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ABSTRACT

Methicillin resistant Staphylococcus aureus (MRSA) infections are associated
with higher risk of mortality and greater costs to the health-care system,
however there is paucity of data on its prevalence in Ghana, and especially in
the Brong Ahafo region. This research was aimed at determining the prevalence
of MRSA at the Brong Ahafo Regional Hospital (BARH) and to identify sites
within the hospital which may be prone to MRSA infection or transmission. In
all, three hundred and twenty-seven (327) participants were recruited for the
study, including outpatients, visitors, hospital personnel and some inpatients.
This comprised of one hundred and twenty-four (124) males and two hundred
and three (203) females. The participant population was stratified into two main
groups; Group 1 included patients and visitors from the main OPD and the
various clinics, and Group 2 comprised inpatients, hospital staff, and visitors
attending to patients at the Wards and other departments. Nasal swab samples
were obtained and inoculated on mannitol salt agar and suspected S. aureus
colonies were confirmed through morphological and biochemical tests.
Cefoxitin disc diffusion test was carried out to identify the methicillin resistant
strains. The Oxoid Penicillin binding protein (PBP2’) latex agglutination test kit
was used to confirm the production of the mecA gene product, penicillin
binding protein 2a (PBP2a). The study revealed a prevalence of 8.0% at the
hospital and 47.3% of the S. aureus isolates were resistant while 52.7% were
susceptible. A comparison between the genders did not show any significant
difference in prevalence (p = 0.6273). No significance difference was found in
the prevalence between the adult and children age groups (p = 0.3712). It was
however revealed that sample sites including the main outpatient department
(OPD) and the various clinics recorded a significantly higher MRSA prevalence
of 10.5% compared to the 1.1% prevalence recorded at the wards and other
departments which included laboratory, pharmacy, radiology, administration,
and other areas (p = 0.0052). It was therefore necessary to establish better
equipped hand washing areas at vantage areas around the hospital as prescribed
by the WHO. It is also important that appropriate hygienic practices are instilled
in all hospital personnel, patients and visitors to the hospital through continuous
education in order to forestall any future outbreak.
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CHAPTER ONE

1.0 INTRODUCTION

Staphylococcus is the main genus of the Staphylococcacceae family in the order
of Bacillales. Staphylococcus aureus (S. aureus) is a non-spore-forming,
nonmotile, facultative anaerobic Gram-positive coccal-shaped bacterium,
which is

0.5 to Ium in diameter. It is both catalase and coagulase positive and appears as
bunch of grapes when viewed under a microscope. When grown on mannitol
salt agar and blood agar, it produces round, golden-yellow coloured colonies
(Ryan and Ray, 2004). When S. aureus reproduces asexually by binary fission,
the two daughter cells may not fully separate and may remain attached to one
another, which explain why the cells are often observed in clusters. The
bacterium is the most pathogenic of the staphylococci species; it has a
generation time of 20-30 minutes and can grow in conditions of high salt

concentration and at temperatures between 10 and 46°C.

A study by Sotto et al. (2008) highlighted the virulence potential of the
bacterium, and is considered one of the main cause of community acquired and
nosocomial infections, leading to high morbidity and mortality (Bhateja et al.,
2005). The organism forms part of the normal human microbial flora; it can be
found on skin surfaces, intestines, upper respiratory tract and vagina. It can
become pathogenic when temperature and pH conditions become favourable
and nutrient is available to support overgrowth (Makgotlho, 2009). The
pathogen is usually carried in the nasopharynx, on the skin, clothing and

sometimes in the vagina, rectum or perineal areas. They can easily contaminate



any other parts of the human body from these sites through direct contact with
the hands or by aerosol transfer (The Centre for Food Security & Public Health,
2011).

Methicillin-resistant S. aureus (MRSA) are the strains of the bacterium which
have acquired the mecA gene that confers on them the ability to resist the effects
of methicillin and several other beta-lactam based antibiotics. This resistant
strain was first reported in 1961, after methicillin was approved for the
treatment of penicillin-resistant staphylococci in humans (Chambers and
DelLeo, 2009). MRSA was not that prevalent even in hospitals until the 1990s,
when there was a surge in MRSA prevalence in hospitals and has since
remained endemic (Johnson et al., 2001). Although MRSA causes similar
infections as the methicillin-susceptible S. aureus (MSSA), its resistance to
most common antibiotics makes its treatment very challenging, and its
management can result in considerable cost to a health facility (Guleri et al.,
2011). Many studies have shown that MRSA-related infections are associated
with higher risk of mortality and greater costs to the health-care system than
infections caused by MSSA (Clements et al., 2008). Since MRSA was first
discovered, its infection was only found in the hospitals through invasive
procedures like urinary catheters, central venous lines, recent antibiotic use, and
through contact with health care workers. It therefore became known as
hospital-acquired MRSA (HA-MRSA). Recently, however MRSA infections
have spread into the community and has become widespread (Bustamante,
2011). This strain, also referred to as community-acquired MRSA (CAMRSA),
has its unique risk factors which include: crowding or low-hygiene living

conditions, close contact with athletic equipment, and participation in contact



sports, and immunosuppression. In spite of their unique different genetic traits
from the HA-MRSA, CA-MRSA has become more prevalent in the hospitals as
well, thus blurring the line between these two distinct causes of MRSA
infections. Thus the monitoring and eradication of MRSA from patients, health
care workers and their family members is essential to help prevent the

continuous spread between hospitals and the community (Abu-Rabie, 2010).

MRSA prevalence, ranging from 23.3% to 73%, has been reported across the
globe, and an extensive research showed that MRSA is even more prevalent in
most developing countries (Bustamante, 2011). In 1996, a study showed that
Malaysia and South Africa had some of the highest MRSA prevalence. Odonkor
and Addo (2010) reported MRSA prevalence range of 21.6% to 31.6% from
routine specimen collected for microbiology analysis in some hospitals in
Accra. Recently the bacteria were implicated in an outbreak at the children’s
ward of the Korle Bu Teaching Hospital (KBTH) which led to the death of three
children and subsequent closure of the ward for decontamination (Sackey,
2012). Bustamante (2011) noted how inadequate resources and education has
led to the increasing spread of MRSA around the world, and also stated that the
factors that have led to the spread of MRSA throughout the world are distinct
for different regions of the world. Due to its recent outbreaks and reported
deaths, MRSA has become an increasing public health concern, particularly
among individuals without known risk factors (Herold et al., 1998; Hunt et al.,
1999). It has become a major cause of systemic infection in the community and

hospitals, causing deaths among individuals with no known risk factors and



presents a therapeutic challenge for doctors because of the bacteria’s complex

mechanisms of antibiotic resistance and epidemiology (Kil et al., 2008).

1.1 OBJECTIVES

The research aimed to evaluate the prevalence of MRSA at the BARH from
swabs of the anterior nares obtained from some patients, personnel and other
individuals at the BARH, selected at random to evaluate transient carriage of

MRSA.

1.1.1 Specific Objectives
v' to ascertain the prevalence of MRSA at the BARH and
v' to identify areas at the hospital which may be more prone to MRSA

infection.

1.2 Justification
The Brong — Ahafo Regional Hospital (BARH) was established in 1927 by the

then colonial masters to cater for the health needs of the people of Western
Ashanti. The hospital was further expanded and finally moved its services to
the present location in 2003 (Regional Hospital-Sunyani, 2013). As earlier
noted the MRSA menace has become a matter of concern for health facilities
across the globe. The BARH is often faced with periods of overcrowding as
seen in most hospitals around the country. Overcrowding has also been
determined to be a key factor in the transmission of MRSA (Clements et al.,
2008). To prevent the acquisition of such nosocomial infections by its clientele
and the transmission of such bacteria, it is necessary to screen to evaluate the

prevalence of MRSA at the BARH to help forestall any future outbreaks as was



witnessed at KBTH in Accra. Detecting methicillin resistance in S. aureus has
important implications for therapy and management of infected patients
(Reischl et al., 2000), health care workers (Rongpharpi et al., 2013) and the
community at large. According to the MRSA interagency advisory committee
in conjunction with the Connecticut department of public health
(TMIACCDPH, 1993), heath care facilities should monitor the incidence of

hospital transmitted MRSA in their facility.

