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A b s t r a c t: Haemolysin, enterococcal surface protein (Esp), aggregation sub-

stance and gelatinase are some markers that have been proposed as possible enterococci 
virulence factors. The aim of this study was to detect the presence of haemolysin, gela-
tinase and enterococcal surface protein in enterococci isolated from urine and to deter-
mine their susceptibility to antimicrobial agents. A total of 50 strains of Enterococcus 
faecalis isolated from urine samples was examined. UTI agar (Oxoid) was used for the 
isolation and identification of the strains as Enterococcus spp. The differentiation of the 
species was done by the Vitek automated system (GPI-card). Haemolysin production 
was detected phenotypically on Columbia CNA agar as a zone of β haemolysis around 
the streak. Production of gelatinase was determined as a clear halo around the colonies 
on tripticase soy agar supplemented with 1.5% skim milk. Esp was proved by detection 
of the esp gene using PCR after DNA extraction. Antibiotic sensitivity to ampicillin, 
ceftriaxone, vancomycin, nitrofurantoin and ciprofloxacin was examined by the agar 
diffusion method. In 16 Enterococcus faecalis strains (32%) all the virulence factors were 
present. Two factors were found in 19 (38%) strains and only one in 11 strains. There 
were only 4 strains without any virulence factor. Esp was the most frequently determi-
ned factor (in 38 isolates). All the strains were susceptible to vancomycin and nitrofuran-
toin; 12 isolates were resistant to ampicillin, 17 to ceftriaxone and 14 to ciprofloxacin. 
No relationship was found between virulence factors and resistance to an antibiotic. 
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Introduction 
 

Enterococci are found in the intestine of nearly all animals, from coc-
kroaches to humans. Enterococci normally colonize the human gastrointestinal 
tract. They are found in 105–107 organisms per gram of human faeces [1]. 

Infections caused by the genus Enterococcus include urinary tract infec-
tions, bacteraemia, intra-abdominal infections, and endocarditis [1, 2]. Entero-
cocci rank third among microorganisms isolated in nosocomial urinary tract 
infection [3] and are a cause of chronic and recurrent urinary tract infections 
especially associated with morphological and functional abnormalities and 
instrumentation in that tract [1, 3].   

Of 14 or more enterococcal species [1], only E. faecalis and E. faecium 
commonly colonize and infect humans in detectable numbers. E. faecalis is 
isolated from approximately 80% of human enterococcal infections, and E. 
faecium from most of the rest. Infections with other enterococcal species are 
rare. Since both organisms are frequently isolated from the commensal flora, 
this bias suggests that E. faecalis strains show a greater degree of virulence.  

Enterococci must first be able to colonize the mucosal surfaces and then 
cause the infection. After the colonization, bacteria produce pathological chan-
ges in the host through direct toxic activity, or indirectly by inducing an infla-
mmatory response. Enterococci are not highly toxigenic, nor highly invasive, 
but they cause human infections. Some markers have been proposed as possible 
virulence factors in enterococci. Haemolisyn, gelatinase (cazeinase), entero-
coccal surface protein (esp) and aggregation substance are the most frequently 
mentioned virulence determinants [2, 4, 5].  

Haemolisyn is a citolytic protein that lyses human, horse and rabbit 
erythrocytes and also has a bactericide activity against many Gram-positive 
bacteria. Strains enriched with this protein have been found among enterococci 
associated with an increased severity of infection [1, 4, 6, 7].  

Gelatinase is an extracellular protease capable of hydrolyzing gelatin, 
collagen, casein, haemoglobin and other peptides. Gelatinase-producing strains 
of enterococci have been shown to be virulent in animal models inducing caries 
formation in germfree rats. Epidemiological studies suggest associations bet-
ween protease production and infection. The sequence analysis of gelE has 
shown amino acid similarity to the elastase of Pseudomonas aeruginosa.  

Esp is a cell wall-associated protein significantly more common in 
clinical isolates than among strains from normal flora [8, 9]. This protein, like 
other surfaced proteins, may facilitate adherence to the host epithelium. Some 
studies have suggested that esp plays an important role in the adherence of 
enterococci to the uro-epithelium [9]. 
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Enterococci are intrinsically resistant to many antibiotics. Unlike acqui-
red resistance and virulence traits, which are usually transposon or plasmid 
encoded, intrinsic resistance is based on chromosomal genes, which are non-
transferable. Penicillin, ampicillin, piperacillin, imipenem, and vancomycin are 
among the few antibiotics that show inhibitory, but not bactericidal, activity 
against E. faecalis. E. faecium is less susceptible to ß-lactam antibiotics than E. 
faecalis due to the lower affinities of their penicillin-binding proteins for anti-
biotics [2].  

