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Abstract 
Background: Methicillin-resistant Staphylococcus aureus (MRSA) are pathogens that have major 
negative impact in all aspects of patient care and are increasingly being recognized as trouble-
some pathogens in the community. The MRSA are multi-drug resistant bacteria responsible for 
higher morbidity, mortality and cost of treatment in the affected patients. Research on MRSA an-
timicrobial susceptibility and resistance in developing countries is limited; hence accurate burden 
is not certain. Objective: To determine the prevalence and susceptibility pattern of MRSA in S. au-
reus isolates from patients treated in various units at Moi Teaching and Referral Hospital. Study 
Design: Cross-sectional design was used to conduct the study. Methods and Materials: Staphylo-
coccus aureus stored isolates from patients at various units at Moi Teaching and Referral Hospital 
(MTRH) were identified by laboratory conventional methods. Methicillin resistant Staphylococcus 
aureus was determined using cefoxitin and oxacillin, discs and confirmed by Penicillin Binding 
Protein (PBP2a’) latex agglutination test. Susceptibility testing was performed according to the 
Clinical Laboratory Standards Institute procedures. Control strains used were: ATCC 43300 for 
Methicillin resistant S. aureus (MRSA) strains and ATCC 29213 for methicillin susceptible S. aureus 
(MSSA) strains. Nine anti-microbials (Erythromycin, Gentamycin, Tetracycline, Vancomycin, Ri-
fampin, Linezolid, Ciprofloxacin, Clindamycin and Fucidicacid) were used to test the anti-microbial 
susceptibility patterns. Control organisms were run along with the isolates for quality Assurance. 
The data was analyzed using STATA version 11. Categorical variables were summarized as fre-
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quencies and the corresponding percentages. Results were presented using tables and graphs. 
Results: A total of 107 isolates of S. aureus were obtained, of which 39 (37%) were MRSA. Most of 
the MRSA, 13 (33%) and 7 (17%), were found in pus and tracheal aspirate samples respectively. 
Majority of the MRSA isolates were from surgical wards and intensive care unit. The MRSA isolates 
were highly resistant to erythromycin (92%; 36/39) and tetracycline (92% 36/39) and mod-
erately susceptible to linezolid (77% 30/39), Vancomycin (75% 29/39) and fucidic acid (67% 
26/39). A total of 28 (74.4%) MRSA isolates were Clindamycin inducible resistant. Conclusions 
and Recommendations: This study showed that MRSA is a significant pathogen at MTRH. The 
MRSA were most detected in pus specimens and least in peritoneal aspirates. Routine Screening of 
S. aureus isolates for MRSA strains at MTRH is therefore imperative. Infection control measures 
should be put in place to reduce prevalence and prevent the spread of MRSA at MTRH. 
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1. Introduction 
Methicillin-resistant Staphylococcus aureus (MRSA) are pathogens that have major negative impact in all as-
pects of patient care and are increasingly being recognized as troublesome pathogens in the community [1]. The 
MRSA are multi-drug resistant bacteria responsible for higher morbidity, mortality and cost of treatment in the 
affected patients [2] [3]. Research on MRSA antimicrobial susceptibility and resistance in developing countries 
is limited hence accurate burden is not certain [4] [5]. 

Staphylococcus aureus has the ability to acquire resistance to antimicrobials. Benzyl-Penicillin lost its effica-
cy to treat Staphylococcus aureus (S. aureus) within 10 years of its introduction because of acquisition of plas-
mid-encoded ß-lactamse [6]. This was followed by pandemics of S. aureus throughout the late 1950s and early 
1960s [7]. 

Methicillin-resistant S.aureus (MRSA) was first reported in 1961 few years after methicillin was introduced to 
treat S. aureus infections that were penicillin-resistant [8]. The MRSA harbour additional antimicrobial resis-
tance determinants, which are difficult to treat and are currently the most common cause of nosocomial infec-
tions worldwide [9]. The MRSA is considered to have emerged from S. aureus through acquisition of staphylo-
coccal cassette chromosome mec (SCCmec) that carries the mecA gene for methicillin resistance [10]-[12]. 
Methicillin resistant Staphylococcus aureus is now endemic in most hospitals and healthcare facilities in indu-
strialized countries. Most of MRSA are multi-drug resistant and have been associated with significant mobility 
as a single infectious agent [13]-[15]. 

