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Abstract 

Enterococci are reservoirs for transmission of the most clinically important antimicrobial 
resistances such as vancomycin resistance. Therefore, this work aimed to determine the 
occurrence of enterococci and their respective vancomycine resistance genes (vanA and vanB) 
from different sources. Two hundred and twenty-four samples from chickens, turkey, fish and 
human urine, as well as, two types of human food including milk (raw and milk from mastitic 
animals) and sausage were tested for isolation of Enterococcus species. The isolates were 
identified morphologically and biochemically using catalase test, sodium chloride tolerance and 
growth at pH 9.6 and 10- 45˚C. The vancomycin resistance profile of the isolates was verified by 
both disc diffusion and agar dilution methods. The genotypic enterococcal identification at both 
genus and species levels and their vancomycine resistance genes were also ascertained using 
PCR amplification of the respective genes for 28 isolates. Enterococci isolation rate was 70% of 
the examined samples with a higher percentage of vancomycine resistance (53.5%) and the 
minimum inhibitory concentrations (MICs) ranged from 16 to 512 µg/mL. Molecular 
identification of 28 enterococcal isolates revealed the dominance of E. faecalis (42.8%) and 
clarified a higher proportion of vanA (78.5%) and vanB (67.8%) genes. In conclusion, 
administration of the antimicrobials mainly vancomycin may be considered as a pronounced 
stress factor in the veterinary and human practices. In addition, VRE can act as a reservoir for 
vancomycin resistance. 
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Introduction 

Enterococci are Gram- positive cocci that 
present in different sources such as soil, food, 
water and a wide variety of living animals 
because of their ability to grow and survive 
under harsh conditions. Their major habitat is 
the gastrointestinal tract (GIT) of humans and 
other animals where they make up a 
significant portion of the normal gut flora [1]. 
Some strains are also important opportunistic 
pathogens responsible for serious human 
diseases and nosocomial infections [2,3]. 
Enterococci in food might survive intestinal 
passage and the frequent isolation of antibiotic 
resistant Enterococci from fermented food 
products implies a risk for the transmission of 
resistance genes to the human gut microbiota 
[4]. Such transmission might result in an 
increase of the prevalence and lateral transfer 

of antibiotic resistance genes, thereby 
constituting an impairment of human health. 

Unfortunately, bacteria became rapidly 
resistant to several classes of clinically 
relevant antibiotics, hampering effective 
treatment [5] However, the uncontrolled use of 
antibiotics in therapeutics and as growth 
promoters in animal husbandry has led to 
increasing the prevalence of antibiotic resistant 
bacteria worldwide [6,7]. Spontaneous 
mutations and the acquisition of antibiotic 
resistance genes by horizontal gene transfer 
(HGT) contribute further to the spread of 
antibiotic resistant bacteria [8]. Particularly in 
the hospital environment, the use of antibiotics 
leads to the selection of resistant organisms, 
resulting in difficulties in the treatment of 
nosocomial infections [3,9]. The most 
worrisome resistance trait to emerge in 
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enterococci is the resistance to vancomycin 
since the first report of vancomycin resistant 
enterococci (VRE) in France which was shown 
to be plasmid mediated and transferable [10].  

The most common phenotype of vanA 
resistance is associated with acquired, 
inducible, high-level resistance to both 
vancomycin (MIC>32 mg/L) and teicoplanin 
(MIC>16 mg/L), and is carried on transposon 
(Tn1546) that is transferable to other 
susceptible enterococci by conjugation. 
Several acquired glycopeptide resistant 
phenotypes have been characterized since 
then, including vanB and less common vanD, 
vanE and vanG types. The vanB phenotype, 
which is chromosomally mediated, inducible 
and transferable by conjugation, facilitated 
inducible resistance to vancomycin but not to 
teicoplanin [11]. Vancomycin resistant 
enterococci in the presence of inducer like 
vancomycin generate precursors with different 
terminals (D-Ala-D-lac, or D-Ala-D-Ser), 
which have low affinity to vancomycin and 
thus can continue in large part to be used to 
synthesize cell wall (Ala denotes alanyl or 
alanine and lactate for VanA, VanB, and 
VanD types of resistance and serine for VanE 
and VanC types) [12, 13]. This shift results in 
a reduced affinity for vancomycin by 1000 and 
seven times respectively [14]. Enterococci are 
traditionally treated with a combination of cell 
wall active antimicrobials such as β-lactams or 
glycopeptides (e.g. ampicillin or vancomycin 
respectively), and aminoglycosides (e.g. 
gentamicin and streptomycin). However, the 
increased rates of β-lactam and glycopeptide 
resistance in E. faecium and aminoglycoside 
resistance in both E. faecium and E. faecalis 
have called for the use of other and perhaps 
less efficient drugs [15]. In conclusion, 
enterococci may be implicated in the transfer 
of vancomycine resistance to different 
veterinary and human pathogens mainly S. 
aureus that represent great hazards in 
treatment failure. 

This work aimed to determine the 
occurrence of Enterococcus species in 
different sources and their antimicrobial 
susceptibilities, as well as the genotypic 
identification of their vancomycin resistant 
genes. This may be used for further 

examination of their conjugative transfer 
abilities within the same and different genus. 

