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ABSTRACT

spa and MLST Typing as an Epidemiological Tool

for the Study of MRSA and MSSA Isolates in Lebanon

Staphylococons  anrens, whether methicillin - resistant (MRSA) or
susceptible (MSSA), remains major causative agents of nosocomial
and other infections with substantial morbidity and morrality
worldwide. Molecular characterizatdon of MRSA is important aspect
for monitoring and controlling the current and emerging strains in
different geographic locations. S. awrews typing has become an
important tool in the study of strain origin, clonal relatedness and
epidemiology of outbreaks. Protein A is a cell wall linked protein of
. anrens and the X region of the protein A gene (5pa) consists of
direct repeats exhibiting an extensive polymorphism. Sequencing of
the repeat region of the protein A gene generates informative typing
results, The gpa region consists of a variable number of 21-27 bp
long repeats that differ in the nucleotide composition that result in
different spa types. BURP grouping algorithm (Based Upon Repeat
Patterns) is commonly used to cluster spa types by exclusion of spa
types that are shorter than “x” repeats and the maximum number
of costs “y” for clustering spa types into the same group, with the
calculated cost between members of the group being less than or
equal to 4. Typing of 130 MSSA and MRSA isolates revealed the



presence of 28 different spa types within the MSSA compared to 27
in the MRSA. spa types were clustered in this study into 23 different
groups, with 11 groups comprising more than one spa type and 12
so-called “singletons”. It is noteworthy that a new novel repeat was
detected in this study and was designated as spa t4099. Mult-locus
sequence typing (MLST) analysis was conducted on 11 reference
strains corresponding to the most frequently occurring spa types in
both MSSA and MRSA. The most occurring MLST type was ST80-
MRSA-IVe, accounting for 53.7% of all isolates. Other clones
collected from our samples included ST239, ST8, ST30, 8T5, 8122,
and ST1. The relatively diverse range of genotypes, resulting from
MLST, from a small country may reflect the importance of different
genotypes being imported from distant countries. The results of this
study indicate that spe typing, together with BURP clustering,
MLST, and eBURST is a useful tool in S. amrens epidemiology,
especially because of ecase of use and the advantages of
unambiguous sequence analysis as well as reproducibility and
exchange of typing data. Accordingly, we recommend that large
MSSA population studies should be conducted in parallel with
MRSA surveillance studies, to better understand how populations

of MSSA and MRSA co-evolve and interact.
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Chapter 1

Introduction

Staphylococeues anrens 1s a leading human pathogen, responsible for a
wide range of diseases, from superficial skin infectons to life-
threatening conditions such as endocarditis, pneumonia, and toxic
shock syndrome (Ruppitsch et al., 2006). Since its first identification
in the early 1960s, methicllin resistant 5. awrews has become one of
the most significant nosocomial pathogens throughout the world
and is capable of causing a wide range of hospital infections (Cai et
al., 2007). Methicillin resistance is due to an altered penicillin
binding protein (PBP2a). PBP2a has a low affinity for beta-lactam
antibiotics, and catalyzes the cross-linking of cell wall peptidoglycan,
thus making it resistant (Nubel et al., 2008). This enzyme is encoded
by the mecAl gene, which is located on the “staphylococcal cassette
chromosome”, (SCCmer), a large fragment of mobile DNA (Nubel
et al., 2008). The transfer of SCCamer into extant MSSA lineages with
a genetic background common to MRSA clones most probably
resulted in obtaining MRSA (Kondo et al., 2007). The epidemiology
of §. aurews relies on typing methods as tools for the
characterization and discrimination of isolates based on either their
genotypic or their phenotypic characteristics. This may be used to
allow for establishment of clonal relatedness between strains and
effective tracing of the geographic dissemination of these clones

(Faria et al, 2008). Pulse-field gel electrophoresis (PFGE) was



regarded as the gold standard of S, awrews strain typing (Shopsin et
al., 2001). However, disadvantages in terms of reproducibility, speed
and cost of analysis limit the efficiency of this technique (Faria et al,,
2008). Recent developments in sequence-based typing represent
great improvements because of their reproducibility, ease of use,
and exchangeability of results (Aires de Sousa et al, 2006).
Multlocus sequence typing (MLST) reveals long-term evolutionary
changes (Cai et al, 2007). However, it is currently expensive,
tedious, with little discriminatory power. Sequencing of the variable
repeat region X of the protein A gene (spa), is being used more
frequently as a molecular typing method for 5. awrens population
studies. Moreover, the advent of software such as Ridom Staph
Type and software algorithms such as BURP (Based Upon Repeat
Pattern) enables the classification of isolates into particular clonal
lineages (Strommenger et al., 2008).

Previous studies by Jabbour (2007), Abu Khalil (2007), Haddad
(2007), and Andraos (2009), used the same collection of 5. awrens
isolates to study the wvirulence determinants, the distribution of
SCCamre, antimicrobial resistance, and typing based on RILP
(Restriction Fragment Length Polymorphism) of the I'TS (Internal
Transcribed Spacer) region.

Accordingly, this study was conducted to complement the previous
work and to use spa typing and MLST along with BURP and
eBURST grouping as a frontline tool for routine epidemiological
typing and surveillance of 5. awrews isolates from a major medical

care center in Lebanon. This study also aims to evaluate the



robustness of jpa typing and its concordance with other typing

methods, specifically MLST along with eBURST.



Chapter 2

Literature Review

2.1 Overview of Staphylococcus aureus

8. awmrens has been shown to be a pathogenic gram-positive
bacterium ever since its discovery in the 1880s by Ogston
(Deurenberg et al., 2008). Staphylococci are spherical bacteria that
occur in microscopic clusters, resembling grapes. They are non-
spore forming facultative anaerobic gram-positive cocci (Seybold et
al., 2006). The bacteria are catalase-positive and oxidase-negative,
Furthermore, their optimal growth temperature ranges from 15 to
45°C (Todar et al., 2008). §. awrens causes a wide range of diseases,
including food poisoning, pneumonia, endocarditis, osteomyelitis,
toxic-shock syndrome, carbuncles, and boils (Shopsin et al., 2001).
These diseases are attained by many wvirulence factors; surface
proteins promote colonizaton, invasins (leukocidin, kianeses,
hyaluronidases) promote bacterial spread in tissues, and surface
factors inhibit engulfment (Todar, 2008). The organism also
produces exotoxins that damage host tissues, membrane-damaging
toxins which lyse eukaryotic cell membranes and immunological
disguises. It also has some biochemical properties that enhance its
survival in phagocytes and superantigens that lead to the symptoms
of septic shock (Seybold er al., 2006). Virulence factors are either
expressed during the exponential or the stationary growth phase of

the bacterium. They are regulated by the accessory gene regulator



(agr), and the staphylococcal accessory gene regulator (Sar-d)
(Dufour et al.,, 2002). Infection of 5. awrens is established through
adherence. Surface proteins expressed by 5. awrens cells promote
attachment to host proteins that form the extracellular matrix of
epithelial and endothelial cells, including laminin and fibronectin
(Todar, 2008). This, however, is followed by invasion, where
staphylococci are endocytosed into membrane-bound vacuoles in
an endothelial cell-mediated process (Lowey et al., 1998). 5. awrens is
a very successful hospital and community-acquired pathogen
(Holmes, 2005; McDonald et al, 2005) being the most prevalent
pathogen isolated from hospitalized patients and the second most
common from patients in outpatient settings (Boyle-Vavra &

Daum, 2005).

