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Abstract 

Introduction: Biofilms are being implicated in pathogenesis of several infections. 

The role of bacterial biofilm formation in disease has been investigated in detail over 

the years and considerable literature is available. Sufficient literature is hard to find 

on medically relevant fungal biofilms. Hence this short project was taken up.

Material and Methods: The material for this study constituted 50 different clinical 

isolates of Candida. Biofilm was detected by the method described by Branchini et al 

(1994).

Results: Biofilm positivity was seen with 32 (64%) isolates. The biofilm positivity was 

more with non albicans Candida spp (78.9%) than Candida albicans (54.8%).

Conclusion: Biofilm production seems to be of more significance to non-albicans 

Candida than C albicans. Further analysis of a large number of Candida isolates 

would validate the findings of the present study.

Introduction

iofilms are defined as structured Bmicrobial communities that are 

attached to a surface and encased in a 

matrix of exopolymeric material. This is of 

particular significance since it is now 

estimated that a significant proportion of 

all human microbial infections involve 
1,2biofilm formation.  Transplantation 

procedure, immunosuppression, the use 

of chronic indwelling devices, and 

prolonged intensive care unit stay 

increased the prevalence of fungal disease. 

Fungi most commonly associated with 
3such disease are in the genus Candida.  

Candida produces large quantities of 

viscid slimy material in glucose containing 

solutions. The ability to form extensive 

biofilm on catheters and other prosthetic 

devices, also contribute to the prevalence 

of this organism as an aetiological agent of 
4intravascular nosocomial infection.  

Therefore, study of biofilm production of 

Candida is both interesting as well as a 

clinically important exercise. 

Material and methods

The material for this study constituted 

50 clinical isolates of Candida obtained 

from different clinical specimens. The 

specimens studied included oral swabs 

(20), sputum (13), blood (12), urine (4), and 

voice prostheses (1). All the oral isolates 

were from HIV seropositive cases, Candida 

isolated from sputum were from 

pulmonary tuberculosis cases and urine 

isolates were from catheterised patients. 

Blood isolates of Candida were from the 

patients having central venous catheter 

and they were receiving parenteral 

nutrition. Candida isolates from urine 
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were laboratory isolates. A single Candida 

isolate was from voice prostheses from a 

patient with malignancy. All the 

specimens except blood were directly 

inoculated on Sabouraud's dextrose agar 

in duplicate. Blood (5-10 ml) was collected 

in two biphasic media containing Brain 

Heart Infusion broth and slant. All these 

culture media were incubated at two 
0different temperatures (37 C and R. T.). 

Culture readings were taken at 24, 48, 72 
th thhours, 5  and 7  day. Yeast colonies 

ob t a ined  fu r the r  i d en t i f i e d  by  

conventional methods such as germ tube 

test, Dalmau colony morphology, sugar 
5fermentation and assimilation reactions.

Biofilm detection

Biofilm production was detected by 
6method described by Branchini et al .  A 

loopful of organisms from Sabouraud's 

Dextrose Agar (SDA) plate was inoculated 

into tube containing 10 ml Sabouraud's 

Dextrose broth supplemented with 

glucose (Final concentration 8%). The 
0tubes were then incubated at 37 C for 24 

hrs. After which the broth was aspirated 

out and the walls of the tubes were stained 

with 1% safranine. Tubes were then kept 

still for 7 minutes. Safranine then was 

removed and tubes were examined for 

biofilm production. Slime production was 

scored by two observers simultaneously 

twice each to reduce as much as possible 

intra and inter observer's difference. It was 

scored as weak positive (1+), moderate 

positive (2+), or strong positive (3+). The 

standard strain of Candida albicans 

provided by P.G.I.M.E.R. Chandigarh was 

used for comparison. Presence of biofilm in 

the samples was correlated with the 

species of Candida. It was also correlated 

with the nature of clinical specimens from 

where the strain was isolated. All the 

chemicals/media used in this study were 

procured from HiMedia, Laboratories 

Mumbai.

Results

Out of 50 Candida strains tested 

32(64%) were found to be biofilm 

producers. The positivity was more with 

oral (85%) followed by urine (75%) isolates. 