Despite its widespread occurrence worldwide, little information on MRSA prevalence is known in this region. 
This study hence sought to determine the prevalence at MTRH, a high volume National Referral health facility 
serving western Kenya, with a population of about 18 million.  

2. Materials and Methods 
Cross-sectional design was used to conduct the study. The study mainly targeted all S. aureus preserved isolates 
from specimens (Pus, Tracheal Aspirate, urine, Blood, Ascitic Fluid, Cerebral Spinal Fluid, Peritoneal Fluid and 
Synovial Fluid) of patients attended to in nine (9) different units New born unit (NBU), Burns unit, Surgical 
wards, Medical wards, pediatric wards, Intensive Care Unit (ICU), Renal unit, Private wards and Out patient 
(OPD) at Moi Teaching and Referral Hospital from March 2010-December 2011. 

The isolates were preserved in cryovials containing two (2) milliliters of Tryptone Soya Broth (Oxoid Ltd, 
England) with 10% glycerol and stored at −20˚C in storage boxes. Each cryovial in had a unique number for 
identification and for confidentiality purposes. Each cryovial had a specified location in the storage cryobox and 
the same was reflected in the manifest forms for easy retrieval during processing. Laboratory numbers were used 
to identify isolates  

The sensitivity culture media (BD Mueller-Hinton-11 Agar) were prepared in-house following manufacturer’s 
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instructions and were subjected to internal quality control (QC) using known methicillin-resistant Staphylococ-
cus aureus strains (ATCC 43300) and methicillin susceptible Staphylococcus aureus strains (ATCC 25923). The 
goal of quality control program was to monitor the precision and accuracy of the procedures and reagents. 

The 0.5 McFarland Standards were used as a reference to adjust the turbidity of bacterial suspension in saline 
so that the number of bacteria was within a given range of approximately 108 CFU/ml bacterial counts The 0.5 
McFarland standards were verified by using a spectrophotometer (Vitex colorimeter, Biomerleux, inc, USA), 
with a 1-cm light path, and the absorbance at 625 nm. 

The 120 preserved isolates were retrieved and thawed. A suspension of the isolates was made and standar-
dized to 0.5 McFarland standard turbidity. Using 1 µl loop, a suspension was picked and was inoculated and 
streaked onto the first 100 mm Mueller-Hinton agar plate and incubated at 35˚C for 24 hours. A second suspen-
sion of 0.5 McFarland turbidity was made from the 24 hours growth and inoculated directly onto the second 
Mueller-Hinton 100 mm plates [16]. The plates were incubated at 35˚C for 18 - 24 hours. Identification was 
done according to the laboratory conventional methods. 

Methicillin resistance was determined using cefoxitin (30 µg) and Oxacillin (1 µg) (BD) discs by disc diffu-
sion Method. Zone of inhibition of ≤21 mm was considered resistant and zone of inhibition ≥ 22 mm was con-
sidered susceptible for both oxacillin and cefoxitin [17]. The MRSA screening was confirmed using PBP2a’ la-
tex agglutination test (Oxoid) which was used as a gold standard test for MRSA detection. The results were 
shown by agglutination reaction where presence of agglutination was positive for PBP2a and absence of agglu-
tination was negative. PBP2a positive results were considered MRSA positive and negative results were consi-
dered MRSA negative. 

Anti-microbial susceptibility testing was performed using Kirby Bauer disc diffusion Method [17]. Anti-mi- 
crobial discs (BD BBL) used were, tetracycline (30 µg), gentamycin (10 µg), erythromycin (15 µg), rifampin (5 
µg), ciprofloxacin (5 µg), linezolid (30 µg), fusidicacid (10 µg), clindanycin (2 µg), Vancomycin (30 µg). The 
susceptibility discs were spaced 25 mm away from each other and the plated agar were incubated at 35˚C for 24 
hours. The ATCC control organisms were run along with the tested isolates to confirm the reliability of methi-
cillin-resistance and susceptibility testing. For Methicillin resistant S. aureus (MRSA) strains, ATCC 43300 con-
trols and methicillin susceptible S. aureus (MSSA) ATCC 29213 control strains were used.  

