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ABSTRACT 
 

Background: Methicillin-resistant Staphylococcus aureus (MRSA) is one of the major bacteria 
pathogens implicated in hospital and community-associated infections.  
Aim: This study aimed to determine the prevalence and multidrug-resistant (MDR) pattern of 
Methicillin-resistant S. aureus carriage among surgical patients, patient relatives and healthcare 
workers (HCW) in a tertiary health facility in Uyo-Nigeria.  
Study Design: This was a cross-sectional hospital-based study.  
Place and Duration of Study: University of Uyo Teaching Hospital, Uyo-Nigeria, between April and 
October 2016.  
Methodology: Swab samples were collected from the anterior nares of 200 participants and 
cultured using standard bacteriological methods for the isolation of S. aureus. MRSA strains were 
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identified phenotypically using both Oxacillin and Cefoxitin discs diffusion methods while possession 
of the mecA gene was detected by PCR method.  
Results: Overall, S. aureus and MRSA carriage rates among the participants were 102 (51.0%) and 
22 (11.0%), respectively. Population-specific carriage rates of S. aureus and MRSA among surgical 
patients (n=65) were 41 (63.1%) and 15 (23.1%); patient relatives (n=65), 22 (33.8%) and 4 (6.2%), 
while HCW (n=70) were 39 (55.7%) and 3 (4.7%), respectively. The rate of HCW MRSA carriage 
increased as year of service increased but increment was not statistically significant. All the 22 
MRSA isolates were MDR and highly resistant to commonly used antibiotics such as Ciprofloxacin 
(86.4%), Trimethoprim/Sulphamethoxazole (81.8%), Tetracycline (77.3%), Erythromycin (72.7%) 
and Gentamycin (68.1%). Eighteen (82%) of the MRSA strains possessed the mecA gene. 
Vancomycin-resistant strains (VRSA) were 2 (9.1%). MRSA strains sharing similar drug-resistant 
combination were observed among surgical patients, patient relatives and HCW either within or in 
related wards.  
Conclusion: The high nasal carriage of MRSA and high frequency of MDR strains among surgical 
patients in this study emphasize the need for regular surveillance and strengthening of basic 
infection control measures in hospitals. The use of Vancomycin as drug of choice in MRSA therapy 
is still desirable.  
 

 
Keywords: MRSA carriage; multi-drug resistance; surgical patients; patient relatives; HCW. 
 
1. INTRODUCTION  
 
Staphylococcus aureus has attracted global 
public health attention due to its high rate of 
resistance to various antimicrobial agents 
including the commonly used penicillin-related 
antibiotics [1]. Despite the introduction of 
effective antimicrobial agents, improvements to 
hygiene and hospital surveillance, it has over the 
years persisted as an important hospital and 
community-acquired pathogen [2]. The nasal 
cavity is considered one of the most important 
sites for MRSA colonization and Nasal carriage 
of the virulent MRSA is an important risk factor 
for subsequent MRSA infection and transmission 
[1]. 
 
Methicillin-resistant Staphylococcus aureus 
(MRSA) is defined as any strain of S. aureus that 
has developed resistance to beta-lactam 
antibiotics which include beta-lactam stable 
formulations such as Methicillin, Oxacillin, 
Cefoxitin, Nafcillin, among others [3,4]. These 
strains are responsible for a greater number of 
hospital-acquired infections which are difficult to 
combat in humans [5]. MRSA has been reported 
with alarming frequencies worldwide, and these 
strains majorly exhibit multi-drug resistance, that 
is resistant to three or more classes of antibiotics 
[6]. There has been a steady increase in the 
prevalence of MRSA across nations of the world, 
with several studies reporting varying carriage 
rates among patients in hospitals. For instance, 
in Japan, 44.4% has been reported, Singapore 
35%, Malaysia 26%, Scotland 66.4% and 19.2% 
in Ekiti state, Nigeria [7-11]. Strains that are 

resistant to methicillin are found to exhibit varying 
resistance to Lincosamides, Macrolides, 
Aminoglycosides, Fluoroquinolones or 
combinations of these classes of antimicrobials 
[3,12]. Vancomycin (glycopeptide) which was 
initially very effective in the treatment of MRSA 
infection is recently being witnessed with 
intermediate resistance with MRSA strains [13]. 
 

Among the body sites that habour S. aureus 
such as throat, perineum, skin, hairline, groin and 
the axilla, the anterior nares are the most 
common ecological niches of the organism [14], 
and have been linked to most community             
and hospital-associated infections, including 
bacteremia [1,13]. Colonizing strains may thus 
serve as endogenous reservoirs for overt clinical 
infections and may spread to other patients in 
hospital settings [15]. Elimination of nasal 
carriage has been reported to cause a significant 
reduction in the incidence of S. aureus infections 
in the community [16]. Multidrug resistance of 
nasal S. aureus associated with methicillin-
resistant strains is of great public health concern 
especially in developing countries [17]. Thus, this 
study aimed to assess the methicillin-resistant S. 
aureus carriage among surgical patients, patient 
relatives and healthcare workers in a tertiary 
health facility in Uyo, Nigeria.   
 

