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Abstract

Introduction Coagulase-negative staphylococci (CoNS) are among the leading causes of neonatal sepsis (NS). NS
can be divided into two types: early-onset sepsis (EOS), which usually occurs less than 72 h after birth, and late-onset
sepsis (LOS), which can occur 8 to 28 days after birth. According to newly published statistics, the incidence rates

of EOS and LOS in neonates are 0.5-3.1% and 2-32%, respectively. This study aimed to determine the prevalence of
common CoNS isolates and their antibiotic resistance patterns in NS cases in Ahvaz, Iran.

Methods This cross-sectional study (October 2022-April 2023) was conducted on all neonates (0-28 days old) with
NS manifestations admitted to Imam Khomeini Hospital. Blood culture samples were collected and incubated at

37 °C for 24 h.The bacterial isolates were identified via standard biochemical tests, and the Staphylococcus epidermidis
strains were identified via polymerase chain reaction (PCR) of the SesC gene. The other suspected CoNS species were
identified using 76 S rRNA sequencing.

Results In total, 1221 blood culture bottles were collected from 1330 neonates with NS manifestations. A total of
111 (9.1%) blood cultures were positive for bacterial growth. Overall, 51 staphylococcal isolates, including 39 (76.5%)
CoNS species and 12 (23.5%) S. aureus isolates, were identified. Using SesC gene PCR and 16 S rRNA sequencing,

the CoNS species were as follows: 28 (71.8%) S. epidermidis, 5 (12.8%) S. hominis, 4 (10.38%) S. haemolyticus and 2
(5.19%) S. warneri. In total, the frequency of NS caused by CoNS isolates was 35.1% (n=39/111). All CoNS isolates
were methicillin resistant and presented the highest antibiotic resistance rates (100.0%) to cefoxitin, ampicillin,
erythromycin, and linezolid.

Conclusions This study revealed a high incidence of methicillin-resistant coagulase-negative staphylococci
(MRCoNS) with high antibiotic resistance rates in NS patients from Ahvaz. To prevent the spread of these isolates
in healthcare systems, measures such as monitoring the optimal use of antibiotics on the basis of the results of
laboratory antibiograms seem necessary.
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Introduction

Neonatal sepsis (NS) is a serious life-threatening bacte-
rial infection and the third most common cause of neo-
natal mortality, especially in developing countries [1]. NS
can be divided into two types: early-onset sepsis (EOS),
which usually occurs less than 72 h after birth, and late-
onset sepsis (LOS), which can occur between 8 and 28
days after birth [1, 2]. According to newly published sta-
tistics, the incidence rates of EOS and LOS in neonates
are 0.5-3.1% and 2—32%, respectively [2, 3].

NS has different signs and symptoms. Therefore, its
clinical diagnosis is based on the presence of several
symptoms. For this reason, the diagnosis and treatment
of NS is among the most important medical challenges
[4, 5]. NS is usually diagnosed on the basis of a combi-
nation of clinical findings and the use of positive septic
screening parameters such as lymphocyte count, C-reac-
tive protein (CRP), and the erythrocyte sedimentation
rate (ESR) [5].

Different types of Gram-positive and Gram-negative
bacteria are involved in NS. The most common bacteria
causing LOS among newborns in the neonatal inten-
sive care unit (NICU) are coagulase-negative staphylo-
cocci (CoNS) [6]. In recent decades, these bacteria have
become among the most important human pathogens [7].
In low- and middle-income countries (LMICs), Staphylo-
coccus epidermidis and Staphylococcus haemolyticus are
among the most common CoNS species causing NS [8].
According to a systematic review and meta-analysis pub-
lished in recent years, CoNS are the third most common
cause (14.0%) of NS in Iran [9].

CoNS strains easily acquire antibiotic resistance deter-
minants that lead to multidrug resistance [10]. CoNS
strains, in addition to their opportunistic nature in patho-
genicity, are important reservoirs for the transfer of anti-
microbial resistance genes, such as mecA, which cause
resistance to methicillin [11]. Moreover, their ability to
form biofilms on indwelling medical devices results in
the treatment of infections caused by these species with
serious problems [10]. Compared with methicillin-sus-
ceptible CoNS (MSCoNS) strains, methicillin-resistant
CoNS (MRCoNS) strains are more resistant to different
antibiotic classes [12].

