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The limulus factor G reacts with (1 - 3)-3-
D-glucan, a major structural component of
fungal cell walls. The Fungitec G test is a
colorimetric assay that measures the con-
centration of (1 - 3)3-D-glucan and is used
as a serodiagnostic test for deep mycosis.
Wako-WBO003 is another assay for (1 - 3)-3-
D-glucan that determines the change in tur-
bidity of the gelatin reaction of limulus factor
G with (1 - 3)-B-D-glucan. In five rabbits in-
oculated intravenously with 1 x 10’ CFU of
Candida albicans, the concentration of
(1 - 3)B-D-glucan measured by the fungitec
G test increased gradually reaching a peak
of 660.9 + 427.9 pg/ml (mean + SD) 4 days
after inoculation, but to 42.225 + 41.275 ng/
ml on day 6 in the Wako-WBO0O03 test. In one
rabbit challenged intravenously with 5 x 10°
CFU of C. albicans, (1 - 3)-B-D-glucan in-
creased to 101.5 pg/ml on day 4 on the
fungitec G test, whereas the level remained
below the detection limit of the Wako-WB003
test throughout the course of the disease.

(1 - 3)-B-D-glucan in 11 patients with candi-
demia, 4 with suspected candidemia, 1 with
invasive pulmonary aspergillosis, and 12
patients with aspergilloma. The concentra-
tion of (1 - 3)-B-D-glucan measured by the
Fungitec G test was > 150, > 1006.8, 312.1,
and 55.6 + 37.4 pg/ml (range, 20.1-138.0
pg/ml), and by the Wako-WBO003 test >
153.000, > 17.70, 153.000 and 2.645 + 7.248
ng/ml (range, < 25.20 ng/ml) in these pa-
tients, respectively. In contrast, the concen-
tration of (1 - 3)-B-D-glucan in 9 patients with
pulmonary cryptococcosis and 6 with su-
perficial candida colonization ranged from
<13.2 and < 15.3 pg/ml in the Fungitec G
test and < 0.53 and < 0.12 ng/ml in Wako-
WBO003 test. There was a weak relationship
between the concentration of (1 - 3)-B-D-
glucan measured by the Fungitec G test
and Wako-WBO003 test (r = 0.521). Our
results indicate that the sensitivity of the
Wako-WBO003 test is lower than that of the
Fungitec G test. J. Clin. Lab. Anal. 11:

We also detected high concentrations of 73-77. © 1997 Wiley-Liss, Inc.
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INTRODUCTION rum (1). Mannan is the most widely studied antigen in pa-
tients with candidiasis. Various serological methods have been
Systemic candidiasis is a significant complication igsed to detect circulating mannan antigen (2, 3). However,
neutropenic patients with hematological malignanciegscent studies revealed that plasma from patients with can-
cancer patients undergoing chemotherapy, and in individfidiasis contains (4 3)-3-D-glucan, another major structural
als with immunosuppressive states such as AIDS. In@bmponent of fungal cell wall (3-5). Accordingly, the fungitec
viduals receiving steroids on a long-term basis or thoggtest, referred to previously as the G test, was developed to
with intravenous catheters are also at increased riskp@éasure plasma concentrations of@)-B-D-glucan. We
developing this infection. have already reported that the test was positive in animals
Although the lysis centrifugation technique is a rapid angith systemic candidiasis (6). Furthermore, the test was faster
sensitive method for the diagnosis of candidemia, blood cif-establishing the diagnosis and yielded higher concentra-

tures may be negative in a considerable number of patiefighs of (1- 3)-B-D-glucan compared with mannan
with invasive candidiasis. Since early recognition and man-

agement of candidiasis are two important factors that reduce

candidiasis-related mortality, other more sensitive and Sp€orrespondence to: Shigeru Kohno, M.D., The Second Department of In-
cific methods need to be established to provide a simple asehl Medicine, Nagasaki University School of Medicine, 1-7-1 Sakamoto,
fast detection of the fungus. One such approach involves agasaki 852, Japan.