2.2 Methicillin Resistance

Until the introduction of penicillin, the mortality rate of patients
infected with 5. awrens was 80% (Deurenberg et al., 2006). . aurens
infections were treated with penicillin in the early 1940s. The first
strains resistant to this antibiotic were isolated in 1942. Studies
showed that this resistance resulted from the acquisition of a
plasmid that encoded penicillinase, a penicillin-hydrolyzing enzyme
(Lowy et al., 1998). As a result, methicillin, a penicillinase-resistant
penicillin, was introduced in 1959 to treat those infections caused
by penicilin-resistant 5. awreas (Enright et al., 2002). By 1960, 5.
aurens developed methicillin resistance, with early reports recovered
from the United Kingdom, and soon from Japan and Australia

(Shopsin et al., 2001). Methicillin resistance is caused by the mec



gene, which codes for an altered penicillin-binding protein, PBP2a
(Ma et al., 2006). Due to the presence of a foreign PBP2a in MRSA,
beta-lactam antibiotics cannot bind, thus the pepudoglycan layer
synthesis is not disrupted (Berger-Bachi et al, 2002). This
methicillin-resistant penicillin-binding protein is not present in
susceptible strains and is acquired from a related species (Enright et
al, 2002). When compared to PBP2a, §. sciari PBP was shown to
have 87.7% sequence identity (Wu et al., 2001). mee is located on
the staphylococcal cassette chromosome (SCCared), a large fragment
of mobile DNA (Nubel et al, 2008). Untl recently, seven main
types of SCCaee (type 1 to VII) have been recognized, ranging in
size from 20.9 to 66.9 kb (Ito et al,, 2001). SCCwec type 11 and 111
cause resistance to multiple classes of antibiotics, whereas SCCamer
type I, IV, V, VI, and VII cause only beta-lactam antibiotic
resistance (Deurenberg et al., 2008). The remaining components of
SCCarec, which constitute non-essential parts, are called | regions.
However, these regions may sometimes carry additional antibiotic
resistant determinants (Milheirico et al., 2007). The SCCwmer element
mtegrates into the 5. awrens chromosome at a unique site, located
downstream of an open reading frame of unknown function,
known as onfX, next to the ongin of replication. Characteristics of
these elements include the presence of flanking terminal direct and
inverted repeats, two essential genetic components (mer gene
complex and ar gene complex) and 3 jigsaw, or junkyard, regions
(Zhang et al., 2009). MRSA are often sub-categorized as either
Hospital-Associated (HA) MRSA or Community-Associated (CA)



MRSA. HA-MRSA and CA-MRSA are epidemiologically and
genetically different from each other (Todar, 2008). Contrary to
HA-MRSA, CA-MRSA  strains are basically susceptible to
antibiotics other than beta-lactams. HA-MRSA have either a
reduced susceptibility or complete resistance to erythromycin,

clindamycin, aminoglycosides and fluoroquinones.

2.3 Molecular Typing of MRSA

The purpose of bacterial strain  typing is to distinguish
epidemiologically related isolates (clonal isolates) from unrelated
isolates (Shopsin et al., 2001). Outbreak investigation of nosocomial
infections is viewed as short-term or local epidemiological events,
and can aid in the discrimination between infections and the
successive treatment of patients (Power et al, 1996). A series of
typing techniques have also been used to study long-term and
global epidemiology. This helps when isolates are recovered from
larger geographic areas, and separated further in time. It could also
give answers to whether diseases in different geographic regions
and locations are somehow related (Roberts et al, 1998). The
evaluation of typing techniques is usually based on reproducibility,
typeability, and discriminatory power. Moreover, versaulity, rapidity,
ease of execution, and interpretation are also considered to be
important criteria for the evaluation of typing techniques (Struelens
et al., 1998).

During the last few decades, different typing methods have been

used for tracking and monitoring MRSA spread, mainly phenotypic



and genotypic (Hallin et al., 2007), along with phage typing, which
has been extensively used for the last 30 years (Strommenger et al.,
2006). This typing relied mostly on phenotypic strain characteristics;
susceptibility to bacteriophage or antibiotics (Strommenger et al.,
2008). Both methods have limitations, since genetically unrelated
isolates commonly have the same antibiogram, and many 5. amreus
isolates are nontypeable by phage typing (Shopsin et al., 2001).
Several “band-based” and “‘sequence-based” methods have been
developed ever since (Deurenberg et al., 2008). However, during
the past couple of years, DNA sequence-based typing has become
more popular, due to progress in large-scale sequencing
methodology, ease of data transfer, and excellent comparability of

results (Faria et al., 2008).

2.3.1 Pulse Field Gel Electrophoresis (PFGE)

This technique was developed by Schwarz and Cantor (Schwarz et
al., 1984). The basis of PFGE typing is the digestion of the whole
chromosomal DNA  with the restricion endonucleases that
recognize few sites along the chromosome, generating larpe
fragments of DNA that cannot be separated effectively by
conventional electrophoresis (Arbeit et al., 1999). Various numbers
of restriction endonucleases have been thoroughly tested; Swal has
been shown to be the one with the best performance (Prevost et al.,
1992). Since intact DNA is required for PFGE, samples are
incorporated into low melting agarose, in order to avoid mechanical

breakage of the DNA molecules (Weller et al., 2000). This also



ensures the flow of solutions necessary for cell wall lysis and
digestion of cell proteins (Olive et al., 1999). Specific restriction
endonucleases, then recognize few sites along the chromosome, and
result in the digestion of the isolated DNA (Farber et al., 1996). In
PFGE, the orentation of the electric field across the gel is
periodically changed, allowing DNA fragments to be effectively
separated according to size. Strains that differ by fewer than 3
bands are considered to belong to the same PFGE type, whereas
strains differing in more than 6 bands are considered to be
unrelated (Tinelli et al., 2009). PFGE has proven to be the gold
standard of local epidemiological typing of MRSA (Hallin et al,
2006). However, this method has also proven to be technically
complex and costly (Tang et al, 2000). Another burden is the
insufficient comparability of results obtained from different

laboratories (IKahl et al., 2005).

