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ABSTRACT 

Staphylococcus spp. is typically a commensal microorganism that can exist in the human body without causing illness. 

However, such a bacterium has virulence factors, e.g., biofilm formation, which are important to note. Because biofilms 

shield bacteria from opsonophagocytosis and antimicrobial agents, they can cause persistent or chronic infections. Once 

they form biofilms, both Staphylococcus aureus and coagulase-negative Staphylococcus (CoNS) can potentially cause 

incurable infections. This study aimed to compare biofilm formation in Staphylococcus aureus and coagulase-negative 

Staphylococcus as a guide for the prevention and management of infection, thus maintaining and improving public health. 

This current study was analytic research with a cross-sectional design. It began by collecting the samples, identifying the 

species, and testing the biofilm production with a microtiter plate, which was then analyzed with an enzyme-linked 

immunosorbent assay (ELISA). Data analysis was conducted using IBM SPSS Statistics for Windows, version 25.0 (IBM 

Corp., Armonk, N.Y., USA). Comparison tests were conducted using an independent t-test. A value of p<0.05 was used as 

the cut-off to indicate significance. The total samples were 36 clinical isolates, consisting of 18 Staphylococcus aureus and 

18 coagulase-negative Staphylococcus. The specimens consisted of 20 blood samples (55.6%) and 7 wound swabs (19.4%). 

The biofilm test on the samples showed that 83.3% of the samples produced biofilms. The data revealed that the isolates 

formed biofilms, with 14 isolates (38.9%) in the strong category, 10 isolates (27.8%) in the moderate category, and 6 isolates 

(16.7%) in each of the weak and non-existent categories. Both Staphylococcus spp. appeared to have a biofilm-forming 

activity, but coagulase-negative Staphylococcus appeared to be significantly more dominant (p=0.008) than Staphylococus 

aureus. Strong biofilm was produced by 61.1% of coagulase-negative Staphylococcus isolates. In conclusion, coagulase-

negative Staphylococcus formed a stronger biofilm than Staphylococcus aureus. Its presence as an infection-causing 

bacteria, particularly in immunocompromised patients, should not be underestimated. 
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Highlights: 

1. The significance of Staphylococcus aureus and coagulase-negative Staphylococcus, which are more likely to infect 

immunocompromised patients, needed to be researched in greater depth. 

2. Coagulase-negative Staphylococcus was found to form significantly more biofilm than Staphylococcus aureus. 

3. Wound care and changing medical devices in immunocompromised patients on a regular basis may provide benefits 

to prevent biofilm formation by Staphylococcus spp. 

 

 

INTRODUCTION 

 

Staphylococcus is a genus of Gram-positive bacteria 

that commonly inhabits the skin and mucous 

membranes of humans and animals. Gram-positive 

cocci are also common isolates in the microbiology 

laboratory (Mahon & Lehman 2022). 

Staphylococcus can be classified into coagulase-
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positive and coagulase-negative species based on 

their ability to produce the enzyme coagulase. The 

enzyme coagulase produced by coagulase-positive 

Staphylococcus causes blood to clot. The most 

clinically relevant coagulase-positive species is 

Staphylococcus aureus (S. aureus). This strain of 

bacteria is a major human pathogen that can cause a 

wide range of infections, including skin and soft 

tissue infections, pneumonia, endocarditis, and 

sepsis (Riedel et al. 2019, Mahon & Lehman 2022). 

Staphylococcus aureus inhabits several areas of 

human body and has the ability to cause infections 

in humans under certain conditions. Approximately 

20–30% of the human population has 

Staphylococcus aureus colonization in the nose, 

throat, folds, and gastrointestinal tract (Tong et al. 

2015). 

