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Abstract

At the present time, little is known about the newly described coagulase negative 

staphylococcus, Staphylococcus lagdunensis. However, this organism has been 

associated with serious invasive infections and can easily be mistaken for Staphylococcus 

aureus both clinically and phenotypically. To learn more about the persistence and 

spread of this organism, the epidemiological relatedness of fifty-one Staphylococcus 

lugdunensis isolates from various geographic regions was assessed using molecular 

typing methods, specifically, pulsed-field gel electrophoresis (PFGE), arbitrarily primed 

polymerase chain reaction (AP-PCR), inter repetitive sequence polymerase chain reaction 

(REP-PCR), and southern hybridization.

PFGE together with southern hybridization data proved superior to both types of 

PCR based methods. PFGE produced distinct banding patterns that were easily 

interpreted both visually and with Molecular Analyst software. Southern hybridizations 

supported the PFGE data and were of great value in this investigation. Although REP- 

PCR divided the isolates into more groups, the banding patterns were not distinct and 

proved difficult to interpret. AP-PCR failed to produce enough bands for any 

interpretation to be conducted. This comparison of several typing methods revealed a 

surprising degree of genomic conservation in the organism despite the different 

geographic origins of the isolates. The results of this study provide new insight into S. 

lugdunensis epidemiology and illustrate the value of typing methods in the investigation 

of this organism.
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Introduction

Staphylococcus lugdunensis, like other coagulase negative staphylococci (CNS) is 

a commensal organism of the human skin. In general, coagulase negative staphylococci 

are among the most frequent causes of nosocomial infections. Reports of S. lugdunensis 

comment on the problems identifying this organism since it can easily be mistaken for 

Staphylococcus aureus. S. lugdunensis has been associated with numerous types of 

infections known to resemble infections caused by S. aureus.

Despite the growing number of clinical reports of S. lugdunensis pathogenicity, 

little is known about the persistence and spread of this organism in patient populations. 

In the past, epidemiological investigations of CNS have been conducted using either 

traditional methods or molecular typing methods. Molecular typing methods analyze the 

chromosome, which is the basic unit of genetic identity. However, traditional methods 

typically analyze phenotypic characteristics, which show considerable variability and 

unreliability. In recent years, molecular typing methods, which provide a genotypic 

comparison, have proved to be more reliable and superior typing tools.

To learn more about the epidemiology and spread of S. lugdunensis, this study 

was designed to compare and characterize fifty-one S. lugdunensis isolates, of diverse 

geographic origin, for chromosomal relatedness using pulsed field gel electrophoresis 

(PFGE), repetitive element PCR (REP-PCR), arbitrarily primed PCR (AP-PCR), and 

southern hybridization. Through the use of these methods, the intent was to provide the 

first “baseline” information regarding the persistence and spread of this organism in 

patient populations.
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Literature Review

I. Staphylococcus lugdunensis

Bacteriology and Pathogenesis

Staphylococcus lugdunensis, first described in 1988 by Freney et a/., is a 

coagulase-negative species of the genus Staphylococcus named for Lyon, the French city 

where it was first isolated from a human with disease (Herchline and Ayers 1991). There 

are 24 species currently described as coagulase-negative staphylococci. Coagulase- 

negative staphylococci are commensal organisms of human skin (Gastro and Dowdy, 

1999) and are one of the most frequent causes of nosocomial infections (Horan et al., 

1986). S. lugdunensis can be readily differentiated from other coagulase-negative 

staphylococci (CNS) by the production of ornithine decarboxylase and pyrrolidonyl 

arylamidase (Burgert et al., 1999). Most reports of S. lugdunensis infections comment on 

the problems in identifying this organism since it often gives positive results for 

clumping factor and other rapid agglutination test results suggestive of S. aureus (Leung 

et al., 1998). This highlights the importance of the tube coagulase method for 

identification (Waterer et al., 1997). Identification of S. lugdunensis in clinical 

specimens is highly recommended, as the clinical course of infections is known to 

resemble that of infections caused by S. aureus (Herchline and Ayers, 1991).

The original battery of tests used to differentiate coagulase-negative staphylococci 

can still be used. This includes the following tests as described by Hebert et at. in 1988: 

PYR hydrolysis, synergistic hemolysis, adherence to glass, and susceptibility to
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novobiocin, polymixin B, bacitracin (10U), Taxo A, and furazolidone. However, new 

tests can be incorporated to identify newly described CNS including S. lugdiinensis and 

S. shleiferi (Hebert, 1990). The expanded subtyping scheme incorporates tests for 

ornithine decarboxylase and fibrinogen affinity factor and serves as a useful tool for 

measuring the clinical significance of S. lugdunensis (Hebert, 1990). From these tests, S. 

lugdunensis can be characterized in the following ways, production of ornithine 

decarboxylase and PYR, on TSA II it matches the definition of a delta hemolysin, it is 

negative for adherence, positive for fibrinogen affinity factor, susceptible to novobiocin, 

Taxo A and furazolidone, and resistant to both polymixin B and bacitracin (10U) (Hebert, 

1990). The production of the 5-hemolysin has been further characterized. Vandenesch et 

al., 1991 found that this species produces a hemolysin with phenotypic properties similar 

to S. aureus 5-hemolysin and shows positive hybridization with the S. aureus 5- 

hemolysin gene (/?/t/)-specific probe. In S. aureus this gene is part of the accessory gene 

regulator (agr), which governs the expression of most exoproteins (Vandenesch et al., 

1993). However, this group discovered that agr-sl (agr-S. lugdunensis) doesn’t encode 

any peptide homologous to S. aureus 5-hemolysin, suggesting that the hemolytic activity 

in S. lugdunensis is encoded elsewhere and may be controlled by agr-sl.

Freney et al., in 1988 provided a detailed phenotypic description for S. 

lugdunensis. Cells are nonsporulating, nonmotile, gram-positive cocci occurring singly, 

in pairs, small clusters, or chains composed of three to five cells. This facultative 

anaerobe grows heavily throughout a tube of thioglycolate medium. D-lactic acid is the 

predominant acid produced from glucose under anaerobic conditions. Acid is produced 

from D-glucose, D-fructose, D-mannose, maltose, trehalose, sucrose, and glycerol. The
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following tests were negative: oxidase, heat stable nuclease, staphylokinase, alkaline

phosphatase, B-galactosidase, and enterotoxins A, B, C, TSST-1 toxin, and exfoliatin 

toxin. It is positive for the following, catalase, nitrate reduced to nitrite, acetoin 

produced from pyruvate, ornithine decarboxylated, pyrrolidonyl aminopeptidase, and N- 

acetyl-glucosaminidase. Cell wall teichoic acids contain glycerol, glucose, and 

glucosamine. It is also important to note the colony variation as a common feature 

among S. lugdunensis as seen by Leung et al. in 1998.

Herchline and Ayers in 1991 reported S. lugdunensis should be included along 

with S. epidermidis, S. haemolyticus, and S. saprohyticus as a species pathogenic for 

humans. S. lugdunensis forms part of the normal skin flora, but has the ability to 

establish primary infection in contiguous or deep sites or to participate in mixed 

infections (Herchline and Ayers, 1991).

This species has been associated with severe infections including prosthetic and 

native valve endocarditis, peritonitis, infective arthritis, vascular prosthesis infection, 

osteomyelitis, brain abscess, bacteremia, septicemia, and septic shock (Pareja et al., 

1998). Certain clinical features suggest it is an aggressive pathogen: Two-thirds of

patients with infective endocarditis studied by Vandenesch et al. in 1993 and one-third of 

previously described patients had symptoms <3 weeks, which is more common for 

endocarditis caused by S. aureus (Espersen, 1986; Sanabria et al., 1990) than for 

infection by CNS. In addition, gross valvular destruction, often with abscess formation 

occurred. Finally, there was a high mortality rate (70%) and a need for valve 

replacement (Vandenesch et al., 1993). From this report and others, it is clear that S. 

lugdunensis causes an aggressive form of endocarditis with a poor clinical outcome



(Leung et al., 1998). The poor clinical outcome of S. lugdunensis endocarditis is marked 

in contrast to the better outcome generally associated with endocarditis caused by other 

CNS species (Kralovic et al., 1995; Paterson, et al., 1997; Vandenesch, el al., 1993). The 

initiation of infection appears to be related to trauma or immunosuppression but also 

appears to occur with simple opportunity (Herchline and Ayers, 1991). Portal of entry 

for S. lugdunensis is usually the skin. However, the absence of a clinically evident portal 

of entry in some cases raises the question of ecology of the organism.

It is interesting that S. lugdunensis strains are isolated from the same types of 

infections as S. aureus, i.e., deep or invasive infections (Paulsson et al., 1992). In a 

previous study by Lambe et al in 1990, S. lugdunensis was shown to be more pathogenic 

in a mouse model of infection than other types of CNS including S. hominis or S. 

warneri. S. lugdunensis initiated 76% abscess formation and 97% of foreign bodies 

and/or tissues were culture positive for S. lugdunensis. The strains were examined for 

production of a variety of exotoxins some which are considered toxic per se (a and 5 

toxins) and some which may only act as aggressins (DNase, lipase, esterase, and 

protease) (Lambe et al., 1999). The six S. lugdunensis strains showed variable results for 

exotoxin production (50% a  toxin, 67% 8- toxin, 33% DNase, 16% lipase, and 16% 

esterase), while all strains produced protease. Therefore, virulence couldn’t be attributed 

to toxin aggressin production per se (Lambe et al., 1990). It is possible to attribute 

virulence as a function of glycolax. Glycolax is a well-established virulence factor in 

staphylococci. In a subsequent study (Lambe et al., 1991) the pathogenicity of three 

coagulase-negative staphylococci was assessed in a mouse model with and without a 

foreign body. In S. lugdunensis infected mice the abscess rate with the foreign body
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ranged from 68-90% higher than in mice without a foreign body. Infected animals with a 

foreign body yielded 100% culture positive for all strains tested. Overall, S. lugdunensis 

strains generally required the foreign body for abscess formation. This suggests that 

attachment to a foreign body is an important virulence factor that could be mediated by 

glycolax. Paulsson et al. in 1992 found that S. lugdunensis strains are able to bind to 

soluble extracellular matrix proteins, Vn and Fg in a manner similar to strains of S. 

aureus rather than to other CNS strains. These findings shed some light on the 

pathogenesis of this species since the clinical spectrum of infections caused by S. aureus 

and S. lugdunensis is similar (Paulsson et al., 1992).

Molecular Epidemiology

Although S. lugdunensis was only described in 1988, it is unlikely that it is a new 

organism (Vandenesch et al., 1993). Before its identification in 1988, S. lugdunensis was 

probably mistaken for S. aureus. Therefore, there are only a few reports on the ecology 

and epidemiology of this organism, but they suggest that the organism is similar to other 

coagulase-negative staphylococci in that it can be found on the skin and associated 

mucous membranes. Plasmid profiles and DNA restriction endonuclease patterns of 30 

S. lugdunensis strains showed very little variations, even for those isolated from patients 

not exposed to a common source (Etienne et al., 1990). Another study (Lina et al., 

1992), showed that five S. lugdunensis strains had identical Pst I DNA restriction patterns 

while FIGE (field inversion gel electrophoresis) revealed five different profiles, but 

showed differences in only two bands. Overall, S. lugdunensis strains appeared to show 

limited diversity in contrast to S. epidermidis strains. From these studies, S. lugdunensis
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appeared to exhibit genotypic conservation and genome homogeneity when compared to

S. epidermidis.

Other than the preliminary studies cited above, there has been very little 

epidemiological investigation of S. lugdunensis. The conventional epidemiological 

markers (biotype, antibiotype, serotype, phagetype, and plasmid profiles) are suitable for 

characterizing the CNS in most epidemiological studies, but they poorly discriminate 

within one species (Lina et al, 1992). Comparison of DNA restriction patterns has been 

performed, but these generated many fragments that were hard to interpret. Plasmid 

profiling proved to be limited since the isolates had a common size plasmid (Etienne et 

al., 1990). Further studies into this shared plasmid may differentiate among unrelated 

strains, however, resistance screening would be limited since most isolates are 

susceptible. In a study by Lina et al., 1992, only five strains of S. lugdunensis were even 

studied. Fleurette et al., 1989 found that most isolates show susceptibility to 22 

antibiotics and antiseptics and none of the isolates were phage-typeable. This points to 

the fact that these two tests cannot be used to correctly type S. lugdunensis. There is a 

need for a molecular epidemiological investigation on a large number of isolates in order 

to learn more about S. lugdunensis.

II. Epidemiological Typing

Nosocomial Infections

Nosocomial infections are an important cause of morbidity and mortality. A 

nosocomial infection is one for which there is no evidence that the infection was present
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or incubating at the time of hospital admission (Emori and Gaynes, 1993). Hospitalized 

patients are at high risk of infection for a variety of reasons for example, underlying 

conditions, exposure to invasive procedures, immunosuppression, and the hospital 

environment in general (Emori and Gaynes, 1993). Most nosocomial infections occur 

during time spent in the hospital, but they can also occur after discharge from the 

institution.