detection of fungal antigens or metabolic products in the Seceived 26 January 1996; Accepted 5 September 1996
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antigenemia. We have also reported that several fungi, tintion. A rabbit model of systemic candidiasis was prepared
cludingCandida albicansndAspergillus fumigatuseleased by intravenous inoculation &. albicansstrain IFM 40009.
soluble (1 3)-3-D-glucan into culture fluids, where@syp- The strain was cultured at 3D for 24 hours in Sabouraud
tococcus neoformarand Mucor spp released only small Dextrose Agar. After washing for three times with sterile sa-
amounts of soluble (1 3)-3-D-glucan into culture fluids (16). line, 1.0 ml of cell suspension was injected into the tail vein of
Furthermore, our early clinical results in patients with bloaghch rabbit. Each of five Japanese White rabbits was inoculated
cultures positive forcCandidaspp. showed high sensitivitywith 1x 10’ CFU ofC. albicansA different dose of. albicans
rates, with all 11 patients tested positive (13). Our resuffsx 10° CFU) was also inoculated in another single rabbit. He-
demonstrated also that the mean plasma concentratiorparinized blood was collected before inoculation of the fungus
(1- 3)-B-D-glucan in patients with candidemia (mean, 2207ahd on days 2, 4, 6, 9, 13, and 21 after inoculation.

pg/ml; range, 325.4 to 8449.0 pg/ml) was substantially higher

than that of healthy subjects (2.7 £ 1.9 pg/ml, range, < 6.9 pgako-WBO003 Test

ml). In addition, high concentrations of {B)--D-glucan . .
were detected in experimentally induced aspergillosis (17 heLimulusamoebocyte lysate (LAL) is composed of two

; . o . o cgagulation pathways as demonstrated by fractionation analy-
and in patients with invasive pulmonary aspergillosis, but nQ : .
) : . . . Sis (7-9). The first pathway contains factors B and C that are
in patients with cryptococcal infection (13).

. . sensitive to endotoxin, whereas the second pathway contains
The Wako-WBO003 is another assay for measuring 8}-3- C -
D-glucan. In this study, the concentration of @)3-D-glucan factor G, which is sensitive to d3)-f-D-glucanThe Wako

was measured simultaneously using the Wako-WB003 and.YMBOO3 test (Wako Pure Chemical Industries, Osaka, Japan)

Fungitec G tests. We also compared the sensitivity of the t{EIOE ased on the endot0>_<|n-neutral|_z|ng effect of t_he pretreat-
. . . o . ment solution (polymyxin B and Triton X-100) (Fig. 1B). In
assays in detecting candidiasis in rabbits with experimental SR

. e : . . s test, 10Qul of plasma was added to $13)-3-D-glucan-
temic candidiasis and patients with deep mycosis. free tubes containing 9Q@ of pretreatment solution (0.2%

triton X-100, 0.002% polymyxin B). Pretreatment was per-
MATERIALS AND METHODS formed at 80C for 10 min to neutralize any contaminating
Patients endotoxin. After keeping on ice for 5-10 min, 10Gample

: . of the supernatant of pretreated samples was mixed with 100
Plasma samples were collected from 37 patients with d P P b

: } S . ) Rf LAL reagent. In this process, {13)-3-D-glucan trig-
mXCOSIS adm'ttEd.tQ thf@Na%ajak' Ur.1|ve.r3|1t){Hos'p|tal. (B)Io rs the gelation reaction of factor G, which in turn increases
cultures were positive f@andidaspecies in L1 patients. One) turbidity of the reaction mixture. Increased turbidity was
patient with acute leukemia was found to have invasive p

- : Measured with the kinetic turbidimetric method using
monary aspergillosis at autopsy. Twelve patients were ra xinometer MT 251 (Wako Pure Chemical Industries). The
logically diagnosed with aspergilloma, with positive culture :

fb hoal lar | fluid and/ i elation time (Tg) was defined as the reaction time required
ot bronchoalveorar lavage tuid and/or sputum ir for the transmittance to diminish to threshold values (98% of
fumigatus Nine patients were diagnosed with Cryptococcosisy initial transmittance). Thus the higher the.@-B-D-

confirmed on lung biopsies or cultures of BALF to be positiv ucan concentration in the sample, the shorter the gelation

for C. neoformang~our febrile patients were suspected to ha i .
. . . ) - “1ime, and log[(L 3)-B-D-glucan] is inversely proportionate
candidemia, who underwent intravenous hyperalimentation aﬁa 9l-3)-B-D-g ] Y prop

were refractory to antibiotics. These four patients showed nega-

tive cultures ofCandidaspecies, but improved clinically after {R)E Lozl {BYake-WBODI

