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Background: Healthcare workers (HCWs) are at risk for Methicillin Resistant 

Staphylococcus aureus (MRSA) nasal carriage, subsequent infection and potential 

transmission of nosocomial infection. Characterization of MRSA detected in HCWs 

would give data that can be used for prevention and control measures. Objectives: To 

detect the prevalence and risk factors for MRSA nasal colonization of HCWs in 

Mansoura University Children's Hospital (MUCH), then determine if the sources of 

MRSA isolates are community or hospital acquired by detection of SCCmec IV and 

Panton-Valentine Leukocidin (PVL) genes. Methodology:  Nasal swabs were collected 

from 100 HCWs and processed to detect Staphylococcus aureus (S. aureus) strains, 

cefoxitin disc diffusion test of S. aureus isolates was done to select MRSA and Methicillin 

Sensitive Staphylococcus aureus (MSSA) strains, then all the MRSA isolates were further 

molecularly characterized. MSSA strains were screened for the presence of mecA gene. 

A second follow up swab was obtained from positive MRSA carriers in the first swab 

after three months. Results: The Prevalence of nasal carriage of MRSA among HCWs in 

MUCH was 25% (twenty-five MRSA) isolates, four of them SCCmec IV and PVL positive 

CA-MRSA strains (16%) and four MSSA (4%) isolates were all mecA negative, none of 

them were inducible dormant Methicillin Resistant Staphylococcus aureus (ID-MRSA). 

Persistent MRSA carriers accounted for 52 % of previously colonized HCWs. 

Conclusion: a considerable proportion of HCWs harbored CA-MRSA in their nares. 

Abbreviations: MRSA: Methicillin Resistant Staphylococcus aureus; HCWs: Healthcare workers; 

S. aureus, Staphylococcus aureus. 

 
INTRODUCTION 

 

Skin and soft tissue infections, food poisoning, 

endocarditis, osteomyelitis, and life-threatening 

postsurgical infections are all caused by Staphylococcus 

aureus. Methicillin Resistant S. aureus (MRSA), an 

antibiotic-resistant strain of S. aureus, has emerged as a 

major pathogen in hospitals across the world, causing 

treatment failure and hospital-acquired illnesses 
1
.  

Healthcare workers (HCWs) play an important role 

in MRSA infection epidemiology 
2
. HCWs act as 

vectors for transmission of MRSA as they work at the 

interface between hospital and the community. MRSA 

is most transmitted in the hospital setting by contact 

with HCWs' hands, clothing, or equipment. 
3.
  

Several variables influence the prevalence of MRSA 

colonization, including the kind of hospital department, 

MRSA prevalence among patients, and insufficient 

adherence to infection control measures; they vary 

based on geographical location 
4
.  

The anterior nares are the main reservoir of MRSA, 

although other body sites are frequently colonized, such 

as the hands, skin, axillae, and intestinal tract 
5
. Nasal 

colonization by S. aureus, including MRSA, is known 

to be a high-risk factor for subsequent infection 
6.
 

Colonized people are usually asymptomatic, and 

there are three categories of MRSA carriers: non-

carriers, persistent carriers (who are infected with the 

same strain for a long time), and intermittent carriers 

(who are colonized with different strains for a short 

time) 
7
. 

MRSA could be divided into community acquired 

(CA-MRSA) and hospital acquired (HA-MRSA) 

according to the origin of the strain. While the earlier 

strains mostly harm healthy young individuals through 

soft tissue infections, the later strains primarily affect 

elderly patients who are exposed to health care settings 

and can cause pneumonia, bacteremia, and invasive 

infections
8
.  

CA-MRSA strains vary from HA-MRSA bacteria in 

several ways, including the formation of Panton-
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Valentine leucocidin (PVL), high-level sensitivity to 

non β-lactam antibiotics, and carriage of staphylococcal 

chromosomal cassette (SCCmec) types IV and V 
9
.
 

ID-MRSA is a mecA gene-positive S. aureus strain 

that changes from a methicillin-sensitive S. aureus 

(MSSA) phenotype to a CA-MRSA phenotype after 

being exposed to a β-lactam drug
 10

. 

