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ABSTRACT

Introduction: S. haemolyticus is known to be commensals residing on human skin. However, their ability to develop 
as pathogens among the healthy community has becoming increasingly vital. Methods: In this study, a total of 49 
non-duplicated samples of S. haemolyticus was isolated from the skin of healthy adults and confirmed via sodA gene 
sequencing method. Cefoxitin (30μg) disc diffusion test was performed to determine methicillin resistance among 
the S. haemolyticus isolates.  The isolates were then subjected to mecA amplification and Staphylococcus Cassette 
Chromosome (SCCmec) typing of I, II, III, IV and V. Results: Interestingly, 59.2% of the S. haemolyticus commensal 
isolates were found to be methicillin-resistant (MRSH) while the remaining 40.8% was methicillin-sensitive (MSSH). 
Amplification of mecA gene showed that 43 isolates (87.8%) were positive while only six isolates were negative for 
the gene. A majority of the positive mecA isolates (90.7%) were discovered to harbour SCCmec Type II while the re-
maining 44.2% were Type V followed by 23.3% of Type I and 18.6% of Type IV. Only one of the isolates was found 
to be SCCmec Type III while another isolate, T187 was non-typeable. Conclusion: The data indicates the acquisition 
of SCCmec typing circulated among the commensal strains which could be a potential route of pathogenicity among 
the isolates.  
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INTRODUCTION

While coagulase positive S. aureus has been known 
as the most virulent species of Staphylococcus causing 
a broad spectrum of infections, coagulase negative 
Staphylococcus or CoNS on the other hand are known 
as harmless commensals. They are commonly found on 
the skin and mucous membranes in human, forming a 
benign or symbiotic association with their host. However, 
it was later discovered that CoNS have potentials to be 
pathogens upon gaining access into the host tissue. 
CoNS was then labelled as a typical opportunistic 
nosocomial pathogen showing substantially impact 
towards health issues not only in adults but also among 
paediatric patients (1,2). The rise of CoNS as aetiological 
agent for nosocomial infections especially due to the use 
of intravascular catheters and prosthetic devices among 
immune-compromised patients has been reported as 
life-threatening (3).  

Among CoNS, S. haemolyticus is the second most 

frequent aetiological agents isolated from staphylococcal 
infections after S. epidermidis (1,4,5). S. haemolyticus 
have been accounted as the responsible agent in severe 
nosocomial infections which affecting preterm infants 
and immune-compromised patients such as liver 
abscess, sepsis and endocarditis (1,6). However, despite 
the importance of this species in causing infections, there 
is little information on S. haemolyticus as compared to 
the abundance data on its counterpart, S. epidermidis.

The increasing clinical significance of S. haemolyticus 
is unclear as this species was reported to be lacking 
the important virulence attributes. Despite this, studies 
have shown that S. haemolyticus has the highest level 
of antimicrobial resistance among CoNS (1,5,7) .  
Among the main concern is the incidence of Methicillin 
Resistance S. haemolyticus or MRSH (5). 

Methicillin resistance determines the resistance 
towards β-lactam antibiotics which include penicillins, 
cephalosporins, carbapenems and monobactams (8). 
It was first discovered in S. aureus which reported to 
be resistant to penicillin due to their ability to produce 
β-lactamases (9). The mechanism of methicillin resistance 
is associated with the production of the penicillin binding 
protein PBP2a encodes by mecA gene  which decrease 
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the affinity for β-lactam antibiotics(10). Analysis of mecA 
gene sequences revealed 99.95% similarity in S. aureus, 
S. haemolyticus and S. epidermidis which suggests the 
theory of the interspecies transfer of mecA gene between 
the Staphylococcus species (1,4).

