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Abstract 
 

The release of antibiotics and pharmaceuticals into environmental waters contribute to 

the increasing risk of antibiotic resistant bacteria. The spread of antibiotic resistant 

bacteria in the environment increases the health risks to the community. Enterococci are 

fecal indicator bacteria (FIB) in aquatic environments for determining water quality. In 

order to study enterococcal distribution and their response to environmental waters, we 

first screened for fecal indicator bacteria and their antibiotic resistance. Samples were 

collected from different locations of inland waters near Örebro city, Sweden at 4 time 

points during 2010 and 2011. Waters were filtered and the bacteria were cultured on 

selective media. We observed that the distribution of fecal indicator bacteria was higher 

at Svartån at Naturens Hus (≤705 CFU/100 ml for enterococci and ≤5867 CFU/100 for 

E. coli) near the effluent of the wastewater treatment plant (WWTP) than other 

locations tested. The eastern side of Hjälmaren lake, Storhjälmaren, had the lowest 

number of FIB (0 CFU/100 ml for enterococci and ≤2 CFU/100 ml for E.coli). Isolated 

E. coli, E. faecalis and E. faecium were evaluated for antibiotic resistance. We observed 

that ≤18% of E. coli environmental isolates and 12% of E. faecium and E. feacalis 

isolates were resistant to antibiotics during 2010 and 2011. Fifteen percent of these were 

multi antibiotic resistant (MAR) enterococci in 2010 and 31% in 2011.  Tetracycline 

resistance was the most widespread antibiotic resistance found in FIB insolates. 

Extended spectrum β-lactamase expressing E. coli strains were found to also be MAR. 

Vancomycin and imipenem resistance was found in E. faecium isolate. Our results 

suggest that WWTP contributes to the distribution of FIB and antibiotic resistance. 

Secondly we aimed to evaluate the cellular responses of human and bacterial cells in 

environmental waters. We found that the pro-inflammatory response (IL-1β and TNF-α) 

of THP-1 cell was significantly higher in Svartån at Naturens Hus downstream of 

WWTP than the other locations. Based on this we evaluated E. feacalis responses to the 

same water. There were no statistical significant changes in gene response found in E. 

feacalis isolates, suggesting that environmental waters contain unidentified substances 

can effect on human cells responses but not bacteria. In this report we conclude that 

transferring of MAR strains in the environmental waters were increased annually in 

enterococci and E. feacalis did not initiate a response to the unknown substances that 

are present in river.  
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Abbreviation list 

acrB Acrifalvine efflux pump B 

AIs Autoinducers 

ampC Ampicillin resistant C 

ARE Ampicillin resistant enterococci 

Bop Biofilm formation on plastic surface 

cDNA Complimentary DNA  

cdsA Capsular polysaccharide  

CFU Colony forming unit 

Cps Capsular polysaccharide 

Ct Cyclic threshold  

Czc Copper-zinc resistance  
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dnaK Chaperon Dank heat shock repressor 

EPA European Environmental agency 
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emeA Enterococcal multidrug resistance efflux A 

ESBL Extended Spectrum Beta lactums  
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Fsr Enterococcus feacalis regulator 
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groEL  Chapironin groEL 
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IL-1β  Interleukin-1 beta  

LB Luria Bertani 

LexA Enzyme repressor 

MDR Multidrug resistance 

MH Mueller Hinton 

MRSA Methicillin resistant staphylococcus aureus 

NSAIDs Non-steriodal anti-inflammatory drugs 

OD Optical density 

pbp5 Penicillin binding protein 5 

polA DNA polymerase A 

qPCR Quantitative PCR 

Rpm rotations per million 

SDS Sodium dodecyl sulfate 

sodA Superoxide dismutase 

srpE Serine protease  

STP Sewage treatment plant 

TE Tris-EDTA 

THP-1 Human acute myeloid leukemic monocytic cells 

TNF-α  Tumor necrosis factor- α 

USEPA United states environmental protection agency 

vanA Vancomycin resistance gene A 

WHO World health organization 

MAR Multi antibiotic resistant 

WWTP Waste water treatment plant 
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Introduction 
 

Enterococci as fecal indicator bacteria 

 

Enterococci are Gram positive, facultative anaerobic bacteria that belong to the family 

of enterococcaceae. They are normal inhabitants of the gastrointestinal tract of 

vertebrates including humans (Kajiura et al., 2006). Among Enterococcus species that 

are known human commensal bacteria, Enterococcus faecalis and Enterococcus 

faecium are also opportunistic pathogens found in immunocompromised patients 

(Elsner et al., 2000). These two species are reported as the causative agents for different 

diseases such as endocarditis, urinary tract infections and gastroenteritis (Nallapareddy 

et al., 2003). However, sporadic human infections have also been caused by other 

Enterococcus species such as Enterococcus cassiliflavus, Enterococcus hirae and 

Enterococcus duran (Lata et al., 2009). Enterococci are therefore considered to be a 

good environmental fecal indicator bacteria for water quality in addition to coliform and 

