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Abstract 

Introduction: CoNS which are normal commensal of skin and mucous membranes of human, 

when presented with an opportunity, are known to cause infections. The most common species 

among the group are the S. epidermidis. Production of extracellular slime called as biofilm help 

these pathogens to adhere to surfaces and protect themselves from the actions of host immune 

cells and chemotherapeutic agents. 

Objective: To identify the biofilm producing CoNS from various clinical specimens, their 

speciation and antibiogram. 

Materials and methods: 100 strains of CoNS isolated from various clinical samples were 

subjected to species identification by ornithine decarboxylase test, nitrate reduction test, 

Voges-Proskauer test, urease test, sugar fermentation tests and susceptibility to novobiocin and 

polymyxin B drugs. Biofilm production was detected using congo red agar and antibiotic 

susceptibility was tested by disc diffusion interpreted according to CLSI. 

Results: Out of a 100 CoNS, we speciated S. epidermidis (32%), S. hemolyticus (25%), S. 

hominis (14%), S. capitis, S. lugdunensis (11% each) and S. cohnii (7%). Biofilm producers 
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were 48 in number with S. epidermidis the leading pathogen. Antibiotic susceptibility showed 

a multidrug resistance pattern with commonly used antibiotics such as erythromycin, 

ciprofloxacin and gentamicin. However, 100% sensitivities were noted for rifampicin, 

vancomycin and linezolid. 

Conclusion: Times of assuming CoNS as a non-pathogen is now in the past. Speciation of 

CoNS and identifying their biofilm producing abilities need to be performed alongside their 

antimicrobial susceptibility profiles.  
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Introduction  

The Coagulase Negative Staphylococci (CoNS) are normal commensal bacteria of the skin, 

anterior nares, ear canals, respiratory and gastrointestinal mucous membranes of not only 

humans, but also animals [1]. Colonization of this bacteria on humans has been observed to 

occur as early as at birth with many strains inhabiting the skin and mucous membranes until 

death [2]. However, when the opportunity presents itself such as presence of intravascular and 

prosthetic devices, long-term hospitalization, critically ill patients or immunocompromised/ 

immunosuppressed hosts, CoNS act as pathogens causing nosocomial infections [3-5]. A direct 

combination of these factors have put CoNS on the 3rd position in the list of etiological agents 

of nosocomial blood stream infections [4]. 

Out of all the species of CoNS, Staphylococcus epidermidis is the most frequently isolated 

species singly accounting for more than 90% of the aerobic flora and has gained popularity in 

the past two decades as a very frequent cause of hospital-acquired infections [6,7]. A two part 

postulated pathogenic potential of CoNS has been attributed to (a) their ability to affix 

themselves on to any material made up of synthetic polymers and (b) production of an 

extracellular “slime” material [8]. Multicellular communities of bacteria immobilized and held 

by an extracellular polymeric matrix produced by the bacteria themselves are called biofilms 

[2,9]. Such matrices help the producing microorganisms against extraneous antibiotics used to 

treat infections and in hiding from the host immune reactions [10-12]. 
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The disastrous effects of biofilm producing CoNS include reduced susceptibility of these 

microbes to some commonly used hospital disinfectants and most importantly lead to 

contamination of hands of medical personnel culminating in contaminated hospital equipment 

and surfaces frankly increasing the risk of dissemination and transmission of such strains in to 

the hospital environment [13-15]. Early identification and antibiotic susceptibility profiling of 

these opportunistic CoNS will help in implementing adequate hospital infection prevention and 

control models. Therefore, the present study was undertaken to compile the data regarding 

biofilm producing CoNS from various clinical samples and discern their antibiotic 

susceptibility profiles. 

 

Materials and Methods 

One hundred coagulase negative staphylococci were isolated from various clinical samples 

obtained from OPD and IPD departments of Geetanjali Medical College and Hospital, Udaipur. 

Isolates were initially identified by Gram’s stain, catalase test, coagulase reaction, bacitracin 

resistance and furazolidone resistance. Gram positive cocci measuring approximately 1µm in 

size arranged in grape-like clusters showing a positive catalase test, a negative coagulase test 

and resistance towards both bacitracin and furazolidone antibiotic discs were presumptively 

considered as species of CoNS. 

Further speciation was performed using ornithine decarboxylase test, nitrate reduction test, 

Voges-Proskauer test, urease test, sugar fermentation tests and susceptibility to novobiocin and 

polymyxin B drugs. 

