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ABSTRACT

Staphylococci, involved in many human diseases, are present on human
and animal body surfaces as well as in air, food and water. The general
classification of staphylococci divides them in two major groups; coagulase
positive and negative staphylococci. Coagulase-negative staphylococci
(CoNS) are present as a part of normal skin and mucous membrane flora
in humans. CoNS have long been considered as non-pathogenic organism
but now they are considered pathogenic involved in infections related to
prosthetic materials particularly in surgical wounds. Virulence factors in
CoNS are not very clearly established. Staphylococcus epidermidis is
evolving as a resistant and powerful microbe related to nosocomial
infections. Characteristics like biofilm formation, drug resistance and
evolution of genetic variables contribute to its pathogenicity. This review
elaborates the evidence of involvement of CoNS in various clinically
important infections from recent and past literature.
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1. INTRODUCTION

Staphylococci are Gram-positive round (cocci) bacteria which appear as cellular clusters under a
microscope. They are present on body membranes and skin of human and other animals (Becker et
al., 2014). Staphylococci have been isolated from a variety of environmental sources such as air, dust,
water and food (Widerstrom et al., 2012). Staphylococcus aureus (coagulase positive) is a recognized
pathogen while Coagulase-negative staphylococci (CoNS), previously considered non-pathogenic,
are usually responsible for various sub-clinical infections lacking typical signs and symptoms of the
disease (Von Eiff et al., 2002). CoNS are now considered important pathogens causing infections
related to prosthetic materials particularly surgical wounds. Over forty species of CoNS have so far
been identified. The main species involved in human infections is S. epidermidis, while S.
haemolyticus, S. warneri, S. hominis, S. capitis, S. intermedius, S. schleiferi and S. simulans are the
other CoNS which rarely cause human infections (Foster, 2009). Based on simple test scheme, CoNS
have been categorized into five groups (De Paulis et al., 2003) as under:

e S. epidermidis group: S. epidermidis, S. caprae S. capitis and subsp. ureolyticus

¢ S. haemolyticus group: S. haemolyticus, S. casseolyticus and S. auricularis

o S. saprophyticus group: S. hominis subsp. novobiosepticus and S. saprophyticus subsp. saprophyticus

e S. cohnii group: S. xylosus and S. cohnii subsp. urealyticum, S. lugdunensis, S. schleiferi subsp. schleiferi,
S. capitis subsp. capitis, S. simulans and S. cohnii subsp. cohnii

o S. warneri group: S. warneri and S. hominis subsp. hominis
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The virulence factors in CoNS are not yet clearly established. Staphylococcus epidermidis is
evolving as a resistant and powerful bacterium responsible for nosocomial infections. Characteristics
like biofilm formation, drug resistance and evolution of genetic variables contribute to its
pathogenicity. The present review elaborates the virulence, antibiotics resistance and clinical
significance of CoNS and provides suggestions for managing the clinical challenges associated with
these organisms.

2. VIRULENCE

S. aureus carry many effective virulence factors and is a potential threat for infections in various
clinical settings. In contrast, Coagulase-negative staphylococci (CoNS) usually require some
opportunity such as catheter-aided entry into the body for infection (Becker et al., 2014). After
breaching surface layer, CoNS can cause infections. In fact, for a long time CoNS were considered
non-pathogenic to human but are now regarded a key pathogen involved in catheter-related diseases,
hospital-acquired infections and bacteraemia (Pourmand et al., 2011; Heilmann et al., 2019). The
infections caused by CoNS are usually chronic and not very severe because they possess a fewer
virulence factors as compared to S. aureus (Foster, 2009). Many factors such as increased elderly
population, premature births, chronic and co-morbid illnesses, immune-compromised patients and
more frequent use of foreign indwelling devices etc., increase the incidence of CoNS related
infections (Widerstrom et al., 2012; Becker et al., 2014; Heilmann et al., 2019).

CoNS have the ability to attach and grow on the surface of medical devices and form a protective
biofilm layer around them (Von Eiff et al., 2002). The development of resistance tolerance to multiple
drugs in S. epidermidis is linked to biofilm production and its growth pattern (Donlan, 2000).
Moreover, they can avoid the host immune system and possess virulent factors which cause damage
to the host tissues. Such characteristics impart pathogenicity to CoNS (Kloos and Bannerman, 1994).

