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Repeat serum samples from 22 patients with proven disseminated candidiasis and 42 with simple peripheral
colonization were assayed for Candida antibodies by coelectrosyneresis, immunoprecipitation, and A and B
immunofluorescence, for metabolites by D-arabinitol measurement, and for antigens by the mannan immu-
noassay and Cand-tec latex agglutination (mean number of samples tested, 2.5 per patient). For the antibody
and metabolite assays, the results showed no statistical difference between the two groups. By contrast, the
results of both antigen assays were positive for a significantly larger number of patients with disseminated
candidiasis than of those with simple peripheral colonization. Results were similar regardless of whether the
patients were neutropenic. They were not predictive of death. We calculated that the mannan antigen assay had
29% sensitivity and 97% specificity for the diagnosis of disseminated candidiasis. Likelihood ratios of a positive
and a negative result of this test were 9.2 and 0.7, respectively, for this diagnosis. In the latex agglutination test,
likelihood ratios were 2.5, 1.5, 1.6, and 0.3 when the test was positive for dilutions of 1/8, 1/4, and 1/2 and was
negative, respectively.

Disseminated candidiasis is observed with increasing fre-
quency in hospitalized patients (11, 18) and is associated
with high mortality, even when first-line therapy with intra-
venous amphotericin B is used (11, 16). Epidemiological
studies (13) and experimental studies (5, 10, 17) have shown
that disseminated candidiasis follows intestinal colonization
by Candida species. It is difficult to differentiate between
these two conditions, however, because most clinical signs
and symptoms of disseminated candidiasis are nonspecific
(4, 16, 20). Premortem histological diagnosis of the disease is
difficult in that surgical biopsies of infected sites are often
impossible to perform and blind-needle biopsies are unre-
warding (3). Blood cultures often become positive too late,
and delays in initiating therapy might therefore account for
part of the poor prognosis. In a search for early indicators of
disseminated candidiasis, we recently showed in a case-
control study of cancer patients that severe neutropenia,
central catheterization, and candidal colonization of at least
one peripheral site were each associated with a significantly
increased risk of candidemia (13). The specificities and
sensitivities of these risk factors for the diagnosis of candi-
demia, however, were too low for reliable diagnosis at an
early stage of systemic candidiasis. This explains why em-
pirical treatment with systemic amphotericin B has been
recommended for patients at high risk of disseminated
candidiasis, i.e., immunocompromised patients or those
with fever of unknown origin which persists under appropri-
ate antibacterial chemotherapy (20). However, this treat-
ment led to the administering of amphotericin B, which
causes discomfort and potentially severe side effects, to
certain patients who did not have disseminated candidiasis
(4). That is why several methods for rapid serologic diagno-
sis of significant Candida infections were subsequently in-
vestigated, including assays for detecting Candida antigens,
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antibodies, or metabolites in the serum of patients. The
published results of evaluations of these assays were re-
cently reviewed (6, 7, 10). They were also compared in an
animal model of systemic and gastrointestinal candidiasis
(10). As far as we know, however, no direct comparison of
the usefulness of these assays has been reported for hospi-
talized patients. Therefore, in the present study, we com-
pared the results of antigen, antibody, and metabolite assays
for patients with disseminated or peripheral candidiasis.

MATERIALS AND METHODS
Sera and patients. We retrospectively included in the study

frozen sera obtained from patients suspected of candidiasis
at the time when the suspicion was based on clinical
grounds. The clinical basis for the suspicion of candidiasis
was the association of signs of sepsis and of a positive
culture for Candida sp. These sera were sent to our labora-
tories for various diagnostic procedures between October
1985 and July 1987. Sera were immediately tested for anti-
bodies in one hospital and for Cand-tec antigen in the other.
In both hospitals what remained of the samples was ali-
quoted and stored frozen at -80°C until the other assays (see
below) were performed. To determine the diagnosis, we
reviewed clinical charts, results of surveillance and blood
cultures, and biopsy data. Patients with disseminated candi-
diasis were defined as those who had either two or more
blood cultures positive for the same Candida sp. within a
72-h time period or a biopsy-proven deep Candida infection.
Patients with simple peripheral colonization had peripheral
cultures positive for Candida sp., no positive blood culture
or positive biopsy, and had not been treated by systemic
antifungal therapy with flucytosine, ketoconazole, or intra-
venous amphotericin B. A colonized patient who had re-
ceived such treatment, or who had only one blood culture
positive for Candida sp. was considered to have an uncertain
diagnosis and was not included in the study.
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Antibody assays. Immunoprecipitation was performed
with commercially available antigens (Diagnostic Pasteur,
Paris). The number of lines of precipitation was recorded
after staining with Coomassie blue.

