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Abstract 
 
The emergence of nosocomial infections caused by CoNS has led clinicians and researchers to reconsider the 

role of CoNS and methicillin-resistant CoNS (MR-CoNS) as important agents of nosocomial infections. The 

present study was conducted on clinical isolates of MR-CoNS obtained from inpatients in Hospital Tengku 

Ampuan Afzan (HTAA) and International Islamic University Malaysia Medical Center (IIUM-MC) to detect 

the presence of mecA or mecA homologue (mecC gene). A total of 40 isolates (33 blood, 4 tissues, and 3 

swabs) of MR-CoNS were collected through venepuncture, biopsy, and swabbing techniques respectively, 

and processed by conventional cultural and biochemical methods, antimicrobial susceptibility tests, and 

finally confirmation to the species level was done by using conventional PCR assay for known four common 

clinical species. Methicillin and vancomycin-resistance profile of the isolates was performed by E-test and 

broth micro-dilution methods. Of the 40 isolates, 38 were identified to be methicillin-resistant (MIC ≥ 

0.5µg/mL). The remaining 2 isolates were considered as susceptible to methicillin (MIC ≤ 0.25). All 40 

isolates were found to be susceptible to vancomycin, with MIC ranging from 1-4µg/mL. Only mecA was 

identified in the 38 MR-CoNS isolates (95%). The other 2 isolates (5%) that were identified to be 

methicillin-sensitive by the E-test, also tested negative for the presence of mecC gene, thus confirmed to be 

non-methicillin resistant. The high percentage of mecA gene among these MR-CoNS isolates points toward 

the need for periodic antibiogram surveillance as they are identified to cause difficult to treat infections. 

*Corresponding Author: Abdillah Mussa Kitota (M.Med.Sc)  abdillahikitota@gmail.com 
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Introduction 

In recent years, an increase in the number of 

methicillin/oxacillin-resistant coagulase-positive 

Staphylococcus aureus (MR-CoPS) and 

methicillin/oxacillin-resistant coagulase-negative 

staphylococci (MR-CoNS) strains have become a 

serious clinical and epidemiological problem, as 

resistance to this antibiotic implies resistance to all β-

lactam antibiotics and possibly other antibiotics due 

to the ability to transfer resistance genes such as 

mecA (and its homologue, mecC), and other 

functional genes that are carried in the mobile genetic 

element known as the staphylococcal cassette 

chromosome mec (SCCmec).  

 

Generally, MR-CoPS are more widely reported than 

MR-CoNS. For MR-CoNS, many studies have been 

carried out in South East Asia, Europe and North and 

South America including Mexico (Melendez et al., 

2016), Brazil (Botelho et al., 2011), US (Sharma et al., 

2001), Sweden (Widerstrom, 2010), London (Xu et 

al., 2018), Germany (Becker et al., 2004), West Indies 

(Akpaka et al., 2014), etc. In South East Asia, 

particularly in Thailand, Seng et al. (2017a; 2017b) 

reported biofilm formation in MR-CoNS and their 

high prevalence. However, these two reports studied 

environmental MR-CoNS isolates recovered from 

various hospital and community/university sites, and 

not clinical MR-CoNS isolates from patients.  

 

Seng et al. (2017a) studied samples collected from the 

hospital environment such as patients’ beds, 

intravenous poles, surgical and medical wards, 

medical trolleys, wash-basins, door handles, 

stethoscopes, nurse stations, the emergency room, the 

intensive care unit, laboratory clothes, urinals, water 

taps, and toilets. Their other study (Seng et al., 

2017b) studied samples collected from the university 

environment. This study reported a high prevalence 

of MR-CoNS from items such as library books, 

escalators and tables, restroom door handles, wash 

basin areas, urinary taps and toilets, canteen tables, 

bank notes and coins used for payment, ATM 

machines and water dispensers, computer rooms and 

items such as computer mice, earpieces, keyboards 

and power buttons, and outdoor surfaces such as 

handrails, exercise machines, and public buses. 

 

In Malaysia, a study was conducted in Universiti 

Kebangsaan Malaysia Medical Centre (UKMMC), 

Bandar Tun Razak, Kuala Lumpur, identified 

Staphylococcus epidermidis, S. saprophyticus and S. 

xylosus from CoNS and MR-CoNS isolates using a 

multiplex PCR approach with primers specific for 

each species (Sani et al., 2011). However, the study 

did not identify the gene(s) responsible for 

methicillin/oxacillin resistance.  

 

From the above background, it is clear that data 

concerning molecular characterization of MR-CoNS, 

particularly detection of mecA (or mecC) is scarce and 

to my knowledge, unavailable in Malaysia. For that 

reason, the present study is designed to fill this 

existing gap through molecular detection of the mecA 

(or mecC) gene in MR-CoNS isolates collected in 

various wards of Hospital Tengku Ampuan Afzan 

(HTAA) and International Islamic University 

Malaysia Medical Centre (IIUMMC). 

 

Therefore, the present study will provide important 

knowledge on the MR-CoNS species harbouring mecA 

(or mecC) gene isolated from infected patients in 

HTAA and IIUM-MC.  

 
Materials and methods 

Sample collection and distribution of MR-CoNS from 

different clinical samples 

A total of 40 isolates of MR-CoNS recovered from 

blood, swabs, and tissue samples obtained from 

inpatients aged 3 to 80 were collected from two 

hospitals (IIUM-MC and HTAA) in a 4-months period 

from February 2019 to May 2019. All 40 samples 

were collected through venepuncture, biopsy, and 

swabbing techniques respectively, and sub-cultured 

on blood agar media. Out of these 40 isolates, 3 

isolates were collected from HTAA and the remaining 

37 were collected from IIUM-MC. One isolate per 

patient was included in the study. All inpatients in the 

study population were Malay: 26 were males, 

representing 65% of the collected samples, while the 
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rest of the cases (14) were females, representing 35% 

of the collected isolates. The gender distribution is 

shown in Table 1. 

 

Table 1. Gender distribution of the collected isolates. 

Gender Number Percentage 

Male 26 65% 

Female 14 35% 

 

The isolates were obtained from different wards and 

from inpatients diagnosed with different infectious 

diseases. The isolates collected from HTAA were 

obtained from the following wards: Medical, 

Orthopaedic, Paediatric, Nephrology, Surgical, 

Cardiology, and Forensic. Meanwhile, isolates 

collected from IIUM-MC were obtained from the 

following wards: ICU, Internal Medicine-1, Labour 

room, Orthopaedic, Special care nursery, Internal 

Medicine-2, and General surgey-1. The distribution of 

collected isolates from different wards in the two 

hospitals is shown in Table 2 and Table 3 below. 

 

Table 2. Distribution of collected samples from 

different wards of HTAA. 

Wards Number of isolates Percentage (%) 

Surgical 1 9.09 

Medical 5 45.45 

Orthopaedic 1 9.09 

Paediatric 1 9.09 

Nephrology 1 9.09 

Cardiology 1 9.09 

Forensic 1 9.09 

Total 11 100 

 

Table 3. Distribution of collected samples from 

different wards of IIUM-MC. 

Wards Number Percentage (%) 

ICU 15 51.72 

Internal Medicine-1 3 10.34 

Labour room 1 3.45 

Orthopaedic-1 4 13.79 

Special care nursery 1 3.45 

Internal Medicine-2 2 6.9 

General surgey-1 2 6.9 

General surgey-2 1 3.45 

Total 29 100 

 

More specifically, the distribution of collected 

isolates according to the type of isolates is shown in 

Table 4 below. 

Table 4. Distribution of collected isolates from both 

hospitals, IIUM-MC and HTAA. 

Samples
Total 

number of 
isolates 

Number and percentage of 
isolates in each Hospital 

IIUM-MC HTAA 

No. % No. % 

Blood 34 24 60 10 25 

Tissues 4 4 10 0 0 

Swabs 2 1 2.5 1 2.5 

Total 40 29 72.5 11 27.5 

 

The distribution of collected isolates according to 

diagnosis (of various infectious diseases) is shown in 

Table 5. 

 

Table 5. Distribution of collected MR-CoNS isolates 

from inpatients diagnosed with different infectious 

diseases. 

SL Diagnosis 

No. of 
MR-

CoNS 
isolated 

Percentage 
(100%) 

1 
Catheter-related blood 
stream infections 

1 2.5 

2 Bacteraemia 10 25 

3 Sepsis (including 1 urosepsis) 7 15 

4 
Acute exudative 
lymphadenitis 

1 2.5 

5 Infected wounds 4 10 

6 Septic shock 4 10 

7 
Hospital-acquired 
pneumonia 

2 5 

8 Cardiogenic shock 1 2.5 

9 
Chronic obstructive airways 
disease 

1 2.5 

10 
Spontaneous bacterial 
peritonitis 

1 2.5 

11 Eye conjunctiva 1 2.5 

12 
Recurrent miscarriage with 
OBS +VE 

1 2.5 

13 
Diabetic Foot Ulcer (DFU)-
RAP Amputation 

1 2.5 

14 UTI 1 2.5 

15 Breast carbuncle 1 2.5 

16 Necrotizing fasciitis (NF) 1 2.5 

17 Post-cardiac arrest for nstemi 1 2.5 

18 
Acute exacerbation of chronic 
obstructive pulmonary 
disease (AECOPD) 

1 2.5 

19 Total 40 100 

 

Biochemical tests 

The isolates were sub-cultured by using nutrient agar 

media and incubated under aerobic conditions at 37°C 

for 24 h. Subsequently, morphology observation through 

subculture and gram stain, catalase test and coagulase 

test were conducted to re-identify the MR-CoNS. S. 
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aureus subsp. aureus ATCC™ BAA-976™ and 

Staphylococcus aureus subsp. aureus ATCC® BAA-

976™ obtained from IIUM-MC were used as positive 

control for catalase and coagulase test respectively.  

