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ABSTRACT Fungal infections in critically ill patients are an increasing prevalent problem. Candida spp cause the ma-
jority of these infections in ICU.  They occur most commonly in-patients with severe underlying illness, 

multiple courses of antibiotics and patients with intravascular catheters.

Clinical diagnosis of fungal infections in these patients are difficult due to non-specific symptoms.

Therefore we compare the detection of fungal elements in nonbrochoscopic brochoalveolar lavage sample using Cal-
cofluor white stain (CFW) and conventional KOH stain method with culture.

Total 432 no BAL samples were collected from total of 80 patients on ventilator for more than 48 hours developing 
signs and symptoms of nosocomial pneumonia. The sensitivity and specificity of  KOH conventional staining technique 
were 41% and 100% respectively, where as Calcofluor white stain showed sensitivity of 75.2% and specificity of 100% 
for direct demonstration of fungal elements. All direct positive samples by both techniques were positive by culture 85 
(19.6%). The Sensitivity and Specificity of CFW staining for direct demonstration of fungi in clinical specimen superior 
than the conventional technique.

Introduction
Technology has developed very rapidly in last few years 
in the field of medical sciences. Newer medicines, critical 
care and life support system has increased the life expec-
tancy. Simultaneously increases the population of more 
susceptible elderly patients, along with this increased use 
of broad spectrum antibiotics, immunosuppressive drugs 
and frequent use of invasive procedures and diseases like 
AIDS increase the incidence of fungal infections many 
folds in last few years, which are more difficult to treat 
and carries high mortality. Containment of these infections 
depends on early recognition and treatment of suspicious 
agent by physician and obtaining an accurate and quick 
laboratory diagnosis.  

The conventional method commonly used for direct dem-
onstration is KOH mount preparation. It has poor sensitiv-
ity and lack of contrast. Where as culture is time consum-
ing. Calcofluor white is a nonspecific fluorochrome, which 
have a special affinity for cellulose and chitin, essential 
components of fungal cell wall. It delineates sharply any 
fungal element in clinical specimen when exposed to UV 
light (1).  This study investigate the efficacy of calcofluor 
white in detection of yeast in bronchoalveolar lavage sam-
ple from ventilated patients in ICU and compare it with 
KOH mount preparation and culture.  

Materials and Method
Inclusion criteria
Patients on ventilator for more than 48 hours developing 
signs and symptoms of nosocomial pneumonia and other 
infections were considered. 

Total 432 bronchoalveolar lavage samples collected and 
processed during study  for fungal investigations.

BAL refers to sequential instillation and aspiration of ster-
ile physiologic saline to lung subsegments. It is performed 

by invasive method of bronchoscopic bronchoalveolar lav-
age (BBAL) or noninvasive technique as non-bronchoscopic 
bronchoalveolar lavage (NBBAL). The later technique is a 
double catheter technique. In this technique a catheter is 
blindly introduced into bronchus, then lavage is performed 
through a second catheter passed through it into distal air-
way. It minimizes the risk of contamination of specimen by 
upper respiratory normal flora.  Samples were obtained in 
the study by NBBAL.

Processing of sample
Ten to fifteen ml of sample homogenized with sterile glass 
beads. It was then transferred in a test tube and centri-
fuged at 2500 rpm for 20 minutes. Supernatant was dis-
carded and pellet was used for microscopy and culture.

Direct Microscopy
Samples were examined by conventional method KOH 
mount preparation  and Rapid calcofluor white stain meth-
od.

Calcofluor staining:   One drop each of Calcofluor white 
(0.1%) and KOH (10%) were added on a clean glass slide, 
one drop of deposit of specimen was added to it and 
mixed. Covered with a clean cover slip and examined un-
der fluorescent microscope, equipped with epifluorescent 
filter. The preparation was examined by exposure to ultra-
violet light of 345-365 mm wavelength under 40 X objec-
tive. Fungal elements give chalky white fluorescence with 
deep blue background.  

Isolation - The remaining half of the samples  were cul-
tured on standard medium. 

Results
Total 64   samples were positive by direct  microscopy 
from 35 patients. All of these were culture positive.  Out 
of 64 samples 35 samples from 21 patients were reported 
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as positive by conventional method, KOH stain .  By the 
calcofluor white staining technique additional 29 samples 
from other 14 patients were detected as positive. Out of 
432 samples 85  were positive by culture scattered among 
41 patients  (Table1).

 The results of conventional microscopy techniques of KOH 
was compared with culture results, which was considered 
as gold standard.  KOH  showed  only 35 as positive and 
397 as negative,  showing sensitivity of 41.1% but specific-
ity was 100% as no false positive was detected. The results 
of calcofluor white staining were compared with culture it 
was able to detect 64 samples as positive and 368 as neg-
ative showing sensitivity of 75.2 and specificity of 100% as 
no false positive was detected (Table1, 2).

When the results of two techniques of microscopy (KOH 
and Calcofluor White) were compared it was found that 
conventional method KOH stain detect 35 samples as pos-
itive, the rapid technique calcofluor white detect additional 
29 samples as positive increasing total positivity by micros-
copy to 64 samples (Table 3).

Discussion         
The intensive care units have become indispensable for 
most of hospitals. It has been reported that approximately 
95% of hospitals have at least one intensive care unit. 10-
15% of hospital beds was dedicated to ICUs (2). 

