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Abstract

species with HRMA in clinical isolates.

(50%) of E. faecalis.

vanA gene with high sensitivity and specificity.

Background: High-resolution melting analysis (HRMA) is a novel molecular technique based on the real-time PCR
that can be used to detect vancomycin resistance Enterococcus (VRE). The purpose of this study was to identify VRE

Results: Out of 49 Enterococcus isolates, 11 (22.44%) E. faecium isolates and 19 (38.77%) E. faecalis isolates were
detected. Average melting temperatures for diviVA in E.faecalis, alanine racemase in E.faecium, and vanA in VRE
strains were obtained as 79.9 £ 0.5 °C, 854 + 0.5 °C, and 82.99 + 0.5 °C, respectively. Furthermore, the data showed
that the HRMA method was sensitive to detect 10° CFU/m for the diviVA, alanine racemase, and vanA genes. Also,
out of 49 Enterococcus spp., which were isolated by HRMA assay, 8 isolates (16.32%) of E. faecium and 18 isolates
(36.73%) of E. faecalis were detected. The vanA gene was reported in 2 isolates (25%) of E. faecium and 9 isolates

Conclusions: This study demonstrated that using the HRMA method, we can detect E. faecium, E. faecalis, and the

Keywords: High-resolution melting curve analysis (HRMA), Enterococcus faecium, Enterococcus faecalis

Background

High-resolution melting analysis (HRMA) is an innova-
tive technology that has the potential to distinguish bac-
terial types (e.g., resistance types) based on variations in
DNA methylation patterns. The HRMA is a simpler and
more cost-effective way to characterize multiple bacterial
samples and antibiotic resistance, comparing to other
conventional methods such as culture and biochemical
identification [1]. HRMA relies on a unique, highly satu-
rated double-stranded DNA (dsDNA) binding dyes (e.g.,
EvaGreen) that can detect the presence of heterodu-
plexes which are formed during PCR [2]. Moreover, this
technique measures the changes in the fluorescence
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intensity during melting with higher resolution than
conventional melting analysis [3]. Consequently, minor
variations in the sequence of PCR amplicons cause slight
changes in the melt curves and are detected using a ded-
icated gene-scanning software [4]. During the HRMA
method, this process is monitored using intercalating
dyes [3]. The HRMA method is able to precisely and
rapidly detect the DNA of pathogens. The accuracy and
efficiency are the advantages of this method. The major
challenge to develop this method is applying the most
specific melt temperature for each target [5].
Vancomycin resistance Enterococcus (VRE) is an im-
portant cause of nosocomial infections [6]. Enterococcus
faecalis and Enterococcus faecium were identified as the
two most prevalent Enterococcus spp. causing
healthcare-associated infections (HAI) [4, 6]. E. faecium
has been reported as the most common Enterococcus
spp. [6]. There are six main VRE phenotypes: vanA,
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vanB, vanC, vanD, vanE, and vanG, with a high preva-
lence reported for vanA and vanB. The vanA is the most
common phenotype of VRE and demonstrates higher
level of resistance to vancomycin and teicoplanin. The
spread of the vanA gene from Enterococcus to Staphylo-
coccus aureus in the same patient demonstrates the mo-
bility of these resistance genes [4, 7]. Moreover, divIVA
gene encodes a multifunctional protein, which plays an
important role in cell division, biofilm formation, resist-
ance, and viability in E. faecalis. The divIVA gene has a
conserved N-terminal domain in E. faecalis which can
be used as a detection target [8, 9].

Given the importance of different Enterococcus spp. in
human, accurate and rapid identification of these species
is important. Phenotypic tests, in addition to their time-
consuming procedures and high costs, may be associated
with some errors [10, 11]. Hence, the use of molecular
techniques is essential more than ever. Although many
experimental studies have been performed on different
species of Enterococcus by the HRMA method, limited
research has been done on VRE strains [4].

The purpose of this study was to evaluate HRMA as a
rapid and accurate method for the identification of E.
faecium and E. faecalis. Further, by optimizing the
HRMA method, the vanA gene was identified in these
species.

