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Summary/ Zusammenfassung 

 

Coagulase-negative staphylococci (CoNS), members of the skin commensal microbiota, 

are increasingly associated with local or systemic infections due to a shift in patient 

populations in recent decades. Subsequently, more CoNS strains have been subjected 

to antibiotic susceptibility testing (AST), thus leading to the increased detection of 

teicoplanin resistance. However, data concerning teicoplanin resistance among CoNS 

strains remain limited, heterogeneous, and inconclusive.  

 

We collected 162 consecutive CoNS strains identified as teicoplanin-resistant by routine 

diagnostic testing and re-tested them with a range of AST methods. The results of 

standard and high inoculum broth microdilution (sBMD; hBMD), agar dilution (AD) after 

24 h and 48 h incubation, standard and macrogradient diffusion strip (sGDT, MET), 

screening agar, and disc diffusion were compared to assess their robustness and to 

establish a diagnostic algorithm to detect teicoplanin resistance. 

 

sBMD was used as the reference method, and the lowest number of strains were 

teicoplanin-resistant using this method. Compared with sBMD, AD-24 h generated the 

lowest number of false teicoplanin-resistant strains, followed by hBMD, AD-48 h, and 

Vitek-2 (bioMérieux, Marcy l’Etoile, France). sGDT, a fast, easy, affordable method in 

diagnostic settings, generated the highest rate of false teicoplanin-susceptible strains. 

Vitek-2 testing produced the highest number of teicoplanin-resistant strains. Only in two 

strains was the initial Vitek-2 teicoplanin resistance confirmed using five other AST 

methods.  

 

In conclusion, the different AST methods generated inconsistent, inconclusive, and 

discrepant results, thus making it difficult to establish a diagnostic algorithm for 

suspected teicoplanin resistance. Teicoplanin testing proved to be challenging and easily 

influenced by technical factors. This study aimed not only to raise awareness of 

teicoplanin resistance testing but also of the need for future studies focusing on the 

clinical efficacy of teicoplanin in relation to its susceptibility results. 
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Summary/ Zusammenfassung 

 

Koagulase-negative Staphylokokken (CoNS), Bestandteile der kommensalen Mikrobiota 

der Haut, werden aufgrund von Änderungen in den Patientenpopulationen in den letzten 

Jahrzehnten zunehmend mit lokalen oder systemischen Infektionen in Verbindung 

gebracht. Infolgedessen werden mehr CoNS-Stämme einer Antibiotika-

Empfindlichkeitsprüfung (AST) unterzogen, was zu einem vermehrten Nachweis von 

Teicoplanin-Resistenzen führte. Die bisherigen Daten zur Teicoplanin-Resistenz bei 

CoNS-Stämmen sind jedoch nach wie vor begrenzt, heterogen und nicht schlüssig. 

 

Wir haben 162 aufeinanderfolgende CoNS-Stämme gesammelt, die in der 

Routinetestung als Teicoplanin-resistent identifiziert wurden und sie mit einer Reihe von 

AST-Methoden getestet. Die Ergebnisse der standard- und hoch Inokulum Bouillon -

Mikrodilution (sBMD; hBMD), der Agardilution (AD) nach 24- und 48-stündiger 

Inkubation, des standard- und makrogradienten-Diffusionsstreifens (sGDT, MET), des 

Screening-Agars und der Disc Diffusion wurden verglichen, um ihre Zuverlässigkeit zu 

bewerten und einen diagnostischen Algorithmus zum Nachweis von Teicoplanin-

Resistenzen zu erstellen. 

