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Background & objectives: Cryptococcosis is a chronic infective condition affecting the central nervous
system. Unless diagnosed early and specific treatment instituted it can be fatal. There is an urgent
need for a rapid and specific diagnostic tool for better management of the patients. Conventional
methods such as culture and India ink are specific but cumbersome and time consuming. Serological
methods of detection are rapid but have problems of false positivity and cross-reactivity with other
micro-organisms. We carried out this study to compare and evaluate the conventional methods with
serological methods of detection of cryptococcal meningitis.
Methods: A comparative evaluation of conventional methods (India ink and culture) with LAT (latex
agglutination test) and EIA (enzyme immunoassay) was done in127 CSF samples using culture and
EIA as reference separately.
Results: India ink was positive for Cryptococcus in 72.4 per cent of the samples; 56 per cent were
culture positive; LAT positive were 85 per cent and 79.5 per cent were positive by EIA. When
culture was positive, all other tests were in agreement to it. However, when culture was negative
there was significant difference between the pair of discordance of various diagnostic tests. Culture
was 83.46 per cent in agreement to India ink, 76.3 per cent to EIA and 70.8 per cent to LAT. EIA
was 92.9 per cent in agreement to India ink and LAT; 6.3 per cent showed false positive by LAT.
Interpretation & conclusions: EIA is valuable in establishing diagnosis when culture is negative for
cryptococcosis. EIA is more specific and has potential advantages over LAT as it gives clear
discrimination of positive from negative results. Thus, EIA may be used as a simple, rapid, and reliable
serological test for early detection of cryptococcal antigen in clinical samples like CSF in routine
laboratories.
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Cryptococcus neoformans, causes primarily a
chronic infective condition that affects the CNS1-3.Unless,
diagnosed early and specific treatment instituted,
cryptococcosis is often fatal and can cause severe
neurological sequel even after clinical cure. Though once

known to be rare, cryptococcosis has occurred at a high
frequency in India in the past two decades 4-9.
Traditionally, diagnosis of cryptococcal meningitis
depends on culturing C. neoformans or the
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demonstration of encapsulated yeasts in India ink
preparations from CSF. Direct microscopy and culture
are specific but the sensitivity is poor (50-80%)10. A
large volume of sample is needed which is often difficult
to obtain, especially from paediatric patients. Culture
though, is “gold standard” method of diagnosis, is
cumbersome, labour intensive and time consuming as
the maximum time it takes for the organism to grow
sometimes is one month.
Serology, a rapid means of diagnosis, is an
indirect and adjunct or complementary procedure to
support clinical diagnosis, especially when patient
is on treatment. Antigen detection represents the most
immediate way to improve methods for
cryptococcosis serodiagnosis11-13. Latex agglutination
test (LAT) is the most commonly used serological
method due to its simplicity in performance 14-17.
However, it has certain limitations of false
positivity 18-25 , unacceptably high rates of false
negativity26,27 and the difficulty of its interpretation
in borderline cases.
Enzyme immunoassay (EIA) is another serological
tool for detection of capsular polysaccharide antigens
of C. neoformans in CSF. This is a rapid test that
provides visual and numeric result in less than an hour
without pre-treatment of the specimen. It has an
advantage of low cross-reactivity with other microorganisms28-34.
In this study, we performed a comparative
evaluation of conventional methods (India ink and
culture) with LAT and EIA for detection of cryptococcal
antigen in CSF.
Material & Methods
Samples: A total of 127 CSF samples from 81 suspected
cases of cryptococcal meningitis were collected from
the routine investigation at Mycology laboratory of the
All India Institute of Medical Sciences (AIIMS), New
Delhi, from July 2000 to November 2005. The study
protocol was approved by the ethics committee of the
AIIMS and written consent had been taken by Institute
from the patients prior to investigation.
With exception of two patients, the first CSF sample
was obtained before starting the antifungal treatment.
The serial 48 samples from 22 patients were obtained
on different days of infection. All of them were obtained
after starting antifungal treatment.
Methodology: CSF samples (1-3 ml) were centrifuged
at 1000 g for 15 min. The pellet was used for direct

