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A B S T R A C T Because it is often difficult to diagnose in-

vasive Candida infections, a sensitive hemagglutination
inhibition assay to detect the surface antigen, mannan,

was developed. Mannan antigenemia was detected early

in the course of infection in 4 of 14 patients with sys-

temic candidiasis and 2 of 5 patients with invasive gas-

trointestinal candidiasis. Mannan was not detected in

48 patients with noninvasive Candida or other systemic
mycotic infections or in 99% of 234 patients in other

control groups. Mannan antibodies were almost uni-

versally present in both candidiasis and control groups.

In four patients with systemic candidiasis, an early pe-

riod of mannan antigenemia was followed by a rapid

rise in mannan antibody titer. These findings suggest
that antemortem diagnosis would be improved in one-

third of cases of invasive Candida infection detected by

the hemagglutination inhibition assay. A positive test for

serum mannan would be an early and specific signal of

invasive disease.

INTRODUCTION

Systemic candidiasis has been recognized as an impor-

tant infectious complication in patients with myelopro-
liferative (1-5) and solid organ tumors (2, 5), in im-

munosuppressed transplant recipients (6), and in pa-

tients during the postoperative period (5, 7). The ante-

mortem diagnosis of systemic candidiasis is difficult to

establish (1-7) because the clinical presentation is usu-

ally nonspecific and the microbiologic diagnosis is often

difficult to obtain. Deep Candida infection without docu-

mented candidemia occurs 28-64% of the time in re-
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ported series (3-7); conversely, transient candidemia
without later evidence of systemic disease also occurs

(8-9). A microbiologic diagnosis can be delayed while

Candida species are being isolated and identified in clin-

ical materials (10).
Several immunologic tests have been evaluated as aids

in diagnosis of Candida infections. Skin testing with

Candida antigen has been shown to be nondiagnostic for

acute infection, because of the high incidence of positive
tests in healthy populations (11) and possible anergy in

those with overwhelming infections (12). Measurement

of serum agglutinins to nonviable Candida cells has in

general been unrewarding (3, 13-15). The serologic
demonstration of precipitins to Candida antigens has im-

proved antemortem diagnosis (4-5); however, mor-

tality remains high. Gaines and Remington (5) re-

ported a 92% antemortem diagnosis with precipitin
techniques, but 42% mortality secondary to disseminated
fungal infection; 9 of 11 patients died before an adequate
course of antifungal therapy was completed.

In light of these observations we developed a hemag-
glutination inhibition assay to detect Candida antigene-
mia and evaluated the immunoassay retrospectively for

its diagnostic usefulness. This paper describes the im-

munoassay for mannan, a cell wall polysaccharide of

several Candida species (16-17), and reports on its ap-

plication in patients with invasive Candida infections

and in control groups.

METHODS

Patients studied. Sera to be tested were drawn from

patients with suspected or proven fungal infections, patients
hospitalized for other reasons, and normal blood donors seen

at North Carolina Memorial Hospital from June 1972 to

January 1975. Sera were stored frozen at - 20'C with
sodium azide (final concentration of 0.1%).

Criteria for classification of Candida infection. Strict
criteria for the diagnosis of systemic candidiasis required
histologic evidence in autopsy or biopsy tissue, other than
skin or mucosal surfaces, of fungal infection with organisms
identified as Candida (18) (eight cases). Autopsy cases

with positive postmortem cultures but without histologic
demonstration of Candida in tissue were excluded. Of the
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eight cases fulfilling the criteria, four had positive blood
cultures for Candida drawn on 2 or more different days
with intravenous catheters removed or changed in the in-
terim; and two cases had positive cultures and stains for
Candida from material aspirated from abscesses.
Although biopsy material was not available for histo-

pathology, evidence for systemic Candida infection was
presenlt in four additional patients. L. F. is described in a

case history below. W. Mc. developed peritonitis and pyelo-
nephritis with positive cultures and stains for Candida.
M1. L. developed Canidid(a endocarditis anid hematogenous
endophthalmitis with positive blood and bone marrow cul-
tures. NI. R., a diabetic with renal failure, lhad a Candidald
renal abscess.
Deep Canidida infection could not be excluded in two pa-

tienits (J. H. and H. C.). They were treated for 10-15
days with antifungal chemotherapy but died from other
causes without pathologic evidence at autopsy of Candida
infection. They are identified as possible cases of systemic
candidiasis.