The mecA gene is carried on the staphylococcal cassette 
chromosome element or SCCmec comprise of mec gene 
complex which includes mecA, mecR1 and mecI, the ccr 
gene complex and junkyard (J) region. At present, there 
are 13 types of SCCmec cassette identified in S. aureus 
strains (11). Majority of the clinical studies showed that 
SCCmec Type I, II, III, IV and V were commonly reported 
among S. haemolyticus strains instead of all the 13 types 
of SCCmec (5,12). Being a mobile genetic element, the 
cassette is believed could be transferred horizontally 
among Staphylococcus sp.(7). S. haemolyticus itself 
have been proposed as a reservoir of SCCmec elements 
for other staphylococci due to its ability to transfer 
gene to other species (1,13,14). The acquisition of 
mobile genetic elements has also been suggested to 
contribute to the successful hospital adapted clones of 
S. haemolyticus (15).

However, the knowledge regarding S. haemolyticus 
and its SCCmec typing within commensal strains is still 
limited. It is believed that commensal organism could be 
evolved as pathogen in favourable condition by receiving 
virulence/resistance genes from pathogen counterpart 
in order to establish an infection by commensals (16). 
The dual living mode of Staphylococcus between 
commensalism and parasitism is quite complex in 
reality to be able to justify the possibility of commensal 
strains of S. haemolyticus waiting to exhibit the intrinsic 
pathogenic tendencies. This study would provide data 
on the distribution of the type of SCCmec in commensals 
of S. haemolyticus whereby the archetypal of SCCmec 
elements conferring resistance to antibiotics is known to 
be widespread among staphylococcal species carrying 
necessary genes for survival under stressful conditions.

MATERIALS AND METHODS

Bacterial sampling and isolation
An approximate number of 150 non-duplicated swab 
samples were randomly collected from the skin of 150 
healthy adults. Healthy adults are defined as adult 
without antibiotic exposure and no hospitalization or 
any healthcare affiliation for the previous three months 
(15,17). The healthy adults recruited were mainly 
undergraduate students under the approval of the 
Research Ethics Committee (REC 600-IRMI (5/16)) of 
Universiti Teknologi MARA, Shah Alam.

Unlike S. aureus which is known to colonize the nasal 
area (18,19), the ecological niches of other human-
associated CoNS can be found on other sites of the 
human body (20). In this study, the isolation of S. 
haemolyticus was focused on anatomical areas such 

as the axillae, perineum and groins area of the chosen 
subject. The focus on these areas on the human body 
is as according to the suggestion by Takeuchi et al., 
(2005) where S. haemolyticus tend to be colonizing the 
axillae, perineum and inguinal areas of human. This 
was supported by another study which claimed that the 
majority of this bacterium can be isolated from areas 
high in apocrine glands such as the axillae and pubic 
areas (20). 

Each sample was collected using sterile cotton swabs 
soaked in 0.85% sterile saline solution. Upon swabbing, 
the samples were placed in Brain-heart infusion (BHI) 
broth incubated at 37 oC for 18–24 h. The overnight 
cultures were then streaked on Mannitol Salt agar (MSA) 
and incubated for 37 oC for 18–24 h. Pink colonies 
which indicate  the growth of CoNS were selected and  
further identified by standard biochemical test including 
Gram stain, catalase, coagulase and urease test (21). 

Species identification
All presumptive CoNS isolates were further subjected to 
PCR amplification of the superoxide dismutase (sodA) 
gene to confirm their identity (22). These gene fragment 
represent approximately 83% of the entire genome. S. 
haemolyticus ATCC29970 was used as a control.

DNA were extracted according to manufacturer's 
protocol (Qiagen, USA) and PCR master mix was 
used for amplification (New England Biolab, USA). 
The PCR was performed by using Mastercycler nexus 
gradient (Eppendorf) with the following conditions: 3 
minutes at 95oC for initial cycle, followed by 30 cycles 
of amplification of the followings; 60 sec of annealing 
at 37oC, 45 sec of elongation at 72oC and 30 sec of 
denaturation at 95oC. The last cycle was 72oC for 10 min. 
The PCR purification was performed by using ExoSap 
(New England Biolab, USA and the clean PCR products 
were sent for sequencing (Bio Basic, Singapore).

The resulting sequence data were analysed via Genbank 
database using the BLAST interface. The match with 
highest percentage of similarity with minimum 99% 
of similarity and 99% coverage were considered as S. 
haemolyticus. 