CHAPTER TWO

2.0 LITERATURE REVIEW



2.1 CHARACTERISTICS OF S. AUREUS

Sir Alexander Ogston was first to identify Staphylococcus in pus from a surgical
abscess in 1880 at Aberdeen, Scotland. Staphylococcus was then appended to
Staphylococcus aureus by Rosenbach in 1884 (Ogston, 1984). S. aureus is a
Gram-positive coccal-shaped bacterium, which are often arranged in clusters
like a bunch of grapes (Figure 2.1). They are non-motile (nonflagellated), non-
spore forming and non-capsulated (some rare strains are capsulated). They are
aerobes and facultative anaerobes which require 37°C as optimum temperature
for growth and an optimum pH of 7.5. They can grow well on nutrient agar to
form golden yellow pigment or sometimes white (nonpigmented) colonies. On
blood agar, they grow surrounded by a zone of fhaemolysis (complete), while
on mannitol salt agar, S. aureus ferments mannitol giving rise to colonies
surrounded by yellow zones (Figure 2.2). The bacterium has long been
identified as an important human pathogen and causes infections frequently in
hospitalized patients with severe consequences, even when they are being given
antibiotics (Rongpharpi et al., 2013). Other phenotypic characteristics used to
identify S. aureus includes their ability to ferment glucose to produce lactic
acid, fermentation of mannitol (which differentiates it from S. epidermidis) and

the production of catalase and coagulase.



Figure 2.1: Gram — positive S. aureus in clusters and short chains (Makgotlho,

2009)

Figure 2.2: S. aureus colonies surrounded by yellow zones on mannitol salt agar



2.2 PATHOGENESIS AND VIRULENCE OF S. AUREUS INFECTIONS
S. aureus have an extensive armamentarium of virulence factors which includes
both secreted and structural products that play various roles in the pathogenesis
of infection (Figure 2.3). It has been observed that a virulence factor can play
several roles in pathogenesis and also multiple virulence factors may perform

similar functions (Gordon and Lowy, 2008).
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Figure 2.3: Pathogenic and virulence factors of S. aureus; Surface and secreted
proteins (A). Cross-sections of the cell envelope (B and C) (Gordon and Lowy,

2008).

The virulence factors include capsules which inhibit phagocytosis, coagulase
which may impede movement of leukocytes into an infected area by producing
clots in the surrounding capillaries. Exfoliatin also separates layers of epidermis
to cause scalded skin syndrome. There is also hyaluronidase which breaks down

the hyaluronic acid component of tissue to promote the extension of an

Ligand-binding

domain



infection, leukocidin which kills white blood cells by producing holes in their
cytoplasmic membrane, lipase which breaks down fats by hydrolysing the bond
between glycerol and fatty acids. Other factors are proteases which degrade
collagen and other tissue proteins, protein A which binds to Fc portion of
antibody and coats the bacteria with host’s immunoglobulin to inhibit
phagocytosis and toxic shock syndrome toxin which causes rash, diarrhoea, and

shock (Nester et al., 2009).

To establish an infection, the bacterium makes use of a number of surface
proteins, called “microbial surface components recognizing adhesive matrix
molecules” (MSCRAMMs), which helps the bacterium to adhere to host tissues.
MSCRAMMs bind to molecules such as fibronectin, collagen and fibrinogen.
Different MSCRAMMSs may bind to the same host-tissue component. The
proteins appear to function in initiating bone and joint infections, endovascular
infections, and prosthetic-device infections (Gordon and Lowy, 2008).
Different strains of the bacterium may have different collection of
MSCRAMMs which can make them cause different kinds of

infections. After adhering to the prosthetic material or host tissue, S. aureus can
grow and persist in various ways. It can form biofilms on its host’s or prosthetic
surface, which enables it to persist by evading the host defences and
antimicrobials. Biofilm formation particularly makes prosthetic device
infections quite difficult to eradicate if the device is not removed. The pathogen
can also form small-colony variants (SCVs) which in vitro can “hide” in the
host’s cells without causing significant host-cell damage and are thus relatively
protected from antibiotics and host’s defences. This may contribute to its

persistence which results in recurrent infection when it later reverts to the more



virulent phenotype. In summary, the virulence factors are grouped according to

their role in virulence (Gordon and Lowy, 2008). These include;

* Those involved in attachment; which includes the MSCRAMMS (e.g.
fibronectin-binding proteins, collagen, clumping factors, and bone
sialoprotein-binding proteins) which are associated with osteomyelitis,
endocarditis, prosthetic-device and catheter infections, and septic
arthritis (Gordon and Lowy, 2008).

» Those involved in persistence which includes accumulation of biofilm
which are also associated with relapsing infections, endocarditis,
osteomyelitis, septic arthritis, etc (Gordon and Lowy, 2008).

* Those involved in destroying the host’s defences; which includes
leukocidins (Panton —Valentine leukocidin [PVL]), protein A, capsular
polysaccharides, etc. These are associated with necrotizing pneumonia
and invasive skin infections (CA-MRSA strains that cause these
diseases are often associated with PVL) and abscesses (which are
associated with capsular polysaccharides) (Gordon and Lowy, 2008).

* Those involved in invading or penetrating tissues which also include
virulence factors such as hyaluronatelyase, proteases, lipases, nucleases,
and metalloproteases which causes tissue destruction and metastatic
infections (Gordon and Lowy, 2008).

» Those involved in sepsis or toxin-mediated diseases which includes
toxic shock syndrome toxin-1(TSST-1), peptidoglycan, enterotoxins,
exfoliative toxins, a-toxin, and lipoteichoic acid which are associated
with toxic shock syndrome, food poisoning, scalded skin syndrome,
sepsis and bullous impetigo (Gordon and Lowy, 2008).

10



* There are also those which do not have clearly defined role in virulence

and these include bacteriocin, coagulase, etc. (Gordon and Lowy, 2008).

2.3 MECHANISMS OF INFECTION BY S. AUREUS

2.3.1 Invasive mechanisms

An infection starts when there is a breach of the skin or mucosal barrier allowing
the bacteria access to near-by tissues or the bloodstream. The infection may be
contained or can continue to spread depending on a complex interaction
between the bacterium’s virulence determinants and the host’s defence
mechanisms. How the bacteria colonizes the nares (nostrils) which is the main
reservoir for staphylococci, is not completely understood, although the host’s
mucin appear to be the key host surface that is colonized in a process involving
interactions between mucin carbohydrate and staphylococcal protein (Lowy,
1998). The risk of getting infected by S. aureus is increased by the presence of
foreign material. The host’s immune response with regards to phagocytic
function is seriously impaired in the presence of a foreign material. Devices like
intravenous catheters gets rapidly coated with serum constituents, (eg.
fibrinogen or fibronectin), which enables the bacteria to adhere to them through
MSCRAMM-mediated mechanisms and also produces glycocalices which
further aids colonization. Intravenous catheters have been identified as risk
factors very frequently in the pathogenesis of nosocomial endocarditis (Lowy,

1998).

In nosocomial endocarditis often caused by intravenous catheters, the catheter
inflicts a trauma on the surface of the cardiac valves creating a non-bacterial

11



blood clot on the cardiac valve which helps bacteria to adhere to subsequently.
Circulating staphylococci (Figure 2.4) then bind to the sites where endovascular
damage has occurred and platelet — fibrin thrombi (PFT) have formed. The
bacteria may also attach itself to endothelial cells directly by means of adhesin—
receptor interactions or through bridging ligands that include serum

components like fibrinogen (Lowy, 1998).

Plasma proteins

Basemem

Absnus f ( )‘\ e

y formm:on

Figure 2.4: Pathogenesis of S. aureus by tissue invasion. TNF-Tumour necrosis

factor, PFT-Platelet-fibrin thrombi, PMN-Polymorphonuclear leukocyte,
ICAM-Intercellular adhesion molecule, VCAM-Vascular cell adhesion
molecule, ECM-Extracellular matrix (Lowy, 1998).

Change of the endothelium due to alterations in the micro-environment can
signal changes in cell’s susceptibility to the infection. S. aureus produces

proteolytic enzymes that facilitate its spread to adjoining tissues and its

12



subsequent release into the bloodstream after their phagocytosis by endothelial
cells. Infected endothelial cells expresses a tissue factor which facilitates the
deposition of fibrin and lead to the formation of vegetation. Once in the nearby
sub-epithelial tissues, the bacterium elicits an inflammatory response resulting
in the formation of abscess (Figure 2.4) (Lowy, 1998). The steps outlined are
key to establishing the spread of the infection, and the pathogenesis of

endocarditis when cardiac endothelium is involved (Lowy, 1998).

2.3.2 S. aureus toxins
Among their multiple virulence factors, S. aureus secretes several toxins and
other biologically active extracellular enzymes which include a-toxin,

exfoliatin, and pyrogenic toxin superantigens (PTSAgs) (Ryan and Ray, 2004).

2.3.2.1 Pyrogenic Toxin Superantigens (PTSAgs)

Superantigens can bind directly to class Il major histocompatibility complexes
(MHC I1) of antigen-presenting cells outside the normal antigen-binding groove
which can activate up to one in five T cells (Lowy, 1998). Superantigens can
thus lead to extensive proliferation of T cells and release of cytokines in large
amounts, which causes the symptoms associated with toxic shock; a severe
disease characterized by the rapid onset of high fever, shock, capillary leak, and
multi-organ dysfunction. PTSAgs also cause enhanced susceptibility to the

dangerous effects of endotoxin (Ryan and Ray, 2004; Lowy, 1998).