Invasive gastrointestinal candidiasis (2) was diagnosed
histologically in tissue obtained from autopsy (four cases)
or surgical pathology (one case).

Superficial Candida infections were diagnosed by clinical
appearance with confirmatory culture and stain and (or)
biopsy of specimens from the skin, oropharynx, vagina, sur-
gical wound, or urinary bladder. In no case was evidence
for deel) organ infectioni present and in n1o case was systemic
therapy required.

Candida colonization was (listinguished from superficial
or systemic infection by the total absence of clinical or his-
tologic manifestations of infectioni, altlhough Candida was
cultured from nondiagnostic sources listed above. Fungi
were isolated from clinical and pathologic specimens and
identified using standard techniques (19) in the North Caro-
lina Memorial Hospital Mycology Laboratory.

Cntlti'res anid 'ucdia conditions. Candida (abicans group
A (strain B311) was kindly donated by Dr. H. F. Hasein-
clever, National Institutes of Health. Cultures wvere gr-own
in 2-liter flasks of 1% neopeptone, 27C( glucose broth (Difco
Laboratories, Detroit, Mich.) at 35°C for 48 h. The cells
were collected by centrifugation at 1,085 g, washed twvice
int normal saline, and frozen at - 20°C.
Preparation of somzatic antigens ("S" antigen). A mix-

ture of somatic and cell wall antigens of Candida ("S" an-
tigeni) was prepare(l by a modificatioin of the procedure
of Taschdjian et al. (20). 100-ml aliquots of a 40%/- sus-
pension of washed, packed cells in normal saliine xvere addedl
2: 1 to 0.5-mm glass chips. The suspension was placed in
stainless steel capped tubes immerse(d in a saltwater ice
bath (- 2°C). The cells were disrupted by sonification at
maximum gain for 20 min with a Bronson High Intensity
Sonifier (Bronson Instruments, Inc., Stamford, Conn.).
The slurry was centrifuged at 5,900 g and the supernates
combine(l. The sediments were washed with normal saline
and separated by centrifugation at 5,900 g; all the super-
nates were pooled and lyophilized. The lyophilized residue
was then dissolved in normal saline to one-half the original
volume and centrifuged at 5,900 g. The supernate containing
"S" antigen was decanted and the protein concentration
adjusted to 1.0 mg/ml with normal saline. Protein con-
centrations were determined by the Lowry method (21).
The mannan concentration of the "S" antigen was deter-
mined by the hemagglutination inhibition assay and adjusted
with purified mannan to a final concentration of 0.8 mg/ml.
"S" antigen was stored in aliquots at - 20°C.

Preparation of inianinant. Mannan was prepared from C.
albicans group A (B311) by the method of Peat et al. (22)
with the tollowing modification substituted for the charcoal
purification step. The mannan solution was dialyzed against
phosphate-buffered saline (PBS),' pH 5.0, for 48 h and
precipitated in 95%c ethanol (4: 1, vol/vol). The precipitate
was washed twice with 80% ethanol, dissolved in 35 ml

PBS, pH 5.0, and deproteinated by a modification of the
metho(d of Sevag (23). Aqueous mannan in PBS, chloro-
form, and butanol (20: 5: 1, vol/vol/vol) was homogeniized
at 2°C for 60 mim in a VirTis 23 homogenizer (VirTis Co.,
Inc., Gardiner, N. Y.) at maximum speed and layered by
centrifugation at 12,000 g for 15 min. The mannan solution
after 15 extractions was reprecipitated in 95% ethanol
(4: 1, vol/vol), washed twice with 80% ethanol, dissolved
in 30 ml PBS pH 7.0, centrifuged 4 h at 140,000 g, precipi-
tated in 95% ethanol (4:1, vol/vol), washed twice with
absolute ethanol, and vacuum dried. The final protein con-

centration was 3%'o of the total dry weight. Concentrations
of the highly purified preparations of mannan were deter-
mined by dry weight.
Mannans from C. albicanis group B (strain 526), C. stel-

latoidca (strain 2,864) and C. tropicalis (strain 48) were a

gift from Dr. H. F. Hasenclever.
Maninanz analysis. Quantitative precipitation of mannan

was performed by the method of Kabat and Mayer (24).
Sucrose density gradient (10-40%'o wt/vol) centrifugation
was used to characterize mannan and antigen-antibody com-
plexes (25). Mannan, mannan-antibody complexes, patient
sera in antigen excess, and sera in transition zones were

treated by the method of Yu-Teh Li and Su-Chen Li (26)
witlh a-mannosidase (Sigma Chemical Co., St. Louis, Mo.)
prepared from jack bean meal.

