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Antimicrobial resistance profile of  Staphylococcus  aureus  isolated from clinical specimens 

and nasal swabs of patients at Tikur Anbessa specialized Hospital. 

Sileshi Tadesse 

Addis Ababa University, 2014 

Abstract 

Staphylococcus aureus is a gram-positive bacteria causing several community acquired and 

nosocomial infections. Development of antimicrobial resistance has limited treatment options 

against infections due to this pathogen. A cross-sectional study was conducted from December, 

2013 to June, 2014 to determine the antimicrobial resistance profile of Staphylococcus aureus 

isolates from clinical specimen and nasal swabs of patients at Tikur Anbessa Specialized 

Hospital, Addis Ababa, Ethiopia. A total of 188 Swabs from post-surgery wound infection, ear 

infection and corresponding nasal swabs were collected using convenient sampling method. 

Samples were cultured for S. aureus according to standard procedures. Isolates were tested for 

susceptibility to panels of 18 antimicrobial agents using disc diffusion assay.  Susceptibility to 

methicillin was phenotypically determined based on sensitivity of isolates to cefoxitin and 

oxacillin. A total of 79 S. aureus isolates were recovered from 54(57.4%) patients out of the 94 

involved in the study. Fourty isolates were from wound swabs and 39 from nasal swab.  The 

isolates were resistant to Ampicillin (100%), Oxacillin and Cefoxitin (68.4%, each), 

Clindamycin (63.3%), Cephalothin (59.5%), Tetracycline (57%), Cotrimoxazole and Bacitracin 

(53.2%, each), and Erythromycin (51.9%). Majority of the isolates (n=67, 94.9%) exhibited 

multi drug resistance and one isolate was resistant to all the tested drugs.  Sixty-eight percent of 

the isolates were methicillin resistant (MRSA) and 44.3% were resistant for vancomycin. In 

conclusion, S. aureus isolates from patients in Tikur Anbessa specialized hospital exhibited 

resistance to antibiotics most commonly used for the treatment of staphylococcal infections. This 

calls for urgent need of prudent use of antimicrobial agents and prescription of antimicrobial 

agents should be based on drug susceptibility test and selection of antibiotic for surgical 

prophylaxis needs careful consideration.  

KEY WORDS:  Staphylococcus aureus, post-surgical infection, otitis media, drug sensitivity, 

Tikur Anbessa Specialized Hospital. 
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1. Introduction 

1.1 Overview of antibacterial,  Staphylococcus  aureus  and Drug resistance 

An antibacterial is a substance that kills or inhibits the growth of bacteria. On the basis of mode 

of action, antibacterials are broadly classified into two broad categories as bacteriocidal that kill 

bacteria without leaving any option for their survival and bacteriostatic that cease all the 

metabolic activities of bacteria that are important for their survival so they are called as growth 

inhibitors of bacteria (Agarwal et al.,2012). 

Antibacterial agents are also classified based on chemical structure and proposed mechanism of action, as 

follows: (1) agents that inhibit synthesis of bacterial cell walls, including the b-lactam class (e.g., 

penicillins, cephalosporins, and carbapenems) and dissimilar agents such as cycloserine, vancomycin, and 

bacitracin; (2) agents that act directly on the cell membrane of the microorganism, increasing 

permeability and leading to leakage of intracellular compounds, including detergents such as polymyxin; 

polyene antifungal agents (e.g., nystatin and amphotericin B) which bind to cell-wall sterols; and the 

lipopeptide daptomycin; (3) agents that disrupt function of 30S or 50S ribosomal subunits to reversibly 

inhibit protein synthesis, which generally are bacteriostatic (e.g., chloramphenicol, the tetracyclines, 

erythromycin, clindamycin, streptogramins, and linezolid); (4) agents that bind to the 30S ribosomal 

subunit and alter protein synthesis, which generally are bactericidal (e.g., the aminoglycosides); (5) agents 

that affect bacterial nucleic acid metabolism, such as the rifamycins (e.g., rifampin and rifabutin), which 

inhibit RNA polymerase, and the quinolones, which inhibit topoisomerases; and (6) the antimetabolites, 

including trimethoprim and the sulfonamides, which block essential enzymes of folate metabolism 

(Carpenter and Chambers, 2004). 

 

 

mk:@MSITStore:D:/master%20courses/Pharmaco-therapeutics/Pharmacology/GOODMAN%20&%20GILMAN'S%20THE%20PHARMACOLOGICAL%20BASIS%20OF%20THERAPEUTICS.chm::/online.statref.com/document/documentbodycontent.aspxdocid411fxid75sessionid5ac56d~1.htm#a66222
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1.2 Antibacterial drug resistance 

The human race was devastated by infectious diseases until the discovery of antibiotics in the 

middle of the twentieth century. However, soon after the discovery of penicillin in 1940, a 

number of treatment failures and occurrence of some bacteria such as staphylococci which were 

no longer sensitive to penicillin started being noticed. This marked the beginning of the era of 

antimicrobial resistance. Scientific antibiotic discovery started in the early 1900s by Alexander 

Fleming, who observed inhibition of growth on his agar plate on which he was growing 

Staphylococcus spp. It was later found that a microorganism that was later to be called 

Penicillium notatum was the cause of the inhibition of the Staphylococcus around it as a result of 

excreting some chemical into the media (Anıbal et al., 2010). 

During the last six decades, the ability to manage infectious diseases has greatly improved 

because of the availability of various antimicrobial agents. But this ability is being severely 

threatened by the rapidly growing problem of antimicrobial resistance (AMR). Microbial 

infection involving microorganisms poses a very serious public health problem all over the world 

especially in resource poor African countries (Maikai et al., 2009). 

Antibiotics in modern therapeutic system have tremendous effect in controlling the infectious 

diseases. However, the advent of escape mechanism (drug resistance) adapted by most of the 

pathogens certainly needs a suitable replacement of the presently available antibiotics (Ashfaque 

et al., 2011). The incidence of microbial infections has increased dramatically in the past 20 

years because of the increase in the number of people whose immune systems are compromised 

by acquired immunodeficiency syndrome (AIDS), aging, organ transplantation, and cancer 
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therapy. Accordingly, increases in the rates of morbidity and mortality because of microbial 

infections have been regarded as a major problem (Tatli and Akdemir, 2005). 

Drug resistance costs lives, and the consequences can be most profound for children, who are 

especially susceptible to infectious diseases. In wealthier countries, hospitals are reeling from an 

explosion of methicillin-resistant S. aureus (MRSA). From 1974 to 2004, MRSA prevalence 

increased from roughly 2 percent to more than 50 percent of Staphylococcus infections in many 

U.S. hospitals, resulting in tens of thousands of deaths (Rachel  et al., 2010). 

Drug-resistant pathogens are a growing menace to all people, regardless of age, gender, or 

socioeconomic background. They endanger people in affluent, industrial societies like the United 

States, as well as in less-developed nations. Examples of clinically important microbes that are 

rapidly developing resistance to available antimicrobials include bacteria that cause bloodstream 

infections (e.g. S. aureus). Antimicrobial resistance (AMR) is not a new phenomenon; however, 

the current magnitude of the problem and the speed at which new resistance phenotypes are 

spreading makes it one of the most serious current public health problems globally. To 

compound this problem, there is a scarcity of new antimicrobial agents that can be used in the 

treatment of patients with infections caused by multidrug-resistant organisms. The public health 

burden of MRSA is staggering with over 90,000 invasive MRSA infections per year estimated in 

the U.S. population (Onwubiko and Nasiru, 2011). 

AMR is recognized as one of the greatest threats to human health worldwide. Drug resistant 

infections take a staggering toll in the United States (US) and across the globe. Just one organism 

MRSA kills more Americans every year (19,000) than emphysema, HIV/AIDS, Parkinson‘s 

disease, and homicide combined. Almost 2 million Americans per year develop hospital-
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acquired infections (HAIs), resulting in 99,000 deaths, the vast majority of which are due to 

antibacterial (antibiotic)-resistant pathogens (Brad et al., 2011). 

The burden of antimicrobial resistance refers to the impact of events that would not have 

occurred if resistance had not been present. These outcome measures may include excess 

mortality, morbidity (e.g., length of hospital stay and complications) and attributable costs (e.g., 

costs to the hospital, patient and society (Mulvey and Andrew, 2009). In most developing 

countries like Ethiopia, it is a common practice that antibiotics can be purchased without 

prescription. This leads to misuse of antibiotics by the public thus contributing to the emergence 

and spread of antimicrobial resistance  

(Aseffa  et al., 1997 ; Kotisso and Aseffa ,1998; Okeke et al.,1999). However, studies assessing 

the etiological agents of surgical site infections in Ethiopia are very scarce. Thus, it is necessary 

to identify bacterial agents and determine their antibiotic susceptibility pattern from wounds for 

empirical treatment in reference to the inadequate culture and sensitively service in Ethiopia 

(Aseffa et al., 1997). 

1.2.1 Mechanism of antibacterial resistance 

Antimicrobial resistance is the ability of a microorganism to survive and multiply in the presence 

of an antimicrobial agent that would normally inhibit or kill this particular kind of organism. 

There are a number of ways by which microorganisms are resistant to antimicrobial agents. 

