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Abstract: In this study, two hundred random milk and milk products samples including raw milk, mastitic milk, 
karish cheese, feta cheese, yoghurt and ice cream were collected from different sources in El– Gharbia governorate, 
Egypt. Enterococcus spp were detected in milk and milk products with a total incidence 60%. Enterococcus isolates 
were identified and further tested for antimicrobial susceptibility.92% of tested Enterococci isolates were resistant to 
cefotaxime, 78% to ampicillin, 66% to rifampin, 58% to erthomycin, 54% to gentamicin, 18% to vancomycin, 18% 
to ciprofloxacin and 14% to doxycycline. Polymerase chain reaction (PCR) was applied for detection of 
enterococcal virulence genes (esp, gelE, asa1 and ace) and resistance genes (vanA, ermB and tetM). Enterococcus 
isolates were positive mainly forasa1(91.7%), ace (83.3%) and esp (66.7%) while gelE was detected in 6(50%) 
isolates only. vanAwas detected in three isolates (25%), while ermB was detected in 6 isolates (50%). All tested 
isolates were negative for tetM. 
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1. Introduction: 

Enterococci are Gram-positive, catalase-
negative, non spore-forming, facultative anaerobic 
bacteria, which usually inhabit the alimentary tract of 
humans in addition to being isolated from 
environmental and animal sources (Fisher and 
Phillips, 2009). Enterococci resist to adverse 
environmental conditions such as low pH, high 
salinity and high temperatures so this takes account for 
their ability to colonize different habitats and for their 
potential for easy spreading through the food chain 
(Fracalanzza et al., 2007).Enterococci have been 
proposed as a part of defined starter cultures in some 
ripened cheeses and are used in production of some 
dairy products due to their important role in flavor 
development and fermentation (Trivedi et al., 2011). 

Within the genus Enterococcus, two species, E. 
faecalis and E. faecium, have emerged as opportunistic 
pathogens and are responsible for an increasing 
percentage of nosocomial infections, including 
bacteremia and intra-abdominal and urinary tract 
infections (Conde-Estevez et al., 2011).  

Enterococci are intrinsically more resistant than 
many other bacteria to antimicrobial agents commonly 
used in hospitals as ampicillin, tetracycline, 
erythromycin and vancomycin. However, wide spread 
use of vancomycin in hospitals likely contributed to 
the emergence and dramatic increase of vancomycin-

resistant enterococci (VRE) over the past 20 years 
(McGowan et al., 2006). 

Additionally, enterococci may carry various 
genes directly or indirectly contributing in their 
virulence (Franz et al., 2001). Genes encoding 
virulence factors such as aggregation substance (asa), 
enterococcal surface protein (esp), gelatinase (gel) and 
adhesion collagen protein (ace) have been described in 
enterococci isolated from foodstuffs (Trivedi et al., 
2011). 

Therefore, the aim of this study was to monitor 
incidence of Enterococcus spp in milk and milk 
products in addition to monitoring distribution of 
virulence and resistance genes in these isolates. 
 
2. Material and methods: 
2.1. Samples collection: 

A total of 200 random milk and milk products 
samples including raw milk (75), mastitic milk (25), 
karish cheese (25), feta cheese (25), yoghurt (25) and 
ice cream (25) were collected from different sources in 
El – Gharbia governorate, Egypt. Samples were 
aseptically put into sterile container, kept in ice box 
and transferred to laboratory as soon as possible. 
2.2Isolation and Identification of Enterococci: 

For milk samples, 10 ml of the samples were 
centrifuged at 5000 rpm for 10 minutes, and then the 
supernatant was discarded. Solid samples (milk 
product), 3 gm portion of the sample were 
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homogenized with 27 ml of physiological saline 
(Devriese et al., 1995 and Gomes et al., 2008). 

Aloopfull from prepared samples were streaked 
into the surface of Slantez and Bartly medium plates 
then incubated at 37°C for 24-48 hrs. The 
enterocoocus isolates were then examined for 
observing their characteristic colonies (Slantez and 
Bartley, 1957).Presumptive identification of 
enterococci was made based on colony morphology, 
Gram staining, growth on bile esculin agar medium, 
catalase test and growth in brain-heart infusion broth 
with 6.5% NaCl (Cruickshank et al., 1975; Facklam 
and Moody, 1970 and Qadri et al, 1978). Vitek2 
compact system was used as a confirmatory 
biochemical tool and it was done according to the 
manufacturer's instructions (BioMe'rieux, 2006). 
2.3 Antimicrobial susceptibility testing: 

The antibiotic susceptibility testing was 
performed by standard disc diffusion method in 
accordance with the Clinical and Laboratory Standards 

