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. Enterococci are Gram-positive cocci
capable of causing infections in humans
and animals.

. Evaluation of the prevalence of
antibiotic resistance and the use of
molecular typing techniques to identify
genes responsible for resistance can
help find ways to control these bacteria
efficiently and reduce hospital-acquired
infections caused by enterococci.

. Results of studies in this field can
significantly help prevent the spread of
micro-organisms in hospital environments.

. Our study showed the high
resistance of Enterococcus strains
isolated from hospital samples in
Kermanshah Province, west of Iran.
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Abstract

Background: This study aimed to investigate the occurrence of
aminoglycoside resistance and the prevalence of the resistance-
modifying enzyme genes, ant(3”)-1ll, ant(6’)-la, aac(6')-le-
aph(2”)-1a, and aph(2’)-1d, in Enterococcus strains isolated in
Kermanshah Province, west of Iran.

Methods: In this cross-sectional study, 108 enterococcal isolates
from urine, wound, blood, and cerebrospinal fluid samples were
collected. The Enterococcus species were recognized by standard
phenotypic/biochemical tests. The antimicrobial resistance forms
were detected using a disc diffusion method. Polymerase chain
reaction was designed to identify aminoglycoside resistance
genes, including ant(3”)-111, ant(6’°)-1a, aac(6')-le-aph(2”)-1a,
and aph(2’)-1d.

Results: Totally, 108 strains with a final diagnosis of Enterococcus
were extracted from 84 (77.8%) urine, 14 (13%) wound, 6 (5.6%)
blood, and 4 (3.7%) cerebrospinal fluid samples. Among the 108
Enterococcus specimens, 94 (87%) cases were Enterococcus
faecalis and 14 (13%) were Enterococcus faecium. The highest
frequency of resistance was observed for erythromycin (88.9%),
while the lowest was found for streptomycin (44.4%). The
frequency of high-level gentamicin resistance was 42.2%.
Among the identified specimens, 42.6% contained the aac(6')-
le-aph(2”)-1 gene, 20.4% contained the ant(6°)-la gene, and
15.7% contained the ant(3”)-1II gene. A significant correlation
was found between phenotypic gentamicin resistance and the
presence of the aminoglycoside resistance genes (P<0.05).
Conclusion: This study showed the high resistance of
Enterococcus strains isolated from hospital samples. Compared
with the previous studies, the strains isolated in our study showed
a higher percentage of resistance to aminoglycosides.
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Introduction

Enterococci are Gram-positive cocci that are able to cause
infection in humans and animals. These bacteria are the third
common cause of infection in hospitalized patients in comparison
with Escherichia coli and Staphylococcus aureus."? Since 1980s,
Enterococcus faecalis (E. faecalis) (80%—-90%) and E. faecium
(10%—-15%) have had a higher prevalence than all the other
strains.® Enterococci are the main cause of 10% to 12% of
hospital infections, 10% to 12% of urinary tract infections, and
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5% to 10% of septicemia occurring in hospitals.*
The virulence of enterococci is due to not only
the presence of virulence factors but also the
resistance of the bacteria to various antibiotics.®
Common antibiotics such as glycopeptide
antibiotics, beta-lactams, and aminoglycosides
are utilized for the treatment of enterococcal
infections.® Enterococci can attain high-level
aminoglycoside resistance. The resistance
mechanism is attributed to the presence of
aminoglycoside-modifying enzymes (AMEs).”
The most common enterococcal resistance gene
to aminoglycoside is aac(6')-le-aph(2”)-la, which
is located on the Tn5281 transposon.® Other
enterococcal genes resistant to aminoglycoside
include 2”-O phosphotransferase (APH(2)),
3-0 phosphotransferase (APH(3"),
3-0O  adenyiltransferase  (ANT(3’)), 4’-O
adenyltransferase  (ANT(4’)), and 6’-0
adenyltransferase (ANT(6")).91° Clinical
treatments for acute enterococcal infections
need a mixture of a cell-wall active agent and
an aminoglycoside, typically gentamicin.
High-level gentamicin resistance (HLGR) in
enterococci stops the synergism between
gentamicin and antibiotics affecting bacterial
walls such as vancomycin, ampicillin, and
penicillin.’? The evaluation of the prevalence of
antibiotic resistance and the use of molecular
typing techniques for the identification of
genes responsible for resistance can help find
ways to control these bacteria efficiently and
reduce hospital-acquired infections caused
by enterococci. The results of studies in this
field can significantly help thwart the spread
of micro-organisms in hospital environments,
prescribe and administer proper antibiotics for
the treatment of resistant strains, prevent the
increase in resistance to antibiotics, and reduce
mortality in patients."® Epidemiological studies
have shown that in controlling the spread of
bacterial resistance in a geographical region,
it is necessary to obtain information about the
status of bacterial resistance to the antibiotics in
that particular area.

