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Abstract 
Introduction: Nasal colonization by coagulase-negative Staphylococci (CoNS) play an important role in nosocomial infections. This study aims 

to determine antibiotics susceptibility pattern and molecular screening of methicillin- and vancomycin-resistant nasal CoNS among hospitalized 

patients.  

Methodology: Nasal swabs were collected from 202 inpatients at Prince Hamzah Hospital, Jordan. Swabs were processed according to standard 

microbiological procedures to isolate Staphylococci. Antibiotic susceptibility testing was performed using disk diffusion, E-test, microdilution, 

and Vitek 2. Molecular analysis was performed using PCR for the detection of mecA, vanA, and vanB genes. 

Results: Nasal Staphylococci was isolated in 64/202 (31.7%) samples. Thirty isolates (14.8%) were CoNS, including S. haemolyticus (n = 17, 

8.4%), S. sciuri (n = 6, 3%), S. epidermidis (n = 2, 1%), S. warneri (n = 2, 1%), S. hominis (n = 2, 1%), and S. lentus (n = 1, 0.5%). Twenty-

two (10.9%) isolates were MR-CoNS harboring mecA gene. CoNS and MR-CoNS isolates were highly resistant to benzylpenicillin, 

erythromycin, fosfomycin, and imipenem. All isolates were sensitive to vancomycin by E-test and microdilution test and were negative for 

vanA and vanB genes. Nasal CoNS colonization was associated with an increased number of family members living with the participant (P = 

0.04) and with admission to the orthopedic department (P = 0.03), while MR-CoNS colonization was associated with smoking (P = 0.03). 

Conclusions: Nasal colonization by unusual CoNS species and mecA-positive MR-CoNS are common among hospitalized patients. Absence 

of vanA and vanB genes suggests little contribution of nasal CoNS to vancomycin resistance transmission.  
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Introduction 
Staphylococci is a common cause of human 

diseases [1,2]. Traditionally, Staphylococci is divided 

into two major groups based on their ability to coagulate 

plasma. The coagulase-positive Staphylococci (CoPS) 

includes Staphylococcus aureus (S. aureus) [2] and the 

coagulase-negative Staphylococci (CoNS) includes 

over 30 species, of which Staphylococcus epidermidis 

(S. epidermidis) and Staphylococcus haemolyticus (S. 

haemolyticus) are the most important [3]. The CoNS are 

common commensals on the skin and mucous 

membranes, although some species can cause a wide 

variety of severe opportunistic and nosocomial 

infections [3]. Infections caused by Methicillin-, 

vancomycin-, and linezolid-resistant CoNS have been 

reported worldwide and represent an imminent 

challenge in hospitals [4-6]. The rates of methicillin and 

vancomycin resistance in CoNS are generally higher 

than in CoPS [7]. Methicillin resistance is mediated by 

the mecA gene while vancomycin resistance is mediated 

by the vanA and, to a lesser extent, by vanB genes [5-

8]. 

Nasal colonization is an important and common 

reservoir of CoNS associated with an increased risk of 

nosocomial infections [9]. Furthermore, resistance 

genes among CoNS are transferred horizontally to other 

Staphylococci including S. aureus and thus facilitate the 

spread of antibiotic resistance [3,8]. Multiple studies 

have indicated a high prevalence of nasal colonization 

by CoNS and methicillin-resistant CoNS (MR-CoNS) 

among community individuals, hospitalized patients, 

and health care workers [10-14]. The epidemiology and 

molecular characterization of MR-CoNS among 

hospitalized patients in the Middle East, including 

Jordan, has not been investigated before [15,16]. More 

importantly, nasal colonization with vancomycin-

resistant CoNS has not been reported before [5,6]. All 

nasal CoNS isolates from different populations 

worldwide were sensitive to vancomycin by different 

phenotypic tests; however, molecular analysis of 
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vancomycin resistance genes among CoNS has not 

been investigated before [3,9,14,17-23]. Therefore, the 

aim of this study is to investigate the molecular 

epidemiology of nasal methicillin- and vancomycin-

resistant CoNS among hospitalized patients. 

 

Methodology 
Study participants 

In this cross sectional study, 202 inpatients at Prince 

Hamzah Hospital, Amman, Jordan, were recruited 

voluntarily from January 2016 to August 2017 to obtain 

nasal swabs. Each participant signed a consent form and 

had demographic data, clinical information, and data 

about potential risk factors for nasal Staphylococci 

colonization collected [24]. This study was approved by 

the Institutional Review Board (IRB) of the Hashemite 

University and Prince Hamzah Hospital. 