A patient’s risk of infection can be determined by both intrinsic and extrinsic 

factors. Intrinsic factors are those that are inherent in the patient due to underlying 

disease conditions (Emori and Gaynes, 1993). Extrinsic factors include patient care staff 

or the institution. Both high-risk medical devices and operative procedures are 

considered extrinsic factors and are the ones most implicated and studied (Emori and 

Gaynes, 1993). In hospitals, the use of indwelling catheters, ventilators, and other 

devices serve as sources and conduits for bacteria (Tenover et al., 1997). Other pressures 

include antimicrobial agents and the environment. The use of antimicrobial agents has 

created a pressure that promotes the emergence of resistance and therefore predisposes 

patients to colonization with resistant organisms (Emori and Gaynes, 1993). Microbial 

resistance to one or many antibiotics has changed the character of nosocomial infections.

Outbreaks, commonly associated with bacterial agents, are defined as an increase 

in the occurrence of infection above the baseline (Jarvis, 1994; Tenover et al., 1997). 

Outbreaks are caused by a variety of bacterial pathogens, including VRE, MRSA, 

Pseudomonas aeruginosa, and Klebsiella pneumoniae (Tenover et al., 1997). However, 

coagulase-negative staphylococci, particularly S. epidermidis, are also recognized as 

important nosocomial pathogens, especially in patients with prosthetic devices and
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immunocompromised patients (Geary et al., 1997). This in part is due to their prevalence 

on the skin, but the most important factor is the presence of an indwelling prosthetic 

device (Pfaller and Herwaldt, 1988). Recent investigations into the pathogenesis of CNS 

suggest that once these organisms overcome the physical barriers, they adhere to and 

proliferate on biosynthetic materials to cause local or systemic infection (Pfaller and 

Herwaldt, 1988).

Outbreak situations usually involve either person-to-person contact or 

simultaneous infection from a common source (Eisenstein, 1990). Potential outbreaks 

are investigated when there is an increase in the rate of isolation of a pathogen, a cluster 

of infections in a particular ward, or recognition of multiple isolates with an unusual 

biotype or antibiogram (Tenover el al., 1997). Because CNS are ubiquitous on human 

skin, they are common contaminants and there is difficulty in determining whether a 

series of isolates indicate infection or contamination (Marples, 1992). For this reason, 

simple species identification is no longer useful in distinguishing between infection and 

colonization in individual patients. It is necessary to implement methods of strain 

delineation within a species for use as epidemiological and diagnostic tools (Pfaller and 

Herdwaldt, 1988). This delineation will answer questions of the site of reservoir of the 

organism, the frequency and mechanism of spread, and the importance of strain variation 

in the pathogenesis of CNS (Pfaller and Herdwaldt, 1988). The pathogens, sources, or 

modes of transmission in these outbreaks are often unusual and therefore provide the 

opportunity to gain knowledge of the epidemiology of nosocomial infections (Jarvis,

1991).
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Investigation and control of an outbreak relies on the identification of the type and 

number of organisms, determination of reservoir or mode of transmission, and 

maintaining laboratory surveillance for possible re-emergence (McGowan and Metchock,

1996) . When an outbreak or an excess number of cases of an infectious disease occurs, 

there is a need to determine whether the cases are caused by a single strain or if it 

involves the concomitant spread of several strains (Tompkins et al., 1994; Tenover et al.,

1997) . If a single strain is found, it supports the conclusion that a single source might be 

responsible and association between patient and reservoir is confirmed (Tompkins et al., 

1994).

Epidemiological investigations of presumed outbreaks require strain-typing data 

to identify outbreak-related strains and to distinguish epidemic from endemic isolates 

(Tenover et al., 1997; Arbeit, 1995). An important feature is the determination of 

clonality. The central hypothesis is that isolates in a series from an epidemiological 

cluster are clonally related (Arbeit, 1995). This can be determined by tracing 

epidemiological markers through the use of typing methods. Analysis of these markers 

can serve to determine which isolates are not only epidemiologically related but are also 

genetically related (Tenover et al., 1995).

Epidemiological Typing Systems

The basic premise for any typing system is that epidemiologically related isolates 

are derived from a clonal expansion of a single precursor, and consequently share 

characteristics that differ from unrelated isolates (Maslow et al., 1993). The utility of a 

characteristic for typing is related to its stability within a strain and its diversity within a



11

species (Arbeit, 1995). This diversity arises due to the inherent ability of bacterial 

genomes to evolve. There are three natural strategies for the generation of genetic 

diversity: nucleotide substitution, DNA rearrangements, and gene acquisition (Arber,

1993). Spontaneous mutations can occur at a rate of 10'9 per base pair and generation and 

in general result from random errors, mistakes, accidents, or lesions (Arber, 1995). 

Mobile genetic elements including insertion sequences and transposons can form part of 

the microbial genome. Insertion can lead to rearrangements including DNA inversion, 

deletion, the fusion of two DNA molecules and gene amplification. These elements have 

the ability to jump to various locations on the chromosome or between plasmids and viral 

genomes present in the cell. Horizontal transfer can occur in various ways and is a 

source of tremendous diversity. Transformation is the mechanism of uptake of free DNA 

molecules. Transduction is mediated by bacteriophages through infection cycles. 

Conjugation is the exchange of genetic information between two bacterial cells. The 

environment, especially in a hospital, can encourage all of the above genetic transfer 

between and among species.

Several criteria should be considered in evaluating typing systems (Maslow et al., 

1993). Typeability refers to the ability to obtain an unambiguous, positive result for each 

isolate analyzed. Reproducibility refers to the ability of a technique to yield the same 

result upon repeated testing. This could be the affected by technical day-to-day variation 

or by variation of the bacterial characteristic being examined. Discriminatory power 

refers to the ability to differentiate among unrelated strains. A technique is statistically 

useful if the most common type occurs in <5% of the population. Ease of interpretation 

and ease of use are also important considerations, since there is a need for fast results at
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minimal expense. Ultimately, the typing method should provide reliable basis for 

determining if isolates are epidemiologically related (Maslow et al., 1993). Another 

important feature of an epidemiological evaluation is the determination of clonality, 

which depends on the setting and therefore should be applied in a relative sense 

(Eisenstein, 1990). In order to correctly identify clones knowledge of the genetic 

stability of the organism, selective pressure of the environment, and the discriminatory 

power of the typing method must be at hand (Eisenstein, 1990).

Phenotypic Typing Systems

The classic techniques for differentiating strains- serotyping, biotyping, 

antimicrobial susceptibility patterns, and bacteriophage typing- rely on phenotypic 

differences (Maslow et al., 1993). Characterization is then based on products of gene 

expression, however these properties have a tendency to vary based on changes in growth 

conditions, growth phase, and spontaneous mutations (Tenover et al., 1997). Therefore 

these systems are limited by the capacity of bacteria to alter unpredictably the expression 

of the characteristic being assessed (Maslow et al., 1993).

Biotyping. This method refers to establishing the pattern of activity of < 20 

cellular metabolic enzymes (Maslow et al., 1993). Automated systems are in most 

clinical laboratories for species identification based on a variety of biochemical tests. 

However, biotyping using automated methods relies on a variety of novel substrates and 

some of these tests are highly variable even within isolates of the same strain (Tenover et 

al., 1997). Contemporary biotyping has poor discriminatory power and cannot 

differentiate among some of the current nosocomial pathogens, such as enterococci,
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where biochemical diversity is uncommon (Tenover et al., 1997). When applied to CNS, 

this method is good for speciation, but not for differentiation of isolates in a strain 

(Marples, 1992).

Antimicrobial Susceptibility Patterns. Evaluation of most bacterial isolates 

includes testing for antimicrobial susceptibility. However, because resistance is 

associated with mobile genetic elements and is under tremendous selecitve pressure, 

antimicrobial susceptibility patterns have poor discriminatory power (Tenover et al., 

1997). Therefore, isolates that are epidemiologically related could have differing 

antibiograms simply by loss of a plasmid. Antibiograms can be useful markers for CNS 

since strains can be resistant to various combinations of antibiotics, however, this method 

has low reliability and discriminatory power (Geary et al., 1997). In the case of S. 

lugdunensis, this method would not differentiate among isolates because this organism is 

typically susceptible to many antibiotics.

Serotyping. It has been recognized that organisms of the same species can differ 

in expression of cell surface markers (Tenover et al., 1997). Detection of such 

differences can be carried out by immunologic techniques. However, specific reagents 

such as polyclonal sera and monoclonal antibodies are often difficult and expensive to 

develop (Maslow et al., 1993). In addition, some bacterial strains have a large amount of 

antigenic variation and many strains are nontypeable or comprise only a few serotypes.

Bacteriophage Typing In this technique, isolates are characterized by their 

susceptibility or resistance to lysis by a panel of bacteriophages (Maslow et al., 1993). 

Therefore, isolates that are epidemiologically related should be resistant/susceptible to 

the same types of phages. However, Phage typing is technically demanding and requires
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maintaining stocks of all phages. In addition, some strains are nontypeable with the 

available panels, including S. lugdunensis.

Multilocus Enzyme Electrophoresis. This method detects differences in the 

electrophoretic mobility of soluble metabolic enzymes (Maslow et al., 1993). Cellular 

proteins are separated on a starch gel and detected with specific substrates (Maslow et al., 

1993). Variations in mobility reflect amino acid substitutions that alter the charge of the 

protein and thus variations in the encoding genes. Overall, this technique is demanding 

and only moderately discriminatory. It is best used for population genetics of pathogenic 

species (Maslow et al., 1993).

Genotypic Typing Systems

The basic problem with phenotypic systems is that they are based on phenotypic 

variations that can be altered simply by the environment. For the most part these systems 

have low discriminatory power and low reliability. Molecular-based techniques have 

emerged as the choice for bacterial strain typing. These typing systems have taken a step 

forward to obtain a more fundamental assessment of strain interrelationships (Goering,

1998). These typing methods have the ability to differentiate isolates that may be 

phenotypically identical. Overall, molecular based techniques can be applied to many 

more pathogenic species and with greater sensitivity. Basically, these typing methods 

aspire to achieve epidemiological comparisons based on assessment of chromosomal 

relatedness (Goering, 1998).
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Analysis of Plasmid DNA

Plasmid Fingerprinting (PF). The first DNA-based techniques applied to 

epidemiological studies involved analysis of plasmids (Maslow et a/., 1993). The 

plasmid content of each isolate is displayed by extracting plasmid DNA and subjecting 

the molecules to electrophoresis in an agarose gel (Tompkins et al., 1994). Isolates that 

are epidemiologically related should share common number and size of plasmids and 

therefore, should have similar patterns on the gel. However, because plasmids can be 

gained and loss at random and because similar size plasmids could represent different 

plasmids, this technique is limited. Another consideration is species that lack plasmids or 

those that share a common plasmid, as is seen with S. lngdunensis. Epidemic strains of 

enteric bacteria, pseudomonads, vibrios, and staphylococci are among the most 

prominent to be identified (Eisenstein, 1990).

Restriction Enzyme Analysis (REA) of Plasmid DNA Because different 

strains may carry nonidentical plasmids of the same size, plasmids can be subjected to 

restriction enzyme digestion before the DNA is sized by electrophoresis (Eisenstein, 

1990). This digestion step can be helpful in strains that carry only one large plasmid 

(Tenover et al., 1997). Restriction enzymes cleave the DNA at specific sites and produce 

linear fragments that can be separated based on size by electrophoresis. Therefore, 

plasmids that only differ by 10-15 kb can be discriminated. The problem with restriction 

digests of this nature is the production of many fragments that are not easily interpreted. 

At the present time, the method is used for staphylococcal isolates, which frequently 

carry multiple plasmids, and for selected enterics, which often have large distinctive 

plasmids (Tenover et al., 1997).
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Analysis of Chromosomal DNA

Chromosomal DNA represents the most fundamental molecule of identity in the 

cell (Goering, 1998). Analysis of chromosomal DNA overcomes the problems seen in 

plasmid fingerprinting as well as those seen with phenotypic methods. These methods 

can be categorized by utilization of restriction enzyme digests and amplification of DNA 

via PCR based methods (Goering, 1998).

Restriction Enzyme Analysis (REA)

Conventional REA, The genomes of bacterial species vary widely in their base 

composition. As a result, the distribution of fragment sizes produced by restriction 

endonucleases can be expected to vary considerably (McClelland et al., 1987). 

Restriction endonucleases are enzymes, which cleave DNA at specific recognition 

sequences. The double-stranded cleavages break the DNA into fragments. Therefore, 

the number of fragments is directly related to the number of recognition sites and the 

length of DNA between the cleavage sites. These fragments can then be resolved in an 

agarose gel. Large fragments will migrate slowly, while small fragments move through 

the gel more readily. After staining with ethidium bromide, banding patterns are 

produced due to the cleavage of the DNA.

