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ABSTRACT 

 
Microbiological and polymerase chain reaction (PCR) methods was used to detect the occurrence of 

Enterococcus faecalis and Enterococcus faecium among 95 urine samples collected from patients suffering from 

urinary tract infection (UTI) recurrence admitted to outpatient clinics of private and governmental hospitals in 

Sohag city and 102 fecal and cloacal swabs collected from reared animals and / or poultry in some patient´s 

households. The results revealed that E. faecalis and E. faecium was detected in 13 (13.7%) patients, among 

them 11 patients were reared animals and / or poultry in their households, also isolated from 15 (14.7%) out of 

102 fecal and cloacal samples of animals and poultry reared in 11 patient´s households. Referring to 

antimicrobial resistance and presence of esp gene among all enterococcal strains, E. faecalis and E. faecium 

isolates of both human and animals possess resistance to some antimicrobials with clinically importance for 

human therapy and esp gene was detected in 11 (84.65) out of 13 E. faecalis and E. faecium strains isolated from 

UTI patients and in 9 (60%) out of 15 E. faecalis and E. faecium strains isolated from the reared animals and 

poultry. This study suggests that reared animals and poultry, miss use of antimicrobials and presence of esp gene 

considered a risk factors for UTI recurrence caused by enterococci in human. 
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INTRODUCTION 

 
Recent years have witnessed increased interest 

in enterococci not only because of their ability to 

cause serious infection like endocarditis, bacteremia, 

intra-abdominal and urinary tract infection (UTI), but 

also because of their increasing resistance to many 

antimicrobial agents (Desai et al., 2001). In humans, 

as well as in other mammals and birds, enterococci 

are mainly found in the gastrointestinal tract as 

commensals but may become opportunistic pathogens 

in individuals with serious diseases whose immune 

systems are compromised and in patients who have 

been hospitalized for prolonged periods or who have 

received broad-spectrum antimicrobial therapy 

(Gonzalo et al., 2013). Antibiotics may promote 

colonization and infection with multidrug resistant 

enterococci by at least two mechanisms; First, many 

broad spectrum antibiotics have little or no anti-

enterococcal activity, and administration commonly 

leads to overgrowth of susceptible or resistant 

enterococci. Second, most antibiotics substantially 
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reduce the normal resistance of the intestinal tract to 

colonization by exogenous organisms (Miller et al., 

2014). Therefore, the selective pressure caused by the 

intensive use of antimicrobial agents in human and 

veterinary medicine, contributed to the emergence 

and wide spread of resistance mechanisms in bacteria 

of different ecosystems (Lebreton et al., 2013). 

Furthermore, anti- microbial-resistant enterococci in 

animals are likely to serve as a reservoir from which 

resistance genes are transferred to enterococci in 

humans, either through human consumption of food 

of animal origin, by direct contact between animals 

and humans, or via the environment. (Heuer et al., 

2006). 

 

Enterococcal surface protein encoded by the 

chromosomal esp associated with increased virulence, 

colonization and persistence in the urinary tract 

(Shankar et al., 2001), and biofilm formation which 

could lead to resistance to environmental stresses, and 

adhesion to eukaryotic cells of the urinary tract 

(Borgmann et al., 2004). Therefore, disruption of the 

esp gene impairs the ability of E. faecalis to form 

biofilms (Latasa et al., 2006). In addition, E. faecium 

strains that carry the esp gene have higher 

conjugation rates than strains that do not possess this 

gene. The aim of this study was to detect the extent of 

E. faecalis and E. faecium in UTI patients and their 
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reared animals and poultry and detect some virulence 

factors of enterococci as antimicrobial resistance and 

esp gene presence. 

 
MATERIALS AND METHODS 

 
1- Sampling 

 Human samples 

Between September 2014 and December 2015 a total 

of 95 urine samples were collected from patients 

suffering from urinary tract infections admitted to 

outpatient clinics of private and governmental 

hospitals in Sohag city, Egypt. Urine samples were 

immediately transported to the laboratory in the 

faculty of veterinary medicine, Sohag University for 

microbiological isolation and identification of 

Enterococcus faecalis and Enterococcus facium. All 

patients were asked about whether they reared 

animals and / or poultry in their houses, infection 

recurrence and antimicrobial used. 
 

 Animals and poultry samples 

52 rectal and 50 cloacal swabs were collected from 

different animals (18 sheep, 21 goats and 13 cattle) 

and /or poultry (35 chicken and 15 duck) reared in 11 

patient’s households whose urine samples give 

positive results for Enterococcus faecalis and 

Enterococcus facium. The number of recteal or 

cloacal swabs collected from animals or poultry from 

each household is ranged from 3 to 5 samples for 

each animal and / or poultry species.  

