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Coagulase-negative staphylococci (CoNS) have emerged as important opportunistic pathogens in healthcare facilities,
specifically in patients with invasive medical devices. Diagnosis of intravascular catheter-related infections caused by
CoNS is daunting, since the clinical significance of CoNS isolated in the diagnostic laboratory is obscured. Intravascular
catheter-related infections are also difficult to treat, since CoNS in healthcare facilities often display multidrug resistance.
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1. Introduction
Intravascular catheters play an irreplaceable part in critical care medicine [1]. The usage of intravascular catheters does,
however, pose a significant risk to patients for developing a catheter-related infection [1, 2]. An intravascular catheterrelated infection is a costly healthcare-associated infection, with a poor prognosis, leading to significant morbidity and
mortality [3, 4].
The leading cause of intravascular catheter-related infections is coagulase-negative staphylococci (CoNS) [5, 6].
Coagulase-negative staphylococci had long been thought to be clinically insignificant when isolated in the diagnostic
laboratory, since these bacteria form part of the normal skin microflora and can easily contaminate clinical specimens
[7, 8]. Extreme difficulty is experienced in separating CoNS contaminants from infecting CoNS strains and no
molecular markers currently exist to predict the bacteria’s clinical relevance [9-11]. A number of diagnostic strategies
have been developed (roll-plate method, sonification, differential time to positivity, paired quantitative blood cultures)
to diagnose intravascular catheter-related infections and to evaluate the clinical significance of CoNS [12].
Treatment of intravascular catheter-related infections caused by CoNS is complicated. Coagulase-negative
staphylococci colonise catheters through biofilm formation and biofilms are intrinsically resistant to antimicrobials [7,
13]. In addition, CoNS can become resistant to a number of antimicrobials through various resistance mechanisms
leading to therapeutic failure. The purpose of this mini-review is to provide background knowledge on CoNS from a
microbiological viewpoint, to discuss CoNS’ association with intravascular catheter-related infections and to summarise
the antimicrobial-resistance mechanisms described in CoNS.

