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Three proposed quantitative markers for candidiasis, arabinitol, mannose, and mannan in serum, are
compared in 50 normal blood donors and 38 high-risk patients, 23 with and 15 without invasive candidiasis.
Arabinitol concentrations in serum, the arabinitol/creatinine ratio, and mannose concentrations in serum were
significantly greater in the 15 patients without candidiasis than in the normal blood donors (P < 0.05). The
sensitivities and specificities were 26 and 87% for arabinitol, 13 and 93% for the arabinitol/creatinine ratio,
and 39 and 87% for mannose. On the other hand, mannan concentrations in serum were <1 ng/ml in normal
blood donors and patients without candidiasis (P = 0.344), and the sensitivity and specificity were 65 and
100%, respectively. Of 23 patients with proven or probable candidiasis, 16 had mannan levels in serum greater
than the mean + 2 standard deviations (0.46 ng/ml) for the 15 controls. In 16 patients with invasive candidiasis
and positive blood cultures for the Candida spp., only 13 had elevated levels of at least one of the three markers.
The arabinitol/creatinine ratio, the mannose level, and the mannan level became elevated an average of 4 days
before, 1 day before, and on the same day that the blood cultures were drawn, respectively. Conversely,
mannan was detected in the sera of six of seven patients with invasive candidiasis and negative blood cultures.
We conclude that the best approach to diagnosing invasive candidiasis involves obtaining blood cultures and
carrying out serial assays for mannan in serum.

Invasive candidiasis is a frequent cause of morbidity and
mortality in immunocompromised patients, especially those
with acute leukemia (4). Autopsy data have shown an
increasing incidence of candidiasis, which can be as high as
34% (21). Unfortunately, the diagnosis of this fungal infec-
tion remains difficult, and a premortem diagnosis is made
early enough for treatment in only 15 to 40% of patients (4).
Although isolation of Candida spp. from clinical specimens
may aid in diagnosis (25), blood cultures are negative in 56%
of patients with autopsy-proven disseminated disease (21).
Furthermore, serological tests for antibody to the Candida
sp. are false-negative in 27 to 70% of leukemic patients,
probably because of the immunosuppression (7, 10, 12, 20).
Because of these shortcomings, much attention has been

directed to tests which directly detect Candida spp. antigens
or metabolites in body fluids. Among these, three methods
have independently been described: (i) detection of circulat-
ing antigens such as cx-D-mannan (11, 14, 16, 22, 23, 26, 28,
29), the main antigenic polysaccharide component of the
Candida spp. cell wall, by enzyme immunoassay or radioim-
munoassay; detection of cytoplasmic protein antigens by
enzyme immunoassay (1) or radioimmunoassay (27); and
detection of glycoprotein antigens by latex agglutination (8);
(ii) gas-liquid chromatography for the quantitation of arabi-
nitol in serum (5, 9, 13, 24, 31, 32); and (iii) gas-liquid
chromatographic quantitation of mannose in serum (15, 18,
19). Although all three techniques seem promising, their
sensitivities, specificities, and predictive values have not
been compared in immunosuppressed patients at greatest
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risk of invasive candidiasis. Investigators in many hospitals
are currently interested in implementing these new diagnos-
tic methods, and we considered it pertinent to gather data on
the relative clinical value of these tests. In this study, we
compared mannan, arabinitol, and mannose concentrations
in serum samples from normal blood donors and high-risk
patients with or without invasive candidiasis.

(This work was presented in part at the 84th Annual
Meeting of the American Society for Microbiology, St.
Louis, Mo., 4 to 9 March 1984.)

MATERIALS AND METHODS

Patients and serum samples. A retrospective study design
was used. A total of 50 serum samples from normal blood
donors were obtained from the Serum Bank, Division of
Host Factors, Centers for Disease Control, Atlanta, Ga.
These samples were drawn between 1978 and 1983 and
stored at -20°C. Patients hospitalized at Emory University
Hospital from 1978 to 1983 and who were at high risk of
developing invasive candidiasis were also studied. Unused
portions of serum samples drawn from these patients for
routine laboratory tests were identified and stored at -20°C.
Patients with hematological malignancies who had under-
gone autopsy and patients with candidemia were selected for
further study, and their charts were reviewed. Information
was obtained on the underlying disease history, presence and
duration of neutropenia (less than 1,000 neutrophils per
mm3), renal function, chemotherapy, radiotherapy, alloge-
neic bone marrow transplantation, use of corticosteroids and
broad-spectrum antibacterial antibiotics, surgery, fungal and

972



RAPID DIAGNOSIS OF INVASIVE CANDIDIASIS 973

nonfungal infections, surveillance cultures, antifungal treat-
ment, and autopsy results.
On the basis of this clinical information, patients were

divided into the following groups: (i) 13 patients with leuke-
mia or lymphoma and autopsy-proven invasive candidiasis,
defined as postmortem histopathological evidence of tissue
invasion of at least one deep organ by yeast and pseu-
dohyphae typical of the Candida spp.; (ii) 10 patients with
probable invasive candidiasis, who had candidemia associ-
ated either with neutropenia and a hematological malignancy
or with repeated culture of the same Candida sp. from a
normally sterile site in the setting of postoperative intra-ab-
dominal or intrathoracic sepsis; and (iii) 15 patients with
leukemia or lymphoma and no evidence of candidiasis at
autopsy.
The mean number of serum samples studied per patient,

with the range of samples per patient given in parentheses,
for the different patient groups were as follows: autopsy-
proven invasive candidiasis, 3.3 (1 to 9); probable invasive
candidiasis, 5.4 (1 to 13); and no candidiasis at autopsy, 2.9
(1 to 6). The last samples available for study were obtained
within 1 week of death from six of eight patients with
probable invasive candidiasis and within 2 weeks of death
from all eight patients who died in this group. In the 15
control patients without candidiasis, the last available sam-
ples from 10 patients were drawn less than 1 week before
death.