 Material and Methods 

Isolation and identification of enterococci 

Two hundred and twenty-four samples from 
different sources (chickens, turkey, fish, 
humans and food products) were collected. 
Crop and intestinal content of chickens and 
turkey as well as fish intestinal content 
samples were collected and prepared as 
previously described [16]. While the samples 
from liver, ovary, meat or muscles of both 
chickens and turkey were prepared according 
to Peter et al. [17]. Human urine samples from 
outpatient clinic, Zagazig University Hospitals 
were collected and prepared as previously 
mentioned [18]. Finally, raw and mastitis 
cattle milk samples were collected under 
complete aseptic conditions from Sharkia 
Governorate, Egypt as recommended by 
National mastitis council (NMC) [19].  

A loopfull of the prepared samples was 
plated on the surface of the selective media of 
Slanetz and Bartley agar medium as well as 
bile Esculin Agar (BEA) medium and 
incubated at 37˚C for 24 h [20]. Presumptive 
colonies were morphologically identified by 
Gram stain and biochemically examined by 
catalase and sodium chloride tolerance tests 
[20,21]. Their growth at pH 9.6 and 10-45˚C 
was also determined [22,23]. 

Antimicrobial susceptibility testing  

All the Enterococcal isolates were tested for 
their susceptibilities to different antimicrobial 
agents including ampicillin (10 μg), 
cefotaxime (30 μg), erythromycin (15 μg), 
doxycyclin (30 μg), nitrofurnation (300 μg), 
fusdic acid (10 μg), gentamicin (10 and 120 
μg), rifampin (15 μg),) and vancomycin (30 
μg) (Oxoid, Hampshire, England, UK) using 
disc diffusion method [24]. Zone size 
interpretation of antimicrobial agents was 
according to Clinical Laboratory Standards 
Institute (CLSI) M100-S24 [25]. Moreover, 
MIC of vancomycin against the enterococcal 
isolates was carried out by vancomycin agar 
dilution susceptibility test [26], using bile 
esculine azid medium supplemented with 
different concentrations (1024, 512, 256, 128, 
64, 32 and 8 μg/mL) of vancomycin.  
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Table 1: Oligonucleotide primer sequences used in identification of enterococci, virulence and vancomycin 

resistance genes by PCR assays 

PCR product size (bp) Primer sequences (5'-3') Target Specificity 

337 F ATCAGAGGGGGATAACACTT 
R ACTCTCATCCTTGTTCTTCTC 

16Sr RNA Enterococcus 

Genus 

941 F ATCAAGTACAGTTAGTCTTTATTAG 
R ACGATTCAAAGCTAACTGAATCAGT 

16Sr RNA E. faecalis 

658 F TTGAGGCAGACCAGATTGACG 
R TATGACAGCGACTCCGATTCC 

16Sr RNA E. faecium 

288 F TCCTGAATTAGGTGAAAAAAC 

R GCTAGTTTACCGTCTTTAACG 

16Sr RNA E. casseliflavus 

173 F TTACTTGCTGATTTTGATTCG 

R TGAATTCTTCTTTGAAATCAG 

16Sr RNA E. gallinarum 

1,030 F CATGAATAGAATAAAAGTTGCAATA 
R CCCCTTTAACGCTAATACGATCAA 

vanA Vancomycin 

Resistant genes 

433 F GTGACAAACCGGAGGCGAGGA 

R CCGCCATCCTCCTGCAAAAAA 
vanB  

 

Molecular identification  

Polymerase chain reactions were done to 
confirm the conventional methods of isolation 
and identification of genus Enterococcus and 
to detect the Enterococcal species as well as 
vancomycin resistance associated genes (vanA 
and vanB) among the obtained VRE isolates 
using seven pairs of primer sets (Table 1). 
Extraction of DNA from the isolates was 
performed by QIAamp DNA mini Kit 
following the manufacturers’ instructions. 
Cycling conditions of the primer sequences 
during PCR were at primary denaturation of 
94ᵒC/10min and for 35 cycles at (secondary 
denaturation of 94ᵒC/45 sec, annealing of 
50ᵒC/45sec and extension of 72ᵒC/45sec) then 
final extension at 72ᵒC/7min for genes of; 16S 
rRNA of genus Enterococcus [27]; 16S rRNA 
of  E. faecium and E. faecalis; finally vanA 
and vanB [28] while for 30 cycles at (95ᵒC/30 
sec, 55ᵒC/1 min and 72ᵒC/1 min) after primary 
denaturation of 95ᵒC/4 min and then final 
extension at 72ᵒC/7 min for 16srRNA gene of 
E. gallinarum and E. casseliflavus [29] using 
Emerald Amp GT PCR Mastermix (Takara) 
kit. 

Results 

Isolation and identification of enterococci  

Enterococci isolates were recovered with an 
isolation rate of 70%. All the isolates were 

identified by conventional methods. All 
isolates yielded pink colonies on Slantez 
Bartley medium, with a narrow whitish border, 
while on BEA medium, they showed black 
colored colonies. Enterococci appeared as 
Gram positive, none spore forming, non-
capsulated, diplococci or short chains, being 
somewhat elongated, catalase negative, 
tolerated 6.5% NaCl in brain heart infusion 
broth, grew at 9.6 pH and variable degrees of 
temperature (10 – 45˚C). The distribution of 
157 enterococci isolates were 14 (100%) from 
turkey, 85 (78.7%) from chickens, 27 (62.7%) 
from different types of food products, 14 (56 
%) from fish and 17 (50 %) from human urine. 