Methicillin-resistant S. haemolyticus
Anti-microbial susceptibility of S. haemolyticus against 
cefoxitin, 30 μg (Oxoid, UK) was tested by using a Kirby-
bauer disc diffusion test. The samples of S. haemolyticus 
were cultured overnight in Mueller-Hinton Broth (MHB) 
at 37oC, 150rpm. The following day, the bacterial 
culture was transferred to fresh MHB at 1:100 dilutions 
and further incubated for approximately three hours to 
reach the exponential phase and adjusted to the 0.5 
McFarlands standard which is equivalent to 1 X 108 cfu 
ml-1 (23). The adjusted cultures were swabbed on fresh 
MHA plate with the antibiotic disc and incubated at 35 
oC for 24 h. Staphylococcus aureus ATCC 33591 was 
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used as positive control. The results were interpreted 
according to the guidelines of the Clinical and Laboratory 
Standards Institute (CLSI, 2017).

mecA gene determination
The strains of S.haemolyticus were then subjected to 
mecA gene amplification using mecA1-F (5'- CTT TGC 
TAG AGT AGC ACT CG-3') and mecA1-R (3'- GCT AGC 
CAT TCC TTT ATC TTG-5') which amplify the mecA 
gene at 531bp (24). 

The PCR was performed with the following conditions: 
1 min at 94oC for initial denaturation followed by 30 
cycles of amplification of the followings; 1 min at 94oC 
for denaturation, 1 min of annealing at 62oC and 45 sec 
of extension at 72oC. The last cycle was performed at 
72oC for 5 min. The PCR products were verified using 
1.5% agarose gel at 70 V for 120 minutes. S. aureus 
ATCC 33591 was used as a positive control.

SCCmec typing 
All 49 isolates were further amplified to determine their 
SCCmec typing of Type I, II, III, IV and V following 
protocols as recommended by Zhang and co-workers 
(24,25). The PCR was performed with the following 
conditions: 5 min at 94oC for initial denaturation 
followed by 30 cycles of amplification of the followings; 
1 min at 94oC for denaturation, 1 min of annealing at 
62oC and 2 min of extension at 72oC. The last cycle 
was performed at 72oC for 10 min. After the PCR, the 
products were verified using 2% agarose gel, 65 V for 
120. S.capitis B102 was used as positive control (26). 

RESULTS

Species identification from presumptive CoNS
From a total of 150 non-duplicated swab samples, 49 
isolates were identified and verified as S. haemolyticus. 
Figure 1 shows the results of the sodA amplification 
resulting in 429bp amplicons on some of the 
representative isolates of the S. haemolyticus.

Methicillin-resistant test for S. haemolyticus isolates
Cefoxitin resistance test is considered as a gold standard 
for identification of methicillin-resistant isolates in 

Staphylococcus as suggested by CLSI (27–29). From the 
49 isolates, 29 or 59.2% were found to be MRSH as they 
were resistant against cefoxitin while the remaining 20 
isolates or 40.8% were MSSH. 

Amplification of the mecA gene was performed on all of 
the S. haemolyticus isolates.  A total of 43 (87.8%) of the 
isolates were found to harbour the mecA gene while six 
were negative for mecA gene. From the 43 isolates, 25 
were MRSH while the remaining 18 isolates were MSSH. 
The results of some of the representative isolates are as 
shown in Figure 2 displaying 531bp amplicons. The 
correlations between the mecA gene, MRSH and MSSH 
isolates are summarised in Figure 3.

Figure 1: sodA gene amplification of S. haemolyticus iso-
lates. Lane 1: 100bp DNA ladder, Lane 2: T69, Lane 3: T150, 
Lane 4: T152, Lane 5: S45, Lane 6: S69, Lane 7: S. haemolyti-
cus ATCC 29970 (control).

Figure 2: mecA gene amplification of S. haemolyticus iso-
lates. Lane 1: 100bp DNA ladder, Lane 2: T11, Lane 3: T32, 
Lane 4: T47, Lane 5: T69, Lane 6: S6, Lane 7: S25, Lane 8: S. 
aureus ATCC 33591 (control). 