As briefly mentioned above, the number of fragments produced is related to the 

number and location of cleavage sites recognized by the restriction enzyme. For 

example, large fragments represent more sequence between two recognition sites. If two 

isolates are related, the recognition sites, and therefore the pattern produced, should be

identical.
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The number of fragments also depends on the type of restriction enzyme used. In 

conventional REA, enzymes such as EcoKl or Hindlll are used. These enzymes are 

known as “frequent cutters” because they have relatively frequent restriction sites. 

Because of this trait, hundreds fragments that can range from 0.5 kb to 50 kb are 

produced (Tenover et al., 1997). The major limitation of this technique is the difficulty of 

interpreting the complex profiles, which consist of hundreds of bands that may be 

unresolved or overlapping (Maslow et al., 1993). All isolates are typeable by REA, 

however, its primary use is as an alternative technique for analyzing C. difficile (Tenover 

et al., 1997).

Restriction Fragment Length Polymorphism (RFLP) Analysis. RFLP analysis 

utilizes restriction digests produced by frequent cutting enzymes as described above in 

REA. However, once the fragments are separated by conventional agarose gel 

electrophoresis, a probe is utilized. The separated DNA fragments are transferred to a 

nylon membrane. The DNA on the membrane is hybridized with a specific labeled probe 

(DNA or RNA), which binds infrequently to fragments containing complementary 

sequences (Tenover et al., 1997). The advantage RFLP typing is that the patterns 

produced are easily compared by visual observation (Tompkins, 1994). The 

disadvantage is probes are only hybridizing to a small amount of the total chromosomal 

DNA. Most restriction fragments are not analyzed and only a small subset is 

representing a fraction of the entire chromosome (Goering, 1998). This results in regions 

flanking the probe-specific sequences being overlooked and in theory, two unrelated 

isolates could have the same RFLP pattern (Goering, 1998).
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RFLP is currently the method of choice for typing isolates of M  tuberculosis. 

The probe that is utilized is a DNA insertion element IS6110, which is present in 

essentially all isolates of M. tuberculosis, but because it is mobile, the number of 

insertions varies greatly from strain to strain (Tenover et al., 1997).

Ribotvping. Ribotyping is a type of RFLP analysis that utilizes probes designed 

to hybridize to the ribosomal operon, usually the 16s or 23s rRNA. These genes are 

highly conserved for all bacteria; therefore, the E. coli ribosomal operon is typically used 

as the probe (Maslow and Mulligan, 1996). The discriminatory power is directly 

proportional to the number of ribosomes (seven for E. coli, five for S. aureus, and one for 

M  tuberculosis) and the genetic diversity of the organism studied (extensive for E. coli, 

limited for MRS A) (Maslow and Mulligan, 1996).

Pulsed-field Gel Electrophoresis (PFGE). Since REA has limitations, i.e. 

analysis of the entire chromosome produces too many fragments for interpretation and 

limiting the number of fragments analyzed leaves much of the chromosome overlooked, a 

variation of conventional gel electrophoresis can be used. Pulsed-field gel 

electrophoresis (PFGE), developed by Schwartz and Carter in 1984, is a powerful tool for 

typing organisms (Maslow and Mulligan, 1996). Chromosomal DNA is digested with 

rare cutting restriction enzymes, which results in fragments usually >50 kb in size. These 

fragments altogether represent the entire chromosome.

For PFGE analysis, DNA is released while cells are encased in agarose blocks 

(plugs), providing an environment free of molecular shearing forces and allows 

reproducible generation of mega-base size fragments (Goering, 1993). Both cell lysis
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and restriction digestion occurs while the DNA is embedded in the agarose blocks 

(Goering, 1993).

As mentioned above, restriction digestion takes place while DNA is embedded. 

The choice of an appropriate enzyme depends on the frequency of the restriction sites in 

the chromosomal DNA to be digested (Goering, 1993). In most cases, the appropriate 

enzyme is known, especially for important nosocomial pathogens. As a group, gram

positive bacteria contain AT rich DNA, while gram-negative bacteria contain GC rich 

DNA (Goering, 1993). Thus with gram-positive bacteria, restriction enzymes that 

recognize GC sequences such as Smal (CCCGGG), Csp\ (CGGA/TCCG), or SgrAl 

(CA/GCCGGT/CG) yield a small number of fragments (Goering, 1993). The opposite is 

true for gram-negative. Restriction enzymes recognizing AT rich sequences Xba\ 

(TCTAGA) or with long and thus rare sequences such as Sfil (GGCCNsGGCC) yield a 

small number of fragments (Goering, 1993). The ultimate goal is production of a small 

number of macro-restriction fragments suitable for analysis by PFGE.

These digests provide a chromosomal restriction profile typically composed of 5 

to 20 distinct, well-resolved fragments ranging from 10 to 800 kb (Arbeit, 1995). This 

provides a representation of 90% of the chromosome (Goering, 1998). However, 

conventional gel electrophoresis which is unidirectional constantly pulls DNA molecules 

to a fixed positive charge, can only be used to separate DNA molecules <40 to 50 kb in 

size (Goering, 1993). Fragments larger than 50 kb in size exhibit aberrant (size- 

independent) electrophoretic migration (Goering, 1993). In PFGE, the location of the 

positive charge is continually changed and as a result migration of DNA is
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multidirectional (Goering, 1993). This continual change in direction of the positive 

charge, allows the DNA molecules to move through the matrix based on size.

The current approach to the PFGE method is contour clamped homogeneous 

electric field (CHEF) (Goering, 1993). CHEF uses a hexagonal array of electrodes to 

produce an electric field orientated at angles of 120°. All electrophoretic parameters are 

kept constant except pulse time and field (Gardiner, 1991). Best resolution is obtained by 

obtuse field angles (120° being optimal), buffer temperatures of less than 15° C (12° C 

optimal), and buffer concentration one-half the strength used for conventional gel 

electrophoresis (Chu and Gunderson, 1991). Buffer concentration, type and 

concentration of agarose, and duration of electrophoresis are all kept constant (Gardiner, 

1991). During electrophoresis, a process called ramping occurs. This allows early pulses 

for shorter periods of time to reorient small molecules while later pulses for longer 

periods resolve larger molecules (Goering, 1993). DNA, still encased in agarose blocks 

and digested with a restriction enzyme, is loaded into the gel. A molecular size standard 

should be run in at least one lane to provide size orientations of the fragments. The 

molecular sizes of unknown fragments can be determined by plotting the distance of 

migration of the standard against the logio of the molecular size of the fragments 

(Tenover et al., 1995). After completion, the gel is stained in the same manner as 

conventional gel electrophoresis.

The epidemiological power of PFGE lies in the ability to provide a spatial 

distribution of a rare, repeated, specific site around the entire chromosome (Goering, 

1998). In addition, it provides a degree of chromosomal monitoring because a variety of 

genetic events including point mutations, insertions and deletions may be detected as a
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change in the fragment size (Tenover et al., 1995; Goering, 1998). Visual observation is 

enough to detect these changes in fragment size. In general, PFGE is one of the most 

reproducible and highly discriminatory typing techniques (Tenover et al., 1997). PFGE 

is relatively forgiving of minor changes in DNA preparation protocol. In the event of a 

mistake, the result is most likely to be recognized as incompletely digested restriction 

fragments or no data at all (Goering, 1998). Currently PFGE has been use to analyze 

about 100 different types of pathogens and could most likely be applied to any organism 

(Goering, 1998; Tenover et al., 1997). In most cases PFGE is referred to as the gold 

standard in typing many organisms.

The major difficulties associated with PFGE relate to technical demands of the 

procedure and initial cost of equipment (Tenover et al., 1997). The preparation of DNA 

involves extended incubations and takes from 1-3 days; however, DNA in agarose is 

stable for long periods of time (Arbeit, 1995). Although the initial cost of equipment is 

high, once the method is operational it can be applied to a wide variety of organisms with 

only minimal modifications (Tenover, et al., 1997). “Problem” organisms can be 

nuclease producers, which degrade DNA during preparation. These organisms have to be 

typed by alternative methods.

Polymerase Chain Reaction Based Methods PCR has been used for several 

years as a typing method for infectious agents (Tenover et al., 1997). Like PFGE, PCR 

produces banding patterns; however unlike PFGE, it requires no more than eight hours to 

complete. PCR requires little prior preparation of the target sample and DNA need not be 

purified (Eisenstein, 1990). Commercially available reagents and thermocyclers are the
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only other equipment needed for PCR (Arbeit, 1995). The reaction mixture contains two 

oligonucleotides (primers) corresponding to sequences at opposite ends of the template 

DNA, a heat stable polymerase, a polymerase buffer, and the four deoxynucleotides. In 

repeated cycles the DNA is denatured, primers bind complementary sequences on the 

template DNA (annealing), and deoxynucleotides are added to create new DNA 

(extension). Thus, the newly synthesized strands are complementary to the template 

DNA. An entire procedure consisting of 20-30 cycles can be conducted in a 

microcentrifuge tube and within a few hours will generate sufficient product (amplicon) 

(Arbeit, 1995). These amplicons are small enough to run on a conventional gel to 

visualize banding patterns.

The epidemiological power of PCR is simplicity and speed. However, PCR also 

has problems that should be considered. A major problem is the risk of contamination of 

DNA producing false-positive results representing amplification of the contaminant 

(Arbeit, 1995). Unlike PFGE, amplification can be influenced by every component of the 

reaction mixture, as well as, differences in thermocyclers, and difficulties with data 

basing and interlaboratory comparison of information (Goering, 1998). Concentration of 

template DNA, primers, and buffer can all show variability among organisms. Priming 

doesn’t always lead to a large number of dark, high-definition bands, thereby making 

interpretation difficult. It is a question among all investigators whether to include faint 

bands produced after amplification. Finally, the amplicon sets generated by these 

methods survey only a small fraction of the chromosomal DNA (Goering, 1998). Ideally, 

amplification should be directed towards sequences that represent the genetic clock of the

orgamsm.
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Arbitrarily Primed PCR (AP-PCR). One of the major considerations with any 

PCR method is which primer to use. However, in most cases the chromosome sequence 

is unknown. AP-PCR is a technique that utilizes a primer typically 10 base pairs long 

that is not directed to amplify any known sequence (Tenover et al., 1997). In order to 

amplify the DNA, annealing temperatures are kept low to allow nonspecific hybridization 

at multiple random chromosomal locations (Tenover et al., 1997). If two primers land in 

close proximity, and if they are in the right orientation, PCR can proceed (Tyler et al., 

1997). The theory behind AP-PCR is that two isolates that have identical chromosomes 

will be amplified in the same way, while unrelated isolates will have different priming 

sites and therefore different banding profiles (Tyler et al., 1997).

This approach has remarkable general applicability and has been applied to many 

types of organisms (Tenover et al., 1997). The biggest problem with the technique is the 

amount of variability. Tyler et al., 1997 conducted a study, which compared AP-PCR 

reactions in a single laboratory. They found that high degrees of standardization and 

internal control are required to reproduce results. This includes quantification of DNA 

concentration, primer screening and titration, quantification of strength of primer binding, 

titration of primer-to-template ratio, standardization of polymerase and pooling of 

polymerase stocks, and standardization of cation (Mg2*") concentration. Other 

considerations in AP-PCR include maintaining a standard set of thermocycling conditions 

and always running a control blank since even contamination with RNA can lead to 

amplification (Tyler et al., 1997). Additionally, it is important to maintain the use of one 

thermocycler with a standard set of thermocycling conditions; however, this causes a 

problem for creating an interlaboratory database (Tyler et al., 1997). While this



24

technique relies on randomness to group isolates, the degree of randomness should be the 

same every time regardless if the raw data is not reproducible.

Inter-repetitive Sequence Based PCR (Rep-PCR). Amplification of specific 

portions of DNA by PCR has found wide applications in molecular epidemiology (Sethi 

et al., 1996). The sequences are found to be scattered around the genome and are 

conserved among many genera of bacteria. They are present in multiple copies per 

genome (repetitive), but frequency and position varies among strains (Sethi, et al., 1996). 

Amplification proceeds between interrepeat sequences of variable length by using 

outward primers under moderately stringent conditions (Deplano et al., 1997). The 

seemingly random distribution of these repeats allows complimentary primers to generate 

DNA fragment patterns that are specific for individual strains (DelVecchio el al., 1995). 

Thus, the number and size of the products varies among strains

Repetitive sequences were initially identified in enteric bacteria. These 124- to 

127-bp sequences are referred to as enterobacterial repetitive intergenic consensus 

(ERIC) (Tyler et al., 1997). Although these elements were initially discovered in the 

genomes of enteric bacteria, they are also found in the genomes of other gram-negative 

species and are present at approximately 30 to 150 copies (Tyler et al., 1997). ERIC- 

PCR has been used to type MRSA, however low-stringency conditions and different 

primer combinations were needed to resolve fragment patterns (DelVecchio, et al., 1995). 

