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Abstract
Methicillin-resistantStaphylococcus aurels one of the major causes of nosocomial
infections worldwide. It is endemic in hospitalsdgorevalent in the community and
amongst livestock. Morbidity and mortality amongsatients with Methicillin-
resistant Staphylococcus aureumfections are high due to resistance to many
antibiotics. In Zambia, there has been an incraas¢he number of cases of
Methicillin-resistantStaphylococcus aureufrom 23% in 2003 to 30.7% in 2010,
but its molecular characteristics were unknownadidition, its antibiotic resistance
patterns are not clearly defined. Therefore, thgatlve of this study was to
characterise Methicillin-resistataphylococcus aureusolated from the University
Teaching Hospital in Lusaka, Zambia, using molecutols. The antimicrobial
susceptibility pattern of the Methicillin-resistaBtaphylococcus aureusas also
determined. This was a laboratory-based crossesedtistudy. Ninety-five clinical
isolates ofStaphylococcuaureus collected between June 2009 and December 2012
at the University Teaching Hospital in Lusaka, Zaamlwvere analysed by S@&c
and spa typing. Antibiotic susceptibility testing was penned using the Kirby-
Bauer disc diffusion method. The results demonstighat, of the 9%. aureus
isolates, 43% were Methicillin-resistaBtaphylococcusureus strains. Antibiotic
resistance to common anti-staphylococcal drugse@rigpm 68% to 100%. Multi-
drug resistance rates ranged from 17.5 % to 35%.mtst prevalent SGAectypes
were SC@nectype IV (63%) and SCQectype Il (14.6%). Fivespatypes, which
included a novel type, were detected and the moestatentspa type was t064
(13%). The prevalence of multidrug resistant Melimeresistant Staphylococcus
aureuswas found to be high and has continued to increHse high prevalence of

SCdamectype IV andspatype t064 suggests that the strains circulatieghaspital-



acquired and that there may be high genetic exehantpngst the bacterial strains.
Regular surveillance and screening is recommenaedirffection control and

treatment guidance.
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Chapter 1: Introduction

1.1 Background

The genusStaphylococcusomprises more than 40 species, most of whiclpareof
the normal flora of the skin and mucous membraresam and other organisms and
are generally harmless (Ghebremedgiral, 2008). Based on their ability to cause
disease, the species have been divided into twapgrarhe most important group is
Staphylococcus aureuwhich is capable of causing a wide range of indest
(Gordon and Lowy, 2008). HowevelStaphylococcus aureuss occasionally
considered as an opportunistic pathogen and isgbalte normal flora (David and
Daum, 2010). The second group includes all othecisg ofStaphylococcuand are
collectively referred to as coagulase nega@taphylococcugCNS) (Bannerman,
2003). Generally, members of the CNS are consideegthless to humans and are
usually part of normal flora. However, some membefsthe CNS such as
Staphylococcus epidermidisave been increasingly implicated in human disease
(Burnie et al, 1997; Rosenthaét al, 2008; Schoenfeldeet al, 2010; Castro-

Alarconet al, 2011).

The medical importance d. aureushas been heightened by its ability to adapt
rapidly to the selective pressure of antibioticd #re resultant emergence and spread
of methicillin-resistansS. aureufMRSA) (Deurenberget al, 2007). MRSA strains
do not account for a large proportion of staphytmed infections compared to their
counterparts, methicillin-susceptibl®. aureus(MSSA) (Miko et al, 2013). In
addition, MRSA is not necessarily more virulentthdSSA (Gordon and Lowy,

2009). However, MRSA infections are more difficalhd expensive to treat than



MSSA (Weller, 2000; Moodleyet al, 2010; Chamchod and Raun, 2012). In the
European Union, MRSA is estimated to affect moanth50 000 patients annually,

resulting in extra hospital cost of EUR 380 millifdck et al, 2010).

Zambia has not been spared from the increase imuh&ber of MRSA cases. In
recent years nosocomial infections due to MRSA Haeen reported to be on the
increase at the University Teaching Hospital (UTMenya, 2003; Kapatamoyet

al., 2010; Mulipilwa, 2012). However, no systematindses have been carried to

understand the extent of this problem in Zambia.

1.2 Statement of the Problem

The increasing prevalence of MRSA worldwide is awgng public health concern.
Infections due to MRSA are difficult to treat besauwf the restricted spectrum of
antimicrobial drugs of proven efficacy (Stafeni &&dglio, 2010). The consequence
of this is high mortality and morbidity amongst p&oinfected with MRSA strains
(Moellering, 2012). In Zambia, there is a paucity data on the prevalence of
MRSA, their antimicrobial susceptibility patterms;culating genotypes or molecular
epidemiology. All the available data was derivednir studies using conventional
phenotypic methods and clinical presentations o$eales associated with

Staphylococci.

1.3 Justification of the Study
Due to the difficulties in treating MRSA infectioéd the consequent implications
of mortality and morbidity, it is important to caoal the spread of MRSA. Effective

control measures are dependent on a thorough kdgeleof the organism’s



epidemiology. This is achieved through the useedfable diagnostic and typing
tools for detecting and tracking of sources, patrsvaf spreading infections and
studying population genetics. Careful detectionresistant bacteria provides a
fundamental basis for infection control measured antimicrobial surveillance

systems since MRSA are mainly known to be drugstast (Sundsfjoreét al, 2004).

This also provides clinicians with knowledge wheageribing appropriate drugs for
treating patients. In addition, MRSA molecular diagtic and typing tools are
essential for the detection and monitoring of MR8#ections and in helping

provide vital information for the implementation appropriate control measures. To
our knowledge this was the first study of its kimdZambia to employ molecular

typing tools for detecting and typing MRSA.

1.4 Literature Review

1.4.1 General Characteristics of MRSA

MRSA is a well-established nosocomial pathogen teises a wide range of
infections, including minor infections such as skifections, food poisoning; life-
threatening infections such as pneumonia, sepstomyelitis, and infectious
endocarditis (Shopsin and Kreiswirth, 2001; D’Soetaal, 2010; Chamchod and
Raun, 2012; Goulét al, 2012; Wanget al, 2012). Severe MRSA infections cause
significant morbidity and mortality. Compared to theillin susceptible
Staphylococcus aureu@VISSA), mortality in MRSA infections is twice adgh
(Moellering, 2012). MRSA pose an economic burdenatonal health care systems

and patients (Moodlegt al, 2010; Chamchod and Raun, 2012).



S. aureusis an immobile spherical Gram-positive bacteridmttform grape-like
clusters and are facultative anaerobes that groinlynaerobically but can also grow
anaerobically (Bannerman, 2003). Growth occursiwifi to 48 hours of incubation
at temperatures of about 35 to 37°C. MRSA like nmf®stureusform yellowish
colonies although white variants are also commdme Biochemical basis for the
identification of MRSA includes the production dcditalase, coagulase, DNase and

the alternative PBP2A which encodes resistanceethinillin (Bannerman, 2003).

1.4.2 Taxonomy and Phylogenetic Status &taphylococcus

Taxonomically, MRSA belongs to the gen@saphylococcyswithin the family
Staphylococcaceaeinder the ordeBacillales classBacillusand phylunFirmicutes
(Bannerman, 2003). The familyStaphylococcaceaehas six genera namely
Staphylococcys Gemallg Jeotgalicoccus Macrococcus Salinicoccus and
NosocomiicoccugGarrity and Holt, 2001). The ord&acillalesincludes a diverse
group of microorganisms butaphylococcusire easily identified on the basis of
them being Gram-positive cocci that form clustgpspduce catalase, have an
appropriate cell wall structure (including peptid@sn and teichoic acid presence)
and low guanine plus cytosine (G + C) content iraage of 30-40 %, whereas
members of the genudicrococcushave a high G + C content of around 70 %.
aureushas a G + C content of about 28.7% (Gdtsal, 2005). Although it was
initially believed that allStaphylococcugproduced coagulase, it is now known that
only six species produce coagulase (Matthetwsl, 1997). These includ®. aureus
S. delphini S. hyicusS. intermediusS. lutraeandS. schleiferi subsp.coagulans

seventh species was recently identified asStheei(Jinet al, 2004).



A variety of approaches have been used to destithsystematics and taxonomy of
Staphylococci. Perhaps one of the important stepisa classification and taxonomy
of Staphylococci was the differentiation betweeapBiylococci and Micrococci. The
early classification of Staphylococci was basedtlo® biochemical tests such as
anaerobic growth and fermentation of glucose whias proposed by Evans and
Kloos in 1972 to distinguish Staphylococci from tpenus Micrococci (Evans and
Kloos, 1972). However, these methods had sevienghtions and most importantly
that of misclassification of species between the tygenera. Based on these tests,
Staphylococci were considered anaerobic while Miccai were aerobic. However,
it was observed that some strains of Staphyloca@ie aerobic. Further studies
showed that Staphylococci could be distinguisheamfrMicrococci and other
catalase-positive cocci on the basis of their welll composition (Schleifer and
Kandler, 1972; Endet al, 1983); cytochrome profile (Faller and Schleif2981)
and menaquinone pattern (Collins and Jones, 188%geptibility to lysostaphin and
erythromycin (Schleifer and Kloos, 1975); bacitra@fralk and Guering, 1983), and
furazolidone (Baker, 1984). Comparative immunocloainistudies of catalases
(Schleifer, 1986); DNA-DNA and DNA-rRNA hybridizatn studies (Schleifeat al,
1979; Kilpperet al, 1980); and comparative oligonucleotide catalogudf 16S
rRNA (Ludwig et al, 1981) also clearly demonstrated the epigenetit genetic
difference of Staphylococci and Micrococci. Thegeles also led to the description
of many new staphylococcal species suchSasarlettag S. equorumS. kloosii
(Schleiferet al, 1984),S. lugdunensjsS. schleiferi(Freneyet al, 1988) andS.
delphini (Varaldoet al, 1988), and elevation of some subspecies to apdevel

such asS. lentusandS. chromogene@iajeket al, 1986).



In recent years there has been an emphasis oretleédogment of molecular tools in
the classification and identification of Staphylocb These methods usually utilise
one or several appropriate genes. Besides the RB rgene (De Buyseet al,
1992; Beckeet al, 2004), the 16S-23S rRNA intergenic spacer re@Maeset al,
1997) and the heat shock protein 68g6Q gene (Gohet al, 1996; Gohet al,
1997). Other gene sequences have been used inicgsheties of Staphylococci
including: thefemA gene (Vannuffelet al, 1999), thesodA gene (Poyaret al,
2001), thetuf gene (Martineawet al, 2001), therpoB gene (Molletet al, 1997,
Drancourt and Raoult, 2002), and tp&p gene (Yuguerost al, 2000; Yuguerogt
al., 2001). However, each of these has specific epjpdins and advantages. For
example, 16S rRNA gene sequencing and PCR-restricfragment length
polymorphism (PCR-RFLP) analysis has been usedgecies identification but it
does not differentiate betweéh lentusandS. sciuri(Ghebremedhiret al, 2008).
PCR-RFLP analysis of the 23S rRNA gene with twdrieigon enzymes is able to
discriminate betwee®taphylococcuspecies, but the interpretation of the results is
complicated by intervening sequences (Fugtaal, 2005). In addition, although
amplified fragment length polymorphism fingerprimgi has proven to be useful for
Staphylococcuspecies identification, it is time-consuming amxgensive (Taponen
et al, 2006). Whole-genome DNA-DNA hybridization anasy$§Svecet al, 2004)
allows species identification, but is not suitafwe routine use. Ghebremedhin and
colleagues (2008) proposed the usefulness of setuerthe gap gene for
Staphylococci species differentiation and for ifggng interspecies phylogenetic

relationships (Ghebremedhét al, 2008).



1.4.3 Epidemiology of MRSA

Resistance to antimicrobial agents is a growindiputealth concern (Ferreiet al,
2011). There are several ways in which resistaadeansmitted between bacteria.
These include transformation, conjugation and ttaason. Transformation is the
direct uptake of free DNA material through the leaiei membrane (Albertst al,
2002). Conjugation occurs as a result of the texnsiy of plasmids, while
transduction is the transfer of genetic materia viruses called bacteriophages
(Waters, 2001). Once the bacteria have acquireddsistance genes, they further

spread through clonal expansion.

The emergence of MRSA was first reported in 1961han United Kingdom (UK),
barely 2 years after the introduction of methinilin clinical practice (Barber, 1961;
Moellering, 2012). Since then, the organism hagaprthroughout the world with
variable geographical prevalence (Vindglal, 2009; Johnson, 2011; Moellering,
2012). Northern Europe has been shown to haveothest prevalence rates of about
1%, while North-East Asia shows some of the higlras¢s of up to over 60%
(lonescuet al, 2010; Stafeni and Goglio, 2010; Johnson, 201t European
countries showing generally low prevalence rateslugde Finland, Denmark,
Norway, Iceland, Sweden and the Netherlands (v@net al, 2008; Grundmanat
al., 2010; Stefanet al, 2012; Moneckest al, 2013). This low prevalence rates has
been attributed to major ‘search and destroy’ dpmra in these countries
(Tiemersmaet al, 2004; van Rijeret al, 2008; van Cleeét al, 2010). However,
some European countries such as Portugal, Gre¢sly, dand Romania have
intermediate rates of 49%, 40%, 37%, 34% respdgtilenescuet al, 2010; Peres

et al, 2013; Drougkaet al, 2014; Sanchinet al, 2014). In the United States, the



National Nosocomial Infection Surveillance (NNISys&m data demonstrated that
MRSA accounted for over 60% &f aureussolates in intensive care units (Boucher
and Corey, 2008). East-Asian countries that haesvshihe highest rates include Sri
Lanka (86.5%), South Korea (77.6%), Vietham (74.1¥iwan (65.0%), Thailand
(57.0%) and Hong Kong (56.8%) (Lext al, 1998; Aires de Souset al, 2003;
Boyce et al, 2005; Songet al, 2011; Zhaoet al, 2012; El Aminet al, 2012;

INSAR; 2013; Xiao, 2013; Laat al, 2014).