 

sBMD wurde als Referenzmethode verwendet dabei zeigte sich in dieser Methode die 

geringste Anzahl an Teicoplanin-resistenten Stämmen. Im Vergleich dazu erzeugte AD-

24 h die wenigsten falsch Teicoplanin-resistenten Stämme, gefolgt von hBMD, AD-48 h 

und Vitek-2 (bioMérieux, Marcy l’Etoile, France). sGDT, eine schnelle, einfache und 

kostengünstige Methode in diagnostischen Einrichtungen, lieferte die höchste Rate 

falscher Teicoplanin-empfänglicher Stämme. Der Vitek-2-Test detektierte zuletzt die 

höchste Anzahl von Teicoplanin-resistenten Stämmen. Nur bei zwei Stämmen wurde die 

ursprüngliche Vitek-2-Teicoplanin-Resistenz durch fünf andere AST-Methoden bestätigt.  

 

Zusammengefasst lieferten die verschiedenen AST-Methoden widersprüchliche, nicht 

schlüssige und voneinander abweichende Ergebnisse, was die Erstellung eines 

diagnostischen Algorithmus für eine vermutete Teicoplanin-Resistenz erschwerte. Die 

Teicoplanin-Testung erwies sich als herausfordernd, da sie leicht durch technische 

Faktoren zu beeinflussen ist. Diese Studie sollte nicht nur die Aufmerksamkeit auf 

Teicoplanin-Resistenztests erhöhen, sondern auch auf die Notwendigkeit künftiger 

Studien hinweisen. Dabei sollte der Fokus auf die klinische Wirksamkeit von Teicoplanin, 

im Verhältnis zu seinen Empfindlichkeitsergebnissen gesetzt werden. 
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Abbreviations 

 

ACME Arginine catabolic mobile element 

AD Agar dilution 

AST Antibiotic susceptibility testing  
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RAPD-PCR  Polymorphic DNA random amplification polymerase chain reaction 

REP-PCR  Repetitive element polymerase chain reaction  

sBMD Standard inoculum broth micro-dilution 
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1 Introduction 

1.1  Staphylococcus Taxonomy and classification  

The name Staphylococcus was proposed by Ogston [2] and derives from Greek 

language, the prefix staphyle stands for bunch of grapes and kokkus for grain [3]. 

Staphylococcus species have undergone multiple taxonomic changes after 

Rosenbach at the end of nineteenth century described “Staphylococcus 

pyogenes aureus” involvement in soft tissue infections [4]. These taxonomy 

revisions were mainly based on the species growth attributes and not on their 

phylogenetic relatedness. In the 1940s Fairbrother [5] initiated the use of 

coagulase production as the main feature to characterise Staphylococcus 

species. Free- coagulase is an extracellular protein without enzyme activity which 

forms a proteolytic complex with prothrombin thus prompting the conversion of 

fibrinogen to insoluble fibrin. Certain Staphylococcus strains produce coagulase 

hence the name “coagulase positive” (CoPS), whereas the others are coagulase 

negative staphylococci (CoNS). This identification tool used initially in diagnostic 

setting to assign Staphylococcus strains, later translated into the clinical practice 

were CoPS prominently represented by S. aureus, the more virulent species, 

overshadowed the CoNS strains, which were long considered as only 

contaminants.  

Subsequently new molecular aspects and phylogenetic analyses have led to a 

new classification and species re-assignment within the Staphylococcus genus. 

The genus Staphylococcus belongs to Staphylococaccae family [6] 

encompassing 85 Staphylococcus species from which 70 are validated under 

International Code Product Number (ICPN) and 30 subspecies. The allocation of 

the strains is done mainly by phylogenetic analysis of the 16S rRNA gene [3]. 

This classification has its own limitation, therefore Lamers et al. [7] extended the 

number of genes used for Staphylococcus species identification. Their results 

confirmed the existing classification but showed new relationships among 

Staphylococcus species. Even if the genetic analysis has generated a lot of new 

information about Staphylococcus species, the coagulase classification has 

persisted over time being the best known, most clinically useful, and easily 
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applied criteria to differentiate Staphylococcus strains in both the diagnostic and 

clinic setting as well as in the literature.  

 

1.2 Epidemiology  

The CoNS represent in humans and in animals a large part of the skin and 

mucous membrane commensal microbiota. In the last few years CoNS species 

have shifted from being only a skin colonizer to an important cause of nosocomial 

infections especially among patients with short- or long-term indwelling devices. 