Institute guidelines (CLSI, 2014)using Muller Hinton 
agar and the following antibiotic discs: vancomycin 
(30), ampicillin (10), doxycycline (30), erythromycin 
(15), ciprofloxacin (5), rifampin (15), cefotaxime 
(30mg) and gentamicin (10mg), (Oxoid).Diameters of 
inhibition zones were observed around the antibiotic 
discs. 
2.4 Molecular screening of enterococcal virulence 
and resistance genes: 

E.faecalis isolates were confirmed using Vitek 2 
system and conventional PCR (Zoletti et al., 2006). In 
The current study, PCR assay was applied for 
investigation of virulence and resistance genes among 
12E.faecalis isolates. DNA extraction was done 
according to QIAamp DNA mini kit instructions. 
Oligonucleotide primers have specific sequence and 
amplify a specific product (Table, 1). The 
amplification products were analysed by 
electrophoresis on 1.5% agarose gel.  

 
Table (1): Oligonucleotide primers sequences used for genotyping of virulence and resistance of enterococci 
isolates: 
Gene Primer Sequence 5'-3' Amplified product References 

esp 
AGATTTCATCTTTGATTCTTGG 

510 bp 

Vankerckhoven et al., 2004 

AATTGATTCTTTAGCATCTGG 

gelE 
TATGACAATGCTTTTTGGGAT 

213 bp 
AGATGCACCCGAAATAATATA 

asa1 
GCACGCTATTACGAACTATGA 

375 bp 
TAAGAAAGAACATCACCACGA 

ace 
GGAATGACCGAGAACGATGGC 

616 bp Creti et al., 2004 
GCTTGATGTTGGCCTGCTTCCG 

vanA 
CATGACGTATCGGTAAAATC 

885 bp Patel et al., 1997 
ACCGGGCAGRGTATTGAC 

ermB 
CATTTAACGACGAAACTGGC 

425 bp Schlegelova et al., 2008 
GGAACATCTGTGGTATGGCG 

tetM 
GTGGACAAAGGTACAACGAG 

405 bp Morvan et al., 2010 
CGGTAAAGTTCGTCACACAC 

 
3. Results: 
3.1 Prevalence of Enterococci in milk and milk 
products: 

Out of 200 milk and milk products samples 
collected from different sources in El-Gharbia 
governorate, Egypt, 120 Enterococcus isolates were 
detected with an incidence 60%. The incidence of 
Enterococci in raw milk, mastitic milk, karish cheese, 
feta cheese, yoghurt and ice cream was 77.3%, 72%, 
80%, 24%, 28% and 44%, respectively. 
3.2 Identification of Enterococci: 

Enterococci isolates grew on Slantez and Bartley 
medium with pink or dark red colonies, while on bile 
esculin agar, blackening of medium was detected. 
Enterococci appeared as Gram positive cocci, mostly 
in pairs or in short chains, catalase negative, tolerated 

to high salinity ( grew on BHI broth with 6.5 % NaCl 
which was indicated by growth accompanied with a 
colour change of purple to yellow) and grew at pH 9.6 
and at variable degree of temperature (10-45°C). Vitek 
2 compact system confirmed random isolates as E. 
faecalis with percentage 93.33%. 
3.3 Antimicrobial resistance for Enterococci: 

Out of one hundred and twenty isolates, 50 
enterococci isolates were selected and tested for their 
susceptibility to different antimicrobial agents of 
several groups. Avery different prevalence of 
antibiotic resistance against the antibiotics tested was 
detected among Enterococcus isolates (Table, 2). 
Enterococci isolates were highly resistant to 
cefotaxime (92%), followed by ampicillin (78%), 
rifampin (66%), erythromycin (58%) and gentamicin 
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(54%). Enterococci isolates were highly sensitive to 
doxycycline (70%) and vancomycin (56%).  

It was found that 96% of enterococci isolates 
exhibited resistance to at least two antibiotics. 

Multidrug resistance (MDR) was recorded for 
enterococci isolates resistant to three drugs or more. 
The highest MDR percentage was (34%) to 4 drugs. 
The total percentage of MDR of enterococci was 80%. 