Analytical techniques. A code number was assigned to
each serum sample, and the assays were carried out without
knowledge of the clinical histories of the patients.
Serum samples from normal blood donors were assayed

for creatinine with an automated analyzer (Gilford Instru-
ment Laboratories, Inc., Oberlin, Ohio). All other creatinine
concentration data were obtained from the charts of each
patient.

Simultaneous determination of arabinitol and mannose
concentrations in serum by gas-liquid chromatography and
double-antibody sandwich enzyme immunoassay for man-
nan concentrations in serum were performed as previously
described (3, 23). Adjustment for accumulation of arabinitol
in renal insufficiency was made by calculating the
arabinitol/creatinine ratio (31), with arabinitol expressed in
micrograms per milliliter and creatinine expressed in milli-
grams per deciliter. Mannose concentrations in serum were
adjusted for renal insufficiency by using the following equa-
tion: adjusted mannose concentration = measured mannose
concentration - 2.41(serum creatinine) + 4.1, as previously
described (2).

Statistical methods. The significance of differences be-
tween the means was analyzed by the two-tailed Student t
test (6); the method of Welch (30) was used when population
variances were unequal.

TABLE 1. Clinical findings in 13 patients with autopsy-proven
invasive candidiasis, 10 patients with probable invasive

candidiasis, and 15 high-risk control patients without candidiasis
at autopsy

No. of patients' with:

Conditions Autopsy- Probable Noproven invasive candidiasis
invasive candia tasy

candidiasis candidiasis at autopsy

Underlying disease
Acute myelogenous leukemia
Acute lymphocytic leukemia
Chronic myelogenous leuke-
mia

Chronic lymphocytic leuke-
mia

Lymphoma or Hodgkin's dis-
ease

Intra-abdominal or intra-
thoracic sepsis

Predisposing factors
Neutropenia lasting more

than 1 week
Chemotherapy
Radiotherapy
Corticosteroid therapy
Broad-spectrum antibiotic

therapy
Surgery
Allogeneic bone marrow

transplantation

Infections other than candidia-
sis

Non-fungal infections
Invasive aspergillosis

Candidemia from
C. albicans
C. tropicalis
T. glabrata
C. parapsilosis

Candida maculopapular skin
rash

Candida chorioretinitis

Antifungal treatment
Amphotericin B
Ketoconazole
Miconazole
5-Fluorocytosine

Outcome
Survivors
Deceased

9 6 6
3 1 1
0 0 3

0 0 1

1

0

0 4

3 0

12 7 8

13 7 12
1 0 3
5 2 6

13 10 14

1 4 3
4 0 1

3 7 5
2 0 2

6 10 0
0 3 0
5 6 0
0 1 0
1 0 0

4 2 0

0 1 0

7 8 11
6 7 4
2 4 10
2 2 1
0 2 0

0 2 0
13 8 15

RESULTS

Clinical findings. The clinical findings in the patients at
high risk of candidiasis who were selected for study are
shown in Tables 1 and 2. All patients with autopsy-proven
invasive candidiasis or with no evidence of candidiasis at
autopsy and 7 of 10 patients with probable invasive candidi-
asis had a hematological malignancy as the underlying
disease. Two of the four patients with chronic leukemia were
studied during a blast crisis. Although there was consider-
able overlap, average survival (in months) from initial diag-
nosis until death for patients with acute leukemia and proven
(10.5) or probable (8.3) invasive candidiasis was less than for

a Average age (range) of (i) patients with autopsy-proven invasive candidia-
sis, 62.5 (22 to 80); (ii) patients with probable invasive candidiasis, 54.8 (25 to
67); (iii) patients with no candidiasis at autopsy, 54.7 (18 to 76). Of the 13
patients with autopsy-proven invasive candidiasis, 11 were male and 2 were
female; of the 10 patients with probable invasive candidiasis, 7 were male and
3 were female; and of the 15 patients with no candidiasis, 7 were male and 8
were female.

patients with acute leukemia and no evidence of candidiasis
at autopsy (17.7).

In addition to the underlying disease, most patients had
several other predisposing factors (Table 1). Five patients
with proven or probable invasive candidiasis had bacteremia
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TABLE 2. Clinical findings and assay results in 13 patients with invasive candidiasis at autopsy
Date (mo/ Date (mo/daylyr) of antifungal Concn in Concn in
day/yr) treatment with: serum of: Ara- serum of:

Pa- Date of on which binitol/
tiet autopsy Sites where Candida was found blood cul- Serum Creat- Ara- creati- Man- Man-

no. (mo/day/ (species involved) tures with Amphoter- Ketocona- Micona- dates inine binitol nine nose nan

yr) Candida icin B zole zole (mgl (44 ratio (q.g/ml) (ng/
were dl) Ml) Ml)
drawn

1 3/10/82 Heart, gastrointestinal tract, 11/3/81 0.8 2.70 3.38 59.27 1.0
lungs, diaphragm, liver,
bone marrow (C. albi-
cans)