When formed, staphylococcal enterotoxins (SE) are quite stable, and they
retain activity even after being boiled or getting exposed to jejunal and gastric
enzymes. There are different types including SE A, B, C, D, E, F, G etc. In the

upper gastrointestinal tract, they may act directly on neural receptors there to

13



stimulate vomiting centre within the brain. This can result in diarrhoea and
vomiting when ingested as associated with staphylococcal food poisoning.
Enterotoxins B and C cause 50% of non-menstrual cases of toxic shock

syndrome (TSS) (Lowy, 1998; Ryan and Ray, 2004).

Toxic shock syndrome toxin - 1 (TSST - 1) is expressed systemically and is the
cause of toxic shock syndrome (TSS). TSST-1 is somehow related to

enterotoxins, but does not induce vomiting (Ryan and Ray, 2004).

2.3.2.2 Exfoliatin or epidermolytic toxins (ETS)

ETs are directly responsible for the symptoms and clinical manifestation of
staphylococcal scalded skin syndrome (SSSS) (also called Ritter’s disease). ETs
are highly specific serine proteases which recognize and split desmosomal
cadherins only in the superficial layers of the skin (Bukowski et al., 2010). This
leads to the separation between the living layers and the superficial dead layers

within the epidermis (Ryan and Ray, 2004).

2.4 DISEASES CAUSED BY S. AUREUS

The bacterium is been identified as the most common cause of wound infections
after a surgery. Some strains can also produce toxins that can cause a variety of
specific symptoms, which include TSS and food poisoning (WHO, 2014). An
intact skin and the mucous membrane are excellent barriers against any form
local tissue invasion, however if either of these is breached through trauma or
surgery, S. aureus can enter the underlying tissue to create its characteristic

local abscess lesion or cause septicaemia if it can reach the lymphatic channels
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or bloodstream. Ingesting enterotoxins produced by the bacteria in
contaminated food can result in food poisoning (Harris et al., 2002). The
bacteria have been implicated in several diseases including acute food
poisoning, impetigo, folliculitis, Staphylococcal scalded skin syndrome (SSSS),
cellulitis, etc. as the causative agent. It has also been implicated in systemic
infections like infective endocarditis, epiglottitis, osteomyelitis, sinus
infections, etc. In England it was estimated that over 4% of patients admitted
into one of 96 hospitals between 1997 and 1999 for surgery acquired a
nosocomial infection. A nosocomial infection is an infection acquired from a
health facility in which there was no evidence the infection was present or
incubating prior to a patient being hospitalized (Harris et al., 2002). A study by
Harris et al (2002) revealed that the hospital environment may also support the
spread of MRSA. They stated that 81% of nosocomial infections were caused
by S. aureus, and 61% of these isolates were methicillin resistant. Sepsis occurs
when the bacteria infects the blood or other tissues of the body. Sepsis can occur
in the bones, bloodstream, bowels, the liver or gall bladder, the kidneys, the
lining of the brain (meningitis), the lungs (as in bacterial pneumonia), and the
skin (cellulitis). Hospital patients usually get infected through surgical wounds
and drains, intravenous lines, and through bedsores (Vyas, 2014). Table 2.1

gives a brief summary of some S. aureus infection.

Table 2. 1: Summary of some S. aureus infections (Zurita et al., 2010)
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Source of infection

Skin and soft tissue

Foreign body-associated

Disease

Impetigo, boils, carbuncles, abscesses, cellulitis, fasciitis,

pyomyositis, surgical and Intravascular catheter, urinary

cathetertraumatic wound infections

Intravascular Bacteraemia, sepsis, septic thrombophlebitis, infective carditis
Bone and joints Septic osteomyelitis, septic arthritis
Respiratory Pneumonia, empyema, sinusitis, otitis media

Other invasive infections Meningitis, surgical space infection

Toxin-mediated disease  Staphylococcal toxic shock, food poisoning, staphylococcal

scalded skin syndrome, bullous impetigo,
pneumonia, necrotizing osteomyelitis

Bacteraemia or septicaemia is the invasion of the bloodstream by S. aureus and
its toxins circulating in the bloodstream (Elixhauser et al., 2011). Compared
with some other pathogens S. aureus bacteraemia is associated with higher
morbidity and mortality and is also associated with some significant economic
burden on healthcare facilities due to prolonged stay at the hospital (Naber,

2009).

Impetigo is a contagious, superficial infection of the skin which is spread by
direct contact with lesions or with nasal carriers of S. aureus. It is commonly

found among pre-school children and some adults.

SSSS is found most commonly in infants and children under the age of five

years. In SSSS the skin becomes damaged and sheds. The bacteria produce
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exfoliatin which causes the skin to damage by forming blisters as if the skin
were scalded (Figure 2.5). SSSS symptoms include redness of the skin
(erythema), large areas of skin peel or fall away (exfoliation), blisters, fever,

and pain in the skin (Vyas, 2013).

Folliculitis occurs when hair follicles get damaged via friction with clothing,
blocking of the follicles, or through shaving resulting in inflammation of one or
more hair follicles. The damaged follicles often become infected with the
bacteria. Symptoms of folliculitis include rashes, itching, and pimples near a

hair follicle in the neck or genital area (Vorvick, 2012)

Figure 2.5: clinical manifestation of SSSS (looks like the skin is scalded by hot

water (Schenfeld, 2000))
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Figure 2.6: Sites of diseases caused by S. aureus (Wertheim et al., 2005)

Staphylococcal food poisoning (SFP) is an intoxication which occurs as a result
of consuming of foods which contain sufficient amounts of preformed
enterotoxin(s) of S. aureus (Oliveira et al., 2011). Staphylococcal enterotoxins

are a major cause of food poisoning, which typically occurs after eating foods
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contaminated with S. aureus through improper handling and subsequent storage
at warm temperatures. The symptoms occurs rapidly (within 2 to 8 hours), and
includes nausea and vomiting, abdominal cramping with or without diarrhoea.
The illness usually resolves within 24 — 48 hours after onset but can also become
more severe enough to warrant hospitalization in infants, the elderly or

debilitated people (Centre for Health Protection, 2011).

Other diseases which are caused by S. aureus include styes, chalazion furuncles,
carbuncles, osteomyelitis (Boucher et al., 2010), endocarditis, septic arthritis,
septic thrombosis, sinusitis (Wald, 2012), urinary tract infections (Ajantha et
al., 2011), pneumonia (McGrath et al., 2008; Rubinstein et al., 2008),
pyomyositis (skeletal muscle infection) (Lanternier et al., 2004) and several

other diseases and conditions.

2.5S. AUREUS EPIDEMIOLOGY

S. aureus has been identified to be the bacterial pathogen which is most
frequently isolated from inpatients in United States hospitals and is the second
most prevalent bacterial pathogen from clinical isolates among outpatients
(Naber, 2009). According to TMIAC-CDPH (1993), colonization occurs when
a patient carries the bacterium on any part of the body but does not results in
any immune response or there are no clinical symptoms of a disease. Persons
colonized with MRSA this way are referred to as carriers. It has been estimated
that about 20.0% of individuals almost always carry one type of S. aureus strain
and such people are called persistent carriers (TMIAC-CDPH, 1993). About
60.0% of the population harbours S. aureus intermittently, and the strains

change with varying frequencies; such persons are referred to as intermittent

19



carriers. There are some 20.0% of the population who almost never carry S.
aureus and they are referred non-carriers (Rongpharpi et al., 2013). The
organism is both a commensal and a pathogenic bacterium, its main ecological
niche on humans are the anterior nares. Other sites which may be colonized
include the groin, armpits and gastrointestinal tract. These colonized sites serve
as reservoir from where the bacteria can infect its host when host defences are
breached through surgery, shaving, or insertion of an indwelling catheter.
Colonization enables the transmission of S. aureus among individuals in both
the hospitals and communities (Gordon and Lowy, 2008). Infection takes place
when the bacteria enters a site on the body and multiplies in number in the
tissues to cause an immune response and some clinical manifestations of a
disease. This is characterized by a rise in the white blood cell count, fever, or

purulent drainage from a wound or body cavity (Gordon and Lowy, 2008).

