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Abstract Background: Coagulase negative staphylococci (CoNS), which are the normal skin flora, have emerged as predominant 

pathogens in hospital-acquired infections. An important step in the development of catheter or implant-associated 

infections caused by CONS is the adhesion and attachment of these bacteria to biomaterial surfaces. Biofilms are the 

microbial communities of the surface-attached cells, which are embedded in a self produced extracellular polymeric 

matrix. The increased recognition of pathogenic potential of biofilm production in CoNS and emergence of drug 

resistance among them warrants the need to identify biofilm production and its correlation with antimicrobial 

susceptibility pattern. Material and Method: Prospective study included a total of 238 non duplicate coagulase negative 

staphylococci from various clinical specimens during period of Nov 2013 to Oct 2015. All the specimens received were 

processed further for identification and antimicrobial susceptibility testing by standard microbiological procedures. 

Biofilm production among CoNS was detected by using two methods. Results: A total of 97 isolates were biofilm 

producer. Biofilm production by tube method and Congo red agar method was 92 (38.65%) and 48 (20.17%) 

respectively. Antimicrobial resistance to most of the commonly used antibiotics was more among biofilm producer CoNS 

as compared to non producers and the difference was statistically significant. Conclusion: Biofilm production in CoNS is 

of clinical significance as biofilm constitutes reservoir of pathogens and are associated with resistance to antimicrobial 

agents and chronic infections. So test for detection of biofilm production should be done routinely in laboratory. 
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INTRODUCTION 
Coagulase negative staphylococci (CoNS), which are the 

normal skin flora, have emerged as predominant 

pathogens in hospital-acquired infections.
1
 As the 

pathogenic significance increases, it becomes important 

to learn about the epidemiology and pathogenic potential 

of individual species.
2
 An important step in the 

development of catheter or implant-associated infections 

caused by CONS is the adhesion and attachment of these 

bacteria to biomaterial surfaces.
3 

The capacity to adhere 

to polymer surfaces and consequent biofilm production 

are the main virulence factors of CoNS.
4 Biofilms are the 

microbial communities of the surface-attached cells, 

which are embedded in a self produced extracellular 

polymeric matrix.
5
 The microbial biofilms pose a serious 

health problem as the microorganisms in the biofilm are 

difficult to treat with antimicrobial agents. The decreased 

susceptibility to antimicrobial agents within biofilm arises 

from multiple factors such as decreased diffusion of 

antimicrobial agents, reduced bacterial growth rates and 

local alteration of microenvironment that may impair 

activity of antimicrobial agent.
6
 Biofilm producing strains 
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are found to be more resistant to almost all groups of 

antibiotics as compared to biofilm non producing strains.
7 

The increased recognition of pathogenic potential of 

biofilm production in CoNS and emergence of drug 

resistance among them warrants the need to identify 

biofilm production and its correlation with antimicrobial 

susceptibility pattern in our institute. 
 

MATERIAL AND METHODS 
The present study was carried out in the department of 

Microbiology, at a tertiary care hospital. Prospective 

study included a total of 238 non duplicate coagulase 

negative staphylococci from various clinical specimens 

during period of Nov 2013 to Oct 2015. Ethical clearance 

from the institutional ethical committee and animal 

ethical Committee was obtained. The specimens were 

collected using strict aseptic precautions and transported 

immediately to the laboratory. All the specimens received 

were processed further for identification by standard 

microbiological procedures.
5
 Isolates which were either 

negative by slide or tube method were labeled as 

coagulase negative staphylococci and further identified to 

species level by battery of biochemical tests. Biofilm 

production among CoNS was detected by using two 

methods i.e. Tube adherence method and Congo red agar 

method. Antimicrobial susceptibility of all the isolates 

was done on Muller Hinton agar (MHA) plate by using 

Kirby Bauer’s disc diffusion method according to CLSI 

guidelines.
6
  Data were presented as proportions and 

percentages, unless otherwise stated. Qualitative data 

were compared with the Chi-Square or Z test (Standard 

error of difference between two proportions), as 

appropriate. Probability (p) less than 0.05 was considered 

as significant.  

