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ABSTRACT  
__________________________________________________________________________________________ 

Introduction: Escherichia coli is a component of 

human physiological flora. Pathogenic E. coli 

strains are a significant etiologic factor for 

numerous infections, mainly the urinary system, 

digestive system, respiratory system as well as 

bacteraemia and post-operative infections. 

Purpose: To compare the genetic similarity of 

Escherichia coli strains, isolated from biological 

material collected for routine microbiological 

diagnostics. 

Materials and methods: The examination 

performed on the Escherichia coli strains, isolated 

from material collected from patients hospitalized 

in various clinics and delivered for routine 

laboratory diagnostics. The analysis was conducted 

using the ADRSSR method. 

Results: As a result of the analysis of genetic 

similarities of examined strains using the ADRSSR 

method, nine clones were distinguished, clones A 

and B considered being most numerous. Clone A 

was predominant in samples from internal diseases 

clinics while cloning B – from neonatological 

clinics. 

 Conclusions: The results point to a significant role 

of monitoring of homogeneity of bacteria strains 

isolated in the range of the health care providers. It 

is directly connected with the safety of hospitalized 

patients as well as effectiveness and course of the 

treatment. The use of the ADSRRS method gives 

the opportunity of early detection of the moment of 

colonization in the monitored place. 
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INTRODUCTION 

 
Escherichia coli, originally called  

Bacterium coli commune, was discovered by  

Theodor Escherich in 1885 [1]. In 1930, during the 

International Congress of Microbiology in Paris, 

the name was changed into Escherichia coli [2]. 

Escherichia coli is a Gram-negative non-

sporulating rod-shaped bacterium of 20-minut 

generation time, belonging to Enterobacteriaceae 

family. It is an aerobic or facultatively anaerobic 

bacterium with the ability to move and grow at the 

temperature of 7 to 50
0
C. Approximately 95% of 

strains can disintegrate lactose [3].  

The division into serotypes was introduced 

due to differences in in the structure of somatic O-

antigens, capsular K-antigens, and flagellar H-

antigens.  However, not every type of antigen (K 

and H) is present in all the strains. Nowadays, over 

700 E. coli serotypes are classified [4]. 

Escherichia coli is the environmental 

bacterium that constitutes a component of human 

physiological flora, however numerous pathogenic 

E. coli strains are responsible for various infections, 

including systemic ones. In-house infections of 

hospitalized patients are a significant and growing 

clinical problem that hinders patients recovery and 

spoils the treatment process. A longer stay in 

hospital and necessity of further therapy and 

medical procedures incorporation give additional 

social and economic costs.  

Pathogenic Escherichia coli may be 

responsible for infections of the urinary system, 

digestive system, respiratory system, the brain and 

brain membranes, bacteraemia, and post-operative 

infections [5].  

It is possible thanks to different factors of 

bacterial virulence, like invasive and adhesion 

molecules, toxins, anti-phagocytic and anti-serous 

factors, anti-immunological and genetic factors, 

mobility, and chemotaxis [6].  

The following pathotypes can be 

distinguished considering induced infections: 

EPEC, ETEC, EIEC, EHEC, EAEC, UPEC, AIEC, 

STEC, NMEC [7,8–10].  

The aim of the study was the comparison 

of genetic similarities of Escherichia coli strains, 

isolated from a clnical material that underwent 

routine microbiological diagnostics using the 

ADSRRS method. The ADSRRS method 

(Amplification of DNA Surrounding Rare 

Restriction Sites) is a modern molecular analytic 

method developed by Płucienniczak and Masny, 

based on supression of amplification of parts of 

fragments in PCR reaction [11]. 

This is the first study concerning hospital 

strains of E.coli using the ADSRRS method. 

 

MATERIALS AND METHODS 
 

In the study, we analysed 50 strains of 

Escherichia coli isolated from material collected 

from patients hospitalized in clinics and 

departments of the teaching hospital. All the strains 

used in the study underwent species identification 

by using the automatic microbiological system 

Vitek and GNI card designed for identification of 

Gram-negative microorganisms. 

Total bacterial DNA used in the study was 

isolated using a method based on the ability to bind 

nucleid acids by silica. The process was carried out 

in accordance with the methodics described by 

Boom [12] in the modification by Masny and 

Płucienniczak [13]. 

 The quality of isolated DNA was checked 

using electrophoresis in agarose gel [14] while its 

concentration and purity in obtained solutions were 

determined as the ratio of A260/A280 values[15]. 

   The ADSRRS method (Amplification of 

DNA Fragments surrounding rare restriction sites) 

The method was developed by Alexander Masny 

and Andrzej Płucienniczak as a future alternative 

for pulsed-field gel electrophoresis (PFGE) [11].  