These include: 1) the bacteria produce enzymes that either destroy the antimicrobial agent before 

it reaches its target or modify the drug so that it no longer is recognized by the target; 2) the cell 

wall becomes impermeable to the antimicrobial agent; 3) the target site is altered by mutation so 

that it no longer binds the antimicrobial agent; 4) the bacteria possess an efflux pump that expels 
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the antimicrobial agent from the cell before it can reach its target; and 5) specific metabolic 

pathways in the bacteria are genetically altered so that the antimicrobial agent cannot exert an 

effect (Stephen, 2005). 

1.2.2 Biology of antibiotic resistance 

There are two types of Biology of antibiotic resistance. These are biochemical aspects which 

includes antibiotic inactivation (hydrolysis, group transfer, and redox process), target 

modification (alteration of peptidoglycan structure, change in protein structure, and change in 

DNA synthesis), efflux pump, outer  membrane permeability changes, target bypass and the 

second is genetic aspects which includes mutation, spontanous mutation, hyper-mutation, 

adaptive mutagenesis), horizontal gene transfer (plasmids, integrons and transposons)( Senka  et 

al.,2008). 

1.2.3 Intrinsic Versus Acquired Resistance 

Bacteria demonstrate two kinds of resistance to antibiotics, namely intrinsic resistance and 

acquired resistance. Intrinsic resistance means that the species was resistant to an antibiotic even 

before it was exposed to that specific antimicrobial agent. Acquired resistance means that the 

species was originally susceptible to an antibiotic, but later became resistant. Bacteria can 

acquire antibiotic resistance either by mutation or through mechanisms such as conjugation, 

transformation, transduction and transposition (Foley and Tilley, 1997). Chromosomal resistance 

develops as a result of spontaneous mutation in a locus that controls susceptibility to a given 

antimicrobial agent. Spontaneous mutation occurs at a relatively low frequency but once 

mutation occurred, the mutant strains survives while all the wild strains will be affected , when 

the bacteria are exposed to the antibiotic (Stephen, 2005). 
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Conjugation involves cell-to-cell contact during which chromosomal or extrachromosomal DNA 

is transferred from one bacterium to another. It is the main mechanism for the spread of 

resistance (Rang et al., 2005). Transformation is the uptake and incorporation into the host 

genome by homologous recombination of free DNA released into the environment by other 

bacterial cells (Goodman and Gilman's, 2006). Transduction is a process by which plasmid DNA 

is enclosed in a bacterial virus (or phage) and transferred to another bacterium of the same 

species. It is a relatively ineffective means of transfer of genetic material, but there is evidence 

that it is clinically important in the transmission of resistance genes between strains of 

staphylococci and between strains of streptococci (Rang  et al.,2005). 

Transposition: Resistance mechanism by which specialized genetic sequences known as 

transposons or ―mobile‖ sequences moves from one area of the bacterial chromosome to another 

or between the chromosome and plasmid or bacteriophage DNA. Since transposon DNA can 

carry genes for antimicrobial resistance they have contributed to the development of plasmids 

encoding genes for multiple antibiotic resistances. Some transposons are capable of moving from 

one bacterium to another without becoming incorporated into a chromosome, a plasmid or a 

bacteriophage (Hawkey, 1998). 

1.3 Overview of Staphylococcus aureus  

Staphylococci are non-motile, non-spore forming, gram positive cocci which measure around 0.7 

to 1.2 μm in diameter. They are associated with skin, skin glands and mucous membranes of 

almost all the warm blooded animals. They prefer aerobic environment but can also grow in the 

absence of oxygen; range of temperature for growth is 6-44°C (optimum 37°C) and the range of 

pH is 4.2-9.3 (optimum 7). Colonies of S.aureus are sharply defined, round, convex and measure 
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around 4 mm in diameter. They are capable of both aerobic and anaerobic respiration and most 

strains ferment mannitol anaerobically (Rajesh and Rattan, 2008).  

To date, there are 32 species and eight sub-species in the genus Staphylococcus, many of which 

preferentially colonize the human body, however, S.aureus and S.epidermidis are the two most 

characterized and studied strains (Kloosl and Bannerman, 1994). 

1.3.1 Transmission of Staphylococcus aureus 

S. aureus may occur commonly in the environment. S. aureus is transmitted through air droplets 

or aerosol. When an infected person coughs or sneezes, he or she releases numerous small 

droplets of saliva that remain suspended in air. These contain the bacteria and can infect others. 

Another common method of transmission is through direct contact with objects that are 

contaminated by the bacteria or by bites from infected persons or animals. Approximately 30% 

of healthy humans carry S. aureus in their nose, back of the throat and on their skin (Mandal, 

2012). 

1.3.2 Pathogenesis of  Staphylococcus  aureus 

S.aureus is a ubiquitous microorganism that is able to colonise the anterior nares and other skin 

districts   of healthy individuals. It has been estimated that, 50% of adults are either persistent or 

intermittent S. aureus carriers (Wertheim et al., 2005). This microorganism can become a 

versatile pathogen causing a broad spectrum of infections thanks to a large arsenal of virulence 

factors. S. aureus infections range from common skin infections, such as furunculosis and 

impetigo, to severe deep-seated infections. S. aureus ranks first or second among bacterial 

pathogens causing bloodstream infections according to different studies (Wisplinghoff et al., 

2004). 
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The pathogenic process of S. aureus infection begins with colonization of host skin or mucosal 

surfaces and involves bacterial attachment to host cells often via components of the extracellular 

matrix. To persist, the organism produces molecules that decrease the effectiveness of 

complement mediated and antibody-mediated opsonophagocytosis and block effectors of host 

immune cell killing, such as reactive oxygen species and antimicrobial peptides. Ultimately, the 

organism expresses specific factors that damage host cells and degrade components of the 

extracellular matrix, contributing to persistence and facilitating spread within normally sterile 

sites of the host (Bradley and Nizet, 2011). 

1.3.3 Clinical syndromes of Staphylococcus aureus 

S. aureus is the leading cause of skin and soft tissue infections such as abscesses (boils), 

furuncles, and cellulitis. Although most staph infections are not serious, S. aureus can cause 

serious infections such as bloodstream infections, pneumonia, or bone and joint infections. 

Symptoms of these infections include: difficulty breathing, malaise, fever, or chills.  Most 

infections caused by S. aureus are skin and soft tissue infections such as abscesses or cellulitis.  

Abscess: Pocket of infection that forms at the site of injury and usually filled with pus.  Area 

surrounding the abscess is usually red, painful and swollen and the skin surrounding the abscess 

can feel warm to the touch.  Cellulitis: An infection of the underlying layers of the skin.  

Cellulitis can occur anywhere in the body, but most often occurs on the legs or arms.  Symptoms 

include redness, swelling, and pain at the site of infection. S. aureus can also cause serious 

infections such as pneumonia (infection of the lungs) or bacteremia (bloodstream infection) 

(Infectious Disease Epidemiology, Prevention and Control, 2010). 
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1.3.4 Methicillin Resistant Staphylococcus aureus (MRSA) 

When penicillin was first discovered, S. aureus was exquisitely susceptible to it and S. aureus 

infections were effectively cured with the ‗‗wonder drug‘‘ penicillin. However, in the course of a 

few years, S. aureus became capable of destroying penicillin by the production of a specific 

enzyme called penicillinase, encoded by a plasmid that spread quickly among different S. aureus 

strains (Lyon and Skurray, 1987). 

Strains of S.aureus have developed resistance to many commonly used antibiotics due to 

indiscriminate use of antibiotics. Staphylococcal resistance to penicillin is mediated by 

penicillinase (a form of β-lactamase) production:  an enzyme which breaks down the β-lactam 

ring of the penicillin molecule. First report of a penicillin-resistant strain of S. aureus was 

published in 1945, revealing its association with penicillinase enzyme produced by the bacteria. 

The MRSA is a specific strain of the S. aureus bacterium that has developed antibiotic resistance 

to all penicillin‘s, including methicillin and other narrow-spectrum β-lactamase-resistant 

penicillin antibiotics (Islam et al., 2008). 

There are two distinct types of MRSA: The hospital‑acquired MRSA (HA‑MRSA) and 

community‑acquired MRSA (CA‑MRSA). CA‑MRSA originated with individuals in the 

community who had no risk factors from exposure to hospital environment and had distinctly 

different antibiotic sensitivities than the HA‑MRSA which infected hospitalized patients with 

specific risks of infections. Currently, CA‑MRSA has infiltrated the hospitals and is replacing 

HA‑MRSA mainly in countries where the prevalence of CA‑MRSA is high (Shambat et al., 

2012). 
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MRSA was first reported in 1961, soon after methicillin was introduced into human medicine to 

treat penicillin-resistant staphylococci. This group of organisms has since emerged as a serious 

concern in human medicine. Although these organisms cause the same types of infections as 

other S. aureus, hospital associated strains have become resistant to most common antibiotics, 

and treatment can be challenging (The center for food security and public health, 2011; Jevons, 

1961). 

Methicillin resistant S.aureus (MRSA) is defined by the presence of a large mobile genetic 

element called staphylococcal cassette chromosome (SCCmec). It carries the mecA gene that 

codes for an alternative penicillin binding protein, PBP2a, with low binding affinity to all β-

lactams (Konrad et al.,2009).  

