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ABSTRACT 
Long regarded as a contaminant in clinical cultures, Staphylococcus haemolyticus has emerged as a major bacterial 
species responsible for a variety of serious human infections. This species is increasingly prevalent as an opportunistic 
agent, and the evolution of S. haemolyticus as a multiple drug-resistant strain is emerging as a major threat in 
worldwide healthcare facilities. In this study, 50 commensal and 98 clinical strains of S. haemolyticus were isolated 
and confirmed via superoxide dismutase gene sequence analysis. All isolates were tested against a series of antibiotics 
from ten different classes and screened for Staphylococcus Chromosomal Cassette (SCC) Types I, II, III, IV, and 
V. Staphylococcus haemolyticus resistance to antibiotics was observed in both the clinical and commensal strains 
isolated from healthy adults. In clinical isolates, the highest resistance was observed against erythromycin at 79.6% 
followed by cefoxitin (71.4%), while a high percentage of the commensals were resistant against cefoxitin (56.0%) 
and tigecycline (40.0%). More than half of the S. haemolyticus clinical isolates are multidrug resistance (MDR) 
strains at 54.1%, while 20.0% of the S. haemolyticus commensals are MDR strains. The majority of these MDR 
strains are methicillin-resistant S. haemolyticus (MRSH) suggesting a close relationship between the methicillin-
resistant strains and resistance to multiple classes of antibiotics. SCCmec Type II is the most abundant type observed 
in both commensal (92.0%) and clinical (99.0%) isolates of S. haemolyticus followed by Type V at 38.0% and 46.9%, 
respectively. The similar pattern of typing observed indicates the possibility that the clinical isolates of S. haemolyticus 
could have originated from the commensal strains that had successfully entered the host and caused infections. The 
antibiotic profile indicates the natural resistance of S. haemolyticus to antibiotics, even among the commensal strains. 
It also appears that transmission of genetic determinants for antibiotic resistance is common and widespread among all 
the S. haemolyticus isolates. Commensal strains of S. haemolyticus may thus serve as reservoirs for the transmission 
of antibiotic resistance and the development of opportunistic strains.

INTRODUCTION 
Among the coagulase-negative Staphylococcus (CoNS), 

Staphylococcus haemolyticus is one of the most abundant species 

of the human skin microbiome besides Staphylococcus epidermidis 
and Staphylococcus capitis (Ahmadunissah et al., 2022; Kitti et 
al., 2018; Socohou et al., 2020). As part of the human microflora, 
S. haemolyticus is found abundantly on the axillae, perineum, and 
inguinal areas due to the existence of apocrine glands in this area 
(Adeghate et al., 2020; Becker et al., 2014; Natsis and Cohen, 
2018). 

S. haemolyticus is also a prominent species frequently 
isolated from clinical cases of human infections. Long dismissed as 
contaminants, S. haemolyticus has recently emerged as a notorious 
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species responsible for many types of opportunistic infections 
in their host (Barros et al., 2012; Chaudhry and Patil, 2020). In 
blood infections including sepsis, S. haemolyticus was reported 
as the second most frequently isolated CoNS from clinical cases 
after S. epidermidis. This versatile species is also responsible for 
a variety of other infections including peritonitis, otitis, urinary 
tract infection, male infertility, and meningitis (AL-Ghizzawi and 
Jomaa, 2018; Czekaj et al., 2015; Shi et al., 2019). In Malaysia, S. 
haemolyticus is listed as among the top three CoNS isolated from 
nosocomial infections in hospitals (Abdul-Aziz, 2020; Sukri et al., 
2022). In addition, S. haemolyticus is among the most frequently 
isolated agents from infections related to indwelling medical 
devices such as prosthetic implantations, intravascular catheters, 
urinary catheters, surgery devices, and orthopedic implants 
(Czekaj et al., 2015; Lacalzada et al., 2010; Socohou et al., 2020). 
This evidence indicates the emergence of S. haemolyticus as a 
potential major threat in healthcare facilities (Cave et al., 2021).

Epidemiological data showed a rising number of 
commensals or nonpathogenic bacteria becoming implicated as 
causative agents of serious infections (Leal-Lopes et al., 2015; 
Marshall et al., 2009). It is believed that commensal bacteria 
could adapt and transform into pathogenic strains under selective 
pressure through the acquisition of virulence or resistance genes 
from pathogen counterparts (Adegoke and Okoh, 2012). In 2015, 
Czekaj et al. (2015) suggested that S. haemolyticus should no longer 
be dismissed as contaminants because their role in pathogenicity 
has become increasingly vital, a statement echoed by both Barros 
et al. (2012) and Chaudhry and Pathil (2020). Recommended 
treatment for infections by S. haemolyticus includes glycopeptide 
antibiotics such as vancomycin and teicoplanin while linezolid is 
used as a last-resort drug (Czekaj et al., 2015; Daniel et al., 2014). 

Unlike S. aureus and S. epidermidis, published data 
regarding the mechanisms of pathogenesis and virulence factors 
of S. haemolyticus are scarce and incomprehensive (Pain et  al., 
2019; Wolden et al., 2020). However, the majority of the studies 
on S. haemolyticus showed a common feature in which this 
species shows high resistance against many antibiotics (AL-
Ghizzawi and Jomaa, 2018; Cavanagh et al., 2016; Czekaj et 
al., 2015; Shi et al., 2019). The level of resistance observed in 
S. haemolyticus against several major antibiotic classes has 
emerged as a cause of public health threats, especially with the 
rise in the reports of multidrug resistance (MDR) strains. An 
MDR strain is defined as a microorganism that has the capability 
to be resistant to three or more classes of antibiotics (Peters et al., 
2019; Schmidt et al., 2020). Staphylococcus haemolyticus strains 
have shown resistance against antibiotic classes including the 
β-lactams, aminoglycosides, macrolides, lincomycin, quinolones, 
and tetracyclines (Bathavatchalam et al., 2021; Manoharan et 
al., 2021; Sarker, 2021). However, these findings were focused 
only on clinical isolates while data on the antibiotic resistance 
profile of the commensal strains of S. haemolyticus is lacking. It 
would be interesting to see if the antibiotic resistance ability of S. 
haemolyticus is also extended to the “nonpathogenic” commensal 
counterparts. Hence, in this study, the resistance patterns of both 
clinical and commensal S. haemolyticus isolates against ten 
different classes of antibiotics were evaluated.

The second point of concern is the rising incidence 
of methicillin-resistant S. haemolyticus (MRSH) isolates 
from clinical settings (Gómez-Sanz et al., 2019; Suhartono 

et  al., 2019; Teeraputon et al., 2017). The methicillin-resistant 
phenotype is associated with the ability of S. haemolyticus to 
accumulate penicillin-binding protein PBP2a encodes by the 
mecA gene, which has reduced affinity to β-lactam antibiotics 
and subsequently decreased susceptibility to methicillin and other 
penicillin derivatives (Mbah and Isokpehi, 2013; Santiago et al., 
2014). The Staphylococcus Chromosomal Cassette (SCC)mec is a 
unique class of mobile genetic elements found in Staphylococcus 
spp. which carries the mecA gene conferring resistance to 
methicillin. SCCmec can also carry genes conferring resistance 
to non-β-lactam antibiotics (Baig et al., 2018; Liu et al., 2016). 
The mecA gene is the part of mec gene complex which comprises 
specific insertion sequences and two regulatory genes, mecR1 
and mecI (Chovanová et al., 2016; Shore and Coleman, 2013). 
The components of the mec gene complex include the ccr gene 
and junkyard (J) regions and are used to define the SCCmec types 
(Kaya et al., 2018; Liu et al., 2016). Unfortunately, in the majority 
of the documented studies on Staphylococcus, the SCCmec typing 
among clinical S. haemolyticus isolates was commonly reported 
not as an individual species but as a subset of CoNS instead. In 
this study, the distribution of SCCmec typing of Types I, II, III, IV, 
and V among the isolates would be further investigated. It is hoped 
that this study would help to define SCCmec elements associated 
with the resistance against different classes of antibiotics which 
are widespread among S. haemolyticus strains. 