Escherichia coli, since they are present in high levels in feces of humans and animals 

and do not replicate significantly in the water (Rahimi et al., 2007). According to US 

environmental protection agency (USEPA), the maximum acceptable limits of 

enterococcal numbers in surface waters is 104 colony forming unit (CFU)/100 ml in 

marine waters and 61 CFU/100 ml in fresh waters (Grammenou et al., 2006, 

Rathnayake et al., 2011, Kinzelman et al., 2003). The European Environmental Agency 

(EEA) recommendation for acceptable levels of fecal indicator bacteria in inland waters 

is 400 CFU/100 ml enterococci and 1000 CFU/100 ml for E. coli to be considered 

“good quality” (European Enviroment Agency, 2012). 

Pharmaceutical pollution in Environmental waters 
 

Pharmaceuticals including non-steroidal anti-inflammatory drugs (NSAIDs) and 

antibiotics were reported to be the most commonly released substances in Swedish 

waters (Bendz et al., 2005). Previous study in our lab demonstrated that the presence of 

unknown substances in inland waters increased the inflammatory responses in exposed 

human cells (Khalaf et al., 2009). Enterococci pose a potential health risk due to their 

ability to acquire antibiotic resistance genes from the other organism in the environment 

(Iversen et al., 2002). It has been reported that there are increasing numbers of 

antimicrobial resistant enterococci in last few years (Dicuonzo et al., 2001). The 
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releases of antimicrobial drugs into environmental waters are believed to contribute to 

this increase of antibiotic resistant bacteria (Li et al., 2010). Additionally, enterococci 

are distributed to the environmental waters through human sewage outlets or via animal 

wastes (Rahimi et al., 2007). Epidemiological studies have found a direct relationship 

between increasing cases of swimmer gastroenteritis and high numbers of enterococci in 

surface waters (Kinzelman et al., 2003, Wade et al., 2006).  

Antibiotic resistance mechanisms 

Antibiotics are substances produced by microorganism that either kill bacteria or inhibit 

their growth (Martinko, 2006). Antibiotics that target the bacterial cell wall such as β-

lactams (penicillins and cephalosporins) or interfere with essential enzymes such as 

quinolones and sulfonamides are mainly bactericidal. Another class of antibiotics that 

target protein synthesis for instance tetracycline and aminoglycosides are bacteriostatic 

(Finberg et al., 2004). Furthermore antibiotics can be considered narrow-spectrum such 

as penicillin, that acts only on Gram positive bacteria (Finberg et al., 2004) or they can 

be considered broad-spectrum such as tetracycline that can function on both Gram 

positive and negative bacteria (Chopra and Roberts, 2001). Antibiotics are widely used 

in human and veterinary medicine and in some countries, they are also used in animal 

husbandry as feed additives to promote animal growth (Tao et al., 2010).  Misuse or 

abuse of antibiotics is the primary reason for emergence of antibiotic resistance in 

bacteria. Antibiotics are excreted from humans and animals due to poor absorption in 

the intestine and discharged into the sewage. Thus animal wastes contribute to increase 

in distribution of antibiotics in the environment and increase in antibiotic resistant 

bacteria (Tao et al., 2010).  

Bacteria use different mechanisms to become resistant to antibiotic activity. One 

mechanism involves inactivating the antibiotic by hydrolysis. For example β- lactamase 

enzymes found in E. faecium and E. coli can hydrolyse most β-lactam antibiotics 

including penicillins and cephalosporins. Development of new generation β-lactam 

antibiotics lead to extended spectrum β-lactamases which can hydrolyse third-

generation cephalosporins (ceftazidime and ceftoxim). These enzymes are found in 

some enterbacteriaceae, for instance Klebsiellla pneumoniae and E. coli (Jacoby and 

Munoz-Price, 2005, Paterson and Bonomo, 2005).  Adenylation or phosphorylation of 
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the antibiotic are another inactivation mechanism utilized by bacteria, for instance 

aminogylcoside resistance in E. faecalis and E. faecium (Giedraitiene et al., 2011) 

Another mechanism of resistance that bacteria have to antibiotics is modification of the 

bacterial target. This results in reduced efficiency of the antibiotic activity. For example 

penicillins, cephalosporins and vancomycin that have reduced activity in bacteria that 

have altered their cell wall structure. The vanA gene in E. faecium alters the structure of 

peptidoglycan in the cell wall by D-alanyl-D-alanine ligase which participate in 

peptidoglycan formation resulting in resistance to vancomycin (Alekshun and Levy, 

2007).  