 
Antimicrobial susceptibility test 

Then, all confirmed MR-CoNS isolates were subjected 

to the Kirby-Bauer disc diffusion method on Mueller 

Hinton agar (Oxoid, Basingstoke, England). The 

zones of inhibition were used to classify whether the 

microorganism was susceptible, intermediately 

susceptible, or resistant to each antibiotic according 

to the recommendations in M100-S25 document of 

the Clinical and Laboratory Standards Institute 

(CLSI) (CLS, 2018). The nine antibiotics used and 

their disc contents are shown in Table 6 below. 

 
Table 6. Nine antimicrobial drugs and their disc 

contents in µg/mL. 

SL Antibiotics Disc content (µg/mL) 

1 Oxacillina 30 µg/mL 

2 Linezoid 30 µg/mL 

3 Teicoplanin 30 µg/mL 

4 Clindamycin 2 µg/mL 

5 Erythromycin 15 µg/mL 

6 Ciprofloxacin 5 µg/mL 

7 
Trimethoprim-
sulfamethoxazole 

1.25/23.75 µg 

8 Ceftaroline 30 µg/mL 

9 Vancomycin 32 µg/mL 
a MIC tests were performed to determine the 

susceptibility of all CoNS isolates to oxacilli. 

 

Molecular characterization of MR-CoNS by 

conventional PCR assay 

DNA Extraction  

DNA was extracted from the isolated MR-CoNS using 

PrestoTM Mini gDNA Extraction Kit (Geneaid Biotech 

Ltd). The identified MR-CoNS were inoculated into 

2.0mL of Tryptone Soy Broth/Casein Soya bean digest 

broth (Oxoid ltd., Basingstoke, Hampshire, England) 

and incubated at 37°C for 20 h. DNA extraction 

procedures such as sample preparation, washing, lysis, 

DNA binding, washing, and elution were performed 

according to the manufacturer’s instructions.  

 

Determination of the Concentration and Purity of DNA 

The concentration and purity of the extracted DNA 

was measured using SimpliNanoTM micro-volume 

spectrophotometer (GE, UK).  

Gel electrophoresis 

The presence of DNA in all 40 extracted DNA samples 

was confirmed by the appearance of DNA bands 

stained with ethidium bromide (EtBr) following 1.5% 

agarose gel electrophoresis in 1 x TBE buffer. 

 

Primer details 

To identify the specific species from each isolate, 

specific primer pairs for the detection of rdr gene (S. 

epidermidis), sodA gene (S. haemolyticus), sodA gene 

(S. saprophyticus), and nuc gene (S. hominis) were 

selected on the basis of published nucleotide 

sequences (Kim et al., 2017; Seng et al., 2017a). To 

confirm methicillin resistance, mecA primer pair was 

also selected on the basis of published nucleotide 

sequences (Seng et al., 2017a).  

 

The primers were synthesized by Integrated DNA 

Technologies, Singapore and delivered in lyophilized 

form inside a cool ice-box, under -20°C. The 

specificity of the primers sequences was confirmed by 

GenBank database using Basic Local Alignment 

Search Tools (BLAST). The details of the MR-CoNS 

primers used, including staphylococcal species, target 

genes, forward primers, reverse primers, primer base 

pairs (bp), temperature (°C), and references used are 

listed in Table 3.6 below. 

 

Table 7. Primer details: Staphylococci species, target 

gene, forward primers, reverse primers, primer base 

pair (bp), temperature (0C), and references. 

Target 
gene 

Primer sequences 
Product 
length 

Anneal
ing 

temper
ature 

Referenc
es Forward Reverse 

rdr 
GGCAAATTTG
TGGGTCAAGA 

TGGCTAAT
GGTTTGTCA
CCA 

124 65 
Kim et 

al., 2018 

sodA 
AAACAAACTA
TGGAAATCCA
TCATG 

ATTTGGTAA
CATACGTGT
TGTG 

54 58 
Kim et 

al., 2018 

sodA 
TGGACACTTA
AACCACTCAC
TA 

CTTCTGATT
TGGAGTTA
AT 

52 55 
Kim et 

al., 2018 

nuc 
TACAGGGCCA
TTTAAAGACG 

GTTTCTGGT
GTATCAACA
CC 

177 56.4 
Seng et 

al., 
2017a 

mecA 
TGGCTATCGT
GTCACAATCG 

CTGGAACTT
GTTGAGCA
GAG 

310 58 
Seng et 

al., 
2017a 
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PCR optimization 

Primer dilution 

Nine hundred μL of molecular grade water was 

transferred into a 1.5mL sterile microcentrifuge tube 

for each primer. To prepare a stock solution of 100 

μM, each primer was diluted by adding a specific 

amount of molecular grade water as stated in the 

primer specification sheet. The 10 μM required 

primer working solutions were prepared from the 

stock by transferring 100 μL of the stock into 1.5mL 

microcentrifuge tubes containing 900 μL of nuclease-

free water. The primer stock and working solutions 

were kept at - 20°C until time of use. Additionally, 

primer stock solutions were stored protected from 

exposure to sunlight.  

 

Sample Preparation 

All 40 purified DNA of the isolates were taken from 

the -80°C freezer were diluted to the required 

concentrations using values obtained from the 

SimpliNanoTM micro-volume spectrophotometer. The 

following formula was used: 

 

M1V1 = M2V2. 

Where,  

M1 = Required final concentration of DNA (ng/μL) 

V1 = Required final volume of DNA (μL) 

M2 = Initial concentration of the stock DNA (ng/μL) 

V2 = Required volume of stock DNA (μL) 

 

The formula above was used to calculate 

concentration for each of the 40 samples of purified 

DNA. V1 was subtracted from V2 to obtain the volume 

of nuclease-free water that should be added to each 

well of the PCR plate, followed by the forward primers 

and reverse primers, V1, and exTEN 2x PCR Master 

Mix (1st BASE, Singapore) to produce the total 

reaction mixture volume.  

 
The reaction mixture 

The forward and reverse primers (Table 3.6), 

nuclease free water, each of the 40 diluted samples of 

extracted DNA, and exTEN 2x PCR Master Mix (1st 

BASE, Singapore) were added to each of the PCR 

tubes. The exTEN 2x PCR Master Mix (1st BASE, 

Singapore) was added last. The final volume of the 

reaction mixtures in each of the PCR tubes is shown 

in Table 8 below.  

 
Table 8. Final volumes and concentrations of the 

PCR reaction mixture. 

Component 
Volume 

(μL) 
Final 

concentration 

exTEN 2x PCR Master Mix, 
200 reactions 

12.5 1X 

Forward primer, 10 μM 2.5 0.1-1.0 μM 

Reverse primer, 10 μM 2.5 0.1-1.0 μM 

DNA template 5 < 250 ng 

Nuclease free water 2.5 N.A 

 
PCR amplification 

The PCR tubes (each containing 25μL final volume) 

were capped and the contents spinned down briefly. 

The tubes were placed in the thermal cycler 

(Eppendorf, New York, USA) with gradient setting 

and incubated at 95°C to completely denature the 

template DNA for 2-4 min in the initial denaturation 

step. 35 cycles of PCR amplification were performed 

(step 2 to 4 as shown in Table 3.8 were repeated for 

35 cycles): subsequent denaturation at 95°C for 30 s, 

annealing of the complementary primers at 55-72°C 

for 30 s, and extension at 68-72°C for 1 min. The 

temperature gradient for annealing was set in 

accordance with the recommended primer annealing 

temperatures ranging between 55-65°C (refer to Table 

3.9). After the first cycle, the whole process was 

repeated 35 times. The PCR product extension step 

was set to 68-72°C for 5-10 min and final extension 

set to 4°C for 300 s to properly amplify the PCR 

products. The thermal cycler condition for PCR of the 

targeted genes is shown in Table 9 below. 

 

Table 9. Gradient reaction and Cycle condition. 

SL Steps 
Temperat
ure (°C) 

Duration 
(seconds) 

1 Initial denaturation 95 120 

2 
Subsequent denaturation 
step 

95 30 

3 
Annealing of the 
complementary primers for 
the hybridization step 

42-65 30 

4 Extension period 68/72 60 

5 Final extension 4 300 

 

Quality control 

For detection of specific Staphylococcus species, 

Staphylococcus epidermidis ATCC® 12228TM 
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reference strain that was obtained from IIUM-MC 

and nuclease free water were used as positive and 

negative controls, respectively, as described by 

Albertsen and Brandt (2018) and Lorenz (2018). For 

the detection of mecA and mecC, S. aureus ATCC 

43300 (mecA positive and methicillin resistant) also 

obtained from IIUM-MC was used as positive control. 