 

METHODOLOGY 
 

Study population: 

This study was conducted on 100 HCWs in MUCH 

over one year period from December 2019 till 

November 2020, in Medical Microbiology and 

immunology Department, Faculty of Medicine, 

Mansoura University. The protocol of this study was 

accepted by Institutional Review Board (IRB), Faculty 

of Medicine, Mansoura University; code number: 

MS.19.09.818. 

Each participant was subjected to history taking and 

nasal swabs: demographic (age, gender, duration of 

work experience, place of work), the risk factors for 

MRSA colonization including antibiotic therapy in the 

previous 6 months before study or during study period, 

nasal spray use, allergic rhinitis, chronic sinusitis, 

asthma, eczema, diabetes mellitus, smoker, previous 

hospitalization, Nasal swabs were taken twice (first 

nasal swab from 100 HCWs and follow up swab after 

three months from MRSA colonized to differentiate 

between transient and persistent MRSA colonization).                                                                                                              

Collection and processing of samples  

Nasal swabs were taken from 100 HCWs and were 

inoculated on Mannitol salt agar (MSA), Mannitol 

fermenting colonies that were yellow were selected and 

sub-cultured on Nutrient agar (NA). Colonies on NA 

were subjected to Gram‟s staining and biochemical 

reactions then antimicrobial susceptibility testing was 

performed using modified Kirby–Bauer disc diffusion 

method on Muller– Hinton agar using the following 

antibiotic discs: cefoxitin (30 µg), Azithromycin (15g), 

Clindamycin (2g), Gentamicin (10g), Trimethoprim-

sulfamethoxazole, Linezolid, Ciprofloxacin (5 g) and 

Vancomycin (30 µg). Interpretation of diameter of zone 

of inhibition according to Clinical and Laboratory 

Standards Institute guidelines. Mupirocin (200 µg) 

susceptibility test was tested on MRSA isolates 

interpreted according to manufacturer recommendations 

(resistant if ≤ 18 mm).  

DNA extraction for PCR:  

DNA was extracted from fresh growth. One to five 

isolated bacterial colonies were suspended in 50 µl of 

sterile distilled water and heated for ten minutes at 

99°C. Five µl of supernatant were used as PCR 

templates after centrifugation at 30,000 × g for 1-

minute
11

. 

Genetic characterization of MRSA isolates by detection 

of SCCmec IV and Panton-Valentine Leukocidin (PVL) 

genes by PCR. 

 

 

Table 1: primers and amplicon size of the genes: 

Amplicon size (bp) Primer sequence (5' to 3') Gene 

203 CGAACGTAATAACATTGTCG        SCCmec Type IV (ccrB2) (F) 

 TTGGCWATTTTACGATAGCC        SCCmec Type IV (ccrB2) (R)  

433 ATCATTAGGTAAAATGTCTGGACATGATCCA Luk-PV-1 (F) 

 GCATCAAGTGTATTGGATAGCAAAAGC     Luk-PV-2 (R) 

 

Cycling conditions for SCCmec Type IV(ccrB2) gene according to (Milheiriço et al)  
12, 

, cycling conditions for 

PVL gene according to (Ul Bashir) 
13

.
 

 

Detection of mec A gene in MSSA isolates: 

 

Table 2: Primers and amplicon size of the gene: 

Gene Primer sequence (5' to 3') Amplicon size (bp) 

mecA (F) GTG GAA TTG GCC AATACA GG        1339      

(R) TGA GTT CTG CAG TAC CGG AT  

 

Cycling conditions according to (Ul Bashir) 
13

. 

Agarose gel electrophoresis (1.5 % agarose) was done for detection of the amplicons. 

The lengths of the PCR products were estimated by comparison with the 100 bp DNA ladder molecular size markers 

(Promega), 
14

. 
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Statistical analysis 

Data were analyzed using the Statistical Package of 

Social Science (SPSS) program for Windows (Standard 

version 21). The normality of data was first tested with 

one-sample Kolmogorov-Smirnov test.  Qualitative data 

were described using number and percent. Association 

between categorical variables was tested using Fischer 

exact test when expected cell count less than 5. 