2.3.2 Multi Locus Sequence Typing (MLST)

Multilocus sequence typing (MLST) was developed by Maiden et al.
(1998) for Neisserria meningtitides, the naturally transformable gram-
negative pathogen. However it has since been applied to many
pathogenic species. Enright et al. (2000) described the application
of MLST for the characterization and typing of MRSA and MSSA
isolates for the first tme. In MLST, isolates are typed by sequencing
variable regions of around 450 bp of seven housekeeping genes
(Enright et al., 2000). The seven loci used for 5. anrens are internal

fragments of the following genes: Carbamate kinase (anC),
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Shikimate dehydrogenase (amE), Glycerol kinase (gipl), Guanylate
kinase (gwk), Phosphate acetyltransferase (pta), Triosephophate
isomerase (fp¢), and Acetyl coenzyme A acetyltransferase (ygil.)
(Enright et al,, 2000). The reason why these specific housekeeping
genes are chosen is due to the fact that although they are always
present in . amrens isolates, but stll show sufficient and efficient
variation within the isolates to ensure numerous alleles of every
specific locus. For each gene fragment, each new sequence is
assigned as a new and distinct allele. The combination of the
resulting seven alleles at each of the housekeeping genes results in
the sequence type (ST) (Vivoni et al., 2005). The resulting ST and
the type of SCCamer element constitute the basis of nomenclature in
MRSA (Ito et al., 2001). The advent of software algorithms such as
BURST, makes use of all the databases present worldwide,
However, MLST has proven to be to labor-intensive, time-
consuming, and costly since more than 2,500 bp must be compared

for each solate.

2.3.3 spa yyping

Single-locus sequence typing techniques for 5. amrens has become
increasingly popular during recent years. Frenay et al. (1996),
developed a method that can determine the sequence variation of
the polymorphic region X of the S. amvus protein A (5pa) locus.
Protein A is a cell wall constituent of 5. awress (Tang et al., 2000).
This protein is usually linked covalently to the peptidoglycan. The

spa gene is basically around 2,150 bp long, and contains three main

10



distinct regions; the Fc portion, the C terminus, and the X region
(Sjodahl et al., 1977). Protein A has been shown to be an important
virulence factor, especially in phagocytosis avoidance. It is mainly
expressed in the exponential phase of growth, and is ultimately
down-regulated transcriptionally during the post exponential phase
of growth (Gao et al,, 2004). The accessory gene regulator quorum-
sensing global regulatory system of S. amrews i1s the main system
involved in this process (Benito et al., 2000). The X region of the
Protein A gene contains a variable number of 24-bp-repeat regions
flanked by well-conserved regions (Kahl et al., 2005). The number
of repeats can vary between 3 and 15, with 26 different DNA
sequences of repeats having already been described (Tang et al,
2000). This is attributed to point mutations, as well as deledons and
duplications of the repeats. The rapidity, reproducibility, and
portability, are some of the technical advantages offered by spa
typing (Hallin et al, 2007). spa typing is also less expensive and
laborious, and less time consuming compared to MLST (Harmsen
et al., 2003). As a result, 5pa typing has been quickly established as a
robust and highly discriminatory method. Moreover, this region can
give information not only about the short-term epidemiology, but
also about the long-term phylogeny (Koreen et al., 2004). The fact
that it simultaneously indexes micro and macro variations has
allowed for spe typing to be used in both local and global
epidemiological studies (Hallin et al, 2007). Moreover, the
availability of software algorithms for the purpose of grouping of

related sequence types enables the classification of isolates into
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particular clonal lineages (Strommenger et al., 2008). The recently
described BURP grouping algorithm (Based Upon Repeat Patterns)
is commonly used to cluster spa types (Mellmann et al,, 2008). The
use of the Ridom StaphType software (RIDOM GmbH, Wurzburg,
Germany) allows for the portrayal of BURP clustering (Deurenberg
et al., 2008). Two user-defined parameters that influence clustering
are offered by BURP: exclusion of spa types that are shorter than

[ L 5

“x” repeats and the maximum number of costs “y” for clustering
spa types into the same group (Mellmann et al., 2008). Since short
spa types have limited information content where no reliable
evolutionary history can be inferred, they are usually excluded from
further analysis. The costs account for the genetic changes berween
two different spa types, while the algorithm attempts to minimize
the genetic changes, with the default parameters being x=5 and y=4
(Mellmann et al., 2007).

Due to the SeqNetorg imitiative, a universal public access and
nomenclature to the spa typing data are allowed. SeqNet.org curates
the central spa server to which the spa typing data are synchronized.
This spa server database is one of the largest typing databases for 5.
awrens, containing  almost 3900 e types, consisting of a
combination of 230 repeats, from over 60,000 isolates typed in 51

countries (Friedrich et al., 2006).
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Chapter 3

Materials and Methods

3.1 Clinical isolates

A total of 130 Staphylococcus anrens 1solates isolated from clinical
specimens in the period between the years 2000 to 2007 were kindly
provided by Dr. George Araj from the American University
Hospital (AUH) in Beirut-Lebanon. The isolates were recovered
from different sites of infection, age groups, and years and included
methicillin-sensitive 5. awrens (MSSA), and methicillin-resistant 5.
aurens (MRSA). They were designated S 1-130 and were eryobanked
at -20 and -80 °C.

3.2 DNA Extraction

Isolates were grown overnight on TSA at 37 °C. DNA extraction
was done using InstaGene matrix solution (BIO-RAD, Minchen,
Germany) or DNeasy Blood & Tissue Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions. The lysates

were then stored at -20°C until further processing.

3.3 165 tDNA amplification

165 tDNA amplification was used as a positive PCR control

ensuring the integrity and the quality of all sample DNA used for
the amplification of the spa gene. DNA (1.5 pl) was added to 18.5 pl
of PCR mixture containing 0.4 mM dNTP, 1X PCR buffer, 2.5 mM
MgCla, 0.25 pM 27F primer (5-AGAGTTTGATCCTGGCTCA

13



G-3", 0.25 uM 1492R primer (5-GGTTACCTTGTTACGACTT-
3, 1U AmpliTag Gold Polymerase (Applied Biosystems, Roche)
with a the following thermal cycling conditions: 2 min of initial
denaturation step at 95°C, followed by 30 cycles of 94°C for 30 sec,
53°C for 30 sec and 72°C for 2 min, and a final hold at 4°C. The
PCR products with a positive control were electrophoresed on a 1%

agarose gel containing 0.5 pg/ml ethidium bromide.