There has been poor documentation of the preval@wdRSA in Africa (Breureet
al.,, 2011; Conceicaet al, 2014). Generally, the prevalence rates of MR&8Anf
most African countries have been shown to rangm f&85% to 50% (Kesabt al,
2003; Bouchilloret al, 2004; Peroviet al, 2006; Stefanet al, 2012; Mainzet al,
2013). In South Africa, baseline data from the Eamepean Antimicrobial
Resistance Using Local Surveillance (PEARLS) statly001 - 2002 showed that
the MRSA prevalence was 33.3% (Bouchilletnal, 2004). However, another study
involving patients withS. aureusbacteraemia at two academic hospitals in
Johannesburg, South Africa, found an MRSA rate 386 ZPerovicet al, 2006). A
multicentre study aimed at determining the prewedeand antibiotic susceptibility
patterns of MRSA in African countries found the yakence rates of MRSA in
Nigeria, Kenya, and Cameroon to range from 21-3@tile the prevalence was
below 10% in Tunisia, Malta, and Algeria (Kesathal, 2003). A more recent study
from Kenya that found an MRSA rate of 84.1% amakig and soft tissue infections
which was higher than previous findings in the samgion (Mainaet al, 2013).
This observation would suggest an increase in MRB8Xalence over the years and

hence the need to maintain surveillance and coofBIRSA infections in Africa.



In Zambia, there is a paucity of data on the burdérMRSA. However, the
prevalence of MRSA has been shown to be on theeaser at the University
Teaching Hospital (UTH). The prevalence of MRSAra& UTH was 23% in 2003;
while in 2010 it was found to have risen to abdd#3(Mwenya, 2003; Kapatamoyo
et al, 2010). A more recent study conducted at the @$timated the prevalence of
MRSA at 37% (Mulipilwa, 2012). In another study docted at Kitwe Central

Hospital estimated the MRSA prevalence to be at {&§&sonde, 2004).

Initially MRSA pathogens were almost exclusivelpl&ed from hospitals, long-

term care facilities, or similar institutional setfs and were thus called hospital or
healthcare-associated or acquired MRSA (HA-MRSApJD and Daum, 2010;

Moellering, 2012). According to the Centers for &€ise Control and Prevention
(CDC), an infection is considered hospital-assediaif it occurs more than 48 hours
after admission (Centers for Disease Control ameddhtion, 2003). Thus, an isolate
is defined as a HA-MRSA if cultured from a clinicgppecimen obtained 48 hours
after patient's hospital admission or whose souofésolation were associated with

risk factors for HA-MRSA infection within one yeaf MRSA isolation date.

Risk factors for MRSA colonization or infection ithe hospital include prior
antibiotic exposure, admission to an intensive car# or long-term care facility,
recent surgery and exposure to an MRSA-colonizetkema (Thompson, 1982;
Boyce, 1989; Chambers, 2001; Centers for Diseasdr@aand Prevention, 2003).
Humans are a natural reservoir r aureusand asymptomatic colonization is far

more common than infection. Colonization of theamderynx, perineum, or skin,



particularly if the cutaneous barrier has beenugited or damaged, may occur
shortly after birth and may recur anytime thereaff@mily members of a colonized

infant may also become colonized (Chambers, 2001).

However, the epidemiology of MRSA has changed wulith emergence of MRSA
infections in the community and amongst livestockuch as pigs (Chambers, 2001;
Vosset al, 2005; Huijsdengt al, 2006; Mammineet al, 2010; van Cleeét al,
2011). Community associated or acquired MRSA (CA9MR were first reported in
the late 1990s in healthy children and adults ie tommunity without prior
exposure to the risk factors associated with MR®&fedtion (Chambers, 2001;
Centers for Disease Control and Prevention, 2008dyEand Cove, 2003;
Vandenesclet al, 2003). A CA-MRSA isolate is defined as one cwdtuduring the
first 48 hours of a patient's hospital admissianfrom patient's whose sources of
isolation were not associated with risk factorsH#gx-MRSA infection as mentioned
above (Centers for Disease Control and Prevenfi603). CA-MRSA has spread
worldwide and is found not only in the communityitsgy but also in healthcare
facilities. In fact, some hospitals have reportegoradominance of CA-MRSA
isolates over HA-MRSA isolates. Thus, the distimetbetween HA- MRSA and CA-
MRSA is slowly becoming unclear (Johnsenal, 2009; Popovich and Weinstein

2009; David and Daum, 2010; Soegal, 2011).

Livestock-associated or acquired MRSA (LA-MRSA) whsst associated with
human disease in 2003 (Huijsdestsal, 2006; van Cleeét al, 2011). Although
LA- MRSA are often associated with asymptomaticooation, several cases of

infections of variable clinical relevance, rangiingm skin and soft tissue infections

10



to endocarditis, pneumonia and necrotising fasciltiave been described over the
past few years (van Rijeat al, 2008; Paret al, 2009; Mamminaet al, 2010;
Schijffelen et al, 2010; Wulfet al, 2012). Risk factors for colonisation include
working in direct contact with animals on farms awdrking with live pigs in
slaughterhouses (Koodt al, 2009; van Cleeét al, 2010; Gravelanet al, 2011,

Gilbertet al, 2012).

1.4.4 Genomics of MRSA

Genomics is the study of all the genes that areemtein a genome of an organism.
The field of genomics came out of a result of adesnin molecular biology which
have provided valuable insights into the relatigpsibetween the genotypes and

phenotypes of microbes (Brosehal, 2001).

1.4.4.1 Genome structure o$taphylococcuswureus

The genome 08. aureuswvas first sequenced in 2001 using Strains N315NnS0

by Kuroda and colleagues (2001). The genome sizedegermined to comprise of
approximately 2600 genes (Kuro@d al, 2001). Since then about 18 annotated
whole-genome sequences and partial sequences of mare strains have been
deposited in GenBank. The data gathered from tisesgiences have led to the
understanding of the genome structuré&Sofaureus The genome structure has been
shown to have three principal components. The tishponent is a backbone of
core genes which are found in all strains and eyl (>97%) conserved (Stefaet
al., 2012). The second component is a group of mmwa 700 core variable (CV)
genes distributed throughout the backbone (Stefaal, 2012). The CV genes are

variably distributed and their distribution pattefefinesS. aureudineages. The final
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component is the mobile genetic elements (MGEsgs&lare large discrete pieces of
DNA that encode mobilisation functions, showingderice of frequent transfer and
to a lesser extent recombination (Lindsgtyal, 2006; Lindsay, 2010; Malachowa

and DeLeo, 2010).

Epidemiological investigations and typing methodsp®y molecular tools that
make use of the genetic variation between isolafeS. aureus the population
structure and their continued evolution. Despitartivide geographical temporal and
presumably selective diversit®, aureussolates can be grouped into lineages based

on the unique hundreds of CV genes which they aoii&efaniet al, 2012).

1.4.4.2 Genes Responsible for Resistance to MetHini

1.4.4.2.1 ThanecAGene

Methicillin resistance is mainly due to the acaiinsi of genes encoding a unique
penicillin-binding protein (PBP2or PBP2a). PBP2a has decreased affinity for
lactams and catalyses effective cell wall synthegen in the presence of penicillins,
cephalosporins and carbapenems (Clenal, 2009; D’Souzaet al, 2010;
Moellering, 2012). PBP2a is encoded by thecAgene which is carried on a mobile
element known as the staphylococcal chromosomeeitassiecA also called
staphylococcal cassette chromosomecA (SCOnecA (Deurenberget al, 2007,
Deurenberg and Stobberingh, 2008; D’'Soetal, 2010; Moellering, 2012). Several
SCamecAsubtypes and their variants have been charaale(Beurenberget al,
2007; Deurenberg and Stobberingh, 2008; Moeller2@f2). Currently there are

eight subtypes of SG@ec(type I-VIII) that have been well studied (lé&d al, 2001,
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Janseret al, 2006; Zhanget al, 2009; Moellering, 2012). Figure 1:1 below show a

scheme of the eight S@@&csubtypes and some variants.
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Figure 1.1: Classification scheme for S@€r subtype by cassette chromosome recombinesg (
complex andneccomplex type (Adapted from David and Daum, 2010).

Typical HA-MRSA isolates are characterized by nuulig resistance and the
SCamectypes |, Il and lll cassettes (Boyle-Vavra and Bai2007). On the other
hand, CA-MRSA isolates are generally susceptiblentoe drug classes, often of
SCQamectype 1V, V and VII genotypes, and frequently cating Panton-Valentine

leukocidin pvl) genes (Boyle-Vavra and Daum, 2007; Afedzal, 2008).
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1.4.4.2.2 ThanecCGene

The mecCgene is a divergent homologue of threcAgene which was formerly
calledmecA.GA251 and is 70% homologous to the mecA gene (Gdktvarezet
al., 2011; Shoreet al, 2011, Itoet al, 2012). It encodes a penicillin-binding protein
that differs from that encoded logecA This PBP has a higher relative affinity for
oxacillin compared to cefoxitin and also differéetnperature sensitivity (Kirat al,
2012). Although routine culture and antimicrobiakeeptibility testing can identify
S. aureussolates encoding thmecCas methicillin-resistant, current diagnostic tests
such as PCR assays and latex agglutination testsd#tect thene@ and PBP2a
respectively, cannot be used to confirm these tissléSteggeet al, 2012). This
further heightens the public health concerns dueMi®SA infection as new

diagnostics tests have to be developed.

1.4.5 Mode of Infection

Direct contact is the main mode of transmissioM&SA infections like those of
otherS. aureusn both the health care settings and the commy@ibambers, 2001).
Infection is acquired when one comes in contach wibunds, discharge and soiled
areas. Other risk factors include close contaeaks in the skin due to wounds and
in dwelling catheters, poor personal hygiene aviddiin crowded conditions (Payne

et al, 1966; Chambers, 2001; Wertheétal, 2005; Gordon and Lowy, 2008).

Colonization with S. aureusplays a major role in the acquisition of infection
Generally, most people wit8. aureusnfections are infected with their colonizing
strain (Williamset al, 1959; Kluytman®t al, 1997; Wertheinet al, 2005; Cheret

al., 2013). For example, in a study on bacteraenf&p 8&f patients’ blood isolates
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were identical to their nasal isolates (Von HEffal, 2001). Approximately 20% of
individuals are persistently nasally colonized wigh aureus,and 30% are
intermittently colonized (Cheret al, 2013). The anterior nares are the main
ecological niche fo6. aureusBesides the nasal nares, other sites may beizethn
including the axillae, groin, and gastrointestiriedct. Colonization provides a
reservoir from which bacteria can be introduced nwvhest defences are breached,
whether by shaving, aspiration, insertion of anwalling catheter, or surgery
(Chambers, 2001). It also increases the risk founéng infection (Fermeiret al,
2010) and allowsS. aureugo be transmitted among individuals in both heakie
and community settings. The basis f8r aureuscolonization is complex and
incompletely understood but appears to involve hibst's contact witls. aureus
(e.g., from other carriers) and the ability ®f aureugo adhere to host cells and to
evade the immune response (Williaetsal, 1959; Chambers, 2001; Millet al,

2014).

1.4.6 Immune Response

Generally, during an infection there is interplatieen the microorganisms and the
host to determine the outcome of infection. Sevsti@tegies of both the innate and
adaptive immunity are mounted by the body to contbatinfection (Brokeet al,
2014). However, it has been shown that most migardsms includings. aureus
have developed ways of evading the immunity andetiones even use the immune
responses to make a safe haven for themselvesgBeblal, 2014; Loffleret al,

2014).
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1.4.6.1 Innate Immunity

The primary defence againSt aureusnfection is the innate immunity provided by
neutrophils (Foster, 2005; Broket al, 2014). Other cells such as macrophages are
also involved in the innate responseStoaureudnfections (Foster, 2005; Broket

al., 2014). Following an infection of the skin . aureus there is a strong
inflammatory response involving the migration ofutrephils and macrophages to
the site of infection (Loffleet al, 2014). These cells attempt to engulf and dispose
of the invading organisms with the help of avaabhtibodies that are present in the
host’s serum and using the complement (Foster, ;2Bf@keret al, 2014). Thus, the

first important internal confrontation betweg8naureusind the host occurs.

The complement system recruits effector molecuies kabel cells and target them
for destruction by neutrophils and macrophages.|&Vie process of complement
fixation occurs by three pathways, the alternated lectin pathways are
components of innate immunity (Foster, 2005). Orieth®@ main purposes of
complement fixation is opsonisation. Opsonisatioronptes phagocytosis of
bacterial cells by neutrophils and macrophages téFos2005). Initially, the
phagocytes are attracted to the site of infectiprthemo-attractant molecules such
as small peptide fragments (C3a and Cb5a) and fateyl peptides. The chemo-
attractant molecules are released during compleawivation and growing bacteria,
respectively. The membranes of neutrophils and apaages have specific receptors
for fragments of complement and formylated peptithes enhance the efficiency of
phagocytosis. The neutrophils also carry spec#aeptors that can recognize the Fc

region of immunoglobulin G (IgG) and complementtpias bound to the bacterial
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surface that facilitate efficient uptake and kidjigFoster, 2005; Zipfel, 2009; Song,
2012).