2. Historical background on intravascular access and its association with staphylococci
In 1929, when Werner Forssmann first pierced his own left antecubital vein and inserted a central ureteric catheter,
centrally into his right atrium, he would not have been able to believe that the presence of his breakthrough invention
will be associated with the leading cause of healthcare-associated infections in the next century [5, 14]. Even though
Forssmann’s invention led to his dismissal as German surgeon, his work received widespread attention, which led to the
refinement of his technique and ultimately resulted in the mass production of intravascular catheters in the 1950’s [14].
Staphylococci were already discovered in 1878 by Louis Pasteur and Robert Koch, followed by more in depth studies
by Ogston and Rosenbach [15, 16]. Ogston derived the Staphylococcus genus name, while Rosenbach was the first to
culture staphylococci [16]. The culturing of staphylococci allowed Rosenbach to differentiate staphylococcal species on
the basis of colonial pigmentation [16]. Rosenbach noted that the more pathogenic staphylococci produced golden
colonies, whereas the less pathogenic staphylococci formed white colonies and named the bacteria, Staphylococcus
aureus and S. albus (now S. epidermidis), respectively [16]. Later studies during 1953 showed that coagulase
production provides a better correlation with pathogenicity [17]. The grouping of staphylococci as pathogenic
(coagulase-positive) and non-pathogenic (coagulase-negative) led to CoNS not receiving much attention [18].
The initial reports regarding the pathogenicity of CoNS in septicaemia studies occurred about the same time (late
1950s) when intravascular catheters were established as a vital component in medical care [14, 18, 19]. Yet, it was only
during the late 1970s that the association between CoNS infection and the presence of an intravascular catheter were
suspected [18, 19].
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3. Intravascular catheters and associated infections
Intravascular catheters are used for the care of critically ill patients requiring additional vascular access for the
administration of fluids, antimicrobial therapy, total parental nutrition and renal replacement therapy [1]. In order to
accurately define an intravascular catheter, the following aspects should be mentioned: i) the type of vessel it occupies
(peripheral venous vs. central venous vs. arterial), ii) it’s intended life span in situ (temporarily short-term vs.
permanent long-term), iii) the insertion site (subclavian, femoral, internal jugular, peripheral and peripherally inserted
central catheter), iv) the pathway from insertion site to the type of vessel it occupies (tunnelled vs. non-tunnelled), v)
the physical length of the catheter line (long vs. short) and vi) any special characteristic of the catheter (e.g. the
presence/absence of a cuff, impregnated with antimicrobials/antiseptics/heparin, the number of lumens) [20, 21].
Terminology (catheter-related bloodstream-infections (CRBSI) vs. central-line associated bloodstream-infections
(CLABSI)) used to describe intravascular catheter-related infections are confusing and it is important to distinguish
between a CLABSI and a CRBSI [21]. A CLABSI is a surveillance term, used by the Centres of Disease Control and
Prevention’s National Healthcare Safety Network [21, 22]. Central-line associated bloodstream-infections can be
defined as a primary bloodstream infection (BSI) in patients that had a central-line within a 48 hour period, before the
development of the BSI and when the BSI is not related to an infection at another site [21]. A CRBSI is a clinical term
used during patient diagnosis and treatment, which requires specific laboratory testing (Section 7) in order to identify
the catheter as the source of the BSI [21]. There are three types of CRBSI involving: i) catheter colonisation, ii) CRBSI
and iii) exit site infections [1, 23]. Each type of infection has different microbiological criteria used in diagnosis, which
will be discussed later in this review (Section 7) [23, 24].
Catheter colonisation can be defined as a positive catheter distal tip culture, which generate a significant number of
bacteria, according to the culture method used [20, 24, 25]. Catheter colonisation occurs via six recognized routes: i)
extraluminal arising from the catheter insertion site (the source associated with short-term catheters), ii) intraluminal via
the catheter hub or the catheter tubing connection (the source associated with long-term catheters), iii) haematogenous
seeding from another area of infection, iv) infusate contamination, v) impactation of the catheter’s distal tip with skin
microflora at the time of insertion and vi) direct contact with contaminated fluids, hands of patients or during catheter
manipulations [20, 21, 25-27]. The majority of CRBSIs are associated with both extraluminal and intraluminal
colonisation [27]. An exit site infection can be described as a localised infection of the skin and soft tissue, around the
catheter insertion (exit) site [25]. Erythema, purulence, induration and tenderness are often present [20, 24, 25]. The true
definition of a CRBSI involves a systemic infection ranging in severity (from minimal to life-threatening) and diagnosis
requires the isolation of the same microorganism from a catheter tip culture and from the blood of a patient, with
clinical signs of sepsis and without another apparent source of infection [20, 24, 25].
The range of causative organisms associated with CRBSI are: i) CoNS, predominantly S. epidermidis, followed by
S. haemolyticus, ii) S. aureus, iii) methicillin-resistant S. aureus (MRSA), iv) Candida species (spp.), v) Enterococcus
spp., vi) Enterobacteriaceae (Escherichia coli, Klebsiella pneumoniae and Acinetobacter baumannii) and vii)
Pseudomonas aeruginosa [5, 21, 24, 25, 28]. In the remainder of this mini-review only CoNS, as causative organisms
of intravascular catheter-related infections, are discussed.

4. Coagulase-negative staphylococci from a microbiological viewpoint
4.1. Classification of human-associated staphylococci
Among the universal tree of life, based on ribosomal RNA gene sequencing, staphylococci branches from the Bacteria
domain [29]. In the Bacteria domain, as shown in Table 1, the Staphylococcus genus can further be classified as
Eubacteria, with a low G+C content (33%) and is closely related to the Enterococcus; Streptococcus; Lactobacillus and
the Listeria genera [15].
Table 1 The Linnaeus classification of staphylococci [15].

Taxonomic order of life
Domain
Kingdom
Phylum
Class
Order
Family
Genus
Species
Binomial nomenclature

Order in which human-associated staphylococci group
Bacteria
Eubacteria / Gram-positive bacteria
Firmicutes
Bacilli
Bacillales
Staphylococcaceae
Staphylococcus
Epidermidis
Staphylococcus epidermidis
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Staphylococci can further be classified, based on DNA-DNA hybridisation studies, according to coagulase
production and novobiocin susceptibility, as shown in Table 2 [15].
Table 2 The classification of staphylococci according to coagulase production and novobiocin susceptibility based on DNA-DNA
hybridisation studies [15, 30, 31].