CoNS colonize areas either in a permanent or an intermittent manner and have 

a predisposition for certain types of skin areas. The CoNS bacterial load can vary 

from 103 to 106 CFU (colony forming units) / cm2 in moist habitats [8]. While S. 

epidermidis prefers places with higher humidity (e.g., axillae and groin) [9], S. 

haemolyticus und S. hominis tend to occupy the apocrine glands (e.g., pubic 

areas) [9] and S. capitis mainly sebaceous areas like the forehead [10]. S 

saprophyticus colonizes not only specific areas like the gastrointestinal tract and 

cervix, but also differs according to host age and also in a season-dependent 

manner [11].  

 

Given the increasing clinical importance of CoNS the current strain identification 

has become insufficient and thus different genotyping methods have been used 

to analyse CoNS epidemiology. These studies have found that CoNS strains 

have either a high degree of genetic diversity or clonal relatedness, that their 

origins is either in the community or the hospital, that the reservoir may be human 

or animal, and a number of putative transmission patterns has become apparent 

[12, 13]. When using typing methods, results can vary greatly not only on account 

of the method itself but also because of the selected isolates. Thus, repetitive 

element PCR (REP-PCR) or polymorphic DNA random amplification PCR 

(RAPD-PCR) shows low CoNS discrimination resolution [14], whereas when 

subjected to pulsed field gel electrophoresis (PFGE), S. epidermidis, the most 

common CoNS, shows a higher genetic diversity than, for example, S. 

haemolyticus and other CoNS species [15, 16]. These methods are useful for 

short-term CoNS epidemiology within a single location, but phylogenetic and 

long-term information can be obtained using multilocus sequence typing (MLST), 
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a method that analyses the polymorphism of certain housekeeping genes, 

providing better information over a long period of time and from different locations 

[17]. 

 

Although genotypic methods have their drawbacks; mainly used in research and 

not in the diagnostic setting, are time-consuming and costly and are easily 

influenced by interpretation criteria and definitions. They do reveal the existence 

of certain clonal complexes within the hospital environment, which are: a. different 

from those in the community [18] and are adapted to the environment, b. are 

resistant to antibiotics, and c. carry more virulence factors and thus may cause 

infections more often than others. Furthermore, using MLST, it has been shown 

that CoNS evolves rapidly through frequent gene transfer rather than by point 

mutations as described so far for S. aureus [19].  

 

1.3 Microbiology 

1.3.1 Culture  

Staphylococci are nonmotile, non-spore-forming, facultative anaerobe, non-

fstidious bacteria. Microscopically they are gram-positive with a diameter from 0.5 

to 1 µm showing aggregation pattern either in pairs, tetrads, or grape-like clusters 

[10]. CoNS strains grow on Columbia agar 5% sheep blood usually within 18h to 

24h, displaying circular, raised, or depressed, smooth, glistering, translucent to 

opaque, white, or grayish colonies with diameter from 4 to 9 mm.  

Many of the CoNS show gamma haemolysis (non-haemolytic) on blood agar, 

whereas some strains (e.g., S. haemoliyticus) can display hazy or even beta-

haemolysis (complete haemolysis) [20]. Moreover, the haemolysis degrees might 

differ depending on the blood used for agar (e.g., bovine vs. sheep). Most CoNS 

are non-pigmented, but some strains produce a yellow or brownish pigment.  

Some CoNS strains have a mucoid appearance, while other more rarely have a 

pin-point growth, the so-called small colony variants (SCV). CoNS SCV require a 

longer incubation time of 48 to 72 hours and sometimes retain this despite 
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repeated subculturing. The appearance and auxotrophic characteristic of SCV 

are the consequences of induced changes in cell metabolism [21, 22].  