Co-counterelectrophoresis was performed as previously
described (21) with a commercially available kit
(BioMérieux, Charbonières-les-Bains, France). In this test,
the serum of the patient and a rabbit control serum specific
for the germ-free tubes of Candida albicans were run in
parallel against antigens of C. albicans prepared from blas-
toconidia obtained by growing C. albicans VW32. The test
was considered positive when a common line of precipitation
was found between the rabbit control serum and the serum
of the patient.

Indirect immunofluorescence was assayed as described
earlier (14) with blastoconidia obtained by growing on Sab-
ouraud glucose agar C. albicans HM1 (serotype A) or HM2
(serotype B). These strains were originally isolated by M.
Biguet (Institut National de la Santé et de la Recherche
Médicale, Lille, France) and kept since 1972 in our labora-
tory in liquid nitrogen. After being prepared, the slides were
kept frozen at -20°C until immunofluorescence assays were
performed.

Antigen assays. The presence of an unidentified candidal
antigen was detected by Cand-tec latex agglutination with a
commercial test kit (Ramco Laboratories, Houston, Tex.)
(1, 8, 12). Mannan polysaccharide, a major heat-stable
component of the yeast cell wall, was detected in a simplified
enzyme immunoassay, as previously described (6). The
serum mannan was considered positive when 2 or more ng of
mannan per ml was detected. Sensitivity and specificity of
the test for invasive candidiasis have been reported to be 65
and 100%, respectively (6).

Creatinine and D-arabinitol measurement. Creatinine was
measured with an automated creatinine analyzer (Creatinine
Analyzer 2; Beckman Instruments, Inc., Fullerton, Calif.).
D-Arabinitol was measured by kinetic spectrofluorometry
chromatography (23) with an inducible D-arabinitol dehydro-
genase from Aerobacter aerogenes (15).

Statistical analysis. Data were managed and checked by
the PIGAS system (24). Sensitivities, specificities, likelihood
ratios, and predictive values were calculated as previously
described (22). Likelihood ratios are the ratios of the pro-
portions of patients with a given characteristic in the dissem-
inated candidiasis group to those of patients in the peripheral
candidiasis group. They express the odds that this charac-
teristic would be expected in a patient with disseminated
candidiasis as opposed to one with peripheral disease only.
We used analysis of variance for comparison of means and

the chi-square or Fisher exact test for comparison of pro-
portions.

RESULTS

Serum samples were available from 164 patients. In 100
cases, the diagnosis was uncertain, either because patients
had only one blood culture positive for a Candida sp. (11
patients) or because they had been given ketoconazole (35
patients), flucytosine (3 patients), or intravenous amphoter-
icin B (80 patients). A total of 51 (80%) patients included in
the analysis had cancer. Disseminated candidiasis was diag-
nosed for 22 patients. One of them had a positive deep-tissue
biopsy, and the other 21 had positive blood cultures (C.
albicans, nine patients; C. tropicalis, eight patients; C.
krusei plus C. albicans, one patient; and Torulopsis gla-
brata, three patients). Forty-two patients had simple periph-

TABLE 1. Characteristics and description of the type of
colonization by Candida species in 64 patients with candidiasis

Results with the following type
of candidiasis:

Characteristics
Disseminated Peripheral only

(n = 22) (n = 42)

Patient data (% of patients)
Male 73 64
Cancer 67 85
Severe neutropenia 24 23
Type of ward

Surgical 41 31
Medical 45 38
Intensive care 14 31

Age (yr; mean [range]) 50 (6-84) 49 (6-83)

Length of hospital stay 55 (7-153) 31 (1-93)
(days; mean [range])

No. of serum samples 2.9 (1-12) 2.1 (1-11)
studied per patient
(mean [range])

Site (no. of patients with
positive site/no. tested)

Blood 21/22 0/42
Oropharynx 13/17 23/31
Feces 12/19 21/33
Genital mucosa 6/10 12/24
Urine 10/20 12/38
Surgical drainage 5/5 11/16
Central catheter 9/14 1/22

Species (% of patients
colonized)

