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Abstract: Staphylococcus aureus remains one of the most important opportunistic bacterial pathogens of man and strains 

resistant to available drug classes have become more and more prevalent in clinical and community settings. The aim of 

this study was to determine the nasal carriage rates of multidrug – resistant (MDR) Staph aureus in food vendors and 

hospital workers in Ekpoma, Nigeria, and to assess whether resistance was plasmid – mediated. With the use of sterile swab 

sticks (Sterilin, UK), one hundred nasal swabs were obtained from consenting volunteers. Each swab was streaked on 

mannitol salt agar (Difco, Detroit MI) and incubated at 37
0
C for 24hrs. Colonies growing on medium were Gram – stained 

and tested for catalase, coagulase and mannitol fermentation. Antibiotic susceptibility tests were performed using the 

Kirby-Bauer disc diffusion technique, and results were interpreted using the Clinical and Laboratory Standard Institute’s 

guidelines. Results showed that 32 (32%) of the 100 specimens screened yielded Staph aureus, with 18 (36%) and 14 (28%) 

of the isolates recovered from hospital workers and food vendors, respectively. The prevalence rate in males (40%) 

compared with females (24%) was not statistically significant (P>0.05), using Student’s t-test analysis. All the Staph aureus 

isolates were susceptible to Augmentin. The highest resistance rates of 65.6%, 59.3% and 50.0% were recorded for 

Amoxycillin, Ofloxacin and Oxacillin respectively, while low resistance rates were recorded for Gentamicin (9.38%) and 

Cefuroxime (15.6%). Of the 17 (53%) MDR isolates of Staph aureus, only 4 (23.5%) remained MDR after curing with 

0.1mg/ml acridine orange solution. Observance of personal hygiene can reduce the level of contamination or infection of 

carriers thereby reducing the risk of infection for others in the community, while rational use of antibiotics by health 

professionals and end users could help to curb the rising trend of antibiotic resistance within the community.  
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1. Introduction 

Staphylococcus species are among the most disease – 

causing bacteria and a leading cause of community and 

hospital acquired bacterial infections [1], ranging from 

minor skin lesions such as boils and furuncles, to severe 

life threatening, infections such as pneumonia and urinary 

tract infections and also deep seated infections such as 

osteomyelitis and endocarditis [2]. Its pathogenic potential 

involves two mechanisms – tissue invasion and toxin 

production. 

Staph aureus colonizes various anatomical sites of the 

average healthy person including the nares, skin, vagina 

and gastrointestinal tract [1], and in particular, nasal 

carriage of the organism has been reported to be linked to 

most community and hospital associated infections [3-7]. 

Contaminated surfaces and hands can contribute to the 

transmission of Staph aureus to the anterior nares; the latter 

serving as endogenous reservoirs from where clinical 

infections can occur within the colonized individual as well 

as within the community [8,9]. 

The development of antibiotic resistance by strains of 

Staph aureus has risen to an embarrassing proportion in 

medical care facilities just as multidrug resistant (MDR) 

strains of the organism have been reported with increasing 

frequency worldwide [10]. Staph aureus has a remarkable 

capability of evolving different mechanisms of resistance to 

most antimicrobial agents [11] including the acquisition 
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and transfer of resistance plasmids [12], a mutation in 

Staph aureus ribosomal RNA, a feature displayed in 

resistance to Linezolid [13]. The organism is also able to 

abrogate the effects of penicillin by destroying the β– 

lactam ring of the penicillin structure using β – lactamase 

enzyme. 

The persistence and carriage of this pathogen within the 

community, especially among asymptomatic persons, if not 

checked, could lead to untoward medical consequences as 

nasal spread of organisms have been known to play a vital 

role in epidemics. The present study was therefore aimed at 

determining the relative nasal carriage rates of MDR Staph 

aureus by two groups of persons and the level of plasmid 

involvement in the resistance pattern. 

2. Materials and Methods 

2.1. Subjects Enrolled 

One hundred (100) nasal specimens were aseptically 

collected from 100 asymptomatic persons, within Ekpoma 

and its environs. These comprised of 50 food vendors and 

50 hospital workers (doctors, laboratory staff and nurses), 

aged 18 to 35 years. 

2.2. Ethical Consideration 

Ethical approval was obtained from the Medical 

Directors of the hospitals whose staff participated in this 

study. Also, all participants gave their consent after being 

informed about the rationale of the study. 