The growing challenge in managing NS lies in the
increasing prevalence of antimicrobial resistance (AMR),
which is closely linked to the overuse of antibiotics, par-
ticularly those with broader spectra [13]. The latest global
analysis of the epidemiology and incidence of sepsis indi-
cates a growing relationship between antimicrobial resis-
tance and mortality from NS [14]. Hence, considering
the present circumstances and the fact that the empirical

therapy for NS from CoNS bacteria may vary depending
on location and over time, it is important to study their
antibiotic resistance patterns. This study aimed to inves-
tigate the prevalence and antibiotic resistance profile of
CoNS species in neonates with sepsis and their clinical
and demographic findings in Ahvaz, Iran.

Materials and methods

Ethics

This study was approved by the Research Ethics Com-
mittee of Golestan Hospital (ethics code: IR.AJUMS.
HGOLESTAN.REC.1401.119) of the Ahvaz Jundishapur
University of Medical Sciences in accordance with the
principles of the Declaration of Helsinki. Written consent
was obtained from the parents or legal guardians of the
neonates.

Study design

This cross-sectional study (October 2022-April 2023) was
conducted on neonates (0-28 days old) with NS manifes-
tations such as bradycardia, poor feeding, fever, apnea,
and lethargy admitted to the NICU of Imam Khomeini
Hospital [15, 16]. NS was confirmed and diagnosed by
an attending pediatrician at the hospital. In addition to
clinical symptoms, laboratory tests, such as C-reactive
protein (CRP) and white blood cell count (WBC), are
also used in the diagnosis of NS [15]. The demographic
and clinical characteristics of neonates with NS were
recorded on the basis of the statements of mothers or
other companions [17].

Inclusion and exclusion criteria

All infants who had two or more symptoms of NS were
included in this study [18]. All neonates with a history of
surgery, antibiotic consumption, or congenital anomalies
were excluded from the study [19].

Sample collection and processing

The blood culture bottles (Baharafshan, Iran) contain-
ing trypticase soy broth (TSB) were filled with approxi-
mately 1 to 2 mL of neonatal blood after the area was
disinfected with povidone-iodine and 70% alcohol [20,
21]. Immediately after collection, the samples were incu-
bated at 37 °C for 24 h. Subcultures were performed on
sheep blood agar and McConkey agar (Condalab, Spain)
after 24 h. The plates were incubated at 37 °C for 24 h. If
bacterial growth was negative, the process was repeated
on sheep blood agar and McConkey agar for 7 days. The
plates were evaluated for bacterial growth. Blood culture
bottles were deemed negative if no bacterial growth was
observed after seven days of incubation [20, 21]. In total,
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three blood samples were taken from patients with sus-
pected bloodstream infections over a three-day period. If
an organism grows only in one set of blood cultures or
when different organisms grow on the same culture set, it
is considered a contaminant. When the same bacterium
was grown in multiple blood culture sets, it was consid-
ered true bacteremia [22]. Additionally, several clinical
and laboratory indices, including hyperthermia and leu-
cocytosis, have been evaluated to determine true infec-
tion [22].

Primary identification of CoNS species

Primary identification of CoNS species was performed
via standard microbiological methods, such as colony
morphology, Gram staining, catalase, mannitol salt agar
(MSA), deoxyribonuclease (DNase), and coagulase tests
[23].