Methicillin, like all penicillins, exerts its action by blocking the proteins called penicillin binding 

protein (PBPs), which are responsible for the construction and maintenance of the bacterial cell 

wall. S. aureus resistant strains acquired a new protein, called PBP2a, which is not blocked by 

methicillin and could replace the other PBPs, thus allowing the survival of S. aureus in the 

presence of methicillin. As opposed to the penicillinase gene, mecA does not reside on a plasmid 

but on the chromosome, embedded in a large mobile genetic element called Staphylococcal 

Chromosome Cassette mec or SCCmec (Katayama et al., 2000).  

PBP2a and native PBP2 work in concert to allow cell wall synthesis despite the presence of beta-

lactam antibiotics, thus effectively conferring resistance to penicillins, cephalosporins, and 

carbapenems. This element integrates into the S. aureus genome at a site-specific location 

adjacent to a gene called orfX. SCCmec elements contain a mec complex and a ccr complex. The 

former consists of the mecA structural gene and its variably present regulatory elements mecI 
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and mecR1. The ccr complex contains ccr genes that mediate insertion and excision of SCCmec 

from the bacterial genome. Genetic polymorphism in the ccr and mec complexes allows the 

classification of SCCmec elements into five allotypes, which are designated SCCmec types I 

through V ( Pantosti and Venditti , 2009; Kanokporn and Robert, 2005; Appelbaum, 2007). 

The smaller subtypes (I, IV, and V) encode only recombinase genes and the structural and 

regulatory genes for resistance to methicillin; they do not carry transposable elements and genes 

encoding resistance to non B-lactam antibiotics (Deresinski, 2005). 

1.3.5 Other resistance type of staphylococcus aureus  

Increase in vancomycin use has led to the emergence of two types of glycopeptide-resistant 

S.aureus. The exact mechanism of resistance in both cases is not fully understood. The first one, 

designated vancomycin intermediate-resistant S.aureus (VISA), is believed to be  associated with 

a thickened and poorly cross-linked cell wall, resulting in accumulation of acyl-D-alanyl-D-

alanine (X-D-Ala-D-Ala) targets in the periphery that sequester glycopeptides, thus unable to 

reach its target on surface of bacterial cytoplasmic membrane. The second type, vancomycin-

resistant S.aureus (VRSA), is due to acquisition from Enterococcus species of the vanA gene 

which is carried by transposon Tn1546 and codes for an altered target such that the binding of 

vancomycin to the target is significantly reduced and thus cannot carry out its normal function 

leading to high-level resistance (Bruno and Patrice, 2009). 

Aminoglycoside modifying enzymes (AMEs) are major factors responsible for resistance to 

aminoglycoside in staphylococci. Until now, three classes of AMEs have been identified: 

acetyltransferase (AAC), aminoglycoside phosphotransferase (APH), and aminoglycoside 

nucleotidyltransferase (ANT).  
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The most important mechanism of aminoglycoside resistance in staphylococci is drug 

inactivation by AMEs like aminoglycoside nucleotidyltransferases (APHs). AMEs can be 

plasmid or chromosome encoded. In staphylococcal strains, the most commonly found AME is 

aac(6‘)/aph(2‘‘). The bifunctional enzyme aac(6‘)/aph(2‘‘) is encoded by the  aac(6‘)/aph(2‘‘)  

gene. In addition, APH(3‘)-III is encoded by aph(3‘)- IIIa gene and the ANT(4‘)-I by ant(4‘)-Ia 

gene, are also found in staphylococcal isolates (Nizami, 2012). 

1.3.6 Detection of MRSA 

Cefoxitin is a potent inducer of the mecA regulatory system. It is being recommended for 

detection of methicillin resistance in S. aureus (MRSA) when using disk diffusion testing. 

According to different studies reported, out of the 50 isolates, 28 were found to be methicillin 

resistant by oxacillin disc diffusion test, 30 were resistant by oxacillin screen agar method, and 

32 were resistant with cefoxitin disc diffusion. For these 32 isolates were mecA gene positive. 

The sensitivity and specificity were 100% in the 50 strains tested in the study whereas the results 

of oxacillin screen agar were not so accurate. Results of cefoxitin disc diffusion test is in 

concordance with the PCR for mecA gene,  and thus the cefoxitin disk diffusion method
 
is very 

suitable for detection of MRSA and the test can be an alternative to PCR for detection of MRSA 

(Anand  et al.2009; Jain, 2008; Broekema  et al., 2009; Fernandes  et al., 2005). 

Disc diffusion testing using cefoxitin disc is far superior to most of the currently recommended 

phenotypic methods like oxacillin disc diffusion and oxacillin screen agar testing and is now an 

accepted method for the detection of MRSA by many reference groups including CLSI (Skov et 

al., 2003). 
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1.3.7 Staphylococcus   aureus    and its public health importance  

Information on the prevalence of resistance to specific drugs in both bacterial and animal species 

together with changes occurring over time is necessary to understand the magnitude of the 

problem and to establish baselines for taking action (Lateef et al., 2005).  

The resistance to antimicrobial agents is an increasingly global problem worldwide, especially 

among nosocomial pathogens. Staphylococci have become one of the most common causes of 

nosocomial infections.  Multidrug-resistant staphylococci pose a growing problem for human 

health because of drug-resistant virulent strains of S. aureus, particularly methicillin-resistant S. 

aureus (MRSA) (Nizami et al., 2012). 

Resistance spreads within communities as people exchange resistant bacteria through everyday 

interactions. For instance, erythromycin is an important antibiotic for the treatment of 

pneumonia, meningitis and other illnesses. Through years of intensive use, resistance to 

erythromycin is now 28.3% in the United States, 33.3% in Mexico, 71.5% in Japan, and 72.4% 

in Hong Kong. The US spends $4-7 billion per year to treat resistant infections (Daniel et al., 

2013). 

Study done in USA showed that surveillance data for methicillin-resistant S.aureus (MRSA) and 

multidrug resistance (MDR) among MRSA were analyzed by patient location and age. MRSA 

rates were 55.7% among inpatients (53.9% MDR) and 48.7% among outpatients (30.7% MDR), 

with MDR rates increasing with age (Diagnostic Microbiology and Infectious Disease, 2008). 

Study done in Saudi Arabia showed that Multidrug resistant S. aureus (MRSA) accounted for 

45%; while 47% were multi-resistant MRSA, and 47% were non-multi-resistant MRSA 

(Mohamed et al.,2011). 
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A study conducted in Uganda showed that majority of them (87.5%) were sensitive to 

gentamicin, 24 were sensitive to methicillin and 68.7% were sensitive to ciprofloxacin. Only 

(3%) was sensitive to ampicillin. Among the S.aureus isolates 8 (25%) were Methicillin- 

Resistant S. aureus (MRSA) (Anguzu and Olila, 2007). Another study conducted in the same 

country, in lacor hospital, revealed that  S. aureus resistance level for both inpatients and 

outpatient isolates respectively as Ampicillin (81.5%, 60.4%) ,Chloramphenicol(36.8%,28.6%), 

Ciprofloxacin (2.6%,0%), Erythromycin(10.5%,3.6%),  Gentamycin( 0%, 0%), Methicillin 

(2.6%,0%), Tetracycline (53%,32.1%) and Co-trimoxazole (44.7%,53.6%) (Kitara et al.,2011).  

In other studies, 71% S. aureus isolates from Kenya have demonstrated multiple drug resistance 

(Andrew, 2012). Study done in Gonder university, Gonder, Ethiopia revealed that 

staphylococcus bacteria showed low level of resistance (<60%) to all antimicrobials tested 

(AMP=Ampcillin; AMC=Amoxicillin-clavulanic acid; CRO=Ceftriaxone; CIP=Ciprofloxacin; 

C=Chloramphenicol   CN= Gentamicin; E=Erythromycin; P= Penicillin and SXT= 

Trimethoprim- sulphamethoxazole except for tetracycline (Gizachew  et al., 2012). 

Study conducted in Jimma Town, Southwest Ethiopia, showed that majority of the S. aurous 

isolates were sensitive to Vancomycin (97%) followed by Gentamycin (95.3%), Trimethoprim-

sulfamethoxazole (94.7%), Amikacin (79.3%), Tetracycline (79.3%), Cefoxitin (76.9%), 

Erythromycin (72.2%), and Kanamycin (65.1%). However, no isolate was sensitive to Penicillin. 

Accordingly, the highest resistance was observed for Penicillin (100%) followed by Ampicillin 

(76.3%) and Chloramphenicole (65.7%). The least resistance was observed for Vancomycin with 

only 3% resistance recorded. About quarter (23.1%) of the S.aureus isolates were resistant to 

Cefoxitin, which represent MRSA (Tekalign and Ketema, 2013). 
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Another study conducted in Jimma University specialized hospital indicated that 94.5% of 

S.aureus was resistant to penicillin, 91.8% to ampicillin and 76.7% to oxacillin. About 16.4% of 

S.aureus became vancomycin resistant (Godebo et al., 2013). 

Another study conducted in Dessie showed that from 34 S.aureus isolates, 15 were Oxacillin/ 

methicillin resistant with positivity rate of 44.1%. Among MRSA carriers, the highest rate was 

observed in the age group 20 to 29 years (5.9%) compared with other age groups (p > 0.05). 

