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Abstract
Several virulence and pathogenicity factors have been described from enterococci that
enhances their ability to colonize patient's tissues, increase resistance to antibiotics, and
aggravate the infection outcome. The present study aimed to investigate virulence and
pathogenicity factors among enterococci species isolated from nosocomial and community
acquired infection in Diyala. The study was conducted in Baquba General Hospital and AlBatool Hospital for Maternity and children during the period from 1st. September/2005 to 30th.
September /2006. A total of 343 specimens were collected from 213 inpatients and 130
outpatients. 200 (58.3%) were females and 143 (41.7%) were males. The mean age of patients
was (32.8 ± 17.2) years. 44 isolates of enterococcal species were recovered from different
clinical specimens and identified according to standard bacteriological and biochemical
criteria. The presence of certain virulence and pathogenicity factors, namely; gelatinase and
hemolysin production, biofilms formation, agglutination of erythrocytes, presence of capsule,
and adherence to epithelial cells were detected. Data were statistically analyzed.
The results showed that all isolates of E. gallinarium and E. avium were biofilm
former compared to 76.7% and 70% of E. faecalis and E. faecium respectively. Furthermore,
all isolates of E. gallinarium and 76.7% of E. faecalis were β-lactamase producer.
Additionally, all isolates of E. avium and 76.7% of E. faecalis were agglutinated RBCs. The
presence of capsule was highest among E. faecalis isolates (26.7%). The results also revealed
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that all E. galinarium and E. avium isolates were non-hemolytic. Furthermore, among 12
isolates which express β- hemolysis, 10 (33.3%) and 2 (20%) were E. faecalis and E. faecium
respectively. α-hemolysis were found among 10 (26.7%) isolates of E. faecalis and 2 (20%)
isolates of E. faecium. It can be concluded that Local isolates of enterococci species recovered
from different clinical specimens are multi-virulence bacteria.

Keywords: Enterococci, Multiple-drug resistance, Virulence factors.

Introduction
Enterococci are part of the normal intestinal flora of human and animals, but are also
important pathogen responsible for serious nosocomial and community acquired infections
[1,2].

Although the genus enterococcus include more than 17 species, Enterococcus faecalis

and Enterococcus faecium are the most prevalent species recovered from humans, accounting
for more than 90% of clinical isolates

[3,4].

Isolation of enterococci resistant to multiple

antibiotics has become increasingly common in hospital setting worldwide

[ 5-9].Several

virulence and pathogenicity factors have been described from enterococci that enhances their
ability to colonize patient's tissues, increase resistance to antibiotics, and aggravate the
infection outcomes [10-12].
Molecular studies have identified several genes from enterococci encodes virulence
factors. Gene for production of gelatinase was detected in vancomycin resistant enterococci
(VRE) and vancomycin sensitive enterococci (VSE) in 3.7% and 55.5% respectively

[13].

Enterococcal surface protein (esp) gene was detected in 71% of E. faecium isolates, and in
73% of E. faecalis isolates

[14].

In another study, esp was found in 46.3% and 62.9% of VSE

and VRE respectively [13]. Klibi et al. (2007)[15] found that 41.2% of E. faecalis had cytolysin
(cyl) gene, and 64% of them showed β-hemolysis. Furthermore, 26.5% and 58% of E. faecalis
and E. faecium harbored esp gene, and high proportion of E. faecalis, in contrast to E. faecium
showed high ability for biofilms formation and adherence to cells. However, it has been found
that neither the presence of esp gene nor the ability to produce gelatinase correlates with the
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biofilms formation

[16].

β-lactamase producing E. faecalis was found in 8.2% of isolates

recovered from patients, and significantly correlates with high level gentamicin resistance [17].

Materials and methods
The present study was conducted in Baquba General Hospital and Al-Batool Hospital
for Maternity and children during the period from 1st. September/2005 to 30th. September
/2006. A total of 343 specimens were collected from 213 inpatients and 130 outpatients. 200
(58.3%) were females and 143 (41.7%) were males. The mean age of patients was (32.8 ±
17.2) years. Specimens include, urine, stool, vaginal swabs, throat swabs, burn swabs, blood
for culture, middle ear swabs, wound swabs, sputum and cerebrospinal fluid. Specimens were
streaked on blood agar, and other differential and selective media. 44 isolates of enterococci
(30 E. faecalis, 10 E. faecium, 3 E. gallinarium, and 1 E. avium) were recovered and
identified according to standard bacteriological and biochemical criteria. The ability for βlactamase production was detected according to the method described by

[18].

Detection of

biofilms formation was followed the method of [19]. Gelatinase production was determined by
subculturing of isolates on gelatin agar slants [20]. Data were statistically analyzed.

Results
Table (1) lists the types and frequencies of virulence factors expressed by enterococcal
isolates. Among these 77.3% of the isolates expressed the ability for biofilm formation and
72.7% of them was β- lactamase producer. Moreover, 75% of the isolates had the ability to
adhere to epithelial cells. On the other hand, the majority of isolates (79.6%) were
uncapsulated.
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Table(1): Virulence factors produced by enterococci isolates (n=44).

Negative

Property

Positive

No.

%

No.

