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LEBANESE AMERICAN UNIVERSITY

ABSTRACT

Molecular Typing of Staphylococcus aureus and
Investigation of Biofilm Formation of Isolates Collected

from Jordan

by Dana A. Bazzoun

Staphylococeus aurens has long been recognized as an important
pathogen associated with different types of diseases in humans. The increase
in the frequency of methicillin-resistant Staphylococcus aurens (MRSA) as the
causal agent of nosocomial infection and the possibility of emergence of
resistance to vancomycin demands a quick and trustworthy characterization of
1solates and identification of clonal spread within hospitals. In this study 68%
of clinical 8. awreus isolates (n=60) collected from Jordan were MRSA.
Molecular typing of those isolates was done through spa typing, pulsed field
gel electrophoresis (PFGE). It was found that each of these typing techniques
had a certain discnminatory power and thus a combination of both would be
essential for proper epidemiological studies aiming at understanding and
controlling the spread of infections specially in the hospital environment. spa
typing showed that spa type 1044 was the most common type and represented
28% of the isolates studied and 38% of the MRSA population. PFGE revealed
that isolates having the same spa type do not necessanly have the same
banding pattems. PFGE has shown to have a higher discriminatory power than
spa typing; different PFGE banding patterns were detected for samples of the

different and/or the same spa types.



Evidences that S. awrens has the ability to form matrix-encased
biofilms, which further contributes to its pathogenicity through different
mechanisms, are increasing, thus it was inevitable to look for potential biofilm
formers among those isolates. Further studies however, elucidating the
mechanism of biofilm formation are mented to reduce nosocomial as well as
other types of infections. In conclusion, sequence-based spa typing shows
comparative sensitivities to PFGE, and is a rapid and easy handling method.
The sequence-based spa typing can be used as a rapid screening test when
MRSA outbreak 1s suspected in areas and hospitals. On the other hand, spa,
Multi locus sequence typing (MLST) sequences, and PFGE pattem database
developed in this study will serve as a basis for information for the long term
evolutionary and epidemiological studies of local 8. auwrens recovered not only
in Jordan, but also in neighboring countries including Lebanon. Systematic
survetllance of both hospital and community isolates in Jordan and Lebanon

together with measures designed to limit the spread are required.
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Chapter 1

INTRODUCTION

8. aureus has been identified in the 1880s where it was associated with
a wide range of serious and mild clinical manifestations (Deurenberg and
Stobberingh 2008), 8. awrens specifically 15 a major cause of many senous
nosocomial and CA (community acquired) human and amimal infections,
where it colonizes mainly the nasal passages and regularly other anatomical
locations, including the skin, oral cavity and gastrointestinal tract (Todar
2008). Bacteremia, necrotizing pneumonia, endocarditis, and deep abscess
formation and even death may result from an infection (Schouls et al. 2009).
The constant evolution of antimicrobial resistance such as methicillin-
resistant strains of 8. aurens (MRSA) has caused serious invasive and life-
threatening infections in young children (Boyle-Vavra and Daum 2007)
Pathogenicity of §. aureus is correlated with several virulence factors such as
Protein A, staphylococcal enterotoxins, exfoliative toxins, toxic shock toxin
syndrome toxin | (TSST-1), Pantone Valentine Leukocidin (PVL), leukotoxin
(LukE LukD), adhesion factors that are involved in imitiating series of immune
reactions in the host. In addition to all of these, S awreus’ vital infectious
component is attributed mainly to its ability to form biofilms which is induced
by an adhesion of bacteria to a surface, followed by accumulation in

multilayered cell clusters through intercellular adherence (lzano at al. 2008).

The increase in the frequency of MRSA as the causal agent of
nosocomial infection and the possibility of emergence of resistance o

vancomycin demands a quick and trustworthy charactenzation of isolates and



identification of clonal spread within hospitals (Vindel et al. 2009), Thus
proper epidemiological studies, using molecular approaches, are vital to
understand 5. aurews distribution and relatedness to design rational pathogen
control methods. There have been several studies conducted for this purpose
in Tehran and Turkey and only one in the Arab world, Lebanon, to
characterize 8. awrens in the region (Tokajian et al. 2010) where different
molecular approaches were employed including spa typing, MLST, and Mec
Subtyping. Each of these techniques had its own sensitivity, specificity and

precision,

This study represents the first report in Jordan and the Arab world
that compares Pulse Field-Gel Electrophoresis and spa typing as two major
molecular typing techniques used for S. awreus characterization. It also
screens for potential biofilm formers among isolates to better understand the

genetic mechanism that lies behind this potential.

OBJECTIVES
e Investigate the clonal structure and molecular characteristics of MSSA
and MRSA isolated from children in Jordan.
* Assess the molecular Epidemiology of S. aureus isolates associated
with infections in children.
» Determine the frequency of PVL-producing S. aureus in Jordan,
e spa typing in combination with Based Upon Repeat Pattem (BURP)

grouping analysis for epidemiological typing of §. aureus.