Anttisera. New Zealand albino rabbits weighing 4-5 kg
were immunized biweekly with either "S" antigen emulsified
in Freund's complete adjuvant (Difco Laboratories) or

whole Candida cells. Animals were bled on the 9th wk, and

every 2 wk thereafter. In addition, serum from patient L. F.
with a high titer antimannan antibody was used as a

specific agglutinator in the hemagglutination inhibition as-

say. Antiserum to Clq was prepared by the method of
Agnello et al. (27).

Iunnunooprecipitin techniquies. Single radial immunodiffu-
sion was performed by the method of Mancini et al. (28).
Immunoelectrophoresis was performed by the method of

Scheidegger (29). Double diffusion precipitin technique,
used to detect "S" antigen, was performed by the method of

Ouchterlony (30). All gel precipitin systems employed 2%
agar (Noble, Difco Laboratories) in veronal buffer, 0.05

ioInic strength, pH 8.4, except single radial immunodiffusion
where 1% agarose (Marine Colloids Inc., Rockland, Maine)
was emiployed. Immune complexes were detected by the
technique of Clq precipitin testing in EDTA agarose using
purified Clq as described by Agnello et al. (27).

Passi-vc heinagglgtination (PH) assay, for antimntannan an-

tibody. The passive hemagglutination technique was based

on the method of Leon and Young (31) for coating glyco-

proteins and polysaccharides to sensitized sheep erythrocytes.
Optimal sensitization, as determined by two-dimensional

titrations, was achieved with 50 ,tg/ml concanavalin A

(Sigma Chemical Co.) and 30 ,ug/ml C. albicanis group A

(B311) mannan. All test sera were heat inactivated by in-

1 Abbreviationts utsed in this paper: HI, hemagglutination
inhibition; PBS, phosphate-buffered saline; PH, passive

hemagglutination.
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cubation at 56°C for 30 min. Serial dilutions of test sera
were prepared in buffer (0.9% NaCl, 0.01 M NaH2PO4),
pH 7.3, with 2% heat inactivated fetal calf serum. The
passive hemagglutination assay was adopted to a microtiter
plate system.
Mannan antibody was detected by adding 50 /Al of 0.15%

suspension of sensitized erythrocytes to 50 ,ul of buffer and
50 ul of test serum. The cells were allowed to settle without
centrifugation. The highest dilution of serum that caused
1+ agglutination of sensitized erythrocytes (a carpet of cells
with a ring at the edge) was regarded as the end point.
Test sera were absorbed with washed sheep erythrocytes
(4: 1, vol/vol) for 30 min at room temperature and 60
min at 4°C and tested with uncoated cells to assure ab-
sorption of heterophile antibody. As a control for speci-
ficity, C. albicans group A mannan was added to sera ex-
hibiting agglutination (50 ul of mannan 2 mg/ml) to insure
that hemagglutination was inhibited.
Hemagglutination inhibition (HI) assay for mannan. An

HI assay was developed using immune human antiserum
from patient L. F. diluted twofold below maximum agglu-
tination titer. If a test serum was without antimannan anti-

body, the HI assay could be used to detect mannan antigen.
50 ml of the test sera was incubated with 50 Al of the diluted
L. F. antibody and 50,ul of 0.15% suspension of sensitized
sheep erythrocytes. The inhibition of hemagglutination in-
dicated mannan antigenemia. C. albicans group A mannan
either in buffer or in human serum specifically inhibited the
system and was employed as a positive control.

RESULTS

Clinical findings in patients with systemic candidiasis.
The clinical and pathologic data on the 14 cases of sys-
temic candidiasis are summarized in Table I. There
were nine males and five females ranging in age from 2
to 76 yr with a mean age of 52 yr. A variety of predis-

posing conditions was present. One patient was leuko-
penic and six of eight skin-tested patients were non-
reactive to intradermal intermediate strength purified

protein derivative, Candida, and mumps antigens. 8 of 14

cases had documented bacteremia and all 14 received

TABLE I

Summary of Clinical, Microbiologic, and Pathologic Data in Patients wtih Systemic Candidiasis

Candida isolations Antifungal
therapy§

Predis- ii 10I Organs found
Age, Underlying disease Skin posing Candida E . o Xo o and Out- infected at