Materials and methods

Isolation and identification of Enterococcus species
Forty-nine (49) human clinical Enterococcus spp. iso-
lated in this experimental-analytical study and collected
from 374 clinical specimen including blood, sputum,
urine, ulcers, and secretions from therapeutic centers of
Hamadan University of Medical Sciences (Beheshti Hos-
pital, Farshchian Hospital, and Be’sat Hospital) during
April 2015 to August 2016. The samples were cultured
on sheep blood agar (Merck, Germany) and incubated at
37 °C overnight. Then, the small, smooth, cream colonies
were subcultured to bile esculin azide agar (Liofilchem,
Italy), and also, biochemical tests including leucyl ami-
nopeptidase (LAP), pyrrolidonyl arylamidase (PYR), and
growth in 6.5% NaCl broth were performed. All clinical
Enterococci were further identified to the species using

Table 1 Oligonucleotide sequences used in this study
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conventional biochemical tests devised by Mahon, Text-
book of Diagnostic Microbiology [12].

Preparation of DNA extraction

To extract the DNA, a boiling method was used accord-
ing to Tongeren et al. study [13]. Firstly, several colonies
of Enterococcus spp. were suspended in 400 pl of deion-
ized sterile water (Sigma, St. Louis, USA), vortexed for
10s, and centrifuged for 5min at 8000 rpm. Then, su-
pernatants were removed, and 100 pl of 50 mM NaOH
(Sigma, St. Louis, USA) was added, vortexed, and heated
at 95 °C for 15 min. After that, 50 ul of 20 mM Tris buf-
fer (Sigma, St. Louis, USA) was added and centrifuged at
1200 rpm at 4 °C. Finally, 100 pl of supernatants as gen-
omic DNA were collected and used for molecular tests.
The quality of genomic DNA extracted from the Entero-
coccus spp. was analyzed on 1% (w/v) agarose (Sigma,
St. Louis, USA) gel in 1X TAE buffer, and the DNA con-
centration and UV absorption were measured in the
wavelength of 260 and 280 nm by a spectrophotometer
Nanodrop (Hangzhou Allsheng Instruments Co., Ltd,,
China).

Optimization of PCR and sanger sequencing

PCR was carried out using divIVA (for E. faecalis), ala-
nine racemase (for E. faecium), and vanA (for VRE
strains) primers listed in Arabestani et al. [11] (Table 1)
and Okolie et al. studies [14] in a final volume of 25 pl,
containing 12.5ul of 2X master mix (Ampligon,
Denmark), 1 pl of forward primers (10 pmol), 1 pl of re-
verse primers (10 pmol), 1 pl of DNA sample, and 9.5 pl
of deionized sterile water (Sigma, St. Louis, USA). The
ready-to-use Amplicon 2X master mix contains 2.5 mM
MgCl,. DNA amplification was performed (Eppendorf
Thermocycler, Germany) with thermal cycling condi-
tions consisting of an initial denaturation step at 94 °C
for 5min, followed by 30 amplification cycles that in-
cluded denaturation at 94°C for 1min, annealing at
58°C for 1 min, and extension at 72°C for 10 min. E.
faecalis NCTC13779, E. faecium NCTC7174, and E. fae-
cium ATCC51559 (for vanA gene) were used as positive
controls. Forward and reverse primers for divIVA, ala-
nine racemase, and vanA were used as sequencing
primers using the Eppendorf Thermocycler (Germany).

Gene Target Sequence of primers (5" to 3') Melting (Tm) Product size (bp) Ref

diviVA E. faecalis F: ACGTGTCTTCCATCAACGCT 79.9 123 [11]
R: ACTGCTGTATGTTTGTCTCCGA

Alanine racemase E. faecium F: ATCCCTCTGGGCACGCAC 854 248 [11]
R: ACATACACGCCCAATCGTTTC

vanA Vancomycin F: GCTGTGAGGTCGGTTGTG 829 101 [11]

R: GCTCGACTTCCTGATGAATACG
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All PCR products were sent to Pishgam Company
(Tehran, Iran) for sequencing.