MATERIALS AND METHODS 

Bacterial sampling and isolation
The collection of both clinical and commensal isolates 

was conducted with the approval of the Research Ethics 
Committee, UiTM [REC 600-IRMI (5/1/6)].

Presumptive commensal isolates of Staphylococcus 
were collected from 150 healthy adults via the skin swabbing 
method (Batista et al., 2019). The healthy adult group comprises 
volunteers aged between 21 and 45 years old, and they were 
recruited from employees and students from the university where 
the study took place. A healthy adult is defined as an adult without 
antibiotic exposure and no hospitalization or any healthcare 
affiliation for the previous three months (Cavanagh et al., 2016; 
Pain et al., 2019). The sterile cotton swab was dipped into a test 
tube containing sterile 0.80% (w/v) saline and was pressed to the 
sides of the tubes to remove excess water. Each of the swabs was 
then rubbed on the skin of the axillae or the groin several times. 
These anatomical parts were selected as they represent the most 
common areas where S. haemolyticus resides (Strasheim et al., 
2013). The swab was then inoculated in fresh brain heart infusion 
(BHI) broth and incubated overnight at 37°C, 150 rpm.

Staphylococcus clinical isolates were obtained from 
the microbiology laboratories of several hospitals in the Klang 
Valley area in Selangor. The samples were previously isolated 
from various clinical specimens such as blood, respiratory fluid, 
urine, pus, and tissue swabs. Upon collection, a loopful of each of 
the clinical specimens was cultured in BHI broth and incubated 
overnight at 37°C, 150 rpm. 

A loopful of each of the overnight cultures was then 
streaked on mannitol salt agar and incubated at 37°C for 18–24 
hours. Pink or white colonies which indicate the growth of CoNS 
were selected and subcultured to obtain pure colonies. Presumptive 
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identification of S. haemolyticus isolates was performed via a 
series of standard biochemical tests including Gram stain, catalase, 
coagulase, and urease test (Kloos and Bannerman, 1994). 

Species identification
All the presumptive Staphylococcus isolates were further 

subjected to PCR amplification of the superoxide dismutase 
(sodA) gene (Abdul-Aziz et al., 2015) using the primers d1 (5′ 
CCI TAY ICI TAY GAY GCI YTI GAR CC ′3) and d2 (5′ARR 
TAR TAI GCR TGY TCC CAI ACR TC ′3). The amplicon has an 
expected size of 426 bp and represents 83.0% of the sodA gene. 
Staphylococcus haemolyticus ATCC29970 was used as a positive 
control.

Genomic DNA was extracted using a commercial kit 
(Qiagen DNeasy, USA) according to the manufacturer’s protocol. 
PCR was performed using MyTaq Master Mix (Bioline, UK) on 
a Mastercycler nexus gradient (Eppendorf, Germany) with the 
following conditions: 3 minutes at 95.0°C for the initial cycle, 
followed by 30 cycles of amplification of the followings: 30 
seconds of denaturation at 95.0°C, 60 seconds of annealing at 
37.0°C, and 45 seconds of elongation at 72.0°C. The last cycle 
was 72.0°C for 10 minutes. The PCR purification was performed 
via ExoSap (New England Biolabs, USA) and the clean PCR 
products were sequenced by Bio Basic, Singapore. The resulting 
sequence data were analyzed through the GenBank database using 
the BLAST interface. The match with the highest percentage 
of similarity with a minimum of 99.0% similarity and 99.0% 
coverage was confirmed as S. haemolyticus. 

Antimicrobial susceptibility profile 
The antimicrobial susceptibility profile of the S. 

haemolyticus isolates was performed using the Kirby-Bauer disc 
diffusion method against ten antibiotics from different classes: 
β-lactam (cefoxitin, 30.0  µg), fluoroquinolone (ciprofloxacin, 
5.0  µg), lincomycin (clindamycin, 2.0  µg), macrolide 
(erythromycin, 15.0 µg), aminoglycoside (gentamicin, 10.0 µg), 
oxazolidinone (linezolid, 30.0 µg), ansamycin (rifampicin, 5.0 µg), 
tetracycline (tetracycline, 30.0  µg), glycylcycline (tigecycline, 
15.0 µg), and glycopeptide (vancomycin, 30.0 µg). A loopful of 
S. haemolyticus culture was inoculated into Mueller Hinton Broth 
and incubated overnight at 37.0°C, 150 rpm. The culture was then 
diluted to 1:100 and further incubated for approximately 2 hours 
until it reached the exponential phase. The turbidity of the culture 
was adjusted to 0.5 McFarland standard (Wiegand et al., 2008) 
and swabbed onto Mueller Hinton Agar plate with antibiotic discs 
placed on the agar. The plates were incubated overnight at 37.0°C 
and the inhibition zones were measured after 18 to 24 hours of 
incubation. The antibiograms of the isolates were interpreted 
according to the 2018 guidelines by the Clinical and Laboratory 
Standard Institute (CLSI, 2018). For vancomycin, the efficacy of 
this antibiotic was tested using the E-test instead as recommended 
by CSLI. The bacteria culture was prepared in the same manner as 
the disc diffusion method, and a vancomycin E-test strip (M.I.C.E, 
UK) was applied in place of a disc.

mecA gene 
The presence of mecA gene was determined in the S. 

haemolyticus isolates by PCR using primers mecA1-F (5′- CTT 
TGC TAG AGT AGC ACT CG-3′) and mecA1-R (3′- GCT AGC 

CAT TCC TTT ATC TTG-5′) which gives an expected amplicon 
of 531bp (Al-Khulaifi Manal et al., 2009; Zhang et al., 2005a). 
Staphylococcus aureus ATCC 33591 was used as the positive 
control. The amplification conditions were 1 minute at 94.0°C 
for initial denaturation followed by 30 cycles of amplification of 
the followings: 1 minute at 94.0°C for denaturation, 1 minute of 
annealing at 62.0°C and 45 seconds of extension at 72.0°C. The last 
cycle was performed at 72.0°C for 5 minutes. The PCR products 
were observed using gel electrophoresis in a 1.2% agarose gel.