The growth of microbes in biofilm mode is clinically very important (Hussain et al., 2017).
Biofilms consist of bacteria and their products which are collectively called extracellular polymeric
substance (EPS). Bacteria are around 5-25% of a biofilm and rest of it is EPS (Chen and Wen, 2011;
Hoiby et al., 2011). Intercellular adhesion (ica) genes play a vital role in the pathogenicity of S.
epidermidis. The gene group consists of icaA, icaB, icaC and icaD genes and a repressor gene, icaR
gene, regulate icaADBC operon activity, thus regulating biofilm synthesis (Conlon et al., 2002;
Kozitskaya et al., 2005; Rohde et al., 2006). Biofilm formation can occur under the influence of genes
(ica genes) or by other mechanisms which involve various proteins. The layers of biofilm act as a
barrier against immune components as well as antibiotics thus enhance long-term survival of these
microbes. For instance, removing biofilm from wound surface by using the methods like surgical
debridement, enzymatic and chemical debridement is included in treating chronic wounds (Hussain
et al., 2017). The four main stages of biofilm formation and maturation are attachment, accumulation,
maturation and detachment. The main process involved and the examples of virulence factors
associated in each of these stages are given in Table 1. There are other factors which contribute to the
virulence of these microbes. For instance, antibiotic resistance spread via plasmids in CoNS. and
resistance to methicillin spreads from S. epidermidis to S. aureus through mobile genetic elements
(Hanssen et al., 2004; Malachowa and Deleo, 2010).

3. ANTIBIOTICS RESISTANCE

It is clinically significant that S. epidermidis strains have developed resistance to various
antimicrobials (Donlan, 2000). Pourmand et al. (2011) have reported 34.3% positivity for slime
production in S. epidermidis isolates from medical staff nasal mucosa samples. These slime producing
isolates showed resistance to penicillin (94%), tetracycline (88%), erythromycin (79%) and
clindamycin (77%) with overall 66.7% isolates resistant to more than one antibiotic at a same time.
Mack et al. (2002) reported the presence of methicillin (oxacillin) resistance in 90% staphylococcal
isolates obtained from the hospital environment. The presence of increased resistance in isolates from
hospital settings is attributable to the regular use of antibacterial agents for treatment and disinfection
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Table 1: The stages of biofilm formation and maturation
Example of virulence/

Biofilm stage chemical factor Process
Attachment AtIE, bacterial wall Bacteria use various .
teichoic acid attachment factors to attach -
themselves to biotic and s &
abiotic surfaces.
Accumulation AtlE, PIA, various Bacteria settle and start o0
proteins such as Bap growing and secrete various .m ®
EPS.
Maturation AtlE, PIA, various This stage involves
proteins such as Bap proliferation and secretion °
of EPS to establish a mature
and stable growth of bacteria

in multilayer structure.
Detachment PSMs, enzymes such as This stage involves breaking
proteases, nucleases and of parts of biofilm, which - ©
hydrolases can disperse and spread such m
as via bloodstream to other _
parts of body.
ALIE (autolysin); EPS (extracellular polymeric substance); PIA (polysaccharide intercellular adhesin); PSMs
(phenol-soluble modulins); === represents a body or an indwelling device surface; @ represents
bacteria; depicts products of bacteria

(McCann et al., 2008). Hellmark et al. (2009) studied the antimicrobial activities of 16 antibiotics
against S. epidermidis, isolated from prosthetic joint infections (PJIs), and found 91% isolates
resistant to multiple antibiotics (multi-resistance).

Biofilms layers play important role in evading toxic effects (Donlan, 2000). Antibiotic resistance
is usually linked to the better survival of microbes in biofilms. In fact, it is not the resistance to
antibiotics in majority cases; but the “tolerance” of these biofilm communities against antimicrobials.
The biofilm layers provide protective cover to the bacteria and hinder deep penetration of these
agents. Further, this tolerance helps them to survive against immune system, as immune system cells
and other components cannot penetrate through the layers of biofilm (Hussain, 2020).