2.4 spa typing

For amplification of the Staphylococens protein A (spa) repeat region,
a PCR was performed in a total volume of 20 pl using the primers
spa-1-for (5'- TAA AGA CGA TCC TTC GGT GAG C -3") and
spa-l1-rev (5-CAG CAG TAG TGC CGT TTG CTT -3)) for
amplification. The reaction contained 2 pl DNA, 200 uM dN'TPs,
10 pmol of each primer, 5 pl of 10-fold concentrated PCR Buffer
[T (Applied Biosystems), MgClz 1.5 mM, and 1.25 U of AmpliTaq
DNA polymerase (Applied Biosystems). Thermal cycling reactions
consisted of an initial denaruration (12 min at 95°C) followed by
30 cycles of denaturation (30 s at 94°C), annealing (30 s at 60°C),
and extension (60 s at 72°C), with a single final extension (10 min
at 72°C). The bands were visualized by ethidium bromide staining
on 1% agarose gel using 1x TAE buffer.

The PCR product was purified by ExoSAP-IT.

14



3.5 DNA Sequencing Reaction

The amplicons previously spe-typed were sequenced using the ABI
Prism BigDye Terminator v3.0 Ready Reaction Cycle Sequencing
Kit (Applied Biosystems). The sequencing reaction required 1.0 pl
of premix from the kit, 1.5 pl TrisHCI/MgClz buffer (400mM
Tris-HCI; 10mM MgClz), 10 pmol of sequencing primer, and 2 pl
of the cleaned PCR product in a total volume of 10 pl. 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, 10 s), and

extension (60°C, 4 min).

3.6 DNA Precipitation and Loading

The sequencing products were purified using the Centri-Sep Spin
Columns (Princeton Separations, Adelphia, NJ). The samples were
dried in a vacuum centrifuge, and then 20 pl 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 gpa sequence analysis.
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3.7 MLST

For amplification of the 7 house-keeping genes, a PCR was
performed in a total volume of 20 pl using the 7 housekeeping
genes primers for amplification. The reaction contained 2 ul
DNA, 200 uM dN'TPs, 10 pmol of each primer, 5 ul of 10-fold
concentrated PCR Buffer IT (Applied Biosystems), MgClz 1.5 mM,
and 1.25 U of AmpliTaq DNA polymerase (Applied Biosystems).
Thermal cycling reactions consisted of an initial denaturation (12
min at 95°C) followed by 30 cycles of denaturation (30 s at 94°C),
annealing (30 s at 55°C), and extension (60 s at 72°C), with a
single final extension (10 min at 72°C). The bands were visualized
by ethidium bromide staining on 1% agarose gel using 1x TAE
buffer. The set of primers of all the seven housekeeping genes, used
for MLST PCR amplification, is listed in Table 1.

The software eBURST was used for MLST sequence analysis
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Table 1. Sequence of primers used in the MLST PCR.

Gene Primer Sequence (5™-3")
Carbamate  Kinase | anC-F | TTGATTCACCAGCGCGTATTGTC
(areC) anC-R | AGGTATCTGCTTCAATCAGCG
Shikimate amwbB-F | ATCGGAAATCCTATTTCACATTC
dehydrogenase (amwF) | amBE-R | GGTGTTGTATTAATAACGATATC
Glycerol kinase (gpl) | gpF-F | CTAGGAACTGCAATCTTAATCC

wpF-R | TGGTAAAATCGCATGTCCAATTC
Guanylate kinase | gwk-F | ATCGTTTTATCGGGACCATC
(k) mk-R | TCATTAACTACAACGTAATCGTA
Phosphate pla-F GTAAAATCGTATTACCTGAAGG
acetyltransferase (pla) | pra-R GACCCTTTTGTTGAAAAGCTTAA
Triosephosphate ipe-F TCGTTCATTCTGAACAGTCGTGAA
isomerase (4pi) pi-R TTTGCACCTTCTAACAATTGTAC
Acetyl coenzyme A | ygitF | CAGCATACAGGACACCTATTGGC
acetyltransferase ygi-R | CGTTGAGGAATCGATACTGGAAC
gL
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Chapter 4

Results

4.1 168 r DNA amplification

Conducting 165 rDNA amplification, which was used as a

positive PCR control to ensure the integrity and the quality
of all sample DNA used, showed clear bands with the
expected size of 1500 bp after gel electrophoresis. 168
tDNA was applied as a control to ensure the presence and
the quality of extracted DNA, which will be later used for

further PCR assays to target the spa gene.
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Figure 1. 1.5% agarose gel electrophoresis showing representative
PCR products after 168 rDNA amplification. The first lane
shows the DNA ladder (500 bp); second lane shows the negative
control containing distilled warer; remaining lanes show 165

tDNA PCR products at 1500 bp.

.2 spa typin
For all 130 isolates, bands were seen after spa gene

amplification. Bands ranged in size between 300 and 600 bp

depending on the number of repeats present in each type

(Figure 2).

Figure 2. 1.5% gel electrophoresis showing PCR products after
spa gene amplification. The first lane to the left shows the DNA
ladder. The remaining lanes show PCR products ranging between
300 and 600 bp.



All 130 S. awrens strains were spa typeable, and they exhibited
48 different gpa types. The number of repeats ranged from 2
to 16 repeats. spa types t044 and t037 were the most
frequent. t044 and t037 respectively represented 38% and
5% of the studied population.

Using the analysis parameters of BURP, the resulting spa
types were clustered into 11 different gpa CCs and 12
singletons. One spa type (t524) with fewer than five repeats
was excluded. spa types were grouped rogether if the
calculated cost between members of the group was less than
or equal to 4. Six of the eleven gpa CCs had designated
group founders. The group founder within BURP clusters
of at least three different spa types is defined as the spa type
with the highest founder score (assigned to the spa type to
which the relevant spe types and strains are most closely
related). (Annex 1).

Among the 130 isolates, 93 were previously categorized as
MRSA and 37 as MSSA (Jabbour, 2007). The 93 MRSA
isolates yielded 27 different spa types, whereas the 37 MSSA
isolates yielded 28 different spa types.