Chapter 2

LITERATURE REVIEW

2.1  Overview of Staphylococceus aurens

Staphylococei are gram-positive, facultative anaerobes, and spherical
bacteria that occur in microscopic clusters resembling grapes.
Staphylococcus aurens 1s a gram positive staphylococcal species that has
been linked to serious nosocomial and community acquired human as well as
animal infections. Strains belonging to 8. aureus are distinguished by growth
properties, specific surface factors, and the ability to form a clot in the
presence of fibrinogen due to the production of coagulase enzyme. It
colonizes mainly the nasal passage and regularly in other anatomical
locations, including the skin, oral cavity and gastrointestinal tract (Todar
2008). S. aureus has been recognized in the 1880s and associated with a
wide range of serious and mild clinical manifestations (Deurenberg and
Stobberingh 2008). It is one of the most common pathogens in the United
States, where 3 out of 10 individuals have their mucous membranes
colonized with 8. aureus (Jiveon 2009). Since humans are major reservoirs
of 8 aureus, the individual can be a long period or a discontinuous carrier of
the pathogen (Jiyveon 2009). More often those carriers do not show any of
the clinical symptoms; however bacteremia, necrotizing pneumonia,
endocarditis, and deep abscess formation and even death may result from an

infection (Schouls et al. 2009),



2.2 Occurrence

Morbidity rate due to §. awreus infection was around 80% in the
1940s, before any use of antibiotic such as methicillin (Deurenberg and
Stobberingh 2008). Today S. amrens remains a leading cause of health care
associated infections, as well as community-acquired infections (Tenover et al.
2005). Like any living organism, the stress exerted on S. awreus with the
introduction of multiple drugs and the extensive use of antibiotics in health
care facilities against it made it inevitable to develop resistance against such
drugs and thus the rise of methicillin resistant strain, According to Levy and
Marshall (2004), more than 95% of all §. aureus isolates possess resistance to
penicillin, and 40-60% of clinical isolates in the United States of America and
the United Kingdom exhibit methicillin resistance. Studies on US populations
showed that by 2005 the rate of invasive MRSA infections reached 31.8 per
100,000 individuals (Klevens et al. 2007). The extensive spread of MRSA in
the community and the threat of increasing cases of severe infection is a matter
of concem and requires search for new control measures (Vindel at al. 2009).
Other environmental factors that might increase the stretch of community-
acquired methicillin-resistant §.  awrens (CA-MRSA) are contaminated
fomites, such as shared razors, towels, soap bars, whirlpools used by athletes.
Additionally stethoscopes, pagers, bed spaces, workstations contamination are
involved in the spread of health care associated methicillin-resistant S, qureus

(HA-MRSA) (Decker 2008).

2.3 Pathogenesis of Staphylococcus aureus

Pathogenicity of 5. aureus is correlated with several virulence factors

such as proteins, toxins, and adhesion factors that are involved in initiating



series of immune reactions in the host. Some of the virulence factors
recognized are thermonuclease, hemolysins (o, B, 6, and 7v), lipase,
hyaluronidase which act mainly to invade host tissues (Sandel and McKillip
2004; Kuroda et al. 2007). In addition to enzymes, there is a large group of
toxins including staphylococcal enterotoxins, exfoliative toxins, toxic shock
toxin syndrome toxin 1 (TSST-1), Pantone Valentine Leukocidin (PVL),
leukotoxin (LukE, LukD), epidermolysins A and B and others (Baba-Moussa
et al. 2008).

PVL and other leukocidins, belong to the family of “bicomponent
synergohymenotropic toxins” which are two-component pore-forming toxins
that eventually cause lysis of host cell membranes. The two proteins are
encoded by two genes, lukl-PV and fukS-PV and are co-transcribed together
(Dinges et al. 2000). PVL elevates the release of inflammatory mediators such
as leukotriene B4, 1L-8 and histamine from monocytes and macrophages, their
major cell target (Lina et al. 1999). Three exfoliative toxins (ETA, B and D)
cause exfoliation of the epidermis by cleaving a desmosomal protein
predominant in granular layer, desmoglein 1, without any signs of skin

inflammation (Ladhani et al. 1999),

Some S awrens isolates produce TSST-1, a superantigen toxin,
encoded by (st gene. It is the major cause of toxic shock syndrome,
staphylococcal scarlet fever, and neonatal toxic shock-like exanthematous
diseases (Kikuchi et al. 2003). This superantigen has the ability to cross-link
the class 11 major histocompatibility complex of antigen-presenting cells and
the T-cell receptor (TCR) b-chain variable regions. This in tum leads to the
nonspecific activation of 20% to 25% of the T-cell as opposed to 0.1%

specifically activated T-cells by a conventional allergen. 1L-4, IL-5, IL.-13, and



many others, are thus produced leading to a local IgE production and

inflammation (Patou et al. 2008),

Clearly those locally produced toxins and virulence factors add up to
the virulence and pathogenesis of §. aureus, yet not all pathogenic isolates of
S. aureus contain the genes coding for these toxins. On the other hand, a
common vitulence factor encoded by all S. amreus isolates’ genomes was
designated as protein A. Protein A is a conserved surface protein present in all
8. aureus strains (Martin et al. 2009). Protein A is a 42-kDa molecule that
could be either secreted or membrane-associated and interrelates with a range
of human and animal immunoglobulins (Silverman and Goodyear 2006).
Protein A binds to the Fe-region of IgG to prevent phagocytosis, and
according to several studies it provokes enormous inflammatory responses in
human airway and comeal epithelial cells (Gomez et al. 2004) through
eliciting T cell-independent B cell proliferation (Bekeredjian-Ding et al.,
2007).

