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Abstract 
 
Bengt Hellmark (2011): Genotypic and phenotypic characterisation of 
Staphylococcus epidermidis isolated from prosthetic joint infections. 
Örebro Studies in Medicine 53, 117 pp. 
 
Staphylococcus epidermidis has emerged in recent years as an important nosoco-

mial pathogen, especially in infections associated with implanted foreign body 

materials (e.g., prosthetic joints and heart valves) and in individuals with a com-

promised immune system (e.g., cancer patients and neonates). Although rare, im-

plant infections are long lasting and cause severe suffering for the patient that in-

cludes pain and disability and even increased mortality.  

One aim of the present thesis was to develop and evaluate a genetic method for 

species identification and simultaneous detection of rifampicin resistance in staphy-

lococci. A second aim was to examine S. epidermidis isolated from prosthetic joint 

infections (PJIs) and from wrists and nares of healthy individuals regarding their 

antibiotic susceptibility, biofilm production, virulence factors, and epidemiology.  

Comparison with phenotypic diagnostics revealed that 8 (16%) of 49 isolates 

differed in their species identification in favour of the genetic method. In addition, 

mutations associated with rifampicin resistance, including two not previously re-

ported, were possible to detect in all isolates resistant to rifampicin. Antibiotic 

susceptibility testing of 61 PJI isolates showed multi-drug resistance in 91%. Fur-

thermore, the results of the synergy testing revealed that no antibiotic combination 

was significantly better than the others. Hence, the effects that were possible to 

detect were isolate dependent.  

To find a method for discriminating between invasive (n=61) and commensal 

(n=24) isolates of S. epidermidis genotypic and phenotypic characterisations of 

biofilm production (including the ica and aap genes), antibiotic susceptibility, viru-

lence-related genes (such as agr and ACME) and epidemiology were performed 

(using multilocus sequence typing [MLST], typing of the staphylococcal chromo-

some cassette mec [SCCmec] and PhenePlate). Significant differences were found in 

antibiotic susceptibility, i.e. there was more resistance among invasive isolates. 

MLST sequence types (ST) ST2 and ST215 dominated the invasive isolates.  
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Sammanfattning 

Staphylococcus epidermidis, den vanligast förekommande bakterien på 
människans hud och slemhinnor, har på senare tid uppmärksammats som 
en viktig orsak till invasiva infektioner relaterade till främmandekropps 
material, t.ex. ledproteser och konstgjorda hjärtklaffar, och hos personer 
med nedsatt immunsystem. Även om de är ovanliga så orsakar ledprotesin-
fektioner långvariga bekymmer för den drabbade patienten såsom smärta 
och rörelsehinder men även ökad dödlighet. 

Syftet med denna avhandling var dels att utveckla och utvärdera en ge-
netisk metod för att kunna artbestämma stafylokocker och samtidigt upp-
täcka eventuell resistens mot rifampicin och dels att karakterisera S. epi-
dermidis isolerade från ledprotesinfektioner och från handleder och näsor 
på friska, icke sjukvårdsrelaterade personer avseende antibiotikakänslighet, 
biofilms produktion, virulensrelaterade gener samt epidemiologi. 

Vid utvärderingen av den nya genetiska metoden jämfört med den van-
ligtvis använda biokemiska metoden upptäcktes att artbestämningen skilj-
de sig hos 8 av 49 isolat (16 %), till den genetiska metodens fördel. Samti-
digt påvisades mutationer associerade med rifampicinresistens hos samtliga 
rifampicinresistenta isolat, inklusive två mutationer som inte tidigare har 
beskrivits. Vid undersökning av isolatens antibiotikakänslighet var 91 % 
multiresistenta, inklusive resistenta mot meticillin, samtidigt som en test av 
synergieffekter inte kunde visa någon antibiotikakombination som gav ett 
signifikant bättre resultat än de andra, dock fanns exempel på isolat med 
synergistisk effekt för vissa antibiotikakombinationer. Det gör att metoden 
kan användas för att ge en vägledning avseende antibiotikakombinationer 
möjliga för behandling, men varje isolat måste testas för de aktuella kom-
binationerna. 

För att försöka hitta ett sätt att kunna särskilja mellan invasiva (n=61) 
och kontaminerande (n=24) S. epidermidis isolat användes både genetiska 
och fenotypiska metoder för att studera biofilmsproduktion (inklusive ica 
och aap generna), antibiotikakänslighet, virulensrelaterade gener (som t.ex. 
agr och ACME) samt epidemiologi (med hjälp av multilocus sequence ty-
ping [MLST], typning av staphylococcal chromosome cassette mec 
[SCCmec] och PhenePlate). Signifikanta skillnader mellan de två grupperna 
kunde ses gällande antibiotikakänslighet, med högre resistensnivåer hos de 
invasiva isolaten, och det epidemiologiska mönstret av MLST sekvenstyper 
(ST), dvs. ST2 och ST215 dominerade bland de invasiva isolaten medan de 
saknades nästan helt bland de kontaminerande isolaten. 
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Introduction 

The genus staphylococcus 

Staphylococcus is a bacterial genus belonging to the family Staphylococca-
ceae, which also includes the genera Macrococcus, Nosocomiicoccus, and 
Jeotgalicoccus. The genus Staphylococcus comprises more than 40 species 
and subspecies (http://www.bactrio.cict.fr)57, although all are not of inter-
est in human medicine. The staphylococci are Gram-positive cocci that, in 
microscopy, can be seen in grape-like clusters: hence the name staphylo-
cocci from the Greek words staphyle, which means a cluster of grapes, and 
kokkus, meaning grain or seed. They are usually divided into two groups 
depending on their ability to clot plasma: the coagulase-positive group, 
that includes Staphylococcus aureus, which is the most important human 
pathogen, and the coagulase-negative group, a large and heterogeneous 
group with a diverse natural habitat that includes humans, birds, fishes and 
other animals. 

Staphylococcus aureus 
S. aureus is a common aetiological agent of many infections ranging from 
superficial skin and soft tissue infections to serious bacteraemia including 
infective endocarditis119. However, S. aureus can be found in healthy indi-
viduals with up to one third being asymptomatic carriers (e.g., in the nares 
and on the skin)117, 149. Until recently, a majority of the research on staphy-
lococci has been performed on S. aureus. From this research, several viru-
lence factors have been identified, including toxins (e.g., enterotoxins and 
exfoliative toxins) and enzymes (e.g., coagulase and β-lactamase)12. 

Coagulase negative staphylococci 

In the past coagulase-negative staphylococci (CoNS) were considered 
apathogenic and of minor clinical interest. However, during the past two 
decades, they have been increasingly recognised as a nosocomial pathogen, 
especially in infections associated with implanted foreign body materials 
(e.g., prosthetic joints and heart valves) and in individuals with a compro-
mised immune system (e.g., cancer patients and neonates)80, 213. The CoNS 
group consists of more than 40 species, although not all are associated 
with humans. The CoNS group comprises a major part of the normal flora 
on human skin and mucosal membranes57, 64. Many of the species are asso-
ciated with colonisation of specific areas of the human body: for example, 
S. capitis is predominantly isolated from the head, S. auricularis from the 
external auditory meatus, and S. epidermidis from almost all parts of the 
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human body. A clear relationship can be seen between the specific areas of 
colonisation and the types of infections the different CoNS species cause97. 

Infections caused by CoNS are usually less acute or severe compared 
with infections caused by S. aureus; however, the infections are often long-
lasting and difficult to eradicate. CoNS, and especially S. epidermidis, pro-
duces an extracellular matrix of polysaccharides, often referred to as 
biofilm, when colonising foreign body materials. 

 

Species identification of staphylococci 

Staphylococci are usually identified based on colony morphology after 
culture on agar plates, where the CoNS species usually have white-greyish 
colonies and S. aureus more yellow opaque colonies. In contrast to other 
Gram-positive cocci, such as enterococci and streptococci, all staphylococci 
are catalase positive. However, the species Micrococcus has similar colony 
morphology, Gram-stain appearance and is catalase positive. The most 
common method for differentiating between staphylococci and micrococci 
is the furazolidone disc test (staphylococci are sensitive to furazolidone, 
whereas micrococci are resistant73. 

For species identification after culture within the Staphylococcus genus, 
the most commonly used methods are DNAse and coagulase tests, which 
are used to distinguish S. aureus (that is positive for both) from the CoNS 
group. There are also some commercial kits using latex particles sensitised 
with fibrinogen and IgG antibodies, such as Pastorex Staph Plus Kit (Bio-
Rad, Hercules, CA, USA), that are available for rapid verification of S. 
aureus. These tests are usually sufficient but in some cases further species 
identification within the CoNS group is necessary (e.g., in suspected pros-
thetic joint infections with growth of CoNS in multiple tissue samples). 
The most commonly used methods for species discrimination within the 
CoNS group are phenotypic methods, based on biochemical reactions, such 
as VITEK 2 (bioMérieux, Marcy l’Etoile, France) and ID32Staph 
(bioMérieux). The advantages of using these biochemical methods for spe-
cies identification are their ease of performance and cost-effectiveness. 
However, the interpretation of phenotypic methods is somewhat subjec-
tive, represented by change of colour, and depends on the expression of 
metabolic activities and/or morphological properties. Furthermore, in gen-
eral this phenotypic discrimination between species within the Staphylo-
coccus genus is insufficient and not completely reliable34, 55, 151. To obtain a 
more precise and reliable identification genetic methods have been devel-
oped to target different genes, such as hsp60107, 16S rRNA21, 54, and more 
recently, rpoB55, 124. The genetic methods have a higher discriminatory ca-
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pacity21, 55, 151, are not dependent on microbial growth, are faster, and less 
laborious compared with phenotypic methods. However, genetic methods 
are still more expensive both in equipment and per sample tested than phe-
notypic methods. 

 

Antimicrobial agents and resistance 

There are several groups of antimicrobial agents possible to use for treat-
ment of infections caused by staphylococci. Some agents are naturally 
found substances (e.g., penicillin) that are produced by the fungi Penicil-
lium chrysogenum, and some are synthetically developed substances (e.g., 
ciprofloxacin).  

Both S. aureus and CoNS are considered naturally susceptible to almost 
all antimicrobial agents developed. However, CoNS, and especially S. epi-
dermidis, are often multiresistant, including resistance to methicillin. 
Staphylococci have a reputation of rapidly developing resistance, with re-
sistance to an antimicrobial substance usually emerging in CoNS before it 
emerges in S. aureus109. The first effective and non-toxic antimicrobial 
agent, penicillin, with activity against staphylococcal infections was intro-
duced in the 1940s. However, only a few years later penicillin-resistant 
strains of S. aureus began to appear96, a resistance due to the production of 
β-lactamase. The same trend was seen for the successor, methicillin, a  
β-lactamase stable penicillin, which was introduced in 1960. Shortly there-
after, in 1961, methicillin-resistant S. aureus (MRSA) strains were (experi-
mentally and clinically) identified13, 70, but in the beginning they were con-
sidered of less clinical importance because of lower virulence13. In retro-
spective, this proved to be a colossal mistake in that the conclusion was 
based on only a few isolates. Similar developments have occurred for al-
most all other microbials, including vancomycin77, 171. 

Another important mechanism in staphylococci, as well as in other bac-
terial species, for developing resistance is alterations in their electron trans-
port chain. These changes lead to smaller, slow-growing, and more resis-
tant colonies, called small-colony variants (SCV), which easily can be 
missed on agar plates20, 152, 212. 

β-lactam antibiotics 

The β-lactam antibiotics are a large and heterogeneous group of antibiotics 
consisting of penicillins, cephalosporins, monobactam, and carbapenems. 
They all have a β-lactam ring combined with a side-chain of different com-
position in their molecule. The mechanism of action is interference with the 
synthesis of the peptidoglycan component of the cell wall. Cell wall synthe-
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sis involves several enzymes of which the β-lactam antibiotics bind to spe-
cific target enzymes called penicillin-binding proteins (PBPs)122 that are 
essential for cell wall peptidoglycan synthesis. 
  
The penicillins could be divided into classes depending on their antibacte-
rial activity (Table 1). Neither the natural penicillins nor the aminopenicil-
lins should be used against infections caused by staphylococci since they 
often produce β-lactamase (also called penicillinase). Hence, the drug of 
choice against staphylococci should be from the penicillinase-stable 
group37.  

 
Table 1. Classification of penicillins with examples from each class and their route 
of use. 

 Route of usea Penicillinase-resistant 

Natural penicillins   
Penicillin G PO, IM, IV - 
Penicillin V PO - 
   
Penicillinase-stable penicillins   
Methicillinb IM, IV + 
Isoxazolyl-penicillins 
   Cloxacillin 
   Flucloxacillin 
   Oxacillin 

 
PO 
PO 
PO, IM, IV 

 
+ 
+ 
+ 

   
Aminopenicillins   
Ampicillin IM, IV - 
Amoxicillin PO - 
   
Carboxy and indanyl penicillins   
Ticarcillin IM, IV - 
   
Extended-spectrum ureidopenicillins   
Piperacillin IM, IV - 
a PO, per os (orally); IM, intramuscular; IV, intravenous 
b Methicillin is no longer in clinical use 

 
The cephalosporins are also divided into groups contingent on their anti-
bacterial activity (Table 2). The first generation has a narrow spectrum 
mainly focused on Gram-positive cocci, whereas the second generation has 
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variable activity against Gram-positive cocci and increased activity against 
Gram-negative bacteria. The third generation is primarily active against 
Gram-negative bacteria and limited activity against Gram-positive cocci. 
The fourth generation has a broader spectrum of activity against Gram-
negative bacteria, including Pseudomonas aeurginosa, but poor efficacy 
against staphylococci. The fifth generation of cephalosporins, which is not 
yet available for clinical use, comprises some newly developed antibiotics 
with special focus on MRSA94. 

 
Table 2. Classification of cephalosporins with examples from each class and their 
route of use. 

 Route of usea 

First generation 
   Cefadroxil 
   Cephalothin 

 
PO 
IM, IV 

  
Second generation 
   Cefuroxime 
   Loracarbef 

 
IM, IV 
PO 

  
Third generation 
   Cefotaxime 
   Cefixime 
   Ceftibuten 
   Ceftriaxone 

 
IM, IV 
PO 
PO 
IM, IV 

  
Fourth generation 
   Cefpiromeb 

   Cefepime 
   Ceftazidime 

 
IM, IV 
IM, IV 
IV 

  
Fifth generation 
   Ceftobiproleb 
   Ceftarolineb 

 
IV 
IV 

a PO, per os (orally); IM, intramuscular; IV, intravenous 
b Not available for clinical use 
 
Concerning the other two groups of β-lactam antibiotics, monobactam has 
no activity against staphylococci, whereas the carbapenems can be used 
against β-lactam sensitive, but not methicillin-resistant, staphylococci. 
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Resistance due to β-lactamase 

One of two main mechanisms in staphylococci for resistance to β-lactam 
antibiotics is the production of an enzyme called β-lactamase (or penicilli-
nase). It hydrolyses the β-lactam ring and thus inactivates the penicillin 
molecule. β-lactamase is encoded in staphylococci by the blaZ gene, which 
is located on a large plasmid. The transcription is regulated by the expres-
sion of two genes, blaR1 (encoding a transmembrane signal transducer) 
and blaI (encoding a repressor). When a β-lactam antibiotic binds to the 
extracellular part of blaR1, an intracellular signalling pathway is activated 
resulting in the cleavage of the repressor gene blaI, which initiates the ex-
pression of blaZ 39, 79.  

Methicillin resistance  

The second main mechanism, referred to as methicillin resistance, occurs in 
staphylococci when the bacteria acquire the mecA gene that encodes an 
alternative penicillin-binding protein (PBP2a or PBP2’) with low affinity 
for most β-lactam antibiotics. The production of PBP2a makes the bacteria 
resistant to almost all β-lactam antibiotics in clinical use. The rare excep-
tions are the newest, fifth generation of cephalosporins, ceftobiprole, and 
ceftaroline, with a promising effect also on PBP2a-producing staphylo-
cocci27, 46, 206. This type of methicillin-resistant S. aureus and CoNS is re-
ferred to as MRSA and MR-CoNS, respectively, even though methicillin is 
no longer in clinical use, being replaced by other penicillinase-stable peni-
cillins, such as oxacillin and flucloxacillin. 

The expression of the mecA gene is regulated by the closely located rep-
ressor gene mecI and inducer gene mecR1 in a similar way as for the β-
lactamase production. The regulator genes can be either intact or mutated. 
The regulation of the mecA expression is relatively complex and not fully 
understood. However, there are studies describing cross-regulation be-
tween blaZ and mecA, with blaR1 repressing the synthesis of mecA and 
mecI repressing the synthesis of β-lactamase67, 110. Methicillin-resistant 
staphylococci with intact regulator genes will appear as methicillin-
susceptible isolates even in the presence of β-lactam antibiotics, which is 
due to strong repression. Only when the mecI gene is deleted or mutated 
because of heavy antibiotic pressure will the bacteria emerge as methicillin-
resistant staphylococci. This has been described both in MRSA, with the 
isolates called pre-MRSA106, 202, and in MR-CoNS 133. The mecA gene and 
its regulator genes, mecI and mecR1, are located on a mobile genetic ele-
ment called staphylococcal cassette chromosome mec (SCCmec)64 (see be-
low). 
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Rifampicin 

Rifampicin is a semisynthetic substance with its origin in rifamycin B, an 
antibiotic molecule produced by the fungi Streptomyces mediterranei. Ri-
fampicin was developed in the search for a rifamycin-like substance possi-
ble to administer orally174. It shows a good natural bactericidal activity 
against a wide range of bacterial species, such as Neisseria meningitidis, 
Mycobacterium tuberculosis, and streptococci, and has extremely high 
activity against wild type staphylococci190. Rifampicin has the ability to 
penetrate biofilm and is active against stationary-phase bacteria208, 230. This 
ability makes it suitable for treating infections associated with foreign body 
material, which are often caused by biofilm-forming staphylococci. 

The mechanism of action for rifampicin is inhibiting the RNA poly-
merase by binding to the β-subunit encoded by the rpoB gene that is essen-
tial for the reproduction of the bacteria9, 201.  

Rifampicin resistance 

Resistance to rifampicin is rapidly developed, both in vitro and in vivo, and 
is due to mutations, mainly point mutations (single nucleotide polymor-
phism (SNP)), in the rpoB gene9, 91, 209, 222. The mutation rate is rather high: 
in staphylococci up to 1/107 colony forming units (cfu), where only a single 
specific SNP is enough for sensitive bacteria to become resistant139, 205. Mu-
tations changing the characteristics of the bacteria can be associated with 
an increased fitness cost resulting in a disadvantage for the mutated bacte-
ria as compared with the wild type. However, the bacteria often acquire 
other mutations that compensate the fitness cost resulting in an advantage 
for the mutated bacteria3-4, 139. 

 

Fusidic acid 

Fusidic acid is a substance derived from the fungi Fusidium coccineum with 
a mechanism of action by inhibiting the elongation factor G involved in 
protein synthesis. It is used primarily for skin and soft tissue infections 
caused by S. aureus. 

Resistance to fusidic acid is usually dependent on alterations in the fusA 
gene, which encodes the elongation factor G, but other mechanisms have 
been described as well, including decreased cell-wall permeability and in-
creased efflux214. 

 



22 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

Resistance due to β-lactamase 

One of two main mechanisms in staphylococci for resistance to β-lactam 
antibiotics is the production of an enzyme called β-lactamase (or penicilli-
nase). It hydrolyses the β-lactam ring and thus inactivates the penicillin 
molecule. β-lactamase is encoded in staphylococci by the blaZ gene, which 
is located on a large plasmid. The transcription is regulated by the expres-
sion of two genes, blaR1 (encoding a transmembrane signal transducer) 
and blaI (encoding a repressor). When a β-lactam antibiotic binds to the 
extracellular part of blaR1, an intracellular signalling pathway is activated 
resulting in the cleavage of the repressor gene blaI, which initiates the ex-
pression of blaZ 39, 79.  

Methicillin resistance  

The second main mechanism, referred to as methicillin resistance, occurs in 
staphylococci when the bacteria acquire the mecA gene that encodes an 
alternative penicillin-binding protein (PBP2a or PBP2’) with low affinity 
for most β-lactam antibiotics. The production of PBP2a makes the bacteria 
resistant to almost all β-lactam antibiotics in clinical use. The rare excep-
tions are the newest, fifth generation of cephalosporins, ceftobiprole, and 
ceftaroline, with a promising effect also on PBP2a-producing staphylo-
cocci27, 46, 206. This type of methicillin-resistant S. aureus and CoNS is re-
ferred to as MRSA and MR-CoNS, respectively, even though methicillin is 
no longer in clinical use, being replaced by other penicillinase-stable peni-
cillins, such as oxacillin and flucloxacillin. 

The expression of the mecA gene is regulated by the closely located rep-
ressor gene mecI and inducer gene mecR1 in a similar way as for the β-
lactamase production. The regulator genes can be either intact or mutated. 
The regulation of the mecA expression is relatively complex and not fully 
understood. However, there are studies describing cross-regulation be-
tween blaZ and mecA, with blaR1 repressing the synthesis of mecA and 
mecI repressing the synthesis of β-lactamase67, 110. Methicillin-resistant 
staphylococci with intact regulator genes will appear as methicillin-
susceptible isolates even in the presence of β-lactam antibiotics, which is 
due to strong repression. Only when the mecI gene is deleted or mutated 
because of heavy antibiotic pressure will the bacteria emerge as methicillin-
resistant staphylococci. This has been described both in MRSA, with the 
isolates called pre-MRSA106, 202, and in MR-CoNS 133. The mecA gene and 
its regulator genes, mecI and mecR1, are located on a mobile genetic ele-
ment called staphylococcal cassette chromosome mec (SCCmec)64 (see be-
low). 

 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 23
 

Rifampicin 

Rifampicin is a semisynthetic substance with its origin in rifamycin B, an 
antibiotic molecule produced by the fungi Streptomyces mediterranei. Ri-
fampicin was developed in the search for a rifamycin-like substance possi-
ble to administer orally174. It shows a good natural bactericidal activity 
against a wide range of bacterial species, such as Neisseria meningitidis, 
Mycobacterium tuberculosis, and streptococci, and has extremely high 
activity against wild type staphylococci190. Rifampicin has the ability to 
penetrate biofilm and is active against stationary-phase bacteria208, 230. This 
ability makes it suitable for treating infections associated with foreign body 
material, which are often caused by biofilm-forming staphylococci. 

The mechanism of action for rifampicin is inhibiting the RNA poly-
merase by binding to the β-subunit encoded by the rpoB gene that is essen-
tial for the reproduction of the bacteria9, 201.  

Rifampicin resistance 

Resistance to rifampicin is rapidly developed, both in vitro and in vivo, and 
is due to mutations, mainly point mutations (single nucleotide polymor-
phism (SNP)), in the rpoB gene9, 91, 209, 222. The mutation rate is rather high: 
in staphylococci up to 1/107 colony forming units (cfu), where only a single 
specific SNP is enough for sensitive bacteria to become resistant139, 205. Mu-
tations changing the characteristics of the bacteria can be associated with 
an increased fitness cost resulting in a disadvantage for the mutated bacte-
ria as compared with the wild type. However, the bacteria often acquire 
other mutations that compensate the fitness cost resulting in an advantage 
for the mutated bacteria3-4, 139. 

 

Fusidic acid 

Fusidic acid is a substance derived from the fungi Fusidium coccineum with 
a mechanism of action by inhibiting the elongation factor G involved in 
protein synthesis. It is used primarily for skin and soft tissue infections 
caused by S. aureus. 

Resistance to fusidic acid is usually dependent on alterations in the fusA 
gene, which encodes the elongation factor G, but other mechanisms have 
been described as well, including decreased cell-wall permeability and in-
creased efflux214. 

 



24 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

Aminoglycosides 

Aminoglycosides are a group of antibiotics with a complex mechanism of 
activity. Primarily, they inhibit the protein synthesis by binding to the bac-
terial 30S ribosomal subunit, which makes the ribosome unavailable for 
translation and, ultimately, cell death89. The first aminoglycoside found, 
streptomycin in the 1940s, was detected from a Streptomyces organism, 
and the subsequent antibiotics from either a Streptomyces species or a Mi-
cromonospora species. The origin of the antibiotic can be seen by the suffix 
of the name, i.e. mycin. Mycin is an aminoglycoside derived from Strepto-
myces and micin from Micromonospora. Tobramycin and gentamicin are 
two examples of aminoglycosides that are possible to use for treatment of 
staphylococcal infections.  

Resistance to aminoglycosides in staphylococci is mainly due to inactiva-
tion of the aminoglycoside molecule by enzymes, i.e. aminoglycoside-
modifying enzymes, which are divided into four classes based on the type 
of modification they induce114, 170.  

To avoid development of resistance to aminoglycosides, combination 
therapy has been suggested: combining aminoglycoside with a β-lactam 
antibiotic, vancomycin or (when treating a biofilm-related infection) ri-
fampicin128, 182. 

 

The Macrolide, Lincosamide, and Streptogramin group 

Despite being chemically unrelated, macrolides, lincosamides, and strepto-
gramins are often referred to as the MLS group of antibiotics since they 
have many similarities, including their antimicrobial activity and mecha-
nisms of action. These antibiotics inhibit protein synthesis by binding to 
the ribosomal 50S subunit99. 

The resistance to this group of antibiotics involves a variety of mecha-
nisms and genes. The most common mechanism is target site alteration of 
the ribosome, which can be either inducible or constitutive, involving the 
erm genes (in staphylococci ermA, ermB, and ermC)116. Of importance, is 
the fact that cross-resistance within the MLS group does exist and should 
be taken into consideration when choosing antibiotic regiment. Macrolide-
inducible clindamycin resistance could easily be detected when performing 
an antimicrobial susceptibility test using disc diffusion by placing the discs 
for clindamycin and erythromycin next to each other (called the D-test)215. 
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Fluoroquinolones 

The fluoroquinolones are a group of synthetic antibiotics discovered in the 
1960s. Their mechanism of action is interfering with the bacterial deoxyri-
bonucleic acid (DNA) replication. They target and inhibit the enzymes 
DNA gyras and topoisomerase IV, which are involved in the folding and 
supercoiling of the DNA after replication, leading to rapid bacterial cell 
death74, 214.  

Resistance is due to mutational alterations in the target genes, gyrA and 
gyrB for DNA gyras and parC and parE for topoisomerase IV, or over 
expression of efflux pumps214.  

 

Oxazolidinone 

Linezolid is the first approved antibiotic from the oxazolidinone class, with 
high activity against multi-drug resistant (MDR) Gram-positive cocci, in-
cluding MRSA, MR-CoNS, and vancomycin-resistant enterococci (VRE). It 
is a protein synthesis inhibitor having a unique ability to interfere with the 
initialisation of protein synthesis42, 228.  

Resistance to linezolid is due to mutations in the genes encoding 23S rRNA 
or by methylation of 23S rRNA by the acquisition of the cfr gene118, 214 

 

Lipopeptide 

The lipopeptide daptomycin is a relatively new antibiotic developed espe-
cially for treatment of severe Gram-positive infections (e.g., MRSA, MR-
CoNS, and VRE). Its mechanism of action is complex and results in a cell 
membrane destruction and rapid cell death183. 

Resistance to daptomycin is uncommon, but an increase of MIC during 
long-term treatment with daptomycin has been reported72. The underlying 
mechanisms are unclear, but increased cell wall thickness has been associ-
ated with decreased susceptibility198. 

 

Glycylcycline 

Glycylcycline is a group of antibiotics that were developed because of in-
creased resistance to tetracycline. The only approved glycylcycline thus far 
is tigecycline. It has extended broad-spectrum activity against both Gram-
positive and Gram-negative bacteria, including MDR strains. The mecha-
nism of action is inhibition of the protein synthesis by binding to the 30S 
ribosomal subunit and preventing amino acids to be attached during the 
elongation phase137. 
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In staphylococci resistance is rare. In a surveillance study in the UK that 
used agar dilution the rate of resistance for CoNS and S. aureus were 0% 
and 0.4%, respectively78. There are no studies explaining how resistance to 
tigecycline occurs, but it has been suggested that chromosomally mediated 
efflux pumps are involved and upregulated109. 

 

Glycopeptides 

The glycopeptides, such as vancomycin and teicoplanin, and the lipoglyco-
peptides, such as dalbavancin and telavancin, have a similar mechanism of 
action as the β-lactams, i.e. they interfere with the synthesis of the cell wall 
and are active against Gram-positive cocci. They are considered one of the 
last resorts for treatment of infections due to MRSA and MR-CoNS. 

Resistance to glycopeptides in staphylococci has two major mechanisms. 
One of the mechanisms is acquired genetic resistance involving the vanA 
gene resulting in high-level resistance (identified in both S. epidermidis and 
S. aureus in only a few isolates)26, 156. The other mechanism is unclear but 
thickened cell wall is involved, resulting in low-level resistance214. 

 

Prosthetic joints 

The development of replacing damaged joints was one of the major ad-
vances in the 20th century and has led to improved quality of life for mil-
lions of patients. In 2009, approximately 16 000 primary total hip joint 
replacements and 13 000 primary knee arthroplasties (both total and par-
tial) were performed in Sweden175, 179. In the USA and England in 2006 
about 800 000 hip arthroplasties and 130 000 knee arthroplasties were 
performed36. In a projection study in the USA in 2007 Kurtz et al105 pre-
dicted an increase by 174% and 673% of primary hip and knee arthro-
plasties, respectively, by the year 2030. 

A higher percentage of women than men (58% and 42%, respectively) 
need to have a joint replacement. The average age of patients receiving a 
prosthetic hip joint in Sweden is 69.4 years in women and 66.9 years in 
men175. For patients receiving a prosthetic knee joint, the average age is just 
above 69 years for women and just below 69 years for men179. The domi-
nating cause for replacing a hip or knee joint is osteoarthritis followed by 
inflammatory joint diseases (e.g., rheumatoid arthritis), and trauma175, 179.  

The surgical procedure of replacing a damaged hip or knee joint is per-
formed at the majority of the public hospitals in Sweden as well as at sev-
eral private hospitals and clinics, some even focusing only on orthopaedic 
surgery. There are many types and brands of implant, but the majority use 
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bone cement containing gentamicin, and in some cases, clindamycin for 
attachment.  

Cloxacillin is the most common antibiotic for prophylactic use in Swe-
den with a recommended administration time of 15-45 min before the start 
of the operation. In case of allergy to penicillin clindamycin will be used. 
However, there are studies indicating that these recommendations are not 
followed and an inappropriate timing of the administration of the antibi-
otic may result in a higher rate of postoperative infections186, 199. 

 

Prosthetic joint infections 

In Sweden, approximately 0.8% of all patients undergoing a primary pros-
thetic hip joint will be revised within 2 years because of prosthetic joint 
infection (PJI)175; for all patients with a primary prosthetic knee joint, 
0.65% will be revised within 5 years185. Similar figures have been reported 
from other countries in Northern Europe 62, 81. The frequency is somewhat 
higher in the USA (1.5-2.5%) for both prosthetic hip and knee joints108. 
After revision surgery, with or without exchange of the prosthesis, the 
frequency is considerably higher, i.e. up to 20% of patients will be a re-
infected36.  

Although rare, PJIs represent a large diagnostic and therapeutic chal-
lenge for the clinician and cause considerable suffering for the patient (e.g., 
pain and disability and even increased mortality). In addition, the costs are 
significantly increased because of prolonged hospitalisation, revision sur-
gery, and long-term antimicrobial treatment. In an American review the 
average cost per patient of combined medical and surgical treatment was 
estimated to $50 000 per patient and $250 000 million per year36. 

 
To make it possible to compare studies and statistics PJI has been divided 
into three groups: early, delayed, and late PJI232.  

Early PJI is defined as symptoms appearing within 3 months after sur-
gery and are usually due to contaminations during surgery. The onset is 
typically acute, with a fulminant post-operative infection, but can be more 
subtle, including problems with wound healing, suppuration, and necrotis-
ing tissue formation. The aetiological agents are often high virulent mi-
crobes, such as S. aureus or Gram-negative bacteria (e.g., Escherichia coli). 

Delayed infection is defined as symptoms occurring between 3 months 
and 2 years after surgery, the most common cause being inoculation during 
surgery. Early loosening of the prosthetic device can be an indication of 
delayed infections as well as persistent pain in the joint. These infections 
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usually involve low virulent bacteria, such as CoNS or Propionibacterium 
acnes. 

Finally, the definition of a late PJI is symptoms occurring more than 2 
years after surgery. Late PJI is often due to a haematogenous seeding of 
bacteria with an entry point at different parts of the human body (e.g., 
skin, dental, or urinary tract), with staphylococci (both S. aureus and S. 
epidermidis), α-haemolytic streptococci, and E. coli as the most frequently 
isolated bacteria. The symptom of late PJI can be either a sudden system-
atic inflammatory response syndrome or a slowly developing infection, 
often preceded by a non-symptomatic bacteraemia 121, 231-232. 

There are no standardised criteria for diagnosing PJIs. Microbiological 
methods are the most common approach but there are suggestions to in-
clude histological methods in the process11, 135. However, findings of mi-
crobes in cultured tissue samples are considered the gold standard. When 
suspecting a PJI, the recommendation is to take five or more tissue samples 
and incubate these cultures for at least 5 days in both an aerobic and an-
aerobic environment. Growth of an indistinguishable microbe in three or 
more samples is considered to indicate a PJI8. However, there are high risks 
of false positive as well as false negative results: The former may because of 
to contamination when taking the samples131 and therefore each sample 
should be taken with a separate sterile instrument. False negative results 
may depend on inadequate culturing conditions. For example, one study 
demonstrated that a longer culturing time might detect more infections: 
only 73.6% were detected after 7 days compared with after 13 days168. 
Culturing might also give a false negative result if the patient had received 
antibiotic treatment before tissue samples are collected191. To improve the 
results of culturing methods that include sonication of the explanted pros-
thetic joint device before culturing have been developed with promising 
results130, 191. In recent years a PCR technique has been used for detection 
of bacteria in suspected PJIs, usually targeting the 16S rRNA gene, and 
often in combination with sonication231. However, several studies have 
shown a low diagnostic advantage in routine use of PCR over bacterial 
culturing47, 101, 148. 

Aetiological agents 

The most common aetiologic agents causing PJI are CoNS (and predomi-
nately S. epidermidis) and S. aureus, followed by other bacteria usually 
found on the human skin and mucosal membranes (e.g., streptococci and 
Gram-negative bacteria). However, in up to 11% of symptomatic infec-
tions no bacteria are detected232.  
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Treatment of prosthetic joint infections 

The goal for successful treatment of a PJI is to eradicate the infection while 
preserving a stable implant and pain-free mobility of the joint. This ambi-
tion requires a combination of surgery and antibiotic therapy. The choice 
of combination treatment depends on several factors, including the micro-
bial agent, condition of the patient, and type of infection. However, if the 
symptoms involve loosening of the prosthetic device, replacement surgery 
should always be included in the treatment strategy. 

For surgical treatment, five strategies have been proposed, all combined 
with antibiotic treatment. 

 

Debridement with retained implant 

Debridement is recommended for patients with a stable implant, short 
duration of symptoms, staphylococci as causative agent, and no evidence 
of allergy to antibiotics. The strategy involves first debridement and re-
moval of all infected tissue while leaving the prosthesis in place, and then 
initial intravenous treatment with a β-lactam antibiotic or vancomycin 
followed by long-term treatment with rifampicin combined with a fluoro-
quinolone, fusidic acid or clindamycin. Depending on the antibiotic suscep-
tibility pattern, monotherapy with linezolid or trimethoprim-
sulphamethoxazole might be an option18, 22, 56, 173, 180, 187, 233. 

One-stage exchange 

For patients with delayed PJI and non-compromised soft tissue, one-stage 
exchange could be an effective strategy. It is an advantage if the PJI is 
caused by a microbe known to be treatable with oral antibiotics with good 
tissue penetration and active against stationary phase bacteria. The one-
stage procedure involves removal of the prosthesis, present cement, and 
infected surrounding tissue and then insertion of a new prosthesis, all dur-
ing one session131. For staphylococci, the recommended antibiotic treat-
ment is the same combinations as for debridement without removal of the 
prosthesis. Duration of the antibiotic treatment is 3 month for hip surgery 
and 6 months for knee surgery192. 

The advantage of the one-stage procedure as opposed to the two-stage 
described below is that the patient will not have a period of no prosthetic 
joint in place. The outcome of one-stage and two-stage exchange is proba-
bly comparable, but to my knowledge, there are no randomised studies 
indicating comparable outcomes.   
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Two-stage exchange 

The two-stage procedure is recommended for patients with more severe 
infections, including sinus tracts and deep tissue abscesses, as well as infec-
tions caused by microbes difficult to treat (e.g., MRSA and other multire-
sistant bacteria, including MR-CoNS)231. In the two-stage procedure, the 
first stage is removal of the prosthesis, bone cement, and infected tissue 
and bone. Sometimes a spacer, made of cement with antibiotics, is inserted 
during the first surgery session and sometimes an external fixation is at-
tached (for knee surgery). The time interval between the first and second 
stage is under debate, but the most common recommendation is 6 weeks of 
antibiotic treatment followed by at least 2 weeks of washout with no anti-
biotic treatment. If the patient shows no signs of infection after this period, 
the second stage of the surgery procedure can be performed and a new 
prosthesis inserted. During the second stage, when inserting the new pros-
thesis, tissue biopsies (≥5) for culture should be taken followed by intrave-
nous antibiotic treatment (for staphylococci the same combinations as 
mentioned previously). If the tissue biopsy cultures are negative, the antibi-
otic treatment can be stopped; otherwise, it should continue as for one-
stage exchange231. 

Joint removal 

If the patient is old or fragile, has an impaired immune defence, or if re-
placing the prosthetic joint does not improve the quality of life of the pa-
tient, the recommended strategy would be to remove the prosthetic joint 
without inserting a new one. This would result in either excision arthro-
plasty (Girdlestone) or arthrodesis, both resulting in a severe handicap to 
the patient by limiting mobility and shortening the length of the leg231. The 
recommended antibiotic treatment is the same as above. 

Amputation 

When the infection has spread uncontrollably or when too much of the 
bone material has been destroyed, amputation may be the only alternative. 
However, because of the severe impact, both physically and mentally, that 
amputation will have on the life of the patient, it should be considered as a 
last resort231. 

Antibiotic treatment only 

In rare occasions, when no additional surgery is possible, the patient de-
clines further surgery or when the patient is old, demands constant care, 
and is bedridden for other reasons, should life-long suppressive antibiotic 
treatment be the first choice231. 
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Choice of antibiotic treatment 

Antibiotics with activity on the cell wall synthesis, such as β-lactams and 
glycopeptides, are not optimal choices for treating PJI caused by staphylo-
cocci since they have suboptimal activity on bacteria in stationary phase or 
within biofilm. After performing antibiotic susceptibility testing, the pri-
mary choice should be rifampicin, which can penetrate biofilm and has 
good activity against stationary phase bacteria. However, since resistance 
to rifampicin rapidly develops it should always be combined with another 
antibiotic.  

Accordingly, various antibiotics (e.g., fluoroquinolones22, 180, 233, fusidic 
acid1, 56, trimethoprim-sulphamethoxazole187, clindamycin180, and line-
zolid173, 181) have been proposed to be combined with rifampicin to reduce 
the risk of rifampicin resistance. Furthermore, some recently available an-
tibiotics (e.g., daptomycin and tigecycline) may be suitable for treatment of 
foreign body infections (including PJIs) caused by sessile and biofilm-
producing bacteria such as S. epidermidis109, 193. However, β-lactams and 
glycopeptides should not be used in combination with rifampicin since 
rapid development of rifampicin resistance has been observed despite com-
bination treatment157, 177. 