The D-test for determining inducible resistance of clindamycin by erythromycin was performed separately 
from ordinary antimicrobial susceptibility testing, in which erythromycin and clindamycin disks were placed 15 
- 26 mm apart. A truncated or flattening of the zone of inhibition adjacent to the erythromycin disc (referred to 
as D-zone) indicated inducible clindamycin resistance [17]. A clindamycin zone of inhibition diameter of 14 
mm recognized constitutive resistance.  

2.1. Data Analysis 
The data was analyzed using STATA version 11. Categorical variables were summarized as frequencies and the 
corresponding percentages. Results were presented using tables and graphs. 

2.2. Study Limitations 
Vancomycin susceptibility testing needed to be done using E-test or performing minimum inhibitory testing 
(mic) which were not available at MTRH. Molecular testing methods (PCR) to confirm mecA genes in MRSA 
and to determine epidemiologic bacterial strains were unavailable at MTRH however, PBP2a’ latex agglutina-
tion test was used to determine the presence of mecA gene. 

2.3. Ethical Consideration 
The actual study commenced after approval by Institutional Research and Ethics committee (IREC). Approval 
Number: 000763.  

3. Results 
Of 120 preserved isolate, only 107 isolates were confirmed as Staphylococcus aureus and all were included in 
the study. The thirteen (13) isolates of 120, four (4) were coagulase negative and nine (9) did not rejuvenate. 
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3.1. Screening and Confirmatory Tests for MRSA Detection 
The screening tests used were, oxacillin (1 µg) and cefoxitin (30 µg) discs. PBP2a latex Agglutination test was 
used as a gold standard and a confirmatory test for MRSA detection. The data obtained in Table 1 below; shows 
that, a total of 39/107 (36.5%) of the isolates were found to be MRSA. The oxacillin (1 µg) and cefoxitin (30 µg) 
screening tests each had sensitivity of 92.31%, while the specificity of oxacillin (1 µg) and cefoxitin (30 µg) 
were 97.06% and 100% respectively. 

3.2. Frequency Distribution of Respective Wards Where MRSA Isolates Were Obtained 
Table 2 below shows the respective wards where the specimens were collected. The table shows that, pus sam-
ples were collected from all the wards with surgical 19 (35%) and the burns units 13 (24%) bearing the highest 
number of S. aureus strains, followed by the medical wards 8 (15%). The newborn unit (NBU) had S. aureus in 
blood specimens 7 (41%) and pediatric ward 6 (35%) respectively. The medical ward had the greatest number of 
S. aureus in urine specimens 8 (67%), ICU had the highest number of S. aureus in tracheal aspirates, 7 (88%) 
and CSF in medical and NBU each had the least number of S. aureus bacteria 3 (43%). 
 
Table 1. Below shows the results of MRSA among 107 rejuvenated stored isolates. 

Test 
 PBP2a’ 

 Positive Negative Total 

Oxacillin (1 µg) 

Resistant 36 2 38 

Sensitive 3 66 69 

Total 39 68 107 

Cefoxitin (30 µg) 

Resistant 36 0 36 

Sensitive 3 68 71 

Total 39 68 107 

 
Table 2. Frequency distribution of respective wards where MRSA isolates were obtained. 

n(%) 
Specimen 

n(%) Ascitic Blood *CSF Peritoneal Pus Tracheal Synovial Urine Total number  
of wards 

Wards 

Burns unit     1 (7.7)  1 (50)  2 (5.3) 

ICU     2 (15.4) 6 (85.7)   8 (20.5) 

Medicine 3 (100) 3 (75) 1 (33.3) 1 (50) 3 (23.08) 1 (14.3) 0 3 (60) 15 (38.5) 

NBU  1 (25) 1 (33.3)  1 (7.7)    3 (7.7) 

OPD          

Peads   1 (33.3)      1 (2.6) 

Private       1 (50)  1 (2.6) 

Renal unit    1 (50)    1 (20) 2 (5.1) 

Surgical     6 (46.2)   1 (20) 7 (17.9) 

Total number  
of specimens 3 (100) 4 (100) 3 (100) 2 (100) 13 (100) 7 (100) 2 (100) 5 (100) 39 (100) 

*CSF: Cerebral Spinal Fluid, ICU: Intensive Care Unit, NBU: New born Unit, OPD: Out Patient Department, Peads: Pediatrics. 
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3.3. Proportion of MRSA among the 39 Confirmed MRSA Isolates per Specimen Type 
There were a total of 39 (36.5%) MRSA found in preserved S. aureus isolates whose specimen of origin were 
shown in Figure 1 below. There was a high burden of MRSA in pus specimen 13/39 (33%), followed by tra-
cheal aspirates 7/39 (33%), urine specimen had 5/39 (13%), synovial fluid and peritoneal had the same propor-
tion 2/39 (5%) of MRSA respectively. 