The 33- to 40-bp REP (repetitive extragenic palindromic) elements, initially found in 

Escherichia coli and Salmonella tyhimurium, occupy about 1% of the bacterial genome 

and are present at approximately 500 to 1,000 copies (Tyler et al., 1997). The 154-bp 

BOX element was discover in Streptococcus pneumoniae and is present at approximately



25

25 copies (Tyler et al., 1997). BOX elements, composed of box a (59 nucleotides), box 

b (45 nucleotides), and box c (50 nucleotides), seem to be the gram-positive equivalent to 

REP and ERIC sequences (Tyler et al., 1997).

There are also three other primer sets that have been used in typing of S. aureus. 

The first types of primers amplify the fragments of the 16S-23S rRNA intergenic spacer 

region (Kumari et al., 1997). The 16S, 23S, and 5S rRNA genes are separated by spacer 

regions, which exhibit significant sequence and length polymorphisms (Kumari et al., 

1997). This diversity is partly due to variations in the number and type of tRNA 

sequences found in the spacer region (Kumari et al., 1997). Another primer that has been 

utilized is RW3A, which is derived from the Mycoplasma pneumoniae repetitive 

sequence Rep MP3, since M. pneumoniae evolved from gram-positive bacteria 

(DelVecchio et al., 1995). Finally, IS256 elements have been targeted as repetitive 

elements. IS256 elements are present in multiple copies in the staphylococcal genome, 

either flanking the transposon Tn4001 or independent of it (Deplano et al., 1997). The 

REP-PCR strategy relies on sufficient clustering of IS256 elements of sequences partly 

homologous to them (Deplano et al., 1997).

In all cases, synthetic oligonucleotides matching the consensus sequence can be 

used as primers (Tyler et al., 1997). The primer sets are outwardly directed and when 

binding sites are in the appropriate orientation, close enough for polymerase extension 

(within 5 kb), amplification between the consensus sequences occurs (Sethi et al., 1996). 

Electrophoresis of the amplicons results in a genomic fingerprint that is strain-specific. 

Differences in the band patterns represent differences between the chromosomal locations 

and number of repetitive elements present on the chromosome (Tyler et al., 1997). All
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the methods mentioned above can be collectively referred to as inter-repetitive sequence 

based PCR, since amplification proceeds between consensus sequences.

Unlike AP-PCR, the sequence of the target is known and the annealing 

temperatures are more stringent to avoid random hybridization of primer to target DNA 

(Tyler et al., 1997). In REP-PCR results are reproducible, and in general analyze a 

greater potion of the chromosome since amplification occurs between the consensus 

sequences.

A problem with REP-PCR can occur in all amplification procedures and that is 

minor, faint bands showing up on the gel, leading to questions of interpretation. 

Controversy surrounds the idea of whether to include or count these minor bands 

(Tenover et al., 1997). Overall, discriminatory power is high, but banding patterns often 

suggest a higher degree of polymorphism than actually exists among isolates.

Interpretation of Molecular Typing Data Interpretation of strain typing data is 

facilitated greatly by an appreciation of the molecular basis of genetic variability of 

bacteria and technical factors that can affect results (Tenover et al., 1997). Several 

assumptions must also be made: isolates considered the outbreak strain are derived from 

a common precursor, these isolates will have the same genotype; and, epidemiological 

unrelated isolates will have different genotypes (Tenover et al., 1997). In some settings, 

situations may arise where epidemiological interrelationships between isolates are 

unclear (Goering, 1993). In these cases it is better to include the isolates and assume 

relatedness. Criteria have been established for distinguishing true differences in strains 

from the natural genetic variation that occurs over time (Tenover et al., 1997).
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In PFGE banding differences can be traced to specific genetic events (Goering, 

1998; Tenover, 1995). Isolates that have indistinguishable banding patterns are 

considered highly related and have no detectable genetic differences. If there is a 

difference of one to three band positions, it is probably the result of one genetic event. 

Isolates that differ by one, two, or three bands are considered related and constitute a 

strain. Any differences beyond three are the result of more significant genetic events. 

Fingerprints of isolates that differ by more than three bands are considered unrelated and 

belong to a different strain.

Figure 1 represents the influence of genetic events on PFGE patterns. The 

epidemic strain is the frame of reference to which all other isolates are compared. “A” 

isolates are those that differ by genetic events affecting the restriction site. A1 differs 

from the epidemic strain by three bands: the loss of one large band (+1) and the gain of 

two smaller bands (+2). An insertion into the chromosome of A1 introduced a new cut 

site within the large band to create two smaller bands. A2 underwent a chromosomal 

deletion and eliminated a cut site, causing the two smaller bands to disappear (+2) and 

become one large band (+1). Isolate A3 differs from the epidemic type by four bands as 

a result of a chromosomal rearrangement that swapped the positions of original cut sites 

(+4).

Changes in B isolates represent genetic events that would not affect a restriction 

site. B1 differs from the epidemic strain by two bands as a result of an insertion that 

increased the size of the original fragment. B2 only differs by two due to a deletion, 

which results in a decrease in size of the original fragment. B3 represents a situation 

where no genetic difference was detected by PFGE since the event didn’t affect a size of
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Figure 1. Hypothetical banding patterns obtained by PFGE. Banding patterns designated 

“A” demonstrate those that differ by genetic events affecting the restriction site of the 

enzyme. Banding patterns designated “B” demonstrate those that differ by genetic events 

not affecting the restriction site. The banding pattern labeled “Epidemic Type” 

represents the referent for the comparison. The arrows indicate shifts in the restriction 

position. Illustration taken from Goering (1998).
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an original fragment nor affect a restriction site. All “B” isolates represent minor 

banding differences and should be considered related to the epidemic strain and part of 

the outbreak.

Subtypes. Isolates with fingerprints differing by three or more bands are 

considered related, however, there is another way to distinguish among isolates within a 

group. Isolates that are considered clones can then be separated from isolates differing 

by one or two simple events. These isolates are assigned subtypes of the original 

epidemiological type and still considered part of the outbreak. Isolate B3 in Figure 1 is 

considered a clone of the epidemic type while B1 and B2 are each considered subtypes. 

B1 represents one subtype and B2 represents another. It is important to remember that 

any comparisons made are always against the epidemic type.

Methods of Interpretation. The first step to interpretation is determining the 

epidemic type (Tenover et al., 1995). This can be found by examining the fingerprints 

generated. The fingerprint most frequently seen among the isolates is the epidemic type. 

The first designation is the epidemic type (A) while subtypes are designated Al, A2, and 

so on (Goering, 1998). As discussed above, isolates differing by more than three bands 

are unrelated and assigned to different groups. Unrelated isolates are placed into groups 

assigned B, C, and so on while subtypes can also be assigned within these groups. 

Analysis should always include all groups identified.

Figure 2 shows PFGE data representing typical outbreak isolates. There are four 

main strains involved with Al being the most common and therefore the epidemic type. 

Groups B, C, and D differ from Al by three or more bands. Within B, there are two 

identical isolates (Bl) and one strain differs by three bands (B2).
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Figure 2. Hypothetical banding patterns of typical bacterial outbreak isolates 

Designations at the bottom of each pattern indicate the epidemiological type, where the 

letter indicates the group to which the isolate was assigned (A, B, C or D) and the number 

indicates the subtype (1 or 2) of the isolate. Isolates given different subtypes have minor 

genetic differences. Illustration taken from Goering (1998).
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Visual inspection of banding patterns is the first step, however in larger groups of 

isolates this could be difficult. The Dice coefficient can be used to obtain a numerical 

value of similarity between isolates (Goering, 1993). With this method, the number of 

chromosomal bands common to both isolates is multiplied by two and the result is 

divided by the total number of bands exhibited by the two isolates (Goering, 1993). 

When evaluating data based on the Dice coefficient, isolates related by more than 80% 

are considered related and placed in the same epidemiological group (Goering, 1993). 

However, visual inspection should be performed to confirm the placement.

Computer software exists that can be used in the interpretation of molecular data. 

BioRad Molecular Analyst ® Fingerprinting Plus package allows standardization of 

isolate patterns to a global reference, as well as clustering and quantification of group 

similarities. Computer analysis should still be compared to visual inspection

Considerations for Data Interpretation No typing method currently available 

is perfect in every aspect. For example, isolate B3 n Figure 1 underwent a major genetic 

event that was not detected by PFGE. Minor genetic events of base pair substitutions in 

isolates A1 and A2 lead to a three-band difference. PFGE provides a gross analysis 

based upon spatial distances between restriction sites (Goering, 1993), yet sequence- 

based methods only analyze small fractions of the entire genome. Phenotypic methods in 

general are shown to be inferior to genotypic techniques and are associated with 

variability (Tenover et al., 1997). Overall, strain-typing data cannot stand alone, and 

should be considered only a component of the entire investigation (Goering, 1998).
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Comparisons of Epidemiological Typing Methods

In order to determine which typing method should be used for an investigation, 

comparisons of the various methods can be used. Table 1 and Table 2 provide 

information on each typing method in regards to typeability, reproducibility, 

discriminatory power, ease of performance, ease of interpretation, availability, and cost. 

In addition to considering these tables certain other aspects should also be considered. 

These aspects are listed as follows.

1) Epidemiologists should determine whether readily available and inexpensive 
techniques are adequate before using more sophisticated tests.

2) Often the best method is one that works, even if the test has theoretical or actual 
limitations.

3) Typing results frequently represent someone’s judgment about sameness or 
relatedness.

4) Results obtained with different typing methods do not always correlate 
completely, because different systems evaluate different traits.

5) One system may be inadequate because it can’t discriminate one strain from 
another. Another system may be too discriminatory, such that related isolates 
appear different

6) Because bacteria are under outside pressure, some of their genetic traits may be 
unstable.

7) There is not always one best method. Different methods may be best for 
different organisms, different epidemiological questions, and different research 
projects.

8) In general, if one method has worked for one organism, it is likely to work for a 
related organism.

9) One needs some basic knowledge of the population genetics of the organism in 
question.



35

TABLE 1
Phenotypic Typing Methods*
Typ in g
Maethod

Typ*-
abtllty

ih p to -
A tcM lIty

Maortmina- 
taty P o int

EaM  at
Partanaaata

U s s  of 
Eirtsrprstaopfl AvaRaMIMy Coat

Antimicrobial
susceptibility Excellent Good Poor Excellent Excellent Excellent Low

Biotyping Excellent Poor Poor Excellent Excellent Excellent Low
Sero typing Variable Good Variable Good Good Variable Medium
Bacteriophage

typing Variable Fair Variable Poor Poor Excellent Medium
PAGE Excellent Good Unknown Excellent Unknown Good Medium
Immunoblotting Excellent Good Good Good Good Variable Medium
MLEE Excellent Excellent Good Good Excellent Variable High
Abbreviation*: PACE, potyscrytamhie gel electrophoresis: MLEE. muEtflocus ensyme electrophoresis.
'  The subjective rankings s rt based on the results from bacterial typing: many technique* are not applicable for viruses and fungi

(taken from Maslow and Mulligan, 1996)

TABLE 2
Genotypic Methods*
T y p in g
M e th o d

Typo-
a b tttty

Rapro-
ductrW ty

Dtacdsat no
ta ry  Pawar

Eass of 
Parfonaaaoa

ii

A va tia b ttty Coat

Plasmid profiles Variable Fair Variable Fair Good Excellent Medium
Plasmid REA Variable Excellent Good Excellent Excellent Excellent Medium
Chromosomal

REA Excellent Variable Variable Good Fair Variable Medium
Ribo typing Excellent Excellent Good Good Good Variable High
PFGE Excellent Excellent Excellent Good Good Variable High
PCR Excellent Excellent Unknown Good Fair Variable High
Abbreviation*- REA, restriction endocmdeaje aniljrsa; PFGE, pubed field gel electrophoretic PCS. potynxme chain reachoo. 
•The subjective rankings are baaed on the result* from bactejul typing; many techniques are not applicable for vtrvaea and ftingl.

(taken from Maslow and Mulligan, 1996)
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Materials and Methods

Bacterial Isolates

Fifty-one isolates of S. lugdunensis from various geographic regions, were 

initially characterized and provided for this study by the Centers for Disease Control, 

Atlanta, GA (Table 3; Figure 3). Upon arrival, the isolates were plated on BHI agar, and 

incubated at 37° C overnight, then stored at 4° C. Isolates were subcultured on BHI as 

necessary. Original isolates were kept at -70° C.