11/10/81
3/7/82
3/8/82
3/9/82

1.4 7.27
1.1 5.36
1.5 10.97
2.5 13.37

5.19 36.02
4.87 83.16
7.31 367.44
5.35 29.86

0.10
0.0
0.0
0.0

2 5/23/82 Lungs (C. parapsilosis) 5/5/82 5/5/ 82 to
5/21/82

3 11/11/82 Heart, lungs, liver, kidneys, 11/11/82
spleen, pancreas, thyroid,
adrenals, gastrointestinal
tract (C. tropicalis)

4 4/24/83 Liver, spleen, kidneys

5 8/4/82 Lung, gastrointestinal tract,
thyroid (C. albicans)

6 1/21/83 Gastrointestinal tract

7 8/23/82 Lungs, heart, gastrointesti-
nal tract, liver, pancreas,
spleen, kidneys (C. tropi-
calis)

1/17/83 to 12/31/82 to
4/13/83 3/4/83

12/24/81
5/5/82
5/6/82
5/7/82

5/11/82
5/18/82
5/19/82
5/22/82
5/23/82

11/2/82
11/8/82
11/9/82

11/10/82
11/11/82

5/26/82
6/2/82

7/22/82
8/4/82
1/4/83

1/27/83
2/3/83

6/2/82
6/8/82

7/22/82
7/27/82
8/4/82

1/18/83
1/19/83
1/20/83
1/21/83

8/23/82

8 9/7/79 Heart, gastrointestinal tract, 8/26/79, 8/27/79 to
kidneys (C. tropicalis) 9/6/79 8/30/79

9 1/26/79 Pleura, gastrointestinal
tract, peritoneum (C. albi-
cans)

10 1/25/80 Lungs

1/21/79 to
1/24/79

8/30/79 to
9/7/79

1/24/79 to
1/26/79

1.0 1.89
1.5 5.99
1.9 7.10
1.9 3.54
1.8 6.63
1.9 2.74
1.8 3.37
2.2 4.36
3.7 2.13

1.6
1.5
1.5
1.4
2.3

0.8
0.7
0.7
0.8
0.6
0.7
0.8

0.9
0.7
0.7
0.6
2.0

1.8
1.8
2.1
2.2

0.57
2.14
3.47
0.60
11.67

0.47
0.53
0.89
1.92
1.95
1.52
0.13

1.49
1.32
2.66
0.62
8.85

1.89 26.53
3.99 115.12
3.74 80.93
1.86 74.82
3.68 67.10
1.44 96.84
1.87 47.11
1.98 134.10
0.58 131.40

0.36 19.38
1.43 40.82
2.31 50.46
0.43 68.05
5.07 20.99

0.59 41.98
0.76 45.67
1.27 63.97
2.40 27.04
3.25 34.98
2.17 55.72
0.16 22.41

1.66 2.85
1.89 33.84
3.80 37.73
1.03 65.03
4.43 54.81

3.15 1.75 61.25
4.78 2.66 47.37
3.58 1.70 28.20
3.89 1.77 31.25

0.80
2.66
0.06
0.01
0.03
3.47
0.06
1.46
0.15

0.0
3.18
1.98
4.09
0.0

0.0
0.87
0.0
0.0
0.63
2.23
0.0

0.0
0.0
0.0
0.75
1.83

1.66
4.21
7.10
4.17

8/4/82 0.8 1.01 1.26 32.88 0.0

8/13/79 1.3

1/3/79 0.9

0.36 0.28 11.18 0.10

0.12 0.13 23.0 0.0

1/14/80 0.9 0.98 1.09 516.5 0.0
1/21/80 0.8 1.43 1.79 63.79 6.39

12/11/78 2.411 12/28/78 Lungs, heart, liver, spleen,
kidneys, adrenals, bone
marrow (C. tropicalis)

12 5/28/79 Heart, lungs, spleen, pan- 5/25/79 5/26/79 to
creas, adrenals, kidneys, 5/28/79
gastrointestinal tract, thy-
roid, brain (C. tropicalis)

<0.1 <0.1 59.71

5/8/79 0.9 64.46 71.62 218.0

0.49

0.0

Continued on following page
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TABLE 2-Continued
Date (mo/ Date (mo/day/yr) of antifungal Concn in Concn in
day/yr) treatment with: serum of: A serum of:

Pa- Date of on which binitolr
tiet autopsy Sites where Candida was found blood cul- Serum Creat- Ara- Man-
ent (mo/day/ (species involved) tures with Amphoter- Ketocona- Micona- dates inine binitol creat Man- nan

yr) Candida icin B zole zole (mg/ lg) ratio (pg/ml) (ng/
were dl) Ml) ml)
drawn

13 1/12/79 Heart, lungs, kidneys, 1/1/79, 1/2/79 to 1/11/79 5.5 34.04 6.19 460.61 0.37
spleen, testes, parathy- 1/4/79, 1/12/79
roid, skeletal muscle, 1/10/
adrenals, thyroid (C. tro- 79
picalis)

with Corynebacterium sp. group JK, enterococcus, Staphylo- highest concentrations found in 23 patients with proven or
coccus aureus, or Flavobacterium meningosepticum and probable invasive candidiasis are shown in Table 3. For
three patients without candidiasis at autopsy had one or patients with invasive candidiasis who developed renal fail-
more of Klebsiella pneumoniae, enterococcus, group B ure during the study period, the highest arabinitol concen-
streptococcus, S. aureus, or Pseudomonas aeruginosa iso- trations in serum both during normal renal function and
lated from blood cultures. Weekly surveillance cultures of during renal failure are shown.
sputum, urine, and feces samples were done in patients with In normal blood donors, the arabinitol concentration (mean
hematological malignancies. Six patients with proven inva- + SD) was 0.45 ± 0.37 ,ug/ml. Based on the concentrations
sive candidiasis, five patients with probable invasive cand- in these sera, the upper limit of normal for arabinitol, defined
idiasis, and seven patients without candidiasis at autopsy as the mean concentration + 2 SD, was 1.19 ,ug/ml.
were colonized with Candida albicans, C. tropicalis, or C. Sera from patients with normal renal function and without
parapsilosis at one or more sites. invasive candidiasis had increased arabinitol concentrations