Evaluation of sensitivity and specificity of real-time PCR

A two-step amplification PCR assay was performed on a
Step One-Plus® 96 instrument (ABI Step One-Plus,
USA) using the EvaGreen dye (Takara Biomedicals,
Kyoto, Japan). The amplification starts with an initial de-
naturation at 95°C for 15 min, followed by 40 cycles of
95 °C for 30 s and 57 °C for 30s. One cycle of melt curve
step was conducted by ramping the temperature from
60°C to 90°C. The melt curve plot was prepared by
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plotting the negative derivative of fluorescence (- Rn)
versus temperature. To determine the sensitivity of each
primer in the real-time PCR assay, the DNAs isolated
from E. faecalis NCTC13779, E. faecium NCTC7174,
and E. faecium ATCC51559 (for vanA gene) were seri-
ally diluted, starting from 10 to 10° CFU/ml (0.5 McFar-
land 1.5 x 108 CFU/ml). Two microliters of each serially
diluted DNAs were applied in triplicate with each primer
in singleplex/multiplex for the real-time PCR. PCR effi-
ciency was calculated from the slope of the standard
curve using the formula E = 10°°P9_1, The primer ef-
ficiency range between 90 and 110% was considered as
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Fig. 1 Sensitivity of real-time PCR for primers used to detect of E. faecalis (divIVA gene) with a melting point of 79.9 + 0.5 °C and amplification
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curve. E. faecalis NCTC13779 (as standard bacteria) with the concentration of 0.5 McFarland (1.5 x 10% CFU/ml) was provided into serial dilutions of
107 to 10° CFU/ml. a 107, b 10° ¢ 10°, d 107, e 10° f 10% g 10", and h 10°. a Amplification curve, b Melting curve profile, and ¢ corresponding
agarose gel (1.5%) electrophoresis for real-time PCR amplification of divIVA gene. Horizontal lines represent cycle threshold of real-time PCR. One
peak with a shoulder corresponds to genomic DNA amplification; no peak corresponds to no amplification. SYBR Green | color and single-tube
reaction were used in this test. Also, real-time PCR was performed as single step
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reliable. In this study, the efficiency of each gene was
calculated by the ABI® 96 Software 3.2.0 (ABI Step One-
Plus, USA).

Optimization of real-time PCR and HRMA

Normalized and difference graphs were generated to as-
sess the ability of the HRMA method to differentiate
among bacterial strains. HRMA assay amplification was
performed, using a real-time PCR instrument (ABI Step
One-Plus, USA). Reactions were prepared in a total vol-
ume of 20 pl that included 4 pl of 5X HRMA Master Mix
(HOT FIREPol® EvaGreen HRMA Mix), 1 pl of each pri-
mer (20 pmol), 1 pl of bacterial DNA, and 13pl of DEPC-
treated water (Sigma, St. Louis, USA). The amplification
protocol involved a 10 min hold at 95°C followed by 40
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amplification cycles comprising of 95 °C denaturation for
15, annealing at 58 °C for 30's, and extention at 72 °C for
10s. The HRMA reactions were carried out in triplicate
for each isolate tested. After amplification, high-resolution
melting was carried out on the PCR amplicons which were
generated. The first part of the melting process involved a
brief denaturation of samples at 95 °C for 1 min and rapid
annealing. Following this, the temperature was again
slowly increased and HRMA curve data obtained from
60°C to 95°C.

Data analysis
The correlation coefficients (R?) and slope values were
obtained from the standard curve, and the efficiency (E)
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Fig. 2 Sensitivity of real-time PCR for primers used to detect of £. faecium (alanine racemase gene) with a melting point of 854 +0.5°C and
amplification curve. E. faecium NCTC7174 (as standard bacteria) with the concentration of 0.5 McFarland (1.5 x 108 CFU/ml) was provided into
serial dilutions of 107 to 10° CFU/ml. a 107, b 10°, ¢ 10°, d 10, e 10% f 10%, g 10", and h 10°. a Amplification curve b Melting curve profile, and ¢
corresponding agarose gel (1.5%) electrophoresis for real-time PCR amplification of alanine racemase gene. Horizontal lines represent cycle
threshold of real-time PCR. One peak with a shoulder corresponds to genomic DNA amplification; no peak corresponds to no amplification. SYBR
Green | color and single-tube reaction were used in this test. Also, real-time PCR was performed as single step
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o/flPCR was calculated according to the equation E =10~
1/sl ope_l'

The ABI Step One-Plus software version 2.3 (Thermo
Fisher Scientific, Inc., USA) generated the amplification
and melt curves, cycle threshold (CT), products’ melt
temperature (Tm), standard curve, and unknown sample
quantification data. HRMA data analyzed by the ABI
Step One-Plus High-Resolution Melt (HRMA) software
V3.01 (ABI Thermo Fisher Scientific, Inc., USA).