Enterococci often acquire antibiotic resistance through an exchange of 
resistance-encoding genes carried on conjugative transposons, pheromone-res-
ponsive plasmids and other plasmids [2, 10]. Among several phenotypes of van-
comycin-resistant enterococci, VanA (resistance to vancomycin and teicopla-
nin) and VanB (resistance to vancomycin alone) are most common [1]. Indu-
cible genes encoding these phenotypes can be transferred from enterococci to 
other bacteria [1], for example to Staphylococcus aureus.  

Some studies have examined the relationship between antibiotic resi-
stance and virulence factors, but there should be more investigation to reach 
further conclusions [2, 11].  

The aims of this study were: 
• to detect the presence of haemolysin, gelatinase and enterococcal 

surface protein in E. faecalis isolated from urine;   
• to determine the susceptibility of strains to antimicrobial agents and 

whether there is a relationship between the presence of virulence factors and 
resistance to antimicrobial agents. 

 
 

Materials and Method 
 

A total of 50 strains of E. faecalis isolated from urine samples was 
examined. Chromogen UTI agar (Oxoid) and routine microbiological tests were 
used for isolation and identification of strains such as Enterococcus spp. 
Differentiation of E. faecalis was done by the Vitek automated system (GPI-
card). Only strains detected in more than 100,000 viable bacteria per ml urine 
were chosen for examination.  

The presence of haemolysin was detected as phonotypical on Columbia 
CNA agar. Inoculated plates were incubated for 24 hours at 37oC. Haemolysin 
production was determined as a zone of β-haemolysis around the streak of 
colonies. Production of gelatinase was determined as a clear halo around the 
colonies on tripticase soy agar supplemented with 1.5% skim milk.  

Esp was proved by detection of the esp gene using PCR. The extraction 
of total DNA from enterococci was performed by Shankar’s protocol [9]. 
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PCR for the esp gene is described bellow.  
Primers (Sigma)               length of the product 
esp 
5’- TTGCTAATGCTAGTCCACGACC-3’              933 bp 
5’- GCGTCAACACTTGCATTGCCGAA-3’ 
The PCR reaction mixture contained: 250 ng DNA template, 200 μM 

dNTP, 1.5 mM MgCl2, 2 U AmplyTaq DNA polymerase, 20 pmol F (Forward) 
and R (Reverse) primers and 1× concentrate buffer. Amplification was 
performed in a thermal cycler (initial denaturation at 950C for 2 min was fol-
lowed by 30 cycles: denaturation at 940C for 45 sec;  annealing at 630C, 45 sec; 
extension at 720C for 1 min). 

The reaction products were subjected to electrophoresis in 1.5% agarose gel. 
The antibiotic sensitivity of the strains to ampicillin, ceftriaxone, van-

comycin, nitrofurantoin and ciprofloxacin was tested. These antibiotics were 
chosen because they are used in therapy for enterococcal infections, but also 
there may be different susceptibilities among enterococcal strains. Sensitivity 
was examined by the agar diffusion method on Muller-Hinton agar. Results 
were interpreted using NCCLS recommendations.  

 
 

Results 
 

The examined strains of E. faecalis showed varying presences of viru-
lence factors (Table 1). 

 
Table 1 – Tabela 1 
 

Presence of virulence factors in examined strains 
Prisustvo na faktori na virulencija kaj ispitanite soevi 
 

Virulence factor Esp 1,2,* Gelatinase 1,3,* Haemolysin 2,3,* Total 
+ + + 16 
+ + - 10 
+ - - 8 
+ - + 4 
- + + 5 
- + - 3 

 
 

Combination 
of factors 

- - - 4 
Total 38 34 25 50 

Cochran Q test: 1Q = 0.8 (p > 0.05); 2Q = 7.35 (p < 0.05); 3Q = 4.76 (p < 0.05); *Q = 
12.1 (p < 0.005) 
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In 16 strains (32%) all three virulence factors were present. Two factors 
were found in 19 (38%) strains and only one in 11 strains. There were only 4 
strains without any virulence factor. Esp was the most commonly determined 
factor (in 38 isolates). Statistically significant differences (Cochran Q test) were 
found in the presence of all virulent determinants, between Esp and gelatinase 
and between gelatinase and haemolysin (Table 1).    