Culture of these CoNS isolates on Congo Red Agar (CRA) plates as previously described by 

Freeman, et al., phenotypically characterized biofilm production in them [16]. Biofilm 

producers developed as black crusty colonies on CRA, whereas non-producers formed red 

colonies. 

Antibiotic susceptibility testing was performed by disc diffusion method and interpreted 

according to CLSI guidelines 2014. Commercial antibiotic discs (Hi-Media Laboratories Pvt. 

Ltd, Mumbai) and Mueller-Hilton agar (Hi-Media Laboratories Pvt. Ltd, Mumbai) medium 

were used. 

 

Results 

Clinical samples such as blood, sputum, ET secretions, bronchial aspirates, throat swabs, 

pleural fluid, urine, pus, wound swabs and vaginal swabs were collected until we had a 100 

CoNS isolated. Their speciation led to the identification of S. epidermidis (32%), S. hemolyticus 

(25%), S. hominis (14%), S. capitis, S. lugdunensis (11% each) and S. cohnii (7%). The male 
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population (67%) showed higher numbers of CoNS isolation than the female patients. The 

commonly affected age group by CoNS was between 41-60 years (30%), affliction in age 

groups 21-40 years and ≤20 years was similar (24% and 22% respectively) with ages 61-80 

years and ≥80 years less commonly affected (19% and 5% respectively). Of the 100 isolates, 

48% were detected to be biofilm producing strains. Species distribution of biofilm producing 

CoNS and their antibiogram are denoted in Table 1 and Table 2 respectively. Table 3 

demonstrates the comparative antibiotic resistance patterns between biofilm and non-biofilm 

producing isolates of CoNS. Significance between slime producing and non-slime producing 

CoNS was determined and p value was calculated to execute the null hypothesis. 

 

Species Isolates Biofilm Producers Percentage 

S. epidermidis 32 19 59% 

S. hemolyticus 35 13 52% 

S. lugdunensis 11 6 55% 

S. hominis 14 4 29% 

S. capitis 11 4 36% 

S. cohnii 7 2 29% 

Total 100 48 48% 

Table 1: Species distribution of biofilm producing CoNS (n=100). 

 

Antimicrobial Agent No. of Sensitive Isolates Sensitivity Percentage 

Penicillin G 8 17% 

Cefoxitin 18 38% 

Ciprofloxacin 14 30% 

Levofloxacin 32 67% 

Gentamicin 37 78% 

Erythromycin 12 25% 

Clindamycin 22 46% 
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Cotrimoxazole 25 53% 

Tetracycline 41 86% 

Rifampicin 48 100% 

Vancomycin 48 100% 

Linezolid 48 100% 

Table 2: Sensitivity pattern of biofilm producing CoNS (n=48). 

 

Antimicrobial Agent Resistance Percentage of Biofilm 

Producing Isolates (n=48) 

Resistance Percentage of Non-

Biofilm Producing Isolates (n=52) 

Penicillin G 83% 46% 

Cefoxitin 62% 55% 

Ciprofloxacin 70% 44% 

Levofloxacin 33% 30% 

Gentamicin 22% 19% 

Erythromycin 75% 73% 

Clindamycin 54% 65% 

Cotrimoxazole 47% 53% 

Tetracycline 14% 3% 

Rifampicin 0% 0% 

Vancomycin 0% 0% 

Linezolid 0% 0% 

Table 3: Comparison of resistance patterns between biofilm and non-biofilm producing 

CoNS. 

 

Discussion 

Resident flora long considered harmless to ordinary individuals, CoNS tend to cause serious 

infections in compromised hosts, especially patients with prosthetic valves, intravascular 
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catheters, cerebrospinal fluid shunts or prosthetic joints. The advancement in the field of 

medicine has acutely resulted in an increased number of compromised hosts making CoNS one 

of the most common causes of nosocomial infections [17]. 

The formation of biofilm is a relatively common phenomenon among many microorganisms 

and is influenced by multiple environmental factors. The most common among them are 

oxygen, availability of iron ions and high osmotic pressure [18]. When the biofilm is viewed 

three-dimensionally, the extracellular matrix constitutes 85% of the structure comprising of 

polysaccharides, proteins, enzymes, DNA, bacterial glycolipids and water. The remainder 15% 

is made up by cellular aggregates of the microorganism [19]. In staphylococci, the main 

molecule responsible for intercellular adhesion is a Polysaccharide Intercellular Adhesin (PIA) 

also known as a Poly-N-acetylglucosamine (PNAG) [20]. It has been postulated that this is one 

mechanism of adherence and colonization of prosthetic devices by CoNS [21]. 

