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Background: Methicillin-resistant staphylococci (MRS) are regarded as a global public 
health threat. Physicians are restricted in their treatment options due to resistance to 
aminoglycosides and tetracycline derivatives. This study investigated aminoglycoside and 
tetracycline derivative resistance among Staphylococcus isolates in Shiraz, southwestern Iran. .  
Materials & Methods: Totally, 113 staphylococcal isolates were recovered from different 
clinical samples in Nemazee Teaching Hospital from October 2019 to January 2020. Kirby-
Bauer disc diffusion method was performed to assess the antimicrobial susceptibility of 
the isolates against aminoglycoside and tetracycline antibiotics. Aminoglycoside-modifying 
enzymes (AMEs) and tet genes were investigated among staphylococci isolates using 
polymerase chain reactions (PCR).
Findings: MRS prevalence among Staphylococcus isolates was 61% (69 of 113). The majority 
of MRS isolates were obtained from blood (39.1%; 27 of 69) and urine (17.4%; 12 of 69). 
The highest prevalence of MRS isolates was among emergency room patients (34.8%; 24 of 
69). The highest resistance of MRS isolates was against tobramycin (59.4%; 41 of 69) and 
tetracycline (55.1%; 38 of 69). The prevalence of tetM and aac (6’)-Ie-aph (2’’) genes was 
significantly higher among MRS compared with methicillin-sensitive staphylococci (MSS) 
(87.5% vs 12.5% and 95.6% vs 6.4%, respectively) (p= .001).
Conclusion: The prevalence of MRS isolates, including methicillin-resistant S. aureus 
(MRSA) and methicillin-resistant coagulase-negative staphylococci (MRCoNS), was 
remarkable in Shiraz as the center of medical services in the southwest of Iran. Furthermore, 
these MRS isolates were highly resistant to aminoglycosides and tetracyclines. Therefore, 
antimicrobial stewardship is necessary to address health conditions.
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Introduction 
Staphylococcus genus comprises more 
than 54 species and 28 subspecies (until 
July 2018), consisting of several clinically 
highlighted pathogens [1]. 
This genus is further divided into two main 
categories regarding ability or inability 
to coagulate rabbit plasma, including 
coagulase-positive Staphylococcus (CoPS) 
and coagulase-negative Staphylococcus 
(CoNS) [2]. As a CoPS species, Staphylococcus 
aureus (S. aureus) is the most clinically 
important pathogen, causing endocarditis, 
osteomyelitis, and necrotizing pneumonia [3]. 
CoNS species have also received worldwide 
attention because they cause healthcare 
device-mediated infections (by producing 
biofilm), abscesses, endocarditis, and 
urethritis [4].
Since 1961, when they were first detected in 
the UK, the global expansion of methicillin-
resistant S. aureus (MRSA) strains has been 
ongoing [5] and followed by the emergence 
of methicillin-resistant coagulase-negative 
staphylococci (MRCoNS) causing serious 
nosocomial infections [6, 7]. Therefore, 
the Center for Disease Control (CDC) has 
acknowledged that MRSA and MRCoNS 
strains are among the most significant 
causes of healthcare-associated infections [8].
Furthermore, MRSA and MRCoNS strains 
display a variety of resistance mechanisms 
that limit treatment options for related 
infections. Previous investigations have 
shown that MRSA and MRCoNS are 
almost resistant to other antibiotics such 
as tetracyclines, aminoglycosides, and 
lincosamides [9-11]. It is more critical to 
emphasize the emergence of resistance 
to aminoglycosides and tetracycline 
derivatives. This is because aminoglycosides 
are often used synergistically with beta-
lactam or glycopeptide antibiotics [12]. Also, 
tetracycline derivatives are effective for skin 
and soft tissue infections [13].