Removal of the antibiotic from the bacterial cell through efflux pumps present in many 

bacteria can result in antibiotic resistance. Efflux pumps are trans-membrane proteins 

found in the bacterial cell wall that can export antibiotics from bacteria before they 

reach their target site. Efflux pumps can be specific for antibiotic resistance to 

substances or non-specific transporting many different substances. For instance, some 

E. faecalis strains encode for an efflux pump emeA (enterococcal multidrug resistance 

efflux) that resists a wide range of substances, including norfloxacine, ethidium bromide 

and erythromycin (Jonas et al., 2001, Giedraitiene et al., 2011). Most efflux pumps are 

multidrug transporters, in which they can export a wide range of unrelated antibiotics 

such as macrolides and tetracyclines. Thus this mechanism could contribute to 

multidrug resistance in bacteria (Dzidic et al., 2008).  

Bacteria susceptible to these antibiotics may become resistant due to selective pressures 

that induce mutations (Tenover, 2006). In some cases, the bacteria are intrinsically 

resistant to a given antibiotic such as E. coli resistance to vancomycin. In other 

instances, the antibiotic resistance emerges in bacteria as a result of spontaneous 

mutation. This type of mutation occurs rarely due to DNA replication errors or incorrect 

DNA repair. Resistance to quinolones in E. coli could be caused by changes in at least 

seven nucleic acid of gyrA (Dzidic et al., 2008). Adaptive mutation, which is the main 

cause of antibiotic resistance in bacteria under normal conditions (Erill et al., 2006), is 

known to occur due to nonlethal selection. For instance, quinolones can induce the SOS 

mutagenic response in E. coli due to presence of LexA, which is repressor enzyme that 

controls the integrase in the integron and subsequently regulates cassette recombination 

(Guerin et al., 2009).   
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Acquired antibiotic resistance is due to the acquisition of new genetic elements. In this 

mechanism, the acquisition of new genetic elements can be through transduction 

involving bacteriophages and integrons, or conjugation transferring plasmid and 

conjugative transposons. Furthermore, transformation of exogenous genetic elements 

released from dead bacteria is another mechanism for acquisition of antibiotic resistance 

genes (Tenover, 2006) (figure 1). 

              

 

Figure 1. Illustration the three main mechanisms for resistance gene transfer in bacteria. 

1- Conjugation in which some bacteria connect to other bacteria by sex pili and transfer 

a plasmids or genetic material that contains antibiotic resistance genes to another 

bacteria. 2- Transduction, where antibiotic resistance genes are carried by a DNA virus 

between one bacterium to another bacterium (viral transduction).  3- Transformation 

where liberated antibiotic resistance genes due to bacterial death are taken up by another 

bacterium.  
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Multidrug resistance bacteria 
 

Multidrug resistant (MDR) bacteria are another important phenomena of antibiotic 

resistance in which the bacteria can resist a wide range of antimicrobial drugs. The 

potential risk that MDR genes, can spread between bacteria on plasmids and 

transposons is significant. For example, the transfer of antibiotic resistance genes found 

in Shigella to E coli via plasmids (Hawkey, 1998). Plasmids can carry MDR genes often 

efflux pumps, that can expel most of the antibiotics that enter the bacteria. For example 

acrB gene in E. coli can eject different types of antimicrobial agents including β-

lactams, fluoroquinolones, tetracycline, chloramphenicol and acriflavine (Alekshun and 

Levy, 2007). Moreover, P. aeruginosa uses several efflux pump genes including 

mexAB-oprM, mexCD-oprJ, mexEF-oprJ and mexHI-oprD to take out a broad range of 

antimicrobials such as, β-lactams, fluoroquinolones, chloramphenicol and ethidium 

bromide (Chiang et al., 2012, Giedraitiene et al., 2011). Furthermore K. pneumonia has 

ramA gene which are responsible for elimination of tetracyclines and chloramphenicol 

(Grundmann et al., 2006). 

Impact of antibiotic resistance  
 

Emergence of bacterial antibiotic resistance, especially multidrug resistance, is believed 

to be a serious public health problem and economic issue. The primary concern for 

public health is the unsuccessful treatment of infections due to emergence of MDR 

bacteria. Thus patients will suffer for extended period from illness or mortality due to 

ineffective treatment. Greater cost for extended hospital stay and the use of public 

health resources will contribute to economic pressures (Cosgrove and Carmeli, 2003).  