1.3.2 Identification  

Laboratory identification of CoNS includes the colony morphology and additional 

biochemical tests. Most CoNS strains do not produce free coagulase and are 

catalase positive. S. intermedius, unusual among clinically detected strains, 

belongs to CoPS because it produces coagulase. Most CoNS are 

deoxyribonuclease (Dnase)-negative nevertheless; some strain can show weak 

Dnase activity on DNase test agar. CoNS are haloduric growing well at NaCl 

concentration up to 7.5%, are lysostaphin susceptible and resistant to lysozyme. 

Guanine and cytosine (G+C) content in the CoNS DNA ranges from 30-38%. The 

cell wall contains peptidoglycan and teichoic acids [10]. Teichoic acid is built up 

from different polymers such as glycerol, glucose or glucosamine which alternate 

one after the other [23]. The cell wall peptidoglycan and teichoic acid composed 

mainly from glycerol and glucose, or glucosamine. The novobiocin susceptibility 

testing has previously been used as an identification tool for S. saprophyticus 

especially relevant in urine samples as S. saprophyticus is an important cause of 

urinary tract infection. 

The morphological and biochemical features were previously used to identify and 

differentiate CoNS from Micrococcaceae, but are time consuming, challenging 

and not always accurate from current state of knowledge. Moreover, these tests 

where not always conclusive since different Staphylococcus species can share 

the same features. Therefore, many of these tests have been abandoned, but 

some have been improved and are still applicable in a cost-efficient manner as 

rapid tests within a clinical laboratory. Currently, besides the rapid tests, species 

identification is performed either by manual or automated test systems available 

commercially (e.g., Vitek 2 bioMérieux, Marcy l’Etoile, France) or by matrix-

assisted laser desorption ionization-time of light mass spectrometry (MALDI-

TOF). 

Genes encoding antibiotic resistance (e.g., SCCmec), the ica operon involved in 

biofilm formation, arginine catabolic mobile element (ACME) and the IS element 

were proposed as marker for the diagnosis of more virulent CoNS strains causing 
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infection [18, 24, 25]. Their detection by means of PCR would indicate an 

infection, but the current data are not conclusive enough to implement in routine 

testing. Even if these elements are mainly found in hospital acquired CoNS 

strains, they can also be found less frequently in community acquired CoNS 

strains. Ica operon was found in community as well as hospital acquired strains 

but with a higher incidence among the latter [18]. Additionally, not all strains with 

these elements were accompanied by clinical signs of acute infection.  

1.3.3 Virulence factors 

Biofilm formation is the main virulence factor leading to CoNS foreign body-

related infection (FBRI) [8]. The colonization of a foreign body happens mainly 

during insertion and not subsequently from a bacteremia [25]. The genes that 

promote biofilm formation are not present in all CoNS and vary not only among 

CoNS species but also among isolates within the same species. The process 

comprises of at least three phases: surface adhesion, biofilm accumulation and 

formation, and biofilm detachment Fig. 1 [25]. Biofilm formation can occur on both 

abiotic and biotic (host tissue) surfaces [20].  

Attachment to surfaces involves physicochemical elements such as van der 

Waals forces and hydrophobic interactions with various proteinaceous and non-

proteinaceous adhesins from the CoNS surface [20]. Adhesion is most likely not 

receptor-mediated, but a result of cell surface protein interaction with extracellular 

host products (e.g., fibrinogen).  

 

 

 

Fig. 1 

The phases of the  

Biofilm formation: attachment,  

accumulation and  

detachment (retrieved with 

authors permission [25]) 
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The AtIE surface autolysin not only facilitates attachment to the foreign material 

but also to the host cells. Moreover, it also has bacteriolytic activity [8, 20], best 

characterized for S. epidermidis, but was also reported in S. saprophyticus and 

other CoNS. 

 

In the second phase, Staphylococci proliferate, resulting in the accumulation of 

multiple layers that are held together by polysaccharide intercellular adhesins, 

(PIAs) synthesized by the icaADBC operon, and additional protein factors. In the 

detachment phase, enzymatic activity (protease, nuclease, hydrolase) prompts 

the dislocation of parts of the clusters, releasing bacterial emboli into the 

circulation. Thus, Staphylococci, on the one hand, can colonize other sites and, 

on the other hand, can cause emboli responsible for a complicated course of the 

disease. 