treatment with intravenous fluconazole. R T g At .
Plasma samples were also obtained from six patients with _¥ Tt e l

superficial candida colonization. None of these six patients,” .Y . ivve ol s s 1

had a positive blood culture f@andidaspecies or other or- TN Aoy TN

ganismsCandidaspecies were recovered from oral thrush, Froevies A, Fstar 8 Aulivatodfaslor B Aulivelual fusta? @ Faan ©

skin lesions or from urine samples. ¥ TN
Endotoxin- and (L 3)-B-D-glucan-free glassware and P b Bl Ara P Frovietting meymne /___f'_“_‘:\’

plasticware, purchased from Seikagaku Kogyo Corp. (ToKYQu...u.aiv-a-a-on Cospuiagen Congulin

Japan), were used in this study. Plasma samples were col- v }

lected and stored at —8D until use. T e

Ahzarkanra a1 ANfnm
Rabbit Model of Systemic Candidiasis Fig. 1. Schematic diagram of the steps involved 4) the Fungitec

. .G test, andK) Wako-WBO003 test. The endotoxin-specific pathway in
The experimental protocol was approved by the Ethiggko-wB003 test can be inhibited by the pretreatment solution
Review Committee for Animal Experimentation at our instipolymxin B and Triton X-100).
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with log(Tg). We also used curdlan, a linear-@)-3-D- TABLE 1. (1-3)-3-D-Glucan in Rabbits With Systemic

glucan produced byicaligenes faecaligar.myxogenetFQ ~ Candidiasis

13140, as a standard. Day

Wako-WB003 (ng/mf)

G test (pg/ml)

Fungitec G Test 1 x 10 CFU/rabbit

0 — 7.0+1.2
The Fungitec G test (Seikagaku Kogyo) is specific to 2 10.505 £ 13.787 116.7+80.8
. o ; 18.802 + 14.668 660.9 + 427.9

(1- 3)-B-D-glucan, since factors B and C are eliminated in 42,295 + 41275 573.4 + 4310
the test (10, 11). Factor G is activated by @)-B-D-glucan, 9 0.772 + 0.548 102.9 + 24.7
leading to activation of the pro-clotting enzyme. In this test, 21 1.320 39.7
_the chromogenic sub_strate, Boc?Leu-GIy-ArgHtroanlllde, 5 x 16 CEU/rabbit
is cleaved by the activated clotting enzyme (9), followed by _ 70
the release op-nitroanilide. The releasep-nitroanilide is 2 — 49.0
determined at absorbance at 405 nm (Fig. 1A). 4 — 101.5

A 5.0ul of plasma sample was pretreated withuP6f the 9 — ﬁg

test solution containing 0.15 M KOH, 0.3 M KClI, and 0.1%
polybrene, and the mixture was incubated for 10 min‘a® 37 *— = < 0.075 ng/ml.

The pretreated sample was added to [1106f factor G dis-

solved in HEPES buffer (0.1 M, pH 7.6), and then incubatedys after inoculation on the fungitec G test. In contrast, the
at 37C for 30 min. The optical density at 405 nm was meaencentration of (1 3)-3-D-glucan was not detected at alll
sured using the kinetic mode of a computerized Well-readeroughout the course of infection on the Wako-WBO003 test,
SK601 (Seikagaku Kogyo). Pachyman@3)-pB-D-glucan indicating that the sensitivity of the Wako-WBO003 was lower
from Poria cocoswas used as a standard. The coefficient tifan that of the Fungitec G test.

variation in the fungitec G test was < 5% (6). Duplicate as-There was a weak relationship between the Fungitec G test
says were performed in each sample, and the average ofite the Wako-WBO003 test in experimental candidiasis (r =
two tests was reported. 0.630).

