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Background and Objectives: In recent years, three new aminoglycoside resistance
genes such as aph (3’)-1lla and ant (4')-1a, that encode for the APH (3) and ANT
(4) have also been identified. The aim of this study was to come up with a
multiplex-PCR procedure for detection of aac(6')-le—aph2")-Ia, aph(3)-llla,
ant(4')-1a genes in the Enterococcus spp. clinical isolates.

Material and Method: 100 samples were isolated from various specimens, from
various hospitals in Tehran, Iran. The grown colonies were identified by standard
biochemical and disc diffusion tests. Multiplex-PCR for aac (6°)-le -aph(2’’)-1a ,
aph(3')-1lla, ant(4')-la genes amplification were performed in order to confirm
bacterial colonies as Enterococcus spp.

Results: Eighty four (84%) Enterococcus spp. isolates were collected from the 100
specimens. The highest and lowest isolates were related to urine (48%) and sputum
(2%). Antibiotic susceptibility test results showed that the highest and lowest
resistance was related to tetracycline and nitrofurantoin, respectively. Multiplex
PCR results revealed that aac (6')-1e-aph (2")-1a, ant (4')-la and aph (3')-11l1a genes
were present in 6% of the isolated bacteria from the urine, 2% from the wound and
1% from the pleural samples. the aac (6')-le-aph (2")-la and aph (3')-11la genes
were present in 25% of the isolated strains from the urine, 3% from the wound and
2% from the plural specimens. Nine percent of the strains were isolated from the
urine, 3% from the wound and 1% from the plural were positive for aac (6')-le-aph
(2")-la and ant (4')-1a genes.

Discussion: we had observed enterococci isolates with phenotypic resistance to
HLAR and demonstrated aac(6’)-le-aph(2')-Ia and aph(3')-1lla genes more
frequently occurring than other genes. A collection of AMEs are accountable for
HLAR status among Enterococcus species. The aac (6')-le-aph (2")-la gene was
detected more frequently than the other genes.
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Introduction

Enterococci have progressively appeared as a
reason for severe nosocomial and community
acquired infections, such as endocarditis and
bacteremia in worldwide (1). This variant is also
are normal floras of human and animals digestive
system. Therefore known as occasional human
pathogens responsible for community-acquired
and nosocomial infections (2). Common treatment
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regiments include a penicillin or a glycopeptide
with an aminoglycoside, most usually gentamicin
(3). The efficiency of this choice has been
challenged by appearance of enterococcus strains
showing multiple antibiotic resistance, especially
those agents’ aminoglycosides, penicillin’s and
glycopeptides (4). Its resistance to wider range of
antimicrobial agents particularly, aminoglycosides,
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glycopeptides and beta-lactams has increasingly
been documented (5).

All enterococci have intrinsic low-level
resistance to aminoglycosides, with minimal
inhibitory concentrations (MICs) ranging from 4-
256 mg/mL. This level of resistance is the result of
facultative anaerobic metabolism of enterococci
and limited drug wuptake (6). High-level
aminoglycoside resistance (HLAR) (MIC, >512
pg/ml) in enterococci was first detected in 1980s.
They have been then detected with increasing
frequency in specimens from hospitalized patients,
and in the intestinal tract of humans and animals
(7). HLAR in enterococci is mediated by
aminoglycoside-modifying  enzymes (AMEs),
which remove the synergic bactericidal effect
between anti-cell wall agents, including b-lactams
or glycopeptides and aminoglycosides, such as
gentamicin, tobramycin, netilmicin, kanamycin
and amikacin (1). The most common AMES in
Enterococcus spp. are the AAC (6"
(aminoglycoside acetyltransferase), -APH (2")
(aminoglycoside  phosphotransferase),  which
inactivates gentamicin, kanamycin, tobramycin,
netilmicin and amikacin; APH (3'), which
inactivates kanamycin and amikacin; ANT (4')
(aminoglycoside nucleotidyltransferase or
adenylyltransferase), which inactivates kanamycin,
amikacin and tobramycin; and ANT (6), that
inactivates streptomycin. Furthermore, E. faecium
strains produce a chromosomally encoded
aminoglycoside acetyltransferase, AAC (6')-li, that
inactivates tobramycin, netilmicin, kanamycin and
sisomicin (8).