 

RESULT AND OBSERVATIONS 
 

Table 1: Species distribution of CoNS isolates 

Species of CoNS Percentage% 

S. epidermidis 100(42.02) 

S. haemolyticus 51(21.43) 

S. saprophyticus 36(15.13) 

S. hominis 15(6.30) 

S. lugdunensis 14(05.88) 

S. capitis 08(3.36) 

S. xylosus 07(2.94) 

S. warneri 05(2.10) 

S. cohnii 02((0.84) 

Total 238 

 

 

 

 

 

Table 2: Biofilm production by tube method and Congo red agar 

method 

Number of isolates 

(N=238) 

Tube 

method 

Congo red agar 

method 

43 + + 

141 - - 

49 + - 

5 - + 
 

Table 3: Biofilm production among CoNS species 

Species Biofilm producer Biofilm nonproducer 

S. epidermidis (100) 37 (37.00%) 63.00 (63%) 

S. haemolyticus (51) 21 (41.18%) 30 (58.82%) 

S. saprophyticus (36) 19 (52.78%) 17 (47.22%) 

S. hominis (15) 6 (40.00%) 9 (60.00%) 

S. lugdunensis (14) 5 (35.71%) 9 (64.29%) 

S. capitis (8) 5 (62.50%) 3 (37.50%) 

S. xylosus (7) 1 (14.29%) 6 (85.71%) 

S. warneri (5) 2 (40.00%) 3 (60.00%) 

S. cohnii(2) 1 (50.00%) 1 (50.00%) 

Total (N=238) 97 (40.76 %) 141 (59.24%) 

 

Table 4: Antimicrobial resistance pattern among biofilm producers 

and non producers CoNS 

Antibiotics 

Biofilm 

producers 

(N=97) 

Biofilm 

nonproducers 

(N=141) 

‘Z’ 

value 

‘p’ 

value 

Penicillin 90 (92.78%) 89 (63.12%) 6.13 <0.05
 

Gentamicin 45 (46.39%) 21 (14.89%) 5.35 <0.05 

Amikacin 28 (28.27%) 16 (11.35%) 3.20 <0.05 

Erythromycin 41 (42.27%) 18 (12.77%) 5.13 <0.05 

Clindamycin 29 (29.90 %) 14 (9.93%) 3.78 <0.05 

Ciprofloxacin 68 (70.10%) 71 (50.35%) 3.15 <0.05 

Moxifloxacin 26 (26.80%) 22 (15.60%) 2.06 <0.05 

Nitrofurantoin 11 (11.34%) 7 (4.96%) 1.72 >0.05 

Tetracycline 74 (76.29%) 79 (56.03%) 3.37 <0.05 

Trimethoprim/ 

Sulfamethoxazole 
76 (78.35%) 79 (56.03%) 3.77 <0.05 

 

Table 5: Distribution of methicillin resistance among biofilm 

producer and non producer 

CoNS 
MR 

CoNS 

MS 

CoNS 
Total 

Biofilm 

producer 

81 

(83.5%) 

16 

(16.5%) 

97 

(100%) 

Biofilm 

non-

producer 

59 

(41.84%) 

82 

(58.16%) 

141 

(100%) 

Total 
140 

(58.82%) 

98 

(41.18%) 

238 

(100%) 

X
2
 = 41.18, df=1, p <0.001, significant  

 

During the study period a total of 238 isolates of 

coagulase negative staphylococci were obtained from 

various clinical specimens. Predominant species isolated 

in our study was S. epidermidis (42.02%) followed by S. 

haemolyticus (21.43%) and S. saprophyticus (15.13 %). 

Majority of CoNS species were isolated from pus sample 
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with the exception of S. saprophyticus which was more 

commonly isolated from urine. A total of 97 isolates were 

biofilm producer, out of which 43 isolates were positive 

by both method. Out of remaining 54 isolates, 49 were 

positive by tube method and 5 were positive by Congo 

red agar method. Biofilm production by tube method and 

Congo red agar method was 92 (38.65%) and 48 

(20.17%) respectively. Chi square revealed significant 

difference between tube method and Congo red agar 

method (X
2
= 91.59, df= 1, p< 0.001). Among various 

species of CoNS, biofilm production was more common 

in S. capitis (62.50%) and S. saprophyticus (52.78%) 

while only 14.29% of S. xylosus were biofilm producer. 

Antimicrobial resistance to most of the commonly used 

antibiotics was more among biofilm producer CoNS as 

compared to non producers and the difference was 

statistically significant. While resistance to nitrofurantoin 

was also more among biofilm producers than 

nonproducers but difference was not statistically 

significant. Methicillin resistance was found in 81(83.5%) 

isolates out of 97 biofilm producers while in 59 (41.84%) 

isolates out of 141 biofilm non producers and chi square 

showed statistically significant difference (p<0.001) 

 