 

Analysis of PCR products 

The conventional PCR amplification products were 

analysed using gel electrophoresis with minor 

modifications as follows: during loading samples, 50 

bp (SMOBIO) or 100 bp (Thermo Scientific) DNA 

ladder was added to the first well as a molecular 

weight marker. Then, 2 μL of amplified DNA sample 

was loaded directly using a pipette into each well of 

the gel except the first well containing the molecular 

weight marker.  

 

No loading dye was added to the DNA sample, as the 

exTEN 2x PCR Master Mix reaction buffer consists of 

a density reagent and two tracking dyes that act as 

loading dyes by migrating at the same rate as a 4000 

bp and 50 bp DNA fragment in 1% agarose gel. The 

mould containing the loaded gel was placed into the 

electrophoresis tank and enough electrophoresis 

buffer was added to cover the gel to a depth of 

approximately 1 mm. After that, the gel was run at 80 

volts (for small electrophoresis tanks) for 45 min. 

Then, the gel was taken out of the tank, and placed on 

the Gel Doc System UV transilluminator chamber 

(Bio-Rad, California, USA). The gel image was 

captured, and the DNA fragments were visualized as 

bands on the gel. 

 
Sequencing of amplicons 

Sequence analysis of the PCR amplicons was 

conducted using Sequence Scanner Software 2, and 

compared against reference sequences in GenBank 

using local alignment (BLAST). BLAST is able to 

detect similar sequences against a given reference 

sequence in GenBank by using local alignment. Base 

sequence analysis of the MR-CoNS isolates sodA (S. 

haemolyticus), nuc (S. hominis), and mecA genes was 

performed individually against the GenBank database 

to obtain the most closely related sequence matches. 

Results 

Re-identification of the MR-CoNS isolates 

After subculture on nutrient agar media and 

incubation for 24 h, the colonies from all 40 MR-

CoNS isolates were unpigmented (whitish in colour), 

round (cocci), smooth, glistening, slightly convex, 

butyrous, opaque, and ranging from 3-8 mm in 

diameter. After gram staining, microscopic 

examination revealed all 40 isolates to be gram-

positive cocci. In the catalase test, rapid and 

sustained production of gas bubbles indicated a 

positive test. Few and somewhat sustained 

production of gas bubbles indicated a weakly positive 

test. The absence of active bubbling indicated 

negative catalase test. All 40 isolates produced gas 

bubbles when treated with hydrogen peroxide. In the 

tube coagulase test, any degree of clotting that 

remained in place after tilting the tubes was recorded 

as positive result. On the contrary, absence of any 

degree of clotting was recorded as coagulase negative. 

Generally, all 40 isolates did not show any degree of 

clotting. Therefore, all 40 isolates were proven to be 

gram-positive, catalase-positive, and coagulase-

negative cocci.  

 

Antimicrobial Susceptibility test 

The antibiograms of all the categories of isolates such 

as blood, tissues, and swabs are shown in Table 10 

and Fig. 1 below. 

 
Table 10. Antibiograms of MR-CoNS in all types of 

clinical isolates: blood, tissue, and swabs. 

Antibacterial 
drugs 

Disc 
contents 
(µg/mL) 

Zone diameter (nearest whole 
mm) 

S I R 

No. % No. % No. % 

Oxacillina 30 µg/mL - - - - - - 

Linezoid 30 µg/mL 0 0% 0 0% 40 100% 

Teicoplanin 30 µg/mL 1 2.5% 2 5% 37 92.5% 

Clindamycin 2 µg/mL 0 0% 1 2.5% 39 97.5% 

Erythromycin 15 µg/mL 0 0% 0 0% 40 100% 

Ciprofloxacin 5 µg/mL 0 0% 0 0% 40 100% 

Trimethoprim-
sulfamethoxazole 

1.25 
/23.75µg 

3 7.5% 4 10% 33 82.5% 

Ceftaroline 30 µg/mL 0 0% 0 0% 40 100% 

Vancomycinb 32 µg/mL - - - - - - 
 

See the results of MIC tests against all isolates of MR-

CoNS to oxacillin and vancomycin. As per the 

recommendation given in document M1000-S25 of 

NCCLS, 2018, MIC tests should be performed to 
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determine the susceptibilities of all isolates of 

staphylococci to oxacillin and vancomycin. The disc 

test does not differentiate between oxacillin -

susceptible, -intermediate, and -resistant isolates of 

CoNS, nor does the test differentiate between 

vancomycin -susceptible, -intermediate, and -

resistant isolates of CoNS. 

 

 

Fig. 1. Antibiograms of MR-CoNS in all categories of 

isolates: blood, tissue, and swabs. The highest 

antimicrobial resistance was observed against 

linezoid, erythromycin, ciprofloxacin, and ceftaroline, 

while the least resistance was observed against 

trimethoprim-sulfamethoxazole. The isolates were 

classified as MDR if they were resistant to more than 

3 non-β-lactam antibiotics (Al Laham et al., 2017). 

The five predominant MDR antibiotic resistance 

profiles are shown in Table 4.7. MDR profiles of the 

specific categories of isolates of MR-CoNS are shown 

in Table 11 below. 

 

Table 11. MDR profiles of all 40 MR-CoNS isolates 

tested in the present study. 

Antibiotic group 
Number of 

isolates 

CIP+CPT+CXT+E+OX+VA+LZD+DA+TEC 30 

CIP+CPT+E+OX+VA+LZD+DA 1 

CIP+CPT+E+OX+VA+LZD+DA+TEC 6 

CIP+CPT+CXT+E+OX+VA+LZD+DA 2 

CIP+CPT+CXT+E+OX+VA+LZD+TEC 1 

Key: CIP= Ciprofloxacin, CPT= Ceftaroline, CTX= 

Trimethoprim-sulfamethoxazole, E= Erythromycin, 

OX= Oxacillin, VA= Vancomycin, LZD = Linezoid, 

DA= Clindamycin, TEC= Teicoplanin. 

 

Oxacillin MIC in MR-CONS  

The primary results of oxacillin MIC (30µg/mL) were 

read at the intersection of the growth-inhibition 

ellipse with the MIC scale on the strips as 

recommended in the M. I. C. Evaluator. These 

preliminary results were further interpreted 

according to the recommendations given in document 

M1000-S25 of the CLSI (NCCLS, 2018). Thirty-eight 

MR-CoNS isolates were oxacillin-resistant, as their 

MIC values were ≥0.5µg/mL, and the remaining 2 

isolates were oxacillin-susceptible, as their MIC 

values were ≤ 0.25. 

 

Table 12. MDR distribution profiles of specific MR-

CoNS isolates tested in this study. 

Isolates
No. of 

Isolates

Distribution of resistance 
% 

MDR 
1 

antibiotic
2 

antibiotics
≥ 

3 antibiotics

Blood 34 0 0 34 85% 

Tissues 4 0 0 4 10% 

Swabs 2 0 0 2 5% 

Total 40 0 0 40 100%

 

MIC of Vancomycin in MR-CoNS  

The final results showed all 40 MR-CoNS isolates 

as vancomycin susceptible, with MIC ranging from 

1-4 µg/mL. 

 

Genotypic characterization of MR-CoNS 

Genetic characterization was conducted to detect the 

6 target genes in MR-CoNS species for all 40 MR-

CoNS isolates, as described in the following sections. 

  

Quality of Extracted DNA 

Each DNA sample showed a single band of intact 

bacterial chromosomal DNA. The extracted DNA 

bands and molecular weight marker (100 bp) are 

shown in Fig. 4.12 below. 

 

 

Fig. 2. Agarose gel electrophoresis of extracted MR-

CoNS DNA. Lane 1 is the 100 bp DNA ladder; lanes 2-

15 are the extracted DNA bands obtained after 

agarose gel electrophoresis of 13 DNA samples. 
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The above agarose gel electrophoresis results clearly 

show the presence and integrity of the extracted DNA 

from all 40 isolates of MR-CoNS for subsequent use 

in conventional PCR. 

 

Conventional PCR Assay Results 

Conventional PCR Results for Specific Species 

Single bands were observed with expected molecular 

weight markers of 54 bp and 177 bp that signified the 

presence of the sodA gene (S. haemolyticus) and nuc 

gene (S. hominis), respectively. The DNA size was 

confirmed using DNA ladders as shown in Fig. 3 and 

Fig. 4 below.  

 

 

Fig. 3. Agarose gel electrophoresis of S. haemolyticus 

PCR products. Lane 1 is the 54 bp DNA ladder, and 

lanes 2-15 are single bands of the amplified product 

obtained after agarose gel electrophoresis. 

 

 

Fig. 4. Agarose gel electrophoresis of S. hominis PCR 

products. Lane 1 is the 177 bp DNA ladder, and lanes 

2-15 show single bands of the amplified product 

obtained after agarose gel electrophoresis. 

 

The overall prevalence of the bacterial species was as 

follows: S. haemolyticus =13 (32.5%), and S. hominis 

=12 (30%), while S. epidermidis and S. saprophyticus 

were not detected. The distribution of bacterial 

species in clinical samples is shown in Table 4.11, 12 

isolates (30%) were S. haemolyticus found in blood, 

and another 12 isolates (30%) were S. hominis. For 

swabs, only one isolate (2.5%) of S. haemolyticus was 

identified. None of the targeted species was identified 

in tissue isolates. 