 

2- Isolation and identification of Enterococci 

The samples were inoculated into enterococcus 

selective broth and incubated at 37ºC for 24 hrs, a 

loopful from incubated tubes was streaked onto KF 

Streptococcal agar (TM media, India) and incubated 

at 37ºC for 48 hrs, red colonies presumptive to be 

Enterococci were transferred to nutrient agar slants 

for further identification of Enterococcus species 

according to Morrison et al. (1997) and Manero and 

Blanch, (1999). 

 

3- Molecular detection 

 Genomic DNA extraction 

DNA was extracted from all isolates of enterococci 

using the QIAamp DNA mini kits (QIAGEN, 

Germany, No. 69504) in accordance with the 

manufacturer’s instructions. 

 

 Detection of  E. faecalis and  E. facium 
Multiplex PCR for detection of D-alanine-D-alanine 

ligase (ddl) of E. faecalis and E. faecium was done as 

described by Dutka-Malen et al. 1995 with 

modifications as the following; initial denaturation 

step at 94°C for 5 min; 30 cycles of amplification 

(denaturation 94°C for 1 min, annealing at 55°C for 1 

min, and extension at 72°C for 2 min); and a final 

extension at 72°C for 5 min. The PCR products were 

electrophoresed through a 1% agarose gel stained 

with ethidium bromide and transilluminated under 

UV light. 100 pb DNA ladder (Norgen biotek, 

Canada) was used as a marker. 
 

 Detection of esp gene 

PCR was carried out to detect esp gene among all 

isolates of Enterococcus faecalis and Enterococcus 

facium of UTI patients and their reared animals and 

poultry as reported by Vankerckhoven et al. (2004) 

but conditions have been optimized for esp gene, as 

initial activation step at 95°C for 15 min, followed by 

30 cycles at 94°C for 1 min, annealing at 56 °C for 1 

min. and extension at72 °C for 1 min followed by 

final extension cycle at 72 °C for 10 min.  

 

Sequence of primers used for detection of E.faecalis, E.faecium and esp gene. 

 

Primer Sequence 
Size of PCR 

product (bp) 
Reference 

ddl E. faecalis 
5’-ATCAAGTACAGTTAGTCT-3’ 

5’-ACGATTCAAAGCTAACTG-3’ 
941 Dutka-Malen et al. ( 1995) 

ddl E. faecium 
5’-TAGAGACATTGAATATGCC-3’ 

5’-TCGAATGTGCTACAATC-3’ 
550 Dutka-Malen et al. (1995) 

esp 
5′  AGATTTCATCTTTGATTCTTGG ′3 

5′ AATTGATTCTTTAGCATCTGG  ′3 
510 Vankerckhoven et al. (2004) 

 
4- Antimicrobial sensitivity test 

The disk diffusion method of antimicrobial sensitivity 

test was performed according to Clinical and 

Laboratory Standards Institute (CLSI) guideline 

(2009) using antimicrobial discs of (Oxid, UK). The 

all isolated strains of E. faecalis and E. facium 

recovered from UTI patients and their reared animals 

were tested against Amikacin (AK) 30µg, 

Amoxycillin / clavulanic acid (AMC) 30 µg, 

Ciprofloxacin (CIP) 5 µg, Vancomycin (VA) 30 µg, 

Spiramycin (SP) 100 µg, Gentamicin (CN) 120, 

Ceftriaxone (CRO) 5µg, Nitrofurantoin (F) 300 µg, 

Tetracycline (TE) 30 µg and Neomycin (N) 30µg. 
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RESULTS 

 
Table1: PCR detection of E. faecalis and E. faecium among UTI patients. 
 

 Examined samples 

No./95 
Animals and birds breeders Non breeders 

No % No % No % 

E. faecalis 8 8.4 7 7.4 1 1.1 

E. facium 5 5.3 4 4.2 1 1.1 

Total 13 13.7 11 11.6 2 2.1 

 
Table 2: PCR detection of E.faecalis and E.faecium among animals and poultry in patient’s households. 
 

 

Examined samples 

No./102 

Sheep 

No./18 

Goat 

No./21 

Cattle 

No./13 

Chicken 

No./35 

Duck  

No./15 

No % No % No % No % No % No % 

E. faecalis 7 6.9 1 5.6 1 4.8 2 15.4 3 8.6 1 6.7 

E. facium 8 7.8 2 11.1 2 9.5 2 15.4 1 2.9 1 6.7 

Total 15 14.7 3 16.7 3 14.3 4 30.8 4 11.4 2 13.3 

 
Table 3: Antimicrobial profile of E.faecalis and E.faecium isolated from UTI patients. 
 

