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ABSTRACT
Staphylococci are one of the foremost causes of urinary tract infections (UTIs) in humans. The emergence of
multiple drug resistance (MDR) among Staphylococci poses serious challenges in antimicrobial therapy for
UTIs. Most work has been done on S. aureus while coagulase negative Staphylococci (mainly S. epidermidis) are
often neglected. This study was conducted to establish a baseline profile of drug resistance in local S. epidermidis isolates from UTIs. Eighty urine samples were collected from suspected UTIs cases and screened for S. epidermidis. Twenty isolates were suspected as S. epidermidis based on colony morphology and Gram staining.
Molecular detection by polymerase chain reaction (PCR) confirmed 13 isolates as S. epidermidis. Using disc diffusion method, phenotypic drug resistance of the isolates was observed towards erythromycin (100 %), gentamycin, azithromycin and tetracycline (92.3 %), ampicillin and oxytetracyclin (84.6 %), amikacin and srteptomycin (76.9 %), methicillin (69.2 %), cephradine, cefaclor and cefazolin (53.8 %) and vancomycin (15.3 %).
Eighteen most commonly reported genes responsible for conferring resistance towards these drugs were targeted
by PCR: among these tetM gene was found most prevalent (46.1 %) followed by tetK (30.7 %), aac(6’)/aph(2”)
(30.7 %), aacA-aphD (23 %), ermA (23 %), blaZ (23 %), mecA (23 %) blaTEM-1 (23 %), MeccA (23 %) and
mecA (15.3 %). No gene fragment for vancomycin resistance was detected. The salient finding was that all S. epidermidis isolates were multiple drugs resistant as they showed resistance against at least three structurally different antimicrobial agents. It is concluded that in addition to the mostly used antimicrobial agent vancomycin,
the cephalosporins including cephradine, cefaclor and cefazolin are also the drugs of choice against UTIs caused
by S. epidermidis.
Keywords: Staphylococcus epidermidis, drug resistance, UTIs

INTRODUCTION
Urinary tract infections (UTIs) caused by
pathogenic bacteria are considered as the
second common category of infections in the
body and around 8.1 million visits to health

care are reported each year (Griebling,
2004). The UTIs are often asymptomatic,
although occasionally they produce distress
in kidney transplant recipients, patients with
an invasive genitourinary procedure, in
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pregnant women and in neutropenic patients
(Gleckman, 1992). Symptomatic UTIs can
be either uncomplicated involving only urinary bladder or complicated leading to pyelonephritis or other metabolic and anatomical disorders. In patients with symptomatic
infections presence of inflammatory cells
and > 105 bacteria per ml in freshly voided
urine are reported (Lee and Neild, 2007).
There are several factors that affect the clinical manifestation of UTIs e.g. it depends on
the severity of the infection, part of the urinary tract affected, the etiologic organism
and patient’s ability to mount strong immune
response. Common symptoms are fever, urinary urgency, chills, dysuria and cloudy
urine (Mori et al., 2007). UTIs in children
are more severe because they are more likely
to damage the kidneys. Among children,
poor urine control and bedwetting during the
day are common signs (Lee and Neild,
2007).
The risk of UTIs is more in females; one
reason is the shorter urethra in women that
allows bacteria quicker access to reach the
bladder (Farshad et al., 2010). Recurrent
UTIs are common clinical problems and
about 25 % of women with an acute UTI suffer a recurrence in 6 months, even when they
are receiving a proper antibiotic therapy
(Schilling et al., 2002). Significant rates of
morbidity and even mortality are observed in
many cases of UTIs. It increases the risk of
fetal mortality especially in weak elderly
persons, pregnant women and pediatric patients (Martineau et al., 2000). Urosepsis
leading to death is also reported. Epidemiology of UTIs varies with several factors like
gender, age, and the existence of genitourinary disorders (Griebling, 2004).
Bacteria are considered as the most
common cause of lower and upper urinary
tract infections. Among bacterial infections,
Escherichia coli is reported as the most
common bacterium and it accounts for about
85 % of community-acquired and 50 % of
hospital acquired urinary tract infections followed by Staphylococcus species that contribute up to 15 % (Vasudevan, 2014).

