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ABSTRACT 

The susceptibility of clinical isolates of Staphylococcus aureus from a hospital to seven antibiotics; namely ofloxacin, vancomycin, oxacillin, 
erythromycin ampicillin and gentamicin was examined. The isolates were recovered from wound, skin, urine, blood, vaginal, cerebrospinal fluid 
and ear infections. After confirmation as S. aureus through gram stain and biochemical tests, the antibiogram of each isolate was determined using 
the disk diffusion method. A total of 214 S. aureus isolates were examined of which 28 (13.1%) were resistant to methicillin. Of these 25% were 
sensitive to ofloxacin, 85.7% to vancomycin, 10.7% to erythromycin 0% to ampicillin and gentamicin. Four (14.3%) of the Methicillin resistant 
isolates were also resistant to vancomycin and all other antibiotics. There was a significant difference in the sensitivity pattern between inpatient 
isolates and outpatient isolates in this study (p <0.05). This study established the presence of methicillin resistant Staphylococcus aureus (MRSA) as 
well as VRSA in this locality and hence the need to implement measures that will limit the dissemination of these strains in the hospital and the 
community. 

INTRODUCTION  

Staphylococcus aureus is a gram-positive pathogen that causes a 
wide range of infections including life-threatening ones. S. 
aureus causes bloodstream infections, skin and soft tissue 
infections as well as pneumonia [1]. Rates of S. aureus infection 
have increased during the past 2 decades [2]. Bacteremia due 
to S. aureus has been reported to be associated with very high 
mortality rates [3]. Methicillin-resistant Staphylococcus aureus 
(MRSA) has occurred in many countries since its discovery in 
1961 [4].  
The emergence of antibiotic-resistant strains, particularly 
MRSA is recognized as very serious health problem because of 
difficulties in combating these strains [5].  

Infections with antibiotic-resistant organisms generally result 
in higher morbidity and mortality rates than are similar 
infections with antibiotic-susceptible strains [6]. 
In recent years, clinicians have been concerned by the 
increased frequency of MRSA infections [7]. This resurging 
MRSA problem seems to be based on the lack of potent 
therapeutic agents having an unequivocal cell-killing effect, 
and thus capable of eliminating MRSA from the patient's body 
[8]. MRSA strains are often resistant to multiple antibiotics and 
pose serious challenges in both hospitals and the community 
[9]. MRSA infections are associated with significant increases 
in mortality, longer hospital stays and higher inpatient costs 
compared to patients with methicillin susceptible S. aureus  
[10,11]. Initially MRSA was considered a nosocomial problem, 
however community-associated methicillin-resistant S. aureus 
(CMRSA) has become the most frequent cause of skin and soft 
tissue infections [12]. 
 
Since the emergence of MRSA, vancomycin has been the most 
reliable therapeutic agent against infections caused by 
methicillin-resistant Staphylococcus aureus (MRSA). However, 
in  1997, the first clinical isolate of Staphylococcus aureus with  

 
 
reduced susceptibility to vancomycin was reported,  [13] and 
by 2001 Vancomycin resistant S. aureus (VRSA) strains  had 
been isolated in  USA, France, Korea, South Africa, and Brazil 
[8]. A certain group of S aureus, designated hetero-VRSA, 
frequently generate VRSA upon exposure to vancomycin, and 
are associated with infections that are potentially refractory to 
vancomycin therapy [8]. 
The present study sought to determine the prevalence of 
MRSA and VRSA and hence the extent of the problem in 
clinical isolates of S. aureus since there is a paucity of published 
data in this locality.   
 
MATERIALS AND METHODS 
S. aureus isolates were obtained from various clinical samples 
at the Microbiology Laboratory University of Abuja Teaching 
Hospital and National Hospital from April 2010 to June 2011.  
For each specimen of a patient only one positive isolate was 
included in the study. Specimens were categorized as 
inpatients or outpatient using the definition of nosocomial 
infection as a localized or systemic condition that results from 
adverse reaction to the presence of an infectious agent not 
present or incubating at the time of admission to the hospital 
according to the Centers for Disease Control and Prevention 
[14]. S. aureus strains were identified by colony morphology, 
pigmentation and growth on Mannitol salt agar (Merk), Gram 
stain, catalase activity, and slide coagulase tests. Using a 0.5 
McFarland-equivalent suspension of organisms inoculated on 
a Mueller-Hinton agar plate (Oxoid, Basingstoke,). Isolates 
were tested using antibiotic discs obtained from Oxoid, 
Basingstoke. The isolates were tested for methicillin resistance 
using oxacillin discs (1 µg) and for vancomycin resistance 
using vancomycin discs (5 µg) as recommended by Andrews 
[15]. Susceptibility of the isolates to other antibiotics namely; 
gentamicin (10 µg), Ofloxacin (5 µg), erythromycin (5 µg), 
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ampicillin (25 µg) was also determined as recommended by 
Andrews [15].  
 