2.3. Inclusion Criteria 

Persons of both sexes who had not been on any antibiotic 

treatment for the preceding two weeks before sampling, 

and who had not been hospitalized for the previous six 

months, were included in the study. 

2.4. Sampling and Culture 

Sterile swabs (Sterilin, UK) were moistened with sterile 

saline and used to swab both anterior nares of each person, 

properly labeled and taken to the Microbiology Laboratory 

of Irrua Specialist Teaching Hospital, Irrua. Each swab was 

streaked on mannitol salt agar (Difco, Detroit MI). Plates 

were incubated at 37
o
C for 24 hrs, while those without 

distinct colonial growth were incubated for a further 24hrs. 

2.5. Identification of Isolates 

Colonies growing on agar were Gram-stained and those 

showing as Gram-positive cocci were tested for catalase 

and coagulase enzymes and mannitol fermentation. 

Bacterial colonies confirmed as Staph aureus were streaked 

on nutrient agar slants and stored in a refrigerator until 

required for further tests. 

2.6. Antibiotic Susceptibility Testing 

Susceptibility to antibiotics was assessed using the 

Kirby-Bauer disc diffusion technique while results were 

read following the Clinical Laboratory Standards Institute’s 

guidelines [14]. The panel of antibiotics used included 

Amoxicillin (25µg), Augmentin (30µg), Ceftazidime 

(30µg), Cefuroxime (30µg), Oxacillin (1µg), Gentamicin 

(1µg), Ofloxacin (5µg) and Graxone (30µg). The 

suspension of the test organism in nutrient broth was 

matched with 0.5 McFarland turbidity standards to give a 

concentration of 1.5 x 10
8
 CFU/ml; while the inoculated 

plates were incubated at 35
o
C for 18 – 24 hours. Multidrug 

resistance was defined in this study as resistance of Staph 

aureus to three or more antibiotics tested. 

2.7. Plasmid Curing of the MDR Staphylococcal Isolates 

A few colonies of antibiotic resistant Staph aureus were 

inoculated into 5ml of nutrient broth containing 0.1mg/ml 

acridine orange and then placed in a shaker incubator at 

37
o
C for 24hrs. After incubation, the broth was aseptically 

swabbed onto Mueller-Hinton agar plate, and antibiotic 

susceptibility of the isolates was tested with the same panel 

of antibiotics used before the curing. Isolates susceptible to 

antibiotics to which they were previously resistant were 

taken to have borne plasmids which originally conferred 

resistance on them. 

3. Results 

Out of the 100 nasal specimens obtained from the 

asymptomatic persons, 32 (32%) yielded Staph aureus. The 

rates of isolation from the volunteers and the rates in 

relation to gender are shown in Table 1.
 
Health workers had 

a higher rate of isolation than food vendors, while isolation 

rate was higher in males (40%) than in females (24%). 

The antimicrobial resistance profile of Staph aureus is 

given in Table 2. While all isolates were susceptible to 

Augmentin, there were relative differences in resistance 

shown to other antimicrobial agents used. Table 3 shows 

the pattern of multidrug resistance shown by nasal isolates 

of Staph aureus. 17 isolates displayed multidrug resistance. 

The different rates presented in Table 4 show the antibiotic 

susceptibility profile before and after curing the bacteria of 

any plasmids harbored by them. 

The MDR pattern of Staph aureus isolates tested after 

plasmid curing is shown in Table 5. Out of the 17 (53%) 

MDR isolates of Staph aureus, only 4 (23.5%) remained 

MDR. 

Table 1. Prevalence rate of Staph aureus among the subjects screened. 

Subject 
Number of 

Samples 

Staph aureus 

isolates 

Percentage 

isolation 

Food vendors 50 14 28% 

Health workers 50 18 36% 

Total 100 32 32% 

Gender    

Female 50 12 24% 

Male 50 20 40% 

Total 100 32 32% 
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Table 2. Antimicrobial resistance profile of nasal isolates of Staph aureus. 