 

Microbiological identifications 

Nasal swabs were cultured overnight on nutrient 

agar (Mast, Bootle, UK), sheep blood agar (Mast, 

Bootle, UK), and mannitol salt agar (Biolab, Budapest, 

Hungary) at 37°C. Positive growth was observed for 

colony morphology, Gram-stain (GCC diagnostics, 

Sandycroft, UK), and biochemical tests. Coagulase-

positive versus coagulase-negative Staphylococci were 

assessed using a slide and tube coagulase test with 

rabbit plasma [24,25]. Species identification was 

carried out using the automatic Vitek 2 compact system 

for Gram-positive identification (GP card, REF 21342) 

according to manufacturer instructions. Isolates were 

stored at -80°C for further testing of antibiotic 

susceptibility and molecular analysis. The following 

strains were used as quality controls: ATCC® 33591 

(MRSA), ATCC 12228 (Staphylococcus epidermidis), 

ATCC® 700221 (vanA-positive Enterococcus faecium), 

ATCC® 51299 (vanB-positive Enterococcus faecalis) 

[24-26].  

 

Antibiotics susceptibility tests 

Antibiotic susceptibility testing was performed 

using the standard disk diffusion method using oxacillin 

1 µg and cefoxitin 30 µg (Bioanalyse, Ankara, Turkey) 

according to CLSI guidelines [26]. Vancomycin 

minimum inhibitory concentration (MIC) was 

determined using the E-test (BioMérieux, Marcy 

l'Etoile, France) and the broth microdilution method 

[26]. Furthermore, antibiotic susceptibility pattern was 

determined using a Gram-positive susceptibility card 

(AST P592, REF 22287) analyzed by the Vitek 2 

compact system according to the manufacturer’s 

recommendation (BioMérieux, Marcy l'Etoile, France). 

 

Molecular characterization 

Bacterial DNA was extracted from culture samples 

using a DNA extraction kit (Norgen Biotek Corp, 

Ontario, Canada) followed by PCR reaction using 

specific primers for mecA, vanA and vanB as previously 

described [24,25]. PCR products were electrophoresed 

in a 1.5% agarose gel stained with ethidium bromide 

and visualized using UV transillumination (Figure 1) 

[24,25]. Positive and negative control strains were 

included in each run. 

 

Statistical analysis 

Statistical analysis was performed using SPSS 

version 20. Association between nasal CoNS 

colonization and risk factors was assessed using the 

Chi-square test by measuring differences in frequencies 

and it was reported as odds ratio (OR), 95% confidence 

intervals (95% CI), and P values. P values ˂ 0.05 were 

considered statistically significant. 

 

Figure 1. Analysis of PCR products by gel electrophoresis 

stained with ethidium bromide for mecA, vanA, and vanB genes 

in nasal CoNS samples. 

(A) Showing a band at around 500 base pairs (bp) for mecA gene. Nasal 

CoNS sample 1 was negative for mecA while samples 2-7 were positive 

for mecA, PC: positive control (mecA-positive ATCC® 33591). (B) 

Showing a band at around 732 bp for vanA gene. Nasal CoNS samples 

1-4 were negative for vanA, PC: positive control (vanA-positive 

Enterococcus faecium ATCC® 700221). (C) Showing a band at around 

635 bp for vanB gene. Nasal CoNS samples 1-4 were negative for vanB, 

PC: positive control (vanB-positive Enterococcus faecalis ATCC® 

51299). MW: molecular weight, NC: negative control, Empty: empty 

control. 
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Results 
Nasal colonization by CoNS 

Study participants were recruited from different 

hospital departments over one and a half years. The 

mean age of participants was 50.17 ± 18.18 years and 

59.4% were females. Sixty-four of 202 nasal swab 

samples tested positive for Staphylococci (31.7%). 