Statistical Analysis (1—3)-B-D-Glucan Concentration in Patients

Concentrations below the detection limit of the test (0.075(1 - 3)-B-D-glucan was measured in 37 patients with deep
ng/ml for the Wako-WBO003 test, and 1.0 pg/ml for thenycosis and six patients with superficial candida coloniza-
Fungitec G test) were approximated to 0.01 ng/ml and @idn (Table 2). The concentration was high in all 11 patients
pg/ml, respectively. Data were expressed as mean + SD. Wil candidemia (> 150 pg/ml by the Fungitec G test, and >
relationship between the concentration of @)-f-D-glucan 1.350 ng/ml by Wako-WBO003). In a single patient with inva-
measured by the two tests was examined using the linearsree pulmonary aspergillosis, the concentration of 8)-3-
gression analysisThe x* test was also used to compare thB-glucan was 312.1 pg/ml by the Fungitec G test, and 153.000
results of the two tests. ng/ml by the Wako-WB003 test. However, there was a mod-
erate or small rise in the concentration in 12 patients with
aspergilloma in both tests (mean 2.645 ng/ml; range, < 25.20
ng/ml in Wako-WB003 test and mean, 55.6 pg/ml; range, 20.1
to 138.0 pg/mlin the fungitec G test). In contrast, the concen-

Intravenous inoculation of & 10’ CFU of C. albicanin tration of (1-3)-B-D-glucan in 9 patients with pulmonary
five rabbits resulted in the death of two animals after 4 dagsyptococcosis was very low or close to the minimum detec-
one after 6 days, another after 9 days, and only one animal
was still alive after 21 days. The concentrations of§)-3-  TABLE 2. (1—3)-B-D-Glucan in Patients With Deep Mycosis
D-glucan measured on specific days in these animals, usin
the Wako-WBO003 and Fungitec G tests, are shown in Tabl&d
1. The concentrations of {13)-B-D-glucan increased gradu-Deep mycosis

RESULTS
(1—3)-B-D-Glucan Concentration in Rabbits

nosis n Wako-WBO003 (ng/ml) G test (pg/ml)

ally and reached a peak of 42.225 + 41.275 ng/ml on day 6 dg2didemia 11 22222 3;9'475 42‘11'271i 4484

measured by Wako-WBOOS, and 660.9 + 427.9 pg/ml on da;g\spergmoma 12 2 645 + 7.248 556 4374

4 on the Fungitec G test. Cryptococcosis 9 0.137 £ 0.170 5551
The single rabbit challenged with an intravenous doseSkpected candidemia 4 126.575 + 128.485 1416.8 + 449.9

5 x 10° CFU ofC. albicanssurvived for > 21 days. The con-SCC 6 0.045 + 0.054 79+73

centration of (L. 3)-B-D-glucan in this animal increasedunyasive pulmonary aspergillosis.
gradually from 7.0 pg/ml on the control day to 101.5 pg/ml°4uperficial candida colonization.



76 Hossain et al.

tion limit (mean, 0.137 ng/ml; range, < 0.53 ng/ml in Wakd - 3)-3-D-glucan (7—-10). The test was constructed with two
WBO003 test and mean, 5.5 pg/ml; range, < 13.2 pg/ml in thathways. The first contains factors B and C, which are sen-
fungitec G test). Four patients with suspected candidemia Iséttve to endotoxin, whereas the second contains factor G,
high concentrations of (13)-B-D-glucan detected by bothwhich is sensitive to (4 3)-B-D-glucan (8). To improve the
assays. The concentration of(3)-3-D-glucan was > 17.70 specificity of the conventional limulus test to endotoxin,
ng/l in Wako-WBO003 test and > 1006.8 pg/ml in the fungite@bayashi et al. (11) developed an endotoxin-specific chro-
G test. Furthermore, the concentration of @)-p-D-glucan mogenic limulus test devoid of limulus factor G. The endot-
in six patients with superficial candida colonization was &xin-specific limulus test reacts only with the endotoxin and
0.12 ng/ml in Wako-WBO003 test and < 15.3 pg/ml in theot with (1 3)-B-D-glucan. The difference between the con-

fungitec G test. ventional limulus test and endotoxin-specific limulus test,
tentatively named the fungal index, is an indirect method for

Relationship Between Wako-WB003 and Fungitec detecting (L. 3)-3-D-glucan. lkegami et al. (4) reported a

G Tests rise in the fungal index in patients with candidiasis. Results

. . . frgm our laboratory confirmed that differences between ti-
The relationship between the plasma concentration .0 . )
ters measured by the two tests were higher in culture super-
(1-3)-B-D-glucan measured by the Wako-WB003 test an ; : . .
that by the Fungitec G test in patients with mycosis is shO\PvEri]tantS of. albicans(12), plasma of rabbits with systemic

y 9 P y candidiasis (12), and plasma of patients with candidemia (3).

e o e W oS s oo SCe et of e unga dex equres  abrs
0.521). (1. 3)-B-D-glucan was detected in 39 of 43 (90 7%3215 determination of the titer by the two tests, a simpler assay