microscopy and culture and the supernatant was used
for serological tests. Direct microscopy was done by
India ink wet mount and culture was done on brain heart
infusion (BHI) agar (HiMedia, Mumbai, India) with
gentamicin (26 µg/ml). Culture tubes were incubated
at 37 and 30°C35.
LAT assays: LAT assays were performed with
CALAS (Meridian Bioscience, Inc., Cincinnati,
Ohio). This test utilizes latex particles coated with
anti-cryptococcal polyclonal globulin that reacts with
the cryptococcal polysaccharide antigen causing a
visible agglutination. The test was performed
according to manufacturer ’s instructions. CSF
specimens were inactivated by placing in boiling
water bath for 5 min prior to each test to limit non
specific interference.
EIA: EIA was performed using the PREMIER
Cryptococcal antigen kit (Meridian Bioscience, Inc.
Cincinnati, Ohio, USA) and the assay was performed
as per manufacturer’s instructions. Wells were coated
with anticryptococcal polyclonal antibody and the
detection system was based upon a monoclonal
peroxidase conjugate. Briefly, the test was performed
without specimen pre-treatment. A volume of 50 µl
CSF was added to antibody coated microtitre plates
for 10 min followed by addition of 50 µl of
peroxidase-conjugated monoclonal antibody. After 10
min of incubation the microwells were washed (four
times)
with
the
wash
buffer.
The
tetramethylbenzidine-urea peroxide substrate was
added and incubated for 10 min and stopped with
2N H 2 SO 4 . Results were scored visually and
spectrophotometrically at 450 nm within 15 min of
adding stop solution. The positive and negative cutoff values were 0.150 and 0.10 respectively. Values
between 0.1 and 0.15 were considered as
indeterminate and were repeated.
Statistical analysis: The comparative evaluation was
done using culture and EIA as a reference separately.
Data analysis by Mc Nemar test for each of the
diagnostic tests was performed in comparison with
culture positive and culture negative.
Results
A comparative evaluation of the various diagnostic
tests was done in 127 CSF samples by taking culture
as gold standard. Of the 127 samples, 72.4 per cent
(n=92) were positive by India ink; 56 per cent (n=71)
were culture positive; LAT positive were 85 per cent
(n=108) and 79.5 per cent (n=101) were positive by
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EIA; 6.3 per cent (n=8) were false positive and 0.78
per cent (n=1) was false negative by LAT. Culture from
these samples showed the presence of other organisms
like Candida albicans, C. tropicalis, Gram-negative
bacteria, Trichosporon and Geotrichum spp.
Organisms isolated from false positive LAT: Two
samples had Trichosporon (n=2, LAT, titre: 1:6), one
sample had Gram-negative bacteria (GNB) and
Geotrichum spp. (n=1, LAT titre: 1:4), one sample had
GNB and C. albicans (n=1, LAT titre: 1:4), one sample
had GNB and C. tropicalis (n=1, LAT titre: 1:4) and
the rest three samples had GNB (n=3, LAT titre: 1:2).
Culture was 83.46 per cent in agreement to India ink,
70.8 per cent to LAT and 76.3 per cent to EIA. EIA
was 92.9 per cent in agreement to India ink and LAT.
Thirty samples were culture negative but EIA positive.
Of these, 30 per cent (n=9) were from patients not on
antifungal treatment.
Of the 127 samples, 55 samples were from HIV
positive patients and 89 per cent (n=49) were positive
by direct microscopy. Of the remaining 6 samples, three
were from patients on antifungal treatment, which
explains the reason for negative direct microscopy in
these samples.
Culture was used as a reference test against other
tests for a comparative analysis. The sensitivity of India
ink, LAT and EIA was 100 per cent with respect to
culture since all samples that tested positive for culture,
were positive by other tests while the specificity was
62.5, 33.9, 46.4 per cent respectively. The proportions
of discordant pair of culture negative with India ink,
LAT and EIA positive were 22.8 per cent, P<0.001
(n=21); 34.3 per cent, P<0.001 (n=37); 29.7 per cent,
P<0.001 (n=30) respectively (Table I).
Mc Nemar test, for each of the diagnostic tests was
performed in comparison with culture positive and
culture negative, to portray the real scenario for the low
specificity obtained in culture negative samples. Culture
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was positive in a total of 71 samples (56%) and all
diagnostic tests were in agreement with it. Of the 56
culture negative, 37.5 per cent (n=21) were positive and
62.5 per cent (n=35) were negative by India ink; 66 per
cent (n=37) were positive and 34 per cent (n=19) were
negative by LAT; 53.5 per cent (n=30) were positive
and 46.5 per cent (n=26) negative by EIA.
By Mc Nemar test, when culture was negative, there
was a significant discordance between the evaluated
diagnostic tests. The proportion of discordant pair of
LAT positive and India ink negative was 45.7 per cent,
P<0.001 (n=16), proportion of discordance between EIA
positive and India ink negative was 25.7 per cent,
P=0.004 (n=9); and EIA negative and LAT positive was
21.6 per cent, P=0.039 (n=8) and EIA positive and LAT
negative was 5.3 per cent (n=1).
A similar statistical comparative study for all the
tests were done for EIA as a reference. The proportion
of discordant pair of EIA positive with India ink negative
was 25.7 per cent, P=0.004 (n=9); EIA positive and
culture negative was 53.6 per cent, P<0.001 (n=30).
EIA negative and LAT positive showed a discordance
of 7.4 per cent, P=0.039 (n=8) (Table II) while EIA
positive and LAT negative was 5.3 per cent (n=1). The
sensitivity of India ink, culture and LAT with respect
to EIA was 91.1, 70.3, 99 per cent respectively while
the specificity was 100 per cent for both India ink and
culture and 69.2 per cent for LAT.
The culture was 83.46 per cent in agreement to India
ink and 70.8 per cent to LAT and 76.3 per cent to EIA.
The EIA was 92.9 per cent in agreement to India ink
and LAT.
Discussion
Our results demonstrated that LAT test has higher
sensitivity compared to direct microscopic methods.
However, a false positivity in 6.3 per cent samples
was seen by LAT in presence of other organisms like