The main pathway of aminoglycoside 
resistance is antibiotic inactivation 
which occurs through the production of 
aminoglycoside-modifying enzymes (AMEs) 
[14]. AMEs are divided into four categories 
based on the difference in modification 
type, including acetyltransferases 
(AACs), phosphotransferases (APHs), 
nucleotidyltransferases (ANTs), and 
adenyltransferases (AADs) [15]. 
Among Staphylococcus spp. strains, the three 
most predominant genes encoding these 
enzymes are aac (6′)-Ie-aph (2″), aph (3’)-
IIIa, and ant (4’)-Ia; these genes are vitally 
important because the majority of them 
are located on plasmids and transposable 
elements that enable them to evolve by 
horizontal gene transfer (HGT) [16, 17].
Bacteria with plasmid-encoded tetK and 
tetL genes give rise to active efflux pumps, 
and ribosomal protection mediated by 
chromosomal or transposon tetM or tetO 
genes leads to resistance to tetracyclines 
[18, 19]. The tetK gene causes resistance to 
tetracycline, while the tetM gene develops 
resistance to tetracycline and minocycline [20].
Nosocomial infections caused by methicillin-
resistant staphylococci (MRS) are a major 
concern globally. 
This is due to their high antimicrobial 
resistance rates. Specifically, resistance to 
aminoglycosides and tetracycline derivatives 
limits physicians’ treatment options. 
Therefore, evaluating the prevalence of MRS 
isolates resistant to aminoglycosides and 
tetracycline derivatives is recommended to 
control nosocomial infections. 
Objectives: The present study aimed to 
determine the prevalence of MRSA and 
MRCoNS isolates and investigate the 
phenotypic and genotypic resistance to 
aminoglycoside and tetracycline derivatives 
among MRS and MSS (methicillin-
susceptible staphylococci) isolates in Shiraz, 
southwestern Iran.
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Materials and Methods
Bacterial isolation and identification: 
In the current cross-sectional study, 113 
non-duplicate Staphylococcus isolates were 
collected from patients hospitalized from 
October 2019 to January 2020 at Nemazee 
Teaching Hospital, a referral hospital in 
Shiraz, southwestern Iran. The isolates 
were obtained from patients who developed 
nosocomial infection within 48-72 hrs after 
admission to the hospital. The isolates were 
transferred to the microbiology laboratory 
of the School of Medicine, Shiraz University 
of Medical Sciences. All the isolates were 
confirmed as Staphylococcus spp. using Gram 
staining, colony morphology on blood agar 
(Merck, Germany), and catalase/oxidase 
tests as recommended in a previous study 
by Garoy et al. (2019) [21]. Also, the isolates 
were divided into CoPS and CoNS using tube 
coagulase test [21]. Then CoPS isolates were 
further tested to identify them as S. aureus, 
including culture onto mannitol salt agar 
and DNase agar (Merck, Germany).
Antimicrobial susceptibility testing: The 
isolates susceptibility to six antibiotics was 
measured using Kirby-Bauer disc diffusion 
method as recommended by the Clinical and 
Laboratory Standards Institute (CLSI, 2021) 
[22]. The tested antibiotics were amikacin 
(AMK, 30 µg), gentamicin (GEN, 10 µg), and 
tobramycin (TOB, 10 µg) as aminoglycoside 
groups and tetracycline (TET, 30 µg), 
minocycline (MIN, 30 µg), and doxycycline 
(DOX, 30 µg) as tetracycline groups (Conda 
Pronadisa, Spain). S. aureus ATCC 25923 
strain was used for quality control. In 
addition, S. aureus and CoNS isolates 
were phenotypically tested for methicillin 
resistance using cefoxitin (FOX, 30 µg) and 
oxacillin (OXA, 1 µg) discs, respectively 
(CLSI, 2021).
DNA preparation: DNA extraction was 
performed using a modified boiling method 
for Gram-positive bacteria as explained 

