wirth, T., et al, 2006).  This study suggests that 

gene diversity could be the reason for why the sequencing failed in some cases. Already 

during amplification, there were many reruns performed as false positives were suspected. 

There was also a problem with creating enough PCR product. The high diversity among genes 

such as CTX-M might yield false negatives, as the primers fail to identify the genes.  In 

addition, in the case of SHV, primers had to be changed due to identification of false 

positives.   

In conclusion, evaluating the molecular characteristics of ESBL producing E. coli can reveal 

important information regarding available treatment options. Today’s diagnostics methods are 

still time consuming and finding out what pathogen is responsible for the infection and 

deciding on suitable treatment takes time. Therefore, broad-spectrum antibiotics must be used 

initially, before the pathogen has been identified and specific treatment is decided. This is 

especially crucial in the case of treatment for septic patients as suitable treatment early on has 

been found to have lifesaving importance (Rivers, E., et al, 2001). However, knowledge on 

resistance pattern, prevalent genes and STs, can aid clinicians in their work. The results of the 

current study are therefore in the interest of society and there are no ethical issues interfering. 

The current study found that ST131 is the most common ST identified in blood samples. This 

pattern is seen in studies involving different provinces and hospitals as well as different 

patient samples. It is therefore suggested that there is no link with resistance pattern and site 

of infection. The occurrence of ESBL producing genes such as SHV and CTX-M also showed 

similar patterns to previously published studies. More specifically, the current study can 

report a prevalence of CTX-M-14 (51 isolates, 45,5%), CTX-M-55 (23 isolates, 20,5%) CTX-

M-15 (22 isolates, 19,6%). Interestingly, 15 % of the isolates were associated with previously 

unknown STs. This finding, in combination with the fact that no significant difference in 

resistance pattern could be linked to the ESBL coding genes of interest, requires further 

research. Even so, this discovery indicates that there could be novel resistance mechanisms 

involved. 
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 Finally, this study can hopefully function as important reference data for a continued work in 

reducing misuse and overuse of antibiotics in China. This stud, as so many previously 

published, illustrates the complexity of ESBL producing E. coli and there is no doubt that it is 

evolving and emerging. Actions within the medical sector is only one part of the story though. 

The importance of taking on the problem with antibiotic resistance in a “one health” approach 

is especially important in the case of a zoonotic bacteria such as E. coli.  
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