L : C ith a good sensitivity and specificity for{£13)3-D-glucan
patients by the Fungitec G test, and 29 (67.4%) patients, Ylesirable. The Fungitec G test is a direct method that de-
the Wako-WBO0O03 test. The results were different in 12 of Z{% ' g

patients, although these differences were not signifigént ( cts (1-3)8-D-glucan using a (1 3)-B-D-glucan-sensitive
3.631 byy” test). component, factor G, fractionated from LAL. We have re-

cently examined the reliability of the Fungitec G test using
plasma of rabbits with experimental systemic candidiasis (6)
and patients with mycosis (13). The test was found to be true

The limulus test is extremely sensitive to endotoxin amabsitive in all samples and the titers were higher than those
has been used to quantify hanogram quantities of the toxireasured by the mannan antigenemia. The sensitivity of the
However, the conventional limulus test is not specific fdfungitec G test surpassed that of the two limulus tests even
endotoxin as it is also sensitive to low concentrations when used together (6).

The Wako-WBO003 is another method specific for Q)-
B-D-glucan. This test is based on the endotoxin-neutralizing
effect of polymyxin B and Triton X-100. The test differs from
the Fungitec G test in that it contains limulus factors B and C.
The Wako-WBO003 is used currently in an automated format
measuring the change in turbidity of the gelation reaction
between the limulus factor G and{B)-p-D-glucan. Al-
though the procedure is simpler than that of the fungitec G
test, the present study demonstrated that the sensitivity of the
Wako-WBO003 test was lower than that of the Fungitec G test.
Our results also demonstrated that the detection limit for
o curdlan in the Wako-WBO003 test was 0.075 ng/ml. In con-
e b Bt e trast, the Fungitec G test is a very sensitive assay for the early

detection of as little as 1.0 pg/ml of pachyman (6).
A . It also has been demonstrated that when exhibiting a single
' - . 1 7 : helical conformation of (1. 3)-B-D-glucan, the Fungitec G
Wako-WB003 log(ng/ml) test is more effective than taking a triple helical conforma-
tion for the activation of the limulus factor G (14). We used a
Fig.2. Relationship between the concentration of @-3-D-glucan mea- Mmixture of KOH, KCI, and polybrene as the pretreatment so-
sured by the Wako-WB003 and Fungitec G tests in patients with deep flition in the Fungitec G test. Treatment with this alkaline

cosis. Concentrations below the detection limit of the test (0.075 ng/ml E’()Iution could change the triple helical{8)-p-D-glucan to
the Wako-WBO003 test, and 1.0 pg/ml for the fungitec G test) were approxi-

mated to 0.01 ng/ml and 0.1 pg/ml, respectively. Candide@)alGvasive a_smgle h?'_lc_al form (14). Th_IS is one possible reason_ for the
pulmonary aspergillosisY ), Aspergilloma M), Cryptococcosis (x), high sensitivity of the Fungitec G test compared with the
Candidemia suspected]( ), superficial candida colonizaioy ( Wako-WBO003 test, in which a dilution-heating procedure is

DISCUSSION

y=178%5+ 056253«
r=0521

{>-test  log{pg/ml)
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used as a pretreatment of the specimens. Furthermore, ghéohno S, Mitsutake K, Maesaki Sastioka A, Miyazaki TKaku M,
correlation between the Fungitec G test and conventional limu- Koga H, Hara K: An evaluation of serodiagnostic tests in patients with

. . . candidemia: (L 3)-B-D-glucan, mannan, candida antigen by Cand-Tec,
lus test was not linear but rather exponential (6), i.e., factor G _ 5 2 apinitolMicrobiol Immunol37:207—212, 1993

reacts more effectively with (13)-3-D-glucan than intact 4 |kegami K, Ikemura K, Shimazu T, Shibuya M, Sugimoto H, Yoshioka

LAL (factor G plus factors B and C). It is possible that this T, Sugimoto T: Early diagnosis of invasive candidiasis and rapid evalu-

property is another reason for the enhanced sensitivity of theation of antifungal therapy by combined use of conventional chromo-

Fungitec G test Compared with the Wako-WB003 test. genic limulus test and a newly developed endotoxin specific aksay.
. . Trauma28:1118-1126, 1988.