The present study aimed to investigate the
occurrence of aminoglycoside resistance and the
prevalence of the resistance-modifying enzyme
genes ant(3”)-1ll, ant(6’)-la, aac(6')-le-aph(2”)-la,
and aph(2’)-1d in Enterococcus strains isolated
from 2 hospitals in Kermanshah Province (Imam
Khomeini and Imam Reza Kermanshah), west
of Iran.

Materials and Methods

In this cross-sectional study, 108 enterococcal
isolates from urine, wound, blood, and
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cerebrospinal fluid samples were collected
from patients who referred to Imam Khomeini
Hospital and Imam Reza Hospital, affiliated to
Kermanshah University of Medical Sciences,
between April and September 2016. The sample
size was selected based on similar studies.™
The inclusion criterion was the diagnosis of
Enterococcus, and the exclusion criterion was
positive samples with other bacteria. The study
was approved by our institutional review board,
and written informed consent was obtained from
all the patients.

Bacterial Isolates

Catalase tests, growth at 6.5% salt, bile
esculin  hydrolysis, and the pyrrolidonyl
arylamidase (PYR) test were used to identify the
genera and strains. Then, using the arabinose
sugar fermentation process, E. faecalis
(arabinose negative) was isolated from E.
faecium (positive arabinose). The Enterococcus
strains were investigated via biochemical
reaction tests including fermentation of sugars
(e.g., arabinose, sorbitol, mannitol, sorbose, and
sucrose) and arginine dihydrolase.

Antibiotic Susceptibility Tests

Antimicrobial susceptibility was determined
using the disc diffusion method (Kirby—Bauer)
against gentamicin (10 pg), amikacin (30 ug),
kanamycin (30 pyg), and tobramycin (10 ug)
(Mast, England) according to the guidelines of
the Clinical and Laboratory Standards Institute
(CLSI)."™ In addition, a 120-uyg gentamicin
disc was used to identify HLGR. In the disc
diffusion method, the discs were placed on the
agar medium before they were incubated at 37
°C for 24 hours, and the diameter of the zone
of inhibition was measured. Resistance was
diagnosed® by no zone and susceptibility by
a zone of diameter 210mm. The results were
confirmed through antibiotic susceptibility tests
in triplicate for each sample.

Polymerase Chain Reaction Studies
Aminoglycoside resistance genes including
ant(3”)-1ll, ant(6’)-la, aac(6')-le-, and aph(2’)-Id
were detected using polymerase chain reaction
(PCR). DNA was also extracted through the
boiling method as described previously.'® A
fresh bacterial colony was suspended in 100 uL
of sterile distilled water and boiled at 100 °C
for 10 minutes. After centrifugation, 3 mL of
supernatant was used for the PCR assay with the
primers described in table 1. The amplification
of DNA was performed in a thermal cycler
(Eppendorf, Germany). Subsequently, gene
amplification was conducted on the AMEs genes.
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PCR was performed in a final volume of 25 pL
with the following formula: 10X buffer=2.5 L,
dNTP mix=0.5 uL, forward primer=1 pL,
reverse primer=1 pL, Taq polymerase=0.2 pL,
H,0=12.5 pL, and MgCl,=0.75 pL. In addition,
the thermocycler was programmed as follows:
pre=denaturation temperature=94 °C for
5 minutes, denaturation temperature=94 °C for
30 seconds, annealing temperature=46 to 55 °C
for 30 seconds, extension temperature=72 °C
for 45 seconds, and post-extension
temperature=72 °C for 5 minutes. The PCR
products were electrophoresed in 1.5% agarose
gels and visualized under ultraviolet light using
a Gel Doc device (Bio-Rad, USA). Enterococcal
strains carrying AME genes as positive controls
were obtained from Kermanshah University of
Medical Sciences.

