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ABSTRACT 

Pathogenic fungi in the genus Candida can cause both superficial and serious systemic disease, 
and are now recognized as major agents of hospital-acquired infection. 

Candida infections involve the formation of biofilms on implanted devices such as indwelling 
catheters or prosthetic heart valves. Nosocomial infections due to candida are also becoming 
increasingly important. Early and prompt diagnosis, proper treatment and prevention of 
candidemia due to biofilms pose a major challenge for microbiologists and clinicians worldwide. 
Biofilm is an aggregate of microorganism in which cell adhere to each other on a surface. It has 
been reported that organism in biofilms are more resistant to antimicrobial agents than there 
planktonic (free) form. Formation of a biofilm begins with the attachment of free-floating 
microorganisms to a surface. These first adhere to the surface initially through weak, reversible 
adhesion via Vander Waal forces. If the colonies are not immediately separated from the surface, 
they can anchor themselves more permanently using cell adhesion structures such as pilli. There 
are five stages of biofilm development such as i) initial attachment ii) irreversible attachment iii) 
maturation I iv) maturation II v) dispersion. 

AIMS AND OBJECTIVES 

To study the biofilm production by Candida albicans and Non albicans Candida species isolated 
from various clinical samples received in Microbiology Laboratory of a Tertiary Care Hospital. 

MATERIALS AND METHODS 

A total of 70 Candida species (Candida albicans20 and non-albicans Candida50 species) isolated 
from various specimens (urine, blood, respiratory tract, genital samples, plastic devices and pus 
samples) were included in the study. The various candida isolates were identified by using 
conventional methods and their ability to produce biofilm was detected by the tube method. 
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RESULTS 

Out of the total 70 Candida species isolated, 20(39%) were identified as Candida albicans and 
50 (71%) were identified as Non albicans Candida (NAC) species. 

Out of 20 Candida albicans isolated 6 (30%) isolates produced biofilm and out of 50 Non 
albicans Candida species isolated 22(44%) were biofilm producer. Out of 22 (44%) Non 
albicans Candida species, Candida tropicalis 10(45%) was the predominant biofilm producer 
followed by Candida glabrata 7(32%) and Candida prapsilosis 5(23%). 

CONCLUSION 

The present study suggests an increasing prevalence of non-albicans Candida species in the 
various clinical samples isolated and also shows them as strong biofilm producers compared to 
C.albicans species. These data suggest that, biofilm formation as a potential virulence factor 
might have a higher significance for non-albicans Candida species than for C.albicans and also 
that the biofilm structure varies with the different species and strains of candida, the nature of the 
colonized surface and its localization. 
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INTRODUCTION 

Pathogenic fungi in the genus Candida can cause both superficial and serious systemic disease, 
and are now recognized as major agents of hospital-acquired infection. 

Candida infections involve the formation of biofilms on implanted devices such as indwelling 
catheters or prosthetic heart valves. 

Biofilm is an aggregate of microorganism in which cell adhere to each other on a surface. It has 
been reported that organism in biofilms are more resistant to antimicrobial agents than there 
planktonic (free) form. 

Formation of a biofilm begins with the attachment of free-floating microorganisms to a surface. 
These first adhere to the surface initially through weak, reversible adhesion via Vander Waal 
forces. If the colonies are not immediately separated from the surface, they can anchor 
themselves more permanently using cell adhesion structures such as pilli. There are five stages of 
biofilm development such as i) initial attachment ii) irreversible attachment iii) maturation I iv) 
maturation II v) dispersion. 

Although Candida albicans remains the most common fungal isolate recovered from the clinical 
samples a changing trend has been observed. Non albicans Candida (NAC) species are emerging 
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nosocomial pathogens. Biofilm formation has been implicated as a potential virulence factor for 
at least one Candida species: Candida parapsilopsis. Candida parapsilopsis can proliferate in 
high concentration in glucose and form biofilm in prosthetic materials. 

It has been reported that the biofilms are resistant to a range of antifungal agents currently in 
clinical use, including amphotericin B and fluconazole and there appear to be a multiple resistant 
mechanism. Resistance has been observed both in Candida albicans as well as Non Candida 
albicans species. 