Antimicrobial susceptibility testing of 
bacterial isolates 

Enterococcal isolates revealed the highest 
susceptibility against vancomycin (84.7%) 
followed by gentamicin 120 (77%), ampicillin 
(73.8%), cefotaxime (63%), nitrofurnation 
(62.4%), doxycycline (35%) and ciprofloxacin 
(29.9%). On the other hand, the resistance 
percentages of the isolates to rifampin was 
85.3%, followed by erythromycin (80.2%), 
cefotaxime (77%), doxycycline (45.8%), 
gentamicin 10 (42%) and ciprofloxacin 
(37.5%). Multidrug resistance (MDR) was 
defined as resistance of bacterial isolates to ≥ 3 
antimicrobial agents and was recorded as 
90.4% in 142 isolates Table (2). 
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Table 2: Antimicrobial susceptibility profile of Enterococcal isolates against 10 antimicrobial agents 

Antibiotics Broilers Turkey Milk Sausage Fish Urine Total 

S I R S I R S I R S I R S I R S I R S I R 

VA 70 9 6 9 5 0 17 1 0 9 0 0 11 3 0 17 0 0 133 18 6 

CN10 22 32 31 2 3 9 10 3 5 4 3 2 0 3 11 6 3 8 44 47 66 

CN120 57 13 15 10 2 2 18 0 0 9 0 0 12 - 2 15 2 0 121 17 19 

AM 67 0 18 12 0 2 5 1 12 9 0 0 14 0 0 9 0 8 116 1 40 

E 0 8 77 0 0 14 0 8 10 3 0 6 - 3 11 0 9 8 3 29 126 

CIP 26 31 28 3 6 5 8 1 9 3 6 0 2 3 9 9 6 2 47 61 59 

F 51 21 13 5 8 1 11 6 1 8 0 1 6 3 5 17 0 0 98 38 21 

DO 27 20 38 3 5 6 8 1 9 9 0 0 5 2 7 3 2 12 55 30 72 

CEF 1 29 55 0 0 14 0 3 15 0 3 6 0 0 14 0 0 17 1 35 121 

RA 5 8 72 0 2 12 0 5 13 3 0 6 0 0 14 0 0 17 8 15 134 

S: sensitive, I: intermediate, R: resistant, VA: Vancomycin, CN120: Gentamicin120, CN10: Gentamicin, AM: Ampicillin, CEF: 

Cefotaxime , F: Fitrofurnation, DO: Doxycycline, CIP: Ciprofloxacin,  , RA: Rifampin, E: Erythromycin. 

 
Moreover, vancomycin agar dilution test 

explored VRE as 84/157 (53.5%) that 
produced a black complex even in the 
presence of vancomycin concentrations such 
as 8, 16, 32, 64, 128, 256 and 512 µg/mL, 
where 59 isolates of them showed intermediate 
resistance to VA at MIC 8 µg/mL [9 isolates 
from   chickens (6) and  milk (3)]; 50 isolates 

[from chickens (21), turkey (3), milk (9), fish 
(3) and human samples (14)] at MIC 16 
µg/mL and 23 isolates at MIC 32 µg/mL 
comprising 21 isolates from chickens and 2 
from turkey. Moreover, 2 isolates from 
chickens expressed high level of resistance at 
MIC 512 µg/mL. Finally, 73 isolates showed 
no growth at all vancomycin concentrations. 

 
Figure 1: Agarose gel electrophoresis of PCR products for Enterococci identification; L: 100 bp Ladder, +ve: 

Positive control, -ve: Negative control, Positive samples show amplicons of specific size (A: 16s rRNA gene 

specific to genus Enterococci producing 337 bp, B: E. faecium-specific 658 bp DNA fragment, C: E. faecalis-

specific 310 bp DNA fragment, D: E. casseliflavus specific 288 bp DNA fragment, E: Amplified 1030 bp 

products of vanA gene, F: Amplified 433 bp products of vanB gene).  
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Molecular identification  

Twenty-eight representative isolates were 
confirmed as enterococci by the amplification 
of 16s rRNA gene with an amplicon size of 
337 bp of (Figure 1 and Table 3). Three 
different Enterococcus spp. of various origins 
were identified. The most prevalent one was E. 
faecalis (42.8%) which was more frequent in 
chicken samples, followed by 11 E. faecium 
(39.2%). Finally, only 3.5% of the examined 
isolates were classified as E. casseliflavus. On 
the other side, E. gallinarum was not detected 
at all and the remaining four isolates were not 

detected at species level (Figure 1 and Table 
3). 