4. INFECTIONS RELATED TO CoNS

S. epidermidis, until recently, was regarded as hon-pathogenic organism but research-based evidences
have proved its pathogenic nature. CoNS are now considered as important pathogens involved
particularly in nosocomial infections (Widerstrom et al., 2012; Bizzarro et al., 2015). In a statistical
report from the National Nosocomial Infections Surveillance (NNIS) program, CoNS constituted 8%
of all nosocomial infections (Banerjee et al., 1991). S. epidermidis is evolving as a resistant and
powerful microbe related to nosocomial infections because it has different properties which
independently and in combination make it a successful infectious agent, especially in the hospital
environment. Such characteristics include biofilm formation, drug resistance and the evolution of
genetic variables (Ziebuhr et al., 2006). Biofilm production is controlled by ica genes (intercellular
adhesion) in S. epidermidis. Bacterial growth, survival and tolerance against antibiotics as well as
immune system increase in biofilm mode of growth (Hussain et al., 2017; Hussain, 2020). Bacterial
tolerance against antimicrobials when they grow in form of biofilms has been associated to
mechanisms such as slow growth, nutritional limitation, altered metabolism and reduced antibiotic
penetration through layers of biofilm (Stewart, 2002; Hussain, 2020). Emergence of more resistant
strains is also clinically important particularly in hospital settings. S. epidermidis is involved in
nosocomial infections such as catheter-associated infections (Von Eiff et al., 2002).
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The clinical use of different types of catheters is increasing dramatically. In United States alone
about 180 million peripheral and seven million central devices are annually used (Hanna and Raad,
2005). Staphylococci significantly cause indwelling device-related infections and are responsible for
severe complications Infections related to foreign bodies could be divided into local and systemic
infections. Foreign body-related infections (FBRIs) are clinically important (Becker et al., 2014).
Such infections are usually termed as device associated health care-associated infections [DA-HAISs]
(Von Eiff et al., 2005) or health care associated infections (Widerstrom et al., 2012). These devices
can even present clinically with systemic infections without local infection (Leroy et al., 2012).

CoNS are also involved in causing septicaemia (Morad Asaad et al., 2016; Hitzenbichler et al.,
2017; Pedroso et al., 2018). About two hundred and fifty thousand catheter-related septicaemia cases
are diagnosed annually in the United States, which results in 1-2% mortality, increased cost and
longer hospital stay (Raad et al., 2017). Mostly, the bacteraemia caused by CoNS is not life-
threatening especially if prompt treatment is provided timely. Occasionally systemic sepsis syndrome
can also occur particularly in patients with suppressed immune system (Otto, 2009). CoNS occur as
the most frequent organisms involved in cerebrospinal shunt infections. Factors which increase the
chances of central venous catheter infections include an age of less than six months, surgeon’s skills
and duration of surgery. Once infection is suspected, cerebrospinal fluid (CSF) culturing or culturing
of catheter surfaces after its removal is usually needed (Boyce et al., 2004). Though, the removal of
central venous catheters is a controversial topic, treating infection with antibiotics without removing
the catheter can be attempted but successive positive cultures on three occasions is an indication for
the removal of the device (Venkatesh et al., 2006).

Both S. aureus and CoNS are recognized as most important organisms involved in surgical site
infections (Rogers et al., 2009). Two factors are important for CoNS infection of surgical sites which
include the cut is not very deep and/or the procedure did not have contamination risk. In other words,
it can be said that organs such as bowels are at less risk of contracting a CoNS infection compared to
the surgeries performed on relatively cleaner areas such as skin (Boyce et al., 2004). This is
interesting and clinically important. Furthermore, CoNS can infect prosthetic vascular grafts, which
usually occur within 30 days of graft insertion. Infection rates and complications depend on sites of
insertion; for example, aortic graft infections have a higher mortality rate (Rogers et al., 2009).

CoNS have been reported as one of the important bacterial group involved in orthopaedic
infections, especially prosthetic joint infections (PJIs) and implant loosening (Peel et al., 2012; De
Vecchi et al., 2018; Lourtet-Hascoét et al., 2018; Heilmann et al., 2019). For prosthetic joint
infections, various procedures such as joint replacement, resectional-arthroplasty and simple
debridement can be performed with different indications, merits and demerits (Rogers et al., 2009).
These organisms are also involved in neonatal intensive care unit infections (Klingenberg et al.,
2007). As CoNS are nosocomial pathogens, they have significance in intensive care unit infections
(Marchant et al., 2013). Factors such as preterm and low birth weight, Total parenteral nutrition
(TPN), umbilical lines and risk carrying pregnancies are believed to be involved in more reported
cases of neonatal infections caused by CoNS. Neonates might require antimicrobial therapy as well
as device removal (Benzies, 2008).