Antimicrobial 

E.faecalis 

No./8 

E.faecium 

No./5 

Total 

No./13 

S I R S I R S I R 

N % N % N % N % N % N % N % N % N % 

AK 1 12.5 1 12.5 6 75 1 20 1 20 3 60 2 15.4 2 15.4 9 69.2 

AMC 6 75 1 12.5 1 12.5 4 80 0 0 1 20 10 76.9 1 7.7 2 15.4 

CIP 5 62.5 1 12.5 2 25 3 60 1 20 1 20 8 61.5 2 15.4 3 23.1 

VA 6 75 1 12.5 1 12.5 1 20 2 40 2 40 7 53.9 3 23.1 3 23.1 

SP 1 12.5 4 50 3 37.5 2 40 2 40 1 20 3 23.1 6 46.2 4 30.8 

CN 0 0 2 25 6 75 0 0 2 40 3 60 0 0 4 30.8 9 69.2 

CRO 2 25 2 25 4 50 0 0 4 80 1 20 2 15.4 6 46.2 5 38.5 

F 5 62.5 1 12.5 2 25 2 40 1 20 2 40 7 53.9 2 15.4 4 30.8 

TE 0 0 2 25 6 75 0 0 2 40 3 60 0 0 4 30.8 9 69.2 

N 6 75 1 12.5 1 12.5 4 80 1 20 0 0 10 76.9 2 15.4 1 7.7 

 
Amikacin (AK), Amoxycillin/ clavulanic acid (AMC), Ciprofloxacin (CIP, Vancomycin (VA), Spiramycin (SP), 

Gentamicin (CN), Ceftriaxone (CRO),  Nitrofurantoin  (F), Tetracycline (TE ), Neomycin (N) 
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Table4: Antimicrobial profile of E.faecalis and E.faecium isolated from animals and poultry. 
 

Antimicrobial 

E.faecalis 

No./7 

E.faecium 

No./8 

Total 

No./15 

S I R S I R S I R 

N % N % N % N % N % N % N % N % N % 

AK 3 42.9 1 14.3 3 42.9 4 50 1 12.5 3 37.5 7 46.7 2 13.3 6 40 

AMC 5 71.4 1 14.3 1 14.3 7 87.5 1 12.5 0 0 12 80 2 13.3 1 6.7 

CIP 4 57.1 1 14.3 2 28.6 5 62.5 2 25 1 12.5 9 60 3 20 3 20 

VA 0 0 2 28.6 5 71.4 3 37.5 2 25 3 37.5 3 20 4 26.7 8 53.3 

SP 1 14.3 2 28.6 4 57.1 4 50 2 25 2 25 5 33.3 4 26.7 6 40 

CN 0 0 1 14.3 6 85.7 0 0 0 0 8 100 0 0 1 6.7 14 93.3 

CRO 5 71.4 0 0 2 28.6 4 50 2 25 2 25 9 60 2 13.3 4 26.7 

F 6 85.7 0 0 1 14.3 6 75 1 12.5 1 12.5 12 80 1 6.7 2 13.3 

TE 0 0 1 14.3 6 85.7 0 0 0 0 8 100 0 0 1 6.7 14 93.3 

N 3 42.9 2 28.6 2 28.6 3 37.5 3 37.5 2 25 6 40 5 33.3 4 26.7 

 

Table 5: Frequency distribution of esp gene among E.faecalis and E.faecium isolated from human, animals and 

poultry. 
 

 Human  Animals  and poultry   

E.faecalis 

No./8 

E.faecium 

 No./5 

Total  

No./13 

E.faecalis 

No./7 

E.faecium          

No./8 

Total 

 No./15 

No % No % No % No % No % No % 

esp gene 7 87.5 4 80 11 84.6 6 85.7 3 37.5 9 60 

 

 

Table 6: Frequency distribution of esp gene among antimicrobial resistant strains of E.faecalis and E.faecium 

isolated from human, animals and poultry. 