Staphylococcus epidermidis is a coagulase negative Staphylococci and one of the
most often reported Staphylococcus in nosocomial infections. It usually enters the urinary tract through urethra and resides on the
skin or mucous membrane (Golding et al.,
2012). Recently, the S. epidermidis isolated
from the hospital environment (catheterrelated bloodstream infections and healthcare
workers) was found resistant to more antibiotics than S. epidermidis colonizing healthy
volunteers. It clearly suggests the S. epidermidis as potential cause of catheter related
infections due to its antimicrobial resistance
based adaptability to survive in the hospital
environment (Cherifi et al., 2014). To the
best of our knowledge, there is no report earlier on molecular detection of antimicrobial
resistance is S. epidermidis from this region.
MATERIALS AND METHODS
Sample collection and bacterial isolation
Urine samples (no = 80) were aseptically
collected from patients of all age groups and
both sexes. The samples were collected from
different laboratories and hospitals (Millat
laboratory, PINUM hospital, Nusrat laboratory, Allied Hospital) of Faisalabad. Sterile
leak resistant containers were used for collection and transportation of urine from hospitals to our laboratory and inoculated into
0.6 % nutrient agar in tryptic soya broth. The
well-mixed unspun urine was streaked on
nutrient ager plates using sterile swab and
incubated overnight at 37 °C. The agar plates
were observed for the presence of Staphylococcus colonies. The suspected isolates were
sub-cultured on the same medium for obtaining pure cultures and processed for biochemical and molecular identification.
Biochemical identification of isolates
The isolates suspected as Staphylococcus
were processed for Gram-staining and observed under light microscope (Buck, 1982).
The coagulase test was performed (Skinner
et al., 2009) on glass slides to detect coagulase negative Staphylococci. Briefly, the isolates were cultured on nutrient agar plates

698

EXCLI Journal 2015;14:697-705 – ISSN 1611-2156
Received: April 25, 2015, accepted: May 12, 2015, published: June 08, 2015

and a suspension of colonies was made with
saline. Two drops of the suspension were
mixed with same volume of human blood
plasma by sterilized plastic tip and the results regarding clumping or otherwise were
noted within 10 seconds while gently rotating the glass slide in circular manner.
Molecular identification of Staphylococcus
epidermidis
Total genomic DNA from all isolates
suspected as Staphylococci was extracted
from the overnight culture at 37 °C in tryptic
soy broth (TSB) using the phenolchloroform method (Sambrook et al., 1989).
The integrity of DNA samples was checked
by electrophoresis on 1 % agarose gel. Polymerase chain reaction (PCR) was performed for the confirmation of S. epidermidis isolates with SE-F and SE-R primers
(Martineau et al., 2000) targeting 124 base
pairs S. epidermidis specific gene fragment.
The 25 µL PCR reaction mixture including 5
µL of diluted template DNA was made up of
2.5 µL of 10X PCR buffer, 1.6 µL of 25mM
MgCl2, 1.6 µL of dNTPs, 1.5 µL of each
primer and 0.3 µL of Taq polymerase. The
thermal cycler conditions were 95 °C for 3
min (initial denaturation), followed by 35
cycles of 95 °C for 1 min, 60 °C for 40 sec,
72 °C for 50 sec and a final extension of
72 °C for 7 min.
Antimicrobial susceptibility testing
After PCR confirmation of the isolates,
antimicrobial susceptibility testing was performed by disc diffusion method against six
different antimicrobial groups, using discs of
thirteen representative antimicrobials: amikacin (30 μg), ampicillin (10 μg), cefradine
(30 μg), cefaclor (30 μg), cefazolin (30 μg),
gentamicin (10 μg), streptomycin (10 μg),
vancomycin (30 μg), azithromycin (15 μg),
erythromycin (15 μg), methicillin (10 μg),
tetracycline (30 μg) and oxytetracycline (30
μg). The diameter of zone of inhibition, if
present was measured and results for all antimicrobials used were interpreted according