Vancomycin resistance associated genes 
(vanA and vanB) of 28 Enterococcal isolates 
were detected with a high percentage. Out of 
the examined isoates, 22 and 19 harbored 
vanA (78.5%) and vanB (67.8%) genes, 
respectively (Figure 1 and Table 3). The 
mentioned data confirm the high Enterococcal 
distribution and high risk of antibiotic 
resistance (MRD was 85.7%) among most of 
the isolation sources (Table 3). 

 

Table (3): Resistance profile and genotypic characterization of the recovered 28 Enterococcal isolates from 

different sources  

NO Code  

Genotypic 
Identification 

Resistance profile 
M
DR  

VA 
MIC 
µg/mL 

Species vanA vanB    

1 mm3 E.fl + + AM, F,  CIP, CN10,  RA, E. + 
 
16 

2 mm11 E.cassl. + - AM, CEF,  CIP, E. + 16 
3 mm12 E.fm. + + CEF,DO, RA, + 16 

4 mm19 
Other 
E.spp 

+ + CEF, RA, - 
16 

5 ci1 E.fm + + CEF, DO, RA + 16 
6 hu2 E.fl + + AM, CEF, F, DO, CIP,  CN10, E. + 16 
7 hu15 E.fl + + CEF,DO,  CN10, RA, E. + 16 
8 hu43 E.fm + + CEF,  CN10, RA, + 16 
9 hu54 E.fm + + CEF, E. - 16 
10 hu59 E.fm + + CEF, DO, CN10, RA, E. + 16 

11 
ccr2- 
hg- 

E.fm + + VA, CN120, CEF, F, CIP,  CN10, RA, E. + 
512 

12 cr11 E.fm + - CN120, CEF, F, CIP,  CN10, RA, E. + 32 
13 ci23 E.fm + + CN120, AM, CEF, F, CN10, RA, E. + 32 
14 hu16 E.fl + + CEF, DO, CN10, RA, E. + 16 

15 mm26 
Other 
E.spp 

+ + CEF, DO, CN10, RA, E. + 
16 

16 ccr21 E.fm + + VA, CEF, CN10, RA, + 512 

17 ccr10 
Other 
E.spp 

+ + CEF, F, DO, CIP,  CN10, RA, E. + 
32 

        
18 cl1 E.fl + + VA, CN10, E, F and CEF, RA. + 32 

19 ccr6 
Other 
E.spp 

+ + CEF,DO, CIP,  CN10, RA, E. + 
32 

20 ccr12 E.fm + + VA, CEF, DO, CIP,  CN10, RA, E. + 32 
21 ccr9 E.fm + + CEF, F, DO, CIP, CN10, RA, E. + 32 
22 cm6 E.fl + - CN120, CEF, F, DO,  CN10, RA, E. + 32 
23 ci25 E.fl - - CEF, RA - - 

24 ci27 E.fl - - CEF, E. - - 

25 ci31 E.fl - - CEF, RA, E. + - 

26 fi16 E.fl - - CN10, DO , CEF and RA + - 

27 fi38 E.fl - - CN10, E, DO,  CEF and RA + - 

28 co1 E.fl - - CEF, CN10, RA, E. + - 
VA: Vancomycin, CN120: Gentamicin120, CN10: Gentamicin 10, AM: Ampicillin, CEF: Cefotaxime, F: Nitrofurnation, 

DO: Doxycycline, CIP: Ciprofloxacin, RA: Rifampin, E: Erythromycin. E.fl: Enterococcus faecalis. E.fm: Enterococcus 

faecaium. E.cassl.: Enterococcus casseliflavus. Other E.spp.: Enterococcus spp other than E.fl, E.fm, E.cassl. and E. 

gallinarum. mm: mastitis milk, ccr: chicken crop content, ci: chicken intestinal content, cl: chicken liver, co: chicken 

ovary, cm: chicken meat, hu: human urine, fi: fish intestinal content. 
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Discussion 

The obtained results revealed that 
enterococci were widely distributed among the 
samples of human and food product origin 
(broiler, turkey, milk, meat and fish) with a 
high recovery rate (70%). Notably, E. faecalis 
was the predominant species recovered 
(42.8%), followed by E. faecium (39.2%), E. 
casseliflavus (3.5%) and only 4 isolates were 
not identified to species level (14.2%). Similar 
results of E. faecalis predominance but with 
higher percentage (49%) were reported [30]. 
In addition, Gangurde et al. [31] in South West 
part of Slovakia isolated E. faecalis (60%) in 
followed by E. faecium 32.2%. 

Furthermore, Trivedi et al. [32] identified 
five different species of Enterococci including 
E. faecalis followed by E. faecium from 
foodstuffs of different. On contrary, E. 
faecium was the predominant Enterococcus 
species with the percentages of 98.4 % [33], 
61% [34] and 42.9% [35]. Also, Joshua et al. 
[34] identified E. faecalis (29%), E. hirae 
(5.7%), E. casseliflavus (2.1%), E. durans 
(1.2%), E. gallinarum (0.7%), and E. avium 
(0.1%), in meat and only 13 isolates were not 
identified to species level. Herewith, the 
results revealed that Enterococci percentage in 
both meat (sausage) and milk sample are high 
and slightly close to each other as 64.3% and 
62%, respectively. On the contrary, Krocko et 
al. [30] revealed lower levels of contamination 
in meat compared to milk or cheese. 