CoNS are also involved in cardiac pacemaker infections, prosthetic vascular grafts, vascular
catheters infections, cardiac devices and coronary stents related infections (Leroy et al., 2012).
Systemic antimicrobials and device replacement by surgical intervention is required to treat such
patients successfully (Saleem et al., 2010). CoNS have also been reported to cause skin and soft-tissue
infection like abscesses and paronychia (Natsis and Cohen, 2018). S. aureus is regarded as an
important infectious organism in mastitis, but recent studies have suggested the involvement of CoNS
(especially S. epidermidis), which have a significant role in such infections (Mediano et al., 2017).
Delgado et al. (2009) compared the culture results of milk from 30 women with mastitis and on
culturing 27 grew bacteria with S. epidermidis present in 26 and S. aureus in 8 samples. CoNS are
also involved in ocular infections (Deguchi et al., 2018). S. epidermidis is an important organism
causing endophthalmitis. In fact, it is the most common cause for endophthalmitis after the
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penetration of S. epidermidis to injuries in the eye and in such cases the risk increases up to 15% if
foreign material remains at the injury site or if prosthetic material is used for treatment (Selton-Suty
et al., 2012). CoNS have also been reported to be involved in acute urethritis (Becker et al., 2014)
and urinary tract infections (Widerstrom et al., 2012). This all clearly demonstrates that CoNS are
clinically very important. Their involvement in infections related to multiple systems of body urge
physicians to be clinically vigilant and consider CoNS as important pathogens particularly while
dealing with patients with indwelling devices and foreign materials.

5. PREVENTION, PROBLEMS AND FUTURE STRATEGIES

S. epidermidis is a part of normal flora but research evidences reveal its role as opportunistic
pathogen. This emphasizes to have detailed study about the life cycle of S. epidermidis both as a
commensal and pathogen as well as to find out the relationship between these two life cycles (Otto,
2009). Since only in a few cases S. epidermidis can grow due to contamination, so from the diagnostic
point of view it is vital to avoid contamination as a laboratory cannot differentiate growth source
whether from bacteraemia or contamination (Persson et al., 2006). The emergence of multi-resistant
S. epidermidis and its associated virulence has also prompted further research in this area.

Studies have shown the transmission of CoNS from medical staff involved in care and treatment.
Shittu et al. (2006) reported 18% isolates from the nasal samples from medical personnel/students to
be CoNS. S. epidermidis colonizes human skin so can easily contaminate a medical device during
insertion. Patient skin, contaminated devices, medical staff and air are potential sources of S.
epidermidis related infections (McCann et al., 2008). Paul et al. (2011) reported that the hands of
health care workers become more contaminated after dealing with patients and found 90.9% health
care workers contaminated after working with patients as compared to 59.1% before seeing the
patients. Staphylococci are the main organisms involved in such contaminations. They have proposed
that to avoid these hospital-acquired infections and there is a need to strictly follow hygiene and
sterile procedures. Moreover, treating such infections using routine therapy is not effective because
the organisms, introduced from clinical settings, are more resistant to routine antimicrobials (Paul et
al., 2011). As it is extremely difficult to eradicate CoNS thus it is necessary to follow good clinical
practices to avoid their infections (Rogers et al., 2009). For instance, it is essential to properly sterilize
the equipment and use sterile techniques while inserting any prosthetic material or device. Rogers et
al. (2009) have listed some measures to control the infections related to the use of indwelling
materials. Such measures include the use of prophylactic antimicrobials (especially if surgery is
performed), use of antiseptics, shaving of the surgical area, adhering to the proper surgical procedures
and wound care after surgery.