1.4.6.2 Adaptive Immunity

The adaptive immune responses require specificgretton of foreign antigens

compared to the innate immune mechanisms whichnarespecific. The innate

system recognises an invading pathogen early oratathpts to control its spread.
Subsequently, the adaptive immune response isaéetito deal with the pathogen in
a specific manner and it is effected through theémal and cell mediated immune

responses (Alberest al, 2002; Janewagt al, 2005).

1.4.6.2.1 Humoral Immune Response

After the invading bacterium and its products ateh up by macrophages and other
antigen-presenting cells such as dendritic cdlls transported to lymph nodes. In
the lymph nodes, these bacterial antigens are miexté¢o the B cells (Foster, 2005;
Brokeret al, 2014). This stimulates the B cells and leadhéir differentiation into
plasma cells by undergoing a class switch recomioimawhich is necessary to
generate IgA and 1gG, and antibody affinity matiaratby a process known as
somatic hypermutation (Pelest al, 2008; Stavnezeet al, 2008). The secreted
antibodies neutralize toxins and promote more ieffic phagocytosis of bacterial
cells. Antibodies td5. aureusantigens are present in all humans in low lewelth
titres rising following infection (Drylat al, 2005; Holtfreteret al, 2010; Brokeret
al., 2014). However, these antibodies and immuno@gimemory seem to be
insufficient to prevent subsequent infections (Roehal, 2003). This inefficiency
has been attributed to immunomodulatory proteinsreted by S.aureus that

compromise both induced humoral and cell-mediateaiunity (Rocheet al, 2003;
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Stemerdinget al, 2013). More all over, the host is unable to oespto re-infection
with a robust secondary response owing to depletiom and B cells (Klein and

Dalla-Favera, 2008; Weiét al, 2009).

1.4.6.2.2 Cell mediated Immune Response
For a long timeS. aureusvas regarded as a non-invasive pathogen. Howéver,
now evident that the bacterium can invade manysygfehost cells (Loffleret al,
2014; Brokeret al, 2014). This is achieved by a mechanism involthmgformation
of a fibronectin bridge between the bacterial filwotin-binding proteins and host
5 1 integrin molecules that triggers internalizatiwinthe bacterium into the host
cell (Peacoclet al, 1999; Schwarz-Linekt al, 2003; Schwarz-Linekt al, 2004).
The organism can survive in host cells in a semirdmt form referred to as small
colony variants (von Eifet al, 2000). However, little is known about the rofie o

cell-mediated immunity in combating chronic stagltyglccal infections.

1.4.7 Pathogenesis and Virulence of MRSA

Staphylococcus aureus a versatile pathogen capable of causing a wadge of
human diseases due to its extensive armamentarfumrudence factors. MRSA
virulence factors are generally not unique to MR&#& MRSA is not necessarily
more virulent than MSSA (Gordon and Lowy, 2008).nitheless, some MRSA
strains contain factors or genetic backgrounds thay enhance their virulence or

may enable them to cause particular clinical sym#® (Gordon and Lowy, 2008).

Both structural and secreted products (Figure Al&y a role in the pathogenesis of

MRSA infections. Two notable features of Staphylmiaare that a virulence factor
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may have several functions in pathogenesis andntluétiple virulence factors may

perform the same function (Gordon and Lowy, 2088)gulation of expression of

staphylococcal virulence factors plays a centré& lia pathogenesis as virulence
factors are expressed only when required by theebam (Grundmeieet al, 2010;

Tuchscheret al, 2010; Loffleret al, 2014).
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Figure 1.2: Pathogenic factors Bfaphylococcuswureus, with structural and secreted products both
playing roles as virulence factor&: Surface and secreted proteiBsandC: Cross-sections of the
cell envelope. TSST-1 is toxic shock syndrome tdx{\dapted fronGordon and Lowy, 2008).

S. aureusinitiates an infection by adhering to host tissduesugh the aid of
numerous surface proteins called “Microbial SurfaCemponents Recognizing
Adhesive Matrix Molecules” (MSCRAMMSs) (Patét al, 1994; Foster and Hook,
1998). The MSCRAMMSs bind molecules such as collagBbronectin, and
fibrinogen and seem to play a key role in initiatiaf endovascular infections, bone
and joint infections, and prosthetic-device infent (Tunget al, 2000; Menzies,
2003). However, differen. aureusstrains may have different constellations of
MSCRAMMSs and so may be predisposed to causingiogtiads of infections (Patti

et al, 1994; Foster and Hook, 1998).
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After adhering to host tissues or prosthetic malgrithe bacterium is able to grow
and persist in various ways. One of these wayisedormation of biofilms on host
and prosthetic surfaces (Donlan and Costerton, )2@l@films enableS. aureugo
persist by evading host defences and antimicrablalyitro, S. aureushas been
shown to invade and survive inside epithelial ceiltgluding endothelial cells
(Ogawaet al, 1985; Hamillet al, 1986). Theoretically, this may allo®8: aureugo
escape host defences, particularly in endocarditisaureusis also able to form
small-colony variants (SCVs), which may contribute persistent and recurrent
infection (Kahlet al, 1998). Invitro, SCVs are able to hide in host cells without
causing significant host-cell damage and are kaBtiprotected from antibiotics and
host defences (Proctor and Peters, 1998). SCVéatanrevert to the more virulent
wild-type phenotype, possibly resulting in recutreriection (Proctoret al, 1995).
Other mechanisms by whicB. aureusevade the host immune system during an
infection include the formation of antiphagocyticicnecapsule called the
zwitterionic capsule (both positively and negatyveharged) which can also induce
abscess formation (Foster, 2005). Protein A (a MBKIR!) binds the Fc portion of
immunoglobulin which may prevent opsonisation (Egs2005).S. aureusnay also
secrete the chemotaxis inhibitory protein or thiaellular adherence protein. This
protein interferes with neutrophil extravasationd achemotaxis to the site of
infection (Foster, 2005). In additior§. aureusproduces leukocidins that cause
leukocyte destruction by the formation of poreshia cell membrane. This seems to
be a prominent feature of CA-MRSA strains (Fos@005; Gordon and Lowy,

2008).
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During infection, S. aureusinvades and destroys host tissues and metastdesises
other sites by producing numerous enzymes, suphaasases, lipases, and elastases
(Gordon and Lowy, 2008)S. aureuss also capable of producing septic shock by
interacting with and activating the host immuneteys and coagulation pathways.
Peptidoglycan, lipoteichoic acid, anetoxin have been implicated in causing shock
(Bhakdi and Tranum-Jensen, 1991; Timmerragal, 1993; Heumanet al, 1994).
Besides septic shock, sorfSeaureuslso causes various toxinoses due to production
of super antigens (Dingest al, 2000; Prevoset al, 2003). Examples of such
toxinoses include food poisoning and toxic shoakdsgme. The super antigens can
produce a sepsis-like syndrome by initiating anropeoduction of cytokines
sometimes referred to as “cytokine storm” (Dingesal, 2000; Prevostt al, 2003).
Other toxinoses are scalded skin syndrome and usilimpetigo caused by some
strains that produce epidermolysins or exfoliatasdns (Dingeset al, 2000; Prevost

et al, 2003).

1.4.8 Clinical Presentation

MRSA infections affect people of all age groups (&ss, 2010). Children,
especially neonates, and the elderly are partiguérrisk of acquiring HA-MRSA

(Naimi et al., 2003; Waness, 2010). In contrast;-MRSA tends to affect healthy
children and young adults (David and Daum, 2010;d2eet al, 2010; Huang and
Chen, 2011). Basically, the clinical manifestatiafsVIRSA infections in both HA-

MRSA and CA-MRSA are the same although differennase intensity of some of

the syndromes may be seen (David and Daum, 2010).
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Skin and soft tissue infections (SSTIs) are thetmosmmon clinical manifestations
of MRSA (Fridkin et al, 2005; Tonget al, 2012). Uncomplicated SSTIs typically
presents as an abscess that may resemble a spedétidd with purulent material

(Stefani and Goglio, 2010). Abscesses can be faundferent anatomical locations
such as the breast, vulva, hand after clenchedristy and neck (Dryden, 2009;
Nalmaset al, 2009; Waness, 2010). Besides abscesses, S&Tlalso present as
folliculitis, paronychia, furuncle, felon and cditis with drainage or lymphadenitis

(Dryden, 2009; Waness, 2010).

MRSA can also cause severe and invasive infectlmatsare life threatening (Weller,
2000; Foster, 2005; Waness, 2010). These infectioclsde necrotising fasciitis,
necrotising pneumonia, severe sepsis, and septimbophlebitis of large veins such
as the iliac or femoral veins (Zetatéaal, 2005; David and Daum, 2010; Stefani and
Goglio, 2010). Cases of such infections have istargly increased with the

emergence of CA-MRSA (David and Daum, 2010; Tehgl, 2012).

1.4.9 Diagnosis of MRSA Infections

Confirmation of clinical suspicions of MRSA usuallyvolves initially identifying
the organism a$. aureusand then determining resistance to methicillinisTé¢an
involve the use of either phenotypic and/ or gepiatynethods. Phenotypic methods
are used to detect visible characteristics of ttgamsm such colonial morphology
and biochemical reactions. By contrast, genotypiethmds detect the genetic

characteristics of the organism.
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1.4.9.1. Phenotypic Methods

Culture ofS. aureun blood agar reveals golden yellow or white caerwithin 24

to 48 hours at 37°C (Bannerman, 2003). Varioussteanh be used to identify.
aureus including production of catalase, protein A, dsdund clumping factor,
extra-cellular coagulase and heat-stable nucl@dsetube coagulase test with rabbit
sera and examination of tubes after incubation4fanours and 24 hours is the
standard test for routine identification 8f aureugCookson, 1997; Wichelhatet
al., 1999). In comparison, the slide agglutinatiost tlr clumping factor is very
rapid but up to 15% o0$. aureusstrains are negative. Therefore isolates negative

slide tests need to be confirmed with a tube aggition test (Kuuselat al, 1994).

Various commercial latex agglutination tests foentification of S. aureusare
available (van Griethuyseet al, 2001). While earlier versions detected protein A
and/or clumping factor only, newer versions alsdede other various surface
antigens. This has led to improved sensitivity lté tests but at some expense to
specificity due to cross reaction with coagulasgatige Staphylococci (CNS). There
are also many commercial kits and automated insnisn which include
identification of S. aureugLigozzi et al, 2002; O'Hareet al, 2003; Spanwet al,
2003; 2004). The performance of these tests isrgbypegood, but they are slower,
technically more time-consuming and more expentia® tests such as coagulase
and latex agglutination. Hence they are less usedspecific identification ofS.
aureus However, the Staphychrom Il a commercial 2 hthmomogenic test based
on prothrombin and protease inhibitors has beearteg to have a better sensitivity

and specificity than the tube coagulase test (Hemsal, 2004).
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In addition, these phenotypic methods have sewrekbacks. For example, some
other species of Staphylococci suchSéaphylococcus schleifesind Staphylococcus
intermedius may also give positive results in tube coaguldssts, while
Staphylococcus lugdensisiay give positive results in the slide coagulasst t
(Peacocket al, 1999; Blake and Metcalfe, 2001). Fortunatehgse species are
rarely isolated from human infections. The slidaguase test is also unsuitable for
isolates that are not easily emulsified and clumpactor can be obscured by large
amounts of capsule. An additional test has to dmedo confirm DNase positive

strains since CNS produce various amounts of DBaenerman, 2003).

1.4.9.2 Molecular Methods

Most molecular methods for identification 8f aureusare based on the Polymerase
Chain Reaction (PCR) (Townet al, 1998; Kearn®t al, 1999). The goal is to
amplify a species-specific target which include tlueleaser{uc), coagulaseca),
protein A 6pd, femA and femB Sa442 16S rRNA and surface-associated
fibrinogen-binding protein genes (Masenal, 2001; Harmseat al, 2003; Afrough
et al, 2013). Several primers have been designed #tattthese targets (Greisein
al., 1994; Hammagabt al, 2012; Afroughet al, 2013). In recent years, molecular
methods for combined identification and susceptjbtesting have been developed
for possible use in routine diagnostic laboratori@iveira and Lencastre, 2002;
Grisoldet al, 2002). Generally, molecular tests are used wésults in coagulase or
other biochemical tests are equivocal or with clhisamples where there is a high

suspicion of MRSA infection.
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1.4.9.3 Antimicrobial Susceptibility Testing

1.4.9.3.1 Phenotypic Methods

1.4.9.3.1.1 Conventional Methods

Expression of methicillin resistance in the clinit@boratory setting is subject to
environmental conditions such as temperature, pidubiation time, and salt
concentration in the medium (Annear, 1968; BrowdQD). Conditional expression
of PBP2a antigen may cause ambiguity in suscepyibtiests. Furthermore,
methicillin resistance is often expressed heteregesly, in that only 1 in fao 10
cells of the population is phenotypically resisté@ustafson and Wilkinson, 1989).
Literature on methicillin susceptibility testing éxtensive, and often conflicting in
recommendations regarding the most reliable metfadroutine use. Several
methods are available for detection of resistaocenethicillin. These include the
minimum inhibitory concentration (MIC) by dilutiomethods which can be agar
dilution or broth microdilution, the E-test methotiseakpoint methods both agar or
broth methods and agar screening method coupleld aviic diffusion (National

Committee for Clinical Laboratory Standards, 2008203b; 2004; Andrews, 2004).