It iimits the number of replicated 

fragments in PCR reaction to the number that 

enables univocal analysis of obtained products with 

the use of electrophoresis in polyacrylamide or 

agarose gel stained with ethidium bromide. The 

basic elements of this method are restrictive 

endonuclease, adaptors, and primers of PCR 

reaction. 

The essential element of the method is 

supression which takes place in case of ligation of 

long complementary sequences on both ends of the 

product. It results from markedly higher affinity to 

re-association within one molecule than between 

different molecules. Thus, a structure of so called 

„tennis racket” appears, which blocks the primer 

binding site.  

PCR suppression induces multiplication of 

DNA fragments limited by both restrictive sites or 

two short adapters. A limited number of PCR 

products enables their effective analysis in agarose 

or polyacrylamide gel stained with ethidium 

bromide. 

A well-selected set of restrictive 

ndonucleases and adaptors allows their application 

for testing DNA of related species. 
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Figure1. ADSRRS method scheme-fingerprinting, originally according to Krawczyk et al. [16] 
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RESULTS 
 

In the study, 50 strains of Escherichia coli 

isolated from the material collected from patients 

hospitalized in internal diseases, gynaecological, 

and surgical clinics as well as the Intensive Care 

Unit of the teaching hospital. Most samples were 

collected from internal diseases clinics – 32% and 

neonatology – 30%. As far as the systems are 

concerned, the most numerous samples were 

collected from the digestive system (26%) and the 

urinary system (22%). Other samples were 

collected from the female reproductive tract, the 

hearing organ, body fluids, drains and respiratory 

tubes and the respiratory system. 

The algorithm UPGMA (unweighted pair 

group method with arithmetic mean) was used for 

the analysis of the results of strains gene-typing 

using the ADSRRS method. It allowed the 

comparison of the genetic similarity of the 

examined strains. Based on the dendrogram, nine 

clones, from A to I, were distinguished. Two clones, 

A and B, were determined significant and most 

numerous (38% and 26%, respectively),  giving 

total 64% of all analysed strains. 

Clone A appeared most frequently in the 

internal diseases clinics (37%) and comprised 

nearly 44% of all E.coli strains isolated from those 

departments. It was 3.5-fold higher value of the 

coefficient of the appearance of the strains of this 

clone as compared to clone B in the material from 

all the departments.  

There were 26% of E.coli strains of clone 

An isolated from the material from the 

neonatological clinics, which comprised 33.3% of 

total population of bacteria of clone A. 

The participation of strains isolated from 

samples collected in the gynecological clinic in the 

general population of clone A equaled 15% and 

comprised 37.5% of all strains from that particular 

department. 

Further 15% of total population of bacteria 

of clone A were isolated from diagnostic material 

delivered from the intensive care unit. They 

constituted a half of all Escherichia coli strains 

isolated from that department. 

Assuming place of appearance as the 

analysis criterion – the physiological systems and 

drains – it was stated that bacteria belonging to 

clone A were most numerous among strains isolated 

from the respiratory system and the urinary system 

(32% and 21% of the population of clone A, 

respectively). It constituted 66% and 36% of all E. 

coli strains isolated from that places. 

Clone B The highest percentage was 

observed in the material from the neonatological 

clinic  (54%), which is 47% of all E. coli strains 

isolated from that department. It was 1.5-fold 

higher than the number of strains of clone A and 

3.5-fold more than that of clone D. 

Next 15% of the strains comprising clone 

B originated from diagnostic material from the 

gynaecological clinic. It was 25% of E.coli isolated 

from that place. 

From the pool of strains classified as clone 

B, 15% were observed in samples from the internal 

diseases clinics and comprised 12% of all isolated 

from that place E.coli strains. 

Strains classified as clone B were most frequently 

isolated from the material from the digestive system 

(38%) and constituted 38% of all analysed strains 

collected from the diagnostic material. 

  The degree of genetic similarity of clones 

A, B, D, E, and F was analysed, and it was shown 

to be not smaller than 90%. The highest degree of 

strains homology was observed in the range of 

clones F (93.3%) and B (92%) while the lowest 

degree of affinity to all analysed strains was 

presented in the case of clone I and equaled 

approximately 84.3%. 

During the examination of clones A, B, 

and G, the occurrence of E.coli strains was 

observed,  with identical patterns of stripes in the 

electrophoresis of the PCR products. The affinity 

concerned strains in the range of specific clones and 

thus strains mentioned above were recognized 

identical. 

 Most homologous strains (7 out of 11 

examined) were collected from the neonatological 

clinic; the rest was isolated from the internal 

diseases clinic and the gynaecological clinic. The 

most numerous were clone B. 

 

Statistical analysis 
The data were analysed statistically using the 

Chi-square test based on STATISTICA StatSoft. 

(StatSoft Polska, Kraków, Poland). The results of 

p<0.05 were considered statistically significant. The 

statistical examination of differences in clones A 

and B occurrence in the material from the 

respiratory system and the digestive system showed 

the values at the border of significance (p=0.057).  