in a previous survey [23, 24]. From fresh 
subcultures, 3-5 colonies were removed and 
re-suspended in microtubes containing 1 
mL of ultrapure sterile water; centrifugation 
was performed at 6000 g for 3 min. After 
that, the yielded pellets were washed in 1 mL 
of 1× Tris–EDTA (TE) buffer (10 mM Tris–
HCl, 1 mM EDTA, pH 8.0) (Merck, Germany). 
Then 500 µL of ultrapure sterile water was 
added, and the microtubes were transferred 
immediately into a water bath at 95 ℃ for 
10 min. The microtubes were immediately 
placed in an ice box for 5 min. Finally, they 
were centrifuged in a microcentrifuge 
(Sigma 1-14, Germany) for 5 min at 8000 
rpm, and then 100 µL of the supernatant 
was removed carefully to evaluate purity; 
for this purpose, the ratio of A260/A280 and 
A230/A280 was determined by photometric 
measurements (Nanodrop 2000 UV–Vis 
spectrophotometer).
Molecular confirmation of Staphylococcus 
isolates: Multiplex polymerase chain 
reaction (m-PCR) was conducted to confirm 
all the isolates as Staphylococcus spp. and S. 
aureus using previously designed primers 
for amplification of 16S rRNA and nuc genes, 
respectively. In addition, MRS isolates were 
confirmed through determining mecA genes. 
The PCR reaction was conducted using a MJ 
mini thermal cycler (BioRad Laboratories, 
Hercules, CA, USA). Table 1 lists the primer 
sequences.
Molecular detection of AMEs and tet 
genes: The frequency of three AME genes 
(comprising aac (6’)-Ie-aph (2”)-I, aph (3’)-
IIIa, and ant (4’)-Ia) and four tet genes 
(consisting of tetK, tetL, tetM, and tetO) was 
sought among the isolates using monoplex-
PCR (Table 1). All PCR reactions were 
conducted in a final 25 μL volume containing 
12.5 μL of PCR 2× Master Mix (Amplicon, 
Denmark), 1 μL of each primer (2 μM), 2 
μL of template DNA, and up to a 25 μL final 
volume nuclease-free water. 
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Statistical analysis: Statistical analysis 
was carried out using SPSSTM 22.0 
software (SPSS Inc., Chicago, Illinois, USA). 
Additionally, evaluations were performed 
using Chi-square and Fisher’s exact tests; 
p-value at p< .05 was considered significant [25].

Findings 
Demographic information: Among 113 
Staphylococcus isolates, the frequency of S. 
aureus and CoNS was 67.2% (76 of 113) and 
32.8% (37 of 113), respectively. The age of 
the study participants ranged from 1 day to 
109 years with a mean age of 37.85 ±28.2 
years. The proportion of male and female 
patients was 48.7% (55 of 113) and 51.3% 
(58 of 113), respectively. Among different 
hospital wards, most Staphylococcus isolates 
were collected from patients admitted to 
the emergency room (34.5%; 39 of 113), 
followed by internal and pediatric wards 
(23.9%; 27 of 113), and ICU (10.6%; 12 of 

113). Also, regarding the various studied 
specimens, most Staphylococcus isolates 
were isolated from blood (33.6%; 38 of 
113), urine (15%; 17 of 113), nasal (11.5%; 
13 of 113), and wound (7.1%; 8 of 113) 
specimens, respectively.
MRS and MSS distribution: In general, 
61% (69 of 113) of Staphylococcus isolates 
were MRS, consisting of 56.5% MRSA (39 
of 69) and 43.5% MRCoNS (30 of 69). The 
distribution of MRS isolates in different 
specimens was as follows: 39.1% (27 of 69) 
in blood, 17.4% (12 of 69) in urine, 8.7% (6 
of 69) in wound, and 7.2% (5 of 69) in nasal 
specimens. Also, the highest prevalence of 
MRS isolates was observed among patients 
admitted to the emergency room (34.8%; 
24 of 69), the prevalence among patients 
admitted to the other hospital wards was as 
follows: internal 24.6% (17 of 69), pediatric 
20.3% (14 of 69), and ICU 10.1% (7 of 
69). There was no significant difference in 

Table 1) Oligonucleotide sequences used for identifying Staphylococcus spp. and determining AMEs and tet 
genes

Genes Primer Sequence (5′→3′) Size 
(bp)

Annealing 
(Temperature) Reference

aac (6’)-Ie-aph 
(2”)-I

F-CAGGAATTTATCGAAAATGGTAGAAAAG
R- CACAATCGACTAAAGAGTACCAATC 369 55 ℃ for 1 min

(42)aph (3’)-IIIa F-GGCTAAAATGAGAATATCACCGG
R-CTTTAAAAAATCATACAGCTCGCG 523 55 ℃ for 1 min

ant (4 ‘)-Ia F-CAAACTGCTAAATCGGTAGAAGCC
R-GGAAAGTTGACCAGACATTACGAACT 294 55 ℃ for 1 min

tetK F- GTAGCGACAATAGGTAATAGT
R- GTAGTGACAATAAACCTCCTA 360 55 ℃ for 45 s (20)