to the guidelines of Clinical And Laboratory
Standard Institute (CLSI, 2012).
Molecular detection of antimicrobial drug
resistance genes
PCR was used to amplify 18 most commonly targeted drug resistance gene fragments in all S. epidermidis isolates as described by previous studies. For aminoglycosides (amikacin, gentamicin, streptomycin)
the resistance genes (aac(6’)/aph(2”)
(Kozitskaya et al., 2004) and aacA-aphD
(Strommenger et al., 2003) were targeted
while blaTEM-1 resistance gene fragment was
targeted (Yan et al., 2000) for cephalosporins
(cefaclor, cefazolin and cephradine). For
macrolides (erythromycin and azithromycin)
the ermA and ermC resistance gene fragments were targeted (Strommenger et al.,
2003). For tetracyclines (tetracycline and
oxytetracycline) the tetM and tetK gene
fragments were targeted (Strommenger et al.,
2003). For beta-lactams (ampicillin and
methicillin), the targeted gene fragments
were blaZ (EI Zubeir et al., 2007), mecA (EI
Zubeir et al., 2007), meccA (Del Vecchio et
al., 1995), and MeccA (Vannuffel et al.,
1995). Seven different resistance gene fragments including vanR, vanS, vanH, vanA,
vanX, vanY and vanZ were targeted (Dezfulian et al., 2012) for detection of vancomycin
(glycopeptides) resistance genes. The sequences of primers along with sizes of amplicons are mentioned in Table 1.
RESULTS
Out of 80 collected samples, 20 were
suspected as Staphylococci based on colony
morphology and Gram staining (positive).
All these isolates were found coagulase negative as no clumping of human plasma was
observed with them while the positive control Staphylococcus aureus showed clear
clumping (Figure 1). The PCR confirmed 13
isolates as S. epidermidis as amplified product of 124 base pairs was observed in each
case with no amplification in negative control.
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Table 1: Drug resistance primers used in the study
Gene
blaTEM-1

blaZ

mecA
aac(6’)/
aph(2”)
MeccA

meccA
aacAaphD
erm(A)

erm(C)

tetK

tetM

vanR

vanS

vanH

vanA

vanX

vanY

vanZ

Primers

Sequences

blt-F

CCCCTATTTGTTTATTTTTC

blt-R

GACAGTTACCAATGCTTAAT

BlaZ-F

ACTTCAACACCTGCTGCTTTC

BlaZ-R

TGACCACTTTTATCAGCAACC

MecA-F

AAAATCGATGGTAAAGGTTGGC

MecA-R

AGTTCTGCAGTACCGGATTTGC

aaC-F

GTATTAGAATTTTATGGTGG

aaC-R

CCATACATTCTTAATATATC

M-F

TGGCTATCGTGTCACAATCG

M-R

CTGGAACTTGTTGAGCAGAG

MRS-F

TAGAAATGACTGAACGTCCG

MRS-R

TTGCGATCA ATGTTACCGTAG

aacA-D-F

TAATCCAAGAGCAATAAGGGC

aacA-D-R

GCCACACTATCATAACCACTA

ErmA-F

AAGCGGTAAACCCCTCTGA

ErmA-R

TTCGCAAATCCCTTCTCAAC

ErmC-F

AATCGTCAATTCCTGCATGT

ErmC-R

TAATCGTGGAATACGGGTTTG

TetK-F

GTAGCGACAATAGGTAATAGT

TetK-R

GTAGTGACAATAAACCTCCTA

TetM-F

AGTGGAGCGATTACAGAA

TetM-R

CATATGTCCTGGCGTGTCTA

VanR-F

AGCGATAAAATACTTATTGTGGA

VanR-R

CGGATTATCAATGGTGTCGTT

Vans-F

TTGGTTATAAAATTGAAAAATAA

Vans-R

TTAGGACCTCCTTTTATC

VanH-F

ATCGGCATTACTGTTTATGGAT

VanH-R

TCCTTTCAAAATCCAAACAGTTT

VanA-F

ATGAATAGAATAAAAGTTGCAATAC

VanA-R

CCCCTTTAACGCTAATACGAT

VanX-F

ATGGAAATAGGATTTACTTT

VanX-R

TTATTTAACGGGGAAATC

VanY-F

ATGAAGAAGTTGTTTTTTTTA

VanY-R

TTACCTCCTTGAATTAGTAT

VanZ-F

TTATCTAGAGGATTGCTAGC

VanZ-R

AATGGGTACGGTAAACGAGC
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Amplicon
size (bp)