All strains were susceptible to vancomycin and nitrofurantoin; 12 isola-
tes were resistant to ampicillin, 17 to ceftriaxone and 14 to ciprofloxacin (Figure 1). 
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Figure 1 – Strains resistant to antimicrobial agents (N = 50 strains) 
Slika 1 ‡ Rezistentni soevi kon antibiotici (N = 50 soevi) 
 
The results of the resistance analysis in enterococci with a combination 

of virulence factors are shown in Table 2.  
 

Table 2 – Tabela 2 
 

Susceptibility to antibiotics of enterococci with combination of virulence factors 
Osetlivost kon antibiotici na enterokokite so kombinacii 

 na faktori na virulencija 
 

Resistant strains to antibiotics Virulence factors 
Ampicillin Ceftriaxone Ciprofloxacin 

x2 test 

Esp/Gel/Hem (N = 16) 2 2*,♦ 4 NS 
Esp/Gel (N = 10) 3 4 4 NS 
Esp (N = 8) 3 5♦ 2 NS 
Esp/Hem  (N = 4) 2 2 1 NS 
Gel/Hem  (N = 5) 1 1 2 NS 
Gel  (N = 3) 0 0 0 NS 
None factor  (N = 4) 1 3* 1 NS 
Total 12 17 14 

NS-not significant; *,♦p < 0.05 
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Susceptibility to nitrofurantoin and vancomycin is not shown in the 
table, because no strains resistant to these antibiotics were found. 

Statistical analysis (χ2 test) did not show any relationship between the 
presence of the virulence factors and resistance to all antibiotics (p > 0.05). Sta-
tistically significant differences were found in resistance to ceftriaxone: bet-
ween strains with all virulence factors and those with Esp only; and between 
strains with all virulence factors and those without any virulence determinant 
(Table 2).  

Analysis of separated virulence factors and resistance to different anti-
biotics is shown in figure 2. No relationship was found between virulence fac-
tors and resistance to an antibiotic (p > 0.05; χ2 test). 
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Figure 2 – Resistant strains of enterococci with different virulence factors 
Slika 2 ‡ Rezistentni soevi na enterokoki so razni faktori  

na virulencija 
 
 

Discussion 
 

Enterococci are important causes of urinary tract infections, bacterae-
mia, intra-abdominal infections and endocarditis. 

The virulence of enterococci is due to their adherence and lytic activity, 
as in other bacteria. The adherence to the uro-epithelium is complex, involving 
surface adhesions: proteins and carbohydrates [2, 3]. Many factors of virulence 
in enterococci are known, but the most frequently mentioned are cytolysin/hae-
molysin, aggregation substance, surfaced proteins and gelatinase. 

Enterococcal surface protein, Esp, assists in adherence to the host 
epithelium, but increased adherence to urinary catheters of Esp positive strains 
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has been noted [10]. The role of Esp in the persistence of experimentally caused 
urinary tract infection has been determined, and it is hypothesized that Esp has a 
function analogous to fimbriae of Escherichia coli and Proteus in adherence to 
the uro-epithelium [6, 12].  

The presence of Esp in only 3% of stool isolates, according to some 
investigations, points out its role in infection [2]. In our study Esp was found in 
38 E. faecalis isolates (76% of 50) from urine. More often Esp was combined 
with other virulence factors, alone it was present in only 8 strains.  

Esp was first found among vancomycin-resistant enterococci and it was 
thought that there is some relationship between them, but under further inve-
stigation Esp was detected in 40% of the clinical strains, most often isolated 
from urine, with a different susceptibility to vancomycin [1]. In the present 
study no relationship was found between the presence of Esp and resistance to 
an antibiotic. In fact we did not find any strain resistant to vancomycin.  

Gelatinase and haemolysin-producing strains of E. faecalis have been 
shown to be virulent in animal models of enterococcal infections. Gelatinase is 
a protease produced by enterococci [3] that is capable of hydrolyzing gelatin, 
collagen, casein and other peptides. Little is known about its occurrence among 
clinical and stool enterococcal isolates. We found gelatinase in more than half 
the clinical strains examined (68% of 50), but alone it was present in only 3 
strains.  