 

Coagulase-negative Staphylococcus (CoNS), on the 

other hand, does not produce coagulase. Some of the 

clinically important coagulase-negative species 

include Staphylococcus epidermidis, 

Staphylococcus saprophyticus, and Staphylococcus 

haemolyticus. These species are commonly found on 

the skin and mucous membranes and are typically 

considered to be less virulent than Staphylococcus 

aureus. However, they can still cause a range of 

infections, particularly in individuals with 

compromised immune systems or who have 

indwelling medical devices (e.g., catheters or 

prosthetic devices), due to their ability to colonize 

(Águila-Arcos et al. 2017, Zheng et al. 2018). It is 

worth noting that coagulase-negative staphylococci 

are a common cause of nosocomial (hospital-

acquired) infections. In many cases, these bacteria 

demonstrate resistance to multiple antibiotics 

(Águila-Arcos et al. 2017). 

 

Biofilms are defined as a community of microbial 

cells permanently attached to each other on a surface 

(either inanimate or living organisms) by a matrix of 

extracellular polymeric substances (EPSs). The term 

biofilm was coined by John William Costerton in 

1978 (Sagar et al. 2016). Biofilms are formed 

because microorganisms tend to aggregate and 

create a safe and comfortable environment for their 

community. As a survival mechanism, birofilms can 

lead to severe and chronic infections (Rasamiravaka 

et al. 2015). Biofilms on medical implants are one of 

the most troubling issues for medical practitioners 

due to the significant ability of bacteria to evade the 

body's immune system and antimicrobial agents, or 

antibiotics. Biofilms, which are an important 

virulence factor of Staphylococcus spp., have an 

impact on the outcome of patients infected with 

Staphylococcus spp. (Nourbakhsh & Namvar 2016). 

Infectious conditions caused by biofilms that are not 

properly treated will result in antibiotic overuse, 

which will lead to resistance and increased mortality 

and morbidity due to unresolved sepsis. 

The presence of coagulase-negative Staphylococcus 

does not receive the appropriate concern for its 

potential impact since Staphylococcus aureus 

infection is generally of more concern to clinicians. 

Unquestionably, the virulence factors of the two 

pathogens are distinct, but the process of treating an 

infection becomes equally challenging when biofilm 

is present (Águila-Arcos et al. 2017, Riedel et al. 

2019). This study aimed to compare the biofilm 

formation of Staphylococcus aureus and coagulase-

negative Staphylococcus as a guide for the 

prevention and treatment of infections, as well as for 

the maintenance and improvement of good health in 

the community. It is anticipated that this study will 

encourage clinicians to be more vigilant, allowing 

the process of infection management to be more 

effective for both patients and doctors. In addition, 

unnecessary antibiotic use should be avoided so that 

resistance does not develop further. 

 

 

MATERIALS AND METHODS 

 

This was an analytical study with a cross-sectional 

design to compare biofilm formation in 

Staphylococcus aureus and coagulase-negative 

Staphylococcus (Kesmodel 2018). The study was 

conducted from July 2022 to March 2023. A total of 

36 samples were obtained from patients with 

staphylococcal infections at Sanjiwani Gianyar 

Regional General Hospital, Gianyar, Indonesia. The 

research process continued at the Faculty of 

Medicine and Health Sciences, Universitas 

Warmadewa, Denpasar, Indonesia. Patients who 

participated in this study were those who had a 

Staphylococcus spp. infection or colonization and 

were hospitalized between October 2022 and 

January 2023.  

 

The research process began with the identification 

of Staphylococcus aureus and coagulase-negative 

Staphylococcus by culturing the samples on blood 

agar (BA) media. It was then followed by an 

incubation process for 24 hours at 37°C (Mahon & 

Lehman 2022). Staphylococcus isolates with 

positive catalase test results underwent further 

identification using a VITEK® 2 machine 

(BioMérieux, USA). This process was carried out in 

the microbiology laboratory of Sanjiwani Gianyar 

Regional General Hospital. Methicillin resistance 

was also determined using the disk diffusion method 

with a cefoxitin disc according to the Clinical and 

Laboratory Standards Institute guidelines (Clinical 

and Laboratory Standards Institute 2022). 