SCCmec Typing I, II, III, IV, and V 
The S. haemolyticus isolates were subjected to SCCmec 

typing for Types I, II, III, IV, and V using the multiplex PCR 
method of (Zhang et al., 2005b, 2012) with the following 
conditions: 5 minutes at 94.0°C for initial denaturation followed 
by 30 cycles of amplification of the followings 1 minute at 94.0°C 
for denaturation, 1 minute of annealing at 62.0°C, and 2 minutes 
of extension at 72.0°C. The last cycle was performed at 72.0°C 
for 10 minutes. Positive amplifications were also confirmed using 
a single PCR method. The amplicons were observed using gel 
electrophoresis in a 1.5% agarose gel at 80V for 120 minutes. 
Staphylococcus capitis B102 was used as a positive control 
(Abdul-Aziz et al., 2018). 

RESULTS 

Isolation of S. haemolyticus from commensal and clinical 
samples

A total of 50 commensal strains of S. haemolyticus 
were successfully isolated from healthy adults while 98 strains of 
clinical isolates were obtained from three hospitals. All isolates 
used in this study were confirmed as S. haemolyticus by sodA gene 
sequence analysis. Figure 1 shows the amplification of the sodA 
gene in some of the isolates.

Antibiotics resistance patterns of S. haemolyticus
The resistance patterns for both commensal and clinical 

isolates of S. haemolyticus against selected antibiotics are 
summarized in Figure 2. 

Among the clinical isolates, the highest resistance 
was observed against erythromycin at 79.6%, followed by 
cefoxitin (71.4%), ciprofloxacin (40.8%), tigecycline (37.6%), 
and gentamicin (33.7%). On the other hand, the majority of the 
commensal isolates were resistant against cefoxitin at 56.0% 
followed by tigecycline (40.0%), clindamycin (34.0%), and 
clindamycin (34.0%). 

In general, clinical isolates of S. haemolyticus displayed 
higher resistance against most of the antibiotics as compared to 
the commensals. An exception was observed in clindamycin 
and linezolid whereby a slightly higher degree of resistance to 
these antibiotics at 34.0% and 6.0% were seen in the commensal 
isolates as compared to the clinical isolates at 11.2% and 3.1%, 
respectively. Both clinical and commensal isolates showed an 
almost similar level of resistance against tigecycline at 40.0% and 
37.6%, respectively. 

Methicillin-resistant S. haemolyticus (MRSH)
Cefoxitin resistance (30  µg) is regarded as the gold 

standard for validation and identification of methicillin-resistant 
isolates among Staphylococcus sp. as suggested by the CLSI and 
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Centres for Disease Control and Prevention (Fernandes et al., 2005; 
Ibrahim et al., 2017; Jain et al., 2008). Hence, any Staphylococcus 
strain resistant to cefoxitin is determined as methicillin-resistant 
Staphylococcus. 

Among the clinical isolates of S. haemolyticus, 70 
(71.4%) were MRSH while the remaining 28% or 28.6% were 
MSSH. This is in agreement with reports from other studies, 
demonstrating the clinical significance of MRSH. Data on 
commensal S. haemolyticus MRSH, however, are lacking. 
Figure 2 shows results from this study indicating that the incidence 
of MRSH among the commensal isolates is surprisingly high at 
56.0%.

MDR profiles
Table 1 shows that 53% or 54.1% of the S. haemolyticus 

clinical isolates were MDR strains. From this, 17 (17.5%) were 
resistant to three antibiotic classes, five (5.1%) were resistant to 

four antibiotic classes, 13 (13.3%) were resistant to five antibiotic 
classes, and 14 (14.3%) were resistant to six different classes of 
antibiotics. Two of the clinical isolates were resistant to seven 
classes of antibiotics, and one isolate was resistant to all the 
antibiotics except for linezolid and vancomycin, while another 
isolate was only susceptible to vancomycin. The most prevalent 
resistance profile was observed in Pattern 22 (erythromycin-
cefoxitin-ciprofloxacin-tigecycline-gentamicin-tetracycline) with 
a frequency of nine or 9.2% of the isolates. 

The presence of MDR strains among the S. haemolyticus 
commensal isolates was also observed albeit at a smaller number of 
ten or 20.0%. Of these, three isolates (6.0%) were resistant against 
three and four antibiotics, respectively, while two isolates (4.0%) 
were resistant against five and six antibiotic classes, respectively. 
The most prevalent resistant patterns were Pattern 5 (erythromycin-
cefoxitin-clindamycin) and Pattern 13 (erythromycin-cefoxitin-
clindamycin-tigecycline) at 6.0%, respectively. Interestingly, none 
of the clinical and commensal isolates displayed similar resistance 
patterns against the antibiotics tested. 

All the MDR strains were resistant to erythromycin 
(90.5%) or cefoxitin (96.8%). Coresistance to erythromycin 
and cefoxitin appears to be highly frequent and was observed 
in 87.3% (55/63) of the MDR strains. Among the commensals, 
nine out of ten strains displayed coresistance to erythromycin 
and cefoxitin. However, among the clinical isolates, 46 out of 53 
strains (86.8%) have the erythromycin-cefoxitin profile. It is thus 
tempting to speculate that the “progenitor” S. haemolyticus MDR 
strain first acquired resistance to erythromycin and cefoxitin, and 
the subsequent accumulation of other resistance genes gave rise to 
the plethora of MDR strains observed. In erythromycin-cefoxitin-
resistant strains, 22.2% show coresistance to ciprofloxacin, while 

Figure 1. Amplification of sodA gene in S. haemolyticus. Lane 1: 100 bp of 
DNA ladder (Solis BioDyne) Lane 2: T11, Lane 3: S6, Lane 4: E1, Lane 5: A114, 
Lane 6: C49, Lane 7: D50, and Lane 8: S. haemolyticus ATCC 29970 (control).

Figure 2. The resistance patterns of S. haemolyticus isolates against selected antibiotics. Erythromycin (ERY), Cefoxitin (FOX), Ciprofloxacin 
(CIP), Tigecycline (TIG), Gentamicin (GM), Tetracycline (TET), Rifampicin (RIF), Clindamycin (DA), Linezolid (LZD), and Vancomycin 
(VAN).
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20.6% show coresistance to tigecycline. There is however no clear 
correlation observed between the antibiotic resistance profiles 
and the tendency to cause infections, although the erythromycin-
cefoxitin-ciprofloxacin pattern appears to be enriched among the 
MDR clinical isolates.

SCCmec Types I, II, III, IV, and V
There are currently 13 types of SCCmec classified 

based on the nature of their mec and ccr gene complexes (Kaya 
et al., 2018; McClure et al., 2020; Singh-Moodley et al., 2019). 
The majority of these SCCmec types are present among S. aureus 
isolates, while SCCmec Types I, II, III, IV, and V are reported to 
be common among CoNS. All the isolates in this study were found 
to harbor the mecA gene. Figures 3 and 4 display the results of the 

amplification of SCCmec Types I, II, III, IV, and V among some of 
the isolates while the details of the typing are tabulated in Table 2.

Our study showed that SCCmec Type II is the most 
abundant SCCmec type in both commensal (92.0%) and clinical 
(99.0%) isolates of S. haemolyticus, present either as a single 
type or in combination with other SCCmec types (Table 2). This 
is followed by Type V, which is present in 38.0% and 46.9% of 
the commensals and clinical isolates, respectively. Other SCCmec 
types include Type I (20.0% in commensals, 17.3% in clinicals), 
Type IV (8.0% in commensals, 7.1% in clinicals), and Type III 
(2.0% in commensals and 0% in clinicals). 