2.4 Staphylococcus aureus biofilm

8. aurens’ vital infectious component is attributed mainly to its ability
to form a biofilm (Izano at al. 2008). Biofilms enhances the bacterial survival
under demanding conditions such as low nutrient availability, antibiotic and
oxidative stress, and host immune defenses (Mackey-Lawrence et al, 2009),
Biofilm formation occurs in several stages. It requires adhesion of bacteria to a
surface, followed by accumulation in multilayered cell clusters through
intercellular adherence (Corrigan et al. 2007). The first step is mediated
through adhesins known as microbial surface components recognizing
adhesive matrix molecules (MSCRAMM) (Tormo at al. 2007). MSCRAMMSs

16



function through attachment to different cell types and abiotic surfaces
(Cucarella et al. 2004). MSCRAMM s include clumping factors A and B (CIfA
and CIfB), protein A and the fibronectin binding proteins A and B (FnBPA
and FnBPB) that are characterized by an N and C terminal signal sequences
for secretion and cell wall-anchoring by sortase respectively (Corrigan et al.
2007). The icadBCD cluster, an operon present in 8. epidermidis and S,
aureus, encodes proteins that assist in the intercellular adhesion step of biofilm
formation entailed in the synthesis of the biofilm matrix polysaccharide, poly-
N-succinyl b-1-6 glucosamine (PIA-PNSG) (O'Neill et al. 2008). The (ica)
locus and PIA/PNAG biosynthesis regulation mechanism is yet not finalized
and potential research in this perspective is still of particular interest (O'Gara
2007). Additional surfactant proteins are being recognized, beyond the ica
locus, as key factors involved in generating staphylococcal biofilm (Otto
2008) such as agr, arl, svr, srr, sae, mgrd, sard, sarA-homologs, rol, sarR,
sars, sarl, sarl, sarV, and sarX ( Fournier and Hooper 2000; Luong and Lee
2003; Manna and Cheung 2001; Manna et al. 2004; McNamara et al. 2000:
Recsei et al. 1987; Schmidt et al. 2001; Tegmark et al. 2000; Yarwood et al.
2001), These recent advances necessitate the introduction of anti-

staphylococcal drugs and vaccines to eradicate resistant biofilms.

2.5 Resistance to antibiotics

Resistance to methicillin is primarily due to B-lactamase enzyme,
which hydrolytically cleaves the B-lactam ring present in penicillin. Normally,
8. aurens produce four types of membrane-bound transpeptidase proteins
known as penicillin-binding proteins (PBPs 1-4) that control the final stages
of cell wall biosynthesis. Thus the main role of the B -lactam antibiotics is to
disrupt the activity of the PBPs (Murphy et al. 2008). However, MRSA

contain a gene called meecA that codes a 78-kDa penicillin-binding protein
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(PBP) 2a (or PBP27) that binds penicillin and inhibits its function to prevent
the peptidoglycan synthesis disruption. The meecA gene, 2.1 Kb gene, is
tegrated mn a mobile genetic element referred to as staphylococcal cassette
chromosome mec (SCCmec) (Deurenberg and Stobberingh 2008). SCCmec
contains the mee gene complex that itself includes the mecd gene along with
regulatory elements mec/ (encodes Mecl, repressor protein) and mecR/
(encodes MecR1, signal transducer protein), the ccr gene complex which
codes for a recombinase, cerd, cerB, or cer(, in charge of the mobility of the
whole cassette. The rest of the cassette includes nonessential components
called ./ regions (/{, J2, and J3) that separate the mec and cer gene complexes
and display antibiotic resistance properties (Zhang et al. 2009). Thus the
overall structure of the SCCmec 1s J1-ccr-)2-mec-/3 (Milheirico et al. 2007).
The cassette is located within a specific integration sequence (ISS) of orfX that

has an unknown function upstream of spa gene (Berglund et al. 2008).

2.6 Molecular typing of Staphylococcus anreus

Due to the massive dissemination of MRSA in hospital facilities and
the community, taking protective measures is a major concem. For scientists
to understand the pathogen distribution and route of the spread, it is mnevitable
as a primary step to trace the origin and type of the bacterial strain to identify
any epidemiological and genefic relatedness. Thus typing is necessary to
identify lineages and profiles of MRSA as well as to discriminate between a
HA-MRSA and CA-MRSA. In general, we have the “band-based” and
“sequence- based” techmiques, with the latter allowing for data exchange
between countries (Deurenberg and Stobberingh 2008). The most common
techmques used for typing §. aurens include pulsed-field gel electrophoresis

(PFGE), multilocus sequence typing (MLST), spa typing, and SCCmec



subtyping (Aires de Sousa and De Lencastre 2004), The purpose of each

differs, with all having advantages and disadvantages,

2.6.1 Pulsed-field gel electrophoresis

It is one of the common typing techniques, used first by Schwarz and
Cantor in 1984, and is based on the digestion of the bacterial chromosomal
DNA with a restriction enzyme that recognizes specific sites, generating large
fragments of DNA (10-800 Kb) to be separated by agarose gel electrophoresis
in an altemating voltage gradient electric field (Trindade et al. 2003). PFGE of
S. aureus, the analysis of the banding pattem of the Smal-digested DNA by
specific software will produce different migration profiles used to identify the
stramn of this organism. PFGE is important in revealing population structures
and classifying 8. aurens outbreaks (Narukawa et al. 2009). Yet S. aurens
strains are impossible to tell apart using PFGE when investigating local
outbreaks (Patel et al. 2008). According to a study carried by Merlin et al.
(2009), PFGE was inferior o spa typing with respect to speed, reproducibility,
accessibility, ease of use, and standardized nomenclature. The fact that PFGE
results are inconsistence due to unharmonized protocols among laboratories,
PCR based techniques suit interlaboratory comparisons more than PFGE
(Schouls et al. 2009).