Results
Out of 49 Enterococcus spp., 11 (22.4%) E. faecium and
19 (38.8%) E. faecalis were isolated. Nineteen isolates

Page 5 of 12

(38.8%) were not detectable by phenotypic tests. Out of 11
isolates of E. faecium, 8 isolates (72.72%) were obtained
from female patients, and 3 isolates (27.27%) were col-
lected from male patients. Also, 2 isolates (27.27%) were
collected from blood, 1 isolate (9.09%) was isolated from
ulcer, 1 isolate (9.09%) was obtained from sputum, and 7
isolates (63.63%) were collected from urine. Among 19 E.
faecalis isolates, 13 isolates were isolated from female pa-
tients and 6 isolates were obtained from male patients.
Moreover, 7 isolates (36.84%) were obtained from blood, 2
isolates (10.05%) were isolated from ulcer, 2 isolates
(10.52%) were collected from sputum, and 9 isolates
(57.89%) were isolated from urine were collected.
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Fig. 3 Sensitivity of real-time PCR for primers used to detect of VRE strains (vanA gene) with a melting point of 82.99 + 0.5 °C and amplification
curve. E. faecium ATCC51559 (as standard bacteria) with the concentration of 0.5 McFarland (1.5 x 10° CFU/ml) was provided into serial dilutions of
107 to 10° CFU/ml. a 107, b 10° ¢ 10°, d 107, e 10° f 10% g 10", and h 10°. a Amplification curve, b Melting curve profile, and ¢ corresponding
agarose gel (1.5%) electrophoresis for real-time PCR amplification of vanA gene. Horizontal lines represent cycle threshold of real-time PCR. One
peak with a shoulder corresponds to genomic DNA amplification; no peak corresponds to no amplification. SYBR Green | color and single-tube
reaction were used in this test. Also, real-time PCR was performed as single step
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Species identification by PCR and sequencing

The results of sequencing were blasted and determined
as E. faecalis NCTC13779 with NZ_UGJA01000003.1
accession number, E. faecium NCTC7174 with
LR134337.1 accession number, and E. faecium
ATCC51559 with accession number of JSVT00000000.

The analytical sensitivity and specificity of the real-time
PCR

The primer efficiency was obtained as following: divIVA
efficiency = 99.89% for E. faecalis NCTC13779, alanine
racemase efficiency = 100.01% for E. faecium NCTC7174,
and vanA efficiency = 101.09% for E. faecium ATCC51559.
The sensitivity of the real-time PCR assay was found to be
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107 to 10° CFU/ml for all standard strains (0.5 McFarland
1.5 x 10° CFU/ml) (Fig. 1). In all dilutions (in standard
strains), melt curve assay showed three distinctive and
well separated peaks. These separated peaks of divIVA
gene for E. faecalis (Fig. 2), alanine racemase gene for E.
faecium (Fig. 3), and vanA gene for VREs (Fig. 4) were
formed with the average melting temperatures of ampli-
cons of 79.9+0.5°C, 85.4+0.5°C, and 82.99 £ 0.5°C, re-
spectively. All of these melting temperatures were
completely consistent with the results of primer blasts in
NCBI database. The lengths of the vanA, alanine race-
mase, and divIVA primers were 101 bp, 248 bp, and 123
bp, respectively. And as shown in Figs. 3 and 4, vanA pri-
mer had the highest sensitivity and specificity.
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Fig. 4 Specificity of real-time PCR for primers used to detect of E. faecalis, E. faecium, and VRE stains. Melting curve analysis showing the melting
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Detecting isolates by HRMA assay

The results showed that out of 11 clinical isolates (22.5%) of
E. faecium identified by the phenotypic method, HRMA test
was positive in 8 isolates (16.32%) (Fig. 5). Moreover, out of
the 19 clinical isolates (38.77%) of E. faecalis, HRMA test
was positive in 18 isolates (36.73%) (Fig. 6). In addition,
based on the HRMA results, vanA gene was positive in 2
isolates (25%) of E. faecium (Fig. 7) and 9 isolates (50%) of
E. faecalis (Fig. 8). Out of 8 isolates of E. faecalis, 2 isolates
(25%) obtained from blood and 6 isolates (75%) collected
from urine were detected by the HRMA method. The
HRMA-detected isolates of E. faecium were obtained from
blood (7 isolates, 28.88%), ulcer (1 isolate, 5.55%), sputum
(2 isolates, 55.55%), and urine (8 isolates, 55.55%).
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Discussion