Statistical Analysis

The nominal variables were identified
using frequencies. The significance of the
obtained results was detected via the x? test
at a significance level of P<0.05 using SPSS,
version 16.

In this study, 108 strains with a final diagnosis of
Enterococcus were extracted from 84 (77.8%)
urine, 14 (13%) wound, 6 (5.6%) blood, and
4 (3.7%) cerebrospinal fluid samples. From
this total, 94 (87%) isolates were E. faecalis
and 14 (13%) were E. faecium. Among the 108
Enterococcus specimens, 94 (87%) cases were
E. faecalis, and 14 (13%) were E. faecium. The
highest frequency of resistance was observed
for erythromycin (88.9%), while the lowest was
found for streptomycin (44.4%). The frequency
of HLGR was 42.2% (table 2). (Table 2 presents
the antibiogram pattern in the disc diffusion
method.) Among the identified specimens,
42.6% contained the aac(6')-le-aph(2”)-la
gene, 20.4% contained the ant(6’)-la gene, and
15.7% contained the ant(3”)-1ll gene (table 3).
(Table 3 presents the prevalence of the genes
responsible for resistance to aminoglycosides

Table 1: Primers used to identify genes for resistance to aminoglycosides in Enterococcus

in the E. faecalis and E. faecium strains.) The
aminoglycoside resistance genes ant(3”)-lll,
ant(6’)-la, aac(6')-le-aph(2”)-la, and aph(2’)-Id
were detected by PCR (figure 1-3). Data
analysis revealed a significant correlation
between the resistance genes and phenotype
resistance (P<0.05). Tables4 and 5 depict
the frequencies of the AME genes resistant

Figure 1: Amplified products generated by polymerase
chain reaction (PCR). Lane M is 100-bp marker. Lane 1
shows negative PCR control, Lane 2 is positive control anf
(6)-1a (697bp) gene; and Lane 3 is sample positive.

Figure 2: Amplified products generated by polymerase chain|
reaction (PCR). Lane M is 100-bp markers. Lane 1 is positive
control ant(3”)-1ll (284bp) gene, Lane 2 shows negative PCR
control, and Lane 3 is sample positive.

Primer name Sequence PCR product (bp)

ant (3”)-111 F-CACGCTATTACGAACTATGA 284
R-TAAGAAAGAACATCACCACGA

ant (6’)-la F-ACTCGGGGATTGATAGGC 597
R-GCTGCTAAAGCTGCGCTT

aac (6')-le- F-GAGCAATAAGGGCATACCAAAAATC 505

aph (2”)-la R-CCGTGCATTTGTCTTAAAAAACTGG

aph (2)-Id F-GTGGTTTTTACAGGAATGCCATC 641

R-CCCTCTTCATACCAATCCATATAACC
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Table 2: Antibiogram pattern in the disc diffusion method

Bacteria Percentage (%) of Enterococcus isolates based on the antibiotic resistance

TOB HLGR GM ERM STR KA AK
Enterococcus faecalis 62 (57.4) 33 (30.6) 76 (70.4) 85 (78.7) 24 (22.2) 67 (62) 60 (55.6)
Enterococcus faecium 8(7.4) 13 (12) 13 (12) 11 (10.2) 3(2.8) 12 (11.1) 8(7.4)
Total number (%) 70 (64.8) 46 (42.6) 46 (42.6) 96 (88.9) 27 (44.4) 79 (73.1) 68 (63)