2.6.2 Multi-locus sequence typing

To track the evolutionary change of a pathogen, scientists scan
housekeeping genes that are considered to be conserved loci along the
genome. These loci are known to accumulate changes slowly through time:

this will easily reflect the evolutionary pattem of the pathogen but will
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decrease the ability to differentiate between closely related species (Cooper
and Feil 2004). Such loci are good targets for multi-locus sequence typing
(MLST) being proposed in 1998 as a tool to supply accurate, portable data
about the evolutionary history and biology of bacterial pathogens (Urwin and
Maiden 2003). The study of S. aurens’s evolutionary history using MLST
select for 500-bp fragments of seven housekeeping genes which are are, aroF,
glpl, gmk, pta, ipi, and yqil. (Deurenberg and Stobberingh 2008). After
sequencing the gene fragments, the data is analyzed and strains are classified
into clonal complexes CC, with the ancestral CC being the strain with the
highest number of single locus variants (SLVs) (Cooper and Feil 2004).
Different strains are combined into the same clonal complex when five of the
seven genes are identical (Deurenberg and Stobberingh 2008). MLST remains
to be an expensive and laborious technique that needs to be updated regularly,
but it is very efficient in phylogenetic studies with the data generated being

interchangeable among different laboratories (Te Witt et al. 2009),

2.6.3 Typing of spa locus

Another molecular technique based on DNA sequencing is
Staphylococcal Protein A (spa) typing. It involves sequencing a single short
repeat region in the gene locus region that encodes Protein A (Khandavilli et
al. 2008). This region is characterized by the presence of repeats that vary in
number and sequence due to point mutations, deletions, and duplications of the
repeats (Kahl et al. 2005). The sequence of the repeats will create a profile
used for clustering 5. aureus isolates and consequently establishing a large
internet database that could be accessible by various laboratories (Schouls et
al. 2009). This provides epidemiological information for local investigations of

8. auwreus (Hallin et al. 2007). Since spa typing targets only one locus of the

0



whole genome, it is considered more advanced than PFGE in terms of speed,
ease of interpretation and companson between laboratories (Ruppitsch et al.
2006), but inferior to it in terms of disciminatory power (Kuhn et al. 2007).
On the other hand, and according to Heyn et al. (2002), it is considered more

discriminatory than MLST.

2.6.4 SCCmec typing

Since methicillin resistance 1s an acquired mechanism among S. aureus
strains, identifying the mobile genetic element responsible for this resistance is
necessary in order to describe MRSA lineages along their genetic background
(Chmelnitsky et al. 2007). To date, there exists five classes of mec gene
complexes designated as A, B, Cl, C2, and D, in addition to five allotypes of
the cer complex chosen to be type 1,234, and 5 (lto et al. 2003) which
arrange in several combinations to form a different SCCmec type (Oliveira et
al. 2006). Eight types of SCCmec are recognized till now (SCCmec 1, 11, 111,
IV, V, VI, VII, and recently VIII) (Zhang et al. 2009) ranging in size from 209
to 66.9 Kb (Deurenberg and Stobberingh 2008). Furthermore, differences in
the J regions will sub-type the SCCmec types into variants (Ma et al. 2002), Of
these 8 types, SCCmec Il and 11l are correlated with hospital-acquired MRSA,
while SCCmec IV and V are associated with community-acquired MRSA that
produce PVL (Zetola et al. 2005).



Chapter 3

MATERIALS AND METHODS

3.4 Clinical isolates

A total of 60 §. aureus isolates were obtained from clinical specimens
in the period between years 2009 and 2010. These isolates were kindly
provided by Dr. Asem Shihabi from the University of Jordan hospital in
Amman-Jordan. They have been isolated from different sites of infection
including mainly blood, wounds, catheters, bums, and nasal and breast swabs.
Patients are distributed along a wide age range (one day up to 43 years).
Isolates included both MRSA and MSSA. The samples were streaked on
Mannitol Salt Agar (MSA) to be further purified and stored in Cryobanks at -
20°C and -80°C. The isolates were designated by JSD 1-JS D 60.

3.2 DNA Extraction

Isolates were grown ovemight on MSA at 37°C. DNA extraction was
carried using Nucleospin® Tissue and BIORAD InstaGene™ Matrix
according to the manufacturer’s instructions. The extracted DNA was stored at

-20°C until needed.