-c 0 0 i..
Patients sex or conditions tests* therapy: species p,)¢ 5m AmB 5FC D come biopsy or autopsy

L. F. 55, F Renal failure R. A C. tropicalis + + + + + Lived

E. St. 59, M Diabetes mellitus, A C. iropicalis + + + + + Died Heart, lung, trachea,
abdominal operation, kidney

bacteremic sepsis

W. Mc. 76, M Renal failure, N. R. A C. albicans + + + + Died No autopsy
bacteremic sepsis

A. V. 67, M Rocky mountain A, S, IV C. tropicalis + + + + Died Heart, lung, kidney,

spotted fever, C. stellatoidea brain, bowel, liver

bacteremic sepsis adrenal

M. R. 46, F Diabetes mellitus, A, S C. parapsilosis + + + + + Lived

bacteremic sepsis

E. Sn. 50, M Cachexia N. R. A, IV C. albicans + + + + + + Lived Vein

H. V. 63, F Macroglobulinemia, N. R. A C. tropicalis + + Died Heart blood, lung.
bacteremic sepsis kidney

J. B. 65, M Renal failure, A C. tropicalis + + + + + + Died Kidney

nephrolithiasis.
abdominal operation

R. L. 54, M Abdominal operation R. A, S, IV C. albicans + + + + Died Heart, lung, kidney,
brain

B. C. 56, F Alcoholic hepatitis, N. R. A C. albicans + + + + Died Heart blood, lung

bacteremic sepsis

M. L. 34, F Marfan's syndrome N. R. A, IV C. parapsilosis + + + Lived

D. N. 2, M Stevens-Johnson IV, A, S C. albicans + + + + Died Kidney, lung, skin

bacteremic sepsis

J. H.¶ 39. M Renal transplant, N. R. A, S, C C. albicans +* + + Died None

bacteremic sepsis

H. C.¶ 61, M Metastatic cancer A, S C. albicans + + + Died None

* R.. reactive; N. R., nonreactive, to battery of purified protein derivative-I, monilia (HS), and mumps.
A, antibiotics; S, corticosteroids; IV, intravenous hyperalimentation; C, cytotoxic chemotherapy.
AmB, amphoteracin B; SFC, 5-fluorocytosine; I and D, incision and drainage.
Died 1 mo later of renal failure without evidence of Candida infection at autopsy.

T Possible cases of systemic candidiasis (see text).
** Positive multiple transtracheal and bronchoscopy aspirates.
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FIGURE 1 Immunoelectrophoresis of sonicate of whole Can-
dida albicais ("S" antigen) in upper and middle wells. The
anode is on the left. Rabbits immunized with "S" antigen
exhibit specificity for 15 Cantdida antigens. Sera from pa-
tients A. V. and L. F. with systemic candidiasis recognize
a cathodally migratinig antigen which was identified as
cell wall mannan.

courses of broad spectrum antibiotics. Additional pre-

disposing features included treatment with corticos-
teroids in five cases, and cytotoxic chemotherapy in one
case.

In 11 cases (79%,-), the diagnosis was clinically sus-

pected and antifungal chemotherapy and(or) drainage
initiated. However, systemic fungal disease was the

primary or major contributing cause of death in eight
cases. Of those wvho died, three patients received no sys-
temic aantiftingal chemotherapy and four patients received
inadequate courses. In the latter group, specific anti-
fungal chemotherapy was initiated preterminally. Dis-
seminated Canidida infection was documented in 5 of 10

cases coming to autopsy.
Clini.ical finidings in patients wuith sutper>ficial Candida

infections or with colonization with Canzdida. The ages

of the 38 subjects in these control groups ranged from

18 to 84 yr with a mean age of 52 yr. Associated or un-

derlying conditions included myeloproliferative or solid
organ tumors (11 cases), postoperative state (7 cases),
systemic collagen vascular disease (7 cases), diabetes
mellitus (5 cases), severe burn (2 cases), and bacterial
sepsis (18 cases). 14 patients were anergic and 6 leuko-
penic. Additional predisposing features included broad
spectrum antibiotic therapy in 31 cases, cytotoxic chemo-

therapy or irradiation in 12 cases, corticosteroid therapy
in 6 cases, and intravenous hyperalimentation in 6
cases.