Confirmation and final determination of the identity of
CoNS species

In this step, genomic DNA was extracted from all CoNS
species via the boiling method as previously described
[24]. The process involved suspending 2-3 overnight
culture colonies in microtubes containing 500 pl of ster-
ile deionized water. These microtubes were incubated in
dry blocks (Denville Scientific, USA) (100 °C) for 5 min.
Next, the microtubes were centrifuged at 14,000 rpm for
10 min at 4 °C. The resulting supernatants were used as
genomic DNA templates for molecular analysis [24]. S.
epidermidis strains were identified and confirmed via
polymerase chain reaction (PCR) of the SesC gene using
previously described specific primers (Table 1) [25]. The
other suspected CoNS species were identified using 16 S
rRNA sequencing with the previously mentioned prim-
ers (Table 1) [26]. PCRs were performed in a total volume
of 25 uL as follows: 12.5 uL of Master Mix 1.5X (Sina-
clon, Tehran, Iran), 0.5 pL of forward and reverse primers
(10 pM), 5 pL of genomic DNA (50 ng/pL), and 6.5 pL
of sterile distilled water. The PCR protocols are described
in Table 1. The PCR products were analyzed via electro-
phoresis in a 1.5% agarose gel containing 2 pl of safe stain
(Sinaclon, Tehran, Iran) [27]. The resulting PCR prod-
ucts were sent to Pishgam Company (Tehran, Iran) for
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sequencing. Separate confirmation of the 16 S rRNA gene
sequences for each isolate was achieved through BLAST
analysis. The sequences were aligned with the relevant
sequences belonging to CoNS species retrieved from the
GenBank database via MEGA 6.0 software [28]. After the
sequences of the 16 S rRNA gene of CoNS species were
checked via Chromas software version 2.01 and trimmed,
the sequences were compared with the data in the Gen-
Bank database (https://www.ncbi.nlm.nih.gov/geneba
nk/), and their percentage similarity was checked. The
sequences of the 16 S rRNA gene of CoNS species were
subsequently deposited in the GenBank database. The
positive quality control for the amplification of the SesC
and 16 S rRNA genes included the use of S. epidermidis
ATCC 49,134 [12]. Additionally, sterile distilled water
was used as a negative control for each PCR run.

Detection of MRCoNS

MRCOoNS isolates were detected via a phenotypic test
(cefoxitin, 30 pg) and PCR amplification of the mecA
gene as previously described (Table 1) [29]. The PCR pro-
tocol is described in Table 1. The positive and negative
controls for mecA gene detection were S. aureus ATCC®
33,591™ and ATCC" 25,923™, respectively.

Antibiotic susceptibility testing (AST)

The AST of CoNS species was determined via Kirby—
Bauer disk diffusion according to the Clinical and Labo-
ratory Standards Institute (CLSI) guidelines [30]. This
test involved the use of 14 antibiotic disks (MAST,
United Kingdom) as follows: cefoxitin (30 pg), ampicillin
(10 pg), erythromycin (15 pg), clindamycin (2 pg), cip-
rofloxacin (CIP, 5 pg), amikacin (30 ug), trimethoprim/
sulfamethoxazole (1.25/23.75 pg), gentamicin (10 pg),
meropenem (10 pg), imipenem (10 pg), rifampicin (5 pg),
chloramphenicol (30 pg), linezolid (30 pg), and doxy-
cycline (30 pg). Quality control of AST was performed
using S. aureus ATCC® 25,923™ [30].

Data analysis

The obtained data were analyzed and interpreted through
the use of SPSS version 22 software provided by IBM in
Armonk, New York, USA.

Table 1 List of primers and protocols used for polymerase chain reaction (PCR) in this study

Gene Primers (5'-3") Product size (bp) PCR protocol
SesC F: GTTGATAACCGTCAACAAGG 388 First denaturation: 94 °C for 5 min
R: CATGTTGATCTTTTGAATCCC 30 cycles: 95 °C for 30's, 55 °C for 30's, 72 °Cfor 30 s
Terminal extension: 72 °C for 5 min
16 SrRNA 27 F: AGAGTTTGATCMTGGCTCAG 1500 First denaturation: 94 °C for 5 min
1492R: TACGGYTACCTTGTTACGACTT 30 cycles: 95 °C for 30's,63 °C for 30's, 72 °C for 60 s
Terminal extension: 72 °C for 5 min
mecA F: GTAGAAATGACTGAACGTCCGATAA 310 First denaturation: 94 °C for 5 min