3.4. Anti-Microbial Susceptibility 
The 39/107 (35.5%) of MRSA isolates analyzed were tested against nine (9) commonly used anti-microbial to 
determine susceptibility or resistance patterns of MRSA. Of the nine anti-microbial, clindamycin was tested 
separately because of its unique inducible resistance. Figure 2 show high anti-microbial resistance to both eryt-
hromycin, tetracycline 36/39 (92%) followed by rifampin 35/39 (90%) and gentamycin 30 (77%). Resistance 
was also seen in ciprofloxacin 28 (72%), reduced resistance was seen in Fucidic acid 13 (33%), Vancomycin 10 
(26%) and linozolid 9 (23%). This study has shown that linezolid, vancomycin and fusidic acid were the most 
effective drugs for MRSA treatment, because they had low anti-microbial resistance 9/39 (23%), 10/39 (25.6%) 
and 13/39 (33.3%), respectively. The results demonstrated moderate anti-microbial susceptibility was demon-
strated for ciprofloxacin (8%) and Gentamycin (23%). 

3.5. Inducible Clindamycin Resistance 
Inducible Clindamycin resistance was done separately. The study showed that 74% isolates had clidamycin in-
ducible resistance 13% of the isolates had constitutive resistance and 13% were clindamycin susceptible. 

4. Discussions 
The data presented in the study showed that, MRSA is prevalent at Moi Teaching and Referral Hospital. Thirty 
six percent (36%) of 107 isolates were MRSA. This figure is higher than those reported in the region for in-
stance; Nairobi (27.7%) in Kenya and Mulango (31%) in Uganda [4] [18]. This figure is however way below the 
Japanese prevalence of 72% but much higher than the prevalence levels of North Europe where low figures of  
1% have been recorded in Norway, Sweden and Holland [19]. 
 

 
Figure 1. Proportion of MRSA in different specimen type. 
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Figure 2. Resistance of MRSA to different anti-biograms. 

 
The study has also shown that the MRSA is multi-drug resistant, a trend which has been demonstrated by 

other studies around the world [20]-[22]. There was significant resistance to anti-microbials that have been the 
bedrock of therapy in this country including gentamycin, tetracycline, ciprofloxacin, and erythromycin. Genta-
mycin showing moderate resistance of 66% could still be considered for use in the treatment of certain strains, at 
high dose. Erythmycin and tetracycline should however not be considered at all due to high resistance at 92%. 
There was significant clindamycin resistance as well as shown by the positive D-test at 74%. This inducible re-
sistance has also been shown by other studies [23]-[25]. 

Multi-drug resistant MRSA is difficult to treat and has been identified as one of the most serious threats to 
health in this century [26]. For developing countries like Kenya, this spells disaster to efforts to secure health. 
The efficacious anti-microbials shown in this study like linezolid with sensitivity of 72%, vancomycin at 70% 
and fucidic acid at 67%, push the standard of treatment beyond affordable means of the majority. 

The areas of hospital that need close monitoring include, surgical wards, burns unit, renal unit and intensive 
care unit where higher yields of MRSA were isolated. Considering that there are limited anti-microbial options 
in MTRH, wide spread occurrence of MRSA will lead to high mortality, morbidity, and increased cost of treat-
ment and length of hospital stay. These are real challenges for a resource-constrained region. Continuous drug 
resistance surveillance, prudent use of anti-microbials and above all infection control measures are needed to 
stem the tide of MRSA spread. 

5. Conclusion 
The study showed that MRSA is present at MTRH, most of which was from pus, tracheal aspirates and urine. 
The units with high burden of MRSA were Medical wards, surgical wards and ICU. Multidrug-resistance was 
evident and only limited number of anti-microbials can effectively treat MRSA in MTRH. Inducible clindamy-
cin resistance was also shown to be significantly high. 
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