Novobiocin susceptible species

Novobiocin resistant species

CoNS
S. epidermidis; S. capitis;
S. caprae; S. haemolyticus;
S. hominis; S. lugdunensis;
S. saccharolyticus; S. warneri
S. saprophyticus; S. sciuri

CoPS*
S. aureus; S. intermedius

-

*coagulase-positive staphylococci

Coagulase-negative staphylococci (e.g. S. epidermidis, S. capitis, S. caprae, S. haemolyticus, S. hominis,
S. lugdunensis, S. warneri) are distinguished from coagulase-positive staphylococci (e.g. S. aureus, S. intermedius) by
not producing the coagulase enzyme, whereas novobiocin-susceptible staphylococci are mostly associated with human
disease, except Staphylococcus subspecies (subsp.) novobiosepticus and. S. saprophyticus [7, 15, 32].
4.2. General characteristics of staphylococci
Staphylococci are all catalase-positive, non-motile, non-sporulated, facultative anaerobic Gram-positive cocci,
occurring either singly, in pairs, in tetrads or in bunches [15, 30, 32, 33]. Staphylococcus species can be differentiated
among each other based on i) cell wall composition, ii) haemolytic activity, iii) carbohydrate utilisation patterns and iv)
anaerobic growth patterns in thioglycolate medium [34,35]. Staphylococcal species have a specific niche preference on
the human skin as shown in Figure 1 [15, 19, 30, 36].

Fig. 1 Colonisation of pre-defined sites on the human body by staphylococci [19, 33, 37-39].

Staphylococcus epidermidis occurs in densities of 103 cells.cm-2 to 104 cells.cm-2 and is the most widely distributed
staphylococcal species (90%) on the human skin. [30, 33]. Staphylococcus capitis populations are mainly concentrated
on the human head and S. warneri can be recovered from human hands [19, 39]. Staphylococcus haemolyticus and
S. hominis are most commonly recovered from the axillae, inguinal and perineal areas [19]. Staphylococcus
saprophyticus can be isolated from the perineal area, specifically the rectum [19, 40]. Staphylococcus aureus and
S. caprae are frequently isolated from the anterior nares [38]. It is important to distinguish between S. aureus and
S. caprae, since S. caprae can mimic MRSA [38]. Staphylococcus lugdunensis, similar to S. aureus, has a predefined
niche preference for the inguinal and breast areas [31, 37, 41].
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4.3. Staphylococci as opportunistic pathogens
Coagulase-negative staphylococci are opportunistic pathogens and will only cause disease if the external barrier of the
skin or mucous membranes have been breached [9, 28, 30]. Patients most at risk are the ones with intravascular
catheters, as well as the immunocompromised, which include: i) premature neonates, ii) HIV-positive patients, iii)
patients with malignant diseases, iv) post-chemotherapeutic or post-transplant patients and v) intravenous drug abusers
[7, 9, 19, 42].
Infections caused by CoNS other than intravascular catheter-related infections include: i) bacteraemia, ii) vascular
graft infections, iii) central venous shunt infections, iv) native valve and prosthetic valve endocarditis, v) cardiac
pacemaker infections, vi) prosthetic joint infections, vii) surgical-site infections, viii) endophthalmitis (after surgery or
trauma), ix) infections in neonates associated with umbilical catheters, x) osteomyelitis, xi) healthcare-associated
urinary tract infections and xii) peritonitis and peritoneal-dialysis related infections [19, 28, 43, 44]. Staphylococcus
saprophyticus is the only exception and is associated with community-acquired urinary tract infections in young,
sexually-active women [19, 28].