 

Putative virulence factors in S. epidermidis 
There are not many virulence factors that have been described in S. epi-
dermidis. Furthermore, some of the abilities to evade the human immune 
defence that S. epidermidis uses when causing an infection also have a dif-
ferent, non-damaging function when the bacteria live as a commensal on, 
for example, the human skin. This capability, to cause an infection in cer-
tain environments, is still not fully understood and therefore S. epidermidis 
is sometimes referred to as “the accidental pathogen”145. 

Biofilm 

The ability of S. epidermidis to produce biofilm is regarded as the most 
important virulence factor when causing foreign body infections. More-
over, biofilm is very important for antibiotic resistance since most antibi-
otic molecules cannot penetrate it144. When foreign body material, such as 
a prosthetic joint, is implanted, a thin biofilm-like matrix is formed by the 
human defence system. This matrix consists of different extracellular ma-
trix proteins (such as fibrinogen, fibronectin, and collagen) that allow the 
human tissue cells to adhere to the foreign body material. However, this 
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Two-stage exchange 

The two-stage procedure is recommended for patients with more severe 
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matrix can be utilised by the bacteria as well to form biofilm, creating 
competition between the human cells and the bacteria to be the first to 
adhere. The development of a biofilm is considered a three-step process 
involving several genes, although how they cooperate is not completely 
understood (Fig. 1).  

 

Fig. 1. Illustration of the development of biofilm. Printed with permission. 

In the first step, attachment, the bacteria, which are in a planktonic phase, 
make contact with a surface, either of the foreign body material or the 
human matrix, and try to adhere to it. S. epidermidis uses different cell-
wall-associated adhesins called microbial surface components recognising 
adhesive matrix molecules (MSCRAMM), which recognise specific pro-
teins or polymers (e.g., the fibronectin-binding protein Embp210 and the 
lipase GehD that binds to collagen30). Another cell surface located protein 
involved in the formation of S. epidermidis biofilm is the autolysin AtlE, 
which acts as a promoter in the release of extracellular DNA153. 

For the second step, growth or development of a mature biofilm, two 
mechanisms have been described, polysaccharide or protein mediated60. 
The most studied mechanism involves a molecule called polysaccharide 
intercellular adhesion (PIA), which, when combined with other polymers 
like teichoic acids, forms the main part of the “slime”, i.e. the extra-
cellular matrix of the staphylococcal biofilm. The synthesis of PIA is ac-
complished by the products of the icaADBC gene complex144. The second 
mechanism, protein mediated biofilm or PIA-independent biofilm, has not 
been examined to the same extent as PIA-mediated biofilm, but the Aap 
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protein that is encoded by the aap gene is suggested to be the most impor-
tant protein involved144.  

The matured biofilm has a three-dimensional structure built of the ex-
tracellular substances with an irregular shape of mushrooms, often con-
nected to each other in the top, and channels. This form of structure allows 
for a flow of fluid, containing vital nutrients and oxygen, which can access 
bacteria deeper in the biofilm layers53 (Fig 2). The mechanisms involved in 
the formation of this structure, by detachment of pieces of the biofilm, is 
by far much less studied than the mechanisms in the initial phases, but 
recent findings suggest that phenol-soluble modulins (PSMs) are in-
volved144.  

Fig. 2. Structure of a biofilm, displaying the mushrooms and channels allowing a 
constant flow of nutrients to the deeper layers of the biofilm. Printed with permis-
sion. 

When the biofilm is matured and the cell density reaches a certain level, 
detachment of the biofilm begins (step three, Fig. 1). This is an important 
step in the sense that it allows the bacteria to spread and colonise other 
sites, either as single colonies or as larger clusters of colonies. There may 
also be a self-preserving function with detachment, allowing the bacteria to 
maintain a specific biofilm thickness for optimal conditions144. In staphylo-
cocci this mechanism is controlled by the agr quorum sensing system219. 
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When S. epidermidis forms a biofilm, several physiological changes can 
be observed, including decreased metabolism and increased production of 
extra-cellular polysaccharides. These changes lead to an improved protec-
tion of the bacteria by two mechanisms that enable the bacteria to persist 
resulting in a slowly developing, or even chronic, infection. First, a trans-
formation to a less aggressive form results in a decrease of host immune 
response, and second, a decreased sensitivity to antibiotics and antibacte-
rial peptides223. 

Quorum Sensing 

Quorum Sensing (QS) is a cell-to-cell communication between bacteria 
involving small hormone-like molecules called autoinducers (AI); this 
molecule is a peptide in staphylococci. The bacteria detect the level of AIs 
in the surrounding area and when the level reaches a certain threshold, it 
changes its gene expression.  

In staphylococci most of the research in QS has been done for S. aureus, 
but similar gene complexes have been found in other staphylococci, includ-
ing S. epidermidis. The QS system utilised by staphylococci is the accessory 
gene regulator (agr) gene complex, which, in S. aureus, has been found to 
upregulate the synthesis of exoproteins and downregulate surface pro-
teins138, 218. In S. epidermidis it has been shown that the agr system regu-
lates a significant part (approximately 16%) of the chromosomal genes 
(e.g., genes involved in cell division, virulence, and metabolic adapta-
tion224).  

The agr gene complex is approximately 3.5 kb in size and comprises 
four genes (agrB, agrD, agrC, and agrA), all transcribed by RNAII. AgrD 
encodes an autoinducing peptide (AIP), which is modified and exported by 
agrB, while agrC and agrA regulate the expression of this AIP. The gene 
for delta-toxin (hld) is located adjacent to the agr complex and is tran-
scribed by RNAIII (Fig. 3). RNAIII also acts as the effector molecule of the 
agr complex19, 154.  

Fig. 3. Positions of the different genes composing the agr complex and the adjacent 
hld gene, with the transcripts RNAII and RNAIII marked. 
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Toxins 

Unlike S. aureus and other bacteria, S. epidermidis does not produce many 
toxins. Besides a few reports of strains producing enterotoxins17, 45, which 
have not been generally accepted, the only toxins described in S. epider-
midis are the PSMs that have pro-inflammatory and cytolytic function145. 
These toxins are under strict regulation by the agr QS system216. Delta-
toxin, also referred to as PSMγ, has been reported to be involved in necro-
tising enterocolitis in neonates169, while the function of the other PSMs is 
not fully understood though they are suggested to have an important role 
in the regulation of biofilm144. As described previously, many of the viru-
lence factors in S. epidermidis may also have a non-damaging function. 
Delta-toxin is suggested to have antimicrobial activity against, for example, 
group A streptococci, when colonising the human skin. Thus, delta-toxin 
cooperates with the human cutaneous immune defence41. 

Exopolymers 

S. epidermidis produces exopolymers, such as the previously described PIA 
and poly-γ-glutamic acid (PGA). PGA acts as a protection against the in-
nate host defence of neutrophil phagocytosis and antimicrobial peptides. 
The second function, important for survival both as an infectious agent in 
biofilm and as a commensal on the skin, promotes growth during high salt 
concentrations by increased osmotolerance98. 

PIA, in addition to its significance in the formation of biofilm, has simi-
lar functions as PGA in the protection of S. epidermidis and defence 
against complement deposition and immunoglobulins145.  

 

Staphylococcal cassette chromosome mec 

As described previously, resistance to methicillin and almost all other β-
lactam antibiotics depends on the acquisition of the mecA gene. The mecA 
gene is located on a mobile gene cassette, SCCmec, which varies in size 
from 21-67 kb64. The SCCmec is integrated into the staphylococcal chro-
mosome at a specific site, attBscc, in orfX, an open reading frame with 
unknown function located near the origin of replication. This location, 
near the origin of replication, is suggested to be of advantage for the bacte-
ria when rapidly developing resistance 87. Most of the research in SCCmec 
has been performed on S. aureus since historically it has been of more 
clinical interest than CoNS. However, interest for SCCmec and CoNS has 
increased in recent years, especially in S. epidermidis and the ability to 
function as a reservoir of SCCmec.  
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The SCCmec contains two essential components, namely the mec com-
plex and the ccr complex85. The main parts of the mec complex are an 
insertion sequence (IS), IS431, and the mecA gene with its regulatory genes, 
mecI and mecR1, which can be intact or truncated. There are five major 
mec complexes, or classes, described in a variety of staphylococcal species 
(class A-E mec); they are separated based on the structure of the complex84, 

115, 176 (www.sccmec.org): 
 

• class A mec, IS431 – mecA – mecR1 – mecI 

• class B mec, IS431 – mecA – ∆mecR1 – IS1272 

• class C mec, IS431 – mecA – ∆mecR1 – IS431 

• class D mec, IS431 – mecA – ∆mecR1 

• class E mec, blaZ – mecA – mecR1 – mecI 
 
In addition, several minor variants of these classes, with insertions of for 
example IS1182 or Tn4001, have been described84.  

There are currently five ccr complexes described (type 1-4 and type C), 
which comprise one or two ccr genes. Three ccr genes have been described 
in staphylococci, ccrA, ccrB, and ccrC. For the ccrA and ccrB genes, four 
allotypes have been identified and only one for the ccrC gene84. The ccr 
types 1-4 consist of one ccrA gene and one ccrB gene while the ccr type C 
consists of only one ccrC gene:  

 

• ccr type 1 – ccrA1 and ccrB1 

• ccr type 2 – ccrA2 and ccrB2 

• ccr type 3 – ccrA3 and ccrB3 

• ccr type 4 – ccrA4 and ccrB4 

• ccr type C – ccrC 
 

However, there are a few other allotypes described for other staphylococ-
cal species, such as ccrA5 in S. pseudintermedius and ccrB7 in S. sapro-
phyticus49, 76, 84.  

Until now, eight SCCmec types have been described and are numbered 
according to the order of their description using roman numerals; SCCmec 
type I-VIII23, 85-86, 120, 141, 226. A new and improved nomenclature has been 
proposed by the International Working Group on the Classification of 
Staphylococcal Cassette Chromosome Elements (IWG-SCC), in which 
more information to the names of the different SCCmec types is added. For 
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example, SCCmec type IV should be referred to as SCCmec type IV (2B), it 
consists of a type 2 ccr complex and a class B mec complex (Table 3)84.  

 
Table 3. The old and new, proposed nomenclature for assigning SCCmec types, 
together with their respective ccr and mec gene complexes. 

Old SCCmec 
nomenclature 

New SCCmec 
nomenclature 

ccr gene complex mec gene complex 

I I (1B) 1 (A1B1) B 
II II (2A) 2 (A2B2) A 
III III (3A) 3 (A3B3) A 
IV IV (2B) 2 (A2B2) B 
V V (5C2) 5 (C) C2 
VI VI (4B) 4 (A4B4) B 
VII VII (5C1) 5 (C) C1 
VIII VIII (4A) 4 (A4B4) A 

 
For a long time, a common opinion has been that only a few epidemic 
MRSA clones have spread worldwide2, 44, 142. However, in the past decade 
several new clones have been discovered (mostly outside of the hospital 
environment) in patients with no prior contact with the healthcare sys-
tems143, 158. This type of MRSA is usually referred to as community-
acquired MRSA (CA-MRSA) in contrast to hospital-acquired MRSA (HA-
MRSA).  

There are some major differences described between the two types: CA-
MRSA is usually much less resistant to other antibiotics than β-lactam 
antibiotics compared to HA-MRSA87, the production of the PVL toxin (a 
leukocidine) is more common in CA-MRSA31, 164, and SCCmec IV is the 
dominating SCCmec type in CA-MRSA. SCCmec types I, II, and III are 
associated with HA-MRSA87.  

The SCCmec is not considered a natural part of the genome in S. aureus; 
however, CoNS, in which SCCmec displays a more diverse structure, has 
been suggested as a source and donor16, 25, 83. This transfer of SCCmec, 
from an MR-CoNS to a methicillin-sensitive S. aureus (MSSA) turning into 
a MRSA, has not been seen in vitro though there are studies describing 
possible transfers in vivo25, 28.  
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nomenclature 

ccr gene complex mec gene complex 

I I (1B) 1 (A1B1) B 
II II (2A) 2 (A2B2) A 
III III (3A) 3 (A3B3) A 
IV IV (2B) 2 (A2B2) B 
V V (5C2) 5 (C) C2 
VI VI (4B) 4 (A4B4) B 
VII VII (5C1) 5 (C) C1 
VIII VIII (4A) 4 (A4B4) A 

 
For a long time, a common opinion has been that only a few epidemic 
MRSA clones have spread worldwide2, 44, 142. However, in the past decade 
several new clones have been discovered (mostly outside of the hospital 
environment) in patients with no prior contact with the healthcare sys-
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been suggested as a source and donor16, 25, 83. This transfer of SCCmec, 
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Arginine catabolic mobile element (ACME) 

The arginine catabolic mobile element (ACME) is a newly discovered mo-
bile element in staphylococci. It was first described in the MRSA strain 
USA30050, where it is proposed to enhance the capability to colonise and 
survive on the human skin and mucosal membranes. In USA300 ACME is 
incorporated into the staphylococcal genome at orfX, the same location as 
SCCmec and surrounded by repeat sequences highly similar to the se-
quences surrounding SCCmec.  This observation has led to the suggestion 
that the mobility of ACME is mediated by the same sort of cassette chro-
mosome recombinases, ccrAB, as SCCmec50, 126. ACME contains one or 
two gene complexes, arc (encoding a secondary arginine deiminase system) 
and opp-3 (encoding an oligopeptide permease system). By determining the 
content of ACME it can be divided into three types (ACME-I, ACME-II, 
and ACME-III). ACME-I contains both the arc and the opp-3 gene clus-
ters, ACME-II contains arc but not opp-3, and ACME-III contains opp-3 
but not arc66. 

ACME has been found in many S. epidermidis isolates, originating from 
both infections and non-infectious carriage. It is commonly believed that 
ACME has been transferred from S. epidermidis to S. aureus15, 66, 126. Now, 
there is little knowledge of the functionality of ACME in S. epidermidis, 
but it is not associated with enhanced virulence of the strains. Rather, it 
seems to improve the fitness and ability to colonise the human skin and 
mucosal membranes15, 66. 

 

Genetic methods used in the present thesis  

Conventional Polymerase Chain Reaction (PCR) 

Polymerase chain reaction (PCR), which has been used for more than 20 
years in many scientific areas (e.g., human genetics, plant breeding, and of 
course microbiology), is a technique used for amplification of DNA 132, 165. 
PCR is especially applicable for studies of smaller, often specific regions of 
the genome, by copying a single-stranded DNA (ssDNA) to billions of 
copies in only a couple of hours. It involves a three-step cycle: first denatu-
ration of the double-stranded DNA (dsDNA) to ssDNA, then annealing of 
the primers (short ssDNA molecules with specific sequences depending on 
the target DNA), and finally, elongation/extension initiated from the prim-
ers (Fig. 4). By repeating this cycle 25-40 times theoretically 107-1012 copies 
are produced. 
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Gel electrophoresis is often used to acquire a visually detectable result (Fig. 5). 
 

Real-time PCR 

Real-time PCR is based on the same principles as described above (i.e., 
denaturation, annealing, and elongation/extension) but with the advan-
tages of being faster, less laborious, having higher sensitivity, and reducing 
the risk of contamination since all reactions occur in a closed system. The 
disadvantages, in comparison with conventional PCR, are a limitation of 
the size of the PCR product (ideally <1000 bp) and higher sensitivity for 
inhibiting substances. 

In the studies included in this thesis analysis of products of real-time 
PCRs was performed by melting curve analysis using SYBR Green I fluo-
rescence (Fig. 6). 
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Nucleotide sequencing 

The original method of using dideoxy chain termination for DNA sequenc-
ing was developed by Sanger et al in the 1970s167 and has since been modi-
fied and developed to increase automation. In the present thesis nucleotide 
sequencing was used in several papers for species identification of staphy-
lococci, detection of resistance mutations, and epidemiological studies. The 
sequencing process involves several steps beginning with PCR for amplifi-
cation of the target sequence, which can be performed by either conven-
tional or real-time PCR, followed by a purification step. A second PCR is 
then performed with only one primer per reaction and with the addition of 
terminating nucleotides included in the reaction mix. This second PCR is 
followed by another purification step before the samples are separated by 
capillary polymer electrophoresis (Fig. 7). 
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Multilocus sequence typing (MLST) 

Multilocus sequence typing (MLST) is a method used for epidemiological 
studies. Approximately 400-450 bp of seven genes (housekeeping genes) 
necessary for the maintenance of the bacteria are determined. For each 
isolates, the alleles of the seven genes represent an allelic profile. This alle-
lic profile can be compared with a publicly available MLST database con-
taining all published alleles resulting in the assigning of a sequence type 
(ST). By using one commonly recognised MLST scheme, the result can be 
compared to or analysed with other isolates examined elsewhere in the 
world. 

In the present thesis the MLST scheme published by Thomas et al was 
used, with a few additional primers, which involve the genes arc, aroE, gtr, 
mutS, pyrR, tpi, and yqiL189. The clonality of the results was analysed us-
ing eBURSTv3 (http://eburst.mlst.net/), a web-based program that analyses 
a collection of samples regarding similarity in the allelic profiles and based 
on the similarities divide the STs into clonal complexes (Fig. 8). 

 

Fig. 8. Example of a relationship map created by eBURSTv3 showing the clonal 
complex 2 (CC2) of S. epidermidis. Numbers represent sequence types. 
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Antibiotic susceptibility testing 

The main reason for performing antibiotic susceptibility testing (AST) is to 
give a recommendation of antibiotics eligible for treatment, using a pre-
determined set of antibiotics. Furthermore, AST can be used for prelimi-
nary epidemiological information to give a first indication whether two (or 
more) isolates are related. However, AST should not be used as the only 
method for epidemiology since many of the resistance determinants are 
located on mobile genetic elements (e.g., SCCmec or plasmids), which can 
be rearranged by gaining or losing genetic material. Hence, two related 
isolates can be regarded as unrelated because of differences in the antibiotic 
susceptibility pattern.   

Synergy testing 

The increasing number of infections caused by multiresistant CoNS limits 
the options for antibiotic treatment. Using combinations of antibiotics has 
been suggested to overcome this problem and there are studies indicating 
synergistic effects when combining two antibiotics88, 173, 181. Examining 
combination of antibiotics for synergistic effects can be performed in vitro, 
however, one must have in mind that the effect might be different in vivo 
because of interactions with the human environment. 
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Aims of the thesis 
The major aims of this thesis were the following: 

 

• Further develop and evaluate a genetic method using sequencing of 
the rpoB gene for species identification within the genus Staphylo-

coccus and simultaneous detection of rifampicin resistance. 

• Analyse the antibiotic susceptibility of S. epidermidis isolated from 
prosthetic joint infections, including synergy testing of antibiotic 
combinations with potential for treatment of prosthetic joint infec-
tions. 

• Compare S. epidermidis isolated from prosthetic joint infections 
and commensals (i.e. from wrists and nares of healthy individuals) 
in virulence factors (e.g., agr QS system, biofilm production, 
biofilm-associated genes, deltatoxin (PSMγ), and ACME). 

• Characterise methicillin-resistant isolates of S. epidermidis isolated 
from prosthetic joint infections and commensals in SCCmec and, if 
possible, assign a SCCmec type according to the nomenclature de-
veloped for S. aureus. 

• Investigate the epidemiological relationships between S. epidermidis 
isolated from prosthetic joint infections and commensals using 
MLST and PhenePlate. 
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Materials and Methods 

Bacterial isolates 

In paper I two sets of isolates were used. For species identification, 51 
clinical isolates of different staphylococcal species were included. These 
comprised S. aureus (n=10), S. auricularis (n=1), S. capitis (n=3), S. caprae 
(n=2), S. cohnii (n=2), S. epidermidis (n=5), S. haemolyticus (n=3), S. 
hominis (n=3), S. intermedius (n=2), S. lugdunensis (n=7), S. saccharolyti-
cus (n=1), S. saprophyticus (n=2), S. schleiferi (n=2), S. sciuri (n=2), S. 
simulans (n=2), S. warneri (n=2), and S. xylosus (n=2). For detection of 
rifampicin resistance using sequencing of the rpoB gene, isolates from eight 
patients, obtained pre- (susceptible isolates) and post-treatment (resistant 
isolates) with rifampicin, were included. These comprised S. aureus (n=20) 
and S. lugdunensis (n=10). All isolates of both sets were previously identi-
fied to the species level using DNAse test, coagulase test, and ID32Staph 
(bioMérieux). 

In paper II 33 clinical S. epidermidis isolates obtained during revision 
surgery for PJI were analysed. The isolates were collected from patients 
with infected hip prostheses (n=11) treated at Linköping University Hospi-
tal and from patients with infected hip (n=13), knee (n=8), and elbow 
(n=1) treated at Örebro University Hospital. The isolates were previously 
identified to the species level using ID32Staph (bioMérieux) and species 
verified by rpoB sequencing, as described in paper I 75. 

The same isolates as in paper II were analysed in paper III with the addi-
tion of four non-S. epidermidis CoNS isolates: one from each of the species 
S. capitis, S. haemolyticus, S. lugdunensis, and S. simulans. All four isolates 
were isolated from PJIs. 

In paper IV and V 61 clinical S. epidermidis isolated from PJIs and 24 
commensal S. epidermidis isolated from nares (n=13) and wrists (n=11) of 
24 healthy individuals were examined. Of the 61 clinical isolates 33 were 
used (see paper II for a description). The additional 28 clinical isolates 
were from patients with infected hip (n=12), knee (n=4), and shoulder 
(n=1) prostheses treated at Linköping University Hospital and patients 
with infected hip (n=10) and knee (n=1) prostheses treated at Örebro Uni-
versity Hospital. The added isolates were also identified to the species level 
using ID32Staph (bioMérieux) and rpoB sequencing, as described in paper I 75. 

All isolates were stored in preservation medium (yeast extract [DIFCO 
Laboratories, Sparks, MD, USA] and horse serum added trypticase soy 
broth [TSB; BBL, Sparks MD, USA]) at −70°C pending further analysis. 
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Culture conditions 

All isolates were cultured on blood agar (Columbia II agar [BD Diagnostics 
Systems, Sparks, MD, USA] 4.25% w/v; horse blood, defibrinated, [SVA, 
Uppsala, Sweden] 6% v/v), and incubated for 16-18 h at 37°C aerobic 
atmosphere, except S. saccharolyticus in paper I that was incubated in an 
anaerobic atmosphere.  

Antibiotic susceptibility testing 

Two methods for antibiotic susceptibility testing were used, Etest 
(bioMérieux) and disc diffusion test. In paper IV there were some changes 
in the methodology of the disc diffusion test, as explained below.  

Etest 

Etest (bioMérieux) was used in paper I to determine the minimum inhibi-
tory concentration (MIC) of rifampicin and in paper II to determine the 
MIC of oxacillin, cefoxitin, gentamicin, erythromycin, clindamycin, fusidic 
acid, tigecycline, rifampicin, vancomycin, linezolid, daptomycin, ciproflox-
acin, moxifloxacin, trimethoprim-sulphamethoxazole, dalbavancin, and 
ceftobiprole.  

All tests, except for oxacillin susceptibility, were performed on IsoSen-
sitest agar (ISOAP) (Oxoid, Basingstoke, UK) with incubation for 16–18 h 
at 36°C. Oxacillin susceptibility was tested, first, on IsoSensitest agar 
(Oxoid) supplemented with 5% defibrinated horse blood (SVA) and 2% 
NAD (Sigma-Aldrich Inc., St Louis, MO, USA) (ISONP) and incubated for 
24 h at 30°C, and second, on Mueller–Hinton II agar (BD Diagnostic Sys-
tems) supplemented with 2% sodium chloride (MUHSP) was and incu-
bated for 16–18 h at 36°C. Susceptibility testing was performed and 
breakpoints were established according to the recommendations of the 
Swedish Reference Group for Antibiotics (SRGA) and the SRGA Subcom-
mittee on Methodology (SRGA-M) (http://www.srga.org). Resistance to 
oxacillin was measured by Etest using species-related breakpoints with 
resistance defined as an MIC of >1.0 µg/ml according to the SRGA in 
2005. 

Disc diffusion test 

Disc diffusion test was used in paper II to determine resistance to cefoxitin, 
moxalactam, and norfloxacin and in paper IV to determine the resistance 
to cefoxitin, fusidic acid, clindamycin, erythromycin, gentamicin, rifam-
picin, trimethoprim-sulphamethoxazole, and norfloxacin (all discs from 
Oxoid, Basingstoke, UK). 
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In paper II all tests were performed on ISOAP and incubated for 16-18 h 
at 36°C with breakpoints according to the recommendations of SRGA and 
SRGA-M. 

In paper IV all tests were performed on Mueller-Hinton II agar (BD Di-
agnostic Systems) (MUHAP) and incubated for 16-20 h at 35°C with 
breakpoints according to the recommendations of the European committee 
for antimicrobial susceptibility testing (EUCAST; http://www.eucast.org). 

 

Synergy test 

Synergy testing using Etest is a well-developed method that allows in vitro 
testing of combinations of various antibiotics. In paper III this method was 
used to evaluate different antibiotic combinations. Rifampicin and linezolid 
were tested in combination with each other and with clindamycin, fusidic 
acid, ciprofloxacin, and trimethoprim-sulphamethoxazole.  

For synergy (combination) testing, two methods (fixed ratio and 
MIC/MIC ratio) were initially evaluated123, 147, 195. Briefly, in the fixed ratio 
method an Etest strip of the first antimicrobial agent was placed on an agar 
plate, its exact location marked on the back of the plate, and incubated for 
1 h at room temperature. Then, the Etest strip was removed and an Etest 
strip of the second antimicrobial was placed at the same location on the 
agar plate as the first strip (Fig. 9a). In the MIC/MIC ratio method an Etest 
strip of the first antimicrobial was placed on an agar plate, with the loca-
tion and the MIC value from the single testing marked on the back of the 
plate, and incubated for 1 h at room temperature. The Etest strip was then 
removed and an Etest strip of the second antimicrobial was superimposed 
so that the respective MIC values from the single testing were aligned (Fig. 
9b). All tests were performed on ISOAP (Oxoid) at 36°C aerobic atmos-
phere for 18–24 h. 

 
To determine whether each specific combination of antimicrobials resulted 
in a synergistic, additive, indifferent, or antagonistic effect, the fractional 
inhibitory concentration (FIC) index was calculated as previously de-
scribed123. The following cut-off values and interpretative criteria regarding 
the achieved effect were used: FIC index ≤0.5 indicated a synergistic effect, 
FIC index >0.5 and ≤1.0 an additive effect, FIC index >1.0 and ≤4.0 an 
indifferent effect, and FIC index >4.0 an antagonistic effect123. Random 
isolates were repeatedly analysed to assess reproducibility. 
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mittee on Methodology (SRGA-M) (http://www.srga.org). Resistance to 
oxacillin was measured by Etest using species-related breakpoints with 
resistance defined as an MIC of >1.0 µg/ml according to the SRGA in 
2005. 

Disc diffusion test 

Disc diffusion test was used in paper II to determine resistance to cefoxitin, 
moxalactam, and norfloxacin and in paper IV to determine the resistance 
to cefoxitin, fusidic acid, clindamycin, erythromycin, gentamicin, rifam-
picin, trimethoprim-sulphamethoxazole, and norfloxacin (all discs from 
Oxoid, Basingstoke, UK). 
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In paper II all tests were performed on ISOAP and incubated for 16-18 h 
at 36°C with breakpoints according to the recommendations of SRGA and 
SRGA-M. 
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agnostic Systems) (MUHAP) and incubated for 16-20 h at 35°C with 
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strip of the first antimicrobial was placed on an agar plate, with the loca-
tion and the MIC value from the single testing marked on the back of the 
plate, and incubated for 1 h at room temperature. The Etest strip was then 
removed and an Etest strip of the second antimicrobial was superimposed 
so that the respective MIC values from the single testing were aligned (Fig. 
9b). All tests were performed on ISOAP (Oxoid) at 36°C aerobic atmos-
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To determine whether each specific combination of antimicrobials resulted 
in a synergistic, additive, indifferent, or antagonistic effect, the fractional 
inhibitory concentration (FIC) index was calculated as previously de-
scribed123. The following cut-off values and interpretative criteria regarding 
the achieved effect were used: FIC index ≤0.5 indicated a synergistic effect, 
FIC index >0.5 and ≤1.0 an additive effect, FIC index >1.0 and ≤4.0 an 
indifferent effect, and FIC index >4.0 an antagonistic effect123. Random 
isolates were repeatedly analysed to assess reproducibility. 
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Fig. 9. Description of how the Etest strips were placed in the two methods used for 
synergy testing. Fig. 9a describes the fixed ratio method and fig. 9b the MIC/MIC 
ratio method.  

Biochemical typing of staphylococci 

DNAse test 

S. aureus produces an enzyme, DNAse, which degrades DNA. DNA pre-
cipitates in contact with hydrochloric acid (HCl) making an agar plate 
containing DNA turbid. By culturing a staphylococcal isolate overnight on 
an agar plate containing DNA and then flooding the plate with 1 M HCl, 
it is possible to distinguish S. aureus from CoNS. A clear zone will be seen 
surrounding a S. aureus isolate. 

Coagulase test 

The coagulase test is used as a complementary test to the DNAse test to 
distinguish S. aureus from CoNS when the result of the DNAse test is 
doubtful. S. aureus has the ability to clot plasma. This ability is due to the 
secretion of the enzyme coagulase. However, a few other species produce 
this enzyme, such as S. intermedius and S. hyicus, but they are mainly of 
interest in veterinary medicine12. 

The test is performed by inoculating a large colony of suspected S. 
aureus isolates in a tube containing plasma and incubating them at 36°C 
for 2-24 h. A positive result can be seen by gently tilting the tube 90° from 
vertical and observe for clot formations. A false negative result can be ob-
served after 24 h of incubation in some strains because of the production 
of another enzyme, staphylokinase, which lyses the clots after prolonged 
incubation. 
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Co-agglutination 

Can be used as a rapid test for distinguishing between S. aureus and CoNS. 
There are different commercial test kits, such as Pastorex Staph Plus (Bio-
Rad), designed to detect one or more of the specific attributes of S. aureus, 
such as clumping factor, protein A, and other surface antigens. These test 
kits use latex particles sensitised with fibrinogen and IgG.  

ID32Staph 

In paper I ID32Staph (bioMérieux) was used as a phenotypic, biochemical 
species identification method. This is a standardised test for identification 
of Staphylococcus, Micrococcus, Stomatococcus, and Aerococcus. The 
method is based on biochemical reactions in which 26 wells are used on a 
plastic strip, each containing a dehydrated test substrate. All tests, reading 
and interpretation of the results were performed according to the instruc-
tions from the manufacturer and using the web-based database 
(https://apiweb.biomerieux.com).  

Biofilm assay 

Quantitative determination of biofilm production was performed using a 
microtitre plate (MTP) assay as previously described102. All isolates were 
tested in triplicates and a biofilm positive S. epidermidis reference strain 
(RP62A, ATCC 35984) was used as positive control. 

PhenePlate 

The PhenePlate (PhP) system modified for typing of CoNS (PhPlate, Stock-
holm, Sweden) was used according to the manufacturer’s instructions and 
as described previously136 in paper IV for phenotypic characterisation. It 
uses pre-prepared 96-well microplates containing four sets of 22 dehy-
drated reagents: fructose, galactose, mannose, D-xylose, L-arabinose, D-
ribose, maltose, lactose, sucrose, trehalose, turanose, melizitose, mannitol, 
xylitol, D-arabinose, glycerol, deoxyribose, β-me-glucoside, arbutin, urea, 
ornitin, and arginine. Finally, two wells in each set contain negative con-
trols. The tests were performed according to the instructions from the 
manufacturer (http://www.phplate.se). Briefly, colonies from an overnight 
culture of each isolate were suspended in PhP medium consisting of an 
indicator (bromothymol blue), a source of nutrients (proteose peptone and 
yeast extract), sodium chloride, and phosphate buffer. Aliquots of the bac-
terial suspension were transferred into the pre-prepared reagent wells and 
the plates were incubated at 37°C. For each reaction, an absorbance value 
was measured after 16, 40, and 64 h at 620 nm using a microplate reader. 
The absorbance values were automatically transferred to a computer and 
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The absorbance values were automatically transferred to a computer and 
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stored as integral values. After the third measurement, a mean value of the 
three readings was calculated for each reaction. Using the PhP software 
(PhPlate), a dendrogram is created to compare and calculate the correla-
tions of the biochemical fingerprint of each isolate. Isolates with identical 
or very similar fingerprints, i.e. a correlation coefficient ≥0.975, were con-
sidered of the same PhP type136. 

 

Genetic typing of staphylococci 

Extraction of DNA 

For extraction of DNA two automatic DNA preparation robots were used: 
in paper I and II the MagNA Pure Compact System with the MagNA Pure 
Compact Nucleic acid isolation kit I (Roche Diagnostics GmbH, Mann-
heim, Germany) and for paper IV and V the NorDiag Bullet with the 
Bugs’n Beads STI-fast kit (NorDiag ASA, Oslo, Norway). The basic princi-
pal can be seen in Figure 10. 

Detection of mecA gene 

The isolates in paper II, IV, and V were tested for the presence of the mecA 
gene using a real-time PCR system (LightCycler 2.0; Roche Diagnostics) 
with SYBR Green I fluorescence melting curve analysis and the primers 
mecA upper (forward primer, 5´- GCGATTGATGGTGATACGGTT – 3´) 
and mecA lower (reverse primer, 5´-AGCCAAGCCTTGACGAAC 
TAAAGC – 3´)24. Briefly, PCR conditions were pre-incubation for 10 min 
at 95°C and then 35 cycles of amplification at 95°C for 10 s, 55°C for 5 s, 
and 72°C for 8 s. The melting curve analysis consisted of one cycle of 95°C 
for 0 s and 58°C for 1 min, followed by an increase in temperature at a 
transition rate of 0.1°C⁄s to 95°C while continuously monitoring fluores-
cence. 

 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 51
 

rpoB sequencing 

A segment of the rpoB gene (1052 bp) was amplified to use for species 
identification and detection of mutations causing rifampicin resistance 
using the primers 2491f (forward primer, 5´- AACCAATTCCGTA-
TIGGTTT – 3´) and 3554r (reverse primer, 5´- CCGTCCCAAGTCAT-
GAAAC – 3´)55, 124. For a few isolates, the primer 2491f did not work be-
cause of polymorphisms in the annealing site. Thus, 1418f (forward 
primer, 5´- CAATTCATGGACCAAGC – 3´) was used instead55, 124. The 
PCR was performed on a real-time PCR system (LightCycler 2.0, Roche 
Diagnostics) with SYBR Green I fluorescence melting curve analysis. The 
cycling parameters of the amplifications were as follows: 95°C for 10 min, 
followed by 40 cycles of heating up to 95°C, 50°C for 10 s, and 72°C for 
42 s. The PCR products were stored at +4°C prior to sequencing.  

The amplicons were sequenced using the primers 2491f (or 1418f if no 
PCR products were received using 2491f), 3554r, 1975r (reverse primer, 
5´- GCIACITGITCCATACCTGT – 3´), and 1876r (reverse primer, 5´- 
GAGTCATCITTYTCTAAGAATGG – 3´)55, 124. Briefly, the PCR products 
were purified using the High Pure PCR product purification kit (Roche 
Diagnostics) according to the manufacturer’s instruction. The cycle se-
quencing PCR was performed using BigDye Terminator v3.1 Cycle Se-
quencing Kit in 96-well microtitre plates on a GeneAmp PCR system 2700 
in accordance with the instructions from the manufacturer (Applied Biosys-
tems, Foster City, CA, USA). The sequence extension products were puri-
fied with ethanol/sodium acetate precipitation and subsequently resus-
pended in 10 μl of formamide. Finally, the nucleotide sequences were de-
termined using an ABI PRISM 3100 Genetic Analyser (Applied Biosys-
tems). The sequence of each strand of each compiled sequence was deter-
mined. Analysis and compilation of the sequences for each isolate were 
performed using ChromasPro (Technelysium Pty Ltd, Tewantin, Australia).  

For species identification, multiple-sequence alignments of the partial 
rpoB sequences were performed with BioEdit Sequence Alignment Editor 
version 7.0.5.3 (Isis Pharmaceuticals Inc., Carlsbad, CA, USA) and by 
manual adjustment. Furthermore, previously reported rpoB sequences from 
Staphylococcus species55, 124, 194 were included in the alignment. Phyloge-
netic analyses of the rpoB sequences were performed with TREECON 
(version 1.3b) software using the neighbour-joining method197, as previ-
ously described196. For species verification of each isolate in paper I and II, 
a 485-bp segment of rpoB, in accordance with Mellmann et al. 124, was 
submitted to GenBank and, in addition, the phylogenetic analysis con-
firmed the genetic relatedness of all rpoB sequences. 
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16S rRNA sequencing 

The PCR amplification of the 16S rRNA gene in paper I was performed 
using the primers fD1 (forward primer, 5´- AGAGTTTGATCYTGGYT-
YAG – 3´) and modru8 (reverse primer, 5´- TGATCCARCCGCASSTTC – 
3´) and a GeneAmp PCR System 9700 (Applied Biosystems). The cycling 
parameters of the amplification were as follows: 94°C for 10 min, three 
cycling programs: 97°C for 30 s, 59–64°C (touch-up 1°C per cycle) for 30 
s, and 72°C for 1.5 min, six times; 94°C for 30 s, 58°C for 30 s, and 72°C 
for 1.5 min, 15 times; 94°C for 30 s, 54°C for 30 s, and 72°C for 1 min, 20 
times; and 72°C for 7 min before cooling to 4°C. The PCR products were 
stored at +4°C prior to sequencing.  

The amplicons were sequenced using the primers fD1, modru8, 515F 
(forward primer, 5´- GTGCCAGCAGCCGCGGTAA – 3´), 533R (reverse 
primer, 5´- TTACCGCGGCTGCTGGCAC – 3´), 1099F (forward primer, 
5´- GCAACGAGCGCAACCC – 3´), and 1115R (reverse primer, 5´- 
AGGGTTGCGCTCGTTG – 3´). Briefly, the PCR products were purified 
using the High Pure PCR product purification kit (Roche Diagnostics) 
according to the instructions from the manufacturer. The cycle sequencing 
PCR was performed using BigDye Terminator v3.1 Cycle Sequencing Kit in 
96-well microtitre plates on a GeneAmp PCR system 2700 in accordance 
with the instructions from the manufacturer (Applied Biosystems). The 
sequence extension products were purified with ethanol/sodium acetate 
precipitation and afterwards resuspended in 10 μl of formamide. Finally, 
the nucleotide sequences were determined using an ABI PRISM 3100 Ge-
netic Analyser (Applied Biosystems). The sequence of each strand of each 
compiled sequence was determined. Analysis and compilation of the se-
quences for each isolate were performed using ChromasPro (Technelysium 
Pty Ltd). 

For species determination, the 16S rRNA sequences (approximately 
1,500 bp) were submitted to GenBank. 

spa typing 

In paper I spa typing was performed for all S. aureus isolates, according to 
the method by Harmsen et al71 and adopted for real-time PCR by Berglund 
et al25. 

Multilocus sequence typing 

For molecular epidemiological analyses in paper IV, MLST was carried out 
according to the MSLT scheme published by Thomas et al189, with addi-
tional primers used for a few isolates not possible to amplify with the 
original primers (Table 4).  
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Table 4. Primers used (including a few additional primers) for MLST according to 
the MLST scheme published by Thomas et al189. 

 
Briefly, 400-450 bp fragments of seven housekeeping genes were amplified 
by conventional PCR using primers previously described (Table 5). The 
PCR conditions were as follows: denaturation at 95°C for 3 min; 34 cycles 
of 95°C for 30 s, 50°C for 1 min, and 72°C for 1 min; followed by a final 
extension of 72°C for 10 min 189. The fragments were then sequenced using 
the same primers on an ABI PRISM 3100 Genetic Analyser (Applied Bio-
Systems). The sequence of each strand of each compiled sequence was de-
termined. Analysis and compilation of the sequences for each isolate were 
performed using ChromasPro (Technelysium Pty Ltd). The sequence of 
each allele for all isolates was submitted to the S. epidermidis MLST data-
base (http://sepidermidis.mlst.net) and given a corresponding ST. For stud-
ies of relationship between different STs, eBURSTv3 was used 
(http://eburst.mlst.net) and isolates with six out of seven alleles identical 
were considered to belong to the same group. 