Bacterial biofilms and their role in disease have been studied intensively in recent years; 
however biofilm production by Candida species has not been studied from this part of the 
country. 

Therefore, a study was planned to detect the biofilm production by Candida albicans as well as 
Non albicans Candida species, isolated from different clinical samples received in Clinical 
Microbiology Laboratory of a tertiary care hospital. 

MATERIALS AND METHODS 

STUDY PLACE 

The present study was carried out in Department of Microbiology, Subharti Medical College, 
Meerut, for a period of six months. 

STUDY SAMPLES 

Included 70 clinical isolate of Candida species. 

METHODS EMPLOYED 

A. Identification of Candida Species: 

1) The isolates of Candida were identified in the laboratory as Candida albicans and Non 
albicans Candida species using the following methods: 

 Gram staining. 

 Culture on Sabourd Dextrose agar (SDA). 

 Germ tube test. 

 Chlamydospores formation on Cornmeal agar. 

 Sugar fermentation. 
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B. Biofilm production: 

The biofilm production in both Candida albicans as well as Non albicans Candida species was 
carried out using spectrophotometric analysis of biofilm production. 

PRINCIPLE 

Polystyrene, a commonly used material for in vitro biofilm studies, is used as a test surface to 
look the biofilm forming ability of each Candida species. The species of Candida would be 
incubated in proper media on the microtiter plate wells and the produced biofilms on the surface 
would be quantified by the percent transmittance of light. 

PROCEDURE 

1. Sterile polystyrene microtiter plate was taken. 

2. Each well was inoculated with 20 µl of yeast cell suspension. 

3. Two separate wells were inoculated with 20 μl each of the two control strains. 

4. To each of the wells 180 µl of Sabouraud dextrose broth with 8% glucose is to be added. 

5. The microtiter plate was incubated for 24 hrs at370C. 

6. The wells were washed twice with 0.15 M of phosphate buffered saline to remove any 
planktonic cell. 

7. Finally, 200 µl of phosphate buffered saline was added to each well. 

8. Biofilm formation was directly measured by spectrophtometric reading at 405 nm with 
microtiter plate reader. 

CALCULATION 

Transmittance = 1- absorbance of blank 

% Transmittance =100 x Transmittance 

% Transmittance = % Transmittance of blank - % Transmittance of sample 

1. Biofilm is quantified by measuring the percent transmittance (% T) at 405 nm with the 
microtiter plate reader. 

2. The percent transmittance is calculated by subtracting % T value of each test and control 
strain from the % T value for reagent of blank to obtain a measure of amount of light 
blacked passing through wells. ( % T block ) 
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INTERPRETATION 

Biofilm production by each isolates of Candida species was scored as:- 

% T block < 10 Negative 

% T block 10-20 1+low biofilm production 

% T block 20-30 2+high biofilm production 

% T block 35-40 3+high biofilm production 

% T block >40 4+high biofilm production 

OBSERVATION AND RESULTS 

The study was carried in the Department of Microbiology with the aim to study the formation of 
biofilm production by various Candida species. A total of 70 clinical isolates of Candida 
obtained from various samples were processed. The distribution of clinical isolates of Candida 
albicans and Non albicans Candida (NAC) species is shown in Table 1. 

Table1: Distribution of clinical isolates of Candida albicans and Non albicans Candida 
(NAC) species (n=70) 

Name Number Percentage 

Candida albicans 20 29% 

Non albicans 
Candida (NAC) 

50 71% 

Out of the total 70 Candida species isolated 20 (29%) were identified as Candida albicans and 
50 (71%) were identified as Non albicans Candida species as shown in Table 1. 

Out of the total number of Candida species studied, biofilm production was seen in 28 / 70 
(40%) isolates. 
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Table 2: Distribution of biofilm producers from total number of isolated species (n=70) 

Species  Number 
isolated  

No. of biofilm 
producers 

Percentage  

C.albicans  20 06  30 % 

NAC 50 22 44 % 

Distribution of biofilm producers from total number of isolated species is shown in Table 2. 

Out of 20 Candida albicans isolated 06 (30 %) were biofilm producers. Among the 50 Non 
albicans Candida species isolated, 22 (44 %) were biofilm producers. 