2. MATERIALS AND METHODS 
 

2.1 Study Area  
 

This study was conducted in Uyo, Akwa Ibom 
State, South-south Nigeria. Uyo is a fast growing 
city both economically and population wise. The 
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city lies between latitude 5.5°N and 6.0°N, and 
longitude 6.0°E and 6.5°E of the Greenwich 
Meridian. It is located in the rainforest belt with 
an elevation of fewer than two feet above sea 
level. With its status as a developing capital city 
in Nigeria, Uyo being is surrounded by several 
suburban and rural communities whose 
inhabitants access tertiary health care at the 
University of Uyo Teaching Hospital (UUTH), 
Uyo.  
 
2.2 Study Population 
 

This was a descriptive cross-sectional study of 
surgical patients, patient relatives and healthcare 
workers in Surgical Wards, Orthopaedic Surgical 
Ward, Paediatric Surgical Ward, Obstetrics and 
Gynaecology Ward of the University of Uyo 
Teaching Hospital, Uyo-Nigeria. A total of 200 
participants were recruited for the study over a 
period of 6 months from April 2016 to October 
2016. 
 

2.3 Sample Collection 
 

Nasal swabs were obtained from the anterior 
nares of subjects using sterile swab stick and 
following standard procedures. The swab stick 
was introduced 2-3 cm into the anterior nares of 
the participants and rotated clock and anti-
clockwise for 3-5 times. Samples were obtained 
from pre-operative patients on the same day of 
admission to the hospital ward and 48-96 hours 
after surgery (post-operative), when the patient 
must have become stable. 
 

2.4 Isolation and Identification of 
Staphylococcus aureus  

 

The nasal swabs were inoculated onto mannitol 
salt agar and blood agar plates and incubated at 
37°C for 18-24 hours. Growth colonies exhibiting 
beta hemolysis on blood agar and yellowish 
appearance on mannitol salt agar plates were 
further identified by standard bacteriological 
procedures such as colony morphology, Gram 
reaction, catalase test, tube coagulase test and 
DNase test [18]. S. aureus were identified as 
Gram-positive cocci in clusters, catalase positive, 
coagulase positive and positive to DNase test. 
 

2.5 Antibiotic Susceptibility Testing 
 

Isolates were subjected to antibiotics 
susceptibility testing by Kirby-Bauer disc diffusion 
method using Mueller-Hinton Agar plates. The 
antibiotics used were Vancomycin (30 µg), 

Tetracycline (30 µg), Gentamycin (10 µg), 
Clindamycin (2 µg), Ciprofloxacin (5 µg), 
Erythromycin (5 µg) and Trimethoprim/ 
Sulphamethoxazole (1.25 µg/23.75 µg) (Oxoid, 
UK). The reference strain Staphylococcus aureus 
ATCC 25923 was used for quality control. The 
results were interpreted according to the CLSI 
2016 guidelines [19]. 
 

2.6 Methicillin-resistant Detection Using 
Oxacillin and Cefoxitin Discs 

 

Overnight cultured colonies of S. aureus isolates 
were subcultured onto peptone water and 
incubated for three hours at 37°C. The broth 
culture was diluted to 0.5 McFarland turbidity 
standard equivalent. Using a sterile swab stick, 
the diluents were inoculated onto Mueller Hinton 
agar plates. Oxacillin (1 µg) and Cefoxitin (30 µg) 
discs were placed apart on the plate and 
incubated at 37°C for 18 hours. The inhibition 
zone diameter was measured using a 
micrometer. An inhibition zone of ˂11 mm to 
Oxacillin and ≥21 mm to Cefoxitin was reported 
as methicillin-resistant [19]. Isolates that were 
resistant to three or more antimicrobial classes 
were regarded as multi-drug resistant strains. 
 

2.7 Singleplex PCR and Agarose 
Electrophoresis for Detection of mecA 
Gene 

 

The bacteria DNA were extracted using the 
boiling method, as described by Chapaval et al. 
[20]. Amplification of the MecA gene was carried 
out on a 9700 Applied Biosystem Thermal cycler 
in a final volume of 20 ul. The PCR mix included 
10 ul of master mix, 0.16 ul of both forward 
primer: 5’-TAGAAATGACTGAACGTCCG-3;             
and reverse primer: 5’- 
TTGCGATCAAATGTTACCGTAG-3’ [21], 2 ul of 
the gDNA and 7.68 ul of PCR water. The tubes 
were placed on the microtitre tray of an Applied 
Biosystem 9700 thermal cycler, which had been 
programmed to run at an initial denaturation 
temperature of 95°C for 3 minutes and additional 
30 seconds, annealing at 55°C for 30 seconds, 
an extension period at 72°C for 40 seconds, a 
final extension period of 2 mins at 72°C followed 
by cooling or storage at 10°C, for 35 cycles. An 8 
µl aliquot of each amplicon was resolved on 
0.8% agarose gel at 110 V for 20 minutes and 
visualized on an ultraviolet transilluminator. The 
presence of a single fragment band of 154 bp 
was considered to be the mecA gene. Positive 
and negative controls were run along with the 
test isolates. 
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2.8 Data Analysis 
 
Demographic variables and frequency of MRSA 
occurrence were analysed using SPSS version 
17. Data were analysed using descriptive 
statistics and the statistical significant difference 
was considered at p˂0.05. 
 