Sporadic infections and outbreaks are very common in 
intensive care units because most of patients in ICUs are 
critically ill and susceptible to infection. In a study on 
prevalence of nosocomial infections in ICUs in Europe 
involving 10,038 patients (3). They reported over all in-
fection rate in ICU was as high as 20.6 % in comparison 
to community infection rate (13 7%). The various type of 
infections reported were the pneumonia (46.9%), as high-
est followed by urinary tract infection (17.6%), and blood 
stream infection (12%). The surveillance of infections con-
ducted in ICUs, involving 178 patients (4). They reported 
pneumonia as most common ICU acquired infection (65%) 
followed by UTI (30%) and blood stream infection (19%). 
Ventilator associated pneumonia  (VAP) have been report-
ed as most common, device associated nosocomial infec-
tion. The incidence of VAP varies from 18 to 58% (46,47). 
It has reported that VAP account for approximately 90% of 
all ICU infection in-patients requiring mechanical ventila-
tion (5). The fungal infections also contribute significantly 
to ICU infections. The incidence of fungal infections have 
increased significantly in last 30-40 years due to develop-
ment in medical sciences, newer life saving medicines and 
life support system and increase in life expectancy  (6).

For collection of lower respiratory tract sample several 
techniques have been described in literature.  Non bron-
choscopic bronchoalveolar lavage (NBBAL) using a dou-
ble catheter system overcomes the problems of repeated 
bronchoscopy in critically ill patients and avoids risk of 
contamination from upper respiratory tract and oral cavity 
(7).

Pugin et al in1991 compare culture result of bronchoscopic 
bronchoalveolar lavage with NBBAL in 15 trauma patients 
with clinical pneumonia (8). They reported 100% correla-
tion for type of infection and 67% correlation for number 
of organism in quantitative culture even when BAL fluid 
came from different lung segment. 

In this study the technique of NBBAL of Rouby et al was 

adopted. Which is easy to perform, non-expensive and 
well tolerated in critically ill patients.

For diagnosis of fungal infections, KOH (10%) preparations 
and Gram’s staining have been widely used. KOH prepa-
ration was easy to perform, non-expensive and have high 
specificity but poor sensitivity especially in early stage of 
the disease. The disadvantages of KOH mounts were ar-
tifacts on proteinacious material, lack of contrast between 
fungi and cellular debris and formation of crystals in hot 
climate (1). 

Calcofluor white (CFW) is a fluorochrome previously used 
in textile and paper industry. It has special affinity for cel-
lulose and chitin, essential parts of fungal cell wall. It gives 
fluorescence when exposed to long wave length ultra vio-
late light of 345-365 nm (9). 

In India there were few studies on comparison and effi-
cacy of CFW and KOH in direct demonstration of fungal 
element (10). In a  study on corneal ulcer specimen, they 
found CFW was superior showing 95% positivity as com-
pared to KOH with 75%. This study reveals the utility of 
calcofluor white staining method of direct demonstration 
of fungi in scanty sample for rapid diagnosis of fungal in-
fections.

In a present study sensitivity of CFW ( 75.2% ) was higher 
than the conventional method ( 41.1%). The high affinity of 
CFW to cell wall components of fungi (chitin and cellulose) 
and good contrast due to deep blue background provid-
ed by trypan blue were the probable factors for increased 
sensitivity of calcofluor white over other two techniques of 
direct demonstration.  All the samples positive by either 
method were subsequently proved by culture. There was 
no false positive by both methods showing specificity of 
100%. 

CFW also has its own limitations as seen in 21 specimen 
reports, but were positive by culture. This may be due to 
the early ineffective binding of CFW, insufficient number of 
cells present in the sample or may be presence of imma-
ture cell wall especially in early stage of infections.  

By CFW we could detect 29 (34.2%) additional samples 
as positive from 14 patients, which were negative by KOH  
staining. This reveals the advantage of CFW as a tool for 
direct and rapid detection of fungi in clinical specimen 
over other techniques.

Fungi are opportunistic pathogens, normally present on 
body surfaces as normal flora not causing disease in im-
munocompetent individuals. However  fungal infections 
were associated with  some risk factors. The conventional 
techniques of direct demonstration has poor sensitivity, 
while methods of isolation and identification from the cul-
ture method is time consuming; takes at least one to two 
weeks. Which may delay antifungal treatment. Any method 
for rapid and reliable diagnosis by direct demonstration of 
fungi in the clinical specimen from the patient with asso-
ciation of risk factors would justify starting antifungal ther-
apy. 

Conclusion
Sensitivity and specificity of CFW staining for direct dem-
onstration of fungi in clinical specimen as proved in this 
study justify its use as method of choice.  This method is 
rapid than the conventional method. If facility of fluores-
cent microscopy is available for early detection it should 
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be used as a routine diagnostic procedure for direct dem-
onstration of fungi in clinical specimen.  

Table 1:   Comparison of KOH with culture

KOH/GRAMS
             Culture      

negative        positive                    
TOTAL

NEGATIVE 347 50 397
POSITIVE 00 35 35
TOTAL 347 85 432

Specificity  = 347/347x100 =100%
Sensitivity  = 35/85x100  = 41.1%

Table 2: Comparison of Calcofluor White staining with 
culture 

Calcofluor
                     Culture

Negative                        Positive
Total

Negative 347 21 368
Positive 00 64 64
Total 347 85 432

Specificity =100% Sensitivity = 75.2%

Table 3: Comparison of Calcofluor with KOH/ Gram’s 
Stain

Calcofluor
                KOH/Grams  

Negative           positive
Total

Negative 368 00 368
Positive 29 35 64
Total 397 35 432

AGREMENT= 368+35/432 = 93.5%

 

                                             