Methicillin- resistant S. aureus (MRSA) is a serious pathogen that is difficult to treat 

since it has a MDR history. It was firstly isolated in 1960 from hospital in the UK 

(Eriksen, 1961). It was reported to be present in 2010 in four US waste water treatment 

plants (Goldstein et al., 2012). Epidemiological study was carried out in Haukeland 

University Hospital in Norway, to evaluate the risk factors for ampicillin resistant 

enterococci (ARE) causing a nosocomial outbreak that occurred in 1995. In this study, 

they found that intra-hospital death rate was 18.7% compared with 8.9% for the control 

cases (Harthug et al., 2000). The World Health Organization (WHO) had reported in 
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2010 that at least 34% of new cases of MDR-tuberculosis were dying annually (WHO, 

2010).  

Misuse and abuse of antibiotics are important factors leading to complicated bacterial 

resistant diseases in the community. This global problem is increasing the cost of 

development and manufacturing of new drugs and that is translated to increased health 

care costs. In April 2011 Centers for Disease Control and Prevention (CDC, 2011) 

estimated the costs of antibiotic resistance in USA to be around 20 billion dollars per 

year in excess health care costs and around 8 million dollars additional days for the 

people who stay in hospitals. 

Environmental stress on bacterial fitness 
 

Bacteria sense and respond to their surrounding environmental stimuli in order to 

survive (Salis et al., 2009). These environmental stimuli, including temperature, osmotic 

pressure, pH changes, chemicals and new nutrient sources, affect bacterial fitness 

(Giard et al., 2002). Enterococci are non-sporulating bacteria that are the leading  cause 

of nosocomial infections (Fisher and Phillips, 2009) and they able to withstand large 

environmental variations (Rince et al., 2000). 

 

Heavy metals such as zinc are essential elements for bacteria and are therefore 

beneficial at low concentrations (2 X 10
5 

molecules/cell in E. coli) (Graham et al., 

2009), however higher concentration will lead to bacterial toxicity (Choudhury and 

Srivastava, 2001).  Thus bacteria have to modify certain genes to overcome the zinc 

toxicity such as encoding for efflux pumps, czcABC (Nies, 1995, Choudhury and 

Srivastava, 2001). In veterinary medicine, copper is a heavy metal used as a feed 

additive and antimicrobial agent. A strong correlation has been found between copper 

resistance and antibiotic resistance towards macrolides and glycopeptides in enterococci 

(Hasman and Aarestrup, 2002).  

  

http://www.cdc.gov/media/releases/2011/p0407_antimicrobialresistance.html
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Enterococcal virulence factors 

Virulence factors are bacterial gene products that enhance the bacterial capacity to cause 

infection (Chen et al., 2012). Pathogenic enterococci have a number of different 

virulence factors that aid in their ability to infect and persist in individuals. Extracellular 

surface protein (Esp) encoded by the esp gene is one important virulence factor in 

Enterococcus species and is reported to assist bacterial colonization and adhesion to the 

host cell (Foulquie Moreno et al., 2006). Capsular polysaccharides also contribute to the 

virulence of pathogenic E. faecalis to escape the protective effects of the host immune 

system. Capsule production is regulated by cpsA, cpsC, cpsD and cdsA genes (Thurlow 

et al., 2009). The cdsA gene has anti-phagocytic properties by targeting the opsonic 

antibodies. This mechanism will block the monocyte receptor and prevent recognition 

of the bacteria (Hufnagel et al., 2004a). 

Autoinducer molecules (AIs) in bacteria are small diffusible molecules produced by 

bacteria that act as inter-cellular signals. These AIs activate gene expression at certain 

concentration levels, depending on the increasing bacterial growth. This communication 

phenomenon is termed quorum sensing (Antunes et al., 2010, Karafyllidis, 2011). 

Gelatinase and serine protease are extracellular enzymes produced by bacteria encoded 

by gelE and srpE, respectively. These two enzymes have important roles in 

pathogenesis of enterococci through their the ability to degrade host tissue by 

hydrolyzing extracellular matrix proteins (Fisher and Phillips, 2009). These two genes 

are regulated by the quorum sensing gene fsr that is responsible for controlling the 

gelatinase and serine protease enzyme production (Nakayama et al., 2001). In addition, 

the fsr gene can regulate biofilm formation in enterococci (Mohamed and Huang, 2007).   

Biofilm on plastic surface (bop) gene is a virulence gene involved in production of 

biofilm formation in pathogenic enterococcal strains (Hufnagel et al., 2004b). Previous 

studies found that biofilm formation plays an important role in many diseases such as 

endocarditis (Nallapareddy et al., 2006), urinary tract infection (Tunney and Gorman, 

2002) and dental infection (Distel et al., 2002). Polysaccharide lyase family 8 gene 

(Ef0818) is another important virulence gene for enterococci found in E. faeclis and its 

product, lyase (Lombard et al., 2010) is similar to hyl gene in E. faecium (Rice et al., 

2003). This enzyme cleaves hyaluronic acid that is an important component of the 
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connective tissue in humans and animals (Laverde Gomez et al., 2011), leading to tissue 

damages. 