Statistical Analysis 
Chi-square (χ2) test was performed using The Primer of 
Biostatistics soft ware (McGraw-Hill version 4.0). It was used 
to analyze data from resistance of inpatient and outpatient 
MRSA and MSSA strains to antibiotics to determine if there 
were significant differences. P values < 0.05 were considered 
significant. 
 
RESULTS 
The total number of S. aureus strains examined was 214.  Of 
these 33(15.4%) originated from the wound, 30(14%) from 
urine, 85(39.7%) from the blood, 10(4.7%) from the vagina, 
6(2.8%) from hair scalp, 6(2.8%) from ear infections, 42(19.6%) 
from the skin and 2(0.9%) from cerebrospinal fluid. The total 
number of isolates from inpatients was 114 while 100 were 
from outpatients.  

Out of the total number of 214 isolates tested, 28 were MRSA 
and of these 4 were also VRSA. 20 of the MRSA were from 
inpatients and 8 MRSA were from outpatients. Vancomycin 
resistance was not detected in any of the outpatient isolates. 

The highest number of MRSA was detected in blood isolates 
(11) followed by wound (7), 4 were detected in urine and skin 
isolates whilst 2 were detected in cerebrospinal fluid. 
Generally the number of MRSA detected in inpatients was 
higher than in outpatients.  In terms of proportion of number 
of MRSA detected to the total number of isolates examined for 
each type of specimen, cerebrospinal fluid specimens had the 
highest value with all two isolates being MRSA i.e. 100%. This 
was followed by wound swabs in which 7 out of 33 (21%) were 
MRSA, urine samples with 4 out 30 (13.3%), blood with 11 out 
of 85 (12.9%) and skin swabs 4 out 42(9.5%0) respectively. 
MRSA was not detected from vaginal swab, hair scalp and ear 
infections samples. As earlier stated out of the 28 MRSA 
isolates, 4 were also VRSA. These originated from 
cerebrospinal fluid, wound and blood samples. One out of the 
4 MRSA isolated from wound was also a VRSA, 1 out of 2 from 
cerebrospinal fluid was VRSA while 2 out of 10 of blood were 
MRSA. 
Apart from oxacillin and vancomycin other antibiotics tested 
against the isolates were erythromycin, gentamicin, ampicillin 
and ofloxacin.  
 

 
TABLE 1: DISTRIBUTION OF MRSA, MSSA AND VRSA STRAINS ACCORDING TO THEIR ORIGIN. 
 
Specimen MRSA (VRSA) 

  
 
 

MSSA(VRSA) 
 
 

Total, n (%) 

 inpatient  outpatient Inpatient outpatient  
 Wound 
 

4(1) 3(0) 14(0) 12(0) 33(15.4) 

Urine 2(0) 2(0) 16(0) 10(0) 30(14) 
blood  10(2) 1(0) 50(0) 24(0) 85(39.7) 
Vaginal 0(0) 0(0) 6(0) 4(0) 10(4.7) 
hair scalp  0(0) 0(0) 0(0) 6(0) 6(2.8) 
ear infections 0(0) 0(0) 2(0) 4(0) 6(2.8) 
Skin 2(0) 2(0) 6(0) 32(0) 42(19.6) 
Cerebrospinal fluid 2(1) 0(0) 0(0) 0(0) 2(0.9) 
Values in brackets indicate the number of VRSA in a particular group out of the total. 
 