Rapid and cost-effective detection of E. faecium, E. fae-
calis, and VRE strains is important for the health care
settings [6]. The gold standard for the identification of
Enterococcus spp. is biochemical identification. This
traditional method of identification is time-consuming
and labor-intensive. Also, it takes up to 5 days or more
[4]. On the other hand, HRMA real-time PCR has the
capacity to detect more than one target in a single reac-
tion, thus it saves time and cost. As it is shown in Figs. 1,
2 and 3, the DNA templates were amplified well. The in-
crease of the fluorescence signals was observed at the 14
to 28 cycles, and the plateau was reached for all samples.
Nevertheless, the primers (designed in previous study
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Fig. 5 HRMA graphs corresponding to one high-resolution melting analysis of a subset of clinical specimens (n =8). Curves of tested samples
previously identified as E. faecium are shown in black lanes. DNA samples in this study were prepared and amplified successfully using the
EvaGreen dye-based method in the ABI instrument. Primer-specific melting peaks (Tm) were obtained via HRM analysis, allowing the
differentiation of all investigated B-lactamase enzymes. Due to the highly saturating EvaGreen dye and the HRMA analysis, the accuracy of the
resolution was + 0. 1-0.5 °C
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[11]) have been validated to show 99.89% specificity for
E. faecalis and 100.01% for E. faecium in clinical isolates
of Enterococci. Furthermore, based on Figs. 1, 2, and 3
for sensitivity and Fig. 4 for specificity, our analysis sug-
gested that primers which were used to amplify an
amplicon with 50 to 300 bp in length and target sites for
primer design play an important role in enhancing the
sensitivity and specificity of detection by HRMA. Studies
by Ramirez et al. [8] and Priyadarshi et al. [15] showed
that target sites such as divIVA and alanine racemase
have the best sensitivity and specificity to identify E. fae-
calis and E. faecium species, respectively. The potential
of specific melting domains provides an additional ad-
vantage of using small amplicons with HRM analysis, al-
though it is not guaranteed to occur in every case,

depending on the exact nucleotide composition and the
sequence of the amplicon.

In Figs. 5, 6, 7, and 8, the melting profile derivative plot
was shown. Nonetheless, these results demonstrated that
the melting temperature for divIVA primer was 79.9 £
0.5 °C and for alanine racemase primer was 85.4 + 0.5 °C,
and HRMA assay detected 10° CFU/ml of E. faecalis and
E. faecium. Ozbak [4] reported that the HRMA method
for the detection of Enterococcus spp. in standard strains
showed a sensitivity of 100%, which was much higher than
the sensitivity achieved by biochemical methods. Various
studies in Spain [16], Sweden [17], and Finland [3] deter-
mine that for identification of different Enterococcus spp.,
HRMA method is more sensitive than culture method
and can efficiently detect VRE strains in standard strains.



Dehbashi et al. Tropical Medicine and Health (2020) 48:8

Page 9 of 12

100
20

80 A

70 PC
80
50

30
20

Aligned Fluorescence(%)

100,000

75,000

50,000

25,000

Fluorescence

775 780 785 M0 M5 800 805 810 815 00 W5 WO WS S0 85 80 &5 B0 8BS F0 5 880
Temperature(°C)

PC—

o ﬁ

600 65 650 65 W0 725

Temperature(°C)
20
s C
10
5
2 0
5 5
& -10
0 .15 PC
-20
-25
-30
-35

75 %0 L5 O 5 N0 N5 B0

and the HRMA analysis, the accuracy of the resolution was + 0. 1-0.5 °C

775 780 785 790 75 800 805 810 815 W20 85 O S K0 845 850 855 850 865 8§70 8§75 880
Temperature(°C)
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The optimal concentration of MgCl, for the real-time
PCR was determined as 2.5 mM. A proper MgCl, con-
centration in a PCR reaction is one of the most import-
ant factors in building a distinguishable plot for
determining Enterococcus species [18, 19]. On the other
hand, the type of Master Mix and Dye also play an im-
portant role in the results and sensitivity of HRMA. In
this study, EvaGreen was used as dye; Khan et al. [20]
and Eischeid [2]. confirmed that this dye is more sensi-
tive than the SYBRGreen. They concluded that the type
of fluorescent Dye plays a significant role in the develop-
ment of the sensitivity and specificity of the HRMA
method. They also modified the primer sequences to re-
duce the overall size of the amplified product as HRMA
is thought to be more consistent when the amplified
product is < 500 bps. However, the results of the present
study showed that primer length is also important in the

detection of different bacteria using the HRMA method
(Table 1).