The use of vaccine and eradication of S. epidermidis is not appropriate (Otto, 2009). One reason
is that there is no proven vaccine available. Secondly, if we eradicate S. epidermidis, there are high
chances of some other harmful organism colonizing the skin and mucous membranes which may pose
therapeutic challenges. For example, Propionibacterium acnes is involved in causing acne vulgaris.
S. epidermidis inhibit the overgrowth of this organism thereby prevents acne vulgaris (Wang et al.,
2014). Thus, prevention by sterilization of equipment and devices as well as adhering to the
disinfection principles is the best way to avoid infections (Rogers et al., 2009). There is still no
success in the production of such devices, which can absolutely avoid bacterial colonization (Becker
et al., 2014). There are a lot of grey areas when we consider available information on CoNS. So
further research in required to elaborate details related to these bugs. This will help to develop
diagnostic and therapeutic tools (Becker et al., 2014). Thus, it is very important to determine the exact
source of CoNS involved in infections. If these sources can be identified accurately, prevention
strategies to avoid the introduction of these organisms can be implemented (Table 2). Itis clear from
this review that the prevention of entry of these bacteria is most important as an effective way to
avoid infections. Antibiotic therapy should not be used as the first option as more and more antibiotic
resistance is developing in these bacteria. Therefore, excessive use of antibiotics should be
discouraged, and other strategies should be applied to avoid contamination of medical devices and
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Table 2: Clinical strategies to manage nosocomial infections

A. Measures before invasive procedure or device insertion Relation®

» Proper sterilization of equipment used for invasive diagnostic or therapeutic procedure *

> Adoption of sterilized techniques during insertion of indwelling devices (gloves, gown, *
mask, etc.)

> Use of sterilized products and fluids to be infused through devices *

» Use of indwelling devices only in emergency when clinically specified after assessing *
their benefits and risks

> Use of good quality sterilized indwelling devices *x

> Use of antibiotics impregnated catheters and antiseptic impregnated catheters Fx ok

> Use of prophylactic antimicrobials especially prior to the surgical procedures * | Kk

B. Measures after a procedure or device insertion

» Proper diagnosis of infection development and treatment Fkkx

» Removal/replacement of devices when clinically indicated Fkkx

> Treatment of established infection with appropriate antibiotics falalalad

» Use of quorum-sensing inhibiting chemicals to discourage bacterial growth & maturation Fkkx

» Use of techniques to remove/disrupt the established biofilms (e.g, enzymatic removal by Fkkx
oxidoreductases & endopeptidases, physical removal like debridement of wounds)

» Use of antibiotic flush or antibiotic lock techniques Fkk kkk

» Bacteriophage therapy Fxk

*Relationship of measures with the stages of infection/biofilm development
* = Minimize/ avoid the introduction of bacteria to the procedure site
** = Mainly avoid contamination of external devices such as catheters
*** = Minimize and control “attachment” of microbes to biotic and abiotic surfaces
**** = Detach bacteria and discourage their growth, maturation and spread to other sites of body

wounds by these bacteria. For the development of such strategies, the main source(s) of CoNS should
be identified. There is a great need to investigate the characteristics of CoNS both at cellular and
molecular levels. By acquiring such information, we will be able to develop the techniques which
will enable us to accurately diagnose CoNS. This will help in choosing appropriate therapy and
improve clinical outcome.

Acknowledgments: There is no specific funding resource for this review paper.

Conflict of interest: Authors have no conflicts of interest.

REFERENCES

Banerjee, S.N., Emori, T.G., Culver, D.H., Gaynes, R.P., Jarvis, W.R., Horan, T. and Martone, W.J.
1991. Secular trends in nosocomial primary bloodstream infections in the United States, 1980-
1989. National nosocomial infections surveillance system. The American Journal of Medicine,
91(3B): 86S-89S.

Becker, K., Heilmann, C. and Peters, G. 2014. Coagulase-negative staphylococci. Clinical
Microbiology Reviews, 27(4): 870-926.

Benzies, K.M. 2008. Advanced maternal age: Are decisions about the timing of child-bearing a failure
to understand the risks? Canadian Medical Association Journal, 178(2): 183-184.

Bizzarro, M.J., Shabanova, V., Baltimore, R.S., Dembry, L.M., Ehrenkranz, R.A. and Gallagher, P.G.
2015. Neonatal sepsis 2004-2013: The rise and fall of coagulase-negative staphylococci. The
Journal of Pediatrics, 166(5): 1193-1199.



Coagulase-negative Staphylococci and their role nosocomial infections 119

Boyce, J.M., Havill, N.L., Kohan, C., Dumigan, D.G. and Ligi, C.E. 2004. Do infection control
measures work for methicillin-resistant Staphylococcus aureus?.Infection Control & Hospital
Epidemiology, 25(5): 395-401.

