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To investigate the utility of the 48-kDa antigen from Candida albicans in its commercial form (Directigen;
Becton Dickinson) and three other serodiagnostic methods (detection of one antigen by Pastorex Candida
[Sanofi Diagnostics Pasteur] and detection of immunoglobulin G [IgG1 and IgM antibodies to C. albicans
blastoconidia [bioMerieuxl) for diagnosis of invasive Candida infection, we conducted a prospective clinical
trial among 10 patients with candidemia (group 1), 30 patients colonized by C. albicans (group 2), 20 patients
with bacteremia (group 3), and 20 subjects without clinical or microbiological evidence of infection. The
Directigen system was positive for at least one serum sample each from eight patients in group 1. In groups 2,
3, and 4, it was positive for only three patients. There was no reaction to the Pastorex system in any of the
patients infected with or colonized by C. albicans or in the non-Candida-carrying controls. The IgG antibody
concentration oscillated between 100 and 800 (mean, 510 ± 268) IU/ml for the patients in group 1. In this
group, eight patients had IgG antibody levels of >400 IU/ml. The percentages of persons with IgG antibody
levels of >400 IU/ml in groups 2, 3, and 4 were 43.3, 0, and 0, respectively. Specific IgM antibody was present
in all group 1 patients but not in those in groups 2, 3, and 4. The sensitivity and specificity of the Directigen
test were 65 and 97.1%, respectively. For the Pastorex test, the sensitivity was 0%Y. The sensitivity of IgG
antibodies was 80%, with a specificity of 81.4%, while the IgM antibodies were 100%v specific and sensitive.
Both the positive and negative predictive values of specific IgM antibodies appeared to be superior to those of
the other three tests.

Invasive candidiasis is difficult to diagnose and is the
cause of substantial morbidity and mortality in immunosup-
pressed patients or in those superinfected with the fungus
(12). The only currently available, reliable diagnostic aid for
detection of invasive candidiasis is open biopsy of deep
tissue. Blood cultures are frequently negative with proven
deep visceral candidiasis, while patients with central lines or
otherwise colonized are positive (11, 20). Among the sys-
tems available for detection of fungemia by Candida spp. are
an immunodiagnostic assay for antibodies to mannoprotein
and mannan or for the antigens themselves (12) and detec-
tion of serum arabinitol or mannose by gas-liquid chroma-
tography (3, 10, 15). An immunodominant cytoplasmic 48-
kDa antigen (Candida enolase antigen) has recently been
identified and determined to be present in many patients with
invasive candidiasis (1, 22). To investigate the utility of this
48-kDa antigen in its commercial form (Directigen; Becton
Dickinson) and three other serodiagnostic reagents for inva-
sive Candida infection (the detection of one antigen and the
two remaining antibodies), we conducted a prospective
clinical trial among patients with suspected candidemia.

Eighty patients at high risk for disseminated candidiasis
were studied. Two serum samples from each were evaluated
for the presence of Candida albicans antigens by two
methods and for the presence of both immunoglobulin G
(IgG) and IgM antibodies to C. albicans blastoconidia.
Patients were divided into the following four groups: 1, 10
patients with proven first-time C. albicans sepsis as evi-
denced by three positive blood cultures (Becton Dickinson)
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(Table 1); 2, 30 patients colonized by C. albicans (coloniza-
tion was defined as the presence of C. albicans isolated from
mucosal surfaces only when there was no evidence of deep
invasive infection); 3, 20 patients with bacteremia and no
evidence of Candida infection; 4, 20 subjects who were
considered to have no clinical or microbiologic evidence of
infection. When the hemoculture was positive (groups 1 and
3) and when the subject showed no signs of fever (groups 2
and 4), two serum samples were collected (separated by 48
h) and frozen at -70°C. The following detection methods
were used: Directigen (liposome immunoassay for detection
of the C. albicans 48-kDa protein antigen); Pastorex Candida
(latex particles conjugated to an anti-mannan monoclonal
antibody; Sanofi Diagnostics Pasteur), and Candida-Spot
IFA (uses a C albicans blastoconidial clone VW32 slide
and fluorescein-labelled anti-IgG or -IgM human globulin;
bioMerieux). Results for IgG were expressed as reciprocal
final titers (initial dilution, 1/100). Standardization of this test
was achieved by use of a pool of sera from patients with
candidiasis (bioMerieux). IgG concentrations of >400 IU/ml
are considered indicative of candidemia by the manufac-
turer. IgM antibody was determined at an initial dilution of
1/10 and expressed as either positive or negative. The
identity of IgM was confirmed with anti-IgG Absorbent RF
(Behring Institute).
The Directigen system was positive for at least one serum