Reference

962

(Yan et al., 2000)

173

(EI Zubeir et al.,
2007)

532

(EI Zubeir et al.,
2007)

1184

(Kozitskaya et al.,
2004)

310

(Vannuffel et al.,
1995)

154

(Del Vecchio et
al., 1995)

227

(Strommenger et
al., 2003)

190

(Strommenger et
al., 2003)

299

(Strommenger et
al., 2003)

360

(Strommenger et
al., 2003)

158

(Strommenger et
al., 2003)

645

(Miele et al.,
1995)

1155

(Whitener et al.,
2004)

943

(Miele et al.,
1995)

1029

(Miele et al.,
1995)

609

(Whitener et al.,
2004)

912

(Whitener et al.,
2004)

454

(Woodford, 1998)
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The results of antimicrobial sensitivity
testing by disc diffusion method for the 13 S.
epidermidis isolates showed that all isolates
have phenotypic resistance to at least three
antimicrobial drugs (belonging to three different groups) so all the isolates were considered as multiple drug resistant (MDR) isolates (Zhao et al., 2005). With disc diffusion
method, all 13 (100 %) isolates showed resistance to erythromycin, whereas 12
(92.3 %) were resistant to gentamycin,
azithromycin, and tetracycline. Eleven isolates (84.6 %) were resistant to ampicillin
and oxytetracyclin, 10 (76.9 %) were found
resistant to amikacin and streptomycin, 9
isolates (69.2 %) were resistant to methicillin
and only 7 isolates (53.8 %) were resistant to
cephradine, cefaclor and cefazolin while only two isolates (15.3 %) were found phenotypically resistant to vancomycin (Figure 2)
but no gene for vancomycin resistance was
detected.
The PCR based detection of different antimicrobial resistance genes showed the
presence of aacA-aphD gene in 3 isolates
(23 %), erm(A) gene fragment in 3 isolates
(23 %), tetK gene fragment (360 bp) in 4 isolates (30.7 %) and tetM in 6 (46.1 %) isolates. The blaZ gene which confers resistance to penicillin was detected in 3 isolates (23 %). No amplification was observed
with primer sets used for genes reported to
confer resistance against vancomycin. In the
duplex PCR for MeccA and mecA, responsible for conferring resistance to methicillin,
the MeccA was amplified in 3 isolates (23 %)
and mecA was amplified in 2 isolates
(15.3 %) while in 3 phenotypically resistant
isolates, no gene was detected for methicillin
resistance. The gene fragment of bla TEM-1
was amplified (962 bp) in 3 isolates (23 %)
while the gene aac(6’)/aph(2”) responsible
to confer resistance to gentamicin was found
(1184 bp) in 4 isolates (30.7 %). The representative amplified products are shown in
Figure 3.

Figure 1: Coagulase test for Staphylococci. Control test (left) showing clumping when Staphylococcus aureus suspension reacted with human
plasma while the reaction test (right) with coagulase negative Staphylococci showing no clumping