Chen, L. and Wen, Y.M. 2011. The role of bacterial biofilm in persistent infections and control
strategies. International Journal of Oral Science, 3(2): 66-73.

Conlon, K.M., Humphreys, H. and O'Gara, J.P. 2002. icaR encodes a transcriptional repressor
involved in environmental regulation of ica operon expression and biofilm formation in
Staphylococcus epidermidis. Journal of Bacteriology, 184(16): 4400-4408.

De Paulis, A.N., Predari, S.C., Chazarreta, C.D. and Santoianni, J.E. 2003b. Five-test simple scheme
for species-level identification of clinically significant coagulase-negative staphylococci.
Journal of Clinical Microbiology, 41(3): 1219-1224.

De Vecchi, E., George, D.A., Romano, C.L., Pregliasco, F.E., Mattina, R. and Drago, L. 2018.
Antibiotic sensitivities of coagulase-negative staphylococci and Staphylococcus aureus in hip
and knee periprosthetic joint infections: Does this differ if patients meet the international
consensus meeting criteria? Infection and Drug Resistance, 11: 539.

Deguchi, H., Kitazawa, K., Kayukawa, K., Kondoh, E., Fukumoto, A., Yamasaki, T. and Sotozono,
C. 2018. The trend of resistance to antibiotics for ocular infection of Staphylococcus aureus,
coagulase-negative staphylococci, and Corynebacterium compared with 10-years previous: A
retrospective observational study. PloS One, 13(9): e0203705.

Delgado, S., Arroyo, R., Jimenez, E., Marin, M.L., del Campo, R., Fernandez, L. and Rodriguez, J.M.
2009. Staphylococcus epidermidis strains isolated from breast milk of women suffering
infectious mastitis: Potential virulence traits and resistance to antibiotics. BMC Microbiology,
9: 82.

Donlan, R.M. 2000. Role of biofilms in antimicrobial resistance. American Society for Artificial
Internal Organs Journal, 46(6): S47-52.

Foster, T. 1996. Staphylococcus. In: Medical Microbiology (ed. S. Baron) 4™ edn. University of
Texas, Medical Branch, Galveston, Taxas, USA.
[https://www.ncbi.nlm.nih.gov/books/NBK8448/].

Hanna, R. and Raad, Il. 2005. Diagnosis of catheter-related bloodstream infection. Current Infectious
Disease Reports, 7(6): 413-419.

Hanssen, A.M., Kjeldsen, G. and Sollid, J.U. 2004. Local variants of Staphylococcal cassette
chromosome mec in sporadic methicillin-resistant Staphylococcus aureus and methicillin-
resistant coagulase-negative Staphylococci: Evidence of horizontal gene transfer? Antimicrobial
Agents and Chemotherapy, 48(1), 285-296.

Heilmann, C., Ziebuhr, W. and Becker, K. 2019. Are coagulase-negative staphylococci virulent?
Clinical Microbiology and Infection, 25(9): 1071-1080.

Hellmark, B., Unemo, M., Nilsdotter-Augustinsson, A. and Soderquist, B. 2009. Antibiotic
susceptibility among Staphylococcus epidermidis isolated from prosthetic joint infections with
special focus on rifampicin and variability of the rpoB gene. Clinical Microbiology and
Infection, 15(3): 238-244.

Hitzenbichler, F., Simon, M., Salzberger, B. and Hanses, F. 2017. Clinical significance of coagulase-
negative staphylococci other than S. epidermidis blood stream isolates at a tertiary care hospital.
Infection, 45(2): 179-186.

Hoiby, N., Ciofu, O., Johansen, H.K., Song, Z.J., Moser, C., Jensen, P.O. and Bjarnsholt, T. 2011.
The clinical impact of bacterial biofilms. International Journal of Oral Science, 3(2): 55-65.

Hussain, M.A. 2020. Importance and concept of resistance versus tolerance in biofilm mode of
bacterial proliferation. Biologia (Pakistan), 66(1): 61-65.

Hussain, M.A., Rathnayake, I. and Huygens, F. 2017. Prevalence of biofilm controlling ica genes of
Staphylococcus epidermidis detected in healthy skin, blood samples from septicaemia patients
and chronic wounds. International Journal of Basic & Clinical Pharmacology, 6(4): 726-733.