DISCUSSION 
CoNS are a major cause of nosocomial bacteremia and 

septicemia, especially for the patients who have immune 

deficiency and malignancy, which can lead to morbidity 

and even mortality
8
. The factor determining the 

pathogenicity of CoNS has now been well defined and 

found to be extracellular slime which is important in the 

colonization of foreign body. A significant association 

between the ability of CoNS to produce slime and its 

propensity to cause a disease has been found in other 

studies also.
9
 Biofilm production in CoNS is of clinical 

significance as biofilm constitutes reservoir of pathogens 

and are associated with resistance to antimicrobial agents 

and chronic infections.
7
 The test for slime production may 

have an important application in deciding the 

pathogenicity of the CoNS strains and should be done 

routinely in a diagnostic laboratory.
10 In our study, a total 

of 238 isolates of coagulase negative staphylococci were 

obtained from various clinical samples. Maximum 

number of CoNS were isolated from pus (44.12%) 

followed by urine samples (27.73%). This finding is 

comparable with study done by R Goyal et al
11

 (2006), 

who obtained 38.2% of CoNS isolates from pus followed 

by urine samples (28.4%). while Usha et al
1
 (2015) 

isolated CoNS species more frequently in blood (52%) 

than pus (32 %) and U Mohan et al
12

 (2002) showed 

maximum isolation of CoNS from urine (48.43%), 

followed by pus (17.70%). In our study, as many as nine 

CoNS species were isolated with varying frequencies 

from different clinical specimens. Amongst which S. 

epidermidis was the most predominant isolate (42.02%) 

followed by S. haemolyticus (21.43%) and S. 

saprophyticus (15.13%). This finding very well correlates 

with various studies like F. Koksal et al
8
 (2009), Ahmad 

et al
13

 (2012) and Mohammad Mubashir et al 
14

 (2014) 

who also reported S. epidermidis as most frequently 

encountered clinical isolates followed by S. haemolyticus. 

while Surekha et al
15

 (2011), Shubhra singh et al
16

 

(2008), U Mohan et al
12

 (2002) and KS Seetha et al
10

 

(2000) obtained S. epidermidis as the most frequent 

isolate followed by S. saprophyticus and S. haemolyticus.  

In our study, the detection of biofilm production by tube 

method and Congo red agar method was 38.65 % and 

20.17 % respectively and the difference was found to be 

statistically significant. Similar observation were shown 

by Nabijit deka et al
17

 (2014), A. Hassan et al
18

 (1991) 

and T. Mathur et al
19

 (2006) while Freeman et al
20

 (1989) 

and Ruzicka F et al
21 

(2004) showed that results of 

biofilm production by these two methods were 

comparable. Among 238 CoNS isolates, 40.76% were 

biofilm producers and 59.24% were non biofilm 

producers. Similarly S A Sardar et al
2
 (2015) had shown 

that 40% CoNS were biofilm producers and 60% were 

non producers. In our study, biofilm production was seen 

in 37% of S. epidermidis and 41.18% of S. haemolyticus 

while S A Sardar et al
2 

(2015) found biofilm production 

in 51% of S. epidermidis and 38.4% of S. haemolyticus. 

In our study, S. capitis (62%) was found to be the more 

common biofilm producer while in study done by S A 

Sardar et al
2 

(2015), KS Seetha et al
10

 (2000) and Mohan 

et al
12

 (2002) S. epidermidis was found to be more 

common biofilm producer. In our study, antimicrobial 

resistance to most of the commonly used antibiotics was 

more among biofilm producing CoNS as compared to non 

producer and the difference was statistically significant. 

Similarly Samant et al
7
 (2012) and Dr.Pooja Thakkar et 

al
22

 (2015) in their study reported that biofilm producing 

CoNS were found to be more resistant to almost all 

classes of antibiotics as compared to biofilm non 

producers. Methicillin resistance was more common 

among biofilm producing CoNS (83.5%) than non 

producer (42.14%) and difference was statistically 

significant. Similarly Samant et al
7
 (2012) had shown 

60% MRCoNS as biofilm producers. Dr.Pooja Thakkar et 

al
22

 (2015) showed the strong association between 

biofilm production and methicillin resistance among 

CoNS. We found that resistance to nitrofurantoin was 

also more among biofilm producer than non producer but 

the difference was statistically non significant. The 

increased resistance of biofilm producing strains to 

antibiotic may be because the biofilm producing bacteria 

exhibit a slow rate of metabolism and divide infrequently 
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resulting in decreased sensitivity to antibiotics targeted at 

cell wall synthesis.
23

 The increased frequency of strains 

resistant to many antibiotics and chemotherapeutics is 

responsible for a substantial number of infections in 

hospital environments. In this light, it is obvious that the 

information about CoNS species prevailing in hospital 

environment, their susceptibility patterns and their 

biofilm formation ability is vital for both health care 

providers for the implementation of hospital infection 

prevention and control plans for physicians in building up 

adequate antibacterial therapies.
24

  

 

SUMMARY AND CONCLUSION 
Biofilm production in CoNS is of clinical significance as 

biofilm constitutes reservoir of pathogens and are 

associated with resistance to antimicrobial agents and 

chronic infections. The test for slime production may 

have an important application in deciding the 

pathogenicity of the strains of CoNS and should be done 

routinely in a diagnostic laboratory. 
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