Gene Primer Sequence (5´ – 3´) References 

arcC-F TGTGATGAGCACGCTACCGTTAG 189 arcC 

arcC-R TCCAAGTAAACCCATCGGTCTG 189 
aroE-F CATTGGATTACCTCTTTGTTCAGC 189 

aroE-R CAAGCGAAATCTGTTGGGG 189 
aroE-F2 TCTCATTCATTATCGCCATTG 200 
aroE-R2 CTAAAGTATGTGAAGCTAAACG 200 

aroE 

aroE-R3 CGTTTAGCTTCACATACTTTAG This study 
gtr-F CAGCCAATTCTTTTATGACTTTT 189 gtr 

gtr-R GTGATTAAAGGTATTGATTTGAAT 189 
mutS-F3 GATATAAGAATAAGGGTTGTGAA 189 mutS 

mutS-R3 GTAATCGTCTCAGTTATCATGTT 189 
pyr-F2 GTTACTAATACTTTTGCTGTGTTT 189 pyrR 

pyr-R4 GTAGAATGTAAAGAGACTAAAATGAA 189 
tpi-F2 ATCCAATTAGACGCTTTAGTAAC 189 

tpi-R2 TTAATGATGCGCCACCTACA 189 
tpi-F3 CCACCATATTGAATACGTGTAGCG 211 
tpi-R3 GCTTACTTTGAAGAAAGCGGTG 211 

tpi 

tpi-R4 CACCGCTTTCTTCAAAGTAAGC This study 
yqiL-F2 CACGCATAGTATTAGCTGAAG 189 yqiL 

yqiL-R2 CTAATGCCTTCATCTTGAGAAATAA 189 
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quences for each isolate were performed using ChromasPro (Technelysium 
Pty Ltd). 

For species determination, the 16S rRNA sequences (approximately 
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tional primers used for a few isolates not possible to amplify with the 
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Gene Primer Sequence (5´ – 3´) References 

arcC-F TGTGATGAGCACGCTACCGTTAG 189 arcC 

arcC-R TCCAAGTAAACCCATCGGTCTG 189 
aroE-F CATTGGATTACCTCTTTGTTCAGC 189 

aroE-R CAAGCGAAATCTGTTGGGG 189 
aroE-F2 TCTCATTCATTATCGCCATTG 200 
aroE-R2 CTAAAGTATGTGAAGCTAAACG 200 

aroE 

aroE-R3 CGTTTAGCTTCACATACTTTAG This study 
gtr-F CAGCCAATTCTTTTATGACTTTT 189 gtr 

gtr-R GTGATTAAAGGTATTGATTTGAAT 189 
mutS-F3 GATATAAGAATAAGGGTTGTGAA 189 mutS 

mutS-R3 GTAATCGTCTCAGTTATCATGTT 189 
pyr-F2 GTTACTAATACTTTTGCTGTGTTT 189 pyrR 

pyr-R4 GTAGAATGTAAAGAGACTAAAATGAA 189 
tpi-F2 ATCCAATTAGACGCTTTAGTAAC 189 

tpi-R2 TTAATGATGCGCCACCTACA 189 
tpi-F3 CCACCATATTGAATACGTGTAGCG 211 
tpi-R3 GCTTACTTTGAAGAAAGCGGTG 211 

tpi 

tpi-R4 CACCGCTTTCTTCAAAGTAAGC This study 
yqiL-F2 CACGCATAGTATTAGCTGAAG 189 yqiL 

yqiL-R2 CTAATGCCTTCATCTTGAGAAATAA 189 
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SCCmec typing 

All isolates in paper V were analysed in an attempt to assign an SSCmec 
type according to the S. aureus typing scheme84. The PCRs for the mec and 
ccr gene complex were run separately with specific primers. Determination 
of the ccr types 1-3 was made using a common primer for ccrB (βc) com-
bined with specific primers for ccrA1 (α1), ccrA2 (α2), and ccrA3 (α3). For 
detection of ccr type 4, the primers α4.2 and β4.2 were used and the 
primers γF and γR for the ccr type C. Identification of the class A mec 
complex was made using the primers mcR2 and mcR5, which are specific 
for the penicillin-binding domain of mecR1. The primers mA6 and IS5 
were used for identification of the class B mec complex. These primers 
correspond to a nucleotide sequence of IS1272 and mecA. The class C mec 
complex was identified using primers IS2 and mA2, corresponding to a 
nucleotide sequence ranging from mecA to IS431. All primer sequences are 
listed in Table 5.  

 
Table 5. Primers used for SCCmec typing. 

Objective Target 
element 

Primer Sequence (5´ – 3´) 

ccrA1 α1 AACCTATATCATCAATCAGTACGT 
ccrA2 α2 TAAAGGCATCAATGCACAAACACT 
ccrA3 α3 AGCTCAAAAGCAAGCAATAGAAT 

ccr1, ccr2, 
and ccr385, 

100 
ccrB1, 
ccrB2, 
ccrB3 

βc ATTGCCTTGATAATAGCCITCT 

ccrA4 α4.2 GTATCAATGCACCAGAACTT 
ccrB4 β4.2 TTGCGACTCTCTTGGCGTTT 

γF CGTCTATTACAAGATGTTAAGGATAAT 

ccr4, and 
ccrC100 

ccrC 
γR CCTTTATAGACTGGATTATTCAAAATAT 
mcR2 CGCTCAGAAATTTGTTGTGC Class A 

mec140 
mecR1 

mcR5 CAGGGAATGAAAATTATTGGA 
IS1272 IS5 AACGCCACTCATAACATATGGAA Class B 

mec140 mecA mA6 TATACCAAACCCGACAAC 
IS431mec IS2 TGAGGTTATTCAGATATTTCGATGT Class C 

mec95 mecA mA2 AACGTTGTAACCACCCCAAGA 
 
Amplification of the ccr gene complex (ccr types 1, 2, 3, and C) and the 
class A mec complex was performed in a real-time PCR system (LightCy-
cler 2.0; Roche Diagnostics) with SYBR Green I fluorescence melting curve 
analysis. The amplification for the class B mec complex, class C mec com-
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plex, and ccr4 gene complex was performed in a conventional PCR system 
(GeneAmp PCR System 9700, Applied Biosystem). The amplified products 
were then identified by agarose gel electrophoresis. The gel (1%, High 
Strength Analytic Grade Agarose, Bio-Rad Laboratories, Hercules, CA, 
USA) was stained with ethidium bromide for visualisation of the amplified 
DNA fragments. The electrophoresis was run for 60 min at 100 V with the 
molecular weight markers VIII and IV (Boeheringer, Mannheim, Ger-
many). All cycling conditions are listed in Table 6. 

 
Table 6. Protocol for amplification of the ccr and mec gene complex. The PCR 
programs start with pre-incubation at 95°C for 10 min followed by different ampli-
fication conditions. 

Objective Cycles Denaturation Annealing Extension Reference 
ccr1 35 95°C, 10 s 59°C, 5 s 72°C, 28 s 24 
ccr2 30 95°C, 10 s 55°C, 5 s 72°C, 38 s 24 
ccr3 35 95°C, 10 s 59°C, 5 s 72°C, 70 s 24 
ccr4 30 94°C, 60 s 50°C, 60 s 72°C, 2 min This study 
ccrC 40 95°C, 10 s 57°C, 5 s 72°C, 21 s 23 
Class A 
mec 

35 95°C, 10 s 61°C, 5 s 72°C, 13 s 24 

Class B 
mec 

30 94°C, 60 s 50°C, 60 s 72°C, 2 min 24 

Class C 
mec 

30 94°C, 60 s 50°C, 60 s 72°C, 2 min 95 

 

agr typing and detection of hld gene 

In paper IV one PCR was used for both detection of the hld gene and am-
plification of parts of the agr complex (a total of 2003 bp sequences). The 
primers used for this were hld and agr2-Rmod (Table 7). A GeneAmp PCR 
System 9700 (Applied Biosystems) was used with the cycling parameters of 
the amplifications as follows: 94°C for 10 min, followed by 40 cycles of 
94°C for 60 s, 49°C for 30 s, and 72°C for 120 s. The final elongation step 
was 72°C for 7 min. 

The PCR products were sequenced using the primers hld, agr2-Rmod, 
agr1-F, agr1-R, agrC-F, and agrC-R for agr-type 1 and hld, agr2-Rmod, 
agr-2-3-F, agr-2-3-R, agrC-2-3-F, and agrC-2-3-R (Table 7) for agr-type 2 
and 3. Briefly, the PCR products were purified using the High Pure PCR 
product purification kit (Roche Diagnostics) according to the instructions 
from the manufacturer. The cycle sequencing PCR was performed using 
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cler 2.0; Roche Diagnostics) with SYBR Green I fluorescence melting curve 
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(GeneAmp PCR System 9700, Applied Biosystem). The amplified products 
were then identified by agarose gel electrophoresis. The gel (1%, High 
Strength Analytic Grade Agarose, Bio-Rad Laboratories, Hercules, CA, 
USA) was stained with ethidium bromide for visualisation of the amplified 
DNA fragments. The electrophoresis was run for 60 min at 100 V with the 
molecular weight markers VIII and IV (Boeheringer, Mannheim, Ger-
many). All cycling conditions are listed in Table 6. 

 
Table 6. Protocol for amplification of the ccr and mec gene complex. The PCR 
programs start with pre-incubation at 95°C for 10 min followed by different ampli-
fication conditions. 
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agr typing and detection of hld gene 

In paper IV one PCR was used for both detection of the hld gene and am-
plification of parts of the agr complex (a total of 2003 bp sequences). The 
primers used for this were hld and agr2-Rmod (Table 7). A GeneAmp PCR 
System 9700 (Applied Biosystems) was used with the cycling parameters of 
the amplifications as follows: 94°C for 10 min, followed by 40 cycles of 
94°C for 60 s, 49°C for 30 s, and 72°C for 120 s. The final elongation step 
was 72°C for 7 min. 

The PCR products were sequenced using the primers hld, agr2-Rmod, 
agr1-F, agr1-R, agrC-F, and agrC-R for agr-type 1 and hld, agr2-Rmod, 
agr-2-3-F, agr-2-3-R, agrC-2-3-F, and agrC-2-3-R (Table 7) for agr-type 2 
and 3. Briefly, the PCR products were purified using the High Pure PCR 
product purification kit (Roche Diagnostics) according to the instructions 
from the manufacturer. The cycle sequencing PCR was performed using 
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BigDye Terminator v3.1 Cycle Sequencing Kit in 96-well microtitre plates 
on a GeneAmp PCR system 2700 (Applied Biosystems) in keeping with the 
instructions from the manufacturer. The sequence extension products were 
purified with ethanol/sodium acetate precipitation and subsequently resus-
pended in 10 μl of formamide. Finally, the nucleotide sequences were de-
termined using an ABI PRISM 3100 Genetic Analyser (Applied Biosys-
tems). The sequence of each strand of each compiled sequence was deter-
mined. Analysis and compilation of the sequences for each isolate were 
performed using ChromasPro (Technelysium Pty Ltd). 

Multiple-sequence alignments of the hld gene and the AIP part of the 
agrD gene were performed with BioEdit Sequence Alignment Editor ver-
sion 7.0.5.3 (Isis Pharmaceuticals Inc.) and by manual adjustment. Fur-
thermore, previously reported hld gene sequences and AIP sequences from 
S. epidermidis were also included in the alignment. 

 
Table 7. Primers used for detection of the hld gene and agr typing 

Primer Sequence (5´ – 3´) 
hld ACACTGAGTCCAAGGAAA 
agr2-Rmod CATAATCATGTCGGAACTT 
agr1-F ATGCACACGGTACGCATGCA 
agr1-R TGCATGCGTACCGTGTGCAT 
agrC-F TACGATTGTAATCCCTTCTGC 
agrC-R GCAGAAGGGATTACAATCGTA 
agr-2-3-F TTGCTCATGGTGCACATGCT 
agr-2-3-R AGCATGTGCACCATGAGCAA 
agrC-2-3-F TGGAATTATAATCCTTTCTGC 
agrC-2-3-R GCAGAAAGGATTATAATTCCA 

 

Detection of icaADB gene complex 

All isolates in paper IV were screened for the presence of the icaADB genes 
using a real-time PCR system (LightCycler2.0, Roche Diagnostics) with 
SYBR Green I fluorescence melting curve analysis and the primers icaADB-
F (forward primer, 5´- TTATCAATGCCGCAGTTGTC – 3´) and icaADB-
R (reverse primer, 5´- GTTTAACGCGAGTGCGCTAT – 3´)102. Briefly, 
PCR conditions were pre-incubation for 10 min at 95°C and then 35 cycles 
of amplification comprising 95°C for 10 s, 60°C for 5 s, and 72°C for 23 s. 
The melting curve analysis included one cycle of 95°C for 0 s and 65°C for 
15 s followed by an increase in temperature at a transition rate of 0.1°C⁄s 
to 95°C while continuously monitoring fluorescence. 
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Detection of aap gene 

All isolates in paper IV were screened for the presence of the aap gene us-
ing a real-time PCR system (LightCycler2.0, Roche Diagnostics) with 
SYBR Green I fluorescence melting curve analysis and the primers 
AAPREPEATF (forward primer, 5´- TCACTAAACAACCTGTTGACGAA 
– 3´) and AAPREPEATR (reverse primer, 5´- AATTGATTTTTAT-
TATCTGTTGAATGC – 3´)129. Briefly, PCR conditions were pre-
incubation for 10 min at 95°C and then 40 cycles of amplification compris-
ing 95°C for 10 s, 60°C for 8 s, and 72°C for 20 s. The melting curve 
analysis included one cycle of 95°C for 0 s and 65°C for 30 s followed by 
an increase in temperature at a transition rate of 0.1°C⁄s to 95°C while 
continuously monitoring fluorescence. 

Detection of ACME 

In paper V all isolates were examined for the presence of ACME using two 
PCR reactions detecting the arcA and opp3AB genes. The amplification of 
the genes was performed with the primers AIPS.27 (forward primer, 5´- 
CTAACACTGAACCCCAATG – 3´) and AIPS.28 (reverse primer, 5´- 
GAGCCAGAAGTACGCGAG – 3´) for arcA and AIPS.45 (forward 
primer, 5´- GCAAATCTGTAAATGGTCTGTTC – 3´) and AIPS.46 (re-
verse primer, 5´- GAAGATTGGCAGCACAAAGTG – 3´) for opp3AB51 
and a GeneAmp PCR System 9700 (Applied Biosystems). Briefly, PCR 
conditions were pre-incubation for 10 min at 95°C and then 30 cycles of 
amplification comprising 94°C for 60 s, 52°C (for arcA) or 59°C (for 
opp3AB) for 8 s, and 72°C for 2 min. The amplified products were identi-
fied by agarose gel electrophoresis as described above. The PCR results 
were classified into three ACME allotypes: ACME-I contains both the arcA 
and opp3AB genes, ACME-II contains the arcA gene but not the opp3AB 
gene, and ACME-III contains the opp3AB gene but not the arcA gene126. 
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Results and discussion 

Species identification of staphylococci by sequencing of the rpoB 
gene (paper I) 

Genetic methods for species identification within the genus Staphylococcus 
have become more important during the past decade, which is largely due 
to the increased interest for CoNS as a causative agent of various infec-
tions, especially in connection with foreign body materials80, 213. In paper I 
a rapid, objective, and accurate method for species identification using 
nucleotide sequencing of parts of the rpoB gene was evaluated55, 124.  

Forty-nine (96%) of the 51 isolates examined regarding species identifi-
cation were possible to assign a species using ≥ 97% similarity to previ-
ously published rpoB sequences in GenBank. For the two isolates that 
could not be identified using rpoB sequencing, a discrepancy analysis was 
performed, with 16S rRNA sequencing. The isolates were determined as 
Kocuria sp. and Corynebacterium sp. These isolates were previously identi-
fied, using ID32Staph (bioMérieux), as S. capitis and S. auricularis. Com-
paring the result from the rpoB sequencing with previous phenotypic diag-
nostics using ID32Staph (bioMérieux) revealed that 8 (16%) of the 49 
isolates differed with regard to identified species (Table 8).  

 
Table 8. Comparison between ID32Staph and rpoB sequencing for species identifi-
cation of staphylococci using 51 isolates representing 17 Staphylococcus species 

 ID32Staph (bioMérieux) (%) rpoB (%) 
Correct species 41 (80) 49 (96)b 

Incorrect speciesa 10 (20)b 0 (0) 
Not able to identify species 0 (0) 2 (4)c 
aVerification of discrepancies between ID32Staph and rpoB sequencing was made 
by 16S rRNA sequencing 
bTwo isolates were identified as S. intermedius using ID32Staph and as S. delphini 
using rpoB sequencing. According to the phylogenetic analysis they were correctly 
identified with rpoB sequencing, but 16S rRNA sequencing was not able to dis-
criminate between S. intermedius, S. delphini, S. pseudintermedius, and S. schleiferi. 
cIn the discrepant analysis using 16S rRNA sequencing these were determined as 
Kocuria sp. and Corynebacterium sp. 

 
Consequently, according to rpoB sequencing, one isolate phenotypically 
determined as S. cohnii was S. lugdunensis and five isolates comprising S. 
hominis (n=2), S. caprae, S. capitis, and S. lugdunensis, according to phe-
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notypic determination, were determined to be S. epidermidis using rpoB 
sequencing. In addition, two isolates identified as S. intermedius using 
ID32Staph were determined as S. delphini with rpoB sequencing. Accord-
ing to the phylogenetic analysis of the rpoB sequences (Fig. 11), the species 
of all true staphylococcal isolates (n=49) were correctly verified (also in 
comparison with sequences from previous studies)55, 124, 194. 

Fig. 11 Neighbour-joining phylogenetic tree describing the evolutionary relation-
ships of rpoB gene sequences (485 unambiguously aligned nucleotides) of different 
staphylococcal isolates representing 38 divergent species of staphylococci (data 
compiled from our study, and from Drancourt and Raoult, Mellmann et al. and 
Trulzch et al.55, 124, 194). GenBank accession numbers for all previously examined 
isolates are described55, 124, 194, and accordingly, isolates depicted without accession 
number are clinical isolates from the present study. 
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Phenotypical methods used for species identification of staphylococci have 
been shown to be insufficient, both in this study as well as in others21, 107. To 
overcome these shortcomings of the phenotypic methods several genotypic 
methods have been developed. The most common target has been the gene 
encoding 16S rRNA, but other genes have also been proposed, such as 
hsp60107 and rpoB55. The genetic methods of species identification have, in 
comparison to the phenotypic methods, a higher discriminatory capacity 
within the Staphylococcus genus and overall are considered more reliable21, 

55, 151. This discriminatory capacity of the genetic methods was clearly 
shown in the present study using rpoB sequencing. Consequently, the ge-
netic methods are superior to the phenotypic methods. However, effective 
use of rpoB sequencing, especially in routine diagnostics, would benefit 
from a comprehensive, publicly accessible, and well-maintained reference 
database for sequence comparisons and a clearly defined sequence similar-
ity threshold for the correct identification of divergent species and subspe-
cies. Concerning choice of target gene for species identification, the similar-
ity of the sequences of 16S rRNA, hsp60, and rpoB has been previously 
reported to be 90–99%21, 74–93%107 and 71.6–93.6%55, respectively, 
among different Staphylococcus species. However, despite the high diver-
gence in hsp60 sequences among different Staphylococcus species, this gene 
does not allow differentiation at the subspecies level55, which is possible 
using rpoB55, 124. Furthermore, a previous comparison between 16S rRNA 
and rpoB sequencing of the same isolates unambiguously showed that the 
rpoB gene was more efficient in distinguishing different Staphylococcus 
species124. 

 

Detection of rifampicin resistance in staphylococci by 
sequencing of the rpoB gene (paper I and II) 

Rifampicin is an efficient antimicrobial agent for treatment of biofilm-
associated infections because it has the ability to penetrate the biofilm and 
because it is effective against stationary phase bacteria208, 230. It inhibits the 
β-subunit of the bacterial RNA polymerase, which is encoded by the rpoB 
gene9, 201. However, resistance to rifampicin may rapidly develop because of 
single specific mutations in the rpoB gene. These mutations, usually SNPs, 
are located in close proximity to the sequence of the rpoB gene used for 
species identification in paper I. Accordingly, in paper I and II a larger part 
of the rpoB gene was sequenced making it possible to include detection of 
mutations responsible for rifampicin resistance. 
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notypic determination, were determined to be S. epidermidis using rpoB 
sequencing. In addition, two isolates identified as S. intermedius using 
ID32Staph were determined as S. delphini with rpoB sequencing. Accord-
ing to the phylogenetic analysis of the rpoB sequences (Fig. 11), the species 
of all true staphylococcal isolates (n=49) were correctly verified (also in 
comparison with sequences from previous studies)55, 124, 194. 

Fig. 11 Neighbour-joining phylogenetic tree describing the evolutionary relation-
ships of rpoB gene sequences (485 unambiguously aligned nucleotides) of different 
staphylococcal isolates representing 38 divergent species of staphylococci (data 
compiled from our study, and from Drancourt and Raoult, Mellmann et al. and 
Trulzch et al.55, 124, 194). GenBank accession numbers for all previously examined 
isolates are described55, 124, 194, and accordingly, isolates depicted without accession 
number are clinical isolates from the present study. 
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encoding 16S rRNA, but other genes have also been proposed, such as 
hsp60107 and rpoB55. The genetic methods of species identification have, in 
comparison to the phenotypic methods, a higher discriminatory capacity 
within the Staphylococcus genus and overall are considered more reliable21, 

55, 151. This discriminatory capacity of the genetic methods was clearly 
shown in the present study using rpoB sequencing. Consequently, the ge-
netic methods are superior to the phenotypic methods. However, effective 
use of rpoB sequencing, especially in routine diagnostics, would benefit 
from a comprehensive, publicly accessible, and well-maintained reference 
database for sequence comparisons and a clearly defined sequence similar-
ity threshold for the correct identification of divergent species and subspe-
cies. Concerning choice of target gene for species identification, the similar-
ity of the sequences of 16S rRNA, hsp60, and rpoB has been previously 
reported to be 90–99%21, 74–93%107 and 71.6–93.6%55, respectively, 
among different Staphylococcus species. However, despite the high diver-
gence in hsp60 sequences among different Staphylococcus species, this gene 
does not allow differentiation at the subspecies level55, which is possible 
using rpoB55, 124. Furthermore, a previous comparison between 16S rRNA 
and rpoB sequencing of the same isolates unambiguously showed that the 
rpoB gene was more efficient in distinguishing different Staphylococcus 
species124. 

 

Detection of rifampicin resistance in staphylococci by 
sequencing of the rpoB gene (paper I and II) 

Rifampicin is an efficient antimicrobial agent for treatment of biofilm-
associated infections because it has the ability to penetrate the biofilm and 
because it is effective against stationary phase bacteria208, 230. It inhibits the 
β-subunit of the bacterial RNA polymerase, which is encoded by the rpoB 
gene9, 201. However, resistance to rifampicin may rapidly develop because of 
single specific mutations in the rpoB gene. These mutations, usually SNPs, 
are located in close proximity to the sequence of the rpoB gene used for 
species identification in paper I. Accordingly, in paper I and II a larger part 
of the rpoB gene was sequenced making it possible to include detection of 
mutations responsible for rifampicin resistance. 
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In paper I pre-treatment rifampicin-susceptible and post-treatment ri-
fampicin-resistant S. aureus isolates from seven patients were compared 
with respect to alterations in the rpoB sequence. The patients were treated 
with rifampicin in combination with ciprofloxacin or isoxazolyl-penicillin 
(Table 9).  

 
Table 9. Characteristics of patients, antimicrobial treatment, and staphylococcal isolates 

obtained pre- and post-treatment as examined by rpoB sequencing for detection of rifampicin 

resistance 

Patient Age (years) 

and gender 

Diagnosis Treatment and duration Species spa 

typeb 

1 92, female PJI knee Rifampicin + ciprofloxacin, 

6 months 

S. aureus t002 

2 86, male Spondylitis, bacte-

raemia 

Rifampicin + isoxazolyl-

penicillin, 5 days 

S. aureus t015 

3 66, male Chronic leg ulcer, 

cellulitis 

Rifampicin + ciprofloxacin + 

vancomycin for 7 weeks, 

then rifampicin + ciproflox-

acin for 1 week, and finally 

rifampicin + ciprofloxacin + 

vancomycin for 3 weeks 

S. aureusa t149 

4 87, female Infective endocar-

ditis, spondylitis, 

bacteraemia 

Rifampicin + ciprofloxacin, 

3 months 

S. aureus t012 

5 50, male PJI knee Rifampicin + ciprofloxacin, 

6 months 

S. aureus t050 

6 83, female PJI hip Rifampicin + isoxazolyl-

penicillin, 3 months 

S. aureus t026 

7 73, male PJI hip Rifampicin + isoxazolyl-

penicillin, 14 days 

S. aureus t012 

8 79, male PJI knee, spondy-

litis, bacteraemia 

Rifampicin + ciprofloxacin, 

6 months 

S. lugdu-

nensis 

NA 

PJI, prosthetic joint infection; NA, not analysed. 
aThe isolate was a methicillin-resistant S. aureus (MRSA) and initially resistant to fluoroqui-

nolones. 
bAll the paired pre- and post-treatment S. aureus isolates from each patient displayed identical 

spa type 
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Each rifampicin-resistant isolate from these seven patients displayed an 
identical rpoB sequence to its corresponding rifampicin-susceptible wild 
type isolate except for one (in isolates from five patients) or two (one pa-
tient) non-synonymous SNPs, or an insertion of one codon (one patient) 
(Fig. 12). The single nonsynonymous SNP (resulting in 481His→481Tyr 
[n=4] and 486Ser→486Leu [n=1]) and the insertion of one codon (resulting 
in the insertion of 475His [n=1]) were associated with a high level of resis-
tance to rifampicin (MIC>32 μg/ml). However, the two non-synonymous 
SNPs (resulting in 470Met→470Thr and 471Asp→471Gly [n=1]) were 
associated with only a low level of resistance (MIC 12 μg/ml).  

Fig. 12. Multiple-sequence alignment of amino acid sequences of partial RpoB, 
positions according to RpoB of Staphylococcus aureus (GenBank accession number 
CAA45512), in paired S. aureus and S. lugdunensis isolates cultured from eight 
patients treated with rifampicin. 1a-8a are pre-treatment rifampicin susceptible 
isolates and 1b-8b are post-treatment rifampicin resistance isolates. For each iso-
late, the minimum inhibitory concentration (MIC; µg/ml) of rifampicin is depicted. 

In S. aureus resistance to rifampicin associated with alterations in amino 
acid codons 471, 481 and 486 of rpoB has previously been described9, 139, 

172, 205, and these alterations were identified in the present study as well. 
However, resistance associated with two single non-synonymous substitu-
tions in amino acid codon 470 or insertion of a complete codon, i.e. 
475His, has not been previously reported. The spa typing confirmed that 
all pre- and post-treatment isolates from each patient displayed an identical 
spa type and, accordingly, could be considered to belong to the same strain 
of S. aureus (Table 9).  
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Each rifampicin-resistant isolate from these seven patients displayed an 
identical rpoB sequence to its corresponding rifampicin-susceptible wild 
type isolate except for one (in isolates from five patients) or two (one pa-
tient) non-synonymous SNPs, or an insertion of one codon (one patient) 
(Fig. 12). The single nonsynonymous SNP (resulting in 481His→481Tyr 
[n=4] and 486Ser→486Leu [n=1]) and the insertion of one codon (resulting 
in the insertion of 475His [n=1]) were associated with a high level of resis-
tance to rifampicin (MIC>32 μg/ml). However, the two non-synonymous 
SNPs (resulting in 470Met→470Thr and 471Asp→471Gly [n=1]) were 
associated with only a low level of resistance (MIC 12 μg/ml).  

Fig. 12. Multiple-sequence alignment of amino acid sequences of partial RpoB, 
positions according to RpoB of Staphylococcus aureus (GenBank accession number 
CAA45512), in paired S. aureus and S. lugdunensis isolates cultured from eight 
patients treated with rifampicin. 1a-8a are pre-treatment rifampicin susceptible 
isolates and 1b-8b are post-treatment rifampicin resistance isolates. For each iso-
late, the minimum inhibitory concentration (MIC; µg/ml) of rifampicin is depicted. 

In S. aureus resistance to rifampicin associated with alterations in amino 
acid codons 471, 481 and 486 of rpoB has previously been described9, 139, 

172, 205, and these alterations were identified in the present study as well. 
However, resistance associated with two single non-synonymous substitu-
tions in amino acid codon 470 or insertion of a complete codon, i.e. 
475His, has not been previously reported. The spa typing confirmed that 
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Pre- and post-treatment S. lugdunensis isolates from one patient treated 
with a combination of rifampicin and ciprofloxacin were also examined. A 
single non-synonymous SNP (causing 471Asp→471Tyr [n=1]) (Fig. 12) 
was associated with an increase in the MIC value from 0.004 to 6 μg/ml 
(Table 9). In S. lugdunensis this SNP, obviously associated with low-level 
resistance, has not been previously reported, although it has been described 
in S. aureus9, 139. Furthermore, all paired S. aureus (n=20) and S. lugdunen-
sis (n=10) isolates were accurately species verified using rpoB sequencing. 

 
In paper II 33 S. epidermidis isolates isolated from PJIs were analysed for 
rifampicin resistance and alterations in the rpoB gene. Thirty-nine per cent 
of the isolates were resistant to rifampicin (MIC >32 µg/ml, n=12; MIC =6 
µg/ml, n=1). Rifampicin resistance was associated with one or two single 
nucleotide polymorphisms in rpoB (Fig. 13), whereas the rpoB sequences 
were identical for all susceptible isolates (n = 20), except one, which had a 
non-synonymous SNP that resulted in the amino acid change A477V (Fig. 
13). Among the resistant isolates (n = 13), the amino acid changes were as 
follows: D471E and I527M (n = 9) or S464P and A534V (n = 2); both 
combinations were associated with high-level resistance (MIC >32 µg/ml). 
An S464P change (n = 1) and an H481Y change (n = 1), associated with 
low-level resistance (MIC <6 µg/ml) and high-level resistance (MIC >32 
µg/ml), respectively, were also identified (Fig. 13). 

Fig. 13. Multiple alignment of amino acid sequences of an RpoB fragment from S. 
epidermidis isolates (n = 33) from patients with prosthetic joint infections PJIs 
(numbering as for RpoB of S. aureus [GenBank accession number CAA45512]). 

Some of the mutations identified here have been described similarly for S. 
aureus but, as far as we know, not for S. epidermidis. The A477V change 
has previously been described in S. aureus as resulting in low-level resis-
tance (MIC 1 µg/ml)9. However, the S. epidermidis isolate with the corre-
sponding change in the present study exhibited a MIC value of only 0.25 
µg/ml, accordingly, regarded as susceptible. Concerning the mutation vari-
ant 1 (Fig. 13), the non-synonymous substitution (C→A) in amino acid 
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codon 471 (D471E) has previously been described in S. aureus but only for 
strains with induced resistance in vitro139, whereas other non-synonymous 
nucleotide changes in the same codon have been described in clinical iso-
lates9, 205. However, the I527M change has resulted in high-level resistance 
(MIC >256 µg/ml) in S. aureus205. In mutation variant 2 (Fig. 13) the non-
synonymous substitution (T→C) in codon 464 (S464P) has previously been 
described in S. aureus, resulting in low level of resistance (MIC 4 µg/ml)9. 
However, the substitution (C→T) in codon 534 (A534V) has not been 
described previously. Further studies are needed to examine whether this 
mutation alone or the combination of the two mutations result in high-
level resistance. The non-synonymous substitutions resulting in mutation 
variants 3 and 4 (S464P and H481Y, respectively; Fig. 13) have been de-
scribed previously in S. aureus, resulting in low-level (MIC 4 µg/ml) and 
high-level (MIC >256 µg/ml) resistance, respectively9. Accordingly, the 
results of paper II clearly show that the development of rifampicin resis-
tance in S. epidermidis is similar to what has been reported in S. aureus 
and in other bacterial species9. Thus, a single SNP can lead to a dramatic 
increase in the MIC. 

 
Using rifampicin for monotherapy treatment of staphylococcal infections 
can evidently result in rapid emergence of resistance, which is shown in 
both paper I and II. Consequently, antibiotic combination therapy should 
always be administered in order to prevent development of rifampicin re-
sistance. However, cell wall antibiotics (e.g., β-lactams or glycopeptides) 
may not prevent the development of rifampicin resistance157, 177: Several of 
the patients in paper I had been treated with rifampicin in combination 
with isoxazolyl-penicillin (Table 9) and the S. aureus isolates were found to 
rapidly develop resistance. Hence, the antibiotic combination therapy with 
rifampicin preferably includes antibiotics with mechanisms of action other 
than cell wall antibiotics225. Clinical trials evaluating the combination of 
rifampicin and fluoroquinolones have reported encouraging outcomes22, 180, 

233. However, patients treated with this combination in a long-term course 
are also at risk since development of resistance to fluoroquinolones may 
occur150. In addition, rifampicin resistance will inevitably develop as noted 
in paper I. In recent years new combinations of antibiotics have been pro-
posed in the treatment of foreign body-infections infections. Both dapto-
mycin and linezolid have been combined with rifampicin with very good 
efficiency in experimental studies10, 63, 92, 173, 184, 204, but further studies to 
evaluate the in vivo efficacy are needed.  
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Antibiotic susceptibility among coagulase-negative staphylococci 
isolated from prosthetic joint infections (paper II and III) 

Using the Etest method, the antimicrobial activities of 16 antibiotics 
against 33 S. epidermidis isolated from PJIs were examined in paper II. In 
addition, detection of the mecA gene and the disc diffusion test for ce-
foxitin, moxalactam, and norfloxacin were performed for all isolates. The 
antibiotics examined and the results of the Etest from paper II are summa-
rised in Table 10.  

 
Table 10. Antibiotic susceptibility (Etest) of S. epidermidis (n=33) isolated from 
prosthetic joint infections (PJIs) 

Antibiotic Breakpoint 
MIC (µg/ml)a 

MIC (µg/ml) 
range 

MIC50 MIC90 Resistant 
(%) 

Oxacillin (IsoSen-
sitest)b 

1/1c <0.016 to 24 0.38 2 61 

Oxacillin (Mueller-
Hinton)b,d 

1/1c 0.125 to >256 128 >256 84 

Cefoxitin 4/4 0.19 to >256 6 24 58 
Gentamicin 1/1 0.032 to >256 32 64 79 
Erythromycin 0.5/0.5 0.047 to >256 >256 >256 67 
Clindamycin 0.5/2 0.023 to >256 >256 >256 67 
Fusidic acid 0.5/0.5 0.016-16 0.047 12 39 
Tigecycline 0.5/0.5 0.047-0.5 0.125 25 0 
Rifampicin 1/1 <0.002 to >256 0.003 >32 39 
Vancomycin 4/8 0.5-3 2 3 0 
Linezolid 4/4 0.047-0.38 0.19 0.25 0 
Daptomycin 1/1 0.094-1.5 0.25 0.75 3 
Ciprofloxacin 1/1 0.047 to >256 >32 >32 79 
Moxifloxacin 0.5/1 0.016-6 2 3 64 
SXTe 16/32 0.64 to >640 >640 >640 82 
Dalbavancin NAe 0.003-0.047 0.032 0.047 NAe 
Ceftobiprole NAe 0.094-1.5 0.5 1.5 NAe 
aSpecies-related breakpoints according to the Swedish Reference Group for Antibi-
otics (SRGA, http://www.srga.org). Breakpoints for S/I/R categorisation, e.g., 4/8: 
S<4 µg/ml and R>8 µg/ml. 
bEtest for oxacillin was performed using both ISONP and MUHSP. The Etest for all 
other antibiotics was performed using ISOAP. 
cPharmacological breakpoint according to SRGA. 
dOne isolate did not grow on MUHSP. 
eSXT, trimethoprim-sulphamethoxazole. NA, Not available 
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Methicillin resistance and mecA detection 

Phenotypical methods for detection of methicillin resistance are constantly 
under debate and several methods have been proposed for screening. MIC 
determination, both by the broth dilution method and the Etest (or similar 
tests), has been the reference method. However, methicillin MIC can be 
affected by test conditions and today the disc diffusion test of cefoxitin 30 
µg discs is the recommended method for routine screening in clinical labo-
ratories (EUCAST). During the past decade, PCR-based methods for verifi-
cation of methicillin resistance, primarily by detection of the mecA gene, 
are now used as standard or confirmatory methods in many clinical labora-
tories32.  

In paper II genotypic detection of the mecA gene was compared with 
phenotypic detection using both the Etest (oxacillin and cefoxitin) and the 
disc diffusion test (cefoxitin and moxalactam). The results using the Etest 
were in agreement with previous reports32; the mecA gene was detected in 
85% (n=28) of the isolates while the percentage of resistant isolates dif-
fered between 58% (n=19) for cefoxitin and 82% (n=27) for oxacillin on 
MUHSP (Table 11). 

 
Table 11. Minimum inhibitory concentrations (MIC) of oxacillin and cefoxitin 
using the Etest in relation to the presence of the mecA gene (detected using real-
time PCR), for S. epidermidis (n=33) isolated from prosthetic joint infections (PJIs). 

 mecA+ (n=28) mecA- (n=5) 

Oxacillin-susceptible, ISONPa 8 5 
Oxacillin-resistant, ISONPa 20 0 
Oxacillin-susceptible, MUHSPa 1 4b 

Oxacillin-resistant, MUHSPa 27 0 
Cefoxitin-susceptiblea 10 4 
Cefoxitin-resistanta 18 1 
aThe Etest for oxacillin was performed using both ISONP and MUHSP. The Etest 
for cefoxitin was performed using ISOAP. 
bOne isolate did not grow on MUHSP. 

 
When the results in paper II for the disc diffusion test were compiled, the 
breakpoints for cefoxitin, according to SRGA, were R ≤ 21 mm and S ≥ 27 
mm. However, when the present thesis was written new breakpoints based 
on the EUCAST method (R < 25 mm and S ≥ 25 mm) were in use. Apply-
ing the SRGA breakpoints, 82% (n=27) of the isolates showed resistance to 
cefoxitin, whereas using the EUCAST breakpoints 88% (n=29) were resis-
tant, which can be compared with the 85% positive for mecA. Three iso-
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lates, with a zone diameter of 23 mm (n = 2) or 26 mm (n = 1) for ce-
foxitin, were negative for mecA but displayed intermediate susceptibility 
based on the SRGA breakpoints. Moreover, one isolate was positive for 
mecA but susceptible to cefoxitin with a zone diameter of 32 mm. When 
applying the EUCAST breakpoints, the two isolates with a zone diameter 
of 23 mm would be considered resistant and the isolate with zone diameter 
of 26 mm would be sensitive (Table 12). 

 
Table 12. Results from the disc diffusion test for cefoxitin, when applying break-
points from both SRGA and EUCAST in relation to the presence of mecA gene. 
Thirty-three S. epidermidis isolates isolated from prosthetic joint infections (PJIs) 
were tested. 

 mecA+ (n=28) mecA- (n=5) 

Cefoxitin-susceptible, SRGAa 1 2 
Cefoxitin-intermediate susceptible, SRGAa 0 3 
Cefoxitin-resistant, SRGAa 27 0 
Cefoxitin-susceptible, EUCASTb 1 3 
Cefoxitin-resistant, EUCASTb 27 2 
aSRGA, Swedish Reference Group for Antibiotics. 
bEUCAST, European committee on antimicrobial susceptibility testing. 