Cytolysin (haemolysin) causes rupture of a variety of target membranes, 
including bacterial cells, erythrocytes and other mammalian cells, with a hae-
molytic activity on some types of blood agar [3, 5, 6]. Haemolysin occurs in up 
to 60% of clinical isolates. In the present study it was found in 25 strains (50 % 
of all). This toxin was only found combined with two other factors.  

The very frequent presence of virulence determinants in combination 
[7] suggests possible synergistical activity in causes of infection.  

In the past two decades the antibiotic resistance of enterococci has 
increased, which has created therapeutic problems [8]. 

Vancomycin resistance of enterococci has been reported in many coun-
tries [2, 8, 9, 12], not only in hospitals, but also in communities. Zhanel et al. 
[12] examined the susceptibility of 300 isolates of enterococci to nitrofurantoin 
and did not find any resistant strain, even among those that were resistant to 
vancomycin. In the present study we did not detect resistance to either of the 
antimicrobial agents mentioned. 

The relationship between virulence and resistance has been examined in 
some studies [11, 4].  Huycke et al., [10], found that the haemolytic activity of 
E. faecalis was associated with aminoglikoside resistance, 91% of gentamicin-
resistant strains were haemolytic. Statistical analysis in our study did not show 
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any relationship between the presence of a virulent factor and resistance to 
antibiotics.  There should be more extended investigations to reach relevant 
conclusions about a possible link between virulence and resistance.  

 
 

Conclusions 
 

• Uroisolated E. faecalis was enriched with virulence factors, 32% of 
the strains possessed all the examined factors. 

• Esp was the most common factor (in 76% of 50). 
• All strains were susceptible to vancomycin and nitrofurantoin, 

resistance to ampicillin was 24%. 
• No relationship was noted between virulence determinants and 

resistance to an antimicrobal agent. 
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Hemolizin, enterokoken povr{inski protein (Esp), agregaciona 

supstancija i `elatinaza  se nekoi od markerite koi se spomnuvaat kako 
mo`ni faktori na virulencija kaj enterokokite. Celta na ovaa studija 
be{e da se detektira prisustvoto na hemolizin, `elatinaza i enterokoken 
povr{inski protein kaj enterokoki izolirani od urina i da se odredi 
osetlivosta kon antimikrobni sredstva. Vkupno bea ispitani 50 soevi na 
Enterococcus faecalis izolirani od urina. Za izolacija i identifikacija na 
soevite kako Enterococcus spp. be{e koristen hromogen UTI agar (Oxoid).  
Diferencijacijata na vidovite be{e napravena so Vitek avtomatiziraniot 
sistem (GPI-kartici). Produkcijata na hemolizin be{e fenotipski detek-
tirana na Columbia CNA agar kako zona na β hemoliza okolu lentata so bak-
terii. Produkcijata na `elatinaza be{e odreduvana kako jasno halo okolu 
koloniite na triptikaza soja agar suplementiran so 1,5% obrano mleko. 
Esp be{e doka`uvan preku detekcija na esp genot so PCR po prethodna ek-
strakcija na DNK od bakterijata. Osetlivosta kon: ampicillin, ceftriaxone, 
vancomycin, nitrofurantoin i ciprofloxacin be{e ispituvana so agar difuzioniot 
metod. Kaj 16 soevi na Enterococcus faecalis (32%) bea prisutni site faktori 
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na virulencija. Dva faktori bea najdeni kaj 19 (38%), a samo eden faktor 
kaj 11 soevi. Kaj samo 4 soevi ne be{e doka`an nitu eden od faktorite. Esp 
be{e naj~esto prisuten faktor (kaj 38 izolati). Site soevi bea osetlivi na 
vancomycin i nitrofurantoin; 12 izolati bea rezistentni na ampicilin, 17 na 
ceftriaxone i 14 na ciprofloxacin. Bilo kakva povrzanost pome|u faktorite na 
virulencija i rezistencijata kon nekoj antibiotik ne be{e najdena.  
 
Klu~ni zborovi: Enterococcus faecalis, faktori na virulencija, antibiotska 
rezistencija. 
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