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ABSTRACT 
 

Background: In the past coagulase negative staphylococcus were often seen as contaminants, 
but were later considered one of the most common photogenic bacteria in the hospital over the last 
decade Identification of beta-lactam and particularly methicillin in hospitals is of concern. The 
fundamental principle for the treatment of CoNS is the rapid identification of resistance 
mechanisms particularly their resistance to methicillin. The objective of this study is to determine 
the antibiotic resistance, the frequency of the mecA gene, and to determine the types of SCCmec 
in the CoNS isolates of from clinical isolates and control. 
Study Design: Point prevalence case-control study. 
Place and Duration of Study: Breast milk samples were collected from (200) patients suffering from 
mastitis and 106 lactational women as control whom visit center of breast examination in hospital 
Al- Sadder –in Najaf- Iraq, during the period from July/ 2015 to Jun/ 2016. 
The standard biochemical tests were used for all isolates are coagulase, catalase, oxidase, and 
modified oxidase the CoNS isolates, then diagnosed by vitek -2 technique and the antibiotic 
sensitivity testing was carried out also by vitek-2 system. Then genomic isolate were extracted 
and mecA gene was detected by PCR technique, the types of SCCmec were performed by 
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RFLP-PCR. 
Results: Among the 62 breast milk isolates (50 mastitis, 12 control), identification of CoNS at the 
species level indicated that Staphylococcus epidermidis was the most common species, with 40 
isolates, followed by Staphylococcus haemolyticus (10), Staphylococcus hominis (12).All isolates 
appeared had mecA gene , no one harbored SCCmec type I, 8 (12.9%) harbored SCCmec type II, 
12 (19.3%) harbored SCCmec type III, 30 (48.3%) harbored SCCmec type IV and 8 (12.9%) 
remained non-typable. Staphylococcus epidermidis was the most isolates that harbored SCCmec 
type IV. 
Conclusion: The results showed that CoNS revealed high percentage of resistance to methicillin, 
and the type III, SCCmec type was the most prevalence type of which encodes the largest number 
of resistance genes. The study give the information could be used in epidemiological study for 
preventing of infectious control in hospital and health centers. 
 

 

Keywords: Diversity of SCCmec; CoNS; drug resistant; mecA gene. 
 

1. INTRODUCTION 
 

Recent years, coagulase-negative staphylococci 
(CoNS) have emerged as important causative 
agents of illness, The resistance of CoNS to 
methicillin and other β-lactam antibiotics is 
mediated by a penicillin-binding protein which 
has reduced affinity for these antibiotics 
(PBP2a). This protein is encoded by the mecA 
gene [1]  inserted in a genomic island called 
staphylococcal cassette chromosome mec 
(SCCmec) 2.SCCmec is a mobile genetic 
element which is a vehicle for exchanging 
resistance genes between Staphylococcus 
strains and is widely distributed among CoNS. 
species and in Staphylococcus aureus [2,3,4,5] 
SCCmec was initially described as ‘mec DNA’, 
which was found only in methicillin-resistant S. 
aureus (MRSA) and absent in methicillin-
sensitive S. aureus (MSSA) [3,2]. This genetic 
element is composed of different combinations 
between the mec complex, which encodes 
resistance to methicillin, and the ccr complex, 
which encodes recombinase enzymes 
responsible for the mobility of the genetic 
element. The mec complex is composed of 
IS431, mecA and intact or truncated sequences 
of mecI and mecR1 regulatory genes. The ccr 
complex can be composed of recombinase 
genes ccrA and ccrB or ccrC [6,7,8,9,10]. Based 
on such diversity, six types of SCCmec have 
been described in S. aureus, and five types (I–V) 
have also been described in CoNS. Moreover, 
community methicillin-resistant S.epidermidis (C-
MRSE) have been found with SCCmec type IV 
[11,12], and SCCmec type V has already been 
discovered in CoNS particularly in 
Staphylococcus haemolyticus 8. 
 
The structure and distribution of SCCmec types in 
S. aureus have been studied frequently 
[7,11,4,13,2], but data related to CoNS are only 

comparative and have been obtained in studies 
the purpose of which was to determine whether 
there was transmission between species [14,11] 
In this study, we evaluated the distribution of 
SCCmec types I, II, III and IV in methicillin-
resistant CoNS obtained from breast milk of 
mastitis and healthy .who visit the center of 
breast examination in Al-Sadder hospital in Najaf 
–in Iraq. 
 