R: AGCCAAGCCTTGACGAACTAAAGC

30 cycles: 95 °Cfor 30's,57 °C for 305,72 °Cfor30 s
Terminal extension: 72 °C for 5 min
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Results

Identification of CoNS species

In total, 1221 blood culture samples were collected from
1330 hospitalized neonates referred to Imam Khomeini
Hospital. In total, from 1221 blood culture samples,
111 (9.1%) were positive in terms of bacterial growth,
and 90.9% were negative. The number of positive cul-
tures included 75 (67.6%) Gram-positive and 36 (32.4%)
Gram-negative bacteria. Acinetobacter species made up
the majority of Gram-negative isolates (n=21, 51.4%),
followed by Klebsiella pneumoniae (n=8, 82.2%), Esch-
erichia coli (n=3, 8.3%), Pseudomonas aeruginosa (n=3,
8.3%), and Enterobacter cloacae (n=1, 2.8%). The isolated
bacteria included 74 (98.7%) Staphylococcus species and
one (1.3%) Enterococcus faecalis strain. Among the 74
Staphylococcus isolates, only 51 with clinical symptoms
of sepsis were included in the study. Overall, 51 staphy-
lococcal strains comprised 39 (76.5%) CoNS species and
12 (23.5%) S. aureus isolates. Using SesC gene PCR and
16 S rRNA sequencing, the CoNS species were as follows:
28 (71.8%) S. epidermidis, 5 (12.8%) S. hominis, 4 (10.38%)
S. haemolyticus, and 2 (5.1%) S. warneri. The data for the
16 S rRNA genes of CoNS species are shown in Table 2.
In total, the frequency of NS caused by CoNS isolates
was 35.1% (#=39/111) in neonates. One of the neonates
died due to this NS.

Clinical and demographic characteristics of neonates with
sepsis caused by CoNS species

Tables 3 and 4 present the main clinical and demo-
graphic characteristics of neonates with sepsis caused by
39 CoNS species. The frequencies of CoNS isolates were
56.4% (n=22) and 43.6% (n=17) in males and females,
respectively. The gestational age of the neonates ranged
from 26 w to 39 w, with a mean of 34 weeks. In total, 37
cases (94.9%) were born via the cesarean section method.
Only 3 patients (7.7%) experienced spontaneous rupture
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of membranes (ROMs) for >18 h. The average birth
weight was 2.118 + 0.69 kg, with a minimum of 950 g and
a maximum of 4000 g. The incidences of EOS and LOS
caused by CoNS were 32 (82.1%) and 7 (17.9%), respec-
tively. For EOS, the most prevalent CoNS isolates were
S. epidermidis (22, 56.5%), S. hominis (5, 12.8%), S. hae-
molyticus (3, 7.7%), and S. warneri (2, 5.1%). The lead-
ing CoNS isolates in LOS patients were S. epidermidis
(6, 15.4%) and S. haemolyticus (1, 2.5%). In neonates
who had peripherally inserted central catheters (PICCs)
and urine catheters, the S. epidermis was predominant.
In neonates intubated for sepsis, 100% of the CoNS iso-
lates were S. epidermis. Sepsis caused by CoNS isolates
was more common in women who delivered via cesar-
ean Sect. (94.9%) than in women who delivered vaginally
(5.1%).

Prevalence of MRCoNS

The results of the cefoxitin phenotypic test revealed that
all 39 CoNS isolates presented resistance patterns. Addi-
tionally, all of them harbored the mecA gene and were
confirmed as MRCoNS. In addition, 10 methicillin-resis-
tant S. aureus (MRSA) strains were detected.

AST patterns of CoNS isolates

The antibiotic susceptibility rates of the CoNS isolates
are shown in Table 5. Accordingly, CoNS isolates pre-
sented the highest susceptibility rates to chlorampheni-
col (76.9%) and rifampin (74.4%). However, the CoNS
isolates presented the highest antibiotic resistance rates
(100.0%) to cefoxitin, ampicillin, erythromycin, and line-
zolid (Table 5). Besides the aforementioned antibiotics,
S. epidermis isolates showed the highest resistance rates
(96.4%) against amikacin and clindamycin; S. hominis
isolates showed the highest resistance rates (100.0%)
against amikacin, rifampin, doxycycline, trimethoprim/
sulfamethoxazole, meropenem, and clindamycin; S.