Thirty out of 202 were CoNS (14.8%). S. haemolyticus 

was the most common isolate (n = 17, 8.4%), followed 

by S. sciuri (n = 6, 3%), S. epidermidis (n = 2, 1%), S. 

warneri (n = 2, 1%). S. hominis (n = 2, 1%), and S. 

lentus (n = 1, 0.5%) (Table 1). Methicillin screening 

with an oxacillin disk diffusion test identified 24 

isolates as resistant and 1 isolate as intermediately 

resistant, while the cefoxitin disk diffusion test 

identified 19 samples as resistant and 3 samples as 

intermediately resistant. Analysis with the Vitek 2 

susceptibility card identified 25 samples as methicillin 

resistance. Screening of all isolates for the presence of 

the mecA gene identified 22 (10.9%) isolates as mecA-

positive (Figure 1 and Table 2). Accordingly, 73.3% of 

nasal CoNS isolates were methicillin-resistant 

harboring the mecA gene. All isolates were sensitive to 

vancomycin by E-test and microdilution test, while one 

isolate was resistant to vancomycin by Vitek 2 (MIC > 

32 µg/mL). VanA and vanB were not detectable in this 

isolate. Furthermore, screening of all CoNS isolates 

was negative for both vanA and vanB (Figure 1 and 

Table 3).  

 

Nasal CoNS correlation with potential risk factors 

There was a positive association between nasal 

colonization with CoNS and increased number of 

family members living with the participant (P = 0.04) 

(Table 4). Colonization with CoNS was significantly 

higher in the orthopedic department (P = 0.03) (Table 

4). Association between CoNS and other potential risk 

factors was negative (Table 4). Furthermore, there was 

a significant association between nasal colonization 

with MR-CoNS and smoking (P = 0.03). Association 

between MR-CoNS nasal colonization and other 

potential risk factors was negative (data not shown). 

 

Nasal CoNS antibiotics susceptibility pattern 

The antibiotic susceptibility pattern of nasal CoNS 

isolates indicated high resistance rates for 

benzylpenicillin (91.7%), erythromycin (91.7%), 

fosfomycin (79.2%), and imipenem (62.5%) (Figure 2). 

Moderate resistance was observed for clindamycin 

(50.0%) (Figure 2). A low resistance rate was observed 

for ciprofloxacin (37.5%), fusidic acid (29.2%), 

trimethoprim/sulfamethoxazole (29.2%), gentamycin 

(25%), tetracycline (16.7%), rifampicin (8.3%), 

levofloxacin (8.3%), and tobramycin (4.2%) (Figure 2). 

The susceptibility profile of each nasal CoNS isolate 

using disk diffusion test, Vitek 2 system, and 

vancomycin MIC by microdilution and E-test (Table 5) 

indicated discrepancies in phenotypic testing of some 

isolates. The antibiotic susceptibility pattern of MR-

CoNS indicated higher resistance rates to fosfomycin 

90%, benzylpenicillin 95.2%, imipenem 66.6%, 

ciprofloxacin 45.9%, fusidic acid 33.3%, and 

Table 1. Distribution of nasal coagulase-negative Staphylococcal isolates of participants. 

Nasal CoNS n = 30 

S. hominis S. epidermidis S. lentus S. warneri S. sciuri S. haemolyticus 

2 2 1 2 6 17 

 

Table 2. Phenotypic and molecular screening of methicillin resistance among nasal CoNS (n = 30). 

Molecular screening Phenotypic screening 

mecA Vitek 2 Cefoxitin disk Oxacillin disk 

Negative Positive Negative Positive S I R S I R 

8 22 5 25 8 3 19 5 1 24 

Phenotypic screening was performed using disk diffusion test with oxacillin and cefoxitin and automatic Vitek 2 analysis. Molecular screening was 

performed using PCR analysis of mecA gene. R: resistant, I: intermediate, S: sensitive. 

Figure 2. Antibiotic susceptibility pattern of nasal CoNS (n = 

24). 
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gentamycin 28.6% and a similar resistance pattern for 

erythromycin 90.5%, clindamycin 47.6%, and 

trimethoprim/sulfamethoxazole 28.6% (data not 

shown). 

 

Discussion 
CoNS have increasingly been recognized as a cause 

of clinically significant nosocomial infections including 

bacteremia, endocarditis, foreign body-related 

infections and infections in preterm newborns [3]. 

Table 3. Phenotypic and molecular screening of vancomycin resistance among nasal CoNS (n = 30). 

Molecular screening Phenotypic screening 

vanB gene vanA gene Vitek 2 
Vancomycin micro 

dilution 
Vancomycin E-test 

Negative Positive Negative Positive Negative Positive S I R S I R 

30 0 30 0 29 1 30 0 0 30 0 0 

Phenotypic screening was performed using vancomycin E-test, micro dilution test, and automatic Vitek 2 analysis. Molecular screening was performed using 

PCR analysis of vanA and vanB genes. R: resistant, I: intermediate, S: sensitive. 

