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Identification of gyrA Gene in Ciprofloxacin-
Resistant Enterococcus Faecalis in Strains 

Isolated from Clinical Specimens in Hospitals 
and Clinics of Tabriz and Marand Cities

Abstract
Background and objective: Resistance to ciprofloxacin in Enterococcus faecalis 
isolates, especially in urinary tract infections, has caused therapeutic problems. 
Therefore, the objective of this study molecular identification and isolation of 
gyrA gene in ciprofloxacin-resistant Enterococcus faecalis in strains isolated from 
clinical specimens.

Methods: In the current research, 196 enterococci samples prepared from clinical 
specimens including blood and urine were investigated in hospitals and health 
centers of Tabriz and Marand cities. Genus and species, and gene of resistance 
to ciprofloxacin were identified by PCR method and antibiotic sensitivity test. In 
addition, MIC was identified by E-test.

Results: Among 194 (98.97%) enterococci strains identified, 93 (47.93%) strains 
belonged to faecalis species. Among 40 specimens resistant to ciprofloxacin, 
92.5% of them included gyrA gene.

Conclusion: Ciprofloxacin-resistant Enterococcus faecalis strains have diverse 
clonality. It means that they are not distributed uniformly and transference of 
resistance genes in the enterococci population is high. People colonized with 
these strains are in fact considered stores for releasing of resistance genes in the 
society, requiring more implementation of caring programs.
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Introduction 
Enterococci are gram-positive and catalase-negative cocci. They 
can grow at the presence of 6.5% salt and 40% bile salts. These 
bacteria are considered natural intestinal flora of warm blooded 
animals, including humans. The most common enterococci 
involved in human infections are Enterococcus faecalis (85-90%) 
and faecium (5-10%) [1]. Hospital infections lead into prolonged 
hospitalization, and thereby they cause significant increase in 
health care costs of the country [2]. Enterococcus is considered 
as the important cause of hospital infections and the infections 
acquired from the community In the last two decades [3,4]. 
Enterococci have been identified as one of the most important 
human pathogens. These organisms are inherently resistant to 

a large number of antibiotics. Moreover, they can increasingly 
obtain new resistances. Enterococcus faecalis, as the most 
common species, accounts for more than 80% of infections 
caused by enterococci such as endocarditis, bacteremia, urinary 
tract, hospital, infants and central nervous system infections 
[5]. Increasing role of enterococci in hospital infections can be 
due to the increased impact of selective pressure resulting from 
the undue use of various antibiotics. One of the drugs that is 
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databank, and was aligned by Clustal x bioinformatics software 
and was designed through the specific section of faecalis primer 
species by OLIGO7 program, so that these primers can reproduce 
ISR fragment only in the polymerase chain reaction. The design 
primers are shown in Table 1.

The following steps were taken to extract the 
genomic DNA from Enterococcus bacteria strains
The bacterial specimens were incubated on liquid culture 
medium at 37°C for 24 hours. Ten milliliters of bacterial cultures 
were centrifuged for 10 minutes at 7000 g, and the supernatant 
was discarded and plates were used to extract the DNA. Firstly, 
some liquid nitrogen was poured onto the plates to facilitate the 
smooth transferring of plates into porcelain mortar. Then, plates 
were transferred to the porcelain mortar. Adding a little excess 
liquid nitrogen and using pounder of the mortar, a powder was 
provided that had single bacterial cells. Lysing buffer, shown in 
the following table, was used to lyse the cells. After pouring 700 
μl of lysing buffer in sterile porcelain mortars that contained 
powdered cells, the cells were crushed and transferred to 1.5 ml 
vials. The vials were placed in Ben Mary at 60°C for one hour. 
1.4 μl RNAase was added to it and it was placed in Ben Mary for 
30 minutes at 37 degrees centigrade. After 30 minutes, the vials 
containing lysed cells were centrifuged for 5 minutes at 12000 
g and the supernatant was transferred to other vials and at an 
equal volume, chloroform-isoamyl alcohol was added to that it 
was shaken gently at a ratio of 1:24. Then, it was centrifuged 
in the model centrifuge for 10 minutes at a rate of 12,000. 
The supernatant was removed and an equal volume of cold 
isopropanol was added and was stored at -20° C for one night 
and again was centrifuged in the model centrifuge for 10 minutes 
at a rate of 12,000. The supernatant was discarded and DNA was 
dried by placing the vials at room temperature. Finally, dried DNA 
was dissolved in 50 μl of deionized water. In order to find the 
quality and quantity of DNA extraction, 5 μl of the DNA dissolved 
in 50 μl of deionized water was electrophoresed by using 1% 
agarose gel. Polymerase chain reaction in 25 μl volume was 
carried out with the components of table 2 using the designed 
primers.