 
Moxalactam, a third generation cephalosporin, has been suggested to ei-
ther complement or replace cefoxitin as a screening antibiotic for detection 
of methicillin resistance, especially for isolates showing intermediate sus-
ceptibility to cefoxitin59, 93, 160. Hence, moxalactam was compared with 
cefoxitin for the 33 S. epidermidis isolates included in paper II (results 
shown in Fig. 14).  
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 Fig. 14. Comparison of cefoxitin and moxalactam for screening of methicillin 
resistance in S. epidermidis isolated from prosthetic joint infections (PJIs). 

There are no breakpoints assigned by EUCAST for moxalactam, but the 
50th percentile was 22 mm and the 90th percentile 31 mm. The correlation 
between the moxalactam zone diameters and the presence of mecA was 
slightly better than that observed with cefoxitin, but still not completely 
reliable (Fig. 14).  

 
Consequently, detection of mecA remains necessary prior to initiating 
treatment for infections caused by S. epidermidis strains that are on the 
borderline of being resistant or sensitive to cefoxitin. 

 

Multi-resistance 

Ninety-one per cent (n=30) of the isolates in paper II were considered 
multi-resistant, i.e. resistant to three or more of the antimicrobial agent 
groups tested, whereas only one isolate was susceptible to all the antibiot-
ics tested, and two isolates were resistant to cefoxitin only as determined 
by the disc diffusion test and using EUCAST breakpoints.  

Fluoroquinolones have been recommended as the drugs of first choice 
for combination therapy with rifampicin for the treatment of foreign body 
infections such as PJIs233. Three fluoroquinolones (ciprofloxacin and 
moxifloxacin using the Etest and norfloxacin using the disc diffusion test) 
were tested in the present study. However, the proportion of susceptible 
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isolates was found to be rather similar for all three fluoroquinolones: 79% 
(n=26) of the isolates were resistant to ciprofloxacin and norfloxacin and 
64% (n=21) were resistant to moxifloxacin, the latter with slightly lower 
MICs (Table 10). The five isolates differing, however, were all considered 
intermediate susceptible to moxifloxacin (SRGA breakpoints). The signifi-
cance of this, however, is uncertain in that no clinical trial using moxiflox-
acin for the treatment of PJI has been published. Nevertheless, there are 
several clinical trials concerning PJIs in which impressive treatment out-
comes have occurred when ciprofloxacin or levofloxacin has been used in 
combination with rifampicin22, 180, 233. 

 
For additional commonly used antibiotics (e.g., clindamycin, gentamicin, 
and trimethoprim–sulphamethoxazole), a high level of resistance was 
found (Table 10). The high rate of gentamicin resistance (79%; n=26) may 
be a result of the frequent use of gentamicin-containing cement in Sweden, 
and may limit the utilisation of local application with gentamicin-
containing collagen sponges. Only one published clinical study has exam-
ined the combination of rifampicin and clindamycin. This study showed a 
lower cure rate than that obtained with the combination of rifampicin and 
levofloxacin180. There are a few studies describing the use of fusidic acid or 
cotrimoxazole (i.e. trimethoprim–sulphamethoxazole) in combination with 
rifampicin with rather good outcome (55% for fusidic acid and 61% for 
cotrimoxazole)56, 187. These combinations may be of interest for treatment 
of PJIs, especially in the case of MDR S. epidermidis with resistance to 
fluoroquinolones and β-lactam antibiotics14.However, there are reports of 
a 12% cumulative risk of treatment failure using the combination of ri-
fampicin and fusidic acid1. Theoretically, pharmacological interactions 
could occur since rifampicin is a strong inducer of the cytochrome P450 
enzymes, including cytochrome 3A443, whereas clindamycin is probably 
metabolised by the P450 enzymes and fusidic acid by the 3A4 cyto-
chrome188, 220. Pharmacological interactions could result in subtherapeutic 
concentrations of clindamycin and fusidic acid during treatment with ri-
fampicin and possibly in less favourable treatment outcomes.  

 
Concerning recently available antimicrobial agents, all isolates (100%) 
were susceptible to tigecycline and linezolid. In addition, 97% (n=32) were 
susceptible to daptomycin, making them potential options for treatment of 
otherwise MDR staphylococci. Several clinical trials, although open and 
non-randomised, have shown promising outcomes in the treatment of PJIs 
with linezolid, including the combination with rifampicin18, 173, 181. On the 
other hand, clinical experience of treating PJIs with daptomycin and tige-
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cycline is limited58. In paper II one daptomycin-resistant isolate (MIC 1.0 
µg/ml) was found. The MIC of vancomycin for this isolate was 2.0 µg/ml. 
In S. aureus a relationship between increased MICs of daptomycin and 
vancomycin has been reported166, as well as an increase in MIC during 
long-term treatment with daptomycin72. The mechanisms behind this are 
not well understood, but increased cell-wall thickness has been associated 
with higher MIC values for both vancomycin and daptomycin166. 

 
The novel antimicrobial agents dalbavancin (a 2nd generation lipoglycopep-
tide) and ceftobiprole (a 5th generation cephalosporin) have not yet been 
approved by the US Food and Drug Administration or the European Medi-
cines Agency, but preliminary data from in vitro and in vivo (in animals) 
studies have indicated the potential usefulness of these antimicrobial agents 
for the treatment of foreign body infections38, 48. The MICs of these antim-
icrobial agents were determined in paper II (Fig. 15). MIC50 and MIC90 of 
dalbavancin and ceftobiprole were 0.032 and 0.047 µg/ml and 0.5 and 1.5 
µg/ml, respectively (Table 10). This finding indicates that they may be con-
sidered for the treatment of PJIs, at least initially until per oral antibiotics 
could be instituted. 

Fig. 15. Distribution of the minimum inhibition concentrations (MICs) of dalba-
vancin (a) and ceftobiprole (b) as determined with the Etest for 33 S. epidermidis 
isolated from prosthetic joint infections (PJIs).  

Synergy testing 

The ability to form biofilm is probably the most important resistance fac-
tor in S. epidermidis. Thus, when choosing antibiotic treatment, this has to 
be considered. However, many antibiotics have suboptimal activity on 
bacteria in stationary phase or in biofilm. Rifampicin is one of only a few 
antibiotics that can penetrate biofilm and has good activity against station-
ary phase bacteria. However, since resistance to rifampicin develops rap-
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idly, it should always be combined with another antibiotic agent with a 
different mechanism of action.  

In paper III different antimicrobial combinations were tested against 37 
CoNS isolated from PJIs in regards to synergistic effects and using the 
Etest. Rifampicin and linezolid were tested in combination with each other 
and with clindamycin, fusidic acid, ciprofloxacin and trimethoprim–
sulfamethoxazole.  

Overall, 16 (43%) of the isolates displayed a synergistic (n=5), additive 
(n=14) or antagonistic (n=11) effect when combining two antimicrobials 
(Table 13). 

 
Table 13. Antimicrobial synergy testing of coagulase-negative staphylococcal iso-
lates (n=37) from prosthetic joint infections (PJIs) by the Etest 

Number of (%) isolates Antimicrobial 
combinationa Synergism Addition Indifference Antagonism 

RI + LZ 0 0 36 (97%) 1 (3%) 
RI + CI 0 0 35 (95%)b 2 (5%) 
RI + FU 2 (5%) 0 35 (95%) 0 
RI + CM 0 4 (11%)c 33 (89%) 0 
RI + SXT 0 1 (3%) 36 (97%)d 0 
LZ + CI 0 1 (3%) 35 (95%) 1 (3%) 
LZ + FU 1 (3%) 6 (16%) 30 (81%)e 0 
LZ + CM 2 (5%) 2 (5%) 30 (81%) 3 (8%) 
LZ + SXT 0 0 33 (89%) 4 (11%) 
aRI, rifampicin; LZ, linezolid; CI, ciprofloxacin; FU, fusidic acid; CM, clindamycin; SXT, 

trimethoprim–sulfamethoxazole 
bIncluding one strain not possible to distinguish between indifferent and additive effect. 
cIncluding two strains not possible to distinguish between additive and synergistic effect. 
dIncluding two strains not possible to distinguish between indifferent and additive effect. 
eIncluding one strain not possible to distinguish between indifferent and additive effect and 

one strain not possible to completely distinguish between additive and synergistic effect. 

 
The combination of rifampicin and ciprofloxacin, often recommended for 
treatment of PJIs, displayed no synergistic effect in vitro. Instead, there 
were two (5%) isolates showing an antagonistic effect with an increase of 
the ciprofloxacin MIC from 6-8 μg/ml to >32 μg/ml. The combination of 
rifampicin and ciprofloxacin should only be used when the isolate is sus-
ceptible to ciprofloxacin (MIC≤1.0 µg/ml). For rifampicin and fusidic acid, 
two isolates (5%) displayed a synergistic effect, with a decrease of the ri-
fampicin MIC from >32 μg/ml to 8-0.125 μg/ml. In addition, there was a 
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decrease of fusidic acid from 6-12 μg/ml to 1.5-0.064 μg/ml. For rifampicin 
and clindamycin, four isolates (11%) displayed an additive effect, three 
with a decrease of the clindamycin MIC from >256 μg/ml to 0.94-128 
μg/ml and one additional isolate displayed a decrease from 0.19 μg/ml to 
0.064 μg/ml.  

Linezolid comprises no known cross-resistance to other antimicrobials 
and is highly effective against Gram-positive bacteria. However, the treat-
ment is expensive and long-term use may cause adverse effects155, 181. For 
the combination rifampicin and linezolid, no synergistic or additive effects 
were found in the present in vitro test, but in a previous study by Jacque-
line et al.88 using the time–kill curve method an additive effect was ob-
served. This additive effect has also been indicated in clinical studies173, 181. 
Accordingly, this combination treatment may have a synergistic effect in 
vivo. For linezolid and fusidic acid, almost 20% of the isolates displayed a 
positive effect (synergistic or additive). For linezolid and clindamycin, all 
three effects were found, i.e. two isolates (5%) displayed synergistic effects, 
two (5%) additive effects and three (8%) antagonistic effects. Clindamycin 
might be of clinical interest as the empirical treatment of PJIs because of its 
good effect on aerobic as well as anaerobic bacteria. Linezolid in combina-
tion with trimethoprim–sulfamethoxazole displayed the highest percentage 
of an antagonistic effect (four isolates, 11%), with an increase of linezolid 
MIC by two to three whole MIC steps, whereas rifampicin and 
trimethoprim–sulfamethoxazole displayed no antagonistic effect and one 
isolate (3%) displayed an additive effect.  

The reproducibility of the antimicrobial synergy testing using the Etest 
was high. Ideally, the Etest method for synergy testing of staphylococci 
should be further validated to a “gold standard,” such as checkerboard 
titration or any in vitro kinetic model for synergy testing. However, there 
have been studies comparing the Etest, the time–kill curve method, or 
checkerboard methods for various organisms (e.g., Acinetobacter bauman-
nii29, Candida species111, and Burkholderia cepacia123). All of these studies 
concluded that the Etest is simple to use, time-efficient, reproducible, and 
has good agreement to other methods for synergy testing. In addition, 
though, each isolate must be tested separately for the antibiotic combina-
tions of interest. A limitation of the study in paper III was that only bacte-
ria in the growth phase, and not in the stationary phase protected by 
biofilm, were examined. Accordingly, the results may not completely re-
flect the situation in vivo during a PJI, but highlight interesting antimicro-
bial combinations and their interactions in vitro. 
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Comparison of antibiotic susceptibility of S. epidermidis isolated 
from prosthetic joint infections and commensal isolates (paper IV) 

In paper IV 61 S. epidermidis isolated from PJIs and 24 commensal S. epi-
dermidis isolated from hands and nares of healthy individuals were exam-
ined in relation to antibiotic susceptibility. The isolates were tested by the 
disc diffusion test against eight antibiotics: cefoxitin, fusidic acid, clinda-
mycin, rifampicin, gentamicin, norfloxacin, vancomycin, and 
trimethoprim-sulphamethoxazole. Norfloxacin was used as representative 
of the fluoroquinolones. The presence of the mecA gene was also exam-
ined. 

A majority (n=41; 67%) of the PJI isolates were mecA positive and resis-
tant to three or more of the antimicrobial agent groups tested and hence 
considered MDR. Only one (4%) of the commensal isolates was MDR. 
Additionally, four PJI isolates were MDR, but mecA negative. The highest 
rates of resistance among the PJI isolates were seen for norfloxacin (80%) 
and trimethoprim-sulphamethoxazole (77%) and the lowest rates for ri-
fampicin (31%) and fusidic acid (34%) (Table 14). All isolates were also 
tested against vancomycin, but there are no breakpoints according to EU-
CAST since disk diffusion is unreliable and cannot distinguish between 
wild type organisms and those with non-vanA-mediated resistance (EU-
CAST). The distribution of the zone diameter for vancomycin is presented 
in Figure 16. 

 
Table 14. Rates of resistant isolates, using the disc diffusion test, among S. epider-

midis isolated from prosthetic joint infections (PJIs) and commensal isolates from 
healthy individuals. 

 Cefoxitin Fusidic 

acid 

Clinda-

mycin 

Rif-

ampicin 

Genta-

micin 

Nor-

floxacin 

SXTa 

PJI (n=61) 67% 34% 48% 31% 74% 80% 77% 
Commensals (n=24) 8% 25% 17% 0% 4% 0% 0% 
aSXT, trimethoprim-sulphamethoxazole 
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Fig. 16. Distribution of zone diameter of vancomycin as determined using the disc 
diffusion test, for S. epidermidis isolated from prosthetic joint infections (PJIs) 
(n=61) and commensal isolates from healthy individuals (n=24).  

The results of this study may indicate that resistance, by accumulation of 
resistance genes and probably because of the high antibiotic pressure asso-
ciated with hospital care, together with the acquirement of different viru-
lence genes, such as ica and aap for biofilm production, are key factors in 
the selection of invasive isolates. It may also be an indication of the exces-
sive use of antibiotics since S. epidermidis, as the major contributor to the 
normal flora of the skin, has the ability to function as a carrier and reser-
voir for genes related to antibiotic resistance, especially genes such as 
SCCmec that are not associated with an increased fitness cost145. 

This also raises the question of the origin of the invasive isolates, with 
several possible sources available (e.g., the patient, the hospital staff at the 
surgical ward and postoperative ward, and the environment in hospitals, 
including air ventilation and surfaces in the operating theatre). Further-
more, despite being rare, there is a need for preventing infections that are 
due to S. epidermidis. However, normally used prophylactic methods, such 
as vaccination or eradication, would have an insufficient outcome because 
S. epidermidis is extremely heterogeneous and also because S. epidermidis 
is possibly an important contributor in the defence against more pathogen 
bacterial species, such as S. aureus and streptococci145. Instead, the best 
alternative seems to be to ensure sterilisation of medical equipment, ultra 
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clean air in the operating theatre, and secure infection control strategies in 
health care159. 

 

Characterisation of S. epidermidis isolated from prosthetic joint 
infections and commensal isolates (paper IV and V) 

Epidemiologic characterisation 

According to the MLST performed on all isolates in paper IV, the vast 
majority of the PJI isolates were assigned to ST2 (n=28; 45%) or ST215 
(n=19; 30%). The remaining PJI isolates (n=15; 25%) were assigned as 
singletons, pairs or triplets of different STs (Fig. 17a). In contrast, the 
commensal isolates displayed a diverse picture with mainly singletons, with 
not more than three isolates assigned the same ST (Fig. 17b), and ST215 
was not found among the commensal isolates at all. ST2, ST38, and ST297 
were the only STs found among both PJI and commensal isolates.  

Fig. 17a. Distribution of ST types among S. epidermidis isolated from prosthetic 
joint infections (PJIs) (n=61). 
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Fig. 17b. Distribution of ST types among S. epidermidis isolated from wrists and 
nares of healthy individuals (n=24). 

The high frequency of ST2 among the PJI isolates is in concordance with 
previous studies of nosocomial S. epidermidis isolates reporting ST2 as the 
dominant ST among invasive isolates as well as exhibiting MDR113, 127. 
ST215 is a relatively novel ST that has recently been described in a study of 
MDR S. epidermidis obtained from patients at hospitals in northern 
Europe and ST215 was identified only in isolates from hospitals in Sweden 
and Norway207.  

When comparing the results from paper IV with the data in the S. epi-
dermidis MLST database using eBURST v3, the vast majority (n=71; 84%) 
of isolates belonged to CC2 (Fig. 8). Of the isolates not included in CC2, 
10 were of STs not yet available in the database; two isolates of ST225 
were considered singletons; and two isolates of ST19 and ST174 were in-
cluded in two small CCs comprising only two STs each. 

In addition, the biochemical phenotypic characterisation (using PhP) re-
vealed one major cluster containing predominantly PJI isolates of ST2 and 
ST215. In contrast, most of the commensal isolates were mainly singletons 
or related to other commensal isolates (Fig. 18). However, the diversity is 
rather small, which is consistent with the MLST results with a majority of 
the isolates belonging to the same CC.  
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10 were of STs not yet available in the database; two isolates of ST225 
were considered singletons; and two isolates of ST19 and ST174 were in-
cluded in two small CCs comprising only two STs each. 

In addition, the biochemical phenotypic characterisation (using PhP) re-
vealed one major cluster containing predominantly PJI isolates of ST2 and 
ST215. In contrast, most of the commensal isolates were mainly singletons 
or related to other commensal isolates (Fig. 18). However, the diversity is 
rather small, which is consistent with the MLST results with a majority of 
the isolates belonging to the same CC.  
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Fig. 18. Dendrogram displaying the phenotypic diversity of S. epidermidis isolated 
from prosthetic joint infections (PJIs) (n=61, labelled PJILxx for isolates from 
Linköping and PJIÖxx for isolates from Örebro) and commensals from healthy 
individuals (n=24, labelled Hx (hands) or Nx (nares)). The assigned ST is noted 
after the identification label of the isolates. To define clusters of similarity a cut-off 
value of 97.5% was used, which is indicated in the figure by a dotted line. 
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Limited knowledge about the epidemiology of commensal isolates is avail-
able. In paper IV 18 STs were represented among the low number of iso-
lates (n=24). The ST most frequently found among the commensal isolates 
was ST73 (13%), an ST previously been described to be mecA negative and 
non-MDR127 (Widerström et al., Thesis 2010, Umeå University, Sweden), 
which is a finding confirmed in our results. However, this high degree of 
diversity might be expected since S. epidermidis constitutes a major part of 
the normal flora of the skin and mucous membranes of humans with a 
large number of different strains present33.  

 
SCCmec typing has been developed for S. aureus as a tool for epidemiol-
ogical studies of MRSA but has also been applied to other staphylococcal 
species, including S. epidermidis125. In paper V the mecA gene was possible 
to detect in 49 of 61 (80%) PJI isolates and in 4 of 24 (17%) commensal 
isolates. This significantly higher frequency of the mecA gene in PJI isolates 
has been previously described178, indicating the importance of mecA, and 
the resulting resistance, as a factor for the selection when S. epidermidis 
becomes invasive.  The mecA positive isolates were further analysed re-
garding the composition of the SCCmec, and, if possible, assigned a 
SCCmec type according to the nomenclature for S. aureus. This was possi-
ble in 21 (43%) of the 49 mecA positive PJI isolates and in 2 (50%) of the 
4 mecA positive commensal isolates (patterns P1-P4 in Table 15).  

For the isolates not possible to assign a SCCmec type, all but two PJI 
isolates had only one type of mec gene complex. One isolate had no detect-
able mec gene complex, despite being mecA positive, and one isolate had 
two types of mec gene complex, one class A mec complex and one class B 
mec complex (patterns 6 and 8 in Table 15).  

For the ccr gene complex for the isolates not possible to assign an 
SCCmec type, a majority (90%) had two or more ccr gene complexes, all 
but one isolate with a combination of ccrC and one or more of the other 
ccr types (patterns P5-P10, P12-P14, and P16-P17 in Table 15). One com-
mensal isolate had one ccr2 gene complex and one ccr4 gene complex (pat-
tern P11 in Table 15). Two PJI isolates had only a ccrC gene complex, but 
when combined with a class B mec gene complex no SCCmec type could be 
assigned (pattern 15 in Table 17), and finally, one isolate had no ccr gene 
complex at all (pattern 18 in Table 15). 
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Limited knowledge about the epidemiology of commensal isolates is avail-
able. In paper IV 18 STs were represented among the low number of iso-
lates (n=24). The ST most frequently found among the commensal isolates 
was ST73 (13%), an ST previously been described to be mecA negative and 
non-MDR127 (Widerström et al., Thesis 2010, Umeå University, Sweden), 
which is a finding confirmed in our results. However, this high degree of 
diversity might be expected since S. epidermidis constitutes a major part of 
the normal flora of the skin and mucous membranes of humans with a 
large number of different strains present33.  

 
SCCmec typing has been developed for S. aureus as a tool for epidemiol-
ogical studies of MRSA but has also been applied to other staphylococcal 
species, including S. epidermidis125. In paper V the mecA gene was possible 
to detect in 49 of 61 (80%) PJI isolates and in 4 of 24 (17%) commensal 
isolates. This significantly higher frequency of the mecA gene in PJI isolates 
has been previously described178, indicating the importance of mecA, and 
the resulting resistance, as a factor for the selection when S. epidermidis 
becomes invasive.  The mecA positive isolates were further analysed re-
garding the composition of the SCCmec, and, if possible, assigned a 
SCCmec type according to the nomenclature for S. aureus. This was possi-
ble in 21 (43%) of the 49 mecA positive PJI isolates and in 2 (50%) of the 
4 mecA positive commensal isolates (patterns P1-P4 in Table 15).  

For the isolates not possible to assign a SCCmec type, all but two PJI 
isolates had only one type of mec gene complex. One isolate had no detect-
able mec gene complex, despite being mecA positive, and one isolate had 
two types of mec gene complex, one class A mec complex and one class B 
mec complex (patterns 6 and 8 in Table 15).  

For the ccr gene complex for the isolates not possible to assign an 
SCCmec type, a majority (90%) had two or more ccr gene complexes, all 
but one isolate with a combination of ccrC and one or more of the other 
ccr types (patterns P5-P10, P12-P14, and P16-P17 in Table 15). One com-
mensal isolate had one ccr2 gene complex and one ccr4 gene complex (pat-
tern P11 in Table 15). Two PJI isolates had only a ccrC gene complex, but 
when combined with a class B mec gene complex no SCCmec type could be 
assigned (pattern 15 in Table 17), and finally, one isolate had no ccr gene 
complex at all (pattern 18 in Table 15). 
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Table 15. Patterns of detection of mecA, ccr types, mec classes, SCCmec type (when 
applicable), and ACME type among 61 isolates from prosthetic joint infections 
(PJIs) and 24 commensal isolates from hands and nares of healthy individuals.  

NA = Not Applicable; NT = Not possible to type. 
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This diversified result has been shown in other studies of MR-CoNS as 
well68-69, 127, 211 and in paper V, like other studies69, 82, 163, we found that 
many of the mecA positive isolates (n=25, 51%) carried multiple copies of 
the ccr gene complexes. In contrast, in only one of the mecA positive PJI 
isolates could no ccr gene complex be identified (called ccr-non-typable), 
which differed from a study by Hanssen et al69 that reported 52% ccr-non-
typable.  

For the mec complex of S. aureus, only one type of the mec complex has 
been detected in the genome of each MRSA. In all mecA positive S. epi-
dermidis isolates included in paper V, except for two PJI isolates, only one 
type mec complex could be detected. In the two isolates differing, either no 
mec complex was detected or two types of mec complexes were detected 
(Table 15). The reason for not detecting any ccr or mec complexes may be 
that the strains contain novel types of complexes or that the target sites for 
the primers have been altered by mutations. Recently, there have been un-
published reports of novel ccr gene complexes; type 6 (ccrA5B6), type 7 
(ccrA1B6), and type 8 (ccrA1B3) from other staphylococcal species than S. 
epidermidis (e.g., S. saprophyticus and S. pseudintermedius), (IWG-SCC, 
unpublished data). 

 

Putative virulence factors 

The production of biofilm is the most important pathogenicity factor in S. 
epidermidis, and the ica and aap genes are recognised as two of the most 
important genes involved in biofilm production144.  

All isolates in paper IV were examined for biofilm production and pres-
ence of the ica and aap genes. For 32 (52%) of the PJI isolates and 14 
(58%) of the commensal isolates, biofilm production could be detected 
phenotypically (MTP method). The icaADB genes were detected in 31 
(51%) of the PJI isolates and in 9 (38%) of the commensal isolates while 
the aap gene could be found in 39 (64%) of the PJI isolates and in 17 
(71%) of the commensal isolates (Table 16). Both genes could be detected 
in 30 (49%) of the PJI isolates and in 8 (33%) of the commensal isolates. 
In one (2% and 4%, respectively) of the isolates from each set of isolates, 
only icaADB could be detected, and in nine (15% and 38%, respectively) 
of the isolates from each set of isolates only aap could be detected (Table 
16). When combining the results of the biofilm analysis and the detection 
of the icaADB and aap genes, all but three biofilm-positive isolates (n=43; 
93%) were positive for the aap gene but only 24 (52%) were positive for 
the icaADB genes. One biofilm-positive isolate was negative for both the 
icaADB and aap genes (Table 16). 
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This diversified result has been shown in other studies of MR-CoNS as 
well68-69, 127, 211 and in paper V, like other studies69, 82, 163, we found that 
many of the mecA positive isolates (n=25, 51%) carried multiple copies of 
the ccr gene complexes. In contrast, in only one of the mecA positive PJI 
isolates could no ccr gene complex be identified (called ccr-non-typable), 
which differed from a study by Hanssen et al69 that reported 52% ccr-non-
typable.  

For the mec complex of S. aureus, only one type of the mec complex has 
been detected in the genome of each MRSA. In all mecA positive S. epi-
dermidis isolates included in paper V, except for two PJI isolates, only one 
type mec complex could be detected. In the two isolates differing, either no 
mec complex was detected or two types of mec complexes were detected 
(Table 15). The reason for not detecting any ccr or mec complexes may be 
that the strains contain novel types of complexes or that the target sites for 
the primers have been altered by mutations. Recently, there have been un-
published reports of novel ccr gene complexes; type 6 (ccrA5B6), type 7 
(ccrA1B6), and type 8 (ccrA1B3) from other staphylococcal species than S. 
epidermidis (e.g., S. saprophyticus and S. pseudintermedius), (IWG-SCC, 
unpublished data). 

 

Putative virulence factors 

The production of biofilm is the most important pathogenicity factor in S. 
epidermidis, and the ica and aap genes are recognised as two of the most 
important genes involved in biofilm production144.  

All isolates in paper IV were examined for biofilm production and pres-
ence of the ica and aap genes. For 32 (52%) of the PJI isolates and 14 
(58%) of the commensal isolates, biofilm production could be detected 
phenotypically (MTP method). The icaADB genes were detected in 31 
(51%) of the PJI isolates and in 9 (38%) of the commensal isolates while 
the aap gene could be found in 39 (64%) of the PJI isolates and in 17 
(71%) of the commensal isolates (Table 16). Both genes could be detected 
in 30 (49%) of the PJI isolates and in 8 (33%) of the commensal isolates. 
In one (2% and 4%, respectively) of the isolates from each set of isolates, 
only icaADB could be detected, and in nine (15% and 38%, respectively) 
of the isolates from each set of isolates only aap could be detected (Table 
16). When combining the results of the biofilm analysis and the detection 
of the icaADB and aap genes, all but three biofilm-positive isolates (n=43; 
93%) were positive for the aap gene but only 24 (52%) were positive for 
the icaADB genes. One biofilm-positive isolate was negative for both the 
icaADB and aap genes (Table 16). 
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Table 16. Results from polymerase chain reactions (PCRs) detecting the ica and aap 
genes and biofilm production for S. epidermidis isolated from prosthetic joint infec-
tions (PJIs) (n=61) and commensals from healthy individuals (n=24). 

 ica-positive no. 

(%) / 

ica- and biofilm-

positive no. (%) 

aap-positive 

no. (%) / 

aap- and 

biofilm-positive 

no. (%) 

ica- and aap-

positive no. (%) / 

ica-, aap- and 

biofilm-positive 

no. (%) 

ica- and aap-

negative no. (%) / 

ica- and aap-

negative and 

biofilm-positive 

no. (%) 

PJI (n=61) 31 (51%) / 16 (26%) 39 (64%) / 29 (48%) 30 (49%) / 15 (25%) 20 (33%) / 1 (2%) 

PJI agr-type 1 (n=35) 30 (86%) / 16 (46%)  32 (91%) / 25 (71%)  29 (83%) / 15 (43%)  1 (3%) / 1 (2%) 

PJI agr-type 2 (n=5) 0 (0%) / 0 (0%)  5 (100%) / 4 (80%) 0 (0%) / 0 (0%)  0 (0%) / 0 (0%)  

PJI agr-type 3 (n=21) 1 (5%) / 0 (0%) 2 (10%) / 0 (0%) 1 (5%) / 0 (0%) 19 (90%) / 0 (0%) 

Commensals (n=24) 9 (38%) / 8 (33%) 17 (71%) / 14 (58%) 8 (33%) / 8 (33%) 6 (25%) / 0 (0%) 

Commensals agr-

type 1 (n=10) 

6 (60%) / 6 (60%) 9 (90%) / 8 (80%) 6 (60%) / 6 (60%) 1 (10%) / 0 (0%) 

Commensals agr-

type 2 (n=5) 

2 (40%) / 2 (40%) 3 (60%) / 3 (60%) 2 (40%) / 2 (40%) 2 (40%) / 0 (0%) 

Commensals agr-

type 3 (n=8) 

1 (13%) / 0 (0%) 5 (63%) / 3 (38%) 0 (0%) / 0 (0%)  2 (25%) / 0 (0%) 

Commensals non-

typable (n=1) 

0 (0%) / 0 (0%)  0 (0%) / 0 (0%)  0 (0%) / 0 (0%)  1 (100%) / 0 (0%) 

 
A relatively low correlation between biofilm production and detection of 
the ica geneshas been previously shown  (52% of the biofilm positive iso-
lates were also ica positive)6-7. This finding clearly demonstrates that, de-
spite lacking the ica genes, S. epidermidis is capable of producing biofilm. 
Thus, other genes, such as aap and bhp, are involved in the process. How-
ever, a relatively high percentage (n=15; 18%) of the opposite relationship 
(e.g., ica positive and biofilm negative) was identified, indicating that the 
presence of ica does not automatically result in biofilm production. The 
reason for this is unclear, but one suggestion has been insertion of IS256 
into the ica gene complex, often in icaC, resulting in a phase variation of 
the transcript229. Furthermore, in the same study by Ziebuhr et al it was 
shown to be a reversible action: after a few generations of biofilm negative 
and IS256 positive isolates the biofilm positive and IS256 negative variant 
returned229. IS256 is a mobile genetic element often detected in multiple 
copies in the genome of S. epidermidis103 and is suggested to be an impor-
tant virulence factor229. Some of the isolates included in the present thesis 
(32 of the PJI isolates and all commensal isolates) were previously exam-
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ined for IS256 in a study by Koskela et al102. In 26 (81%) of the PJI isolates 
and in 1 (4%) of the commensal isolates IS256 was possible to de-
tect.However, when using long-range PCR, IS256 was not detected within 
the icaADBC gene complex and therefore, located elsewhere in the ge-
nome102. In conclusion, though, IS256 seems to be a more suitable marker 
than the gene complex for the invasive capacity of S. epidermidis 102-103, 229. 

 
Most studies on staphylococcal biofilm are performed in vitro and the 
accuracy of the methods used is questionable. For example, in the method 
used in paper IV (MTP assay) the bacteria adheres directly to the polymer 
surface, whereas in the human body host matrix proteins quickly cover the 
foreign body material forcing the bacteria to interact with the human pro-
teins instead of the plastic surface144. Therefore, a major problem when 
studying the process of biofilm formation is to create an easily maintained 
and reliable environment that simulates the complex interactivity between 
the human host, the foreign body material, and the bacteria. Several animal 
models have been used for studying staphylococci and biofilm104, 161-162; 
however, it is unclear whether the results of animal studies can be directly 
applied to humans.  

 
The agrD gene of all S. epidermidis isolates in paper IV was sequenced. 
These sequences, except for one isolate, could be divided into three distinct 
similarity groups based on the eight amino acid length sequence of the AIP. 
The distribution for the clinical PJI isolates was as follows: type 1 35 iso-
lates (57%), type 2 5 isolates (8%) and type 3 21 isolates (34%) (Table 
17). The agr typing of the commensal isolates displayed an even distribu-
tion of agr types: type 1 10 isolates (42%), type 2 5 isolates (21%), type 3 
8 isolates (33%), and 1 isolate (4%) could not be assigned any of the pre-
viously described three agr types (Table 17).  

The amino acid sequences of the AIP were 100% conserved within the 
agr types. However, one isolate had four non-synonymous SNPs resulting 
in two amino acid alterations at amino acids 5 and 6. These have not been 
previously described and are located at the same positions as the altera-
tions separating agr types 2 and 3 (Table 17). This may be an indication of 
the presence of a novel agr type in S. epidermidis, a possible agr type 4.  
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Table 16. Results from polymerase chain reactions (PCRs) detecting the ica and aap 
genes and biofilm production for S. epidermidis isolated from prosthetic joint infec-
tions (PJIs) (n=61) and commensals from healthy individuals (n=24). 

 ica-positive no. 

(%) / 

ica- and biofilm-

positive no. (%) 

aap-positive 

no. (%) / 

aap- and 

biofilm-positive 

no. (%) 

ica- and aap-

positive no. (%) / 

ica-, aap- and 

biofilm-positive 

no. (%) 

ica- and aap-

negative no. (%) / 

ica- and aap-

negative and 

biofilm-positive 

no. (%) 

PJI (n=61) 31 (51%) / 16 (26%) 39 (64%) / 29 (48%) 30 (49%) / 15 (25%) 20 (33%) / 1 (2%) 

PJI agr-type 1 (n=35) 30 (86%) / 16 (46%)  32 (91%) / 25 (71%)  29 (83%) / 15 (43%)  1 (3%) / 1 (2%) 

PJI agr-type 2 (n=5) 0 (0%) / 0 (0%)  5 (100%) / 4 (80%) 0 (0%) / 0 (0%)  0 (0%) / 0 (0%)  

PJI agr-type 3 (n=21) 1 (5%) / 0 (0%) 2 (10%) / 0 (0%) 1 (5%) / 0 (0%) 19 (90%) / 0 (0%) 

Commensals (n=24) 9 (38%) / 8 (33%) 17 (71%) / 14 (58%) 8 (33%) / 8 (33%) 6 (25%) / 0 (0%) 

Commensals agr-

type 1 (n=10) 

6 (60%) / 6 (60%) 9 (90%) / 8 (80%) 6 (60%) / 6 (60%) 1 (10%) / 0 (0%) 

Commensals agr-

type 2 (n=5) 

2 (40%) / 2 (40%) 3 (60%) / 3 (60%) 2 (40%) / 2 (40%) 2 (40%) / 0 (0%) 

Commensals agr-

type 3 (n=8) 

1 (13%) / 0 (0%) 5 (63%) / 3 (38%) 0 (0%) / 0 (0%)  2 (25%) / 0 (0%) 

Commensals non-

typable (n=1) 

0 (0%) / 0 (0%)  0 (0%) / 0 (0%)  0 (0%) / 0 (0%)  1 (100%) / 0 (0%) 

 
A relatively low correlation between biofilm production and detection of 
the ica geneshas been previously shown  (52% of the biofilm positive iso-
lates were also ica positive)6-7. This finding clearly demonstrates that, de-
spite lacking the ica genes, S. epidermidis is capable of producing biofilm. 
Thus, other genes, such as aap and bhp, are involved in the process. How-
ever, a relatively high percentage (n=15; 18%) of the opposite relationship 
(e.g., ica positive and biofilm negative) was identified, indicating that the 
presence of ica does not automatically result in biofilm production. The 
reason for this is unclear, but one suggestion has been insertion of IS256 
into the ica gene complex, often in icaC, resulting in a phase variation of 
the transcript229. Furthermore, in the same study by Ziebuhr et al it was 
shown to be a reversible action: after a few generations of biofilm negative 
and IS256 positive isolates the biofilm positive and IS256 negative variant 
returned229. IS256 is a mobile genetic element often detected in multiple 
copies in the genome of S. epidermidis103 and is suggested to be an impor-
tant virulence factor229. Some of the isolates included in the present thesis 
(32 of the PJI isolates and all commensal isolates) were previously exam-
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ined for IS256 in a study by Koskela et al102. In 26 (81%) of the PJI isolates 
and in 1 (4%) of the commensal isolates IS256 was possible to de-
tect.However, when using long-range PCR, IS256 was not detected within 
the icaADBC gene complex and therefore, located elsewhere in the ge-
nome102. In conclusion, though, IS256 seems to be a more suitable marker 
than the gene complex for the invasive capacity of S. epidermidis 102-103, 229. 

 
Most studies on staphylococcal biofilm are performed in vitro and the 
accuracy of the methods used is questionable. For example, in the method 
used in paper IV (MTP assay) the bacteria adheres directly to the polymer 
surface, whereas in the human body host matrix proteins quickly cover the 
foreign body material forcing the bacteria to interact with the human pro-
teins instead of the plastic surface144. Therefore, a major problem when 
studying the process of biofilm formation is to create an easily maintained 
and reliable environment that simulates the complex interactivity between 
the human host, the foreign body material, and the bacteria. Several animal 
models have been used for studying staphylococci and biofilm104, 161-162; 
however, it is unclear whether the results of animal studies can be directly 
applied to humans.  

 
The agrD gene of all S. epidermidis isolates in paper IV was sequenced. 
These sequences, except for one isolate, could be divided into three distinct 
similarity groups based on the eight amino acid length sequence of the AIP. 
The distribution for the clinical PJI isolates was as follows: type 1 35 iso-
lates (57%), type 2 5 isolates (8%) and type 3 21 isolates (34%) (Table 
17). The agr typing of the commensal isolates displayed an even distribu-
tion of agr types: type 1 10 isolates (42%), type 2 5 isolates (21%), type 3 
8 isolates (33%), and 1 isolate (4%) could not be assigned any of the pre-
viously described three agr types (Table 17).  

The amino acid sequences of the AIP were 100% conserved within the 
agr types. However, one isolate had four non-synonymous SNPs resulting 
in two amino acid alterations at amino acids 5 and 6. These have not been 
previously described and are located at the same positions as the altera-
tions separating agr types 2 and 3 (Table 17). This may be an indication of 
the presence of a novel agr type in S. epidermidis, a possible agr type 4.  
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Table 17. Distribution of agr types of S. epidermidis isolated from prosthetic joint 
infections (PJIs) (n=61) and commensals from healthy individuals (n=24), and 
amino acid sequence of the auto-inducing peptide (AIP) used for assigning agr type. 

agr type PJI (n=61) Commensals (n=24) AIP sequence 

Type 1 35 (57%) 10 (42%) DSVCASYF 
Type 2 5 (8%) 5 (21%) YNPCSNYL 
Type 3 21 (34%) 8 (33%) YNPCASYL 
Non-typable,  0 (0%) 1 (5%) YNPCVMYL 

 
The AIP (sometimes called pheromone) of the staphylococcal agr QS sys-
tem has a unique ability to act as a cross-inhibitor. It induces the response 
of the agr QS system in bacteria with the same agr type as itself and blocks 
the response from non-self agr types, including other staphylococcal spe-
cies, such as S. aureus90, 146. The discovery of the cross-inhibition has led to 
the proposal of developing new antimicrobial agents using synthetic AIP as 
QS blockers, which would control the production of virulence factors in 
staphylococci, especially S. aureus146. However, there are studies showing 
that a disabled agr QS system increases rather than decreases the virulence 
by enhancing the bacterial colonisation and biofilm production61, 219. 
Therefore, a major problem is to find an AIP that blocks the agr QS system 
in S. aureus but at the same time does not induce the response in S. epi-
dermidis. 