2. MATERIALS AND METHODS 
 
2.1 Patients and Samples  
 
Breast milk samples were collected from (200) 
patients suffering from mastitis and 106 
lactational women as control whom visit center 
of breast examination in hospital Al- Sadder –in 
Najaf- Iraq, during the period from July/ 2015 to 
Jun/ 2016). Milk samples(2-3ml) were cultured 
on baired parker agar for identification and 
enumeration of staphylococci .Milk samples were 
collected aseptically according to [14] and 
transferred to the lab in cold condition , samples 
cultured on baired parker agar for isolation of 

staphylococci (the colony number <4 cfu/ml-1) 
[15]. Then CoNS were identified by biochemical 
tests include coagulase, catalase, modified 
oxidase according to [16], and by vitiek-2 system 
to species level as well. 
 

2.2 Antibiotic Susceptibility Method by 
Vitek – 2 System  

 
Antibiotic sensitivity testing was performed for 
isolates that were typed to species level, the 
isolates were subjected to antibiotic susceptibility 
testing by using the vitek-2 system (bioMérieux, 
France), by AST-GP580 Gram positive 
susceptibility cards. The isolates that tested for 
antibiotic susceptibility were only those that were 
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diagnosed for genus and species, which include 
S. epidermidis (40 strains), S. heamolyticus (10 
strains), and S.hominis (12 strains) (about 50 
strains from patients with mastitis and only12 
strains from healthy women). Antibiotics used 
included cefoxitin screen (used to confirm the 
presence of MRSA and detect low level 
methicillin resistance), benzyl penicillin, oxacillin, 
mupirocin, clindamycin, inducible clindamycin 
resistance, tetracycline, as well as 
aminoglycosides (gentamicin, tobramycin), 
quinolones (levofloxacin, moxifloxacin), and 
glycopeptides (teicoplanin, vancomycin) [17]. 
 

2.3 Molecular Detection of mecA 
 
2.3.1 DNA extraction  
 

DNA extraction was carried out according to 
the genomic DNA purification kit supplemented 
by manufactured company (Geneaid). 
 
2.3.2 PCR detection of mecA gene  
 
The primer specific for amplification of resistant 
gene (mecA) was: forward primer 
CTTGGGGTGGTTACAACGT and revers primer 
ACCACCCAATTTGTCTGCCA The PCR 
condition used to amplify mecA gene involved 
the following: each 20 ML of PCR reaction 
contained (5 µl of DNA template, 10 pmol of 
forward primer, 10 p mol reveres primer, and 
12.5 µl master mix, then volume was completed 
with molecular grade water. The PCR 
amplification product expected to be 541 base 
pair (bp) was visualized by electrophoresis on 
2% agarose gel, at 100 volt and 80 AM for 1hr. 
The size of amplicon was determined in 
comparison to the 100bp ladder (Promega, 
USA). 
 

2.4 RFLP-PCR Technique Used for 
Determination of SCCmec Type  

 

The SCCmec type was RFLP-PCR technique 
was performed for genotyping of staphylococcal 
cassette chromosome mec (SCC mec) based 
restriction of ccrB gene forward-
GCTATTATCAAGGCAATTTACC and revers 
CTTTATCACTTTTGACTATTTCG (643bp) [18]  
i n  coagulase negative staphylococcus bacterial 
isolates. This methods were carried out 
according to described by [15]. 
 

Restriction enzyme          Country/Company 
 

HinFI                                    Biolab/UK 
BsmI                                    Biolab/UK 

3. RESULTS 
 
3.1 Distribution of Coagulase Negative 

Staphylococci 
 
A total of 88 isolates of CoNS isolated in pure 
culture, from breast milk of lactating women (66 
patients with mastitis and 22 healthy as control) 
included in the study as shown in Table 1. 
 
The distribution of CoNS as follows: S. 
epidermdis 40 strains, followed by S. hominis 12 
strains, S. haemolyticus 10 strains, and Other 
coagulase negative staphylococci 24 strains 
recovered for patients suffering from mastitis and 
control women. Only 62 isolates were typed to 
species level and were subjected to antibiotic 
susceptibility testing. 
 

