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ABSTRACT

Article History:

Enterococcus spp are one of the environmental mastitis pathogens with public health hazard and have
different harmful effects on milkand dairy farms. The aim of this study was to determine the
prevalence of Enterococcus spp in mastitic cow‘ss milk in Egypt, detection of some virulence genes as
esp and cyl A of E.feacalis and their resistance to different classes of antibiotics. 130 (71.82 %) out of
181 milk samples were identified as Enterococcus spp particularly E.feacalis (33.34 %). Multiplex
PCR was applied for detection of some virulence genes of E.feacalis as Enterococcus surface proteins
(esp) and cytolysin (cylA). ESP was the predominant gene in all tested E.feacalis isolates, whereas
cylAwas
was completely absent.
absent In addition, antibiotic sensitivity tests noticed that Enterococcus spp
isolates had multidrug resistance to different classes of antibiotics as 69.77% streptomycin, 53.49%
gentamicin and 38.37% ampicillin. Also, higher resistances
re
of E.feacalis isolates were observed to
streptomycin (47.73%), ampicillin and gentamicin (45.46%,
45.46%, each)
each). On the other hand, the
Enterococcus spp especially E.feacalis were susceptible to ciprofloxacin. In conclusion, mastitc cow‘s
milk is considered as potential reservoirs of virulent and antibiotic resistance Enterococci with public
health hazard when milk is consumed without any thermal treatment.
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INTRODUCTION
Bovine mastitis is one of the most common diseases affecting
dairy cattle in Egypt causing deleterious economic losses as
decrease milk production, increase health care costs, culling
and death rates. The main Enterococcus spp cause mastitic
infections are E.faecalis and E.feacium (Pitkala et al., 2001;
Bradley et al., 2007). Enterococcus spp are gram-positive
commensal bacteria that inhabit in the oral cavity and
gastrointestinal tract of humans, animals, reptiles, amphibians,
birds, and insects (Aarestrup et al., 2002). They are facultative
anaerobic, catalase negative, oxidase negative, non spore
forming and seem to be single or diplococci or in chains
(Fisher and Phillips, 2009).. They have ability to survive under
unsuitable environmental conditions due to their resistance
resist
for
freezing, low pH and moderate heat treatment (Elhadidy and
Elsayyad, 2013; Van Tyne and Gilmore, 2014). They posses
rapid dissemination of antibiotic resistance that made treatment
as complicated process (Sillanpaa et al.,
., 2004; Gilmore et al.,
2013). They have ability to be opportunistic invaders to
the udder due to their presence in organic bedding materials
*Corresponding author: Rasha M.Elkenany,
Department of Bacteriology, Mycology and Immunology, Faculty of
Veterinary Medicine, Mansoura University, Mansoura 35516, Egypt.
Egypt

(Elhadidy and Elsayyad, 2013). They act as nosocomial
pathogen with large number of community acquired and health
care associated bacterial
rial infections. They have zoonotic
importance with a high mortality rate up to 61% (Lopes et al.,
2005; Rosellini et al., 2010). Recently, Enterococcus spp are
widely used in food processing industry as probiotics ((Dogru
et al., 2010; Nueno-Palop
Palop and Narbad, 2011). So, some
attention should be taken for prevention of spreading
enterococcal infections. Several virulence genes were
produced by Enterococcus spp
spp, as Enterococcus surface
protein (esp) promotes the adhesion, colonization and biofilm
formation, gelatinase (gelE) hydrolyzes gelatin, collagen and
promotes adhesion and biofilm formation, aggregation
substance (AS) may promote adhesion, invasion and biofilm
formation, hyaluronidase (hyl)) promotes invasion to the host
tissue, cytolysin (cylA) is a bacterial toxin which has the ability
to lyse human, horse and rabbit erythrocytes, many prokaryotic
cells and other eukaryotic cells, MSCRAMM (microbial
surface component recognizing adhesive matrix molecule),
capsular polysaccharide, cell wall carbohydrate, and extra
extracellular superoxide (Fisher and Phillips, 2009
2009, Chuang-Smith
et al.,., 2010;Van Tyne and Gilmore, 2014)
2014). Therefore, the aim
of the present work was directed to the incidence and
antimicrobial
bial resistance of Enterococcus spp especially
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E.faecalis in mastitic cow‘s milk in Egypt as well as some of
virulence (cylA and esp) genes of the isolated E.faecalis using
multiplex polymerase chain reaction (mPCR).