3. RESULTS 
 
Distribution of S. aureus and MRSA strains 
among surgical patients, patient relatives and 
healthcare workers are indicated in Table 1. Out 
of a total of 200 participants examined, 102 
(51.0%) were colonized with S. aureus in their 
anterior nares of which surgical patients were the 
majority, 41 (63.1%) followed by healthcare 
workers, 39 (55.7%). The total MRSA strains                          
was 22 (11.0%) and colonization was highest 
among surgical patients, 15 (23.1%), while 
healthcare workers were the least colonized, 3 
(4.3%). 

 
The age and sex distribution of S. aureus and 
MRSA strains isolates from surgical patients and 
their relatives are shown in Table 2. Majority of 
the surgical patients colonized with both S. 
aureus and MRSA strains were in the age 
bracket of 20-39 years, 18 (27.7%) and 7 
(10.8%), respectively. The least colonized age 
group was those within 0-19 years, 4 (6.2%) and 
1 (1.5%), respectively. More females were 
colonized with both S. aureus and MRSA strain 
than males, 43.1% vrs 20.0% and 12.3% vrs 
10.8%, respectively.  Most of the patient relatives 
colonized with S. aureus were in the age group, 
20-39 years (16.9%) while 40-59 years old were 
mostly colonized with MRSA (3.1%). More 
female patient relatives had S. aureus (26.2%) 
and MRSA (4.6%) than males, 7.7% and 1.5%, 
respectively. 
 
The frequency of MRSA isolates among 
healthcare workers by year of service is shown in 
Table 3. Although MRSA colonization rate 
appears to increase as the year of service 

increases, the difference was not statistically 
significant (p=0.406). Those with service year 12 
years and above had the highest MRSA 
colonization rate, 1 (33.3%) while none of the 
healthcare workers with service year 0-3 years 
was detected with MRSA strain. 
 

The Antimicrobial resistant profile of MRSA 
isolates from healthcare workers, surgical 
patients and patient relatives are indicated in 
Table 4. All the MRSA strains from healthcare 
workers (HCW) and patient relatives exhibited 
100% antimicrobial resistance to Ciprofloxacin 
and Trimethoprim/ Sulphamethoxazole. All 
MRSA strains from healthcare workers and 
patient relatives also exhibited 100% resistance 
to Tetracycline and Erythromycin, respectively.           
A high proportion of isolates from surgical 
patients (66.7% - 80%) exhibited resistance                      
to Ciprofloxacin and Trimethoprim/ 
Sulphamethoxazole, Tetracycline and 
Erythromycin. A total of 2 (9.1%) Vancomycin-
resistant strains (VRSA) were recorded                  
among surgical patients and patient                 
relatives. 
 

Multi-drug resistant pattern of MRSA strains with 
mecA gene is shown in Table 5. All the 22 MRSA 
strains were phenotypically detected using both 
cefoxitin and oxacillin discs and they exhibited 
multidrug resistance with 18 (82%) habouring the 
mecA gene. Two MRSA strains each from 
patients in Male Orthopaedic and Caesarean 
Section wards were resistant to same drug 
combinations (n= 6 and 7, respectively). In the 
Male Orthopaedic ward, one HCW’s MRSA strain 
shared similar resistant drug combination with 2 
patients’ isolates in the same ward. Similar drug 
resistotype were shared between one HCW 
(HCW1) strain and three surgical patients’ strains 
(FSW1, MSW1, ORMW1) across different wards 
of the hospital. Strains from a patient relative 
(CSW2R) and a patient (CSW1) in the 
Caesarean Section ward were also observed 
with similar drug resistotype but none possessed 
the mecA gene. Two MRSA strains, one each 
from a patient in Gynaecology ward (GW1) and a 

 
Table 1. Distribution of S. aureus and MRSA among study participants 

 
Subjects No. sampled S. aureus (%) MRSA strain (%) 

Surgical patients 65 41(63.1) 15(23.1) 

Patient relatives 65 22(33.8) 4(6.2) 

Healthcare workers 70 39(55.7) 3(4.3) 

Total 200 102(51.0) 22(11.0) 
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Table 2. Frequency of S. aureus and MRSA strains isolated from patients and their relatives 
according to age and gender 

 
Characteristics Surgical patient (n=65) Patient relative (n=65) 

S. aureus (%) MRSA (%) S. aureus (%)  MRSA (%) 
Age group (years) 

0-19 4 (6.2) 1 (1.5) 3 (4.6) 0  
20-39 18 (27.7) 7 (10.8) 11 (16.9) 1 (1.5) 
40-59 10 (15.4) 3 (4.6)  5 (7.7) 2 (3.1) 
≥60 9 (13.9) 4 (6.2) 3 (4.6) 1 (1.5) 
Total 41(63.1) 15 (23.1) 22 (33.9) 4 (6.2) 

Sex 
Male 13 (20.0) 7 (10.8) 5 (7.7) 1 (1.5) 
Female 28 (43.1) 8 (12.3) 17 (26.2) 3 (4.6) 
Total 41(63.1) 15 (23.1) 22 (33.9) 4 (6.2) 

 
patient relative in Pediatric ward (PDWR), were 
resistant to all the nine antimicrobials tested 
including Vancomycin and both shared similar 
resistant drug combinations, and were mecA 
gene negative.  