 

Within the biofilm, the bacteria are no longer in a planktonic phase and the matrix 

forms a protective barrier against environmental factors, the host's immune 

response and, in particular, antibiotics. Biofilm-associated infections are therefore 

prone to therapy failure, complications and can eventually lead to chronic 

persistent infection [24]. 

 

1.3.4 Antibiotic susceptibility testing (AST)  

Different AST methods are available, and their employment depends on the 

setting. Broth micro-dilution (BMD) is according to the European Committee on 

Antimicrobial Susceptibility Testing [26, 27] the gold standard method for rapidly 

growing aerobic bacteria (Fig. 2).  

 

Shortly, within a well a known bacterial suspension will be incubated with the 

antibiotic(s) of interest for 18h to 24h and in the end the presence or the lack of 

turbidity will be recorded. Thus, the minimal inhibitory concentration (MIC) for 

each tested antibiotic is determined. MIC can be also determined by means of 

gradient test. Briefly, an antibiotic impregnated strip is applied on agar previously 

inoculated with a defined bacterial suspension and incubated together for certain 

amount of time and the MIC read where the ellipse meets the strip. (Fig. 2). 
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Fig. 2: A: disc diffusion, B. teicoplanin gradient test for CoNS (MIC of 1mg/L), C. microdilution 

(well 1-7 turbidity, 8-12 clear wells). 

 

Agar dilution is similar to broth dilution but uses agar instead of broth. For disc 

diffusion, the method first described by Kirby and Bauer [28], the bacterial 

inoculum is spread evenly on agar, antibiotic-impregnated discs are then applied, 

and after incubation the zone of growth inhibition around each disc is measured 

[26]. The diameter of each inhibition zone, if present, determines whether the 

bacteria is susceptible to the antibiotic or not according to the existing EUCAST-

defined breakpoints [29].  

 

Some of these methods are multi-step and time-consuming and therefore not 

always suitable for a high sample throughput within a diagnostic setting. 

Therefore, automated methods are more convenient and suitable. Automated 

ASTs are generally speaking robust, with minimal handling time, cost-effective 

and require little technical effort. 

1.4 Clinic 

Among opportunistic Staphylococci species like S. aureus, S. lugdunensis, or the 

S. epidermidis group cause infection more often than the others. Some other 

saprophytic species are mainly found on plant or animals [30] and have not yet 

been associated with infections in humans. A challenging situation from a clinical 

perspective arises when CoNS cause an infection, thus requiring antibiotic 

A B 

C 
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treatment and indwelling material removal. CoNS detected in a sample might be 

the result of a contamination during sampling or laboratory processing, or 

colonization of the surface or infection. Unfortunately, the clinical information is 

not very supportive because the onset is usually insidious, non-specific, and 

symptoms mild, therefore follow-up cultures are advisable. Bacteremia can be 

transient, intermittent, or continuous, thus CoNS identification in multiple samples 

taken at different time point can support the suspicion of an infection.  

 
At first CoNS adhere to a surface, colonize it and only in certain circumstances 

(interference with skin health, ecology, and structure, or the immune system), 

may cause opportunistic local or systemic infections. Advances in modern 

medicine have led to an increased role of CoNS among patients who are 

immunocompromised, critically ill, long-term in-patients, or have implanted 

medical devices [8, 31-35] 

 

CoNS strains have been reported to play a significant role not only among device-

associated infections (intravascular catheters, cerebrospinal fluid shunts, 

prosthetic joint, vascular grafts, and peritoneal dialysis catheters) but also in 

osteomyelitis, infective endocarditis [33], surgical site infections [35], and 

infections in neonates [36]. Van Epps et al. showed [31] that 50–70% of 

healthcare-associated infections in the USA are a consequence of the utilization 

of a broad spectrum of available implantable medical devices, from the easily 

replaceable peripheral cannula to long-term devices, including extracorporeal life 

support, left ventricular assist devices, neurological devices, and joint prostheses. 