 

Table 13. Prevalence of the four targeted CoNS 

species as measured by conventional PCR. 

CoNS Species 
isolated 

Number and percentage of isolates 

Blood Tissues Swabs 

No. % No. % No. % 

S. epidermidis 0 0 0 0 0 0 

S. haemolyticus 12 30 0 0 1 2.5 

S. hominis 12 30 0 0 0 0 

S. Saprophyticus 0 0 0 0 0 0 

Total 24 60 0 0 1 2.5 

 

Occurrence of mecA (or mecC) Genes in MR-CoNS Species 

After 1.5% agarose gel electrophoresis in TAE buffer, 

all 40 amplified DNA fragments were visualized using 

the Gel Doc System UV transilluminator chamber. 

Single bands with expected molecular weight of 310 

bp were observed for 38 isolates, while the other 2 

isolates did not reveal any bands. Fig. 4.15 below 

shows the representative bands for the presence of 

mecA genes in 11 isolates.  

 

 

Fig. 5. Agarose gel electrophoresis for mecA PCR 

products. Lane 1 is the 100 bp ladder, lanes 2-12 are 

MR-CoNS isolates that tested positive for the 

presence of mecA gene, lane 13 is the positive control 

(S. aureus ATCC 43300), and lane 14 is also the 

positive control (S. epidermidis ATCC 12228); lane 15 

is the negative control (nuclease-free water). 

 
The bands present after gel electrophoresis signified 

the presence of mecA gene. Out of 40 MR-CoNS 
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isolates, mecA was detected in 38 isolates (95%). 

Sample-wise, the distribution of isolates tested 

positive for mecA gene in our study was: 32 isolates 

(84%) from blood, 4 isolates (10%) from tissues, and 

3 isolates (7.5%) from swabs. The remaining 2 isolates 

(5%) did not show any band for the presence of mecA. 

These 2 isolates (5%) that tested negative for the 

presence of mecA were further tested for the presence 

of the mecA homologue, mecC, but no bands were 

observed for the mecC gene either. The distribution of 

mecA and mecC genes in all three categories of MR-

CoNS isolates tested in our study is shown in Table 14 

and Fig. 5 below.  

 

Table 14. Distribution of mecA and mecC in MR-CoNS. 

Type of 
isolates 

mecA mecC 

No. % N % 

Blood 32 80 0 0 

Tissue 4 10 0 0 

Swabs 2 5 0 0 

Total 38 95 0 0 

 

Sequencing results 

Based on the BLAST analysis, all the amplicons 

displayed 99% to 100% identity with the three 

corresponding genes sodA gene (S. haemolyticus), 

nuc gene (S. hominis), and mecA. 

 

Discussion 

Antimicrobial susceptibility test 

The distribution of CoNS antibacterial resistance 

against a panel of commonly used antibacterial drugs 

in this study is presented in Table 6. One hundred 

percent (100%) of antibiotic resistance was observed 

against linezolid, erythromycin, ciprofloxacin, and 

ceftaroline. The wide use of antibiotics in therapy as 

well as in prophylaxis has become a major cause for 

the emergence of resistant bacteria, including MR-

CoNS in hospitalized patients. This aggravates the 

problems already associated with treatment 

procedures. Comparatively, our findings are quite 

similar to those reported by Sani et al. (2011). 

Resistance to erythromycin and ciprofloxacin in our 

study was higher than Sharma et al. (2010), (27.9% 

and 36.3% respectively). Contrasting results were 

reported by Tayyar et al. (2015) and Gilani et al. 

(2012), who found higher susceptibility levels of 100% 

and very low resistance levels of 2% to linezolid, 

respectively. In Turkey, Alicem et al. (2014) also 

reported 100% susceptibility to linezolid.  

 

In this study, relatively high resistance levels of 

82.5%, 92.5%, and 97.5% were observed against 

trimethoprim-sulfamethoxazole, teicoplanin, and 

clindamycin, respectively. These findings were similar 

to those found by Sani et al. (2011), who reported 

more than 80% resistance to teicoplanin. In contrast, 

Deyno et al. (2018) reported low resistance levels of 

50% and 11% to trimethoprim-sulfamethoxazole and 

clindamycin, respectively. Our results were in 

contrast to the findings of Tayyar et al. (2015), who 

reported relatively low resistance of 64.1% and 45% to 

trimethoprim-sulfamethoxazole and clindamycin, 

respectively. The recommendations given in 

document M1000-S25 of the CLSI (CLSI, 2018) 

indicate that it is impossible to differentiate between 

oxacillin and vancomycin-susceptible, -intermediate, 

and -resistant isolates of CoNS using the disc 

diffusion method; further confirmation of methicillin 

and vancomycin resistance profiles need to be 

performed by the E-test and broth micro-dilution 

methods, respectively. Of all the 40 isolates, 38 (95%) 

were confirmed to be resistant to methicillin, with 

MIC values ≥0.5µg/mL. The remaining 2 isolates 

(5%) were susceptible to methicillin, with MIC values 

≤ 0.25µg/mL. This MIC value against methicillin is 

comparatively higher than reported by Sharma et al. 

(2010) (48%), and almost equal to values reported by 

Paiva et al. (2010) (95.4%). The larger sample sizes 

used in these two studies compared to our study 

could be a reason behind this slight difference in 

reported M IC values.  

 
All 40 isolates were identified to be susceptible 

against vancomycin, as MIC values ranged between 1-

4 µg/mL. This was in agreement with many previous 

studies including Sharma et al. (2010) and Paiva et al. 

(2010). However, there have been some emerging 

cases of vancomycin intermediate-resistance reported 

in Germany (Soumya et al., 2017), Turkey (Alicem et 

al., 2013), Italy (Natoli et al., 2009), Australia 

(D’mello et al., 2008), and the US (Garrett et al., 

1999). Jain et al. (2013) reported a 15% decrease in 
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vancomycin susceptibility in 127 CoNS isolates, and 

Begum et al. (2011) reported vancomycin resistance 

in some S. haemolyticus strains. The findings 

reported by Begum et al. (2011) may explain the 

absence of vancomycin resistance in the 

predominantly isolated species in our study, S. 

haemolyticus and S. hominis, whereby resistance 

patterns may depend on the strain of the bacteria. 

Another explanation for the absence of observed 

vancomycin resistance in our study could be due to 

the poor reliability of conventional MIC 

determination methods in CoNS, except for highly 

resistant species (D’mello et al., 2008). The authors 

suggest that this is the reason for the emergence of 

vancomycin-heteroresistant species. This also extends 

to the E-test, which detects only highly resistant 

CoNS species, and fails to detect species with lower 

resistance. Quite revealingly, this is an alarming 

indication for the future of vancomycin use in the 

forthcoming months or years.  

 

This study demonstrated the multi-drug resistance 

profiles of MR-CoNS to more than three 

antimicrobials; the highest being that to 9 antibiotics. 

The distribution of multi-drug resistance in this panel 

of antibiotics is presented in Table 11 and Table 12. 

Categorically, 34 (85%) blood samples showed multi-

drug resistance to more than 3 antibiotics, followed by 

4 (10%) tissues samples, and the least being 2 (5%) 

swab samples. These findings are also in agreement 

with reports of multiple drug resistance in Thailand by 

Seng et al. (2017), in Germany (Soumya et al., 2017), 

and in India (Mir & Shikanth, 2013). Meanwhile, Kitti 

et al. (2018) reported high levels of multi-drug 

resistance against 7-10 antibiotics in MR-CoNS. 

Recently, a study conducted in the US by Thomas et al. 

(2019) revealed a moderately high level of multi-drug 

resistance of 73.5% in MR-CoNS. In general, these 

studies attribute the increase of multi-drug resistance 

to surgical prophylaxis, exposure to multiple 

antibiotics, and indiscriminate use of antibiotics. 

 
Conventional PCR assay results 

Identification of mecA (or mecC) gene 

Conventional PCR assay was run for all 40 isolates to 

detect the presence of mecA and its homologue, mecC 

to confirm methicillin resistance at the molecular 

level. The distribution of mecA and mecC genes is 

presented in Table 14 and Fig. 5. MecA was identified 

in 38 isolates (95%), while the remaining 2 isolates 

(5%) tested negative for both mecA and mecC. 

Sample-wise, 32 isolates (95%) were from blood, 4 

isolates (10%) were from tissues, and 2 isolates (5%) 

were from swabs. The remaining 2 isolates (5%) that 

were identified by E-test to be methicillin-susceptible 

and tested negative for the presence of mecA gene 

were further tested for the presence of mecC gene. 

MecC gene was not present in 2 isolates, showing that 

they were non-methicillin resistant. Generally, these 

results address the limitations of using the disc 

diffusion method, whereby it is possible to get false 

positive results for methicillin resistance.  

 

As listed in Table 14, the results are in agreement with 

previous results in studies from Ethiopia, Brazil, 

Palestine, Thailand, Mexico, India, London, and 

Egypt. In the study conducted in Egypt by Rania et al. 

(2017), among 150 CoNS isolates tested for the 

presence of mecA gene and its homologue, mecC gene, 

only 114 isolates tested positive for the presence of 

mecA gene. The remaining 6 isolates that tested 

negative for the presence of mecA, were further tested 

for the presence of mecC, and yielded negative results. 