A single strain of Candida tropicalis 

isolated from voice prosthesis was found to 

be a strong biofilm producer. Lowered 

percentage of biofilm production was 

observed with sputum (46.15%) and blood 

(41.66%) isolates.

Table 1 Results of Biofilm production : 

Specimen wise distribution

Weak Positive (1+), Moderate positive (2+), or strong 

positive (3+).

These 50 Candida isolates constituted 

six different Candida spp. Results of 

biofilm production were also analysed with 

respect to species. 

Table 2 Results of Biofilm production: 

Species wise distribution

Table 2 clearly shows all the species tested 

in this study had the ability to produce 

Nature of specimen No 1+ 2+ 3+ negative

Oral swab 20 5 9 3 3

Sputum 13 3 2 1 7

Blood 12 2 3 0 7

Urine 4 2 0 1 1

Prostheses 1 0 0 1 0

Total 50 12 14 6 18

Chi-square Tests Value df p-value Association is-

Person Chi-square 7.431 2 0.0243 Significant

Candida spp No 1+ 2+ 3+ negative

Candida albicans 31 7 7 3 14

Candida tropicalis 12 2 4 2 4

Candida parapsilosis 1 1 0 0 0

Candida dubliniensis 2 0 1 1 0

Candida guillermondii 2 2 0 0 0

Candida kefyr 2 0 2 0 0
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biofilm in vitro. Strong slime production 

was seen with Candida albicans. Candida 

tropicalis and Candida dubliniensis. 

Candida parapsilosis and guillermondii 

were found to be weak slime producers. 

The biofilm positivity was found more with 

Non albicans Candida species (78.9%) as 

compared to Candida albicans (54.8%).

Candida albicans and Candida 

tropicalis showed moderate to strong 

biofilm production irrespective of the 

source of isolate. However, Candida 

tropicalis isolated from blood were found to 

be non-biofilm producer. All other non 

albicans species found to produce biofilm 

though the number of strains tested was 

small (Table 3).

Table 3 Analysis of Biofilm production of different 

Candida species with respect to clinical specimens 

Discussion

The ability to form biofilms is 

intimately associated with the ability to 

cause infection and as such should be 

considered an important virulence 

determinant during candidiasis. In the 

present study 64% of the Candida strains 

tested were found to be biofilm producers. 

Our data shows that oral isolates (85%) 

produced more biofilm so also Candida 

isolates form urine (75%). Poor biofilm 

production was seen with blood isolates 

(41.66%). This finding is in contrast with 
7the earlier report  where blood stream 

isolates produced marginally more biofilm 

than oral isolates. However, the number of 

blood isolates of Candida tested in this 

study was three times more than our 

study. If the comparison is applied to only 

oral isolates of these two studies, the 

percentage was found to be comparable. 

Though the pathogenicity of Candida is 

questionable, its occurrence in the 

sputum of patients with pulmonary 
8tuberculosis is of general interest.  

Keeping this in mind, an attempt was 

made to study the biofilm among these 

isolates. We found 46.15% Candida 

isolated from sputum were biofilm 

producers. However, this percentage of 

biofilm positivity was lower as compared to 

oral and urine isolates from the present 

study. 

Biofilm production was found to occur 

most frequently among non albicans 

Candida (78.9%) than Candida albicans 

(54.8%). Similar finding has been reported 
7,9in the literature.  However this finding is 

in contrast to an earlier report which 

suggested that pathogenic Candida 

albicans were more likely to produce 
10biofilm than non albicans Candida.  

11Kuhn et al  studied biofilm formation by 

different Candida species, particularly 

Candida albicans and parapsilosis by 

using a clinically relevant model of 

Candida biofilm on medical devices. 

Candida biofilm were allowed to form on 

silicone elastomer and were quantified by 

tetrazolium and dry weight assays. 