120 Malik Asif Hussain et al.

Klingenberg, C., Ronnestad, A., Anderson, A.S., Abrahamsen, T.G., Zorman, J., Villaruz, A. and
Sollid, J.E. 2007. Persistent strains of coagulase-negative staphylococci in a neonatal intensive
care unit: Virulence factors and invasiveness. Clinical Microbiology and Infection, 13(11):
1100-1111.

Kloos, W.E. and Bannerman, T.L. 1994. Update on clinical significance of coagulase-negative
staphylococci. Clinical Microbiology Reviews, 7(1): 117-140.

Kozitskaya, S., Olson, M.E., Fey, P.D., Witte, W., Ohlsen, K. and Ziebuhr, W. 2005. Clonal analysis
of Staphylococcus epidermidis isolates carrying or lacking biofilm-mediating genes by
multilocus sequence typing. Journal of Clinical Microbiology, 43(9): 4751-4757.

Leroy, O., Meybeck, A., Sarraz-Bournet, B., d'Elia, P. and Legout, L. 2012. Vascular graft infections.
Current Opinion in Infectious Diseases, 25(2): 154-158.

Lourtet-Hascoét, J., Felice, M., Bicart-See, A., Bouige, A., Giordano, G. and Bonnet, E. 2018.
Species and antimicrobial susceptibility testing of coagulase-negative staphylococci in
periprosthetic joint infections. Epidemiology and Infection, 146(14): 1771-1776.

Mack, D., Sabottke, A., Dobinsky, S., Rohde, H., Horstkotte, M.A. and Knobloch, J.K.M. 2002.
Differential expression of methicillin resistance by different biofilm-negative Staphylococcus
epidermidis transposon mutant classes. Antimicrobial Agents & Chemotherapy, 46(1): 178-183.

Malachowa, N. and DeLeo, F.R. 2010. Mobile genetic elements of Staphylococcus aureus. Cellular
and Molecular Life Sciences, 67(18), 3057-3071.

Marchant, E.A., Boyce, G.K., Sadarangani, M. and Lavoie, P.M. 2013. Neonatal sepsis due to
coagulase-negative staphylococci: Clinical and developmental immunology, vol. 2013, article
ID 586076, 10 pages [https://doi.org/10.1155/2013/586076].

McCann, M.T., Gilmore, B.F. and Gorman, S.P. 2008. Staphylococcus epidermidis device-related
infections: Pathogenesis and clinical management. Journal of Pharmacy and Pharmacology,
60(12): 1551-1571.

Mediano, P., Ferndndez, L., Jiménez, E., Arroyo, R., Espinosa-Martos, 1., Rodriguez, J.M. and Marin,
M. 2017. Microbial diversity in milk of women with mastitis: Potential role of coagulase-
negative staphylococci, viridans group streptococci, and corynebacteria. Journal of Human
Lactation, 33(2): 309-318.

Morad Asaad, A., Ansar Qureshi, M. and Mujeeb Hasan, S. 2016. Clinical significance of coagulase-
negative staphylococci isolates from nosocomial bloodstream infections. Infectious Diseases,
48(5): 356-360.

Natsis, N.E. and Cohen, P.R. 2018. Coagulase-negative Staphylococcus skin and soft tissue
infections. American Journal of Clinical Dermatology, 19(5): 671-677.

Otto, M. 2009. Staphylococcus epidermidis - The ‘accidental' pathogen. Nature Reviews
Microbiology, 7(8), 555-567.

Paul, R., Das, N.K., Dutta, R., Bandyopadhyay, R. and Banerjee, A.K. 2011. Bacterial contamination
of the hands of doctors: A study in the medicine and dermatology wards. Indian Journal of
Dermatology, Venereology and Leprology, 77(3): 307-313.

Pedroso, S.H., Sandes, S.H., Filho, R.A., Nunes, A.C., Serufo, J.C., Farias, L.M. and Santos, S.G.
2018. Coagulase-negative Staphylococci isolated from human bloodstream infections showed
multidrug resistance profile. Microbial Drug Resistance, 24(5), 635-647.