Table 4. Risk factors for CoNS nasal colonization. 

Nasal CoNS n = 30   

Chi-square test 
Number   

P value OR (95% CI) 

0.82  

3 < 31 

Age (years) 
14 31 – 50 

10 51 – 70 

3 > 71 

0.69 0.8 (0.3 – 1.8) 
11 Male 

Gender 
19 Female 

0.03  

5 Medicine 

Department 
6 Surgery 

10 Orthopedic 

9 Gynecology 

0.04  

6 ≤ 3 
Number of family members living with 

participant 
12 4-6 

12 > 6 

0.41 1.4 (0.6 - 3.2) 
14 Yes 

Smoking 
16 No 

1.00 0.8 (0.1 – 6.8) 
1 Yes 

History of Smoking 
29 No 

0.83 1.1 (0.4 – 2.6) 
21 Yes 

Previous hospitalization 
9 No 

0.73  

1 0 days 

Hospitalization period 
9 1 – 5 days 

3 6 - 10 days 

4 > 10 days 

0.55 0.7 (0.3 – 1.7) 
16 Yes 

Previous surgeries 
14 No 

0.11 0.5 (0.2 – 1.1) 
10 Yes 

Chronic diseases 
20 No 

1.0 0.9 (0.2 – 4.4) 
2 Yes 

Skin infections 
28 No 

0.42 0.7 (0.3 – 1.5) 
15 Yes 

Medications 
15 No 

0.56 0.7 (0.3 - 1.7) 
13 Yes 

Antibiotic use in the past 2 weeks 
17 No 

1.0 0.7 (0.1 – 3.4) 
2 Yes 

URTI symptoms 
28 No 

0.12 0.9 (0.3 – 3.1) 
4 Yes 

Fever within last 48 hours 
26 No 

Association between potential risk factors and CoNS nasal colonization among study participants (n = 30). OR: Odds Ratio, 95% CI: 95% Confidence Intervals. 
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Treatment of CoNS-related infections is challenging 

because there is a higher chance of being a methicillin-

resistant strain or having a reduced susceptibility to 

glycopeptides [6]. Compared to MRSA (methicillin-

resistant Staphylococcus aureus), much less is known 

about the epidemiology of CoNS in health care facilities 

[3]. Multiple studies have shown the high prevalence of 

methicillin resistance among nasal CoNS [10-14], 

identified its role in the dissemination of nosocomial 

infections [9], and proposed nasal CoNS as an 

important reservoir for genes mediating methicillin 

resistance [8]. The prevalence of vancomycin resistance 

genes among nasal CoNS and its role in the 

dissemination of vancomycin resistance have not been 

investigated. 

A lower rate of CoNS nasal colonization was 

observed in this study compared to other studies 

[18,20,21,23]. No similar studies among hospitalized 

patients were conducted in the Middle East. S. 

haemolyticus was the most common CoNS isolate in 

this study followed by S. sciuri. A recent 

comprehensive review, as well as many other studies, 

indicated S. epidermidis was the most common CoNS 

nasal isolate [3,9,17,20,27]. S. haemolyticus was 

considered an unusual isolate of nasal CoNS among 

health care workers [16]. Similarly, S. sciuri is less 

common and has been rarely isolated from the nasal 

cavity [28]. In agreement with this study, one study 

showed higher colonization with S. haemolyticus 

compared to S. epidermidis in hospitalized patients 

Table 5. Antibiotic susceptibility profile of each Nasal CoNS isolate. 
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1 S. haemolyticus S R S R S R R R R S S S S S S S S S S ≤ 0.5 