Renal function was normal in 50 normal blood donors (mean + SD = 1.50 + 1.68 ,ug/ml) when compared with sera
(mean creatinine concentration in serum, 0.89 mg/dl; stand- from normal blood donors (0.45 ± 0.37 ,ug/ml) (P < 0.003).
ard deviation [SD], 0.15; range, 0.6 to 1.2 mg/dl). However, In sera from patients without renal failure and with invasive
7 of 13 patients with proven invasive candidiasis (Table 2), 8 candidiasis, the mean arabinitol concentration + SD (4.01 +
of 10 patients with probable invasive candidiasis, and 6 of 15 13.53 ,ug/ml) was greater than in sera from patients without
patients without candidiasis had renal insufficiency (creati- renal failure and without candidiasis (1.50 ± 1.68 >g/ml), but
nine concentration in serum of :1.5 mg/dl). Most patients this difference was not significant (P = 0.411). During
with renal insufficiency in all three groups showed a progres- normal renal function, only 4 of 15 patients with invasive
sive rise in the creatinine concentration in serum during the candidiasis had sera with arabinitol concentrations greater
study period. The mean highest creatinine concentrations in than the mean + 2 SD (4.86 ,ug/ml) observed in sera from
serum (with the range given in parentheses) for all patients in patients without invasive candidiasis and with normal renal
each group were as follows: proven invasive candidiasis, 2.0 function.
mg/dl (0.8 to 5.5 mg/dl); probable invasive candidiasis, 3.9 In control patients with renal failure, arabinitol concentra-
mg/dl (1.1 to 10.3 mg/dl); no candidiasis, 2.3 mg/dl (0.7 to 5.6 tions in serum (mean ± SD = 8.09 + 9.68 ,ug/ml) were
mg/dl). significantly greater (P < 0.009) than those in control pa-

Arabinitol concentrations in serum. Arabinitol concentra- tients with normal renal function (1.50 t 1.68 ,ug/ml). In
tions in sera from 50 normal blood donors, 25 sera from 9 addition, all as well as the highest arabinitol concentrations
control patients with normal renal function, 19 sera from 6 in sera of patients with invasive candidiasis and renal failure
control patients with renal failure, and all as well as the were greater than those in patients with invasive candidiasis

TABLE 3. Arabinitol concentrations in sera of normal blood donors and patients with and without invasive candidiasis

Category No. of No. of Arabinitol concn (iWg/mlY'subjects sera Mean + SD Median Range Ratiob

Normal blood donors 50 50 (a) 0.45 ± 0.37 0.37 <0.1-1.58 (h) 0.48 ± 0.39
Patients with candidiasis-all sera 23 97
Normal renal functionc 8 22 (b) 4.01 ± 13.53 1.0 <0.1-64.46 4.67 ± 15.00
Renal failured 15 75 (c) 8.38 ± 9.85 5.03 <0.1-48.40 2.97 ± 2.43

Patients with candidiasis-highest concentrations 30 30
Normal renal functionc 15 15 (d) 6.68 + 16.09 2.66 0.12-64.46 7.24 ± 17.89
Renal failured 15 15 (e) 16.61 ± 14.39 9.83 <0.10-48.40 5.05 ± 3.89

Patients at risk with: 15 44
Normal renal functionc 9 25 (f) 1.50 ± 1.68 0.92 <0.10-6.14 (i) 2.69 ± 3.74
Renal failured 6 19 (g) 8.09 ± 9.68 4.93 0.39-41.32 (j) 1.92 ± 2.66
P values: (a) versus (b), not significant (NS); (a) versus (f), <0.003; (b) versus (f), NS; (f) versus (g), <0.009; (d) versus (e), NS; (b) versus (c), NS; (c) versus

(g), NS; (i) versus (j), NS; (h) versus (i) and (j), <0.001.
b Arabinitol/creatinine ratio (in micrograms of arabinitol per milliliter/milligrams of creatinine per deciliter).
Creatinine concentration <1.5 mg/dl.

d Creatinine concentration -1.5 mg/dl.
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TABLE 4. Mannose concentrations in sera of normal blood donors and in patients with and without invasive candidiasis

Mannose concn (p.gIml)a
Category No. of subjects No. of sera

Mean + SD Median Range

Normal 50 50 (a) 14.5 + 11.0 9.98 <0.10-44.91
Candidiasis-all sera 23 97 (b) 67.0 + 81.5 47.11 <0.10-516.5
Candidiasis-highest concns 23 23 135.31 + 140.56 68.05 11.18-516.5
At risk 15 44 (c) 37.0 ± 26.3 33.60 <0.10-127.53

a p values: (a) versus (c), <0.001; (a) versus (b), <0.001; (b) versus (c), <0.001.

and normal renal function, but these differences were not
significant. Only 3 of 15 patients with invasive candidiasis
and renal failure had sera with arabinitol concentrations
greater than the mean + 2 SD (27.45 ,ug/ml) observed in sera

from patients with renal failure but without invasive can-
didiasis.