tetM F- AGTGGAGCGATTACAGAA
R- CATATGTCCTGGCGTGTCTA 158 51 ℃ 1 min

(19)tetL F-ATAAATTGTTTCGGGTCGGTAAT
R- AACCAGCCAACTAATGACAATGAT 1077 51 ℃ 1 min

tetO F-AACTTAGGCATTCTGGCTCAC
R-TCCCACTGTTCCATATCGTCA 514 57 ℃ 1 min

16S rRNA F- GTGCCAGCAGCCGCGGTAA
R- AGACCCGGGAACGTATTCAC 886

55 ℃ for 1 min (44)nuc F- TCAGCAAATGCATCACAAACAG
R- CGTAAATGCACTTGCTTCAGG 255

mecA R-GGGATCATAGCGTCATTATTC
R- AACGATTGTGACACGATAGCC 527

 Abbreviation: AMEs: aminoglycosides modifying enzymes
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Variable (N=113)
MRS (N= 69) MSS (N=44)

Total (%)MRSA 
(N=39) N(%)

MRCoNS 
(N= 30)N (%)

MSSA 
(N= 37)N (%)

MSCoNS 
(N=7)N (%)

Gender
Male 11 (20) 22 (40) 20 (36.4) 2 (3.6) 55 (48.7)
Female 28 (48.3) 8 (13.8) 17 (29.3) 5 (8.6) 58 (51.3)

Age
0-10 8 (26.7) 9 (30) 12 (40) 1 (3.3) 30 (26.5)
11-20 3 (50) 2 (33.3) 1 (16.7) 0 6 (5.3)
21-30 6 (37.5) 6 (37.5) 3 (18.7) 1(6.3) 16 (14.2)
31-40 5 (71.4) 1 (14.3) 1 (14.3) 0 7 (6.2)
41-50 5 (38.5) 2 (15.4) 5 (38.5) 1 (7.7) 13 (11.5)
≥51 12 (29.3) 12 (29.3) 15 (36.6) 2 (4.9) 41 (36.3)

Wards
Emergency Room 10 (25.6) 14 (35.9) 13 (33.3) 2 (5.1) 39 (34.5)
Internal 14 (51.9) 3 (11.1) 10 (37) 0 27 (23.9)
Pediatric 6 (22.2) 8 (29.6) 10 (37) 3 (11.1) 27 (23.9)
ICU 3 (25) 4 (33.3) 4 (33.3) 1 (8.3) 12 (10.6)
Surgery 4 (80) 1 (20) 0 0 5 (4.4)
Transplant 2 (66.7) 1 (33.3) 0 0 3 (2.7)

Sample
Blood 11 (28.9) 16 (42.1) 9 (23.7) 2 (5.3) 38 (33.6)
Urine 4 (23.5) 8 (47.1) 4 (23.5) 1 (5.9) 17 (15)
Nasal 3 (23.1) 2 (15.4) 7 (53.8) 1 (7.7) 13 (11.5)
Wound 6 (75) 0 2 (25) 0 8 (7.1)
Eye 3 (50) 1 (16.7) 1 (16.7) 1 (16.7) 6 (5.3)
Axillary 1 (20) 1 (20) 1 (20) 2 (40) 5 (4.4)
Sputum 4 (80) 0 1 (20) 0 5 (4.4)
Throat 1 (25) 0 1 (75) 0 4 (3.5)
Pleural 1 (25) 1(25) 2 (50) 0 4 (3.5)
Abdominal 1 (33.3) 1 (33.3) 1 (33.3) 0 3 (2.7)
Tissue 2 (66.7) 0 1 (33.3) 0 3 (2.7)
Pulmonary 0 2 (100) 0 2 (1.8)
ETT 1 (50) 0 1 (50) 0 2 (1.8)
Double Lumen Tube 0 0 1 (100) 0 1 (0.9)
Fluid 0 0 1 (100) 0 1 (0.9)
Joint 1 (100) 0 0 0 1 (0.9)

Abbreviation: MRS: methicillin-resistant staphylococci, MSS: methicillin-sensitive staphylococci, MRSA: 
methicillin-resistant Staphylococcus aureus, MSSA: methicillin-sensitive Staphylococcus aureus, MRCoNS: 
methicillin-resistant coagulase-negative staphylococci, MSCoNS: methicillin-sensitive coagulase-negative 
staphylococci, ETT: endotracheal tube.