Figure 3: Correlation between MRSH, MSSH and mecA gene 
of the S.haemolyticus isolates. Lane 1: 100bp DNA ladder, 
Lane 2: T11, Lane 3: T32, Lane 4: T47, Lane 5: T69, Lane 6: 
S6, Lane 7: S25, Lane 8: S. aureus ATCC 33591 (control). 

SCCmec typing of S. haemolyticus isolates
The 43 commensal isolates of S. haemolyticus which 
were positive for mecA were further subjected for 
SCCmec typing for Type I, II, III, IV and V. The results are 
as shown in Figure 4 and 5.

Figure 4: SCCmec Type I, II and III of S. haemolyticus iso-
lates. Lane 1: 100bp DNA ladder, Lane 2-4: SCCmec Type I, II 
and III (S. capitis B102, control), Lane 5: T149, Lane 6: T150, 
Lane 7: T152, Lane 8: S6, Lane 9: S25, Lane 10: T11, Lane 11: 
T32, Lane 12: T69. 
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Figure 5: SCCmec Type IV and V of S. haemolyticus isolates. 
Lane 1: 100bp DNA ladder, Lane 2-3: SCCmec Type IV and V 
(S. capitis B102, control), Lane 4: T69, Lane 5: T133, Lane 6: 
T136, Lane 7: S92, Lane 8: S25, Lane 9: S45, Lane 10: S175, 
Lane 11: T184. 

The detail results of the SCCmec typing are as shown 
in Figure 6 and Table 1. A majority of 39 of the S. 
haemolyticus isolates or 90.7% were found to harbour 
SCCmec Type II while 19 isolates harbour the SCCmec 
V (44.2%). This is followed by Type I with ten isolates 
(23.3%), eight isolates of Type IV (18.6%) and only one 
of Type III (2.33%). It is interesting to observe that while 
SCCmec Type I, II, III, IV or V were present in both MRSH 
and MSSH isolates. One MSSH isolate (T187) was found 
to be non-typeable even though it harbours the mecA 
gene. However, this isolate was MSSH. The results also 
showed that some of the isolates were found to harbour 
more than one type of SCCmec typing. The number 
of the SCCmec typing found in all the S. haemolyticus 
isolates is summarise in Figure 6.

Figure 6: SCCmec Type I, II, III, IV and V of S. haemolyticus 
isolates. The figure shows the number of S. haemolyticus com-
mensal isolates which harbour SCCmec Type I, II, III, IV and V.

Table I: SCCmec typing of the commensal isolates of MRSH and 
MSSH

Isolates mecA
MR test SCCmec Type

MRSH MSSH I II III IV V

T11 / / / / /

T32 / / /

T48 / / / /

T57 / / / /

T60 / / /

T69 / / / / / /

T71 / / / /

T94 / / /

T133 / / / / / /

T134 / / / / /

T135 / / / /

T150 / / / / / /

T151 / / /

T152 / / / /

T181 / / / / /

T220 / / / /

T253 / / /

T280 / / /

S30 / / /

S38 / / /

S45 / / /

S47 / / / /

S66 / / /

S90 / / / /

S175 / / / / /

T47 / / /

T59 / / / /

T165 / / / / /

T187 / /

T209 / / / /

T212 / / /

T225 / / / /

T226 / / /

S6 / / / /

S25 / / / /

S85 / / /

S92 / / /

S112 / / /

S123 / / /

S125 / / /

S126 / / / /

S167 / / / /

S168 / / / /

T29 /

T56 /

T254 /

S37 /

T27 /

T247 /

Distribution of the MRSH & MSSH isolates on mecA gene and SCCmec Type I, II, III, IV and V.

DISCUSSION

The spread of MR-CoNS from the hospital setting 
into the healthy-community environment has been 
reported worldwide (30,31). However, in Malaysia the 
information on the incidence of MR-CoNS in general 
or MRSH especially among commensal isolates in 
particular is very limited. 