In patients without candidiasis and with normal renal
function the mean + 2 SD for arabinitol concentration in
serum was 4.86 ,ug/ml, whereas in patients without candidi-
asis and with renal failure this value was 27.45 ,ug/ml. With
these as upper limits of normal, the overall sensitivity of
arabinitol in the sera of patients with proven or probable
invasive candidiasis was 26%. The specificity (percentage of
patients without invasive candidiasis who did not have
elevated concentrations in serum) was 87%.

Arabinitol is excreted by the kidneys, and its clearance is
identical to that of creatinine. On this basis, the
arabinitol/creatinine ratio has been used to adjust arabinitol
concentrations in serum for renal failure, since this ratio is
independent of renal function (9). In sera from 50 normal
blood donors, the mean arabinitol/creatinine ratio ± SD (in
micrograms of arabinitol per milliliter/milligrams of creati-
nine per deciliter) was 0.48 ± 0.39, and the mean + 2 SD was
1.25. For patients without invasive candidiasis, the mean
arabinitol/creatinine ratios ± SD were 2.69 ± 3.74 and 1.92
± 2.66 for sera with a creatinine concentration of less than
and greater than 1.5 mg/dl, respectively. These ratios were
not significantly different (P = 0.43). The mean
arabinitol/creatinine ratio ± SD for all sera from the patients
without candidiasis was 2.37 ± 3.33, which was significantly
greater (P < 0.001) than that for the sera from normal blood
donors (0.48 ± 0.39). The mean + 2 SD for the
arabinitol/creatinine ratio in patients without candidiasis was
9.03. With this value as the upper limit of normal, the overall
sensitivity of this ratio in patients with proven or probable
invasive candidiasis was 13% and the specificity was 93%.
Mannose concentrations in serum. Mannose concentra-

tions in sera from 50 normal blood donors, 44 sera from 15
patients without invasive candidiasis, and all as well as the
maximum concentrations observed in 23 patients with proven
or probable invasive candidiasis are shown in Table 4.
The mean ± SD mannose concentration in normal blood

donors was 14.5 ± 11.0 ,ug/ml. The upper limit of normal for
the mannose concentration in serum based on these sera

(mean + 2 SD) was 36.6 ,ug/ml. However, patients without
invasive candidiasis had increased mannose concentrations
in serum when compared with normal blood donors (P <
0.001). The mean mannose concentration + SD in these
control patients without candidiasis was 37.0 ± 26.3 ,ug/ml,
and an upper limit of normal (mean + 2 SD) based on this
group of patients was 89.7 ,ug/ml. Of 23 patients with proven
or probable invasive candidiasis, 9 had at least one mannose

concentration in serum which exceeded this upper limit (89.7
,ug/ml). Thus, the sensitivity of mannose in serum for the
diagnosis of invasive candidiasis was 39%. The specificity
(percentage of patients without candidiasis who did not have
elevated concentrations) was 87%.
Mannan concentrations in serum. Mannan concentrations

in serum samples from 50 normal blood donors, 44 samples
from 15 patients without invasive candidiasis, and sera from
23 patients with proven or probable invasive candidiasis are

shown in Table 5. For the group with invasive candidiasis,
all as well as the highest mannan levels are depicted.
Mannan concentrations in sera from 50 normal blood

donors (mean ± SD) were 0.04 ± 0.15 ng/ml, which was not
statistically different (P = 0.344) from those in sera from
patients without candidiasis (0.08 ± 0.19 ng/ml). Mannan
was completely undetectable in the vast majority of sera

from the blood donors or control patients.
The mean + 2 SD mannan concentration in sera from

patients without invasive candidiasis was 0.46 ng/ml. With
this as the upper limit of normal, 8 of 13 (62%) patients with
proven candidiasis and 8 of 10 with probable invasive
candidiasis had at least one elevated mannan concentration
in serum during the study period. The sensitivity of mannan
in serum for the diagnosis of invasive candidiasis was thus
70%. Specificity (percentage of patients without invasive
candidiasis whose mannan concentrations in serum did not
exceed 0.46 ng/ml) was 87%. If an upper limit of normal of
1.0 ng/ml was used, the sensitivity was 65% and the speci-
ficity was 100%.

DISCUSSION

The clinical and microbiological diagnosis of invasive
candidiasis in immunosuppressed patients is infrequently
achieved premortem. A clear need exists for a sensitive,
specific, and rapid method which will allow earlier diagnosis

TABLE 5. Mannan concentrations in sera of normal blood donors and in patients with and without invasive candidiasis
Mannan concn (ng/mI)a

Category No. of subjects No. of sera
Mean ± SD Median Range

Normal 50 50 (a) 0.04 + 0.15 0.0 0.0-0.88
Candidiasis-all sera 23 97 (b) 1.51 + 3.23 0.32 0.0-20.82
Candidiasis-highest concns 23 23 3.73 + 5.56 2.23 0.0-0.73
At risk 15 44 (c) 0.08 + 0.19 0.0 0.0-0.73

a p values: (a) versus (c), not significant; (a) versus (b), <0.001; (b) versus (c), <0.001.
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TABLE 6. Results of assays for serum arabinitol/creatinine,
mannose, and mannan in invasive candidiasis caused by different

Candida spp.

Candida spp. No. of patients with at least one positive
involved (no. of resulta for:

patients) Arabinitol/creatinine Mannose Mannan

C. tropicalis (12) 3 4 7
C. albicans (7) 0 4 6
C. parapsilosis (1) 0 1 1
T. glabrata (1) 0 0 0

a Defined as arabinitol/creatinine > 9.03 p.g per ml/mg per dl; mannose >
89.7 ,ug/ml; mannan > 0.46 ng/ml.

and prompt administration of antifungal therapy. In this
study, we retrospectively compared three proposed quanti-
tative serum markers for the rapid diagnosis of invasive
candidiasis. Arabinitol, mannose, and mannan concentra-
tions in sera from normal blood donors and immunosup-
pressed patients with or without invasive candidiasis were
measured. Sera from immunocompromised patients with
candidemia who did not undergo autopsy were included
because it has been reported that 88% of patients with C.
albicans and 81% of patients with C. tropicalis fungemia
occurring in this setting had either disseminated or focal
invasive disease due to the fungus (17).