3.2 Antibiotic Susceptibility Testing 
 
It's performed by vitek-2 method. The antibiotic 
susceptibility of isolates as appeared in (Fig. 2) 
was done only for the typable species of CoNs 
which were 62 strains comprising (50 from 
patients with infectious mastitis and 12 from 
control group) which also representing: (S. 
epidermidis 40, S. hemolyticus 10, and S. 
hominis 12). It is noticed from (Fig. 1) that Most 
of CoNS (56/62) isolates were resistant to 
penicillin G, Cefoxitin, oxacillin, 90.32%(12/62) 
gentamycin 38% tetracycline 19.35%, 
Sulfamethoxazole 9.67% (6/62), Ticoplanin 7%, 
Rifampicin 6.45% (4/62), and Nitrofurantoin 
(3.3%). While Moxifloxacin, Linezolid, 
Vancomycin, and Tigecyclin showed full of activity 
(100%) against different species of the CoNS 
isolates. 
 
3.3 Antibiotic Resistant and mecA 
 
The most common resistance pattern appeared 
in (Fig. 1), Showed that all isolates that showed 
resistant to different antibiotic by AST Vitek -2 test 
were positive for detection of mecA by PCR 
technique and staphylococcal chromosome 
cassette mec typing (SSCmec) and primers of 
mecA used in PCR technique to evaluate the 
presence of mecA gene. Back to (Fig. 1) the 
results showed that oxacillin resistant isolates 
were (56/62) 90.32% cefotaxcim (56/62)) 
90.32% Gentamycin Rifampicin and Ticoplanin 
showed low level (4/62) 6.45% and 
Erythromycin (24/62) 38.70% Inducible 
clindamycin resistance and Nitrofurantoin 
showed low level of resistant (2/62) 3.22%. 
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Tetracyclin (12/62) 19.35% Trimethoprim-
sulfamethoxazole (6/62) 9.67 %While all these 
isolates collectively including the resistant and 
the susceptible (62/62) 100%have mecA gene. 
 
Distribution of SCCmec types in CoNS was 
determined in all mecA isolates. On the principle 

of the ccrB limitation pattern with HinfI (the 
enzyme that cut or restricts the bacterial genome 
at the site were ccrB is located at the following 
sites according to the type of SCC genes (type 
IV: 264, 227, 154 bp; type III: 537and 106 bp) or 
with HinfI / BsmI227, 171, 153 and 93 bp; type III: 
320, 174, 106 and 44 bp). 

 
Table 1. The number and percentage of CoNS recovered from patients and healthy women 

 
CoNS isolates Mastitis samples (%) Control samples (% ) 
S. epidermdis 45.45% (30/66) 45.45% (10/22) 
S. haemolyticus 15.6% (10/66) 0 
S. hominis 15.6% (10/66) 9.09% (2/22) 
Others 24.24% (16/66) 15.6% (8/22) 
Total 100% (66/66) 100% (22/22) 

P-value: 0.3186, Non significant at p<0.05 

 

 
 

Fig. 1. Antibiotic sensitivity pattern of 62 coagulase negative staphylococci isolates 

 
Fig. 2. Agarose gel electrophoresis image showing the PCR product of methicillin resistance 
gene (mecA) in Staphylococcus epidermidis isolates. Where M: Marker (2000-100 bp), lane (1-

10) positive Methicillin resistance Gene at (541 bp) PCR product size 
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Fig. 3. Agarose gel electrophoresis image that shown the PCR product of methicillin resistance 
gene (mecA) in Staphylococcus haemolyticus isolates. Where M: Marker (2000-100 bp), lane (1-