 

Animals  and poultry Human 

Antimicrobial 
E.faecium E.faecalis E.faecium E.faecalis 

% 
esp 

gene 
Resistant 

isolates 
% 

esp 

gene 
Resistant 

isolates 
% 

esp 

gene 
Resistant 

isolates 
% 

esp 

gene 
Resistant 

isolates 

66.7 2 3 100 3 3 66.7 2 3 100 6 6 AK 

0 0 0 100 1 1 100 1 1 100 1 1 AMC 

100 1 1 100 2 2 100 1 1 50 1 2 CIP 

33.3 1 3 100 5 5 100 2 2 0 0 1 VA 

50 1 2 100 4 4 100 1 1 66.7 2 3 SP 

37.5 3 8 83.3 5 6 100 3 3 83.3 5 6 CN 

100 2 2 100 2 2 100 1 1 75 3 4 CRO 

100 1 1 100 1 1 100 2 2 50 1 2 F 

37.5 3 8 100 6 6 100 3 3 83.3 5 6 TE 

100 2 2 100 2 2 0 0 0 0 0 1 N 
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                                 Figure (1)                                                                   Figure (2)         

 
Figure (1): Agarose gel electrophoresis of multiplex 

PCR amplification products using specific ddl E. 

faecalis primer of E.faecalis and ddl E. faecium 

primer of E.faecium. Lane M: 100 bp ladder as 

molecular DNA marker, lane1and lane 2: positive E. 

faecium, lane 3, lane 5, lane 6 and lane 7: positive 

E.faecalis, lane 4: Negative 
  

Figure (2): Agarose gel electrophoresis of PCR 

amplification products using specific esp gene of 

E.faecalis and E. faecium. Lane M: 100 bp ladder as 

molecular DNA marker, lane 2, lane 3, lane 4, lane 5, 

lane 6, lane 7, lane 8 and lane 10:  positive esp gene, 

lane 1, lane 9 and lane 11: Negative esp gene. 

 

DISCUSSION 

 
Microbiological and PCR analysis of 95 urine 

samples collected from patients suffering from UTI 

recurrence revealed detection of E.faecalis and 

E.faecium in 13 (13.7%) patients; E.faecalis was 

slightly higher than E.faecium  with percentage of 

8.4% and 5.3% respectively (Table1). In comparison 

with Gonzalo et al. (2013) and Sharifi et al. (2013) 

who recorded higher percentage of infection; 

enterococci in the present study not reflect the true 

incidence of infection but it definitely suggest the 

increased frequency of their isolation from UTI 

patients and this variation may be due to the 

difference in the study population. 

 
The majority of patients infected with enterococci in 

the present study reared animals and / or poultry in 

their households (Table1) which enhance the 

probability of zoonotic transmission of enterococci 

from animals to human. From the results in Table 2 it 

is clear that E. faecalis and E. faecium were isolated 

by microbiological and PCR methods from 15 

(14.7%) out of 102 fecal and cloacal samples of 

reared animals and poultry in 11 patient's households 

with highest percentage in cattle (30.8%), followed 

by sheep (16.7%), goat (14.3%), ducks (13.3%) and 

chicken (11.4%), therefore close contact with animals 

may play a role in enterococcal infection but 

exposure to infection outside the household 

environment cannot be excluded, so further 

epidemiological studies are needed to investigate the 

risk factors of enterococcal infection. 

 

Arias et al. (2010) illustrated that enterococci possess 

intrinsic or acquired resistance to several 

antimicrobials, such as glycopeptides, b-lactams, and 

fluoroquinolones, and can exhibit high levels of 

resistance to aminoglycosides, leading to drastically 

reduced therapeutic options for patients infected with 

enterococci, owing to the lack of antimicrobial policy 

and the massive use of antibiotics both in the human 

health care system and agriculture. Furthermore, 

several antimicrobial agents that are used in animals 

belong to the same class of antimicrobial agents of 

clinically important for human therapy, thus 

antimicrobial resistant enterococci may frequently be 

transferred from animals to humans either by 

ingestion of contaminated food or from the 

environment. (Heuer et al., 2006). 

 
Results in Table 3 revealed that E. faecalis and E. 

faecium isolates recovered from UTI patients 

exhibited higher resistance to the most common 

antimicrobials such as amikacin, gentamicin and 

tetracycline with percentage of (69.2%) followed by 

Ceftriaxone (38.5%), spiramicin and nitrofurantoin 

(30.8%), vancomycin and ciprofloxacin (23.1%), 

amoxycillin/ clavulanic acid (15.4%), while lower 

resistance to neomycin (7.7%) associated with lower 

use of this antibiotic in human therapy. Furthermore, 

10 (76.9%) out of 13 E. faecalis and E. faecium 

strains isolated from clinical human samples were 

multidrug resistant to at least three or more unrelated 

antimicrobials led to recurrence of infection among 

the infected patients, this results goes parallel to 

Sharifi et al. (2013). Table 4 showed that E. faecalis 

and E. faecium strains isolated form fecal and cloacal 

samples of reared animals and poultry in 11 patient's 

households were frequently resistance to the similar 

antimicrobials which used for human medicine with 

highest proportion for gentamicin and tetracycline 

(93.3%) followed by vancomycin (53.3%), amikacin 

and spiramicin (40%), Ceftriaxone and neomycin 

(26.7%), ciprofloxacin (20%), nitrofurantoin (13.3%) 

and amoxycillin/ clavulanic acid (6.7%). In addition, 

multidrug resistant to at least three or more unrelated 

antimicrobials were detected in 13 (86.7%) out of 15 

510 

941 

550 
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strains of E. faecalis and E. faecium recovered from 

reared animals and poultry in 11 patient's households. 