Among the conventional methods used to detect MR®SAhe laboratory, the
oxacillin agar screen, disc diffusion using 1pg @bia disc as well as oxacillin
(MIC) by agar or broth dilution methods are the tmpspular. Studies have shown
that the cefoxitin disc diffusion tests are morkatde than those with oxacillin (Gal
et al, 2001; Nadarajakt al, 2006; Banerjeet al, 2010; Baet al, 2014). In disc
diffusion tests, hyper-producers of penicillinaseymshow small methicillin or
oxacillin zones of inhibition, whereas most truetingllin/oxacillin resistant isolates

give no zone may be falsely reported as MRSA (Bidnat al, 1996; Swensoet
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al., 2007). Tests with cefoxitin do not appear todfected to the same extent as
oxacillin by hyper-production of penicillinase (Kp@aet al, 1996; Rahbar and
Safadel, 2006). Positive test results may haveetacdnfirmed by latex or PCR

methods.

1.4.9.3.1.2 Latex agglutination

Several latex agglutination tests are commercialfgilable as kits from different
suppliers (Nakatomi and Sugiyama, 1998; van Grigtbnet al, 1999; Cavassiret
al., 1999; Louieet al, 2001). These tests are based on the detectiBBiBRa. They
are rapid; results can be obtained within 10 mimdice most of the kits. More all
over, these tests require no special equipmenthane been reported to be very
sensitive and specific witls. aureus Thus, they have been deemed suitable for
confirmation of resistance or equivocal tests irutiree clinical laboratories.
Drawbacks of these methods include weak or slowusiggtion reactions due to
isolates producing small amounts of PBP2a. Howeeactions can be enhanced by
inducing the production of PBP2a by growing theamigm in the presence of a

lactam antibiotic. Negative reactions are obtawét rare isolates.

1.4.9.3.1.3 Automated methods

There are various automated systems including YXfiedk2 (bioMérieux), Phoenix
(Becton Dickinson) and Microscan (Dade Behring) tthaclude tests for
methicillin/oxacillin susceptibility (Frebourgt al, 1998; Ligozziet al, 2002).
Generally, they are reliable f@&. aureusalthough difficulties have been reported
with some strains (Ribeiret al, 1999). One of the notable automated systems for

methicillin susceptibility is the Crystal MRSA meith (Becton Dickinson, Plymouth,
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UK) where inhibition of growth of an isolate by @ilin is indicated by the
guenching of fluorescence of an oxygen-sensitiveréiscent indicator by oxygen
remaining in the broth. The method is reasonallglike but requires several hours

of incubation.

1.4.9.3.2 Molecular Methods

A variety of molecular techniques for the detectddrMRSA including conventional
PCR and real time PCR including Multiplex PCR asdagve been developed (kb
al., 2001; Louiseet al, 2001; Zhanget al, 2004; Zhangt al, 2008; Xuet al, 2012;
Panda et al., 2014). These methods have the advantage over wctowval
identification and antibiotic resistance detection being rapid and provide for
accurate identification and characterisation of MRSilbert et al., 2014). Most of
these methods work by amplifying timeecAgene and indeed several other target
genes such as theug femAandfemBgenes (Masort al, 2001; Harmsewet al,
2003; Afroughet al, 2013). However, the discovery of timeecC gene posed a
challenge to these diagnostic techniques as thejd awot detect thenecC gene

(Stefaniet al, 2012).

More recently commercial Real-Time PCR assaysglatide MRSA results in less
than a couple of hours have been developed (Sititedl, 2014). These assays
include the Xpert MRSA® assay (Cepheid, Sunnyvak), which runs exclusively
on the GeneXpert® system (Cepheid, Sunnyvale, W) the BD MAX™ MRSA
assay (BD Diagnostics, Québec, Canada) performabdeoBD MAX System™ (BD

Diagnostics, Sparks, MD) (Rossnelyal, 2008; Wolket al, 2009; Hombaclet al,
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2010; Dalpkeet al, 2012). Some of these newer assays are ableteotdmth the

mecAandmecCgenes simultaneously (Silbettal, 2014).

1.4.10 Typing Methods of MRSA

MRSA typing is an essential component of an efiectsurveillance system to
describe epidemiological trends and infection aanstrategies (Weller, 2001;
Trindade et al, 2003; Mehndiratta and Bhalla, 2012). Severalnphgic and
molecular typing techniques are available for tgpMRSA. In general, phenotypic
methods are easier to perform, easier to interesf effective and are widely
available (Weller, 2001; Trindadet al, 2003; Mehndiratta and Bhalla, 2012).
However, they are less discriminatory than molecutethods (Weller, 2001,
Mehndiratta and Bhalla, 2012). Molecular typingulés are more likely to remain
constant over time compared to phenotypic resulisngver et al, 1994,).
Additionally, molecular typing techniques are ceffective, rapid, reproducible and

highly discriminatory (Weller, 2001; MehndirattacaBhalla, 2012).

1.4.10.1 Phenotypic Methods

Several phenotypic methods have been employedeinyghing of MRSA. These
include antibiogram typing (O'Neikt al, 2001; CLSI, 2009; Mehndirattat al,
2010), phage typing (Blair, 1961; Marples, 1997;thlm and Mehndiratta, 2000;
Amorim et al, 2007), serotyping (Schlichtingt al, 1993), biotyping (Coiat al,
1990; O'Neillet al, 2001), whole cell protein typing (Gastenal, 1988; Coizet al,
1990), immunoblotting (Gastoet al, 1988), multilocus enzyme electrophoresis
(Weller, 2000) and zymotyping (Gastenal, 1988; Schlichtingt al, 1993). In the

recent past there has been an emphasis on thé nsdegular techniques rather than
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the phenotypic techniques to type MRSA. Howevemeoof the phenotypic
techniques such as antibiogram typing and phagegypave remained useful and
are usually performed together with MRSA molecutgping (Mehndiratta and

Bhalla, 2012).

1.4.10.2 Genotypic Methods

Diverse molecular typing techniques have been usedype MRSA including
plasmid DNA analysis (Gastoet al, 1988; Coiaet al, 1990; Zuccarelliet al,
1990), Restriction Endonuclease Analysis (REA)lbemosomal DNA (Jordens and
Hall 1988), southern blot analysis of RFLP (Well200), ribotyping (Prevost
al., 1992), binary typing (van Leeuwenal, 1990; Zadoket al, 2000; Shopsin and
Kreiswirth 2001), Pulsed-Field Gel ElectrophorgSshlichtinget al, 1993; Hallin
et al, 2007; Melles 2007), Arbitrarily Primed Polymera§&hain Reaction or
Random Amplified Polymorphic DNA (AP-PCR/RAPD) andCR-Restriction
Fragment Length polymorphism (PCR-RFLP) (van Bellairal, 1995; Mehndiratta
et al, 2009), Multilocus Sequence Typing (MLST) and gkalLocus Sequence
Typing (SLST) e.gspatyping (Enrightet al, 2000; Strommengeet al, 2006),
Staphylococcal Cassette Chromosomec (SCAneq typing (Chongtrakookt al,
2006; Zhanget al, 2009); Toxin gene profile typing (Sharregal, 2000; Kimet al,
2006; Calet al, 2007). The choice of typing technique dependtherpurpose of the
study, the facilities available and the utility @dta generated to answer a desirable

research question.
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1.4.11 Treatment and Prevention

Few antibiotics are effective against MRSA sinasitles being resistant telactam
antibiotics, it is also resistant to other classeantibiotics (Weller, 2000). Currently,
about 13 antimicrobials are available with activitgainst resistant Gram-positive
organisms including MRSA and vancomycin resistamémcocci (VRE) (Rybaket
al., 2013; van Hal and Fowler, 2013). These incluommonly utilized or recently
developed agents such as vancomycin, trimethoprioifarsethoxazole
(TMP/SMX), daptomycin, linezolid, ceftaroline aneldvancin. Older or less
employed agents such as clindamycin, tigecyclinainupristin—dalfopristin,
tetracyclines, fosfomycin and chloramphenicol aleo aused to treat severe and
systemic MRSA infections (Grirat al, 2005; Welte and Pletz, 2010; Rybak,al,

2013).

Vancomycin and teicoplanin which are glycopeptides currently considered the
mainstay of therapy of most MRSA infections (Wel2000; Rybalet al, 2009; van
Hal and Fowler, 2013). However, the emergence afaiss with reduced
susceptibility to vancomycin namely; vancomycinemediateS. aureus(VISA)
and heterogeneous-vancomycin-intermedi&e aureus (hVISA) has steadily
increased leading to increased treatment fai{@esthuysen, 2007; Vindadt al,
2009; D'Souzeet al, 2010; Stafeni and Goglio, 2010; Welte and PI2@4,0). This
has led to development of the new drugs; howewese drugs have limited usage
for severe infections due to pharmacokinetic litiolas or adverse reactions.
Adaptive or cross-resistance to each of these ageas also been documented

(Welte and Pletz, 2010; Rybad¢, al, 2013).
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For example, decreased susceptibility to daptomigam been attributed to cell wall
thickening observed with VISA and hVISA which hassca been linked to
modifications to the regulatory gemaalKR (Joneset al, 2008; Cafiseet al, 2012).
Additionally, daptomycin non- susceptible (DNS) aureusexpressing alterations in
production of charged surface molecules have besarged due to mutations in the
mprF gene (Jonest al, 2008). Although resistance to linezolid is rgrebserved in
clinical practice, local outbreaks attributed toripontal transfer of the 9-
chloramphenicol-florfenicol resistancecf) methyltransferase genes have been
documented (Sanchext al, 2010). Other linezolid resistance mechanismslie/
point mutations in the 23S ribosomal subunit anel @@mmonly encountered at
institutions with higher usage of linezolid (Xiomg al, 2000; Lockeet al, 2009;

Shawet al, 2011).

There are currently a handful of next-generatioendg) nearing approval which may
represent new options for the treatment of seriniggtions due to MRSA and other
MDR organisms. These include Solithromycin, Ted&ol Dalbavancin and
Oritavancin (Marburyet al, 2009; Rodr "guez-Aviaét al, 2012; Rodvoldet al,
2012). Another treatment strategy that is beingoaraged is the exploration of
novel combination of the already available drugemBination strategies used this
far include vancomycin and-lactam combinations, daptomycin andlactam
combinations, TMP/SMX combinations and fosfomycambinations (Climeet al,
1999; Foxet al, 2006; Dhancet al, 2011; Leonard, 2012; Leonard and Rolek,

2012; Linasmita, 2012).
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Prevention of MRSA infections usually employs savetrategies (van Rijeet al,
2008). These strategies include hand hygiene (8sewveet al, 2014), screening for
colonisation and subsequent decolonisation (Cooksah, 2011; Cheret al, 2013).
Antibiotic prophylaxis is also employed especige-surgery (Hsiuet al, 2014).
Unfortunately, there is n&. aureusvaccine available at the moment despite many
attempts to develop one (Projah al, 2006; Daum and Spellberg, 2012; Proctor,

2012).

1.5 Research Questions
1.5.1 What is the prevalence of MRSA at UTH?
1.5.2 What are the antimicrobial susceptibilitytpats of MRSA at UTH?

1.5.3 What are the molecular characteristics oMIRSA strains at the UTH?

1.6 Objectives
1.6.1 General Objective
To characterise methicillin-resistaBtaphylococcusureusstrains isolated from at

the University Teaching Hospital using moleculasi$o

1.6.2 Specific Objectives

1.6.2.1 To identify Methicillin-Resistai@taphylococcuaureusstrains.

1.6.2.2 To determine the drug susceptibility patteof the Methicillin-Resistant
Staphylococcus aurets commonly used anti-staphylococcal antimicrobials

1.6.2.3 To determine the genotypes of the methmeaiésistant Staphylococcus

aureusstrains.
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Chapter 2: Materials and Methods

2.1 Study Design
This was a laboratory-based retrospective crosiesat study on MRSA isolates

collected from June 2009 to December 2012.

2.2 Study Site

The study was conducted at the University Teaclogpital in the Bacteriology
Laboratory in the Department of Pathology and Miiotogy. The University

Teaching Hospital is a tertiary referral and teaghiospital in Lusaka with a bed
capacity of approximately 2000 and comprises ofesavclinics and admission
wards. It is the largest referral hospital andadéetre for all microbiology diagnostic

work in Zambia.

2.3 Sampling Frame
The study utilised a convenient sample of 95 aexhiguspected clinical MRSA
isolates obtained from June 2009 to December 201Be Bacteriology Laboratory

at the University Teaching Hospital.

2.3.1 Inclusion Criteria

Only one MRSA isolate per patient's sample wasudetl in the study to avoid

duplication of isolates.
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2.3.2 Exclusion Criteria
Methicillin ~ Susceptible Staphylococcus aureusand coagulase negative

Staphylococcuwere excluded from the study.

2.4 Detection and Identification of MRSA Strains

2.4.1 Bacterial Isolation and Identification

Archived Staphylococcus aureusolates suspected to be MRSA were used in this
study. These organisms were isolated from varitingcal specimens including pus,
blood, urogenital, urine and respiratory specimenbmitted at the Bacteriology
Laboratory at the UTH. The isolates were reculédaand identified using standard
microbiology methods (Koneman, 2005; Garcia andibseg, 2010). Using a loop,
the isolates were cultured on blood agar plateth(8¥o defibrinated sheep blood).
The seeded plates were then incubated at 37°C 8otol24 hours. Several
biochemical tests including the Gram stain, catlkast, coagulase tube test using
plasma and DNase test were done according to #melastd operating procedure on
greyish or golden yellow colonies to identitaphylococcusureus(Bannerman,

2003).