Preparation of DNA for PFGE

Sterile tubes containing 10 ml Trypticase®-Soy Broth (TSB, Becton-Dickinson, 

Cockeysville, MD) were inoculated from plate cultures stored at 4° C. Cell suspensions 

were grown in air at 37° C overnight. Growth density was evaluated by estimation of 

turbidity and not quantified. Two ml of the inoculum was pelleted by a 30 second high

speed centrifugation, and cells were resuspended in 0.5 ml TEN buffer (0.1 M Tris-Base, 

0.15 M NaCl, 0.1 M disodium EDTA). Cells were then pelleted by a 30 second high 

centrifugation, and resuspended in 0.3 ml EC buffer (6 mM Tris-HCL, 1 M NaCl, 100 

mM disodium EDTA, 0.5% Brij-58 (polyoxyethylene-20-cetyl ether), 0.2% sodium 

deoxycholate, 0.5% N-lauroylsarcosine). The cells are held in a 55° C water bath. Cells 

were then treated with 1 mg/ml lysostaphin (Sigma Chemical Co., St. Louis), and 

encased in 0.3 ml low-melting temperature InCert agarose (purified for PFGE analysis, 

FMC Bioproducts, Rockland, ME). The agarose was cast in 10-well plug molds (Bio- 

Rad, Hercules, CA) and allowed to solidify. Agarose plugs were then incubated at 37° C 

in EC buffer for one hour. This solution was then discarded and the agarose plugs were



Table 3. G eographic origin and designations o f  S. lugdunensis isolates

Geographic Origin Isolate Name
FRANCE 18-03
FRANCE 18-04
FRANCE 18-08
FRANCE 18-10
FRANCE 18-11
FRANCE 18-12
FRANCE 18-13
FRANCE 18-14
FRANCE 18-15
FRANCE 18-16
FRANCE 18-17
FRANCE 18-18
FRANCE 20-05
FRANCE 20-08
FRANCE 20-11
FRANCE 20-14
FRANCE 20-19
FRANCE 20-20
FRANCE HB04
FRANCE HB25
GEORGIA 18-02
GEORGIA HB09
GEORGIA HB10
GEORGIA HB12
GEORGIA HB13
GEORGIA HB14
GEORGIA HB16
GEORGIA HB17
GEORGIA HB26
KANSAS HB02
LONDON 20-04
LONDON 20-12
LONDON 20-13
LONDON 20-15
LONDON 20-18
MICHIGAN 18-01
MISSOURI 18-07
MISSOURI 18-09
NEW  YORK HB05
NEW  YORK HB06
OHIO 18-06
OHIO HB19
OHIO HB20
OHIO HB22

Geographic Origin Isolate Name
OREGON 18-05
OREGON 20-01
OREGON 20-02
OREGON 20-03
OREGON HB03
W EST VIRGINIA HB11
W EST VIRGINIA HB27
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Figure 3. Graphic representation of the geographic origin of the 51 S. lugdunensis

isolates.
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incubated at 55° C in TE buffer (10 mM Tris-HCL (pH 7.5), 1 mM disodium EDTA) for 

one hour. Agarose plugs were stored in fresh TE buffer at 4° C.

Endonuclease Digestion for PFGE

Agarose plugs were treated with IX restriction buffer (SuRE-Cut Buffer A, Roche 

Biochemicals, Indianapolis, IN) while rotating at room temperature for one half-hour. 

The buffer was discarded and the plugs were added to 5 pi of Smal (Roche Biocemicals) 

and 0.25 ml of Buffer A for two and on half-hours at room temperature. Digested plugs 

were stored in fresh TE buffer at 4° C.

Pulsed-field Gel Electrophoresis

Pulsed-field gels were cast with 0.8% SeaKem Gold agarose (FMC Bioproducts) 

dissolved in 0.5 X TBE (90 mM Tris-base (pH 8.0), 2 mM disodium EDTA, 90 mM 

boric acid), using gel molds supplied by Bio-Rad (Standard Casting Stand) and 15-well 

combs. DNA plugs were cut into thirds, and one-third of each plug was loaded into the 

wells. The middle and two outermost lanes of each gel were reserved for the internal 

standard, which was taken from plugs containing DNA of a laboratory strain of S. aureus, 

digested with Smal. Once loaded, the wells were sealed with 0.8% agarose. All isolates 

were run on the same electrophoresis chamber, using the Bio-Rad CHEF-DRIII® 

Electrophoresis System, and the same electrophoretic switching program: initial switch 

time =1.0 sec; final switch time = 34 sec; 6.0 volts/cm; 120° angle; run time = 22 hr; 

temperature = 14°C. Two liters of 0.5X TBE was used as the running buffer. Gels were 

stained in ethidium bromide and visualized using the Gel Doc 1000 flatbed scanner with
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Molecular Analyst® UV Gel Documentation software (Bio-Rad). Five pulsed-fteld gels, 

representing fifty-one isolates, were stored as bitmap files.

Preparation of DNA for REP-PCR

Cells were grown overnight on BHI plates at 37° C. One loopfiil of cells was 

taken and resuspended in 50 pi of 0.5% lysostaphin, and incubated at 37° C for ten 

minutes. Proteinase K (Bio-Rad) was diluted by adding 4 pi into 1 ml of water. After 

dilution, 50 pi was added to cells along with 150 pi of buffer (0.1 Tris-HCl; pH 7.5) and 

incubated at 37° C for ten minutes. After incubation the cells were placed in boiling 

water for five minutes. The sample was then centrifuged and the pellet discarded. The 

supernatent was stored at -20° C.

Interrepetitive Sequence-based (REP) PCR with IS256

Stored DNA was thawed and kept on ice. For each reaction, 1 pi of the DNA 

preparation was used. The reagent mix for each reaction was: 84 pi of sterile water, 10 

pi of PCR buffer, 2 pi deoxynucleotide mix (10 mM each dNTP, Roche Biochemicals), 1 

pi of IS-1, 1 pi of IS-2, and 1 pi of Taq DNA polymerase (5 U/ml, Roche Biochemicals). 

The final reaction mixture was 100 pi.

The primer sequences (Deplano et al., 1997) were as follows: IS-1:

GG ACT GTT AT AT GGCCTTTT and IS-2: GAGCCGTTCTTATGGACCT (synthesized 

by Life Technologies, Rockville, MD). Lyophilized primers were dissolved in sterile 

water to a final concentration of lpg/pl. Primer aliquots were stored at -20° C. DNA 

from isolates was amplified using the same thermocycler (Gene Amp® PCR System
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2400, Perkin-Elmer, Norwalk, CT), and the same amplification program (Deplano et al., 

1997): 94° C, 2 minutes, (94° C, 30 seconds, 45° C, 1 minute, 12° C, 1 minute) x 40 

cycles; 4° C hold. PCR products were stored at -20° C.

Interrepetitive Sequence-based (REP) PCR with RW3A

The same reaction mixture and amount of DNA were used with RW3A except 

that 2 pi of only one primer was used. The primer sequence (DelVecchio et al., 1995) 

was: TCGCTCAAAACAACGACACC (synthesized by Life Technologies). The primer 

was dissolved in sterile water to a final concentration of lpg/pl. Primer aliquots were 

stored at -20°C. DNA from all isolates was amplified using the same thermocycler, and 

amplification program (DelVecchio, et al., 1995): 94° C, 3 minutes, (94° C, 1 minute; 

54° C, minute, 12° C, 2 minutes) x 30 cycles; 12° C, 5 minutes; 4° C, hold. PCR products 

were stored at -20° C.

Interrepetitive Sequence-based (REP) PCR with lnter-16S-23S rRNA PCR

The same reaction mixture and amount of DNA was used with 1 pi of G1 primer 

and 1 pi of LI primer. The primer sequences (Kumari et al., 1997) were: Gl:

GAAGTCGTAACAACG and LI: CAAGGCATCCACCGT (synthesized by Life

Technologies). The primers were dissolved in sterile water to a final concentration of 1 

pg/pl. Primer aliquots were stored at -20° C. DNA from isolates was amplified using 

the same thermocycler and amplification program (Kumari et al., 1997): (94° C, 1

minute, 45° C, 1 minute; 12° C, 1 minute) x 34 cycles; 12° C, 7 minutes; 4° C, hold. PCR 

products were stored at -20° C.
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Preparation of DNA for Arbitrarily-Primed PCR (AP-PCR)

Sterile tubes containing TSB were inoculated as described above for PFGE, from 

the same culture plates, and incubated at 37° C overnight. One ml of each cell suspension 

was pelleted, and resuspended in 0.15 ml of “Solution 1” (25 mM Tris-HCL, 10 mM 

disodium EDTA, 50 mM glucose). Cells were treated with 5 pi of lmg/ml lysostaphin, 

vortexed and incubated for one hour at 37° C. One ml of “Solution 2” (4 M guanidium 

isothiocyanate, 3 mM EDTA-disodium, 50 mM Tris-HCL, 1% Triton-X 100) was added. 

DNA was extracted using Celite® (Spectrum Chemical, Gardena, CA) solution (0.2% 

Celite 501 with 32% HC1) by the following procedure: after addition of 50 pi of Celite 

solution, the DNA was mixed by hand for 15 seconds, then incubated at room 

temperature for 10 minutes with occasional tilting. The solution was pelleted by 

centrifugation, and the pellet was washed twice with Solution 2 (1 ml per wash), then 

twice with 70% ethanol (1 ml per wash). The pellet was dried by a speed vac for 10 

minutes. DNA was eluted by adding 100 pi of TE buffer and incubating for 10 minutes at 

55° C. The suspension was pelleted by centrifugation and supematent was collected. 

Additional centrifugation was performed to insure removal of all Celite solution. DNA 

suspension (supernatent) was stored at -20° C.

Arbitrarily-Primed PCR (AP-PCR) with ERIC 1 and 2 primers

Stored DNA was thawed at room temperature, and then kept on ice. For each 

reaction, 10 pi of the DNA preparation was used. The reagent mixture for each reaction 

was: 65 pi water, 10 pi Kara’s buffer, 10 pi 0.2 mM Mg2", 2 pi deoxynucleotide mix, 1
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pi of ERIC-1 primer, 1 pi of ERIC-2 primer, and 1 pi of Taq DNA polymerase. The 

final reaction volume was 100 pi.

The primer sequences (van Belkum et al., 1995) were El:

GTGAATCCCCAGGAGCTTACAT and E2: AAGTAAGTGACTGGGGTGAGCG

(synthesized by Life Technologies). Primers were dissolved in sterile water to a final 

concentration of 1 pg/pl. Primer aliquots were stored at -20° C. DNA from all isolates 

was amplified using the same thermocycler (Gene Amp® System 2400, Perkin-Elmer, 

Norwalk, CT), and the same amplification program (van Belkum et al., 1995): 94° C, 4 

minutes, (94° C, 1 minute; 25° C, 1 minute; 74° C, 2 minutes) x 35 cycles; 4° C, hold. PCR 

products were stored at -20° C.

Electrophoresis for all REP-PCR and AP-PCR

Electrophoresis gels were cast with 1.0% SeaKem LC agarose (FMC 

Bioproducts) dissolved in IX TBE, using 15 and 20 well combs. Five pi of PCR product 

was mixed with 5 pi of loading dye (1 mg/ml Bromophenol Blue, 0.07% SDS, 10% 

Ficoll in buffer) and loaded into wells. On each gel, two to three lanes were loaded with 

10 pi of 1 kb DNA ladder (DNA range = 220 bp to 12,216 bp, Gibco-BRL, Grand Island, 

NY) suspended in loading dye. The ladder served as an internal standard. Gels were run 

using the same electrophoresis chamber (DNA SubCell Electrophoresis Chamber, Bio- 

Rad), at 150 volts, 100 milliamps for 2 hours. Gels were stained with ethidium bromide 

and visualized as described above for PFGE gels. All gels were stored as bitmaps.
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Data Analysis

All molecular data for each isolate was analyzed using Molecular Analyst® 

Fingerprinting Plus Software (Bio-Rad, Version 1.5). Results of PFGE typing and of 

PCR typing were analyzed separately and independently. Bitmap files were converted to 

negative image files and loaded into software libraries. During conversion, the relevant 

data for each isolate was entered. For each of the data sets, one global standard was 

chosen from internal standards included on the gels, using the guidelines suggested by the 

software manufacturer. Gel images were then normalized to the global standard, which 

corrected for artifactual differences between gels. The location of each band in each 

isolate fingerprint was manually assigned based upon visual inspection. Relatedness 

among the banding patterns of isolates was analyzed by the software, using the UPGMA 

clustering method (unweighted pair group methods with arithmetic averages), and 

relatedness was quantified using the Dice coefficient. During analysis, two functions 

offered by the software were used. The Position Tolerance function allows greater 

tolerance for single band position differences among isolates, which share an identical 

banding pattern. For both PFGE and PCR data the position tolerance was set at 1.0%, 

meaning that in a pattern of 100 points, a shift of 1 point is allowed among corresponding 

single bands. The default position tolerance provided by the software is 0.8%. The 

Optimization function further corrects single position differences among bands between 

closely related isolates. These functions together compensate for variability among gels 

not corrected during normalization.

Dendrograms generated by the software were used to assign isolates into clusters 

of similarity. Clusters representing epidemiologically related isolates were defined as
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sharing a Dice coefficient of equal to or greater than 80%. Within each cluster assigned 

by PFGE, subtypes were identified by visual inspection. As a guide, isolates related by a 

Dice coefficient of 100% were assigned to the same subtype. Isolates within a cluster but 

related by a Dice coefficient of less than 100% were assigned to different subtypes. All 

clusters and subtypes were confirmed by visual inspection of all isolates.