Table 2) Demographic information about MRS and MSS isolates (N=113)
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the distribution of MRS isolates between 
different specimens and hospital wards 
(p= .27 and p= .52, respectively). Table 2 
provides additional information.
Antimicrobial susceptibility testing: 
Generally, the highest resistance of MRS 
isolates was against tobramycin (59.4%; 
41 of 69) and tetracycline (55.1%; 38 of 
69). Also, MRS and MSS isolates revealed 
a significant variation in resistance to 
the tested antibiotics (p< .05), except for 
doxycycline (p= .21). The antimicrobial 
susceptibility patterns of MRSA, MSSA, 
MRCoNS, and MSCoNS isolates are shown 
separately in Table 3. 
Molecular detection of AME and tet 
genes: The predominant tet genes among 
Staphylococcus isolates were tetM (42.4%; 
48 of 113) and tetK (34.5%; 39 of 113). 
Remarkably, the prevalence of tetM and tetK 
genes was significantly higher among MRS 
isolates (60.9%; 42 of 69, p= .001 and 43.5%; 
30 of 69, p= .018, respectively) compared 
with MSS isolates.  Also, the frequency of 
AME genes among Staphylococcus isolates 
was as follows: aac (6’)-Ie-aph (2’’) 39.8% (45 
of 113), aph (3’)-IIIa 30.0% (34 of 113), and 
ant (4’)-Ia 16.8% (19 of 113). There was a 
significant difference in harboring aac (6’)-Ie-
aph (2’’) and aph (3’)-IIIa genes between 
MRS isolates (62.3%; 43 of 69, p=.001 and 
43.5%; 30 of 69, p= .001, respectively). 
The distribution of detected genes among 
Staphylococcus isolates and their association 
with antibiotic resistance are presented 
in Table 4. In addition, 64.6% (73 of 113) 
of Staphylococcus isolates simultaneously 
contained more than one resistance gene. 
The prevalence of co-existence of resistance 
genes was 34.2% (25 of 73) for tetM and 
tetK and 20.5% (15 of 73) for aac (6’)-Ie-aph 
(2’’) and aph (3’)-IIIa (Figure 1).

Discussion
Staphylococcal isolates, particularly MRSA 

and MRCoNS, are listed as threats to global 
health [26]. Although MRSA isolates are 
more prevalent, MRCoNS has also received 
worldwide attention [27]. According to 
previous surveys conducted in Iran, the 
prevalence of MRSA and MRCoNS was 56-
55% in Sanandaj in 2013 [28] and 76.3-65.9% 
in Ahvaz in 2021 [29]; the prevalence rates 
of MRSA and MRCoNS in the present study 
were also in the same range (56.5 and 43.5% 
respectively). However, an increasing trend in 
the prevalence of MRCoNS has been reported 
in other studies conducted worldwide 
during the period. These studies indicated a 
prevalence rate of 57.6% in India in 2016 [30], 
93.9% in Bulgaria in 2019 [31], and 76.4% in 
South Africa in 2021 [32]. As the differences 
could be caused by various factors, such 
as geographical veracity and sample size, 
further investigation is necessary to better 
compare them. Nonetheless, the increasing 
incidence of MRCoNS seems to be alarming 
globally.
Since the emergence of MRSA and MRCoNS, 
aminoglycosides and tetracycline-derived 
antibiotics have been highly prescribed for 
patient management in hospitals [33]. In the 
current study, MRSA and MRCoNS isolates 
were resistant to aminoglycoside antibiotics: 
69.2 and 46.7% to tobramycin, 66.7 and 
33.3% to gentamicin, and 61.5 and 23.3% to 
amikacin, respectively. Also, the phenotype 
of resistance to tobramycin, gentamicin, and 
amikacin was significantly higher among 
MRSA (p= .001) isolates compared to MSSA, 
MRCoNS, and MSCoNS isolates. This finding 
is in line with prior observations, reporting 
a significant correlation between MRSA and 
aminoglycoside resistance [34]. However, 
previous investigations have suggested that 
gentamicin is a more effective antimicrobial 
agent among aminoglycoside antibiotics 
against MRSA and MRCoNS isolates with 
sensitivity frequency in the range of 70-89%, 
respectively [35, 36]. The high frequency of the 
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Table 3) Antim
icrobial susceptibility patterns and the frequency of AM

Es and tet genes am
ong M

RS and M
SS isolates (N

=113)

Antibiotics

M
RS (N

=69)
M

SS (N
=44)

P Value
M

RSA
(N

= 39) N
 (%

)
M

RCoN
S

(N
= 30) N

 (%
)