3.3 168 rRNA, lukS-PV, mecA genes amplification

All polymerase chain reaction (PCR) assays were performed on a
PerkinElmer GeneAmp 9700 thermal cycler (PerkinElmer, Wellesly,
Massachusetts). The 168 rRNA gene served as an intermal control was

amplified using gene-sequence-specific  primers:  Staph756F  (5'-

)



AACTCTGTTATTAGGGAAGAACA-3") and Staph750R (57-
CCACCTTCCTCCGGTTTGTCACC-3"). The mkS-PV genes were amplified
using Luk-PV-1 (5’-ATCATTAGGTAAAATGTCTGGACATGATCCA-3")
and Luk-PV2 (5-GCATCAAGTGTATTGGATAGCAAAAGC-3") primers,
and the meecd gene was  amplified using MecAl (5°-
GTAGAAATGACTGAACGTCCGATAA-3") and MecA2 (5°-
CCAATTCCACATTGTTTCGGTCTAA-3") prnmers. The amplification
reaction contained |.5pL of template DNA in a final volume of 25uL
containing 0.4, 0.8 and 0.8uM for the primers specific for the 168 rRNA, fukS-
PV, and mecA genes respectively with 2U of AmpliTag Fermentas,
I.Smmol.1™* MgCl,, 1.6X Taq buffer, 0.2mM of each deoxynucleoside
triphosphate (dNTP). The thermocycling conditions set at 94°C for Smin
followed by 10 cycles of 94°C for 45 s, 55°C for 45s, and 72°C for 75 s and 25
cycles of 94°C for 45s, 50°C for 455, and 72°C for 75s and finally soaked at
20°C. The expected PCR amplicons were 756, 433, and 310 bp for the 168
rRNA, IukS-PV, and mecA gene respectively. The fragments were visualized
by 5-10uL of ethidium bromide staining a 1.5% agarose gel using 1 X tris-
acetic acid — EDTA (TAE) buffer at 100V.

3.4 Typing of the spa locus

J.4.1 Pre-sequencing PCR

Typing of the Staphylococcus protein A (spa) locus was carried by first
amplifying the spa gene. The amplification employed 10pmol of the spa-1-for
(5- TAA AGA CGA TCC TTC GGT GAG C -3') and 10pmol of spa-1-rev
(5-CAG CAG TAG TGC CGT TTG CTT -3') primers in a 20ul. mixture
containing 2ul. DNA, 200uM dNTPs, 5uL of 10-fold concentrated PCR



Buffer 11 (Applied Biosystems), MgCls 1.5mM, and 1.25U of AmpliTag DNA
polymerase (Applied Biosystems). Thermal cycling reactions consisted of an
intial denaturation (12Zmin at 95°C) followed by 30 cycles of denaturation
(30s at 94°C), annealing (30s at 60°C), and extension (60s at 72°C), with a
single final extension (10min at 72°C), The resulting DNA fragments were
visualized by 5-10 pL of ethidium bromide staining on 1% agarose gel using
Ix TAE buffer at 100V,

3.4.2 EXOSAP-IT

To punfy the pre-sequencing PCR products, 4ul. of EXOSAP_IT
enzyme is added to 10ul of the PCR products. The reactions consisted of 37°C
for 30mun, 80°C for 1 5min and left at 20°C for infinity.

3.4.3 Sequencing PCR
The amplicons previously spa-typed were sequenced using the ABI

Prism BigDye Terminator v3.0 Ready Reaction Cycle Sequencing Kit
(Applied Biosystems). The sequencing reaction required | .OpL of premix from
the kit, 1.5uL. TnsHCI/MgCl: buffer (400mM Tns-HCI, 10mM MgCly),
10pmol of sequencing pnmer, and 2ul. of the cleaned PCR product in a total
volume of 10uL. The same primers used in the PCR were used for sequencing
with an annealing temperature of 60°C. All sequencing reactions were
performed with 25 cycles of denaturation (96°C, 10s), and extension (60°C,

4min).

3.4.4 DNA Precipitation and Loading

The sequencing products were purified using the Centrni-Sep Spin

Columns (Princeton Separations, Adelphia, NJ). The samples were dried in a



vacuum centrifuge, and then 20pL. of HiDi formamide were added (Applied
Biosystems) as loading media for sequencing electrophoresis on an ABI
3100 Avant Genetic Analyzer. The software Ridom StaphTypeTM (Ridom
GmbH, Wiirzburg, Germany) was used for spa sequence analysis.

3.5 PFGE

— ———

All the 60 isolates were typed using PFGE technique to reveal a
banding pattem on the gel. The protocol was adapted from Cookson et al.
(2007) with slight modifications in an attempt to optimize the protocol
furthermore. Two to three colonies were moculated in a 5 mL Brain Heart
Infusion Broth overnight. Then ImL of each cell suspension is centrifuged at
15, 000 x g for lmin and the pellet was resuspended in a 0.5mL of TEN
buffer. After Imin centrifugation at 15, 000 x g for Imin, the pellet was then
resuspended in 0.5mL of EC buffer and hold at 55°C. To each microfuge tube
a 0.5mL low melting agarose and 25uL of recombinant lysostaphin (2mg/mL)
were added and quickly mixed. The inserts were casted and left to harden and
placed in 4ml EC buffer and 10-15uL RNase in a tube to be incubated at 37°C
overnight. The next day the EC buffer was replaced with 4mL TE buffer and
20pL Proteinase K and left overnight at 50°C. A small slice was cut and the
remaining of the plug was stored at 4°C for later usage. The slice was soaked
in 500puL 1X buffer A (Roche-original) and washed for 30min at 4°C. The
process was repeated four times with the new buffer prepared and kept
overnight at 4°C. The buffer was discarded and replaced with a fresh 200uL
I X buffer A (Roche-original) and 1pL enzyme Simal and incubated for 4 hours
at 25°C in a thermoblock. The slice was then washed twice with 200puL 0.1X
buffer A (Roche original) for 1 5min each time to finally stop the reaction with