C. albicans 64 81
C. tropicalis 36 7
C. pseudotropicalis 0 10
C. krusei 5 10
T. glabrata 18 12
More than one species 23 19

eral colonization. Fifty-one (80%) of the 64 patients included
in the analysis had cancer.
The characteristics of the patients with disseminated can-

didiasis and of those with simple peripheral colonization
were not statistically different (t test, chi-square test, and
Fisher exact test; Table 1). The intestinal tract was the most
frequently colonized site in both groups (Table 1). C. albi-
cans was isolated in more than half the patients. Eighteen of
the 21 patients (86%) with disseminated candidiasis and
candidemia had at least one peripheral site colonized by the
same Candida species as that isolated from the blood.
The results of antibody assays, including assays of co-

counterelectrophoresis, immunoprecipitation, and A and B
immunofluorescence were not significantly different in the
patients with disseminated and peripheral candidiasis. Sim-
ilarly, there was no significant difference between these two
groups for the results of the metabolite assays, in which we
measured the D-arabinitol and creatinine levels and calcu-
lated the ratio of the former to the latter (Table 2). In the
mannan antigen assay and in the Cand-tec agglutination
antigen assay, positivity was significantly associated with
disseminated candidiasis (P = 0.05, by the Fisher exact test
for the mannan antigen assay; P < 0.05, by the chi-square
test for heterogeneity for the Cand-tec assay).
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TABLE 2. Results of antibody, antigen, and metabolite assays in
64 patients with candidiasisa

Results with the following type
of candidiasis:

Assay and methods
Disseminated Peripheral only

(n = 22) (n = 42)

Antibody
Co-counterelectrophoresis 5/10 7/30

(no. of patient positive/
total)

Immunoprecipitation
Mean no. of precipita- 1.4 (0.8) 1.3 (1.2)

tion lines (SD)
n il 13

Immunofluorescence A
Mean scored (SD) 2.8 (1.3) 2.4 (1.5)
n 10 13

Immunofluorescence B
Mean score (SD) 2.9 (1.2) 2.5 (1.4)
n il 13

Metabolite (D-arabinitol):
No. of patients positive/ 10/22 10/42

total
Range of D-arabinitol/ 1-13 1-55

creatinine ratio

Antigen (mannan)
No. of patients positive/ 4c/14 ldl32e

total with Cand-tec
No. (%) of patients with

titer of:
0 3 (14) 21 (50Y
1/2 8 (36) 9 (21)
1/4 7 (32) 9 (21)
1/8 4 (18) 3 (7)

n 22 42

When several serum samples were assayed for the same patient, the
maximum value for each assay in any of the samples was used to tabulate the
data.

b Scores were 0 for a negative result, and 1, 2, 3, 4, 5, and 6 for assays
positive at dilutions of 1/200, 1/400, 1/800, 1/1,600, 1/3,200, and 1/6,400,
respectively.

C Individual results: 4, 6, 6, and 29 ng/ml.
d Individual result: 7 ng/ml.
e p = 0.05 (Fisher exact test).
fP < 0.05 (chi-square test for heterogeneity).

The same results were found when the analysis was
restricted to results from patients without severe neutrope-
nia (data not shown).
We found no statistically significant differences in the

results of any of the assays studied between the nine patients
with disseminated candidiasis caused by C. albicans and the
eight patients in whom the disease was caused by C.
tropicalis (data not shown).
From the data in Table 2, we calculated that the mannan

antigen assay had 29% sensitivity and 97% specificity for the
diagnosis of disseminated candidiasis. The likelihood ratios
for positive and negative results for this diagnosis were 9.2
and 0.7, respectively. In the latex agglutination test, likeli-
hood ratios for the same diagnosis were 2.5, 1.5, 1.6, and 0.3,
respectively, when the test was positive at dilutions of 1/8,
1/4, or 1/2 or was negative.
Nine of the 22 patients (41%) with disseminated candidi-

asis died during the hospital stay in which this disease was

diagnosed. The results of the Cand-tec and mannan antigen
assays were not significantly different for the patients who
died and those who survived (data not shown).

TABLE 3. Results of Cand-tec and mannan antigen assays
in 90 serum samples from 46 patients with disseminated

or peripheral candidiasis

No. of Cand-tec assay results
Mannan Positive at titer of:

assay result Negative
1/2 1/4 1/8

Negative 45 23 12 4
Positive 2 2 1 1

Table 3 shows the results of the mannan and Cand-tec
antigen assays for 90 serum samples from 46 patients tested
by both methods. When the cutoff limits of positivity in the
Cand-tec assay were 1/2, 1/4, and 1/8, concordance between
the two tests was 54, 78, and 90%, respectively.