Figure 2: Antimicrobial drug resistance Staphylococci on Muller Hinton agar plates. A: Bacteria
showing intermediate resistance against the antimicrobial. B: Bacteria showing complete susceptibility against the antimicrobial as indicative
by the clear zone of inhibition. C: Bacteria showing resistance as no zone of inhibition.
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Figure 3: Amplification of drug resistance genes.
Lanes1 and 8: Amplified product of 360 bp of
tetK gene fragment. Lanes 2, 5 and 7: Amplified
product of 190 bp of erm(A). Lane 6: 100 bp
GeneRuler (invitrogen).
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DISCUSSION
The urinary tract of humans is a multiorgan system comprises of kidneys, bladder,
urethra and ureters. Urinary tract infections
(UTIs) are usually caused by pathogenic microorganisms (viruses, bacteria, fungi or parasites). These are considered the second
common category of infections in the body
(Griebling, 2004). The urosepsis, pyelonephritis, metabolic and anatomical disorders
are observed in complicated infections of the
urinary tract that lead to tissue injury. It usually enters in the urinary tract through urethra and resides on the skin or mucous membrane (Golding et al., 2012). There are different groups of antimicrobial drugs that act
on bacteria including S. epidermidis in different ways, as each antimicrobial drug has a
specific mode of action (Neu, 1992).
Beta-lactam drugs including penicillins,
ampicillins and oxacillins are considered to
be a major group of antimicrobial drugs. Resistance to penicillins is mostly caused by
the presence of ß-lactamases, but mutations
in penicillin binding proteins (PBPs) of bacteria also have resulted in reduced affinity
for ß-lactams (Brinas et al., 2005). Methicillin and amplicillin are used as representatives of this group. Methicillin resistance in
Staphylococci has been reported to be associated with the presence of PBPs encoded by
the MeccA gene (Zapun et al., 2008; Choi et
al., 2003). The high level of resistance was
found against methicillin (69.2 %) in our isolates using disk diffusion method but the
genes involved in conferring resistance to
methicillin (MeccA and mecA), were identified in three and two isolates respectively.
The possible reason for this difference in
genotypic and phenotypic antimicrobial sensitivity patterns is the presence of other drug
resistance genes which were not included in
this study. Results about resistance to methicillin found in this study were higher than
those reported (34.2 %) from Turkey (Hosgor et al., 2007) and Europe (25 %) (Fluit et
al., 2001) but were comparable to those reported from USA (Marshall et al., 1998).

The resistance against gentamicin was
found in 12 (92.3 %) isolates in our study by
disc diffusion method. The presence of aminoglycoside-modifying enzyme (AME)
genes aac(6’)/aph(2”) and aacA-aphD gene
fragments was also checked. The gene
aac(6’)/aph(2”) responsible to confer resistance against gentamicin was amplified
(1184 bp) in 4 isolates (30.7 %) and aacAaphD was amplified (227 bp) in 3 isolate (23
%). In accordance with previous studies
(Vanhoof et al., 1994; Choi et al., 2003), we
also found the aac(6’)/aph(2’’) gene as the
most prevalent AME gene in Staphylococci.
Contrarily, a study from Japan reported less
frequent detection of aac(6’)/aph(2’’) gene
among clinical MRSA isolates (Ida et al.,
2001).
In case of erythromycin, all (13) isolates
were found phenotypically resistant while
PCR assay detection erm(A) gene fragment
in only 3 isolates (23 %) while no amplification was observed for erm(C) gene fragment.
Previously, the erm(A)gene was reported as
more prevalent than the other erythromycin
resistance genes in S. aureus while erm(C)
gene is present more frequently in coagulase
negative Staphylococci (Lim et al., 2002).
Erythromycin resistant might be due to the
presence of msrA or ermB gene fragments as
previously described (Weisblum, 1995)
which were not included in our study. The
resistance against tetracycline and oxytetracyclin was phenotypically observed in 12
(92.3 %) and 11 (84.6 %) isolates respectively. Tetracycline resistance gene fragments
tetK and tetM were targeted in this study and
tetK was amplified in 3 (23 %) isolates while
tetM gene fragment was amplified in 6
(46.1 %) isolates. However, we found neither of these genes in 4 (30.7 %) phenotypically resistant isolates which indicates the
possibility of carrying some other tetracycline resistance genes (Roberts, 2005) or
harboring some other antimicrobial resistance phenomenon (Guardabassi et al.,
2000).
In this study, we found 2 (15.3 %) isolates resistant to vancomycin (phenotypical-
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ly) by disc diffusion method but not a single
isolate showed amplification in the multiplex
PCR for the targeted seven gene fragments
i.e. vanR, vanS, vanH, vanA, vanX, vanYand
vanZ. One possible reason is that the most
effective form of vancomycin resistance depends on a transposon containing seven
genes, the products of which work together
to sense the presence of vancomycin, shut
down the normal pathway for bacterial cell
wall synthesis, and generate a different type
of cell wall. Therefore, the joining of these
genes into a single transposon must have
been a difficult evolutionary step. Moreover
the bacteria may have some other alternative
strategies to confer resistance against vancomycin. There are only a few cases reported
all over the world about isolation of vancomycin resistant S. aureus (VRSA) from clinical specimens and among these isolates
small number was community-acquired. The
first case of community-acquired methicillin
and vancomycin-resistant S. aureus was reported in Tehran, Iran. According to it invitro transfer of vancomycin resistance gene
(vanA) from the source Enterococci to S. aureus isolates, it was suspected that there is a
possibility of transformation of vanA gene
from vancomycin resistant Enterococci
(VRE) to Staphylococci species (Whitener et
al., 2004).
Increased resistance in bacteria particularly in methicillin resistant S. aureus
(MRSA) to several antimicrobial agents has
aggravated due to the over use of vancomycin as a first-line empirical therapy as well as
in prophylaxis therapy, though the selection
of vancomycin resistance and the potential
transmission of resistance in species encourage restricted use of these glycopeptides
(Maccanti and Bonadio, 1992; Grayson,
1993).
Another major group of antimicrobial
drugs is cephalosporins. These drugs are
very efficient and several generations are
available in the market. First generation
preparations (cefaclor, cefadroxil, cephazolin, cefradine, cephalexin, cephaloridine
etc.) are generally active against gram-