5. Biofilm formation as molecular marker of resistance in CoNS
The ability of CoNS to result in an intravascular catheter-related infection is ascribed to biofilm formation on a catheter
[7, 30, 42]. In CoNS, specifically S. epidermidis, biofilm formation is encoded by the icaADBC operon [7]. It is
advantageous for CoNS to reside in a biofilm. These bacteria are protected from the external environment, allowing
microbial communication in the form of horizontal gene transfer and have enhanced virulence due to immune evasion
[45, 46].
Biofilm formation is associated with a non-specific mechanism of antimicrobial resistance [36]. This can be
explained by the physiological different states between planktonic cells and cells residing in a biofilm [9, 36, 47].
Antimicrobials target fast-growing cells, whereas cells residing in a biofilm have decreased transcription and translation
rates, which result in a non-aggressive, but persistent, protected mode of growth, that is less sensitive to antimicrobials
[9, 42]. Coagulase-negative staphylococci embedded in a biofilm are 100 to 1000 times more resistant to antimicrobials
compared to these bacteria’s cultured counterpart, which complicate treatment [48].

6. Antimicrobial-resistance genes in coagulase-negative staphylococci
Treatment of intravascular catheter-related infections caused by CoNS is in itself a clinical challenge [49]. Treatment
involves the administration of oral or intravenous antimicrobials, antibiotic lock technique or the removal and reinsertion of the catheter [50]. According to the pathogen specific treatment recommendations of the Infectious Diseases
Society of America, CRBSI caused by CoNS should be treated with antimicrobials for 5 days to 7 days if the catheter is
removed and for 10 days to 14 days, if the catheter is retained, in combination with antibiotic lock therapy [51].
However, a CRBSI caused by S. lugdunensis should be treated according to the recommendations of S. aureus, which
involve antimicrobial therapy for 4 weeks to 6 weeks [51]. Vancomycin forms the basis of empirical antimicrobial
therapy of CRBSI caused by CoNS [50]. However, the efficiency of vancomycin monotherapy shows conflicting results
and treatment should rather be a combination of vancomycin and other antimicrobials, with antibiofilm activity, such as
rifampicin, gentamicin or clindamycin [50].
In order to effectively treat a CRBSI caused by CoNS, it is important to have a basic understanding of the
antimicrobial-resistance mechanisms in CoNS, since these bacteria are resistant to multiple antimicrobials, which limits
treatment options [52]. Antimicrobial-resistance mechanisms in CoNS will be explained in reference to the
antimicrobial mode of action, which include: i) inhibition of cell wall synthesis, ii) inhibition of protein synthesis and
iii) inhibition of nucleic acid synthesis [43].
6.1. Resistance against cell wall synthesis inhibitors
6.1.1. Resistance against β-lactams
Coagulase-negative staphylococci lack an outer membrane and β-lactams can diffuse straight through the cell wall and
bind to penicillin-binding proteins (PBPs) [43]. Penicillin-binding proteins are transpeptidases, involved in the crosslinking of peptidoglycan, the main constituent of the Gram-positive bacteria cell wall [52]. A β-lactam antimicrobial
prevents the cross-linking of peptidoglycan, which will result in a damaged cell wall and ultimately lead to cell lysis
[43, 52].
The two main mechanisms of β-lactam-resistance in CoNS are i) degradation of β-lactams, specifically penicillin, by