 

 

Antibiotics 

 

 

Concentration 

        Overall                  

        rate 
resistance 

 

 

Total (%) 
Food 

vendors (%) 

(N=14) 

Health 

workers 

(%) (N=18) 

Amoxycillin 25µg 10 (71.43) 11 (61.11) 21(65.63) 

Augmentin 30 µg 0 (0) 0 (0) 0 (0) 

Ceftazidime 30 µg 3 (35.71) 5 (38.89) 8 (25) 

Cefuroxime 30 µg 2 (21.43) 3 (33.3) 5 (15.63) 

Oxacillin 1 µg 7 (50) 9 (50) 16 (50) 

Gentamicin 1 µg 2 (28.57) 1 (38.89) 3 (9.38) 

Ofloxacin 5 µg 11 (78.57) 8 (44.44) 19 (59.38) 

Graxome 30 µg 5 (35.71) 2 (11.11) 7 (21.88) 

Table 3. Multidrug resistance pattern of Staph aureus isolated from 

healthy subjects.   (N=32) 

Number of antibiotics to which 

there was resistance 

Number (%) of resistant 

isolates 

1 2 (6.25) 

2 11 (34.38) 

3 7 (21.88) 

4 4 (12.50) 

5 1 (3.13) 

6 2 (6.25) 

7 3 (9.38) 

8 0 (0.0) 

Resistance to ≥ 3 antibiotics 17 (53) 

Table 4. Antibiotics susceptibility profile before and after plasmid curing. 

Antibiotics Concentration 

Number of 

isolates 

resistant 

before 

plasmid 

curing 

Number of 

isolates 

sensitive 

after 

plasmid 

curing 

  % 

susceptibility 

of Staph 

aureus 

Amoxycillin 25µg 21 21 100.0 

Augmentin 30 µg 0 0 0.0 

Ceftazidime 30 µg 8 3 37.5 

Cefuroxime 30 µg 5 2 40.0 

Oxacillin 1 µg 16 9 56.3 

Gentamicin 1 µg 3 3 100.0 

Ofloxacin 5 µg 19 14 73.7 

Graxome 30 µg 7 2 28.6 

Table 5. Multidrug resistance pattern of Staph aureus post plasmid-curing. 

(N=17) 

Number of antibiotics to which 

there was resistance 

Number (%) of resistant 

isolates 

1 4 (23.53) 

2 7 (41.18) 

3 2 (11.77) 

4 1 (5.88) 

5 1 (5.88) 

6 0 (0.0) 

7 0 (0.0) 

Resistance to ≥3 antibiotics 4 (23.53) 

4. Discussion 

Staph aureus has remained one of the battled bacterial 

agents of infection in the African continent. Results of this 

study provide evidence on the recovery of Staph aureus 

from the nasal tracts of asymptomatic persons within and 

outside the hospital environment. In one study [15], nasal 

carriage of Staph aureus was associated with surgical 

infection in a hospital environment. 

In the present study, 36% of those who harbored Staph 

aureus in their nostrils were hospital staff, made up of 

doctors, nurses and laboratory personnel. The usual close 

proximity to patients by this category of hospital workers 

could constitute a risk factor for the transmission of Staph 

aureus. Various reports have confirmed that nosocomial 

infection with Staph aureus is an important cause of 

morbidity and mortality among hospitalized patients in 

western European countries and the North American 

continent [16,17]. Ahmed et al. [15] have demonstrated 

possible cross colonization among staff, personnel and even 

cross infection from staff personnel to patients or from 

patients to patients. 

Twenty-six percent (26%) of volunteers in our study who 

harbored Staph aureus in their nasal tracts were food 

vendors. Nasal carriage is an important risk factor in 

outbreaks of food – borne diseases in which Staph aureus is 

incriminated. Teferi et al. [18] found that 20.5% of food 

handlers working in a University students’ canteen were 

nasal carriers of Staph aureus. Nasal carriage rate as low as 

0.77% has also been reported [19]. The source of the Staph 

aureus outbreak that affected 180 individuals in Brazil was 

also the food handlers carrying Staph aureus in their throats 

[20]. According to Bassyonni et al. [21], ecological 

differences of the study population may be responsible for 

the variations in nasal carriage rates. 

Nasal carriers of this pathogen constitute a critical link 

between the pathogen and an infected individual, and poor 

personal hygiene can facilitate transmission of the organism 

from carriers to exposed food, thereby resulting to human 

infections when such contaminated foods are consumed, 

especially when toxigenic strains are involved. Common 

habits such as poking of nostrils with the finger and 

outbursts of sneezing are ready means of transmission of 

Staph aureus to food. 