 

The molecular detection of mecA genes from 
MRSA strains by singleplex PCR is represented 
in Fig. 1. In the agarose electrophoresis of 
amplified mecA genes, Lanes 1-22 represent the 
MRSA strains. Lanes 3, 15, 16 and 21 represent 
failed amplification while Lane M represents the 
100bp Quick-Load Molecular ladder. Of the 22 
MRSA strains detected by agar disk diffusion 
method, the mecA gene was detected at 154bp 
in 18 strains representing 81.8% of the 
phenotypically identified strains.  
 

Table 3. Frequency of MRSA strains from 
healthcare workers by year of service 

 

Years of service No. examined MRSA (%) 
0-3 
4-7 
8-11 
>12 
Total 

22 
26 
15 
7 
70 

0 
1(6.7) 
1(12.5) 
1(33.3) 
3(7.7) 

 

4. DISCUSSION  
 
Cross-infection with virulent S. aureus has been 
reported to occur through nasal transmission 
among healthy individuals at close contacts, 
patient to patient, and healthcare worker to 
patient in hospital settings [22]. In this study, the 
overall nasal carriage rate of S. aureus was 
(51.0%) and is consistent with 50.0% reported in 
Abia State, Southeast Nigeria [23] but higher 
than 14.0% reported in Lagos, Southwest Nigeria 
[24], and 2.1% in Maiduguri, Northeast Nigeria 
[25]. Prevalence rates reported in other 
developing nations include Nepal, 12.5% [26]; 
Western-Iran, 17.6% [27] and Delhi, India, 12% 
[28]. In the developed countries like USA [22] 
and Japan [29], nasal cavity S. aureus 
colonization rates in adults have been reported to 
be 36% and 32.4% - 36%, respectively. The 
variation in S. aureus nasal carriage rates could 
be attributed to many factors such as 
geographical location, characteristics of the study 
population including those exposed to antibiotics 
as at the time of sampling and those in hospital 
settings, and microbiological methods such as 
sampling and cultural techniques used [30].   

Table 4. Antimicrobial resistant profile of MRSA strains from healthcare workers, surgical 
patients and patient relatives (N=22) 

 

Antimicrobial agent Symbol Resistant zone 
diameter (mm) 
(CLSI, 2016) 

MRSA  (N=22) 

HCW (N=3) 
R (%) 

Patient 
(N=15) R (%) 

Patient relatives 
(N=4) R (%) 

Gentamycin CN ≤12 2(66.7) 10(66.7) 3(75.0) 
Clindamycin DA ≤14 2(66.7) 4(26.7) 1(25.0) 
Erythromycin E ≤13 1(33.3) 10(66.7) 4(100.0) 
Tetracycline TE ≤14 3(100.0) 10(66.7) 2(50.0) 
Ciprofloxacin CIP ≤15 3(100.0) 12(80.0) 4(100.0) 
Trimethoprim/ 
Sulphamethoxazole  

XT ≤10 3(100.0) 11(73.3) 4(100.0) 

Vancomycin VA ≤15 0 1(6.7) 1(25.0) 
Oxacillin OX <11 3(100.0) 15(100.0) 4(100.0) 
Cefoxitin  FOX  ≤21 3(100.0) 15(100.0) 4(100.0) 
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Table 5. Multi-drug resistant MRSA strains and mecA gene acquisition (N=22) 
 

MRSA strain  Subject with location Multi-drug resistance profile No. of combinations mecA gene 
MSW1R 
FSW1 
ORMW1 
MSW1 
HCW1 
ORMW2 
PDW1 
ORFW1 
MSW2 
CSW4 
CSW3 
CSW1 
HCW2 
CSW2 
FSW2 
ORMW3 
ORMW4 
HCW3 
FSW2R 
CSW2R 
GW1 
PDWR 

Patient relative(MSW) 
Patient (FSW)

a 

Patient(ORMW)
 a
 

Patient (MSW)
 a
 

HCW(FSW)
 a
 

Patient(ORMW) 
Patient(PDW) 
Patient(ORFW) 
Patient(MSW) 
Patient(CSW)

 b
 

Patient(CSW)
 b
 

Patient (CSW) 
HCW(MSW) 
Patient(CSW)

 c
 

Patient(FSW)
 c
 

Patient(ORMW)
 d

  
Patient(ORMW)

 d
 

HCW(ORMW)
 d
 

Patient relative(FSW)
 e
 

Patient relative(CSW)
 e
 

Patient(GW)
 f
 

Patient Relative(PDW)
 f
 

E,SXT,TE,OX,FOX 
CN,CIP,TE,OX,FOX 
CN,CIP, TE,OX, FOX 
CN, CIP, TE, OX, FOX 
CN, CIP, TE, OX,  FOX 
E, CI P,  SXT,  OX, FOX 
DA, SXT,  TE, OX,   FOX 
E, CIP, SXT, TE, OX, FOX 
CN,  CIP,  SXT, E, OX  FOX 
CN,  CIP,  SXT,  E,  OX, FOX 
CN,  CIP,   SXT,  E,  OX,  FOX 
CN,   CIP,  SXT, TE,  OX, FOX 
CN,   DA,  SXT,  TE,  OX, FOX 
CN,  CIP, SXT, E, TE, OX,  FOX 
CN,  CIP,  SXT, E, TE, OX,   FOX 
DA,  CIP,  SXT, E,  TE, OX,    FOX 
DA,  CIP,  SXT,  E,  TE,  OX,  FOX 
DA,  CIP,  SXT,  E,  TE,  OX,  FOX 
CN,  CIP,  SXT,  E,  TE,  OX,    FOX 
CN,  CIP,  SXT,  E,   TE,  OX,    FOX 
CN, CIP, SXT, E, TE, DA,VA,OX,FOX 
CN, CIP, SXT, E, TE, DA, VA,OX,FOX 

