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Increasing multidrug resistance (MDR) in nosocomial Enterococcus strains from all over the world
recently enhances the need for further investigation of enterococci, with special reference to their
antibiotic resistance traits. The excessive use of antibiotics has led to consider them as important
pollutants. Within this context, the identification of the phenotypic antibiotic resistant enterococcal strains
in patients with UTI was implemented. The antibiotic susceptibility was determined against 13 antibiotics
using the disc diffusion method. The enterococcal strains were 100% resistant to clindamycin, 10%
resistant to linezolid.
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INTRODUCTION
In human infections, E. faecalis and E.
faecium are the most prevailing species (>90%)
(Goh et al., 2017). The majority of the
enterococcal infections are endogeneous, but the
crossed infection occurs mainly in hospitalized
patients (Mukhopadhyay, 2018). Enterococcus in
USA is the fourth most common cause of
nosocomial infection and the third of bacteremia
while in Europe, these infections are less and
represent a 7.2% of the total (Padilla and Lobos,
2013).The emergence of enterococci as
nosocomial and community-acquired pathogens
was a consequence to their ability to develop
high-level resistance to antimicrobials (Lee et al.,
2018). The administration of antimicrobials in
humans for the treatment and control of infections
can select resistant strains (Catry, 2017).
Antibiotic-resistant bacteria is a growing crisis
worldwide. In the European Union, antibiotic
resistance causes 25,000 deaths per year, in
India, over 58,000 babies died in one year as a
result of infection with resistant bacteria usually
passed on from their mothers, in Thailand,

antibiotic resistance causes 38,000+ deaths per
year and in the United States, antibiotic resistance
causes 23,000+ deaths per year (CDC, 2017).
Strains with acquired resistance to vancomycin
have been predominantly E. faecium, and has
increased among hospital enterococcal isolates
(Wardal et al., 2017; Sadowy et al., 2018). Within
this context, the purpose of our study was to
characterize a collection of enterococci isolated
from patients with UTIs.
MATERIALS AND METHODS
Bacterial isolates and culture media
Enterococcal isolates were collected from
Egyptian private hospitals during the period 2017.
Identification of genus Enterococcus was done
based on Gram staining, cultural characteristics
and physiological and biochemical tests, namely,
bile esculin hydrolysis, PYR hydrolysis, and
growth in 6.5% sodium chloride and at pH 9.6.
Further speciation was done by standard set of
biochemical tests including arginine dihydrolase
test, mannitol, sorbitol, sorbose, arabinose,
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raffinose, lactose, sucrose (Sigma, USA), and
pyruvate fermentation tests. The identity was
further confirmed by cultivation on Brilliance UTI
agar. This differential culture medium provides
presumptive identification of several urinary tract
pathogens. Unlike other species, Enterococcus
species express β-glucosidase but not βgalactosidase or tryptophan deaminase. The βglucosidase activity targets the chromogen, xglucoside, and produces blue colonies. Isolates
were subjected to species identification by using
all the conventional biochemical methods
described by Facklam et al., (2007). To confirm
the isolates as Enterococci, definitive identification
of all strains included in the study was performed
targeting the Enterococcus genus-specific Ent
gene polymerase chain reaction (fragment of 112
bp); F: TACTGACAAACCATTCATGATG and R:
AACTTCGTCACCAACGCGAAC as previously
described (Ke et al., 1999). Confirmed
Enterococcus strains were streaked on Brain
Heart agar slants and kept at 4 °C for the period
of experimentation. Duplicate glycerol stocks of
each isolate were stored at −80 °C.
Biofilm detection assay
Congo-red agar biofilm assay
The Congo red agar (Karimi et al., 2015) was
used to assess the ability of isolates to form
biofilm. The plates were incubated for 24 and 48 h
at 35°C under aerobic and microaerophilic
conditions. For each isolate the experiment was
carried out in triplicate.
Antimicrobial susceptibility testing
All enterococci isolates were screened for
susceptibility against 13 antibiotics by disc
diffusion method and assigned as sensitive,
intermediate and resistant according to the
recommendations of The Clinical and Laboratory
Standard Institute (CLSI, 2017). The antibiotics
tested are considered among the most important
drugs used in healthcare settings (WHO, 2017).
This included:
ampicillin, chloramphenicol,
florfenicol, ciprofloxacin, norfloxacin, clindamycin,
gentamycin,
linezolid,
erythromycin,
oxyetracycline, doxycycline and vancomycin. E.
faecalis ATCC 29212 and E. faecium ATCC
19434 were used as quality controls.