Bustamante (2011) gave a worldwide prevalence which ranged between 23.3%
- 73%. Europe has 26% MRSA prevalence with Greece, Italy, Portugal, and
Turkey recording some of the highest rates (Bustamante, 2011). Countries such
as Taiwan, Singapore, Japan, and Hong Kong in the Asia-pacific region showed
very high MRSA prevalence of above 60%. A prevalence of 5%, 27.8%, and
23.8% from the Philippines, China and Australia respectively, were reported
based on articles that varied in number of isolates used for the analysis, accuracy

of results, and year of data collection (Bustamante, 2011).
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Figure 2.7: Worldwide MRSA prevalence [HK-Hong Kong (Stefania et al.,

2011)]

Bustamante (2011) recounted how the lack of resources and inadequate
education has led to the continuous spread of MRSA and the fact that the above
observed discrepancy in prevalence were due to the paucity of data from less
developed countries. Scarce resources in such countries makes it difficult for

adequate funds to be raised for such research.
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Figure 2.8: Prevalence of MRSA in Africa (Bustamante, 2011)

2.5.1 S. aureus epidemiology — the African perspective

Breurec et al., (2011) cited the poorly documented state of MRSA-related

infections in Africa as a leading cause of the spread of MRSA. This assertion

was corroborated by Bustamante (2011) through a study which gave a

prevalence of 5% - 45% across Africa and also cited inadequate coverage,

increase in the use of antibiotic and inaccurate sensitivities as factors that

aggravate the challenge of growing MRSA prevalence. Data on MRSA
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prevalence in Africa is scanty, however, one of the earliest reports in the
continent was made in South Africa and studies from the 1980s have been
described (Obasuyi, 2013). Falagas et al., (2013) sought to assess the
prevalence of MRSA in Africa. It was reported that Tunisia recorded an increase
in MRSA prevalence from 16.0% to 41.0% between 2002 and 2007, while in
Libya a prevalence of 31.0% was recorded in 2007. In South Africa however,
the prevalence decreased from 36.0% in 2006 to 24.0% during 2007— 2011. In
Botswana, the reported prevalence ranged from 23.0% to 44.0% during the
period between the years 2000 and 2007. In Algeria, a prevalence of 45.0% was
reported during the period spanning the years 2003 and 2005. Within that same
period, a prevalence of 52.0% was reported in Egypt. Generally MRSA
prevalence in most African countries was lower than 50% although it appears
to have risen since 2000 in many African countries, except for South Africa

(Falagas et al., 2013).

2.5.1.1 MRSA in Ghana

Odonkor and Addo (2010) reported MRSA prevalence range of 21.6% to 33.6%
from S. aureus isolates obtained from routine specimen collected from hospitals
in Accra for microbiological analyses, in a study to evaluate some methods for
detection of MRSA. In another similar study to determine MRSA prevalence in
Accra and to ascertain their antibiotic susceptibility profile, a prevalence of
33.6% was reported, indicating an increase in the prevalence (Odonkor et al.,
2012). In a study which determined the antibiogram of identified agents of
bacterial infection in Ghana, multi-drug resistance in S. aureus was found to be

42.3% and it was recommended that resistance studies of such
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epidemiologically significant clinical isolates be carried out (Newman et al.,
2011). A prevalence of 34.8% was reported by Karikari (2009) in a study

conducted at the Komfo Anokye Teaching Hospital (KATH).

Laryea et al., (2014) reiterated the assertion that MRSA is not much regarded
as an issue of public health importance and as such, it’s not among the priority
diseases under surveillance in Ghana. Due to this, active efforts at identifying
cases and instituting appropriate preventive measures are largely non-existent,
due to the unavailability of laboratories with requisite human resource and
logistics to run tests for MRSA. They reported MRSA case fatality rate of
12.6% and further stated that MRSA causes significant morbidity and mortality.
They recommended that a surveillance system and guidelines for managing
MRSA is established. In another study to determine the prevalence of S. aureus
nasal carriage and its genetic diversity among hospital workers and inpatients
at the KBTH, 13.9% prevalence was evaluated among inpatients and 23.3%
among hospital staff (Egyir et al., 2013). It was further revealed that the chance
of being carriers was higher among hospital staff and inpatients staying <7 days
in hospital. However, a higher chance of multidrug-resistant S. aureus carriage
was observed among inpatients compared with hospital staff. MRSA prevalence
among inpatients was evaluated at 1.3%, but none among hospital staff. The
study indicated a high diversity of S. aureus, low levels of MRSA carriage, and
a higher chance of nasal carriage of multidrug-resistant S. aureus among
inpatients when compared with the hospital staff (Egyir et al., 2013).

The bacteria has also been implicated in an outbreak at the children’s ward of
the Korle Bu teaching hospital (KBTH), where it was reported that five children

were infected (Sackey, 2012).
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2.5.2 Role of the anterior nares and other risk factors

S. aureus are primarily found in the nostrils (anterior nares) and the hands are
the main vector for transferring the bacteria from other surfaces to the nostrils
or vice versa. This explains the strong correlation between nasal carriage and
hand carriage (Wertheim et al., 2005). The association between S. aureus nasal
carriage and staphylococcal disease was first established in 1931, and
subsequently confirmed through several other studies (Wertheim et al., 2005).
It was confirmed that the nasal S. aureus strain and the disease causing strain
share similar phage type or genotype. More so, when an anti-staphylococcal
drug was applied in the nose, it temporarily decolonised S. aureus in the nose

and other body parts, thereby preventing infections (Wertheim et al., 2005).

S. aureus may reach or be transferred from the nose directly through airborne
transmission (albeit less frequently). Such mode of transmission is important
for the dispersal of staphylococci to many different sites of the body, from
where, they can reach the nose or be transferred from the nose through the
hands. Individuals harbouring the bacteria in the nostrils and suffering from
rhinitis can disperse high loads of S. aureus into the environment and can be the
source of an outbreak of infections (Wertheim et al., 2005). Hospitalization has
been found to be an important environmental risk factor in S. aureus
transmission. Carriers from a health facility can transfer the bacteria to other
household members. The transmission of the bacteria within households
involving healthcare workers has also been shown to be a key risk factor for the
re-introduction of the bacteria into hospitals, and patients may also get infected

from their family members (Wertheim et al., 2005). The bacteria can also be
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spread through skin-to-skin contact with an infected person or contact with pus
from an infected wound, and via contact with objects like towels, clothing, or
sports equipment used by somebody infected (Illinois Department of Public
Health, 2007). Hospital workers suffering from dermatitis or paronychia
(infections in the tissues near the toe or finger nails) are more likely to transmit

MRSA to patients (TMIAC-CDPH, 1993).

2.6 METHICILLIN-RESISTANT S. AUREUS (MRSA)

The first strain of MRSA was identified in 1959; within two years after the
introduction of methicillin (Sakoulas and Moellering, 2008). MRSA is defined
by the presence of staphylococcal cassette chromosome mec (SCCmec); which
Is a large mobile genetic element that carries the mecA gene which codes for an
alternative form of penicillin binding protein (PBP2a). PBP2a has a low binding
affinity to B-lactams. Since MRSA was first identified in clinical specimen in
the early 1960s, the strains have spread throughout the world. By the mid -
1980s MRSA emerged as the most important hospital acquired pathogens
worldwide (Pinho et al., 2001). Although methicillin sensitive S. aureus
(MSSA) can also cause outbreaks of diseases in a hospital as has been earlier
discussed, MRSA infections are particularly easily spread in a hospital and there
is high risk of it becoming epidemic if special surveillance program with
control procedures are not implemented. The mec operon which is a distinctive
characteristic of SCCmec, comprises of the mecA and its regulatory genes (mecl
and mecR1). The operon occurs in several variants under two main categories:

those with the two regulatory genes intact (also called class A mec operon) and
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those with portions of either one or both of these regulatory genes removed

(classes B, C, D, E) (Plata et al., 2009).

2.6.1 Function of p-lactam antibiotics and resistant mechanisms of MRSA
B-lactams are bactericidal agents which act against the susceptible bacteria’s
cell wall. They target the transpeptidation step of the peptidoglycan synthesis.
B-lactams acts to inactivate the transpeptidase domain of PBPs in the cell wall
by binding and inactivating the transpeptidase. [B-lactam are structural
analogues of the natural substrate of PBPs, D-alanyl-D-alanine of the
peptidoglycan stem peptide (Figure 2.9). Penicillin binding proteins (PBPSs) are
involved in the assembly of the bacterial cell-wall peptidoglycan. B-lactam
antibiotics include penicillins, cephalosporins, and penicillinase-insensitive
Blactams like oxacillin and methicillin. The reaction between a B-lactam
antibiotic and PBP starts with a non-covalent association between these two
molecules. The intermediate may either dissociate or undergo an irreversible
reaction of acylation, and then the PBP covalently binds the antibiotic at its
active site to cut the cyclic amide bond in the p-lactam ring. The D-alanyl-
Dalanine undergoes quick deacylation by hydrolysis which liberates the PBP
for a next round of transpeptidation. However, with a (3-lactam antibiotic as
substrate, the deacetylation process is very slow and the PBP is effectively
inactivated which tends to inhibit the cell wall synthesis resulting in cell death

(Plata et al., 2009).
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Figure 2.9: A is the structure of D-Alanyl-D-Alanine and B is the structure of
B-lactam antibiotic: They both have similar structures that allow them to be
bound by PBPs. R1 and R2 indicate groups that differ among various -lactam
antibiotics (Plata et al., 2009).