Table 2 Accession numbers of the 76 S rRNA sequences of the Staphylococcus species in this study

Number Isolate code Accession numbers Bacteria

1 E42 PQ008312 Staphylococcus epidermidis strain Ajums EA-AM.E42
2 E38 PQ008311 Staphylococcus hominis strain Ajums EA-AM.E38

3 E35 PQO08310 Staphylococcus warneri strain Ajums EA-AM.E35

4 E31 PQ001723 Staphylococcus haemolyticus strain Ajums EA-AM.E31
5 E25 PQO01664 Staphylococcus hominis strain Ajums EA-AM.E25

6 E22 PQ001585 Staphylococcus haemolyticus strain Ajums EA-AM.E22
7 E15 PP979720 Staphylococcus hominis strain EA-AM.E15

8 E8 PP977009 Enterococcus faecalis strain AjumsEa-AM.E8

9 E7 PP976979 Staphylococcus hominis strain AjumsEa-AM.E7

10 E1l PQ097764 Staphylococcus epidermidis strain Ajums EA-AM.E1

11 E18 PQ164247 Staphylococcus haemolyticus strain EA-AM.E18

12 E30 PQ198417 Staphylococcus haemolyticus strain Ajums EA-AM.E30
13 E9 PQ203544 Staphylococcus hominis strain AjumsEa-AM.E9

14 E39 PQ210209 Staphylococcus warneri strain Ajums EA-AM.E39
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Table 3 Sociodemographic characteristics of the study neonates with sepsis caused by coagulase-negative staphylococci (CoNS)

Variables Frequency (N=39) Percentage (%)
Gender 22 56.4
Male 17 436
Female

Gestational age (weeks) 1 2.5
<28w 17 435
28-33 w 14 359
34-36 w 7 17.9
>37

Mode of delivery 2 5.1
Vaginal 37 94.9
Caesarean section

Duration of ROM (hour) 31 795
No ROM 5 12.8
<18h 3 77
>18h

Onset of sepsis (hour) 32 82.1
Early (<72) 7 17.9
Late (>72)

Birth Weight (kg) 27 69.2
<25 12 30.7
=25 2.118+0.69

Mean +SD

APGAR 1st min 13 333
<7 26 66.7
>7

APGAR 5th min 4 10.2
<7 35 89.8
=7

Symptom 21 53.8
Tachypnea 10 256
Cyanosis 2 5.1
Hypotonia 2 5.1
Poor feeding 1 26
Hypothermia 1 26
Mottling 1 26
Abdominal distention 1 26
Knee arthritis

Maternal disorders 36 922
No disease 1 26
GHTN 2 52
GDM

Maternal antibiotic therapy 2 5.1
Yes 37 949
No

TPN therapy 11 282
Yes 28 71.8
No

Surfactant therapy 13 333
Yes 26 66.7
No

CPAP, continuous positive airway pressure; NEC, necrotizing enterocolitis (Bell stage IlA or greater); PDA, patent ductus arteriosus; ROM, rupture of membranes; SGA,

small for gestational age

haemolyticus isolates showed the highest resistance rates
(100.0%) against amikacin, doxycycline, gentamicin, cip-
rofloxacin, trimethoprim/sulfamethoxazole, meropenem,
and clindamycin; and S. warneri isolates showed the high-
est resistance rates (100.0%) against amikacin, merope-

nem, clindamycin, trimethoprim/sulfamethoxazole,

imipenem, and doxycycline. The resistance rates to other
antibiotics, including clindamycin, ciprofloxacin, amika-
cin, trimethoprim/sulfamethoxazole, meropenem, imipe-
nem, and doxycycline, were greater than 70.0%.
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Table 4 Blood culture isolates by gestational age, place of birth and type of sepsis