TABLE 2 ANTIBIOTIC RESISTANCE PATTERNS IN MRSA AND MSSA ISOLATES TO SELECTED ANTIBIOTICS 
 
ANTIBIOTIC MRSA MSSA 

Inpatient 
Isolates 
 

Outpatient 
isolates 

Total 
resistance, 
n (%) 

Inpatient 
isolates 

Outpatient 
Isolates 

Total 
resistance, 
n (%) 

Sensitive Resistant Sensitive Resistant  Sensitive Resistant Sensitive Resistant  
Erythromycin 2 18 1 7 25(89.3) 60 34 79 13 47(25.3) 
Ofloxacin 4 16 3 5 21(75.0) 79 15 71 21 36(19.4) 
Vancomycin 16 4 8 0 4(14.3) 94 0 92 0 0(0) 
Ampicillin 0 20 0 8 28 (100) 0 94 2 90 184(98.9) 
Gentamicin 0 20 0 8 28 (100) 23 71 30 40 111(59.6) 
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Approximately fourteen percent of MRSA isolates were also 
resistant to vancomycin, 75% to ofloxacin, 89.3% to 
erythromycin and 100% to ampicillin and gentamicin 
respectively. Among the MSSA none (0%) was resistant to 
vancomycin, 19.4% was resistant to ofloxacin, 25.3% to 
erythromycin, 59.6% to gentamicin and 98.9% to ampicillin 
respectively.  The difference in resistance of inpatient and 
outpatient MRSA strains to other antibiotics was significantly  
different (p <0.05). Similarly, the difference in resistance of 
inpatient and outpatient MSSA strains to other antibiotics was 
also significantly different (p <0.05). 
In all, three of VRSA were not susceptible to any of the other 
antibiotics used in the study while one was susceptible to 
ofloxacin. 
 
 
DISCUSSION 
MRSA has caused problems in most hospitals worldwide and 
increasing numbers have been reported in a number of 
countries. There have been significant increases in methicillin 
resistance in clinical strains of S. aureus isolates between 1999 
and 2002 in European countries, particularly Belgium, 
Germany, Ireland, the Netherlands and the United Kingdom 
[16]. MRSA prevalence varied widely, from less than 1% in 
northern Europe to greater than 40% in Southern and Western 
Europe [16].   

In this study 13.1% of S. aureus isolates were resistant to 
methicillin. This figure is less than 20.6% and 47.8% reported 
from Southwestern Nigeria [17, 18] and 69% reported in Zaria 
northern Nigeria [19].   The low rate of MRSA in this study 
may be due to low level of abuse of antibiotics in this locality 
by both health practitioners and in the community since 
emergence of resistant strains has been largely due to antibiotic 
abuse. Moreover MSSA strains were largely susceptible to 
other antibiotics and none was resistant to vancomycin. 

Most of the MRSA isolates were also resistant to other 
antibiotics. The presence of mec A gene complex  which 
specifies the production of an abnormal penicillin binding 
protein PBP2a  that has a decreased affinity for binding β-
lactam antibiotics results in resistance to methicillin and also to 
all β-lactams including penicillins and cephalosporins also 
contains insertion sites for plasmids and transposons that 
facilitate acquisition of resistance to other antibiotics. Thus, 
cross-resistance to non-β-lactam antibiotics such as 
erythromycin, clindamycin, gentamicin, co-trimoxazole and 
ciprofloxacin is common [7].  

MRSA was higher in inpatients expectedly because of 
established MRSA risk factors, such as recent hospitalization, 
surgery, residence in a long-term care facility, receipt of 
dialysis, or presence of invasive medical devices [20].  
Detection of MRSA from outpatients warrants more 
investigation because community associated MRSA (CA-
MRSA) has emerged in the community with clinical, 
epidemiologic, and bacteriologic characteristics distinct from 
healthcare-associated MRSA [21,22,23].  CA-MRSA isolates 
also tend to be resistant to fewer antimicrobial classes, possess 
different toxin genes, and carry a different type of the gene 
complex known as staphylococcal cassette chromosome mec 
(SCCmec), which contains the mec A methicillin-resistance gene 
[24, 25]. The resistance of outpatient isolates to different 
antibiotics appeared to be less than those from inpatients but 
this remains to be confirmed by larger studies because of the 
limited data from the present study. The higher susceptibility 
pattern of MSSA to antibiotics seems to confirm the tendency 
of MRSA to acquire resistance genes to other antibiotics.  