2.6.2 Mechanism of resistance to B-lactam antibiotics by S. aureus -
lactamases are proteins which have enzymatic activities that aids [-lactam
resistance by inactivating many of the 3-lactam antibiotics in a reaction similar
to the one B-lactams use to inhibit PBPs. B-lactamases attach to B-lactams
leading to the formation of an acylated intermediate. This acylated intermediate
leads to the cleavage of the amide bond of the B-lactam ring then the inactivated

B-lactam antibiotic and active B-lactamase are then released (Plata et al., 2009).

2.6.3 Mechanism of resistance to semi-synthetic p-lactams (e.g. methicillin,
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nafcillin and oxacillin)

S. aureus developed resistance to this type of f-lactam antibiotics by acquiring
the mecA gene which is carried on the SCCmec element described earlier.
Strains which carry this mecA gene are known as methicillin resistant S. aureus
(MRSA), even though they are actually resistant to all p-lactam based
antibiotics. B-lactam resistance in MRSA is achieved by the addition of the
newly acquired PBP2a to the complement of the four native staphylococcal
PBPs (Pinho et al., 2001). PBP2a is encoded by the mecA gene and it has low
affinity for f-lactam antibiotics which enables these strains of S. aureus to grow
in antibiotic concentrations that hitherto, inactivates all native PBPs. PBP2a is
a member of a group of PBPs with high molecular mass (78 kDa), comprising
of a transpeptidase domain and a non-penicillin binding domain whose function
is unknown. PBP2a does not appear to be an active enzyme, compared to other
indigenous PBPs which synthesize very well cross-linked peptidoglycan. Even
when transpeptidase activity of all the indigenous PBPs is inhibited by the
presence of methicillin, PBP2a was found to rely on transglycosylase, which is
the p-lactam-insensitive domain of the indigenous PBP2, thereby conferring
resistance to the bacterium. Another model of methicillin resistance suggested
by Pinho et al., (2001), assumes that the PBP2a takes over the cell wall’s
biosynthetic functions of normal PBPs in the presence of f-lactam antibiotics;
this rapidly acylate (and inactivate) the four indigenous PBPs at concentrations
far below the minimum required to inhibit the growth of most MRSA strains.
2.6.4 Other antimicrobials MRSA is resistant to

Historically, S. aureus has been known to develop antimicrobial resistance to

most antimicrobials rapidly. The bacteria developed resistance to penicillin only
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a year after the introduction of penicillin into clinical use. It is now estimated
that 90%-95% of S. aureus strains worldwide are resistant to penicillin.
Linezolid-resistant MRSA strain was also described only a year after the
introduction of linezolid into clinical use in the year 2000. MRSA developed
resistance to daptomycin within 2 years after it was introduced in 2003.
Vancomycin which has proven quite effective against MRSA after some
decades of its introduction also seems to be losing out to the MRSA threat. It
took about 40 years for the first resistance strain to this antimicrobial to be
identified in Japan in 1996. The bacteria acquired this resistance using the vanA
gene complex acquired from Vancomycin-resistant enterococci (VRE)
(Sakoulas and Moellering, 2008). Resistance to fluoroquinolone drugs which
include ciprofloxacin, ofloxacin and norfloxacin also emerged in US hospital in
1988 after the introduction of ciprofloxacin and a 38% resistance in 616 S.

aureus was later evaluated in 2000 (Makgotlho, 2009).

2.7 DETECTION OF MRSA COLONIZATION

MRSA identification is based on phenotypic and genotypic investigations. The
methods used include culture methods and molecular testing (PCR). Phenotypic
investigations include Gram staining, catalase, coagulase, DNAse, and
morphological characteristics on mannitol salt agar. After identifying S. aureus
by Gram staining (Gram-positive cocci), catalase (positive), fermentation tests
(oxidase positive) and tube coagulase (positive) or DNAse (positive), the
sample is grown on mannitol salt agar for 24 hours at 37°C. S. aureus colonies

appear yellow and are then subjected to Cefoxitin sensitivity test by the Kirby
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Bauer disk diffusion method. Other commercially available methods include

latex agglutination test kits (Brown et al., 2005).

The various molecular techniques for rapid identification and characterization
of MRSA strains are based on the identification of the mecA gene which is
unique to MRSA (Makgotlho, 2009). Such techniques are however more costly
than the formal and rapid media culture methods (Minnesota Department of
Health, 2013). For a successful MRSA confirmation, the gold standard is to

detect the mecA gene or its product PBP2a.

The PBP2a test kit (Oxoid Limited, UK) provides a much simpler and more
rapid test to detect PBP2' by latex agglutination. This does not involve labour
intensive process and no costly or complex equipment or process. The PBP2a
test is also fast and much easier to perform than genotypic tests and yields very
clear and visible results within minutes (Hart, 2004). The PBP2’ test kit
comprises latex particles coated with a monoclonal antibody against PBP2a
which will react specifically with MRSA to cause clearly visible agglutination.
The Oxoid PBP2a Latex test has the advantage of being used to directly detect
the PBP2a protein rapidly with less labour. It also has an advantage of avoiding
false — positive results, which might occur with strains which might possess the
mecA gene but cannot produce or express the PBP2a phenotypically. Thus the
PBP2’ kit has the potential to even be more accurate than those methods that
detect of the mecA gene only. Additionally, the PBP2’ kit does not detect strains

which are hyper-producers of either PBPs or beta-lactamase, which often
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interferes with sensitivity tests. The Oxoid PBP2a test kit has previously been
assessed world-wide and shown to have a high sensitivity and specificity. (Hart,

2004; Marlowe et al., 2002).

2.8 MANAGEMENT AND TREATMENT OF MSSA AND MRSA
INFECTIONS

The drug of choice for treating MSSA infections which are susceptible to
penicillin is the Penicillin G (4 million units every 4 hours). Other antibiotics
which can alternatively be administered include; nafcillin (2g every 4 hours),
oxacillin (2g every 4 hours), cefazolin (2g every 8 hours), and vancomycin (1 g
every 12 hours). The drug of choice for treating S. aureus which are sensitive
to methicillin include nafcillin or oxacillin (2g every 4 hours). Infections

involving MRSA are treated with vancomycin (1g every 12 hours) (Lowy,

1998).

Alternatively, trimethoprim—sulfamethoxazole (TMP, 5 mg/kg of body weight
every 12 hours), ciprofloxacin (400 mg every 12 hours), minocycline (100 mg
every 12 hours taken orally), trovafloxacin (300 mg every 24 hours), and
levofloxacin (500 mg every 24 hours). Investigational drugs which can also be
used include oxzolidinones, quinupristin—dalfopristin and new carbapenem. It
is advised that sensitivity tests are carried out before an alternative drug is
administered. Cephalosporin can be administered to patients who are allergic to
penicillin if the allergy does not involve an anaphylactic or accelerated reaction

(Lowy, 1998).
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Attempts at developing a vaccine against MRSA has proven quite difficult and
many more companies are doing well to come out with a viable vaccine

(Reuters, 2013).

2.9 INFECTION PREVENTION AND CONTROL OF S. AUREUS

The bacteria can survive for weeks, even months in the hospital environment,
especially in dust and on dirty equipment. It can be found on staff ties, on pens
and even patients’ case note. The main route of transmission is through
personto-person contact via patients’ or healthcare workers’ hands. Basic
infection control practices are important to prevent and control the spread of
MRSA. The required precautions are grouped under two main categories
including; transmission-based precautions and standard precautions. Standard
precautions apply to all patients in healthcare facilities, assuming that all body
fluids, blood, non-intact skin, secretions, mucous membranes and excretions
contain infectious agents that can be transmitted. Standard precautions include
hand hygiene, safe injection practices, use of personal protective equipment,
respiratory hygiene/cough etiquette, and safe handling of potentially

contaminated equipment or surfaces in the patient environment.

Transmission-based precautions are implemented when the routes of
transmission are not completely blocked when only standard precautions are
employed. Transmission-based precautions covers airborne precautions contact

precautions, and droplets precautions (Minnesota Department of Health, 2013)
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Diseases which involve more than one route of transmission may require
multiple types of transmission-based precautions. Contact precautions will be
carried out to prevent transmission of pathogens which can be transferred
through direct or indirect contact with the patient or his environment. For
MRSA infected patients, contact precautions are recommended as well as
patients with Clostridium difficile-associated diarrhoea (Minnesota Department

of Health, 2013; TMIAC-CDPH, 1993).

In hospitals the administration are required to provide the needed resources to
empower front-line teams comprising of different disciplines to provide the
necessary resources, supplies and personnel (including microbiologist,
infection prevention experts and environmental service experts). They are to
train staff, and educate patients and families or visitors on issues related to
infection prevention and control. Administration is required to put programmes
in place to promote antimicrobial stewardship to optimize therapeutic outcomes
and minimize accidental effects of therapeutic drug use. The universal body
substance precautions should be adhered to strictly. This include proper hand
washing before attending to each patient or anything relating to the patient and
washing the hands again before leaving the patient’s room. Appropriate
personal protective equipment or clothing should be worn at all times. It is very
important that patient rooms, table and floor surfaces are thoroughly cleaned
and regularly disinfected, since MRSA can survive in such areas for long

periods up to 56 days.