2.4.2 Gram Stain

The Gram-stain was performed by adding Crystal &tiébr one minute on an air

dried and heat fixed smear of the suspect colgiieseman, 2005). The slide was
then washed with distilled water. Lugol’'s iodine svapplied for 1 minute and

washed off using water. Decolourisation was donadning acetone for about 10-15
seconds and then washing with water immediatellut®icarbol fuchsin was used to

counter stain the slides for about 30 seconds mséd thoroughly with water. The

34



slides were air dried and then examined using aasiope Staphylococcus aureus

is Gram-positive cocci in clusters.

2.4.3 Catalase Test

Catalase test was performed with 3% hydrogen péeo{oneman, 2005). Briefly, a
drop of hydrogen peroxide was applied onto a sdige by using an applicator stick a
colony was emulsified into the drop of hydrogengxée. Formation of bubbles
denoted a catalase positive test res8lt.aureusis catalase positive. This test

differentiates Staphylococci from Streptococci.

2.4.4 Coagulase Test

The coagulase test was done on the catalase postlates (Koneman, 2005). A
loopful of colonies of the catalase positive isetatvas added to 1 ml of citrated
rabbit plasma in a test tube. The test tube wasbmied at 37°C and observed for
coagulation (formation of a clot) hourly for 4 heutf there was no coagulation after
4 hours the tube was incubated up to 24 hours.g@aton denoted a positive result.
Staphylococcus aureus coagulase positive. This test differentigfesaureusrom

S. epidermidisnd other Micrococci.

2.4.5 DNase Test

The DNase test was also used to identify the isslathis test was performed on
DNase agar plates (Koneman, 2005). DNase is amanpyoduced b$. aureughat
cleaves DNA. The DNA present in the agar is hydsetyby DNase if this enzyme is
produced by the organism. After incubation of thBADagar plate, the plate is

flooded with 1M hydrochloric acid (HCI), which piipgdates any unhydrolysed
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DNA, producing cloudiness. A zone of clearanceissble where the DNA has been

hydrolysed.

Eight to ten isolates were tested for DNase pradaogber DNA plate by drawing
horizontal and vertical lines on the agar plateatng small squares. A know
aureusstrain, ATCCStaphylococcus aure®5923, was included on every plate as a
positive control. Each square on the plate wasulabed with a single colony of each
isolate. The plate was then incubated aerobicayraght at 37°C. After incubation
the plate was flooded with 1M HCI and left to stdoda minute after which excess
HCI was discarded. A zone of clearing around tleeitum was taken as a positive

result.Staphylococcus aureus DNase positive.

Thus, isolates included in the study were Gramtp@sicocci in clusters, catalase

positive, coagulase positive and DNase positive.

2.5 Detection of Methicillin Resistance

2.5.1 Kirby-Bauer Disc Diffusion Antibiotic Suscepibility Method

Resistance to methicillin was detected using theyBauer disc diffusion antibiotic
susceptibility method according to the 2012 gurtkdiof the Clinical and Laboratory
Standards Institute (CLSI, 2012). The test wasqperéd using 1g oxacillin and
30 g cefoxtin antibiotic discs (Mast Diagnostics, M&bup Ltd, Merseyside, UK)
on Mueller-Hinton agar plate (Mast Diagnostics, Ma@soup Ltd, Merseyside, UK).
The interpretive criteria of the CLSI f@taphylococcus aurewsas used to establish

the antibiotic susceptibility of the isolates.
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Briefly, a single colony was suspended in 1ml sgliadjusted to a 0.5 McFarland
standard and spread evenly with a sterile cottoabsanto the agar plate surface.
After the surface of the agar plate had dried fasud 5 minutes, the antibiotic disc
was placed on the inoculated plate and incubate@4adhours aerobically at 35°C.
ATCC Staphylococcusureus 25923 was included as the control straie. r€Bults
were interpreted by measuring the zone diametetfs the aid of sliding callipers,

including the disc diameter.

2.6 Determination of Drug Susceptibility Patterns ®MRSA Strains

Antimicrobial susceptibility testing against 3pvancomycin, 30g teicoplanin, 59
ciprofloxacin, 10g gentamicin, 159 erythromycin, 10g clindamycin, 30g
chloramphenicol, 253 co-trimoxazole, 10 units penicillin G, 3@ tetracycline and
30 g amikacin (Mast Diagnostics, Mast Group Ltd, Mgesge, UK) was also done
using the Kirby-Bauer disc diffusion antibiotic segtibility method as outlined in
Section 2.5.1 according to the guidelines of th&lib determine the antibiogram of
the MRSA strains. Inducible resistance to macralidencosamides, and group B
streptogramins, commonly referred to as MLSBI, wB® detected using the D-test
using erythromycin and clindamycin discs. The colrngtrainStaphylococcus aureus

ATCC 25923 was included when testing for antibioéisistance.

2.7 Determination of the Genotypes of MRSA Strains

2.7.1 DNA Extraction and Estimation

The NucliSENS easyMAG nucleic acid extraction peolo (bioMérieux Inc,
Durham, NC, USA), with modifications, was used tiract the genomic DNA.

Briefly, the bacterial isolates were cultured owegnb on blood agar at 37°C. Using a
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swab, several bacterial cells were emulsified iQLd@®f NucliSENS easyMAG lysis
buffer in an eppendorf tube and left to stand fOrminutes to one hour at room
temperature for maximum off-board lysis. Then 400fithe bacterial suspension
was transferred to the easyMAG disposable sampip stells and 100ul of
undiluted silica were added to the sample-lysiddyuinix. The sample strips were
then loaded onto the easyMAG machine 3.2 v3 sygt@aMérieux Inc, Durham,
NC, USA) and the NucliSENS easyMag off-board lysiecedure was followed
according to the manufacturer’s instruction to astrthe DNA at a final elution

volume of 50pl.

Ultraviolet spectroscopy at 260nm was used to edénthe concentration of the
DNA. An Optical density (OD) of 1 at 260nm corresged to a DNA concentration
of 50ug/ml of double-stranded DNA and a DNA/protein albsmrce ratio of

260nm/280nm was used to determine the purity oXNé& sample. The DNA was

stored at -20°C until required for use.

2.7.2 Staphylococcus Cassette ChromosommecTyping

To determine the SQ@Gec structural variants of each MRSA isolate a presipu
described protocol for a S@@&cmultiplex PCR (Milheiricoet al, 2007a; 2007b)
was used. Eight loci (A to H) were included in theltiplex PCR, together with an
internal positive control, thmmecAgene. Located downstream of fhle gene is locus
A, specific to SC@ectype I; internal to thé&dp operon is locus B and is specific to
SCQamectype II; locus C is specific to S@@ectypes Il and Il and is internal to the
meclgene; locus D is present in S@€Ectypes I, Il and IV and is internal to tldes

region; located in the region between integrateasmpid pT1258 and transposon
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Tn554 is locus E and is specific to S@€ctype lll; locus F is located in the region
between Tn554 and the chromosomal right junctioorfiX and is also specific for
SCQamec lll. To distinguish structural variant IA and Il|JAloci G and H were

included, respectively. Locus G is the left junntibetween 1S431 and pUB110,
while locus H is the left junction between 1S431danT181. The oligonucleotide

primer sequences that were used are shown inlthestialow.

Table 2.1: Primer sequences used for 8@€typing

Locus Primer Sequence (5'-3") Amplicon Specificity
size (bp)

A CIF2 Fz TTCgAgTTgCTgATgAAgAAQA ¢ 49E |
CIF2 R2 ATTTACCACAAggACTACCAgC

B KDP F1 AATCATCTgCCATTggTgATgC 284 I
KDP R1 CgAATgAAgTgAAAgAAAQTgY

C MECI P2 ATCAAgACTTgCATTCAggC 209 I, 1l
MECI P3 gCggTTTCAATTCACTTgTC

D DCS F: CATCCTATgQATAQCTTggTC 34z [ [ AV
DCSR1 CTAAATCATAgCCATgACCg

E RIF4 F: gTgATTgTTCgAgATATgTgC 24¢ I
RIF4 R9 CgCTTTATCTgTATCTATCgC

F RIF5 F10 TTCTTAAgGTACACQCTgAATCg 414 i
RIF5 R13 gTCACAgQTAATTCCATCAATQC

G 1IS431 P4 CAggTCTCTTCAQATCTACg 381 IA
pUB110 R1 gAgCCATAAACACCAATAQCC

H 1S431 P CAggTCTCTTCAgATCTAC( 302 A
pT181 R1 gAAgAATQgggAAAgCTTCAC

mecA MECA P4 TCCAQATTACAACTTCACCAge 16z Interna
MECA P7 CCACTTCATATCTTQTAACY Control

NB: Primer sequences were those previously repdayaddanssen and Sollid, 2006.

Briefly, PCR reactions were performed on a Gene AP0 PCR thermal cycler
(Applied Biosystems, CA, USA). A final volume of 25was used, containingu?
bacterial DNA template, primer and 2X PCR Masterx MThermo Scientific,
Hanover, MD, USA), with a final MgCI concentration of 3mM. The cycle

conditions used were as follows: initial denatunatat 94°C for 4 minutes, followed
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by 30 cycles of 94°C for 30 seconds (denaturati®8jC for 30 seconds (annealing)
and 72°C for 1 minute (extension), 4 minutes atC7/2% the final extension time.
Electrophoresis of 3 of the PCR product was performed on a Tris-BoEDI A
(TBE) agarose gel (wt/vol) (100V) containinglkethidium bromide (10 mg/ml). A
50bp ladder (Thermo Scientific, Hanover, MD, USApsvused as a molecular
weight standard and all gels were visualised usirBjotop Biosens SC - 645 Gel

Documentation System (Biotech Co. Ltd, Shanghain&h

2.7.3SpaTyping

To determine thespatypes of the MRSA strainspatyping was done following a
previously described protocol (Shopset al, 1999). Briefly, thespa gene was
amplified by PCR using the primers 1095F (5’-AgACg2CTTCggTgAgC-3’) and
1517R (5'-gCTTTTgCAATgTCATTTACTQg-3’) which result ni amplicons of
variable sizes ranging from about 240 bps to al®R@bps (Shopsiet al, 1999).
The PCR reactions were performed on a Gene Amp POR thermal cycler
(Applied Biosystems, CA, USA). A final volume of 25was used, containingu?
bacterial DNA template, primer and 2X PCR Masterx MThermo Scientific,
Hanover, MD, USA), with a final MgClconcentration of 3mM. DNA isolated from
ATCC 25923Staphylococcus aureusas used as a PCR control strain. The cycle
conditions used were as follows: initial denatunatat 95°C for 4 minutes, followed
by 30 cycles of 95°C for 30 seconds (denaturati6@)C for 30 seconds (annealing)
and 72°C for 45seconds (extension). The final esitantime of 10 minutes at 72°C
was used. Electrophoresis of|50f the PCR product was performed on a Tris-
Borate-EDTA (TBE) agarose gel (wt/vol) (100V) cadntag 1 | ethidium bromide

(20 mg/ml). A 50bp ladder (Thermo Scientific, HaegvMD, USA) was used as a
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molecular weight standard and all gels were visedliusing a Biotop Biosens SC -

645 Gel Documentation System (Biotech Co. Ltd, §han China).

2.7.3.1 DNA Sequencing

DNA fragments for sequencing were prepared from POS&tive samples using the
QIA quick Gel Extraction Kit (Qiagen Inc. Valenci@A, USA) according to the
manufacturers’ recommendations. Sequencing reactivare set-up as follows:
100ng of PCR product, 2Big Dye Terminator Reaction Mix (Applied Biosysts,
Foster City, CA, USA), 1l 5xsequencing buffer (Applied Biosystems) and @f

5 M forward primer. The reaction was made up tol1®ith distilled water. The
cycle conditions were 96°C for 1 minute, followey B5 cycles of 96°C for 10
seconds, 50°C for 5seconds and 60°C for 4 minddes.reaction was kept at 4°C

until it was purified using ethanol precipitation.

Ethanol precipitation was done as follows: The tieacwas made up to 10Dwith
distilled water, where after 10 of 3M Sodium acetate (NaAOc) (Sigma-Aldrich)
(pH 4.6) and 250 of 100% ethanol was added. The samples were d¢aetrifuged
at 14 000rpm for 20 minutes. The supernatant wasraded and 250 of 70%
ethanol was added. The samples were centrifugéd &00rpm for 8 minutes. The
supernatant was aspirated and the samples werdoldtr dry for 15 minutes.
Sequencing was performed on the forward strandhat Ihgaba Biotechnical
Industries Sequencing Facility (Pretoria, Southigsy by the dye terminator method
using an ABI PRISM 3730XL DNA analyser (Applied Bistems, Foster City, CA,
USA). The DNA sequence reads were edited usingRidem TraceEdit Software

(Ridom Bioinformatics GmbH, Wirzburg, Germany).
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2.7.3.2 DNA Sequence Analysis

The chromatograph sequence files of the isolata® wnalysed with the software
package BionumericsSpa typing plug in version 7.1 (Bionumerics, GmbH,
Wirzburg, Germany). After providing the input segee (SCF format), the software
automatically detected the repeat units and assigrspatype. To ensure that no
beginning or end repeat is excluded the softwaaeckes for the 5’ and 3’ signature

sequences at the correct distance.