Greater arabinitol cpncentrations were observed in sera
from patients with renal failure than in sera from those with
normal renal function, and calculation of the
arabinitol/creatinipe ratio made the arabinitol concentration
independent of renal function. Similar results have been
observed by Gold et al. (9). The arabinitol concentrations in
sera from normal blood donors (mean + SD = 0.45 ± 0.37
,ug/ml) were similar to those found by Gold et al. in sera from
patients with normal renal function without candidiasis (0.56
± 0.32 p.g/ml) (9). However, we found significantly greater
concentrations of arabinitol and a higher arabinitol/creatinine
ratio in sera from high-risk patients without candidiasis than
in sera from normal blood donors. There are two possible
explanations for this observation. Heavy colonization by the
Candida sp. at mucosal sites may have resulted in a produc-
tion of arabinitol sufficient to cause a significant increase in
concentrations. However, the arabinitol/creatinine ratio
(mean ± SD) was not greater in sera from patients without
invasive candidiasis who were colonized (1.84 ± 2.24) than
in sera from those who were not colonized (2.69 ± 4.00). A
second possible explanation is that increased arabinitol
concentrations in sera of patients without candidiasis re-
sulted from the administration of corticosteroids. de Repen-
tigny et al. demonstrated in uninfected rabbits that cortisone
acetate alone increases arabinitol concentrations in serum
(2). For our patients without invasive candidiasis, the
arabinitol/creatinine ratio was greater (P < 0.02) in sera
drawn within 1 week of corticosteroid therapy (mean ± SD
= 5.35 + 7.45) than in sera drawn more than 1 week after
corticosteroid therapy or sera from patients who did not
receive corticosteroids (1.90 ± 1.93). Because of these
nonspecific increases in arabinitol concentrations in sera
from control patients without candidiasis, the sensitivity and
specificity of the arabinitol/creatinine ratio were 13 and 93%,
respectively. The sensitivity was far less than that reported
by others (64%), although the specificity was comparable
(96%) (9).
As for arabinitol concentrations in serum, mannose con-

centrations in serum were significantly greater for patients

without invasive candidiasis than for normal blood donors.
Monson and Wilkinson (19) observed that mannose concen-
trations in sera from intensive care unit patients without
candidiasis and in uninfected patients with diabetic ketoac-
idosis were higher than in sera from normal blood donors.
Although several control patients were under intensiye care,
a single patient without candidiasis had diabetes mellitus but
was well controlled at the time of study. Furthermore,
patients colonized with the Candida sp. without invasive
candidiasis did not have significantly greater (P = 0.576)
mannose concentrations (mean + SD = 41.38 ± 33.77
,ug/ml) than those who were not colonized (33.68 t 18.96
,ug/ml). Our studies in uninfected rabbits showed that corti-
costeroids alone increase mannose concentrations in serum
(2). However, the mean mannose concentration ± SD in
sera drawn less than 1 week after corticosteroid administra-
tion (27.88 ± 19.98 ,ug/ml) was not greater than the mean
mannose concentration ± SD in sera drawn more than 1
week after corticosteroid therapy or in sera from patients
who did not receive corticosteroids (38.45 + 27.12 ,ug/ml).
Thus, nonspecific increases in mannose concentrations in
the sera of control patients without candidiasis were not
explained by diabetic ketoacidosis, colonization by the Can-
dida sp., or corticosteroid administration but may be similar
to the unexplained increases in the mannose concentration
in sera observed from intensive care unit patients without
candidiasis (19). Higher concentrations of mnannose in the
sera of control patients without candidiasis than in the sera
of normal blood donors produced a sensitivity of only 39%
for this test and a specificity of 87%. This stands in contrast
to the few (six) patients with invasive candidiasis studied by
others (19), who all had higher mannose concentrations in
serum than those in sera of control patients, excluding
patients with diabetic ketoacidosis. These differences may
reflect a larger sample size in the present study.

In contrast to arabinitol and mannose concentrations in
serum, mannan concentrations were similar in the sera of
normal blood donors and patients without invasive candidi-
asis. Because of this, mannan in serum was more sensitive
(70%) and had a specificity similar (87%) to those of the
other two tests. These results are similar to those reported in
the literature (11, 14, 16, 22, 26, 28, 29). If a single technique
is to be used, quantitation of mannan in serum by enzyme
immunoassay appears to be the rapid method of choice for
diagnosing invasive candidiasis.
There was no correlation between increased concentra-

tions of mannose and mannan in sera of patients with
autopsy-proven invasive candidiasis (Table 2). Mannose and
mannan concentrations were simultaneously increased in
only 3 sera, whereas mannose was elevated in the absence of
mannan in 6 sera and mannan was increased with normal
mannose in 16 sera. The hypothesis that mannose might
circulate as a metabolic product of mannan also seems
improbable when one considers that mannose concentra-
tions (in micrograms per milliliter) are 1,000-fold greater
than mannan concentrations (in nanograms per milliliter).
A question of interest is whether arabinitol, mannose, and