TOB: Tobramycin; GM: Gentamicin; ERM: Erythromycin; STR: Streptomycin; KA: Kanamycin; AK: Amikacin

Table 3: Incidence of the aminoglycoside-modifying enzyme (AME) genes in each of the enterococcal species

AME Gene E. faecalis (94 isolates) E. faecium (14 isolates) Total

aac (6')-le-aph (2”)-la 33 (30.6%) 13 (12%) 46 (42.6%)
aph (2)-Id 0 0 0

ant (6)-la 19 (17.6%) 3 (2.8%) 22 (20.4%)
ant (3”)-11 15 (13.9%) 2 (1.9%) 17 (15.7%)

Table 4: Frequency of the aminoglycoside-modifying enzyme genes resistant to aminoglycosides in the Enterococcus isolates

Antibiotics  E. faecalis E. faecium

ant (3”)-lll  ant (6°)-la  aac (6°)-le aph (2’)-Id ant(3”)-ll ant(6°)-la aac (6')-le  aph (2°)-Id

pos neg pos neg pos neg Ppos neg pos neg pos neg pos neg pos neg
Gentamicin 13 63 19 57 33 43 0 76 2 11 3 10 12 1 0 13
Tobramycin 1 7 19 43 16 46 0 62 14 48 3 5 7 1 0 8
Kanamycin 13 54 19 48 23 44 0 67 1 1 3 9 11 1 0 12
Amikacin 14 46 19 41 19 41 0 60 1 7 3 5 7 1 0 8
Streptomycin 14 10 16 8 4 20 0 24 2 1 2 1 3 0 0 3
Erythromycin 15 70 19 66 28 57 0 85 2 9 3 8 10 1 0 1
HLGR 3 30 3] 30 3 30 0 33 2 11 3 10 3 10 0 13

Pos: Positive; neg: Negative

Table 5: Correlation between the frequency of aminoglycoside-modifying enzyme genes resistant to aminoglycosides in the

Enterococcus isolates

Antibiotics ant (3”)-1ll ant (6°)-la aac (6°)-le aph (2’)-Id
(positive) (positive) (positive) (positive)

Gentamicin 15 22* 35K 89
Tobramycin 15* 22* 23 70
Kanamycin 14 22* 34 79
Amikacin 15 22* 26 68
Streptomycin 16* 18* 7* 27
Erythromycin 17 22 38 96
*P<0.05

Figure 3: Amplified products generated by polymerase
chain reaction (PCR). Lane M is 100-bp markers. Lane 1 is
positive control aac(6')-le-aph(2”)-la (505bp) gene, Lane 2
shows negative PCR control, and Lane 3 is sample positive.
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to aminoglycosides in the enterococci and the
pertinent correlations.

In recent years, multi-drug resistant Gram-
positive microorganisms have been recognized
as one of the main causes of death in hospitals."
Among enterococci, E. faecalis and E. faecium
are the 2 dominant strains commonly isolated
from human infections. E. faecalis has a
strong capability to bind and proliferate in the
intestine and consequently plays a greater role
in enterococcal infections. On the other hand,
E. faecium has a high potential to become
resistant to multiple antibiotics and, thus,
accounts for a high percentage of resistance
to different antibiotics.’®'® Studies that have
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investigated the prevalence of resistance to
gentamicin in the United States, Canada, Latin
America, Europe, and Asia have shown that
14% to 40% of enterococci are resistant to
gentamicin.?’ The aim of the current study was to
determine the prevalence of AMEs in hospitals
in Kermanshah Province, Iran.