 

The biofilm assay was performed in several stages 

using a microtiter plate and a crystal violet staining 

assay in the microbiology laboratory of the Faculty 

of Medicine and Health Sciences, Universitas 

Warmadewa. The bacteria from the culture were 
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inoculated in 1% liquid glucose and 3 mL of 

phosphate-buffered saline (PBS) at pH 7 (Torlak et 

al. 2017, Omidi et al. 2020). The turbidity was 

measured with DENSICHEK® (BioMérieux, 

USA), and the range for a McFarland standard was 

0.50–0.63. A total of 200 μL of suspension was 

transferred to a microtiter plate and incubated at 

37°C for 48 hours without shaking. In each well of 

the microtiter plate, the remaining solution was 

discarded and rinsed with distilled water. This 

process was repeated in every step. Biofilm attached 

to the wells was stained with 200 μL of 0.1% crystal 

violet for 5 minutes. The microtiter plate was then 

rinsed, and 200 μL of 30% acetic acid was added to 

each well and allowed to dissolve for 5–15 minutes. 

The fluorescence intensity of crystal violet was 

measured with a microplate in an enzyme-linked 

immunosorbent assay (ELISA) reader using a 

wavelength of 620–670 nm. The methods used in 

this study referred to previous research with some 

modifications for method optimization (Samadi et 

al. 2017). 

 

The collected data were then analyzed using IBM 

SPSS Statistics for Windows, version 25.0 (IBM 

Corp., Armonk, N.Y., USA) in two stages. The first 

step was a descriptive statistical analysis, which was 

conducted to describe the characteristics of each 

variable in this study. Data variables were expressed 

in the form of relative frequency (number and 

percent). The second stage was a bivariate analysis 

to determine whether there were significant 

differences in the ability to form biofilms on both 

types of Staphylococcus aureus and coagulase-

negative Staphylococcus. The optical density cutoff 

(ODc) value was determined according to the 

quantitative value of biofilm. This was defined as 

the mean OD of the negative control +3 × standard 

deviation (SD) of the negative control. Biofilm 

formation by isolates was analyzed and categorized 

based on the absorbance of attached cells by crystal 

violet staining. The biofilm formation ability was 

then divided into 4 categories, i.e., none (OD≤ODc), 

weak (ODc<OD≤2xODc), moderate (2xODc<OD 

≤4xODc), and strong (4xODc<OD) (Pompilio et al. 

2020, Kasperski et al. 2023). A comparison test was 

performed using an independent t-test. The cutoff 

for statistical significance was p<0.05, and the 

precision value was determined by a 95% 

confidence interval (CI) (Banerjee 2014). 

 

This study had received ethical approval from the 

Ethics Committee of the Faculty of Medicine and 

Health Sciences, Universitas Warmadewa, 

Denpasar, Indonesia, with registration No. 305/ 

Unwar/FKIK/EC-KEPK/II/2023 on 23/2/2023. 
 

 

 

 

 

RESULTS 

 

A total of 36 samples were obtained, comprising 18 

isolates of Staphylococcus aureus and 18 isolates of 

coagulase-negative Staphylococcus. Thirteen 

samples (36.1%) were collected from patients in the 

age range of 46–65 years. The total sample showed 

a balanced representation of both genders. The 

largest specimen type utilized in this study was 

blood, accounting for a total of 20 samples (55.6%). 

This was followed by 7 wound swabs (19.4%) and 

5 sputum samples (13.9%). The prevalent diagnoses 

seen among the patient population consisted of 

pneumonia (12 cases, 33.3%), skin and soft tissue 

infection (8 cases, 22.2%), and chronic kidney 

disease (CKD) (6 cases, 16.7%). The complete 

results are visually presented in Figures 1 and 2. Out 

of the total number of samples tested for sensitivity 

to cefoxitin, 19 samples (52.8%) exhibited positive 

results on the cefoxitin test. These positive results 

were indicative of the presence of meticillin-

sensitive Staphylococcus aureus (MSSA) and 

meticillin-resistant Staphylococcus aureus 

(MRSA). 
 