5) positive Methicillin resistance gene at (541 bp) PCR product size 

 
Fig. 4. Agarose gel electrophoresis image showing the PCR product of methicillin resistance 
gene (MecA) in Staphylococcus hominis isolates. Where M: Marker (2000-100bp), lane (1-6) 

positive methicillin resistance 

 
Fig. 5. Agarose gel electrophoresis image showing the PCR product of methicillin resistance 
gene (MecA) in other coagulase negative isolates. Where M: Marker (2000-100 bp), lane (1-7) 

positive methicillin resistance gene at (541 bp) PCR product size 
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It is clear from Fig. 9 and Table 3 that the 
distribution of types of SCC in different CoNS, the 
figure revealed that most predominant types 
between other types of SCC was type IV 
between CoNS isolates 30 (20: S. epidermidis, 6: 
S. heamolyticus, 4: S. hominis). While type II 8 
(6: S. epidermidis, 0: S. heamolyticus, 
2:S.hominis) and III appeared 12 (8: S. 
epidermidis, 2: S. heamolyticus, 2: S. hominis) 
the 8(6: S. epidermidis, 2: S.  heamolyticus, 
2:S.hominis) mecA isolates that could not be 
determine on the principle of their ccrB 
limitation, pattern stay non typable for SCCmec. 
 

4. DISCUSSION 
 
Antibiotic susceptibility test of CoNS appeared 
most of CoNS (56/62) isolates were resistant to 
penicillin G, Cefoxitin, oxacillin, 90.32%. These 
results are going with the study of 19 who 
reported that all isolates (100%) of S. 
haemolyticus and S. hominis were resistant to 
oxacillin versus 82.3% of S. epidermidis isolates. 
 
Study of [19] found that 86-100% of CoNS 
isolated from neonatal infections were 
methicillin- resistant strains (MR-CoNS), 
moreover, these bacteria was connected with 
multiple resistance to other antibiotics penicillin 
and oxacillin resistance was appeared to be 
86.8% and 29.7%, at follow but in this research it 
was 90.32%(56/62).  
 
The main two mechanisms are accountable for 
the insusceptibility of staph-bacteria to the β- 
lactam antibiotics the 1st: β-lactamase enzyme 
production by the CoNS that damage these 
agents, and the 2nd: change of proteins found in 
the wall of the bacteria cell named (PBPs) [20]. 
 
The resistance of staphylococci to oxacillin the 
interposed by gene mecA which is code to result 
an additional binding protein for penicillin, PBP2a 
or 2, which is mentioned either homogeneous or 
asymmetrically [4]. PBP penicillin binding protein 
2a has a small affinity for beta-lactam antibiotic, 
the homogenous resistance is really recognized 
with standard test methods, whereas the 
heterogeneous express is more complex to 
examination with a few tests, due to only a little 
part of the PBP2a is expressed in the resistant 
phenotype. 
 
The high resistance of CoNS to cephalosporin's 
(90.32%) was attributed to the fact that 
respectively Cefoxitin is considered to be an 
excellent inducer of mecA gene expression, 

therefore, staphylococci resistant to 
methicillin/oxacillin should be considered 
resistant to cefoxitin [21]. The result study 
agreed with the study of [22,23] they reported 
that the resistance of CoNS to cefoxitin was 
recorded in 83.3% and 100%. 
 
Antibiotic resistant and mecA presence, current 
research revealed that the phenotypic character 
of oxacillin-resistance isolates also have mecA 
gene. In current study, 90.32% of S. epidermidis 
isolates carried mecA gene which is similar to 
the study of [24] who reported that 87.5% of S. 
epidermidis isolates harbored mecA 
phenotypically. 
 
[25], also reported that 95.8% of S. epidermidis 
isolates harbored mecA. In current study, Table 
2. While regarding the genotypic features as 
shown in PCR that is shown in Figs. 6, 7, 8 and 
9. CLSI [26] guidelines indicated that checking 
for the presence of mecA gene by PCR is the 
most reliable method for detection of MR [27]. 
 
It can be suggested that the resistance that was 
reported may be as a result of determined of the 
genes responsible for resistant such as mecA 
mecC, ica gene cluster, blaZ (MR) and van A, B, 
C in charge of vancomycin resistant 5, 28 These 
genes were however not present in current study 
with the exception of mecA, Figs. 2, 3, 4, 5. Or 
due to the thickness of the bacterial wall as 
reported by some author [24]. 
 
The results of (Table 3) showed that 80% (34/40) 
of S. epidermidis CoNs that have mecA have 
ccrB gene (which is a gene that is responsible 
for insertion of the resistant genes like mecA 
gene), and S. haemolyticus showed the same 
percentage 80% (8/10),  while S. hominis showed 
(52/62) 80% of isolates have ccrB gene. This 
result agreed with result of [25] but disagreed with 
[28] ccr have different type ccrA, ccrB ,ccrC and 
ccrD ,so we can suggest that the rest of CoNs 
isolates that don’t showed ccrB may have other 
type of ccr genes Figs. 6, 7, 8, 9 [29]. 
 