Milk from different mammalian species 
may contain Enterococci and, therefore, may 
constitute a natural source of such 
microorganisms for consumers. In the present 
study, milk samples from mastitis cow were 
investigated for the presence of enterococci 
and the identified species were E. faecalis, E. 
faecium (the common species), E. 
casseliflavus and only 2 isolates were not 
identified to the species level. Similarly, 
Trivedil et al. [32] reported that E. faecalis and 
E. faecium were the major species identified in 
dairy samples, followed by E. casseliflavus. 

In the current study, all the enterococci 
isolates were tested for their susceptibility to 
different antimicrobial agents from several 
groups by disc diffusion method. The highest 
susceptibility obtained was to vancomycin 

(84.7%) followed by gentamicin120 (77%), 
ampicillin (73.8%), cefotaxime (63%), 
nitrofurnation (62.4%), doxycycline (35%), 
ciprofloxacin (29.9%), gentamicin 10 (28%), 
rifampin (5%) and finally erythromycin 
(1.9%). On the other hand, the resistance 
percentage of isolates to rifampin was (85.3%) 
followed by erythromycin (80.2%). Resistance 
to rifampin seems to be widely spread among 
Enterococci and was the highest percentage 
between the tested antimicrobials (85.3%). 
This was similar to the results of Sarra et al. 
[36], while, Kročko et al. [30] reported that 
tetracycline and gentamicin resistance was the 
most common. Sarra et al.  [36] found that, 
none of the tested isolates demonstrated 
resistance to ampicillin, vancomycin and 
gentamicin. The different data obtained 
previously revealed that none of the strains 
was resistant to vancomycin [32,35]. While, 
Trivedi et al. [32] investigated the microbial 
susceptibility of eight antibiotics using the disk 
diffusion method and indicated lower 
antibiotic resistance for ampicillin and 
gentamicin against 250 Enterococci isolated 
from various food-stuffs.  

Most notably in this study, that the 
resistance of E. faecalis (1/12 and 2/12) and E. 
faecium (2/11 and 1/11) was low against 
vancomycin and ampicillin, respectively. The 
same result was obtained by Sood et al. [35] 
who stated that E. faecalis resistance is low 
against vancomycin and ampicillin but with 
higher levels of ampicillin resistance among E. 
faecium isolates. Erythromycin resistance in 
this work was 80.2%, the same as Sood et al.  
[35] study who proved that erythromycin 
resistance was quite high. Routine 
susceptibility test based on disc diffusion 
method was unreliable for the detection of 
vancomycin resistance upon primary isolation. 
However, the basic method in this study for 
detecting VRE is the incorporation of 
vancomycin into the esculin containing base 
medium (Vancomycin agar dilution test), 
which provides a presumptive identification at 
the genus level because all Enterococci 
hydrolyze esculin. This finding was consistent 
with previously reported studies [18,37].  

The high percentage of VRE was detected 
in this study by Vancomycin agar dilution test 
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which revealed that 53.5% (84/157) of the 
isolates grew on BEA medium with variable 
concentrations of vancomycin, of which, 59 
isolates showed intermediate resistance to VA 
at MIC 8-16 µg/mL; 23 isolates at MIC 32 
µg/mL. Moreover, 2 isolates expressed high 
level of resistance at MIC 512 µg/mL and all 
sausage isolates were VSE. On contrary, low 
rate of VRE was proved as 8.4% (MIC ≥32 
mg/ mL) [33] 7.31% [38] and 7% (MIC of 
>512μg/mL) [18]. In another study, 15 isolates 
were found to be VA resistant, of which 4 had 
MIC between 8-16 μg/mL [31].  

Enterococcal antimicrobial resistance is not 
exclusive to the clinical arena but is also 
prevalent in the food industry [14]. The 
absence of VRE from sausage in this work was 
similar to of the findings of Hayes et al. [34] 
in domestic retail meats. In this study, MRD 
(to ≥ 3 antimicrobial) of Enterococcal isolates 
by disc diffusion method was considerably 
high as 90.4% (142/157) and was predominant 
in chicken isolates followed by turkey and 
milk, urine and fish and finally meat isolates 
expressing 48%, 10.5%, 10.5%, 8.6%, 8.6% 
and 3.8%, respectively. While, by vancomycin 
agar dilution test, 24 (85.7%) of 28 
genotypically identified Enterococci had MDR 
as 10 isolates of both E. faecium (90%) and E. 
faecalis (83.3%). As well as 22 (78.6%) of 
them were VRE {11(50%) were E. faecium, 6 
(27.3%) were E. faecalis and others 5 isolates 
were of different spp.}. Similar results were 
previously reported [39,40]. E. faecium was 
the predominant genotype in vancomycin 
resistant isolates but with a higher percentage 
of 83.5% [39]. Lower percentage of MDR was 
identified in pork and chicken samples [30].  

Another study revealed that 61% of E. 
faecium and 11% of E. faecalis isolates 
showed MDR to 17 different antibiotics 
including vancomycin [41]. It is worth noted 
that identification of vancomycin resistance 
via detection of both vanA and vanB genes by 
PCR in the 28 genotypically identified 
Enterococci isolates, proved that 22 were VRE 
isolates in which vanA gene was detected in 
100% (22/22) while vanB gene present in 86.3 
%(19/22) of VRE isolates. Likewise, vanA 
was reported in 100% [38] and 96.5% [39] of 
the examined VRE isolates in previous studies.  