sample from each of the patients in group 1, except for
patients 3 and 10 (Table 2). In groups 2, 3, and 4, it was
positive only four times (three patients) (Table 2). There was
no reaction to the Pastorex system for any of the infected or
colonized patients (groups 1 and 2) or for the non-Candida-
carrying controls (groups 3 and 4) (Table 2). The IgG
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TABLE 1. Information about patients with candidemia (group 1)

Patient outcome Underlying disorder

1 Cure Chronic pancreatitis
2 Cure Bronchopneumonia
3 Cure Duodenostomy
4 Death Neoplasm
5 Death Premature birth
6 Cure Neoplasm
7 Cure Neoplasm
8 Cure Neoplasm
9 Cure Neoplasm
10 Cure Neoplasm

antibody concentration oscillated between 100 and 800
(mean, 510 + 268) IU/ml for patients in group 1. In this
group, eight patients (80%) had IgG antibody levels of >400
IU/ml, the positivity threshold suggested by the manufac-
turer. The percentages of IgG antibody levels that were
>400 IU/ml in groups 2, 3, and 4 were 43.3, 0, and 0,
respectively. Specific IgM antibody was present in all group
1 patients but not in those from groups 2, 3, and 4 (Table 2).
The sensitivity and specificity of the tests were calculated for
each patient. The sensitivity and specificity of the Directigen
test were 65 and 97.1%, respectively. For the Pastorex test,
the sensitivity was 0%. The sensitivity of IgG antibodies was
80%, with a specificity of 81.4%, while the IgM antibodies
were 100% specific and sensitive. While the negative predic-
tive value of specific IgG antibodies appeared to be excel-
lent, both the positive and negative predictive values of
specific IgM antibodies appeared to be superior to those of
the other three tests (Table 3).
The diagnosis of invasive candidiasis is extremely difficult

both clinically and microbiologically, and the role of atten-
dant candidemia is often hard to discern (12). To shed light
on this problem, some serodiagnostic methods based upon
detection of antigens or antibodies to C. albicans have been
proposed (1-10, 12, 14-22). Although commercial kits are

TABLE 2. C. albicans antigen and antibody results for patients
with candidemia (group 1), Candida colonization (group 2), or

bacteremia (group 3) and healthy subjects (group 4)

No. of samples
Group (no. of positive/total IgG concn No. of samples

patients)' (IU/ml)b IgM positive/total
Directigen Pastorex

1 (10)
1 2/2 0/2 800 2/2
2 1/2 0/2 200 2/2
3 0/2 0/2 400 2/2
4 2/2 0/2 800 2/2
5 2/2 0/2 100 2/2
6 1/2 0/2 400 2/2
7 2/2 0/2 400 2/2
8 2/2 0/2 800 2/2
9 1/2 0/2 800 2/2
10 0/2 0/2 400 2/2

2 (30) 0/60 0/60 545 ± 140 0/60
3 (20) 1/40 0/40 100 ± 50 0/40
4 (20) 3/40 0/40 110 ± 60 0/40

a Values for individual patients in group 1 and for all of the patients in
groups 2 to 4 are shown.

b Mean or mean + standard deviation.

TABLE 3. Sensitivity, specificity, and positive and negative
predictive values, calculated per patient, of Directigen, Pastorex,

and IgG and IgM antibodies to C. albicans

Positive Negative
Test % Sensitivity % Specificity predictive predictive

value (%) value (%)