M
SSA 

(N
= 37) N

 (%
)

M
SCoN

S
(N

=7) N
 (%

)

R
I

S
R

I
S

R
I

S
R

I
S

TET
25 (64.1)

0 
14 (35.9)

13 
(43.3)

0
17 (56.7)

14 (37.8)
0

23 (62.2)
1 (14.4) 

0
6 (86.6)

.029

M
IN

9 (23.1)
6 (15.4)

24 (61.5)
0

1 (3.3)
29 (96.7)

0
0 

37 (96.7)
0

0
7 (100)

.001

DXT
9 (23.1)

7 (17.9)
23 (59)

3 (10)
6 (20)

21 (70)
3 (8.1)

4 (10.8)
30 (81)

0
3 (42.8)

4 (57.2)
.212

TOB
27 (69.2)

0
12 (30.8)

14(46.7)
2(6.7)

14 (46.7)
4 (10.8)

7 (18.9)
26 (70.3)

2 (28.4)
1 (14.4)

4 (57.2)
<.001

GEN
26 (66.7)

0
13 (33.3)

10(33.3)
5 (16.7)

15 (50)
3 (8.1)

0 
34 (91.9)

0
0

7 (100)
<.001

AM
K

24 (61.5)
2 (5.2)

13 (33.3)
7 (23.3)

7 (23.3)
16 (53.3)

5 (13.5)
17(45.9)

15 (40.5)
0

3 (42.9)
4 (57.1)

<.001

Genes
M

RSA
(N

= 39) N
 (%

)
M

RCoN
S

(N
= 30) N

 (%
)

M
SSA

(N
= 37) N

 (%
)

M
SCoN

S
(N

= 7) N
 (%

)
P Value

tetM
27 (69.2)

15 (50)
6 (16.2)

0 
<.001

tetK
20 (51.3)

9 (30)
8 (21.6)

1 (14.4)
.018

tetL
0

3 (10)
0

0
.28

tetO
1 (2.5)

0
0

0
-*

aac (6’)-Ie-aph (2’’)
24 (61.5)

19 (63.3)
2 (5.4)

0
<.001

aph (3’)-IIIa
11 (28.2)

19 (63.3)
2 (5.4)

2 (28.6)
<.001

ant (4’)-Ia
4 (10.3)

11 (36.7)
3 (8.1)

1 (14.3)
.08

Abbreviation: M
RS: m

ethicillin-resistant staphylococci, M
SS: m

ethicillin-sensitive staphylococci, TET: tetracycline, M
IN

: m
inocycline, DOX: doxycycline, TOB: 

tobram
ycin, GEN

: gentam
icin, AM

K: am
ikacin, M

RSA: m
ethicillin-resistant Staphylococcus aureus, M

SSA: m
ethicillin-sensitive Staphylococcus aureus, M

RCoN
S: 

m
ethicillin-resistant coagulase-negative staphylococci, M

SCoN
S: m

ethicillin-sensitive coagulase-negative staphylococci, AM
Es: am

inoglycoside m
odifying 

enzym
es

*: It is not calculable.
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Table 4) Distribution of AM
Es and tet genes regarding antim

icrobial susceptibility patterns of Staphylococcus spp. isolates (N
=113)

Positive tet Genes

Tetracycline
M

inocycline
D

oxycycline

R 
(N

= 77)
N

 (%
)

I 
(N

= 0)
N

 (%
)

S 
(N

= 56)
N

 (%
)

P 
Value

R 
(N

=9)
N

 (%
)

I 
(N

= 9)
N

 (%
)

S 
(N

= 95)
N

 (%
)

P 
Value

R 
(N

= 14)
N

 (%
)

I 
(N

= 18)
N

 (%
)

S 
(N

= 91)
N

 (%
)

P 
Value

tetK (N
= 39)

22 (56.4)
0

17 (43.6)
.039

4 (10.2)
4 (10.2)

31 (79.6)
.752

9 (23)
6 (15.5)

24 (61.5)
.037

tetM
 (N

= 48)
31 (64.6)

0
17 (35.4)

.001
9 (18.7)

9 (18.7)
30 (62.6)

.001
9 (18.7)

7 (14.6)
32 (66.7)

.1

tetL (N
= 3)

2 (66.6)
0

1 (33.4)
-*

0
0

3 (100)
-*

0
1 (33.4) 