Table3: Distribution of various Non albicans Candida species producing biofilm (n=22) 

Candida species Number Percentage  

C. tropicalis 10 45% 

C. glabrata 07 32% 

C. parapsilosis 05 23% 

Among the 22 Non albicans Candida species isolated, biofilm production was seen 
predominantly in Candida tropicalis 10(45%), followed by Candida glabrata 7 (32%) and 
Candida parapsilosis 5(23%) as shown in Table 3. 

Table 4: Score of Biofilm Produced by Candida albicans (n=6) 

S.No Name of species Score 

1 C.albicans 4+ 

2 C.albicans 4+ 

3 C.albicans 4+ 

4 C.albicans 4+ 

5 C.albicans 4+ 
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6 C.albicans 4+ 

All the 6 clinical isolates of Candida albicans produced high score of biofilm (4+) as shown in 
Table 4. 

Table5: Score of Biofilm produced by Candida tropicalis (n=10) 

 Name of species Score  

1 C.tropicalis 4+ 

2 C.tropicalis 4+ 

3 C.tropicalis 4+ 

4 C.tropicalis 4+ 

5 C.tropicalis 4+ 

6 C.tropicalis 4+ 

7 C.tropicalis 4+ 

8 C.tropicalis 4+ 

9 C.tropicalis 4+ 

10 C.tropicalis 4+ 

All the 10 clinical isolates of Candida tropicalis produced high score of biofilm (4+) as shown in 
Table 5. 

Table 6: Score of biofilm produced by Candida glabrata (n=7) 

S.No Name of species Score 

1 C.glabrata 3+ 

2 C.glabrata 3+ 

3 C.glabrata 3+ 

4 C.glabrata 3+ 

5 C.glabrata 2+ 

6 C.glabrata 2+ 
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7 C.glabrata 2+ 

The clinical isolates of Candida glabrata produced biofilm in score of (3+ and 2+) as shown in 
Table 6 

Table7: Score of Biofilm produced by Candida parapsilosis (n=5) 

S.No Name of species Score 

1 C.parapsilosis 1+ 

2 C.parapsilosis 1+ 

3 C.parapsilosis 1+ 

4 C.parapsilosis 1+ 

5 C.parapsilosis 1+ 

The 5 clinical isolates of Candida parapsilosis produced low score of biofilm (1+) as shown in 
Table 7 

Table 8: Grading of Biofilm production by different Candida species isolated from the 
clinical samples 

Species Score  Grading of Biofilm 
Productivity 

C. albicans 4+ High biofilm producer  

C. tropicalos  4+ High biofilm producer 

C. glabrata 2+,3+ High biofilm producer 

C.parapsilosis 1+ Low biofilm producer 

Candida albicans and Candida tropicalis showing score of 4+ was Graded as high biofilm 
producer. 

Candida glabrata showing score of 3+and 2+ was graded as moderate biofilm producers. 

However, Candida parapsilosis showing a score of 1+ was Graded as low biofilm producer. 

DISCUSSION 

Biofilms are notoriously difficult to eliminate and are a source of many recalcitrant infections. 
Although, bacterial biofilms and their role in disease have been investigated in detail over a 
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number of years, much less is known about fungal biofilms. Present study was carried out in 
Department of Microbiology with aim to study the biofilm production by various Candida 
species isolated from different clinical samples at a tertiary care hospital Meerut, India. 

Out of the total 70 Candida species isolated, 20(39%) were identified as Candida albicans and 
50 (71%) were identified as Non albicans Candida (NAC) species. 

Out of 20 Candida albicans isolated 6 (30%) isolates produced biofilm and out of 50 Non 
albicans Candida species isolated 22(44%) were biofilm producer. However, in a study carried 
out by J.H.Shin et. al. in Gwangu Korea11 they reported 8% of Candida albicans as biofilm 
producer whereas biofilm was produced by 61% Non albicans Candida species. Another study 
by G.gokce, hayderpasa Istanbul, Turkey reported, 11.8% and 41.93% biofilm production by 
Candida albicans and Non albicans Candida species respectively which is almost similar to the 
present study. 