 

CoNS strains cause 20–30%, and in some studies even up to 45% [32, 37] of 

central-line-associated bloodstream infections (CLABSIs) in intensive care units 

and 35–55% of cardiovascular implantable electronic device (CIED) infections 

[38]. Furthermore, the 2018 ECDC report [35], showed that overall, 50% of 

surgical site infections (SSIs) are due to Gram-positive cocci. CoNS strains were 

found in 26.4% of SSI after coronary artery bypass graft and 18.9% after hip 

prosthesis surgery. Amat-Santos et al. found that 24.5% of prosthetic valve 

endocarditis cases after transcatheter aortic valve replacement were caused by 

CoNS [33]. In addition, CoNS is a major cause of late-onset sepsis among 

neonates [36]. 
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1.5 Treatment 

Most CoNS strains display resistance to beta-lactam agents; therefore, 

glycopeptide antibiotics (GAs) are often the therapy of choice for these infections. 

Vancomycin and teicoplanin are naturally occurring actinomycete-derived first 

generation GA [39], whereas the recently clinically-approved second generation 

GA telavancin and dalbavancin are semi-synthetic lipoglycopeptides. GA fall into 

five structural sub-types sharing a backbone of seven aromatic amino acids (AA-

1 to AA7) and five aromatics rings (A-E) [40]. All GAs share the same mechanism 

of action (inhibition of the cell synthesis) and have a similar structure and 

spectrum of activity (mainly aerobic Gram-positive bacteria). By binding to the 

amino terminal acyl-D-alanyl-D-alanine subunit of peptidoglycan 

transglycosylation and thus cell-wall biosynthesisis inhibited inducing cell death 

[39] [41]. 

Teicoplanin is a fermenting product of Actinoplanes teichomyceticus, which 

initially was found in a soil sample from Nimodi Village, Indore, India [42]. 

Teicoplanin complex consists of five related components (group A2) linked to the 

heptapeptide scaffold, a hydrolysis group and four other minor components [43]. 

The components ratio can vary with the strain and the growth media used in the 

fermentation process [44].  

 

 

 

 

 

 

 

Fig 3. Structure of Teicoplanin: A. heptapeptide scaffold, B. five major groups (A2) and four minor 

groups (retrieved with authors permission [45]).  

A B 
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GA resistance among CoNS has been reported but the underlying mechanism 

remains unclear.  

Teicoplanin was approved in Europe for adults as well as for children in 1988 and 

according to the European Pharmacopoeia the six components should be 

available in a predetermined concentration in order to be eligible for release by 

the European Medicines Agency (EMA/194668/2013) [46]. Teicoplanin has 

similar efficacy to vancomycin but has been associated with fewer side effects 

and less nephrotoxicity than vancomycin [47, 48]. Therefore, teicoplanin has 

become a therapeutic alternative to vancomycin for certain patients (e.g., those 

with neutropenia [49], or renal dysfunction).  

Teicoplanin can be administered intravenously or intramuscular, as a single daily 

dose after a loading phase. The teicoplanin dose, rate of administration and target 

serum trough level must be adjusted to the severity and infection site, age and 

renal function during the consolidation phase. Teicoplanin is neither absorbed 

orally nor metabolized [50], is up to 90% albumin-bound in serum and is excreted 

mainly renally. Teicoplanin has a long serum half-life (88 to 182 h) [50], with a 

good bioavailability in the lung, myocardium, and bone but little to no penetration 

in cerebral fluid or vitreous humour. Nevertheless, intraventricular administration 

has been described with satisfactory concentrations [50].  

 

1.6 Ethics vote and animal experiment approval 

In accordance with the Declaration of Helsinki (2013), ethical approval for the 

study was granted by the Ethics Committee of the Medical Faculty of the Heinrich-

Heine University, Dusseldorf (Study-No.: 5694). 