Fecal indicator bacteria in environmental waters are able to acquired multidrug 

resistance genes due to dissemination of pathogenic bacteria in inland waters (Lata et 

al., 2009). This acquisition will reflect on exposed human population due to their 

infection with harmful bacteria that are difficult to treat. Based on this we aimed to 

investigate on the distribution of enterococci and their antibiotic resistance in cleaned 

environmental waters, also to see their responses to those waters. 
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Methods  

Water sample collection 

Water samples were collected from Svartån and Hjälmaren Lake area near Örebro, 

Sweden as follows: Svartån at Tekniska Kvarn, Svartån at Nuturens Hus, Hemfjärden, 

Mellanfjärden and Storhjälmaren, respectively (figure 2). Surface water was collected 

in 1 liter sterile bottles from approximately 50 cm below the surface.  The water 

samples were kept at 4-6˚C and filtrated within 24 hours for microbiological analysis. 

Water was filtered through nitrocellulose filters with a pore size of 0.45µm (Sartorius 

Stedium, Sweden) and membranes were incubated on membrane-filter Enterococcus 

selective media (Merck, Germany) for 36 to 48 hours at 37˚C. Enterococci colonies 

were counted and reported as colony forming unit (CFU) per 100 ml for each location 

(figure 3). Random enterococci colonies were isolated from the filter papers and gown 

on brain heart infusion (BHI) (Difco, BD diagnostic, USA). The bacteria were stored in 

BHI broth with 15% glycerol at -80˚C for further analysis. 

 

Figure 2. Map of Hjälmaren Lake in Örebro, Sweden. Samples were collected from,  

Savrtån at Tekniska Kvarn (A) farthest upstream in Svartån, Svartån at Naturens Hus 

(B) down-stream of the sewage treatment plant outlet. Hemfjärden (C) near Oset bird 

sanctuary, Mellanfjärden (D1) leading from Hemfjärden to Mellanfjärden, (D2) 

Mellanfjärden and (E) Storhjälmaren, the deepest part of Hjälmaren lake. Google Map 

2010 
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Figure 3. Enterococcus isolation media for water samples. Nitrocellulose filters with 

pore size 0.45µm were used for filtering the water samples for enterococci per 100 ml. 

The filters were applied on membrane-filter Enterococcus selective media and 

incubated for 36-48 hr at 37˚C. Subsequently CFU of enterococcal distribution were 

measured / 100 ml. 

 

PCR analysis 

Polymerase chain reaction (PCR) was used for genotypic identification of enterococcal 

strains by multiplex PCR and normal PCR was performed for genotypic conformation 

of their antibiotic resistance genes. The PCR was applied using dream taq 
TM 

polymerase Kit (Fermentas, Sweden) with specific primers (Study I - table 2 and 3). 

Enterococcal samples were grown and sub-cultured on BHI agar plate at 37˚C. About 

20 to 30 of single colonies were selected and suspended into 200 µl of sterile MQ water 

and boiled in a microwave for 5-6 min in water bath. Samples were centrifuged at high 

speed in microcentrifuge (eppendorf, UK) for 2 min supernatant was aliquot to a new 

tube and used as template DNA.  

PCR was performed using 100ng-300ng of  template gDNA in a 25 µl reaction mixture 

containing 1 x PCR dream taq buffer, 0.2 mM dNTPs, 0.6 mM of primers for ddl, 0.1 

mM of primers for 16srRNA, and 0.625 U taq polymerase. The PCR reaction conditions 

was consisted of, one cycle of initial denaturing at 95˚C for 5 min, 30 cycles of 

[denaturation at 95˚C for 30 min, annealing at 53˚C for 45 sec and extension time was 

1-2 min at 72˚C] and the final cycle of extension for 10 min at 72˚C.  E. faecium strain 

ATCC 19434 and uropathogenic E. faecalis 1131 were used as positive controls in the 

PCR reactions. PCR products were loaded with DNA loading buffer into a 1% agarose 

gel containing 1% of ethidium bromide. Electrophoresis was done in TAE (Tris-
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Acetate, EDTA pH 8) buffer for 30 min at 90 Volt and the expected product bands were 

visualized using a UV in agar (BioDoc, Cambridge, UK). 