Continuous variables were presented as mean ± SD 

(standard deviation) for normally distributed data and 

median (min-max) for non-normal data.  For all above 

mentioned statistical tests done, the threshold of 

significance was fixed at 5% level.The results were 

considered significant when p ≤ 0.05. The smaller the p-

value obtained, the more significant are the results. 

 

RESULTS 
 

Overall prevalence of nasal carriage of MRSA 

among HCWs was 25%. On testing antibiotic 

susceptibility pattern of the MRSA isolates by Disk 

Diffusion method: The highest resistance rates were for 

Sulphamethoxazole/Trimethoprim (76%) and 

Gentamycin (68%) followed by Clindamycin (56%) and 

Azithromycin (52%). Linezolid (44%) and 

Ciprofloxacin (36%). The least resistance was to 

Mupirocin (16%) and  to Vancomycin (0%) as showed 

in table 3. 

 

 

Table 3: Antibiotic Susceptibility pattern of MRSA isolates by Disk Diffusion method (n=25): 

Antibiotics resistance Sensitive Intermediate resistant Resistance 

Mupirocin 21 (84.0%) 0 (0%) 4 (16.0%) 

Gentamycin 6 (24.0%) 2 (8.0%) 17 (68.0%) 

Azithromycin 10 (40.0%) 2 (8.0%) 13 (52.0%) 

Vancomycin 17 (68.0%) 8 (32.0%) 0 (0%) 

Sulphamethoxazole/Trimethoprim 6 (24.0%) 0 (0%) 19 (76.0%) 

Linezolid 14 (56.0%) 0 (0%) 11 (44.0%) 

Clindamycin 9 (36.0%) 2 (8.0%) 14 (56.0%) 

Ciprofloxacin 11 (44.0%) 5 (20.0%) 9 (36.0%) 

 

Non-Significant associations between nasal carriage of MRSA and demographic data. 

As regard to risk factors among MRSA colonizers and non-colonizer groups except for diabetes mellitus, there was 

no significant association between all risk factors and MRSA nasal colonization as showed in table 4. 

 

Table 4: Risk factors among MRSA colonizers and Non colonizer groups: 

Risk Factors 
MRSA colonizers 

(n=25) 
Non colonizer 

(n=75) 


2
 

(P value) 
Intake of antibiotic therapy in the last 6 months. 10 (40.0%) 29 (38.7%) 

2
=0.014 

P=0.906 
Using Nasal spray.  2 (8.0%) 3 (4.0%) FET 

P=0.598 
Presence of allergic rhinitis. 6 (24.0%) 12 (16.0%) 

2
=0.813 

P=0.367 
Presence of chronic sinusitis. 6 (24.0%) 11 (14.7%) 

2
=1.16 

P=0.282 
Presence of asthma. 
 

4 (16.0%) 10 (13.3%) 
2
=0.111 

P=0.739 
Presence of eczema. 2 (8.0%) 8 (10.7%) 

2
=0.148 

P=0.70 
Presence of diabetes mellitus. 
 

4 (16.0%) 3 (4.0%) 
2
=4.15 

P=0.042* 
Smoking. 
 

2 (8.0%) 4 (5.3%) FET 
P=0.638 

Prior hospitalization. 
 

5 (20.0%) 8 (10.7%) 
2
=1.44 

P=0.229 

 

Prevalence of CA-MRSA strains among MRSA nasal colonization group(n=25): 4 (16.0%) were Sccmec IV and 

PVL Positive CA-MRSA strains while 21(84%) HA-MRSA.  