Isolates

Outcomes

Intubation Urine ROM

Mode of delivery

VD

PICC

Type of sepsis

EOS
22

Gestational age

Gender
Female <28

Male

Staphylococcus epidermis 17

expire

Discharge

27

catheter

C/S
26

insertion
4(10.2%)

LOS

=37

28-33 34-36

12

2 (5.1%)

10

(15.4%)

(10.2%)

(12.8%)

(66.6%)

(15.4%)

0

(2.5%)  (30.7%) (25.6%) (12.8%) (56.5%)

(28.2%)

(43.6%)

3

5(12.8%)

Staphylococcus hominis

(2.5%)

(2.5%)

(0.0%)

(0.0%) (12.8%)

(0.0%)

(0.0%)

1

(0.0%)

(5.1%)

(7.7%)

(0.0%)

(5.1%)

(7.7%)

(2025) 25:114

3(7.7%)

Staphylococcus

(0.0%)

(0.0%)

(0.0%)

(0.0%) (10.2%)

(2.5%)

(2.5%)

0

(5.1%)

(5.1%)

(2.5%)
2

(0.0%)

(5.1%)

2

(5.1%)

haemolyticus

2 (5.1%)

0 (0.0%) 0 (0.0%)

Staphylococcus warneri

(2.5%)

(0.0%)

(0.0%)

(0.0%) (5.1%)

(0.0%)

(0.0%)

(0.0%)

(0.0%)

(5.1%)

(5.1%)
EOS, early-onset sepsis; LOS, late-onset sepsis; C/S, caesarean section delivery; VD, vaginal delivery; ROM, rupture of membranes; PICC, peripherally inserted central catheter
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Discussion

CoNS play a significant role in the development of
neonatal sepsis [31]. Hence, to determine suitable
approaches for treatment and effective infection control,
it is necessary to identify CoNS species and assess their
antibiotic resistance mechanisms in hospital settings
[31]. This study revealed a frequency of 35.1% for CoNS
isolates in NS patients. Additionally, compared with
other Gram-positive and Gram-negative bacteria, CoNS
isolates were the most common bacteria in both the EOS
and LOS patients. In line with our results, Majigo et al.
[4] from Tanzania (35.4%) and Hosseini et al. [33] from
Iran (35.2%) reported similar prevalence rates for CoNS
strains in NS patients. However, compared with this
study, in a previous report from India, the percentage of
NS caused by CoNS isolates was lower (13.83%) [7]. Inad-
equate infection control practices in the studied region
may have led to frequent CoNS isolate occurrence in this
study [7]. Inconsistent with these findings, Boskabadi et
al. [34] from Iran reported Klebsiella pneumoniae iso-
lates as the predominant bacteria in both LOS and EOS
patients. However, in line with this study, Hosseini et al.
[33] from Tabriz, Iran reported CoNS strains as the main
cause of both EOS and LOS.

The lack of detection of group B Streptococcus (GBS)
isolates in the current study was consistent with previ-
ous reports from Iran, which indicated a very low rate
of GBS-related NS [33, 34]. Hence, it seems that in the
study area, GBS is not a common bacterium in the geni-
tal tract of pregnant women. Another possibility is the
ineffectiveness of current traditional microbial detection
methods in identifying GBS strains [33]. These varia-
tions could be explained by differences in geographical
features, climates, sample sizes, and races across various
regions [7, 32].

In accordance with previous reports from India [4],
Ghana [19], and Peru [35], S. epidermidis (56.5%) was
the most prevalent CoNS species in NS cases in the stud-
ied area. Since S. epidermidis is part of the skin flora, it
is often considered a contaminant in positive blood cul-
tures and creates challenges in differentiating between
true infection and contamination [35]. Clinical and
laboratory evidence indicative of infection, along with a
positive blood culture result, are the only ways in which
CoNS isolates are considered true pathogens in our med-
ical centers [35].