This study was undertaken to estimate the approximate numbers of CoNS producing biofilms 

in our institute so that this knowledge can be applied clinically to identify these opportunistic 

organisms as pathogens. 

From a total of 100 CoNS derived from various clinical samples, we observed 48 isolates to be 

biofilm producing. Although these indeed are high numbers, higher percentages of up to 60% 

and even 87% have been observed by researchers Boynukara, et al., and Soumya KR, et al., 

directly linking biofilm production as a virulence factor in CoNS infections [22-24]. However, 

authors Shubra, et al., Makhija, et al., and Mohan, et al., have reported 39%, 43% and 44% of 

biofilm producing CoNS in their respective studies [25-27]. Christensen, et al., have reported 

that slime production is higher in pathogenic CoNS than in their non-pathogenic counterparts 

[28]. Due to the unavailability of modified microtiter plate assay, however, we could not 

perform this method of biofilm detection in our study. 

Variations in biofilm producing CoNS species vary from place to place depending on the most 

prevalent CoNS in the particular environment. However, S. epidermidis is the most frequently 

isolated CoNS species producing biofilms as was also an observation of our study (Table 1) 

[15,27,29-31]. The other species isolated in the descending order were S. hemolyticus, S. 

lugdunensis, S. hominis, S. capitis and S. cohnii. S. epidermidis producing slime are associated 

with symptomatic infection [30]. Wojtyczka RD, et al., duly noted in their study an indication 

of a strong predominance of S. epidermidis isolates over other CoNS strains from clinical 

samples [15]. Another notable observation made by them was that CoNS strains isolated from 

the general hospital environment did not show such lenience. Therefore, the authors concluded 

that hospital environments colonized by biofilm-forming S. epidermidis strains can be held 

responsible for the increased risk of nosocomial infections in such environments. 

Sardar SA, et al., identified an association between the ability of an isolate to produce slime 

and its propensity to cause disease in their study [30]. Another noted association is slime 
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production by CoNS and their pathogenicity. The association of biofilm production and 

antibiotic resistance which was debatable has been linked to impaired penetration of the drug 

across the biofilm making a few authors disregard the biochemical and genetic mechanisms of 

drug resistance in biofilm quorums [28,31-33]. The least sensitive antibiotics against biofilm 

producing CoNS in our study were penicillin G (17%) and erythromycin (25%); moderate 

sensitivities were observed for the fluroquinolone levofloxacin (67%), aminoglycoside 

gentamicin (78%) and tetracycline (86%); and no resistance was observed for the last line 

antibiotics rifampicin, vancomycin and linezolid. 

With the emergence of resistance mechanisms, penicillin G and drugs such as ampicillin and 

amoxicillin have been rendered useless in treating CoNS. Ciprofloxacin when tested against 

CoNS by authors Ashok Kumar, et al., and Wojtyczka RD, et al., showed sensitivity 

percentages of 86.4% and 100% respectively, unlike our study where we found better 

sensitivities to levofloxacin [15,17]. Gentamicin showed considerable sensitivity at 78% when 

compared to authors Ashok Kumar, et al., who demonstrated only 48.4% sensitive strains [17]. 

Last line drugs which include rifampicin, vancomycin and linezolid so far have shown 100% 

sensitivities which can change in the coming years as foretold by Schwalbe in 1987 [34]. This 

also highlights the need to save these antibiotics lest we are left with none to combat CoNS in 

the future.  

At the time of our study, we compared the antibiotic resistance patterns between slime 

producing and non-slime producing CoNS and found that there was no significant difference 

between the two groups (p = 0.687). This consistent observation with null hypothesis further 

strengthens the notion of impaired penetration of drug into the biofilm rather than a 

biochemical/ genetic component. However, individual drug resistance for penicillin G, 

quinolones, gentamicin, erythromycin and tetracycline were higher in slime producers than the 

non-slime producing CoNS. 

 

Conclusion 

CoNS are identified as pathogens from various clinical samples, many of which are biofilm 

producers resistant to routinely used antibiotics. Identifying such species of CoNS and charting 

their antibiotic susceptibity profile will help in their timely treatment. 
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