In three PJI isolates in paper IV there was an insertion of an IS256-
transposase in the agrC gene. In two isolates the IS256-transposase was 
located in the same transcript direction as for agrC, whereas in the third 
isolate it was in the reversed transcript direction. Two of these three iso-
lates, one in each transcript direction, were positive in the biofilm MTP 
assay, although all three isolates were positive for both the icaADB and 
aap gene. All three isolates were ACME negative. Two isolates belonged to 
ST2 and the third to ST320, a novel ST closely related to ST2. All three 
were mecA negative, however, two isolates displayed sensitivity to ce-
foxitin when using the disc diffusion test. As mentioned above, IS256 may 
be used as a marker for invasive capacity but further investigations of the 
correlation IS256 and invasiveness is necessary.  

 
The hld gene is located adjacent to the agr genes (Fig. 3). In paper IV all 
PJIs and commensal isolates were analysed for the presence and sequence 
of the hld gene. The gene was present in all isolates, both PJI and commen-
sal, and displayed an identical nucleotide sequence independent of agr type, 
except for one isolate that had one SNP resulting in amino acid alteration, 
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18Asp→Asn. The hld gene is included in the RNAIII transcript that acts as 
the effector molecule for the agr system, although the mechanisms are not 
fully known19, 138, 154. The hld gene also encodes Phenol-Soluble Modulin-γ 
(PSM-γ), also called the delta toxin. This toxin has multiple functions, in-
cluding a self-preserving mechanism by attacking other bacterial species 
competing for the same space on the human skin, cooperatively enhancing 
the human innate defence in the blood as well as serving as a leukocidine 
after the skin and mucosal barrier have been penetrated40-41, 154. To our 
knowledge, there are no studies performed on hld negative strains, natural 
or experimental, but some studies on agr mutants have shown that the hld 
gene is under strict regulation of the agr QS system216-217, 219. 

 
The function of the genetic mobile element ACME in S. epidermidis is not 
fully understood. In MRSA, however, it is suggested that it enhances the 
ability to grow and survive on the human skin and mucosal membranes50. 
ACME is suggested to use ccr genes identical to those included in the 
SCCmec for mobilisation51. In paper V all isolates were examined for the 
presence of ACME and, if present, assigned an ACME type. A significantly 
larger proportion of the commensal isolates (n=15; 63%) than the PJI iso-
lates (n=8; 13%) contained either the arcA and/or the opp-3 gene clusters 
and therefore considered ACME positive. This result supports the suggestion 
that ACME enhances the ability of S. epidermidis to colonise and spread 
within the community15. Eight of the 15 (53%) ACME positive commensal 
isolates were mecA and ccr negative, whereas no correlation with the SCCmec 
type was noted among the mecA positive isolates (Table 15). 

The nucleotide sequence of ACME type I in S. epidermidis has been de-
scribed to be very similar to the sequence of ACME type I first discovered 
in the MRSA clone USA300, a clear indication of gene transfer between S. 
epidermidis and S. aureus126. Furthermore, a similarity regarding nucleotide 
sequence and gene transfer has previously been shown for SCCmec type IV 
in S. epidermidis and S. aureus211. This clearly indicates that S. epidermidis 
may function as a reservoir and donor of genetic materials to S. aureus.   
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Table 17. Distribution of agr types of S. epidermidis isolated from prosthetic joint 
infections (PJIs) (n=61) and commensals from healthy individuals (n=24), and 
amino acid sequence of the auto-inducing peptide (AIP) used for assigning agr type. 
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18Asp→Asn. The hld gene is included in the RNAIII transcript that acts as 
the effector molecule for the agr system, although the mechanisms are not 
fully known19, 138, 154. The hld gene also encodes Phenol-Soluble Modulin-γ 
(PSM-γ), also called the delta toxin. This toxin has multiple functions, in-
cluding a self-preserving mechanism by attacking other bacterial species 
competing for the same space on the human skin, cooperatively enhancing 
the human innate defence in the blood as well as serving as a leukocidine 
after the skin and mucosal barrier have been penetrated40-41, 154. To our 
knowledge, there are no studies performed on hld negative strains, natural 
or experimental, but some studies on agr mutants have shown that the hld 
gene is under strict regulation of the agr QS system216-217, 219. 

 
The function of the genetic mobile element ACME in S. epidermidis is not 
fully understood. In MRSA, however, it is suggested that it enhances the 
ability to grow and survive on the human skin and mucosal membranes50. 
ACME is suggested to use ccr genes identical to those included in the 
SCCmec for mobilisation51. In paper V all isolates were examined for the 
presence of ACME and, if present, assigned an ACME type. A significantly 
larger proportion of the commensal isolates (n=15; 63%) than the PJI iso-
lates (n=8; 13%) contained either the arcA and/or the opp-3 gene clusters 
and therefore considered ACME positive. This result supports the suggestion 
that ACME enhances the ability of S. epidermidis to colonise and spread 
within the community15. Eight of the 15 (53%) ACME positive commensal 
isolates were mecA and ccr negative, whereas no correlation with the SCCmec 
type was noted among the mecA positive isolates (Table 15). 

The nucleotide sequence of ACME type I in S. epidermidis has been de-
scribed to be very similar to the sequence of ACME type I first discovered 
in the MRSA clone USA300, a clear indication of gene transfer between S. 
epidermidis and S. aureus126. Furthermore, a similarity regarding nucleotide 
sequence and gene transfer has previously been shown for SCCmec type IV 
in S. epidermidis and S. aureus211. This clearly indicates that S. epidermidis 
may function as a reservoir and donor of genetic materials to S. aureus.   

 



86 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

Comparing results from genotypic and phenotypic characterisation 

When comparing the MLST results with the results of the agr typing, a 
strong correlation was found: all but one isolate in the ST2 group were of 
agr type 1, all isolates in the ST215 group displayed agr type 3, and all 
isolates of certain STs belong to the same agr type (Table 18). Previous 
studies have described a correlation between agr type and type of infection, 
i.e. agr type 1 has predominantly been found among invasive isolates35, 112. 
The results presented in paper IV are not completely in accordance with 
these studies since no significant difference in the distribution of agr types 
between isolates causing PJIs and commensal isolates could be found, al-
though agr type 1 displayed the highest frequency in both groups. Com-
pared with other studies35, 112, a rather high frequency of agr type 3 isolates 
was found among the PJI isolates (Table 18). This is, however, in accor-
dance with the results of a recent study207 that showed a possible spread of 
a novel ST variant (ST215) between hospitals in Sweden and Norway. In 
paper IV all isolates of this ST were assigned to agr type 3 and were found 
among isolates from PJIs, indicating that this ST might be associated with 
higher pathogenicity and/or superior ability to survive in a hospital envi-
ronment.  
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Table 18. Distribution of agr types of S. epidermidis isolated from prosthetic joint 
infections (PJI) (n=61) and commensals from healthy individuals (n=24), in relation 
to their sequence type using MLST. 

agr type 1 agr type 2 agr type 3 Non-typable Sequence 
type (ST) PJI Commensal PJI Commensal PJI Commensal PJI Commensal 

2 27 2   1    
5   3      
17   1      
19   1      
21 2        
22  1       
23 1        
38 1 1       
73      3   
89    1     
174    1     
190  2       
215     19    
218     1    
225      2   
278      1   
283  1       
291  1       
297 1 1       
307    1     
315      2   
316 1        
317    1     
318  1       
319    1     
320 1        
321 1        
322        1 

Total 35 10 5 5 21 8 0 1 
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When adding the results from the SCCmec typing to the results from 
MLST and agr typing, for the two major clusters ST2 – agr type 1 and 
ST215 – agr type 3, two differences could be observed. The ST2 – agr type 
1 cluster (n=29) is very diverse in the SCCmec typing containing isolates 
with SCCmec type III (n=5), type IV (n=3), type V (n=3), and non-typable 
(n=18), with many different combinations of multiple ccr gene complexes 
and 0-2 types of mec class complexes (patterns P6-P10, P13-P15, P18-P20, 
and P24 in Table 15). The ST215 – agr type 3 cluster (n=19), on the other 
hand, is rather homogenous. It contains only SCCmec type I (n=6) and 
non-typable (n=13) with an additional ccrC gene compared with SCCmec 
type 1 (n=11; pattern P5 in Table 15) or with a ccrC gene instead of the 
ccr1 gene in SCCmec type 1 (n=2; pattern P17 in Table 15).  

These data strengthen the hypothesis of a possible spread of a specific S. 
epidermidis clone, ST215 – agr type 3 – SCCmec type I in the hospitals in 
Norway and Sweden described above and previously207. 

 
The relationships between biofilm production, the ica and aap genes, and 
the agr type as well as the MLST results were analysed. For the most com-
mon combination among the PJI isolates, ST2 – agr type 1, all isolates were 
positive for both the ica and aap genes, whereas for the second most com-
mon combination, ST215 – agr type 3, no isolate was positive for either 
the ica or the aap gene. When adding the data from the biofilm assay, 16 
(55%) of the ST2 – agr type 1 isolates were positive for biofilm, whereas 
only one (5%) ST215 – agr type 3 isolate was positive for biofilm.  

This shows that although the ica and aap genes are important for the 
development of biofilm there are other genes involved in the process of 
biofilm development, such as bhp, an homolog of the biofilm associated 
protein (Bap) in S. aureus65, 227. Then again, the presence of the ica and/or 
aap genes does not always results in biofilm production. In addition, de-
spite lacking the ica and/or aap gene as well as not displaying any biofilm 
production, S. epidermidis is definitely capable of causing PJIs. 
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Conclusions 
Sequencing the rpoB gene is a more rapid, objective, and accurate method 
than phenotypic methods for species identification within the genus 
Staphylococcus but genetic methods remain more laborious and expensive. 
Sequencing the rpoB gene, however, can simultaneously detect mutations 
in the rpoB gene associated with rifampicin resistance in all phenotypically 
rifampicin-resistant isolates, including finding new mutations as in the 
present thesis (paper I & II). 

 
A majority of the S. epidermidis isolated from PJIs were multi-resistant, 
including resistant to methicillin. This makes it even more important to 
perform accurate antibiotic susceptibility testing in order to assign an ap-
propriate antibiotic therapy. In vitro synergy testing may be useful as guid-
ance to possible antibiotic combinations for treatment of PJIs, but each 
isolate should be tested separately (paper II & III). 

 
Significant differences between S. epidermidis isolated from PJIs or com-
mensals could be seen with respect to antibiotic susceptibility, presence of 
ACME, and molecular epidemiological typing using MLST, but no signifi-
cant differences were found in the distribution of agr types, biofilm pro-
duction, or the presence of ica and aap genes (paper IV). 
 
The amino acid sequence of the AIP used for agr typing was 100% con-
served within the agr types. However, one commensal isolate could not be 
assigned any of the presently described agr types, which was due to two 
amino acid alterations. Hence, a novel agr type 4 is proposed (paper IV). 

 
Regarding the molecular epidemiological characterisation, two sequence 
types, ST2 and ST215, were dominant among the PJI isolates, whereas the 
commensal isolates were diverse and heterogeneous. A correlation between 
MLST and agr type was revealed: all but one isolate of ST2 belonged to 
agr type 1 and all ST215 isolates belonged to agr type 3. Using PhenePlate, 
one major cluster could be identified that mainly comprised PJI isolates of 
ST2 and ST215 but also a few commensal isolates (paper IV). 
 
The structure of the SCCmec in S. epidermidis is obviously more complex than 
S. aureus. Of the 53 isolates examined for SCCmec, only 23 were possible to 
assign a SCCmec type. For the non-typable isolates, it was usually found to be 
due to the presence of multiple ccr gene complexes (paper V). 
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Future perspective 
Despite being recognised as the most frequently isolated aetiological agent 
in infections associated to foreign body material far from all is known 
about S. epidermidis. The main issue remains: Why are some S. epidermidis 
isolates more capable of creating an infection than others? Furthermore, 
the ability to produce biofilm, which is a key factor in the pathogenicity, is 
still not completely understood.  

 
In paper IV S. epidermidis isolates from PJI and commensal isolates were 
examined for their ability to produce biofilm. The hypothesis was that the 
invasive isolates would produce biofilm at a much higher percentage com-
pared with the commensals; however, the results did not confirm this hy-
pothesis. The presence of the biofilm-associated genes ica and aap were 
also examined, with the same hypothesis and, unfortunately, the same 
results. However, it has been shown that there are other factors involved in 
the production of biofilm (such as the bhp gene)65, 227. The search for other 
genes involved in biofilm production and the function of the agr QS system 
in the process calls for further investigation.  

A high number of the PJI isolates were biofilm negative (n=29; 48%) 
and therefore these isolates must have some other factors increasing their 
pathogenicity. Perhaps the S. epidermidis has a sort of intelligence allowing 
it to sense the environment (the agr QS system perhaps) and thus produce 
biofilm only when needed. More comprehensive and realistic studies are 
necessary to acquire better understanding of cell-cell communication.  

 
The second most assigned sequence type in the present thesis, ST215, has 
recently been described as a novel ST by Widerström et al, in a study inves-
tigating the clonality among MDR S. epidermidis from 11 hospitals in 
Northern Europe207. It was found at one Norwegian and all Swedish hospi-
tals (n=8) included in the study. The Swedish hospitals were located 
throughout the country, from Växjö in the south to Umeå in the north. 
According to the results from paper IV, Linköping and Örebro could be 
added to these locations as they displayed a widely spread clone of MDR S. 
epidermidis among hospitals in Sweden. Adding the rest of the results from 
paper IV and V for the isolates of ST215 (n=19), we found that all were 
biofilm negative, except for one isolate that was positive. Further, the iso-
lates of ST215 were negative for the ica and aap genes, belonged to agr 
type 3, and were negative for ACME. Six of the ST215 isolates could be 
assigned to SCCmec type I, whereas the rest were not possible to assign a 
SCCmec type (although closely resembling SCCmec type I).  
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Considering all this information several questions arise. How can this 
clone persist and spread among hospitals in the northern part of Europe 
but not in the rest of Europe? Why is this clone so effective in becoming 
invasive and causing severe infections despite being, for example, biofilm 
negative? MRSA of SCCmec type I is usually described as hospital-
associated. Is the ST215 S. epidermidis a result of gene transfer from a HA-
MRSA or vice-versa?  

 
The result from paper V describes a much-diversified picture of the 
SCCmec in S. epidermidis, with 22 combinations of ccr gene and mec 
complexes. This finding is in concordance with other studies of the 
SCCmec in CoNS64, 68-69, 125. However, the exact location of all of the ccr 
genes in the genome has not been studied. Today, the evolution of nucleo-
tide sequencing has made whole-genome sequencing easier, more accessi-
ble, and less costly allowing a larger number of isolates to be sequenced 
and thus adding more information about the differences in the genome134. 
By studying the complete genomic sequences of S. epidermidis with a dif-
ferent number of ccr gene complexes, it may provide a plausible explana-
tion of the location and possible integration with other genes, which has 
been described for ACME. This may also increase our knowledge about 
the transfer of SCCmec from CoNS to S. aureus.  

A local molecular epidemiology of S. epidermidis might also be of inter-
est, especially in for isolates in healthy individuals in the community. Is 
there a pattern of certain STs in different areas of the community or is 
there a mixture of different STs in all areas?  

 
A second QS system has been proposed in staphylococci, luxS, which was 
first described in E. coli5 and has been studied primarily in Gram-negative 
bacteria203. The mechanism of action of the luxS QS system in staphylo-
cocci has not been thoroughly described, but it has been suggested to have 
a similar function as the agr QS system221. However, there are also doubts 
of whether it has a QS function at all or if it only has a function in metabo-
lism52. Further research is needed to determine the involvement of luxS QS 
in the pathogenicity of S. epidermidis.  

 
The results of the present thesis and those of other investigators show no 
distinct differences between invasive and commensal isolates of S. epider-
midis. Thus, there may not be such differences and whether the strain turns 
invasive is likely strain dependent. However, one important factor to keep 
in mind is the status of the human host. For other reasons (e.g., cancer or 
sever surgery), most of the infections caused by S. epidermidis involve a 
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human host with an impaired immune system. Furthermore, only a small 
number of all patients within the risk groups develop an infection. From 
this fact, it may be reasonable to ask whether there are some unknown 
(perhaps genetic) host factors predetermining the infection or whether 
there are social or environmental risk factors. 

In addition, where do the patients acquire the invasive S. epidermidis 
isolates? Are there some clones with special abilities to survive and persist 
in the environment of hospitals, and in that case, which are those factors? 
What are the composition and epidemiology of the normal bacterial skin 
flora of humans? Are there several different clones of S. epidermidis, in-
cluding multi-resistant ones, concealed in the plethora of sensitive clones or 
are there just a few related clones with a variety of resistance and virulence 
genes?  

 
An increasing number of S. epidermidis isolated from PJI are multi-
resistant, including rifampicin and vancomycin. In the near future will it be 
impossible to treat PJIs caused by MDR S. epidermidis or will we find ef-
fective measures to postpone resistance development or resolve the resis-
tance problem? Can biological molecules, such as the AIP of the agr system 
or bacteriophages, be a solution? 

Furthermore, where do all the resistance genes come from? According to 
this and other studies, they are not coming from commensal isolates. Since 
many antibiotics are a product of soil bacteria, are there other environ-
mental bacteria, whether known or unknown, that harbour these genes? 
Perhaps further studies on antibiotic susceptibility of the bacteria in the 
surrounding environment can be designed to clearly answer these ques-
tions. 

 
In conclusion, there is still very much unknown about the pathogenicity 
and epidemiology of S. epidermidis and the host-microbe interactions in-
volved. However, what we do know is that infections caused by S. epider-
midis are difficult to treat and cause severe pain and suffering to patients. 
In addition, it poses a heavy burden on society and the health-care system.  
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negative? MRSA of SCCmec type I is usually described as hospital-
associated. Is the ST215 S. epidermidis a result of gene transfer from a HA-
MRSA or vice-versa?  

 
The result from paper V describes a much-diversified picture of the 
SCCmec in S. epidermidis, with 22 combinations of ccr gene and mec 
complexes. This finding is in concordance with other studies of the 
SCCmec in CoNS64, 68-69, 125. However, the exact location of all of the ccr 
genes in the genome has not been studied. Today, the evolution of nucleo-
tide sequencing has made whole-genome sequencing easier, more accessi-
ble, and less costly allowing a larger number of isolates to be sequenced 
and thus adding more information about the differences in the genome134. 
By studying the complete genomic sequences of S. epidermidis with a dif-
ferent number of ccr gene complexes, it may provide a plausible explana-
tion of the location and possible integration with other genes, which has 
been described for ACME. This may also increase our knowledge about 
the transfer of SCCmec from CoNS to S. aureus.  

A local molecular epidemiology of S. epidermidis might also be of inter-
est, especially in for isolates in healthy individuals in the community. Is 
there a pattern of certain STs in different areas of the community or is 
there a mixture of different STs in all areas?  

 
A second QS system has been proposed in staphylococci, luxS, which was 
first described in E. coli5 and has been studied primarily in Gram-negative 
bacteria203. The mechanism of action of the luxS QS system in staphylo-
cocci has not been thoroughly described, but it has been suggested to have 
a similar function as the agr QS system221. However, there are also doubts 
of whether it has a QS function at all or if it only has a function in metabo-
lism52. Further research is needed to determine the involvement of luxS QS 
in the pathogenicity of S. epidermidis.  

 
The results of the present thesis and those of other investigators show no 
distinct differences between invasive and commensal isolates of S. epider-
midis. Thus, there may not be such differences and whether the strain turns 
invasive is likely strain dependent. However, one important factor to keep 
in mind is the status of the human host. For other reasons (e.g., cancer or 
sever surgery), most of the infections caused by S. epidermidis involve a 
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human host with an impaired immune system. Furthermore, only a small 
number of all patients within the risk groups develop an infection. From 
this fact, it may be reasonable to ask whether there are some unknown 
(perhaps genetic) host factors predetermining the infection or whether 
there are social or environmental risk factors. 

In addition, where do the patients acquire the invasive S. epidermidis 
isolates? Are there some clones with special abilities to survive and persist 
in the environment of hospitals, and in that case, which are those factors? 
What are the composition and epidemiology of the normal bacterial skin 
flora of humans? Are there several different clones of S. epidermidis, in-
cluding multi-resistant ones, concealed in the plethora of sensitive clones or 
are there just a few related clones with a variety of resistance and virulence 
genes?  

 
An increasing number of S. epidermidis isolated from PJI are multi-
resistant, including rifampicin and vancomycin. In the near future will it be 
impossible to treat PJIs caused by MDR S. epidermidis or will we find ef-
fective measures to postpone resistance development or resolve the resis-
tance problem? Can biological molecules, such as the AIP of the agr system 
or bacteriophages, be a solution? 

Furthermore, where do all the resistance genes come from? According to 
this and other studies, they are not coming from commensal isolates. Since 
many antibiotics are a product of soil bacteria, are there other environ-
mental bacteria, whether known or unknown, that harbour these genes? 
Perhaps further studies on antibiotic susceptibility of the bacteria in the 
surrounding environment can be designed to clearly answer these ques-
tions. 

 
In conclusion, there is still very much unknown about the pathogenicity 
and epidemiology of S. epidermidis and the host-microbe interactions in-
volved. However, what we do know is that infections caused by S. epider-
midis are difficult to treat and cause severe pain and suffering to patients. 
In addition, it poses a heavy burden on society and the health-care system.  

 



 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 95
 

Acknowledgements 
Who could have thought looking back 10 years when I began my career at 
the Department of Laboratory Medicine that I would eventually write 
something like this – a PhD thesis? I most certainly did not, but here I am! 

This would not have happened, however, without the enormous support 
from a large number of people, and I would like to express my deepest and 
most humble appreciation and gratitude to all of you: 

 
Bo Söderquist, my main supervisor, for giving me the opportunity to get 
involved in the exciting world of staphylococci, with a never-ending list of 
fascinating and stimulating projects. Thank you for your guidance and 
encouragement, as well as your patience (when I was doing things in the 
clinical laboratory instead of research…). 
 
Magnus Unemo, my assistant supervisor and toughest (but well-meaning) 
critic, for inspiring me to take the big leap into the unknown world of re-
search. Thank you for answering my innumerable questions and tutoring 
me in the rapidly growing field of genetics.  

 
Åsa Nilsdotter, my assistant supervisor from the great city of Linköping, 
for sharing your knowledge, bacterial isolates and positive attitude. Thank 
you for all your suggestions for possible projects and being realistic when 
the brainstorming got a bit too stormy.  

 
Hans Fredlund, former head of the Department of Clinical Microbiology, 
for allowing me to conduct my work as a PhD student at the laboratory.  

 
Yvonne Larsson, retired head of the Department of Laboratory Medicine, 
Clinical Microbiology, for supporting my continued work as a PhD student 
and for all administrative help. 

 
Birgitta Sjöberg, former head of the bacteriology laboratory at the De-
partment of Clinical Microbiology, for adjusting the personal planning to 
allow me to begin my career as a PhD candidate.  

 
Carolina Berglund, my predecessor as PhD student in the field of staphylo-
cocci, for your support in the beginning of my doctoral study. Thank you 
for supporting and teaching me the field of SCCmec.  

 



 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 95
 

Acknowledgements 
Who could have thought looking back 10 years when I began my career at 
the Department of Laboratory Medicine that I would eventually write 
something like this – a PhD thesis? I most certainly did not, but here I am! 

This would not have happened, however, without the enormous support 
from a large number of people, and I would like to express my deepest and 
most humble appreciation and gratitude to all of you: 

 
Bo Söderquist, my main supervisor, for giving me the opportunity to get 
involved in the exciting world of staphylococci, with a never-ending list of 
fascinating and stimulating projects. Thank you for your guidance and 
encouragement, as well as your patience (when I was doing things in the 
clinical laboratory instead of research…). 
 
Magnus Unemo, my assistant supervisor and toughest (but well-meaning) 
critic, for inspiring me to take the big leap into the unknown world of re-
search. Thank you for answering my innumerable questions and tutoring 
me in the rapidly growing field of genetics.  

 
Åsa Nilsdotter, my assistant supervisor from the great city of Linköping, 
for sharing your knowledge, bacterial isolates and positive attitude. Thank 
you for all your suggestions for possible projects and being realistic when 
the brainstorming got a bit too stormy.  

 
Hans Fredlund, former head of the Department of Clinical Microbiology, 
for allowing me to conduct my work as a PhD student at the laboratory.  

 
Yvonne Larsson, retired head of the Department of Laboratory Medicine, 
Clinical Microbiology, for supporting my continued work as a PhD student 
and for all administrative help. 

 
Birgitta Sjöberg, former head of the bacteriology laboratory at the De-
partment of Clinical Microbiology, for adjusting the personal planning to 
allow me to begin my career as a PhD candidate.  

 
Carolina Berglund, my predecessor as PhD student in the field of staphylo-
cocci, for your support in the beginning of my doctoral study. Thank you 
for supporting and teaching me the field of SCCmec.  

 



96 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

The tremendous trio of women – Paula Mölling, Sara Thulin Hedberg, and 
Susanne Jacobsson – at the molecular biology section, Department of 
Laboratory Medicine, Clinical Microbiology, for all your help with PCR 
and sequencing equipment, answering my many questions, and other prac-
tical matters. Thank you for encouraging me and, of course, for being nice 
travel partners to conferences and meetings. Paula, thank you for allowing 
me to use some of your figures that appear in my thesis. 

 
Everyone at the Department of Laboratory Medicine, Clinical Microbiol-
ogy, for support, friendship, and “fredagskaka”! Thank you for putting up 
with me even when I didn’t participate in the evening and weekend scheme. 

I would like to express special gratitude to the section for media produc-
tion for never getting mad at me for turning in my requests for agar plates 
the day before, or even the same day, I needed them! 

 
Maria Bergman and Lars-Göran Jansson, Department of Medical Photog-
raphy, Örebro University Hospital, for your valuable help with several 
posters during my doctoral work. 

 
The staff of the Medical Library, Örebro University Hospital, for help with 
finding scientific articles, and especially Margareta Landin, for support 
regarding Endnote. 

 
Leslie Shaps, for language revision of the present thesis. 

 
My parents, for your endless love and support. Thank you for always be-
ing there. 
 
My brother and sisters with families, for encouragement and support. You 
may now call me doctor Bengt instead of Bengan .  

 
All my friends outside the world of staphylococci, for still allowing me to 
be your friend despite not being very social with other than my bacteria. 

 
 

The present work was supported by grants from the Örebro County Coun-
cil Research Committee, the County Council of Östergötland, and the Fac-
ulty of Health and Sciences of Linköping University. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 97
 

References 
1. Aboltins CA, Page MA, Buising KL, Jenney AW, Daffy JR, 

Choong PF, et al. Treatment of staphylococcal prosthetic joint in-
fections with debridement, prosthesis retention and oral rifampicin 
and fusidic acid. Clin Microbiol Infect 2007; 13(6): 586-591. 

2. Aires de Sousa M, de Lencastre H. Evolution of sporadic isolates 
of methicillin-resistant Staphylococcus aureus (MRSA) in hospitals 
and their similarities to isolates of community-acquired MRSA. J 
Clin Microbiol 2003; 41(8): 3806-3815. 

3. Andersson DI. The biological cost of mutational antibiotic resis-
tance: any practical conclusions? Curr Opin Microbiol 2006; 9(5): 
461-465. 

4. Andersson DI, Levin BR. The biological cost of antibiotic resis-
tance. Curr Opin Microbiol 1999; 2(5): 489-493. 

5. Antunes LC, Ferreira RB, Buckner MM, Finlay BB. Quorum sens-
ing in bacterial virulence. Microbiology 2010; 156(Pt 8): 2271-
2282. 

6. Arciola CR, Campoccia D, Baldassarri L, Donati ME, Pirini V, 
Gamberini S, et al. Detection of biofilm formation in Staphylococ-
cus epidermidis from implant infections. Comparison of a PCR-
method that recognizes the presence of ica genes with two classic 
phenotypic methods. J Biomed Mater Res A 2006; 76(2): 425-430. 

7. Arciola CR, Gamberini S, Campoccia D, Visai L, Speziale P, Bal-
dassarri L, et al. A multiplex PCR method for the detection of all 
five individual genes of ica locus in Staphylococcus epidermidis. A 
survey on 400 clinical isolates from prosthesis-associated infec-
tions. J Biomed Mater Res A 2005; 75(2): 408-413. 

8. Atkins BL, Athanasou N, Deeks JJ, Crook DW, Simpson H, Peto 
TE, et al. Prospective evaluation of criteria for microbiological di-
agnosis of prosthetic-joint infection at revision arthroplasty. The 
OSIRIS Collaborative Study Group. J Clin Microbiol 1998; 
36(10): 2932-2939. 

9. Aubry-Damon H, Soussy CJ, Courvalin P. Characterization of 
mutations in the rpoB gene that confer rifampin resistance in 
Staphylococcus aureus. Antimicrob Agents Chemother 1998; 
42(10): 2590-2594. 

10. Baldoni D, Haschke M, Rajacic Z, Zimmerli W, Trampuz A. Line-
zolid alone or combined with rifampin against methicillin-resistant 
Staphylococcus aureus in experimental foreign-body infection. An-
timicrob Agents Chemother 2009; 53(3): 1142-1148. 

11. Banit DM, Kaufer H, Hartford JM. Intraoperative frozen section 
analysis in revision total joint arthroplasty. Clin Orthop Relat Res 
2002; (401): 230-238. 



96 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

The tremendous trio of women – Paula Mölling, Sara Thulin Hedberg, and 
Susanne Jacobsson – at the molecular biology section, Department of 
Laboratory Medicine, Clinical Microbiology, for all your help with PCR 
and sequencing equipment, answering my many questions, and other prac-
tical matters. Thank you for encouraging me and, of course, for being nice 
travel partners to conferences and meetings. Paula, thank you for allowing 
me to use some of your figures that appear in my thesis. 

 
Everyone at the Department of Laboratory Medicine, Clinical Microbiol-
ogy, for support, friendship, and “fredagskaka”! Thank you for putting up 
with me even when I didn’t participate in the evening and weekend scheme. 

I would like to express special gratitude to the section for media produc-
tion for never getting mad at me for turning in my requests for agar plates 
the day before, or even the same day, I needed them! 

 
Maria Bergman and Lars-Göran Jansson, Department of Medical Photog-
raphy, Örebro University Hospital, for your valuable help with several 
posters during my doctoral work. 

 
The staff of the Medical Library, Örebro University Hospital, for help with 
finding scientific articles, and especially Margareta Landin, for support 
regarding Endnote. 

 
Leslie Shaps, for language revision of the present thesis. 

 
My parents, for your endless love and support. Thank you for always be-
ing there. 
 
My brother and sisters with families, for encouragement and support. You 
may now call me doctor Bengt instead of Bengan .  

 
All my friends outside the world of staphylococci, for still allowing me to 
be your friend despite not being very social with other than my bacteria. 

 
 

The present work was supported by grants from the Örebro County Coun-
cil Research Committee, the County Council of Östergötland, and the Fac-
ulty of Health and Sciences of Linköping University. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 97
 

References 
1. Aboltins CA, Page MA, Buising KL, Jenney AW, Daffy JR, 

Choong PF, et al. Treatment of staphylococcal prosthetic joint in-
fections with debridement, prosthesis retention and oral rifampicin 
and fusidic acid. Clin Microbiol Infect 2007; 13(6): 586-591. 

2. Aires de Sousa M, de Lencastre H. Evolution of sporadic isolates 
of methicillin-resistant Staphylococcus aureus (MRSA) in hospitals 
and their similarities to isolates of community-acquired MRSA. J 
Clin Microbiol 2003; 41(8): 3806-3815. 

3. Andersson DI. The biological cost of mutational antibiotic resis-
tance: any practical conclusions? Curr Opin Microbiol 2006; 9(5): 
461-465. 

4. Andersson DI, Levin BR. The biological cost of antibiotic resis-
tance. Curr Opin Microbiol 1999; 2(5): 489-493. 

5. Antunes LC, Ferreira RB, Buckner MM, Finlay BB. Quorum sens-
ing in bacterial virulence. Microbiology 2010; 156(Pt 8): 2271-
2282. 

6. Arciola CR, Campoccia D, Baldassarri L, Donati ME, Pirini V, 
Gamberini S, et al. Detection of biofilm formation in Staphylococ-
cus epidermidis from implant infections. Comparison of a PCR-
method that recognizes the presence of ica genes with two classic 
phenotypic methods. J Biomed Mater Res A 2006; 76(2): 425-430. 

7. Arciola CR, Gamberini S, Campoccia D, Visai L, Speziale P, Bal-
dassarri L, et al. A multiplex PCR method for the detection of all 
five individual genes of ica locus in Staphylococcus epidermidis. A 
survey on 400 clinical isolates from prosthesis-associated infec-
tions. J Biomed Mater Res A 2005; 75(2): 408-413. 

8. Atkins BL, Athanasou N, Deeks JJ, Crook DW, Simpson H, Peto 
TE, et al. Prospective evaluation of criteria for microbiological di-
agnosis of prosthetic-joint infection at revision arthroplasty. The 
OSIRIS Collaborative Study Group. J Clin Microbiol 1998; 
36(10): 2932-2939. 

9. Aubry-Damon H, Soussy CJ, Courvalin P. Characterization of 
mutations in the rpoB gene that confer rifampin resistance in 
Staphylococcus aureus. Antimicrob Agents Chemother 1998; 
42(10): 2590-2594. 

10. Baldoni D, Haschke M, Rajacic Z, Zimmerli W, Trampuz A. Line-
zolid alone or combined with rifampin against methicillin-resistant 
Staphylococcus aureus in experimental foreign-body infection. An-
timicrob Agents Chemother 2009; 53(3): 1142-1148. 

11. Banit DM, Kaufer H, Hartford JM. Intraoperative frozen section 
analysis in revision total joint arthroplasty. Clin Orthop Relat Res 
2002; (401): 230-238. 



98 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

12. Bannerman TL, Peacock SJ. Staphylococcus, Micrococcus, and 
Other Catalase-Positive Cocci. In: Murray PR, Baron EJ, Jorgen-
sen JH, Landry ML, Pfaller MA, editors. Manual of Clinical Mi-
crobiology. 9th (edn). Washington D.C.: ASM Press; 2008. p. 390-
411. 

13. Barber M. Methicillin-resistant staphylococci. J Clin Pathol 1961; 
14: 385-393. 

14. Barberan J. Management of infections of osteoarticular prosthesis. 
Clin Microbiol Infect 2006; 12 Suppl 3: 93-101. 

15. Barbier F, Lebeaux D, Hernandez D, Delannoy AS, Caro V, Fran-
cois P, et al. High prevalence of the arginine catabolic mobile ele-
ment in carriage isolates of methicillin-resistant Staphylococcus 
epidermidis. J Antimicrob Chemother 2011; 66(1): 29-36. 

16. Barbier F, Ruppe E, Hernandez D, Lebeaux D, Francois P, Felix B, 
et al. Methicillin-resistant coagulase-negative staphylococci in the 
community: high homology of SCCmec IVa between Staphylococ-
cus epidermidis and major clones of methicillin-resistant Staphylo-
coccus aureus. J Infect Dis 2010; 202(2): 270-281. 

17. Barretti P, Montelli AC, Batalha JE, Caramori JC, Cunha Mde L. 
The role of virulence factors in the outcome of staphylococcal peri-
tonitis in CAPD patients. BMC Infect Dis 2009; 9: 212. 

18. Bassetti M, Vitale F, Melica G, Righi E, Di Biagio A, Molfetta L, 
et al. Linezolid in the treatment of Gram-positive prosthetic joint 
infections. J Antimicrob Chemother 2005; 55(3): 387-390. 

19. Batzilla CF, Rachid S, Engelmann S, Hecker M, Hacker J, Ziebuhr 
W. Impact of the accessory gene regulatory system (Agr) on ex-
tracellular proteins, codY expression and amino acid metabolism 
in Staphylococcus epidermidis. Proteomics 2006; 6(12): 3602-
3613. 

20. Baumert N, von Eiff C, Schaaff F, Peters G, Proctor RA, Sahl HG. 
Physiology and antibiotic susceptibility of Staphylococcus aureus 
small colony variants. Microb Drug Resist 2002; 8(4): 253-260. 

21. Becker K, Harmsen D, Mellmann A, Meier C, Schumann P, Peters 
G, et al. Development and evaluation of a quality-controlled ribo-
somal sequence database for 16S ribosomal DNA-based identifica-
tion of Staphylococcus species. J Clin Microbiol 2004; 42(11): 
4988-4995. 

22. Berdal JE, Skramm I, Mowinckel P, Gulbrandsen P, Bjornholt JV. 
Use of rifampicin and ciprofloxacin combination therapy after 
surgical debridement in the treatment of early manifestation pros-
thetic joint infections. Clin Microbiol Infect 2005; 11(10): 843-
845. 

23. Berglund C, Ito T, Ikeda M, Ma XX, Söderquist B, Hiramatsu K. 
Novel type of staphylococcal cassette chromosome mec in a methi-

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 99
 

cillin-resistant Staphylococcus aureus strain isolated in Sweden. 
Antimicrob Agents Chemother 2008; 52(10): 3512-3516. 

24. Berglund C, Mölling P, Sjöberg L, Söderquist B. Predominance of 
staphylococcal cassette chromosome mec (SCCmec) type IV among 
methicillin-resistant Staphylococcus aureus (MRSA) in a Swedish 
county and presence of unknown SCCmec types with Panton-
Valentine leukocidin genes. Clin Microbiol Infect 2005; 11(6): 
447-456. 

25. Berglund C, Söderquist B. The origin of a methicillin-resistant 
Staphylococcus aureus isolate at a neonatal ward in Sweden-
possible horizontal transfer of a staphylococcal cassette chromo-
some mec between methicillin-resistant Staphylococcus haemolyti-
cus and Staphylococcus aureus. Clin Microbiol Infect 2008; 
14(11): 1048-1056. 

26. Biavasco F, Vignaroli C, Varaldo PE. Glycopeptide resistance in 
coagulase-negative staphylococci. Eur J Clin Microbiol Infect Dis 
2000; 19(6): 403-417. 

27. Biek D, Critchley IA, Riccobene TA, Thye DA. Ceftaroline 
fosamil: a novel broad-spectrum cephalosporin with expanded 
anti-Gram-positive activity. J Antimicrob Chemother 2010; 65 
Suppl 4: iv9-16. 

28. Bloemendaal AL, Brouwer EC, Fluit AC. Methicillin resistance 
transfer from Staphylocccus epidermidis to methicillin-susceptible 
Staphylococcus aureus in a patient during antibiotic therapy. PLoS 
One 2010; 5(7): e11841. 

29. Bonapace CR, White RL, Friedrich LV, Bosso JA. Evaluation of 
antibiotic synergy against Acinetobacter baumannii: a comparison 
with Etest, time-kill, and checkerboard methods. Diagn Microbiol 
Infect Dis 2000; 38(1): 43-50. 

30. Bowden MG, Visai L, Longshaw CM, Holland KT, Speziale P, 
Hook M. Is the GehD lipase from Staphylococcus epidermidis a 
collagen binding adhesin? J Biol Chem 2002; 277(45): 43017-
43023. 

31. Boyle-Vavra S, Daum RS. Community-acquired methicillin-
resistant Staphylococcus aureus: the role of Panton-Valentine leu-
kocidin. Lab Invest 2007; 87(1): 3-9. 

32. Brown DF, Edwards DI, Hawkey PM, Morrison D, Ridgway GL, 
Towner KJ, et al. Guidelines for the laboratory diagnosis and sus-
ceptibility testing of methicillin-resistant Staphylococcus aureus 
(MRSA). J Antimicrob Chemother 2005; 56(6): 1000-1018. 

33. Brown E, Wenzel RP, Hendley JO. Exploration of the microbial 
anatomy of normal human skin by using plasmid profiles of co-
agulase-negative staphylococci: search for the reservoir of resident 
skin flora. J Infect Dis 1989; 160(4): 644-650. 