Moreover, the carrier rate was higher in health care workers (7.6%) with < 5 years‘ service or 

practice experience (p > 0.05) (Shibabaw et al., 2013). 

1.4 Operational definition of terms 

Surgical site infection:-a type of health care associated infection in which wound infection 

occurred at the site of surgery. The diagnosis of surgical site infection was based on the 

observation of pus, serious or non-purulent discharge from surgical site, signs of inflammation 

(edema, redness, heat, fever, indurations and tenderness) (Mark et al., 2008). Multidrug 

resistance S. aureus was reported as a single isolate resistant (intermediate or complete) to three 

or more unique antimicrobial classes or which is non-susceptible to greater or equal to one  agent 

in greater or equal to three antimicrobial categories (Magiorakos et al., 2012; Andrew et al., 

2011) 
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2. Objectives 

2.1 General objective 

 To determine the antimicrobial resistance profile of Staphylococcus aureus isolates from 

inpatients and outpatients attending different health services at Tikur Anbessa Specialized 

hospital. 

2.2 Specific objectives 

 To assess the sensitivity of S. aureus to the commonly used antimicrobials.  

 To estimate the prevalence of methicillin resistance  S. aureus. 

 To assess the multidrug resistance features of  S. aureus isolates. 

3. Materials and methods 

3.1 Study setting and study period 

The study was conducted at Tikur Anbessa Specialized Teaching hospital from December, 2013 

to June, 2014. The departments included for the study were general surgical ward (inpatient), 

orthopedic ward (inpatient), Ear, Nose and Throat (ENT) ward (outpatient) and the other 

departments were not functioning because of maintenance. The hospital was selected because of 

the diverse services it provides for wide range of health problems for patients from different 

parts of the country.  

3.2 Study population and Study design 

All patients who visit the selected study hospital were used as source population and study 

population involved were patients who had developed post-surgical infection from general 

surgery and orthopedic surgery wards and patients who come to ENT outpatient department with 
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acute and chronic otitis media, lymph node with clinically approved discharge during the study 

period. The study design was a hospital based cross sectional study. 

3.3 Sampling technique and Sample size   

The sampling technique was convenient that means 35 patients who had developed post-

operative surgical site infection and 59 patients who came to Ear, Nose and Throat outpatient 

department with clinically approved ear discharge were included in the study.  

3.4 Inclusion and exclusion criteria 

Patients who give their consent and who had clinical evidences of post-operative infection 

having surgical wound with pus discharge, serous or seropurulent discharge, signs of sepsis 

(warmth, erythema, induration and pain) and with physician diagnosis suspected of surgical site 

infection and ear and lymph node discharge were included in the study. Patients who didn‘t want 

to participate and who were diagnosed free from post-surgery and ear discharge were excluded 

from the study. 

3.5 Variables of the Study    

3.5.1 Independent variables: As the independent variable age and sex of patients were 

included. 

3.5.2 Dependent variables: bacterial isolates, drug susceptibility pattern (susceptible, 

resistance, intermediate). 
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3.6 Materials  

The materials and reagents used were bacteriological media (Mueller Hinton agar, Mueller 

Hinton broth, tryptone soya agar,  tryptone soya broth and mannitol salt agar, Oxoid type), rabbit 

plasma, 3% H2O2, distilled water, safety hood, electronic balance, boiler, microscopic slide, 

McFarland Standard (0.5), Bunsen burner, Micro pipettor (10µl-1000µl) adjustable, petridish 

(100mm and 150mm), inoculating loop, Broth culture of test organism (s), guaze, test tube rack, 

ice box, ice bag, Sterile cotton swabs, set of test tubes, disposable glove, wooden spatula, 

alcohol, bleaching agent, marker permanent, label marker, cylinder gas, Sterile physiological 

saline, syringe 5cc and 10cc, measuring cylinder, conical flask of different size, scissor, 

autoclave, heat oven, incubator,  antibiotic disc applicator,  and appropriate antibiotic discs with 

known concentration (Charles and Kayanja ,2010) and  reference strain (S. aureus ,ATCC25923) 

was used to assure testing performance of the potency of antibiotic which was obtained from 

Ethiopian public health institute, microbiology laboratory unit. 

3.7 Collection procedures 

3.7.1 Broth preparation 

Tryptone soya broth was used as a general purpose media. It was prepared according to the 

manufacturer‘s guideline. Briefly it was mixed until it completely dissolved on a hot plate and 

5ml was dispensed into each test tube and autoclaved at 120 
0
C for 15 minutes. The test tubes 

were taken to the hospital by ice box containing ice bag.  

3.7.2 Sample collection 

Specimen for the isolation of the organism was post-surgery wound swab, ear swab, and nasal 

swab. The nurses were trained on how to record various patient information (age, sex, and 
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previous antimicrobial use) and how to collect the specimens from the patients. First the wound 

was cleansed with sterile saline to irrigate any purulent debris. The cotton swab was dipped into 

sterile normal saline for moistening and then rotated for three times on the wound surface and ear 

and placed in the general transport media (tryptone soya broth).  

One nasal swab sample from both anterior nares was collected from each participant. Collection 

of nasal swab samples was by inserting the swab into the nares and gently rotating it three times. 

The tryptone soya broth containing the sample was placed in the ice box and samples were 

collected and transported to the microbiology research laboratory unit within two hours 

according to the standard operating procedure of Aklilu Lemma institute of pathobiology, Addis 

Ababa University, and immediately the samples were incubated at 37 
0
C for overnight culture.  

3.8 Bacterial isolation and identification 

3.8.1 Colony characteristics and morphology  

Preliminary identification of bacterial isolates was done using colony morphology and 

characteristics. After overnight growth each wound and nasal swab sample was streaked (in 

duplicates) into mannitol salt. Then the plates were incubated aerobically at 37 
0
C for 24 hours 

and a control strain S. aureus ATCC 25923 was also streaked separately for confirmation. Those 

isolates which fermented mannitol salt agar with yellow color appearance were selected, then 

transferred into tryptone soya broth and incubated at 37
0 

C for 24 hour. Again the samples were 

streaked into general purpose media, tryptone soya agar to get pure colony of the isolate. The 

characteristic isolates obtained were further identified using standard microbiological methods 

which included Gram‘s staining reaction and biochemical tests (Tadesse and Alem, 2006). 
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3.8.2 Gram staining  

Gently specimen was passed through a flame until all moisture was evaporated. The slide was 

flooded with ready-made crystal violet and allowed to stand for 30 seconds.  It was rinsed with 

water.  Then slide was flooded with Gram‘s iodine and allowed to stand for 30-60 seconds, and 

rinsed with water. The slide was decolorized with ethanol and rinsed with water as soon as the 

purple color disappears. Finally the slide was flooded with safranin for 30-60 seconds and rinsed 

gently with water. At the completion of the Gram Stain, the bacteria which stained blue/purple 

color when observed under the high-power magnification of the microscope were considered as 

gram positive (McClelland, 2001).  

3.8.3 Biochemical tests. 

 3.8.3.1 Catalase test (slide test) 

Catalase production by Staphylococci was done by picking the center of the 24 hour pure fresh 

culture colony with the help of sterile inoculating needle and mixed in a drop of 3% hydrogen 

peroxide deposited on a clean microscopic glass slide. The procedure was done by pouring 2-3 

drops of the hydrogen peroxide solution onto a slide. Using a sterile inoculating loop a good 

growth of the test organism was removed and mixed in the hydrogen peroxide solution. The 

appearance of immediate bubbles (gas liberation) indicated as positive for the enzyme catalase 

while catalase negative bacteria give no reaction (Tadesse and Alem, 2006).  

3.8.3.2 Slide Coagulase test 

 A drop of physiological saline was placed on each end of a slide.  A colony of the 24 hour pure 

culture of the test organism was emulsified in each of the drops to make two thick suspensions.   
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A drop of rabbit plasma was added to one of the suspensions, and mixed gently. Finally when the 

bacteria is coagulase positive clumping of the organisms was looked within 10 seconds (Tadesse 

and Alem, 2006; Vandepitte et al. 2003).  

Once the biochemical tests completed the pure isolates were stored under refrigerator at 2
0 

C
 -8

0 

C using general purpose media (tryptone soya agar) in a test tube slant.  