the production of an penicillinase enzyme, which is encoded by the blaZ gene and ii) the production of a modified PBP,
called PBP2a, which is encoded by the mecA gene harboured on a mobile genetic element, called the Staphylococcal
Chromosomal Cassette mec (SCCmec) [52, 53]. Methicillin-resistance among CoNS is of great concern, since CoNS
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are more likely to be resistant to other antimicrobials and all other β-lactams, when harbouring the mecA gene [52, 54,
55]. Methicillin-resistance is widespread among healthcare-associated CoNS, with the exception of S. lugdunensis [7,
9]. Methicillin-resistance in S. lugdunensis is rare and the first-time detection of the mecA gene in S. lugdunensis were
in 2003 [56]. A new mechanism of methicillin-resistance in S. lugdunensis was recently described by Kotsakis and
colleagues (2011), which involve a mutational alternation of PBP1A/1B [57]. The alternation prevents the binding of βlactams to the active site of the PBP1A/1B [57].
6.1.2. Resistance against glycopeptides
Glycopeptides are recommended as an empirical antimicrobial treatment option for CoNS infections and are used as a
last resort, due to increased resistance to methicillin among CoNS [58, 59]. This makes the emergence of glycopeptideresistance among CoNS of great concern [58]. Glycopeptides inhibit peptidoglycan synthesis by binding to precursor
molecules, making these unavailable as substrates for transglycosylases and transpeptidase, two enzymes which are
involved in cross-linking of peptidoglycan [59]. Vancomycin and teicoplanin are the two clinically used glycopeptides
[59].
Although glycopeptide-resistance has first been described in CoNS, glycopeptide-resistance among enterococci
received more attention, since it was less common among staphylococci [58]. The CoNS species mainly associated with
glycopeptide-resistance are S. haemolyticus and S. epidermidis, but it has also been described in S. warneri and
S. capitis [60]. Glycopeptide-resistance in CoNS applies nearly completely to teicoplanin, in contrast to S. aureus [61].
The mode of teicoplanin-resistance is not yet fully understood, but CoNS resistant to teicoplanin tend to show cell wall
thickening and cellular aggregates [60, 61].
6.2. Resistance against inhibitors of protein synthesis
6.2.1. Aminoglycoside-resistance
Aminoglycosides, such as gentamicin and tobramycin, are increasingly being used in both treatment (alone or in
combination with β-lactams or glycopeptides for life-threating staphylococcal infections, such as endocarditis) and
prevention (incorporated in prosthetic materials in the form of coatings, cements or beads, for local antimicrobial
delivery) of staphylococcal infections [62, 63]. Aminoglycosides prevents protein synthesis, by binding to the 30S
ribosomal subunit, subsequently preventing attachment of mRNA [43, 62]. This interferes with the reading of the
mRNA sequence, leading to the insertion of the wrong amino-acid or the inability to link amino-acids in the growing
peptide chain [43, 63].
The main mechanism of aminoglycoside-resistance in CoNS is aminoglycoside modifying enzymes (AME) [62, 64].
Aminoglycoside modifying enzymes impairs the inhibitory protein-synthesis function and can co-exist among another
[53, 62, 64]. The three most common AME in staphylococci are summarised in Table 3.
Table 3 The main AME prevalent in staphylococci and the mobile genetic elements and the phenotypic
associated with it [62-64].