  

Conclusion 

In conclusion, the obtained results indicated 
the spread of VRE isolates which in turn 
highlight the urgent need to limit the 
uncontrolled use of antibiotics in veterinary 
medicine and food animals to avoid drug 
resistance mainly VR and consequently 
treatment failure.  

Conflict of interest 

The authors have no conflict of interest to 
declare. 

Reference 
[1] Werner, G. and Koch, R. (2012): Current 

Trends of Emergence and Spread of 
Vancomycin-Resistant Enterococci 
Antibiotic Resistant Bacteria - A 
Continuous Challenge in the New 
Millennium, Dr. Marina Pana (Ed.), ISBN: 
978-953-51-0472-8.  

[2] Simjee, S.; Jensen, L.B.; Donabedian, 
S.M.; and Zervos, M.J. (2006): 
Enterococcus. In antimicrobial resistance 
in bacteria of animal origin. Aarestrup, 
F.M. (ed.). Washington, DC, USA: ASM 
Press, P:315-323 

[3] Oravcova, V.; Zurek, L.; Townsend, A.; 
Clark, A. B.; Ellis, J.C.; Cizek, A. and 
Literak, I. (2014): American crows as 
carriers of vancomycin-resistant 
enterococci with vanA gene. 
Environmental Microbiology, 16(4):939-
949 

[4] Giraffa, G. (2002): Enterococci from 
foods. FEMS Microbiol Reviews, 26(2): 
163-171. 

[5] Palumbi, S.R. (2001): Humans as the 
world's greatest evolutionary force. Sci, 
293(5536): 1786-1790. 

[6] Aminov, R.I. (2009): The role of 
antibiotics and antibiotic resistance in 
nature. Environ Microbiol, 11(12): 2970-
2988. 

[7] Haug, M.C. (2010): Construction and 
application of a vovel pRE25-derived 
plasmid to monitor horizontal transfer of 
antibiotic resistance from Enterococcus 
faecalis to food and gut associated 
microbes in a colonic fermentation model. 
Ph. D. Thesis, Zurich.  



71 

[8] Levy, S.B. and Marshall, B. (2004): 
Antibacterial resistance worldwide: causes, 
challenges and responses. Nat Med, 10: 
S122-129.  

[9] Wang, H.H.; Manuzon, M.; Lehman, M.; 
Wan, K.; Luo, H.; Wittum, T.E.; Yousef, 
A. and Bakalet, L.O. (2006): Food 
commensal microbes as a potentially 
important avenue in transmitting antibiotic 
resistance genes. FEMS Microbiol Lett , 
254(2): 226-231. 

[10] Leclercq, R.; Derlot, E.; Duval, J. and 
Courvalin, P. (1988): Plasmid-mediated 
resistance to vancomycin and teicoplanin 
in Enterococcus faecium. New Engl J Med, 
319(3):157-161. 

[11] Mascini, E. M. and Bonten, M. J. (2005): 
Vancomycin-resistant enterococci: 
consequences for therapy and infection 
control. Clin Microbiol Infect, 11(s4): 
43-56. 

[12] Prakash, V.P. (2005): Clinical prevalence, 
identification and molecular 
characteristics of enterococci. PhD 
Thesis, Jawaharlal Institute of 
Postgraduate Medical education and 
research ministry of health and family 
welfare (Government of India).  
Pondicherry, 605 006, INDIA 

[13] Courvalin, P. (2006): Vancomycin 
Resistance in Gram-Positive cocci. Clin 
Infect Dis, 42(Suppl 1): 25-34. 

[14] Fisher, K. and Phillips, C. (2009): The 
ecology, epidemiology and virulence of 
Enterococcus. Microbiol, 155(6): 1749-
1757. 

[15] Rosvoll, T.C.S. (2012): Plasmids, 
Resistance and Hospital adaptation in 
Enterococci-an epidemiological 
approach. Ph.D. Thesis, University of 
Tromso,  

[16] Andrews, W.H. and Hammack, T.S. 
(1998): Food sampling and preparation 
of sample homogenate, Ch. 1. In: 
Bacteriological analytical manual, US 
Food and Drug Administration, 8th ed. 
(revision A).  

[17] Peter, A.; Radhakrishnan, E.K.; Mathew, 
J. and Zacharia, S. (2012): 

Characterization of vancomycin resistant 
Enterococcus faecium from clinical and 
chicken sources. Asian Pac J Trop 
Biomed, 2(3):S1738-S1741. 

[18] Hajia, M.; Rahbar, M.; and Zadeh, M. M. 
(2012): A novel method “CHROM agar” 
for screening vancomycin-resistant 
enterococci (VRE) isolates. Afr J 
Biotechnol , 11(41):9865-9868.  

[19] National mastitis council NMC (1990): 
Microbiological procedures for the 
diagnosis of udder infection, 3rd ed. 
Arlington, va: National Mastitis Council 
Inc. 