The most frequently-occurring spa clonal complex was spa
CC044, which was present in 39% of the isolates. The least
occurring was spa CC005, which was found to be present in
4.6% of the 130 isolates. 13.1% of the isolates had no

designated group founder (Annex 1).
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MSSA isolates were shown to belong to gpa CCO05, spa
CCO008, spa CCO21, spa CC2T9, spa CCO60, and singletons
#2, #3, #4, #5, #6, and #12. Nine isolates were shown to
have no group founders.

MRSA isolates were shown to be prevalent in spa t044, with
53% of the strains belonging to this spa type, and belonging
to spa CCO44. This clonal complex included all gpa 1044
isolates in addition to two s« t131 and one jpa 14222,
Different spa types were shown to have very similar repeat
successions. spe t044, t131, 4222, t127, t537, t091, and
others listed in the Table 2 and 3, were shown to have
similar repeat profiles, starting with 7 and 123 which were
common to all types. spa types 1012, 1019, 030, 037, 021,
and t1741 were also shown to have similar repeat profiles
with the exception of t019 having r08 as the first repeat
instead of r15 (Tables 2 and 3; Annex 1).

Figure 5 shows a detailed schematic presentation displaying
all the gpa CCs and singletons, Figure 6 shows BURPing of
MSSA isolates only. However, few types were shown to
have isolates belonging to both MRSA and MSSA lineages.
These included spa type t008, 1002, €159, t127, t660.

4.3 MLST Typing

MLST analysis was done on 11 isolates representing the

most occurring jpa types among our studied strains, and

including both MRSA and MSSA isolates. MLST analysis



identified 8 distinct allelic profiles or STs among the isolates,
with the majority of isolates belonging to ST80. Other ST
included ST30, ST239, §122, ST5, S17, and ST1. ST-80-
MRSA-IVe was the most predominant type found,
representing 53.7% of our isolates. All resulting ST80s had
been previously shown by Jabbour, 2007, to contain the
SCCuamec type IVe, except for one ST80 isolate which had an
MSSA origin. On the other hand, all ST80s were PVL
positive as described by Abu Khalil, 2007, except for the
isolate of MSSA origin, which was PVL negative. ST80 was
previously typed and shown to belong to spa type t044, with
the exception of two ST8( isolates, one belonging to t937,
and the other to t131. All these STs and their allelic profiles
and distribution among spa types and gpa CCs are listed in
Table 5.

4.4 eBURST
Upon applying the eBURST algorithm, the resulting 7 ST
were grouped into clonal complexes. The results showed the
presence of one group comprising 2 STs labeled ST8 and
ST239, alongside to 5 singletons (ST30, ST80, §122, ST5,
ST7, and ST1).
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Table 2. Repeat succession of spa types t044, t131, 4222, 127,
537, t91

spha type Repeat Succession

1044 07-23-12-34-34-33-34-

131 07-23-12-34-33-34

14222 07-171-12-34-34-33-34

127 07-23-21-16-34-33-13

t537 07-23-12-21-12-20-17-12-12

91 07-23-21-17-34-12-23-02-12-23
084 07-23-12-34-34-12-12-23-02-12-23
t186 07-12-21-17-13-13-34-34-33-34
729 07-12-21-17-13-34-34-34-33-34
267 07-23-12-21-17-34-34-34-33-34
1492 07-23-12-34-34-34-12-23-02-12-23

Table 3. repeat successions of types t012, t019, t030, t037, 1021, t1741.

spa type Repeat Succession

012 15-12-16-02-16-02-25-17-24-24
19 08-16-02-16-02-25-17-24

t030 15-12-16-02-24-24

t037 15-12-16-02-25-17-24

21 15-12-16-02-16-02-25-17-24
t1741 15-12-16-34-02-16-02-25-17-24
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Figure 3. Populaton snapshot based on BURP analysis of 130 isolates. BURP
grouping using default parameters resulted in 11 e CCs, 12 singletons, and one
excluded g type (t524). Each dot represents a unique spa type. The diameter of
the a dot is proportional to the quantity of the corresponding spa type. Blue dots
represent group founders, defined as the spa type with the highest founder score
within a CC.
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Table 4. Properties of the resulting STs from the studied reference strains.
SCCmec typing and PVL are retrieved from Jabbour, 2007, and Abu Khalil, 2007.

Isolate | SCCmec | PVL? | MLST | MLST | Allelic profile spa spa-CC’
type’ sr* | type

23 Ve + ST-80 | CCBO 1-3-1-14-11-51-10 t 044 aha-CCO44
04 MSSA ST-30 | CC30 | 2-2-2-2-6-3-2 t 012 pa-CCO21
829 MSSA -~ ST-R0 | CCBO 1-3-1-14-11-51-10 t 937 a-CCd
16 Ve + ST-30 | CC30 | 2-2-2-2-6-3-2 t 318 ha-CCO21
126 Ve ST-8 CC8 3-3-1-1-44-3 t 008 spa-CCO08
95 MSSA ST-1 (] 1-1-1-1-1-1-1 t127 sg #2

79 MSSA - ST-5 CCh 1-4-1-4-12-1-10 t 002 #a-CChb
57 Ve + ST-80 | CC8EO 1-3-1-12-11-51-10 t131 sha-CCO44
24 IT1 ST- CC239 [ 2-3-11-44-3 t 037 spa-CCO21

239

103 Ve - sT-22 | CC22 | 7-6-1-5-8-4-0 t 032 £pa-CCO05
125 Ve + 8T-5 CC5 1-4-1-4-12-1-10 t 311 ha-CCh

1. staphylococcal chromosomal cassette
2. panton-valentine leukocidin
3. multi-locus sequence typing sequence type

4. multi-locus sequence typing clonal complex
5. spa clonal complex
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Chapter 5

Discussion

The recent advancement and availability of DNA  sequence
technology led to the development of many sequence-based typing
methods, including MILST and spa typing. Those methods can offer
a high degree of typeability and reproducibility (Mellmann et al,
2008), especially with the implementation of software algorithms,
such as BURP and ¢BURST. Having such softwares helped in
grouping of related sequence types, and enabled an easier access
into the classification of isolates into particular clonal lincages.
Comparing MRSA and MSSA, we found that the 93 MRSA strains
gave 27 different spa types, whereas for the 37 MSSA strains, it was
28 different spa types. This agrees with the findings of Deurenberg
et al. (2008), that MSSA strains have a more diverse genetic
structure than MRSA strains, which also agrees with the hypothesis
that states that MRSA was derived recently from a limited number
of MSSA lineages by the acquisiion of the SCCawer element
(Enright et al.,, 2002).