2.8 Data Analysis

The data was analysed using the GraphPad Prisw&ef\ersion 6.0 for Windows
(GraphPad, San Diego, California, USA). Descriptitata was presented in
frequency tables and graphs as percentages. Catdgeariables were compared
using the Chi-squared test and these variablesdad susceptibility to oxacillin and
cefoxitin. Tests were interpreted at 5% signifiearevel (two-sided) and 95%

Confidence Interval. A p-value of < 0.05 was corsadl significance.

2.9 Ethics Considerations

Ethics approval for this study was granted by thmevekrsity of Zambia Biomedical
and Research Ethics Committee (UNZABREC). The stlitearance Certificate
Number was 014-09-12 (Appendix A). Permission te e archival MRSA isolates
was sought from the head of the Department of Raglgcand Microbiology at the
University Teaching Hospital. To ensure confiddittisand anonymity the bacterial

isolates were assigned project identification nursibe
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Chapter 3: Results

3.1 Identification of Methicillin-Resistant Staphylococcus aureuStrains

A total of 95 stored isolates of suspected MetleresistantStaphylococcuaureus
from various clinical specimens collected from J2@€9 to December 2012 at the
University Teaching Hospital were included in thssudy. All isolates were
confirmed asS. aureusising the tube coagulase and DNase tests. Oftlse &ureus
isolates, 43% (41/95 isolates) were identified ashiaillin-resistantStaphylococcus
aureusstrains. The cefoxitin disc was superior in detectmethicillin resistance
compared to the oxacillin disc (40% vs. 28.4%; p&388). However, two isolates
resistant to oxacillin were susceptible to cefoxiffigure 3.1 shows the susceptibility

of the isolates to oxacillin and cefoxitin.
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Figure 3.1: Detection of MRSA using the oxacillimdacefoxitin discs.
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3.2 Determination of Drug Susceptibility Patterns ®MRSA Strains

The MRSA strains were resistant to co-trimoxazdle0@o), ciprofloxacin (95%),
penicillin G (95%), erythromycin (78%), tetracyair{78%) and gentamicin (68%)
as shown in Figure 3.2.
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Figure 3.2: MRSA susceptibility profiles

Inducible resistance to macrolides, lincosamidesd @roup B streptogramins

(MLSBI) was detected in 68.3% (28/41) isolatestasas in table 3.1.

Table 3.1: Inducible resistance to macrolides,dgamnides, and group B streptogramins (MLSBI)

Phenotype Proportion of Isolates % (n)
MLSBI Positive 68.3 (28)
MLSBI Negative 31.7 (13)

Multi- drug resistance to a combination of fourefj six and seven antibiotics was
observed in 17.5 %, 27.5 %, 35%, and 17.5 % oMR&SA isolates, respectively as
shown in Table 3.2. Isolates were classified astidrug resistant (MDR) if, in

addition to the -lactams, they were resistant t8 classes based on susceptibility to
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erythromycin,

clindamycin,

chloramphenicol,

trimethoprim/ sulfamethoxazole.

Table 3.2: Frequency of multi-drug resistance amdR$A isolates

No. of drugs Proportion of Isolates % (n)
7 17.5(7

6 35 (14

5 27.5(11)

4 17.5 (7)

cipmfacin,

tetracycline,

To assess whether antibiotic resistance phenotghestered together, antibiotic
resistance patterns were assigned using the déisigi®G + TS + Gen + Ery + CD
+ Cip + C + T (Table 3.3). Isolates were groupetb i3 antibiotic resistance
patterns. Five predominant groups were found: PGS+ Gen + Ery + Cip + T
(23%), PG + TS + Gen + Ery + Cip + C + T (18%), PGS + Ery + Cip (15%), PG

+ TS + Gen + Cip + T (13%) and PG + TS + Ery + €ip (10%).

Table 3.3: Antibiotic resistance patterns of the 3#Rsolates (n=41)

Resistance Pattern

Proportion of
Isolates % (n)

PC+TS+Ger+Ery+Cip+C+T 18 (7.
PG+TS+Gen+Ery+CD+C+T 3(1)
PG+TS+Gen+Ery+Cip+T 23 (9)
PC+TS+Ger+Cip+C+T 5()
PC+TS+Ger+Ery+Cip+C 3@
PG+TS+Ery+Cip+C+T 3@1@)
PG+TS+Gen+Cip+T 13 (5)
PC+TS+Ery+Cip+T 10 (4,
TS+ Ger+Cip+C+T 3@
TS+Ery+Cip+C+T 3@1@)
PG + TS + Ery + Cip 15 (6)
PC+ TS+ Ger+Cip 3@
PC+TS 3(1)

Abbreviations: PG, Penicillin; TS, Co-trimoxazoleen, Gentamicin; Ery, Erythromycin; CD, Clindamyd@ip,

Ciprofloxacin; C, Chloramphenicol; Te, Tetracycline

3.3 Determination of the Genotypes of the MRSA Stias

The genotypes of the MRSA strains namely Staphylogs cassette chromosome

mectypes andgpatypes were determined in the study.
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3.3.1 Staphylococcus Cassette Chromosommec Types
The presence of theme® gene and determination of the SGEc types of the
isolates was confirmed by running the multiplex P@Rducts on an agarose gel

(Figure 3.3).

Figure 3.3:SCOmectyping gel picture of controls and selected sampMs 50bp marker; Lane 1:
Negative control; Lane 2: Positive Control (S@€xtype 1); Lane 3: MS16; Lane 4: Negative control;
Lane 5: Positive Control (SCG@ec type Il); Lane 6: Negative control; Lane 7: PastiControl
(SCdmectype lll); Lane 8: MS54; Lane 9: MS63; Lane 10:dd#@ve control; Lane 11: Positive
Control (SCQnectype IV); Lane 12: MS67; Lane 13: MS85 ; Lane 889 ; Lane 15: MS97 ; M:
50bp marker

The mecA gene was detected in 40 out of 41 isolates. Théiloitions of the
SCQmectypes determined in the study are shown in Figude Three SCRec
types were found. The most predominant &@Ctype was SC@ectype IV (63.4
% of MRSA isolates). SC@ectype Il (14.6%) and SC@ectype | (2.4%) were
also identified. SC@ectypes that seemed to be a combination of more tmen
SCQmectypes were also observed and were called compl&kesSCnectype of

7.3% of the MRSA isolates were untypeable.
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3.3.2 Staphylococcal protein A%$pg Types

Seventy-eight percent (32/41) of the MRSA isolatese positive folspagene after
PCR (Fig 3.5). The PCR was repeatedsimanegative samples to ensure they were
truly negative. DNA sequences of tepagene of representative isolates are shown

in Figure 3.6.

Figure 3.5:spatyping gel picture of controls and selected saspié 50bp marker; Lane 1: Negative
control; Lane 2: Positive control; Lane 3: MSO1nkad: MS02; Lane 5: MS04; Lane 6: MS05; Lane
7: MS06; Lane 8: MS09; Lane 9: MS10; Lane 10: MSldne 11: MS18; Lane 12: MS20
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0i|154736703|gh|EF562610.1] Staphylococcus aureus isolate SPA7 immunoglobulin G

binding protein A ( spa) gene, partial cds

Length=1420; Score = 637 hits (331), Expect = 3e-17

Gaps = 0/331 (0%); Strand=Plus/Plus

Query 1 GCTAAACGATGCTCAAGCACCAAAAGAGGAAGACAACAAGCCT GBaagaagacaa 60
NN U

Shict 880 GCTAAACGATGCTCAAGCACCAAAAGAGGAAGACAACAAGCCTGGCAAAGAAGACAA 939

9; Identities = 331/331(100%),

Query 61 taacaageelggcanagaagacaacaacaagety aacaa

I U
Shict 940 TAACAAGCCTGGCAAAGAAGACAACAACAAGCCTGGPAGAAGACAACAAAAAGCCTGG 999

aAAGCCTGG 120

Query 121 CAAAGAAGACGGCAACAAGCCTGGTAAAGAAGACAAGMAACCTGGTAAAGAAGATGG 180

RO N
Shict 1000 CAAAGAAGACGGCAACAAGCCTGGTAAAGAAGACAMBRMAACCTGGTAAAGAAGATGG 1059

Query 181 CAACAAGCCTGGTAAAGAAGACAACAAAAAACCTGGAAGAAGACGGCAACAAGCCTGG 240

T I
Shict 1060 CAACAAGCCTGGTAAAGAAGACAACAAAAAACCTGGRAGAAGACGGCAACAAGCCTGG 1119

Query 241 CAAAGAAGATGGCAACAAACCTGGTAAAGAAGATGGIBGGAGTACATGTCGTTAAACC 300

R L
Shict 1120 CAAAGAAGATGGCAACAAACCTGGTAAAGAAGATGGRAGGAGTACATGTCGTTAAACC 1179

Query 301 TGGTGATACAGTAAATGACATTGCAAAAGCA 331

NN
Shict 1180 TGGTGATACAGTAAATGACATTGCAAAAGCA 1210

a)

0i|219943173|gh|FJ491259.1] Staphylococcus aureus  strain NT938 protein A ( spa) gene,

partial cds

Length=1353; Score = 479 bits (249), Expect = 8e-13

Gaps = 1/332(0%); Strand=Plus/Plus

Query 1  GCTAAACGATGCTCAAGCACCAAAAGAGGaagacaaca acaaacciggtaaggaagacaa 60
\IH\H\HIHIIHIIIHHHIHHHIII | AN

Shict GCTAAACGATGCTCAAGCACCAAAAGAGGAAGACAATCAAGCCTGGCAAAGAAGACAA 842

2; Identities = 306/332(92%),

Query 61 caacaagcctggtaaagaagacaacaacaagCCTGGTA AAGAAGACGGCAACAAGCCTGG 120

N NI A
Shict 843 CAACAAGCCTGGTAAAGAAGACAACAACAAGCCTGGPAGAAGACAACAACAAGCCTGG 902

Query 121 TAAAGAAGACGGCAACAAACCTGGTAAAGAAGACGGWAAACCTGGTAAAGAAGATGG 180

HHHIIIHIIHHHHHHHHIH I O
CAAAGAAGACGGCAACAAGCCTGGTAAAGAAGACAABAAAACCTGGTARAGAAGATGG 962

Query 181 CAACAAGCCTGGCAAAGAAGATGGCAACAAACCTGGGEAAGACAACAATAAGCCTGG 240

[Ty NI A 00
Shict 963 CAACAAGCCTGGTAAAGAAGACAACAAAMAACCTGG TAGAAGACGGCAACAAGCCTGG 1022

Query 241 CAAAGAAGACAACAACAAGCCTGGTAAAGAAGATGGIBGGGGTACATGTCGTTAAACC 300

L L
Shict 1023 CAAAGAAGATGGCAACAAACCTGGTAAAGAAGATGGRBGGAGTACATGTCGTTAAACC 1082

Query 301 TGGTGATACAGTAAATGACATTTGCAAAAGCA 332

N AR
Shict 1083 TGGTGATACAGTAAATGACA-TTGCAAAAGCA 1113

c)

0i|145194917|gh|EF203509.1]  Staphylocaccus aureus

Length=352; Score = 490 bits(255), Expect = 3e-135;

01267(0%); Strand=Plus/Plus

Query 23 GAAGACAATAACAAGCCTGG cetgg 82
Oy (NN

Shict 86 GAAGACAATAACAAGCCTGGTAAAGAAGACAACAACAAIETGGCAAAGAAGACGGCAAC 145

strain C115 protein A (
Identities = 263/267(99%), Gaps =

Query 83 aagcctggtanagaagacaacaaahAACCTGGTAAAGAA  GATGGCAACAAGCCTGGTAAA 142

AR U
Shict 145 AAGCCTGGTAAAGAAGACAACAAAAAACCTGGTAAAGBATGGCAACAAGCCTGGTAAA 205

Query 143 GAAGACAACAAAAAACCTGGTAAAGAAGACGGCAACRRBGGCAAAGAAGATGGCAAC 202

T (I
Shict 206 GAAGACAACAAAAMACCTGGTAAAGAAGACGGCAACABGTGGCAAAGAAGATGGCAAC 265

Query 203 AAACCTGGTAAAGAAGATGGCAACAAACCTGGTAAAGAIGGTAACGGAGTACATGTC 262

HI\IHIHH\\HHII\HHHIHHHII\H A
Shict 266 AAACCTGGTAAAGAAGATGGCAACAAACCTGGTAAAGBATGGTAACGGAGTACATGTC 325

Query 263 GTTAAACCTGGTGATACAGTAAATGAC 289

U
Shict 326 GTTAAACCTGGTGATACAGTAAATGAC 352

e)

spa) gene, partial cds

0i/585129820|gb|KF958839.1] Staphylococcus aureus

partial cds
Length="282; Score = 515 hits(268, Expect = 7e-143; Identit

strain KY-9 SKY-2 ( spa) gene,

ies = 2741277(99%), Gaps

0/277(0%; Strand=Plus/Plus
uery 1 GCTAACGATGCTCAAGCACCAAAAGAGGAAGACAATAABGCCTGGaaagaagacaat 60