[20] Shewmaker, L.; Facklam, R. and 
Teixeira, L. (2003): The Streptococcus 
species identification methods in Section 
II: Identification procedures for catalase 
negative Gram positive cocci, Manual of 
Clinical Microbiology, 8th ed. ASM 
Press: Washington, p: 54. 

[21] Cruickshank, R.; Duguid, J.P.; Marmion, 
B.R. and Swain, R.H.A. (1975): Medical 
Microbiology, 12th Ed., vol.2, Churchill 
Livingstone, Edinburg, London. 

[22] S örqvist, S. (2003): Heat resistance in 
liquids of Enterococcus spp., Listeria 
spp, and Campylobacter spp. Acta vet 
scand, 44(1):1.  

[23] Kagkli, D.M.; Vancanneyt, M.; Hill, C.; 
Vandamme, P. and Cogan, T.M. (2007): 
Enterococcus and lactobacillus 
contamination of raw milk in a farm 
dairy environment. Int J Food Microbial, 
114(2):243-251. 

[24] Finegold, S.M. and Martin, W.J. (1982): 
Bailey and Scott's. Diagnostic 
Microbiology. 6th Ed. The C.V. Mosby 
Company. St. Louis, Toronto, London, 
pp 705. 

[25] Clinical Laboratory Standards Institute 
(CLSI) (2015): Performance standards 
for antimicrobial susceptibility testing; 
twenty- four informational supplement. 
M100-S25, (35):72-75. 

[26] Gambarotto, K.; Ploy, M.; Dupron, F.; 
Giangiobbe, M. and Denis, F. (2001): 
Occurrence of vancomycin-resistant 
enterococci in pork and chickens 



72 

products from a cattle-rearing area of 
France. J Clin Microbiol, 39(6): 2354-
2355.  

[27] Matsuda, K.; Tsuji, H.; Asahara, T.; 
Matsumoto, K.; Takada, T.; and Nomoto, 
K. (2009): Establishment of an 
Analytical System for the Human Fecal 
Microbiota, Based on Reverse 
Transcription-Quantitative PCR 
Targeting of Multicopy rRNA 
Molecules. Appl Environ microbiol, 
75(7): 1961-1969. 

[28] Kariyama, R.; Mitsuhata, R.; Chow, J.; 
Clewelld, D. and Hiromikumo, N. 
(2000): Simple and Reliable Multiplex 
PCR Assay for Surveillance Isolates of 
vancomycin-resistant enterococci. J Clin 
Microbiol, 38(8):3092-3095.  

[29] Jackson, C. R.; Fedorka-Cray, P. J.; and 
Barrett, J.B. (2004): Use of a Genus- and 
Species-Specific Multiplex PCR for 
Identification of Enterococci. J Clin 
Microbiol, 42(8): 3558-3565. 

[30] Kročko, M.; Canigová, M.; Duckova, V.; 
Artimova, A.; Bezekova, J. and Poston, 
J. (2011): Antibiotic resistance of 
Enterococcus species isolated from raw 
foods of animal origin in South West part 
of Slovakia. Czech J Food Sci, 29(6): 
654-659. 

[31] Gangurde, N.; Mane, M., Phatale, S. 
(2014): Prevalence of Multidrug 
Resistant Enterococci in a Tertiary Care 
Hospital in India: A Growing Threat. 
Open J Med Microbiol, (4): 11-15. 

[32] Trivedi, K.; Cupakova, S. and 
Karpiskova, R. (2011): Virulence factors 
and antibiotic resistance in enterococci 
isolated from food-stuffs. Vet Med, 
56(7): 352-357. 

[33] Seo, J. Y.; Kim, P.; Lee, J.; Song, J.; 
Peck, K.; Chung, D.; Kang, C.; Ki1, C. 
and Lee, N. (2011): Evaluation of PCR-
based screening for vancomycin-resistant 
enterococci compared with a 
chromogenic agar-based culture method. 
J Med Microbiol, 60(7): 945–949. 

[34] Hayes, J.R.; English, L.L.; Carter, P.J.; 
Proescholdt, T.; Lee, K.Y.; Wagner, 
D.D. and White, D.G. (2003): Prevalence 

and Antimicrobial Resistance of 
Enterococcus Species Isolated from 
Retail Meats. Appl Environ Microbiol, 
69(12):7153-7160. 

[35] Sood, S.; Malhotra, M.; Das, B.K. and 
Kapil, A. (2008): Enterococcal infections 
and antimicrobial resistance. Indian J 
Med Res, 128(2): 111-121. 

[36] Sarra, M.; Taoufik, G.; Benjamin, B.; 
Yannick, F. and Khaled, H. (2013): 
Isolation and Characterization of 
Enterococci Bacteriocinic Strains from 
Tunisian Fish Viscera. J Food Nutr Sci, 
(4): 701-708.  

[37] Pendle, S.; Jelfs, P.; Olma, T.; Su, Y.; 
Gilroy, N. and Gilbert, G.L. (2008): 
Difficulties in detection and 
identification of Enterococcus faecium 
with low-level inducible resistance to 
vancomycin, during a hospital outbreak. 
J Clin Microbiol Infect, 14(9): 853-857. 