This result shows that not all mecA-positive 

staphylococci are resistant to methicillin as tested by 

the disc diffusion test. This might be due to the 

minimal expression of PBP2a protein that results in 

low MIC values (Seng et al., 2017). In a study 

conducted in Thailand, all 292 isolates of MR-CoNS 

that were tested for the presence of mecA were 

identified to be positive, but out of the 292 isolates, 15 

were not resistant to cefoxitin, a surrogate for oxacillin.  

 
Identification of common species of MR-CoNS 

harbouring mecA (or mecC) genes 

To identify the targeted species in our study, 

conventional PCR assay was run for all 40 isolates. The 

distribution of species is presented in Table 13 and Fig. 

4. Out of 40 collected isolates, S. haemolyticus was the 

most commonly detected species (13/40, 32.5%), 

followed by S. hominis (12/40, 30%). However, neither 

S. epidermidis nor S. saprophyticus were identified in 
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the isolates. In blood samples, 12 isolates (30%) were S. 

haemolyticus and all 12 isolates (30%) were S. hominis. 

For swabs, only 1 S. haemolyticus isolate (2.5%) was 

identified. In tissue samples, none of the targeted 

organisms were identified.  

 
In HTAA, the isolates that tested positive for S. 

haemolyticus were collected from the following wards: 

medical (1/40, 2.5%), surgical (3/40, 7.5%), and 

orthopaedics-1 (1/40, 2.5%). Isolates that tested positive 

for S. hominis were collected from the medical (3/40, 

7.5%) and orthopaedics (1/40, 2.5%) wards. In IIUM-

MC, the isolates that tested positive for S. haemolyticus 

were collected from the ICU (5/40, 12.5%), 

orthopaedics-1 (2/40, 5%), and internal medicine-1 

(1/40, 2.5%). Isolates that tested positive for S. hominis 

were collected from the ICU (5/40, 12.5%), general 

surgery-1 (1/40, 2.5%), general surgery-2 (1/40, 2.5%), 

and special care nursery (1/40, 2.5%). 

 

Table 15. Number of patients with methicillin resistance 

and their diagnosis in different wards of HTAA. 

SL Wards Underlying diseases 
No. of 

inpatients 

1 Surgical Right breast carbuncle 1 

2 
Orthopa
edic 

Infected wound 2 

3 Medical 
Diabetic Foot Ulcer (DFU)-
RAP Amputation 

1 

  
Peritonitis 1 

  
Septicemia 2 

  
Septic shock secondary to 
acquired pneumonia 

2 

  
Bacteremia 3 

  
Sepsis 2 

 

Table 16. Number of patients and their diagnosis in 

different wards of IIUM-MC. 

SL Wards Underlying diseases 
No. of 

inpatients 

1 ICU 
Multiple infections 
of wounds 

2 

  
Cardiogenic shock 2 

  
Septic shock 3 

  
Bacteremia 7 

  
LL Necrotising 
fasciitis 

1 

2 Orthopaedic-1 Septicemia 5 

3 
Internal 
medicine-1 

Post cardiac arrest 
for nstemi 

1 

4 
General 
Surgery-1 

Spontaneous 
Peritonitis and 
sepsis 

2 

5 
Special care 
nursery 

Sepsis and eye 
conjunctiva 

3 

Hence, in our study, most S. hominis isolates were 

collected from the ICU wards (30%), and were 

obtained from one hospital, IIUM-MC. Generally, 

isolates from both hospitals were obtained from 

inpatients diagnosed with infections as summarized 

in Table 5.1 and Table 5.2 below. 

 

These findings are in agreement with previous studies 

reported by Tayyar et al. (2015), Seng et al. (2017a) and 

Ternes et al. (2013). Seng et al. (2017a) reported that 251 

MR-CoNS isolates were collected from the following 

wards: medical (84.3%), ICU (75.7%), and surgical 

(71.4%). Tayyar et al. (2015) reported that out of 223 

CoNS isolates collected from 7 wards, the highest 

number of CoNS isolates (92, 41.2%) was collected from 

ICU. Among these findings, similar cases of underlying 

diseases were also diagnosed. In this study, most isolates 

(82.5%) were sampled from blood (Table 14) of 

inpatients diagnosed with bacteremia (Table 16 and 

Table 17). Similarly, Tayyar et al. (2015) in his study 

reported that among 223 CoNS isolates collected from 7 

wards, 69 (30.9%) were isolated from blood of patients 

diagnosed with bacteremia.  

 

In many previous studies (Sharma et al., 2010; 

Soumya et al., 2017; Gilani et al., 2016; Tayyer et al., 

2015; Nahaei et al., 2015; Sani et al., 2011 and 

others), S. epidermidis was the most commonly 

isolated species among MR- CoNS isolates, followed 

by S. haemolyticus, then S. hominis. Although several 

studies identified S. epidermidis as the 

predominantly isolated MR-CoNS species, few studies 

have identified S. haemolyticus as the most 

commonly isolated MR-CoNS species.  

 
The species distribution of MR-CoNS in our study 

conforms to previous reports. For example, in a study 

conducted in Thailand by Kitti et al. (2018), 18 of 31 

isolates were S. haemolyticus (58%), followed by 3 S. 

epidermidis isolates (9.7%) and the least being 1 S. 

hominis isolate (3.23%). However, although S. 

haemolyticus prevalence was similar to our study, the 

prevalence of S. hominis varied largely from our 

study. In our study, S. hominis was the second most-

commonly isolated species (12/40, 30%), but Kitti et 

al. (2018) reported S. hominis as the least isolated 
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species (1/40, 3.23%). Similarly, in another study also 

conducted in Thailand by Seng et al. (2017), among 

251 MR-CoNS isolates, S. haemolyticus was the most 

commonly recovered isolate, with a prevalence of 

41.1%, followed by S. epidermidis with a prevalence of 

30.1%. In another study conducted in Nigeria by Azih 

et al. (2013) S. haemolyticus was identified as the 

most commonly isolated MR-CoNS species, with a 

prevalence of 28.3%. However, in contrast to our 

study, this study did not report recovery of S. 

hominis. Finally, similar to our study, the majority of 

isolates collected by Azih et al. (2013), Seng et al. 

(2017) and Begum et al. (2011) were isolated from 

blood samples collected from ICU wards.  

 

However, the absence of S. epidermidis in our study 

may be explained by the prevalence of S. epidermidis 

in isolates from patients with indwelling medical 

devices such as orthopaedic prostheses, valvular 

prostheses, central and peripheral venous catheters, 

pace-makers, and artificial heart valves (Seng et al., 

2017; Garcia et al., 2004; Begum et al., 2011). Our 

study reports only one S. epidermidis isolate from 

one patient with a catheter-related blood stream 

infection. The presence of S. saprophyticus has been 

linked to urinary tract infections in females (Becker et 

al., 2014; Sarathbabu et al., 2013; Cunha et al., 

2004). Likewise, in our study, one isolate was 

recovered from a urinary tract infected patient. 

Generally, low prevalence of S. epidermidis and S. 

saprophyticus have been reported in previous 

studies. Besides the type of clinical samples used in 

our study, our sample size of 40 compared to the 

sample size used in the aforementioned studies may 

also be the reason for failure to recover S. epidermidis 

and S. saprophyticus from our isolates. 

 
Conclusion 

The issue of antimicrobial resistance in bacteria from 

clinical isolates such as Staphylococcus species is very 

serious and of high relevance to modern medicine and 

to treatment strategies in particular. Our study 

investigated antibiogram and molecular 

characterization of 40 MR-CoNS isolates collected 

from 15 wards of two hospitals: HTAA (7 wards) and 

IIUM-MC (8 wards). One hundred percent (100%) of 

antibiotic resistance was observed against linezolid, 

erythromycin, ciprofloxacin, and ceftaroline. 

 

Followed by resistance levels of 82.5%, 92.5%, and 

97.5% against trimethoprim-sulfamethoxazole, 

teicoplanin, and clindamycin, respectively. Generally, 

all 40 MR-CoNS isolates were found to be resistant to 

three or more antibiotics. Therefore, our results show 

that MR-CoNS was present in various wards of HTAA 

and IIUM-MC, especially in the medical, surgical, and 

orthopaedic wards of HTAA, and the ICU, 

orthopaedic-1, internal medicine-1, general surgery-1, 

and special care nursery of IIUM-MC. 

 

Four types of staphylococcal species that were 

investigated from 3 categories of MR-CoNS isolates 

(blood, tissues, and swabs) were S. epidermidis, S. 

haemolyticus, S. saprophyticus, as well as S. hominis. 

Unsurprisingly, not all of these species could be 

recovered from the isolates. Out of 40 MR-CoNS 

isolates, only two were successfully recovered: S. 

haemolyticus and S. hominis.  

 

MecA was identified in 38 isolates (95%), while the 

remaining 2 isolates (5%) tested negative for both 

mecA and mecC. 