Biochemical Identification test 

Enterococcal strains were cultured overnight on BHI at 37˚C and a single colony was 

sub-cultured onto Columbia blood agar at 37˚C overnight. Analytic Profile Index 

(API/ID 32) for biochemical bacterial identification was performed according to 

manufacturer’s instructions (BioMérieux, French) to confirm species. Uropathogenic E. 

faecalis 1131 was selected as the quality control strain for API analysis. 

 

Antibiotic susceptibility test  

Enterococci were checked for antibiotic sensitivity using Epsilometer test (E-test). 

Selected enterococcal environmental isolates (E. faecium and E. faecalis) were grown 

overnight on BHI at 37˚C. Single colonies were taken from sub-cultured enterococcal 

growth and suspended in 0.9% of saline and the optical density (OD600nm) of the 

inoculum was measured according to McFarland 0.5 standard. The inoculum was 

streaked onto Mueller Hinton (MH) agar (pH 7.3±1) in three directions. The minimum 

inhibitory concentration was determined for tetracycline, vancomycin, ampicillin, 

gentamycin, streptomycin and imipenem. The selected antibiotic strips were applied to 

MH media in a 150 mm petri dish, and inoculum was incubated for 36 to 48 hr at 37˚C. 

E. faecalis ATCC 29212 was used as the control for the antibiotic assay.  

Growth conditions for qPCR analysis 

The effect of environmental stress on E. faecalis was analyzed by qPCR. E. faecalis 

1396 was exposed to two temperatures, 37˚C (control) and 28˚C (condition). Cells were 

grown overnight on BHI agar at 37˚C. Three to five colonies were inoculated into BHI 

broth and incubated overnight in a shaking incubator at 37˚C. One percent of the 

inoculum was sub-cultured into BHI broth at 37˚C and 28˚C in a shaking incubator at 

150 rpm. The late exponential phase was assessed by optical density (OD600nm) at 

certain time point. The culture (1ml) was centrifuged at 5000 rpm for 4-5 min at 4˚C 

and the pellet was re-suspended into RNA later® solution (Ambion, USA) and stored at 

-80˚C for further study. 

A second experiment involved using an environmental strain of E. faecalis (SN1105-

02) that was grown overnight on Luria- Bertani (LB) agar. Three to five colonies were 
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inoculated into LB broth and incubated overnight at 37˚C in a shaking incubator at 150 

rpm. A one percent of inoculum was sub-cultured into LB broth prepared with either 

MQ water (control) or environmental water from Svartån at Naturens Hus (test 

condition). The LB broth was preperd and filter sterilized through 0.2 µM filter. The  

enterococcal strain was incubated in the LB prepared with different waters until the late 

log phase. Two ml of the inoculum were centrifuged for 4-5 min at 5000 rpm and the 

bacterial pellet was preserved in RNA latter and stored at -80˚C. 

RNA isolation 

Bacterial pellets from one to two ml of the bacterial culture were re-suspended into 

100µl of sterile TE (10 mM ,1 mM EDTA Tris pH 8) buffer containing 3mg/ml of 

lysozyme (Sigma, Sweden) and incubated for 10 min at 37˚C. RNA isolation from 

enterococci was done using Nucleo-spin RNA II Kit from (Macherey-Nagel, Germany). 

About 25 µl of RNase free water was used for elution of the RNA samples from 

Nucleo-spin RNA ΙΙ column. The RNA was treated again with rDNase and precipitated 

with 95% of ethanol. The RNA pellets were eluted with RNase free water. Subsequently 

RNA samples were checked for RNA integrity by gel electrophoresis on a 1% agarose 

gel and RNA loading day containing formamide 95 % v/v, 5 mM EDTA, 0.025% w/v 

SDS together with bromophenol blue and xylene cyanol. RNA samples were checked 

for DNA contamination by testing the ddL gene on standard PCR. 

Primer designing 

Primers were designed and evaluated using online software programs available on the 

internet. These online software programs include www.bioinformatics.nl/cgi-

bin/primer3plus/primer3plus.cgi, www.basic.northwestern.edu/biotools/oligocalc.html 

and www.premierbiosoft.com/jsp/marketing/FreeToolLogin.jsp?PID=1. Gradient PCR 

at 55˚C, 59.8˚C and 65˚C was done for these primers to confirm the primer efficiency as 

previously described.  

cDNA synthesis and qPCR conditions 

The template cDNA was synthesized according to manufacturer’s instructions of 

qScript™ cDNA synthesis kit (Quanta Biosciences, USA). Approximately 800 ng of 

mRNA was added to 20 µl reaction mixture to synthesized cDNA.  KAPA SYBR
® 

Fast 

qPCR kits was used for the qPCR in this study. qPCR samples were loaded into 96 well 

http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi
http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi
http://www.basic.northwestern.edu/biotools/oligocalc.html
http://www.premierbiosoft.com/jsp/marketing/FreeToolLogin.jsp?PID=1
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plates using CAS-1200 PCR Setup Robot. The thermo-cycle conditions for the qPCR 

was consisted of, one cycle of enzyme activation at 95˚C for 5 min, followed by 45 

cycles of denaturing at 95˚C for 2 sec and annealing/extension at 60˚C for 30 sec. The 

results were normalized to the housekeeping gene polA or ddL using ∆∆ Ct method 

(Schmittgen and Livak, 2008). GeNorm excel program was used for selection of the 

most stabilized housekeeping gene.  