The most commonly occurting spa types were spa type t044, 1037,
t002, t008, and t030. The most common spa type found in this
study was spa t044. The high frequency of 1044 was in concordance



with Vindel et al. (2009) which showed that this type was widely
disseminated in FEurope, while Strommenger et al. (2008) showed
that spa type t044 was present in 1.8% of their studied isolates. With
spa 1037 however, the global frequency was to be found 3.18%
(Vindel et al., 2009), whereas it was higher in Lebanon (5%). Studies
done by Liu et al (2009) had previously shown t037 to be the most
predominant type in Shanghai (74.8%). Moreover, Vindel et al.
(2009) showed that spa 002 was very common in Europe. Our
results contrasted with this study, with t002 representing 3.8% of
the isolates undertaken in this study. Additonally, spa t032 and
represented only 2.3% of the isolates whereas it was 30.2%
according to Strommenger et al. (2008) in Germany.

Among the 5 most frequent gpa types recovered in this study, two
types, t002 and t008, included both MRSA and MSSA.
Strommenger et al. (2008) also showed that t002 and t008 were
among the most frequent types containing both MRSA and MSSA
isolates.

A new spa type was detected in this study, and was designated as
14099 with the following repear succession: 15-12-241-02-16-16-16-
16-02-24. t4099 showed some similarities in repeat succession with
spa types t012, 1030, t037, 1021, t019, t1741. With all having repeats
15 and 12 as the first two repeats. t4099 was different, having r241
at position 3 instead of r16. Hence, upon BURP algorithm, t4099
was clustered as a singleton, while all others were clustered as

CCo021.



S89, and according to the findings of Andraos (2009), contained the
arginine catabolic mobile element (ACME). ACME was previously
shown to be present in STSUSA300 (Diep et al, 20006).
STBUSA300 has been shown to be highly virulent and
transmissible, due to its carriage of this novel mobile genetic
element. MLST typing of 589 however, showed that it was ST80,
having an allelic profile of 1-3-1-14-11-51-10. Isolate S89 was
shown by spa typing to belong to type t937 with a repeat succession
of 08-16-34-24-34-34-17-17, belonging to spa CCd.,

Clustering mec typing and MLST revealed that the major MRSA
clone in Lebanon was STBO-MRSA-IVe (1-3-1-14-11-51-10). It
represents  53.7% of all MRSA isolates. It is also widely
disseminated in Europe, Asia, and the Middle East. This clone
primarily causes CA, predominantly skin and soft tissue infections.
Gillet et al. (2002), and Dohin et al. (2007) also showed that this
clone can cause fatal pneumonia and extensive bone and joint
infections. Our results were in concordance with Deurenberg et al.
(2008), where all spa 1044 were SCCaer IVc  except for one which
was SCCwmec 11L Two other isolates t131 and t4222 belonged
additionally to ST80. Larsen et al. (2008) also found that t131
belonged to STB0-MRSA-IVe, while Deurenberg et al. (2008) found
that only spa 1044 were included in this clone (ST80) and were of
SCCaec type IVe. PVL was also shown to be common among the
ST80 strains, but it remains to be studied if PVL contributed to the
success, and facilitated the spread of these strains, European CA-

MRSA seemed less well adapted to persist in hospital environments,

29



and patients with recent history of travel or family relation to the
Meditteranean or Middle East showed higher incidences of this
clone (Larsen et al, 2008). This was in harmony with a study
conducted by Rossney et al. (2007), which revealed that ST80 in
Ireland was recovered from a patient from the Middle East, and
with Larsen et al. (2008), who showed that 15 of the 20 imported
""" 80, had an association with the Mediterrancan
area, including Lebanon, Egypt, and Cyprus, suggesting that this
strain would have probably been imported. Ruppitsch el al. (2006),
showed that spe type t044 was similar to other spa types including
spa 1084, 1091, and 127, which were also recovered in this study,
and have very similar repeat structures. This indicates that
chromosomal replacements encompassing the spa locus, followed
by its mutation, could have occurred in the evolution of new clones
derived from ST80, such as ST7, and ST'1. The wide dissemination
of the ST80 clone in Europe, Asia, and other countries, indicates
that it is an epidemiologic clone that is rapidly spreading all over the
world.

Other MRSA clones detected in this study included ST30-MRSA-
IVe, which was also recovered from Australia, China, and other
parts of Europe. CA-MRSA clone with the ST30 genotype was
originally known as the Southwest Pacific clone. However, recent
reports have shown its potential to spread worldwide (Takizawa et
al, 2005). Genotypes ST8 and ST1 have been associated with
MRSA in the USA, Europe, and Asia. Isolates harboring the ST8-

MRSA-IVc genotype have been shown to cause sporadic diseases.
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ST239-MRSA-IIT originated through the transfer of a 557-kb
fragment of the ST30 genome into the CC8 lineage by homologous
recombination (Enright et al., 2002). Strommenger et al. (2008) also
showed that §T239 is a clonal lineage of CC8 with spa types 1037
and t030 which was in complete harmony with our findings. This
shows that there might be situations were similar spe types have
evolved from different precursors. Furthermore, the opposite,
being the evolution of different MLSTs from a common spa type
cannot be ruled out; however this stll needs further work. Isolates
of ST8 and ST239 were considered as single-locus varants of each
other, differing only in the an locus, which was in harmony with
our results; ST8 and ST239 had the following allelic profiles: 3-3-1-
1-4-4-3, and 2-3-1-1-4-3. This clone is most prevalent in Asian
countries such as China, India, Singapore, and Thailand (Zhang et
al., 2009).

On the other hand, the major MSSA clones found to be present in
Lebanon were CC22 and CC8, which were also present as MRSA
clones. These findings were in concordance with Deurenberg et al.
(2008), which showed that several clonal complexes, including
CC30, were all derived from epidemic MSSA lineages that acquired
SCCamee. Due to a lack of studies with larger MSSA populations,
determining the time and the place of appearance of MRSA strains
can be only speculative. Thus, larger parallel genetic studies with
local MSSA and MRSA populations are necessary to understand the

interactions of both populations.
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This study showed great differences and diversity between MRSA
and MSSA isolates, which was in agreement with Enright et al
(2002), and Hallin et al. (2007), with spa types being distributed
among a wider range of clonal lineages. Unlike earlier reports that
specific individual genotpyes are associated with particular
geographic areas (Rossney et al., 2007), distinct genotypes (ST30,
ST80, ST8, ST239) were identified among MRSA isolates in
Lebanon. This relatively diverse range of genotypes from a small
country may reflect the importance of different genotypes being
imported from distant countries.