98 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

12. Bannerman TL, Peacock SJ. Staphylococcus, Micrococcus, and 
Other Catalase-Positive Cocci. In: Murray PR, Baron EJ, Jorgen-
sen JH, Landry ML, Pfaller MA, editors. Manual of Clinical Mi-
crobiology. 9th (edn). Washington D.C.: ASM Press; 2008. p. 390-
411. 

13. Barber M. Methicillin-resistant staphylococci. J Clin Pathol 1961; 
14: 385-393. 

14. Barberan J. Management of infections of osteoarticular prosthesis. 
Clin Microbiol Infect 2006; 12 Suppl 3: 93-101. 

15. Barbier F, Lebeaux D, Hernandez D, Delannoy AS, Caro V, Fran-
cois P, et al. High prevalence of the arginine catabolic mobile ele-
ment in carriage isolates of methicillin-resistant Staphylococcus 
epidermidis. J Antimicrob Chemother 2011; 66(1): 29-36. 

16. Barbier F, Ruppe E, Hernandez D, Lebeaux D, Francois P, Felix B, 
et al. Methicillin-resistant coagulase-negative staphylococci in the 
community: high homology of SCCmec IVa between Staphylococ-
cus epidermidis and major clones of methicillin-resistant Staphylo-
coccus aureus. J Infect Dis 2010; 202(2): 270-281. 

17. Barretti P, Montelli AC, Batalha JE, Caramori JC, Cunha Mde L. 
The role of virulence factors in the outcome of staphylococcal peri-
tonitis in CAPD patients. BMC Infect Dis 2009; 9: 212. 

18. Bassetti M, Vitale F, Melica G, Righi E, Di Biagio A, Molfetta L, 
et al. Linezolid in the treatment of Gram-positive prosthetic joint 
infections. J Antimicrob Chemother 2005; 55(3): 387-390. 

19. Batzilla CF, Rachid S, Engelmann S, Hecker M, Hacker J, Ziebuhr 
W. Impact of the accessory gene regulatory system (Agr) on ex-
tracellular proteins, codY expression and amino acid metabolism 
in Staphylococcus epidermidis. Proteomics 2006; 6(12): 3602-
3613. 

20. Baumert N, von Eiff C, Schaaff F, Peters G, Proctor RA, Sahl HG. 
Physiology and antibiotic susceptibility of Staphylococcus aureus 
small colony variants. Microb Drug Resist 2002; 8(4): 253-260. 

21. Becker K, Harmsen D, Mellmann A, Meier C, Schumann P, Peters 
G, et al. Development and evaluation of a quality-controlled ribo-
somal sequence database for 16S ribosomal DNA-based identifica-
tion of Staphylococcus species. J Clin Microbiol 2004; 42(11): 
4988-4995. 

22. Berdal JE, Skramm I, Mowinckel P, Gulbrandsen P, Bjornholt JV. 
Use of rifampicin and ciprofloxacin combination therapy after 
surgical debridement in the treatment of early manifestation pros-
thetic joint infections. Clin Microbiol Infect 2005; 11(10): 843-
845. 

23. Berglund C, Ito T, Ikeda M, Ma XX, Söderquist B, Hiramatsu K. 
Novel type of staphylococcal cassette chromosome mec in a methi-

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 99
 

cillin-resistant Staphylococcus aureus strain isolated in Sweden. 
Antimicrob Agents Chemother 2008; 52(10): 3512-3516. 

24. Berglund C, Mölling P, Sjöberg L, Söderquist B. Predominance of 
staphylococcal cassette chromosome mec (SCCmec) type IV among 
methicillin-resistant Staphylococcus aureus (MRSA) in a Swedish 
county and presence of unknown SCCmec types with Panton-
Valentine leukocidin genes. Clin Microbiol Infect 2005; 11(6): 
447-456. 

25. Berglund C, Söderquist B. The origin of a methicillin-resistant 
Staphylococcus aureus isolate at a neonatal ward in Sweden-
possible horizontal transfer of a staphylococcal cassette chromo-
some mec between methicillin-resistant Staphylococcus haemolyti-
cus and Staphylococcus aureus. Clin Microbiol Infect 2008; 
14(11): 1048-1056. 

26. Biavasco F, Vignaroli C, Varaldo PE. Glycopeptide resistance in 
coagulase-negative staphylococci. Eur J Clin Microbiol Infect Dis 
2000; 19(6): 403-417. 

27. Biek D, Critchley IA, Riccobene TA, Thye DA. Ceftaroline 
fosamil: a novel broad-spectrum cephalosporin with expanded 
anti-Gram-positive activity. J Antimicrob Chemother 2010; 65 
Suppl 4: iv9-16. 

28. Bloemendaal AL, Brouwer EC, Fluit AC. Methicillin resistance 
transfer from Staphylocccus epidermidis to methicillin-susceptible 
Staphylococcus aureus in a patient during antibiotic therapy. PLoS 
One 2010; 5(7): e11841. 

29. Bonapace CR, White RL, Friedrich LV, Bosso JA. Evaluation of 
antibiotic synergy against Acinetobacter baumannii: a comparison 
with Etest, time-kill, and checkerboard methods. Diagn Microbiol 
Infect Dis 2000; 38(1): 43-50. 

30. Bowden MG, Visai L, Longshaw CM, Holland KT, Speziale P, 
Hook M. Is the GehD lipase from Staphylococcus epidermidis a 
collagen binding adhesin? J Biol Chem 2002; 277(45): 43017-
43023. 

31. Boyle-Vavra S, Daum RS. Community-acquired methicillin-
resistant Staphylococcus aureus: the role of Panton-Valentine leu-
kocidin. Lab Invest 2007; 87(1): 3-9. 

32. Brown DF, Edwards DI, Hawkey PM, Morrison D, Ridgway GL, 
Towner KJ, et al. Guidelines for the laboratory diagnosis and sus-
ceptibility testing of methicillin-resistant Staphylococcus aureus 
(MRSA). J Antimicrob Chemother 2005; 56(6): 1000-1018. 

33. Brown E, Wenzel RP, Hendley JO. Exploration of the microbial 
anatomy of normal human skin by using plasmid profiles of co-
agulase-negative staphylococci: search for the reservoir of resident 
skin flora. J Infect Dis 1989; 160(4): 644-650. 



100 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

34. Calvo J, Hernandez JL, Farinas MC, Garcia-Palomo D, Aguero J. 
Osteomyelitis caused by Staphylococcus schleiferi and evidence of 
misidentification of this Staphylococcus species by an automated 
bacterial identification system. J Clin Microbiol 2000; 38(10): 
3887-3889. 

35. Carmody AB, Otto M. Specificity grouping of the accessory gene 
regulator quorum-sensing system of Staphylococcus epidermidis is 
linked to infection. Arch Microbiol 2004; 181(3): 250-253. 

36. Cataldo MA, Petrosillo N, Cipriani M, Cauda R, Tacconelli E. 
Prosthetic joint infection: Recent developments in diagnosis and 
management. J Infect 2010; 61(6): 443-448. 

37. Chambers HF. Penicillins. In: Mandell GL, Bennett JE, Dolin R, 
editors. Principles and Practice of Infectious Diseases. 5th (edn). 
Philadelphia: Churchille Livingstone; 2000. p. 261-274. 

38. Chambers HF. Ceftobiprole: in-vivo profile of a bactericidal 
cephalosporin. Clin Microbiol Infect 2006; 12 Suppl 2: 17-22. 

39. Clarke SR, Dyke KG. The signal transducer (BlaRI) and the rep-
ressor (BlaI) of the Staphylococcus aureus beta-lactamase operon 
are inducible. Microbiology 2001; 147(Pt 4): 803-810. 

40. Cogen AL, Yamasaki K, Muto J, Sanchez KM, Crotty Alexander 
L, Tanios J, et al. Staphylococcus epidermidis antimicrobial delta-
toxin (phenol-soluble modulin-gamma) cooperates with host an-
timicrobial peptides to kill group A Streptococcus. PLoS One 
2010; 5(1): e8557. 

41. Cogen AL, Yamasaki K, Sanchez KM, Dorschner RA, Lai Y, 
Macleod DT, et al. Selective Antimicrobial Action Is Provided by 
Phenol-Soluble Modulins Derived from Staphylococcus epider-
midis, a Normal Resident of the Skin. J Invest Dermatol 2009. 

42. Colca JR, McDonald WG, Waldon DJ, Thomasco LM, Gadwood 
RC, Lund ET, et al. Cross-linking in the living cell locates the site 
of action of oxazolidinone antibiotics. J Biol Chem 2003; 278(24): 
21972-21979. 

43. Cozza KL, Armstrong SC, Oesterheld JR. Consice Guide to Drug 
Interaction Principles for Medical Practice. 2nd (edn). Arlington: 
American Psychiatric Publishing, Inc.; 2003. 

44. Crisostomo MI, Westh H, Tomasz A, Chung M, Oliveira DC, de 
Lencastre H. The evolution of methicillin resistance in Staphylo-
coccus aureus: similarity of genetic backgrounds in historically 
early methicillin-susceptible and -resistant isolates and contempo-
rary epidemic clones. Proc Natl Acad Sci U S A 2001; 98(17): 
9865-9870. 

45. Cunha Mde L, Rugolo LM, Lopes CA. Study of virulence factors 
in coagulase-negative staphylococci isolated from newborns. Mem 
Inst Oswaldo Cruz 2006; 101(6): 661-668. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 101
 

46. Dauner DG, Nelson RE, Taketa DC. Ceftobiprole: A novel, broad-
spectrum cephalosporin with activity against methicillin-resistant 
Staphylococcus aureus. Am J Health Syst Pharm 2010; 67(12): 
983-993. 

47. De Man FH, Graber P, Luem M, Zimmerli W, Ochsner PE, Sendi 
P. Broad-range PCR in selected episodes of prosthetic joint infec-
tion. Infection 2009; 37(3): 292-294. 

48. Decousser JW, Bourgeois-Nicolaos N, Doucet-Populaire F. Dalba-
vancin, a long-acting lipoglycopeptide for the treatment of mul-
tidrug-resistant Gram-positive bacteria. Expert Rev Anti Infect 
Ther 2007; 5(4): 557-571. 

49. Descloux S, Rossano A, Perreten V. Characterization of new 
staphylococcal cassette chromosome mec (SCCmec) and topoisom-
erase genes in fluoroquinolone- and methicillin-resistant Staphylo-
coccus pseudintermedius. J Clin Microbiol 2008; 46(5): 1818-
1823. 

50. Diep BA, Gill SR, Chang RF, Phan TH, Chen JH, Davidson MG, 
et al. Complete genome sequence of USA300, an epidemic clone of 
community-acquired meticillin-resistant Staphylococcus aureus. 
Lancet 2006; 367(9512): 731-739. 

51. Diep BA, Stone GG, Basuino L, Graber CJ, Miller A, des Etages 
SA, et al. The arginine catabolic mobile element and staphylococ-
cal chromosomal cassette mec linkage: convergence of virulence 
and resistance in the USA300 clone of methicillin-resistant Staphy-
lococcus aureus. J Infect Dis 2008; 197(11): 1523-1530. 

52. Doherty N, Holden MT, Qazi SN, Williams P, Winzer K. Func-
tional analysis of luxS in Staphylococcus aureus reveals a role in 
metabolism but not quorum sensing. J Bacteriol 2006; 188(8): 
2885-2897. 

53. Donlan RM. Biofilms: microbial life on surfaces. Emerg Infect Dis 
2002; 8(9): 881-890. 

54. Drancourt M, Bollet C, Carlioz A, Martelin R, Gayral JP, Raoult 
D. 16S ribosomal DNA sequence analysis of a large collection of 
environmental and clinical unidentifiable bacterial isolates. J Clin 
Microbiol 2000; 38(10): 3623-3630. 

55. Drancourt M, Raoult D. rpoB gene sequence-based identification 
of Staphylococcus species. J Clin Microbiol 2002; 40(4): 1333-
1338. 

56. Drancourt M, Stein A, Argenson JN, Roiron R, Groulier P, Raoult 
D. Oral treatment of Staphylococcus spp. infected orthopaedic im-
plants with fusidic acid or ofloxacin in combination with rifam-
picin. J Antimicrob Chemother 1997; 39(2): 235-240. 



100 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

34. Calvo J, Hernandez JL, Farinas MC, Garcia-Palomo D, Aguero J. 
Osteomyelitis caused by Staphylococcus schleiferi and evidence of 
misidentification of this Staphylococcus species by an automated 
bacterial identification system. J Clin Microbiol 2000; 38(10): 
3887-3889. 

35. Carmody AB, Otto M. Specificity grouping of the accessory gene 
regulator quorum-sensing system of Staphylococcus epidermidis is 
linked to infection. Arch Microbiol 2004; 181(3): 250-253. 

36. Cataldo MA, Petrosillo N, Cipriani M, Cauda R, Tacconelli E. 
Prosthetic joint infection: Recent developments in diagnosis and 
management. J Infect 2010; 61(6): 443-448. 

37. Chambers HF. Penicillins. In: Mandell GL, Bennett JE, Dolin R, 
editors. Principles and Practice of Infectious Diseases. 5th (edn). 
Philadelphia: Churchille Livingstone; 2000. p. 261-274. 

38. Chambers HF. Ceftobiprole: in-vivo profile of a bactericidal 
cephalosporin. Clin Microbiol Infect 2006; 12 Suppl 2: 17-22. 

39. Clarke SR, Dyke KG. The signal transducer (BlaRI) and the rep-
ressor (BlaI) of the Staphylococcus aureus beta-lactamase operon 
are inducible. Microbiology 2001; 147(Pt 4): 803-810. 

40. Cogen AL, Yamasaki K, Muto J, Sanchez KM, Crotty Alexander 
L, Tanios J, et al. Staphylococcus epidermidis antimicrobial delta-
toxin (phenol-soluble modulin-gamma) cooperates with host an-
timicrobial peptides to kill group A Streptococcus. PLoS One 
2010; 5(1): e8557. 

41. Cogen AL, Yamasaki K, Sanchez KM, Dorschner RA, Lai Y, 
Macleod DT, et al. Selective Antimicrobial Action Is Provided by 
Phenol-Soluble Modulins Derived from Staphylococcus epider-
midis, a Normal Resident of the Skin. J Invest Dermatol 2009. 

42. Colca JR, McDonald WG, Waldon DJ, Thomasco LM, Gadwood 
RC, Lund ET, et al. Cross-linking in the living cell locates the site 
of action of oxazolidinone antibiotics. J Biol Chem 2003; 278(24): 
21972-21979. 

43. Cozza KL, Armstrong SC, Oesterheld JR. Consice Guide to Drug 
Interaction Principles for Medical Practice. 2nd (edn). Arlington: 
American Psychiatric Publishing, Inc.; 2003. 

44. Crisostomo MI, Westh H, Tomasz A, Chung M, Oliveira DC, de 
Lencastre H. The evolution of methicillin resistance in Staphylo-
coccus aureus: similarity of genetic backgrounds in historically 
early methicillin-susceptible and -resistant isolates and contempo-
rary epidemic clones. Proc Natl Acad Sci U S A 2001; 98(17): 
9865-9870. 

45. Cunha Mde L, Rugolo LM, Lopes CA. Study of virulence factors 
in coagulase-negative staphylococci isolated from newborns. Mem 
Inst Oswaldo Cruz 2006; 101(6): 661-668. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 101
 

46. Dauner DG, Nelson RE, Taketa DC. Ceftobiprole: A novel, broad-
spectrum cephalosporin with activity against methicillin-resistant 
Staphylococcus aureus. Am J Health Syst Pharm 2010; 67(12): 
983-993. 

47. De Man FH, Graber P, Luem M, Zimmerli W, Ochsner PE, Sendi 
P. Broad-range PCR in selected episodes of prosthetic joint infec-
tion. Infection 2009; 37(3): 292-294. 

48. Decousser JW, Bourgeois-Nicolaos N, Doucet-Populaire F. Dalba-
vancin, a long-acting lipoglycopeptide for the treatment of mul-
tidrug-resistant Gram-positive bacteria. Expert Rev Anti Infect 
Ther 2007; 5(4): 557-571. 

49. Descloux S, Rossano A, Perreten V. Characterization of new 
staphylococcal cassette chromosome mec (SCCmec) and topoisom-
erase genes in fluoroquinolone- and methicillin-resistant Staphylo-
coccus pseudintermedius. J Clin Microbiol 2008; 46(5): 1818-
1823. 

50. Diep BA, Gill SR, Chang RF, Phan TH, Chen JH, Davidson MG, 
et al. Complete genome sequence of USA300, an epidemic clone of 
community-acquired meticillin-resistant Staphylococcus aureus. 
Lancet 2006; 367(9512): 731-739. 

51. Diep BA, Stone GG, Basuino L, Graber CJ, Miller A, des Etages 
SA, et al. The arginine catabolic mobile element and staphylococ-
cal chromosomal cassette mec linkage: convergence of virulence 
and resistance in the USA300 clone of methicillin-resistant Staphy-
lococcus aureus. J Infect Dis 2008; 197(11): 1523-1530. 

52. Doherty N, Holden MT, Qazi SN, Williams P, Winzer K. Func-
tional analysis of luxS in Staphylococcus aureus reveals a role in 
metabolism but not quorum sensing. J Bacteriol 2006; 188(8): 
2885-2897. 

53. Donlan RM. Biofilms: microbial life on surfaces. Emerg Infect Dis 
2002; 8(9): 881-890. 

54. Drancourt M, Bollet C, Carlioz A, Martelin R, Gayral JP, Raoult 
D. 16S ribosomal DNA sequence analysis of a large collection of 
environmental and clinical unidentifiable bacterial isolates. J Clin 
Microbiol 2000; 38(10): 3623-3630. 

55. Drancourt M, Raoult D. rpoB gene sequence-based identification 
of Staphylococcus species. J Clin Microbiol 2002; 40(4): 1333-
1338. 

56. Drancourt M, Stein A, Argenson JN, Roiron R, Groulier P, Raoult 
D. Oral treatment of Staphylococcus spp. infected orthopaedic im-
plants with fusidic acid or ofloxacin in combination with rifam-
picin. J Antimicrob Chemother 1997; 39(2): 235-240. 



102 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

57. Euzeby JP. List of Bacterial Names with Standing in Nomencla-
ture: a folder available on the Internet. Int J Syst Bacteriol 1997; 
47(2): 590-592. 

58. Falagas ME, Giannopoulou KP, Ntziora F, Papagelopoulos PJ. 
Daptomycin for treatment of patients with bone and joint infec-
tions: a systematic review of the clinical evidence. Int J Antimicrob 
Agents 2007; 30(3): 202-209. 

59. Felten A, Grandry B, Lagrange PH, Casin I. Evaluation of three 
techniques for detection of low-level methicillin-resistant Staphylo-
coccus aureus (MRSA): a disk diffusion method with cefoxitin and 
moxalactam, the Vitek 2 system, and the MRSA-screen latex ag-
glutination test. J Clin Microbiol 2002; 40(8): 2766-2771. 

60. Fey PD, Olson ME. Current concepts in biofilm formation of 
Staphylococcus epidermidis. Future Microbiol 2010; 5(6): 917-
933. 

61. Fitzpatrick F, Humphreys H, O'Gara JP. The genetics of staphylo-
coccal biofilm formation--will a greater understanding of patho-
genesis lead to better management of device-related infection? Clin 
Microbiol Infect 2005; 11(12): 967-973. 

62. Furnes O, Espehaug B, Lie SA, Vollset SE, Engesaeter LB, Havelin 
LI. Early failures among 7,174 primary total knee replacements: a 
follow-up study from the Norwegian Arthroplasty Register 1994-
2000. Acta Orthop Scand 2002; 73(2): 117-129. 

63. Garrigos C, Murillo O, Euba G, Verdaguer R, Tubau F, Cabellos 
C, et al. Efficacy of usual and high doses of daptomycin in combi-
nation with rifampin versus alternative therapies in experimental 
foreign-body infection by methicillin-resistant Staphylococcus 
aureus. Antimicrob Agents Chemother 2010; 54(12): 5251-5256. 

64. Garza-Gonzalez E, Morfin-Otero R, Llaca-Diaz JM, Rodriguez-
Noriega E. Staphylococcal cassette chromosome mec (SCCmec) in 
methicillin-resistant coagulase-negative staphylococci. A review 
and the experience in a tertiary-care setting. Epidemiol Infect 
2010; 138(5): 645-654. 

65. Gill SR, Fouts DE, Archer GL, Mongodin EF, Deboy RT, Ravel J, 
et al. Insights on evolution of virulence and resistance from the 
complete genome analysis of an early methicillin-resistant Staphy-
lococcus aureus strain and a biofilm-producing methicillin-
resistant Staphylococcus epidermidis strain. J Bacteriol 2005; 
187(7): 2426-2438. 

66. Granslo HN, Klingenberg C, Fredheim EG, Ronnestad A, Mollnes 
TE, Flaegstad T. Arginine catabolic mobile element is associated 
with low antibiotic resistance and low pathogenicity in Staphylo-
coccus epidermidis from neonates. Pediatr Res 2010; 68(3): 237-
241. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 103
 

67. Hackbarth CJ, Chambers HF. blaI and blaR1 regulate beta-
lactamase and PBP 2a production in methicillin-resistant Staphylo-
coccus aureus. Antimicrob Agents Chemother 1993; 37(5): 1144-
1149. 

68. Hanssen AM, Ericson Sollid JU. SCCmec in staphylococci: genes 
on the move. FEMS Immunol Med Microbiol 2006; 46(1): 8-20. 

69. Hanssen AM, Sollid JU. Multiple staphylococcal cassette chromo-
somes and allelic variants of cassette chromosome recombinases in 
Staphylococcus aureus and coagulase-negative staphylococci from 
Norway. Antimicrob Agents Chemother 2007; 51(5): 1671-1677. 

70. Harding JW. Infections due to methicillin-resistant strains of 
Staphylococcus pyogenes. J Clin Pathol 1963; 16: 268-270. 

71. Harmsen D, Claus H, Witte W, Rothganger J, Turnwald D, Vogel 
U. Typing of methicillin-resistant Staphylococcus aureus in a uni-
versity hospital setting by using novel software for spa repeat de-
termination and database management. J Clin Microbiol 2003; 
41(12): 5442-5448. 

72. Hayden MK, Rezai K, Hayes RA, Lolans K, Quinn JP, Weinstein 
RA. Development of Daptomycin resistance in vivo in methicillin-
resistant Staphylococcus aureus. J Clin Microbiol 2005; 43(10): 
5285-5287. 

73. Hebert GA, Crowder CG, Hancock GA, Jarvis WR, Thornsberry 
C. Characteristics of coagulase-negative staphylococci that help 
differentiate these species and other members of the family Micro-
coccaceae. J Clin Microbiol 1988; 26(10): 1939-1949. 

74. Heddle JG, Barnard FM, Wentzell LM, Maxwell A. The interac-
tion of drugs with DNA gyrase: a model for the molecular basis of 
quinolone action. Nucleosides Nucleotides Nucleic Acids 2000; 
19(8): 1249-1264. 

75. Hellmark B, Söderquist B, Unemo M. Simultaneous species identi-
fication and detection of rifampicin resistance in staphylococci by 
sequencing of the rpoB gene. Eur J Clin Microbiol Infect Dis 
2009; 28(2): 183-190. 

76. Higashide M, Kuroda M, Omura CT, Kumano M, Ohkawa S, 
Ichimura S, et al. Methicillin-resistant Staphylococcus saprophyti-
cus isolates carrying staphylococcal cassette chromosome mec have 
emerged in urogenital tract infections. Antimicrob Agents Chemo-
ther 2008; 52(6): 2061-2068. 

77. Hiramatsu K, Hanaki H, Ino T, Yabuta K, Oguri T, Tenover FC. 
Methicillin-resistant Staphylococcus aureus clinical strain with re-
duced vancomycin susceptibility. J Antimicrob Chemother 1997; 
40(1): 135-136. 

78. Hope R, Mushtaq S, James D, Pllana T, Warner M, Livermore 
DM. Tigecycline activity: low resistance rates but problematic disc 



102 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

57. Euzeby JP. List of Bacterial Names with Standing in Nomencla-
ture: a folder available on the Internet. Int J Syst Bacteriol 1997; 
47(2): 590-592. 

58. Falagas ME, Giannopoulou KP, Ntziora F, Papagelopoulos PJ. 
Daptomycin for treatment of patients with bone and joint infec-
tions: a systematic review of the clinical evidence. Int J Antimicrob 
Agents 2007; 30(3): 202-209. 

59. Felten A, Grandry B, Lagrange PH, Casin I. Evaluation of three 
techniques for detection of low-level methicillin-resistant Staphylo-
coccus aureus (MRSA): a disk diffusion method with cefoxitin and 
moxalactam, the Vitek 2 system, and the MRSA-screen latex ag-
glutination test. J Clin Microbiol 2002; 40(8): 2766-2771. 

60. Fey PD, Olson ME. Current concepts in biofilm formation of 
Staphylococcus epidermidis. Future Microbiol 2010; 5(6): 917-
933. 

61. Fitzpatrick F, Humphreys H, O'Gara JP. The genetics of staphylo-
coccal biofilm formation--will a greater understanding of patho-
genesis lead to better management of device-related infection? Clin 
Microbiol Infect 2005; 11(12): 967-973. 

62. Furnes O, Espehaug B, Lie SA, Vollset SE, Engesaeter LB, Havelin 
LI. Early failures among 7,174 primary total knee replacements: a 
follow-up study from the Norwegian Arthroplasty Register 1994-
2000. Acta Orthop Scand 2002; 73(2): 117-129. 

63. Garrigos C, Murillo O, Euba G, Verdaguer R, Tubau F, Cabellos 
C, et al. Efficacy of usual and high doses of daptomycin in combi-
nation with rifampin versus alternative therapies in experimental 
foreign-body infection by methicillin-resistant Staphylococcus 
aureus. Antimicrob Agents Chemother 2010; 54(12): 5251-5256. 

64. Garza-Gonzalez E, Morfin-Otero R, Llaca-Diaz JM, Rodriguez-
Noriega E. Staphylococcal cassette chromosome mec (SCCmec) in 
methicillin-resistant coagulase-negative staphylococci. A review 
and the experience in a tertiary-care setting. Epidemiol Infect 
2010; 138(5): 645-654. 

65. Gill SR, Fouts DE, Archer GL, Mongodin EF, Deboy RT, Ravel J, 
et al. Insights on evolution of virulence and resistance from the 
complete genome analysis of an early methicillin-resistant Staphy-
lococcus aureus strain and a biofilm-producing methicillin-
resistant Staphylococcus epidermidis strain. J Bacteriol 2005; 
187(7): 2426-2438. 

66. Granslo HN, Klingenberg C, Fredheim EG, Ronnestad A, Mollnes 
TE, Flaegstad T. Arginine catabolic mobile element is associated 
with low antibiotic resistance and low pathogenicity in Staphylo-
coccus epidermidis from neonates. Pediatr Res 2010; 68(3): 237-
241. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 103
 

67. Hackbarth CJ, Chambers HF. blaI and blaR1 regulate beta-
lactamase and PBP 2a production in methicillin-resistant Staphylo-
coccus aureus. Antimicrob Agents Chemother 1993; 37(5): 1144-
1149. 

68. Hanssen AM, Ericson Sollid JU. SCCmec in staphylococci: genes 
on the move. FEMS Immunol Med Microbiol 2006; 46(1): 8-20. 

69. Hanssen AM, Sollid JU. Multiple staphylococcal cassette chromo-
somes and allelic variants of cassette chromosome recombinases in 
Staphylococcus aureus and coagulase-negative staphylococci from 
Norway. Antimicrob Agents Chemother 2007; 51(5): 1671-1677. 

70. Harding JW. Infections due to methicillin-resistant strains of 
Staphylococcus pyogenes. J Clin Pathol 1963; 16: 268-270. 

71. Harmsen D, Claus H, Witte W, Rothganger J, Turnwald D, Vogel 
U. Typing of methicillin-resistant Staphylococcus aureus in a uni-
versity hospital setting by using novel software for spa repeat de-
termination and database management. J Clin Microbiol 2003; 
41(12): 5442-5448. 

72. Hayden MK, Rezai K, Hayes RA, Lolans K, Quinn JP, Weinstein 
RA. Development of Daptomycin resistance in vivo in methicillin-
resistant Staphylococcus aureus. J Clin Microbiol 2005; 43(10): 
5285-5287. 

73. Hebert GA, Crowder CG, Hancock GA, Jarvis WR, Thornsberry 
C. Characteristics of coagulase-negative staphylococci that help 
differentiate these species and other members of the family Micro-
coccaceae. J Clin Microbiol 1988; 26(10): 1939-1949. 

74. Heddle JG, Barnard FM, Wentzell LM, Maxwell A. The interac-
tion of drugs with DNA gyrase: a model for the molecular basis of 
quinolone action. Nucleosides Nucleotides Nucleic Acids 2000; 
19(8): 1249-1264. 

75. Hellmark B, Söderquist B, Unemo M. Simultaneous species identi-
fication and detection of rifampicin resistance in staphylococci by 
sequencing of the rpoB gene. Eur J Clin Microbiol Infect Dis 
2009; 28(2): 183-190. 

76. Higashide M, Kuroda M, Omura CT, Kumano M, Ohkawa S, 
Ichimura S, et al. Methicillin-resistant Staphylococcus saprophyti-
cus isolates carrying staphylococcal cassette chromosome mec have 
emerged in urogenital tract infections. Antimicrob Agents Chemo-
ther 2008; 52(6): 2061-2068. 

77. Hiramatsu K, Hanaki H, Ino T, Yabuta K, Oguri T, Tenover FC. 
Methicillin-resistant Staphylococcus aureus clinical strain with re-
duced vancomycin susceptibility. J Antimicrob Chemother 1997; 
40(1): 135-136. 

78. Hope R, Mushtaq S, James D, Pllana T, Warner M, Livermore 
DM. Tigecycline activity: low resistance rates but problematic disc 



104 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

breakpoints revealed by a multicentre sentinel survey in the UK. J 
Antimicrob Chemother 2010; 65(12): 2602-2609. 

79. Hou Z, Meng JR, Zhao JR, Hu BQ, Liu J, Yan XJ, et al. Inhibi-
tion of beta-lactamase-mediated oxacillin resistance in Staphylo-
coccus aureus by a deoxyribozyme. Acta Pharmacol Sin 2007; 
28(11): 1775-1782. 

80. Huebner J, Goldmann DA. Coagulase-negative staphylococci: role 
as pathogens. Annu Rev Med 1999; 50: 223-236. 

81. Huotari K, Lyytikainen O, Ollgren J, Virtanen MJ, Seitsalo S, 
Palonen R, et al. Disease burden of prosthetic joint infections after 
hip and knee joint replacement in Finland during 1999-2004: cap-
ture-recapture estimation. J Hosp Infect 2010; 75(3): 205-208. 

82. Ibrahem S, Salmenlinna S, Lyytikainen O, Vaara M, Vuopio-
Varkila J. Molecular characterization of methicillin-resistant 
Staphylococcus epidermidis strains from bacteraemic patients. Clin 
Microbiol Infect 2008; 14(11): 1020-1027. 

83. Ibrahem S, Salmenlinna S, Virolainen A, Kerttula AM, Lyytikainen 
O, Jagerroos H, et al. Carriage of methicillin-resistant Staphylo-
cocci and their SCCmec types in a long-term-care facility. J Clin 
Microbiol 2009; 47(1): 32-37. 

84. International Working Group on the Classification of Staphylo-
coccal Cassette Chromosome Elements (IWG-SCC). Classification 
of staphylococcal cassette chromosome mec (SCCmec): guidelines 
for reporting novel SCCmec elements. Antimicrob Agents Chemo-
ther 2009; 53(12): 4961-4967. 

85. Ito T, Katayama Y, Asada K, Mori N, Tsutsumimoto K, Tien-
sasitorn C, et al. Structural comparison of three types of staphylo-
coccal cassette chromosome mec integrated in the chromosome in 
methicillin-resistant Staphylococcus aureus. Antimicrob Agents 
Chemother 2001; 45(5): 1323-1336. 

86. Ito T, Ma XX, Takeuchi F, Okuma K, Yuzawa H, Hiramatsu K. 
Novel type V staphylococcal cassette chromosome mec driven by a 
novel cassette chromosome recombinase, ccrC. Antimicrob Agents 
Chemother 2004; 48(7): 2637-2651. 

87. Ito T, Okuma K, Ma XX, Yuzawa H, Hiramatsu K. Insights on 
antibiotic resistance of Staphylococcus aureus from its whole ge-
nome: genomic island SCC. Drug Resist Updat 2003; 6(1): 41-52. 

88. Jacqueline C, Caillon J, Le Mabecque V, Miegeville AF, Donnio 
PY, Bugnon D, et al. In vitro activity of linezolid alone and in 
combination with gentamicin, vancomycin or rifampicin against 
methicillin-resistant Staphylococcus aureus by time-kill curve 
methods. J Antimicrob Chemother 2003; 51(4): 857-864. 

89. Jana S, Deb JK. Molecular understanding of aminoglycoside action 
and resistance. Appl Microbiol Biotechnol 2006; 70(2): 140-150. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 105
 

90. Ji G, Beavis R, Novick RP. Bacterial interference caused by 
autoinducing peptide variants. Science 1997; 276(5321): 2027-
2030. 

91. Jin DJ, Gross CA. Mapping and sequencing of mutations in the 
Escherichia coli rpoB gene that lead to rifampicin resistance. J Mol 
Biol 1988; 202(1): 45-58. 

92. John AK, Baldoni D, Haschke M, Rentsch K, Schaerli P, Zimmerli 
W, et al. Efficacy of daptomycin in implant-associated infection 
due to methicillin-resistant Staphylococcus aureus: importance of 
combination with rifampin. Antimicrob Agents Chemother 2009; 
53(7): 2719-2724. 

93. Join-Lambert OF, Clauser S, Guillet C, Jais JP, Abachin E, 
Quesnes G, et al. Comparison of cefoxitin and moxalactam 30 mi-
crog disc diffusion methods for detection of methicillin resistance 
in coagulase-negative staphylococci. J Antimicrob Chemother 
2007; 59(4): 763-766. 

94. Karchmer AW. Cephalosporins. In: G.L. M, Bennett JE, Dolin R, 
editors. Principles and Practice of Infectious Diseases. 5th (edn). 
Philadelphia: Churchill Livingstone; 2000. p. 274-291. 

95. Katayama Y, Ito T, Hiramatsu K. Genetic organization of the 
chromosome region surrounding mecA in clinical staphylococcal 
strains: role of IS431-mediated mecI deletion in expression of resis-
tance in mecA-carrying, low-level methicillin-resistant Staphylo-
coccus haemolyticus. Antimicrob Agents Chemother 2001; 45(7): 
1955-1963. 

96. Kirby WM. EXTRACTION OF A HIGHLY POTENT PENICIL-
LIN INACTIVATOR FROM PENICILLIN RESISTANT 
STAPHYLOCOCCI. Science 1944; 99(2579): 452-453. 

97. Kloos WE. Ecology of human skin. In: Mårdh P-A, Schleifer KH, 
editors. Coagulase-Negative Staphylococci. Stockholm, Sweden: 
Almqvist & Wiksell Internationell; 1980. p. 37-50. 

98. Kocianova S, Vuong C, Yao Y, Voyich JM, Fischer ER, DeLeo FR, 
et al. Key role of poly-gamma-DL-glutamic acid in immune eva-
sion and virulence of Staphylococcus epidermidis. J Clin Invest 
2005; 115(3): 688-694. 

99. Kohanski MA, Dwyer DJ, Collins JJ. How antibiotics kill bacteria: 
from targets to networks. Nat Rev Microbiol 2010; 8(6): 423-435. 

100. Kondo Y, Ito T, Ma XX, Watanabe S, Kreiswirth BN, Etienne J, et 
al. Combination of multiplex PCRs for staphylococcal cassette 
chromosome mec type assignment: rapid identification system for 
mec, ccr, and major differences in junkyard regions. Antimicrob 
Agents Chemother 2007; 51(1): 264-274. 

101. Kordelle J, Hossain H, Stahl U, Schleicher I, Haas H. [Usefulness 
of 16S rDNA polymerase-chain-reaction (PCR) in the intraopera-



104 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

breakpoints revealed by a multicentre sentinel survey in the UK. J 
Antimicrob Chemother 2010; 65(12): 2602-2609. 

79. Hou Z, Meng JR, Zhao JR, Hu BQ, Liu J, Yan XJ, et al. Inhibi-
tion of beta-lactamase-mediated oxacillin resistance in Staphylo-
coccus aureus by a deoxyribozyme. Acta Pharmacol Sin 2007; 
28(11): 1775-1782. 

80. Huebner J, Goldmann DA. Coagulase-negative staphylococci: role 
as pathogens. Annu Rev Med 1999; 50: 223-236. 

81. Huotari K, Lyytikainen O, Ollgren J, Virtanen MJ, Seitsalo S, 
Palonen R, et al. Disease burden of prosthetic joint infections after 
hip and knee joint replacement in Finland during 1999-2004: cap-
ture-recapture estimation. J Hosp Infect 2010; 75(3): 205-208. 

82. Ibrahem S, Salmenlinna S, Lyytikainen O, Vaara M, Vuopio-
Varkila J. Molecular characterization of methicillin-resistant 
Staphylococcus epidermidis strains from bacteraemic patients. Clin 
Microbiol Infect 2008; 14(11): 1020-1027. 

83. Ibrahem S, Salmenlinna S, Virolainen A, Kerttula AM, Lyytikainen 
O, Jagerroos H, et al. Carriage of methicillin-resistant Staphylo-
cocci and their SCCmec types in a long-term-care facility. J Clin 
Microbiol 2009; 47(1): 32-37. 

84. International Working Group on the Classification of Staphylo-
coccal Cassette Chromosome Elements (IWG-SCC). Classification 
of staphylococcal cassette chromosome mec (SCCmec): guidelines 
for reporting novel SCCmec elements. Antimicrob Agents Chemo-
ther 2009; 53(12): 4961-4967. 

85. Ito T, Katayama Y, Asada K, Mori N, Tsutsumimoto K, Tien-
sasitorn C, et al. Structural comparison of three types of staphylo-
coccal cassette chromosome mec integrated in the chromosome in 
methicillin-resistant Staphylococcus aureus. Antimicrob Agents 
Chemother 2001; 45(5): 1323-1336. 

86. Ito T, Ma XX, Takeuchi F, Okuma K, Yuzawa H, Hiramatsu K. 
Novel type V staphylococcal cassette chromosome mec driven by a 
novel cassette chromosome recombinase, ccrC. Antimicrob Agents 
Chemother 2004; 48(7): 2637-2651. 

87. Ito T, Okuma K, Ma XX, Yuzawa H, Hiramatsu K. Insights on 
antibiotic resistance of Staphylococcus aureus from its whole ge-
nome: genomic island SCC. Drug Resist Updat 2003; 6(1): 41-52. 

88. Jacqueline C, Caillon J, Le Mabecque V, Miegeville AF, Donnio 
PY, Bugnon D, et al. In vitro activity of linezolid alone and in 
combination with gentamicin, vancomycin or rifampicin against 
methicillin-resistant Staphylococcus aureus by time-kill curve 
methods. J Antimicrob Chemother 2003; 51(4): 857-864. 

89. Jana S, Deb JK. Molecular understanding of aminoglycoside action 
and resistance. Appl Microbiol Biotechnol 2006; 70(2): 140-150. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 105
 

90. Ji G, Beavis R, Novick RP. Bacterial interference caused by 
autoinducing peptide variants. Science 1997; 276(5321): 2027-
2030. 

91. Jin DJ, Gross CA. Mapping and sequencing of mutations in the 
Escherichia coli rpoB gene that lead to rifampicin resistance. J Mol 
Biol 1988; 202(1): 45-58. 

92. John AK, Baldoni D, Haschke M, Rentsch K, Schaerli P, Zimmerli 
W, et al. Efficacy of daptomycin in implant-associated infection 
due to methicillin-resistant Staphylococcus aureus: importance of 
combination with rifampin. Antimicrob Agents Chemother 2009; 
53(7): 2719-2724. 