Peel, T.N., Cheng, A.C., Buising, K.L. and Choong, P.F. 2012. Microbiological aetiology,
epidemiology, and clinical profile of prosthetic joint infections: are current antibiotic
prophylaxis guidelines effective? Antimicrobial Agents and Chemotherapy, 56(5), 2386-2391.

Persson, L., Strid, H., Tidefelt, U. and Soderquist, B. 2006. Phenotypic and genotypic
characterization of coagulase-negative staphylococci isolated in blood cultures from patients
with haematological malignancies. European Journal of Clinical Microbiology and Infectious
Diseases, 25(5): 299-3009.



Coagulase-negative Staphylococci and their role nosocomial infections 121

Pourmand, M.R., Abdossamadi, Z., Salari, M.H. and Hosseini, M. 2011. Slime layer formation and
the prevalence of mecA and aap genes in Staphylococcus epidermidis isolates. The Journal of
Infection in Developing Countries, 5(1): 34-40.

Raad, I., Hanna, H. and Maki, D. 2007. Intravascular catheter-related infections: Advances in
diagnosis, prevention, and management. The Lancet Infectious Diseases, 7(10): 645-657.
Rohde, H., Mack, D., Christner, M., Burdelski, C., Franke, G. and Knobloch, J.K. 2006. Pathogenesis
of staphylococcal device-related infections: From basic science to new diagnostic, therapeutic

and prophylactic approaches. Reviews in Medical Microbiology, 17(2): 45-54.

Rogers, K.L., Fey, P.D. and Rupp, M.E. 2009. Coagulase-negative staphylococcal infections.
Infectious Disease Clinics of North America, 23(1), 73-98.

Saleem, B.R., Meerwaldt, R., Tielliu, I.F., Verhoeven, E.L., van den Dungen, J.J. and Zeebregts, C.J.
2010. Conservative treatment of vascular prosthetic graft infection is associated with high
mortality. The American Journal of Surgery, 200(1), 47-52.

Selton-Suty, C., Celard, M., Le Moing, V., Doco-Lecompte, T., Chirouze, C., lung, B. and Group,
A.S. 2012. Preeminence of Staphylococcus aureus in infective endocarditis: a 1-year
population-based survey. Clinical Infectious Diseases, 54(9): 1230-1239.

Shittu, A., Lin, J., Morrison, D. and Kolawole, D. 2006. Identification and molecular characterization
of mannitol salt positive, coagulase-negative staphylococci from nasal samples of medical
personnel and students. Journal of Medical Microbiology, 55(Pt 3): 317-324.

Stewart, P.S. 2002. Mechanisms of antibiotic resistance in bacterial biofilms. International Journal
of Medical Microbiology, 292(2): 107-113.

Venkatesh, M.P., Placencia, F. and Weisman, L.E. 2006. Coagulase-negative staphylococcal
infections in the neonate and child: An update. Seminars in Pediatric Infectious Diseases, 17(3):
120-127.

von Eiff, C., Jansen, B., Kohnen, W. and Becker, K. 2005. Infections associated with medical devices:
Pathogenesis, management and prophylaxis. Drugs, 65(2): 179-214.

von Eiff, C., Peters, G. and Heilmann, C. 2002. Pathogenesis of infections due to coagulase-negative
staphylococci. The Lancet Infectious Diseases, 2(11): 677-685.

Wang, Y., Kuo, S., Shu, M., Yu, J,, Huang, S., Dai, A. and Huang, C.M. 2014. Staphylococcus
epidermidis in the human skin microbiome mediates fermentation to inhibit the growth of
Propionibacterium acnes: Implications of probiotics in Acne vulgaris. Applied Microbiology
and Biotechnology, 98(1): 411-424.

Widerstrom, M., Wistrom, J., Sjostedt, A. and Monsen, T. 2012. Coagulase-negative staphylococci:
update on the molecular epidemiology and clinical presentation, with a focus on Staphylococcus
epidermidis and Staphylococcus saprophyticus. European Journal of Clinical Microbiology &
Infectious Diseases, 31(1): 7-20.

Ziebuhr, W., Hennig, S., Eckart, M., Kranzler, H., Batzilla, C. and Kozitskaya, S. 2006. Nosocomial
infections by Staphylococcus epidermidis: How a commensal bacterium turns into a pathogen?
International Journal of Antimicrobial Agents, 28 (Suppl. 1): S14-20.