Creatinemia increased significantly (Pearson correlation
coefficient; P = 0.002) with increased Cand-tec titers (Fig.
1). By contrast, we found no correlation (r = 0.013) between
serum levels of creatinine and mannan (89 samples tested in
both assays; individual data not shown).

DISCUSSION

Due to the retrospective design of the study, the results of
all assays were not available for each serum sample. Our
results, however, show that significantly more serum sam-
ples from patients with disseminated candidiasis than from
those with simple peripheral colonization yielded positive
antigen assays. This significant relationship was found in
both the Cand-tec agglutination assay and the mannan anti-
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FIG. 1. Relationship between creatinemia and Cand-tec titers in
150 serum samples from 64 patients with disseminated candidiasis.
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gen assay. By contrast, no significant difference between the
two groups of patients could be found in the results of any of
the antibody or metabolite assays. All these results were
similar, regardless of whether the patients were severely
neutropenic. These findings are in agreement with what was
found in a rat model of gastrointestinal colonization with
subsequent invasive infection after induction of deep leuko-
penia (10). At the same time, the results of several studies
suggest that a significant association may exist between
positive antibody assays (2, 7) or metabolite (9, 25) assays on
the one hand and disseminated candidiasis on the other.
These discrepancies might be linked to differences be-

tween patient populations (2) or case definitions. We there-
fore took care here to exclude from the analysis all patients
with a doubtful diagnosis. Patients with peripheral coloniza-
tion only were those with positive surveillance cultures.
However, colonized patients who were being empirically
treated with systemic antifungal therapy were excluded from
the group with limited peripheral colonization, because their
blood cultures might have been sterilized by the treatment.
We choose the two blood culture rule as a marker for
disseminated candidiasis because it has been accepted as
such in a previously published study (13). Patients with only
one blood culture positive for a Candida sp. were excluded
from the group with disseminated candidiasis, because tran-
sient candidemia has been suggested to occur in colonized
patients in the absence of disseminated infection (3).
Concerning detection of D-arabinitol, D-mannitol is also a

substrate for the enzyme used (23). Because of the retro-
spective design of the study, it was not possible to acertain
with certainty whether patients had been exposed to D-
mannitol. Therefore, one should be very cautious in inter-
preting this part of the data. More specific methods (9, 25) to
detect D-arabinitol are more complex and were not available
for the present study.
We confirmed a significant association between high

Cand-tec titers and high serum creatinine values. It has been
suggested that the antigens detected in Cand-tec assay
accumulate in sera from patients with renal failure (19). We
did not find such an association for the results of serum
mannan levels.
Our results can be used to quantify the probability of

disseminated candidiasis in patients with peripheral coloni-
zation. For instance, the prevalence of disseminated candi-
diasis was estimated at 60% in leukemic patients with fever
of unknown origin who are treated empirically with systemic
amphotericin B (4). On the basis of this prevalence, it can be
calculated from the data in Table 3, by means of simple
formulas (22), that in such leukemic patients a positive
mannan antigen assay will be associated with a 93% positive
probability of disseminated candidiasis; on the other hand, a
Cand-tec antigen assay that is positive at dilutions of 1/8, 1/4,
or 1/2 will be associated with a positive probability of only
79, 69, or 70%, respectively. When the mannan antigen
assay is negative in these patients, they have a 58% proba-
bility of being free of disseminated candidiasis. When the
Cand-tec assay is negative, this probability rises to 69%.
These results are in agreement with those published recently
for Cand-tec results in a prospective analysis of immuno-
compromised patients, in which the prevalence of invasive
disease was 5% (19). Taken together, they suggest that the
mannan antigen assay is more promising than the Cand-tec
assay for detecting of antigenemia in disseminated candidi-
asis.
However, our data were obtained in a retrospective fash-

ion, and assays were not performed on all samples after an

equivalent period of storage. Since no data pertaining to the
stability of the Cand-tec antigen, mannan, or arabinitol
under the conditions used for collection and long-term
storage are available, our results should be confirmed in a
more standardized prospective study. We feel, however,
that the reliability of the tests presently available should be
improved before they can be used for clinical practice.
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