 

 

Figure 1. The distribution of specimen types, 

expressed in percentage (n=36). 
 

 

 

Figure 2. The distribution of diagnoses among the 

isolates, expressed in percentage (n=36). 
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The results of the biofilm assay conducted on the 

samples indicated that 83.3% of the 36 isolates 

exhibited biofilm formation following incubation 

for 48 hours at a temperature of 37°C in a 1% 

glucose solution. The mean optical density of the 

biofilm produced was determined to be 0.427 using 

an ELISA reader. The lowest value observed was 

0.02, while the highest value recorded was 1.055. 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

 

 

 

Figure 3. Biofilms appeared as white layers on the 

bottom of a microtiter plate, both before (a) and 

after (b) staining with crystal violet. 

 

 

The data relating to the ability of biofilm formation 

indicated that a majority of the isolates exhibited 

strong biofilm formation with 14 isolates (38.9%). 

This was followed by 10 isolates (27.8%) displaying 

moderate biofilm formation. Additionally, 6 isolates 

(16.7%) exhibited weak biofilm formation, while an 

equal number of isolates showed no biofilm 

formation. The mean optical density of 

Staphylococcus aureus isolates was found to be 

0.277, while the average optical density of 

coagulase-negative staphylococci isolates was 

determined to be 0.579. Table 1 presents more 

details on the classification of biofilms generated by 

the two distinct groups of Staphylococcus. 

 

 

 

 

Table 1. Comparison of the strength of biofilms 

that were produced. 

 

 

Staphylococcus spp. 

S. aureus CoNS 

Biofilm Strong 3 (16.7%) 11 (61.11%) 

Moderate 3 (16.7%) 7 (38.8%) 

Weak 6 (33%) 0 

None 6 (33%) 0 

Total 18 (100%) 18 (100%) 

   Note: CoNS = Coagulase-negative Staphylococcus. 

 

 

The ability for biofilm formation was observed in 

both types of Staphylococci. However, it was 

significantly more evident in coagulase-negative 

Staphylococcus (p=0.008). 

 

 

Figure 4. Overview of the ability of biofilm 

formation. 

 

 

DISCUSSION 

 

Both Staphylococcus aureus and coagulase-negative 

Staphylococcus strains are known for their ability to 

form biofilms, which are one of the virulence 

factors. This feature contributes to treatment 

difficulties because these biofilms are resistant to 

both the immune system and antibiotics. This 

resistance is especially prevalent among patients 

who use medical devices such as infusion catheters, 

central venous catheters, implanted devices (e.g., 

pacemakers), and urinary catheters (Silva-Santana et 

al. 2016, de Oliveira et al. 2021). Furthermore, the 

formation of biofilm on inadequately cleansed 

wound surfaces impedes wound healing. 

 

The most common specimen type observed in this 

study was blood, followed by wound swabs and 

sputum. Meanwhile, the most prevalent diagnoses 

were pneumonia, skin and soft tissue infections, and 

CKD. Patients diagnosed with CKD who undergo 

hemodialysis commonly possess double lumen 

access, which makes them prone to bacteremia due 

to the nature of the procedure. Under pathogenic 

conditions, Staphylococcus spp. emerges as a 

leading cause of skin and soft tissue infections, 

including abscesses, furuncles, and cellulitis. 

Staphylococcus aureus is a prominent cause of 

0

5

10

15

Strong Moderate Little None

Biofilm

S
am

p
el

s

S. aureus CONS



Folia Medica Indonesiana Vol. 59 No. 3                          Setiabudy et al.: Biofilm Formation in S. Aureus and CONS 

 

 

226 

 

bacteremia, sepsis, and infective endocarditis. 

Additionally, it is responsible for osteoarticular 

infections, pneumonia, pleurisy, and device-

associated infections, including those associated 

with double-lumen catheters and central venous 

catheters (Namvar et al. 2013, Tong et al. 2015). 