Where MR-Staphylococcus is concerned, the definition 
of methicillin resistance varies in both S. aureus and 
CoNS in general. In some studies, resistant against 
cefoxitin was used to determine the MR strains for both 
S. aureus (27) and CoNS (28).  This test can be executed 
by using cefoxitin disk (30 μg) whereby minimal 
inhibitory control (MIC) of ≥8μg/mL was reported as 
MR. In contrast, the genotypic approach has also been 
used in determining the MR- Staphylococcus strains by 
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were also found to be the most predominant SCCmec 
isolated (39–41). 

Hence, generally, in S. haemolyticus from community 
environment, both SCCmec Type IV and Type V were 
found to be predominant. However, in most of these 
studies, the S. haemolyticus was isolated from the nasal 
of healthy adults instead. This is because, in these studies, 
the samples gathered were actually part of CoNS from 
nasal samples collected during a large epidemiological 
study devoted to the analysis of S. aureus nasal carriage 
in the community (30,42). In the present study, the S. 
haemolyticus strains were isolated from other area of the 
body which include the groins, axillae and perineum area 
instead as the bacterium is believed to be abundance in 
these area (4,20).  In the current literature, evidence of 
study on S. haemolyticus commensal isolates is scarce 
where any studies on S. haemolyticus is actually targeted 
on CoNS in general while S. haemolyticus is just a subset 
of the study.  Hence, there is very little information on 
studies dedicated solely on S. haemolyticus.

In general, the incidence of  SCCmec element which 
could be associated with the pathogenicity and generally 
dispersed among MR-CoNS species was suggested 
to be rely upon the host species, environments and 
geographical areas (33,35,36). In addition, the results in 
this study also suggests the possibilities that the variety 
of SCCmec could also varies depending on the different 
anatomical areas of human body. However, studies with 
larger samples is necessary to confirm these findings.
 
The reasons for the increasing clinical significance 
among S. haemolyticus strains however remain unclear. 
The data on MRSH among commensal strains are lacking 
enough to hinder the possibility of evaluating their 
resistance ability as compared to commensals MRSA. 
It is predicted that S. haemolyticus would contribute to 
critical health concern for medical practitioners as the 
commensal MRSH started to manifest a greater issue 
among community-health environment. This can be 
seen where SCCmec typing profile especially among 
CoNS was found to have higher capacity of genetic 
transferability among Staphylococcus species (12,44).

In community-acquired MRSA (CA-MRSA) strains, the 
majority of the SCCmec among the strains was also 
found to be  SCCmec IV and V (18,45–47). The existence 
of the same SCCmec typing among different species 
suggested that staphylococci are frequently exchanging 
genetic material (48). In the presence study, SCCmec 
Type V was also frequently isolated among the MRSH 
commensal isolates. It was suggested that it might be 
a possibility of commensals MRSA and MRSH to share 
the same SCCmec typing as their antibiotic resistance 
genes where  genetic transmission between host may 
occur (49). In 2005, Takeuchi and friends sequenced 
the S. haemolyticus strain JCSC1435 and compared 
to the genomes of S. aureus and S. epidermidis which 

amplification of mecA gene which is responsible for 
the production of the penicillin binding protein PBP2a, 
associated with the mechanism of MR (10). Thus, the 
screening of mecA gene is considered vital to determine 
the MR strains in S. haemolyticus (32), CoNS (33) and 
also in S. aureus (29). In addition, there are also studies 
on CoNS which define MR-Staphylococcus strains as 
both by the presence of mecA gene and also resistant 
against cefoxitin (34,35).

However, the use of cefoxitin disc is known to be 
a gold standard for identification of MR isolates in 
Staphylococcus (27,28) while Anand et al., (2009) 
suggested the sensitivity and specificity of the cefoxitin 
disk method to be 100%,. The guidelines by CLSI (2019) 
also suggested the use of cefoxitin as a surrogate test 
for MR detection in Staphylococcus.  Hence, similar 
approach was used in this study.