DISCUSSION
The ability of S. haemolyticus to resist killing by 

antibiotics has been reported in several studies worldwide. In 

Table 1. Pattern of MDR among the S. haemolyticus isolates. 

Resistance pattern Phenotypic pattern Commensals number (%) Clinicals number (%)

1 ERY-FOX-CIP 4 (4.1)

2 ERY-FOX-TGC 7 (7.1)

3 ERY-FOX-GM 1 (1.0)

4 ERY-FOX-TET 1 (1.0)

5 ERY-FOX-DA 3 (6.0)

6 ERY-TGC-TET 1 (1.0)

7 FOX-CIP-RA 1 (1.0)

8 FOX-TGC-TET 1 (1.0)

9 FOX-TGC-RA 1 (1.0)

10 ERY-FOX-CIP-TET 1 (1.0)

11 ERY-FOX-CIP-DA 1 (1.0)

12 ERY-FOX-TGC-TET 1 (1.0)

13 ERY-FOX-TGC-DA 3 (6.0)

14 FOX-CIP-GM-TET 1 (1.0)

15 FOX-CIP-GM-RA 1 (1.0)

16 ERY-FOX-CIP-TGC-GM 3 (3.1)

17 ERY-FOX-CIP-GM-TET 5 (5.1)

18 ERY-FOX-CIP-GM-RA 1 (1.0)

19 ERY-FOX-CIP-GM-DA 3 (3.1)

20 ERY-FOX-RA-DA-LZD 2 (4.0)

21 ERY-CIP-TGC-TET-DA 1 (1.0)

22 ERY-FOX-CIP-TGC-GM-TET 9 (9.2)

23 ERY-FOX-CIP-TGC-GM-RA 3 (3.1)

24 ERY-FOX-CIP-TGC-GM-DA 1 (1.0)

25 ERY-FOX-TGC-GM-TET-DA 1 (1.0)

26 ERY-FOX-TGC-RA-DA-LZD 1 (2.0)

27 FOX-CIP-GM-TET-RA-DA 1 (2.0)

28 ERY-FOX-CIP-TGC-GM-RA-DA 1 (1.0)

29 ERY-FOX-CIP-TGC-GM-RA-LZD 1 (1.0)

30 ERY-FOX-CIP-TGC-GM-TET-RA-DA 1 (1.0)

31 ERY-FOX-CIP-TGC-GM-TET-RA-DA-LZD 1 (1.0)

TOTAL 10 53

Erythromycin (ERY), Cefoxitin (FOX), Ciprofloxacin (CIP), Tigecycline (TGC), Gentamicin (GM), Tetracycline (TET), Rifampicin (RA), Clindamycin 
(DA), and Linezolid (LZD).
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2012 in Brazil, Barros et al. (2012) isolated 64 clinical isolates 
of S. haemolyticus from human blood cultures. A high degree of 
resistance to cefoxitin was observed at 88.0%, while 72.0% and 
64.0% of the isolates were resistant against ciprofloxacin and 
erythromycin, respectively (Barros et al., 2012). In another study in 
Hamadan, Iran, cefoxitin resistance was observed in all 23 strains 

of S. haemolyticus isolated from blood and urine, while 39.1% and 
26.1 of the isolates were also resistant against erythromycin and 
gentamicin, respectively (Hajiahmadi et al., 2017).

On the other hand, 48 S. haemolyticus isolated from 
blood and catheter from a local hospital in Ankara, Turkey, 
showed 91.7% are resistant to cefoxitin followed by erythromycin 
(87.5%), ciprofloxacin (81.3%), and gentamicin (77.1%) (Tekeli 
et al., 2020). In general, reports from other studies show that 
the clinical isolates S. haemolyticus displayed high resistance 
against cefoxitin, ciprofloxacin, erythromycin, gentamicin, and 
tigecycline, causing problems in public health systems (Eltwisy 
et al., 2022). 

Nosocomial isolates of S. haemolyticus are known to 
display the highest incidences of antibiotic resistance among 
the CoNS (Cavanagh et al., 2014). Various factors have been 
suggested to contribute to this phenomenon especially the 
presence of resistant genes and inappropriate use of antibiotics 
(Becker et al., 2014). Although these findings are in agreement 
with this study, the current study also shows a high level of 
antibiotic resistance among commensal strains of S. haemolyticus, 
albeit at a lower percentage. Coresistance to different classes of 
antibiotics was also observed, although the incidence of MDR 
is lower as compared to clinical isolates. This suggests that the 
incidence of antibiotic resistance in commensal S. haemolyticus 
may have been underestimated. Opportunistic infections caused 
by these antibiotic-resistant commensal strains will be difficult 
to treat (Brown and Horswill, 2020). Similarly, a comparative 
study by Cavanagh et al. (2019) on exoproteome profiling of the 
clinical and commensal strains of S. haemolyticus showed that 
proteins conferring antimicrobial resistance are more abundantly 
found in the clinical isolates, reflecting their more virulent traits 
(Cavanagh et al., 2019). Results from this study also show that 
none of the isolates were resistant to vancomycin, suggesting 
the potential of this antibiotic as a treatment for S. haemolyticus 
infections. Resistance against glycopeptides in Staphylococcus is 
rare although S. haemolyticus is predicted to play an important 
role if such resistance occurs among the members of this genus 
(Czekaj et al., 2015). On the other hand, the increased resistance 
to -lactams among S. haemolyticus is a growing phenomenon and 
a public health challenge. 

The correlation between the MDR strains and MRSH 
among the S. haemolyticus isolates is summarized in Table 3. 

Reichmann and Pinho (2017) proposed that one main 
concern of antibiotics susceptibility profile among staphylococci 
is the incidence of methicillin resistance which has been widely 
reported. In this study, all the MDR strains of the commensal 
isolates were found to be MRSH while the majority of the MDR 
strains in the clinical isolates were also MRSH, suggesting a 
close relationship between the methicillin-resistant strains and 
resistance to other tested antibiotics. In agreement, numerous case 
studies concerning the high number of MRSH in clinical settings 
have been documented globally in which MRSH was reported 
as the aetiological agent in a variety of infections. In 2018, a 
study in South-West Iran reported that at 45.4%, both MRSH 
and MRSE (methicillin-resistant S. epidermidis) were the most 
dominant agents of CoNS isolated from blood, urine, and wounds 
of nosocomial patients (Abbasi Montazeri et al., 2020). The rising 
numbers of MRSH in India were also reported in a study by  

Figure 3. SCCmec typing for Types I, II, and III of some S. haemolyticus isolates. 
Lane 1: 100 bp of DNA ladder (Solis BioDyne). Lane 2–4: SCCmec Types I, II, 
III (control). SCCmec Type I (631 bp), Type II (398 bp), and Type III (280 bp). 

Figure 4. The SCCmec typing for Types IV and V of some S. haemolyticus 
isolates. Lane 1: 100 bp of DNA ladder (Solis BioDyne), Lanes 2–3: SCCmec 
Types IV and V (control), Type IV (776 bp), and Type V (325 bp).

Table 2. Distribution of SCCmec types among the S. haemolyticus 
isolates.