Aminoglycoside modifying
enzyme (AME)
Bifunctional enzyme with
aminoglycoside-6’-Nacetyltransferase and 2’’-Ophosphotransferase activity
Aminoglycoside 3’phosphotransferease
Aminoglycoside 4’adenyltransferase

resistance

characteristics

Gene which encodes
AME

Mobile genetic element
associated with AME

Antimicrobials to which
this AME confers
resistance to

acc-(6’)-Ie-aph(2’’)

Tn4100 in S. aureus
Tn4031 in S. epidermidis

Gentamicin; Tobramycin;
Kanamycin Dibekacin;
Netilmicin; Amikacin;

aph(3’)-IIIa

Tn3854
Tn5404

Neomycin; Kanamycin

ant(4’)-Ia

pSK41

Neomycin; Kanamycin;
Tobramycin; Amikacin

The most prevalent AME is acc-(6’)-Ie-aph(2’’), followed by aph(3’’)-IIIa and ant(4’)-Ia [53, 64]. Aminoglycoside
modifying enzymes are all harboured on mobile genetic elements, such as plasmids and transposons, which can
facilitate the rapid spread through horizontal gene transfer of aminoglycoside resistance determinants among closelyrelated species [53, 63, 64].
6.2.2. Resistance against macrolides, lincosamides and streptogramins
Macrolides, lincosamides and streptogramins (MLS) antimicrobials are grouped together, based on a similar mode of
action, even though these antimicrobials are chemically different [65]. Inhibition of protein synthesis by MLS
antimicrobials are achieved through binding to the 23S rRNA of the 50S ribosomal subunit [43, 65]. The number of
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atoms forming the lactone ring of macrolides are used to classify this group of antimicrobials as either 14-membered
(e.g. erythromycin), 15-membered (e.g. azithromycin) or 16-membered (e.g. spiramycin) [65]. Clinically used
lincosamides include lincomycin and clindamycin, whereas streptogramins are a mixture of streptogramin A (e.g.
dalfopristin) and streptogramin B (e.g. quinuprisitin) that act synergistically [65]. Macrolides, lincosamides and
streptogramins are regarded as alternatives for the treatment of methicillin-resistant staphylococcal infections, which
has led to MLS antimicrobials being prescribed more often [66, 67]. However, the increased usage of MLS
antimicrobials has led to an increase in resistance [67, 68].
The three major mechanisms of MLS resistance among CoNS include: i) ribosomal target modification through
methyltransferases encoded by the erm genes [65, 67], ii) active efflux pump encoded by the msr or the vga genes, [65,
67, 69] and iii) enzymatic antimicrobial inactivation encoded by either the mphC, lnuA, vgb or the vat genes [65-67,
69]. The predominant mechanisms of resistance to MLS antimicrobials are, however, the erm (target site modification)
and the msr (active efflux pump) genes, while the other mechanisms are encountered infrequently in CoNS [69].
In order to prevent treatment failure, a clear understanding of the MLSB resistance phenotype is necessary. A MLSB
resistance phenotype is the result of a conformational change in the ribosome, due to the methylation of an adenine at
position 2058 in the V domain of the 23S rRNA, caused by the methyltransferase encoded by the erm (either A, B or C)
genes [62, 68, 69]. The expression of the MLSB resistance phenotype can either be inducible (iMLSB) or constitutive
(cMLSB) [65, 67, 68]. Coagulase-negative staphylococci, with an iMLSB resistance phenotype are resistant to 14membered and 15-memberd macrolides, but susceptible to lincosamides, streptogramin B and 16-membered
macrolides, whereas CoNS with a cMLSB resitance phenotype, are resistant to all MLS antimicrobials [67]. Although,
iMLSB CoNS are in vitro resistant to erythromycin and in vitro sensitive to clindamycin, prescribing clindamycin may
lead to treatment failure [68]. The presence of the msr genes, which encodes an active efflux pump, only confers
resistance to macrolides and streptogramins, but not to lincosamides in CoNS [68]. This makes clindamycin, as a
treatment choice effective [68]. It is important to distinguish the two resistance mechanisms from another, to prevent
unnecessary avoidance of clindamycin [68].
6.2.3. Resistance against the oxazolidinone, linezolid
Linezolid is the first member of the new synthetic oxazolidinone antimicrobial class [69-71]. Linezolid is currently used
for the treatment of patients with serious methicillin-resistant staphylococcal infections, such as osteomyelitis or
pneumonia [70, 72, 73]. Linezolid binds to the peptidyl-transferase centre, preventing the formation of the tRNAribosome-fMet-mRNA-complex, thus inhibiting protein synthesis [71, 74, 75].
Linezolid-resistance among CoNS is a rare phenomenon [71, 73]. However, linezolid-resistance has been detected in
S. epidermidis, S. haemolyticus, S. hominis and S. capitis in North America (United States, Mexico), Europe (Greece,
Spain, France, Germany, Italy, Ireland), South America (Brazil) and Asia (Japan, Korea, China) [71-74, 76]. Three
