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ABSTRACT

Background: Multidrug resistant Enterococci (MDR) are important hospital acquired
Key words: infections (HAIs). Objectives: This study aimed to determine the genetic basis of
;”—ér\;;:(‘::ﬁ:d PCR;van  resistance to aminoglycosides and vancomycin in enterococci strains isolated from

hospitalized patients with HAIs. Methodology: The disc diffusion method was used to
detect high-level aminoglycoside resistance (HLAR) by using gentamicin (120 4g) and
streptomycin (300 ,g) discs. Nested PCR was performed for the six-aminoglycoside
resistance genes. Vancomycin resistance genes were discovered by conventional PCR.
Results: In a total of 100 Enterococcus isolates, aac(6')-le-aph(2")-la gene was found in
30 strains, 25 of them were E.faecalis and the remaining were E.faecium. aph(3'). The
presence of high levels of gentamycin and streptomycin resistance was more common in
strains carrying aac(6')-1le-aph(2')-1a gene. We detected vanA gene in 9 isolates and
van C in 15 isolates. vanB was not detected. E.faecium strains containing the vanA gene
were shown to be resistant to vancomycin by MIC (MIC > 32 ug/mlL), nitrofurantoin,
ampicillin and penicillin (P<0.001). Van C was detected in 12 isolates of E.faecalis, 1
isolate of E.facium and 2 isolates of E.durans. E.faecalis carrying vanC gene was more
resistant to aminoglycoside than vanC negative E.faecalis.. Conclusion: E. faecalis has
been seen to be more widespread than other Enterococcus species in our research. we
found that the aac(6')-le-aph(2")-la and aph(3')-11la genes are more frequently found
than other genes.
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the transmission of resistance genes through conjugative
transposable elements and plasmid vector, play a
significant role in the development MDR®.

Multidrug resistant enterococci (MDR) are common : 4 -
Changes in peptidoglycan formation that make up

pathogens that cause Health Care associated Infections

(HAIs) in hospital settings’ and are an increasingly
common clinical issue for health care providers®.
Infections caused by MDR enterococci can indeed be
difficult to treat and has become a challenge to handle in
the medical setting due to the widespread misuse of
antimicrobial agents®*

Enterococci are gram-positive cocci in pairs/chains
that are facultatively anaerobic bacteria, reside in the
gastrointestinal tract and usually function commensally
with humans. They can, however, cause several
infections, the most frequent of which is a urinary tract
infection (UTI), intraabdominal infection, bacteremia,
or endocarditis®.

Resistance to many antibiotics were reported
including aminoglycosides, B-lactams and
glycopeptide®. Inherent antibiotic resistance, as well as
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the bacterial cell wall leading to development of
vancomycin resistance’. Vancomycin usually attaches to
the D-Ala-D-Ala end of peptidoglycan protein
precursors. As this end is modified to D-Ala-D-lactate
resulting in development of resistance due to low
affinity of the drug. This is encoded by genotypes that
are alphabetically known as vanA to vanG, vanM, and
vanL. The vanA and vanB are plasmid-based genotypes
but vanD and vanC are chromosomal phenotypes®.
Vancomycin Resistant Enterococci (VRE) develops
resistance to aminoglycosides mostly due to the
presence of 2'-phosphotransferase-6'-acetyltransferase
enzyme, except in streptomycin resistance which caused
by streptomycin adenyl-transferase production®*°,
Despite these challenges, infection with VRE has
been demonstrated to increase cost and mortality in
comparison to vancomycin-susceptible strains™*,
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Previous antimicrobial treatment is the most
frequently examined risk factor for VRE infection. This
process is likely to be due to changes in intestinal flora.
In addition, those with serious underlying disorders,
immunosuppressed or long-stay hospital patients are at
higher risk™.

Aminoglycosides alone are considered ineffective in
treatment of these infections and are commonly paired
with bacterial cell wall development inhibitors such as
ampicillin or vancomycin?. Antibiotic therapy has been
challenged by high-level aminoglycoside resistant
(HLAR) and VRE?**,

Acquired genes that result in high levels of
aminoglycoside resistance were reported resulting in
high-level gentamicin resistance (HLGR, MIC 500
g/ml) and high-level resistance to streptomycin (HLSR,
MIC ~2000 pg/ml) >,

Due to lack of researches in our institute about
vancomycin and aminoglycoside resistance, the current
work designed to provide an overview on the frequency
of HLAR and VRE strains in Suez Canal University
Hospital (SCUH), Ismailia, Egypt.