A total of 29 or 59.2% of the S. haemolyticus isolates 
were found to be MRSH while the remaining 20 isolates 
or 40.8% were MSSH.  Subsequent amplification of 
mecA gene showed that the majority of the MRSH strains 
harbour the gene.  However, there were 18 of the mecA 
positive isolates that were negative for cefoxitin. This 
indicates that the presence of mecA did not always result 
in isolates demonstrating significant levels of resistance 
to cefoxitin.  Similar occurrence was observed in 
another study which suggested that this could be due to 
the low expression of PBP2a that probably cause the low 
levels of minimum inhibitory concentration in cefoxitin 
(34,36). In another study conducted on oxacillin-
susceptible-mecA-positive Staphylococcus without mec 
regulators, it was found that high expression of BlaI 
strongly repressed the expression of mecA and rendered 
the susceptible phenotype (37).
 
In contrast, there were four S. haemolyticus isolates that 
were resistant against cefoxitin but negative for mecA 
gene. Such incidence has also been observed in other 
studies involving S. aureus whereby it was believed 
that the loss of MR genotype is due to partial excision 
of the SCCmec (38) whereby in S. haemolyticus, the 
isolates were found to be lacking of mecA but carry the 
ccrC complex instead (12). Hence, this suggests that to 
exclude MR-Staphylococcus by the absence of mecA 
gene should strongly be reconsidered.

The present study shows that majority of 90.7% of the 
S. haemolyticus isolates were found to harbour SCCmec 
Type II while 44.2% harbour the SCCmec Type V. In 
contrast, a study by Ruppé and friends in four countries 
(Algeria, Cambodia, Moldova and Mali), SCCmec Type 
V was the most prevalent among commensals MRSH 
strains followed by SCCmec Type IV. In agreement, 
a study in French Guinea, Lebeaux et al., (2012) also 
identified that SCCmec type V was predominant 
followed by SCCmec Type IV. Similarly, in two more 
studies in China and Denmark, SCCmec Type V and IV 
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served as control strains. The IS of S. haemolyticus 
showed high similarities towards S. aureus (86%) and S. 
epidermidis (81%). Later, Barros et al., (2012) reported 
that horizontal transfer of SCCmec Type V from MRSH 
to methicillin-susceptible S. aureus (MSSA), resulted in 
the transformation of MSSA to MRSA which might be 
a potential outbreak. S. haemolyticus was suspected 
to have a highly flexible genome that support the 
frequent exchange and high degree of recombination 
of DNA either intra or inter-species (7). This indicates 
that resistance genes could be transferred from S. 
haemolyticus to S. aureus or vice-versa via the SCCmec 
cassette (1). 

Such rearrangements could have raised the genomic 
plasticity to this species and contribute to its acquisition 
of antibiotics resistance. This may pose as a real clinical 
problem if S. haemolyticus or CoNS in general evolved 
to the level of MRSA, creating yet another ‘superbug' by 
freely exchanging genetic materials. A study by Chen 
and co-workers revealed that the evolution of hospital 
acquired S. haemolyticus in a recent event was due to the 
acquisition of SCCmec typing that have been circulated 
among the commensal strains (40). In addition, the 
possible acquisition of mobile genetic elements in S. 
haemolyticus could also contribute to the success of this 
species in hospital environment (15). 

CONCLUSION

In this study, 59.2% of MRSH among the commensals 
isolates indicates the significance of this once harmless 
CoNS in the medical setting. The presence of a variety 
of SCCmec typing in the commensal isolates suggest 
that the mobile genetic elements can be a point of 
mutations for resistance genes rearrangement. However, 
in S. haemolyticus, the pathogenicity occurrence could 
possibly also be associated with arginine catabolic 
mobile elements (ACME) but the mechanism remains 
unclear. It was reported that MR-Staphylococcus might 
harbour both SCCmec and ACME instead of mecA gene 
by sharing the same nucleotide position in the open 
reading frame (50). Hence, a continuous surveillance 
and molecular study is proposed to observe the 
evolution and spread pattern of resistance genes among 
commensals S. haemolyticus. As such, the multi-drug 
pattern among these commensal isolates will be further 
investigated.
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