 
Table (2): Antimicrobial resistance of Enterococci isolated from milk and milk products: 

Antimicrobial agent Symbol Disk potency (µg) No. of resistant strains % 
Vancomycin VA 30 9 18 
Ampicillin AMP 10 39 78 
Doxycycline DO 30 7 14 
Erythromycin E 15 29 58 
Ciprofloxacin CIP 5 9 18 
Rifampin RA 15 33 66 
Gentamicin CN 10 27 54 
Cefotaxime CTX 30 46 92 
% acc. to number of resistant strains. (Total number of tested isolates= 50) 
 
3.4 Investigation of virulence and resistance genes 
of Enterococcus isolates: 

The current results revealed that 91.7% of tested 
E. faecalis strains (12)were harbored the gene of 
aggregation substance (asa1), 83.3% were positive for 
adhesion collagen protein gene (ace) while gene of 

enterococcal surface protein (esp) and gelatinase 
(gelE) were detected in 66.7% and 50% of isolates, 
respectively. All isolates were negative for tetM while 
ermB was detected in 6 isolates (50%). Vancomycin 
resistant gene (vanA) was found in three isolates 
(25%) (Table, 3). 

 
Table (3): Incidence of virulence and resistance genes in E. faecalis isolates: 

Type Gene No. of +ve isolates % 

Virulence genes 

asa1 11 91.7 
esp 8 66.7 
ace 10 83.3 
gelE 6 50 

Resistance genes 
vanA 3 25 
ermB 6 50 
tetM 0 0 

% acc. to number of positive results. (Total number=12) 
 

4. Discussion: 
Enterococci are considered not only potential 

pathogens, but also a reservoir of genes encoding 
antibiotic resistance which can be transferred to other 
microorganisms (Pesavento et al., 2014). In the 
present study, the overall incidence level of 
enterococci isolates from all examined milk and milk 
products samples (60%) was higher than that reported 
in Brazil (52.5%) (Gomes et al., 2008)and in France 
(44%) (Jamet et al., 2012),while it was lower than 
that obtained in Czech (100%) (Trivedi et al., 2011). 

In the current study, the incidence of enterococci 
in raw milk (77.3%) was agreed with that recorded in 
Croatia (73.7) (Zdolec et al., 2016), while it was 
lower than that obtained in Australia (96%) (McAuely 
et al., 2015) and higher than that reported in Korea 
(25.8%) (Kim et al., 2012).In this study, the incidence 
of enterococci in mastitic milk samples was 72%. Low 
percentages of isolation were reported by Erbas et al., 
(2016) and Wu et al., (2016). 

Herein, Enterococcus spp were found in 80% of 
karish cheese samples. Very similar results (78.6%) 
were observed in earlier study by El Malt (2015), 
while higher results were obtained by Hammad et al., 
(2015) who stated that Enterococcus spp were found 
in all examined karish cheese samples. The incidence 
of enterococci in soft (feta) cheese samples (24%) was 
completely agreed with Pesavento et al., (2014),while 
Furlaneto- Mia et al., (2014) stated that all examined 
soft cheese samples were contaminated with 
Enterococcus spp.  

In this work, the incidence of enterococci in 
yoghurt was 28%, which was similar to that obtained 
by Gorgy et al., (2016), while higher result (83%) was 
recorded by El Malt (2015).In this study, the 
incidence of enterococci in ice cream was 44%, which 
were agreed with results obtained in Turkey (40%) 
(Gundogan et al., 2013).Lower results were reported 
in Botswana (1.33%) (Mathews et al., 2013). 



 Nature and Science 2019;17(9)   http://www.sciencepub.net/nature   NSJ 

 

80 

Vitek2compact system appeared a fast and 
reliable method for identification and detection of 
glycopeptide-resistant enterococci (Abele-Horn et al., 
2006). In the current study, Vitek 2 system was 
applied for more accurate identification,93.33% of E. 
faecalis isolates correctly identified to the species 
level, which was very similar to that recorded in Italy 
(Ligozzi et al., 2002). 

Enterococci are intrinsically resistant to a wide 
range of antimicrobials of therapeutic use and are 
capable of acquiring resistance genes from different 
bacterial species (Mannu et al. 2003). In our study, 
mostly used antimicrobial agents in Egypt were tested 
against Enterococci isolates to screen their resistant 
patterns. Enterococci isolates were highly resistant to 
cefotaxime (92%), which was higher than that 
obtained by El Malt (2015) (67.6%).Additionally, a 
higher frequency of ampicillin resistant enterococcus 
isolates was recorded (78%) that was higher than that 
reported by Wu et al., (2016) (15%),while Tuncer et 
al., (2013) mentioned that all enterococcal spp were 
sensitive to ampicillin. 

In this study, the frequency of rifampin resistant 
enterococci was 66%, which is lower than that 
detected in Turkey (73%) (Citak et al., 2006).The 
erythromycin resistance level observed in enterococci 
isolates (58%) is similar to those reported by (Nam et 
al., 2010;Gundogan et al., 2013and Gaglio et al., 
2016)) and higher than that obtained in Serbia 
(Bulajić et al., 2015) and in Slovakia (Krockoet al., 
2011) but it is lower than that was stated by Pereira et 
al., (2017).Moreover, Krockoet al., (2011) reported 
enterococci resistant to gentamicin (25%) which are 
lower than the frequencies observed in this study 
(54%), while similar results was recorded by WU et 
al., (2016) (50%). 