In the community, the maintenance of regular personal hygiene is critical to
curb the transmission of MRSA. Bathing regularly with soap and water limits

personal contamination and transmission. Individuals with lesions must cover
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it up appropriately and discard dressings safely and promptly. Sharing of
creams, soaps, lotions should be limited and one must avoid sharing unwashed
towels. Sports equipment and children’s toys should be washed regularly

ideally after each use (Minnesota Department of Health, 2013).

2.10 PUBLIC HEALTH IMPLICATIONS AND ECONOMIC IMPACT
OF MRSA INFECTIONS

The resistance exhibited by MRSA to most antibiotics imply that treatment for
suspected or verified severe S. aureus infections, including common skin and
wound infections, must rely on second line drugs. Thus standard prophylaxis
with first-line drugs for orthopaedic and other surgical procedures will not have
much effect in many settings. Second-line drugs for S. aureus are more
expensive and also have severe side-effects for which monitoring during
treatment is required which further increases costs. Through systematic reviews
of scientific literature, it was established that patients with infections caused by
bacteria resistant to a specific antibacterial drug generally have an increased risk
of worse clinical outcomes and death, and they may consume more healthcare
resources, than patients infected with the same bacteria not demonstrating that
resistance pattern. However, data available are insufficient to estimate the wider
societal impact and economic implications when effective treatment for an
infection is completely lost as a result of resistance to all available drugs (World

Health Organization, 2014).

Cummings et al. (2010), noted that not complying with hand hygiene has
resulted in most hospital acquired infections. Based on this premise, they
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embarked on a study to evaluate the cost of an incident of noncompliance with
hand hygiene by a hospital worker during patient care. It was finally deduced
that in a 200-bed capacity hospital, an amount of $1,779,283 was incurred in
annual MRSA infection—related expenses attributable to hand hygiene
noncompliance. They further stated that a 1.0% increase complying with hand
hygiene compliance can result in yearly saving of $39,650 to a 200-bed hospital
To conclude, they stated that not complying with hand hygiene has resulted in
significant costs to the hospital and that a little adherence to hand hygiene can

save the hospital substantial costs (Cummings et al., 2010).

An overview of findings to address whether there is an excess cost due to
infections caused by S. aureus resistant to methicillin revealed that there is an
excess cost in hospitalization, antibacterial therapy, medical care and an excess
cost in additional cost variable which include costs specifically related to the
MRSA infection , daily hospital or patient costs; costs before or after infection;
costs for specific allied health care; costs broken down into very specific
categories; costs related to inpatient or outpatient treatment; costs reported by a
specific time period (vs. entire stay), or adjusted or modelled cost variables were

produced in the study (WHO, 2014).

CHAPTER THREE

3.0 SUBJECT AND METHODS
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3.1 STUDY DESIGN AND SITE

A cross-sectional study was conducted between 4"July - 20" August, 2014 at
the Brong Ahafo regional hospital (BARH), Sunyani, Ghana. The BARH is a
Ghana health service secondary level facility located in the regional capital of
the Brong Ahafo region. The hospital receives referrals from all districts in the
Brong Ahafo region and also from the Upper East, Upper West and Northern
region. The hospital has a bed capacity of 300 and an annual out-patient
department (OPD) attendance of 210,963 in 2010. The most frequent cause of
admissions includes deliveries, malaria, anaemia, accidents, diarrhoea,

hypertension, abortions and HIV/AIDS (BARH, 2011).

3.2 SAMPLE COLLECTION

Three hundred and twenty seven (327) participants were used in the study based
on S. aureus prevalence of 23.3% obtained by Egyir et al., (2013) at 95%
confidence level and 5% precision (Naing et al., 2006). Nasal screening of
patients, hospital personnel and visitors to the hospital was conducted at the
main out-patient department (OPD), clinics, accident and emergency unit,
surgical emergency ward, male ward, female ward, and other departments

within the hospital which are all located in different buildings.

Approval for the research was granted by the KATH Research and
Development Office (REG.NO RD/CR13/131) and from the BARH (Ref:

GHS/BA/RH/RES/90/10).

Participation was voluntary and nasal screening was done after receiving
informed consent from participants. Additional information regarding the age,

sex, and whether the participant was using any form of antibiotic were obtained
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from the participants and records. Those on any form of antibiotic treatment

were not included.

All the sites from where samples were obtained were grouped under two
categories based on proximity and to aid efficient sampling and analyses. Group
one comprised samples obtained from participants who were outpatients or
visitors at the main OPD , clinic 1, clinic 2, clinic 3, clinic 4 and clinic 5. Group
two included samples of participants who were inpatients at the various wards,
hospital staff, and visitors attending to patients at the wards and other
departments which included laboratory, pharmacy, radiology, administration,

etc.

3.3 ISOLATION OF S. AUREUS

Sterile swabs were partially moistened in a 2.5% saline solution and were used
to take the samples by rotating it five times in both anterior nares. The swabs
were then pre-enriched in test tubes containing 3ml of Mueller—Hinton broth
(MHB) (Techno Pharmchem, Haryana, India) supplemented with 2.5% sodium
chloride (NaCl) (UK Standards for Microbiology Investigations, 2014). The
pre-enriched test tubes were then incubated at 37°C for 24 hours and used to
inoculate the mannitol salt agar (MSA) which was incubated at 37°C for 24
hours. Suspected yellow S. aureus colonies surrounded by yellow halo zones
(Figure 3.1) were picked and further tests such as Gram staining, microscopy,
catalase production, haemolysis on blood agar, and tube coagulase, were

performed to confirm the bacteria (Benson, 2001).
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Figure 3.1: Colonies observed on mannitol salt agar plates (colonies surrounded

by yellow halo are suspected to be S. aureus colonies; red colourd backgrounds

have no S. aureus growth.

3.4 ANTIMICROBIAL SUSCEPTIBILITY TESTING

The Kirby Bauer disc diffusion method was employed to test for antimicrobial
susceptibility as recommended by Clinical Laboratory Standards Institute
(CLSI, 2013) which indicated Cefoxitin disk diffusion or Cefoxitin MIC tests
were preferred methods to determine resistance or susceptibility to
cephalosporin and a wide array of other B-lactam antimicrobial agents. The test
can thus be used to predict the presence of mecA-mediated methicillin

resistance in S. aureus (CLSI, 2013).

Identified colony of S. aureus on the MSA was sub-cultured into peptone water
broth (Lab M Limited, Lancashire, UK) and incubated at 30°C for 24 hours.

The peptone water broth culture was used to inoculate the Mueller Hinton Agar
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(MHA) using a sterile swab to streak its surface. Each streaked MHA plate was
then left ajar for Sminutes to dry out any excess surface moisture and a cefoxitin
(FOX 30mcg, CT0119B) antimicrobial susceptibility test disc (Oxoid Limited,
UK) was aseptically placed onto the agar surface with the aid of sterile forceps.

The plate was inverted and incubated at 35°C for 24 hours (CLSI, 2012).

3.4.1 Reading and interpretation of plates

Circular zones of inhibition were obtained on the plates (Figure 3.2). The
diameter of the zones of inhibition was measured using a ruler which was placed
on the back of the inverted petri dish and held a little above a black,
nonreflecting background illuminated with reflected light. The diameter of the
zones of inhibition was measured to the nearest whole millimetre. The diameter
of the zone of inhibition was used to determine whether the bacteria was

resistant or susceptible to cefoxitin with reference to the CLSI (2013) guideline.
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Figure 3.2: Effect of Cefoxitin on S. aureus growth on MHA: showing various

diameters of zones of inhibition.

3.5 TEST FOR THE PRESENCE OF THE mecA GENE

Many methods to establish the presence of the mecA gene in an S. aureus had
been reviewed (Makgotlho, 2009; Anand et al., 2009). According to the CLSI
(2012), identifying the mecA gene or its protein product, PBP2a (or PBP2’), are
more accurate and the most preferred methods to predict if an isolated S. aureus

Is resistant to oxacillin (or methicillin).

3.5.1 Penicillin-Binding Protein (PBP2a) Latex Agglutination test

The penicillin binding protein (PBP2a) latex agglutination test kit (Oxoid
Limited, UK), is a rapid latex agglutination test kit used to detect PBP2a in
Staphylococcus isolates to help confirm the successful isolation of MRSA. The
presence of PBP2a was determined according to the guideline outlined by the

manufacturer.

Cefoxitin resistant colonies of S. aureus on the MHA obtained from the
antimicrobial susceptibility test (section 3.4) were selected and tested for the
production of the PBP2a protein. Specimen which showed resistance to
cefoxitin were identified. The protein from the resistant bacteria was extracted
using two extraction reagents and centrifuged at 3000 rpm at 15cm rotation

radius for five minutes. The supernatant was used for the test.

The latex agglutination test was conducted on test cards provided with the kit.