Group codes based upon the PFGE and PCR clusters were assigned to each 

isolate, and codes were sorted and compared using Microsoft® Excel 97 SR-1 software. 

Molecular data and geographic origins were also compared.

Southern Hybridization: Blot Preparation

Gels containing isolates representing PFGE groups of geographic regions were 

stained with ethidium bromide and stored as bitmap files. Each gel also contained one 

lane with HB15, which was also the source of probes. Gels were then placed on a 

Photodyne® transilluminator for 20 min. to nick DNA. The gel was then placed in a 

glass dish containing depurination solution (21.5 ml HC1 with water up to 1 liter) for a 30 

min. wash with gentle mixing. This solution was decanted and denaturing solution (87.6 

g of 1.5 M NaCl and 20.0 g 0.5 M NaOH for 1 liter of solution) was added for two 30 

minute washes with gentle mixing. This solution was then decanted after each wash and 

neutralization solution (175.2 g of 3.0 M NaCl and 78.8 g of 0.5 M Tris-HCL with final 

pH of 7.5 with total volume of 1 liter) was added for two 30 minute washes with gentle 

mixing. During the last wash, a nylon membrane (Roche Biochemicals) was cut slightly 

larger than the gel and a filter (Whatmann paper) is cut slightly larger than the membrane. 

The membrane was placed in a glass dish containing 2 X SSC (100 ml 20 X SSC (175 g
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NaCl, 88.8 g Na citrate and 900 ml water) and the gasket to the Millipore® Milliblot- V 

System Vacublot is placed in water. At the end of the last neutralization wash, the filter 

was moistened with 2 X SSC, placed in the middle of the Vacublot and air bubbles were 

removed. The membrane was placed in the middle of the filter and air bubbles were 

removed. The gasket was then placed on top to cover the membrane and air bubbles 

were removed. The gel was transferred and placed on top of the gasket. A vacuum was 

then pulled to create a seal and 2 X SSC solution was poured over the gel. This level was 

kept constant while pulling a vacuum for 35 minutes In order to confirm that the transfer 

was successful, the gel was gently removed, stained with ethidium bromide, and 

visualized. The membrane was placed between the whatmann paper and baked for 30 

minutes with a glass petri dish on top. The baked membranes were stored in a dark place 

until ready for use.

Southern Hybridization: Probe Preparation

A PFGE gel containing 15 wells of a standard S. lugdunensis strain (HB15) was 

stained and visualized. The gel was then placed on transilluminator and bands were 

carefully excised and placed in microcentrifuge tubes. A total of 8 different sized bands 

were excised and two bands per size were used for each probe. The removed bands were 

washed with 50 pi Buffer H (Roche Biochemicals) and 450 pi of water while rotating for 

30 minutes. The bands were then cut with EcoRl (Roche Biochemicals) (10 pi EcoRl, 50 

pi Buffer H, and 45 pi of water) and incubated overnight at 37° C. The solution was then

removed.
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GENECLEAN II® (Bio 101, Vista, CA)

Bands were first weighed (usually 0.1 g) and then cut into smaller pieces with 

scalpel. The pieces were then placed in 450 pi of Nal and 50 pi of TBE modifier 

(protocol calls for Nal 4.5 X weight and TBE modifier 0.5 X weight) and placed in 55° C 

water bath for about 10 minutes or until all the agarose was dissolved. After first 

vortexing glassmilk, 10 pi of glassmilk was added and gently rotated for 10 minutes. The 

solution was then centrifuged and the supernatent was removed. The pellet was then 

washed 3 times with 700 pi of New Wash. It was then allowed to dry at room 

temperature. The pellet was then resuspended in 20 pi of TE buffer and centrifuged. The 

supernatent containing the DNA was carefully removed and stored at -20° C until further 

use.

Probe Labeling

Five pi of product DNA and 32.5 pi of water were placed in microcentrifuge and 

boiled for 10 minutes. The solution was quickly cooled on ice water and 5 pi of 

hexanucleotide mix (Roche Biochemicals), 5 pi of DIG labeling (Roche Biochemicals), 

and 2.5 pi of Klenow fragment (Roche Biochemicals) were added and incubated at 37° C 

overnight. In order to stop the reaction, 5 pi of 0.5 M disodium-EDTA (37.2 g disodium- 

EDTA, water up to 200 ml) was added. To check the strength of the probe, 2 pi of 

labeled product was dropped onto a membrane, baked for 35 minutes., and subsequent 

steps of detection were performed (see detection section). All together 8 different probes 

representing 8 different bands were labeled and used.
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Southern Hybridization: Hybridization

A prepared membrane was cut down as much as possible without removing lanes 

of the gel and placed into a plastic bag. One hundred ml of hybridization solution (for 

375 ml: 93.75 ml 20 X SSC, 281.25 ml water, 3.75 g blocking reagent, 0.375 N-

laurylsarcosine, 0.075 SDS) was boiled for 12 minutes and placed in ice water to cool. 

Once cool, it was poured into bag, air bubbles were removed, and the bag was placed in a 

68° C water bath with mixing for 1 hour. During this incubation, 50 ml of hybridization 

solution and labeled probe were separately boiled for 12 minutes and placed in ice water. 

Once cool, the probe was added to the hybridization solution. After the 1-hour 

incubation, the 100 ml of solution was removed and the probe mixed with hybridization 

solution was added to the plastic bag and incubated in a 68° C water bath with gentle 

mixing overnight.

Southern Hybridization: Detection

The bag was removed from the water bath and the probe solution was gently 

poured into a tube. The membrane was placed in a glass dish containing 200 ml of Wash 

1 (for 1 liter: 1 g SDS, 100 ml. 20 X SSC, and 900 ml water) for 5 minutes with gentle 

mixing. This wash was decanted and repeated. Two hundred ml of Wash 2 (at 68° C 

before use) (for 1 liter: 1 g SDS, 25 ml 20 X SSC, 975 ml water) was added to the glass 

dish and placed in 68° C water bath for 15 minutes. This wash was decanted and 

repeated. The membrane was washed briefly with 200 ml of Buffer 1 (for 2 liters: 4.84 g 

Tris-Base, 25.22 g Tris-HCL, 17.52 g NaCl ,pH at 7.5 and then washed with the 200 ml 

of Buffer 2 (1 g blocking reagent (Roche Biochemicals) and 200 ml Buffer 1) for 30
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minutes with gentle mixing. Spot check of probes were added and washed briefly with 

200 ml of Buffer 1. This buffer was replaced with 80 ml Buffer 1 and 26 pi of AP- 

Conjugate (Roche Biochemicals) and mixed for 30 minutes. The membrane was then 

washed with 200 ml of Buffer 1 and two washes with Buffer 1 each mixing for 15 

minutes. The membrane was equilibrated with Buffer 3 (for 2 liters: 23 g Tris-Base, 1.58 

g Tris-HCL, 11.68 g NaCl, 20.32 g MgCk (pH to 9.5)) for 7 minutes with gentle mixing. 

During this time 50 ml of Buffer 3 with 1 ml of NBT/BCIP (Roche Biochemicals) were 

mixed and placed in the dark. The Buffer 3 wash was decanted the mixture containing 

NBT/BCIP was added. The membrane was allowed to sit in the dark overnight for color 

development. For the spot check for probes, color development is usually seen within 30 

minutes. In order to stop the reaction, the membrane was washed with water.
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Results

Typing bv Pulsed-field Gel Electrophoresis

Figure 4 shows five pulsed-field gels, with banding patterns of fifty-one S. 

lugdunensis isolates generated by digestion with Smal On each gel, the center and two 

outermost lanes contain the molecular size standard, obtained from Smal digestion of the 

reference S. aureus strain NCTC 8325.

Images of all five gels were converted to bitmap files, analyzed by Molecular 

Analyst® Fingerprinting Plus. The global standard for normalization is found on Gel B, 

in the last lane labeled “STD”. By adjusting the band positions of the standards on each 

gel to match the global standard, position differences due to technical variation were 

corrected. On each gel, the positions of the individual restriction fragments for each 

isolate were manually assigned, based on visual inspection of the bitmap images.

Banding patterns for all isolates were then analyzed for similarity using the 

UPGMA clustering method (see Materials and Methods). Band tolerance was set at 1.0% 

and the Optimization function was used (see Materials and Methods). Figure 5 shows the 

dendogram generated by the software. Estimates of similarity were based upon the Dice 

coefficient (see Materials and Methods). Isolates similar by a Dice coefficient equal to or 

greater than 80% were placed into the same epidemiological group. Eight major groups, 

designated A to H, were assigned by PFGE, with a majority of isolates falling into 

Groups A or E. Five of the fifty-one isolates were not related by 80% to any group, and

were designated in groups I to M.
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Figure 4. Chromosomal banding patterns of fifty-one S. lugdunensis isolates digested 

with the restriction enzyme Smal and typed by PFGE. Isolate designations are listed at 

the top of each gel lane. The label “STD” indicates the reference strain of S. aureus, 

NCTC 8325. The organization of the isolates (from left to right in each gel) is: (A) STD, 

183, 1817, 204, 2011, 2012, 2013, STD, 2015, 2018, 182, 185, 1816, HB22, STD; (B) 

STD, 186, 189, 1810, 1814, HB4, HB19, STD, HB20, 1811, 1812, 203, 2014, 2019, 

STD; (C) STD, HB3, HB9, HB10, HB11, HB13, STD, HB27, 1813, 1815, 201, 208, 

HB25, 184, STD; (D) STD, HB2, HB6, HB26, STD, HB12, HB16, 187, 2020, STD; (E) 

STD, HB5, BH14, FIB17, 202, 205, STD, 181, 188, 1818, STD.
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Figure 5. Dendogram showing the epidemiological relationship of fifty-one S. 

lugdimensis isolates typed by PFGE. The isolate name and PFGE type appears at the top 

of each lane. The scale shows percent relatedness defined by the Dice coefficient. The 

dendogram was generated by Molecular Analyst ® Fingerprinting software.
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PFGE Subtypes

Figure 6 shows the dendograms for each PFGE group. Within the eight major 

groups, subtypes were assigned by visual inspection, while using the Dice coefficients as 

a guide. Isolates with identical patterns and a Dice coefficient of 100% were considered 

the primary type of the group. Isolates that differed from the primary type by one, two or 

three restriction fragments were assigned to a subtype, and designated “A l”, “A2”, etc. 

If isolates were identical to each other but different from the primary type, they were 

assigned to the same subtype. For groups C and H, where there was no primary type, 

each isolate was placed in a separate subtype. The isolates in groups D, F, and G were 

identical within each group and the groups contained no subtypes.

Typing by Inter-repetitive sequence based PCR with IS256

Figure 7 shows four electrophoretic gels, with the banding patterns of fifty-one 

isolates produced by 1S256 REP-PCR

Gel images were converted to bitmap files, and analyzed by Molecular Analyst® 

in a manner similar to that used to analyze PFGE gels. The global standard can be found 

in the outermost lane of Gel D. The position tolerance was set at 1.0% and the 

Optimization function was used.

The dendogram in Figure 8 show the results from IS256 REP-PCR typing. 

Isolates similar by a Dice coefficient of 80% or greater were assigned to the same 

epidemiological group only after confirmation by visual inspection. Eleven groups, 

designated a to i, were assigned by IS256 REP-PCR. Six of the fifty-one isolates were
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Figure 6. Dendograms for isolates in each major PFGE group. Each group of isolates is 

related by a Dice coefficient of greater than 80%. The isolate name and subtype appears 

above each lane and the scale representing percent relatedness appears to the left of each 

dendogram.
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Figure 7. Gels showing the banding patterns of the fifty-one S. lugdunensis isolates typed 

by REP-PCR with IS256. Fingerprints of all isolates are included on four gels. Isolate 

names are listed at the top of each gel lane. Lanes labeled “STD” contain the internal 

standard obtained from a 1 kb DNA molecular size standard (See Materials and 

Methods). The organization of the isolates (from left to right in each gel) is: (A) STD, 

183, 1817, 204, 2011, 2012, 2013, 2015, 2018, STD, HB4, HB19, HB20, 1811, 1812, 

203, 2014, 2019, STD: (B) STD, 182, 185, 1816, HB22,186, 189, 1810, 1814, STD; (C) 

STD, HB3, FIB9, FIB10, HB11, HB13, HB27, 1813, 1815, 201, 208, STD: (D) STD, 

HB26, HB6, HB2, 184, HB25, 2020, HB12, BH16, 187, HB5, 202, HB14, HB17, 205,

181, 188, 1818, STD.
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Figure 8. Dendogram showing epidemiological relationships of the fifty-one S. 

lugdunensis isolates typed by REP-PCR with IS256. The isolate name and PCR type 

appear above each lane. The scale showing percent relatedness defined by the Dice 

coefficient is shown on the left. The dendogram was generated by Molecuar Analyst®

Fingerprinting software.
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unrelated to any group and designated b, d, f, j, h, and i. Subtypes within each group were 

not assigned. Minor bands were counted as differences in all comparisons.