positive bacteria. We used three drugs i.e.
cephazolin, cefradine and cefaclor. With disc
diffusion method, 7 (53.8 %) isolates were
observed to be resistant against these antimicrobials. While in a multiplex PCR assay bla
TEM-1 gene involved in conferring resistance to cephalosporins was found in only
3 isolates (23 %). We conclude that vancomycin is the drug of choice against UTIs
caused by Staphylococci and cephalosporins
including cephradine, cefaclor and cefazolin
are also still effective in this geographic region.
REFERENCES
Brinas L, Moreno MA, Teshager T, Sáenz Y, Porrero
MC, Domínguez L, et al. Monitoring and characterization of extended-spectrum β-lactamases in Escherichia coli strains from healthy and sick animals in
Spain in 2003. Antimicrob Agents Ch. 2005;49:12624.
Buck JD. Nonstaining (KOH) method for determination of gram reactions of marine bacteria. Appl Environ Microb. 1982;44:992-3.
Cherifi S, Byl B, Deplano A, Nagant C, Nonhoff C,
Denis O, et al. Genetic characteristics and antimicrobial resistance of Staphylococcus epidermidis isolates
from patients with catheter-related bloodstream infections and from colonized healthcare workers in a Belgian hospital. Ann Clin Microbiol Antimicrob. 2014;
13:20.
Choi SM, Kim S-H, Kim H-J, Lee D-G, Choi J-H,
Yoo J-H, et al. Multiplex PCR for the detection of
genes encoding aminoglycoside modifying enzymes
and methicillin resistance among Staphylococcus species. J Korean Med Sci. 2003;18:631.
CLSI (Clinical and Laboratory Standards Institute).
Performance standards for antimicrobial susceptibility
testing, 22nd informational supplement M100-S22.
Vol. 31. Wayne, PA: CLSI, 2012.
Del Vecchio VG, Petroziello JM, Gress MJ, McCleskey FK, Melcher GP, Crouch HK, et al. Molecular
genotyping of methicillin-resistant Staphylococcus
aureus via fluorophore-enhanced repetitive-sequence
PCR. J Clin Microbiol. 1995;33:2141-4.