3.9 Antimicrobial sensitivity testing  

3.9.1 Antimicrobial susceptibility screening 

Susceptibility to a panel of 18 antimicrobial agents were determined using disc diffusion method 

according to the method described by Bauer-Kirby, 1966 a procedure commonly used in clinical 

labs to determine antimicrobial susceptibility based on Clinical and Laboratory Standards 

Institute (Clinical and laboratory institute, 2013). The following  antimicrobials (Sensi-Discs, 

Becton, Dickinson and Company, sparks, MD) and disc potencies (ug) were used: oxacillin (OX) 

(1), cefoxitin (FOX) (30), cephalothin (CF) (30), bacitracin (10IU), clindamycin (DA) (2), 

vancomycin (30), ampicillin (AMP) (10µg), amoxicillin-clavulanic acid (AMC) (30), ceftriaxone 

(CRO) (30), chloramphenicol (C) (30µg), ciprofloxacin (CIP) (5), erythromycin (E) (15), 

gentamicin (GM) (10), amikacin (AN) (30), sulphamethoxazole-trimethoprim (SXT) (25), 

doxycycline (DO) (30), Tetracycline (TTC) (30), and nitrofurantoin (300). The interpretation of 

the categories of susceptible, intermidiate and resistant was based on the CLSI guidelines (CLSI, 

2013). 
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3.9.2 Standardization of inoculum using direct colony suspension 

Standardization of the inoculum was carried out according to the procedure described by Lalitha, 

M.K., 2004. The top of 2-3 colonies from the slant was touched with a sterile inoculating loop, 

and the growth was transferred into a tube containing 5 ml of tryptone soya broth and incubated 

at 37
0
C for 24 hour and then streaked onto tryptone soya agar; incubated at 37

0 
C for 24 hour. 

Prior to preparing the inoculum, the agar plates containing the test organism and control strain 

were visually examined. If culture appears mixed, a fresh sub-culture was prepared.  At least 

three to five well-isolated colonies of the same morphological type were selected from an agar 

plate culture and transferred into Muller Hinton broth and incubated at 37
0
C for 24 hour.  The 

turbidity of the suspension were adjusted with sterile saline or broth to obtain turbidity optically 

comparable to that of the 0.5 McFarland standard which  results in a suspension containing 

approximately 1 to 2 x 10
8
 CFU/ml of the bacteria. To perform this step properly it was done 

visually with adequate light to compare the inoculum tube and the 0.5 McFarland standards 

against a card with a white background and contrasting black lines (Stephen, 2005 and EUCAST 

Disk Diffusion Method for Antimicrobial Susceptibility Testing, 2012).  

3.9.3 Inoculation of the preparation and application of discs to 

inoculated agar plates  

Within 15 minutes of preparing the adjusted inoculum, a sterile cotton swab was dipped into the 

inoculum and rotated several times and pressed firmly on the inside wall of the tube above the 

fluid level to remove excess inoculum from the swab. Then the swab was streaked over the entire 

surface of the freshly prepared Mueller Hinton agar plate and was rotated approximately 60
0
. 
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Inoculation was completed by running the swab around the rim of the agar plate (Karlsmose, 

2010). 

The antimicrobial disks were applied to the plates within 15 minutes after inoculation. Sterile 

antibiotic discs were equidistantly placed on these plates and gently pressed onto the medium 

with the help of sterile forceps to ensure complete contact with the agar surface. The plates were 

then incubated at 37°C for 24hrs. A zone of inhibition was measured in millimeters using a ruler 

around each antimicrobial discs and were recorded and results were interpreted as sensitive, 

resistant, or intermediate based on resistance data interpreted according to Clinical and 

Laboratory Standards Institute .Nine disks were placed on a 150-mm plate.  This prevents 

overlapping of the zones of inhibition and possible error in measurement (CLSI, 2013; Franklin 

et al., 2012). 

A) Susceptible:-A category that implies that isolates are inhibited by the usually achievable 

concentrations of antimicrobial agent when the dosage recommended to treat the site of infection 

is used.   

B) Intermediate:-A category that includes isolates with antimicrobial agent minimal 

inhibitory concentrations that approach usually attainable blood and tissue levels and for which 

response rates may be lower than for susceptible isolates. 

C) Resistant:- A category that implies that isolates are not inhibited by the usually achievable 

concentrations of the agent with normal dosage schedules and/or that demonstrate zone 

diameters that fall in the range in which specific microbial resistance mechanisms are likely, and 

clinical efficacy of the agent against the isolate has not been reliably shown in treatment studies 

(Franklin et al., 2012 ; Thomas et al.,2002).  
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3.10 Data Analysis   

Data was edited, cleaned, entered and analyzed using statistical package for social science 

(SPSS) version 16.  Descriptive analysis such as frequencies and mean were used. The chi-

square test was employed to compare the association of patient source and MRSA carriage, sex 

and S. aureus infection, age and  S. aureus, source and concomitant infection.  P-value of < 0.05 

was considered to indicate statistically significant differences and the result was presented using 

tables. 

3.11 Quality Control   

The reliability of the study findings were guaranteed by implementing QC measures throughout 

the whole process of the laboratory work. Staining reagents, culture Medias and antibiotic discs 

were checked for their normal shelf life before use. All culture plates were stored at 

recommended refrigeration temperature (2-8 
0
C) after prepared and sterilized by autoclaving at 

121 
0
C for 15 minutes. Antibiotic discs were also stored at the same temperature range before 

use. The standard reference strain  S. aureus  ATCC 25923 was tested as a positive control on the 

biochemical tests and agar plates including Mueller Hinton with antibiotic discs.  

Proper Sample collection and handling were done by experienced nurses who were working at 

each ward unit and ENT department. In general all laboratory procedures were conducted based 

on recommended standard laboratory procedures by strictly following Pre-analytical, analytical 

and post-analytical stages of quality assurance that are incorporated in standard operating 

procedures of the microbiology research laboratory unit of Aklilu Lemma institute of 

pathobiology, Addis Ababa University.  
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International Control bacteria strain:   S. aureus (ATCC 25923) was used in controlling or 

confirming the tests. To standardize the inoculum density of bacterial suspension for the 

susceptibility test, a barium sulfate (BaSO4) turbidity standard, equivalent to a 0.5 McFarland 

standard was used (Matthew et al.,2006). 

4. Ethical Considerations   

The MSc research project was approved by the Institutional review board (IRB) of the College of 

Health Sciences of Addis Ababa University. Official Letter from the department was written to 

different departments of Tikur Anbessa specialized teaching hospital (general surgical ward, ear, 

nose and throat, orthopedic ward and, other concerning bodies). Informed consent of the study 

participants or from their guardians was obtained to take part in the study voluntarily after 

adequate explanation about the purpose, importance and potential discomforts of the study.  The 

procedure of specimen collection was also explained for all participants and all information from 

participants was kept confidential. 
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5. Results 

A total of 188 samples were collected from 94 patients (two samples from each patient i.e. both 

wound or ear and nasal swab) from different departments of the hospital including ENT ward, 

orthopedic ward and general surgical ward. The overall prevalence of S. aureus was 57.4% 

(54/94) and the prevalence of S.aureus from surgical wound swab and ear swab was 42.5% and 

from nasal swab was 41.5%. The prevalence of S.aureus in males and females were 51.8% 

(28/54) and 65% (26/40) respectively. The highest prevalence of S.aureus isolate was found in 

the age group 11-20 (73.1%, 19/26) and MRSA was found in the age group  > 41(85.7%). It is 

found that MRSA infection in the isolates from females (73.1%, 19/26) is comparable to males 

(71.4%, 20/28) and 81.8% (9/11) of patients with MRSA infections were between 21-30 years 

old, followed by 77.8% (7/9) less than  11 years old, 63.2% (12/19)  and 62.5% (5/8) was 

between 31-40 years old (Table-1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

27 
 

Table -1 Socio-demographic characteristics of post-surgery wound infection, ear infection and 

nasal carriage of patents Tikur Anbessa specialized teaching hospital, Addis Ababa, Ethiopia 

between December 2013 and June 2014.  

 

Characteristics  Number (%) 

 of tested 

Number(%) of  

culture positive 

Number(%) 

of culture 

negative 

Number of 

MRSA (%) 

P=value 

sex      

  male 54(57.4) 28(51.8) 26(48.2) 20(71.4) 0.105 

  female 40(42.6) 26(65) 14(35.0) 19(73.1)  

Total  94(100.0) 54(57.4) 40(42.6) 39(72.2)  

Age in years      

<11 18(19.1) 9(50) 9(50) 7(77.8)  

11-20 26(27.7) 19(73.1) 7(26.9) 12(63.2)  

21-30 20(21.3) 11(55) 9(45) 9(81.8)  

31-40 15(15.9) 8(53.3) 7(46.7) 5(62.5) 0.473 

> 41 15(15.9) 7(46.7) 8(53.3) 6(85.7)  

Total  94(100.0) 54(57.4) 40(42.6) 39(72.2)  

*MRSA= Methicillin resistant staphylococcus aureus  

In the determination of the susceptibility of S. aureus on eighteen selected antibiotics by disk 

diffusion technique, all the isolates were resistant to ampicillin 79(100.0%) followed by 

Oxacillin and Cefoxitin 53(68.4%, each), Clindamycin 50(63.3%), Cephalothin 47(59.5%),  

Tetracycline 45(57%), Cotrimoxazole and Bacitracin 42(53.2%), erythromycin 41(51.9%), 

Vancomycin 35(44.3%), amoxicillin-clavulinic acid 34(43%), ceftriaxone 32(40.5%), 

ciprofloxacin 28(35.4%), amikacin 26(32.9%), gentamicin 25(31.6%), doxycycline 18(22.8%), 
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chloramphenicol and nitrofurantoin 17(21.5%). MRSA was revealed in 54 (68.4%) isolates, and 

the remaining 25 (31.6%) isolates were identified methicillin sensitive (MSSA) (Table-2). 

Table-2 Antibacterial susceptibility profiles of Staphylococcus aureus isolates between 

December 2013 and June 2014 (n=79). 