 

Recommendations 

This study shows that several antibiotics are no longer 

effective in the treatment of MR-CoNS infections, 

hence, more clinical and laboratory-based studies are 

needed to enable all stakeholders to be aware of the 

mechanisms involved in the development of antibiotic 

resistance in CoNS. These further studies may include 

the search for other genes apart from mecA and its 

homologue mecC that may also be responsible for 

antibiotic resistance, and molecular typing of isolates, 

especially by using pulsed-field gel electrophoresis, 

multilocus sequencing or full genome sequencing. In 

addition to that, because mecC was not identified in 

any of the MR-CoNS isolates in our study, further 

studies with larger sample size and more diverse 

clinical samples are highly needed.  

 
A new generation of antibiotics and novel treatment 

schemes that focus on combating antibiotic resistance 
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in CoNS against methicillin and to other antibiotics 

should be monitored with higher vigilance in order to 

better tackle the problem of increasing multi-

antibiotic resistance in MR-CoNS.  

 

Specifically, because there are few studies that have 

already reported vancomycin intermediate-resistance 

and vancomycin-resistance in CoNS, further research, 

screening and surveillance should be conducted 

regularly on vancomycin resistance profiles in CoNS. 

This will help physicians to be more confident with 

their current prescriptions for combating resistant 

species of CoNS. Last but not least, in order to combat 

the increasing burden of multi-drug resistance as 

observed in our study and reported in previous 

studies, healthcare providers should adhere to both 

preventive and control measures against the 

horizontal spread of resistance. 

 

Ethical approval 

Approvals to carry out research and collect samples 

from both HTAA and IIUM MC Microbiology 

laboratories were obtained from the appropriate 

committees and respective authorities. These 

committees and authorities are listed below: 

1. National Medical Research Register (NMRR) 

2. Medical Research & Ethics Committee (MREC) 

3. IIUM Research Ethics Committee (IREC) 

4. Kulliyyah of Medicine Research Committee (KRC) 

5. Kulliyyah of Medicine Postgraduate Committee 

(KPGC). 

 

Conflicts of interest 

The author declare no conflict of interest. 

 
Acknowledgements 

Alhamdulillah. I wish to record my special thanks to 

the Muslim University of Morogoro; particularly Prof 

Hamza M. Njozi who was a VC by then, for 

sponsoring my MMedSc studies at IIUM via NAMA 

Foundation. I also wish to register my special thanks 

to my supervisor Prof. Dr. Muhammad Imad A-Din 

Mustafa Mahmud, and co-supervisors Asst. Prof. Dr. 

Hairul Ain Binti Hamzah and Asst. Prof. Dr. Hanan 

Hamimi Binti Wahid, for their enduring, disposition, 

kindness, promptitude, thoroughness and friendship, 

that had facilitated the successful completion of my 

studies at IIUM. 

 

References 

Akpaka PE, Smikle MF. 2007. Molecular 

Epidemiology of Methicillin Resistant Coagulase-

negative Staphylococci Isolates from Blood 

Specimens at a Tertiary Hospital in the Caribbean. 

West Indian Medical Journal 56(5), 464. 

 

Al Tayyar IA, Al-Zoubi MS, Hussein E, 

Khudairat S, Sarosiekf K. 2015. Prevalence and 

antimicrobial susceptibility pattern of coagulase-

negative staphylococci (CoNS) isolated from clinical 

specimens in Northern of Jordan. Iranian Journal of 

Microbiology 6(7), 294-301. 

 

Albertsen M, Brandt J. 2018. Investigation of 

Detection Limits and the Influence of DNA Extraction 

and Primer Choice on the Observed Microbial 

Communities in Drinking Water Samples Using 16S 

rRNA Gene Amplicon Sequencing. Frontier in 

microbiology 9, 2140. 

 

Alicem T, Tuba D, Ozcan D, Recap T, Nida, O, 

Selahattin A, Saim D. 2014. In vitro susceptibility 

to methicillin, vancomycin and linezolid of 

staphylococci isolated from bloodstream infections in 

eastern Turkey. Brazilian Journal of Microbiology 

45(3), 829-833. 

 

Argemi X, Hansmann Y, Prola K, Prevost G. 2019. 

Coagulase-Negative Staphylococcus Pathogenomics. 

International Journal of Molecular Sciences 20, 1215. 

 

Baird-Parker AC. 1965. The Classification of 

Staphylococci and Micrococci from World-Wide 

Sources. Journal of General Microbiology 38, 363-87. 

 

Bannerman TL. 2003. Staphylococcus, 

Micrococcus, and other catalase-positive cocci that 

grow aerobically. In Murray PR, Baron EJ, Jorgensen 

JH, Pfaller MA, Yolken RH (eds), Manual of Clinical 

Microbiology, American Society Microbiology, 

Washington 384-404. 



    Int. J. Biomol. Biomed. 
 

 Kitota  
 

14 

Beck WD, Berger-Bacchi, Kayeser FH. 1986. 

Additional DNA in methicillin-resistant 

Staphylococcus aureus and Molecular cloning of mec-

specific DNA. Journal of bacteriology 165, 373-378. 

 

Becker K, Heilmann C, Peters G. 2014. 

Coagulase-Negative Staphylococci. Clinical 

Microbiology Review 27(4), 870-926. https:// 

doi.org/10.1128/CMR.00109-13 PMID: 25278577. 

 

Begum ES, Anbumani N, Kalyani J, Mallika M. 

2011. Prevalence and antimicrobial susceptibility 

pattern of Coagulase-negative Staphylococcus. 

International journal of medical pharmacology 1(4), 

DOI: 10.5530/ijmedph.4.2011.14. 

 

Brook GF, Carrol KC, Butel JS., Morse SA, 

Mietzner TA. 2010. Jewertz, Menelick & Adelberg’s 

Medical Microbiology. McGrewHill Companies. 

International Edition. 25 ed. pp. 185. 

 

Bugum S, Anbumani N, Kalyani J, Mallika J. 

2011. Prevalence and antimicrobial susceptibility 

pattern of Coagulase-negative Staphylococcus. 

International Journal of Medicine and Public health 

1(4), 59-62. 

 
Cheung GYC, Otto M. 2010. Understanding the 

significance of Staphylococcus epidermidis 

bacteraemia in babies and children. Current Opinion 

of Infectious Diseases 23, 208-216.  

 
Christensen GD, Simpson WA, Bisno AL, 

Beachey EH. 1983. Adherence of slime-producing 

strains of Staphylococcus epidermidis to smooth 

surfaces. Infectious Immunology 37, 318-326. 

 
Christensen GD. 1993. The sticky problem of 

Staphylococcus epidermidis. Sepsis Hospital Practice 

30, 27-38. 

 
Clinical and Laboratory Standards Institute 

(CLSI). Performance Standards for Antimicrobial 

Susceptibility Testing. 16th Informational 

Supplement. CLSI document M100, 28th ed. Wayne, 

PA 19087 USA. Clinical Infectious Disease 32, S114-

S132. [PubMed: 11320452]. 

Cucarella C, Tormo MA, Ubeda C, Trotonda 

MP, Monzon M, Peris C. 2004. Role of biofilm-

associated protein Bap in the pathogenesis of bovine 

Staphylococcus aureus. Infectious Immunology 

72(4), 2177-2185. https://doi.org/10.1128/IAI.72. 

4.2177-2185.2004 PMID: 15039341. 

 

Cunha SR, LM, Sinzato KY, Liciana, VA, 

Silveira AV. 2004. Cunha Comparison of Methods 

for the Identification of Coagulase-negative 

Staphylococci. Memories do Instituto Oswaldo Cruz, 

Rio de Janeiro 99(8), 855-860. 

 

Cunha SRLM, Rugolo SSML, Lopes AC. 2006. 

Study of virulence factors in coagulase-negative 

staphylococci isolated from newborns. Memories do 

Instituto Oswaldo Cruz, Rio de Janeiro 101(6), 661-668. 

 

D’mello D, Andrew J, Rahman SM, Qu Y, 

Garland S, Pearce C, Deighton AM. 2008. 

Vancomycin Heteroresistance in Bloodstream 

Isolates of Staphylococcus capitis. Journal of Clinical 

Microbiology 46(9), 3124-3126. 

 

Deyno S, Fekadu S, Seyfe S. 2018. Prevalence and 

antimicrobial resistance of coagulase negative 

staphylococci clinical isolates from Ethiopia: a meta-

analysis. BMC Microbiology 18, 43 

https://doi.org/10.1186/s12866-018-1188-6. 

 

Diekema DJ. 2001. Survey of infections due to 

Staphylococcus species: frequency of occurrence and 

antimicrobial susceptibility of isolates collected in the 

United States, Canada, Latin America, Europe, and 

the Western Pacific region for the SENTRY 

Antimicrobial Surveillance Program 1997-1999. 

 

Diep BA. 2006. Complete genome sequence of 

USA300, an epidemic clone of community-acquired 

methicillin-resistant Staphylococcus aureus. Lancet 

367, 731-739. [PubMed: 16517273]. 

 
Du X, Zhu Y, Song Y, Li T, Luo T. 2013. 

Molecular Analysis of Staphylococcus epidermidis 

Strains Isolated from Community and Hospital 

Environments in China. PLoS ONE 8(5), e62742.  



    Int. J. Biomol. Biomed. 
 