Rapid and accurate detection of VRE is critical to
block the transmission of the infection. Moreover, the
emergence of vancomycin-resistant Staphylococcus aur-
eus, which has acquired the vanA gene, emphasizes the
importance of VRE infection control. The detection of
VRE strains by HRMA is the most specific test and is
useful for the detection of VRE with low tolerance.
Therefore, the present paper showed that the vanA gene
was positive in 2 isolates (25%) of E. faecium and 9 iso-
lates (50%) of E. faecalis by HRMA technique, also, pri-
mer specificity for vanA gene was 100.01% and melting
temperature for this gene observed at 79.9 + 0.5°C. Lata
et al. [21] reported a real-time PCR assay for detection
of VRE with a sensitivity of 10> genomic equivalents.
Cha et al. [22] reported a multiplex real-time PCR assay
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Fig. 8 HRMA graphs corresponding to one high-resolution melting analysis of a subset of clinical specimens of E. faecalis. DNA samples in this
study were prepared and amplified successfully using the EvaGreen dye-based method in the ABI instrument. Primer-specific melting peaks (Tm)
were obtained via HRM analysis, allowing the differentiation of all investigated B-lactamase enzymes. Due to the highly saturating EvaGreen dye
and the HRMA analysis, the accuracy of the resolution was + 0. 1-0.5 °C

for detection of viable VRE with sensitivity of 10> CFU/
ml. Young et al. [23] and Babady et al. [7] reported a
lower detection limit of 10* CFU/ml and 10> CFU/ml, re-
spectively. In the present study, a detection limit of 10"
and 10° CFU/ml equivalents was achieved in singleplex
and multiplex assay format, respectively. The detection
limit of the real-time PCR assay developed in this study
for detection of VRE comparable to results obtained by
Ozbak [4] and Deshpande et al. [24].

Identification of different Enterococcus species and anti-
biotic resistance by phenotypic method has several disad-
vantages. To explain, the conventional susceptibility
methods require at least 24 h following an overnight in-
oculation (16—20 h) and in the case of agar-based methods
(disk diffusion, E test), poor diffusion of vancomycin has
been observed and caused false negative (indicating

susceptibility rather than resistance) results. In one study,
Véradi et al. [25] found that phenotypic methods for the
identification of pathogenic bacteria are associated with
limitations such as error in detection, low sensitivity and
specificity, and low speed in identifying large numbers of
samples. Moreover, the major challenge for all methods is
detecting heteroresistant species. Heteroresistant is de-
fined as a subpopulation of bacteria in a phenotypically
susceptible population and is associated with vancomycin
resistance. Based on Chen et al. [26] study, HRMA has
been shown to provide a successful platform for the iden-
tification of microbial pathogens and to discriminate het-
eroresistant strains that confer a decrease in susceptibility
to antimicrobials. HRMA has the potential to be a power-
ful tool in the clinical microbiology laboratory, providing
rapid detection of genetic determinants conferring
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antibiotic resistance to complement current phenotypic
antimicrobial susceptibility testing methods. Besides,
HRMA is a simpler and more cost-effective way to
characterize multiple samples [27].

The early detection of VRE pathogens has a great im-
pact on the clinical outcome of the infection. We have
improved the identification of Enterococcus spp. by
means of the HRMA investigation, thereby achieving the
distinction of 99% of Enterococcus pathogens in sepsis.
Thus, the protocol confer the possibility for the rapid
detection and reliable differentiation of the E. faecium
and E. faecalis, species most frequently isolated from
clinical samples in urine infections. However, in the
present study, laboratory conditions had a direct effect
on the results. DNA melting temperature and primer
concentration were also determined according to the
ability of the real-time PCR to detect different bacteria.
Therefore, the HRMA method should be optimized
in vitro for the detection of VRE strains and different
strains of Enterococcus.

Study limitations

There are two general limitations in our research that
should be considered in subsequent studies: (a) lim-
ited dilutions were used to determine the sensitivity
and (b) using a two-step reaction instead of a one-
step reaction can affect the results. Hence, using
more dilutions and low concentration of bacterial sus-
pensions could give better results. Although the use
of HRMA technique in some cases is at high cost,
use of the real-time multiplex PCR method can play
an important role to reduce the costs. Therefore, it is
suggested that in future studies, the effectiveness of
HRMA method in comparison with phenotypic
methods for the diagnosis of other bacteria involved
in hospital infections should be considered.

Conclusions

Real-time PCR technique as an alternative test has been
widely employed in detections of Enterococcus spp. dur-
ing recent decades, as it offers accurate, rapid, and low-
cost detection. The developed HRMA assay is easy oper-
ating and requires no use of probe, which makes it a
useful tool for epidemiology analysis and laboratory use.
Overall, HRMA-based PCR methods worked effectively
in detecting Enterococcus spp. in various clinical sam-
ples. Hence, this study provided rapid detection methods
for the patient to detect VRE strains in clinical isolates.
Owing to the simplicity and ease of use, HRMA applica-
tion in the areas of clinical diagnostics has also in-
creased. This assay can be further tested with a large
amount of pure or mixed strains and contaminated clin-
ical samples.