 

DISCUSSION 
 

Bacteria classified as one species can differ 

as far as the phenotype is concerned. Genotypes of 

specific strains can present even bigger 

changeability. 

Diversity can concern both quality and 

quantity of genetic material contained in the 

bacterial cell. According to Bergthorsson and 

Ochman, the difference in the length of genomic 

DNA in the case of Escherichia coli may reach 

even 1Mb [17]. It comprises approximately 20-25% 

of the mean size of the genome of this species [18]. 

In the bacterial cell, besides „chromosome” 

material additional elements like plasmides or 

bacteriophages may also occur [19]. 

 The aim of the study was to compare the 

genetic similarity of 50 randomly chosen 

Escherichia coli strains isolated from diagnostic 

material from patients hospitalized in the University 

Teaching Hospital in Białystok. 
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There are various experimental methods to 

compare genetic material, including RAPD, REA-

PFGE, RFLP, SSCP, AFLP, SSH, PCR-M and 

ADSRRS.  We chose the ADSRRS method as its 

essence is the limitation of the number of replicated 

fragments of analysed DNA to the level that allows 

its analysis using electrophoresis and observation in 

the UV light. It is characterized by stronger 

discrimination and repetitiveness with markedly 

lower cost than PFGE or AFLP [20]. 

There are studies in the literature that used 

the ADSRRS method for genotyping of clinically 

significant species of bacteria, namely 

Enterococcus faecium, Serratia marcescens, 

Klebsiella pneumoniae, Staphylococcus aureus 

isolated from people [21-24]. 

However, there are no studies that 

examined Escherichia coli, which is one of the 

most crucial pathogen among strains that are 

responsible for hospital infections [20]. 

In Krawczyk et al. reports, the ADSRRS 

method was used simultaneously with PFGE   as 

the golden standard for molecular diversification 

method. On the other hand, the study that evaluated 

affinity of Staphylococcus aureus strains used PCR-

MP as a comparative method [22,23]. 

That technique was also developed by 

Masny and Płucienniczak [13]. In the case of 

Enterococcus faecium, Krawczyk et al. showed that 

the ADSRRS method allowed to distinguish nine 

clones and PFGE – 8 clones. 

All the cases revealed that the strength of 

discrimination of the ADSRRS (as well as PCR-

MP) was not smaller than PFGE and the time of 

analyses was markedly shorter.  An additional 

advantage of the ADSRRS method is the fact that 

there is no need to possess specialistic equipment 

for pulsed-field electrophoresis. 

An infection that develops in a patient 

during his stay in the hospital and is not a cause of 

his hospitalization is determined as in-hospital 

infection [25]. 

Nowadays, in-hospital infections become a 

crucial problem, not only clinical but also 

economic. The stay in hospital is prolonged, the 

patient requires additional medicines and 

procedures, which increases social costs and 

influences negatively on patient’s quality of life. 

 The literature indicates that E.coli strains 

are responsible for approximately 10% of in-

hospital infections [26] although Binczycka-

Anholcer et al. showed even 15%. The presence of 

bacterium of a given species is determined by, 

among others, the kind of material and the place the 

sample comes from. 

 According to the literature, Escherichia 

coli, is the most frequently isolated bacterium from 

samples of the urinary system. Giedrys-Kalemba 

showed that the participation of E. coli in in-

hospital infections of the urinary system comprised 

from 40 to 60% [27]. The results are also confirmed 

by own studies, where in the monitored period the 

presence of  Escherichia coli was confirmed in 40% 

of samples from the urinary system. 

 Own studies also confirmed that over 75% 

of E.coli strains come from material collected in the 

internal diseases departments, which was confirmed 

by the literature [16,28]. 

Own studies showed the presence of 9 clones using 

the ADSRRS method in randomly chosen E.coli 

strains. The presence of 2 dominant clones, denoted 

A and B /own symbols/, was stated. The dominant 

clones comprised 64% of examined strains. 

  The highest number of clone A (47%) was 

isolated from the internal diseases departments as 

the highest number of patients is treated in the 

internal diseases departments.  

  The second of most frequent and 

dominant clones B came from the neonatological 

departments and gynaecological departments.  It 

can result from the transfer of an infection from 

mother to child and simultaneously from the 

inmature immune system of the infant. The data are 

confirmed in the literature [29]. 

In the case of infant infection, the most 

important are a time limit of etiologic factor 

determination. Then, molecular methods of 

identification of microorganisms are extremely 

useful. 

 

CONCLUSIONS 
 

The results indicate the significant role of 

monitoring of homogeneity of bacteria strains 

isolated in the range of the health care providers. It 

is directly connected with the safety of hospitalized 

patients and the effectiveness and course of 

treatment. The use of the  ADRSSR method gives 

the opportunity of early determination of 

colonization of the monitored place. 
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