MATERIALS AND METHODS

(Applichem, Germany, GmbH) in 1x TBE buffer at room
temperature using gradients of 5V/cm. A Gelpilot 100 bp plus
Ladder (Qiagen, Germany, GmbH) was used to determine the
fragment sizes. The gel was photographed by a
geldocumentation system (Alpha Innotech, Biometra) and the
data was analyzed through computer software.

Sampling
Antimicrobial susceptibility testing
A total of 218 milk samples were collected from lactating cows
with clinical or subclinical mastitis of three large dairy herds
distributed in Dakahlia government, Egypt during May 2016.
The mastitic cases were classified with clinical observation and
California mastitis test into clinical (48) and subclinical (133).
All milk samples were analysed by microbiological
examination.
Isolation and identification of Enterococcus spp
Mastitic milk samples were cultured by streaking on the
surface of membrane Enterococcus agar (MEA) (Oxoid) and
incubated at 37ºC for 24-48h. The isolated colonies were
identified as Enterococcus spp by colony characters, Gram‘s
staining and biochemical tests (oxidase test, catalase test, bileaesculin test, and growth on 6.5% NaCL test). All suspected
Enterococcalisolates were further tested for heat resistance,
growth at pH 9.6, growth at 10ºC and 45ºC, gelatin
liquefaction and tellurite tolerance test. All isolates were stored
at -20ºC in brain heart infusion broth (Oxoid), containing 15%
(v/v) glycerol for further examination.
Detection of virulence genes by mPCR
The esp and cylA genes of E.feacalis harboured virulent roles
to the host were detected by Multiplex PCR. Genomic DNA
was prepared using the QIAamp DNA Mini kit (Qiagen,
Germany, GmbH) according to the manufacturer’s protocol
with modifications. The DNA amplification was performed
according to Vankerckhoven‘s protocol with primers Metabion
(Germany) as illustrated in Table (1), the thermocycler was
programmed as following: denaturation at 94°C for 5 min, 35
cycles of denaturation at 94°C for 45 sec, primer annealing at
50°C for 45 sec, DNA extension at 72°C for 45 sec, and the
final DNA extension at 72°C for 10 min. The products of
PCR were separated by electrophoresis on 1.5% agarose gel

Antimicrobial susceptibility of isolated Enterococcus spp was
performed using the disc diffusion method according to
Clinical and Laboratory Standards Institute (CLSI 2011)
guidelines on Mueller-Hinton agar (Oxoid). The following
discs with antibiotics (Oxoid) were evaluated: aminoglycosides
[gentamicin (10 mg) and streptomycin (10 mg)],
fluoroquinolone [ciprofloxacin (5 mg)], glycopeptides
[vancomycin (30 mg)], penicillins [ampicillin (10 mg)],
phenicols [chloramphenicol (30 mg)] and macrolids
[nitrofurantoin (300μg)]. After incubation at 37ºC for 24h, the
results were interpreted according to CLSI (2011) criteria.