5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
9 
9 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
- 
- 

Key: ORFW=Orthopaedic Female Ward, ORMW= Orthopaedic Male Ward, GW= Gynaecology Ward, MSW=Male Surgical Ward, FSW=Female Surgical Ward, CSW= Caesarean Section Ward, 
PDW=Pediatric Ward, HCW= Healthcare Workers. 

a,b,c,d,e,f 
Strains with similar resistant drug combinations
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Fig. 1. Lanes 1-22 represent the MRSA strains with mecA gene at 154 bp exception of Lanes 3, 
15, 16 and 21 which represent failed amplification while Lane M represents the 100 bp Quick-

Load Molecular ladder 
 
The overall MRSA nasal carriage rate in this 
study was (11%), and majority were surgical 
patients (23.1%). These findings underscore the 
need for active surveillance and screening of 
surgical patients and associates, to eliminate 
these virulent strains usually associated with 
series of hospital-acquired infections. Recently, 
higher MRSA carriage rates in the range of 30-
80% have been reported among patients in 
Maiduguri, Northeast Nigeria [25] and other Sub-
saharan African countries such as Northeast 
Ethiopia [31]; Kinshasha [32] and Khartoum, 
Sudan [33]. Many countries of the world that 
have put in place adequate infection control 
measures in their health facilities have recorded 
lower MRSA colonization rates among patients, 
including Bolivia, 0.5% [34]; Indonesia, 4.3% 
[35]; Western-Iran 6.6% [27] and Kenya, 7.0% 
[36]. The need for increase awareness and 
active surveillance of this organism as well as 
establishing hospital and community baseline 
data cannot be overemphasized as it will provide 
appreciable epidemiological information for 
monitoring performance of infection control 
measures for MRSA. 
 
In this study, S. aureus and MRSA nasal carriage 
among surgical patients were more in females 
than males in agreement with previous studies 
[26,37,38]. In the contrary, male carriage 
predominance of S. aureus and MRSA reported 
in a review article by Humphreys et al. [39] was 
generally attributed to, among other risk factors, 
poor hand washing behavior among males. Age-
wise, patients and their relatives in the age 
bracket 20-39 years in this study were mostly 
colonized with S. aureus and MRSA in their 
nares. The reason for this observation could not 
be readily established. Mainous et al. [38] in the 
United States reported more of S. aureus 

colonization in younger population whereas the 
older population (60 years and above) were seen 
more with MRSA and related the observation to 
weakened immunity in the elderly especially 
among nosocomial cases. 
 
All the MRSA strains phenotypically detected in 
this study exhibited multidrug resistance and 
82% of them harboured the mecA gene. We had 
earlier documented our findings rating both 
Cefoxitin and Cloxacillin as good surrogates for 
phenotypic MRSA detection comparable to PCR 
[40]. Higher resistant rates were observed with 
Ciprofloxacin, Trimethoprim/Sulphamethoxazole, 
Tetracycline, Erythromycin and Gentamycin. The 
incessant abuse and misuse of these commonly 
used and inexpensive antimicrobial agents 
devoid of authorized prescriptions have been 
observed in many parts of Nigeria and may have 
contributed to the high antimicrobial resistance 
[41,42]. This has posed a significant difficulty to 
clinicians in the choice of antimicrobial agent for 
patients with a variety of infections. Most of the 
antimicrobials used in this study which are 
indicated for serious infections may have 
substantially lost their place in the treatment of 
infections caused by these multi-drug resistant 
strains in this community and indirectly led to 
increasing costs of treatment and additional 
difficulty in infection control efforts [43]. 
Vancomycin and Clindamycin usually earmarked 
for empirical therapy of MRSA infection [26,27] 
were not spared with resistance by at least one 
of the MRSA strains in this study and a cause for 
serious public health concern. 
 
In a hospital setting, infected patients, healthcare 
workers and to some extent colonized patient 
relatives tending to their sick ones remain major 
reservoirs of the organism, while hands of 
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healthcare workers and hospital facilities are 
vehicles for disseminating the organisms [44]. 
However, the MRSA carriage rate among 
healthcare personnel in this study (7.7%) was far 
less than 25% reported in Nepal [26]. When 
considering rate of MRSA colonization by year of 
service among healthcare workers in this study, 
colonization was observed to increase as the 
years of service increases, but the difference 
was not statistically significant possibly due to 
the small number of cases considered. However, 
this observation could be attributed to increase 
daily contact with patients, patient beddings, 
hospital equipment and hospital environment 
overtime [44]. 
 
