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Summary 

Cryptococcosis is a life-threatening infection caused by
Cryptococcus neoformans and C. gattii. Tests for quick detection
of the cryptococcal antigen are needed. This study compares the
performance of a lateral flow assay (LFA) to the latex agglutina-
tion method. Thirty-five cryopreserved positive samples (sera and
cerebrospinal fluids) plus three negative sera for control have been
examined. LFA does not need high-temperature incubation or
enzyme pre-treatment. All the results, except for one serum, agree
with previous obtained with latex agglutination method. LFA has
an important clinical utility for its rapidity and sensitivity, and it
also can be used as a point-of-care test. 

Introduction

Typically, cryptococcosis is diagnosed by testing cere-
brospinal fluid (CSF) by culture, India ink microscopy, or crypto-
coccal antigen (CrAg) (1,2). CrAg can be detected by enzyme
immunoassays (EIA) methods or by agglutination of sensitized
latex particles (LA). However, these methods require a prelimi-
nary 15-min centrifugation; for EIA assay is also mandatory a 45-
min procedure (sample incubation, enzyme conjugation, substrate

and stop solution), while LA necessitates an incubation step with
pronase enzyme (1). Moreover, the test may be difficult to read,
notably in case of weak agglutination (8). For these reasons, FDA
approved the CrAg Lateral Flow Assay IMMY CrAg®LFA
(Imprimis Pharmaceuticals Inc., Norman, OK, USA), an
immunochromatographic dipstick assay for the detection of CrAg
capsular polysaccharide. 

In this study, the performance of the LFA for CrAg detection
was evaluated at Papa Giovanni XXIII Hospital, Bergamo, Italy. 

Materials and Methods

Thirty-eight (33 sera and 5 CFS) consecutively collected clin-
ical specimens were tested with CrAg Lateral Flow Assay IMMY
CrAg®LFA (Imprimis Pharmaceuticals Inc. San Diego, CA,
USA), in comparison with CALASTM agglutination kit (CrAg
Latex Agglutination System, Meridian Bioscience Inc.,
Cincinnati, OH, USA). Thirty-five (30 sera and 5 CSF) were col-
lected from 24 HIV-positive patients (83% males, 17% females;
mean age: 40, range: 26-68; admission to Gastroenterology 5%,
General Medicine 5%, Infectious Diseases 90%), with a culture-
proven diagnosis of cryptococcosis. Three additional tested sam-
ples were negative. All specimens were preserved at -80°C before
experimental testing.

LFA is an immunocromatographic test dipstick that implies
gold-conjugated monoclonal antibodies bounded. If CrAg is pres-
ent in a sample, antibodies bind the antigen. The gold-antibody-
CrAg complex migrates by capillarity up the strip, combined with
the immobilized monoclonal antibodies against CrAg and forms
red line. The test is performed by adding one drop of diluent to 40
µl of patient specimens. The dipstick is inserted, incubated at
room temperature for 10 minutes and then read.

A standard curve based on the increasing intensity of the posi-
tive bands, giving a numeric value (0-4) has been proposed. Titres
measured with CALASTM method were visually compared, after a
10-minute incubation, with the intensity of the lines of LFA test, to
try to obtain a semi-quantitative assessment. First of all, a negative
sample and four strips with positive bands of increasing intensity
were used to construct a standard curve. To each of these bands a
numeric value ranging from 1 to 4 was assigned (Figure 1). 

Results

Qualitative LFA results on CSF samples were concordant with
those obtained with LA (sensitivity 100%). Among sera, there was
one case of discrepancy between the two methods: positive with
LA but negative with LFA (sensitivity 96.6%) because of a very
low antigen titre (1:4). The three negative controls showed no
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lines in LFA (specificity 100%). Titres measured with CALASTM

method are shown in Table 1. LA titre comparison with LFA test
confirmed that low levels of intensity of the bands of the LFA test
corresponded to a low titre measured with CALASTM, while at
higher intensity bands corresponded higher titres. However, scores
ranging from 2 to 3 present overlap of titres ranging from 1:1024
to 1:8192.