703

EXCLI Journal 2015;14:697-705 – ISSN 1611-2156
Received: April 25, 2015, accepted: May 12, 2015, published: June 08, 2015

Dezfulian A, Aslani MM, Oskoui M, Farrokh P,
Azimirad M, Dabiri H, et al. Identification and characterization of a high vancomycin-resistant Staphylococcus aureus harboring VanA gene cluster isolated
from diabetic foot ulcer. Iran J Basic Med Sci. 2012;
15:803-6.
El Zubeir I, Kanbar T, Alber J, Lämmler C, Akineden
Ö, Weiss R, et al. Phenotypic and genotypic characteristics of methicillin/oxacillin-resistant Staphylococcus intermedius isolated from clinical specimens
during routine veterinary microbiological examinations. Vet Microbiol. 2007;121:170-6.
Farshad S, Ranjbar R, Anvarinejad M, Shahidi MA,
Hosseini M. Emergence of multi drug resistant strains
of eschetichia coli isolated from urinary tract infection. Open Conf Proc J. 2010;1:192-6.
Fluit A, Wielders C, Verhoef J, Schmitz F-J. Epidemiology and susceptibility of 3,051 Staphylococcus
aureus isolates from 25 university hospitals participating in the European SENTRY study. J Clin Microbiol.
2001;39:3727-32.
Gleckman R. Urinary tract infection. Clin Geriatr
Med. 1992;8:793-803.
Golding GR, Persaud N, Levett PN, McDonald RR,
Irvine J, Nsungu M, et al. Characterization of Escherichia coli urinary tract infection isolates in remote
northern Saskatchewan communities: The Northern
Antibiotic Resistance Partnership. Diagn Micr Infec
Dis. 2012;74:242-7.
Grayson ML. Optimum treatment of staphylococcal
infections. Drugs. 1993;45:353-66.
Griebling T. Urinary tract infection in women. In:
Litwin MS, Saigal CS (eds.): Urologic diseases in
America. US Department of Health and Human Services, Public Health Service, National Institutes of
Health, National Institute of Diabetes and Digestive
and Kidney Diseases. Washington, DC: US Government Publishing Office, 2004; NIH Publication No.
04-5512:587-619.
Guardabassi L, Dijkshoorn L, Collard J-M, Olsen J,
Dalsgaard A. Distribution and in-vitro transfer of tetracycline resistance determinants in clinical and
aquatic Acinetobacter strains. J Med Microbiol. 2000;
49:929-36.
Hoşgör LM, Ermertcan S, Taşli H, Kurutepe S. [Investigation of glycopeptide resistance in methicillin
resistant staphylococcal isolates]. [Article in Turkish]
Mikrobiyol Bul. 2007;41:511-6.

Ida T, Okamoto R, Shimauchi C, Okubo T, Kuga A,
Inoue M. Identification of aminoglycoside-modifying
enzymes by susceptibility testing: epidemiology of
methicillin-resistant Staphylococcus aureus in Japan.
J Clin Microbiol. 2001;39:3115-21.
Kozitskaya S, Cho S-H, Dietrich K, Marre R, Naber
K, Ziebuhr W. The bacterial insertion sequence element IS256 occurs preferentially in nosocomial
Staphylococcus epidermidis isolates: association with
biofilm formation and resistance to aminoglycosides.
Infect Immun. 2004;72:1210-5.
Lee J, Neild G. Urinary tract infection. Medicine.
2007;35:423-8.
Lim J-A, Kwon A-R, Kim S-K, Chong Y, Lee K,
Choi E-C. Prevalence of resistance to macrolide, lincosamide and streptogramin antibiotics in Grampositive cocci isolated in a Korean hospital. J Antimicrob Chemother. 2002;49:489-95.
Maccanti O, Bonadio M. Activity of vancomycin
against recently isolated nosocomial gram-positive
cocci. Drug Exp Clin Res. 1991;18:295-7.
Marshall SA, Wilke WW, Pfaller MA, Jones RN.
Staphylococcus aureus and coagulase-negative staphylococci from blood stream infections: frequency of
occurrence, antimicrobial susceptibility, and molecular (mecA) characterization of oxacillin resistance in
the SCOPE program. Diagn Micr Infec Dis. 1998;30:
205-14.
Martineau F, Picard FJ, Grenier L, Roy PH, Ouellette
M, Bergeron MG. Multiplex PCR assays for the detection of clinically relevant antibiotic resistance
genes in staphylococci isolated from patients infected
after cardiac surgery. J Antimicrob Chemother. 2000;
46:527-34.
Miele A, Bandera M, Goldstein BP. Use of primers
selective for vancomycin resistance genes to
determine van genotype in enterococci and to study
gene organization in VanA isolates. Antimicrob
Agents Chemother. 1995;39:1772-8.
Mori R, Lakhanpaul M, Verrier-Jones K. Diagnosis
and management of urinary tract infection in children:
summary of NICE guidance. BMJ. 2007;335:395-7.
Neu HC. The crisis in antibiotic resistance. Science.
1992;257:1064-73.
Roberts MC. Update on acquired tetracycline resistance genes. FEMS Microbiol Lett. 2005;245:195203.