Epidemiologic studies which detected the
presence of aac (6")-Ie, aph (2')-Ia, aph (2")-1b,
aph (2")-Ic, and aph (2")-1d genes in clinical and
animal enterococcus isolates have either used
single PCR primer pair for each gene in separate
reactions or, at greatest, used PCR primers for two
of these gentamicin resistance genes in one
reaction (9).

2. Objectives

This study aimed to investigate the true
prevalence of high level aminoglycoside resistance
(HLAR) strains among clinically important
isolates of enterococcal strains and to examine
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susceptibility of E. faecalis and to various
antimicrobial agents including ampicillin (10ug),
penicillin (10ug), gentamicin (10ug), streptomycin
(10ug), vancomycin (30ug), ciprofloxacin (5ug),
nitrofurantoin (300-pg) and tetracycline (30pg). In
addition, the distribution of aac(6')-le—aph(2")-la,
aph(3')-Illa, ant(4')-la genes was investigated.
Furthermore, the MIC and dispensation of the
antimicrobial-resistance = AEM’s genes were
compared.

3. Material and method

3.1. Bacterial strains

In this Experimental study 100 clinical isolates
of enterococci were obtained from variety of
clinical specimens, including urine, wound,
sputum, abscess and tissue were obtained from
inpatient and outpatient samples sent to Noor
Clinical and Pathobiological Laboratory, Iran in all
age groups during a one year (Jul 2013 - Jul 2014).
Appropriate inpatient details were collected and
recorded to avoid identical isolated from the same
patient. An Institutional ethical clearance was
obtained for conducting this study (reference
number: 1168). All samples were cultured on
Blood-Agar plates (Merck Co., Germany) and
incubated at 37°C for 24h. Then, all suspected
grown colonies were evaluated by standard
biochemical and microbiological tests, including,
gram staining, catalase, growth at 10-45 °C,
tolerance in 60°C, bile-esculin test, growth in 6.5%
NaCl, L-arabinose fermentation and
pyrrolidonylarylamidase. E. faecalis ATCC 2912
and E.faecium ATCC sis50 Were used as reference
strain. Therefore Sample size calculated from
Prashant Kadam study formula (10).

3.2. Antimicrobial susceptibility tests

Susceptibility tests were performed by disc
diffusion method on the Mueller- Hinton Agar
(Merck Co., Germany) plates according to Clinical
and Laboratory Standards Institute (CLSI)
guideline (27) for the following antibiotics:
ampicillin (10ug), penicillin (10pg), gentamicin
(10ug), streptomycin (10ug), vancomycin (30ug),
ciprofloxacin (5ug), nitrofurantoin (300-ug) and
tetracycline (30pg). E. faecalis ATCC 2912 was
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used as reference strain for antibiotic susceptibility
testing.

3.3. Minimum Inhibitory Concentration for
HLAR

The samples were confirmed as high level
aminoglycoside resistant (HLAR) enterococci by
considering growth >512 pg/mL for gentamicin
and >1024 pg/mL for streptomycin. The 18h
bacterial cultures were adjusted to 0.5 McFarland’s
turbidity and the inoculum was spot inoculated on
the surface of BHI agar with increasing
concentrations of gentamicin and streptomycin
antibiotics (Merck Co., Germany). The plates were
incubated at 37°C for 24 hrs and inspected for
more than one colony forming units in the
patterned area. E.faecalis ATCC 29212 Was used as a
negative control strain.