As also reported by [22,23], the present study found no 

significant relationship (P > 0.05) between gender and rate 

of nasal carriage of the pathogen. As much as 53% of the 

isolates displayed multidrug resistance to antibacterial 

agents tested. Multidrug resistance in this study was taken 

as resistance to 3 or more of the 8 antibacterial agents 

tested. Bacterial resistance of Staph aureus has become an 

intractable problem in medical circles; a mere ‘headache’ in 

the early 1940’s, has gradually metastasized into a 

‘cancerous’ problem in the 2010s’! 

Inappropriate use of antibiotics, their extensive use as 

growth enhancers in animal feed, the relative ease with 

which antimicrobial – resistant bacteria cross geographical 
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barriers through regional and international travels, continue 

to add to this complex situation. According to Lowy [24] 

strains of Staph aureus resistant to methicillin, quinolones, 

and vancomycin now flourish within the human 

environment. Because of the possible risks of infection 

transmission by nasal carriage of Staph aureus, efforts have 

been directed to the elimination of carriage using topical 

antimicrobial [25]. 

With the exception of amoxicillin, gentamicin and 

augmentin, the resistance of Staph aureus to other 

antibiotics tested was plasmid-mediated (Table 4). Ibe et al. 

[26] have also shown that most cases of multiple-drug 

resistant strains of Staph aureus are due to plasmids. 

Interestingly, the overall resistance of Staph aureus to 

Ofloxacin was 59.38% (Table 2) and the antibiotic 

susceptibility pattern before and after plasmid curing of the 

organism, showed a susceptibility of 73.7% to Ofloxacin, 

i.e., 5 isolates out of the 19 isolates tested still remained 

resistant after plasmid curing. The broad – spectrum 

antimicrobial nature of the quinolones made them a 

welcome choice for treating bacterial infections in the 

1980s. However, subsequent widespread use of quinolones 

and fluoroquinolones has led to a steady global increase in 

resistance, mediated via spontaneous chromosomal gene 

mutation in the target of the antibiotic, topoisomerase IV or 

DNA gyrase, or by the induction of a multidrug efflux 

pump, as well as plasmid – mediated resistance. The first 

plasmid-mediated quinolone resistance gene, qnrAl, was 

detected in 1998[(27]. 

The use of quinolones to treat other bacterial pathogens 

could result, in the subjects colonized with Staph aureus, to 

exposure to subtherapeutic antibiotic concentrations and are 

therefore at risk of becoming colonized with resistant 

mutants [28]. These resident, resistant strains could serve as 

sources of subsequent infections in the environment. 

The nasal isolates of Staph aureus showed a high 

resistance (65.3%) to amoxicillin, a β-lactam antibiotic. 

This, probably, is a result of the degrading effect of β- 

lactamase on the antibiotic molecule, rendering it 

ineffective for treating staphylococcal infections. Also, 

inappropriate use of this antibiotic in the community 

resulting from lack of monitoring the availability of this 

antibiotic has obviously led to its misuse with a resultant 

exertion of antibiotic selective pressure, resulting in the 

spread of the more resistant strains. All isolates were 

susceptible to augmentin; probably due to the presence of 

clauvilanic acid (a competitive inhibitor of β- lactamase) 

that restores the antimicrobial activity of amoxicillin 

against Staph aureus, a known β-lactamase secreting 

bacterium.  The resistance to cefuroxime and ceftazidine 

was low, possibly due to the bactericidal nature of these 

antibiotics on the isolates. In addition, cefuroxime, a 

second generation cephalosporin, is resistant to β-

lactamase. The need for a doctor’s prescription and the 

high cost of buying the injectable form of this antibiotic 

limit its abuse. 

5. Conclusion 

Significantly, this study has shown that hospital workers 

and food vendors can serve as healthy nasal carriers of 

Staph aureus, and the resistance of some of the isolates was 

plasmid-mediated. The use of nose masks by food handlers, 

use of hand gloves and face masks, and regular hand 

washing by doctors and nurses, before and after attending 

to patients as well as periodical medical examination of 

employees in food industries and health institutions, could 

help to prevent spread of resistant strains of Staph aureus. 

In general, strict infection control measures are required, in 

order to protect those at possible risk of infection. 
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