The specimen number was written in one circle and the other circle labeled
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“control”. The latex reagents were well mixed and a drop of the Test Latex or
Control Latex was added to their respective labeled circles on the test card. 50
uL of the supernatant from the specimen and the control organism were placed
on the Test circle and the Control circle respectively, and mixed with the latex
thoroughly with the mixing stick provided. The card was picked up and rocked
for about three minutes while looking for agglutination under normal ambient

light (Figure 3.3). The outcome of the test and the control reactions were noted.

Figure 3.3: PBP2a test card showing positive agglutination reactions for some
isolated MRSA samples along with a negative control test. The samples labelled
24 and 33 shows a positive agglutination reaction compared with the negative

controls

3.6 STATISTICAL ANALYSIS

Analysis was carried out using SPSS 17 (SPSS Inc., U.S.A) and StatPac
Statistics calculator (StatPac Inc., U.S.A). S. aureus and MRSA prevalence
were evaluated and stratified by demographic characteristics. The ages of the
study participants were grouped into two; children (1 — 17years) and adults

(18years and above) (The Children's Act, 1998). The demographic attributes of
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the various sampling groups were evaluated and the differences in prevalence
between the individual demographic levels were evaluated using the twosample

two-tailed t-test, to compute the p — value at 95% confidence level.

CHAPTER FOUR

4.0 RESULTS

4.1 GENERAL DEMOGRAPHICS OF S. AUREUS PREVALENCE
A total of 327 samples were obtained from the study participants and processed.

Of these, 124 (37.9%) were males and 203 (62.1%) were females. Nine (2.8%)
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of the participants were children aged 17 years and below whereas 318 (97.2%)
were adults aged above 17years (The Children's Act, 1998). The participants’
ages ranged from 2 — 105years with a mean age of 33.4 (£12.9) years. Group 1
(mainly outpatients and visitors) sampling sites provided 237 samples (72.5%)
whereas 90 samples (27.5%) were obtained from Group 2 sampling sites
(mainly in patients and staff). There were 55 S. aureus isolates from the 327
nasal swabs, representing 16.8% prevalence. Thirty-four of the S. aureus
isolates were obtained from the female participants, which represents 16.7%,
and a general prevalence of 10.4% of the total study population. Twenty-one S.
aureus isolates were obtained from the male participants, which also represents
16.9% prevalence, and a general prevalence of 6.4%. One hundred and three of
the male study population was found to be non-carriers (83.1%), whereas 169
of the female study population were also found to be non-carriers (83.3%).
Forty-nine of these isolates were obtained from Group 1 sampling sites, which
represented an S. aureus prevalence of 20.7% (49/237). Six of the S. aureus
isolates were obtained from the Group 2 sampling sites representing a

prevalence of 6.7% (6/90).

Table 4.1: General Demographics of S. aureus Prevalence

Parameter Total S. aureus Prevalence P —value ©
(n=327) (n=55) N (%)
(Overall =16.8%)
Gender
Male 124 21 (16.9) 0.9626
Female 203 34 (16.7)
Age Group
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Children 9 2(22.2) 0.6641
(<17years)

Adults (>18years) 318 53 (16.7)

Sample Group
Group 12 237 49 (20.7) 0.0027
Group 2° 90 6 (6.7)

a: comprised participants from the main OPD and Clinics 1 to Clinic 5
b: comprised participants from inpatients, staff, and other departments c:
p — value of the two-sample t-test at 95% confidence level

A comparison of the S. aureus prevalence among the two genders revealed that
there was no statistical significant difference between the 16.9% prevalence
among the males and the 16.7% among the female participants (p=0.9626).
Similarly, the 22.2% and 16.7% prevalence recorded for the children and adult
age groups respectively was not significantly different (p=0.6641). However
the difference in the prevalence between group 1 (20.7%) and group 2 (6.7%)

sampling areas was significant (p = 0.0027).

4.2 Cefoxitin Resistance in S. aureus Isolates

The cefoxitin disc diffusion test was carried out for primary identification
MRSA strains. The classification of an isolate as Methicillin-Susceptible S.
aureus (MSSA) or Methicillin-Resistant S. aureus (MRSA) was based on the
measured diameter to the nearest whole millimeter as indicated in Table 4.2.
The diameters indicative of resistance ranged from 0 mm to 21 mm and
susceptible strains produced a zone of inhibition which was greater than or

equal to 22mm (CLSI, 2013). The diameter of clearance by the various
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identified isolates of S. aureus ranged from Omm to 40mm diameter with a mean

of 20.44 mm +8.11.

Table 4.2 Cefoxitin Disc diffusion Zone Diameter interpretive criteria.

Disk Content Zone Diameter Interpretive Criteria (nearest whole mm)

Susceptible Intermediate Resistant
Cefoxitin >22 (MSSA) - <21(MRSA)
(30p9)
(CLSI, 2013)

4.3 MSSA AND MRSA PREVALENCE

The 55 S. aureus isolates identified were further tested and classified as
methicillin susceptible S. aureus (MSSA) or methicillin-resistant S. aureus
(MRSA) based on their growth characteristics on MHA impregnated with
cefoxitin disc and their ability to produce PBP2a. The zone of inhibition
diameter was used to first classify the S. aureus as MSSA or MRSA (Table
4.2,). Those found to be MRSA by the Kirby Bauer cefoxitin sensitivity test,
were further tested for their ability to produce the PBP2a before finally being
classified as MRSA, because they carry the mecA gene and are expressing the

gene product in the phenotype.

The results showed that 26 of the S. aureus isolates were MRSA strains which
represent a prevalence of 47.3% and the remaining 29 were MSSA, representing

52.7% of the S. aureus isolates (Table 4.3, 4.4). The MSSA prevalence among
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the male (8.1%) and female (9.4%) participants was not significantly different
(p =0.6891). A similar observation was made comparing the MSSA prevalence
of 10.1% and 5.6% at Group 1 and Group 2 sample sites respectively (p =
0.2019). Children were found to be significant carriers of MSSA with 33.3%
prevalence compared with 8.2% recorded among the adult participants (p =

0.0095).

® MRSA

MSSA

Figure 4.1 Distribution of S. aureus strains

Table 4.3 MSSA Prevalence at Brong Ahafo Regional Hospital (BARH)

Parameter Total MSSA Prevalence P —value ©
(n=327) (n=29) N (%)
(Overall = 8.9%)

Gender
Male 124 10 (8.1) 0.6891
Female 203 19 (9.4)

Age Group
Children (<17years) 9 3(33.3) 0.0095
Adults (>18years) 318 26 (8.2)
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Sample Group

Group 2° 90 5 (5.6)

a: comprised participants from the main OPD and Clinics 1 to Clinic5 b:
comprised participants including inpatients, staff, and other departments c:
p — value of the two-sample t-test computed with statpac version 4.0, 2013

A total of 26 MRSA were confirmed from the 327 study participants
(approximately 8.0%). Eleven MRSA were obtained from the male participants
and 15 from females. This represented a prevalence of 8.9% (11/124) and 7.4%
(15/203) among the male and females respectively and the difference was not
significant (p=0.6273). Similarly the difference in the prevalence of 0.0% and
8.2% recorded among the children and adult participants respectively, was not

significant (p= 0.3712) (Table 4.4).

Table 4.4 MRSA Prevalence at the BARH

Parameter Total MRSA Prevalence P —value ©
(n=327) (n=26) N (%)
(Overall = 8.0%)

Gender
Male 124 11(8.9) 0.6273
Female 203 15 (7.4)

Age Group
Children (<17years) 9 0 (0.0) 0.3712
Adults (>18years) 318 26 (8.2)

48



Sample Group

Group 2° 90 1(1.1)

a: comprised participants from the main OPD and Clinics 1 to Clinic5 b:
comprised participants including inpatients, staff, and other departments c: p
— value of the two-sample t-test computed with Statpac version 4.0, 2013

However, between the two sample groups, the prevalence recorded was found
to be significantly different. Group 1 sample sites recorded a significantly
higher MRSA prevalence of 10.5% compared with Group 2 prevalence of 1.1%

(p = 0.0052).

CHAPTER FIVE

5.0 DISCUSSION

An overall S. aureus nasal carriage prevalence of 16.8% was obtained. In a
similar study to evaluate presence of S. aureus in the nostrils and their diversity
among the inpatients and health care workers at the Korle Bu Teaching Hospital
in Ghana, a prevalence of 16.6% was reported by Egyir et al (2013). Conceicao
et al., (2014) also reported a prevalence of 15.7% in another similar study at
Sao Tome” and Principe. The similarity in the above prevalence with this
study’s overall S. aureus prevalence of 16.8% could be as a result of the similar

methodology used and sampling technique. Higher S. aureus prevalence had
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been reported in other studies where samples from other parts of the body were
used besides the nostrils. For example, 36% S. aureus isolates were obtained
from urine samples collected from healthy women in Zaria, Nigeria (Onanuga
etal., 2005). Cavalcanti et al (2005), also reported a 37.7% S. aureus prevalence
from samples obtained from the nostrils, axillary and perineal regions and from

dermatosis skin rupture at the Oswaldo Cruz university hospital in Brazil.