Interestingly in this study, multidrug-resistant 
MRSA strains having similar resistant drug 
combinations (resistotype) were observed in the 
same and cognate wards among patients, 
patients and their relatives as well as patients 
and healthcare workers. This obviously indicates 
a somewhat pattern of infection spread or foci of 
infection with a particular or groups of MRSA 
strains circulating within the health facility. Leung 
et al. [45] recommended the implementation of 
admission screening of MRSA to reduce MRSA 
transmission in health facilities. Healthcare 
workers whose roles interface between the 
hospital and the community may serve as agents 
of cross-contamination of hospital or community 
acquired-MRSA [44] with grave epidemiological 
and nosocomial implications. Similarities in 
multidrug-resistant combinations observed 
among HCWs, patients and patient relatives’ 
strains in this study testify to the fact that 
community-acquired MRSA (CA-MRSA) strains 
that spread in community settings can also 
spread to health care facilities [46]. 
 

5. CONCLUSION 
 
There was evidence of S. aureus and MRSA 
nasal carriage among patients, patient relatives 
and HCW in the same or cognate wards of the 
hospital. Some of the strains had similar drug-
resistant combinations (n = 5 - 9 antibiotics). 
Almost all the MRSA strains (82%) harboured the 
mecA gene. Two that were VRSA (9.1%) did not 
possess the mecA gene. Some of these strains 
could be either health facility or community-
acquired emphasizing the need for regular 
surveillance of microbial flora among this study 
population, especially with the emergence of 
VRSA strains. Also, there is strong need to 
institute and strengthen infection control 
measures including enlightenment of healthcare 

workers, routine screening for MRSA nasal 
carriage and isolation of patients identified with 
MRSA in hospital facilities, as well as 
enforcement of empiric use and prescription of 
antimicrobial agents to stem the tide of MRSA in 
our hospitals. 
 
ETHICAL APPROVAL AND CONSENT  
 
Ethical approval was obtained from the ethical 
review board of UUTH before the 
commencement of this research, and informed 
consent was obtained from the subjects before 
recruiting them into the study. 

 
ACKNOWLEDGEMENTS  
 
The technical assistance offered by Mr. Anietie 
E. Samuel, a Medical Laboratory Scientist in 
Medical Microbiology Laboratory, University of 
Uyo Teaching Hospital (UUTH), Uyo is highly 
appreciated. Dr. Eyo E. Ekpe of Department of 
Surgery, UUTH; other Clinicians and Nurses in 
the various hospital wards are also appreciated 
for their roles during sample collection. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Foster TJ. The Staphylococcus aureus 

“super bug”. Journal of Clinical 
Investigation. 2004;114:1693-6. 

2. Chambers HF. The changing epidemiology 
of S. aureus. Emerging Infectious Disease. 
2001;7:178-82. 

3. Lowy FD. Antimicrobial resistance: The 
example of Staph. aureus. Journal of 
Clinical Investigation. 2003;111(9):1265-
1273. 

4. Taiwo SS, Onile BA, Akanbi AA. 
Methicillin-resistant Staphylococcus aureus 
(MRSA) isolates in Ilorin, Nigeria. African 
Journal of Clinical and Experimental 
Microbiology. 2004;5(2):189–197. 

5. Shittu AO, Lin J, Morrison D, Kolawole DO. 
The discovery of a multi-resistant 
Staphylococcus haemolyticus clone in the 
hospital and community environment in 
south western Nigeria. Ostomy Wound 
Manage. 2005;51(1):67–70. 

6. Simmons S. Effects of selective patient 
screening for MRSA on overall MRSA 



 
 
 
 

Ohagim et al.; JAMB, 8(1): 1-11, 2018; Article no.JAMB.39020 
 
 

 
9 
 

hospital- acquired infection rates. Critical 
Care Nursing Questions. 2011;34(1):18-
24. 

7. Matheson A, Christie P, Stari T, Gould IM, 
Masterton R. Nasal screening for 
methicillin resistant Staphylococcus 
aureus, how well does it perform? A cross-
sectional study. Infections Control Hospital 
Epidemiology. 2012;33:803-8. 

8. Asoh N, Masaki H, Watanabe H, 
Watanabe K, Mitsusima H, Matsumoto K, 
Oishi K, Nagatake T. Molecular 
characterization of the transmission 
between the colonization of methicillin-
resistant Staphylococcus aureus to human 
and environmental contamination in 
general long term care wards. International 
Medical Journal. 2005;44(1):44-45. 

9. Norazah A. National Surveillance of 
Antibiotic Resistance Report for 2007. 
Institute for Medical Research Ministry of 
Health, Malaysia.  
Available:http://www.imr.gov.my/report/nsa
r.html  
(Retrieved on 23/12/2015) 

10. Hsu ST, Breukink E, Bierbgum G, Sahl 
HG, De Kruijff B, Kaptein R, Van Nuland 
NA, Bonvin AM. NMR study of Mersacidin 
and lipid ii interaction in 
dodecylphoshocholine micelles. 
Conformational changes are a key to 
antimicrobial activity. Journal of Biological 
Chemistry. 2003;278(15):13110-7. 

11. Olugbenga AO, Olayinka OK, Samuel ST, 
Olusola O, Oluyinka OO, Oloyede SB, 
Abiodun AA, Olufunmilola BM, David  OO, 
Oyebode TA. Phenotypic and molecular 
characteristics of methicillin-resistant 
Staphylococcus aureus isolates from Ekiti 
State, Nigeria. Dove Press Journal: 
Infection and Drug Resistance. 2013;6:87-
92. 