Vancomycin resistance was observed in 4 isolates and only one 
of which was susceptible to any other antibiotics. The reported 
prevalence  rate of VRSA in southern parts of Nigeria range 
from 0% to 6% among clinical isolates in agreement with the 
present study [17,18].  A prevalence rate 57.7% has also been 
reported in Zaria northern Nigeria [26] and in another study in 
non clinical isolates  a prevalence rate 89%  was reported [19].  
The difference in rates of vancomycin resistance is probably 
reflects differences in levels of over prescription and abuse in 
different parts of the country   This study as well as others 
might  however have underestimated vancomycin resistance   
because of the inability of routine antimicrobial susceptibility 
test methods to detect heterogeneous vancomycin-
intermediate Staphylococcus aureus (hVISA) and vancomycin-
intermediate Staphylococcus aureus VISA detected in different 
continents [27-30 ]. Vancomycin resistant strains are a source of 
concern because until recently, vancomycin was the only 
uniformly effective treatment for staphylococcal infections 
particularly MRSA. Resistance to vancomycin severely limits 
treatment options as seen in this study.  

Although the incidence of MRSA and VRSA observed in this 
study has not reached epidemic proportions, it is still very 
important to put in measures to contain their spread and 
continue surveillance both in healthcare facilities and in the 
community. The spread of these pathogens in the community 
can result in skin infections and, less commonly, invasive 
infections among otherwise healthy adults and children in the 
community.

REFERENCES 
[1] Lowy, F.D. Staphylococcus aureus infections. N. Engl. J. Med. 
1998; 339:520–532 

[2] National Nosocomial Infections Surveillance (NNIS) System 
report, data summary from January 1990–May 1999, issued 
June 1999. Am. J .Infect. Control. 1999; 27:520–32. 

[3] Julander, I. Unfavourable prognostic factors in 
Staphylococcus aureus septicemia and endocarditis. Scand. J. 
Infect. Dis. 1985; 17:179–87. 

[4] Jevons, M. P. “Celbenin”-resistant staphylococci. BMJ. 1961; 
1: 124-125.  

[5] Rice, L. B. Antimicrobial resistance in gram-positive 
bacteria. Am. J.Med. 119(Suppl. 1):S11–S19; discussion, 2006; 
S62–S70. 

[6] Acar, J. F. Consequences of bacterial resistance to antibiotics 
in medical practice. Clin. Infect. Dis. 1997; 24(Suppl 1):S17–8. 

[7] Chambers, H. F. The changing epidemiology of 
Staphylococcus aureus. Emerg. Infect. Dis. 2001; 7: 178-182.  



13 

 

[8] Hiramatsu, K. Vancomycin-resistant Staphylococcus aureus: a 
new model of antibiotic resistance The Lancet Infectious 
Diseases 2001; 1: 147 – 155 

[9] Schweon, S. J. 2006. MRSA extends its reach. RN 69:33–
34,36; quiz, 37. 

[10] Cosgrove, S. E.  Sakoulas, G., Perencevich, E. N.,  
Schwaber, M. J.,   Karchmer, A. W. Carmeli, Y. Comparison of 
mortality associated with methicillin-resistant and methicillin-
susceptible Staphylococcus aureus bacteremia: A Meta-analysis 
Clin. Infect. Dis. 2003; 36:53–9 

[11] Shurland, S., Zhan, M., Bradham, D.D., Roghmann, M.C. 
Comparison of mortality risk  associated with bacteremia due 
to methicillin-resistant and methicillin-susceptible 
Staphylococcus aureus. Infect. Control. Hosp. Epidemiol.  
2007;28:273-9. 

[12] Moran, G.J., Krishnadasan, A., Gorwitz, R.J., et al. 
Methicillin- resistant S. aureus infections among patients in the 
emergency department. N. Engl. J. Med. 2006; 355:666-674. 

[13] Hiramatsu,  K., Hanaki. H., Ino, T., Yabuta, K., Oguri, T., 
Tenover, F. C. Methicillin-resistant Staphylococcus aureus 
clinical strain with reduced vancomycin susceptibility. J. 
Antimicrob. Chemother. 1997; 40: 135-136. 

[14] Garner, J.S., Jarvis, W.R., Emori, T.G., Horan T.C., Hughes 
J.M. CDC definitions for nosocomial infections, 1988. Am. J. 
Infect. Control 1988;16:128e40. 