 

1.7 Aims of the study 

Teicoplanin resistance has been reported increasingly over the years, but the 

published results are incongruous. In our laboratory we have made the same 

observation, but the questions as to whether teicoplanin resistance is rising and 

is it reliably detected, remain unanswered. Therefore, the aims of this study were 

to i.) assess the robustness of the routinely employed susceptibility testing by 

comparing it with other available methods; ii.) propose a diagnostic algorithm to 
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reliably detect the teicoplanin resistance and heteroresistance thereby also 

avoiding labour- intensive methods such as the population analysis method.  

 

  



12 
 

2 Publication 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



13 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



17 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



18 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



19 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



26 
 

3 Discussion 

The AST results and the institutional yearly resistance statistics confirmed 

previously published data [13, 34, 51, 52] that CoNS strains are highly resistant 

to most commonly used beta-lactam antibiotic agents, leaving glycopeptides, 

linezolid, and daptomycin as the most important therapeutic options. A number 

of aspects should be considered when choosing the appropriate treatment 

including side effects, risk of developing resistance during therapy, therapeutic 

drug monitoring, cost, and availability. Teicoplanin has been considered an 

alternative to vancomycin due to its lower nephrotoxicity, reduced drug 

interactions, and once-daily administration.  

Teicoplanin resistance has been reported in the USA and the UK since the early 

1980s, but the published data since then [53] do not reflect the actual incidence 

and its impact on therapeutical use. Teicoplanin resistance is an increasing and 

emerging challenge, but published data are inconclusive due to a number of 

factors. These include the different methods employed (e.g., broth microdilution 

vs. disk diffusion [34]); settings (diagnostic vs. research e.g., broth microdilution 

vs. population analysis); the standards employed (e.g., Clinical & Laboratory 

Standards Institute- CLSI vs. EUCAST defined breakpoints); the inclusion of 

diverse cohorts (e.g., catheter-related bacteremia vs. healthy volunteers [18, 52]; 

the bacterial species studied (most studies have focused on S. aureus and fewer 

on CoNS [54]); clonal dissemination [55]; data generated at different time points 

[56]; or that teicoplanin was not tested. Thus, to date, reports have probably 

underestimated the true incidence of teicoplanin resistance and are still 

insufficient to identify its underlying mechanisms with certainty.  

It is still unclear if increasing teicoplanin resistance should be attributed to one or 

several possible underlying mechanisms. The mechanism is neither well defined 

nor adequately studied. Several mechanisms have been proposed such as 

cellular aggregates and antibiotic retention [57] or cell-wall alteration through 

reorganization or thickening [20, 58]. Perhaps even more worrying is that 

teicoplanin resistance has been shown to develop under therapy [59, 60]. 

Biavasco et al. pointed out that the testing methods employed for teicoplanin can 

be easily influenced by technical factors such as the methodology, media, 
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inoculum, and incubation time [61]. Furthermore, it has been shown that the 

physical properties of teicoplanin—a large, lipophilic, and negatively charged 

molecule have an impact upon testing by generating a lower diffusion coefficient 

on agar compared with vancomycin [62].  

Broth microdilution is generally regarded as the gold standard method for 

antibiotic susceptibility testing; however, few laboratories use it for routine 

purposes. To optimize laboratory workflow with a high sample throughput, semi-

automated devices such as Vitek-2 are employed routinely for the AST of fast-

growing bacteria. Generally speaking, Vitek-2 performs well; It is fast and robust, 

with minimum hands-on time, is cost-effective, and requires little technical 

expertise. In our laboratory, using Vitek-2, a rapid rise in teicoplanin-resistant 