One percentage agarose gel was used to isolate PCR product, 
so that the amplified specimens were mixed with the loading 
buffer at the ratio of 6 to 1 and were loaded onto gel wells. After 

used to treat Enterococcal infections, especially urinary tract 
infections, is fluoroquinolone antibiotics. The common of them is 
ciprofloxacin. As antibiotics are used without restriction in Iran, 
and as Enterococcus faecalis easily gains resistance genes, strains 
of this bacterium have indicated varying and increased degrees 
of resistance to ciprofloxacin. As ciprofloxacin used widely, 
resistance to it among clinical specimens has caused problems 
in treatment of Enterococcal infections. Controlling Enterococcus 
faecalis infections is very difficult, especially its multi-resistance 
types, and there is no definite treatment for it. Hence, controlling 
the transmission and prevalence of these microorganisms is very 
important [6]. There are effective mechanisms for the acquisition 
and transfer of resistant genes in a number of these species and 
other bacterial species. Gentamicin-resistant encoding genes 
are able to displace between Enterococcus faecalis strains with 
a high frequency, through pheromone-responsive plasmids.  The 
occurrence of this phenomenon on Iranian strains has already 
been confirmed [7]. While several studies have been conducted 
on virulence factors of these bacteria, among different strains 
isolated from healthy and diseased people, no virulence factor 
has been found so far, which suggests pathogenicity can be 
attributed to them. The most common causes of human diseases 
by this group of bacteria are the two types of Enterococcus 
faecalis and Enterococcus faecium [8]. While no protein secretion 
toxin has been identified in enterococci so far, their pathogenicity 
probably occurs due to activity of a set of factors involved in 
pathogenesis, such as proteins or carbohydrates involved in 
binding of the bacteria to the gut and genital ulcer epithelium, 
and cumulative factor involved in exchange of plasmid and other 
factors [9]. Combination of ciprofloxacin and metronidazole is 
one of these medicinal compounds. Ciprofloxacin is the generic 
international name for a kind of synthetic antibiotic produced by 
Bayer Pharmaceuticals under brand names of Cipro and Ciproxin. 
This antibiotic belongs to the group of fluoroquinolones and it is 
a bactericide. Its mechanism of action is to prevent bacterial DNA 
replication by binding to the DNA giraze enzyme [10]. The current 
research was conducted to identify ciprofloxacin-resistance gene 
in Enterococcus faecalis.

Methodology 
Collection and identification of samples
In total, 196 different clinical samples including urine and blood 
were collected from hospitalized patients and outpatients of 
Tabriz and Marand hospitals and clinics during seven months since 
October 2014 to April 2015. Samples were detected in terms of 
genus, through gram staining, by tests of catalase, sensitivity to 
bacitracin, growth on a salt environment of 6.5% sodium salt and 
hydrolysis test of alpha-pyrrolidonyl-beta-naphthylamide (PYR) 
(all culture mediums were purchased from Merck Company) 
[11,12]. Polymerase chain reaction (PCR) molecular identification 
method was used for final determination of genus and species. 

Identification of genus and species based on ISR 
gene
The sequence of ISR section belonging to all Enterococcal 
species, including Enterococcus faecalis, was extracted from NCBI 

Primer Sequence
EISRF 5ʹ- CTAAGGAATATTACGGAAAT-3ʹ
EISRR 5ʹ- TCTAGCGATAGAAGGTTA-3ʹ

Table 1 Primers used in PCR reaction.

2x Master Mix 12.5 µl
dH2O 9.5 µl

Primer forward 1 µl
Primer Revers 1 µl

DNA 1 µl

Table 2 Concentration of the components forming polymerase chain 
reaction.
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that electrophoresis was completed, the considered gel was 
observed through staining and the amplified DNA strips in all 
samples as single strip and with a size of approximately 300 pairs 
of nucleotides and with appropriate concentrations using UV 
light, images were taken. After analyzing the obtained samples, 
two samples of PCR products with four different sequences for 
sequencing by Fazapajooh Company of Tehran were sent to 
Korean Macrogan Company in order to ensure that the obtained 
coccus bacteria really belong to Enterococcus faecalis, and the 
result was identified after blast of Enterococcus faecalis.

Antibiotic sensitivity test
In order to examine the drug-resistance to using the standard 
method of Kirby Baur, resistance of Enterococcus faecalis strains 
to ciprofloxacin 5 mg antibiotic, prepared from Padtan Teb Co, 
was examined on Muller Hinton Agar (Merck) environment [13]; 
the minimum inhibitor concentration of MIC was determined 
through E-Test method (HighMedia Indian Company) based 
on the Clinical Standards Institute (CLSI) and the findings were 
interpreted according to CLSI standards guideline [14].