resistance to higher concentrations of gentamicin
(120 μg/mL) according to the recommendations of
the CLSI (2017).
RESULTS
Identification and prevalence of Enterococcus
spp.
A total of 20/30 (66.7%) Enterococcus species
were identified as E. faecium 15/30 (50%) and E.
faecalis 5/30 (16.7%).
Congo-red agar biofilm assay
E. faecium (6/15) and E. faecalis (2/3)
recovered from urine isolates were 40% positive
for biofilm formation by Congo red agar method
for each.
Phenotypic Antimicrobial Resistance Patterns
The 20 enterococci were tested for their
susceptibility to 13 antibiotics representing 10
different classes (Table 1). High level of antibiotic
resistance was detected in all enterococci isolates
evaluated. All 20 isolates were 100% resistant to
clindamycin, oxytetracycline and gentamycin low
level aminoglycoside resistance (LLAR), while the
lowest resistance was recorded against the
clinically important antibiotic linezolid (4/20, 20%)
a fortunate finding as linezolid is the last resort
antibiotic in the clinical treatment with Grampositive bacteria although resistance to ampicillin
(85%) and vancomycin (90%), which are two
important antibiotics medically used in human
therapy against enterococcal infections, was
clearly evident. The 20 isolates were seen to be
resistant to four antibiotics (ampicillin, gentamycin
(HLAR), florfenicol, chloramphenicol) at a rate of
>70% and < 80%. High resistance was recorded
against
erythromycin
(95%)
followed
by
ciprofloxacin
(90%),
vancomycin
(90%),
norfloxacin (85%), doxycycline (80%), florfenicol
(75%) and chloramphenicol (45%). Interestingly,
only four out of 20 enterococci isolates (20%)
were resistant to the clinically important antibiotic
linezolid. The four enterococci isolates that were
resistant to linezolid, were also resistant to 9-11
antibiotics, including vancomycin. In addition,
72.6% of enterococci isolates were resistant to
ampicillin, an important antibiotic still in use for the
treatment of enterococcal infection.

High level aminoglycoside resistance (HLAR)
Isolates that were resistant to gentamicin by
disc diffusion test, were further examined for their

Bioscience Research, 2018 volume 15(4):4625-4629

4626

Osman et al.,

MDR of the emerging pathogen Enterococcus

Table 1. Phenotypic antibiotic resistance profile for the enterococci isolated from human UTIs patients

5/5
13/15

5/5
12/15

1/5
3/15

4/5
11/15

2/5
7/15

Vancomycin
(30 μg)

5/5
11/15

Chloramphenicol
(30 μg)

5/5
15/15

Florfenicol
(30 μg)

5/5
11/15

Linezolide
(30 μg)

Doxycycline
(30 μg)

5/5
15/15

Norfloxacin
(10 μg)

Oxytetracycline
(30 μg)

5/5
14/15

Ciprofloxacin
(5 μg)

Erythromycin
(15 μg)

5/5
15/15

Gentamycin
(200 μg)
(HLA)

Clindamycin
(2 μg)

5/5
12/15

Gentamycin
(10 μg)
(LLA)

Ampicillin
(10 μg)

Enterococcus species
faecalis
faecium

ANTIBIOTICS

4/5
14/15

LLAR, Low level aminoglycoside resistance; HLAR, High level aminoglycoside resistance
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DISCUSSION
Strains with resistance to multiple antibiotic
classes have emerged among Enterococcus spp..
In all samples we confirmed the presence of
enterococci, with the predominance of E. faecium
species endowed with MDR. The extent of E.
faecium isolates has expanded to a great extent,
because of the spread of resistance to the
antimicrobials
with
special
emphasis
to
vancomycin and ampicillin (Arias and Murray,
2012). The recorded combined resistance pattern
of erythromycin and tetracycline observed in our
isolates indicates that the use of tetracyclines may
thus co-select for resistance to macrolides, which
may be important as an alternative therapy for
enterococcal infections (Cauwerts et al., 2007).
The study of the epidemiology of enterococci with
acquired antimicrobial resistance
although
interesting yet complex. Antibiotic resistance is
not limited by geographical or biological borders
(Ventola, 2015) and there are contrasting
differences governed by the antibiotics used in the
medical and veterinary practice, overuse,
incorrectly prescribed antibiotics, extensive
agricultural use, a stall in the development of new
antibiotics by the pharmaceutical industry
(Ventola, 2015) and in addition contrasts related
with spread and colonization of people in various
nations. Although E. faecalis is generally less drug
resistant than E. faecium, we found that biofilm
formation was more prevalent for E. faecalis than
has been reported previously for E. faecium
(Sandoe et al., 2003). The prevalence of E.
faecalis biofilm observed in this study, 40%, was
lower than the 60–90% prevalence rates reported
previously in Europe (Toledo-Arana et al., 2001;
Sandoe et al., 2003). Among the 5 E. faecalis
isolates from urine with biofilm formation ability,
60% (3/5) of isolates were non-biofilm producers.
Another study from Japan found in 352 E. faecalis
strains from UTIs that all of them had the capacity
to form biofilm, 37.5% (132/352) of isolates
exhibited weak biofilm formation (Seno et al.,
2005). In our endeavor, we detected high
phenicol resistance among clinical isolates of
enterococci in Egypt. Resistance levels for E.
faecalis and E. faecium isolates were not
comparable between geographical regions as
geographical variation in resistance levels should
be taken into consideration. In human,
enterococci are not at all checked for this
resistance in routine diagnostics since florfenicol
is licensed exclusively for use in animals (WHO,

2012) and consequently, the number of
enterococci isolates with resistance to florfenicol
is obscure. Therefore, it should be emphasized
that florfenicol may be useful when injectable
antibiotic therapy is required in non-human
primates (Cook et al., 2004).
CONCLUSION
This study reveals spreading of multidrug
resistance Enterococcus spp. (E. faecium and E.
faecalis) as UTI causing pathogen especially for
most commonly used antibiotics in human
treatment.
This finding is alarming since it suggests the
possibility of transfer of these drug resistance
ability to other Gram-positive bacteria as well as
to enterococcal nonresistant species both in the
GIT and environment.
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