3.4.  Multiplex-PCR  for
Aminoglycoside Modifying Genes

Multiplex-PCR was done using the DNA
amplification instrument master cycler gradient
(Eppendorf, Germany) for detection of the aac(6")-
le —aph(2')-la , aph(3')-llla, ant(4')-la genes.
Genomic DNA were obtained from E. faecalis
colonies grown overnight on blood agar (Merck
Co., Germany) plates by DNA extraction kit
(Bioneer Co., Korea) according to manufacturer’s
instruction. Specific primer pairs for amplification
of these genes are listed in Table 1 (10). A volume
of 1.5 ul of extracted genomic DNA (20 ng) was
added to Master mix (Amplicon Co., Denmark)
including 2.5 pl of 10X PCR buffer, 1.5 pl MgCI2
(50 mM), 0.5 pl dNTPs (10 mM), 1.25 ul of each
primer (10 pmol), 0.5 pl of Tag DNA polymerase
(5 U/pl) and 16 pl sterile distilled watern, a total
volume of 25 pl PCR reaction mixture. The
reaction mixture was performed in a thermal
gradient cycler (Eppendorf, Germany) with the
denaturation at 94°C for 4 min, 30 cycles with
denaturation at 94°C for 31 s, annealing at 52°C
for 31 s, extension at 72°C for 45 s and final
extension at 72°C for 5 min. PCR products were
analyzed by electrophoresis in 1.5% agarose gel.
Staphylococcus aureus ATCC 29213 Was used as a
negative control for M-PCR therefore DNAs from

Analysis  of
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E. faecium SF11770, E. faecalis WBH18190 used
as positive controls.

3.5 Statistical analysis

Results were analyzes as negative or positive
polymerase chain reaction amplification reaction
for each bacteria, as well as 2 bacteria
simultaneously.  Descriptive  analysis  were
performed and results presented as number (%).
Also Statistical evaluation of the result of
antibiotic sensitivity test was done using ‘Z’ test
for proportions. P value was measured by the x2
and ANOVA test with Yates' correction

4. Results

4.1. Bacterial isolates

A total of 84 Enterococcus strains were
isolated from the different clinical samples,
including; urine, wound, sputum, abscess and
tissues. Respectively 60% and 40% of the samples
were obtained from women and men. Most isolates
(n=66, 66%) were recovered from urine samples.
various species of Enterococcus were isolated in
all, 70 samples (83.3%) E. faecalis and 14 samples
(16%) E. faecium isolates were detected,
respectively (Diagram 2). The male-female ratio
was 1.25:1. Age distribution show in diagram 2.

4.2. Antibiotic Resistance Profiles

Kirby-Bauer antibiotic tests were performed
for the E. faecalis isolates which indicated the
percentage of resistance to ampicillin, penicillin,
gentamicin, streptomycin, vancomycin,
ciprofloxacin, nitrofurantoin and tetracycline were
9%, 12%, 43%, 47 %, 7%, 39%, 1% and 84%,
respectively (Diagram 2). The highest and lowest
resistance rates were towards tetracycline and
nitrofurantoin with 84% and 1% frequency,
respectively. Except for one strain, all E. faecalis
isolates were susceptible to nitrofurantoin. The
results of high-level gentamicin and streptomycin
resistance test in E. faecalis showed 33 (44%), 5
(5.9%), 45 (53.5%) were sensitive (S),
intermediate (1) and resistance (R) to gentamicin
and 32 (38%), 5 (5.9%) and 47 (55.9%) were S, |
and R to streptomycin, respectively. High-level
resistance test in E. faecium revealed 3 (18.7%)
and 7 (43.7%) were | and 13 (81.2%) and 9
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(56.2%) were R to gentamicin and streptomycin,
respectively. We did not find any gentamicin and
streptomycin sensitive E.faecium strains.

4.3. MIC for HLAR

Aminoglycoside antibiotics are considered
efficient in treating serious infections caused by
both gram negative and gram positive bacteria.
Due to acquisition of extrinsic resistance to high
level aminoglycoside antibiotics in enterococci,
these strains gain importance in clinical settings. A
total of 84 enterococcal isolates were separated by
MIC method, 35/84 (~43%) were HLGR (MIC >
512 pg/mL) for gentamicin and 28/84 (~30%)
were HLSR (MIC > 1024pg/mL) for
streptomycin. Although the present study revealed
HLSR strains.