12. Al-Zu’bi E, Bdour S, Shehabi AA. Antibiotic 
resistance patterns of mecA-positive 
Staphylococcus aureus isolates from 
clinical specimens and nasal carriage. 
Microbial Drug Resistance. 2004;10(4): 
321–324. 

13. Von Eiff C, Becker K, Machka K, Stammer 
H, Peters G. Nasal carriage as a source of 
Staph. aureus infections. New England. 
Journal of Medicine. 2001;346:1871-77. 

14. Wertheim HF, Vos MC, Boelens HA, Vos 
A, Vandenbroucke-Grauls CM, Meester 
MH, Kluytmans JA, Van Keulen PH, 
Verbrugh HA. Low prevalence of methicillin 
resistant Staphylococcus aureus (MRSA) 

at hospital admission in the Netherlands: 
The value of search and destroy and 
restrictive antibiotic use. Journal of 
Hospital Infection. 2004;56(4):321-325. 

15. Holden MT, Feil EJ, Lindsay JA, Peacock 
SJ, Day NP, Enright MC. Complete 
genomes of two clinical Staphylococcus 
aureus strains. Evidence for the rapid 
evolution of virulence and drug resistance. 
Proceedings of the National Academy of 
Science. 2004;110:9786-9791. 

16. Halablab MA, Hijazi SM, Fawzi MA, Araj 
GF. Staphylococcus aureus nasal carriage 
rate and associated risk factors in 
individuals in the community. Epidemiology 
of Infectious Disease. 2010;138(5):702-6. 

17. Onanuga A, Oyi AR, Olayinka BU. 
Prevalence of community associated multi-
resistant Staphylococcus aureus among 
healthy women in Abuja, Nigeria. African 
Journal of Biotechnology. 2005;4:942–45. 

18. Chesborough M. District laboratory 
practice in tropical countries. Microbiology 
Second Edition, Cambridge University 
Press. 2006;158-195. 

19. CLSI. Performance standard for 
antimicrobial susceptibility testing. Twenty-
fourth Informational Supplement, CLSI 
Document M100-S26, Wayne, PA: Clinical 
and Laboratory Standard Institute; 2016.  

20. Chapaval L, Moon DH, Gomes JE, Duarte 
FR, Tsai SM. An alternative method for 
Staph. aureus DNA isolation. Arquivo 
Brasileiro de Medicina. Veterinariae 
Zootecnia. 2008;60(2):299-306. 

21. Taweeporn S, Chariya C, Kunyaluk C, 
Temduang L, Chaisin W. Evaluation of 
different primers for detecting mecA gene 
by polymerases chain reaction in 
comparison with phenotypic method for 
discrimination of methicillin resistant 
Staph. aureus. Southeast Asian Journal of 
Tropical Medicine and Public Health. 
2002;3(40):758-763. 

22. Kuehnert MJ, Deanna K, Hill HA. 
Prevalence of Staph. aureus colonization 
in the United States. Journal of Infectious 
Diseases. 2006;193:17-176. 

23. Chigbu CO, Ezeronye OU. Antibiotic 
resistant Staph. aureus in Abia State of 
Nigeria. African Journal of Biotechnology. 
2003;2(10):374-378.  

24. Adesida S, Boelens H, Babajide B, et al. 
Major epidemic clones of Staphylococcus 
aureus in Nigeria. Microbial Drug 
Resistance. 2005;11(2):115–121. 



 
 
 
 

Ohagim et al.; JAMB, 8(1): 1-11, 2018; Article no.JAMB.39020 
 
 

 
10 

 

25. Adelowo KA, Okon KO, Denue BA, Ladan 
J, Tahir F, Uba A. Methicillin-Resistant 
Staphylococcus aureus (MRSA) among 
patients seen at a tertiary hospital in 
Maiduguri, Nigeria. Journal of Medical 
Science. 2014;5(10):238-244. 

26. Shakya B, Shrestha S, Mitra T. Nasal 
carriage rate of methicillin resistant 
Staphylococcus aureus among at National 
Medical College Teaching Hospital, 
Birgunj, Nepal. Nepal Medical College 
Journal. 2010;12(1):26-29. 

27. Parviz M, Babak I, Mansour R, Abbas F. 
Frequently distribution of hospital-acquired 
MRSA nasal carriage among hospitalized 
patients in West of Iran. Jundishapur 
Journal of Microbiology. 2013;6(6):e9076. 

28. Sharma Y, Jain S, Singh H, Govil V. 
Staphylococcus aureus: Screening for 
nasal carriers in a community setting with 
special reference to MRSA. Scientifica 
(Cairo); 2014. 
2014, 
Available:http://dx.doi.org/10.1155/2014/47
9048  
(Accessed Online: 05/09/2017) 

29. Moellering Jr. RC. Introduction: Problems 
with antimicrobial resistance in gram-
positive cocci. Clinical Infectious Diseases. 
1998;26(5):1177–1178. 

30. Bell JM, Turndge JD. High prevalence of 
oxacillin resistant S. aureus isolates from 
hospitalized patients in Asia-Pacific and 
South Africa: Results from Sentry Agents 
Chemotherapy. 2002;46:879-881. 