METHODOLOGY

Collection of specimens

Various clinical specimens (wound, blood, urine,
sputum, etc.) were collected; under aseptic conditions
from patients admitted at Suez Canal University
hospitals suffering from HAIs. Specimens were
collected transported and processed in the Microbiology
and Immunology Department, Faculty of Medicine,
Suez Canal University.
Isolation and identification of Enterococcus spp.

Gram staining, colony morphology, catalase test,
bile solubility, growth in sodium chloride, bile esculin
test, and growth at 10°C and 45°C were done to identify
Enterococcus isolates using standard protocols.

Different biochemical tests based on sugar fermentation
tests, pyruvate utilization and arginine decarboxylation
were performed for species identification'’. E. faecalis
ATCC 29212 was used as a control reference strain.

A consent was taken from all patients to use their
data in the current study. This study was approved by
the Ethical Committee, Faculty of Medicine, Suez Canal
University, Ismailia, Egypt.

Antimicrobial resistance patterns were detected by
VITEK 2 Compact 5 Automated ID/AST System
(bioMérieux, Inc., Durham, NC, USA). HLAR in
enterococci was detected applying gentamicin (120 ug)
and streptomycin (300 ug) discs (Becton Dickinson,
Franklin Lakes, NJ, USA) on Muller Hinton agar
medium’®.  Vancomycin  Minimum Inhibitory
Concentration (MIC) values were detected by agar
diffusion method. E. faecalis ATCC 29212 (susceptible)
and E. faecalis ATCC 51299 (resistant) were used.
Genotypic detection of vancomycin and HLAR
genes:

DNA extraction:

Enterococcus DNA extraction was performed using
Spin ABT Kit (Applied Biotechnology Co. Ltd, Egypt)
from fresh subculture on Blood agar plates according to
manufacturer’s instructions. DNA concentration and the
purity were assessed by a Nanodrop considering the
yield should be more than 20 pg and the A260/A280
ratio should be between 1.7-1.9.

Detection of aminoglycoside resistance genes by nested
PCR:

Nested PCR was done in a total reaction volume of
50 pl in Thermocycler (R Corbett research model RG
6000). We used primer sets for the six-aminoglycoside
resistance genes (total of 12 primers) (Table 1)™ First,
initial lysing step for 3 min at 94°C was adjusted;
followed by 35 cycles of 40 s at 94°C, 40 s at 55°C, and
40 s at 72°C with a final extension step of 2 min at
72°C.

Table 1: Aminoglycoside resistance genes primers sequences in multiplex PCR

Aminoglycoside resistance Product Pri 5.3 Amount of each
gene size (bp) rimer sequence (5'-3') primer (pmol)
aac(6")-le-aph(2")-la- F 369 CAG GAATTT ATC GAA AAT GGT AGA AAA G 25 pmol
aac(6")-le-aph(2")-la- R CAC AAT CGA CTA AAG AGT ACCAATC
aac(6')-le-aph(2")-la- F 348 CAG AGC CTT GGG AAG ATG AAG
aac(6")-le-aph(2")-la- R CCT CGT GTAATT CATGTT CTG GC
aph(2")-1b-F 867 CTT GGA CGC TGA GAT ATATGAGCAC 25 pmol
aph(2")-1b-R GTT TGT AGC AAT TCAGAAACACCCTT
aph(2")-Ic 444 CCACAATGATAATGACTCAGTTCCC 3.5 pmol
aph(2")-Ic CCACAGCTT CCG ATAGCAAGAG
aph(2")-1d 641 GTGGTTTTT ACA GGA ATGCCATC 5 pmol
aph(2")-1d CCCTCTTCATAC CAATCC ATATAACC
aph(3')-llla 523 GGC TAA AAT GAG AAT ATC ACC GG 3 pmol
aph(3)-llla CTT TAA AAA ATC ATA CAG CTC GCG
ant(4')-la 294 CAA ACT GCT AAA TCG GTA GAA GCC 2 pmol
ant(4')-la GGA AAG TTG ACC AGA CATTAC GAACT
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Detection of Vancomycin resistance genes:

Genes for resistance were detected by conventional PCR. Primers used and PCR conditions were followed according to

Aktas and colleagues® (Table 2)

Table 2: Vancomycin resistance genes primers sequences.