Typing by Inter-repetitive sequence based PCR (RW3A and Inter-16s-23s rRNA)

Figure 9 shows a representative gel produced by RW3A. Relatively few bands 

were produced and only three different groups (I, II, III) emerged with this method. Only 

twenty-four of the fifty-one isolates produced any bands. Therefore, upon visual 

inspection this method was found to be inferior to PFGE and REP-PCR with IS256. No 

analysis with software was conducted.

Figure 10 shows a representative gel produced by Inter-16s-23s rRNA. This 

method was slightly better at discrimination and divided the isolates into six groups (U- 

Z). However, the few clustered bands produced per isolate were difficult to interpret. 

Five of the isolates didn’t produce any bands. No analysis with software was conducted.

Typing by Arbitrarily-primed PCR with ERIC 1 and ERIC 2

Figure 11 shows a representative gel produced with El and E2 primers. The 

isolates were from different geographic regions with the same PFGE type. Lanes 3-5 

were PFGE type A and from France, Oregon, and West Virginia respectively. Lanes 6 

and 7 were PFGE type E2 and from Missouri and France respectively. Lanes 8 and 9 

were PFGE type E and from France and Ohio respectively. More bands were produced 

compared to RW3A and Inter-16s-23s rRNA, but the pattern was conserved. No analysis

with software was conducted.
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Figure 9. Representative gel showing typical banding patterns of S. lugdunensis isolates 

typed by REP-PCR with RW3A primers. The 1 kb DNA molecular size standard (see 

Materials and Methods) was used as indicated (STD). The order of the isolates (from left 

to right) is STD, HB4, HB19, HB20, 1811, 1812, 203, 2014, 2019, STD.
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Figure 10. Representative gel showing typical banding patterns of S. lugdunensis isolates 

typed by REP-PCR with Inter-16s-23s primers. The 1 kb DNA molecular size standard 

(see Materials and Methods) was used as indicated (STD). The order of the isolates 

(from left to right) is STD, 1813, 1815, 201, 208, HB3, HB9, HB10, HB11, HB13, HB27, 

HB2, HB6, HB12, HB16, 181, 188, 1818, 2013, STD
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Figure 11. Representative gel showing typical banding patterns of S. lugdunensis isolates 

typed by AP-PCR with ERIC 1 and 2 primers. The 1 kb DNA molecular size standard 

(see Materials and Methods) was used as indicated (STD). The order of the isolates 

(from left to right) is STD, 208, HB3, HB27, 189, 1810, 2019, HB20, STD.
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All S. lugdunensis isolates were typed and analyzed by each molecular method 

separately and independently. Once isolates were assigned both to PFGE and REP-PCR 

groups, the codes were entered into a Microsoft® Excel spreadsheet and compared. 

Table 4 summarizes the comparison of PFGE typing to REP-PCR typing. In general, 

there was slight agreement between the two methods. Isolates assigned to Group B by 

PFGE were assigned as group a by REP-PCR. Isolates assigned to Group G by PFGE 

were assigned to group g by REP-PCR. Isolates assigned to Group F by PFGE were 

assigned to group e by REP-PCR. Isolates assigned to Group H were assigned as group e 

by REP-PCR. Most isolates in Group E were assigned group e by REP-PCR

In several cases, the two methods didn’t agree. Isolates assigned to J and K by 

PFGE were assigned to the same group (a) by REP-PCR. Groups a and e by REP-PCR 

included many isolates that were assigned to different PFGE groups.

Comparison of PFGE subtypes and REP-PCR (IS256) Types

There was a slight degree of agreement between the genetic differences detected 

by PFGE subtyping and the differences detected by REP-PCR (IS25<5) typing. Table 5-A 

shows the PFGE subtypes associated with each REP-PCR group. Group D was 

subdivided into two subtypes, with D and D1 associated with a and c respectively by 

REP-PCR. Group C was subdivided into two subtypes, C and Cl, associated with b and 

a respectively by REP-PCR Group B was subdivided into two subtypes, B and Bl, and 

all were assigned to group a by REP-PCR Group E9 (one isolate from Kansas) was 

assigned to group f by REP-PCR.

C om parison o f  PFG E and R E P-PC R  (IS256) T yping Results
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Table 4. Ovarall C om parison o f  PFG E and R E P-PC R  (IS 256) Results

PFGE Group
No.of 

Isolates h
REP-PCR 
Group “

No.of 
Isolates h

a 1
c 4

A 12 d 1
e 3
J 1
k 2

B 3 a 3

C 2 a 1
b 1

D 2 a 1
c 1

E 16 a 2
c 2
e 11
f 1

F 6 e 6

G 2 1 2

H 3 e 3

I, J, K, L, M 1 each h, a, a, e, 1 1 each

3 Right column shows the REP-PCR (IS256) groups associated with each PFGE group

’ No .of Isolates indicates the number of isolates assigned to each molecular type
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Table 5 A. Com parison o f  R E P-PC R  T ypes and PFG E Subtypes

PFGE Group A__________  PFGE Group E____________ PFGE Group B, C, H
Isolate
N am e PC R  T ype P F G E  T ype

Isolate
N am e PC R  T ype PFG E  T ype

Isolate
N am e PC R  T ype PFG E  T ype

20-08 c A H B 06 a E H B 16 a B

H B03 c A 20-19 e E H B 17 a B

H B 27 c A H B20 e E H B12 a B1

H B 1 1 k A 18-08 e E l

H B13 a A1 18-11 e E l 20-20 b C

H B 10 d A1 18-12 e E2 H B05 a C l

18-07 j A1 18-10 c E2

H B 09 e A2 18-09 c E2 18-05 e II

H B 19 e A3 H B25 e E3 18-16 e H I

18-15 c A4 20-03 e E4 H B22 e H2

20-01 e A5 H B 26 e E5

20-11 k A6 18-06 e E6

H B 04 e E7

18-14 a E8

H B 02 f E9

20-14 e E 10

Table 5B. Comparison of Isolates Identical by REP-PCR but Different by PFGE

Isolate Num ber REP PCR Group PFGE Subtype

H B 09 e A 2
H B19 e A3
20-01 e A5
18-05 e H
18-16 e HI
H B22 e H2
H B16 a B

H B12 a B2

20-19 e E

18-08 e E l
H B25 e E3
20-03 e E4
HB26 e E5
18-06 e E6
H B04 e E7
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In other cases, the results were conflicting. In Group A, four isolates were typed 

as identical by PFGE (designated A) but one of the four was typed different by REP-PCR 

(group k). Group A1 by PFGE was typed as groups a, j, d by REP-PCR. Group E 

contained three isolates typed identical by PFGE (designated E) but one of the three was 

typed different by REP-PCR. However, Table 5-B shows examples of isolates typed 

identical by REP-PCR, but were shown by PFGE subtyping to have minor genetic 

differences.

Geographic Origins and PFGE Types

Ten different geographic origins were represented and the results of PFGE types 

within each origin are summarized in Figure 12. In general, PFGE types were seen in 

various geographic origins and each geographic origin with multiple isolates also 

contained multiple PFGE types. There were two exceptions: all the London isolates 

placed into group F by PFGE; and the two West Virginia isolates were placed into group 

A by PFGE.

Southern Hybidization Results

Figure 13 and 14 shows southern hybridization patterns for isolates from various 

geographic regions (France, Figure 14, Georgia, Missouri, New York, Ohio, Oregon and 

West Virginia) Each gel contained the standard (HB15) in the first lane. All steps 

required for southern hybridization were performed as described in Materials and 

Methods. All eight probes generated with the standard were used with each isolate. All
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Figure 12. Geographic map showing location origins of PFGE types.
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gels were visualized and band positions were marked relative to the standard with the 

software program Adobe Photoshop.

Figure 13 contains isolates from six different geographic regions. The six isolates 

from Georgia can be divided into two main patterns with HB13 (Al), HB9 (A2) and 

HB14 (D) representing one pattern and HB16 (B) and HB12 (Bl) representing the other. 

The only surprise being that HB14 shares a pattern with group A isolates even though it 

is very different by PFGE. The two isolates from Missouri 187 (Al) and 189 (E2) each 

have a different pattern. The same is true for the New York isolates HB5 (Cl) and HB6 

(E). The three isolates from Ohio HB19 (A3), HB20 (E) and 186 (E6) each have a 

different pattern. Oregon isolates 201 (A5), HB3 (A), 203 (E4) and 185 (H) each have a 

different pattern as well.

Figure 14 represents the isolates from France. The fourteen isolates can be 

broken into seven different patterns. They can be divided as follows: 1815 (A4), 1810 

(E2) and 1812 (E2); 2011 (A6), 208 (A), 2020 (C) and 1813 (D); 188 (El), 1811 (El) and 

2014 (E10); with the last four each having a different pattern 2019 (E), HB25 (E3), HB4 

(E7) and 1814 (E8). The first two patterns contain isolates from different PFGE groups, 

while the rest are divided according to PFGE groups.

Even though figure 15 contains isolates from different groupings a common 

pattern exists not only within the groups but also among all the different groups. The 

isolates within each group are also from different geographic regions.

Because group E of PFGE is the largest group with the most subtypes, figure 16 

shows a few of those subtypes. There are four different patterns seen among the 

subtypes. They are as follows: 188 (El) and 2014 (E l0; 1810 (E2) and ITB25 (E3); 2019
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Figure 13. Southern hybridization lanes of representative isolates from various 

geographic regions. Isolates within each region represent different PFGE subtypes. 

Lanes are labeled above with the PFGE subtype and below with geographic origin. The 

lane labeled “STD” contains the banding pattern of isolate HB15 which served as an 

internal standard and source of the probes used for hybridization. Isolates (from left to 

right) are: STD, FIB 13, HB9, FIB 16, HB12, HB14, 187, 189, FIB5, HB6, BH19, HB20,

186, 201, HB3, 203, 185, HB27.
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Figure 14. Southern hybridization results of isolates from France exhibiting a variety of 

PFGE types. Lanes are labeled at the top with the PFGE type. Lane labeled “STD” 

contains the internal standard, HB15. Isolates (from left to right) are: STD, 1815, 208, 

2011,2020, 1813, 188, 1811,2014, 1810, 1812, 2019, F1B25, HB4, 1814.
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Figure 15. Southern hybridization comparison of isolates of the same PFGE subtype but 

from different geographic regions. Lanes are labeled above with the PFGE subtype and 

below with geographic origin. Isolates (from left to right) are: 208, HB3, HB27, HB13, 

187, 2020, HB5, 1813, HB14.
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Figure 16. Representation of Southern hybridization results of the major PFGE type E. 

Lanes are labeled above with the PFGE subtype and below with geographic origin.

Isolates (from left to right) are: 188, 1810, 2019, HB6, HB20, HB25, 2014, 203.
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(E), HB6 (E) and HB20 (E); and 203 (E4) has a different pattern from all the rest. 

Overall, the isolates were not divided according to their subtype. The exceptions are 

those from the main group “E”and the isolate with subtype E4.
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Discussion

A newly described species of coagulase-negative staphylococci, S. lugdunensis 

has been associated with severe infections including endocarditis, peritonitis, brain 

abscess, bacteremia, and septic shock. S. lugdunensis like other CNS is part of the 

normal human skin flora, however CNS are also one of the most common causes of 

nosocomial infections. Clinical features suggest this organism is an aggressive pathogen 

associated with deep or invasive infections similar to S. aureus. Initiation of infection is 

usually related to immunosupression or trauma, but other cases seem to occur with simple 

opportunity. Absence of a clinically evident portal of entry in some cases raises a 

question of ecology.

S. lugdunensis has been shown to be more pathogenic than some other types of 

CNS with 76% abscess formation and 97% with a foreign body or tissue present. This 

correlation between presence of a foreign body and increase of abscess formation 

suggests that attachment is an important virulence factor for this organism.

Although first described in 1988, it is likely that S. lugdunensis has caused 

infection before this identification. It is likely that it was mistaken for S. aureus, since it 

often gives false positive results for clumping factor and agglutination tests. Very little is 

known about this organism in terms of epidemiology or ecology. This organism does 

show high genotypic conservation and genome homogeneity when compared to S. 

epidermidis. This conservation is much like what is seen in S. aureus.

Prior to this study, there has been very little epidemiologic investigation into this 

organism. Conventional phenotypic and less advanced molecular typing methods such as
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biotype, serotype, antibiogram and plasmid profiles poorly discriminate within a species. 

In order to provide a more detailed picture of S. lugdunensis isolate interrelationships 

more advanced molecular typing methods need to be utilized.

In this study, advanced molecular techniques were used to type fifty-one S. 

lugdunensis isolates from various geographic origins. PFGE, Inter-rep PCR, and AP- 

PCR were the methods chosen for the study. These techniques were also compared to 

each other to establish the utility of the methods in the epidemiological analysis of the 

organism.