 

Biofilm was formed in 83.3% of the samples in this 

study. Biofilm formation was observed in 66% of 

Staphylococcus aureus isolates, which was relevant 

to previous research. The majority of 

Staphylococcus spp. isolated from blood, urine, pus, 

and sputum samples were biofilm-forming isolates. 

In most studies, more than 50% of Staphylococcus 

aureus samples produced biofilm (Nourbakhsh & 

Namvar 2016, Neopane et al. 2018, Omidi et al. 

2020). In a study conducted at Dr. Soetomo General 

Academic Hospital, Surabaya, Indonesia, a positive 

biofilm assay was seen in all (100%) MRSA carrier 

isolates. The study also revealed that 57.9% of 

clinical isolates produced biofilms according to the 

positive assay (Suryanditha et al. 2018). A study 

conducted at an Iranian hospital reported different 

findings. In the study, 46% of MRSA isolates 

produced strong biofilms on microtiter plates 

(Mirzaee et al. 2014). 

 

In this study, it was found that 100% of coagulase-

negative Staphylococcus isolates formed biofilms in 

vitro. This was in line with previous studies, which 

found that more than 90% of coagulase-negative 

Staphylococcus formed biofilms (Seng et al. 2017). 

Its ability to form biofilms was significantly stronger 

and more dominant than that of Staphylococcus 

aureus (p<0.05). Additionally, a previous study 

found that Staphylococcus epidermidis isolates 

showed a higher biofilm-forming capacity than 

Staphylococcus aureus isolates (Águila-Arcos et al. 

2017). 

 

The presence of methicillin-resistant coagulase-

negative Staphylococcus (MR-ConS), which 

accounted for 83% of all coagulase-negative 

Staphylococcus samples, raised serious concern. 

This may escalate into a bigger problem if the person 

is immunocompromised, has a chronic illness such 

as diabetes, or uses medical devices. As the samples 

were obtained from patients, there was a high 

likelihood that the patients were infected with these 

bacteria. Moreover, the presence of biofilm would 

complicate treatment, exacerbating the bacterial 

resistance factor (Seng et al. 2017, Águila-Arcos et 

al. 2017, Piechota et al. 2018). Patients who use 

medical devices are more likely to develop biofilms, 

which lead to increased morbidity and mortality. 

Coagulase-negative Staphylococcus is also known 

as a contributing factor to sepsis in newborns and the 

elderly in developing countries (Kwiecinski et al. 

2019, Ielapi et al. 2020, Singh et al. 2023). The 

formation of biofilms is unquestionably a 

contributing factor that complicates treatment for 

patients, often without proper notice. Through this 

simple study, it is hoped that clinicians can be aware 

of this virulence factor when treating patients. 

 

Strength and limitations 

 

This study used clinical isolates obtained from a 

hospital, where samples were taken from patients 

admitted with various diagnoses. Therefore, the 

findings were quite applicable in a clinical setting. 

However, a limitation of this study was the 

formation of in vitro biofilms, which may differ 

from in vivo biofilms due to differences in 

environmental conditions and host factors. Another 

limitation of this study was its limited scale. 

 

 

CONCLUSION 

 

The majority of Staphylococcus aureus and all 

coagulase-negative Staphylococcus isolates can 

produce biofilms in vitro. When compared, 

coagulase-negative Staphylococcus forms 

significantly more biofilm than Staphylococcus 

aureus. Clinicians are advised to incorporate 

practices such as using proper wound dressings and 

regularly replacing medical devices for patients. 

This approach aims to prevent the formation of 

biofilms and the unnecessary prolongation of 

antibiotic use. Furthermore, if there is a suspicion of 

infection, it is recommended to replace the medical 

devices as soon as possible, even before the 

scheduled treatment. Furthermore, commensal 

bacteria with low virulence factors should not be 

underestimated, especially when working with 

people who have compromised immune systems. 
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