Directigen 65 97.1 76.5 95.1
Pastorex 0
IgG antibody 80 81.4 38.1 96.6
IgM antibody 100 100 100 100

available, tissue invasion by C. albicans cannot be reliably
detected by testing for the presence of a specific antigen (12).
These include the latex test for mannan detection and
agglutination with liposomes to detect the 48-kDa cytoplas-
mic protein antigen. The sensitivity of both tests is improved
when serial assays using multiple consecutive sera are used.
Methods involving antibodies also appear to be more effec-
tive when performed in series. For example, a negative
finding with hemagglutination-based antibody tests rules out
the possibility of C. albicans infection (12). Our findings
indicate that concentrations of C. albicans blastoconidium-
specific IgG antibody levels higher than 400 IU/ml are
observed in the majority of patients with disseminated
candidiasis. Perhaps of equal importance is the high predic-
tive value of a negative result. We also demonstrated that C.
albicans blastoconidial IgM antibodies showed very high
sensitivity and specificity for detection of invasive candidi-
asis. We must consider, however, the fact that these patients
had not suffered any other previous candidemia; thus, the
efficiency of this test is limited to a first-time infection. It
would be interesting to study specific IgM production during
reinfection and the duration of these IgM antibodies should
they appear. Several new comparative reports have pro-
posed the clinical utility of investigations concerning the
cytoplasmic C. albicans 48-kDa antigen (22) and detection of
the C. albicans mannan antigen by latex (13) in subjects with
or without invasive candidiasis. We have compared the
reliability of four methods (two antigen detection and two
antibody detection methods) for the diagnosis of dissemi-
nated candidiasis. The cytoplasmic antigen detection kit
(Directigen) had moderate sensitivity and high specificity in
our population. Walsh et al. (22) obtained values similar to
ours (sensitivity, 64%; specificity, 96%), but these values
increased in cases of invasive candidiasis. In our study, the
Pastorex kit could not detect the Candida mannan antigen
and did not show adequate sensitivity for diagnosis in either
the disseminated-infection or colonized patient group. Nev-
ertheless, Herent et al. (13) recommended this test because
it was moderately sensitive, although it was difficult to
recognize its value considering the complexity of the results.
In addition, in this study a clear evaluation of the kits was
further hindered by the absence of clearly defined patient
and control populations. Several factors may have contrib-
uted to the false-negative determinations of invasive candi-
diasis in our study (group 1, patients 3 and 10), such as low
concentrations of the Candida antigen, antibody-mediated
clearance of the antigen, and infrequent sampling. Our
results showed that the timing of serum collection and the
number of samples were particularly important in obtaining
a positive result. Specimens were obtained from both pa-
tients when the hemocultures were positive, but by that time
the antigen could have cleared. It is apparent from our
results that two antigen-negative serum samples do not
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exclude a diagnosis of candidiasis. We therefore suggest that
a large number of specimens be analyzed. Processing should
involve a maximum of one freeze-thaw cycle before testing,
since repeated cycles of freezing and thawing are known to
denature and diminish detectable antigen activity.

In conclusion, when we compared four methods, two
involving antigen detection and two involving antibody
detection, for serodiagnosis of invasive candidiasis, the most
useful markers in patients with first-time C. albicans sepsis
proved to be C. albicans blastoconidial IgM antibodies.
Given the apparent complementarity of detection of candi-
demia and production of IgM antibodies, to adequately
detect invasive candidiasis multiple serum samples must be
obtained for an antibody assay, either with each set of blood
cultures or later. In patients with suspected candidemia,
investigation of IgG and IgM antibodies and the 48-kDa
antigen is proposed. The cost of this multiple testing may
perhaps be contained by limiting testing to those patients
considered to be at high risk for invasive candidiasis.

REFERENCES
1. Anonymous. 1991. Circulating candida antigen: a useful marker

of invasive candidiasis. Infect. Dis. Alert 10:63.
2. Araj, G. F., R. L. Hopfer, S. Chesnut, V. Fainstein, and G. P.

Bodey, Sr. 1982. Diagnostic value of the enzyme-linked immu-
nosorbent assay for detection of Candida albicans cytoplasmic
antigen in sera of cancer patients. J. Clin. Microbiol. 16:46-52.

3. Armstrong, D. 1989. Problems in management of opportunistic
fungal diseases. Rev. Infect. Dis. 11(Suppl. 7):S1591-S1599.

4. Bailey, J. W., E. Sada, C. Brass, and J. E. Bennett. 1985.
Diagnosis of systematic candidiasis by latex agglutination for
serum antigen. J. Clin. Microbiol. 21:749-752.