31. Shibabaw A, Abebe T, Mihret A. Nasal 
carriage rate of methicillin resistant 
Staphylococcus aureus among Dessie 
referral hospital healthcare workers; 
Dessie, Northeast Ethiopia. Journal of 
Antimicrobial Resistant Infection Control. 
2013;2(1):25. 

32. Iyamba JML, Wambale JM, Lukukula CM, 
Takaisi-Kiki NB. High prevalence of 
methicillin-resistant Staphylococci strains 
isolated from surgical site infections in 
Kinshasa. Pan-African Medical Journal. 
2014;18:322. 

33. Elimam MAE, Rhean S, Elmekki MA, 
Elhassan MM. Emergence of vancomycin 
resistant and methicillin resistant 
Staphylococccus aureus in patients with 
different clinical manifestation in Khartoum 
State, Sudan. Journal of Animal Science. 
2014;10(6):106-110. 

34. Bartoloni A, Pallecchi L, Fernandez C, 
Mantella A, Riccobono E, Magnelli D, 

Mannini D, Strohmeyer M, Bartalesi F, 
Segundo H, Monasterio J, Rodriguez H, 
Cabezas C, Gotuzzo E, Rossolini GM.     
Low prevalence of methicillin-resistant 
Staphylococcus aureus nasal carriage in 
urban and rural community settings in 
Bolivia and Peru. International Journal of 
Infections Disease. 2013;17(5):339-342. 

35. Santosaningsih D, Sanoso S, Budayanti 
NS, Kuntaman K, Lestari ES, Farida H, 
Hapsari R, Hadi P, Winarto W, Milheirico 
C, Maquelin K, Willemse-Erix D, Van 
Belkum A, Severin JA, Verbrugh HA. 
Epidemiology of Staphylococcus aureus 
harboring the mecA or panton-valentine 
Leucocidin genes in hospitals in Java and 
Bali, Indonesia. American Journal of 
Tropical Medical Hygiene. 2014;90(4):728-
34. 

36. Aiken AM, Mutuku IM, Sabat AJ, 
Akkerboom V, Mwangi J, Scott JA, 
Morpeth SC, Friedrich AW, Grundmann H. 
Carriage of Staphylococcus aureus in 
Thika level 5 Hospital, Kenya: A cross 
sectional study. Antimicrobial Resistance 
Infection Control. 2014;15(3):22. 

37. Onyemelukwe N, Gugnami HC, Akujieze 
C. Nasal carriage of Staphylococcus 
aureus in hospital staff and its antibiotic 
sensitivity in Enugu, Nigeria. Journal of 
Community Diseases. 1992;24:46-48. 

38. Mainous AG, Hueston WJ, Everett CJ, 
Diaz VA. Nasal carriage of Staph. aureus 
and methicillin-resistant Staph. aureus in 
the United States, 2001-2002. Annals of 
Family Medicine. 2006;4:132-137. 

39. Humphreys H, Fitzpatick F, Harvey BJ. 
Gender differences in rates of carriage and 
bloodstream infection caused by 
methicillin-resistant Staphylococcus 
aureus: Are they real, do they matter and 
why? Clinical Infectious Diseases. 
2015;61(11):1708-1714. 

40. Moses AE, Ohagim IP, Ikon MG. 
Evaluation of phenotypic and genotypic 
methods of detecting methicillin-resistant 
Staphylococcus aureus strains in a tertiary 
health facility in Uyo-Nigeria. Calabar 
Journal of Health Sciences. 2017;1(1):36-
41. 

41. Agarwal D, Sharma M, Dixit SK, Roshan 
KD, Ashok KS, Rinkoo DG, Satish KA. In 
vitro synergistic effect of fluoroquinolone 
analogues in combination with artemisinin 
against Plasmodium falciparium; their 
antiplasmodial action in rodent malaria 
model. Malaria Journal. 2015;14:48. 



 
 
 
 

Ohagim et al.; JAMB, 8(1): 1-11, 2018; Article no.JAMB.39020 
 
 

 
11 

 

42. Onemu OS, Ophori EA. Prevalence of 
multi-drug resistance Staph. aureus in 
clinical specimens obtained from patients 
attending the University of Benin Teaching 
Hospital, Benin City Nigeria. Journal of 
Natural Sciences Research. 2013;3(5): 
154-159. 

43. Tiwari HK, Sapkota D, Sen MR. High 
prevalence of multidrug-resistant MRSA in 
a tertiary care hospital in Northern India. 
Infectious Drug Resistance. 2008;1:57–61. 

44. Albrich WC, Harbarth S. Healthcare 
workers, source, vector or victim of 
MRSA? Lancet infectious Disease. 2008;8: 
289-301. 

45. Leung ECM, Lee MKP, Lai RWM. 
Admission screening of methicillin-resistant 
Staphylococcus aureus with rapid 
molecular detection in intensive care unit: 
A three-year single-centre experience              
in Hong Kong. ISRN Microbiology;         
2013. 
Available:http://dx.doi.org/10.1155/2013/14
0294  
(Accessed On: January 2, 2018) 

46. Wang X, Towers S, Panchanathan S, 
Chowell G. A population based study of 
seasonality of skin and soft tissue 
infections: Implications for the spread of 
CA-MRSA. PLoS One. 2013;8:e60872. 

_________________________________________________________________________________ 
© 2018 Ohagim et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/22824 