RESULTS
Isolation and identification of Enterococcus spp
Suspected colonies of Enterococcus spp appeared as pinpoint
light red to maroon color colony on (MEA). Microscopically,
they were identified with gram‘s stain as gram-positive
diplococci. Biochemically, they were catalaseand oxidase
negative, therefore they were differentiated from
Staphylococcus aureus, bile-esculin test was positive and
survived in 6.5% NaCl, so they were differentiated from
Streptococcus spp. Tellurite tolerance test was positive for
differentiation of E.feacalis from other Enterococcus spp
(Table 2 and Fig. 1,2). The mastitic cases were classified with
clinical observation and California mastitis test into clinical
(48) and subclinical (133) cases. The prevalence of
Enterococcus spp, based on cultural and biochemical
characteristics, was 71.82% which87.5% in clinical mastitic
cases and 66.2% in subclinical mastitic cases. E.faecalis was
observed as the most prevalent strains of Enterococcus spp
isolates (44 /130 samples; 87.5 %), while other Enterococcus
spp were (86 /130 samples; 66.15 %) (Table 3).

Table 1. PCR primers and products used for detection of genes encoding for some virulence factors
Target gene
esp
cylA

Primers
ESP14F
ESP12R
CYTI
CYTIIb

sequences 5’ → 3’
AGATTTCATCTTTGATTCTTGG
AATTGATTCTTTAGCATCTGG
ACTCGGGGATTGATAGGC
GCTGCTAAAGCTGCGCTT

Amplified product (bp)
510

Reference
Vankerckhoven et al., 2004

688

Table 2. Characteristic features of E.feacalis and Enterococcus spp
Items
1)

2)
3)

4)

5)
6)
7)
8)

Test
Growth at:
4°C
45°C
pH 9.6
Growth in:
6.5% NaCl
0.04% Tellurite
Survival at 60°C for:
15 min
30 min
Gelatin liquefaction
Catalase
Esculin hydrolysis
Oxidase

E. faecalis (44)

Enterococcus spp (86)

−
+
+

+
+
+

+
+

+
−

+
+
+
−
+
-

+
+
−
−
+
-
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Table 5.. Antibiotic suscptability profile of Enterococcus isolates
Antibiotic discs

S(%)
44(100%)
24(54.54%)
24(54.54%)
22(50%)

E.feacalis (n=44)
I(%)
R(%)
0(0%)
20 (45.46%)
20(45.46%)
8(18.18%)
14 (31.82%)

Ciprofloxacin (5 μg)
Ampicillin (10 μg)
Gentamicin (10 μg)
Chloramphenicol (30
μg)
Nitrofurantoin (300
21(47.72%)
10(22.72%)
μg)
Vancomycin (30 μg)
20(45.45%)
15(34.09%)
Streptomycin (10 μg)
17(38.64%)
6(13.64%)
S = sensitive, I = intermediate, R = resistant

Other Enterococcus spp (n=86)
S(%)
I(%)
R(%)
56(65.11%)
17 (19.77%)
13(15%)
53(61.63%)
33 (38.37%)
28(32.56%)
12(13.95%)
46(53.49%)
47(54.65%)
14(16.28%)
25(29%)

S(%)
100(76.92%)
5759.23%
52(40%)
69(53.08%)

Total (n=130)
I(%)
17(13.08%)
12(9.23%)
22(16.92%)

R(%)
13(10%)
53(40.77%)
66(50.77%)
39(30%)

13(29.55%)

45(52.33%)

11(12.79%)

30(34.88%)

66(50.77%)

21(16.15%)

43(33.08%)

9 (20.45%)
21(47.73%)

65(75.58%)
15(17.44%)

8(9.30%)
11(12.79%)

13(15.11%)
60(69.77%)

85(65.38%)
32(24.61%)

23(17.69%)
7(13.08%)

22(16.92%)
81(62.31%)

Figure 1. Enterococcus spp under microscope appear as cocci in single or pairs

Figure 2. Enterococcus spp appear as pinpoint pink to dark red (maroon)
(maroo color on m-Enterococcus
Enterococcus Agar

Figure 3. Agarose gel electrophoresis of multiplex PCR products showing amplification of CylA gene (510) and ESP (688bp) of
E.feacalis;; Lane L: DNA molecular weight marker (100 -1500bp), lane Pos: positive control,, lane Neg : negative control, lanes 11-10:
negative for CylA gene (510bp) and lanes
lane 1-10 positive for ESP (688bp)