4.4, Multiplex-PCR Analysis of
Aminoglycoside Modifying Genes Rsults

All 84 enterococcal isolates were analyzed for
the presence of aminoglycoside modifying enzyme
coding genes. Identification of aminoglycoside
resistance genes was accomplished by detection of
aac(6')-le —aph2")-la , aph(3')-llla, ant(4')-la
genes in the E. faecalis strains by Multiplex PCR
method. The distribution of aac (6')-le —aph (2")-
la, ant (4')-1a, aph (3')-111a genes were 59%, 30%,
and 49%, respectively (Diagram 3). The PCR-
amplified DNA products of these genes are shown
in figure 1.

5. Discussion

In the meantime early 1970s, Enterococci were
considered as nosocomial pathogens. The
character of enterococci as a causal agent of
numerous infections has become noticeably
significant, not only for their known pathogenic
potential but also due to increasing antimicrobial
resistance (11, 12). The prevalence of E. faecalis
and E. faecium, is approximately 75% and 20% of
all enterococcal-related infections, respectively
(13). In this study, 84 Enterococcus strains were
collected from urine, wound, ascites, biopsy, CSF,
pleura, sputum, synovial fluid, BAL, prostate,
testes, blood, vagina, sinus secretions, placenta,
pericardium and abscess specimens (100 samples).
The frequency of E. faecalis and E. faecium
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isolation rate were 16% and 70 samples (83.3%),
respectively. Out of 16 E. faecium strains, 6 and 10
isolates were obtained from men and women,
respectively. Of the 70 E. faecalis strains, 28 and
42 isolates were collected from male and female
patients, respectively. ANOVA statistical analysis
showed that there was a significant difference
between Enterococcal infections and patients sex,
with women being more infected than men
(P<0.05). Gordon et al also showed Enterococci
infections are similarly disseminated between
sexes and urinary tract infections are more
common in healthy women than men. (14, 15).
This results according to our information.

Indiscriminate use of antibiotics such as
aminoglycoside, cephalosporin, aztreonam,
trimethoprim and other antibiotics has resulted in
increased entrococcal infections (16). Antibiotic
susceptibility test showed 75%, 42%, 72%, 82%,
11% and 7% of the isolates were sensitive to
vancomycin, ciprofloxacin, penicillin,
nitrofurantoin, gentamicin and streptomycin,
respectively. The highest resistance rate (84%) was
related to tetracycline. High level gentamicin
resistance is mainly due to the presence of
functional enzyme aac(6')-le-aph(2')-la which also
confers high level resistance to tobramycin,
kanamycin, amikacin, dibekacin, and netilmicin
not including streptomycin (17).

Aminoglycosides are commonly used in
synergy with anti-cell wall agents for severe
enterococcal infections such as endocarditis and
bacteremia. The synergic effect is a result of
disruption of bacterial cell wall by the B-lactam
antibiotic which permits the aminoglycoside to
enter and apply their bactericidal effects (18, 19).
The loss of synergistic effect between
aminoglycosides and cell wall active agents has
caused problems in selecting suitable treatment for
HLAR infections. This outcome lead to a lack of
satisfactory treatment of HLAR enterococci. Low-
level aminoglycoside resistance is an inherent
characteristic in all enterococcal species; although,
HLAR can occur due to numerous AMEs (20, 21).
In this study, HLGR was observed in 33 E.
faecalis strains (50%) which was consistent and
similar with the reported by Behnood (32.43%)
(22) and Feizabadi (65%) (23). Frequency of

MODERN MEDICAL LAB JOURNAL



http://modernmedlab.com/article-1-50-en.html

72 Detection and Distribution

HLGR was stated to be 46.15% in Italy (24),
45.5% in Brazil (25), 82.3% in Michigan (9) and
in 46% in South Africa (26). The lowest rate
(15.7%) for HLGR was reported in Greece (27).
There appears to be significant for HLGR isolation
rate in various geographic regions. The distribution
of aac (6')-le —aph (2")-Ia, ant (4')-Ia, aph (3)-
Illa genes (GenBank Accession number:
KF550184) were 59%, 30%, and 49%,
respectively. This finding are in agreement with
Emaneini et al (11) but contradicted with those
reported by Padmasini et al (1). The contrast may
be due to the expression of genes other than genes
analyzed in this study. HLAR genes are located on
plasmids and most frequently on conjugative
transposons which can lead to horizontal transfer
of resistance factors (28).