Table I. Comparative evaluation of culture with other diagnostic tests
Culture
+

-

Proportion of discordance

P value

India ink

+
-

71
0

21
35

(Culture-/India ink+) : 22.8%

<0.001

LAT

+
-

71
0

37
19

(Culture-/LAT+) : 34.3%

<0.001

EIA

+
-

71
0

30
26

(Culture-/EIA+) : 29.7%

<0.001

LAT, latex agglutination test; EIA, enzyme immuno assay

486

INDIAN J MED RES, MAY 2008
Table II. Comparative evaluation of EIA with other diagnostic tests
EIA
+

-

Proportion of discordance

P value

India Ink

+
-

92
9

0
26

(EIA+/India ink-) : 25.7%

0.004

LAT

+
-

100
1

8
18

(EIA-/LAT+) : 7.4%

0.039

Culture

+
-

71
30

0
26

(EIA+/Culture-) : 53.6%

0.001

C. albicans, C. tropicalis, Gram-negative bacteria,
Trichosporon spp. and Geotrichum spp. Two samples
showed cross-reactivity because of Trichosporon spp.,
and the remaining six samples had Gram-negative
bacteria along with C. albicans, C. tropicalis and
Geotrichum spp. All these eight samples were from
HIV negative patients. However, in EIA cross-reaction
with these organisms was not seen. Engler & Shea 36
have also shown that EIA did not give discrepant
results with rheumatoid factor, syneresis fluid, or
serum macroglobulins from systemic lupus
erythematosis patients while LAT cross-reacted. In
another study a false positivity of 1 per cent and false
negativity of 1.6 per cent in LAT was reported37. Thus,
LAT cannot be relied as a very specific test.
The specificity values also decreased significantly
especially in LAT and EIA with reference to culture
as it comes negative in low inoculums of organism or
if patient is on treatment. Such samples however give
positive results with serological methods, as the pick
up rate is high. Thus, the tests that show higher number
of positives seem less specific when compared to
culture. The sensitivity of India ink, LAT and EIA was
100 per cent since all the samples that tested positive
for culture, also showed positive by these tests.
However, the sensitivity of diagnostic tests varied in
respect to EIA, with LAT showing the highest,
followed by India ink, and culture. This was because
when EIA was positive, India ink and culture were
negative in 8.9 and 29.7 per cent samples respectively.
The specificity of all the tests in reference to EIA was
100 per cent except in LAT, which showed 8 samples
as false positives. The proportion of discordant pair
of EIA positive and culture negative was the maximum
thus demonstrating a significant difference in
sensitivity between conventional and serological
methods while that to EIA negative and LAT positive
was the least, revealing higher specificity of EIA in
comparison to LAT.

A comparative study between LAT and EIA
conducted by Gade et al30 demonstrated 99 per cent
sensitivity and 97 per cent specificity for EIA. The study
resulted in 11 discordant results, 8 of which were
identified as positive by the EIA and negative by LAT
(EIA+/LAT-). In an earlier study the sensitivities and
specificities of commercial kits were shown to be
comparable for CSF whereas significant differences in
sensitivities were found in serum samples38.
In contrast to the significant discordance in (EIA+/
LAT-) in Gade’s study30, we detected (EIA+/LAT-) in
only one sample, as the patient was initially on treatment
for 6 wk and then came back with an early relapse and
received another course of the treatment for 6 wk. It
revealed that EIA could be positive even if patient is on
long treatment when LAT demonstrates negative. Scott
et al39 also confirmed the same.
The EIA has potential advantages over LAT as it
provides a clear discrimination of positive from negative
results (cut-off), and higher sensitivity and
specificity12,31. Unlike LAT, no pre-treatment of the
specimen is needed30. Moreover the high cost of LAT
reagents limits the use of this test on a routine basis in
diagnostic laboratories in India. Comparatively the EIA
is less expensive (almost half the cost) and can be
introduced as a routine diagnostic test.
In conclusion, EIA may be considered as an aid in
establishing diagnosis when culture is negative because
of low inoculum and treatment. Culture takes a long
time, while EIA is rapid. Thus, EIA is a simple, rapid,
and reliable test for the early detection of cryptococcal
antigen in clinical samples like CSF.
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