Statistical analysis 

The cut-off values of gene expression were statistically analyzed using paired student t-

test from ΔCt values using Microsoft Office Excel 2007. The standard deviation was 

obtained from fold changes results using GraphPad Prism version 5c software 

(GraphPad software, USA). 
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Aims 

 

 Determine the level of enterococcal contamination in Svartån upstream and 

downstream of WWTP, in addition to Hjälmaren lakes with specific focus on the 

distribution of E. faecalis and E. faecium and their resistance to antibiotics. 

 Evaluate the gene responses of environmental E. feacalis isolate in environmental 

waters. 
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Results and discussion  

Study Ι 

Antibiotic resistance in fecal indicator bacteria in Hjälmaren lake 

system Sweden 

This study aimed to investigate the distribution of fecal indicator bacteria in inland 

waters and their resistance to different types of antibiotics during the summer and 

autumn seasons of 2010 and 2011. We screened for fecal indicator bacteria with a 

specific focus on E. faecalis, E. faecium and E. coli, since they are the most common 

enteric bacterial species found in humans (Jeanneau et al., 2012). In addition we 

evaluated the sensitivity of these microbes to different types of antibiotics. Our results 

showed that the distribution of fecal indicator bacteria was highly concentrated in 

Svartån at Naturens Hus near the WWTP compared to the other locations. In 

Störhjälmaren and Mellanfjärden, the levels of fecal indicator bacteria were very low. 

This suggests that the WWTP likely contributes to the increased levels of fecal indicator 

bacteria in Svartån at Naturens Hus. We observed that during the period of 2010 and 

2011, there were multidrug resistant bacteria of both fecal indicator bacterial spceies 

that had been identified (Study Ι, Table 9). Approximately 15% of enterococcal resistant 

strains have multi antibiotic resistance (MAR) in 2010 and 31% in 2011, which 

indicates that the distribution of MAR in enterococci increased in one year in Örebro 

inland waters. Tetracycline resistance was the most widespread antibiotic resistance 

found in both fecal indicator bacteria (study Ι, figure 2). The widespread tetracycline 

resistance in the environment was supported by previous findings showing that it was 

the most common antibiotic resistance found in the environment (Fard et al., 2011, 

Patterson et al., 2007). Vancomycin is a drug of choice for enterococci resistant to 

penicillin or for MRSA (Levine, 2006).  Previous studies found about 18% of 

enterococcal isolates from WWTP from Sweden, had vancomycin resistant enterococci 

(VRE) in 2000 (Iversen et al., 2002) and approximately 22% of entrococcal isolates 

were VRE in urban treated waters in the UK (Caplin et al., 2008). In 2011 we found 

around 4% (Study Ι, Figure 2) of the enterococci were resistant to vancomycin. 

Resistance to β-lactams and extended spectrum β-lactamase (ESBL) producing E. coli 

were also found in our study. This suggests that clinical strains of E. coli were not 

removed by the WWTP and were released into the environmental waters. This bacterial 

contamination potentially increases the risk to the exposed population. Genotypic 
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confirmation of related antibiotic resistance for enterococci was done using PCR. 

Previous investigations found that tetM gene was the predominant gene responsible for 

tetracycline resistance in enterococcus species (Chopra and Roberts, 2001). In the 

present study, tetM gene was the most common resistant genes found in resistant 

Enterococcus spp (Table -1). Our conclusions are that the distribution of fecal indicator 

bacteria was highest in Svartån at Naturens Hus near to the WWTP effluent and MAR 

enterococci were increased over one year. 