Herein, 18% of enterococci isolates were 
resistant to vancomycin, which completely agreed 
with result obtained by Chingwaru et al., (2003) and 
similar to that recorded by Fabinova et al., (2010) 
(15.2%). Higher level of vancomycin resistance 
(33.7%) was reported by Oguntoyinbo and Okueso 
(2013), while Pesavento et al., (2014) stated Low 
percentage (3.53%) of enterococci were resistant to 
vancomycin. In the current study, 18% of 
enterococcus isolates were resistant to ciprofloxacin, 
which was lower than that mentioned by Gaglio et al., 
(2016) (35%), while some studies proved that all 
investigated enterococcal strains were sensitive to 
ciprofloxacin (Belicova et al., 2007). 

In the present study, multiple drug resistance 
(MDR) was detected to three or more drugs with a 
percentage of 80%, which is lower than that obtained 
in Czech (0%) (Trivedi et al., 2011) and in Egypt 
(67%) (El Malt, 2015). 

Although enterococci don’t produce potent 
toxins like some other bacteria, they possess virulence 
factors in form of aggregation substance, enterococcal 
surface protein, gelatinase and antibiotic resistance 
genes (Sava et al., 2010).Herein, twelve E.faecalis 
isolates that were previously identified by Vitek2 
system and PCR were surveyed for presence of asa1, 
esp, gelE and ace virulence genes.asa1was the most 
predominant virulence gene with percentage (91.7%). 
Similar results was observed by Moraes et al., 
(2012)while Elmali and Can (2018) found that gelE 
was the predominant (37.8%) virulence factor in 
isolates followed by asa1(33.3%). 

In this study, esp was detected with an incidence 
66.7% that was higher than that recorded by WU et 
al., (2016) (20%) but it is lower than that stated by 
Olawale et al., (2014) (90%). On the other side, 50% 
of tested E.faecalis isolates in this work were positive 
for gelE, which are similar to that were found in 
United Kingdom (56%) (Eaton and Gasson, 2001), 
while it was lower than that noticed in Brazil (95%) 
(Gomes et al., 2008) but it is higher than that stated by 
Elmali and Can (2018). Ace gene was detected with 
an incidence 83.33%, which was similar to that 
reported in Spain (79%) (Abou elnaga et al., 2016). 

In this study, E. faecalis were also screened for 
the most common resistance genes (vanA, ermB and 
tetM). 3(25%) isolates were harbored vanA gene, This 
result was higher than that obtained by Moraes et al., 
(2012) and Erbas et al., (2016). On the other side, 
Furlaneto-Maia et al., (2014) found that the vanA 
gene was detected in 100% of vancomycin resistant 
enterococci, On the contrary to our results, none 
enterococcal isolates carried vanA that was reported 
by some authors (Morandi et al., 2006; Belicova et 
al., 2007 and Franciosi et al., 2009). 

Additionally, E. faecalis isolates were also 
screened for ermB and tetM. 6 out of 12 E.faecalis 
strains were positive for ermB, which is lower than 
recorded in Germany (81.8%) (Hummel et al., 2007), 
in Switzerland (95%) (Templer and Baumgartner, 
2007), in Korea (97.4%) (Kim et al., 2012), in France 
(96 %) (Jamet et al., 2012), in India (91.2%) (Thumu 
and Halami, 2012) and in Turkey (92.6) (Erbas et 
al., 2016), but it was higher than that reported by 
Hammad et al., (2015) (0.83%). While the ermB gene 
was not detected in any erythromycin-resistant strain 
(Bulajić et al., 2015 and Gaglio et al., 2016). 

Finally, none of all tested E.faecalis isolates 
carried tetM gene. In the contrast of our result, 
Templer and Baumgartner, (2007) and Erbas et al., 
(2016) reported that all testes Enterococcus isolates 
were positive for tetM. On the other side, tetM was 
found in one isolate only (Thumu and Halami, 
2012), while higher results were recorded by Jamet et 
al., 2012 (90%). 
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In conclusion, Enterococci were resistant to 
various antimicrobial agents in addition to carrying 
potential virulence genes that could potentially 
contribute to bacterial colonization and pathogenesis 
of enterococci. Antibiotic policies coupled with 
greater adherence to infection control measures should 
be enforced to prevent emergence and spread of multi-
drug resistant enterococci. 
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