PFGE proved to be a useful tool in the analysis of these S. lugdunensis isolates. 

As stated previously, digests were performed with Smal, which recognizes the GC rich 

region CCCGGG. Because S. lugdunensis is a gram-positive organism, Smal produced a 

small number of macro-restriction fragments > 50 kb in size. These fragments were 

easily visualized and compared on five separate PFGE gels.

The power of PFGE lies in its ability to provide a spatial distribution of rare, 

repeated sites around the entire chromosome (Goering, 1998). A typical bacterial 

chromosome is 2.8 Mb. When the size of fragments produced by PFGE are added, a 

large amount of the chromosome is represented. These fragments when added together 

provide a map with approximately 90% of the chromosome analyzed.

Smal fragments visualized on a gel represent the distance between Smal 

restriction sites distributed around the chromosome. Changes within the distance as well 

as changes in the restriction site are detected by PFGE. Flowever, minor base changes, 

insertions or deletions that don’t affect the size (distance) or the restriction site are not
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detected. In this sense, PFGE is considered to be moderately sensitive molecular 

technique.

PFGE could also be considered as generating a gradient of sensitivity. Consider 

that within every fragment regardless of its size approximately ± 10% of the fragment is 

not detected. For example, at the large end of 600 kb fragments around 10% or 60 kb of 

the fragment is not being detected. However at the small end of 50 kb fragments, only 

10% or 5 kb is not being detected. Changes that occur in the smaller size fragments are 

more likely to be detected versus those that occur in the larger fragments due to the size.

Although PFGE provides a general sense of the genetic material of an organism, it 

provides no information on the specific sequence of the fragments that are produced. Co

migrating fragments in different lanes of a gel are considered to represent the same 

sequence. However, it is possible that although the fragments are equal in size, they 

could each represent a different sequence. To investigate this possibility, southern 

hybridization was utilized. As mentioned previously, probes were generated from a S. 

lugdunensis isolate not part of the 51 isolates in this study. Eight different probes of 

various sizes were generated. Isolates from each PFGE subtype were digested with Smal. 

The fragments produced were allowed to hybridize with each of the eight probes in 

separate and independent reactions. The data produced revealed that co-migrating 

fragments do indeed represent the same sequence. These results can be seen in Figures 

12-15.

PFGE was able to divide the isolates into eight major groups designated A-H and 

five minor groups (I-M). These minor groups contained only one isolate each. The eight 

major groups were further divided into subtypes, which leads to more sensitivity with this
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method. PFGE gave distinct bands that were easy to interpret both visually and with the 

Molecular Analyst software.

PCR-based methods were also utilized in this study. Both inter-repetitive PCR 

(REP-PCR) and arbitrarily-primed PCR (AP-PCR) were conducted Three different 

primer sets were used in REP-PCR and one primer set was used in AP-PCR. IS256, 

RW3A, and Inter-16s-23s were the three different REP-PCR sets. ERIC1 and ERIC2 

primers were used in AP-PCR.

REP-PCR is based upon the existence of REP elements, which are repetitive 

elements distributed around the chromosome. In the PCR reaction, primers specific for 

these elements bind and amplification proceeds in the region between the elements. If 

the REP elements are not present or if they are too far apart amplification will not 

proceed. Taq polymerase is efficient at amplifying up to 5 kb in length. Any elements 

that are too spread out over 5 kb will not be amplified unless long-range PCR is 

performed.

REP-PCR leads to the generation of small amplicons less than 50 kb in length. 

A minor change in the sequence of these regions is thought to be detected by REP-PCR. 

Because these amplicons are very small compared to fragments produced by PFGE, 

minor changes are more likely to be detected. In this sense, REP-PCR may be a more 

sensitive method, but these changes may or may not be epidemiologically relevant. This 

method only analyzes about 10% of the chromosome, while genetic differences outside 

the REP element are not included. The reason only 10% of the chromosome is analyzed 

is based on the fact that when all amplicons are added up based on size they only equal 

about 10% of the typical 2.8 Mb bacterial chromosome.
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The first type of REP-PCR performed was IS256. IS256 elements are present in 

multiple copies in the staphylococcal genome with flanking the transposon Tn4001 or 

independent of it (DePlano el a/., 1997). Primer sequences for IS256 are as follows: IS- 

1 (GGACTGTTATATGGCCTTT) and IS-2 (GAGCCGTTCTTATGGACCT).

REP-PCR was also performed using the RW3A primer set. RW3A primers are 

derived from the Mycoplasma pneumoniae repetitive sequence RepMP3. Since 

Mycoplasma evolved from gram (+) bacteria by genome reduction, it is thought these 

sequences are still present in gram (+) bacteria. The primer sequence is as follows: 

TCGCTCAAAACAACGACACC.

The final REP-PCR was conducted using Inter-16s-23s primer sets. 

Amplification proceeds in the intergenic spacer region between the 16s-23s rRNA 

sequence. The length of the sequence between 16s and 23 s varies among each strain. 16s 

and 23s are typically present about seven times around the genome. The primer 

sequences are as follows: G1 (GAAGTCCCCCGTAACAACG) and LI

(CAAGGCATCCACCGT)

The other type of PCR performed in addition to REP-PCR was AP-PCR using 

ERIC1 and ERIC2 primers. Arbitrarily primed PCR (AP-PCR) is a technique, which 

utilizes primers not directed to amplify any known sequence. In order to amplify the 

DNA, annealing temperatures are kept low to allow nonspecific hybridization at multiple 

chromosomal locations (Tenover, et al., 1997). This is unlike REP-PCR where 

annealing temperatures are kept higher which produces a more stringent condition of 

hybridization. ERIC1 and ERIC2 primers were utilized with AP-PCR. These sequences 

were initially identified in enteric bacteria. They are referred to as enterobacterial
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repetitive intergenic consensus sequences. The primer sequences are: El

(GTGAATCCCCAGGAGCTTACAT) and E2 (AAGTAAGTGACTGGGGTGAGCG).

IS256 primers proved to produce the greatest amount of amplicons IS256 was 

also the only primer set that was able to divide the isolates into major groups. These 

results are not surprising, since these sequences are known to exist in staphylococcal 

isolates, while RW3A, for instance, is not known to exist. Inter-16s-23s primers gave 

very few bands like RW3A primers. Although these sequences are present around the 

chromosome, the distance may have been too great to produce an amplicon. ERIC 1 and 

ERIC2 primers produced several dark bands, but the pattern was the same for all isolates 

tested and therefore, didn’t divide the isolates into major groups.

IS256 REP-PCR was able to divide the 51 isolates into eleven groups. However, 

some bands were difficult to visualize and in some cases very few bands were produced. 

This method also yielded faint bands. It was hard to determine if these faint bands should 

be included in the division of the isolates into the groups. This leads to questions of 

interpretation as is usually seen in PCR-based methods.

In general there was little agreement between PFGE groupings and PCR 

groupings. Tables 3, 5A, 5B and 6 illustrate this comparison. Group A of PFGE as 

broken into 6 different groups by PCR, while group E was broken into 4 different groups. 

This could mean that REP-PCR is more sensitive than PFGE, but because very few bands 

are visible such a conclusion cannot be drawn. Although a few groups were divided by 

PFGE, REP-PCR placed these isolates into larger groups. Examples of this include
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Table 6. Overall comparison of molecular typing results.

ORIGIN Isolate
Number

PFGE type PCR Type 
IS-256

PCR Type 
RW3A

PCR Type 
16S-23S

FRANCE 20-08 A c nd* U
OREGON HB03 A c nd U
VW A HB27 A c nd u
W VA H B 11 A k nd u
GA HB13 A1 a nd u
GA HB10 A1 d nd u
MISSOURI 18-07 A1 j II Y
GA HB09 A2 e nd U
OHIO HB19 A3 e II Y
FRANCE 18-15 A4 c nd U
OREGON 20-01 A5 e nd u
FRANCE 20-11 A6 k II nd
GA HB16 B a II U
GA HB17 B a II U
GA HB12 B1 a nd U
FRANCE 20-20 C b nd Y
NY HB05 C1 a nd U
FRANCE 18-13 D c nd U
GA HB14 D a I U
FRANCE 20-19 E e II Y
NY HB06 E a nd Y
OHIO HB20 E e I Y
FRANCE 18-08 E1 e II Y
FRANCE 18-11 E1 e II Y
FRANCE 20-14 E10 e II X
FRANCE 18-12 E2 e II Y
FRANCE 18-10 E2 c nd Y
MISSOURI 18-09 E2 c nd W
FRANCE HB25 E3 e nd Y
OREGON 20-03 E4 e nd Y
GA HB26 E5 e I Y
OHIO 18-06 E6 e nd U
FRANCE HB04 E7 e II Y
FRANCE 18-14 E8 a nd W
KS HB02 E9 f nd Y
FRANCE 18-17 F e I nd
LONDON 20-04 F e II X
LONDON 20-12 F e II X
LONDON 20-13 F e II nd
LONDON 20-15 F e II X
LONDON 20-18 F E II Y
*nd= not done



Table 6. Overall comparison of molecular typing results (contd.)

ORIGIN Isolate
Number

PFGE type PCR TYPE 
IS-256

PCR Type 
RW3A

PCR Type 
16S-23S

FRANCE 18-18 G G nd* V
OREGON 20-02 G G II V
OREGON 18-05 H E nd Y
FRANCE 18-16 H1 E nd Y
OHIO HB22 H2 E nd Y
FRANCE 18-03 I H llll Z
FRANCE 18-04 J A nd nd
FRANCE 20-05 K A nd nd
GA 18-02 L E nd Y
MICH 18-01 M L III Z

STD HB15

*nd= not done
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PFGE groups H and F, which were both assigned to group e by REP-PCR. Group a of 

REP-PCR also included isolates from different PFGE groups including B, A, and C.

REP-PCR groups and PFGE subtypes showed slight agreement in their separation 

of isolates. Tables 3, 5A, 5B, and 6 illustrate this point. While in some cases REP-PCR 

did assign different groups within one PFGE group, the REP-PCR groups weren’t 

specific for just one PFGE group. Examples include A1 and A2 (PFGE) designated c and 

e (REP-PCR) respectively. However, these same REP-PCR groups (c and e) also 

contained isolates designated E2 and E3 respectively. There are also cases of REP-PCR 

placing isolates in the same group (e) while PFGE grouped them into A2, A3, and A5 and 

three separate isolates into H, HI, and H5 (Table 5B).

Analysis of REP-PCR results alone would have led to very different conclusions 

about this group of isolates. The advantage of performing two different techniques is to 

evaluate each set of results independently and comparatively. Although REP-PCR broke 

the isolates into more groups, these weren’t necessarily the way the isolates should’ve 

been grouped as seen by the above comparisons. Because banding patterns produced by 

PFGE were more distinct and numerous, it leads to the conclusion that PFGE assigned 

the isolates to the correct groups. PFGE subtyping resulted in even more sensitivity by 

further breaking down the larger PFGE groups.

The use of two advanced molecular techniques and southern hybridization gave 

new insight into S. lugdunensis as an organism and within this group of isolates. This 

organism not only behaves like S. aureus, but also shows a high degree of clonality like 

S. aureus. Figure 12 illustrates this issue of clonality. Isolates from very different 

geographic regions were the same PFGE type. The only exception to this is the London
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isolates, which were all assigned the same PFGE group (F). This issue of clonality can 

also be seen in MRSA isolates, which show a high degree of clonality. It is interesting to 

note that other coagulase negative staphylococci strains such as S. epidermidis, show very 

little clonality among isolates. As S. lugdunensis is identified more in clinical settings, 

more knowledge of this organism will emerge. A greater understanding of the molecular 

make-up of this organism will be useful in typing this organism.
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Conclusion

Several molecular tying methods, pulsed field gel electrophoresis (PFGE), 

arbitrarily primed polymerase chain reaction (AP-PCR), inter repetitive sequence 

polymerase chain reaction (REP-PCR), and southern hybridization were used to analyze 

fifty-one S. lugdunensis isolates. Overall, PFGE provided more reliable data than either 

PCR based method. This PFGE data was further supported by the southern hybridization 

data. However, it was equally important to compare PFGE results with the PCR results 

to provide a more complete analysis.

S. lugdunensis in not seen or heard about clinically as much as S. epidermidis or 

S. aureus. However, its threat of infection does exist. This study provided a background 

for typing this organism. Further demonstrated was its high degree of clonality. This 

clonality is typically seen with S.aureus isolates. This similarity between S. lugdunensis 

and S. aureus is also seen phenotypically and clinically in the types of infections each 

organism can cause. Unlike S. aureus, which can show a high degree of antibiotic 

resistance, S. lugdunensis show susceptibility to many antibiotics. However, this doesn’t 

discount the possibility of S. lugdunensis becoming resistant in the future. The 

possibility of this organism becoming more like MRSA (methicillan resistant S. aurerus) 

is very possible. It is this threat and possibility that should keep investigations looking 

further into this organism
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