2 (66.6)
-*

tetO (N
= 1)

1 (100)
0

0
-*

0
1 (100)

0
-*

0
0

0
- *

Positive AM
E genes

Tobram
ycin

Gentam
icin

Am
ikacin

R 
(N

= 49)
N

 (%
)

I 
(N

= 10)
N

 (%
)

S 
(N

= 54)
N

 (%
)

P Value
R 

(N
= 36)

N
 (%

)

I 
(N

= 0)
N

 (%
)

S 
(N

= 72)
N

 (%
)

P Value
R 

(N
= 37)

N
 (%

)

I 
(N

= 30)
N

 (%
)

S 
(N

= 50)
N

 (%
)

P Value

aac (6’)-Ie-aph (2’’) 
(N

= 45)
35 (77.8)

2 (4.4)
8 (17.8)

.001
28 (62.2)

5 (11.1)
12 (26.7)

.001
26 (57.8)

6 (13.3)
13 (28.9)

.001

aph (3’)-IIIa (N
= 34)

18  (53)
2 (5.9)

14 (41.1)
.176

13 (38.2)
2 (5.9)

19 (55.9)
.725

11 (32.4)
7 (20.6)

16 (47)
.811

ant (4’)-Ia (N
= 19)

16 (84.2)
0

3 (15.8)
.001

7 (36.8)
2 (10.5)

10 (52.7)
.168

10 (52.7)
3 (15.8)

6 (31.5)
.251

Abbreviation: R: resistance, I: interm
ediate, S: susceptible, AM

E: am
inoglycoside m

odifying enzym
e 

*: It is not calculable.
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aac (6′)-Ie-aph (2″) gene among MRCoNS and 
MRSA isolates (63.3 and 61.5%, respectively) 
is consistent with previous observations [37, 

38]. Therefore, it may be considered as one of 
the most relevant AME genes for gentamicin 
resistance. 
On the other hand, tetracycline resistance 
among MRSA and MRCoNS isolates seems 
to demand careful attention. This is based 
on the results of other studies, reporting 
tetracycline resistance in the range of 35-
58% among MRS isolates and 34-37% among 
MRCoNS [39, 40]; these findings are similar 
to the present study results (MRSA 64.1% 
and MRCoNS 43.3%). The high prevalence 
of antibiotic resistance among MRSA and 
MRCoNS isolates could lead to an increase in 
the proportion of MRS strains. This is done 
through transmission of resistance genes to 
MSS strains.
The relationship between tet genes and 
resistance to tetracycline-derived antibiotics 
was also assessed. In this regard, the 
presence of tetM and tetK genes as the most 

prevalent genes among MRSA (69.2 and 
51.3%) and MRCoNS (50 and 30%) isolates 
was significantly associated with resistance 
to tetracycline, minocycline, and doxycycline. 
In contrast, tetL and tetO genes are rarely 
found in MRSA and MRCoNS strains. These 
results are in line with previous experiments, 
establishing the tetM gene as the most 
prevalent gene among tetracycline-resistant 
MRSA isolates [16, 41-43].
To the best of our knowledge, several pieces 
of evidence suggest that AMEs and tet genes 
are widespread among Staphylococcus 
species. For instance, the role of integron 
classes as well-known genetic elements 
responsible for resistance gene spread 
among Gram-negative bacteria, especially 
Staphylococcus strains, is well documented 
[10]. Therefore, it would be beneficial to 
examine how to target the dissemination of 
genes encoding antimicrobial resistance. 
The present investigation suffers from 
some limitations such as not determining 
the genotype of Staphylococcus isolates and 

Figure 1)  Prevalence of co-existence of AMEs and tet genes among Staphylococcus spp. isolates (N=73).
Abbreviation: AME: aminoglycoside modifying enzyme
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the species of CoNS isolates. Thus, further 
investigations are suggested to assess how 
the prevalence of MRS and MSS isolates has 
changed over time. 

Conclusion 
In conclusion, the prevalence of MRS 
isolates, including MRSA and MRCoNS, 
was remarkable in Shiraz as the center of 
medical services in the southwest of Iran. 
Furthermore, these MRS isolates were 
highly resistant to aminoglycosides and 
tetracyclines. For this reason, antimicrobial 
stewardship is necessary to address at-risk 
health conditions. Eventually, the increasing 
prevalence rate of MRCoNS should be 
considered seriously globally.
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