mechanisms of linezolid-resistance have been reported in CoNS [73]. The most common mechanism of linezolidresistance is a mutation in the central loop domain V of the 23S rRNA, called G2576T [73, 74, 76]. This mutation is
called G2576T, since it occurs at position 2576 of the 23S rRNA due to a change of a guanine (G) to a thymine/uracil
(T) substitution [76]. Another common mechanism associated with linezolid-resistance is the presence of the plasmidencoded cfr gene [73]. The cfr gene encodes a methyl-transferase, which is responsible for the post-transcriptional
methylation of an adenosine at position 2503 in the 23S rRNA [72, 76]. The cfr gene also provide resistance to
streptogramin A, lincosamides, chloramphenicol and pleuromutilins, but not to erythromycin and have the ability to
spread among closely-related species [72, 73]. A rare mechanism of linezolid-resistance in CoNS is mutations in the L3
and L4 ribosomal proteins of the peptide translocation centre, which are close to the binding site of linezolid [72, 73].
Linezolid-resistance among CoNS is frightening, since these strains are rarely considered as clinically significant
pathogens and may not be detected by infection control practices [73, 76]. The presence of the cfr gene is alarming,
since it can lead to the wide dissemination of linezolid-resistance, among closely-related species, through horizontal
gene transfer, in hospital settings [73]. The usage of linezolid should be strictly regulated in order to maintain its clinical
value [76].
6.3. Resistance against nucleic acid synthesis inhibitors
6.3.1. Resistance against the rifamycin, rifampicin
The most important antimicrobial in the rifamycin family is rifampicin [43]. Rifampicin is used for the treatment of
tuberculosis and leprosy, as well as in combination with other antimicrobials for the treatment of intravascular catheterrelated infections caused by CoNS [43, 48, 77]. Rifampicin is effective in the treatment of biofilm-associated
intravascular catheter-related infections, since rifampicin can penetrate the biofilm and has a low bactericidal
concentration, which is active against CoNS in the stationary growth phase [77, 78]. Rifampicin prevents bacterial DNA
replication, by inhibiting the bacterial DNA-dependent RNA polymerase enzyme, which is encoded by the rpoB gene
[43, 48, 77]. Rifampicin-resistance can emerge rapidly at a frequency of 10-8, due to single point mutations at any
location in the rpoB gene [48, 77, 78].
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As already mentioned, rifampicin is used in the treatment of tuberculosis [43]. This can possibly lead to CoNS
residing in the normal skin microflora, being preliminary exposed to rifampicin, giving rise to rifampicin-resistant
mutants in the tuberculosis patient’s CoNS population [78]. In the somewhat rare, but likely event of catheterisation of
the tuberculosis patient, rpoB CoNS mutants already exist, which can possibly lead to the ineffectiveness of rifampicin
combination therapy in intravascular catheter-related infections of tuberculosis patients, making rifampicin-resistance
among CoNS alarming.
6.3.2. Bypass of the folic acid synthesis pathway, conferring resistance to co-trimoxazole
Co-trimoxazole is a combination of trimethoprim and the sulphonamide, sulfamethoxazole, which acts synergistically,
to inhibit the bacterial folic acid synthesis pathway, which in turn disrupts nucleic acid synthesis [32, 43]. Trimethoprim
and sulfamethoxazole have similar modes of actions [79]. Sulfamethoxazole is a structural analogue of paraaminobenzoic acid (PABA) (involved in the initial stages of folic acid synthesis) and competes with it for
dihydropteroic acid synthetase [32]. Trimethoprim inhibits dihydrofolate reductase, an enzyme responsible for the
reduced form of folic acid, which can act as a co-enzyme in the synthesis of purines and thymidine [32].
Although not the main clinical use, co-trimoxazole can be used for the treatment of intravascular catheter-related
infections, with a good clinical outcome in infections caused by methicillin-resistant staphylococci [79]. However,
resistance to co-trimoxazole can arise due to the overproduction of PABA or due to the acquisition of trimethoprimresistant dihydrofolate reductases, which are encoded by either the dfrA (previously known as dfrS1), dfrD, dfrG or
dfrK genes [43, 80].
Co-trimoxazole is nowadays used as prophylaxis against opportunistic infections in HIV-positive patients. The CoNS
population of a HIV-positive patient are continuously exposed to co-trimoxazole, leading to the possibility of
developing of co-trimoxazole resistance. In the case of catheterisation of the HIV-positive patient, co-trimoxazole
resistant CoNS mutants could already exist, which could render co-trimoxazole treatment of an intravascular catheterrelated infection fruitless.