6 Conclusions

In conclusion we had observed enterococci
isolates with phenotypic resistance to high level
gentamicin and demonstrated aac(6')-le-aph(2")-la
and aph(3’)-1lla genes more frequently occurring
than other genes. A collection of AMEs are
accountable for HLAR status among Enterococcus
species. The aac (6')-le-aph (2")-la gene was

detected more frequently than the other genes.
This highlights the limited gene spreading and
transfer of resistant genes within a geographical
region. Henceforth, surveillance studies can be
conducted among Enterococcus isolates from
various sources in any given geographical region
to document the AME gene patterns. Recent
studies also indicated HLGR to be more common
in all species of enterococci than HLSR.
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Table 1. Oligonucleotide primer sequence target gene and PCR product size (bp) for multiplex PCR (28)

target gene
aac(6')-1e -aph(2")-la

primer sequence (5'—3")
5'-CAGGAATTTATCGAAAATGGTAGAAAAG-3’ 369

PCR product size (bp)

5'-CACAATCGACTAAAGAGTACCAATC-3’

aph(3)-1lla

5'-GGCTAAAATGAGAATATCACCGG-3’ 523

5'-CTTTAAAAAATCATACAGCTCGCG-3'

ant(4')-la

5-'CAAACTGCTAAATCGGTAGAAGCC-3' 296

5-'GGAAAGTTGACCAGACATTACGAACT-3’

Vol.1 No.2 Summer & Fall 2018

MODERN MEDICAL LAB JOURNAL


http://modernmedlab.com/article-1-50-en.html
http://dx.doi.org/10.30699/mmlj17.1.2.68

Bahar Ramin et al 73

i

0%
> . 2 2 > ) > 3\
\),\\(\ OQQ \Q'& (9{& S OA\ Q,V" OQQ ‘;G} ’\Q’c}} *\'\""9\) P fb\o’b ")\(\\) (,Q’& .\\) &‘9 '\OQL)
@ T v RGO & C < N T F W0
< &
R
B Gentamicin intermediate B Gentamicin resistance W Gentamicin sensitive
Streptomycin intermediate & Streptomycin resistance Streptomycin sensitive

Diagram 1. Bacterial strains and their antibiotic susceptibility profiles
I; intermediate, S; sensitive, R; resistance, F; female, M; male, CSF; Cerebrospinal fluid, BAL; bronco-alveolar

lavage fluid
40
34

35
< 30
) 24
o 25
o
B 20 18 19
5 16
Q 14
g 15 12
S 10
< 10 8

6 6 5 6 5
4
0 - |
Under 15 years 15-24 years 25-44 years 45-64 years 65-74 years 75 years and over

Male ®Female M Total

Diagram 2. The results of the separate age groups infected with Enterococcus

Vol.1 No.2 Summer & Fall 2018 MODERN MEDICAL LAB JOURNAL



http://modernmedlab.com/article-1-50-en.html

74 Detection and Distribution

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
O

YO 5
Q~‘v A
\000 /\AQ’ Ve‘vo S w

& &(’ %’\,\@%\@5\&\@00

SO &S %ﬁo &S qus %\Q«\ MRS & L
M aac(6')-le-aph(2”)-la ®mant(4')-la = aph(3’)-llla
Diagram 3. Distribution of various resistance genes in different samples
species in Chennai, India.
c 4 3 2 1 ScientificWorldJournal. 2014;2014:329157.

2. Karlowsky JA, Jones ME, Draghi DC,
Thornsberry C, Sahm DF, Volturo GA.
Prevalence and antimicrobial susceptibilities
of bacteria isolated from blood cultures of
hospitalized patients in the United States in
2002. Ann Clin Microbiol Antimicrob.
2004;3:7.

3. Kobayashi N, Alam M, Nishimoto Y,
Urasawa S, Uehara N, Watanabe N.
Distribution of aminoglycoside resistance
genes in recent clinical isolates of

- . Enterococcus faecalis, Enterococcus faecium
. -' and Enterococcus avium. Epidemiol Infect.
2001;126(2):197-204.