20uL. of stop mix. The slice was then stored at 4°C for 10min before gel
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running. The bands were resolved with a 1% agarose gel in 0.5X TBE and run
in the electrophoresis cell using 0.5X TBE with an initial time Ssec and a final

time 50sec at 14°C for 23.5 hours. The bands were then visualized under UV

after staining with EtBr,

J.6 Biofilm assay for 8. aurens

One colony of each sample was incubated in Sml overnight culture of
Brain Heart Infusion (BHI), in a shaking water bath 37°C. The broth was
diluted 1:200 m BHI including 0.25% glucose (Izano et al. 2008 with minor
modifications). 200ul. was transferred to each well using a 96 well cell star
plate (each sample has 4 wells), The plate was then incubated for 25hrs at
37°C. Medium was then discarded and washed twice with 1X PBS after
beating the plate twice. 100puL. of each of the enzyme solutions (DNase,
proteinase K, and sodium metapenodate) was added into each of the three
wells leaving the fourth as a control and incubated for 3hrs at 37°C. Plate was
then washed once with 1 X PBS and stained for | 5min with 1% crystal violet
(200pL/well), followed by washing twice with 1X PBS and finally 200uL
EtOH/acetone 80:20 was added. OD590nm (optical density) was read with
ELISA reader. Controls: Positive: S. epi RP62A, negative.TM300, blank:BHI
+ 0.25% glucose. The positive and negative controls were kindly donated by
Dr. Barbara Kahl form Umiversity of Munster, Germany.



Chapter 4

RESULTS

4.1 168 rRNA, lukS-PV, mecA genes amplification

To 1dentify the 1solates taken from Jordan a multiplex PCR for the 16S
rRNA, ltkS-PV and mecA was carried to differentiate MRSA from MSSA and
indicate whether each isolate is a PVL producer or not. The gels showed
strains with 3 bands, 2 bands or | band. The first band corresponds to a 756bp
size and refers to the partial amplification of the 168 rRNA gene compatible
with that obtained by McClure et al. (2006). The second band lies between the
400 and 500bp molecular marker bands, specifically it is a 433bp marker and
1s the amplification product of the PVI. gene. The third band corresponds to
the amplification product of the mecA gene and is a 310bp band. The results

were also well-matched with those obtained by McDonald et al. (2006).

400 13]‘.!
300 bp
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Fig 1. 1.5% agarose gel electrophoresis showing representative PCR products after 165 fiNA,
IhS-PV, meed genes amplification. The first lane shows the DNA ladder (100bpY, lanes 1-7
show PCR products of the three genes ol dilferent isolates. Lane 8 is the negative control.

Table 1 represents the results of the triplex PCR for all the 60 isolates.
It showed that 68% (41 samples) of the 60 isolates were MRSA and the
remaining 32% (19 samples) were MSSA. 42 isolates were PVL negative
(70%) and the remaning 30% (18 i1solates) were PVL positive. It illustrates
that of the 18 PVL positive isolates, 15 were MRSA making up to 83% of the
PVL positive samples and the remaining 17% were MSSA (3 out of 18).

Table 1. The distnbution of i1solate among MRSA and MSSA, PVL posiive and PVL
negative

MRSA MSSA
Number of samples 41 (68%) 19 (32%)
PYL Negative Positive
Number of samples 42 (70%) 18 (30%)

MRSA MSSA
Number of PVL positive 15 (83%) 3 (17%)

4.2 spa typing

The bands obtained for all 60 isolates, bands obtained after the spa
gene amplification vaned in size between 250 and 600bp depending on the
number of repeats within the gene (Fig 2).
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Figure 2. 1.5% gel electrophoresis showing PCR products after spa gene amplification.
L:100 bp ladder; samples 1-9 amplified spa gene with sizes between 250 bp and 450
by,

All 60 isolates were typeable. Spa sequence typing was essentially
performed according to RIDOM protocol using RidomStaphType Version
(1.5) software. The analysis revealed 25 different spa types with the most
common being 1044 representing 28% of the isolates. The other most common
spa types included: 1037, t1149, 318, t159, t1614, 1012 representing 8%, 8%.
7%, 5%, 3%, and 3% of the studied isolates, respectively (Fig 3).

Within the MRSA 39% were of spa type 1044 and 12.19% were spa
type 1037 as opposed to 5.26% and none within the MSSA (Fig 4).

Using BURP algorithm, the 25 spa types were clustered so that each
spa type belongs to one cluster and is related to at least one other spa type
within the cluster (Fig 6). There were 2 major spa CCs, 8 singletons, 2 clusters
with no founder, and one spa type (t386) was excluded (the algorithm on ly

clusters the spa types with 5 repeats and more) (Fig 5),

29



Fig 3. The 25 spa types with the corresponding number and percentage of samples of each.
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Fig 6: Clustering of the spa types as revealed by BURP. The blue circles represent the founder
ol each eluster. the size of each circle indicates the proportion of samples belonging to the spa
fvpe.