Out of 22 (44%) Non albicans Candida species, Candida tropicalis 10(45%) was the 
predominant biofilm producer followed by Candida glabrata 7(32%) and Candida prapsilosis 
5(23%). This positivity is comparatively less than the findings reported by J.H Shin et.al. 
Gwangu Korea. They reported 80%, 28% and 73% of biofilm produced by Candida tropicalis, 
Candida glabrata and Candida parapsilosis respectively. Another study carried out by 
M.tumbarello, Rome, Italy, reported Candida tropicalis (71.4%) was the predominant biofilm 
producer followed by Candida glabrata (23%) and Candida parapsilosis( 21.8%). 

The present study was designed as a pilot study so the sample size was small. Further, study in 
more number of clinical isolates is required to know the exact prevalence and predominant 
species. 

Among the biofilm positive strains the highest relative intensity of biofilm formation 
(%Tbloc>50) by the spectrophotometric method that is Score of 4+ was observed for Candida 
albicans and Candida tropicalis followed by Candida glabrata (%Tbloc ranging from 20 to 40) 
showing a score of 3+ and 2+ and least intensity of biofilm formation score 1+ was shown by 
Candida parapsilosis (%Tbloc<10 ). Similar finding have been reported by Shin et al Gwangu, 
Korea and M.tumbarello et al. Rome, Italy20 in their respective studies. 

Candida albicans and Candida tropicalis showing score of 4+ was graded as high biofilm 
producer and Candida glabrata showing score of 3+and 2+ was graded as moderate biofilm 
producers. However, Candida parapsilosis showing a score of 1+ was graded as low biofilm 
producer. 

The microbes residing inside the biofilm shows resistance towards various types of antimicrobial 
agents causing therapeutic problem. Such microorganisms pose a serious threat even to the 
pharmaceutical industry. Therefore, it is recommended to prevent the formation of biofilm rather 
than treatment. Biofilm can be prevented by early aggressive antifungal prophylaxis or therapy 
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and they can be treated by chronic suppressive therapy. A promising strategy may be the use of 
enzyme that can dissolve the biofilm matrix (e.g, DNase and Alginate lyase) as well as Quorum 
sensing inhibitors that increase biofilm susceptibility to antifungals. 

The Candida species isolated from various clinical samples in our study showed biofilm 
production in various grades and scores posing a therapeutic problem which definitely is a matter 
of concern. However, this is a preliminary study carried out in a few number of isolates. To see 
the exact grading of biofilm production and to pinpoint the predominant species of Candida, we 
need to carry out the study in more number of isolates. 

Further in future the study can be extended by correlating the score and the grade of biofilm 
production with the resistant pattern and the clinical outcome of infection. 

CONCLUSION 

 Present study was carried out in Department of Microbiology with aim to study the biofilm 
production. 

 A total of 70 Candida species isolated from different clinical samples were subjected for 
biofilm formation by spectrophotometric method. 

 Out of 70 Candida species 20 isolates were identified as Candida albicans and 50 identified 
as Non albicans Candida species. 

 Biofilm production was observed in 6/20 (30%) of Candida albicans and 22/50 (44%) of 
NAC species. Showing that NAC species are predominant biofilm producers than Candida 
albicans. 

 Among the NAC species, Candida tropicalis was the predominant biofilm producer followed 
by Candida glabrata, and Candida parapsilosis 45%, 32% and 23% respectively. 

 High score and grade ( 4+) of Biofilm production was found in all isolates of Candida 
albicans and Candida tropicalis as T bloc %>40 was obtained with spectrophotometric 
method. 

 Candida glabrata was a moderate biofilm producer with grading of 2+ and 3+ as T bloc % 
>20and<40 was obtained. 

 Lowest score and grade (1+) of biofilm was produced by Candida parapsilosis as T bloc 
%<10 was obtained with spectrophotometric method. 

 To conclude, genus Candida has certain species which have the capability to produce high 
grade of biofilm and others which produce low grade of biofilms. 
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 It has been seen that organism in biofilm are more notorious to treat than their free or 
planktonic form, so, it is essential to prevent biofilm formation for easy treatment and 
improving mortality and morbidity rate. 

 To see the exact grading of biofilm production and to pinpoint the predominant species of 
Candida, we need to carry out the study in more number of isolates. Further in future the 
study can be extended by correlating the score and the grade of biofilm production with the 
resistant pattern and the clinical outcome of infection. 
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