CoNS strains was observed in 2015. Baris et al. also reported an increased 

number of teicoplanin-resistant strains with a similar semi-automated system, BD 

Phoenix [51]. In this study, as in ours, most of the samples tested as teicoplanin-

resistant using Vitek-2 were not confirmed via sBMD, resulting in the highest rate 

of ME among the AST methods. The majority of teicoplanin MIC, determined 

using Vitek-2 were either 4 or 8 mg/L (56.8%) – at or close to the EUCAST 

epidemiological cut-off (ECOFF) value for CoNS (MIC 4 mg/L), thus having an 

impact upon the generated EA and CA. Meanwhile, most of the MIC in sBMD 

(54.7%) were concentrated at the upper limit of the range (2 or 4 mg/L), thus 

conforming to the published EUCAST MIC distribution determining the 

teicoplanin breakpoints for CoNS. Vaudaux et al. found a similar MIC distribution 

using macrodilution but not microdilution. Moreover, MIC distribution was 

different when performed using macrodilution or microdilution [63].  

According to these results, the AST performance for teicoplanin does not fulfill 

the CLSI criteria of 90% agreement for both EA and CA [64]. It is difficult to 

establish a diagnostic workflow that reliably confirms teicoplanin resistance 

among routinely tested strains. Firstly, EA and CA differ in test, antibiotic, and 

methodology, confirming the results of Campana et al. Moreover, their results 

showed that EA and CA vary with species (e.g., CA for strip test for S. aureus 

(100%) vs. 75% for CoNS according to CLSI) [65]. Secondly, most of the routinely 

employed AST assays use a low bacterial inoculum and are fast, whereas the 

strains that might bear heteroresistance are first detected at CFU above 106 
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CFU/mL and after a longer incubation time (48 h). With a final inoculum of 5 × 

105 CFU/well, the microdilution assay, the current gold standard method, is 

unable to reliably detect heteroresistance [63]. Routinely employed methods 

probably do not detect heteroresistant strains, which may have a negative impact 

on therapeutic outcomes.  

Due to the discussed difficulty in obtaining reliable, consistent susceptibility data 

for teicoplanin in CoNS it would be useful to generate a diagnostic algorithm, in 

which screening for resistance in a first simple test would detect possible 

resistance, e.g., a rapid automated AST and lead to further, more labor-intensive 

testing such as broth. Or agar-dilution, which involve a high inoculum and a longer 

incubation.  The second method should preferably be fast, commercially available 

for routine settings, have a low cost, and be reliable and reproducible. A possible 

option would be MET. MET is a method with low hands-on time, but adjustments 

are needed for it to be as reliable for use with CoNS as it is for S. aureus. The 

strains with suspected teicoplanin resistance could be further tested in reference 

laboratories by means of population analysis profiles (PAPs), whichis the gold 

standard method to detect heteroresistance. This is a demanding time-

consuming method, difficult to implement in a routine setting, and poses the risk 

of selecting in vitro resistance instead of finding it [66]. Using a different method 

in the second step is challenging because not all laboratories have the option to 

produce the necessary in-house plates. 

These results do not detect an increased vancomycin resistance associated with 

teicoplanin resistance as previously predicted. This may be due to an underlying 

mechanism that involves only teicoplanin or that the teicoplanin molecule 

presents technical difficulties causing an unreliable result [33]. In this respect 

similar results are seen with colistin resistance testing [67]. 

 

The study has drawbacks. It is a retrospective, descriptive and focuses mainly on 

the microbiology aspects. For a complete overview of the situation further studies 

are needed which will include clinical aspects and more importantly the response 

to therapy.  
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In conclusion, extensive teicoplanin susceptibility testing showed that the results 

obtained using a single method could not be fully confirmed by employing various 

other methods. Due to a high discrepancy among the methods tested, no suitable 

algorithm can be proposed to reliably detect teicoplanin resistance. The fact that 

the results were so diverse suggests that all the aspects involved in teicoplanin 

testing should be re-evaluated so that improvements can be made not only in the 

laboratory but also in establishing reliable breakpoints. Given the relevance that 

these results pose for antibiotic therapy, further clinical studies looking into the 

clinical efficacy of teicoplanin and in vitro teicoplanin testing are of great 

importance.  
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