5. Bennett, J. E. 1987. Rapid diagnosis of candidiasis and aspergil-
losis. Rev. Infect. Dis. 9:398-402.

6. Bisbe, J., J. M. Mir6, J. M. Torres, C. Alia, J. Mallolas, and M.
Amaral. 1986. Diagn6stico serol6gico de la candidiasis disemi-
nada en heroin6manos. Enferm. Infect. Microbiol. Clin. 4:279-
280.

7. Deacon, A. G. 1986. Estimation of serum arabinitol for diagnos-
ing invasive candidosis. J. Clin. Pathol. 39:842-850.

8. Delozier, J. B., m, C. W. Straton, and L. . Potts, Jr. 1987. Rapid
diagnosis of Candida sepsis in surgical patients. Am. Surg.
53:600-602.

9. Edwards, J. E. 1991. Especies de candida, p. 2057. In G. L.
Mandell, R. Gordon, and J. E. Bennett (ed.), Enfermedades
infecciosas. Principios y practica. Panamericana, Buenos Aires.

10. Fujita, S.-I., and T. Hashimoto. 1992. Detection of serum
Candida antigens by enzyme-linked immunosorbent assay and a
latex agglutination test with anti-Candida albicans and anti-
Candida krusei antibodies. J. Clin. Microbiol. 30:3132-3137.

11. Guti6rrez, J., C. Le6n, R. Matamoros, C. Nogales, and E.
Martin. 1992. Catheter-related bacteremia and fungemia. Reli-
ability of two methods for catheter culture. Diagn. Microbiol.
Infect. Dis. 15:575-578.

12. Gutierrez, J., and J. Liebana. 1993. Immunological methods for
the detection of structural components and metabolites of
bacteria and fungi in blood. Clinical effectiveness. Ann. Biol.
Clin. 51:83-90.

13. Herent, P., D. Stynen, F. Hernando, J. Fruit, and D. Poulain.
1992. Retrospective evaluation of two latex agglutination tests
for detection of circulating antigens during invasive candidosis.
J. Clin. Microbiol. 30:2158-2164.

14. Lemieux, C., G. St-Germain, J. Vincelette, L. Kaufman, and L.
de Repentigny. 1990. Collaborative evaluation of antigen detec-
tion by a commercial latex agglutination test and enzyme
immunoassay in the diagnosis of invasive candidiasis. J. Clin.
Microbiol. 28:249-253.

15. Lew, M. A. 1989. Diagnosis of systemic candida infections.
Annu. Rev. Med. 40:87-97.

16. Morales, C., J. M. Nogueira, and J. Garcia de Lomas. 1988.
Candidisis sistemicas: problemas diagn6sticos actuales y per-
spectivas futuras. Enferm. Infect. Microbiol. Clin. 6:107-113.

17. Philips, P., A. Dowd, P. Jewesson, G. Radigan, M. G. Tweed-
dale, A. Clarke, I. Geere, and M. Kelly. 1990. Nonvalue of
antigen detection immunoassays for diagnosis of candidemia. J.
Clin. Microbiol. 28:2320-2326.

18. Quindos, G., A. Zanton, I. Gutierrez, J. Pont6n, and R. Cis-
terna. 1988. Utilidad de la cromatografia liquida de alta presion
en el diagn6stico de la candidiasis sistemica. Enferm. Infect.
Microbiol. Clin. 6:203-207.

19. Reiss, E., R. J. Kuykendall, and L. Kaufnan. 1986. Antigenemia
in rabbits infected with Candida albicans serotype B: detection
by enzyme immunoassay and preliminary characterization of
the antigen. J. Med. Vet. Mycol. 24:259-269.

20. Roboz, J., D. C. Kappatos, and J. F. Holland. 1987. Role of
individual serum pentitol concentrations in the diagnosis of
disseminated visceral candidiasis. Eur. J. Clin. Microbiol. In-
fect. Dis. 6:708-714.

21. Telenti, A., and G. D. Roberts. 1987. El diagn6stico de candidi-
asis diseminada. Enferm. Infect. Microbiol. Clin. 5:311-313.

22. Walsh, T. J., J. W. Hathorn, J. D. Sobel, et al. 1991. Detection
of circulating candida enolase by immunoassay in patients with
cancer and invasive candidiasis. N. Engl. J. Med. 324:1026-
1031.

2552 NOTES