Genes Primers (5'-3") Product, base pairs (bp)
Van A F CAT GAATAG AAT AAA AGT TGC AAT A 1030

Van AR CCCCTT TAACGC TAATAC GAT CAA

VanBF GTG ACA AAC CGG AGG CGA GGA 433

VanBR CCG CCATCC TCCTGC AAA AAA

Van CF GAA AGA CAA CAG GAA GAC CGC 796

Van CR ATC GCA TCA CAA GCA CCAATC

Demonstration of PCR products

The PCR products were investigated in a 2% (w/v)
agarose gel in 1X Tris Borate EDTA (TBE) (Wisent,
Canada). Ethidium bromide-stained DNA amplicons
were visualized under UV light and photographed using
gel documentation system (syngen G: box, UK). DNA
marker with defined molecular weights in the range
100-1500 bp was used.
Data Management and Statistical Analysis

SPSS (version 22 for windows) was used to conduct
all statistical analyses. Statistical significance was
defined as a p value of less than 0.05.

RESULTS

One hundred non copied Enterococcus isolates were
collected from patients with HAIs admitted to SCUH,
Ismailia, Egypt. The mean + SD of age was 52 years+
1.56, with a range of 15 to 86 years. Elderly patients (>
65 years) were the most susceptible groups for
enterococcal infection (P<0.001). Most strains (42%)
were detected from urine, 33% from wound,15% from
abscesses and 6% from blood and 4% from body fluid
samples (peritoneal and ascetic fluid).

Four different species were characterized by
biochemical reactions. Most of strains (62%) were E.
faecalis, (30%) were E. faecium, (6%) were E.durans
and only (2%) were E.avium.

Generally, most strains were susceptible to
teicoplanin (95%), linezolid (90%), ampicillin and
penicillin (76% for each) and nitrofurantoin (68%).
Susceptibility to fluoroquinolones was detected in
levofloxacin (41%) and ciprofloxacin (39%). HLGR
was identified in 38% of isolates, most of them were
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from urine (24/38), wounds (13/38) and blood (1/38).
HLSR was identified in 59% and were detected from
urine (25/59), wound (17/59), abscesses (8/59), blood
(6/59) and body fluid (3/59). Meanwhile, we found 23%
of strains were resistant to both gentamycin and
streptomycin.

All strains were susceptible to vancomycin by disc
diffusion method. VRE was considered if MIC >32.
MIC was ranged from 0,5 to 256 pg/mL with 15 isolates
were found to be resistant to vancomycin. Most of them
(12 strains) were E.faecalis and three of them were E.
faecium

Regarding the species level of enterococci,
E.faecalis were noticed to be more resistant to
tetracycline, gentamycin and streptomycin (P<0.05),
and more susceptible to nitrofurantoin, ampicillin,
penicillin, levofloxacin, erythromycin and linezolid
(P<0.05). Meanwhile, E. faecium strains were observed
to be more resistant to ampicillin, penicillin and
nitrofurantoin  (p<0.01), and more susceptible to
tetracycline than the other isolates (P<0.001).

Recognition of aminoglycoside resistance was
performed by nested PCR to detect 7 genes for
resistance. aac(6")-le-aph(2")-la gene (348 bp) was
found in 30 strains, 25 strains of them were E.faecalis
and the leftover was E.faecium. aph(3')-1lla gene (623
bp) was detected in 10 strains which were E.faecalis.
All strains with aph(3)-llla gene was positive for
aac(6')-le-aph(2")-la gene. We didn't detect aph(2")-1b
(867bp), aph(2")-lc gene(444bp) , or aph(2")-1d (641
bp), ant(4")-la gene (294bp). HLGR and HLSR were
found more frequently in isolates with aac(6)-1le-
aph(2')-1a gene (P<0.001) (Figure 1).
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Fig. 1: Amplification of Aminoglycoside resistance genes by nested PCR. aac(6')-le-aph(2")-la gene ( 348bp) and
aph(3")-11la gene (523 bp) were detected. Other genes were negative.