2 S. haemolyticus R R S R S R R S R R R R R S S S S S S ≤ 0.5 

3 S. haemolyticus R R S R S na na na na na na na na na na na na na na ≤ 0.5 

4 S. haemolyticus R R S R S R R R R R R S S R S S S S S 1 

5 S. haemolyticus R R S R S R R R R R R S R S R S S S S 1 

6 S. sciuri R S S R S S R S S S S S S S S S S S S ≤ 0.5 

7 S. sciuri R S S R S R R R S S S S S S S S S S S ≤ 0.5 

8 S. sciuri R S S R S R R S S S S S S S S S S S S ≤ 0.5 

9 S. haemolyticus R R S R S R R R R R R S S R S R S S S 1 

10 S. epidermidis R R S R S na na na na na na na na na na na na na na ≤ 0.5 

11 S. haemolyticus R R S R S R S S R R R S S S S S S S S ≤ 0.5 

12 S. lentus S S S S S S R R R S S R S S R S S S S ≤ 0.5 

13 S. haemolyticus R R S R S R R R R R R S R R R S S S S 1 

14 S. hominis R I S R S R R R R R R S R S S S S S S ≤ 0.5 

15 S. sciuri R S S S S na na na na na na na na na na na na na na ≤ 0.5 

16 S. warneri S I S R S R R R R R S S S S S S S S S ≤ 0.5 

17 S. warneri R R S R S R R S R R S S S S S S S S S ≤ 0.5 

18 S. haemolyticus R R S R S R R S R R S R S S S S S S S ≤ 0.5 

19 S. hominis R R S R R R R R S S S S R S R R S S R ≤ 0.5 

20 S. haemolyticus R R S R S R R R R S S S R S R S R S S 1 

21 S. haemolyticus R R S R S R S S R S S S S S S S S S S ≤ 0.5 

22 S. haemolyticus R R S R S na na na na na na na na na na na na na na ≤ 0.5 

23 S. haemolyticus R R S S S na na na na na na na na na na na na na na ≤ 0.5 

24 S. haemolyticus R R S R S R R R R S S S S R R R R R S 1 

25 S. haemolyticus R S S R S R R S R R R S R R R S S S S 2 

26 S. epidermidis S S S S S R R S R S S S S S S S S S S 1 

27 S. haemolyticus S I S R S R R R R R S S S S S S S S S ≤ 0.5 

28 S. sciuri R S S S S na na na na na na na na na na na na na na ≤ 0.5 

29 S. sciuri R R S R S R R S S S S S S S S S S S S ≤ 0.5 

30 S. haemolyticus I R S R S R R S R R R S R R R S S S S ≤ 0.5 

Antibiotics susceptibility profile of each nasal CoNS isolate (n = 30) using disk diffusion method, Vitek 2, and MIC by micro dilution and E-test. R: resistant, 

I: intermediate, S: sensitive, na: not available. 
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compared to community controls [19], and one study 

showed higher colonization with S. sciuri in admitted 

patients [28]. This suggests the possibility that 

hospitalization might increase the prevalence of 

unusual CoNS isolates including S. haemolyticus and S. 

sciuri. Reduced susceptibility to vancomycin is more 

common in S. haemolyticus compared to S. epidermidis 

[4]. 

In this study, nasal MR-CoNS accounted for 73.3% 

of total isolates, which is higher than most other studies 

that reported nasal MR-CoNS at 9% [23], 25% [18], 

58.1% [29], and 62.8% [21]. This is mostly due to the 

higher frequency of S. haemolyticus and S. sciuri 

observed in this study. A higher prevalence of 

methicillin resistance among S. haemolyticus and S. 

sciuri can be noted compared to S. epidermidis [3,28].  

The mecA gene is commonly reported from the 

nasal isolates of non-hospitalized patients and from 

clinic isolates [3,8]. The mecA gene was detected in 

22/30 (73.3%) CoNS nasal isolates, indicating mecA as 

the primary gene responsible for colonization with 

methicillin resistance in hospitalized patients, which 

could contribute to the dissemination of methicillin 

resistance in a hospital setting. Most studies did not 

investigate the occurrence of the mecA gene in nasal 

MR-CoNS among hospitalized patients [17-19, 

21,23,27]. Other studies focused on mecA 

polymorphism [20], SCCmec typing [9], and spa typing 

[29].  

In the current study, nasal colonization with CoNS 

was significantly higher in orthopedic department 

patients in agreement with another study which 

reported 73% colonization with CoNS in an orthopedics 

department [18]. MR-CoNS colonization rate was 

ward-specific at 33.8% in orthopedic surgery patients 

[29]. Here we report for the first time that nasal CoNS 

colonization was associated with increased number of 

family members living with the participant, while MR-

CoNS colonization was associated with smoking. Other 

studies on patients’ nasal colonization with CoNS have 

not investigated the role of risk factors [9,17-21,23]. 