S/No Antibacterial agent(ug) S I R 

  

No (%) 

 

No (%) 

 

No (%) 

     

1 Oxacillin(1) 23(29.1) 2(2.5) 54(68.4) 

2 Amoxiccilin-clavulinic 

acid(30) 

45(57) -- 34(43) 

3 Bacitaracin(10) 25(31.6) 12(15.2) 42(53.2) 

4 Clindamycin(2) 19(24.1) 10(12.70 50(63.3) 

5 Erythromycin(15) 5(6.3) 33(41.8) 41(51.9) 

6 Vancomycin(30) 42(53.2) 2(2.5) 35(44.3) 

7 Cephalothin(30) 29(36.7) 3(3.8) 47(59.5) 

8 Cefoxitin(30) 25(31.6) --- 54(68.4) 

9 Nitrofurantoin(300) 52(65.8) 10(12.7) 17(21.5) 

10 Cotrimoxazole(25) 34(43) 3(3.8) 42(53.2) 

11 Gentamicin(10) 46(58.2) 8(10.1) 25(31.6) 

12 Chloramphenicol(30) 53(67.1) 9(11.4) 17(21.5) 

13 Tetracycline(30) 26(32.9) 8(10.1) 45(57) 

14 Ampicillin(10) 0(0) 0(0) 79(100) 

15 Ciprofloxacin(5) 36(45.6)                  15(19)    28(35.4) 

16 Amikacin(30) 42(53.2) 11(13.9) 26(32.9) 

17 Ceftriaxone(30) 38(48.1) 9(11.4) 32(40.5) 

18 Doxycycline(30) 51(64.6) 10(12.7) 18(22.8) 

*S= Susceptible   I=Intermediate   R= Resistant       
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The highest number of S.aureus isolates was recovered from ear, nose and throat ward (ear and 

nasal swabs) 36 (61%) followed by general surgical ward 8(57.1%) and the least were from 

orthopedic ward 10(47.6%). The greater proportion of patients with concomitant staphylococcal 

wound infection and nasal carriage was from ENT ward 21(35.6%) followed by orthopedic ward 

5(23.8%). This difference in percentage infection of both wound and nasal was not statistically 

significant (P=0.097) and there were no concomitant infection in general surgical ward. The rate 

of methicillin resistance among all S. aureus isolates was 54(68.4%). The highest rate of MRSA 

carriers 15(100%) was in orthopedic ward, both from wound and nasal swab and all wound and 

nasal swab isolates from general surgical ward were also 8(100%) MRSA and the least were 

from ENT ward (54.4%) both from ear and nasal swab. This difference in MRSA carriage 

between surgical ward and ENT ward was statistically significant (P=0.0004) (Table-3). 
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Table -3 Distribution of Staphylococcus aureus (SA) and MRSA isolates in relationship with 

hospital‘s wards/departments between December 2013 and June 2014.  

Ward                                 

 

 

 

 

Number(%) 

of tested 

 Number  

 (%) of 

culture 

positive 

No(%) of 

patients 

positive 

only for 

wound or 

ear 

discharge 

No (%) 

of 

patients 

positive 

only for 

nasal 

swab 

Number  

(%) Of 

patients  

With 

concomitant 

staphylococcal 

wound or ear 

infection and 

nasal carriage 

 Total 

Number 

(%) of 

MRSA 

From 

each 

ward  

General 

surgical 

ward  

14(14.9)  8(57.1) 4(28.6) 4(28.6) 0(0)  8(100) 

  

Orthopedic 

ward 

21(22.3)  10(47.6) 3(14.3) 2(9.5) 5(23.8)  15(100) 

   

ENT ward 59(62.7)  36(61.0) 6(10.2) 9(15.3) 21(35.6)  31(54.4) 

   

Total 94(100.0)  54(57.4) 13(13.8) 15(15.9) 26(27.6)  54(68.4) 
 

 

The antimicrobial susceptibility pattern of MRSA isolates against agents of different classes 

from clinical specimens and carrier screening samples were found to be highly variable. Almost 

all the 54 MRSA strains (68.4%) screened from both clinical specimens and nasal swabs were 

100% resistant to Ampicillin, 77.8% to Cephalothin, 75.9% to both clindamycin and 

Ceftriaxone, 68.5% to Bacitracin, 64.8% to both Erythromycin and Tetracycline, 61.1% to 

Amoxicillin-Clavulinic acid, 48.1% to Vancomycin and 50% to Ciprofloxacin.  

However, only 29.6% MRSA strains were resistant to Nitrofurantoin, Chloramphenicol, 

doxycycline and Gentamicin. In general, all MRSA strains proved multidrug resistance.  
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Higher percentage of intermediate resistance was noted against antibacterial such as 

erythromycin, bacitracin, Amikacin, and ciprofloxacin (Table-4). 

Table -4 Antibiotic resistance pattern of the MRSA isolates between December 2013 and June 

2014. 

Type of antibiotic                Number tested=54 

 S (%) I (%) R (%) 

Amoxicillin-clavulinic acid                                                     21(38.8)                             0(0) 33(61.1) 

Bacitracin                                                           8(14.8)                             9(16.7)                     37(68.5) 

Clindamycin                                                                                      5(9.3) 8(14.8)                     41(75.9) 

Erythromycin                                                                                    0(0)    19(35.2)                   35(64.8) 

Vancomycin                                                                                                      26(48.1) 2(3.7) 26(48.1) 

Cephalothin                                                      6(11.1)                               2(3.7)                       42(77.8) 

Nitrofurantoin                                                32(59.3)                                6(11.1)                     16(29.6) 

Cotrimoxazole                                                                      17(31.5)                                2(3.7) 35(64.8) 

Gentamicin                                                     22(40.7)                                7(12.9)                     16(29.6) 

Chloramphenicol                                           31(57.4)                                7(12.9)                     16(29.6) 

Tetracycline                                                    13(24.1)                                6(11.1)                      35(64.8) 

Ampicillin                                                         0(0)                                       0(0)                           54(100) 

Ciprofloxacin                                                                              17(31.5) 10(18.5)                   27(50) 

Amikacin                                                                        20(37)                                    9(16.7) 25(46.3) 

Ceftriaxone                                                    16(29.6)                                  7(12.9)                   41(75.9) 

Doxycycline                                                    33(61.1)                                  5(9.3)                      16(29.6) 

 

* S= susceptible , I= intermediate   R= resistant  

Multi-drug resistance in this study was taken as resistance to three or more of the twelve 

antimicrobial drugs tested. Multidrug-resistant (MDR) status of S.aureus isolates was tested 

against 18 classes of antimicrobials. Accordingly, the overall rate of MDR was 84.8 % (67/79) 

and one isolate was found to be resistant to all the tested antimicrobials. The multiple antibiotic 
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resistance index (>0.2) out of the total isolates was 77.2% (61/79) which suggest that the origin 

of the isolates were from a high risk source contamination where antibiotics are often used 

(Table-5).  

Table -5 Multidrug resistance profiles of Staphylococcus aureus isolates to the tested antibiotics 

(n=18) between December 2013 and June 2014. 

parameter Frequency of  

resistant isolates 

MAR 

index 

 Total 

No 

Percentage 

(%) 

 

Resistant to 3  (VA,AM,TE) 6 7.8 0.17 

Resistant to 4  (TE,DA,AM,DO) 3 3.8 0.22 

Resistant to 5  (DA,E,SXT,TE,AM) 4 5.1 0.28 

Resistant to 6  (B,DA,FOX,SXT,TE,AM) 3 3.8 0.33 

Resistant to 7  (OX,B,DA,CF,FOX,AM,CRO) 4 5.1 0.39 

Resistant to 8   (OX,B,DA,VA,CF,FOX,FM,AM) 3 3.8 0.44 

Resistant to 9   (DA,E,CF,FOX,C,TE,AM,CIP,CRO) 5 6.3 0.50 

Resistant to 10  (OX,AMC,B,DA,VA,CF,FOX,GM,AM,CRO) 4 5.1 0.55 

Resistant to 11  (O,AMC,B,DA,E,VA,CF,FOX,FM,AM,CIP) 7 8.9 0.61 

Resistant to 12  (OX,AMC,E,VA,CF,FOX,FM,SXT,TE,AM,CIP,AN) 12 13.9 0.67 

Resistant to 13  (OX,AMC,B,DA,E,VA,CF,FM,SXT,TE,AM,CIP,DO) 4 5.1 0.72 

Resistant to 14  (OX,AMC,B,DA,VA,CF,FOX,SXT,GM,C,TE,AM,CIP,CRO) 4 5.1 0.77 

Resistant to 15  (OX,AM,B,DA,E,VA,CF,FOX,SXT,GM,TE,AM,CIP,AN,CRO) 2 2.5 0.83 

Resistant to 16  (OX,AMC,B,DA,E,VA,CF,FOX,FM,SXT,C,TE,AM,AN,CRO,DO) 3 3.8 0.88 

Resistant to 17  (OX,AMC,B,DA,E,VA,CF,FOX,SXT,GM,C,TE,AM,CIP,AN,CRO-DO) 2 2.5 0.94 

Resistant to 18   (OX,AMC,B,DA,E,VA,CF,FOX,FM,SXT,GM,C,TE,AM,CIP,AN,CRO,DO) 1 1.3 1.00 

*MAR index= multiple antibiotic resistance index= No. of antibiotics to which the 

isolate is resistant/No. of antibiotics to which the isolate is subjected 

   

The resistance profile of isolates from orthopedic ward 12(80%), surgical ward 6(75%), and 

ENT ward 22(39.3%) were resistant to oxacillin, amoxicillin-clavulinic acid, bacitracin, 
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clindamycin, erythromycin, vancomycin, cephalothin, cefoxitin, sulfamethoxazole-trimethoprim, 

ampicillin, ciprofloxacin and ceftriaxone followed by orthopedic ward 3(20%), surgical ward 

2(25%) and ENT ward 5(8.9%) which were resistant to oxacillin, bacitracin, clindamycin, 

erythromycin, vancomycin, cephalothin, cefoxitin, sulfamethoxazole-trimethoprim, gentamycin, 

ampicillin, ceftriaxone and doxycycline. The least was observed with 4(5%) isolates which were 

resistant to only ampicillin (Table-6). 