We detected both vanA (1030 bp) and van C (796 bp) genes in 9 and 15 isolates respectively. All isolates with vanA
gene were E.faecium and were observed to be resistant to vancomycin by MIC (MIC > 32 pg/mL), nitrofurantoin,
ampicillin and penicillin (P<0.001). Van C was identified in E.faecalis (12 isolates), E.faecium (one isolate) and E.
durans (Two isolates). E.faecalis carrying vanC gene was more resistant to aminoglycoside than vanC negative
E.faecalis. We discovered that 6 isolates were carrying both aac(6')-1e-aph(2")-1a gene and vanA gene (Figures 2A and
2B).

DNA Marker n
l Van C positive
1500 bp.

\
—> -

796 BP

DNA Marker Van C positive

Fig. 2: VanC gene (796 bp) dgfection in Enterococci isolates.
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DISCUSSION

Enterococci have grown in importance as HAIs in
recent years, owing to their intrinsic resistance to
antibiotics  (cephalosporins), living in  extreme
environments and capacity to adhere to indwelling
medical devices®.

In the present work, out of the total 100
Enterococcus isolates from various clinical samples,
maximum numbers of Enterococcus isolates were from
urine (42%). Similar observations were noticed in
different studies?®*,

The frequency of antibiotic susceptibility was as
follows: ciprofloxacin (39%), ampicillin and penicillin
(76% for each) and nitrofurantoin (68%). Linezolid and
vancomycin were found sensitive in 90% and 85%
isolates. Other studies show prevalence of antibiotic
resistance as ciprofloxacin (25%), penicillin (66.67%),
and nitrofurantoin in urinary isolates (24.3%)*.
Linezolid and vancomycin were found sensitive in 99%
and 95% isolates of enterococcus.

We detected HLGR in 38% of strains, while HLSR
was discovered in 59% of strains. In another research,
the frequency of HLGR was 29% of the studied isolates,
instead HLSR was reported in 35% of the same isolates
_In addition, other studies reported high incidence of
HLGR™"®%,

E.faecalis were noticed to have more resistant to
tetracycline, gentamycin and streptomycin and more
susceptible to nitrofurantoin, ampicillin, penicillin,
levofloxacin, erythromycin and linezolid. On the other
hand, E. faecium were noticed to have more resistant to
ampicillin, penicillin and nitrofurantoin, and more
susceptible to tetracycline than the other strains.

Genes for aminoglycoside resistance were observed
with a higher frequency in E. faecalis than in E.
faecium, which is coherent to previous studies*?’. We
found that aac (6')-le-aph (2")-la was the greatest
widespread resistance gene detected in 30 strains
followed by aph(3’)-1lla gene was found in 10 strains.
These results were matched with numerous studies®?,
Another research reported less frequency of aac (6')-le-
aph (2')-1a while ant (3")-111 was more frequent?.

Due to its tendency for acquiring and transmitting
genes, VRE are considered one of the prominent causes
of HAIs and a major public health concern according to
previous reports?®?4%,

In the present research, Van C was revealed in 12
isolates of E.faecalis, 1 isolate of E.facium and 2
isolates of E. durans. In difference to our study, VRE
was reported in 2% of E. faecalis and 60% of E.
faecium isolates®. Our study detected vanA gene in 9
isolates and vanB in 15 isolates. Like our results, Cekin
et al. did not discovered vanB among enterococci®.

One of the key causes contributing to the rising
frequency of VRE and HLAR is a lack of effective
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antibiotic therapy and infection control actions to
prevent MDR enterococci from spreading. For
clinicians, such stresses represent a risk of therapeutic
failure. Laboratories may need to provide precise
antibiotic resistance patterns for enterococci.

CONCLUSION

E. faecalis was noticed to be more frequent
Enterococcus species in this work. Resistance to
gentamicin and streptomycin antibiotics were detected
phenotypically although the absence of resistance genes.
This could be attributable to the expression of gene is
not involved in this study analysis.

We noticed that the aac(6')-le-aph(2")-la and
aph(3")-1l1a genes were more frequently detected than
other genes, and that both genes coexist.
Acknowledgments: We acknowledge all who
participated in this work.

This manuscript has not been previously published
and is not under consideration in the same or
substantially similar form in any other reviewed media.
I have contributed sufficiently to the project to be
included as author. To the best of my knowledge, no
conflict of interest, financial or others exist. All authors
have participated in the concept and design, analysis,
and interpretation of data, drafting and revising of the
manuscript, and that they have approved the manuscript
as submitted.