4. Hasani A, Sharifi Y, Ghotaslou R,
Naghili B, Hasani A, Aghazadeh M, et al.
Molecular screening of virulence genes in
high-level gentamicin-resistant Enterococcus

Multiplex PCR

Figure 1. PCR amplification of aac(6)-le - faecalis and Enterococcus faecium isolated
aph(2")-1a, aph(3')-Illa and ant(4')-la genes in four from clinical specimens in Northwest Iran.
selected isolates of E. faecalis . L: 100 bp DNA size Indian J Med Microbiol. 2012;30(2):175-81.
marker. 5. Shinde RS, Koppikar GV, Oommen S.

Characterization and antimicrobial

References susceptibility pattern of clinical isolates of

1. Padmasini E, Padmaraj R, Ramesh SS. Enterococci at a tertiary care hospital in
High level aminoglycoside resistance and Mumbai, India. Annals of Tropical Medicine
distribution of aminoglycoside resistant genes and Public Health. 2012;5(2):85.

among clinical isolates of Enterococcus 6. Sharifi Y, Hasani A, Ghotaslou R,

Naghili B, Aghazadeh M, Milani M, et al.

Vol.1 No.2 Summer & Fall 2018 MODERN MEDICAL LAB JOURNAL


http://modernmedlab.com/article-1-50-en.html
http://dx.doi.org/10.30699/mmlj17.1.2.68

Virulence and antimicrobial resistance in
enterococci isolated from urinary tract
infections. Adv Pharm Bull. 2013;3(1):197-
201.

7. Sakoulas G, Nonejuie P, Nizet V,
Pogliano J, Crum-Cianflone N, Haddad F.
Treatment of high-level gentamicin-resistant
Enterococcus faecalis endocarditis  with
daptomycin plus ceftaroline. Antimicrob
Agents Chemother. 2013;57(8):4042-5.

8. Shaw KJ, Rather PN, Hare RS, Miller
GH. Molecular genetics of aminoglycoside
resistance genes and familial relationships of
the  aminoglycoside-modifying  enzymes.
Microbiol Rev. 1993;57(1):138-63.

9. Vakulenko SB, Donabedian SM,
Voskresenskiy AM, Zervos MJ, Lerner SA,
Chow JW. Multiplex PCR for detection of
aminoglycoside  resistance  genes  in
enterococci. Antimicrob Agents Chemother.
2003;47(4):1423-6.

10.Kadam P, Bhalerao S. Sample size
calculation. Int J  Ayurveda Res.
2010;1(1):55-7.

11.Emaneini M, Aligholi M, Aminshahi
M. Characterization of glycopeptides,
aminoglycosides and macrolide resistance
among Enterococcus faecalis and
Enterococcus faecium isolates from hospitals
in Tehran. Pol J Microbiol. 2008;57(2):173-8.

12.Jamet E, Akary E, Poisson MA,
Chamba JF, Bertrand X, Serror P. Prevalence
and characterization of antibiotic resistant
Enterococcus faecalis in French cheeses.
Food Microbiol. 2012;31(2):191-8.

13.Conde-Estevez D, Grau S, Albanell J,
Terradas R, Salvado M, Knobel H. Clinical
characteristics and outcomes of patients with
vancomycin-susceptible Enterococcus
faecalis and Enterococcus faecium
bacteraemia in cancer patients. Eur J Clin
Microbiol Infect Dis. 2011;30(1):103-8.

14.Gordon S, Swenson JM, Hill BC,
Pigott NE, Facklam RR, Cooksey RC, et al.
Antimicrobial  susceptibility patterns of
common and unusual species of enterococci
causing infections in the United States.

Vol.1 No.2 Summer & Fall 2018

Bahar Ramin et al 75

Enterococcal Study Group. J Clin Microbiol.
1992;30(9):2373-8.

15.0lawale KO, Fadiora SO, Taiwo SS.
Prevalence of hospital-acquired enterococci
infections in two primary-care hospitals in
osogbo, southwestern Nigeria. Afr J Infect
Dis. 2011;5(2):40-6.