 Kitota  
 

15 

Dupont CV, Sivadon TEB, Ille B, Dauphin, 

Beretti JL. 2010. Identification of clinical coagulase 

negative Staphylococci, isolated in microbiology 

laboratories, by matrix assisted laser 

desorption/ionization time of flight mass 

spectrometry and two automated systems. Clinical 

Microbiology Infections 16, 998-1004. 

 

Espy MJ, Uhl JR, Sloan LM, Bulkwalter SP, 

Jones MF, Volter EA, Yao JD, Wangenack NL, 

Rosenblatt JE, Cockerill FR, Smith TF. 2006. 

Real-time PCR in clinical microbiology: applications 

for routine laboratory testing. Clinical Microbiology 

Review 19(3), 595. 

 

Foster T. 1996. Medical Microbiology, 4th edition. 

 

Garrett DO, Jochimsena E, Murfitt K, Hill B, 

McAllister S, Nelson P, Spera PV, Sall RK, 

Tenover FC, Johnston J, Zimmer B, Jarvis WR. 

1999. The emergence of decreased susceptibility to 

vancomycin in Staphylococcus epidermidis. Infection 

Control and Hospital Epidemiology 20(3), 167-70. 

 

Gilani M, Usman J, Latif M, Munir T, Gill MM, 

Anjum R, Babar N. 2016. Methicillin resistant 

coagulase negative Staphylococcus: From colonizer to 

a pathogen. Pakistan Journal of Pharmaceutical 

Sciences 26(4), 1117-1121. 

 

Grace JA, Olayinka BO, Onaolapo JA, Obaro 

SK. 2019. Staphylococcus aureus and Coagulase-

Negative Staphylococci in Bacteraemia: The 

Epidemiology, Predisposing Factors, Pathogenicity 

and Antimicrobial Resistance. Clinical Microbiology: 

Open access 8, 325. DOI: 10.4172/2327 

 

Gras-Le GC, Fournier S, Andre-Richet B. 2007. 

Almond oil implicated in a Staphylococcus capitis 

outbreak in a neonatal intensive care unit. Journal of 

Perinatology 27(11), 713-7.  

 

Guyer RL, Koshland DE. 1989. The Molecule of 

the year. Journal of science 246, 1543-1546. 

Hanssen AM, Kjeldsen G, Sollid JU. 2004. Local 

variants of Staphylococcal cassette chromosome mec 

in sporadic methicillin-resistant Staphylococcus 

aureus and methicillin-resistant coagulase-negative 

Staphylococci: evidence of horizontal gene transfer? 

Antimicrobial Agents Chemotherapy 48, 285-96. 

 

Hedman P, Ringertz O, Eriksson B, Kvarnfors P, 

Andersson M, Bengtsson L, Olsson K. 1990. 

Staphylococcus saprophyticus found to be a common 

contaminant of food. Journal of Infectious disease 21, 11-19. 

http://dx.doi.org/10 .1016/0163-4453(90)  

 

Heilmann C, Ziebuhr W, Becker K. 2018. Are 

Coagulase-negative staphylococci virulent? Clinical 

Microbial Infections 25(9), 1071-1080. 

DOI: 10.1016/j.cmi.2018.11.012. 

 

Herman-Bausier P, El-Kirat-Chatel S, Foster TJ, 

Geoghegan JA, Dufrêne YF. 2015. Staphylococcus 

aureus Fibronectin-Binding Protein A mediates cell-cell 

adhesion through low-affinity homophilic bonds. 

Molecular Biology 6(3), e00413-15. 

https://doi.org/10.1128/mBio.00413-15 PMID:  

 

Huebner H, Goldmann AD. 1999. Coagulase 

negative Staphylococci: Role as Pathogens. Annual 

Review of Medicine 50, 223. 

 

Jain N, Mathur P, Misracm. 2013. Trend of 

vancomycin susceptibility of staphylococci at a level 1 

trauma centre of India. Indian Journal of Medical 

Research 136(6), 1022-1024. 

 

James H, Jorgensen, Mary Jane Ferraro. 

2009. Antimicrobial susceptibility testing: a review of 

general principles and contemporary practices. 

Clinical infectious disease 49, 1749-55. 

 
Jan-Roblero J, Rodriguez-Martínez S, 

Cancino-Diaz EM, Juan C, Cancino-Diaz CJ. 

2016. Staphylococcus Biofilms Licensee InTech. 

http://dx.doi.org/10.5772/62910. 

 
Jin X, Yue S, Wells KS, Singer VL. 1994. SYBR 

Green: I. A new fluorescent dye optomized for 

detection of picogram amounts of DNA in gels. 

Biophysical Journal 66, A159. 



    Int. J. Biomol. Biomed. 
 

 Kitota  
 

16 

Jorgensen JH, Ferraro MJ. 2009. Antimicrobial 

susceptibility testing: a review of general principles 

and contemporary practices. Clinical Infectious 

Diseases 49(11), 1749-1755. 

 

Klingenberg C, Ronnestad A, Anderson AS. 

2007. Persistent strains of coagulase-negative 

staphylococci in a neonatal intensive care unit: 

virulence factors and invasiveness. Clinical 

Microbiology Infections 13, 1100-11. 

 

Kloos WE, Bannerman LT. 1994. Updates on 

Clinical Significance of Coagulase-Negative 

Staphylococci. Clinical Microbiology Reviews 117-140. 

 

Kloos WE, Schleifer KH. 1975. Simplified scheme 

for routine identification of human Staphylococcus 

species. Journal of Clinical Microbiology 1(1):82-8. 

 

Kloos WE. 1980. Natural populations of the genus 

Staphylococcus. Annual Review of Microbiology 34, 559-92. 

 

Koksal F, Yasar H, Samasti M. 2009. Antibiotic 

resistance patterns of coagulase-negative staphylococcus 

strains isolated from blood cultures of septicemic 

patients in Turkey. Microbiology Research 164, 404-10. 

 

Kroos WE, Bennerman TL. 1994. Update on clinical 

significance of coagulase-negative staphylococci. Clinical 

Microbiology review 7(1), 117-40. 

 

Kryndushkin DS, Alexandrov IM, Ter-

Avanesyan MD, Kushnirov VV. 2003. Yeast 

[PSI+] prion aggregates are formed by small Sup35 

polymers fragmented by Hsp10. Journal of Biological 

Chemistry 278(49), 49636. 

 

Laham NA. 2017. Species Identification of Clinical 

Coagulase-negative Staphylococci Isolated in Al-Shifa 

Hospital Gaza using Matrix-assisted Laser 

Desorption/Ionization-time of Flight Mass Spectrometry. 

Current Research Bacteriology, ISSN 1994-5426. 

 

Larson RA, Burke JP. 1986. The epidemiology and 

risk factors for nosocomial catheter associated 

bacteriuria caused by Coagulase negative 

Staphylococci. Infectious Control 7, 212-215. 

Lee PY, Costumbrado J, Hsu CY, Kim YH. 

2012. Agarose Gel Electrophoresis for the Separation 

of DNA Fragments. Journal of visualized experiment 

62, e3923. DOI:10.3791/3923. 

 

Lodge J, Lund P, Minchin S. 2007. Gene cloning: 

principles and applications. ISBN 0- 7487-6534-4. 

 

Longauerova A. 2006. Coagulase negative staphylococci 

and their participation in pathogenesis of human infections. 

Bratislavske Lekarske Listy 107, 448-52. 

 

Lorenz TC. 2012. Polymerase Chain Reaction: Basic 

Protocol Plus Troubleshooting and Optimization 

Strategies. Journal of Visualized Experiments          

63, e3998. DOI: 10.3791/3998. 

 

Ma XX. 2002. Novel type of staphylococcal cassette 

chromosome mec identified in community- acquired 

methicillin-resistant Staphylococcus aureus strains. 

Antimicrobial Agents Chemotherapy 46, 1147-1152. 

[PubMed: 11897611]. 

 

Madruga MH, Moscatello DK, Emlet DR, 

Dıeterıch R, Wong AJ. 1997. Grb2 associated 

binder mediates phosphatidylinositol 3-kinase 

activation and the promotion of cell survival by nevre 

growth factor. Proceedings of the National Academy 

of Sciences 94, 12419-12424. 

 

Maira-Litra ́n T, Kropec A, 

Abeygunawardana C, Joyce J, Mark G, 

Goldmann DA. 2002. Immunochemical properties 

of the staphylococcal poly-N-acetylglucosamine 

surface polysaccharide. Infection and Immunology 

70(8), 4433-4440. https://doi.org/10.1128/IAI.70. 

8.4433-4440.2002 PMID: 12117954. 

 
Martinez-Meléndez A, Morfin-Otero R, 

Villarreal-Trevino L, Camacho-Ortiz A, 

Gonzalez-Gonzalez G, Llaca-Diaz J, Rodríguez-

Noriega E, Garza-González E. 2016. Molecular 

epidemiology of Coagulase-negative bloodstream 

isolates: detection of Staphylococcus epidermidis ST2, 

ST7 and linezolid-resistant ST23. The Brazilian Journal 

of infectious disease 20(5), 419-428. 



    Int. J. Biomol. Biomed. 
 

 Kitota  
 

17 

Matheson M. 1999. Gram stain. Community eye 

health Journal 12(30), 24 PMCID: PMC1706001. 

PMID: 17491986. 