As regard follow up of MRSA nasal colonization group after three months: persistent MRSA carriers accounted for 

52 % of previously colonized HCWs, whereas transient carriers accounted for 48 %. 
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Table 5: Association between CA – MRSA, HA - MRSA and risk factors: 

Risk Factors CA - MRSA 

(n=4) 

HA- MRSA 

(n=21) 

p value 

Intake of antibiotic therapy in the last 6 months 2 (50.0%) 8 (38.1%) 1.0 

Using nasal spray  2 (50.0%) 0 (0%) 0.02* 

Presence of allergic rhinitis 2 (50.0%) 4 (19.0%) 0.234 

Presence of chronic sinusitis 2 (50.0%) 4 (19.0%) 0.234 

Presence of asthma 2 (50.0%) 2 (9.5%) 0.106 

Presence of eczema 2 (50.0%) 0 (0%) 0.02* 

Presence of diabetes mellitus 2 (50.0%) 2 (9.5%) 0.106 

Smoking 2 (50.0%) 0 (0%) 0.02* 

*Significant p ≤0.05   

 

 

Eczema, smoking and nasal spray usage were significant risk factors for CA-MRSA nasal colonization; however, 

they were not significant for HA-MRSA nasal colonization. 

 

 

 
Figure 1: Antibiotic resistance in CA - MRSA and HA-MRSA 

CA-MRSA was more resistant than HA-MRSA as shown in figure1. 

MSSA were all mecA negative, and there was no inducible dormant MRSA. 

 

 

 

DISCUSSION 
 

The total prevalence of nasal carriage of MRSA 

among HCWs in this study was 25%. This was similar 

to the result from El Aila et al.
1
 in Gaza Strip which was 

(25.5%) and near to the prevalence reported by  Abdel 

Rahman et al., 
15 

 in Egypt (20%). Higher prevalence 

was detected in Nigeria (39.9%) by Fadeyi et al., 
16

. 

While lower prevalence reported from Ethiopia (14.1%) 

by  Gebreyesus et al.
17

.  

The disparities in prevalence between research 

regions might be related to variances in patient 

admission rates, study durations, microbiological 

procedures (from sample size to culture medium), 

antibiotic policy, hospital and health-care worker 

awareness of MRSA infection control measures. 

As regard antibiotic sensitivity of MRSA isolates, 

Mupirocin and Vancomycin were the most effective 

against MRSA isolates, where their susceptibility rates 

were 84% and 68% respectively followed by Linezolid 

(56%) and Ciprofloxacin (44%). This suggests that 

these antibiotics might be used to treat MRSA infections 

empirically. The findings were consistent with those 

published by Pourramezan et al., 
18

, who found that 
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Mupirocin susceptibility rates for MRSA carriers from 

HCWs were 83.4 %.  

Due to widespread usage of Mupirocin ointment for 

skin and soft tissue infections, in decolonization 

programs and due to MRSA being a prominent risk 

factor for Mupirocin resistance, higher resistance rates 

reported by Madhumati et al., 
19 

and Antonov et al.,
20

 

(24 %) and (55.4 %) were Mupirocin resistant MRSA. 

however, lower resistance rate (2%) was reported by 

Singh et al., 
21

. Also Helal et al., 
22

 announced that all 

the MRSA recovered from HCWs were resistant to 

Sulphamethoxazole/Trimethoprim ,these results are to 

some extent near to our result.  

In the current study unexpected decline in Linezolid 

sensitivity rate was observed   which may be due to its 

abuse in the market in treatment of MRSA infections 

instead of Vancomycin which is a very alarming sign. 

   Except for Vancomycin, which is the treatment of 

choice in MRSA, there is a lot of variation in antibiotic 

susceptibility patterns of MRSA isolates owing to 

diverse populations and localities, as shown in the 

previous data. 

As regard risk factors of MRSA nasal colonization 

in the present study except for diabetes mellitus, there 

was no significant association between all risk factors 

and MRSA nasal colonization. Similarly in a study by 

Legese et al.,
23

 percentage of  MRSA colonization of the 

anterior nares was high among diabetic health care 

personnel. This might be attributed to diabetes patients' 

weakened immunity and in another study by Verwer et 

al., 
24

 he observed that 5.8% of MRSA colonized HCWs 

had taken antibiotics in the preceding period.  

In contrast of our findings, Wu et al., 
25

  found that 

there were no statistically significant relationships 

between risk variables and nasal MRSA colonization in 

HCWs. Pourramezan et al.,
18

 could not detect any 

significant connections between nasal carriage of 

MRSA and recent antibiotic usage, but other risk 

variables such as dermatitis (25%), sinusitis or rhinitis 

(29.6%), diabetes mellitus (20%), and smoking (27.2 %) 

were shown to be significant which partially in 

agreement with us. 