Precipitins to "S" antigen. In rabbits immunized with

"S" antigen, specificity for at least 15 separate anti-
gens from C. albicans was identified in individual bleed-
ings from six different animals (Fig. 1). In contrast, the

initial humoral immune response was directed toward
the cell-surface polysaccharide mannan in sera from five

patients with systemic candidiasis. On immunoelectro-
phoresis. C. albicans group A mannan was found to mi-
grate cathodally to yield a characteristic precipitin arc
which was the major precipitin arc developed by human

sera containing antibody to crude "S" antigen. Precipi-
tins to "S" antigen were detected in 9 of 14 patients
with systemic candidiasis (Table II) at a maximum titer
of 1: 8. Precipitins to "S" antigen characteristically de-

veloped relatively late in the course of infection. For

example, in patient L. F., precipitins did not develop
until 10 days after the first demonstration of serum man-

nan, 7 days after the clinical recognition of systemic
disease, and 4 days after clinical improvement with anti-

funigal chemotherapy. In patient E. St., serum precipi-
tins were first detected only 1 day before death caused

TABLE II

Antibody to "S" A ntigen and Mannan A ntigen and Antibody in Systemic Candidiasis

Precipitin
to "S" Serum mannan-HI

antigen Antimannan antibody-PH

Number

No. of Maximum sera Maximum Minimum Mlaximum A Antibody

Patient sera 1/titer positive 1/titer 1/titer 1/titer titer log2

1. L. F. 25 8 7 32 0 66,000 17

2. E. St. 17 1 6 8 0 1,000 11

3. W. Mc. 10 0 2 8 0 256 8

4. A. V. 9 1 1 16 0 4,000 13

5. M. R. 31 2 0 0 1 1,000 11

6. E. Sn. 12 1 0 0 1 2,000 12

7. H. V. 6 0 0 0 32 256 3

8. J. B. 8 1 0 0 1,000 2,000 1

9. R. L. 7 1 0 0 32 128 2

10. B. C. 8 0 0 0 8 32 2

11. M. L. 1 1 0 0 8

12. D. N. 1 0 0 0 4 -

13. J. H. 7 0 0 0 8 64 3

14. H. C. 4 1 0 0 32 64 1
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TABLE II I

Mannan Antigen, Antibody, and Antibody to "S" Antigen in Candidiasis and Control Groups

No. of patients

Antigen positive-HI Mannan antibody positive-PH with positive

-____________________________ precipitins
No. of No. of No. of Mean maximum No. of Mean maximum to "S"

Patient studied patients sera patients titer tSD* patients titer hSD* antigen

(%) (%) (%o)

Systemic candidiasis 14 146 4(29) 3.754-0.96 14 (100) 8.2143.77 9(64)

Gastrointestinal
candidiasis 5 17 2 (40) 5 4(80) 5.75 12.50 1 (20)

Candidemia associated
with intravenous
catheters 4 41 0 (0) 0 4(100) 10.004-1.83 3 (75)

Superficial candidiasis 20 79 0(0) 0 20(100) 6.52i3.00 4(20)

Colonization with
Candida 18 44 0(0) 0 18(100) 5.78+2.47 2(11)

Other mycotic

infections$ 10 31 0(0) 0 31 (100) 6.0043.77

Miscellaneous hospital
patients 144 147 2 (1.3) 2 143 (99.3) 4.92 42.94

Normal blood donors 76 76 1(1.3) 2 75(98.7) 5.54 1.57

Normal children 14 14 0(0) 0 14(100) 3.93 2.56

Numbers in parentheses refer to the percentages in their respective columns.
* Titer expressed as the log2.
Includes two cases of systemic aspergillosis, three of blastomycosis, three of cryptococcosis, one of acute histoplasmosis, and

one of mucormycosis.

by disseminated Candida infection. Precipitins to "S"

antigen could be detected in control populations without

systemic Candida infection, in 4 of 20 patients with

superficial Candida infections, and in 2 of 18 patients

colonized with Candida (Table III).
Antimannan antibody detected by passive hemaggluti-

nation. Passive hemagglutination of sheep cells coated

with mannan proved to be a sensitive test for the detec-

tion of antimannan antibody. Mannan antibodes were de-

tected by passive hemagglutination earlier in the clinical

course than by precipitins, and were detected in all 14 pa-

tients with systemic candidiasis and in 4 of 5 patients

with invasive gastrointestinal candidiasis (Table III).