(NN (I
Shict 6 GCTAACGATGCTCAAGCACCAAAAGAGGAAGACAATANTAGCCTGGCAAAGAAGACAAC 65

Query 61 aacaageclggeaaagaagacaacaacaageelygiaaagaagacaacaaa

R M
Shict 66 AACAAGCCTGGCAAAGAAGACGGCAACAAGCCTGGTARAAGACAACAAAAAACCTGGT 125

AAACCTGGT 120

Uery 121 AAAGAAGATGGCAACAAGCCTGGTAAAGAAGACAACAAACCTGGTAAAGAAGACGGC 180

\IH\\H\IH\\IIHIHHIHIHHIHIIHI (M
Shict 125 AAAGAAGATGGCAACAAGCCTGGTAAAGAAGACAACARRACCTGGTAAAGAAGACGGC 185

Query 181 AACAAGCCTGGCAAAGAAGATGGCAACAAACCTGGTBAAGATGGTAACGGAGTACAT 240

MR (A
Shict 186 AACAAGCCTGGCAAAGAAGATGGCAACAAACCTGGTABAAGATGGTAACGGAGTACAT 245

Query 241 GTCGTTAAACCTGGTGATACAGTAAATGACATTGCARTT

\II\\\I\\II\\HHIHHIIHIHHHIIH
Sict 246 GTCGTTAAACCTGGTGATACAGTAAATGACATTGCAA 282

b)

0i[154736703|gb|EF562610.1, Staphylococcus — aureus
bmdmg protein A spa) gene, partial cds

Length=1420; Score = 608 bits (316), Expect = le-17
Gaps =0/322(0%); Strand=Plus/Plus
uery 1 GCTAAACGATGCTCAAGCACCAAAAGAGGAAGACAAPCAAGCCTGGcaaagaagacaa 60

II\II\\\IHIHHIIHIHHHIIIH\IHH L
) GCTAAACGATGCTCAAGCACCAAMAGAGGAAGACAAREAAGCCTGGCAAAGAAGACAA 939

isolate SPA7 immunoglobulin G

0; Identities = 320/322(99%),

Query 61 99 ggta g9 120

U U
Shict 940 TAACAAGCCTGGCAAAGAAGACAACAACAAGCCTGGPAGAAGACAACAAARAGCCTGG 999

Query 121 caaagaagaCGGCAACAAGCCTGGTAAAGAAGACAACAAAAACCTGGTAAAGAAGATGG 180

U (N
Sbict 1000 CAAAGAAGACGGCAACAAGCCTGGTAAAGAAGACAMDMAACCTGGTAAAGAAGATGG 1059

Query 181 CAACAAGCCTGGTAAAGAAGACAACAAAAAACCTGGAAGAAGACGGCAACAAGCCTGG 240

U U
Shict 1060 CAACAAGCCTGGTAAAGAAGACAACAAAAAACCTGGRAGAAGACGGCAACAAGCCTGG 1119

Query 241 CAAAGAAGATGGCAACAAACCTGGTAAAGAAGATGGYBGGAGTACATGTCGTTAAACC 300

(AR M
Shict 1120 CAAAGAAGATGGCAACAAACCTGGTAAAGAAGATGGRBGGAGTACATGTCGTTAAACC 1179

Query 301 TGGTGATACAGTAAATGACATT 322

(g
Shict 1180 TGGTGATACAGTAAATGACATT 1201

d)

Figure 3.6: DNA sequences of tlepa gene of representative isolates: a) spa type t@OMA
sequence for isolate MS01, b) spa type t2104: DMAuence for isolate MS02, c) spa type t355:
DNA sequences for isolate MS09, d) spa type t1Z8YA sequence for isolate MS10 e) novel spa

type: DNA sequence for isolate MS33
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The MRSA strains were found to be okpatypes (Table 3.4). The most common

spatype was t064 (40.6% of isolates). Notably onéateohad an unknowspatype.

Table 3.4: Distribution oSpaTypes among the MRSA Isolates

Proportion of Isolates % (n) Spatype Repeat Succession

40.€(13) t064 11-19-12-05-17-34-24-34-22-25
31.3(10 t210¢ 11-19-12-34-24-34-22-25

3.1(1) t355 07-56-12-17-16-16-33-31-57-12
21.€(7) t1257 11-19-34-05-17-34-24-34-22-25
3.1(1) Unknown 11-19-12-34-24-34-22-25-25

Phylogenetic analysis of the MRSA strains basedherspatypes showed that the
strains cluster into two clusters (Figure 3.6). @hehese two clusters then further

divided into two other clusters.
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Figure 3.7: Phylogenetic relationships of the MRS#ains based on tlspatypes.

A minimum spanning tree showing the relationshighef isolates in relation to the

most frequenspatype determined (t064) is included in Figure 3.7.
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0.50

Unknown

Figure 3.8: Minimum spanning tree showing the refethip of the isolates in relation to the most
frequentspatype determined (t064)
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Chapter 4: Discussion

4.1 Discussion

Methicillin-resistanceStaphylococcus aureulas been recognised as one of the
major causes of nosocomial infections world-widspansible for a wide range of
infections (Goulcet al, 2012; Wanget al, 2012). Since MRSA was first discovered
in the UK in the early 1960s (Barber, 1961; Moefigr 2012), its prevalence has
been steadily increasing overall in the world wggtpographical variations (Vindet
al., 2009; Johnson, 2011; Moellering, 2012). The bardé MRSA infections has
further been heightened by the emergence of CA-MRB& LA-MRSA (Mammina
et al, 2010; van Cleeét al, 2011). While the clonal relatedness of MRSA ased
from developed countries has been extensively aadlyhere is sparse information
from developing countries (Breuret al, 2010). To the best of our knowledge this
study was the first of its kind to use moleculablsoto determine the clonal

relatedness of MRSA in Zambia.

The detection and screening of MRSA among patieapts hospital admission has
been attributed to low prevalence rates in somentcies (Tiemersmat al, 2004;
van Rijenet al, 2008; van Cleeét al, 2010). Several methods have been employed
in the detection of resistance to methicillin By aureus In this study, the disc
diffusion using oxacillin and cefoxitin discs wasedl to detect methicillin resistance.
The results of this study show that 43% of theaites were MRSA and the cefoxitin
disc detected more (40%) isolates as MRSA comptrdtie oxacillin disc (28%)

( 3 p=0.0388). This finding is in agreement withdsas that have shown that the

cefoxitin disc performs better than the oxacillisadin the detection of methicillin

52



resistance (Felteat al, 2002; Skowt al, 2003; Cauwelieet al, 2004). However,
two isolates were resistant to oxacillin but susibép to cefoxitin. A possible
explanation for this might be that resistance tdhmeédlin in these isolates was not
due to themed gene since other modes of resistance to meihiglich as the
presence or overexpression ofactamase enzymes and chromosomal mutations
have been documented (Gatl al, 2001; Nadarajalet al, 2006; Banerjeet al,
2010; Baet al, 2014). Currently, resistance to cefoxitin iketa as the surrogate
marker for resistance due to thee gene (CLSI, 2012). The finding of this study,
taken together with the findings of Mwenya (2008)d &Kapatamoyo and others
(2010), suggest that there is an increase in tes & MRSA infections at the UTH
in Lusaka. However, since all these studies haes lsenducted at a particular point
in time with relatively small sample sizes, cautiomust be applied in the
interpretation of the data. We recommend that mmmprehensive studies be

conducted over a longer period of time.

Determination of antimicrobial susceptibility of diarial pathogens using classical
phenotypic tests in clinical microbiology is impant in the therapeutic treatment of
patients which depends on assessing the susciijgtsbdf the bacteria (Fluiet al,
2001). Accumulated susceptibility testing data gegld at the local, regional, or
national level form the basis for empiric treatmeohemes for infectious diseases
(Sundsfjordet al, 2004). In addition, careful detection of resi$thacteria provides
a fundamental basis for infection control measwed antimicrobial surveillance
systems (Sundsfjoret al, 2004). While comparison of antimicrobial susdafties
are difficult between studies, our findings cor@sp more closely with reports from

South Africa in which MRSA resistance rates to gemtin (68% vs. 65.7%) and
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erythromycin (78% vs. 78.6%) were observed (Maatigl, 2009). However, our
study detected higher resistance rates to ciprafiiox (95% vs. 69.7%) and co-
trimoxazole (100% vs. 55%) than the South Africaudyg. All isolates in our study
were susceptible to amikacin while the South Afmigsolates were highly resistant
(72%). Notably, some studies from Spain showed fggeater than 90%) resistance
rates to ciprofloxacin as observed in our studyef@set al, 2007; Vindelet al,
2009). Our findings are also very similar to tho$e study done in Taiwan in which
resistance rates of 94.9%, 71.8% and 78.2% to remytycin, co-trimoxazole and
gentamicin respectively were observed (Wah@l, 2012). However, resistance to
clindamycin was higher in the Taiwanese study tinaour study (86.5% vs. 2.5%).
The differences in the antimicrobial resistancesab the various drugs observed
might reflect a difference in regional antimicrdbiasage and subsequent

epidemiology due to inappropriate use of antib®ticsome regions.

The choice of antibiotic for therapy of MRSA infexts is usually complicated.
Therefore, an important implication of the antiroigial susceptibility results from
the current study is their interpretation in redatio treatment of MRSA infections.
For example, co-trimoxazole and a combination cefrocnoxazole and other drugs
are among the currently available treatment optifmmsMRSA, especially in the
community (Grim,et al, 2005; Rybaket al, 2013). However, where resistance to
co-trimoxazole is high, this may not be viable.eTtgh resistance to co-trimoxazole
found in this study corroborate the findings of K&gmoyo and others (2010) who
found co-trimoxazole resistance rates (among Stapbgci isolates) at 86% and
recommended that it should not be used for treatrokacute bacterial infections

(Kapatamoycet al, 2010). The high resistance to co-trimoxazoledde attributed
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to its use in prophylactic treatment Biheumocystis jerovednfections in HIV
positive patients (Alonset al, 1997; Martinet al, 1999; McDonalcet al, 2003;
Chintu et al, 2004). Co-trimoxazole is currently the considemain drug for
treatment and prophylaxis foPneumocystisjeroveci pneumonia (PCP) in
immunocompromised individuals including HIV patien{Centers for Disease
Control and Prevention, 2000; Sepkowitz, 2002; Getral, 2005). Co-trimoxazole
is also used as a prophylactic drug in sickle pafiients (Donkoret al, 2013).
However, a study in Ghana found no significantediéhce between the resistance
patterns ofStaphylococcusureusisolates from sickle cell patients and non-sickle

cell patients (Donkoet al,, 2013).

Another potential antibiotic in the treatment of BR infections is ciprofloxacin.
Ciprofloxacin and other quinolone antibiotics halleen proposed as possible
alternatives to parenteral vancomycin therapy enlthsis of severah vitro andin
vivo animal model data (Gade and Qazi, 2013). In thidysthe resistance rate to
ciprofloxacin was very high (95%). Although thissuét differs from those of
Kapatamoyo and others (2010), who found very lgwafloxacin resistances rates,
it is consistent with those of several other stsd@ureshet al, 2004; Cuevast al,
2006; Vindel et al, 2009; Sarmaet al, 2010; Gade and Qazi, 2013). Such
ciprofloxacin resistance rates in healthcare sgitimay render ciprofloxacin not to
be useful as a first-line antibiotic (Gade and Q2@i3). Resistance to ciprofloxacin
is usually due to spontaneous mutations in the sgyrand topoisomerase genes
(Didier et al., 2011; Hashenet al, 2013). Moreover, it has been reported that
ciprofloxacin resistant MRSA isolates tend to shimereased resistance to other

antibiotics, including aminoglycosides (Tseriagal, 2011). Further studies on the
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susceptibility of MRSA to ciprofloxacin and otheuigolones in our setting are

recommended.

Clindamycin has also been shown to be useful irtriement of MRSA infections,
especially community acquired infections (Ryba, al, 2013; Lall and Sahni,
2014). However, inducible resistance is an impartacior to consider when treating
a patient with the use of clindamycin (Lall and &al2014). In our study although
resistance to clindamycin was very low (2.5%), icille clindamycin resistance was
relatively high (68.3%). A possible explanation fhis is that isolates with inducible
resistance appear sensitive to clindamycin on difftision testing when tested
singly. Staphylococcal strains with MLSBI are réed to inducer macrolides but
susceptible to non-inducer macrolides, lincosamidasd streptogramin B
(Schreckenbergeet al, 2004; Lall and Sahni; 2014). Consequently, ituidobe
recommendable to routinely screen for erythromyethiced clindamycin resistance
among S. aureusisolates in our setting. Notably, all isolates eesensitive to
vancomycin, teicoplanin and amikacin. Currentliycgpeptides, vancomycin and
teicoplanin are the mainstay of therapy for most34Rinfections (Gade and Qazi,
2013; Rybaket al, 2013). Therefore, these antibiotics still remainiable option

treatment of MRSA infections in our setting.

It is generally expected that MRSA resistance rategenicillin are very high
(Chambers, 2001; Mollering, 2012). Consequentlynigtin and other -lactam

antibiotics are not used in the therapy of MRSAedations. The most important
resistance mechanism to penicillin is productiothef -lactamase which inactivates

penicillin by hydrolysing the -lactam ring. In our study, we employed the pehircil
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disc diffusion zone edge test to detedactamase production and most of the MRSA
isolates were positive for-lactamase production. Susceptibility testing dfeot -
lactam antibiotics was not undertaken as per recemdation from the CLSI since
MRSA strains tend to be resistantvivo despite being susceptible witro (CLSI,

2012).