Gene identification (gyrA)
In order to detect resistance of genes by DNA method, gyrA 
resistance gene was examined. Sequence of primers is listed 
in Table 3. The thermo-cycle of Thermocycler machine for 
proliferation of gyrA resistance genes of 35 cycles was as follows:

gyrA: Initial denaturation, 94°C, 3', Denaturation, 94°C, 60'', 
Annealing, 58°C, 60'', Extension, 72°C, 60''.

Results
After that polymerase chain reaction (PCR) was carried out, it 
was found that among 196 tested Enterococcus samples, only 
194 samples (98.97%) are Enterococcus in terms of genotype 

test, and among these, only 93 samples belonged to faecalis 
species Figure 1.

Two samples of E15 and E3 were sent to Macrogene Co. for 
sequencing. They also were diagnosed using blast in NCBI, with 
E3 faecalis sample, but E15 sample showed many mutations 
in this gene, that had not been reported so far with any other 
bacteria. Figure 2 illustrates the sequencing sample that has been 
sequenced with a very good quality. In addition, findings of blast 
of two cases in ncbi are illustrated in Figure 2. Findings revealed 
that this strain had a percentage of similarity and nucleotide of 
overlapping region with Enterococcus. The overlapping region is 
shown as Plus/Plus in the Figure. New mutation in E15 bacteria is 
recorded in NCBI databank.

However, in the case of E15, such a similarity is not seen with 
any other bacteria in the world, and a similarity of 93% with 
faecalis species means that it has the highest similarity with this 
species and it has been able to reproduce with the specific ISR 
primers too in order to be selected for subsequent studies and 
sequencing. In Figure 3, two samples of the relevant mutations 
and peaks are presented, that it can be said that this species is 
likely to be reported in Iranian hospitals.

According to antibiotic sensitivity test, Enterococcus faecalis 
species showed the highest resistance to tetracycline and 
ciprofloxacin antibiotics and the most sensitivity to antibiotics 
Tables 3 and 4.

Determining the minimum inhibitory concentration in the present 
study revealed that 40 samples were resistant to ciprofloxacin. 
Among resistant strains, 10 strains had a minimum inhibitory 
concentration of 4 μg/ml and 15 strains had a minimum inhibitory 
concentration of 12 μg/ml and 18 strains had a MIC value greater 
than 32 μg/ml Figure 4. Ciprofloxacin-resistant strains have been 
isolated from urine specimens with a frequency of 29 specimens 

Figure 1 Electrophoresis of PCR product for ISR gene of isolated Enterococcus specimens _ Samples E16, E18, E25 due to lack 
of bands, and due to lack of propagation of these specimens by specific primers of faecalis can be another species of 
Enterococcus. Lederformant is presented with a numbering for comparison.

L       E3      E1    E6     E4   E9    E14   E16   E15   E18  E11  E17  E23  E25  E30  
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Figure 2 Sequencing of E3 sample and the peaks associated with this sequencing have been completely sharp and without problem, 
and the corresponding sequence under blast was put in NCBI.

Figure 3 Sequencing of E15 sample and presence of various mutations on it, not reported in NCBI. As can be seen, the peaks related 
to the mutations are quite sharp and without problem, and the corresponding sequence can be reported to databanks.

Figure 4 Determination of the minimum inhibitor 
concentration (MIC) by E-Test.

Product size (bp) Sequence of primer Gene
GCAATGAGTGTTATCGT

TCTGGTCCAGGTAACACTTCC gyrA

Table 3 Sequence of the primers used for ciprofloxacin-resistance genes.

Antibiotic S I R
Vancomycin 72.6 5.3 22.1

Ampicillin 66.31 2.09 31.6
Linezolid 89.4 3.2 7.4

Gentamicin 50.6 10.5 38.9
Teicoplanin 77.9 0 22.1
Ciprofloxacin 40 18.9 41.1
Tetracyclines 54.7 2.1 43.2
Dalfopristin 60 10.5 29.5

S: Sensitive; I: Intermediate; R: Resistant

Table 4 Distribution of percentage of resistance and sensitivity of 
Enterococcus strains to antibiotics.
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Figure 5 Specific PCR of gyrA gene
1: negative control
2,3 : PCR producy of gyrA genes
M: molecular weight marker.

and wound specimens with a frequency of 11 specimens. In this 
study, 21 strains resistant to Vancomycin were isolated from the 
outpatient section and 19 from the admission section.

Among 40 ciprofloxacin-resistant specimens, 92.5% contained 
gyrA gene Figure 5.