%

Gelatinase production

13

29.5

31

70.5

B-lactamase production

12

27.3

32

72.7

Biofilms formation

10

22.7

34

77.3

Adherence with epithelial cells

11

25

33

75

Agglutination of RBCs

16

36.4

28

63.6

Presence of capsule

35

79.6

9

20.4

Table (2) revealed the distribution of virulence factoirs according to the enterococcal
species. All isolates of E. gallinarium and E. avium were found to be biofilm former
compared to 76.7% and 70% of E. faecalis and E. faecium respectively. Furthermore, all
isolates of E. gallinarium and 76.7% of E. faecalis were β-lactamase producer. Additionally,
all isolates of E. avium and 76.7% of E. faecalis were agglutinated RBCs. The presence of
capsule was highest among E. faecalis isolates (26.7%) compare to other enterococcal
isolates.
Table (2): Distribution of virulence factors according to enterococcal species.

Species of isolated enterococci
E.
Property

faecalis E.

(n=30)

faecium E.

(n=10)

gallinarium E. avium (n=1)

(n=3)

No.

%

No.

%

No.

%

No.

%

Gelatinase

25

83.3

6

60

0

0

0

0

B-lactamase

23

76.7

6

60

3

100

0

0

Biofilms

23

76.7

7

70

3

100

1

100

Adherence

24

80

6

60

2

66.7

1

100

Agglutination

23

76.7

4

40

0

0

1

100

Capsule

8

26.7

1

10

0

0

0

0
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Regarding the hemolysin production, the results revealed that all E. galinarium and E.
avium isolates were non-hemolytic. Furthermore, among 12 isolates which express βhemolysis, 10 (33.3%) and 2 (20%) were E. faecalis and E. faecium respectively. α-hemolysis
were found among 10 (26.7%) isolates of E. faecalis and 2 (20%) isolates of E. faecium,
table (3).

Table (3): Distribution of hemolysin production according to enterococci species.

Type of
hemolysis

Species of enterococci
Total (%)
E. faecalis
No.
8
10
12
30

Alpha
Beta
Gamma
Total

%
26.7
33.3
40
100

E. faecium

E.gallinarium

E. avium

No.
2
2
6
10

No.
0
0
3
3

No.
0
0
1
1

%
20
20
60
100

%
0
0
100
100

%
0
0
100
100

10 (22.7)
12 (27.3)
22(50)
44(100)

Discussion
Enterococci are an important global cause of nosocomial infections, being
increasingly associated with urinary tract infections, endocarditis, intra-abdominal and pelvic
infections, catheter-related infections, surgical wound infections, and central nervous system
infections

[1,2].

Several virulence and pathogenicity factors have been described from

enterococci that enhance their ability to colonize patient's tissues, increase resistance to
antibiotics, and aggravate the infection outcomes

[10-12].

Among these virulence factors, the

present study found that overall 70.5% of the enterococcal isolates and 83.3% of E. faecalis
were gelatinase producer. These results are in agreement with other studies which detect the
gel gene in a range of 40%-70% among enterococcal strains [18-21]. However, one study found
that 100% of E. faecalis isolates harbored the gel gene

[22].

Interestingly, it has been reported

that the gene detectioin rate was higher among isolates recovered from hospital infections
compared to those isolates recovered from healthy volunteers [23].
Except for E. avium, the majority of other enterococcal species included in this study
were found to be β-lactamase producer at higher levels. Upon reviewing the literature a
controversial results have obtained by previous studies; part of these studies which include
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different entrococcal species found no β-lactamase activity

[24,25].

Other studies found no β-

lactamase actvity, although the isolates exhibited high-level aminoglycoside resistance

[26,27],

or ampicillin resistance [28]. On the other hand, β-lactamase positive, Vancomycin resistant E.
faecalis was reported

[29].

In India, 34% of clinical isolates of E. faecalis were β-lactamase

producer [30]. The high rate of β-lactamase production by enterococcal isolates included in the
present study probably can be explained by the fact that all of these isolates were recovered
from clinical specimens, suggesting that β-lactamase positive enterococci were prevalent in
nosocomial infections, that probably arise due to misuse of antibiotics and poor compliance of
patients.
Another fascinating result obtained in the current study was that the majority of
enterococcal isolates, regardless the species, were biofilm former. This result is consistent
with previous studies affirmed the role of biofilm formation in enterococci pathogenesis
30,31].

[18,

Of importance, it has been found that E. faecalis isolates recovered from UTI with both

asa1 (encoding for aggregation substance) and esp (encoding for enterococcal surface protein)
genes formed biofilms at significantly higher rates than those with neither gene

[20].

Controversially, it has been found that both E. faecalis and E. faecium did not show a
correlation between the presence of either esp or the production of gelatinase and biofilm
formation [32].
The present results also showed that 100% and 80% of E. avium and E. faecalis had
the ability to adhere to urinary tract epithelial cells in vitro. It is worthy to mention that most
of the previous studies detect the asa1 gene coding for aggregation substance and esp gene
from different enterococcal isolates at different rates

[18.19,21,22,33,34].

The higher adhesion rate

obtained in the present study may reflect the strong affinity of enterococcal isolates toward
the UT epithelial cells, and indirectly explain the higher prevalence of enterococci as a
causative agent of nosocomially acquired UTIs.
In the present study, complete hemolysis of RBCs (β-hemolysis) was appeared to be a
feature of E. faecalis and E. faecium isolates but not other species. These results are in
agreement with previous studies which yielded a comparable rates of hemolysin activator
gene (cylA) detection [18,21,31]. Additionally, it has been found that hemolysin was more
common in clinical isolates and in hospital fecal isolates than among community fecal
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isolates, indicating that intestinal enterococci may differ in this respect from clinical strains
[19,23].
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