In the present study, among all the strains
isolated from enterococci, 87% were E. faecalis
and 13% were E. faecium. The difference in
the incidence of these species among the
108 Enterococcus-containing samples was
significant. Our finding is consistent with the
results of other studies such as those conducted
by Li et al.?® and Mohammadi et al.,” who
reported that the prevalence of E. faecalis was
higher than that of E. faecium in their clinical
specimens. This finding may be due to the
capability of E. faecalis to adapt to the body’s
condition and its higher level of presence in
the body, particularly in the gastrointestinal
tract.?® Several studies have indicated that the
prevalence of E. faecium is higher than that of
E. faecalis in clinical specimens, which is not
consistent with our findings.?+?¢ It is possible that
the sampling methods create the diversity in the
frequency patterns of these 2 species.

The majority of the bacteria were isolated
from urine samples (77.8%) and the lowest
number of the strains was isolated from the
cerebrospinal fluid (3.7%). In line with our
results, the studies by El-Ghazawy et al.?” and
Mittal et al.?® demonstrated that most bacteria
were isolated from urine samples.

In the present research, apropos antibiotic
susceptibility as assessed via the disc diffusion
method, the strains showed the highest
resistance to erythromycin (88.9%) and
gentamicin (82.4%) and the lowest resistance
to streptomycin (44.4%). In addition, 42.6%
of the strains were resistant to a high level of
gentamicin, which is consistent with results of an
investigation by Mirnejad et al.?®

In our study, E. faecalis strains resistant
to HLGR accounted for 30.6% all the strains.
Further, the resistance rate to gentamicin
was 70.4%. Chiming in with our results, in the
study by Li et al.,?" resistance to gentamicin
was 58.8%. However, the prevalence rates of
the E. faecium strains resistant to HLGR and
gentamicin were 12% and 12%, respectively. In
other words, the total resistance of both strains
to HLGR was 42.6%. This finding is consistent
with the results of a study conducted in 2009
in Iran by Behnoud et al.,*® who reported
that 32.43% of their enterococci cases were
resistant to HLGR. Moreover, this finding is
concordant with the results of an investigation
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carried out in 2006 by Feizabadi et al.,” who
reported that 52% of their cases were resistant
to HLGR. According to Ben Saeid et al.,*' all the
E. faecalis and E. faecium strains (5.2% and
6.1%, correspondingly) in their investigation
had an HLGR phenotype.

During the last 30years in Iran,
aminoglycosides, particularly gentamicin, have
been widely used for the treatment of most
infections. This could be the principal reason
for the high prevalence of HLGR strains in
hospitals in Iran.®? In our study, all the HLGR
strains had the aac(6’)-le-aph(2”) gene.
Consistent with our results, Faizabadi et al.?
showed that HLGR strains had the aac(6’)-le-
aph(2”) gene.

E. faecalis and E. faecium contained the
aac(6’)-le-aph(2”) gene with a prevalence rate
of 30.6% and 92%, respectively. In the study by
Li et al.,*' the prevalence rate of this gene was
49.4%. Elsewhere Jackson®® reported that 23% of
the E. faecalis strains and 8.5% of the E. faecium
strains in their study featured the aac(6’)-le-
aph(2”) gene. Additionally, 24% of all the strains
in that investigation had an HLGR phenotype.
According to Padmasini et al.,*®17.9% of the
E. faecalis strains and 21.9% of the E. faecium
strains had the aac(6’)-le-aph(2”) gene.

In our study, the aph(2’)-Id gene was not
found in the E. faecalis and E. faecium strains.
This finding is in line with the results reported by
Padmasini et al.?® In contrast, Li et al.?" reported
a prevalence rate of 1.3% for this gene. The
prevalence rate of ant(6’)-la in the E. faecalis
and E. faecium was 17.6% and 2.8, respectively,
which was lower than the prevalence rate of
31.3% reported by Li et al.' The prevalence rate
of the ant (6’)-la gene was 7.8% in a research
conducted by Said LB.*

Conclusion

This study showed the high resistance of
Enterococcus strains isolated from hospital
samples. Compared with the previous studies,
the strains isolated in our study exhibited a higher
percentage of resistance to aminoglycosides.
The excessive use of these antibiotics can be the
main reason for the high incidence of antibiotic
resistance.
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