REFERENCES

1. Haghi F, Lohrashi V, Zeighami H. High incidence
of virulence determinants, aminoglycoside and
vancomycin resistance in enterococci isolated from
hospitalized patients in Northwest Iran. BMC Infect
Dis. 2019, 27;19(1):744. doi: 10.1186/s12879-019-
4395-3. PMID: 31455296; PMCID: PMC6712822.

2. LiW,LiJ, WeiQ, HuQ, Lin X, Chen M, Ye R, Lv
H. Characterization of aminoglycoside resistance
and virulence genes among Enterococcus spp.
isolated from a hospital in China. Int J Environ Res
Public Health. 2015, 11;12(3):3014-25. doi:
10.3390/ijerph120303014. PMID:  25768240;
PMCID: PMC4377949.

3. Naserpour Farivar T, Najafipour R, Johari P,
Aslanimehr M, Peymani A, Jahani Hashemi H,
Mirzaui B. Development and evaluation of a
Quadruplex Tag Man real-time PCR assay for
simultaneous detection of clinical isolates of
Enterococcus faecalis, Enterococcus faecium and
their vanA and vanB genotypes. Iran J Microbiol.
2014;6(5):335-40. PMID: 25848524; PMCID:
PMC4385574.

117

ejmm.journals.ekb.eg info.ejmm22@gmail.com



10.

11.

12.

118

Kishk et al. / High-Level Aminoglycoside and Vancomycin Resistance in Enterococcus, Volume 30 / No. 4 / October 2021 113-119

Miller WR, Murray BE, Rice LB, Arias CA.
Resistance in Vancomycin-Resistant Enterococci.
Infect Dis Clin North Am. 2020;34(4):751-771. doi:
10.1016/j.idc.2020.08.004. PMID:  33131572;
PMCID: PMC7640809.

Wassilew N, Seth-Smith HM, Rolli E, Fietze Y,
Casanova C, Fihrer U, Egli A, Marschall J, Buetti
N. Outbreak of vancomycin-resistant Enterococcus
faecium clone ST796, Switzerland, December 2017

to  April  2018. Euro  Surveill. 2018
Jul;23(29):1800351. doi: 10.2807/1560-
7917.ES.2018.23.29.1800351. Erratum in: Euro

Surveill. 2018;23(30): PMID: 30043725; PMCID:
PMC6152203.

Nasaj M, Mousavi SM, Hosseini SM, Arabestani
MR. Prevalence of Virulence Factors and
Vancomycin-resistant Genes among Enterococcus
faecalis and E. faecium Isolated from Clinical
Specimens. Iran J Public Health. 2016;45(6):806-
13. PMID: 27648425; PMCID: PMC5026837.

Kreidl P, Mayr A, Hinterberger G, Berktold M,
Knabl L, Fuchs S, Posch W, Eschertzhuber S,
Obwegeser A, Lass-Flérl C, Orth-Holler D.
Outbreak report: a nosocomial outbreak of
vancomycin resistant enterococci in a solid organ
transplant unit. Antimicrob Resist Infect Control.
2018, 18;7:86. doi: 10.1186/s13756-018-0374-5.
PMID: 30034798; PMCID: PMC6052578.

Cetinkaya Y, Falk P, Mayhall CG. Vancomycin-
resistant enterococci. Clin Microbiol Rev. 2000
;13(4):686-707.  doi:  10.1128/CMR.13.4.686.
PMID: 11023964; PMCID: PMC88957.

Rutala WA, Kanamori H, Gergen MF, Knelson LP,
Sickbert-Bennett EE, Chen LF, Anderson DJ,
Sexton DJ, Weber DJ; and the CDC Prevention
Epicenters Program. Enhanced disinfection leads to
reduction of microbial contamination and a
decrease in patient colonization and infection.
Infect Control Hosp Epidemiol. 2018;39(9):1118-
1121. doi: 10.1017/ice.2018.165. Epub 2018 Jul 31.
PMID: 30060770.

Kampmeier S, Kossow A, Clausen LM, Knaack D,
Ertmer C, Gottschalk A, Freise H, Mellmann A.
Hospital acquired vancomycin resistant enterococci
in surgical intensive care patients - a prospective
longitudinal study. Antimicrob Resist Infect
Control. 2018, 23;7:103. doi: 10.1186/s13756-018-
0394-1. PMID: 30155243; PMCID: PMC6108103.