Smoking was identified as an independent risk factor 

for MRSA colonization [30]. Cigarette smoking 

enhances immune and antibiotic resistance of 

Staphylococci [31], and electronic cigarettes decrease 

the host immune response, promote inflammation, and 

increase the virulence of S. aureus colonizing bacteria 

[32]. MRSA colonization was associated with an 

increased number of children in the family and crowded 

conditions [33]. Some factors enhancing S. aureus 

colonization, including smoking and increased family 

member number, could also enhance colonization with 

CoNS. In this study, nasal CoNS and MR-CoNS did not 

correlate with age, gender, previous hospitalization, 

previous surgery, chronic illness, and antibiotic use in 

agreement with other studies in school students [14], 
health care workers [15], and remote communities [22]. 

Nasal colonization correlated with lower birth weight, 

parenteral nutrition, previous hospitalization, and a 

younger age at admission in admitted neonates. Also, 

MR-CoNS correlated with the empiric use of antibiotics 

[34].  

The results of the Vitek 2 automatic system in the 

detection of methicillin and vancomycin resistance in 

CoNS were sometimes misleading in comparison to 

molecular detection of mecA, vanA, and vanB genes. 

Similar observations were reported by other studies 

[35,36]. Manual vancomycin MIC determination by 

microdilution or an agar dilution test is currently the 

reference method [26,37], while molecular analysis 

remains the gold standard [5-8]. Accordingly, all 

isolates were considered sensitive to vancomycin based 

on MIC and genotyping results despite Vitek 2 results 

which indicated one isolate was resistant. The antibiotic 

resistance pattern of CoNS and MR-CoNS showed 

slightly higher resistance rates to most antibiotics 

including benzylpenicillin, erythromycin, fosfomycin, 

ciprofloxacin, fusidic acid, gentamycin, and imipenem 

compared to other studies [9,19,23,27]. Most MR-

CoNS isolates (76.2%) were multi-drug resistant 

(resistance to 3 antibiotics of 3 different classes).  

Methicillin- and vancomycin-resistant CoNS were 

isolated from different clinical infections, and the rate 

is generally higher than CoPS-related infections [5-7]. 

Similarly, nasal colonization by MR-CoNS is common 

and proposed to be the source of methicillin resistance 

genes in CoPS [3,8]. Few studies have documented 

nasal isolation of hetero-resistant (h-VISA) S. aureus 

[38] and vancomycin-intermediate S. aureus (VISA) 

[39,40], while nasal CoNS with decreased susceptibility 

to vancomycin was not reported before [5,6]. In this 

study, we systematically screened all nasal CoNS 

isolates for vancomycin resistance using multiple 

phenotypic methods and molecular detection of vanA 

and vanB. All isolates were negative for vancomycin 

resistance using MIC and molecular testing which 

would suggest a poor contribution of nasal CoNS in 

vertical dissemination of vancomycin resistance to 

other species including S. aureus. Similarly, other 

studies indicated that all nasal CoNS isolates were 

sensitive to vancomycin by different phenotypic tests 

without molecular screening of vancomycin resistance 

genes, mostly due to the absence of vancomycin-

resistant isolates [3,9,14,17-23]. Currently, the 
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mechanism of vancomycin resistance in Staphylococci 

is not fully understood. Vancomycin-resistant S. aureus 

(VRSA) strains carry transposon Tn1546, acquired 

from vancomycin-resistant Enterococcus faecalis, but 

the resistance mechanisms in VISA isolates and in 

CoNS are less well defined [4]. 

 

Conclusions 
Nasal colonization by CoNS among hospitalized 

patients was generally low and predominated by 

unusual isolates including S. haemolyticus and S. sciuri. 

Methicillin and other antibiotic resistance was very 

high among these isolates. MecA was detected in 73.3% 

of CoNS nasal isolates which could contribute to the 

dissemination of methicillin-resistant infections among 

hospitalized patients. All nasal CoNS isolates were 

sensitive to vancomycin by multiple susceptibility tests 

except one isolate which was resistant to vancomycin 

by Vitek 2. Molecular analysis confirmed that all 

isolates were negative for known vancomycin 

resistance genes, including the vanA and vanB genes. 

These findings will decrease the possibility that nasal 

CoNS might contribute to the dissemination of 

vancomycin resistance and suggests other mechanisms 

might apply. Increased numbers of family members 

living with individuals and admission to the orthopedic 

department increased the risk for nasal CoNS 

colonization, while smoking increased the risk for MR-

CoNS nasal colonization. 
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