As regard molecular characterization in our research 

four of the twenty-five MRSA strains tested positive for 

SCCmec IV as well as the PVL gene, indicating that 16 

% are CA-MRSA strains and 84 % are HA-MRSA 

strains. Higher prevalence reported by Buenaventura-

Alcazaren et al.
6
 who observed that the prevalence of 

positive PVL-SCCmec IV community acquired MRSA 

isolates from HCWs was 33%. However, lower 

prevalence documented by Preeja et al., 
26

 who found 

that 12.3% of MRSA isolates were PVL-SCCmec IV 

community acquired MRSA.  

The findings of the molecular characterization 

revealed that the frequency of CA-MRSA in hospitals is 

growing. Patients, MRSA carrier visitors, and all 

medical staff might all be sources of CA-MRSA in the 

hospital setting.  

As regard follow up of MRSA nasal colonization 

group after three months in the current study, persistent 

MRSA carriers accounted for 52 % of previously 

colonized HCWs, whereas transient carriers accounted 

for 48 %. Higher percentage (67.6%) of persistent 

MRSA colonized HCWs After three months reported by 

Verwer et al., 
24

 and (32.4%) were transiently colonized. 

Another higher percentage (54%) founded by Cookson 

et al.
27

 while transient nasal carriage was (46%). 

Although persistent MRSA carriage predominate in 

several investigations, other research founded larger 

proportions of transitory or intermittent carriage and 

other founded equivalent proportions of persistent and 

non-persistent carriage 
28

. 

The frequency and timing of follow-up cultures 

necessary are still debatable. They are determined by 

the aims of decolonization therapy, as well as the 

prevalence of MRSA in the area and the risk of 

reinfection. 
7
. 

Our research found that CA-MRSA were more 

resistant than HA-MRSA. CA-MRSA isolates were 

found resistant to three or more classes of antibiotics 

(Sulphamethoxazole/Trimethoprim, Clindamycin and 

Gentamycin) (MDR CA-MRSA). 

Like our findings, CA-MRSA isolates containing the 

SCCmec type IV demonstrated stronger antibiotic 

resistance than HA-MRSA according to Preeja et al., 
26 

and CA-MRSA isolates were shown to be resistant to 

three or more antibiotic classes. MDR CA-MRSA has 

been reported worldwide as mentioned by Earls et al., 
29

  

and  Lee et al.
30

. 

In contrast to our findings Vysakh and Jeya, 
31

 and  

Fey et al., 
32

 found that CA-MRSA is more sensitive to 

non β-lactam antibiotics than HA-MRSA.  

 From all these studies we suppose that CA-MRSA 

isolated from HCWs with MDR pattern can lead to the 

spread of multidrug-resistant virulent strains of CA-

MRSA in the hospital and the community. 

This study founded that Eczema, nasal spray usage, 

and smoking are all major risk factors for CA-MRSA 

nasal colonization, however there is no link between 

HA-MRSA nasal colonization and any of these 

characteristics. Ong, 
33

 reported that the percentage of 

CA MRSA colonization in patients of atopic dermatitis 

was from 11% to 34% also in recent years, MRSA-

induced eczema aggravation has become a substantial 

clinical concern. 

This study reported that MSSA were all mecA 

negative, and there was no ID MRSA. However, Kampf 

et al.,
10

 reported the rate of dormant MRSA was 

(1.6%)in HCWs, The rate of dormant MRSA was higher 

in ICU (1.9%) compared with the general wards (0.7%). 

Because the pathogen is not identified as oxacillin-

resistant, but may develop phenotypic resistance during 

antibiotic therapy, transfer of dormant MRSA to a 
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patient may be even more harmful for the patient than 

transmission of MRSA
15

. 

 

CONCLUSION 

 

MDR CA-MRSA nasal colonization occurs in a 

considerable proportion of HCWs in MUCH. High 

priority should be given for regular screening of them 

and also decolonization strategy should be applied. 
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