Hussain MS, Sattar A, Hussain M. In vitro efficacy
of linezolid against vancomycin resistant
Enterococci. Pak J Pharm Sci. 2018;31(5):1853-
1857. PMID: 30150180.

Vehreschild MJGT, Haverkamp M, Biehl LM,
Lemmen S, Fatkenheuer G. Vancomycin-resistant
enterococci (VRE): a reason to isolate? Infection.

13.

14,

15.

16.

17.

18.

19.

20.

21.

2019 Feb;47(1):7-11. doi: 10.1007/s15010-018-
1202-9. Epub 2018, 3. PMID: 30178076.

Lee T, Pang S, Abraham S, Coombs GW.
Antimicrobial-resistant Ccci17 Enterococcus
faecium: The past, the present and the future. J
Glob Antimicrob Resist. 2019 Mar;16:36-47. doi:
10.1016/j.jgar.2018.08.016. Epub 2018, 24. PMID:
30149193.

Lebreton F, Depardieu F, Bourdon N, Fines-Guyon
M, Berger P, Camiade S, Leclercq R, Courvalin P,
Cattoir V. D-Ala-d-Ser VanN-type transferable
vancomycin resistance in Enterococcus faecium.

Antimicrob Agents Chemother. 2011
Oct;55(10):4606-12. doi: 10.1128/AAC.00714-11.
Epub 2011, 1. PMID: 21807981; PMCID:
PMC3187002.

Yamane K, Wachino J, Doi Y, Kurokawa H,
Arakawa Y. Global spread of multiple
aminoglycoside resistance genes. Emerg Infect Dis.
2005;11(6):951-3. doi: 10.3201/eid1106.040924.
PMID: 15963295; PMCID: PMC3367594.

Mirnejad R, Sajjadi N, Masoumi Zavaryani S,
Piranfar 'V, Hajihosseini M, Roshanfekr M.
Identification of aminoglycoside resistance genes
by Triplex PCR in Enterococcus spp. isolated from
ICUs. Infez Med. 2016, 1;24(3):222-9. PMID:
27668903.

Forbes, B.A.; Sahm, D.F.; Weissfeld, A. Bailey and
Scott’s Diagnostic Microbiology, 12th ed.; Mosby
Elsevier: St Louis, MO, USA, 2007.

CLSI. Performance Standards for Antimicrobial
Susceptibility Testing, 29th ed.; CLSI Supplement
M100; Clinical and Laboratory Standards Institute:
Wayne, PA, USA, 2019.

Vakulenko SB, Donabedian SM, Voskresenskiy
AM, Zervos MJ, Lerner SA, Chow JW. Multiplex
PCR for detection of aminoglycoside resistance

genes in  enterococci. Antimicrob  Agents
Chemotbher. 2003;47(4):1423-6. doi:
10.1128/AAC.47.4.1423-1426.2003. PMID:

12654683; PMCID: PMC152526.

Aktas Z, Diyarbakirli P, Bal C, Gurler N, Keser M,
Somer A, Salman N. Vankomisine direngli
Enterococcus faecium suslarinin fenotipik ve
genotipik olarak incelenmesi [Investigation of

phenotypic and genotypic characteristics of
vancomycin-resistant Enterococcus faecium
isolates]. Mikrobiyol Bul. 2007;41(3):347-56.

Turkish. PMID; 17933244.

Sreeja S, Babu P R S, Prathab AG. The prevalence
and the characterization of the enterococcus species
from various clinical samples in a tertiary care
hospital. J Clin Diagn Res. 2012;6(9):1486-8. doi:
10.7860/JCDR/2012/4560.2539. PMID: 23285436;
PMCID: PMC3527776.

Egyptian Journal of Medical Microbiology

ejmm.journals.ekb.eg info.ejmm22@gmail.com



22.

23.

24.

25.

26.

217.

Egyptian Journal of Medical Microbiology
ejmm.journals.ekb.eg

Kishk et al. / High-Level Aminoglycoside and Vancomycin Resistance in Enterococcus, Volume 30 / No. 4 / October 2021 113-119

Yadav G, Thakuria B, Madan M, Agwan V, Pandey
A. Linezolid and Vancomycin Resistant
Enterococci: A Therapeutic Problem. J Clin Diagn
Res. 2017;11(8):GC07-GC11. doi:
10.7860/JCDR/2017/27260.10474. Epub 2017 Aug
1. PMID: 28969155; PMCID: PMC5620796.