SCCmec type
Commensals Clinicals

Number (%) Number (%)

I - - - -

II 23 46.0 36 36.7

III - - - -

IV 1 2.0 -

V 1 2.0 1 1.0

I and II 2 4.0 13 13.3

I and V 1 2.0 -

II and IV 4 8.0 3 3.1

II and V 9 18.0 37 37.8

I, II, and V 5 10.0 4 4.1

II, IV, and V - - 4 4.1

I, II, IV, and V 2 4.0 - -

II, III, IV, and V 1 2.0 - -

None 1 2.0 - -

TOTAL 50 98
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Singh et al. (2016) whereby 67.9% of MRSH were found to 
be dominant among the 34 CoNS strains isolated from patients 
suffering from bacteremia. Similarly, in Chiang Rai of Northern 
Thailand, among the 31 MR-CoNS isolated from patients suffering 
from bacteremia, 58.1% were found to be MRSH (Kitti et al., 
2018). Similarly, MRSH was found to be the responsible agent 
causing infections among NICU patients at a hospital in Brazil 
(Salgueiro et al., 2019).

Thus, the increased level of antibiotic resistance is 
observed not only among clinical strains of S. haemolyticus, but 
also in commensal strains isolated from healthy individuals. One 
important factor might be the ability to acquire multiresistance 
against available antimicrobial agents by both groups. Taking 
into consideration the high adaptability and the ability to survive 
in the hospital environment, especially on medical devices, S. 
haemolyticus has the potential to become a major source of 
nosocomial infections. Virulent strains of S. haemolyticus are often 
characterized by a large number of acquired insertion sequences 
and single nucleotide polymorphisms (Cavanagh et al., 2014; 
Pain et al., 2019). This unusual genome plasticity may lead to the 
enhanced ability of this species to acquire antibiotic-resistance 
genes and form a potential reservoir for the dissemination of 
such genes. This may represent a major clinical concern as it 
will provide S. haemolyticus with the same genetic resources to 
develop into a successful pathogen like S. aureus. The presence of 
a pool of MDR commensal S. haemolyticus on hospital personnel 
and visitors will likely fuel future outbreaks of hospital-acquired 
infections, which may then eventually develop into community-
acquired infections.

This study showed that the majority of the S. haemolyticus 
isolates harbor SCCmec Type II. However, several other studies 
have reported that SCCmec Type V is more common among 
clinical strains of S. haemolyticus. These include studies in Poland 
(Hosseinkhani et al., 2016; Hajiahmadi et al., 2017; Szczuka et al., 
2016; Szemraj et al., 2020), neonates in Rio de’ Janeiro (Salgueiro 
et al., 2019), and Ankara (Turkey) (Tekeli et al., 2020). In addition, 
there were several reports on SCCmec Type I being the predominant 
type among S. haemolyticus as in India (Ghosh et al., 2016; Singh et 
al., 2016), Brazil (Ternes et al., 2013), and Iran (Abbasi Montazeri 
et al., 2020), while SCCmec Type III predominates among clinical 
strains of S. haemolyticus in Chengdu, China (Zong et al., 2011) 
and Brazil (Pedroso et al., 2018). This suggests that the dominant 
SCCmec type in S. haemolyticus can vary, depending on factors 
such as the host and geographical locations (Azharollah et al., 2021; 
Ebrahim-Saraie et al., 2015; Yilmaz et al., 2015).

SCCmec Type II was also found to be a dominant type 
among the commensal S. haemolyticus. In contrast, a study on 

commensal strains of S. haemolyticus conducted by Ruppé et 
al. (2009) in Algeria, Cambodia, Mali, and Moldova reported 
that SCCmec Type V was most prevalent followed by SCCmec 
Type IV. Similar findings were also observed in Iran (Iravani 
Mohammad Abadi et al., 2015) and in Chennai, India (Murugesan 
et al., 2015). However, in these studies, the S. haemolyticus strains 
were isolated from the nasal of healthy adults while, in this study, 
S. haemolyticus were isolated from other areas of the body which 
include the groins, axillae, and perineum instead. This suggests 
that the variety of SCCmec typing could also depend on different 
anatomical areas of the human body (Azharollah et al., 2021).

It is also interesting to note that the patterns of dominance 
in the SCCmec typing for both the commensal and clinical isolates 
are very similar to each other. Such striking similarity strongly 
suggests that the clinical strains isolated from the hospital settings 
could have originated from the commensal strains that had 
successfully converted into opportunistic pathogens. Hence, a 
similar pattern of SCCmec typing is observed in S. haemolyticus 
among both the community- and hospital-acquired infection 
isolates. 

While the results from this study showed the ability 
of both commensal and clinical strains of S. haemolyticus to 
become MDR pathogens, the scope of the study is limited to 
one geographical region in Malaysia. Also, the markers used 
for tracking are limited to antimicrobial resistance genes and 
SCCmec cassettes. While similar observations have been reported 
elsewhere, a global analysis using whole genome sequencing data 
will provide more information on the evolutionary trajectory of 
this important opportunistic pathogen.

CONCLUSION
This study highlighted the natural ability of S. 

haemolyticus to develop resistance to commonly used antibiotics. 
Such a phenomenon was observed not only in clinical strains 
isolated from infected patients in hospital settings, but also in 
commensal strains isolated from healthy individuals. MDR and 
MRSH strains of S. haemolyticus are not only a concern in clinical 
settings, but the same phenotypes are also present among the 
commensal isolates, albeit at a lower percentage. SCCmec Type II 
is the most abundant SCCmec type in both clinical and commensal 
isolates, followed by Type V, suggesting the ability of this species 
to transform from a commensal strain to an opportunistic pathogen. 
It also suggests that genetic determinants are widespread among 
the S. haemolyticus isolates which could serve as vehicles for the 
transmission of antibiotic-resistant genes and which may also be 
transmitted to other CoNS species horizontally (Ahmadunissah et 
al., 2022). The findings could be useful in antibiotic prescription 
policies and infection control strategies for S. haemolyticus.

Table 3. The correlation between MDR and MRSH among S. haemolyticus isolates.

Staphylococcus haemolyticus
Commensals Clinical

MRSH (%) MSSH (%) MRSH (%) MSSH (%)

MDR 10 (20.0) 0 51 (52.0) 2 (2.1)

Non-MDR 18 (36.0) 22 (44.0) 19 (19.4) 26 (26.5)

Total 28 (56.0) 22 (44.0) 70 (71.4) 28 (28.6)

MRSH = Methicillin-resistant S. haemolyticus; MSSH = Methicillin-sensitive S. haemolyticus; MDR = Multidrug resistance. 



Azharollah et al. / Journal of Applied Pharmaceutical Science 13 (03); 2023: 158-167 165

AUTHOR CONTRIBUTIONS
All authors made substantial contributions to conception 

and design, acquisition of data, or analysis and interpretation of 
data; took part in drafting the article or revising it critically for 
important intellectual content; agreed to submit to the current 
journal; gave final approval of the version to be published; and 
agree to be accountable for all aspects of the work. All the authors 
are eligible to be an author as per the international committee of 
medical journal editors (ICMJE) requirements/guidelines.

FINANCIAL SUPPORT 
This study was supported by the Fundamental Research 

Grant Scheme by Ministry of Education Malaysia 600-IRMI/
FRGS 5/3 (104/2019) and the Faculty of Applied Sciences, 
Universiti Teknologi MARA (UiTM) Shah Alam, Malaysia.