Table-6 Resistance profiles of Staphylococcus aureus isolates from patients from different wards 

of Tikur Anbessa specialized teaching Hospital between December 2013 and June 2014. 

Type of antibiotic Source Total number  

Of resistant 

isolates (%) 

OX,AMC,B,DA,E,VA,CF,FOX,SXT,AM,CIP and CRO Orthopedic ward 

Surgical ward 

ENT ward 

12(80) 

 

6(75) 

22(39.3) 

 

OX,B,DA,E,VA,CF,FOX,SXT,GM,TE,AM,CRO and DO Orthopedic ward 

Surgical ward 

ENT ward 

3(20) 

 

2(25) 

5(8.9) 

VA,SXT,TE and AM ENT ward  5(8.9) 

E,VA and AM ENT ward 2(3.5) 

AM only ENT ward only 4(7.1) 

Others (different in resistance profile)  ENT ward 11(19.6) 

N.B OX=oxacillin, AMC=amoxicillin-clavulinic acid, B=bacitracin, DA=clindamycin, E=erythromycin, 

VA=vancomycin, CF=cephalothin, FOX=cefoxitin, SXT=sulfamethoxazile-trimethoprim, 

GM=gentamicin, TE=tetracycline, AM=ampicillin, CIP=ciprofloxacin, CRO=ceftriaxone, 

DO=doxycycline  
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6. Discussion 

S. aureus is known as an important bacterial pathogen that can cause community and hospital-

acquired infections with high morbidity and mortality rate in spite of the use of antibiotics. In the 

current study, in vitro susceptibility pattern of this gram-positive pathogen was assessed using 

clinical specimens and nasal swabs isolated from hospitalized patients and ambulatory patients. 

In this study, the prevalence of Staphylococcus aureus was found to be 57.4% and is exactly the 

same rate found in a Yekatit hospital(57.8%) by Tigist  et al.,(2012) and higher than study report 

by Shibabaw  et al., (2013) and less than that reported by Caraciolo  et al., (2012).  

This variation in prevalence may be because of several factors like healthcare facilities available 

in the particular hospital, implementation and monitoring of infection control committee, 

rationale antibiotic usage which varies from hospital to Hospital (Alexander  et al., 2011). 

The  highest level of antimicrobial  resistance  shown by  S. aureus  isolates  in this study was 

observed in  ampicillin (100%), clindamycin (63.3%), cephalothin (59.5%), tetracycline (57%), 

cotrimoxazole and bacitracin (53.2%) each, and erythromycin (51.9%) which is  in agreement 

with the reports of  Mama et al., (2014), Soltani  et al., (2010) and Okwu et al., (2014).  

High resistance of isolated S. aureus strains to ciprofloxacin, erythromycin, and tetracycline 

recorded in the current study (35.4%, 51.9%, and 57%, respectively), is consistent with other 

studies in Iran (Alborzi et al.,2000; Kalantar et al.,2006) and other countries (Goff and 

Dowzicky, 2007; Ikeagwu  et al., 2008; Zhanel  et al.,2005/2006). 

The resistance to ceftriaxone (40.5%) in this study is less than the study reported by Dessalegn et 

al.,(2014) (81.8%). In the present study, the overall resistance rate to co-trimoxazole was 53.2% 
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which is almost comparable resistance rate of 52% that was reported by Mamishi  et al., (2005) 

but greater than 33.33% reported by Raza  et al., 2013. Based on these data, co-trimoxazole 

resistance among S. aureus strains is slightly high in Ethiopa. Co-trimoxazole is an inexpensive 

and available antibiotic in Ethiopia and because of its broad spectrum of activity; it is prescribed 

for different infections. It is also showed that resistance to co-trimoxazole increased from 0% to 

48% in S. aureus isolates obtained from HIV-infected patients during a 16-year period at San 

Francisco General Hospital (Martin et al., 1999). The authors explained this increase of 

resistance by extensive use of this drug as prophylaxis against Pneumocystis carinii pneumonia. 

The lowest level of resistance was observed for  nitrofurantoin (21.5%), chloramphenicol 

(21.5%) and doxycycline (22.8%) which is similar with the results that had been reported by 

Hindi et al., (2013). Regarding the resistance profile of isolates to individual drugs indicated that 

S. aureus showed an average resistance rate of 48.2% to most of the antimicrobial drugs tested 

(Table -1) which agrees with previous studies done elsewhere in Ethiopia where average 

resistance of 52% up to 75% were recorded (Mulu et al., 2006; Messele et al., 2009; Mulu et 

al.,2012). 

Many factors may have contributed to the above level of resistance towards the tested 

antibacterial drugs, including misuse of antibiotics by health professionals, unskilled 

practitioners and lay persons. In Ethiopia it is a common practice that antibiotics can be 

purchased without prescription, which leads to misuse of antibiotics by the public, thus 

contributing to the emergence and spread of antimicrobial resistance. Other causal factors could 

be poor hospital hygienic conditions, accounting for the spread of resistant bacteria and 

inadequate surveillance, i.e. lack of information from routine antimicrobial susceptibility testing 

of bacterial isolates and surveillance testing of bacterial isolates and surveillance of antibiotic 
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resistance, all of which are crucial for good clinical practice and for rational policies against 

antibiotic resistance (Siegel et al., 2006).  

It is worrisome that the present study reports an alarmingly high prevalence (68.4%) of MRSA 

infection which is less than 83% reported Gebre-Sealsssie, 2007 in ethiopia, 77.6% reported by 

Gebremariam and Zelelow, 2014 at Mekelle, Ethiopia and yet the 68.4% was incomparably 

higher than findings of 44.1% by Shibabaw et al., (2013) ,34.6% by Amare  et al., (2011) in 

Ethiopia and  is almost comparable with study (63.5%) reported by Iyamba et al.,(2014) in 

Kinshasa, (63.3%) reported by Mane and Gangurde, (2013) , (62%) reported by Soltani et 

al.,(2010) in Tehran, Iran , (60.7%) reported by Ibe  et al.,(2013) in Nigeria, (60.6%) reported by 

Sanjana  et al.,(2010) and  (60.4%) reported by Perveen et al.,(2013).  

This finding was also higher than  other studies report  in various parts of the country ranging 

from 32.2%  to 59.3% (Asghar and Ahmed, 2014; Saikia  et al.,2009; Javeed et al.,2011; 

Muralidharan,2009;  Anupurba et al.,2003; Tiwari and Sen,2006) and also higher than the reports 

from  Europe like In Austria 21.6%, Belgium 25.1%, Spain 30.3%, and France 33.6% of isolated 

S. aureus strains are methicillin resistant (Voss et al.,1994). , 25% by Anguzu et al.,(2007) in 

Uganda, 46.2% by Wibbenmeyer  et al.,(2006) in USA.  

This 68.4% MRSA  was also less than with findings in Pakistan (Dilnawaz et al., 2003), and 

Italy (Giacometti et al., 2000) where 83%, and 74.2% were documented respectively. But, this 

was much lower than 100% resistant S. aureus to MRSA reported by Yishak et al., (2009). In 

this study majority of MRSA strains were found to be susceptible to nitrofurantoin, 

chloramphenicol and doxycycline.  
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In the current study the highest rate of MRSA was observed among inpatients or surgical wards 

(100%) than ENT ward (outpatients) (57.1%) as compared to ENT ward in which the source 

patients were almost from the community which is in agreement with the reports of Sanjana  et 

al., (2010) and Arora  et al., (2010).  

The high prevalence among inpatients is expected due to the long hospital stay, ward conditions 

such as bed making, changing of clothes, sneezing, nose picking and other personal habits like 

poor hygiene, which pollute every patient in the wards. Transmission of MRSA occurs primarily 

from colonized or infected patients or staff to other patients or vice versa. Among the resistant 

pathogens, MRSA is of great concern because of its particular importance in causing various 

clinical conditions. Therefore, the risk of acquiring S. aureus infection is increased in the wards 

in the presence of other hospitalized ‗shedders‘ who may be possibly infected with the antibiotic 

resistant strains (Kitara  et al., 2011). 