Discussion
Ciprofloxacin resistance to enterococci was not common until 
1985-1896, but resistance significantly increased to 15.2% in 
1990. Resistance among isolated faecalis strains to ciprofloxacin 
in the next years reached to 31.5% [15]. Based on the research 
conducted by saifi in 2008, high resistance (approximately 40%) 
to ciprofloxacin was observed among clinical isolates and sewage, 
which can be due to using this drug in treatment of various types 
of urinary tract infections as the first selected option [13]. As 
enterococci are the normal flora of human and warm-blooded 
animals’ intestines, they can easily enter to environment 
through feces and are abundantly isolated in the outside 
environment from raw food, vegetables, surface water and 
sewage. Enterococci-resistant strains can also enter the normal 
flora of humans’ intestine in this transfer chain [16]. Increased 
role of enterococci in hospital infections can be due to the use 
of antibiotics that people are resistant to them [15,16]. One of 
the most common drugs used to treat Enterococcal infections is 
fluoroquinolone antibiotics is ciprofloxacin, which is especially 
prescribed in Enterococcal urinary tract infections. As using this 
antibiotic in used without restriction in Iran, Enterococcus faecalis 
easily gains resistance genes. The bacterium has showed high 
levels of resistance to ciprofloxacin, led to difficulty in controlling 
the treatment and prevalence of Enterococcal infections. MIC 
values above 4 μg/ml of ciprofloxacin in Enterococcus faecalis are 
considered as resistant [17]. Iran is a country where antibiotic is 
used without restriction on one hand, and antibiotics are used 
inappropriately and inadequately on the other hand. Causing drug 
resistance, the intestine is colonized with Enterococcal resistant 
strains, and this resistance is also transferred to sensitive strains. 
These resistant strains in feces results in sewage contamination 
and dissemination of resistance genes. If people colonized with 

these strains are hospitalized for any reason, resistant strains 
might be transferred to other patients. It might be transferred 
through the contaminated hands of the hospital staff or 
contaminated equipment. When the hospitalization period is 
longer, the rotation of these resistant strains in all parts of the 
hospitals will be more risky; and finally, after discharge of these 
patients, these strains might release to community. Existence 
of resistant hospital and outpatient isolates within a clone is an 
alarm that should be taken into consideration seriously by the 
health care system. Common clones that have previously been 
restricted to hospitals have been transferred from hospitals to 
the society due to various reasons and lack of proper health care. 
This problem is very dangerous due to rotation of resistant strains 
in the community. Preventive protocols must be implemented in 
hospitals in order to prevent transmission of resistant clones to 
the community and their rotation; otherwise, we will encounter 
a wide range of treatment-resistant Enterococcal infections due 
to increased resistant strains in the community. In addition, 
due to transfer of resistance genes to similar or non-similar 
strains and other bacteria genus, there will be a potential risk of 
creation of other bacterial infections. Colonization and infection 
with enterococci have been growing significantly. In such a 
situation, infection control is very complicated and treatment 
of such infections is very important. In this situation, control of 
transmission of such kinds of microorganisms is very important 
and genotyping methods are very effective in detecting colonality 
of strains and controlling them better. The health care system of 
each society should identify the important and common factors 
of the hospital pathogens appropriately and determine the exact 
pattern of their antibiotic resistance so that effective prevention 
and treatment methods can be used in order to control them. In 
this research, like the research conducted by Feizabadi et al. most 
of the Enterococcal strains were isolated from urine specimens. 
This suggests the importance of establishment of enterococci 
in urinary tracts. Enterococci are the primary cause of infection 
among gram positive infectious cocci in urinary tracts and the 
third most common cause of bacterial infection in women urinary 
tracts in Iran after Escherichia coli and Klebsiella pneumoniae [7]. 
Fathollahzadeh et al. in 2006 investigated people with urinary 
tract infection in three hospitals in Tehran. They reported that 
the prevalence of Enterococcal species is 57% Enterococcus 
faecalis, 30% Enterococcus faecium, and 13% other species. 
These results are in line with results of the current study [18]. In 
Enterococcus faecalis, mutational faults in the genes gyrA  and 
gyrB  are the main causes of high resistance to ciprofloxacin (DNA 
gyrase consists of two subunits, GyrA and GyrB, encoded by the 
gyrA and gyrB genes, respectively) [19-20]. Based on the research 
conducted by Seyfi in 2013, 50 strains of Enterococcus faecalis 
were resistant to ciprofloxacin, of which 98% were positive in 
terms of gyrA gene. It is also consistent with the findings of the 
current study [8]. In a study conducted by Torell et al in 2003, 
17% of ciprofloxacin-resistant strains contained gyrA gene [4].

Conclusion
Ciprofloxacin-resistant Enterococcus faecalis strains have 
diverse colonality. As high values of MIC are seen in hospital and 
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outpatient specimens, it can be stated that they do not have a 
uniform distribution, and this suggests the transfer of resistance 
genes at high levels in the Enterococcal population. In fact, 

individuals colonized by these strains are considered reservoirs 
for dissemination of resistance gene in the community, which 
requires more caring programs.
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