59600

Gamal Younis et al. ESP gene and multiple antibiotics resistance of E.feacalis recovered from Mastitic cow's milk in Egypt

Detection of virulence factors by mPCR amplification
The presence of some virulence genes, as esp and cylA gene,
was determined in E.feacalis isolates by using multiplex PCR.
Esp gene was found in all examined isolates (10/10 samples;
100 %) and cylA was absent in all examined isolates (0/10
samples; 0 %) (Table 4 and Fig.3).
Antimicrobial susceptibility
Antibiotic resistance tests showed that Enterococcusspp were
resistant to streptomycin (69.77%), gentamicin (53.49%),
ampicillin (38.37%), nitrofurination (35%), cholaramphincol
(29%), vancomycin (15%) and ciprofloxacin (15%).
Meanwhile, E.faecalis isolates were resistant to streptomycin
(47.73%), ampicillin (45.46%), gentamicin (45.46%),
chloramphenicol (31.82%), nitrofurantoin (29.55%), and
vancomycin (20.45%). It had been noticed that
E.faecalisisolates were sensitive tociprofloxacin (100%)
(Table 5).

DISCUSSION
Bovine mastitis is caused by different virulent strains of
bacteria. Recently, Enterococcus spp are considered as one of
the main causes of environmental mastitis in cows in Egypt as
breeding of cows is held under inappropriate conditions
(Halasa et al., 2009). Enterococcus spp were identified with
gram‘s stain, their feature on MEA and with other biochemical
tests. These results were compatible in most of biochemical
tests with other investigators (Cassenego et al., 2011;
Nachtigal et al., 2013 and Prichula et al., 2013). In this study,
The prevalence was higher in both clinical and subclinical
mastitic cases due to several reasons as low hygienic measures
in Egyptian dairy farms with faecal contamination of milk,
their commensal characteristic feature and different modern
rearing methods for dairy animals outside our country. Few
researchers have been searched about this topic in Egypt. The
proportions are extinct in other researchers as these results
were disagreed with Ebrahimi et al. (2008) who detected the
presence of Enterococcus spp in 4% of subclinical mastitis and
absent in clinical mastitis. In addition, Olde et al. (2008) who
noticed that Enterococcus spp were present in 4.7% of clinical
mastitic cases in Canada and Kateete et al. (2013) who found
Enterococcus spp were present in 28% of clinical mastitic
cases in Uganda. Enterococcus spp especially E.feacalis have
zoonotic importance and harmful effects on human and animal
health due to their resistance to antibiotics and their
commensal characters. Until now, little information is
available about the molecular characteristics of Enterococcus
spp and their resistance to different types of antibiotics isolated
from mastitic cow‘s milk in Egypt. In this work, E.faecalis was
observed as the most prevalent strains between Enterococcus
spp isolates. These results were nearly coincided with Jackson
et al. (2010) and Furlaneto-Maia et al. (2014) who found the
presence of 40.7% and 27.77% as E. faecalis from isolated
samples, respectively, and compatible with Katholm et al.
(2012) who noticed that the prevalence of Enterococcus spp
were high with 78% of examined 4258 Danish dairy herds.
When host gets infected with Enterococcus spp, different
virulence factors have been produced to colonize and evade the
immune system as enterococcaus surface protein (esp) and
cytolysin (cylA). Espgenepromotes the adhesion, colonization
and biofilm formation, while cylA gene is another one as a