704

EXCLI Journal 2015;14:697-705 – ISSN 1611-2156
Received: April 25, 2015, accepted: May 12, 2015, published: June 08, 2015

Sambrook J, Fritsche E, Maniatis T. Molecular cloning: a laboratory manual. 2nd ed. Cold Spring Harbor,
New York: Cold Spring Harbor Laboratory Press,
1989.
Schilling JD, Lorenz RG, Hultgren SJ. Effect of trimethoprim-sulfamethoxazole on recurrent bacteriuria
and bacterial persistence in mice infected with uropathogenic Escherichia coli. Infect Immun. 2002;70:
7042-9.
Skinner S, Murray M, Walus T, Karlowsky JA. Failure of cloxacillin in treatment of a patient with borderline oxacillin-resistant Staphylococcus aureus endocarditis. J Clin Microbiol. 2009;47:859-61.
Strommenger B, Kettlitz C, Werner G, Witte W. Multiplex PCR assay for simultaneous detection of nine
clinically relevant antibiotic resistance genes in
Staphylococcus aureus. J Clin Microbiol. 2003;41:
4089-94.
Vanhoof R, Godard C, Content J, Nyssen HJ, Pocorni
EH. Detection by polymerase chain reaction of genes
encoding aminoglycoside-modifying enzymes in
methicillin-resistant Staphylococcus aureus isolates of
epidemic phage types. J Med Microbiol. 1994;41:28290.
Vannuffel P, Gigi J, Ezzedine H, Vandercam B, Delmee M, Wauters G, et al. Specific detection of methicillin-resistant Staphylococcus species by multiplex
PCR. J Clin Microbiol. 1995;33:2864-7.

Weisblum B. Erythromycin resistance by ribosome
modification. Antimicrob Agents Chemother. 1995;
39:577.
Whitener CJ, Park SY, Browne FA, Parent LJ, Julian
K, Bozdogan B, et al. Vancomycin-resistant Staphylococcus aureus in the absence of vancomycin exposure. Clin Infect Dis. 2004;38:1049-55.
Woodford N, Adebiyi AA, Palepou MI, Cookson BD.
Diversity of vanA glycopeptide resistance elements in
Enterococci from humans and nonhuman sources. Antimicrob Agents Chemother. 1998;42:502-8.
Yan J-J, Wu S-M, Tsai S-H, Wu J-J, Su I-J. Prevalence of SHV-12 among clinical isolates of Klebsiella
pneumoniae producing extended-spectrum β-lactamases and identification of a novel AmpC enzyme
(CMY-8) in Southern Taiwan. Antimicrob Agents
Chemother. 2000;44:1438-42.
Zapun A, Contreras-Martel C, Vernet T. Penicillinbinding proteins and β-lactam resistance. FEMS Microbiol Rev. 2008;32:361-85.
Zhao S, Maurer JJ, Hubert S, De Villena JF, McDermott PF, Meng J, et al. Antimicrobial susceptibility
and molecular characterization of avian pathogenic
Escherichia coli isolates. Vet Microbiol. 2005;107:
215-24.

Vasudevan R. Urinary tract infection: an overview of
the infection and the associated risk factors. J Microbiol Exp. 2014;1:00008.

705