4.3 PFGE

Representative of each spa type were genotyped by PFGE after Smal
enzyme digestion of chromosomal DNA. Unlike spa typing, PFGE
showed higher ability to depict variations among isolates. Samples

belonging to the same spa type t044 (Fig 7 and 8) had similar and/or



different banding pattemns (more than 3 bands difference according to

McDougal et al. 2003) (Fig 7).

Fig 7. PFGE representing 10 sampes of different spa types (lanes 1-100. L: BioRad ladder. spa
type W44 lanes 1, 6, 7, 10, 16439 lane 2, 11149 lane 3, (701 lane 4, 15802 lane 5, (743 lane §,
15849 lane 9.

In Fig 6 lanes 1, 6 ,7 and 10 represented isolates of spa type 1044, Banding
pattems when comparing lanes 6 to 7 were the same, while were different if
compared to lanes | and 10. PFGE analysis also showed that isolates with
different spa types could have similar banding pattems (lane 3: spa t1149 and
lane 10: spa t044). Moreover, Fig 6 and 7 also reveal that with some isolates

there was a positive correlation between PFGE and spa typing.

33



Fig 8. PFGE representing 5 samples of different spar lypes
{lanes 1-5). L:BioRad ladder, Spa type 044 lanes 1,24,
L1149 lane 3, 363 lane 5

4.4 Biofilin Assay

8. epidermidis showed an optical density (OD) of 0.812 in the control
well at 590 nm. This value did not vary significantly upon adding DNase and
proteinase K. Sodium metaperiodate addition changed the OD to 0.213. Some
samples showed an OD value between 0.160 and 0.216, similar to that of the
blank, in the control well. Significantly sample 51 showed an absorbance
value of 0.893 similar to that of the positive control. The OD then dropped to
0.167 in the well to which proteinase K was added, indicating a tendency of
this isolate to form biofilm through protein deposition (Table 2). Sample 51 as
opposed to other strains showed a small colony variant phenotype. Small
colony variants (SCVs) of S. aurens are persistent colonies that show slowly
on the plate. They have been a major concem in antibiotic-resistant infections

(Seifert et al. 2003).
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Table 2. Determination of the OD at 590 nm using ELISA reader for the studied isolates before
and after the addiion of one of the following: DNase, ProleinaseK, and sodium

Metaperiodate. .
OD at 590 nm
Well | 2 3 9 1 51 Positive | Negative | Blank
Tested
Isnlates 0076 | 0,176 | 0216 | 0193 | .174 | 0,893 0.812 .20 (. 166
DMase 0,163 | 0.204 | OIS0 | 0,261 | 0.241 | 0.733 0.924 L2009 0.207
Profeinnse K | 0162 | 0,150 | 0158 | 0145 | .199 | 0.167 0975 L1858 (0. 180
Sodium
metaperiodate | 0,251 0278 | 0.291 0.214 | 0.199 | 0.880 0213 0.309 0.212
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DISCUSSION

Infections with MRSA are becoming a major health issue in the
region, yet questions on the epidemiology of MRSA carriage and infection
remain unanswered. Advances in molecular typing techniques have resulted
i a strict understanding of the spread and evolution of MRSA worldwide
(Deurenberg and Stobberingh 2008). This preliminary epidemiological study
focuses on spa typing and PFGE discniminatory power in 8. aureus typing in

samples obtained from Jordan.

41 MRSA isolates were distnbuted over 18 spa types, as opposed to
14 spa types for the 19 MSSA isolates. This reflects a higher diversity in the
genetic profile of MSSA compared to MRSA as reported by Grundmann et
al. (2010). The most commonly oceurring spa types were spa type 1044,
t037, t002, t008, and t030. The high frequency of t044 was in concordance
with Vindel et al. (2009) whose study showed that this type is widely
disseminated in Europe. Tokajian et al. (2010) revealed a 38% of isolates
belonging to spa 1044 and 5% for 1037 among isolates form Lebanon, which
was in harmony with the predominance of t044 (28%) and t037 (8%) among
Jordanian samples in our study. spa types t008 and t078 were most frequent
according to Mellman et al. (2008), knowing that none of the isolates in this

study belonged to these spa types.
Tokajian et al. (2010) revealed that spa t044 was detected only within

MRSA, which was the case in this study except for one MSSA isolate being
of spa type 1044, spa type 1149, being a common spa type within MSSA
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(Ruimy et al. 2008), represented 16% of the MSSA isolates in this study,
which was also detected within MRSA isolates. spa 1044, 1149, 318, 159,
1614, 012, 701, occurred in both MRSA and MSSA isolates indicating the
heterogeneity and the genetic relationship between both MSSA and MRSA

populations.