The results in (Fig. 9) is very clear to tell us the 
distribution of types of SCCmec between CoNs 
isolates. The results mention that type IV is the 
most predominance between other types which 
revealed (34/62)54.38% for S. epidermidis in 
comparison with the other types, this result is 
agreed with [25] SCCmec type IV (31%) and III 
(24.5%), these types are the more widespread 
that are identified also they found to be more 
resistant to non-β-lactam antibiotics this result 
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disagree with [30,31]. It was expected that the 
elevation of type IV in S. epidermidis is because 
this type is a community acquired and 
approximately all of the present study species 
were isolated from community (outpatient) these 

results are confirmed Employment of full 
examination described by [32] (10/62) 16.12% 
mecA isolates that cannot be typed on the basis 
of their restriction pattern stayed without type with 
complete assay of [33], Fig. 9. 

 
Table 2. Of mecA and anti biotic resistant in CoNS 

 
mecA Resistant  Antibiotic    
(62/62)100% (56/62)90.32%      P Pinicillin 
(62/62)100% (56/62)90.32% OX Oxacillin  
(62/62)100% (56/62)90.32% CN Cefoxitin 
(62/62)100% 6.45 %  (4/62 ) GEN Gentamycin  
(62/62)100% 0  TO Tobramycin 
(62/62)100% 0 LV Levofloxacin 
(62/62)100% 0 MO Moxifloxaci 
(62/62)100% 38.70%         (24/62)  E Erythromycin 
(62/62)100% (2/62) 23.22% CY Clindamycin 
(62/62)100% (2/62) 23.22% ICR Clindamycin  
(62/62)100% (2/62) 3.22%  LZ Inducible  

clindamycin R  
(62/62)100% 0 LTI Linezolid 
(62/62)100% (4/62 )6.45% VA Ticoplanin 
(62/62)100% 0 TE Vancomycin 
100%(62/62) (12/62) 19.35% TI Tetracycline 
100%(62/62) 0 F Tigecycline 
100%(62/62) (2/62)3.22 % RIF Nitrofurantoin 
100%(62/62) 0 SXT Monoxycarbolic acid 
100%(62/62) (4/62)6.45%    P Rifampicin 
100%(62/62) (6/62)9.67% OX Trimethoprim- sulf 

 
Table 3. Staphylococcal cassette chromosome mec typing 

 
CoNS isolates mec A gene ccrB gene 
S. epidermdis 40/40 (100%) 34/40 (85%) 
S. haemolyticus 10/10 (100%) 8/10 (80%)    
S. hominis 12/12 (100%) 8/12 (80%) 
Total 62/62 (100%) 50/62 (84.09%) 

P –value: 0.9488, Non-significant at p<0.05 

 

 
 

Fig. 6. Agarose gel electrophoresis image showing the RFLP-PCR product of ccrB gene in 
Staphylococcus epidermidis isolates using restriction(1 & 2) positiveSCCmec genotype (IV) at 

264, 227and154bp, lane (3) positive SCCmec genotype (III) at 537 and 106bp, and lane (3) 
positive SCCmec genotype (II) at 225 and (106 bp.) 



 
Fig. 7. Agarose gel electrophore

in Staphylococcus haemolyticu
(200-100bp), lane (1, 3, &4) pos

genootype (IV
 

 
Fig. 8. Agarose gel electrophore

Staphylococcus hominis isolates
bp), lane (1,4 &5) positive SCC
SCCmec genotype (III) at 537 an

 

Fig. 9. Distribution of types of SCCmec genes in CoNS according to the presence of 
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5. CONCLUSION  
 
The result of this study showed that a large 
percentage of coagulase-negative staphylococci 
are resistance to methicillin, There is no 
significant differences between the presence of 
mecA and ccrB genes , the prevalence of 
SCCmec type was type III, which encodes the 
largest number of resistance genes. This 
information could be used in epidemiological 
study for preventing of infectious control in 
hospital and health centers. 
 

STATISTIC 
 
The statistical analysis was dependent on x

2 
and 

represent P< 0.05 is significant. 
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