[38] Fatholahzadeh, B.; Hashemi, F.B.; 
Emaneini, M.; Aligholi, M.; Nakhjavani, 
F.A. and Kazemi, B. (2006): Detection 
of vancomycin resistant Enterococci 
(VRE) isolated from urinary tract 
infections (UTI) in Tehran, Iran. DARU 
Journal of Pharmaceutical Sciences, 14 
(3):141-145. 

[39] Chiang, P.; Wu, T.; Su, J.; Huang, h.; 
Chiu, Y.; Chia, J.; Kuo, A. and Su, L. 
(2007): Unusual Increase of 
Vancomycin-resistant Enterococcus 
faecium but not Enterococcus faecalis at 
a University Hospital in Taiwan. Chang 
Gung Med J, 30 (6):493  

[40] Sharifi, Y.; Hasani, A.; Ghotaslou, R.; 
Varshochi, M.; Hasani, A.; Aghazadeh, 
M. and Milani, M. (2012): Survey of 
Virulence Determinants among 
Vancomycin Resistant Enterococcus 
faecalis and Enterococcus faecium 
Isolated from Clinical Specimens of 
Hospitalized Patients of North west of 
Iran. The Open Microbiol J, 6(1): 34-39. 

[41] Johnston, L.M. and Jaykus, L.A. (2004): 
Antimicrobial resistance of Enterococcus 
species isolated from produce. Appl 
Environ Microbiol, 70(5): 3133-3137. 



73 

  الملخص العربي

 

 التعریف الظاھري والجیني لمیكروب الانتیروكوكاي المقاوم للفانكومایسین في المصادر المختلفة
١عادل عطیة محمد

١أحلام عبد العزیز غریب، 
٣و أمنیة أحمد العوسي٢ابراھیم محمد اسماعیل ، 

 
  .المیكروبیولوجي، كلیة الطب البیطري، جامعة الزقازیق قسم ١
  .غذیة بمعھد بحوث الصحة الحیوانیة بالزقازیقصحة الا قسم ٢
  .بمعھد بحوث الصحة الحیوانیة بالزقازیق قسم المیكروبیووجي ٣

 
مة ضد أھم مضادات المیكروبات المستخدمھ فى المجال الاكلینیكى قاوالم لنقل مصدر الانتیروكوكاى المعویة تعتبر المكورات

المقاومة  المعویة المكورات من ھذه أنواع انتشار دىم تحدید ھدفب سھقد خصصت ھذه الدرا لذلك. مثل الفانكومیسین 
 اومھ الفانكومیسین الخاصھ بھاقم  لجینات لھا وكذلك الوراثي التحدید طریق عن ةمختلفصادرم المعزولة من للفانكومیسین و

.(vanA and vanB)  سماك وبول الانسان وكذلك والرومي الا نة لعزل الانتیروكوكاي من الدجاجعی ٢٢٤لذلك تم تجمیع
نوعین من الاطعمھ مثل اللبن الخام والمصاب بالتھاب الضرع والسجق والتعرف علیھا مظھریا عن طریق اختبار تواجد انزیم 

وكذالك النمو في وسط عالى القلویھ یحتوي على الاس الھیدروجیني درتھا على تحمل تركیز عالى من ملح الطعام قالكتالییز و م
للمضادات البكتیریة المختلفة  تأكید نمط مقاومة المعزولاتوایضا تم  درجة مئویة ٤٥-١٠درجات حرارة مختلفة من وفي  ٩.٦

 ٢٨كما تم اجراء التعریف الجیني لـ  .الاجار في من الفانكومیسین ةلفختم اتفیفتخ استخدامبو  القرص عبر الانتشارتي بطریق
وكذلك تحدید جینیا عزلھ من الانتیروكوكاى للكشف عن جنس الانتیروكوكاي وتحدید الصفات الوراثیة للانواع المختلفة منھا 

تصنیف وقد اسفرت النتائج في ھذا البحث عن  .تفاعل انزیم البلمرة المتسلسل تقنیةجینات المقاومة للفانكومیسین بھا عن طریق 
حیث تراوح التركیز %). ٥٣.٣(من المعزولات مظھریا كمیكروب الانتیروكوكاي  بنسبة مقاومة عالیة للفانكومیسین % ٧٠

عزلة من عزلات  ٢٨ولقد اوضح التحدید الجزیئي لـ . میكروجرام لكل ملي ٥١٢الي  ١٦من ) MIC(الأدني لمنع نمو البكتریا 
 ةمالمقاو جینات تواجد نسبة اعفارت ایضا اوضحكما ، %) ٤٢.٨(ھي السائدة بنسبة  E. faecalisمیكروب الانتیروكوكاي ان 

وعلیھ تم الإستنتاج الي أن تناول المضادات  .فى ھذه العزلات  )٪٦٧.٨(vanB و %) ٧٨.٥( vanA  ینمیسانكوفلل
ً نتیجة الممارسات البیط كما تعتبر المكورات  .والبشریة ریةالمیكروبیة خصوصا الفانكومیسین یمكن أن یمثل عامل مؤثر سلبا

  . المعویة المقاومة للفانكومایسین حاملا لمقاومة الفانكومایسین
 

 
 