In our study, most of the MRSA strains were muitiglresistant. These results are
in agreement with global findings of MRSA straireiry multi-drug resistant (Kesah
et al, 2003; Pengt al, 2010; Senet al, 2013; Al-haddackt al, 2014). In a study
conducted in Ethiopia, 86% of ti&aureusstrains isolated were multi-drug resistant
(Godeboet al, 2013). In our study, a total of 13 resistancttgpas were determined
of which five of them accounted for 79% of the &ek. This finding correlates well
with a study from Spain where 12 resistance paterere determined (Vindet al,
2009). However, a study from South Africa detec€dd resistance patterns and
multi-drug resistance was very high (81.5%) (Maetisl, 2009). Notably, both of

these studies analysed more isolates than our.study

In recent years several molecular detection tectasidiave been employed to detect
and type MRSA. It has been shown that completeact@rization of MRSA lineages
requires not only the identification of the gendtackground of the bacteria but also
identification of the structural types of the larged heterologousnec element
(SCAmecelement), which carries methicillin resistanceedatinantmecA(Oliveira
and de Lencastre, 2002; Turlef al, 2011). A multiplex PCR strategy that detects
the mecAgene as well as determines the &@&Csubtypes and variants was used in

this study. ThemecAgene was not detected in one of isolates deteatebRSA
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phenotypically. Despite repeating the PCR, theatsowas negative for thmecA

gene. A possible explanation for this is thatdbeerved resistance to methicillin in
this particular isolate was due to mechanisms othan those due to the PBP2a
encoded by thenecAgene referred to earlier (Gat al, 2001; Nadarajalet al,

2006; Banerjeeet al, 2010; Baet al, 2014). Bignardi and colleagues (1996)
described similar isolates and according to Swemsmhcolleagues (2001), this non-
mecAmediated resistance is still clinically relevaimice such strains are still MRSA
(Bignardi et al, 1996; Swensoet al, 2001). To our knowledge this was the first

study in Zambia to detect timecAgene inS. aureussolates.

The multiplex PCR strategy used in this study essindetects four SCRectypes
and their variants namel§CCmectype |, II, lll, IV and Variants IA and IlIE. The
method was used for its simplicity and ease of ggardnce. The most prevalent
SCamectype found in the study was S@€ctype IV (63.4%). A similar study
conducted in Pakistan also found the $@Ctype IV as one of most predominant
SCQmectypes with a prevalence of 38.1% (Zaédral, 2011). However, compared
to our study, their prevalence rate was relatiVely. The SC@nectype IV has been
associated with CA-MRSA strains which are generallgceptible to more drug
classes compared to HA-MRSA (Boyle-Vavra and DaR@q7; Afrozet al, 2008;
Wu et al, 2010). However, the S@actype IV has been increasing found in HA-
MRSA in the recent past. Studies conducted in Iraid Malaysia showed that
SCamectype IV had emerged in the HA-MRSA strains (Létnal, 2013; Dhawaret
al., 2014). Moreover, the HA-MRSA strains with S@€ctype IV were multidrug
resistance unlike their counterpart CA-MRSA stratich had SC@ectype IV

(Dhawanet al,, 2014).
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In our study, the second predominant @€ type found was SQ@ec type Il
(14.6%). This finding is similar to that of a studynducted in South Africa in which
the SC@nectype Ill was found to be the second most commad{)LSCCnectype
(Makgotlho et al, 2009). While only 2.4% of the isolates in ouudst harboured
SCQamectype I, SC@nectype | was the second most predominant (16.7%)r8&C
type found among isolates in a study from Ugandami& al, 2013). SC@ectypes

| and Il are normally harboured by HA-MRSA (Bow&vra and Daum, 2007;
Afroz et al, 2008; Wuet al, 2010). HA-MRSA strains containing S@@ctype Il
tend to be multi-drug resistant since this $@&Ctype is known to harbour plasmids
and transposons that encode resistance to tetiaeychdmium, erythromycin and
spectinomycin (Iteet al, 2001; Itoet al, 2003; Deurenberet al, 2007; Cheret al,
2014). The 7.3% of isolates detected in this sthdy were SC@ecnon-typeable is
comparable to the 8% from the South African stuliaKgotlho et al, 2009) but
slightly higher (4%) compared to those from a gtudBelgium (Denit al, 2005).
In 12.2% of the isolates investigated in this stuidyy SC@nectype could not be
easily deduced as they seemed to contain more dhanSC@nec type namely
SCamectype Il and type IV. This finding is not unusuahce the SC@ectype IV
has been shown to be mobile and has been foundR&MMof several different
genetic backgrounds, which had other $@Ctypes (Oliveiraet al, 2001; Oliveira

and de Lencastre, 2002).

It is now generally agreed that a combination afaygping methods such MLST,
spa typing and/or PFGE with SGfiec analysis be used to define MRSA strains

(Friedrichet al, 2008; Otter and French, 2012; Stefahial, 2012; Dhawaret al,
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2014). In this study we employespatyping, a PCR and DNA sequencing-based
technique, in addition to S@@&ctyping. Its advantages include high speed, ease of
use and interpretation of data, simplicity of ladgtabase creation and effortless
information exchange between laboratories. The mpstalentspatype determined

in the study was t064 and was found in 40.6% ofishates Spatype t064 has been
identified in the USA where it was designated SORBSA | and was also associated
with persons living with AIDS (McDougadt al, 2003; Gordoret al, 2005). A study

in Nigeria also foundpatype t064 as the most predominapatype in HIV positive

S. aureuscarriers (Olalekaret al, 2012). Thisspatype was also found among the
most commorspatypes identified in South Africa although it wast inked to any
particular clinical condition (Moodleyt al, 2010). However, in a study from
Ugandaspatype t064 was found in only 4% of the isolates amd associated with
the obstetrics and gynaecology wards (Strl, 2013). Spatype t064 is associated
with the MLST sequence type 8 (ST-8) (McDougghl, 2003; Gordoret al, 2005;
Oosthuysen, 2007; Olaleka al, 2012). Other strains associated with ST-8 irelud
the Archaic/lberian clones, USA500, ORSA IV, USAS0RSA II, ORSA IV and
ORSA lll. The Archaic/lberian clones are widely spd HA-MRSA isolates

(McDougalet al, 2003; Gordoret al, 2005; Oosthuysen, 2007).

Spatypes t2104 (31.3%) and t1257 (21.9%) were thersstand third most common
spa types identified in our study respectively. We Idomot find other studies
documentingspa type t2104 among MRSA isolates despite the redtivhigh
frequency of t2104 in our study. However, accordingthe spa sever (www.
sparidom.de) thisspa type has been reported in association with MRSAh&

United States, Sweden and Jap&pg Sever, 2014). Notably, thispa type was
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reported among MSSA isolates in a study to detegrthie prevalence and molecular
epidemiology ofS. aureusamong rural lowans, including individuals withdstock
contact (Wardyret al, 2012).Spatype t1257 has been reported in South Africa and
it accounted for about 9.7% of the isolates (Mopdieal, 2010). Thisspatype has
been associated with HA-MRSA strains. The only l&itam spatype found in this
present study waspatype t355. Although thispatype is rarely reported, it was the
most prevalenspa type identified among MRSA isolates in a studynfr&Ghana
(Egyir et al, 2014). It has also been documented in Nigern dganda (Shittet
al., 2011; Senet al, 2013). Only one novedpa sequence was determined in our
study. It has not been reported previously from atfner country and its name could
not be determined by th8pa Sever. Although this novedpa type seems to be
closely related t®patype t2104, its repeat sequence contains two tep2a end
and is shorter than the repeat sequence for tZIBi. finding possibly denotes

mutations in th&s.aureuggenome.

Spatyping also allows for the grouping of isolatesoirgroups calledspaclonal
complex (Ruppitsctet al, 2006). When examining thgpa types belonging to a
specificspaCC, there is usually a repeat or several repbatsall thespatypes have
in common (Ruppitsclet al, 2006). The general hypothesis regarding theutiooi
of thespatypes is either through; insertions or deletiohamindividual repeat unit
or a group of repeat units; or point mutations it specific repeat unit, thus
changing it to a different repeat unit (Frereyal, 1996; Shopsiet al, 1999). It is
generally accepted that MRSA strains are relatedpelong to the sanspaClonal
Complex 6paCC), if thespatype repeat motif is related (Ruppitsehal.,, 2006).

From literature, we could deduce that most of sotates belong to thepaCC 064
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(McDougal et al, 2003; Gordoret al, 2005; Oosthuysen, 2007; Olalekahal,
2012). This is because alignment of the repeaepetofspatypes t064, t1257 and
t2104 showed the presence of both motifs 11-1%artjs followed by motif 05-17-
34-; followed by motif 24- 34-22; and finally rege@5 (end). Althoughspatype
t2104 has relatively fewer repeats since it ladies motifs 05-17-. In addition the
repeat sequence of the nogplatype is also very similar to that spatype t2104.
The spaCC 064 is associated with HA-MRSA (McDougetl al, 2003; Gordoret
al., 2005; Oosthuysen, 2007). Consequently, we mdyakethat most of the strains

studied were hospital acquired and clonally dissaieid.

The clinical significance of MRSA is that it presertreatment challenges with
regard to antimicrobial resistance. This is duefesy options for suitable drugs.
Further, the genotypes identified in the study hibgen shown to cause multi-drug
resistance in MRSA (Dhawaet al, 2014). In addition, a growing problem
associated with multi-drug MRSA is the socioecomomiplications. This includes:
longer hospital stays, inadequate or delayed antithiise and the use of newer, more
expensive antimicrobial agents needed to treatmptiwith MRSA appropriately.
Consequently, there is an overall increase in mesgoutilization associated with
MRSA (Schorr, 2006). However, all of the isolate®ur study were still susceptible

to glycopetides which are the main stay drugsHertteatment of MRSA.

4.2 Conclusion
The study shows a possibility of an increase inpifealence of MRSA at the UTH.
Furthermore, multi-drug resistance was extremeij limongst the MRSA isolates,

with some of the isolates being resistant to asynaanseven antibiotics. This could
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be due to the isolates harbouring genotypesr8€&xiype IV and SC@ectype lll,
as detected in the study. However, all the isolatese susceptible to the
glycopeptides and amikacin, implying that theseibéostics are still viable as
treatment options of MRSA infections. Fi#pa types were determined, four of
which clustered into one group, tlspaclonal complex 064. To the best of our
knowledge this was the first study to report on thelecular characteristics of

MRSA isolates from UTH and indeed Zambia.

4.3 Limitations of the Study

One major limitation of this study was the lackctihical data. This data could have
been useful in correlating the laboratory findirtgsthe clinical outcomes of the
patients. Unfortunately, these data were not abvigldue to lack of access to patient
records. Another limitation of the study was thatyoavailable archived isolates
were studied and all these isolates came from UBHea Therefore, further work is
warranted to determine the distribution of MRSAasts isolated from other parts of
Zambia. This will give an accurate picture of thd&R&A strains circulating in the

country.

4.4 Future Directions

Based on the findings of this study, we would likerecommend that the infection
prevention and control strategies at UTH shouldstbengthened since most of the
MRSA isolates were hospital acquired and multi-dregistant. Adopting infection
prevention and control strategies such as the sicrgef patients at admission and
isolation of those with MRSA could help reduce tin@nsmission of MRSA. In

addition, we recommend that treatment of MRSA itifets should be guided by
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antimicrobial susceptibility test results. Notabhgutine screening for inducible
clindamycin resistance and the cautious use ofiowkazole in acute infections is

recommended.

Future studies should focus on determining tharaatobial resistance mechanisms
of potential anti-MRSA drugs such as the quinolof@profloxacin) and indeed
other antibiotics. Furthermore, studies to deteentire distribution of MRSA strains
isolated from other parts of Zambia would give @cusate picture of the MRSA
strains circulating in the country. This can be iaebdd by conducting national
surveys involving isolates from several hospitatsolt would allow more systematic
collection of epidemiological data. Lastly but tio¢ least, to gain further insight into
the molecular epidemiology and clonality of MRSAasts, studies using other
molecular typing techniques such as Pulsed FiekttElphoresis, whole genome

sequencing and single nucleotide polymorphism shbalundertaken.
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Appendix B: Media and Reagent Preparation

A. Media

1.5% Aqgarose Gel

1.5g agarose powder

Up to 100ml 1x TBE buffer

5% Blood Agar (Mast Diagnostics, Mast Group Ltd.rsteyside, UK)

40g Columbia agar powder

50ml Sheep blood

Up to 1000ml distilled water, autoclave
Store at 4°C

DNase Agar (Mast Diagnostics, Mast Group Ltd. Messe, UK
39g DNA agar powder

Up to 1000ml distilled water, autoclave

Store at 4°C

Mueller-Hinton Agar (Mast Diagnostics, Mast Groutg L Merseyside, UK)

38g Mueller-Hinton agar powder
Up to 100ml distilled water, autoclave
Store at 4°C

STTG Storage Media
2g Skimmed milk powder

3g Tryptone soy broth powder

0.5g Glucose

10ml Glycerol

Up to 100ml distilled water, autoclave

B. Reagents

Ethidium bromide solution
10mg/ml in distilled water
Stored in a dark bottle at 4°C

TBE Buffer (10x)

108g Tris

55¢g Boric acid

9.3g EDTA

Up to 100ml distilled water, autoclave and storeoam temperature

TBE Buffer (1x)
1 volume of 10x TBE buffer

9 volumes distilled water
0.5 McFarland BaS0O4 Standard

0.5 ml of 0.048M BaCl2 (1.175% W/V BaCl2.H20)
99.5ml of 0.36N H2S04
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