 

Mir BA, Srikanth. 2013. prevalence and 

antimicrobial susceptibility of methicillin resistant 

Staphylococcus aureus and coagulase-negative 

staphylococci in a tertiary care hospital. Asian 

Journal of Pharmaceutical and Clinical Research 

6(3), SSN - 0974-2441. 

 

Miragaia M. 2002. Molecular characterization of 

methicillin-resistant Staphylococcus epidermidis 

clones: evidence of geographic dissemination. Journal 

of Clinical Microbiology 40, 430-438.  

 

Miragaia M, De Lencastre H, Perdreau-

Remington F. 2009. Genetic diversity of arginine 

catabolic mobile element in Staphylococcus 

epidermidis. PloS one 64(11), e7722. 

 

Miragaia M, Thomas JC, Couto I, Enright MC, 

de Lencastre H. 2007. Inferring a population 

structure for Staphylococcus epidermidis from 

multilocus sequence typing data. Journal of 

Bacteriology 189, 2540-2552. 

 
Mullis K, Faloona FA. 1987. Specific synthesis of 

DNA in vitro via a polymerase catalyzed chain 

reaction. Methodology in Enzymology 255, 335-350. 

 
Murray PR, Barron EJ, Jorgenson JH., Pfaller 

MA, Yolken RH. 2003. Manual of Clinical 

Microbiology. 8th Edition. Volume 1. U.S.A. Library of 

Congress-in-Publication Data.  

 
Murray PR. 2010. Matrix assisted laser desorption 

ionization time of flight mass spectrometry: 

Usefulness for taxonomy and epidemiology. Clinical 

Microbiology. Infections 16, 1626-1630. 

 
Nahaei RM, Shahmohammadi RM, Ebrahim 

S, Milani M. 2015. Detection of Methicillin-

Resistant Coagulase Negative Staphylococci and 

Surveillance of Antimicrobial Resistance in a Multi-

Center Study from Iran. Jundishapur Journal of 

Microbiology 8(8), e19945.  

Natoli S, Fontana C, Favaro M, Bergamini A, 

Testore GP, Minelli S. 2009. Characterization of 

coagulase-negative staphylococcal isolates from blood 

with reduced susceptibility to glycopeptides and 

therapeutic options. Biomedical Journal of Infectious 

diseases 9, 83. 

 

Osmon DR, Sampathkumar P, Cockerill FR. 

2000. Prosthetic joint infection due to 

Staphylococcus lugdunensis. Mayo Clinic 

Proceedings 75, 511-512. 

 

Otto M. 2004. Virulence factors of the coagulase 

negative staphylococci. Front Biosciences 9, 841-63. 

 

Otto M. 2008. Staphylococcal biofilms. Current 

Topics in Microbiology and Immunology 322, 207-

228. PMCID: PMC2777538 PMID: 18453278. 

 

Otto M. 2009. Staphylococcus epidermidis - the 

‘accidental’ pathogen. Nature Reviews Microbiology 

7, 555-567. 

 

Otto M. 2013. Coagulase-negative staphylococci as 

reservoirs of genes facilitating MRSA infection: 

Staphylococcal commensal species such as 

Staphylococcus epidermidis are being recognized as 

important sources of genes promoting MRSA 

colonization and virulence. Bioessay 35(1), 4-11. 

doi:10.1002/bies.201200112. 

 

Pfaller MA, Herwaldt LA. 1988. Laboratory, Clinical, 

and Epidemiological As- pects of Coagulase-Negative 

Staphylococci. Clinical Microbial Reviews 1, 281-299. 

 

Rahman ZA, Hamzah SA, Hassan AM, Osman 

S, Siti Suraiya Md Noor SSN. 2002. The 

significance of coagulase-negative staphylococci 

bacteremia in a low resource setting. Journal of 

Infection in Developed Countries 7(6), 448-452. 

 
Rania AA, Nsreen MK, Rasha HEl, Mona MA. 

2017. Evaluation for the Novel mecC Methicillin 

Resistance among Methicillin Resistant 

Staphylococcal Isolates in two Egyptian University 

Hospitals. Archieve of Clinical Microbiology 9(1), 71. 



    Int. J. Biomol. Biomed. 
 

 Kitota  
 

18 

Reece R. 2004. Analysis of gene and genome. NJ 

07030, USA, Willey Ltd.  

 

Reffuveille F, Josse J, Vallecm, Gangloff CS. 

2017. Staphylococcus aureus Biofilms and their 

Impact on the Medical Field. Open access peer review 

chapter. DOI: 10.5772/66380. 

 

Ryan KJ, Ray CG (editors). 2004. Sherris Medical 

Microbiology. 4th edition. McGraw Hill. SBN 0-8385-

8529-9. 

 

Saber H, Jasni AS, Maztura TZ, Jamaluddin T, 

Ibrahim R. 2017. A Review of Staphylococcal 

Cassatte Chromosomae mec (SCCmec) Types in 

Coagulase-Negative Staphylococci (CoNS) Species. 

Malays Journal of Medical Sciences 24(5), 7-18. 

 

Sani NM, Sapri HF, Noorin A, Neoh H, Hussin 

S. 2011. Species Identification of Coagulase Negative 

Staphylococci (CoNS) Isolates in Universiti 

Kebangsaan Malaysia Medical Centre (UKMMC). 

Asia-Pacific Journal of Molecular Medicine 1, 5. 

 

Sanzen L, Walder M. 1988. Antibiotic resistance of 

Coagulase negative Staphylococci in an orthopaedic 

department. Journal of Hospital Infections 12, 103-108. 

 

Sarathbabu R, Rajkumari, Ramani T. 2013. 

Characterization of Coagulase Negative Staphylococci 

isolated from urine, pus, sputum and blood stream. 

International Journal of Pharmaceutical Science 

Invention 2(1), 37-46. 

 

Schumecher A, Vranken T, Malhotra A, Arts 

JJC, Habibovic P. 2018. In vitro antimicrobial 

susceptibility testing methods: agar dilution to 3D 

tissue-engineered models. European Journal of 

Clinical Microbiology and Infectious Disease 37(2), 

187-208. DOI: 10.1007/s10096-017-3089-2. 

 
Schwarz S, Silley P, Simjee S, Woodford N, 

van Duijkeren E, Johnson A, Gaastra W. 2010. 

Editorial: Assessing the antimicrobial susceptibility of 

bacteria obtained from animals. Journal of 

Antimicrobial Chemotherapy 65, 601-604. 

Seng R, Kitti T, Thumeepak R, Kongthai P, 

Leungtongkam U, Wannalerdsakun S, 

Sitthisak S. 2017a. Biofilm formation of methicillin-

resistant coagulase negative staphylococci (MR-

CoNS) isolated from community and hospital 

environments. PLoS ONE 12(8), e0184172. 

https:// doi.org/10.1371/journal.pone.0184172. 

 

Seng R, Leungtongkam U, Thummeepak R, 

Chatdumrong W, Sitthisak S. 2017b. High 

prevalence of methicillin-resistant coagulase-negative 

Staphylococci isolated from a university environment in 

Thailand. International Microbiology 20(2), 65-73. 

 

Sharma V, Jindai N, Devi P. 2010. Prevalence of 

methicillin resistant coagulase negative staphylococci 

in a tertiary care hospital. Iranian Journal of 

Microbiology 2(4), 185-188. 

 

Sharp PA, Sugden B, Sambrook J. 1973. 

Detection of two restriction endonuclease activities in 

Haemophilus parainfluenzae using analytical 

agarose-ethidium bromide electrophoresis. 

Biochemistry 12, 3055-3063. 

 
Soumya KR, Philip S, Sugathan S, Mathew J, 

Radhakrishnan EK. 2017. Virulence factors 

associated with Coagulase Negative Staphylococci 

isolated from human infections. 3 Biotechnology 7, 140. 

DOI 10.1007/s13205-017-0753-2. 

 
Ternes YM, Juliana Lamaro-Cardoso J, André 

MCP, Pessoa JRVP, Maria Vieira MAS, Minamisava 

R, Andrade AL, Kipnis A. 2013. Molecular epidemiology 

of coagulase-negative Staphylococcus carriage in neonates 

admitted to an intensive care unit in Brazil. BMC Infectious 

Diseases 13, 572. 

 
Thomas KR, Melton R, Asbell AP. 2019. 

Antibiotic resistance among ocular pathogens: 

current trends from the ARMOR surveillance study 

(2009-2016). Clinical Optometry 1, 15-26. 

 
Vandenesch F, Etienne J, Reverdy ME, Eykyn 

SJ. 1993. Endocarditis due to the Staphylococcus 

lugdunensis: report of 11 cases and review. Clinical 

Infectious Diseases 17, 871-876. 



    Int. J. Biomol. Biomed. 
 

 Kitota  
 

19 

Widerström M. 2010. Molecular epidemiology of 

coagulase-negative staphylococci in hospitals and 

in the community. Print & Media, Umeå 

University, Umeå, Sweden. ISBN: 978-91-7459-

020-3. ISSN: 0346-6612. 

 

Winslow W. 1908. The Systematic Relationships of 

the Coccaceae. New York: John Rily. 

 

Zhou X, Li Y. 2015. Atlas of Oral Microbiology: 

From healthy microflora to disease 32 Jamestown 

Road, London: Elsevier Inc. 

 