16.Liu Y, Ca0 B, Gu L, Wang H.
Molecular characterization of vancomycin-
resistant enterococci in a Chinese hospital
between 2003 and 2009. Microb Drug Resist.
2011;17(3):449-55.

17.Chow JW. Aminoglycoside resistance
in enterococci. Clinical Infectious Diseases.
2000;31(2):586-9.

18.Leclercq R, Dutka-Malen S, Brisson-
Noel A, Molinas C, Derlot E, Arthur M, et al.
Resistance of enterococci to aminoglycosides
and glycopeptides. Clin Infect Dis.
1992;15(3):495-501.

19.Lall N, Basak S. HIGH LEVEL
AMINOGLYCOSIDE RESISTANT
ENTEROCOCCUS SPECIES: A STUDY.
International Journal of Current Research and
Review. 2014;6(3):16-21.

20.Hollenbeck BL, Rice LB. Intrinsic and
acquired resistance mechanisms in
enterococcus. Virulence. 2012;3(5):421-33.

21.Vignaroli C, Zandri G, Aquilanti L,
Pasquaroli S, Biavasco F. Multidrug-resistant
enterococci in animal meat and faeces and co-
transfer of resistance from an Enterococcus
durans to a human Enterococcus faecium.
Curr Microbiol. 2011;62(5):1438-47.

22.Behnood A, Farajnia S, Moaddab SR,
Ahdi-Khosroshahi S, Katayounzadeh A.
Prevalence of aac(6')-le-aph(2")-la resistance
gene and its linkage to Tn5281 in
Enterococcus faecalis and Enterococcus
faecium isolates from Tabriz hospitals. Iran J
Microbiol. 2013;5(3):203-8.

23.Feizabadi MM, Shokrzadeh L, Sayady
S, Asadi S. Transposon Tn5281 is the main
distributor of the aminoglycoside modifying
enzyme gene among isolates of Enterococcus
faecalis in Tehran hospitals. Can J Microbiol.
2008;54(10):887-90.

MODERN MEDICAL LAB JOURNAL




76 Detection and Distribution

24. Zarrilli R, Tripodi MF, Di Popolo A,
Fortunato R, Bagattini M, Crispino M, et al.
Molecular  epidemiology of high-level
aminoglycoside-resistant enterococci isolated
from patients in a university hospital in
southern ltaly. J Antimicrob Chemother.
2005;56(5):827-35.

25.Vigani AG, Oliveira AM, Bratfich OJ,
Stucchi RS, Moretti ML. Clinical,
epidemiological, and microbiological
characteristics of bacteremia caused by high-
level  gentamicin-resistant  Enterococcus
faecalis. Braz J Med Biol Res.
2008;41(10):890-5.

26.Keddy KH, Klugman KP, Liebowitz
LD. Incidence of high-level gentamicin

resistance in enterococci at Johannesburg
Hospital. S Afr Med J. 1996;86(10):1273-6.

27.Kuzucu C, Cizmeci Z, Durmaz R,
Durmaz B, Ozerol IH. The prevalence of
fecal colonization of enterococci, the
resistance of the isolates to ampicillin,
vancomycin, and high-level aminoglycosides,
and the clonal relationship among isolates.
Microb Drug Resist. 2005;11(2):159-64.

28.Sahm DF, Boonlayangoor S, Schulz
JE. Detection of high-level aminoglycoside
resistance in  enterococci other than
Enterococcus faecalis. J Clin Microbiol.
1991;29(11):2595-8.

How to Cite This Article:

Ramin B, Asadpour L, Forouhesh Tehrani H, Amirmozafari N. Detection and Distribution of various
HLAR Gene in Enterococcus faecalis and Enterococcus faecium by Multiplex-PCR. Mod Med Lab J.
2018; 1 (2) :68-76

Vol.1 No.2 Summer & Fall 2018 MODERN MEDICAL LAB JOURNAL



http://modernmedlab.com/article-1-50-en.html
http://dx.doi.org/10.30699/mmlj17.1.2.68