93. Join-Lambert OF, Clauser S, Guillet C, Jais JP, Abachin E, 
Quesnes G, et al. Comparison of cefoxitin and moxalactam 30 mi-
crog disc diffusion methods for detection of methicillin resistance 
in coagulase-negative staphylococci. J Antimicrob Chemother 
2007; 59(4): 763-766. 

94. Karchmer AW. Cephalosporins. In: G.L. M, Bennett JE, Dolin R, 
editors. Principles and Practice of Infectious Diseases. 5th (edn). 
Philadelphia: Churchill Livingstone; 2000. p. 274-291. 

95. Katayama Y, Ito T, Hiramatsu K. Genetic organization of the 
chromosome region surrounding mecA in clinical staphylococcal 
strains: role of IS431-mediated mecI deletion in expression of resis-
tance in mecA-carrying, low-level methicillin-resistant Staphylo-
coccus haemolyticus. Antimicrob Agents Chemother 2001; 45(7): 
1955-1963. 

96. Kirby WM. EXTRACTION OF A HIGHLY POTENT PENICIL-
LIN INACTIVATOR FROM PENICILLIN RESISTANT 
STAPHYLOCOCCI. Science 1944; 99(2579): 452-453. 

97. Kloos WE. Ecology of human skin. In: Mårdh P-A, Schleifer KH, 
editors. Coagulase-Negative Staphylococci. Stockholm, Sweden: 
Almqvist & Wiksell Internationell; 1980. p. 37-50. 

98. Kocianova S, Vuong C, Yao Y, Voyich JM, Fischer ER, DeLeo FR, 
et al. Key role of poly-gamma-DL-glutamic acid in immune eva-
sion and virulence of Staphylococcus epidermidis. J Clin Invest 
2005; 115(3): 688-694. 

99. Kohanski MA, Dwyer DJ, Collins JJ. How antibiotics kill bacteria: 
from targets to networks. Nat Rev Microbiol 2010; 8(6): 423-435. 

100. Kondo Y, Ito T, Ma XX, Watanabe S, Kreiswirth BN, Etienne J, et 
al. Combination of multiplex PCRs for staphylococcal cassette 
chromosome mec type assignment: rapid identification system for 
mec, ccr, and major differences in junkyard regions. Antimicrob 
Agents Chemother 2007; 51(1): 264-274. 

101. Kordelle J, Hossain H, Stahl U, Schleicher I, Haas H. [Usefulness 
of 16S rDNA polymerase-chain-reaction (PCR) in the intraopera-



106 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

tive detection of infection in revision of failed arthroplasties]. Z 
Orthop Ihre Grenzgeb 2004; 142(5): 571-576. 

102. Koskela A, Nilsdotter-Augustinsson Å, Persson L, Söderquist B. 
Prevalence of the ica operon and insertion sequence IS256 among 
Staphylococcus epidermidis prosthetic joint infection isolates. Eur 
J Clin Microbiol Infect Dis 2008. 

103. Kozitskaya S, Cho SH, Dietrich K, Marre R, Naber K, Ziebuhr W. 
The bacterial insertion sequence element IS256 occurs preferen-
tially in nosocomial Staphylococcus epidermidis isolates: associa-
tion with biofilm formation and resistance to aminoglycosides. In-
fect Immun 2004; 72(2): 1210-1215. 

104. Kristian SA, Golda T, Ferracin F, Cramton SE, Neumeister B, Pe-
schel A, et al. The ability of biofilm formation does not influence 
virulence of Staphylococcus aureus and host response in a mouse 
tissue cage infection model. Microb Pathog 2004; 36(5): 237-245. 

105. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of pri-
mary and revision hip and knee arthroplasty in the United States 
from 2005 to 2030. J Bone Joint Surg Am 2007; 89(4): 780-785. 

106. Kuwahara-Arai K, Kondo N, Hori S, Tateda-Suzuki E, Hiramatsu 
K. Suppression of methicillin resistance in a mecA-containing pre-
methicillin-resistant Staphylococcus aureus strain is caused by the 
mecI-mediated repression of PBP 2' production. Antimicrob 
Agents Chemother 1996; 40(12): 2680-2685. 

107. Kwok AY, Su SC, Reynolds RP, Bay SJ, Av-Gay Y, Dovichi NJ, et 
al. Species identification and phylogenetic relationships based on 
partial HSP60 gene sequences within the genus Staphylococcus. 
Int J Syst Bacteriol 1999; 49: 1181-1192. 

108. Lentino JR. Prosthetic joint infections: bane of orthopedists, chal-
lenge for infectious disease specialists. Clin Infect Dis 2003; 36(9): 
1157-1161. 

109. Lentino JR, Narita M, Yu VL. New antimicrobial agents as ther-
apy for resistant gram-positive cocci. Eur J Clin Microbiol Infect 
Dis 2008; 27(1): 3-15. 

110. Lewis RA, Dyke KG. MecI represses synthesis from the beta-
lactamase operon of Staphylococcus aureus. J Antimicrob Chemo-
ther 2000; 45(2): 139-144. 

111. Lewis RE, Diekema DJ, Messer SA, Pfaller MA, Klepser ME. 
Comparison of Etest, chequerboard dilution and time-kill studies 
for the detection of synergy or antagonism between antifungal 
agents tested against Candida species. J Antimicrob Chemother 
2002; 49(2): 345-351. 

112. Li M, Guan M, Jiang XF, Yuan FY, Xu M, Zhang WZ, et al. Ge-
netic polymorphism of the accessory gene regulator (agr) locus in 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 107
 

Staphylococcus epidermidis and its association with pathogenicity. 
J Med Microbiol 2004; 53(Pt 6): 545-549. 

113. Li M, Wang X, Gao Q, Lu Y. Molecular characterization of 
Staphylococcus epidermidis strains isolated from a teaching hospi-
tal in Shanghai, China. J Med Microbiol 2009; 58(Pt 4): 456-461. 

114. Liakopoulos A, Foka A, Vourli S, Zerva L, Tsiapara F, Protonota-
riou E, et al. Aminoglycoside-resistant staphylococci in Greece: 
prevalence and resistance mechanisms. Eur J Clin Microbiol Infect 
Dis 2011. 

115. Lim TT, Chong FN, O'Brien FG, Grubb WB. Are all community 
methicillin-resistant Staphylococcus aureus related? A comparison 
of their mec regions. Pathology 2003; 35(4): 336-343. 

116. Lina G, Quaglia A, Reverdy ME, Leclercq R, Vandenesch F, 
Etienne J. Distribution of genes encoding resistance to macrolides, 
lincosamides, and streptogramins among staphylococci. Antim-
icrob Agents Chemother 1999; 43(5): 1062-1066. 

117. Livermore DM. Antibiotic resistance in staphylococci. Int J Antim-
icrob Agents 2000; 16 Suppl 1: S3-10. 

118. Locke JB, Finn J, Hilgers M, Morales G, Rahawi S, G CK, et al. 
Structure-activity relationships of diverse oxazolidinones for line-
zolid-resistant Staphylococcus aureus strains possessing the cfr me-
thyltransferase gene or ribosomal mutations. Antimicrob Agents 
Chemother 2010; 54(12): 5337-5343. 

119. Lowy FD. Staphylococcus aureus infections. N Engl J Med 1998; 
339(8): 520-532. 

120. Ma XX, Ito T, Tiensasitorn C, Jamklang M, Chongtrakool P, 
Boyle-Vavra S, et al. Novel type of staphylococcal cassette chro-
mosome mec identified in community-acquired methicillin-
resistant Staphylococcus aureus strains. Antimicrob Agents 
Chemother 2002; 46(4): 1147-1152. 

121. Maderazo EG, Judson S, Pasternak H. Late infections of total joint 
prostheses. A review and recommendations for prevention. Clin 
Orthop Relat Res 1988; (229): 131-142. 

122. Malouin F, Bryan LE. Modification of penicillin-binding proteins 
as mechanisms of beta-lactam resistance. Antimicrob Agents 
Chemother 1986; 30(1): 1-5. 

123. Manno G, Ugolotti E, Belli ML, Fenu ML, Romano L, Cruciani 
M. Use of the E test to assess synergy of antibiotic combinations 
against isolates of Burkholderia cepacia-complex from patients 
with cystic fibrosis. Eur J Clin Microbiol Infect Dis 2003; 22(1): 
28-34. 

124. Mellmann A, Becker K, von Eiff C, Keckevoet U, Schumann P, 
Harmsen D. Sequencing and staphylococci identification. Emerg 
Infect Dis 2006; 12(2): 333-336. 



106 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

tive detection of infection in revision of failed arthroplasties]. Z 
Orthop Ihre Grenzgeb 2004; 142(5): 571-576. 

102. Koskela A, Nilsdotter-Augustinsson Å, Persson L, Söderquist B. 
Prevalence of the ica operon and insertion sequence IS256 among 
Staphylococcus epidermidis prosthetic joint infection isolates. Eur 
J Clin Microbiol Infect Dis 2008. 

103. Kozitskaya S, Cho SH, Dietrich K, Marre R, Naber K, Ziebuhr W. 
The bacterial insertion sequence element IS256 occurs preferen-
tially in nosocomial Staphylococcus epidermidis isolates: associa-
tion with biofilm formation and resistance to aminoglycosides. In-
fect Immun 2004; 72(2): 1210-1215. 

104. Kristian SA, Golda T, Ferracin F, Cramton SE, Neumeister B, Pe-
schel A, et al. The ability of biofilm formation does not influence 
virulence of Staphylococcus aureus and host response in a mouse 
tissue cage infection model. Microb Pathog 2004; 36(5): 237-245. 

105. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of pri-
mary and revision hip and knee arthroplasty in the United States 
from 2005 to 2030. J Bone Joint Surg Am 2007; 89(4): 780-785. 

106. Kuwahara-Arai K, Kondo N, Hori S, Tateda-Suzuki E, Hiramatsu 
K. Suppression of methicillin resistance in a mecA-containing pre-
methicillin-resistant Staphylococcus aureus strain is caused by the 
mecI-mediated repression of PBP 2' production. Antimicrob 
Agents Chemother 1996; 40(12): 2680-2685. 

107. Kwok AY, Su SC, Reynolds RP, Bay SJ, Av-Gay Y, Dovichi NJ, et 
al. Species identification and phylogenetic relationships based on 
partial HSP60 gene sequences within the genus Staphylococcus. 
Int J Syst Bacteriol 1999; 49: 1181-1192. 

108. Lentino JR. Prosthetic joint infections: bane of orthopedists, chal-
lenge for infectious disease specialists. Clin Infect Dis 2003; 36(9): 
1157-1161. 

109. Lentino JR, Narita M, Yu VL. New antimicrobial agents as ther-
apy for resistant gram-positive cocci. Eur J Clin Microbiol Infect 
Dis 2008; 27(1): 3-15. 

110. Lewis RA, Dyke KG. MecI represses synthesis from the beta-
lactamase operon of Staphylococcus aureus. J Antimicrob Chemo-
ther 2000; 45(2): 139-144. 

111. Lewis RE, Diekema DJ, Messer SA, Pfaller MA, Klepser ME. 
Comparison of Etest, chequerboard dilution and time-kill studies 
for the detection of synergy or antagonism between antifungal 
agents tested against Candida species. J Antimicrob Chemother 
2002; 49(2): 345-351. 

112. Li M, Guan M, Jiang XF, Yuan FY, Xu M, Zhang WZ, et al. Ge-
netic polymorphism of the accessory gene regulator (agr) locus in 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 107
 

Staphylococcus epidermidis and its association with pathogenicity. 
J Med Microbiol 2004; 53(Pt 6): 545-549. 

113. Li M, Wang X, Gao Q, Lu Y. Molecular characterization of 
Staphylococcus epidermidis strains isolated from a teaching hospi-
tal in Shanghai, China. J Med Microbiol 2009; 58(Pt 4): 456-461. 

114. Liakopoulos A, Foka A, Vourli S, Zerva L, Tsiapara F, Protonota-
riou E, et al. Aminoglycoside-resistant staphylococci in Greece: 
prevalence and resistance mechanisms. Eur J Clin Microbiol Infect 
Dis 2011. 

115. Lim TT, Chong FN, O'Brien FG, Grubb WB. Are all community 
methicillin-resistant Staphylococcus aureus related? A comparison 
of their mec regions. Pathology 2003; 35(4): 336-343. 

116. Lina G, Quaglia A, Reverdy ME, Leclercq R, Vandenesch F, 
Etienne J. Distribution of genes encoding resistance to macrolides, 
lincosamides, and streptogramins among staphylococci. Antim-
icrob Agents Chemother 1999; 43(5): 1062-1066. 

117. Livermore DM. Antibiotic resistance in staphylococci. Int J Antim-
icrob Agents 2000; 16 Suppl 1: S3-10. 

118. Locke JB, Finn J, Hilgers M, Morales G, Rahawi S, G CK, et al. 
Structure-activity relationships of diverse oxazolidinones for line-
zolid-resistant Staphylococcus aureus strains possessing the cfr me-
thyltransferase gene or ribosomal mutations. Antimicrob Agents 
Chemother 2010; 54(12): 5337-5343. 

119. Lowy FD. Staphylococcus aureus infections. N Engl J Med 1998; 
339(8): 520-532. 

120. Ma XX, Ito T, Tiensasitorn C, Jamklang M, Chongtrakool P, 
Boyle-Vavra S, et al. Novel type of staphylococcal cassette chro-
mosome mec identified in community-acquired methicillin-
resistant Staphylococcus aureus strains. Antimicrob Agents 
Chemother 2002; 46(4): 1147-1152. 

121. Maderazo EG, Judson S, Pasternak H. Late infections of total joint 
prostheses. A review and recommendations for prevention. Clin 
Orthop Relat Res 1988; (229): 131-142. 

122. Malouin F, Bryan LE. Modification of penicillin-binding proteins 
as mechanisms of beta-lactam resistance. Antimicrob Agents 
Chemother 1986; 30(1): 1-5. 

123. Manno G, Ugolotti E, Belli ML, Fenu ML, Romano L, Cruciani 
M. Use of the E test to assess synergy of antibiotic combinations 
against isolates of Burkholderia cepacia-complex from patients 
with cystic fibrosis. Eur J Clin Microbiol Infect Dis 2003; 22(1): 
28-34. 

124. Mellmann A, Becker K, von Eiff C, Keckevoet U, Schumann P, 
Harmsen D. Sequencing and staphylococci identification. Emerg 
Infect Dis 2006; 12(2): 333-336. 



108 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

125. Miragaia M, Carrico JA, Thomas JC, Couto I, Enright MC, de 
Lencastre H. Comparison of molecular typing methods for charac-
terization of Staphylococcus epidermidis: proposal for clone defini-
tion. J Clin Microbiol 2008; 46(1): 118-129. 

126. Miragaia M, de Lencastre H, Perdreau-Remington F, Chambers 
HF, Higashi J, Sullam PM, et al. Genetic diversity of arginine 
catabolic mobile element in Staphylococcus epidermidis. PLoS 
One 2009; 4(11): e7722. 

127. Miragaia M, Thomas JC, Couto I, Enright MC, de Lencastre H. 
Inferring a population structure for Staphylococcus epidermidis 
from multilocus sequence typing data. J Bacteriol 2007; 189(6): 
2540-2552. 

128. Miranda-Novales G, Leanos-Miranda BE, Vilchis-Perez M, Solor-
zano-Santos F. In vitro activity effects of combinations of cepha-
lothin, dicloxacillin, imipenem, vancomycin and amikacin against 
methicillin-resistant Staphylococcus spp. strains. Ann Clin Micro-
biol Antimicrob 2006; 5: 25. 

129. Monk AB, Archer GL. Use of outer surface protein repeat regions 
for improved genotyping of Staphylococcus epidermidis. J Clin 
Microbiol 2007; 45(3): 730-735. 

130. Monsen T, Lovgren E, Widerstrom M, Wallinder L. In vitro effect 
of ultrasound on bacteria and suggested protocol for sonication 
and diagnosis of prosthetic infections. J Clin Microbiol 2009; 
47(8): 2496-2501. 

131. Moran E, Byren I, Atkins BL. The diagnosis and management of 
prosthetic joint infections. J Antimicrob Chemother 2010; 65 
Suppl 3: iii45-54. 

132. Mullis KB, Faloona FA. Specific synthesis of DNA in vitro via a 
polymerase-catalyzed chain reaction. Methods Enzymol 1987; 
155: 335-350. 

133. Murakami K, Minamide W, Wada K, Nakamura E, Teraoka H, 
Watanabe S. Identification of methicillin-resistant strains of 
staphylococci by polymerase chain reaction. J Clin Microbiol 
1991; 29(10): 2240-2244. 

134. Nagarajan N, Pop M. Sequencing and genome assembly using 
next-generation technologies. Methods Mol Biol 2010; 673: 1-17. 

135. Nilsdotter-Augustinsson Å, Briheim G, Herder A, Ljunghusen O, 
Wahlström O, Öhman L. Inflammatory response in 85 patients 
with loosened hip prostheses: A prospective study comparing in-
flammatory markers in patients with aseptic and septic prosthetic 
loosening. Acta Orthop 2007; 78(5): 629-639. 

136. Nilsdotter-Augustinsson Å, Koskela A, Öhman L, Söderquist B. 
Characterization of coagulase-negative staphylococci isolated from 
patients with infected hip prostheses: use of phenotypic and geno-

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 109
 

typic analyses, including tests for the presence of the ica operon. 
Eur J Clin Microbiol Infect Dis 2007; 26(4): 255-265. 

137. Noskin GA. Tigecycline: a new glycylcycline for treatment of seri-
ous infections. Clin Infect Dis 2005; 41 Suppl 5: S303-314. 

138. Novick RP, Ross HF, Projan SJ, Kornblum J, Kreiswirth B, 
Moghazeh S. Synthesis of staphylococcal virulence factors is con-
trolled by a regulatory RNA molecule. Embo J 1993; 12(10): 
3967-3975. 

139. O'Neill AJ, Huovinen T, Fishwick CW, Chopra I. Molecular ge-
netic and structural modeling studies of Staphylococcus aureus 
RNA polymerase and the fitness of rifampin resistance genotypes 
in relation to clinical prevalence. Antimicrob Agents Chemother 
2006; 50(1): 298-309. 

140. Okuma K, Iwakawa K, Turnidge JD, Grubb WB, Bell JM, O'Brien 
FG, et al. Dissemination of new methicillin-resistant Staphylococ-
cus aureus clones in the community. J Clin Microbiol 2002; 
40(11): 4289-4294. 

141. Oliveira DC, Milheirico C, de Lencastre H. Redefining a structural 
variant of staphylococcal cassette chromosome mec, SCCmec type 
VI. Antimicrob Agents Chemother 2006; 50(10): 3457-3459. 

142. Oliveira DC, Tomasz A, de Lencastre H. Secrets of success of a 
human pathogen: molecular evolution of pandemic clones of meti-
cillin-resistant Staphylococcus aureus. Lancet Infect Dis 2002; 
2(3): 180-189. 

143. Otter JA, French GL. Molecular epidemiology of community-
associated meticillin-resistant Staphylococcus aureus in Europe. 
Lancet Infect Dis 2010; 10(4): 227-239. 

144. Otto M. Staphylococcal biofilms. Curr Top Microbiol Immunol 
2008; 322: 207-228. 

145. Otto M. Staphylococcus epidermidis--the 'accidental' pathogen. 
Nat Rev Microbiol 2009; 7(8): 555-567. 

146. Otto M, Sussmuth R, Vuong C, Jung G, Gotz F. Inhibition of viru-
lence factor expression in Staphylococcus aureus by the Staphylo-
coccus epidermidis agr pheromone and derivatives. FEBS Lett 
1999; 450(3): 257-262. 

147. Pankey GA, Ashcraft DS. In vitro synergy of ciprofloxacin and 
gatifloxacin against ciprofloxacin-resistant Pseudomonas aerugi-
nosa. Antimicrob Agents Chemother 2005; 49(7): 2959-2964. 

148. Panousis K, Grigoris P, Butcher I, Rana B, Reilly JH, Hamblen 
DL. Poor predictive value of broad-range PCR for the detection of 
arthroplasty infection in 92 cases. Acta Orthop 2005; 76(3): 341-
346. 



108 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

125. Miragaia M, Carrico JA, Thomas JC, Couto I, Enright MC, de 
Lencastre H. Comparison of molecular typing methods for charac-
terization of Staphylococcus epidermidis: proposal for clone defini-
tion. J Clin Microbiol 2008; 46(1): 118-129. 

126. Miragaia M, de Lencastre H, Perdreau-Remington F, Chambers 
HF, Higashi J, Sullam PM, et al. Genetic diversity of arginine 
catabolic mobile element in Staphylococcus epidermidis. PLoS 
One 2009; 4(11): e7722. 

127. Miragaia M, Thomas JC, Couto I, Enright MC, de Lencastre H. 
Inferring a population structure for Staphylococcus epidermidis 
from multilocus sequence typing data. J Bacteriol 2007; 189(6): 
2540-2552. 

128. Miranda-Novales G, Leanos-Miranda BE, Vilchis-Perez M, Solor-
zano-Santos F. In vitro activity effects of combinations of cepha-
lothin, dicloxacillin, imipenem, vancomycin and amikacin against 
methicillin-resistant Staphylococcus spp. strains. Ann Clin Micro-
biol Antimicrob 2006; 5: 25. 

129. Monk AB, Archer GL. Use of outer surface protein repeat regions 
for improved genotyping of Staphylococcus epidermidis. J Clin 
Microbiol 2007; 45(3): 730-735. 

130. Monsen T, Lovgren E, Widerstrom M, Wallinder L. In vitro effect 
of ultrasound on bacteria and suggested protocol for sonication 
and diagnosis of prosthetic infections. J Clin Microbiol 2009; 
47(8): 2496-2501. 

131. Moran E, Byren I, Atkins BL. The diagnosis and management of 
prosthetic joint infections. J Antimicrob Chemother 2010; 65 
Suppl 3: iii45-54. 

132. Mullis KB, Faloona FA. Specific synthesis of DNA in vitro via a 
polymerase-catalyzed chain reaction. Methods Enzymol 1987; 
155: 335-350. 

133. Murakami K, Minamide W, Wada K, Nakamura E, Teraoka H, 
Watanabe S. Identification of methicillin-resistant strains of 
staphylococci by polymerase chain reaction. J Clin Microbiol 
1991; 29(10): 2240-2244. 

134. Nagarajan N, Pop M. Sequencing and genome assembly using 
next-generation technologies. Methods Mol Biol 2010; 673: 1-17. 

135. Nilsdotter-Augustinsson Å, Briheim G, Herder A, Ljunghusen O, 
Wahlström O, Öhman L. Inflammatory response in 85 patients 
with loosened hip prostheses: A prospective study comparing in-
flammatory markers in patients with aseptic and septic prosthetic 
loosening. Acta Orthop 2007; 78(5): 629-639. 

136. Nilsdotter-Augustinsson Å, Koskela A, Öhman L, Söderquist B. 
Characterization of coagulase-negative staphylococci isolated from 
patients with infected hip prostheses: use of phenotypic and geno-

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 109
 

typic analyses, including tests for the presence of the ica operon. 
Eur J Clin Microbiol Infect Dis 2007; 26(4): 255-265. 

137. Noskin GA. Tigecycline: a new glycylcycline for treatment of seri-
ous infections. Clin Infect Dis 2005; 41 Suppl 5: S303-314. 

138. Novick RP, Ross HF, Projan SJ, Kornblum J, Kreiswirth B, 
Moghazeh S. Synthesis of staphylococcal virulence factors is con-
trolled by a regulatory RNA molecule. Embo J 1993; 12(10): 
3967-3975. 

139. O'Neill AJ, Huovinen T, Fishwick CW, Chopra I. Molecular ge-
netic and structural modeling studies of Staphylococcus aureus 
RNA polymerase and the fitness of rifampin resistance genotypes 
in relation to clinical prevalence. Antimicrob Agents Chemother 
2006; 50(1): 298-309. 

140. Okuma K, Iwakawa K, Turnidge JD, Grubb WB, Bell JM, O'Brien 
FG, et al. Dissemination of new methicillin-resistant Staphylococ-
cus aureus clones in the community. J Clin Microbiol 2002; 
40(11): 4289-4294. 

141. Oliveira DC, Milheirico C, de Lencastre H. Redefining a structural 
variant of staphylococcal cassette chromosome mec, SCCmec type 
VI. Antimicrob Agents Chemother 2006; 50(10): 3457-3459. 

142. Oliveira DC, Tomasz A, de Lencastre H. Secrets of success of a 
human pathogen: molecular evolution of pandemic clones of meti-
cillin-resistant Staphylococcus aureus. Lancet Infect Dis 2002; 
2(3): 180-189. 

143. Otter JA, French GL. Molecular epidemiology of community-
associated meticillin-resistant Staphylococcus aureus in Europe. 
Lancet Infect Dis 2010; 10(4): 227-239. 

144. Otto M. Staphylococcal biofilms. Curr Top Microbiol Immunol 
2008; 322: 207-228. 

145. Otto M. Staphylococcus epidermidis--the 'accidental' pathogen. 
Nat Rev Microbiol 2009; 7(8): 555-567. 

146. Otto M, Sussmuth R, Vuong C, Jung G, Gotz F. Inhibition of viru-
lence factor expression in Staphylococcus aureus by the Staphylo-
coccus epidermidis agr pheromone and derivatives. FEBS Lett 
1999; 450(3): 257-262. 

147. Pankey GA, Ashcraft DS. In vitro synergy of ciprofloxacin and 
gatifloxacin against ciprofloxacin-resistant Pseudomonas aerugi-
nosa. Antimicrob Agents Chemother 2005; 49(7): 2959-2964. 

148. Panousis K, Grigoris P, Butcher I, Rana B, Reilly JH, Hamblen 
DL. Poor predictive value of broad-range PCR for the detection of 
arthroplasty infection in 92 cases. Acta Orthop 2005; 76(3): 341-
346. 



110 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

149. Perl TM, Golub JE. New approaches to reduce Staphylococcus 
aureus nosocomial infection rates: treating S. aureus nasal car-
riage. Ann Pharmacother 1998; 32(1): S7-16. 

150. Peterson LR, Quick JN, Jensen B, Homann S, Johnson S, Tenquist 
J, et al. Emergence of ciprofloxacin resistance in nosocomial me-
thicillin-resistant Staphylococcus aureus isolates. Resistance during 
ciprofloxacin plus rifampin therapy for methicillin-resistant S. 
aureus colonization. Arch Intern Med 1990; 150(10): 2151-2155. 

151. Poyart C, Quesne G, Boumaila C, Trieu-Cuot P. Rapid and accu-
rate species-level identification of coagulase-negative staphylococci 
by using the sodA gene as a target. J Clin Microbiol 2001; 39(12): 
4296-4301. 

152. Proctor RA, Kahl B, von Eiff C, Vaudaux PE, Lew DP, Peters G. 
Staphylococcal small colony variants have novel mechanisms for 
antibiotic resistance. Clin Infect Dis 1998; 27 Suppl 1: S68-74. 

153. Qin Z, Ou Y, Yang L, Zhu Y, Tolker-Nielsen T, Molin S, et al. 
Role of autolysin-mediated DNA release in biofilm formation of 
Staphylococcus epidermidis. Microbiology 2007; 153(Pt 7): 2083-
2092. 

154. Queck SY, Jameson-Lee M, Villaruz AE, Bach TH, Khan BA, 
Sturdevant DE, et al. RNAIII-independent target gene control by 
the agr quorum-sensing system: insight into the evolution of viru-
lence regulation in Staphylococcus aureus. Mol Cell 2008; 32(1): 
150-158. 

155. Rao N, Ziran BH, Wagener MM, Santa ER, Yu VL. Similar hema-
tologic effects of long-term linezolid and vancomycin therapy in a 
prospective observational study of patients with orthopedic infec-
tions. Clin Infect Dis 2004; 38(8): 1058-1064. 

156. Rehm SJ, Tice A. Staphylococcus aureus: methicillin-susceptible S. 
aureus to methicillin-resistant S. aureus and vancomycin-resistant 
S. aureus. Clin Infect Dis 2010; 51 Suppl 2: S176-182. 

157. Riedel DJ, Weekes E, Forrest GN. Addition of rifampin to stan-
dard therapy for treatment of native valve infective endocarditis 
caused by Staphylococcus aureus. Antimicrob Agents Chemother 
2008; 52(7): 2463-2467. 

158. Robinson DA, Enright MC. Multilocus sequence typing and the 
evolution of methicillin-resistant Staphylococcus aureus. Clin Mi-
crobiol Infect 2004; 10(2): 92-97. 

159. Rogers KL, Fey PD, Rupp ME. Coagulase-negative staphylococcal 
infections. Infect Dis Clin North Am 2009; 23(1): 73-98. 

160. Roisin S, Nonhoff C, Denis O, Struelens MJ. Evaluation of new 
Vitek 2 card and disk diffusion method for determining suscepti-
bility of Staphylococcus aureus to oxacillin. J Clin Microbiol 2008; 
46(8): 2525-2528. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 111
 

161. Rupp ME, Fey PD, Heilmann C, Gotz F. Characterization of the 
importance of Staphylococcus epidermidis autolysin and polysac-
charide intercellular adhesin in the pathogenesis of intravascular 
catheter-associated infection in a rat model. J Infect Dis 2001; 
183(7): 1038-1042. 

162. Rupp ME, Ulphani JS, Fey PD, Bartscht K, Mack D. Characteriza-
tion of the importance of polysaccharide intercellular adhe-
sin/hemagglutinin of Staphylococcus epidermidis in the pathogene-
sis of biomaterial-based infection in a mouse foreign body infec-
tion model. Infect Immun 1999; 67(5): 2627-2632. 

163. Ruppe E, Barbier F, Mesli Y, Maiga A, Cojocaru R, Benkhalfat M, 
et al. Diversity of staphylococcal cassette chromosome mec struc-
tures in methicillin-resistant Staphylococcus epidermidis and 
Staphylococcus haemolyticus strains among outpatients from four 
countries. Antimicrob Agents Chemother 2009; 53(2): 442-449. 

164. Said-Salim B, Mathema B, Braughton K, Davis S, Sinsimer D, Eis-
ner W, et al. Differential distribution and expression of Panton-
Valentine leucocidin among community-acquired methicillin-
resistant Staphylococcus aureus strains. J Clin Microbiol 2005; 
43(7): 3373-3379. 

165. Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn GT, 
et al. Primer-directed enzymatic amplification of DNA with a 
thermostable DNA polymerase. Science 1988; 239(4839): 487-
491. 

166. Sakoulas G, Alder J, Thauvin-Eliopoulos C, Moellering RC, Jr., 
Eliopoulos GM. Induction of daptomycin heterogeneous suscepti-
bility in Staphylococcus aureus by exposure to vancomycin. An-
timicrob Agents Chemother 2006; 50(4): 1581-1585. 

167. Sanger F, Nicklen S, Coulson AR. DNA sequencing with chain-
terminating inhibitors. Proc Natl Acad Sci U S A 1977; 74(12): 
5463-5467. 

168. Schafer P, Fink B, Sandow D, Margull A, Berger I, Frommelt L. 
Prolonged bacterial culture to identify late periprosthetic joint in-
fection: a promising strategy. Clin Infect Dis 2008; 47(11): 1403-
1409. 

169. Scheifele DW, Bjornson GL, Dyer RA, Dimmick JE. Delta-like 
toxin produced by coagulase-negative staphylococci is associated 
with neonatal necrotizing enterocolitis. Infect Immun 1987; 55(9): 
2268-2273. 

170. Schmitz FJ, Fluit AC, Gondolf M, Beyrau R, Lindenlauf E, Ver-
hoef J, et al. The prevalence of aminoglycoside resistance and cor-
responding resistance genes in clinical isolates of staphylococci 
from 19 European hospitals. J Antimicrob Chemother 1999; 
43(2): 253-259. 



110 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

149. Perl TM, Golub JE. New approaches to reduce Staphylococcus 
aureus nosocomial infection rates: treating S. aureus nasal car-
riage. Ann Pharmacother 1998; 32(1): S7-16. 

150. Peterson LR, Quick JN, Jensen B, Homann S, Johnson S, Tenquist 
J, et al. Emergence of ciprofloxacin resistance in nosocomial me-
thicillin-resistant Staphylococcus aureus isolates. Resistance during 
ciprofloxacin plus rifampin therapy for methicillin-resistant S. 
aureus colonization. Arch Intern Med 1990; 150(10): 2151-2155. 

151. Poyart C, Quesne G, Boumaila C, Trieu-Cuot P. Rapid and accu-
rate species-level identification of coagulase-negative staphylococci 
by using the sodA gene as a target. J Clin Microbiol 2001; 39(12): 
4296-4301. 

152. Proctor RA, Kahl B, von Eiff C, Vaudaux PE, Lew DP, Peters G. 
Staphylococcal small colony variants have novel mechanisms for 
antibiotic resistance. Clin Infect Dis 1998; 27 Suppl 1: S68-74. 

153. Qin Z, Ou Y, Yang L, Zhu Y, Tolker-Nielsen T, Molin S, et al. 
Role of autolysin-mediated DNA release in biofilm formation of 
Staphylococcus epidermidis. Microbiology 2007; 153(Pt 7): 2083-
2092. 

154. Queck SY, Jameson-Lee M, Villaruz AE, Bach TH, Khan BA, 
Sturdevant DE, et al. RNAIII-independent target gene control by 
the agr quorum-sensing system: insight into the evolution of viru-
lence regulation in Staphylococcus aureus. Mol Cell 2008; 32(1): 
150-158. 

155. Rao N, Ziran BH, Wagener MM, Santa ER, Yu VL. Similar hema-
tologic effects of long-term linezolid and vancomycin therapy in a 
prospective observational study of patients with orthopedic infec-
tions. Clin Infect Dis 2004; 38(8): 1058-1064. 

156. Rehm SJ, Tice A. Staphylococcus aureus: methicillin-susceptible S. 
aureus to methicillin-resistant S. aureus and vancomycin-resistant 
S. aureus. Clin Infect Dis 2010; 51 Suppl 2: S176-182. 

157. Riedel DJ, Weekes E, Forrest GN. Addition of rifampin to stan-
dard therapy for treatment of native valve infective endocarditis 
caused by Staphylococcus aureus. Antimicrob Agents Chemother 
2008; 52(7): 2463-2467. 

158. Robinson DA, Enright MC. Multilocus sequence typing and the 
evolution of methicillin-resistant Staphylococcus aureus. Clin Mi-
crobiol Infect 2004; 10(2): 92-97. 

159. Rogers KL, Fey PD, Rupp ME. Coagulase-negative staphylococcal 
infections. Infect Dis Clin North Am 2009; 23(1): 73-98. 

160. Roisin S, Nonhoff C, Denis O, Struelens MJ. Evaluation of new 
Vitek 2 card and disk diffusion method for determining suscepti-
bility of Staphylococcus aureus to oxacillin. J Clin Microbiol 2008; 
46(8): 2525-2528. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 111
 

161. Rupp ME, Fey PD, Heilmann C, Gotz F. Characterization of the 
importance of Staphylococcus epidermidis autolysin and polysac-
charide intercellular adhesin in the pathogenesis of intravascular 
catheter-associated infection in a rat model. J Infect Dis 2001; 
183(7): 1038-1042. 

162. Rupp ME, Ulphani JS, Fey PD, Bartscht K, Mack D. Characteriza-
tion of the importance of polysaccharide intercellular adhe-
sin/hemagglutinin of Staphylococcus epidermidis in the pathogene-
sis of biomaterial-based infection in a mouse foreign body infec-
tion model. Infect Immun 1999; 67(5): 2627-2632. 

163. Ruppe E, Barbier F, Mesli Y, Maiga A, Cojocaru R, Benkhalfat M, 
et al. Diversity of staphylococcal cassette chromosome mec struc-
tures in methicillin-resistant Staphylococcus epidermidis and 
Staphylococcus haemolyticus strains among outpatients from four 
countries. Antimicrob Agents Chemother 2009; 53(2): 442-449. 

164. Said-Salim B, Mathema B, Braughton K, Davis S, Sinsimer D, Eis-
ner W, et al. Differential distribution and expression of Panton-
Valentine leucocidin among community-acquired methicillin-
resistant Staphylococcus aureus strains. J Clin Microbiol 2005; 
43(7): 3373-3379. 

165. Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn GT, 
et al. Primer-directed enzymatic amplification of DNA with a 
thermostable DNA polymerase. Science 1988; 239(4839): 487-
491. 

166. Sakoulas G, Alder J, Thauvin-Eliopoulos C, Moellering RC, Jr., 
Eliopoulos GM. Induction of daptomycin heterogeneous suscepti-
bility in Staphylococcus aureus by exposure to vancomycin. An-
timicrob Agents Chemother 2006; 50(4): 1581-1585. 

167. Sanger F, Nicklen S, Coulson AR. DNA sequencing with chain-
terminating inhibitors. Proc Natl Acad Sci U S A 1977; 74(12): 
5463-5467. 

168. Schafer P, Fink B, Sandow D, Margull A, Berger I, Frommelt L. 
Prolonged bacterial culture to identify late periprosthetic joint in-
fection: a promising strategy. Clin Infect Dis 2008; 47(11): 1403-
1409. 

169. Scheifele DW, Bjornson GL, Dyer RA, Dimmick JE. Delta-like 
toxin produced by coagulase-negative staphylococci is associated 
with neonatal necrotizing enterocolitis. Infect Immun 1987; 55(9): 
2268-2273. 

170. Schmitz FJ, Fluit AC, Gondolf M, Beyrau R, Lindenlauf E, Ver-
hoef J, et al. The prevalence of aminoglycoside resistance and cor-
responding resistance genes in clinical isolates of staphylococci 
from 19 European hospitals. J Antimicrob Chemother 1999; 
43(2): 253-259. 



112 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

171. Schwalbe RS, Stapleton JT, Gilligan PH. Emergence of vancomy-
cin resistance in coagulase-negative staphylococci. N Engl J Med 
1987; 316(15): 927-931. 

172. Sekiguchi J, Fujino T, Araake M, Toyota E, Kudo K, Saruta K, et 
al. Emergence of rifampicin resistance in methicillin-resistant 
Staphylococcus aureus in tuberculosis wards. J Infect Chemother 
2006; 12(1): 47-50. 

173. Senneville E, Legout L, Valette M, Yazdanpanah Y, Beltrand E, 
Caillaux M, et al. Effectiveness and tolerability of prolonged line-
zolid treatment for chronic osteomyelitis: a retrospective study. 
Clin Ther 2006; 28(8): 1155-1163. 

174. Sensi P. History of the development of rifampin. Rev Infect Dis 
1983; 5 Suppl 3: S402-406. 

175. SHAP. Swedish Hip Arthroplasty Register; Annual report 2009   
Gothenburg, Sweden: 2009  [cited 2010 November 30] 
http://shpr.se 

176. Shore A, Rossney AS, Keane CT, Enright MC, Coleman DC. Seven 
novel variants of the staphylococcal chromosomal cassette mec in 
methicillin-resistant Staphylococcus aureus isolates from Ireland. 
Antimicrob Agents Chemother 2005; 49(5): 2070-2083. 

177. Simon GL, Smith RH, Sande MA. Emergence of rifampin-resistant 
strains of Staphylococcus aureus during combination therapy with 
vancomycin and rifampin: a report of two cases. Rev Infect Dis 
1983; 5 Suppl 3: S507-508. 

178. Sivadon V, Rottman M, Quincampoix JC, Prunier E, Le Moal M, 
de Mazancourt P, et al. Partial atlE sequencing of Staphylococcus 
epidermidis strains from prosthetic joint infections. J Clin Micro-
biol 2009; 47(7): 2321-2324. 