They were not detected in 28 sera from six patients with

invasive Candida infections who exhibited mannan anti-

genemia. At least a 4-fold rise in antibody titer occurred

in 10 of 12 patients with systemic candidiasis who were

followed serially; a 264-66,000-fold increase in titer

was observed in 5 patients. Among the control groups,

mannan antibody was almost universally detected (Ta-

ble III). The mean maximum titers of the patients with

systemic candidiasis and with candidemia associated
with intravenous catheters were higher than other

groups studied, although overlap in antibody titer in

individuals of different groups occurred. Maximum in-

creases of 264-fold in antibody titer were documented in

serial sera from patients with transient candidemia as-

sociated with infected intravenous catheters and patients
with superficial Candida infections.
Mannan characterized by the HI assay. C. albicans

group A mannan run on a linear 10-40% sucrose den-

sity gradient was detected by the HI assay in a broad

spectrum of molecular weights from 150,000 to 900,000.
By the technique of single radial immunodiffusion, with

rabbit antibody or antibody from L. F., a minimum con-

centration of 150,ug/ml of mannan was detectable. How-

ever with the HI assay, 0.3 ,ug/ml of C. albicans group

A mannan could routinely be detected. Mannans pre-

pared from C. albicans group B, C. tropicalis, and C.

stellatoidea were cross-reactive in the HI system, whereas

dextran, sucrose, D (+ ) -mannose, or mannan purified
from Saccharomyces cerevisiae were not.

Evidence of the specificity of the HI assay for mannan

was obtained by treatment of sera from patients with

systemic candidiasis with a-mannosidase, a glycosidase
which can hydrolyze mannose from natural a-manno-

side carbohydrates and glycoproteins. Eight sera from

four patients were selected because they demonstrated
mannan antigenemia or because they were in transition

zones from an antigenemic phase to the appearance of

mannan antibody. Sera treated with a-mannosidase dem-

onstrated loss of mannan antigen and in some sera release

of free antibody. The mean increase in antibody titer

expressed logp was 2.29±1.30 (SD) compared to con-
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FIGURE 2 Quantitative precipitin curve of serum from
patient L. F. vs. C. albica;ns group A mannan. Mannan anti-
body and antigen could be readily detected in supernates in
zones of antibody and antigen excess by passive hemaggluti-
nation and hemagglutination inhibition assays respectively.
Soluble immune complexes could not be detected by the
Clq precipitin assay in the zone of antigen excess.

trols. Sera from two normal subjects with low antiman-
nan antibody titer was unaffected by a-mannosidase
treatment. Recovery of mannan antibody from purified
immune precipitates was enhanced by a-mannosidase

treatment. Finally, a-mannosidase by itself did not cause
nonspecific agglutination of mannan sensitized erythro-
cyes.
Serum from patient L. F., which contained a high

titer antimannan antibody and was used extensively in
the HI assay, was initially studied by quantitative pre-

cipitin techniques using C. albicans group A mannan
(Fig. 2). At equivalence 200 ,ug mannan precipitated 820

Ag antimannan antibody per 0.5 ml heat inactivated se-
rum. A linear relationship of antibody vs. concentration
of antigen was noted in immune precipitates in the zone
of antibody excess. Antibody and antigen could be read-
ily detected in supernates in the zones of antibody and
antigen excesses by PH and HI respectively. Soluble
complexes could not be detected by the Clq precipitin
assay in the zone of antigen excess.
Mannan antigenemia in invasive candidiasis. A total

of 305 patients were studied (Tables II-III). With the
HI assay, mannan antigenemia was documented early
in the course of 4 of 14 patients with systemic candidia-
sis (Table II). Of these 14 cases, 8 were proved to have

systemic infections by histologic criteria and in 2 of
these 8 patients, antigenemia was detected. Four pa-
tients were diagnosed as having systemic candidiasis
from positive antemortem cultures (histopathology una-
vailable). Antigenemia was detected in two of these
cases. In the two patients with possible systemic candi-
diasis, antigenemia was not detected.

Fungemia was detected in only one of the four pa-
tients with antigenemia, although a minimum of six

blood cultures were drawn in each case. In those pa-
tients in whom antifungal chemotherapy was started,

blood cultures were drawn before treatment. Mannan
was present in three patients up to 10 days before the

development of precipitins to Candida cytoplasmic or
cell wall antigens. After intervals of 1-6 days, antigene-
mia cleared, and mannan antibody was detected in ris-

ing titers. All 14 patients with systemic candidiasis de-
veloped antimannan antibody detected by passive hemag-
glutination. The 10 patients who were antigen negative
were positive at the outset for mannan antibody.