Using BURP algorithm all spa types were clustered into 2 spa CC, 8
singletons, and 3 groups with no founders. Both spa CC (044 and 037)
contained more than one spa type and were distributed within MSSA and
MRSA. These overlapping clonal complexes among MRSA and MSSA
show the extension of MRSA from MSSA through the acquisition of the
SCCmec (Deurenberg and Stobberingh 2008),

PFGE was used for the investigation of MRSA and was compared
with other molecular typing techniques methods in many studies (Trindade et
al. 2003). It investigates many sites around the chromosome as opposed to
only a defined region within the chromosome as in the case of spa typing
(Cookson et al. 2007). The 60 isolates were analyzed by PFGE to better assess
the discriminatory ability, precision, and comparative rate of genetic change of
spa typing. All the samples were typeable even after continuous culturing,
The PFGE banding patterns helped in revealing minor genetic variations;
some isolates of the same spa type were further distinguished having
different PFGE banding patterns (Fig. 6 and 7). This was in accordance with
the study by Hallen et al. (2007), where samples belonging to the same
clonal complex (spaCC 002) exhibited different PFGE banding patterns. The
genetic diversity within MRSA shaning the same spa-type helps in better
investigating outbreaks and potential transmission events. Despite the long

time PFGE requires to obtain the results, it is still the ideal tool for typing in
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epidemiologic studies for assessing the effectiveness of targeted-prevention

programs (Charlebois et al. 2002).

The findings of this study also agreed with others and revealed
(Ruppitsch et al. 2006; Mellmann et al. 2008), that spa typing had a high
degree of reproducibility especially with the itroduction of software
algorithms, such as BURP which better reveals a fast evolutionary clock,
since it detects sequence repeats found in the spa gene. In contrast to other
band based molecular typing techniques, spa typing allows inter-laboratory
exchange and sharing of information through mternational networks, such as
SegNet. However, the results of the study suggest that spa typing be used in
combination with staphylococcal cassette chromosome mec typing and MLST
since MLST is based on sequencing seven housekeeping genes that are known
to accumulate changes slowly which will allow an easier detection of the

pathogen evolutionary pattern.

Absorbance values of all of the 60 isolates were compared to those of
S. epidermidis (positive control). Significantly, sample 51 which is a MSSA
belonging to spa 1955 and clustered as a singleton, showed an initial
absorbance of 0.893 which is comparable to 0.812 (positive control). This
value decreased to 0.213 upon sodium metaperiodate addition and remained
high in the presence of proteinase K and DNase. Knowing that sodium
metaperiodate, proteinase K, and DNase indicates the presence of
polysaccharide intercellular adhesion (PIA), protemaceous factors, and
genomic eDNA, respectively, we can infer that this isolate is capable of
forming biofilm through the deposition of polysaccharides (Seidl et al. 2008).
It has been shown that MSSA are also capable of forming biofilms in a study



conducted by Smuth et al. (2008), where 28% of isolates were found to form
fully recognized biofilms.

The ability of 8. anreus to form more pronounced biofilms is related to
the isolation site. The potential biofilm former obtained in this study has been
isolated from the skin. This was in harmony with the finding that S. aureus
isolated from the skin had better ability to form completely recognized
biofilms compared to those taken from other sites of the body (Smith et al.
2008). This might be explained by the tendency of S. aureus to use the biofilm
formation advantage to occupy the unstable environment of the human skin,
placing the host at risk if the skin was breached (Akiyama et al. 2003). It is
noteworthy that this potential biofilm former was MSSA and appeared as an
SCV; both in general being common features previously studied by others
such as Von Eiff et al. (2005). The clinical relevance of SCVs has been
unclear for a long time (Neut et al. 2007), yet many studies have revealed
that SCVs are largely responsible for the evolution of infections such as
chronic osteomyelitis (Von Eiff et al. 1997) and cystic fibrosis, caused by
biofilms (von Eiff et al. 1997, Drenkard and Ausubel 2002, Seifert et al.
2003).  Understanding the capability of isolates to form biofilms is a
prerequisite to comprehend the mechanisms employed in biofilm formation in
8. awrens and determine the mediator of the biofilm to reduce biofilm-
mediated infections and mortality in patients carrying severe 8. awrens

infections (O Neill et al. 2007).

In conclusion sequence-based spa typing can be used as a rapid
screening test when MRSA outbreak is suspected in areas and hospitals.
MLST another important typing approach can be used for long-term

mtermnational epidemiological surveys as the gold standard of population
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analysis. Thus, the proper use of appropriate methods facilitates effective
epidemiological surveys. On the other hand, spa and MLST sequences and
PFGE pattem database established in this study will serve as a basis for
information for the long term evolutionary and epidemiological studies of
local §. aureus recovered not only in Jordan, but also in neighboring countries
including Lebanon. Systematic surveillance of both hospital and community
isolates in Jordan and Lebanon together with measures designed to limit the

spread are required.

Finally, we recommend the use of MLST and mec subtyping to be
conducted on a larger number of isolates collected simultaneously from
Jordan, Lebanon and if possible Syria to better understand how populations
of MSSA and MRSA have and are co-evolving and to combine that in
studying genes enhancing the virulence of this important human pathogen

with particular attention being drawn on those having a SCV phenotype.
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Chapter 6

CONCLUSION

The majority of the isolates 68% were found to be methicillin resistant
S, aureus, and 32% were methicillin sensitive 5. awreus, indicating a
significant extensive spread of MRSA in the Jordanian community.
These clinical isolates that were obtained from the same hospital
environment, exhibited a wide genetic vanation.

Spa typing revealed 25 different spa types with the most common
being t044 and 1037,

PFGE resulted sometimes in different banding pattem for isolates
having the same spa type and in somehow similar banding pattem for
samples belonging to different spa types.

Both techniques, spa typing and PFGE, are essential in any
comprehensive epidemiological approach.

A potential MSSA biofilm former was identified among these samples
taken from a skin infection which formed an SCV.
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