179. SKAP. Swedish Knee Arthroplasty Register, Annual report 2010   
Lund, Sweden: 2010  [cited 2010 November 30] 
http://www.knee.se 

180. Soriano A, Garcia S, Bori G, Almela M, Gallart X, Macule F, et al. 
Treatment of acute post-surgical infection of joint arthroplasty. 
Clin Microbiol Infect 2006; 12(9): 930-933. 

181. Soriano A, Gomez J, Gomez L, Azanza JR, Perez R, Romero F, et 
al. Efficacy and tolerability of prolonged linezolid therapy in the 
treatment of orthopedic implant infections. Eur J Clin Microbiol 
Infect Dis 2007; 26(5): 353-356. 

182. Soriano A, Jurado A, Marco F, Almela M, Ortega M, Mensa J. [In 
vitro activity of linezolid, moxifloxacin, levofloxacin, clindamycin 
and rifampin, alone and in combination, against Staphylococcus 
aureus and Staphylococcus epidermidis]. Rev Esp Quimioter 2005; 
18(2): 168-172. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 113
 

183. Steenbergen JN, Alder J, Thorne GM, Tally FP. Daptomycin: a 
lipopeptide antibiotic for the treatment of serious Gram-positive 
infections. J Antimicrob Chemother 2005; 55(3): 283-288. 

184. Steenbergen JN, Mohr JF, Thorne GM. Effects of daptomycin in 
combination with other antimicrobial agents: a review of in vitro 
and animal model studies. J Antimicrob Chemother 2009; 64(6): 
1130-1138. 

185. Stefansdottir A. Thesis; The infected knee arthropasty. Lund, Swe-
den: Lund University; 2010. 

186. Stefansdottir A, Robertsson O, A WD, Kiernan S, Gustafson P, 
Lidgren L. Inadequate timing of prophylactic antibiotics in ortho-
pedic surgery. We can do better. Acta Orthop 2009; 80(6): 633-
638. 

187. Stein A, Bataille JF, Drancourt M, Curvale G, Argenson JN, 
Groulier P, et al. Ambulatory treatment of multidrug-resistant 
Staphylococcus-infected orthopedic implants with high-dose oral 
co-trimoxazole (trimethoprim-sulfamethoxazole). Antimicrob 
Agents Chemother 1998; 42(12): 3086-3091. 

188. Sweetman SC. Martindale: The Complete Drug Reference. 35th 
(edn). London: Pharmaceutical Press; 2006. 

189. Thomas JC, Vargas MR, Miragaia M, Peacock SJ, Archer GL, 
Enright MC. Improved multilocus sequence typing scheme for 
Staphylococcus epidermidis. J Clin Microbiol 2007; 45(2): 616-
619. 

190. Thornsberry C, Hill BC, Swenson JM, McDougal LK. Rifampin: 
spectrum of antibacterial activity. Rev Infect Dis 1983; 5 Suppl 3: 
S412-417. 

191. Trampuz A, Piper KE, Jacobson MJ, Hanssen AD, Unni KK, Os-
mon DR, et al. Sonication of removed hip and knee prostheses for 
diagnosis of infection. N Engl J Med 2007; 357(7): 654-663. 

192. Trampuz A, Zimmerli W. Prosthetic joint infections: update in 
diagnosis and treatment. Swiss Med Wkly 2005; 135(17-18): 243-
251. 

193. Trampuz A, Zimmerli W. Antimicrobial agents in orthopaedic 
surgery: Prophylaxis and treatment. Drugs 2006; 66(8): 1089-
1105. 

194. Trulzsch K, Grabein B, Schumann P, Mellmann A, Antonenka U, 
Heesemann J, et al. Staphylococcus pettenkoferi sp. nov., a novel 
coagulase-negative staphylococcal species isolated from human 
clinical specimens. Int J Syst Evol Microbiol 2007; 57(Pt 7): 1543-
1548. 

195. Tsuji BT, Rybak MJ. Etest synergy testing of clinical isolates of 
Staphylococcus aureus demonstrating heterogeneous resistance to 
vancomycin. Diagn Microbiol Infect Dis 2006; 54(1): 73-77. 



112 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

171. Schwalbe RS, Stapleton JT, Gilligan PH. Emergence of vancomy-
cin resistance in coagulase-negative staphylococci. N Engl J Med 
1987; 316(15): 927-931. 

172. Sekiguchi J, Fujino T, Araake M, Toyota E, Kudo K, Saruta K, et 
al. Emergence of rifampicin resistance in methicillin-resistant 
Staphylococcus aureus in tuberculosis wards. J Infect Chemother 
2006; 12(1): 47-50. 

173. Senneville E, Legout L, Valette M, Yazdanpanah Y, Beltrand E, 
Caillaux M, et al. Effectiveness and tolerability of prolonged line-
zolid treatment for chronic osteomyelitis: a retrospective study. 
Clin Ther 2006; 28(8): 1155-1163. 

174. Sensi P. History of the development of rifampin. Rev Infect Dis 
1983; 5 Suppl 3: S402-406. 

175. SHAP. Swedish Hip Arthroplasty Register; Annual report 2009   
Gothenburg, Sweden: 2009  [cited 2010 November 30] 
http://shpr.se 

176. Shore A, Rossney AS, Keane CT, Enright MC, Coleman DC. Seven 
novel variants of the staphylococcal chromosomal cassette mec in 
methicillin-resistant Staphylococcus aureus isolates from Ireland. 
Antimicrob Agents Chemother 2005; 49(5): 2070-2083. 

177. Simon GL, Smith RH, Sande MA. Emergence of rifampin-resistant 
strains of Staphylococcus aureus during combination therapy with 
vancomycin and rifampin: a report of two cases. Rev Infect Dis 
1983; 5 Suppl 3: S507-508. 

178. Sivadon V, Rottman M, Quincampoix JC, Prunier E, Le Moal M, 
de Mazancourt P, et al. Partial atlE sequencing of Staphylococcus 
epidermidis strains from prosthetic joint infections. J Clin Micro-
biol 2009; 47(7): 2321-2324. 

179. SKAP. Swedish Knee Arthroplasty Register, Annual report 2010   
Lund, Sweden: 2010  [cited 2010 November 30] 
http://www.knee.se 

180. Soriano A, Garcia S, Bori G, Almela M, Gallart X, Macule F, et al. 
Treatment of acute post-surgical infection of joint arthroplasty. 
Clin Microbiol Infect 2006; 12(9): 930-933. 

181. Soriano A, Gomez J, Gomez L, Azanza JR, Perez R, Romero F, et 
al. Efficacy and tolerability of prolonged linezolid therapy in the 
treatment of orthopedic implant infections. Eur J Clin Microbiol 
Infect Dis 2007; 26(5): 353-356. 

182. Soriano A, Jurado A, Marco F, Almela M, Ortega M, Mensa J. [In 
vitro activity of linezolid, moxifloxacin, levofloxacin, clindamycin 
and rifampin, alone and in combination, against Staphylococcus 
aureus and Staphylococcus epidermidis]. Rev Esp Quimioter 2005; 
18(2): 168-172. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 113
 

183. Steenbergen JN, Alder J, Thorne GM, Tally FP. Daptomycin: a 
lipopeptide antibiotic for the treatment of serious Gram-positive 
infections. J Antimicrob Chemother 2005; 55(3): 283-288. 

184. Steenbergen JN, Mohr JF, Thorne GM. Effects of daptomycin in 
combination with other antimicrobial agents: a review of in vitro 
and animal model studies. J Antimicrob Chemother 2009; 64(6): 
1130-1138. 

185. Stefansdottir A. Thesis; The infected knee arthropasty. Lund, Swe-
den: Lund University; 2010. 

186. Stefansdottir A, Robertsson O, A WD, Kiernan S, Gustafson P, 
Lidgren L. Inadequate timing of prophylactic antibiotics in ortho-
pedic surgery. We can do better. Acta Orthop 2009; 80(6): 633-
638. 

187. Stein A, Bataille JF, Drancourt M, Curvale G, Argenson JN, 
Groulier P, et al. Ambulatory treatment of multidrug-resistant 
Staphylococcus-infected orthopedic implants with high-dose oral 
co-trimoxazole (trimethoprim-sulfamethoxazole). Antimicrob 
Agents Chemother 1998; 42(12): 3086-3091. 

188. Sweetman SC. Martindale: The Complete Drug Reference. 35th 
(edn). London: Pharmaceutical Press; 2006. 

189. Thomas JC, Vargas MR, Miragaia M, Peacock SJ, Archer GL, 
Enright MC. Improved multilocus sequence typing scheme for 
Staphylococcus epidermidis. J Clin Microbiol 2007; 45(2): 616-
619. 

190. Thornsberry C, Hill BC, Swenson JM, McDougal LK. Rifampin: 
spectrum of antibacterial activity. Rev Infect Dis 1983; 5 Suppl 3: 
S412-417. 

191. Trampuz A, Piper KE, Jacobson MJ, Hanssen AD, Unni KK, Os-
mon DR, et al. Sonication of removed hip and knee prostheses for 
diagnosis of infection. N Engl J Med 2007; 357(7): 654-663. 

192. Trampuz A, Zimmerli W. Prosthetic joint infections: update in 
diagnosis and treatment. Swiss Med Wkly 2005; 135(17-18): 243-
251. 

193. Trampuz A, Zimmerli W. Antimicrobial agents in orthopaedic 
surgery: Prophylaxis and treatment. Drugs 2006; 66(8): 1089-
1105. 

194. Trulzsch K, Grabein B, Schumann P, Mellmann A, Antonenka U, 
Heesemann J, et al. Staphylococcus pettenkoferi sp. nov., a novel 
coagulase-negative staphylococcal species isolated from human 
clinical specimens. Int J Syst Evol Microbiol 2007; 57(Pt 7): 1543-
1548. 

195. Tsuji BT, Rybak MJ. Etest synergy testing of clinical isolates of 
Staphylococcus aureus demonstrating heterogeneous resistance to 
vancomycin. Diagn Microbiol Infect Dis 2006; 54(1): 73-77. 



114 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

196. Unemo M, Olcen P, Albert J, Fredlund H. Comparison of sero-
logic and genetic porB-based typing of Neisseria gonorrhoeae: 
consequences for future characterization. J Clin Microbiol 2003; 
41(9): 4141-4147. 

197. Van de Peer Y, De Wachter R. TREECON for Windows: a soft-
ware package for the construction and drawing of evolutionary 
trees for the Microsoft Windows environment. Comput Appl Bio-
sci 1994; 10(5): 569-570. 

198. van Hal SJ, Paterson DL, Gosbell IB. Emergence of daptomycin 
resistance following vancomycin-unresponsive Staphylococcus 
aureus bacteraemia in a daptomycin-naive patient-a review of the 
literature. Eur J Clin Microbiol Infect Dis 2010. 

199. van Kasteren ME, Mannien J, Ott A, Kullberg BJ, de Boer AS, 
Gyssens IC. Antibiotic prophylaxis and the risk of surgical site in-
fections following total hip arthroplasty: timely administration is 
the most important factor. Clin Infect Dis 2007; 44(7): 921-927. 

200. Wang XM, Noble L, Kreiswirth BN, Eisner W, McClements W, 
Jansen KU, et al. Evaluation of a multilocus sequence typing sys-
tem for Staphylococcus epidermidis. J Med Microbiol 2003; 52(Pt 
11): 989-998. 

201. Wehrli W. Rifampin: mechanisms of action and resistance. Rev 
Infect Dis 1983; 5 Suppl 3: S407-411. 

202. Weller TM. The distribution of mecA, mecR1 and mecI and se-
quence analysis of mecI and the mec promoter region in staphylo-
cocci expressing resistance to methicillin. J Antimicrob Chemother 
1999; 43(1): 15-22. 

203. Vendeville A, Winzer K, Heurlier K, Tang CM, Hardie KR. Mak-
ing 'sense' of metabolism: autoinducer-2, LuxS and pathogenic 
bacteria. Nat Rev Microbiol 2005; 3(5): 383-396. 

204. Vergidis P, Rouse MS, Euba G, Karau MJ, Schmidt SM, Mandre-
kar JN, et al. Treatment with linezolid or vancomycin in combina-
tion with rifampin is effective in an animal model of methicillin-
resistant Staphylococcus aureus foreign body osteomyelitis. Antim-
icrob Agents Chemother 2010. 

205. Wichelhaus TA, Schafer V, Brade V, Boddinghaus B. Molecular 
characterization of rpoB mutations conferring cross-resistance to 
rifamycins on methicillin-resistant Staphylococcus aureus. Antim-
icrob Agents Chemother 1999; 43(11): 2813-2816. 

206. Vidaillac C, Rybak MJ. Ceftobiprole: first cephalosporin with 
activity against methicillin-resistant Staphylococcus aureus. Phar-
macotherapy 2009; 29(5): 511-525. 

207. Widerstrom M, Monsen T, Karlsson C, Edebro H, Johansson A, 
Wistrom J. Clonality among multidrug-resistant hospital-

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 115
 

associated Staphylococcus epidermidis in northern Europe. Scand J 
Infect Dis 2009; 41(9): 642-649. 

208. Widmer AF, Frei R, Rajacic Z, Zimmerli W. Correlation between 
in vivo and in vitro efficacy of antimicrobial agents against foreign 
body infections. J Infect Dis 1990; 162(1): 96-102. 

209. Williams DL, Spring L, Collins L, Miller LP, Heifets LB, Gangad-
haram PR, et al. Contribution of rpoB mutations to development 
of rifamycin cross-resistance in Mycobacterium tuberculosis. An-
timicrob Agents Chemother 1998; 42(7): 1853-1857. 

210. Williams RJ, Henderson B, Sharp LJ, Nair SP. Identification of a 
fibronectin-binding protein from Staphylococcus epidermidis. In-
fect Immun 2002; 70(12): 6805-6810. 

211. Wisplinghoff H, Rosato AE, Enright MC, Noto M, Craig W, 
Archer GL. Related clones containing SCCmec type IV predomi-
nate among clinically significant Staphylococcus epidermidis iso-
lates. Antimicrob Agents Chemother 2003; 47(11): 3574-3579. 

212. von Eiff C, Peters G, Becker K. The small colony variant (SCV) 
concept -- the role of staphylococcal SCVs in persistent infections. 
Injury 2006; 37 Suppl 2: S26-33. 

213. von Eiff C, Peters G, Heilmann C. Pathogenesis of infections due 
to coagulase-negative staphylococci. Lancet Infect Dis 2002; 
2(11): 677-685. 

214. Woodford N. Biological counterstrike: antibiotic resistance 
mechanisms of Gram-positive cocci. Clin Microbiol Infect 2005; 
11 Suppl 3: 2-21. 

215. Woods CR. Macrolide-inducible resistance to clindamycin and the 
D-test. Pediatr Infect Dis J 2009; 28(12): 1115-1118. 

216. Vuong C, Durr M, Carmody AB, Peschel A, Klebanoff SJ, Otto M. 
Regulated expression of pathogen-associated molecular pattern 
molecules in Staphylococcus epidermidis: quorum-sensing deter-
mines pro-inflammatory capacity and production of phenol-
soluble modulins. Cell Microbiol 2004; 6(8): 753-759. 

217. Vuong C, Gerke C, Somerville GA, Fischer ER, Otto M. Quorum-
sensing control of biofilm factors in Staphylococcus epidermidis. J 
Infect Dis 2003; 188(5): 706-718. 

218. Vuong C, Gotz F, Otto M. Construction and characterization of 
an agr deletion mutant of Staphylococcus epidermidis. Infect Im-
mun 2000; 68(3): 1048-1053. 

219. Vuong C, Kocianova S, Yao Y, Carmody AB, Otto M. Increased 
colonization of indwelling medical devices by quorum-sensing mu-
tants of Staphylococcus epidermidis in vivo. J Infect Dis 2004; 
190(8): 1498-1505. 



114 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

196. Unemo M, Olcen P, Albert J, Fredlund H. Comparison of sero-
logic and genetic porB-based typing of Neisseria gonorrhoeae: 
consequences for future characterization. J Clin Microbiol 2003; 
41(9): 4141-4147. 

197. Van de Peer Y, De Wachter R. TREECON for Windows: a soft-
ware package for the construction and drawing of evolutionary 
trees for the Microsoft Windows environment. Comput Appl Bio-
sci 1994; 10(5): 569-570. 

198. van Hal SJ, Paterson DL, Gosbell IB. Emergence of daptomycin 
resistance following vancomycin-unresponsive Staphylococcus 
aureus bacteraemia in a daptomycin-naive patient-a review of the 
literature. Eur J Clin Microbiol Infect Dis 2010. 

199. van Kasteren ME, Mannien J, Ott A, Kullberg BJ, de Boer AS, 
Gyssens IC. Antibiotic prophylaxis and the risk of surgical site in-
fections following total hip arthroplasty: timely administration is 
the most important factor. Clin Infect Dis 2007; 44(7): 921-927. 

200. Wang XM, Noble L, Kreiswirth BN, Eisner W, McClements W, 
Jansen KU, et al. Evaluation of a multilocus sequence typing sys-
tem for Staphylococcus epidermidis. J Med Microbiol 2003; 52(Pt 
11): 989-998. 

201. Wehrli W. Rifampin: mechanisms of action and resistance. Rev 
Infect Dis 1983; 5 Suppl 3: S407-411. 

202. Weller TM. The distribution of mecA, mecR1 and mecI and se-
quence analysis of mecI and the mec promoter region in staphylo-
cocci expressing resistance to methicillin. J Antimicrob Chemother 
1999; 43(1): 15-22. 

203. Vendeville A, Winzer K, Heurlier K, Tang CM, Hardie KR. Mak-
ing 'sense' of metabolism: autoinducer-2, LuxS and pathogenic 
bacteria. Nat Rev Microbiol 2005; 3(5): 383-396. 

204. Vergidis P, Rouse MS, Euba G, Karau MJ, Schmidt SM, Mandre-
kar JN, et al. Treatment with linezolid or vancomycin in combina-
tion with rifampin is effective in an animal model of methicillin-
resistant Staphylococcus aureus foreign body osteomyelitis. Antim-
icrob Agents Chemother 2010. 

205. Wichelhaus TA, Schafer V, Brade V, Boddinghaus B. Molecular 
characterization of rpoB mutations conferring cross-resistance to 
rifamycins on methicillin-resistant Staphylococcus aureus. Antim-
icrob Agents Chemother 1999; 43(11): 2813-2816. 

206. Vidaillac C, Rybak MJ. Ceftobiprole: first cephalosporin with 
activity against methicillin-resistant Staphylococcus aureus. Phar-
macotherapy 2009; 29(5): 511-525. 

207. Widerstrom M, Monsen T, Karlsson C, Edebro H, Johansson A, 
Wistrom J. Clonality among multidrug-resistant hospital-

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 115
 

associated Staphylococcus epidermidis in northern Europe. Scand J 
Infect Dis 2009; 41(9): 642-649. 

208. Widmer AF, Frei R, Rajacic Z, Zimmerli W. Correlation between 
in vivo and in vitro efficacy of antimicrobial agents against foreign 
body infections. J Infect Dis 1990; 162(1): 96-102. 

209. Williams DL, Spring L, Collins L, Miller LP, Heifets LB, Gangad-
haram PR, et al. Contribution of rpoB mutations to development 
of rifamycin cross-resistance in Mycobacterium tuberculosis. An-
timicrob Agents Chemother 1998; 42(7): 1853-1857. 

210. Williams RJ, Henderson B, Sharp LJ, Nair SP. Identification of a 
fibronectin-binding protein from Staphylococcus epidermidis. In-
fect Immun 2002; 70(12): 6805-6810. 

211. Wisplinghoff H, Rosato AE, Enright MC, Noto M, Craig W, 
Archer GL. Related clones containing SCCmec type IV predomi-
nate among clinically significant Staphylococcus epidermidis iso-
lates. Antimicrob Agents Chemother 2003; 47(11): 3574-3579. 

212. von Eiff C, Peters G, Becker K. The small colony variant (SCV) 
concept -- the role of staphylococcal SCVs in persistent infections. 
Injury 2006; 37 Suppl 2: S26-33. 

213. von Eiff C, Peters G, Heilmann C. Pathogenesis of infections due 
to coagulase-negative staphylococci. Lancet Infect Dis 2002; 
2(11): 677-685. 

214. Woodford N. Biological counterstrike: antibiotic resistance 
mechanisms of Gram-positive cocci. Clin Microbiol Infect 2005; 
11 Suppl 3: 2-21. 

215. Woods CR. Macrolide-inducible resistance to clindamycin and the 
D-test. Pediatr Infect Dis J 2009; 28(12): 1115-1118. 

216. Vuong C, Durr M, Carmody AB, Peschel A, Klebanoff SJ, Otto M. 
Regulated expression of pathogen-associated molecular pattern 
molecules in Staphylococcus epidermidis: quorum-sensing deter-
mines pro-inflammatory capacity and production of phenol-
soluble modulins. Cell Microbiol 2004; 6(8): 753-759. 

217. Vuong C, Gerke C, Somerville GA, Fischer ER, Otto M. Quorum-
sensing control of biofilm factors in Staphylococcus epidermidis. J 
Infect Dis 2003; 188(5): 706-718. 

218. Vuong C, Gotz F, Otto M. Construction and characterization of 
an agr deletion mutant of Staphylococcus epidermidis. Infect Im-
mun 2000; 68(3): 1048-1053. 

219. Vuong C, Kocianova S, Yao Y, Carmody AB, Otto M. Increased 
colonization of indwelling medical devices by quorum-sensing mu-
tants of Staphylococcus epidermidis in vivo. J Infect Dis 2004; 
190(8): 1498-1505. 



116 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

220. Wynalda MA, Hutzler JM, Koets MD, Podoll T, Wienkers LC. In 
vitro metabolism of clindamycin in human liver and intestinal mi-
crosomes. Drug Metab Dispos 2003; 31(7): 878-887. 

221. Xu L, Li H, Vuong C, Vadyvaloo V, Wang J, Yao Y, et al. Role of 
the luxS quorum-sensing system in biofilm formation and viru-
lence of Staphylococcus epidermidis. Infect Immun 2006; 74(1): 
488-496. 

222. Yang B, Koga H, Ohno H, Ogawa K, Fukuda M, Hirakata Y, et 
al. Relationship between antimycobacterial activities of rifampicin, 
rifabutin and KRM-1648 and rpoB mutations of Mycobacterium 
tuberculosis. J Antimicrob Chemother 1998; 42(5): 621-628. 

223. Yao Y, Sturdevant DE, Otto M. Genomewide analysis of gene 
expression in Staphylococcus epidermidis biofilms: insights into 
the pathophysiology of S. epidermidis biofilms and the role of 
phenol-soluble modulins in formation of biofilms. J Infect Dis 
2005; 191(2): 289-298. 

224. Yao Y, Vuong C, Kocianova S, Villaruz AE, Lai Y, Sturdevant DE, 
et al. Characterization of the Staphylococcus epidermidis acces-
sory-gene regulator response: quorum-sensing regulation of resis-
tance to human innate host defense. J Infect Dis 2006; 193(6): 
841-848. 

225. Zavasky DM, Sande MA. Reconsideration of rifampin: a unique 
drug for a unique infection. JAMA 1998; 279(19): 1575-1577. 

226. Zhang K, McClure JA, Elsayed S, Conly JM. Novel staphylococcal 
cassette chromosome mec type, tentatively designated type VIII, 
harboring class A mec and type 4 ccr gene complexes in a Cana-
dian epidemic strain of methicillin-resistant Staphylococcus aureus. 
Antimicrob Agents Chemother 2009; 53(2): 531-540. 

227. Zhang YQ, Ren SX, Li HL, Wang YX, Fu G, Yang J, et al. Ge-
nome-based analysis of virulence genes in a non-biofilm-forming 
Staphylococcus epidermidis strain (ATCC 12228). Mol Microbiol 
2003; 49(6): 1577-1593. 

228. Zhou CC, Swaney SM, Shinabarger DL, Stockman BJ. 1H nuclear 
magnetic resonance study of oxazolidinone binding to bacterial ri-
bosomes. Antimicrob Agents Chemother 2002; 46(3): 625-629. 

229. Ziebuhr W, Krimmer V, Rachid S, Lossner I, Gotz F, Hacker J. A 
novel mechanism of phase variation of virulence in Staphylococcus 
epidermidis: evidence for control of the polysaccharide intercellu-
lar adhesin synthesis by alternating insertion and excision of the 
insertion sequence element IS256. Mol Microbiol 1999; 32(2): 
345-356. 

230. Zimmerli W. [Role of antibiotics in the treatment of infected joint 
prosthesis]. Orthopade 1995; 24(4): 308-313. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 117
 

231. Zimmerli W, Ochsner PE. Management of infection associated 
with prosthetic joints. Infection 2003; 31(2): 99-108. 

232. Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. 
N Engl J Med 2004; 351(16): 1645-1654. 

233. Zimmerli W, Widmer AF, Blatter M, Frei R, Ochsner PE. Role of 
rifampin for treatment of orthopedic implant-related staphylococ-
cal infections: a randomized controlled trial. Foreign-Body Infec-
tion (FBI) Study Group. JAMA 1998; 279(19): 1537-1541. 

 



116 I BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs 
 

220. Wynalda MA, Hutzler JM, Koets MD, Podoll T, Wienkers LC. In 
vitro metabolism of clindamycin in human liver and intestinal mi-
crosomes. Drug Metab Dispos 2003; 31(7): 878-887. 

221. Xu L, Li H, Vuong C, Vadyvaloo V, Wang J, Yao Y, et al. Role of 
the luxS quorum-sensing system in biofilm formation and viru-
lence of Staphylococcus epidermidis. Infect Immun 2006; 74(1): 
488-496. 

222. Yang B, Koga H, Ohno H, Ogawa K, Fukuda M, Hirakata Y, et 
al. Relationship between antimycobacterial activities of rifampicin, 
rifabutin and KRM-1648 and rpoB mutations of Mycobacterium 
tuberculosis. J Antimicrob Chemother 1998; 42(5): 621-628. 

223. Yao Y, Sturdevant DE, Otto M. Genomewide analysis of gene 
expression in Staphylococcus epidermidis biofilms: insights into 
the pathophysiology of S. epidermidis biofilms and the role of 
phenol-soluble modulins in formation of biofilms. J Infect Dis 
2005; 191(2): 289-298. 

224. Yao Y, Vuong C, Kocianova S, Villaruz AE, Lai Y, Sturdevant DE, 
et al. Characterization of the Staphylococcus epidermidis acces-
sory-gene regulator response: quorum-sensing regulation of resis-
tance to human innate host defense. J Infect Dis 2006; 193(6): 
841-848. 

225. Zavasky DM, Sande MA. Reconsideration of rifampin: a unique 
drug for a unique infection. JAMA 1998; 279(19): 1575-1577. 

226. Zhang K, McClure JA, Elsayed S, Conly JM. Novel staphylococcal 
cassette chromosome mec type, tentatively designated type VIII, 
harboring class A mec and type 4 ccr gene complexes in a Cana-
dian epidemic strain of methicillin-resistant Staphylococcus aureus. 
Antimicrob Agents Chemother 2009; 53(2): 531-540. 

227. Zhang YQ, Ren SX, Li HL, Wang YX, Fu G, Yang J, et al. Ge-
nome-based analysis of virulence genes in a non-biofilm-forming 
Staphylococcus epidermidis strain (ATCC 12228). Mol Microbiol 
2003; 49(6): 1577-1593. 

228. Zhou CC, Swaney SM, Shinabarger DL, Stockman BJ. 1H nuclear 
magnetic resonance study of oxazolidinone binding to bacterial ri-
bosomes. Antimicrob Agents Chemother 2002; 46(3): 625-629. 

229. Ziebuhr W, Krimmer V, Rachid S, Lossner I, Gotz F, Hacker J. A 
novel mechanism of phase variation of virulence in Staphylococcus 
epidermidis: evidence for control of the polysaccharide intercellu-
lar adhesin synthesis by alternating insertion and excision of the 
insertion sequence element IS256. Mol Microbiol 1999; 32(2): 
345-356. 

230. Zimmerli W. [Role of antibiotics in the treatment of infected joint 
prosthesis]. Orthopade 1995; 24(4): 308-313. 

 BENGT HELLMARK Characterisation of S. epidermidis isolated from PJIs I 117
 

231. Zimmerli W, Ochsner PE. Management of infection associated 
with prosthetic joints. Infection 2003; 31(2): 99-108. 

232. Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. 
N Engl J Med 2004; 351(16): 1645-1654. 

233. Zimmerli W, Widmer AF, Blatter M, Frei R, Ochsner PE. Role of 
rifampin for treatment of orthopedic implant-related staphylococ-
cal infections: a randomized controlled trial. Foreign-Body Infec-
tion (FBI) Study Group. JAMA 1998; 279(19): 1537-1541. 

 



PAPER I



Publications in the series 

Örebro Studies in Medicine

1. Bergemalm, Per-Olof (2004). Audiologic and cognitive long-term 
sequelae from closed head injury. 

2. Jansson, Kjell (2004). Intraperitoneal Microdialysis. 
Technique and Results. 

3. Windahl, Torgny (2004). Clinical aspects of laser treatment of 
lichen sclerosus and squamous cell carcinoma of the penis. 

4. Carlsson, Per-Inge (2004). Hearing impairment and deafness. 
Genetic and environmental factors – interactions – consequences. 
A clinical audiological approach. 

5. Wågsäter, Dick (2005). CXCL16 and CD137 in Atherosclerosis. 

6. Jatta, Ken (2006). Inflammation in Atherosclerosis. 

7. Dreifaldt, Ann Charlotte (2006). Epidemiological Aspects on 
Malignant Diseases in Childhood. 

8. Jurstrand, Margaretha (2006). Detection of Chlamydia trachomatis 
and Mycoplasma genitalium by genetic and serological methods. 

9. Norén, Torbjörn (2006). Clostridium difficile, epidemiology and 
antibiotic resistance. 

10. Anderzén Carlsson, Agneta (2007). Children with Cancer – Focusing 
on their Fear and on how their Fear is Handled. 

11. Ocaya, Pauline (2007). Retinoid metabolism and signalling in 
vascular smooth muscle cells. 

12. Nilsson, Andreas (2008). Physical activity assessed by accelerometry 
in children.

13. Eliasson, Henrik (2008). Tularemia – epidemiological, clinical and 
diagnostic aspects.

14. Walldén, Jakob (2008). The influence of opioids on gastric function: 
experimental and clinical studies.

15. Andrén, Ove (2008). Natural history and prognostic factors in 
localized prostate cancer.

16. Svantesson, Mia (2008). Postpone death? Nurse-physician 
perspectives and ethics rounds.



17. Björk, Tabita (2008). Measuring Eating Disorder Outcome  
– Definitions, dropouts and patients’ perspectives.

18. Ahlsson, Anders (2008). Atrial Fibrillation in Cardiac Surgery.

19. Parihar, Vishal Singh (2008). Human Listeriosis – Sources and Routes.

20. Berglund, Carolina (2008). Molecular Epidemiology of Methicillin-
Resistant Staphylococcus aureus. Epidemiological aspects of MRSA 
and the dissemination in the community and in hospitals.

21. Nilsagård, Ylva (2008). Walking ability, balance and accidental falls in 
persons with Multiple Sclerosis.

22. Johansson, Ann-Christin (2008). Psychosocial factors in patients 
with lumbar disc herniation: Enhancing postoperative outcome by 
the identification of predictive factors and optimised physiotherapy.

23. Larsson, Matz (2008). Secondary exposure to inhaled tobacco  
products.

24. Hahn-Strömberg, Victoria (2008). Cell adhesion proteins in different 
invasive patterns of colon carcinoma: A morphometric and molecular 
genetic study.

25. Böttiger, Anna (2008). Genetic Variation in the Folate Receptor-α 
and Methylenetetrahydrofolate Reductase Genes as Determinants  
of Plasma Homocysteine Concentrations.

26. Andersson, Gunnel (2009). Urinary incontinence. Prevalence, 
treatment seeking behaviour, experiences and perceptions among 
persons with and without urinary leakage.

27. Elfström, Peter (2009). Associated disorders in celiac disease.

28. Skårberg, Kurt (2009). Anabolic-androgenic steroid users in treatment: 
Social background, drug use patterns and criminality.

29. de Man Lapidoth, Joakim (2009). Binge Eating and Obesity Treatment 
– Prevalence, Measurement and Long-term Outcome.

30. Vumma, Ravi (2009). Functional Characterization of Tyrosine 
and Tryptophan Transport in Fibroblasts from Healthy Controls,  
Patients with Schizophrenia and Bipolar Disorder.

31. Jacobsson, Susanne (2009). Characterisation of Neisseria meningitidis 
from a virulence and immunogenic perspective that includes variations 
in novel vaccine antigens.

32. Allvin, Renée (2009). Postoperative Recovery. Development of a  
Multi-Dimensional Questionnaire for Assessment of Recovery.

33. Hagnelius, Nils-Olof (2009). Vascular Mechanisms in Dementia  
with Special Reference to Folate and Fibrinolysis.

34. Duberg, Ann-Sofi (2009). Hepatitis C virus infection. A nationwide 
study of assiciated morbidity and mortality.

35. Söderqvist, Fredrik (2009). Health symptoms and potential effects on 
the blood-brain and blood-cerebrospinal fluid barriers associated with 
use of wireless telephones.

36.  Neander, Kerstin (2009). Indispensable Interaction. Parents’ perspectives 
on parent–child interaction interventions and beneficial meetings.

37. Ekwall, Eva (2009). Women’s Experiences of Gynecological Cancer  
and Interaction with the Health Care System through Different Phases 
of the Disease.

38. Thulin Hedberg, Sara (2009). Antibiotic susceptibility and resistance 
in Neisseria meningitidis – phenotypic and genotypic characteristics.

39. Hammer, Ann (2010). Forced use on arm function after stroke.  
Clinically rated and self-reported outcome and measurement during 
the sub-acute phase.

40. Westman, Anders (2010). Musculoskeletal pain in primary health 
care: A biopsychosocial perspective for assessment and treatment.

41. Gustafsson, Sanna Aila (2010). The importance of being thin  
– Perceived expectations from self and others and the effect on  
self-evaluation in girls with disordered eating.

42. Johansson, Bengt (2010). Long-term outcome research on PDR 
brachytherapy with focus on breast, base of tongue and lip cancer.

43. Tina, Elisabet (2010). Biological markers in breast cancer and acute 
leukaemia with focus on drug resistance.

44. Overmeer, Thomas (2010). Implementing psychosocial factors in 
physical therapy treatment for patients with musculoskeletal pain  
in primary care.

45. Prenkert, Malin (2010). On mechanisms of drug resistance in  
acute myloid leukemia.

46. de Leon, Alex (2010). Effects of Anesthesia on Esophageal Sphincters 
in Obese Patients.



17. Björk, Tabita (2008). Measuring Eating Disorder Outcome  
– Definitions, dropouts and patients’ perspectives.

18. Ahlsson, Anders (2008). Atrial Fibrillation in Cardiac Surgery.

19. Parihar, Vishal Singh (2008). Human Listeriosis – Sources and Routes.

20. Berglund, Carolina (2008). Molecular Epidemiology of Methicillin-
Resistant Staphylococcus aureus. Epidemiological aspects of MRSA 
and the dissemination in the community and in hospitals.

21. Nilsagård, Ylva (2008). Walking ability, balance and accidental falls in 
persons with Multiple Sclerosis.

22. Johansson, Ann-Christin (2008). Psychosocial factors in patients 
with lumbar disc herniation: Enhancing postoperative outcome by 
the identification of predictive factors and optimised physiotherapy.

23. Larsson, Matz (2008). Secondary exposure to inhaled tobacco  
products.

24. Hahn-Strömberg, Victoria (2008). Cell adhesion proteins in different 
invasive patterns of colon carcinoma: A morphometric and molecular 
genetic study.

25. Böttiger, Anna (2008). Genetic Variation in the Folate Receptor-α 
and Methylenetetrahydrofolate Reductase Genes as Determinants  
of Plasma Homocysteine Concentrations.

26. Andersson, Gunnel (2009). Urinary incontinence. Prevalence, 
treatment seeking behaviour, experiences and perceptions among 
persons with and without urinary leakage.

27. Elfström, Peter (2009). Associated disorders in celiac disease.

28. Skårberg, Kurt (2009). Anabolic-androgenic steroid users in treatment: 
Social background, drug use patterns and criminality.

29. de Man Lapidoth, Joakim (2009). Binge Eating and Obesity Treatment 
– Prevalence, Measurement and Long-term Outcome.

30. Vumma, Ravi (2009). Functional Characterization of Tyrosine 
and Tryptophan Transport in Fibroblasts from Healthy Controls,  
Patients with Schizophrenia and Bipolar Disorder.

31. Jacobsson, Susanne (2009). Characterisation of Neisseria meningitidis 
from a virulence and immunogenic perspective that includes variations 
in novel vaccine antigens.

32. Allvin, Renée (2009). Postoperative Recovery. Development of a  
Multi-Dimensional Questionnaire for Assessment of Recovery.

33. Hagnelius, Nils-Olof (2009). Vascular Mechanisms in Dementia  
with Special Reference to Folate and Fibrinolysis.

34. Duberg, Ann-Sofi (2009). Hepatitis C virus infection. A nationwide 
study of assiciated morbidity and mortality.

35. Söderqvist, Fredrik (2009). Health symptoms and potential effects on 
the blood-brain and blood-cerebrospinal fluid barriers associated with 
use of wireless telephones.

36.  Neander, Kerstin (2009). Indispensable Interaction. Parents’ perspectives 
on parent–child interaction interventions and beneficial meetings.

37. Ekwall, Eva (2009). Women’s Experiences of Gynecological Cancer  
and Interaction with the Health Care System through Different Phases 
of the Disease.

38. Thulin Hedberg, Sara (2009). Antibiotic susceptibility and resistance 
in Neisseria meningitidis – phenotypic and genotypic characteristics.

39. Hammer, Ann (2010). Forced use on arm function after stroke.  
Clinically rated and self-reported outcome and measurement during 
the sub-acute phase.

40. Westman, Anders (2010). Musculoskeletal pain in primary health 
care: A biopsychosocial perspective for assessment and treatment.

41. Gustafsson, Sanna Aila (2010). The importance of being thin  
– Perceived expectations from self and others and the effect on  
self-evaluation in girls with disordered eating.

42. Johansson, Bengt (2010). Long-term outcome research on PDR 
brachytherapy with focus on breast, base of tongue and lip cancer.

43. Tina, Elisabet (2010). Biological markers in breast cancer and acute 
leukaemia with focus on drug resistance.

44. Overmeer, Thomas (2010). Implementing psychosocial factors in 
physical therapy treatment for patients with musculoskeletal pain  
in primary care.

45. Prenkert, Malin (2010). On mechanisms of drug resistance in  
acute myloid leukemia.

46. de Leon, Alex (2010). Effects of Anesthesia on Esophageal Sphincters 
in Obese Patients.



47. Josefson, Anna (2010). Nickel allergy and hand eczema – epidemiological 
aspects. 

48. Almon, Ricardo (2010). Lactase Persistence and Lactase Non-Persistence. 
Prevalence, influence on body fat, body height, and relation to the metabolic 
syndrome.

49. Ohlin, Andreas (2010). Aspects on early diagnosis of neonatal sepsis.

50. Oliynyk, Igor (2010). Advances in Pharmacological Treatment of Cystic 
Fibrosis.

51. Franzén, Karin (2011). Interventions for Urinary Incontinence in Women. 
Survey and effects on population and patient level. 

52. Loiske, Karin (2011). Echocardiographic measurements of the heart. With 
focus on the right ventricle.

53. Hellmark, Bengt (2011). Genotypic and phenotypic characterisation of 
Staphylococcus epidermidis isolated from prosthetic joint infections.



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.654 x 9.409 inches / 169.0 x 239.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20110105145306
       677.4803
       G5
       Blank
       479.0551
          

     Tall
     1
     0
     No
     157
     251
    
     None
     Right
     2.8346
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     5.6693
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     0
     122
     121
     122
      

   1
  

 HistoryList_V1
 qi2base