 

Bacteria Antibiotic phenotype Antibiotic 

resistant gene 

Number of isolates 

2010 2011 

enterococci ampicillin pbp5 1/1 0/1 

 gentamicin aac6-aphII 2/2 2/3 

 streptomycin aadE 1/1 4/6 

 tetracycline tetL 0/13 0/14 

  tetM 13/13 14/14 

 vancomycin vanA 0/0 1/1 

  vanB 0/0 0/1 

 

 

Study ΙΙ 

The impact of environmental waters on cellular response in human 

and bacterial cells 

This study was carried out on environmental waters to evaluate their effects on human 

THP-1 cells and E. feacalis responses. THP-1 cells were treated with environmental 

waters including, Ånnaboda (control site), Svartån at Tekneska Kvarn, Svartån at 

Naturens Hus and Hjälmaren lake. The secretion of TNF-α and IL-1β significantly 

increased when cells were exposed to waters down-stream of the WWTP outlet at 

Svartån at Naturens Hus. Based on this finding, we proceeded to evaluate the effect of 

waters from Svartån at Naturens Hus on bacterial gene responses using E. faecalis, a 

fecal indicator bacteria isolated from environmental waters (Sinigalliano et al., 2010). 

We first validated the qPCR primers and the responses of the selected genes on 

Table -1. Genotypic confirmation for antibiotic resistance enterococci in 2010 and 2011. 
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uropathogenic E. faecalis 1396 at 37˚C (control) and 28˚C. The cut-off values of the 

genes expression were based on paired Student t-test analysis of the ΔCt values and the 

standard deviation was assessed from the fold change. We observed that the virulence 

gene, esp was down-regulated at 28˚C. A previous study showed that esp expression 

was up-regulated at 37˚C (Van Wamel et al., 2007), suggesting that esp gene expression 

can be up-regulated at in vivo temperature.  Virulence genes sprE and gelE are located 

on the same operon and both are regulated by the quorum sensing fsr gene (Lopes Mde 

et al., 2006). These three genes are expressed at high bacterial growth densities 

(Antunes et al., 2010). We have shown that gelE is not significantly expressed at 28˚C 

while sprE was significantly up-regulated but fsrA was below the detection limit of the 

cut-off values. It is likely that the conditions of our study were at the minimal level of 

the population density activation for enterococci. Heat shock genes groEL and dnaK are 

important temperature stress response genes (Susin et al., 2006). Accordingly, we 

detected a significant up-regulation of groEL and dnaK under 28˚C when compared to 

37
o
C. Oxidative stress response gene sodA is responsible for protecting the bacteria 

against oxidation (Verneuil et al., 2006). It plays an important role in enterococcal 

survival inside macrophage cells (Vebo et al., 2009). In our study we found that there 

was a down regulation of sodA at 28˚C, showing that sodA expression could be 

temperature dependant. Second, we evaluated the gene responses of environmental 

enterococcal isolates to environmental waters. Environmental isolate E. faecalis 

SN1105-02 was grown in sterile LB prepared with MQ water as a control or waters 

collected from Svartån at Naturens Hus. We observed that there were no significant 

differences between the two water conditions for all selected genes tested. These results 

suggest that Naturens Hus water may contains unidentified substances that have 

biological effects on human cells but does not exert an effect on bacterial cells. 
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Conclusions 

 Distribution of fecal indicator bacteria was high in Svartån at Naturens Hus near to 

WWTP outlet compared to the other locations. 

 Multi antibiotic resistance was observed in E. coli, E. faecium and E. faecalis.  

 ESBL resistance was found in E. coli and vancomycin resistance in E. feacium. 

 Pro-inflammatory responses were significantly increased in human monocytic cells 

treated with waters from Savrtån at Naturens Hus compared to upstream and 

downstream of the river. 

 There was no significant effect on gene expression in exposed E. faecalis to Svartån 

at Naturens Hus water. 
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Future directions 

 

Evaluation of the antibiotic resistance in enterococci isolated from 

birds near Hjälmaren Lake. 
 

Fecal enterococci in birds are important factors in spreading antibiotic resistance genes.  

Evaluating the antibiotic susceptibility of enterococci isolated from birds should be 

done in order to understand the distribution and origins of multi antibiotic resistance in 

Hjälmaren water. This could be done by genotypic identification on E. avium and E. 

gallinarum using PCR and subsequently measuring the antibiotic sensitivity in these 

two species.   

Molecular analysis of tetracycline resistance gene tetM for all identified 

enterococci strains from Örebro inland waters. 
 

 In the present study we found that tetracycline resistance was the most widespread 

antibiotics found in the selected antibiotics. We noticed that there were some 

tetracycline sensitive strains that have a tetM gene which may lead to new mutant 

strains of enterococci in the environmental waters. A sequence comparison of tetM 

genes could be done in order to study the difference between the variant strains and 

functionally resistance strains of enterococci.  

Detect the effect of heavy metals on environmental enterococci isolates. 
 

Heavy metals are important elements for bacterial metabolism and are a significant 

environmental stress on bacteria when it exceeds a threshold level. We propose to 

expose these bacteria to environmental waters that have heavy metals to see if emeA 

efflux gene can be induced under selective pressure which may lead to express of 

multidrug resistance genes. 
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