mannan in serum all give equally good diagnosis of invasive
candidiasis caused by the different Candida spp. This is
especially important because of the increasing incidence of
C. tropicalis as the etiological agent of this fungal infection
(17). Cultures of blood, maculopapular skin rash, or organs
involved at autopsy allowed a species diagnosis to be
established in 21 of 23 cases of proven or probable invasive
candidiasis. The species involved were C. tropicalis in 12
cases, C. albicans in 7 cases, and C. parapsilosis and
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Torulopsis glabrata in 1 case each (Table 6). The sensitivity
of each of these tests relative to the different Candida spp.
was comparable, although the numbers were small. It would
be interesting to accumulate more data on this point in the
future.
A timely diagnosis, obtained early enough for antifungal

therapy to be given, is of great importance in the treatment
of invasive candidiasis. In 16 patients with proven or prob-
able invasive candidiasis and positive blood cultures, the
arabinitol/creatinine ratio first became positive (three pa-
tients) from 17 days before to 4 days after the first positive
blood culture was drawn (mean, 4 days before). Mannose in
serum became positive (seven patients) from 17 days before
to 10 days after drawing the first positive blood culture
(mean, 1 day before). Finally, mannan in serum was first
positive (10 patients) from 3 days before to 4 days after the
first positive blood culture was drawn (mean, same day).
Because of the delay in processing blood cultures and
because all three proposed tests can be completed in 1 day,
a more rapid diagnosis can be obtained in some patients by
each of these three methods. However, they cannot be used
as substitutes for blood cultures, since all three tests were
negative in 3 of 16 patients with positive blood cultures and
proven or probable invasive candidiasis, two of whom had
autopsy-proven infection.
Seven patients with autopsy-proven invasive candidiasis

had negative blood cultures, and only three of these seven
received antifungal therapy. Six of these seven patients had
a positive result in the mannan assay, two had elevated
mannose concentrations in serum, and none had a signifi-
cantly increased arabinitol/creatinine ratio. Both patients
with a positive mannose test also had a positive mannan test.
Therefore, although these three tests cannot be used as
substitutes for blood cultures, a number of patients with
invasive candidiasis and negative blood cultures will be
identified by the use of the mannan test. The other two tests
do not seem to provide added diagnostic sensitivity when
used as well as the mannan test in patients with negative
blood cultures. Looking at the overall results, 22 of the 23
patients with proven or probable invasive candidiasis would
have been identified by positive blood cultures for the
Candida sp. or a positive mannan test. Considering the mean
+ 2 SD of 0.46 ng/ml as the upper limit of normal, 16 of 23
(70%) patients with proven or probable invasive candidiasis
were considered to have a positive mannan test. Based on
these results, it seems reasonable to conclude that the best
approach to the diagnosis of invasive candidiasis in immu-
nocompromised patients would involve obtaining blood cul-
tures and carrying out serial assays for mannan in serum.
Additionally, the recommendation that every immunocom-
promised patient with fungemia be treated (17) should prob-
ably be extended to those with a positive mannan test. These
findings need to be confirmed in prospective studies before
the assay for mannan in serum can be recommended for
general clinical use.

ACKNOWLEDGMENTS

L. de R. is the recipient of a fellowship from the Medical Research
Council of Canada.
We are indebted to Walter W. Williams and Ann Cofer for their

help with the chart review, to Nancy H. Hall and Geneva H.
Weaver for the blood donor sera, and to Vincent L. Maggio for
performing the creatinine assays. We also thank Edward 0. Hill and
Regina Reed for their help in obtaining patient sera and identifying
fungal isolates. L. de Repentigny thanks Libero Ajello for making
facilities available and for helpful comments about the manuscript.

LITERATURE CITED
1. Araj, G. F., R. L. Hopfer, S. Chesnut, V. Fainstein, and G. P.

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

2. de Repentigny, L., R. J. Kuykendall, F. W. Chandler, J. R.
Broderson, and E. Reiss. 1984. Comparison of serum mannan,
arabinitol, and mannose in experimental disseminated candidi-
asis. J. Clin. Microbiol. 19:804-812.

3. de Repentigny, L., R. J. Kuykendall, and E. Reiss. 1983.
Simultaneous determination of arabinitol and mannose by gas-
liquid chromatography in experimental candidiasis. J. Clin.
Microbiol. 17:1166-1169.

4. Edwards, J. E., R. I. Lehrer, E. R. Stiehm, T. J. Fischer, and
L. S. Young. 1978. Severe candidal infections: clinical perspec-
tive, immune defense mechanisms, and current concepts of
therapy. Ann. Intern. Med. 89:91-106.

5. Eng, R. H. K., H. Chmel, and M. Buse. 1981. Serum levels of
arabinitol in the detection of invasive candidiasis in animals and
humans. J. Infect. Dis. 143:677-683.

6. Ferguson, G. A. 1971. Statistical analysis in psychology and
education, 3rd ed. McGraw-Hill Book Co., New York.

7. Filice, G., B. Yu, and D. Armstrong. 1977. Immunodiffusion and
agglutination tests for Candida in patients with neoplastic
disease: inconsistent correlation of results with invasive infec-
tions. J. Infect. Dis.135:349-357.

8. Gentry, L. O., I. D. Wilkinson, A. S. Lea, and M. F. Price. 1983.
Latex agglutination test for detection of Candida antigen in
patients with disseminated disease. Eur. J. Clin. Microbiol.
2:122-128.

9. Gold, J. W. M., B. Wong, E. M. Bernard, T. E. Kiehn, and D.
Armstrong. 1983. Serum arabinitol concentrations and
arabinitol/creatinine ratios in invasive candidiasis. J. Infect.
Dis. 147:504-513.