 [15] Andrews, J. M. BSAC standardized disc susceptibility 
testing method (version 6), J of Antimicrob Chemother 2007; 1-
22. 

[16] Tiemersma, E. W., Bronzwaer, S. L. , Lyytikäinen O., 
Degener, J.E., Schrijnemakers, P., Bruinsma, N., Monen, J., 
Witte, W., Grundmann, H. Methicillin-resistant Staphylococcus 
aureus in Europe, 1999-2002. Emerg. Infect. Dis. 2004; 10:1627-
1634. 

[17] Terry-Alli, O. A., Ogbolu, D. O., Akorede, E., Onemu, O. 
M., Okanlawon, B. M. Distribution of mec A gene amongst 
Staphylococcus aureus isolates from Southwestern Nigeria  
Afr. J. Biomed. Res. 2011;14: 9 -16 

[18] Olowe, O. A., Eniola, K. I. T., Olowe,  R. A., Olayemi, A. B.  
Antimicrobial Susceptibility and Beta-lactamase detection of 
MRSA in Osogbo. Southwest Nigeria. Nature and Science. 
2007;5:44-48  

[19] Onanuga, A., Oyi, A. R., Onaolapo, J. A. Prevalence and 
susceptibility pattern of methicillin resistant Staphylococcus 
aureus isolates among healthy women in Zaria, Nigeria. 
African Journal of Biotechnology 2005; 4: 1321-1324  

 

 

 

 

 

 

 

 

 

 

 [20] Fridkin, S. K., Hageman, J. C., Morrison M., et al. 
Methicillin-resistant Staphylococcus aureus disease in three 
communities. N. Engl. J. Med. 2005;352:1436-1444. 

[21] Centers for Disease Control and Prevention. Four pediatric 
deaths from community-acquired methicillin-resistant 
Staphylococcus aureus: Minnesota and North Dakota, 1997-1999. 
MMWR Morb. Mortal. Wkly. Rep. 1999; 48:707-710. 

[22] Frank, A. L. , Marcinak, J. F., Mangat, P. D., 
Schreckenberger, P. C. Community-acquired and clindamycin-
susceptible methicillin-resistant Staphylococcus aureus in 
children. Pediatr. Infect. Dis. J. 1999;18:993-1000. 

[23] Herold, B. C., Immergluck, L. C., Maranan M. C., et al. 
Community-acquired methicillin-resistant Staphylococcus 
aureus in children with no identified predisposing risk. JAMA. 
1998; 279:593-598. 

[24] Naimi, T.S., LeDell, K.H., Como-Sabetti, K., et al. 
Comparison of community- and health care-associated 
methicillin-resistant Staphylococcus aureus infection. JAMA. 
2003;290:2976-2984.  

[25] Ma, X. X., Ito, T., Tiensasitorn, C., et al. Novel type of 
staphylococcal cassette chromosome mec identified in 
community-acquired methicillin-resistant Staphylococcus aureus 
strains. Antimicrob Agents Chemother. 2002;46:1147-1152. 

[26] Olayinka, B. O., Olayinka, A. T., Onaolapo, J. A., 
Olurinola, P. F. Pattern of resistance to vancomycin and other 
antimicrobial agents in staphylococcal isolates in a university 
teaching hospital. Afr. Clin. Exper. Microbiol. 2005; 6: 46-52. 

[27] Liu, C., Chambers, H. F.  Staphylococcus aureus with 
heterogeneous resistance to vancomycin: epidemiology, 
clinical significance, and critical assessment of diagnostic 
methods. Antimicrob. Agents Chemother. 2003; 47:3040-3304. 

[28] Robert, J., Bismuth, R. Jarlier V.. Decreased susceptibility 
to glycopeptides in methicillin-resistant Staphylococcus 
aureus: a 20 year study in a large French teaching hospital. J. 
Antimicrob. Chemother. 2006;57:506-510. 

[29] Appelbaum, P. C. Reduced glycopeptide susceptibility in 
methicillin-resistant Staphylococcus aureus (MRSA). Int J 
Antimicrob. Agents 2007; 30:398-408 

[30]Tenover, F. C., Moellering Jr., R. C.  The rationale for 
revising the Clinical and Laboratory Standards Institute 
vancomycin minimal inhibitory concentration interpretive 
criteria for Staphylococcus aureus. Clin. Infect. Dis.2007;44:1208-
1215. 