The AST results revealed a high frequency rate
(100.0%) for MRCoNS isolates, which was in line with
previous studies from India (70%) [7], Kuwait (92.4%)
[36], and Iran (54.4%) [37]. The presence of the mecA
gene may be the reason for this observation. This gene
is responsible for encoding penicillin-binding protein 2a
(PBP2a), leading to a reduced affinity for f-lactam antibi-
otics [12]. It is located in a mobile genetic element called
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Table 5 Antibiotic susceptibility testing of coagulase-negative staphylococci (CoNS)

Antibiotic disc Frequency (%)
Linezolid Resistant 39 (100.0%)
Susceptible 0(0.0%)
Cefoxitin Resistant 39 (100.0%)
Susceptible 0 (0.0%)
Erytheromycin Resistant 39 (100.0%)
Susceptible 0 (0.0%)
Ampicillin Resistant 39 (100.0%)
Susceptible 0 (0.0%)
Gentamicin Resistant 26 (66.7%) S. epidermis 20 (71.4%)
S. hominis 1 (20.0%)
S. haemolyticus 4 (100.0%)
S.warneri 1 (50.0%)
Susceptible 13 (33.3%) S. epidermis 8 (28.6%)
S. hominis 4 (80%)
S. haemolyticus 0 (0.0%)
S.warneri 1 (50.0%)
Amikacin Resistant 38 (97.4%) S. epidermis 27 (96.4%)
S. hominis 5(100.0%)
S. haemolyticus 4 (100.0%)
S.warneri 2 (100.0%)
Susceptible 1(2.6%) S. epidermis 1 (3.6%)
S. hominis 0 (0.0%)
S. haemolyticus 0 (0.0%)
S.warneri 0 (0.0%)
Meropenem Resistant 37 (94.9%) S. epidermis 26 (92.9%)
S. hominis 5(100.0%)
S. haemolyticus 4 (100.0%)
S.warneri 2 (100.0%)
Susceptible 2 (5.1%) S. epidermis 2 (7.1%)
S. hominis 0 (0.0%)
S. haemolyticus 0 (0.0%)
S.warneri 0 (0.0%)
Clindamycin Resistant 38 (97.4%) S. epidermis 27 (96.4%)
S. hominis 5(100.0%)
S. haemolyticus 4 (100.0%)
S.warneri 2 (100.0%)
Susceptible 1(2.6%) S. epidermis 1 (3.6%)
S. hominis 0 (0.0%)
S. haemolyticus 0 (0.0%)
S.warneri 0 (0.0%)
Trimethoprim/sulfamethoxazole Resistant 31 (79.5%) S. epidermis 20 (71.4%)
S. hominis 5(100.0%)
S. haemolyticus 4 (100.0%)
S.warneri 2 (100.0%)
Susceptible 8 (20.5%) S. epidermis 8 (28.6%)
S. hominis 0 (0.0%)
S. haemolyticus 0 (0.0%)
S.warneri 0 (0.0%)
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Table 5 (continued)
Antibiotic disc Frequency (%)
Ciprofloxacin Resistant 32 (82.1%) S. epidermis 23 (82.1%)
S. hominis 4 (80.0%)
S. haemolyticus 4(100.0%)
S. warneri 1 (50.0%)
Susceptible 7 (17.9%) S. epidermis 5(17.9%)
S. hominis 1(20.0%)
S. haemolyticus 0 (0.0%)
S.warneri 1 (50.0%)
Imipenem Resistant 32 (82.1%) S. epidermis 24 (85.7%)
S. hominis 3 (60.0%)
S. haemolyticus 3(75.0%)
S.warneri 2 (100.0%)
Susceptible 7 (17.9%) S. epidermis 4 (14.3%)
S. hominis 2 (40.0%)
S. haemolyticus 1 (25.0%)
S.warneri 0(0.0%)
Rifampin Resistant 10 (25.6%) S. epidermis 9 (32.1%)
S. hominis 0 (0.0%)
S. haemolyticus 0 (0.0%)
S.warneri 0 (0.0%)
Susceptible 29 (74.4%) S. epidermis 19 (67.9%)
S. hominis 5(100.0%)
S. haemolyticus 4 (100.0%)
S.warneri 1 (50.0%)
Chloramphenicol Resistant 9 (23.1%) S. epidermis 7 (25.5%)
S. hominis 1(20.0%)
S. haemolyticus 0 (0.0%)
S.warneri 1 (50.0%)
Susceptible 30 (76.9%) S. epidermis 21 (75.0%)
S. hominis 4 (80.0%)
S. haemolyticus 4 (100.0%)
S.warneri 1(50.0%)
Doxycycline Resistant 35 (89.7%) S. epidermis 24 (85.7%)
S. hominis 5(100.0%)
S. haemolyticus 4 (100.0%)
S. warneri 2 (100.0%)
Susceptible 4(10.3%) S. epidermis 4 (14.3%)
S. hominis 0 (0.0%)
S. haemolyticus 0 (0.0%)
S.warneri 0 (0.0%)