In conclusion, In agreement with findings of previous studies
(Ruppitsch et al., 2006; Mellmann et al., 2008; Strommenger et al.,
2008), we found that spa and MLST typing have a high degree of
typeability as well as excellent reproducibility. In contrast to
methods based on fragment patterns, such as PFGL, the direct
nomenclature facilitates the submission of comparable typing
information to international networks, such as SeqNet. Thus, spa
typing has proven to be an excellent tool for surveillance of MRSA
strains. BURP is likely to reflect a faster evolutionary clock, since
BURP is based on the alignment of sequence repeats found in the
polymorphic region of the spa gene, in comparison with eBURST
which takes into consideration house-keeping genes. The
sequencing of only one small region of the chromosome by spa
typing may be subject to recombination between unrelated clones.
This could ultimately result in isolates exhibiting the same spa type,

and at the same time being unrelated using other typing methods.
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Due to this, a combination of MLST and spa typing have been
shown to be the method of choice to determine genetic relatedness
between S.aurens isolates, since MLST investigates multiple locations
around the chromosome. Accordingly, representatives of spa types

were chosen as candidates for MLST analysis.
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Chapter 6

Conclusion

This study was the first in Lebanon to employ spe and MLST typing for
the epidemiological characterization of MRSA and MSSA.

48 different gpa types were detected, with 1044 and t037 being the most
frequent, 38% and 5% respectively. BURP Analysis clustered the
resulting 48 spa types into 11 different spa CCs and 12 singletons.

The most common gpa clonal complex was spe CCO44, while the least
occurring was gpa CC005. These were present in 39% and 4.6% of our
isolates respectively. 13.1% of all isolates had no designated group
founder.

A new spa type was detected in this study, and was designated as
t4099, and had the following repeat succession: 15-12-241-02-16-
16-16-16-02-24.

Among the 130 isolates, 93 were MRSA and yielded 27 different spa
types, whereas 37 were MSSA and yielded 28 different spa types.

MLST typing revealed the presence of 8 different STs (ST80, ST30, ST8,
ST239, ST5, 5T1, ST5, ST22). ST80-MRSA-IVe was the most prevalent
clone in Lebanon, present in 53.7% of the samples.

Similar spe types were shown to be assipned to different clonal
complexes. spa types t037, t030, and t12 have very similar short
sequence repeats, but were shown to belong to the different clonal
complexes CC30, and CC239. The major MSSA clones found to be
present in Lebanon were CC22 and CC8, which were also present as

MRSA clones.
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This relatively diverse range of genotypes from a small country may
reflect the importance of different genotypes being imported from distant
countries.

Due to lack of studies with larger MSSA populations, statements about
the times and places of appearance of MRSA strains can be only
speculative, Thus, larger parallel genetic smudies with local MSSA and
MRSA populations are necessary to understand the interactions of both

populations.
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Table 1. A list of all the gpa types found among our isolates, along with their

respective clonal complexes and repeat successions.

Sample | spa

Number | type spa CC Repeat Succession

s5M t044 4: spa-CC 044 07-23-12-34-34-33-34

502 t032 6: spa-CC 005 26-23-23-13-23-31-29-17-31-29-17-25-17-25-16-28

503 t002 8: no founder 26-23-17-34-17-20-17-12-17-16

S04 1044 4: spa-CC 044 07-23-12-34-34-33-34

505 1019 1: spa-CC 021 08-16-02-16-02-25-17-24

S06 209 #5 07-16-12-23-34

507 044 4. spa-CC 044 07-23-12-34-34-33-34

508 044 4: 5pa-CC 044 07-23-12-34-34-33-34

S 09 t2179 2: spa-CC 008 11-19-12-21-17-21-17-34-24-34-22-25
S10 1186 9: no founder | 07-12-21-17-13-13-34-34-33-34

S11 t084 5: spa-CC 279 07-23-12-34-34-12-12-23-02-12-23

S12 to0a 2: spa-CC 008 11-19-12-21-17-34-24-34-22-25

513 t729 9: no founder 07-12-21-17-13-34-34-34-33-34

514 t197 2: spa-CC 008 11-10-34-24-34-22-25

515 11438 3: spa-CC 660 11-12-41-20-17-12-17

S 186 t318 1: spa-CC 021 15-12-16-16-02-16-02-25-17-24

S17 t044 4: spa-CC 044 07-23-12-34-34-33-34

S18 13468 11: no founder 07-23-12-21-12-20-17-12-12-12

518 1068 2: 5pa-CC 008 11-19-19-12-21-17-34-24-34-22-25

S 20 044 4: spa-CC 044 07-23-12-34-34-33-34

s21 1044 4. spa-CC 044 07-23-12-34-34-33-34

S22 1044 4. spa-CC 044 07-23-12-34-34-33-34

523 t044 4. spa-CC 044 07-23-12-34-34-33-34

S 24 t037 1: spa-CC 021 15-12-16-02-25-17-24

525 t524 Excluded 04-17

526 t044 4: spa-CC 044 07-23-12-34-34-33-34

527 t044 4: spa-CC 044 07-23-12-34-34-33-34

528 t044 4: spa-CC 044 07-23-12-34-34-33-34

529 t044 4: spa-CC 044 07-23-12-34-34-33-34

530 044 4: spa-CC D44 07-23-12-34-34-33-34

S 1044 4: spa-CC D44 07-23-12-34-34-33-34

532 t044 4: spa-CC 044 07-23-12-34-34-33-34

533 044 4: spa-CC 044 07-23-12-34-34-33-34




534 1267 #H6 07-23-12-21-17-34-34-34-33-34
S35 t044 4: spa-CC 044 07-23-12-34-34-33-34

S$36 1030 1: spa-CC 021 15-12-16-02-24-24

sy t030 1: spa-CC 021 15-12-16-02-24-24

s38 044 4: spa-CC 044 07-23-12-34-34-33-34

S39 030 1: spa-CC 021 15-12-16-02-24-24

5S40 1537 11: no founder 07-23-12-21-12-20-17-12-12
sS4 t131 4: spa-CC 044 07-23-12-34-33-34

S542 1044 4: spa-CC 044 07-23-12-34-34-33-34

543 1044 4: spa-CC 044 07-23-12-34-34-33-34

S44 1044 4: spa-CC 044 07-23-12-34-34-33-34

S45 t537 11: no founder 07-23-12-21-12-20-17-12-12
546 t044 4: spa-CC 044 07-23-12-34-34-33-34