CONFLICTS OF INTEREST
The authors report no financial or any other conflicts of 

interest in this work.

ETHICAL APPROVALS
This study was conducted under the approval of the 

Research Ethics Committee, UiTM [REC 600-IRMI (5/1/6)].

DATA AVAILABILITY
All data generated and analyzed are included in this 

research article.

PUBLISHER’S NOTE
This journal remains neutral with regard to jurisdictional 

claims in published institutional affiliation.

REFERENCES 
Abbasi Montazeri E, Seyed-Mohammadi S, Asarehzadegan 

Dezfuli A, Khosravi AD, Dastoorpoor M, Roointan M, Saki M. Investigation 
of SCCmec types I–IV in clinical isolates of methicillin-resistant coagulase-
negative staphylococci in Ahvaz, Southwest Iran. Biosci Rep, 2020; 
40:BSR20200847.

Abdul-Aziz A. ERIC-PCR fingerprint profiling and genetic 
diversity of coagulase negative Staphylococcus in Malaysia. Malaysian J 
Microbiol, 2020; 7–16.

Abdul-Aziz A, Anuar II, Mohamad SAS, Mohd-Zain Z, 
Abdullah MFF. Detection of type I-V SCCmec in methicillin-resistant 
staphylococcus capitis isolates from Malaysia. Malaysian J Biochem Mol 
Biol, 2018; 21:12–6.

Abdul-Aziz A, Mohamad SAS, Abdullah MFF. Identification of 
coagulase-negative Staphylococci by SodA gene sequence analysis. Curr 
Res Bacteriol, 2015; 8:48–61.

Adeghate JO, Juhász E, Iván MÁ, Pongrácz J, Kristóf K. Similar 
strains of coagulase-negative Staphylococci found in the gastrointestinal 
tract and bloodstream of bacteremic neonates. Can J Infect Dis Med 
Microbiol, 2020; 2020:e3509676.

Adegoke AA, Okoh AI. Commensal Staphylococcus spp., 
Acinetobacter spp. and Stenotrophomonas maltophilia as reservoirs of 
antibiotic resistance genes. African J Biotechnol, 2012; 11:1242–35.

Ahmadunissah A, Aazmi S, Hamid UMA, Abdul-Aziz A. 
Multidrug resistance of Staphylococcus epidermidis: an emerging threat to 
global health. J App Pharm Sci, 2022; 12:001–10.

AL-Ghizzawi GJ, Jomaa ZK. The role of Staphylococcus 
haemolyticus in men infertility. J Phys: Conf Ser, 2018; 1003:012005.

Al-Khulaifi Manal M, Amin Aref Nagwa M, Al Salamah AA. 
Phage typing, PCR amplification for mecA gene, and antibiotic resistance 

patterns as epidemiologic markers in nosocomial outbreaks of methicillin 
resistant Staphylococcus aureus. Saudi J Biol Sci, 2009; 16:37–49.

Azharollah FH, Abdullah MFF, SFA-Mohd Nawi, Abdul-Aziz A. 
High prevalence of methicillin-resistant Staphylococcus haemolyticus isolated 
from commensals in healthy adults. Malaysian J Med Health Sci, 2021; 17:8.

Baig S, Johannesen TB, Overballe-Petersen S, Larsen J, Larsen 
AR, Stegger M. Novel SCCmec type XIII (9A) identified in an ST152 
methicillin-resistant Staphylococcus aureus. Infect Genet Evol, 2018; 
61:74–6.

Barros EM, Ceotto H, Bastos MCF, dos Santos KRN, Giambiagi-
deMarval M. Staphylococcus haemolyticus as an important hospital 
pathogen and carrier of methicillin resistance genes. J Clin Microbiol, 2012; 
50:166–8.

Bathavatchalam YD, Solaimalai D, Amladi A, Dwarakanathan 
HT, Anandan S, Veeraraghavan B. Vancomycin heteroresistance in 
Staphylococcus haemolyticus: elusive phenotype. Future Sci OA, 2021; 
7:FSO710.

Batista IR, Prates ACL, Santos B de S, Araújo JCC, Bonfim 
YC de O, Pimenta Rodrigues MV, Morceli G, Polettini J, Cavalleri 
AC, Winkelstroter LK, Pereira VC. Determination of antimicrobial 
susceptibility and biofilm production in Staphylococcus aureus isolated 
from white coats of health university students. Ann Clin Microbiol 
Antimicrob, 2019; 18:37.

Becker K, Heilmann C, Peters G. Coagulase-negative 
Staphylococci. Clin Microbiol Rev, 2014; 27:870–926.

Brown MM, Horswill AR. Staphylococcus epidermidis—skin 
friend or foe? PLoS Pathog, 2020; 16:e1009026.

Cavanagh JP, Hjerde E, Holden MTG, Kahlke T, Klingenberg C, 
Flægstad T, Parkhill J, Bentley SD, Sollid JU. Whole-genome sequencing 
reveals clonal expansion of multiresistant Staphylococcus haemolyticus in 
European hospitals. J Antimicrob Chemother, 2014; 69:2920–7.

Cavanagh JP, Pain M, Askarian F, Bruun JA, Urbarova I, Wai 
SN, Schmidt F, Johannessen M. Comparative exoproteome profiling of 
an invasive and a commensal Staphylococcus haemolyticus isolate. J 
Proteomics, 2019; 197:106–14.

Cavanagh JP, Wolden R, Heise P, Esaiassen E, Klingenberg C, 
Aarag Fredheim EG. Antimicrobial susceptibility and body site distribution 
of community isolates of coagulase-negative staphylococci. APMIS, 2016; 
124:973–8.

Cave R, Misra R, Chen J, Wang S, Mkrtchyan HV. Comparative 
genomics analysis demonstrated a link between staphylococci isolated from 
different sources: a possible public health risk. Front Microbiol, 2021; 12:257.

Chaudhry V, Patil PB. Evolutionary insights into adaptation of 
Staphylococcus haemolyticus to human and non-human niches. Genomics, 
2020; 112:2052–62.

Chovanová R, Mikulášová M, Vaverková Š. Modulation of 
mecA gene expression by essential oil from salvia sclarea and synergism 
with oxacillin in methicillin resistant Staphylococcus epidermidis carrying 
different types of Staphylococcal chromosomal cassette mec. Int J 
Microbiol, 2016; 2016:e6475837.

Clinical and Laboratory Standards Institute (CLSI). Performance 
standards for antimicrobial susceptibility testing. CLSI approved standard 
M100-S15. Clinical and Laboratory Standards Institute, Wayne, IL, 2018.

Czekaj T, Ciszewski M, Szewczyk EM. Staphylococcus 
haemolyticus – an emerging threat in the twilight of the antibiotics age. 
Microbiology, 2015; 161:2061–8.

Daniel B, Saleem M, Naseer G, Fida A. Significance of 
Staphylococcus haemolyticus in hospital acquired infections. J Pioneer Med 
Sci, 2014; 4(3).

Ebrahim-Saraie HS, Motamedifar M, Sarvari J, Hoseini Alfatemi 
SM. Emergence of SCCmec Type I obtained from clinical samples in Shiraz 
Teaching Hospitals, South-West of Iran. Jundishapur J Microbiol, 2015; 
8:e16998.