A significantly higher overall S. aureus prevalence was recorded from group 1
sample areas (20.7%) which include the main OPD and the five clinics
compared to the group 2 sample sites (6.7%) (p=0.0027) (Table 4.1). The reason
that could be adduced for this observation could be the fact that the group 1
sample sites usually experience more overcrowding than the group 2 areas
(wards, laboratory, and other departments). As already mentioned
overcrowding is a key factor for S. aureus and MRSA transmission which could

be the reason for this observation (Clements et al., 2008).

The children age group was also found to be significant carriers of the MSSA
strain of the bacteria when their prevalence (33.3%) was compared with the
adults (8.2%) (p = 0.0095). Although the threats posed by such strains of the
bacteria are similar to the MRSA strains, MSSA can be easily managed because
of their inability to produce PBP2a (section 1.1 and 2.6). In a similar study in

Brazil, 48% of 500 children were found to be infected with S. aureus. 6.2%
MRSA strains were identified among these children which indicates that
children are also prone to S. aureus infection, especially in day care centres
(Braga et al., 2014). Children are often more infected because they come into
close proximity with several other people in classrooms and other school

settings, day care centres, locker rooms, playgrounds, gymnasiums and other
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workout facilities. In such places, transmission and infection are more likely,
because children often have skin-to-skin contact and may share toys or other
equipment that have not been cleaned. They are also more likely to have
frequent bug bites or scrapes which are potential entryways for infection

(Cassoobhoy, 2015).

The study revealed an MRSA prevalence of 8.0% (Table 4.5) among the
participants. In a similar study, Egyir et al. (2013) reported an overall MRSA
prevalence of 0.9% from nasal swabs obtained from the Korle Bu Teaching
Hospital (KBTH). The reason could be due to the fact that the majority of
samples were obtained from outpatients for this study, which is in contrast to
the inpatients and hospital staff from whom Egyir et al. (2013) obtained their
samples from. Overcrowding has been determined to be a key factor in the
transmission of the bacteria (Clements et al., 2008), and this occurs more
frequently at the main OPD and clinics from where the majority of the samples
were obtained from for this study. Across Africa, prevalence less than 10% have
been recorded in many countries. In Madagascar, S. aureus prevalence of 4.4%
in hospital and 6.5% in the community was reported from pus, urinary and
genital specimen collected between January 2001 and December 2005
(Randrianirina et al., 2007). A prevalence of 9% was reported in S. aureus
isolates from ear discharge and pus in Eritrea (Naik and Teclu, 2009). In Gabon,
5.8% prevalence was reported from isolates obtained from different specimen
collected from 2009 and 2012 (Alabi et al., 2013). Omuse et al. (2012) also
reported an overall prevalence of 3.7% in Kenya. Across the globe, similar
prevalence of less than 10% have also been reported in several studies including

one conducted by an international team which obtained 32,206 nasal swabs
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from Australia, Belgium, Croatia, France, Hungary, Spain, Sweden, the
Netherlands, and the United Kingdom with an MRSA prevalence of 1.3% of

the 6,956 S. aureus isolates obtained (Roos, 2013).

It has been estimated that about 40.0% of S. aureus infections acquired in large
hospitals in the US are methicillin - resistant. The MRSA prevalence in most
European and American hospitals is estimated to range from 29.0% to 35.0%
of all clinical isolates (Tiwari et al., 2008). The highest prevalence of more than
50.0% have been reported in North and South Americas, Asia and Malta.
Intermediate prevalence ranging between 25.0 — 50.0% have been reported in
China, Australia, Africa and some European countries. It is quite difficult to
explain these varying prevalence observed in the various locations (Tiwari et

al., 2008).

The 8.0% prevalence recorded in this study is comparatively low when
compared with WHO figures which generally reported MRSA prevalence of
over 20.0% in all WHO regions (WHO, 2014). The reason that could be
adduced for this comparatively low prevalence is that most of the participants
who availed themselves for the study were outpatients or visitors to the hospital;
they formed 72.5% of the total sample size. In most studies where consistent
high prevalence has been recorded, a sizeable number of inpatients’ samples
were used. A study by Coello et al. (1997) revealed that inpatients or patients
in intensive care stand a greater chance of acquiring MRSA infection due to the
frequent opportunities for MRSA invasion from contact with nurses which
makes it possible for MRSA to be transferred through staff hands from infected
sites to an entry portal on the patient, such as wounds (Coello et al., 1997). This
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was further buttressed in another study by Egyir et al. (2013), who also
explained that inpatients that stayed < 7days at hospital facility had a higher risk
of being infected. However in this study, majority of the participants were
mainly from the Main OPD and Clinics which treats and discharges patients
within hours. Also the low consumption of some antimicrobial agents such as
fluoroquinolones and the third-generation cephalosporins in Ghana due to their
high costs may also explain the lower prevalence recorded (Egyir et al., 2013).
Muller et al. (2003) established that the use of certain antimicrobials is an
independent risk factor for MRSA acquisition, and that there is a causal
relationship between antimicrobial use and MRSA acquisition. They also
mentioned that the use of these antimicrobials contribute to MRSA spread,
citing that in some Nordic countries in Europe which use the least amount of
antimicrobials; 14 hospitals in such countries had very low incidences of
MRSA. According to Monnet et al. (2004) the use of some antimicrobial drugs
such as third-generation cephalosporins, macrolides, and fluoroquinolones,
promoted outbreak of MRSA and also highlighted the fact that current
antimicrobial drug use can also have an effect on drug resistance in future
patients. According to Egyir et al. (2014) these drugs are usually not used in
Ghana because of their high cost and are often only prescribed for acute
infections. This may explain the lower MRSA prevalence (8.0%) recorded at

the BARH in this study.

The 47.3% of the S. aureus isolates which were found to be MRSA (Figure 4.1),
is indicative of an almost half a chance that S. aureus isolates obtained from the

hospital will be MRSA. This figure albeit lower, is comparable to 52.7% MRSA
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prevalence found among S. aureus isolates isolated in a study by Moses et al.
(2013) in Nigeria. Such a high proportion of S. aureus isolates being MRSA can
however prove problematic to hospital staff, care-givers and patients
particularly. This observation implies that although not many of the participants
may be carriers of the bacteria, there is a chance that almost half of those S.
aureus carriers, could be harbouring MRSA. This can pose serious attendant
health risks to care-givers, staff or patients when appropriate hygienic practices

are not observed.

The prevalence recorded between the two genders with respect to MRSA,
MSSA and S. aureus prevalence in general, showed no significant difference in
the prevalence. Thus gender was not found to be a significant factor in MRSA
prevalence among the sampled population at BARH. Likewise the prevalence
between the two age groups with respect to S. aureus and MRSA prevalence
were found not to be significantly different. This result agrees with Egyir et al.

(2013) who found no association of age and gender with S. aureus carriage.

The prevalence recorded at the Group 1 sample areas compared with Group 2
sample areas was significantly different (p = 0.0052). Thus areas in and around
the main OPD and the various clinics recorded a significantly higher MRSA
prevalence of 10.5%. The observation is of significant concern because many
different groups of people including nurses, doctors, patients and visitors
usually converge at the OPD for one activity or the other. This often leads to

occasional overcrowding which has been identified as one of the means of
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transmission. Healthcare workers may become transient carriers this way and
may infect those they attend to. According to Rutala et al. (2008), healthcare
worker's hands are the most common route for transmitting microorganisms
from one patient to another patient, from a patient to equipment and the
environment, and from the environment and equipment to the patient.
Alcoholbased hand rubs (ABHRs) should be provided in health institutions in
addition to existing facilities and especially in areas where it will be difficult to

have hand washing facilities provided (WHO, 2012).

CHAPTER SIX

6.1 CONCLUSION

This research revealed that MRSA was prevalent at the BARH, with a
prevalence of 8.0% of the total samples taken. However, there is a 47.3% chance
that an isolated S. aureus may be a MRSA, and it is important that adequate
provisions are made to install fully equipped hand washing sinks at vantage
points all around the hospital and especially at the main OPD and the clinics.
The study also revealed that both males and females stand an equal chance of
being infected with MRSA and also becoming agents of its transmission to
others. Children and adults also stand an equal chance of being infected or
becoming agents of transmitting the bacteria to others. However, prevalence of
MSSA was found to be significantly high among the children age group. This
study provides first baseline epidemiological information on the prevalence of
nasal carriage of S. aureus and MRSA among patients, visitors and personnel

at the BARH.
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6.2 RECOMMENDATION
It is strongly recommended that further genetic analysis are carried out on the

identified MRSA isolates obtained to distinguish between Hospital acquired
MRSA and community acquired MRSA strains for appropriate intervention

protocols to be effected as already discussed.
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