10. Guinan, M. E., M. R. Portas, and H. R. Hill. 1979. The Candida
precipitin test in an immunosuppressed population. Cancer
43:299-302.

11. Harding, S. A., J. P. Brody, and D. E. Normansell. 1980.
Antigenemia detected by enzyme-linked immunosorbent assay
in rabbits with systemic candidiasis. J. Lab. Clin. Med.
95:959-966.

12. Hopfer, R. L., and D. Groschel. 1979. Detection by counterim-
munoelectrophoresis of anti-Candida precipitins in sera from
cancer patients. Am. J. Clin. Pathol. 72:215-218.

13. Kiehn, T. E., E. M. Bernard, J. W. M. Gold, and D. Armstrong.
1979. Candidiasis: detection by gas-liquid chromatography of
D-arabinitol, a fungal metabolite, in human serum. Science
206:577-580.

14. Lew, M. A., C. R. Siber, D. M. Donahue, and F. Maiorca. 1982.
Enhanced detection with an enzyme-linked immunosorbent
assay of Candida mannan in antibody-containing serum after
heat extraction. J. Infect. Dis. 145:45-56.

15. Marier, R. L., E. Milligan, and Y.-D. Fan. 1982. Elevated
mannose levels detected by gas-liquid chromatography in hydro-
lysates of serum from rats and humans with candidiasis. J. Clin.
Microbiol. 16:123-128.

16. Meckstroth, K. L., E. Reiss, J. W. Keller, and L. Kaufman.
1981. Detection of antibodies and antigenemia in leukemic
patients with candidiasis by enzyme-linked immunosorbent
assay. J. Infect. Dis. 144:24-32.

17. Meunier-Carpentier, F., T. E. Kiehn, and D. Armstrong. 1981.
Fungemia in the immunocompromised host: changing patterns,
antigenemia, high mortality. Am. J. Med. 71:363-370.

18. Miller, G. G., M. W. Witwer, A. I. Braude, and C. E. Davis.
1974. Rapid identification of Candida albicans septicemia in
man by gas-liquid chromatography. J. Clin. Invest.
54:1235-1240.

19. Monson, T. P., and K. P. Wilkinson. 1981. Mannose in body
fluids as an indicator of invasive candidiasis. J. Clin. Microbiol.
14:557-562.

20. Myerowitz, R. L., H. Layman, S. Petursson, and R. B. Yee.
1979. Diagnostic value of Candida precipitins determined by
counterimmunoelectrophoresis in patients with acute leukemia.

J. CLIN. MICROBIOL.



RAPID DIAGNOSIS OF INVASIVE CANDIDIASIS

Am. J. Clin. Pathol. 72:963-967.
21. Myerowitz, R. L., G. J. Pazin, and C. M. Allen. 1977. Dissem-

inated candidiasis: changes in incidence, underlying diseases,
and pathology. Am. J. Clin. Pathol. 68:29-38.

22. Poor, A. H., and J. E. Cutler. 1979. Partially purified antibodies
used in a solid-phase radioimmunoassay for detecting candidal
antigenemia. J. Clin. Microbiol. 9:362-368.

23. Reiss, E., L. Stockman, R. J. Kuykendall, and S. J. Snith. 1982.
Dissociation of mannan-serum complexes and detection of
Candida albicans mannan by enzyme immunoassay variations.
Clin. Chem. 28:306-310.

24. Roboz, J., R. Suzuki, and J. F. Holland. 1980. Quantification of
arabinitol in serum by selected ion monitoring as a diagnostic
technique in invasive candidiasis. J. Clin. Microbiol. 12:594-602.

25. Sandford, G. R., W. G. Merz, J. R. Wingard, P. Charache, and
R. Saral. 1980. The value of fungal surveillance cultures as
predictors of systemic fungal infections. J. Infect. Dis.
142:503-509.

26. Segal, E., R. A. Berg, P. A. Pizzo, and J. E. Bennett. 1979.
Detection of Candida antigen in sera of patients with candidiasis
by an enzyme-linked immunosorbent assay-inhibition tech-
nique. J, Clin. Microbiol. 10:116-118.

27. Stevens, P., S. Huang, L. S. Young, and M. Berdischewsky. 1980.

Detection of Candida antigenemia in human invasive candidi-
asis by a solid phase radioimmunoassay. Infection 8(Suppl.
3):S334-S338.

28. Weiner, M. H., and M. Coats-Stephen. 1979. Immunodiagnosis
of systemic candidiasis: mannan antigenemia detected by radi-
oimmunoassay in experimental and human infections. J. Infect.
Dis. 140:989-993.

29. Weiner, M. H., and W. J. Yount. 1976. Mannan antigenemia in
the diagnosis of invasive Candida infections. J. Clin. In-
vest.58:1045-1053.

30. Welch, B. L. 1947. The generalization of Student's problem
when several different population variances are involved. Bi-
ometrika 34:28-35.

31. Wong, B., E. M. Bernard, J. W. M. Gold, D. Fong, and D.
Armstrong. 1982. The arabinitol appearance rate in laboratory
animals and humans: estimation from the arabinitol/creatinine
ratio and relevance to the diagnosis of candidiasis. J. Infect.
Dis. 146:353-359.

32. Wong, B., E. M. Bernard, J. W. M. Gold, D. Fong, A. Silber,
and D. Armstrong. 1982. Increased arabinitol levels in experi-
mental candidiasis in rats: arabinitol appearance rates,
arabinitol/creatinine ratios, and severity of infection. J. Infect.
Dis. 146:346-352.

VOL. 21, 1985 979