This MRSA carriage difference between surgical ward and ENT ward could also be resulted 

from the basis that CA-MRSA strains are genetically different from HA-MRSA strains. The 

predominant strains of CA-MRSA are the genetic fingerprint types US 300 and US 400 strains 

which contain the staphylococcal chromosomal cassette (SCC) mec IV.  Mec IV is a smaller 

genetic package that confers resistance than are the SCCmec I, II, III, and V which are present in 

the US 100 and 200 strains that correlate with HA-MRSA. The smaller size of the SCC confers 

less resistance to the organism than the larger SCC and explains why CA MRSA is susceptible to 

more classes of antibiotics than HA MRSA (Bratu et al.,2006; Zhang et al.,2008; Bagger et 

al.,2004; Tristan et al.,2007; Rajaduraipandi  et al.,2006). 
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Methicillin resistant Staphylococcus aureus (MRSA) has emerged as a serious public health 

problem of global concern and has been a source of serious infections in Hospitals and are 

frequently resistant to other antimicrobial classes, complicating treatment and reducing 

therapeutic options (Gelaw  et al., 2013).  

Another finding of this present study was that Most of MRSA exhibited low rate of resistance to 

doxycycline (29.6%), nitrofurantoin (29.6%), chloramphenicol (29.6%) and gentamicin (29.6%) 

which is also reported by Akpaka et al.,(2006) and similar finding was also reported for 

chloramphenicol (18.24%) by Perven et al.,(2013) in Pakistan. All MRSA isolates encountered 

in this study were completely resistant to antibiotics, such as ampicillin and highly to 

erythromycin. A similar result was noted for erythromycin among MRSA strains from Trinidad 

and New York (Zoumalan  et al., 2008; Godebo  et al., 2013). 

Another significant observation in this study was the 44.3% vancomycin resistance rate of S. 

aureus which is higher than that of  16.4% reported by Godebo et al,2013 in jimma, 40% 

reported by Mimejad et al.,(2008) in Iran and 21% by  Khanal and Jha, 2010 in Nepal. But, it 

was much higher when compared with 3.6% report made also in Iran (Bataineh, 2006). However, 

such incidence of vancomycin resistant Staphylococci in hospital as well as in community are 

alarming because vancomycin has been the most reliable therapeutic agent against infections 

caused by MRSA and is currently the main antimicrobial agent available to treat life-threatening 

infections with MRSA.  

However, in 1996 the first MRSA to acquire resistance to vancomycin, was isolated from a 

Japanese patient. Subsequent isolation of several vancomycin resistant S. aureus (VRSA) strains 

from different countries of the world has confirmed that emergence of vancomycin resistance in 
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S. aureus is a global issue. 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. Presence of hetero-VRSA may be an important 

indicator of the insidious decline of the clinical effectiveness of vancomycin in the hospitals. 

Vancomycin resistance is acquired by mutation and thickening of cell wall due to accumulation 

of excess amounts of peptidoglycan. This seems to be a common resistance mechanism for all 

VRSA strains isolated in the world so far (Khanal  et al., 2010; Keiichi, 2001; Yishak  et al., 

2009). This may be due to poor infection control system of the hospital like bed cleaning and 

cross infection by the hand of the medical personnel, air and other materials. 

In this study, the overall MDR rate of S. aureus isolates was 84.8% (resistant to three to eighteen 

antimicrobial classes). This finding was higher than 79.6% reported by Anagaw et al., 2013 in 

Gonder, 65.2% (Yishak et al., 2009) MDR rate documented in Ethiopia and almost comparable 

with 98.6% MDR reported by Biadglegne  et al.,(2009) and 100% MDR reported by Mulu et al., 

(2012) in Ethiopia. Most common reason for multi-drug resistant MRSA is indiscriminate use of 

antibiotics without drug sensitivity testing which may be due to lack of advanced laboratory 

facilities or negligence on the part of medical practitioners or patients poor economic status. 

There is a difference between antibiogram of MRSA and MSSA isolates and routine testing of 

methicillin resistance should be done using cefoxitin disc which at present is the most sensitive 

method.   

A strain of S.aureus was resistant to all (eighteen) classes of antimicrobials tested and 67.1% of 

them were resistant to six and more than six antimicrobial agents. 
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In this study, high prevalence of multidrug resistant MRSA predispose patients to infection with 

intractable isolates and emphasizing the need for improved infection control practices and 

guidelines for use of antibiotics in this setting. Moreover, all MRSA strains isolated in this 

investigation were resistant to ≥3 antibiotics tested which is also revealed by Arora et al., 2010 in 

which 73% of MRSA strains were multidrug resistant. This indicated that resistant strains were 

emerged and the emergence of those resistant strains, especially for the most bactericidal anti- 

MRSA agents, may have further aggravated the emergence of multidrug resistant MRSA, and it 

may threaten the success of a MRSA control program.  

7. Limitation 

One of the limitations of this study was that due to lack of reagents, it was not possible to 

conduct identification of different resistant genes like mecA, mecC and PVL-toxin which would 

have provided us with further insight into the distribution of strains and the extent of antibiotic 

susceptibility patterns in the area.  

However, this study is a pragmatic one, given that in the study area in particular, and in Ethiopia 

in general, antibiotics are prescribed on empirical bases without implementing the commonly 

recommended strain isolation and susceptibility testing procedures. The small sample size of the 

current study may also be a limitation. As the study is an in vitro one, it may not necessarily 

reflect in vivo resistance patterns and patient outcomes.  
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8. Conclusion and Recommendation  

It is known that antimicrobial resistance is a growing global problem. In conclusion the increased 

proportion of MDR seen in this study was considered as alarming because only a few treatment 

options remain for S.aureus infections. About 68.4% of S.aureus was oxacillin/cefoxitin resistant 

(MRSA), of which 57.4% was vancomycin resistant (VRSA). Such incidence of vancomycin 

resistant Staphylococci is worrisome to the clinicians as it is currently the main antimicrobial 

agent available to treat life-threatening infections with MRSA. According to this study 

doxycycline, nitrofurantoin and chloramphenicol seems to be most effective antimicrobial in the 

management of Staphylococcus aureus infections including methicillin resistant strains in this 

hospital.  

So it strongly recommended that emergence of VRSA highlights the value of prudent prescribing 

of antibiotics (including vancomycin) and avoiding their irrational use. Multiple drug resistance 

of Staphylococcus aureus isolates to antimicrobials was alarmingly high so that any empirical 

prophylaxis and treatment needs careful selection of effective drugs. Also there should be 

continuous monitoring of the antimicrobial susceptibility pattern of methicillin staphylococcus 

aureus for the selection of appropriate therapy, developing the antibiotic policy and for limiting 

the use of powerful antibiotics. 

To minimize such resistant infections, adherence of strict aseptic surgical procedures and proper 

management of wounds is required. Further detection and molecular characterization of the gene 

(mec A), phage typing and analyses of the plasmids of MRSA is necessary. Strict consideration 

for staphylococcus aureus infection and proper usage of antibiotic policy are recommended in 

decreasing the incidence and occurrence of multidrug resistant staphylococcus aureus infections 



 

42 
 

in black lion Hospital. It is also necessary to establish an antimicrobial susceptibility surveillance 

system and to improve current infection control programs in this hospital to prevent the spread of 

resistant microorganisms including MRSA and VRSA.  

Finally further antimicrobial susceptibility test on doxycycline, chloramphenicol and nitrofurantoin for 

Staphylococcus aureus and clinical outcome study should be done for the future time.  
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Annex-1 Standard interpretive results for the panel of 18 antibacterial drugs for staphylococcus 

aureus (CLSI, 2013) 

Antimicrobial agent Disk content(ug) Zone diameter nearest whole (mm) 

resistant intermediate susceptible 

Oxacillin 1ug <10 11-12 >13 

Ampicillin 10ug <28 ---- >29 

Amoxicillin-clavulinic acid 20/10ug  <19 ---- >20 

Ceftriaxone 30 <13 14-20 >21 

Gentamicin 10ug <12 13-14 >15 

Erythromycin 15ug <13 14-22 >23 

Tetracycline 30ug <14 15-18 >19 

Doxycycline  30ug <12 13-15 >16 

Vancomycin  30ug 0 or <6 - > 15 

Ciprofloxacin 5ug <15 16-20 >21 

Clindamycin 2ug <14 15-20 >21 

Cotrimoxazole 25ug <10 11-15 >16 

Chloramphenicol 30ug <12 13-17 >18 

Cephalothin  30ug <14 15-17 >18 

Cefoxitin 30ug <24    - > 25 

Amikacin  30ug <14 15-16 > 17 

Nitrofurantoin  300ug <14 15-16 >17 

Bacitracin  10IU <8 9-12 >13 
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             Questionnaire  

                                       Addis Ababa University                      Date---------------------- 

                                       College Of Health Sciences                  

                                       School Of Pharmacy 

              Questionnaire for collection of specimen 

Name of the hospital--Black Lion Specialized Teaching Hospital 

A. Socio-demographic data of the patient 

1. Name -----------------------------------------Age-------Sex--------- 

2. MRN------------------ 3. Address --------------------  

      

         D.  Suspected type of infectious disease by the clinician--------------------------------- 

         E. Type of specimen collected for culture--------------------------------- 

Completed by ---------------------- signature------------------- 

Principal investigator-----------------signature---------------- 
 

 

 

 