the staphylococcal cassette chromosome mec (SCCmec)
[12]. In this study, all MRCoNS isolates harbored the
mecA gene. These findings emphasize the importance of
MRCOoNS strains as potential stores of antibiotic resis-
tance genes.

In this study, the cefoxitin phenotypic test and PCR
of the mecA gene were used to detect methicillin resis-
tance within CoNS species. Both methods yielded similar
results. However, in a previous study from Kuwait [36],
the results of the phenotypic test did not match those of
the molecular method. The mecA gene being placed out-
side the region covered by the primers employed in those

investigations may be the cause of the inconsistent find-
ings [36]. These findings indicate the importance of using
multiple methods to test the antibiotic susceptibility of
CoNS isolates in hospital settings [36].

In this study, chloramphenicol (76.9%) and rifampin
(74.4%) were the most effective antibiotics against CONS
isolates. However, cefoxitin, ampicillin, erythromycin,
and linezolid, with 100.0% resistance rates, were less
effective. Moreover, CoNS isolates showed high resis-
tance rates (more than 70.0%) to the majority of the
tested antibiotics. Consistent with the results of this
study, Majigo et al. [4] from Tanzania and Al-Haqan et
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al. [36] from Kuwait reported high antibiotic resistance
rates against ampicillin, erythromycin, clindamycin, and
trimethoprim/sulfamethoxazole. The overuse and inap-
propriate prescription of these antibiotics in our health-
care systems may have contributed to the high resistance
shown by the CoNS isolates in the current study [4]. The
elevated levels of resistance to most antibiotics observed
in this research emphasize the need to reevaluate existing
treatment protocols and enforce antibiotic stewardship
in the studied region.

One unexpected observation was the high resistance
rate to linezolid because this antibiotic is not among the
common treatment regimens in our region. However,
in a previous study, a high rate of resistance to linezolid
was observed among CoNS isolates from the same geo-
graphical area [38]. This observation necessitates further
investigation of the molecular mechanisms involved in
this resistance. The main factor contributing to resistance
against linezolid is predominantly attributed to muta-
tions in the chloramphenicol florfenicol resistance (cfr)
gene or domain V of the 23 S rRNA gene [39]. Addition-
ally, linezolid resistance has been reported to be caused
by biofilm formation and efflux pump expression [40].

Limitations

In this study due to lack of enough financial supports,
we had several limitations. The small sample size and
single-center design were among the limitations of this
study. Also, the lack of evaluation of the clonal related-
ness of CoNS isolates via accurate methods such as pulse
field gel electrophoresis (PFGE) and multilocus sequence
typing (MLST) due to financial constraints was another
limitation.

Conclusion

The present research highlights the high occurrence of
MRCoNS with a high antibiotic resistance rate in NS
patients from Imam Khomeini Hospital, Ahvaz, Iran. To
prevent the spread of these isolates in healthcare systems,
measures such as monitoring the optimal use of anti-
biotics on the basis of the results of laboratory antibio-
grams seem necessary. Additionally, the use of automatic
methods for identifying bacteria is another appropriate
measure to increase the accuracy and speed of response.
Additionally, infection control requires the reinforcement
of practices such as environmental cleaning and disinfec-
tion and hand hygiene.
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