Page 11 of 12

Abbreviations

E. faecalis: Enterococcus faecalis; E. faecium: Enterococcus faecium;
HRMA: High-resolution melting analysis; VRE: Vancomycin resistance
Enterococcus

Acknowledgments

The authors would like to acknowledge the Vice Chancellor of Hamadan
University of Medical Sciences for the funding and support of the study.
Funding This study has been adapted from a research fund at the Hamadan
University of Medical Sciences (Project N0:9609286081).

Authors’ contributions

SD performed microbiological and molecular tests and write the manuscript.
HT contributed in the experimental studies, drafting the work, and
performed the analysis of the data. PS and FD contributed in reading and
editing of the manuscript. MRA supervised all of the stages of designing the
study, conducting the research, and writing the manuscript. All authors read
and approved the final manuscript.

Funding
The Research and technology of Vice Chancellor of Hamadan University of
Medical Sciences (Project number: 9609286081).

Availability of data and materials
The data can be accessible to the interested researchers by the
corresponding authors on reasonable request.

Ethics approval and consent to participate
This study was approved by the ethics committee of Hamadan University of
Medical Sciences (No: IRUMSHA.REC.1396.637).

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Microbiology, School of Medicine, Hamadan University of
Medical Sciences, Pajoohesh junction, Hamadan, Iran. “Department of
Microbiology, School of Medicine, Zahedan University of Medical Sciences,
Zahedan, Iran. *Hamadan University of Medical Sciences, Hamadan, Iran.
4School of Paramedical, Hamadan University of Medical Sciences, Hamadan,
Iran. °Nutritious Research Center, School of Medicine, Hamadan University of
Medical Sciences, Hamadan, Iran.

Received: 18 December 2019 Accepted: 10 February 2020
Published online: 18 February 2020

References

1. Tong SYC, Giffard PM. Microbiological applications of high-resolution
melting analysis. J Clin Microbiol. 2012;50(11):3418-21.

2. Eischeid AC. SYTO dyes and EvaGreen outperform SYBR Green in real-time
PCR. BMC Res Notes. 2011,4:263.

3. Ashrafi R, Bruneaux M, Sundberg L-R, Pulkkinen K, Ketola T. Application of
high resolution melting assay (HRM) to study temperature-dependent
intraspecific competition in a pathogenic bacterium. Sci Rep. 2017;7:980.

4. Ozbak HA. A novel high-resolution melting analysis approach for rapid
detection of vancomycin-resistant enterococci. Ann Saudi Med. 2018;38(3):
200-7.

5. Landolt P, Stephan R, Scherrer S. Development of a new high resolution
melting (HRM) assay for identification and differentiation of mycobacterium
tuberculosis complex samples. Sci Rep. 2019;9(1):1850.

6. TanTY, Jiang B, Ng LSY. Faster and economical screening for vancomycin-
resistant enterococci by sequential use of chromogenic agar and real-time
polymerase chain reaction. J Microbiol Immunol Infect. 2017;50(4):448-53.

7. Babady NE, Gilhuley K, Cianciminio-Bordelon D, Tang Y-W. Performance
characteristics of the Cepheid Xpert vanA assay for rapid identification of
patients at high risk for carriage of vancomycin-resistant Enterococci. J Clin
Microbiol. 2012;50(11):3659-63.



Dehbashi et al. Tropical Medicine and Health

20.

21.

22.

23.

24.

25.

26.

27.

(2020) 48:8

Ramirez-Arcos S, Liao M, Marthaler S, Rigden M, Dillon J-AR. Enterococcus
faecalis divIVA: an essential gene involved in cell division, cell growth and
chromosome segregation. Microbiology. 2005;151(5):1381-93.

Sharma D, Khan AU. Role of cell division protein divIVA in Enterococcus
faecalis pathogenesis, biofilm and drug resistance: a future perspective by in
silico approaches. Microb Pathog. 2018;125:361-5.

Ogiy S, Chen Y, Pasvolsky R, Weinberg ZG, Shemesh M. High resolution melt
analysis to confirm the establishment of Lactobacillus plantarum and
Enterococcus faecium from silage inoculants during ensiling of wheat.
Grassl Sci. 2016;62(1):29-36.

Arabestani MR, Tahmasebi H, Zeyni B. Diagnostic value of melting curve
analysis based on multiplex-real time PCR in identification of Enterococci
species. J Mazandaran Univ Med Sci. 2017;26(145):234-47.