547 044 4. spa-CC 044 07-23-12-34-34-23-34

548 t044 4. spa-CC 044 07-23-12-34-34-33-34

548 t044 4: spa-CC 044 07-23-12-34-34-33-34

S50 t044 4: spa-CC 044 07-23-12-34-34-33-34

S 51 t044 4: spa-CC 044 07-23-12-34-34-33-34

S 52 t044 4: spa-CC 044 07-23-12-34-34-33-34

S 53 t044 4: spa-CC 044 07-23-12-34-34-33-34

S 54 t037 1: spa-CC 021 15-12-16-02-25-17-24

S55 t044 4: 5pa-CC 044 07-23-12-34-34-33-34

S56 1044 4: spa-CC 044 07-23-12-34-34-33-34

S57 1131 4: spa-CC 044 07-23-12-34-33-34

S58 1044 4: spa-CC 044 07-23-12-34-34-33-34

S 59 1037 1: spa-CC 021 15-12-16-02-25-17-24

SE0 1044 4: spa-CC 044 07-23-12-34-34-33-34

S 61 1037 1: spa-CC 021 15-12-16-02-25-17-24

S 62 044 4: spa-CC 044 07-23-12-34-34-33-34

S63 t030 1: spa-CC 021 15-12-16-02-24-24

S 64 1037 1: spa-CC 021 15-12-16-02-25-17-24

SE5 t044 4: spa-CC 044 07-23-12-34-34-33-34

S 66 14222 4: spa-CC 044 07-171-12-34-34-33-34

S 67 t044 4: spa-CC 044 07-23-12-34-34-33-34

S 68 t044 4: spa-CC 044 07-23-12-34-34-33-34

569 t044 4: spa-CC 044 07-23-12-34-34-33-34

S70 1044 4: spa-CC 044 07-23-12-34-34-33-34

ST t127 #2 07-23-21-16-34-33-13

572 469 3: spa-CC 660 11-12-17-20-17-12-12-17
S73 1267 #6 07-23-12-21-17-34-34-34-33-34
S74 t267 #6 07-23-12-21-17-34-34-34-33-34
§75 1021 1: spa-CC 021 15-12-16-02-16-02-25-17-24
576 {044 4: spa-CC 044 07-23-12-34-34-33-34

3%




S77 1044 4: spa-CC 044 07-23-12-34-34-33-34

578 t1149 10: no founder 08-16-34-24-34-17-17

579 t002 8: no founder 26-23-17-34-17-20-17-12-17-16

580 t1492 5: spa-CC 279 07-23-12-34-34-34-12-23-02-12-23
s81 t002 8: no founder 26-23-17-34-17-20-17-12-17-16

582 t304 2: spa-CC 008 11-10-21-17-34-24-34-22-25

583 t729 9: no founder 07-12-21-17-13-34-34-34-33-34

S84 1193 #a 26-23-02-12-23-02-02-34-34

S 85 t012 1: spa-CC 021 15-12-16-02-16-02-25-17-24-24

S86 1091 #1 07-23-21-17-34-12-23-02-12-23

S 87 11149 10: no founder 08-16-34-24-34-17-17

S 88 to05s G: spa-CC 005 26-23-13-23-31-05-17-25-17-25-16-28
S B9 1937 10: no founder 08-16-34-24-34-34-17-17

S 80 t005 G: spa-CC 005 26-23-13-23-31-05-17-25-17-25-16-28
S 91 1193 #a 26-23-02-12-23-02-02-34-34

S92 t159 #3 14-44-13-12-17-17-23-18-17

593 t1515 #9 08-16-02-16-02-25-17-24-24-24-24

S 94 t012 1: 5pa-CC 021 15-12-16-02-168-02-25-17-24-24

595 t127 #2 07-23-21-16-34-33-13

S 96 t903 7: no founder 26-22-19-17-17-20-17-12

sS97 t267 #5 07-23-12-21-17-34-34-34-33-34

598 t159 #3 14-44-13-12-17-17-23-18-17

599 t4223 #12 04-21-17-34-22-25

5100 1660 3: spa-CC B60 11-12-41-20-17-12-1217

5101 t1741 1: spa-CC 021 15-12-16-34-02-16-02-25-17-24

5102 1044 4. spa-CC 044 07-23-12-34-34-33-34

S103 1032 6: spa-CC 005 26-23-23-13-23-31-29-17-31-29-17-25-17-25-16-28
S104 1044 4. spa-CC 044 07-23-12-34-34-33-34

5105 t032 6: spa-CC 005 2B6-23-23-13-23-31-29-17-31-29-17-25-17-25-16-28
5106 t044 4: spa-CC 044 07-23-12-34-34-33-34

5107 toos 2: spa-CC 008 11-19-12-21-17-34-24-34-22-25

5108 12933 6: spa-CC 005 26-23-13-23-05-17-25-17-25-16-16-28
5109 t037 1: spa-CC 021 15-12-16-02-25-17-24

5110 t044 4: spa-CC 044 07-23-12-34-34-33-34

S111 14098 7: no founder 26-22-19-17-20-17-12

5112 1012 1: spa-CC 021 15-12-16-02-16-02-25-17-24-24

5113 279 5: spa-CC 279 07-23-12-21-17-34-34-34-33-34

S114 14099 #11 15-12-241-02-16-16-16-16-02-24
5115 1008 2: spa-CC 008 11-19-12-21-17-34-24-34-22-25

S116 1314 #7 08-17-23-18-17

5117 t002 8: no founder 26-23-17-34-17-20-17-12-17-16

5118 13283 #10 07-23-12-21-33-22-17

5119 t002 8: no founder 26-23-17-34-17-20-17-12-17-16




5120 1158 #3 14-44-13-12-17-17-23-18-17
5121 t660 3: spa-CC 660 11-12-41-20-17-12-12-17

5122 t304 2: spa-CC 008 11-10-21-17-34-24-34-22-25
5123 t791 #8 07-23-12-21-12-17-20-17-12-17-17
5124 tove 3: spa-CC 660 04-21-12-41-20-17-12-12-17
5125 t311 B: no founder 26-23-17-34-20-17-12-17-16
5126 to0s 2: spa-CC 008 11-19-12-21-17-34-24-34-22-25
5127 to44 4: spa-CC 044 07-23-12-34-34-33-34

5128 t304 2: spa-CC 008 11-10-21-17-34-24-34-22-25
5129 t044 4: spa-CC 044 07-23-12-34-34-33-34

5130 tD44 4: spa-CC 044 07-23-12-34-34-33-34