Mannan was also detected in sera from two of five

patients with invasive gastrointestinal candidiasis (Ta-
ble III). In these two cases, more extensive gastroin-
testinal involvement was found at autopsy: multiple ex-
tensive ulcerations of stomach, and small and large in-

testines with pseudohyphae extending into the muscular
layer were found in one case; and ulcerative esophagitis
in the second.

Mannan was not detected, however, in sera from 20

patients with superficial Candida infections, 18 patients
colonized with Candida, and 10 patients with other sys-
temic mycotic infections. Among other control patients,
mannan-like activity was detected in low titer in single
specimens from 2 of 144 miscellaneous hospital patients
and in 1 of 76 random blood donors, and in none of 14

normal children. Follow-up serologic examination was

possible in one of the two hospital patients who were

without fungal disease but who had a positive HI assay.
The patient was found to have multiple myeloma with

an IgA, K M component. However, repeat tests for man-

nan antigenemia on days after the initial positive test

were negative. Three sequential studies detected only
antimannan antibody at a titer of 1: 32.

The data was statistically analyzed with Fisher's ex-

act test. Only the first serum specimen from a patient or

control was considered to allow comparison among dif-

ferent groups. The association of mannan antigenemia
with systemic candidiasis (P < 0.05) and with invasive

gastrointestinal candidiasis (P <0.005) was significant
when compared to a group of normal blood donors and

patients hospitalized for other reasons. The association

of mannan antigenemia with invasive Candida infections

(systemic candidiasis and invasive gastrointestinal can-

didiasis) was significant (P <0.05) when compared to
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the group of patients with superficial Candida infections,

colonization with Candida and other systemic fungal

infections.
IUustrative case. Patient L. F. (Table IV). A 55-yr-

old female was transferred from another hospital be-

cause of acute renal failure, severe metabolic acidosis,

and depressed sensorium. On hospital day 2 at the end

of a 36-h peritoneal dialysis, the peritoneal fluid return

was yellow and cloudy. Physical examination demon-

strated abdominal signs of peritonitis. Gram stain and

KOH preparations demonstrated yeast forms from urine,

sputum and peritoneal fluid obtained both from the peri-
toneal dialysis catheter and by separate paracentesis.
The patient was treated with 1.5 g of 5-fluorocytosine
that evening. On the 3rd hospital day, 5 mg of ampho-

tericin B was infused intraperitoneally, followed by 5 mg

intravenously. Nystatin was given orally. Over the next

6 days, 120 mg of amphotericin B was given parenter-

ally. Cultures were later reported- to have grown C.

-tropicalis from three peritoneal fluid specimens, from a

tracheal aspirate, and from urine. Eight blood cultures

taken over the first 3 days were sterile. The patient

clinically improved with return of renal function and

resolution of peritonitis. She was discharged on the 20th

hospital day. Follow-up examinations to the .20th month

have failed to demonstrate recurrent fungal infection.
Prospectively, serum precipitins to "S" antigen were

not demonstrated until the 10th hospital day. Retrospec-

tive testing documented mannan antigenemia in seven

different sera over the first 5 hospital days. After anti-
fungal chemotherapy was started, mannan disappeared
from the serum. Antimannan antibody detected by pas-

sive hemagglutination appeared on the 6th hospital day

and by the 14th hospital day reached a titer of 1: 66,000.

Serum precipitins were not detected until 10 days after

the first demonstration of serum mannan, 7 days after

the patient was first treated with antifungal chemother-

apy, and 4 days after the patient had clinically improved.

DISCUSSION

The difficulties of diagnosis and treatment of systemic

Candida infection prompted this investigation (1-10).
What we sought was a serologic test that did not depend

upon host immune response for diagnosis, but on the

early detection of Candida antigen in serum which might

correlate with disease activity. Surface carbohydrate an-

tigens to a variety of organisms have proved useful in

this regard. Pneumococcal (32), meningococcal (33),

and cryptococcal (34) polysaccharides had been de-
tected in serum and other body fluids in infections be-
fore isolation of the microorganism. Our prelimninary
studies demonstrated in patients with systemic candidia-
sis a humoral response directed predominantly toward
the Candida surface polysaccharide, mannan. When
relatively insensitive immunoprecipitin techniques failed

TABLE IV
Patient L. F. Candida Peritonitis

Precipitin
Hospital to "S" Serum Mannan

day antigen mannan-HI antibody-PH

1/titer

0 0 32 0

1 0 16 0

2 0 16 0

3 0,0 16,8 0,0
4 0 4 0

5 0 8 0

6 0 0 4

8 0 0 256

9 0 0 2,000
10 1 0 2,000
11 2 0 8,000
12 0 8,000
14 8 0 66,000
15 0 33,000
18 0 66,000
25 0 2,000
46 0 2,000
60 0 1,000

270 0 0 128

to detect mannan antigenemia, we developed a sensitive

hemagglutination inhibition assay for mannan.