Eltwisy HO, Twisy HO, Hafez MH, Sayed IM, El-Mokhtar MA. 
Clinical infections, antibiotic resistance, and pathogenesis of Staphylococcus 
haemolyticus. Microorganisms, 2022; 10:1130.



Azharollah et al. / Journal of Applied Pharmaceutical Science 13 (03); 2023: 158-167166

Fernandes CJ, Fernandes LA, Collignon P. Cefoxitin resistance as 
a surrogate marker for the detection of methicillin-resistant Staphylococcus 
aureus. J Antimicrob Chemother, 2005; 55:506–10.

Ghosh A, Singh Y, Kapil A, Dhawan B. Staphylococcal Cassette 
Chromosome mec (SCCmec) typing of clinical isolates of coagulase-
negative staphylocci (CoNS) from a tertiary care hospital in New Delhi, 
India. Indian J Med Res, 2016; 143:365–70.

Gómez-Sanz E, Ceballos S, Ruiz-Ripa L, Zarazaga M, Torres 
C. Clonally diverse methicillin and multidrug resistant coagulase negative 
Staphylococci are ubiquitous and pose transfer ability between pets and 
their owners. Front Microbiol, 2019; 10:485.

Hajiahmadi F, Ghale ES, Alikhani MY, Mordadi A, Arabestani 
MR. Detection of Integrons and Staphylococcal cassette chromosome mec 
Types in clinical methicillin-resistant coagulase negative Staphylococci 
strains. Osong Public Health Res Perspect, 2017; 8:47–53.

Hosseinkhani F, Jabalameli F, Nodeh Farahani N, Taherikalani M, 
van Leeuwen WB, Emaneini M. Variable number of tandem repeat profiles 
and antimicrobial resistance patterns of Staphylococcus haemolyticus strains 
isolated from blood cultures in children. Infect Genet Evol, 2016; 38:19–21.

Ibrahim OMA, Bilal NE, Osman OF, Magzoub MA. Assessment 
of methicillin resistant Staphylococcus Aureus detection methods: analytical 
comparative study. Pan Afr Med J, 2017; 27:281.

Iravani Mohammad Abadi M, Moniri R, Khorshidi A, Piroozmand 
A, Mousavi SGA, Dastehgoli K, Mirzaei Ghazikalayeh H. Molecular 
characteristics of nasal carriage methicillin-resistant coagulase negative 
Staphylococci in school students. Jundishapur J Microbiol, 2015; 8:e18591.

Jain A, Agarwal A, Verma RK. Cefoxitin disc diffusion test for 
detection of meticillin-resistant staphylococci. J Med Microbiol, 2008; 
57:957–61.

Kaya H, Hasman H, Larsen J, Stegger M, Johannesen TB, Allesøe 
RL, Lemvigh CK, Aarestrup FM, Lund O, Larsen AR. SCCmecFinder, a 
web-based tool for typing of Staphylococcal cassette chromosome mec 
in Staphylococcus aureus using whole-genome sequence data. mSphere, 
2018; 3(1):e00612–7.

Kitti T, Seng R, Saiprom N, Thummeepak R, Chantratita N, 
Boonlao C, Sitthisak S. Molecular characteristics of methicillin-resistant 
Staphylococci clinical isolates from a tertiary hospital in Northern Thailand. 
Can J Infect Dis Med Microbiol, 2018; 2018:8457012.

Kloos WE, Bannerman TL. Update on clinical significance of 
coagulase-negative staphylococci. Clin Microbiol Rev, 1994; 7:117–40.

Lacalzada J, Enjuanes C, Izquierdo MM, Barragán Acea A, De 
La Rosa A, Laynez I. Pulmonary valve infective endocarditis in an adult 
patient with severe congenital pulmonary stenosis and ostium secundum 
atrial septal defect. Cardiol Res Pract, 2010; 2010:e798956.

Leal-Lopes C, Velloso FJ, Campopiano JC, Sogayar MC, Correa 
RG. Roles of commensal microbiota in pancreas homeostasis and pancreatic 
pathologies. J Diabetes Res, 2015; 2015:e284680.

Liu J, Chen D, Peters BM, Li L, Li B, Xu Z, Shirliff ME. 
Staphylococcal chromosomal cassettes mec (SCCmec): a mobile genetic 
element in methicillin-resistant Staphylococcus aureus. Microb Pathog, 
2016; 101:56–67.

Manoharan M, Sistla S, Ray P. Prevalence and molecular 
determinants of antimicrobial resistance in clinical isolates of Staphylococcus 
haemolyticus from India. Microb Drug Resist, 2021; 27:501–8.

Marshall B, Ochieng D, Levy S. Commensals: underappreciated 
reservoir of antibiotic resistance. Microbe, 2009; 4:231–8.

Mbah AN, Isokpehi RD. Identification of functional regulatory 
residues of the β-Lactam inducible penicillin binding protein in methicillin-
resistant Staphylococcus aureus. Chemother Res Pract, 2013; 2013:e614670.

McClure JA, Conly JM, Obasuyi O, Ward L, Ugarte-Torres A, Louie 
T, Zhang K. A novel assay for detection of methicillin-resistant Staphylococcus 
aureus directly from clinical samples. Front Microbiol, 2020; 11:1295.

Murugesan S, Perumal N, Mahalingam SP, Dilliappan SK, 
Krishnan P. Analysis of antibiotic resistance genes and its associated 
SCCmec Types among nasal carriage of methicillin resistant coagulase 
negative Staphylococci from community settings, Chennai, Southern India. 
J Clin Diagn Res, 2015; 9:DC01–5.

Natsis NE, Cohen PR. Coagulase-negative Staphylococcus skin 
and soft tissue infections. Am J Clin Dermatol, 2018; 19:671–7.

Pain M, Hjerde E, Klingenberg C, Cavanagh JP. Comparative 
genomic analysis of Staphylococcus haemolyticus reveals key to hospital 
adaptation and pathogenicity. Front Microbiol, 2019; 10:2096.

Pedroso SHSP, Sandes SHC, Filho RAT, Nunes AC, Serufo JC, 
Farias LM, Carvalho MAR, Bomfim MRQ, Santos SG. Coagulase-negative 
Staphylococci isolated from human bloodstream infections showed 
multidrug resistance profile. Microb Drug Resist, 2018; 24:635–47.

Peters L, Olson L, Khu DTK, Linnros S, Le NK, Hanberger 
H, Hoang NTB, Tran DM, Larsson M. Multiple antibiotic resistance as a 
risk factor for mortality and prolonged hospital stay: a cohort study among 
neonatal intensive care patients with hospital-acquired infections caused by 
gram-negative bacteria in Vietnam. PLoS One, 2019; 14:e0215666.

Reichmann NT, Pinho MG. Role of SCCmec type in resistance to 
the synergistic activity of oxacillin and cefoxitin in MRSA. Sci Rep, 2017; 
7(1):1–9.

Ruppé E, Barbier F, Mesli Y, Maiga A, Cojocaru R, Benkhalfat 
M. Diversity of Staphylococcal Cassette Chromosome mec Structures in 
Methicillin-Resistant Staphylococcus epidermidis and Staphylococcus 
haemolyticus Strains among Outpatients from Four Countries, Antimicrobial 
Agents and Chemotherapy,2009; 53: 442–449.