Formed biofilm was visualised by using 

fluorescence microscopy and confocal 

scanning laser microscopy with calcofluor 

white, concanavalin A-Alexafluor 488, and 

FUN-1 dyes. Their data showed that 

Candida albicans produces quantitatively 

larger and qualitative more complex 

Candida spp Oral Sputum Blood Urine Prosthesis

1+ 2+ 3+ N 1+ 2+ 3+ N 1+ 2+ 3+ N 1+ 2+ 3+ N 1+ 2+3+ N

Candida albicans 3 4 2 3 2 1 0 7 1 2 0 3 1 0 1 1 0 0 0 0

Candida tropicalis 0 3 0 0 1 1 1 0 0 0 0 4 1 0 0 0 0 0 1 0

Candida dubliniensis 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Candida guillermondii 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Candida kefyr 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Candida parapsilosis 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
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biofilms than other species, in particular, 

Candida parapsilosis. In the present study 

oral Candida albicans was found to 

produce significantly more biofilm (75%) 

than the Candida albicans from other 

sources. However non Candida albicans 

spp showed 100% biofilm positivity 

irrespective of its source with the 

exception of blood isolates (33.3%) Shin et 
12al's  study noted that the overall 

proportion of non-C, albicans Candida 

species isolates from the blood that 

produced biofilms was significantly higher 

than that non-C, albicans Candida isolates 

from other sites. Bloodstream isolates of 

Candida parapsilosis  alone were 

significantly more likely to be biofilm 

positive than were Candida parapsilosis 

from other sites. The present study had a 

single isolate of and Candida parapsilosis 

that was from blood which was biofilm 

producer.

Candida species are frequently found 

in the normal flora of humans, which 

facilitates their encounter with most 

implanted biomaterials and host surfaces. 

Devices such as stents, shunts, 

prostheses, implants, endotracheal tubes, 

pacemakers, and various types of 

catheters, to name a few, have all been 

shown to support colonisation and biofilm 
13formation by Candida.  This study 

encountered one such case where 

Candida tropicalis was isolated from voice 

prostheses showed strong biofilm 

production. Candida isolated from urine 

were from catheterised patients and 75% 

of them were found to be biofilm 

producers. 

Thus this study noted biofilm 

formation as an important virulence trait 

exhibited by Candida species. This ability 

to form biofilms is linked with the ability of 

the organisms to attach, colonise and 

subsequently cause infection. Biofilm 

formation also helps the organism to 

overcome host defences and exists as a 

persistent source of infection. Biofilm 

production found to be of more 

significance to non-albicans Candida than 

C. albicans. Larger studies are required to 

validate the findings of the present study.
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Investigating recurrent angio-oedema

A 57 year old man visited his local emergency department with his fourth episode of 

non-itchy swelling affecting the tongue and mouth in the past four months. Previous 
episodes had resolved over one to two days without treatment.

In acute angio-oedema a detailed history may show that a food, drug, or sting 
triggers acute angio-oedema.

Stop angiotensin coverting enzyme (ACE) inhibitors in any patient who develops 
angio-oedema.

In recurrent angio-oedema without urticaria, consider conditions including angio-
oedema induced by ACE inhibitors and C  inhibitor deficiency. Screen for C  inhibitor 1 1

deficiency in these patients (including those taking ACE inhibitors) by measuring C  4

levels, and if levels are low refer for confirmation of diagnosis. Chronic spontaneous 
urticaria associated with angio-oedema is unlikely to be IgE mediated and 
investigation for the presence of specific IgE is rarely indicated.

Typically angio-oedema affects the tongue and oropharynx, but intestinal 
involvement may result in recurrent abdominal pain and other gut symptoms.

Although symptoms often develop within weeks of starting an ACE inhibitor, they 
may not develop for months or even years. A dose change (usually an increase) or 
addition of another medication may precede onset. Angio-oedema usually stops after 
drug withdrawal, but sometimes persists for months or even years. Clinical response 
to antihistamines, steroids, and adrenaline is relatively poor, and deaths have been 
reported.

Facial, limb, and abdominal angio-oedema are common: death from laryngeal 
attacks and unnecessary abdominal surgery are well recognised. 

Measurement of the level of complement component C4 is an excellent screening test 
with a negative predictive value of 100% in some studies.

Refer all patients with angio-oedema and a low C4 level for specialist investigations. 
Confirmation of diagnosis will include measurement of the level and/or function of 
C1 inhibitor by an accredited laboratory.

Penny Fitzharris, Anthony Jordan, BMJ;2011:343:1013-1014
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