Zh_ang etal. (15) reported_ that_the_ e_ndOtOXIr_]'aCtlvated patE‘.‘ Obayashi T, Yoshida M, Tamura H, Aketagawa J, Tanaka S, Kawai T:
way in LAL can be differentially inhibited by either the com-  petermination of plasma (13)-3-D-glucan: A new diagnostic aid to
bined use of dimethyl sulfoxide (DMSQO) and polymyxin B, deep mycosis] Med Vet MycoB0:275-280, 1992.
or a monoclonal antibody against limulus factor C. Based dh Miyazaki T,Kohno S, Koga H, Kaku M, Mitsutake K, Maesaki S,
the ability of polymyxin B to neutralize endotoxin, DMSO ~ Yasuoka A, Hara K, Tanaka S, Tamura H: G test, a new direct method
N o for diagnosis of Candida infection: Comparison with assays for beta-
Inhlb!t!on of factor C, an_d the neuFra“Z_atlon of factor C by a glucan and mannan antigen in a rabbit model of systemic candidiasis.
specific monoclonal antibody against limulus factor C, these cjin Lab Anal6:315-318, 1992.
workers prepared two limulus peptide C ELISA specific for. Kakinuma A, Asano T, Torii H, Sugino Y: Gelation of Limulus amoe-
(1- 3)B-D-glucan. The detection limit for curdlan in the  bocyte lysate by an antitumor{B)-B-D-glucan Biochem Biophys Res

[ - Communl01:434-439, 1981.
(1—.3)_-[_5-D-g|ucan-speC|f|C I.Immus ELISA was 5.0 pg/ml. 8. MoritaT, Tanaka S, NakamuraT, lwanaga S: A new33-D-glucan-
Surprisingly, the concentration of £13)-3-D-glucan In nor- mediated coagulation pathway found in Limulus amebodyEBS Lett
mal human plasma was 1.82 and 2.42 ng/ml using the two129:318-321, 1981.
(1 - 3)B-D-glucan-specific limulus ELISA, respectively (15). 9. lwanaga M, Miyata T, Tokunaga F, Muta T: Molecular mechanism of
In addition, the concentration of {13)-B-D-glucan in normal hemolymph clotting system ioimulus Thromb Re$8:1-32, 1992.
human plasma was 0.17 +0.12 ng/ml (n - 24) using the Wal%B'- Tanaka S, Aketagawa J, Takahashi S, ShibataY, Tsumuraya, Hashimoto

. Y: Activation of a limulus coagulation factor G by-{B){3-D-glucans.
WBO003. In a previous study from our laboratory, the mean con- Carbohydr Re®18:167-174, 1991.

centration of (1-3)-B-D-glucan in plasma of 36 normali1. obayashiT, Tamura H, Tanaka S, Ohki M, Takahashi S, Arai M, Masuda
volunteers, measured by the Fungitec G test, was 2.7 + 1.9 pgM, Kawai T: Anew chromogenic endotoxin-specific assay using re-
ml (range: < 6.9 pg/ml) (13). Although the exact reasons for the combined limulus coagulation enzymes and its clinical applicatins.
discrepancy between these two sets of data are difficult to ex-Chim Actal49:55-63, 1985. _

. . ..12. Miyazaki T, Kohno S, Mitsutake K, Yamada H, YasuokaA, Maesaki
plain, \_Ne Sques_t_that the differences CO[_JId be d_ue to dlﬁer's, Kaku M, Koga H, Hara K: Combination of conventional and
ences in the sensitivity and standard material used in each studyandotoxin-specific limulus tests for measurement of polysaccha-

The present results in patients with a variety of fungal in- rides in sera of rabbits with experimental systemic candidiasis.
fections are extension of those reported earlier and furtherTohoku J Exp Med68:1-9, 1992. _ _
indicate that the detection of (»B)-B-D-glucan is a useful 13. Miyazaki T, Kohno S, Mitsutake K, Maesaki S, Tanaka K, Ishikawa N,

. . . . . Hara K: Plasma (2 3){3-D-glucan and fungal antigenemia in patients
method for the diagnosis of systemic fungal infection, par- with candidemia, aspergillosis, and cryptococcodi€lin Microbiol

ticularly in candidiasis and aspergillosis. 33:3115-318, 1995,
14. Aketagawa J, Tanaka S, Tamura H, Shibata Y, Saito H: Activation of
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