For two patients affected by AIDS, more samples collected at
different intervals of time were tested to verify the presence of
CrAg over time (Table 2). Moving away from primary infection, a
reduction both in titre measured by the LA test and in intensity of
the bands by LFA test was observed. 

Discussion and Conclusions

Cryptococcosis is a life-threatening infection caused by
Cryptococcus neoformans and C. gattii (4-6). Current diagnostic
procedures of cryptococcosis, whether direct or indirect, have limi-
tations. They require both a particular expertise to avoid false posi-
tive and false negative results (Indian ink staining) or a prolonged
preparation time (centrifugation and/or pronase incubation) to reach
adequate sensitivity (1). This latter limitation is overcome with the
CrAg Lateral Flow Assay IMMY CrAg®LFA, that is a rapid and
easy to use assay. It can be directly performed on the native sample
(serum, plasma, whole blood, urine and FSC) and results can be
obtained in less than 15 minutes (it has shelf stability at room tem-
perature, and it does not need heat or enzyme treatment), and
requires only a minimum training (7). A semi-quantitative use of the
test is possible with serial dilutions of the sample (2) and quantifica-
tion using laser thermal contrast has been reported (1).

LFA specificity was calculated in previous studies to be
between 99.33 and 100% (5). In a large study, Hansen et al. found
an excellent concordance with the Meridian EIA test but without
complete access to patient-level data, they were unable to fully
conclude on the origin of discrepancies (3). We found specificity at
100% on CSF tested. Instead, one serum was considered false neg-
ative (specificity 100% and sensitivity 96.6%). Titres measured
with CALASTM method were compared with the intensity of the
lines of LFA test, to try to obtain a semi-quantitative assessment.
We observed that at low levels of intensity of the bands of the LFA
test corresponded to a low titre measured with CALASTM, while at
higher intensity bands corresponded more high titres. 

In conclusion, LFA is ease of use (practicality and reading),
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Figure 1. Score of intensity lines.

Table 1. Titres ordered per material.

Titre                                            Serum                 CFS

1:131072                                                           1                                0
1:32768                                                             1                                0
>1:20480                                                          1                                0
1:16384                                                             1                                0
1:8192                                                               4                                1
1:4096                                                               4                                0
1:2048                                                               3                                0
1:1024                                                               1                                0
1:512                                                                 2                                0
1:256                                                                 3                                1
1:128                                                                 1                                0
1:64                                                                   2                                1
1:32                                                                   1                                0
1:16                                                                   3                                1
1:8                                                                     1                                1
1:4                                                                     1                                0
1:2                                                                     0                                0
Total                                                                30                               5

Table 2. Follow up of two patients.

Sample             Titres: dilution                      Standard LFA                      Type of sample                       Year                               Ward
Patient 1

1                                          1:4096                                                     3                                                    Serum                                        2001                            Infectious diseases
2                                          1:4096                                                     2                                                    Serum                                        2001                            Infectious diseases
3                                            1:64                                                       1                                                    Serum                                        2003                            Infectious diseases
4                                            1:16                                                       1                                                    Serum                                        2005                            Infectious diseases
5                                             1:4                                                    NEG                                                 Serum                                        2014                            Infectious diseases

Patient 2

1                                          1:8192                                                     2                                                    Serum                                        2001                            Infectious diseases
2                                          1:4096                                                     2                                                    Liquor                                         2001                            Infectious diseases
3                                             1:8                                                        1                                                    Liquor                                         2001                            Infectious diseases
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quick (results available in less than 15 minutes) and fully appropri-
ate for diagnosis of cryptococcosis. A semi-quantitative use of the
test can be recommended to detect positivity for cryptococcal anti-
gen as a screening test, requiring further evaluation with LA to
define the final titration.
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