bacterial toxin. In the present study, the presence of some
virulence genes as esp and cylA gene was determined in ten of
E.feacalis isolates using multiplex PCR. Esp gene was detected
in all tested E.faecalis isolates with prevalence of 100%. This
result was consistent with previous studies that detected the
higher prevalence of esp among clinical isolates (Hendrickx
et al., 2008; Paganelli et al., 2012). However, Hussein (2013)
recorded lower prevalence of esp gene (65%). Moreover, the
absence of cylA was reported by other investigators (Zou et al.,
2011; Iweriebor et al., 2015; El-Shahat et al., 2016). Recently,
there is a new tendency in Egypt to use Enterococcus spp in
dairy products. It shouldn’t be used in manufacture without
molecular screening of a large set of virulence genes. As in this
study, high incidence of virulence genes has been observed
from mastitic milk which obtained from different dairy farms.
The exaggerated and inappropriate usage of antimicrobial
drugs in dairy farm animals in Egypt increase public health
hazard with the production of antimicrobial resistance bacteria
which able to transmit from animals to human with
consumption of milk and dairy products leading to difficulty in
treatment in both animals and human (Burgos et al., 2009).In
the present study, antibiotic resistance tests were applied and
the results were interrupted according to CLSI (2011) and
showed that Enterococcus spp were resistant to streptomycin,
gentamicin, ampicillin, nitrofurination, cholaramphincol,
vancomycin and ciprofloxacin. These results were compatible
with other investigators (Ebrahimi et al., 2008; Hammad et al.,
2015; Raafat et al., 2016; Xiaohu et al., 2016). In contrast,
other researchers detected lower rates of resistance to
streptomycin and vancomycin (Hammad et al., 2015; Xiaohu
et al., 2016). Concerning the resistance of E.faecalis isolates,
higher resistance was observed to streptomycin, ampicillin,
gentamicin, chloramphenicol, nitrofurantoin and vancomycin.
Nearly similar observation of resistance to streptomycin was
found by Oli et al. (2012). Moreover, the resistance of
E.faecalis isolates to ampicillin and nitrofurantoin were
parallel to that observed by Hussein (2013) but were conflicted
with Castillo – Rojas et al. (2013) who found a higher
resistance rate of E.faecalis to ampicillin (88.2%). Also, the
resistance of E.faecalis to gentamicin was reported previously
by Gajan et al. (2013) and Sadek et al. (2014) in percentage of
36.2% and 44.7%, respectively, but lower rate of gentamicin
resistance was observed by Hussein (2013) in percentage of
20%. As well, its resistance to chloramphenicol was coincided
with Pimentel et al. (2007) who found the resistance with 32%,
while another study detected no resistance to chloramphenicol
(Hussein 2013). In addition, its vancomycin resistance was
comfortable with Furlaneto-Maia et al. (2014), but conflicted
with Kürekci et al. (2016) who recorded lower resistance
toward vancomycin with 5%.
However, all E.faecalis isolates were sensitive tociprofloxacin
44(100%) and this attributed to low usage of this antibiotic in
treatment of cows in Dakahlia government. These results were
coincided with Sadek et al. (2014) who detected 100% of
E.faecalis isolates were sensitive to ciprofloxacin in Assuit, but
were conflicted with Olawale et al. (2010) and Oli et al. (2012)
who recorded 20% and14.10% resistance to ciprofloxacin,
respectively. However, this study demonstrated the emergence
of multiple antibiotic resistance Enterococcus strains that is
considered alarming to the failure of enterococcal infection
therapy. Unfortionatly, it is difficult to accurate estimation of
the relation between human and animal usage of antibiotics on
the spread of antibiotic-resistant bacteria in Africa and
particularly in Egypt due to the surveillance systems are
inadequate.
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Conclusion
Enterococcus spp have harmful effects on farm animals
because they posses different virulence genes. E.feacalis has
been considered as indicator for fecal contamination and
unhyaginic measures in dairy farms causing different health
problems in human and animals. Raw milk from cows is
considered as potential reservoirs of antibiotic resistance and
virulent enterococci with public health hazard when milk is
consumed without any thermal treatment. Further studies are
required to assess the roles of Enterococcus spp and E.feacalis
especially in mastitc cow‘s milk in Egypt to avoid unsafety
consumption of fresh raw milk in dairy products.
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