7. Diagnosis of intravascular catheter-related infections caused by coagulase-negative
staphylococci
The diagnosis of an intravascular catheter-related infection is a major challenge, since difficulty is experienced in
differentiating a CoNS contaminant from an invasive CoNS strain [1, 10, 49]. Numerous methods have been developed
for the diagnosis of intravascular catheter-related infections to ensure that the organism, such as CoNS, is not a
contaminant and these techniques either involve the removal of the catheter (catheter segment culture), or the saving of
the catheter (blood cultures) [12, 51].
Paired quantitative blood cultures (simultaneous blood cultures drawn through the catheter and percutaneously,
where both cultures are positive with the catheter yielding 5-fold higher growth than the percutaneous culture) are the
most accurate diagnostic test, based on sensitivity and specificity, but these tests are labour intensive and costly [12,
81]. A simple and cheap approach for the diagnosis of intravascular catheter-related infection involves the isolation of
the same organism from a single blood culture and catheter, by semi-quantitative analysis (Five centimetres of the
catheter are removed and rolled four times across a blood agar plate and incubated) [12] yielding ≥15 colony forming
unit (cfu) for the catheter tip [22, 81]. This approach can be problematic in ICU patients, since these patients may have
multiple short-term intravascular catheters, with any one being the cause of the infection [22].
In order to further evaluate the clinical significance of CoNS isolated from catheter or blood cultures, the
identification of CoNS is important. Coagulase-negative staphylococci are routinely identified in diagnostic laboratories
through automated systems, such as VITEK® 2 (bioMérieux, Marcy l’Etoile, France) [82]. The VITEK® 2 Grampositive card system (bioMérieux, Marcy l’Etoile, France) identifies CoNS based on metabolic reactions, through
colorimetric changes [82, 83]. However, problems are experienced with phenotypic identification of CoNS and should
not always be considered accurate [84]. The problems experienced with the identification of CoNS include: i) imprecise
results due to phenotypic variation [85], ii) the lack of unique biochemical markers to differentiate between CoNS
species [86], iii) the dependence on the expression of metabolic activities and/or morphological features [87] and vi)
polyclonality of CoNS growing on catheter tips [88, 89].
The Matrix-Assisted Laser Desorption/Ionization time of flight Mass Spectrometry (MALDI-tof) is a highly sensitive
and rapid method, used for microbial species-level identification [90]. This method is based on the ionization of cocrystallised sample material by short laser pulses [90]. A study by Loonen and colleagues, which compared five CoNS
identification methods [VITEK® 2 (bioMérieux), ID 32 Staph strip (bioMérieux) 16S rRNA sequencing, tuf gene
sequencing and MALDI-tof MS (Bruker Daltonics)] found that MALDI-tof (Bruker Daltonics) or VITEK® 2
(bioMérieux) combined with partial tuf gene sequencing is the method of choice for the identification of CoNS [91].
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8. Prevention of CRBSI through central-line bundles
Specific prevention strategies of intravascular catheter-related infections require 100% adherence to the central-line
bundle [23]. The five components of the central-line bundle are i) hand hygiene, ii) maximum sterile barrier
precautions, iii) chlorhexidine skin preparation, iv) optimal catheter insertion site and v) review of the necessity of the
catheter, to be removed without delay, if found unnecessary [22, 23]. A strict hand washing protocol, followed by the
wearing of sterile gloves is required before a catheter is touched for whatever reason, since the source of infection is
contamination of the catheter hub [23]. The insertion of a catheter requires maximum sterile barrier precautions to be
followed [23]. This includes wearing a head cover, a mask, a gown and sterile gloves by the healthcare worker and a
body drape for the patient [23]. Lines inserted in an emergency setting, without maximum sterile barrier precautions,
should be removed and replaced under maximum sterile barrier precautions, as soon as practical [23]. The skin should
be prepared before catheter placement, by using two percent (2%) chlorhexidine or five percent (5%) iodine with 70%
alcohol in patients with allergies [22, 23]. The skin should be allowed to air dry before the skin is punctured [23].
Catheters inserted into the subclavian vein have lower infection rates than femoral catheters [22, 23]. Infection rates
increase after five to seven days of catheterisation and therefore it is crucial to remove catheters, if no longer required
[22, 23].

9. Conclusion
Coagulase-negative staphylococci are important emerging opportunistic pathogens in the clinical setting. Not only is the
diagnosis of an intravascular catheter-related infection caused by CoNS complicated, the treatment of a CoNS
infections is not straightforward, due to biofilm formation and the numerous antimicrobial-resistance genes prevalent in
CoNS. In order to prevent the spread of multidrug-resistant CoNS in the clinical setting vigilant surveillance and
infection control policies need to be adapted.
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