Salgueiro VC, Seixas MDL, Guimarães LC, Ferreira D de C, 
Cunha DC da, Nouér SA, Dos Santos KRN. High rate of neonates colonized 
by methicillin-resistant Staphylococcus species in an Intensive Care Unit. J 
Infect Dev Ctries, 2019; 13:810–6.

Santiago C, Pang EL, Lim KH, Loh HS, Ting KN. Reversal of 
ampicillin resistance in MRSA via inhibition of penicillin-binding protein 
2a by Acalypha wilkesiana. BioMed Res Int, 2014; 2014:e965348.

Sarker S. Molecular Characterization and Antibiogram Profiling 
of Multidrug Resistant Staphylococcus haemolyticus Isolated from Patients 
with Urinary Tract Infection in Bangladesh, Journal of Bacteriology and 
Mycology,2021; 8(2): 1166

Schmidt BM, Ye W, Zhou S (2020). Multidrug resistant organism 
predicts ulcer recurrence following surgical management of diabetic foot 
osteomyelitis. Int Wound J, 2020; 17:1634–41.

Shi M, Monsel A, Rouby JJ, Xu Y, Zhu Y, Qu J. Inoculation 
pneumonia caused by coagulase negative Staphylococcus. Front Microbiol, 
2019; 10:2198.

Shore AC, Coleman DC. Staphylococcal cassette chromosome 
mec: recent advances and new insights. Int J Med Microbiol, 2013; 
303:350–9.

Singh S, Dhawan B, Kapil A, Kabra S, Suri A, Sreenivas V, Das 
BK. Coagulase-negative staphylococci causing blood stream infection at 
an Indian tertiary care hospital: Prevalence, antimicrobial resistance and 
molecular characterisation. Indian J Med Microbiol, 2016; 34:500–5.

Singh-Moodley A, Strasheim W, Mogokotleng R, Ismail H, 
Perovic O. Unconventional SCCmec types and low prevalence of the 
Panton-Valentine Leukocidin exotoxin in South African blood culture 
Staphylococcus aureus surveillance isolates, 2013-2016. PLoS One, 2019; 
14:e0225726.

Socohou A, Sina H, Degbey C, Nanoukon C, Chabi-Sika K, 
Ahouandjinou H, Lehmane H, Baba-Moussa F, Baba-Moussa L. Antibiotics 
resistance and biofilm formation capacity of Staphylococcus spp. strains 
isolated from surfaces and medicotechnical materials. Int J Microbiol, 
2020; 2020:6512106.

Strasheim W, Kock MM, Dreyer AW, Ehlers MM. Molecular 
markers of resistance in coagulase-negative staphylococci implicated in 
catheter-related bloodstream infections. Mortality, 2013; 3:4.

Suhartono S, Hayati Z, Mahmuda M. Distribution of 
Staphylococcus haemolyticus as the most dominant species among 
Staphylococcal infections at the Zainoel Abidin Hospital in Aceh, Indonesia. 
Biodivers J Biol Divers, 2019; 20.

Sukri A, Zaki HHM, Zin NM. Antibiotic resistance patterns of 
coagulase-negative Staphylococcus (CoNS) isolates from a major teaching 
hospital in Kuala Lumpur, Malaysia. Sains Malaysiana, 2022; 51(3):865–
72.



Azharollah et al. / Journal of Applied Pharmaceutical Science 13 (03); 2023: 158-167 167

Szczuka E, Krajewska M, Lijewska D, Bosacka K, Kaznowski 
A. Diversity of staphylococcal cassette chromosome mec elements in 
nosocomial multiresistant Staphylococcus haemolyticus isolates. J Appl 
Genet, 2016; 57:543–7.

Szemraj M, Grazul M, Balcerczak E, Szewczyk EM. 
Staphylococcal species less frequently isolated from human clinical 
specimens - are they a threat for hospital patients? BMC Infect Dis, 2020; 
20:128.

Teeraputon S, Santanirand P, Wongchai T, Songjang W, 
Lapsomthob N, Jaikrasun D, Toonkaew S, Tophon P. (2017). Prevalence 
of methicillin resistance and macrolide–lincosamide–streptogramin B 
resistance in Staphylococcus haemolyticus among clinical strains at a 
tertiary-care hospital in Thailand. New Microbes New Infect, 2017; 19:28–
33.

Tekeli A, Öcal DN, Dolapçı İ. Detection of sasX gene and 
distribution of SCCmec Types in invasive and non-invasive coagulase-
negative Staphylococci. Balkan Med J, 2020; 37:215–21.

Ternes YM, Lamaro-Cardoso J, André MCP, Pessoa VP, Vieira 
MA da S, Minamisava R, Andrade AL, Kipnis A. Molecular epidemiology 
of coagulase-negative Staphylococcus carriage in neonates admitted to an 
intensive care unit in Brazil. BMC Infect Dis, 2013; 13:572.

Wiegand I, Hilpert K, Hancock REW. Agar and broth dilution 
methods to determine the minimal inhibitory concentration (MIC) of 
antimicrobial substances. Nat Protoc, 2008; 3:163–75.

Wolden R, Pain M, Karlsson R, Karlsson A, Aarag Fredheim EG, 
Cavanagh JP. Identification of surface proteins in a clinical Staphylococcus 
haemolyticus isolate by bacterial surface shaving. BMC Microbiol, 2020; 
20:80.

Yilmaz MA, Aslantaş Ö, Özer B, Yilmaz EŞ. Veteriner Hekim 
ve Veteriner Fakültesi Öğrencilerinde Nazal Metisilin Dirençli Stafilokok 
(MD-KNS) Taşıyıcılığı. İstanbul Üniv Vet Fak Derg, 2015; 41.

Zhang K, McClure JA, Conly JM. Enhanced multiplex PCR 
assay for typing of staphylococcal cassette chromosome mec types I to V 
in methicillin-resistant Staphylococcus aureus. Mol Cell Probes, 2012; 26: 
218–21.

Zhang K, McClure JA, Elsayed S, Louie T, Conly JM. Novel 
multiplex PCR assay for characterization and concomitant subtyping 
of staphylococcal cassette chromosome mec types I to V in methicillin-
resistant Staphylococcus aureus. J Clin Microbiol, 2005a; 43:5026–33.

Zhang K, McClure JA, Elsayed S, Louie T, Conly JM. Novel 
multiplex PCR assay for characterization and concomitant subtyping of 
Staphylococcal cassette chromosome mec Types I to V in methicillin-
resistant Staphylococcus aureus. J Clin Microbiol, 2005b; 43:5026–33.

Zong Z, Peng C, Lü X. Diversity of SCCmec elements in 
methicillin-resistant coagulase-negative staphylococci clinical isolates. 
PLoS One, 2011; 6:e20191.

How to cite this article: 
Azharollah FH, Ahmadunissah A, Abdullah MFF, Nawi SFA, 
Abdul-Aziz A. Multidrug resistance profile and SCCmec 
typing of Staphylococcus haemolyticus in commensal and 
clinical isolates. J Appl Pharm Sci, 2023; 13(03):158–167.