Chakraborty A, Pal NK, Sarkar S, Gupta MS.
Antibiotic resistance pattern of Enterococci isolates
from nosocomial infections in a tertiary care
hospital in Eastern India. J Nat Sci Biol Med.
2015;6(2):394-7. doi: 10.4103/0976-9668.160018.
PMID: 26283837; PMCID: PMC4518417.

Mittal S, Singla P, Deep A, Bala K, Sikka R, Garg
M, Chaudhary U. Vancomycin and High Level
Aminoglycoside Resistance in Enterococcus spp. in
a Tertiary Health Care Centre: A Therapeutic
Concern. J Pathog. 2016;2016:8262561. doi:
10.1155/2016/8262561. Epub 2016, 7. PMID:
27047693; PMCID: PMC4800106.

Bhat KG, Paul C, Bhat MG. Neonatal bacteremia
due to high level aminoglycoside resistant (HLAR)
enterococci. Indian J Pediatr. 1997;64(4):537-9.
doi: 10.1007/BF02737764. PMID: 10771884.

Zarrilli R, Tripodi MF, Di Popolo A, Fortunato R,
Bagattini M, Crispino M, Florio A, Triassi M, Utili
R. Molecular epidemiology of high-level
aminoglycoside-resistant enterococci isolated from
patients in a university hospital in southern Italy. J
Antimicrob Chemother. 2005;56(5):827-35. doi:
10.1093/jac/dki347. Epub 2005 Sep 26. PMID:
16186168.

Padmasini E, Padmaraj R, Ramesh SS. High level
aminoglycoside resistance and distribution of
aminoglycoside resistant genes among clinical
isolates of Enterococcus species in Chennai, India.
ScientificWorldJournal. 2014, 4;2014:329157. doi:
10.1155/2014/329157. PMID: 24672306; PMCID:
PMC3932257.

28.

29.

30.

31.

32.

Elsner HA, Sobottka I, Mack D, Claussen M, Laufs
R, Wirth R. Virulence factors of Enterococcus
faecalis and Enterococcus faecium blood culture
isolates. Eur J Clin Microbiol Infect Dis.
2000;19(1):39-42. doi: 10.1007/s100960050007.
PMID: 10706178.

Haghi, F., Lohrasbi, V. & Zeighami, H. High
incidence of virulence determinants,
aminoglycoside and vancomycin resistance in
enterococci isolated from hospitalized patients in
Northwest Iran. BMC Infect Dis 19, 744 (2019).
https://doi.org/10.1186/s12879-019-4395-3

Rosenberg Goldstein RE, Micallef SA, Gibbs SG,
George A, Claye E, Sapkota A, Joseph SW,
Sapkota AR. Detection of vancomycin-resistant
enterococci (VRE) at four U.S. wastewater
treatment plants that provide effluent for reuse. Sci
Total Environ. 2014 Jan 1;466-467:404-11. doi:
10.1016/j.scitotenv.2013.07.039. Epub 2013, 7.
PMID: 23933428; PMCID: PMC8259341.

Wisplinghoff H, Bischoff T, Tallent SM, Seifert H,
Wenzel RP, Edmond MB. Nosocomial bloodstream
infections in US hospitals: analysis of 24,179 cases
from a prospective nationwide surveillance study.
Clin Infect Dis. 2004 ,1;39(3):309-17. doi:
10.1086/421946. Epub 2004 Jul 15. Erratum in:
Clin Infect Dis. 2004 Oct 1;39(7):1093. Erratum in:
Clin Infect Dis. 2005 Apr 1;40(7):1077. PMID:
15306996.

Cekin Y, Erman Daloglu A, Ogiing D, Ozhak
Baysan B, Daglar D, Inan D, Mutlu D, Ongiit G,
Colak D. Evaluation of vancomycin resistance 3
multiplexed PCR assay for detection of
vancomycin-resistant  enterococci from  rectal
swabs. Ann Lab Med. 2013 Sep;33(5):326-30. doi:
10.3343/alm.2013.33.5.326. Epub 2013, 8. PMID:
24003422; PMCID: PMC3756236

119

info.ejmm22@gmail.com