Mahon CR, Lehman DC, Manuselis G. Textbook of diagnostic microbiology.
6th ed. St. Louis: Saunders Elsevier; 2016.

van Tongeren SP, Degener JE, Harmsen HIM. Comparison of three rapid
and easy bacterial DNA extraction methods for use with quantitative real-
time PCR. Eur J Clin Microbiol Infect Dis. 2011;30(9):1053-61.

Okolie CE, Wooldridge KG, Turner DPJ, Cockayne A, James R. Development
of a heptaplex PCR assay for identification of Staphylococcus aureus and
CoNS with simultaneous detection of virulence and antibiotic resistance
genes. BMC Microbiol. 2015;15:157.

Priyadarshi A, Lee EH, Sung MW, Nam KH, Lee WH, Kim EE, Hwang KY.
Structural insights into the alanine racemase from Enterococcus faecalis.
Biochim Biophys Acta. 2009;1794(7):1030-40.

Alonso M, Marin M, Iglesias C, Cercenado E, Bouza E. Garcia de Viedma D.
Rapid identification of linezolid resistance in Enterococcus spp based on
high-resolution melting analysis. J Microbiol Methods. 2014;98:41-3.
Woksepp H, Ryberg A, Billstrom H, Hallgren A, Nilsson LE, Marklund B-l, Olsson-
Liliequist B, Schon T. Evaluation of high-resolution melting curve analysis of
ligation-mediated real-time PCR, a rapid method for epidemiological typing of
ESKAPE (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species)
pathogens. J Clin Microbiol. 2014;52(12):4339-42.

Park YH, Kohel RJ. Effect of concentration of MgCI2 on random-amplified
DNA polymorphism. Biotechniques. 1994;16(4):652-6.

Johnson SR, Martin DH, Cammarata C, Morse SA. Alterations in sample
preparation increase sensitivity of PCR assay for diagnosis of chancroid. J
Clin Microbiol. 1995;33(4):1036-8.

Khan SA, Sung K, Nawaz MS. Detection of aacA-aphD, gacEdeltal, marA,
floR, and tetA genes from multidrug-resistant bacteria: comparative analysis
of real-time multiplex PCR assays using EvaGreen((R)) and SYBR((R)) Green |
dyes. Mol Cell Probes. 2011;25(2-3):78-86.

Lata P, Ram S, Shanker R. Multiplex PCR based genotypic characterization of
pathogenic vancomycin resistant Enterococcus faecalis recovered from an
Indian river along a city landscape. SpringerPlus. 2016;5(1):1199.

Cha CH, An HK, Kim JU. Detection of vancomycin-resistant enterococci
using multiplex real-time PCR assay and melting curve analysis. Korean J
Lab Med. 2010;30(2):138-46.

Young S, Nayak B, Sun S, Badgley BD, Rohr JR, Harwood V.J. Vancomycin-
resistant Enterococci and bacterial community structure following a sewage
spill into an aquatic environment. Appl Environ Microbiol. 2016;82(18):5653-60.
Deshpande A, Hurless K, Cadnum JL, Chesnel L, Gao L, Chan L, Kundrapu S,
Polinkovsky A, Donskey CJ. Effect of Fidaxomicin versus Vancomycin on
susceptibility to intestinal colonization with Vancomycin-resistant
Enterococci and Klebsiella pneumoniae in mice. Antimicrob Agents
Chemother. 2016;60(7):3988-93.

Varadi L, Luo JL, Hibbs DE, Perry JD, Anderson RJ, Orenga S, Groundwater
PW. Methods for the detection and identification of pathogenic bacteria:
past, present, and future. Chem Soc Rev. 2017;46(16):4818-32.

Chen J, Huang F, Yin X, Gu D. Assessments of different methods for testing
heteroresistance to rifampicin in tubercle bacillus. J Nanosci Nanotechnol.
2018;18(12):8414-8.

Sirous M, Khosravi AD, Tabandeh MR, Salmanzadeh S, Ahmadkhosravi N,
Amini S. Molecular detection of rifampin, isoniazid, and ofloxacin resistance
in Iranian isolates of mycobacterium tuberculosis by high-resolution melting
analysis. Infect Drug Resist. 2018;11:1819-29.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Results
	Conclusions

	Background
	Materials and methods
	Isolation and identification of Enterococcus species
	Preparation of DNA extraction
	Optimization of PCR and sanger sequencing
	Evaluation of sensitivity and specificity of real-time PCR
	Optimization of real-time PCR and HRMA
	Data analysis

	Results
	Species identification by PCR and sequencing
	The analytical sensitivity and specificity of the real-time PCR
	Detecting isolates by HRMA assay

	Discussion
	Study limitations

	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