Therefore, concerns about public health issues evoked 

by exchanging antimicrobial-resistant and virulent 

enterococci between animals and human beings have 

increased (Ghosh et al., 2011). 

 

Harada et al. (2005) elucidate that although esp gene 

in enterococci was initially found only in hospital 

derived human isolates of enterocicci, the esp gene 

was later observed in human and animal isolates in 

community settings. Results in Table 5 showed that 

11 (84.6%) out of 13 strains of E. faecalis and E. 

faecium  isolated from UTI patients possess esp gene, 

this result is lower than that recorded by 

Vankerckhoven et al., 2004 and Sharifi et al., 2013 

and higher than that reported by Strateva et al., 2016. 

In contrast, Shanker et al., 1999 who revealed failure 

of detection of esp gene in E. faecium. In addition, 9 

(60%) out of 15 strains of E. faecalis and E. faecium  

isolated from reared animals and poultry in patient´s 

household were harbor esp gene, this result is higher 

than the results obtained by Klibi et al., 2014. In 

contrast, Kown et al., 2012 and Sˇeputiene et al., 

2012 who detect esp gene in E. faecalis only. The 

presence of multidrug resistance among our study 

may be related to the higher incidence of esp gene in 

the resistant isolates of E.faecalis and E.faecium in 

both UTI patients and their reared animals and 

poultry (Table 6), since the presence of this gene 

promote adhesion, colonization and evasion of the 

immune system, and to play some role in antibiotic 

resistance (Moreno et al., 2006).  

 

CONCLUSION 
 

The emergence of antimicrobial resistance 

enterococci among UTI patients and their reared 

animals and poultry emphasizes the need to 

investigate their ecology, epidemiology and 

virulence. 
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لاَخيزوكىكاي فيكانش والاَخيزوكىكاي فاكيى ويذي يقاويخها نهًضاداث انًيكزوبيت يكزوب احهذف هذِ انذراست انً يعزفت يذي حىاجذ ي

عيُت بىل يجًعت يٍ انًزضً انًخزدديٍ عهً انعياداث انخارجيت  ٥٩( فً espحىاجذ جيٍ انضزاوة )وكذنك انشائعت الاسخخذاو 

س وسرق يٍ عيُت بزا ١۲۰كذنك يٍ ,  عذوي انًسانك انبىنيت ٍ حكزارنهًسخشفياث انخاصت وانحكىييت بًذيُت سىهاج وانذيٍ يعاَىٌ ي

لاَخيزوكىكاي فيكانش ييكزوب اذ حبيٍ يٍ فحص عيُاث انبىل وجىد داخم يُاسل بعض انًزضً , وق ًقخُاةانحيىاَاث وانذواجٍ ان

فً  ًقخُاةانث وانذواجٍ بزاس و سرق يٍ انحيىاَا ( عيُت %..١١) ١٩, أيضا فً  %( يزيض..١١) ١١والاَخيزوكىكاي فاكيى فً 

لاَخيزوكىكاي فيكانش والاَخيزوكىكاي فاكيى انًعشونت يٍ عيُاث انًزضً وكذنك يٍ حيىاَاحهى ايُاسل انًزضً. وأوضحج انُخائج أٌ 

يٍ %( ٦.٤١) ١١في  (espيقاويت نهًضاداث انًيكزوبيت انشائعت الاسخخذاو فً علاج انًزضً ووجىد جيٍ انضزاوة )

لاَخيزوكىكاي فيكانش ايٍ %( ٦۲)٥ فيكانش والاَخيزوكىكاي فاكيى انًعشونت يٍ عيُاث انًزضً وكذنك فًلاَخيزوكىكاي ا

أٌ حزبيت انحيىاَاث انً  هذِ انذراست  شيفً يُاسل انًزضً. وحع ًقخُاةانوالاَخيزوكىكاي فاكيى انًعشونت يٍ انحيىاَاث وانذواجٍ 

  انبىنيت ( عىايم خطىرة  نخكزار حذود عذوي انًسانكespد جيٍ انضزاوة )وانذواجٍ وسىء اسخخذاو انًضاداث انحيىيت ووجى

 نهًزضً.
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