Mannan is a major cell-surface antigen of several

Canidida species (17, 35). There are two recognized
serologic groups of C. albicanis mannan, group A and

group B (17). Group A mannan is a highly branched

homopolysaccharide with short side-chains of a- (1 2)
linked mannose residues joined together by a- (1 > 6)
linkages (16) and is antigenically very similar to man-

nan from C. tropicalis. By the technique of inhi-

bition of agglutination of whole yeast cells, prior
studies have demonstrated good cross reactivity between

mannans extracted from C. albicans group A, C. albicans

group B, C. tropicalis, C. stellatoidea, and S. cerevisiae

(17). 2 ,ug of homologous purified mannan significantly
inhibited the agglutination of whole cells, despite the

use of antisera prepared with whole cells as immunogen.
In light of these observations, we used a C. albicans

group A mannan and a human antibody to C. tropicalis
to develop a HI assay which would detect a broad range

of mannans from Candida species. Thus, with the HI as-

say cross-reactivity was demonstrated with mannans

prepared from C. albicans group A, C. albicans group B,
C. tropicalis, and C. stellatoidea; and in six cases of in-

vasive Candida infection in which mannan antigenemia
was detected, the pathogen in three was C. albicans and
in three C. tropicalis.
To test the HI assay for specificity for mannan, sera

obtained from patients at the time of invasive Candida
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infections were treated with an a-mannosidase which hy-
drolyzes mannose from natural a-mannoside carbohy-
drates and glycoproteins. Treatment of these sera re-
sulted in disappearance of mannan from serum, and
either recovery or increased activity of mannan antibody.
The HI assay was evaluated by correlating mannan

antigenemia with clinical events during the course of
systemic infection. In this way, early in the course of
disease, before the appearance of precipitins to "S" an-
tigen, mannan antigenemia was documented in 4 of 14
patients with systemic candidiasis and 2 of 5 patients
with invasive gastrointestinal candidiasis. Notably, in
three patients with mannan antigenemia and systemic
Canidida infections, fungemia could not be documented in
blood cultures. After 1-6 days, antigenemia cleared with
or without antifungal chemotherapy, and mannan anti-
body appeared in rising titer. In two patients with in-
vasive gastrointestinal candidiasis, the detection of man-
nan antigenemia suggested absorption of mannan from
ulcerated visceral lesions. The detection of antibodies
to "S" antigen late in the clinical course generally cor-
related with high titer mannan antibody detected by pas-
sive hemagglutination. The presence of mannan anti-
genemia was compared in patients with systemic in-
fection and in control groups; mannan was not found in
patients with superficial Candida infections, coloniza-
tion, or other mycotic infections, and it was detected in
low titer in only 1% of 234 normal blood donors and
other hospital patients. Thus, the HI assay for serum
mannan permitted early, specific serologic detection of
invasive Candida infection in 30% of the infected
patients.
A report by Miller et al. (36), supports the concept

of mannan antigenemia in Candida infections. Using
gas-liquid chromatography, the authors identified ab-
normal chromatograms in six patients with candidemia
and in two of four patients with invasive Candida in-
fections. Co-chromatography studies suggested that the
abnormal peaks could be derivitives of mannose.
A sensitive passive hemagglutination assay for anti-

mannan antibody was also tested for its value in the diag-
nosis of systemic candidiasis. Antimannan antibody was
found to be ubiquitous in patient and control populations.
Antibody titers did not discriminate between noninvasive
and systemic infection for, although titers were gener-
ally higher in patients withl systemic disease, they over-
lapped with control groups. Also, changes in titer were
not prognostic of clinical outcome or response to ther-
apy. Rising titers could generally be detected before pre-
cipitins to "S" antigen. Similar observations have been
made regarding serum agglutinins to nonviable Candida
cells (13-15).

In the present study, precipitins to "S" antigen were
detected relatively late in the course of systemic Candida

infection, and were also present in 6 of 38 patients with
superficial Candida infections or colonization with Can-
dida. Other studies have demonstrated serum precipitins
to somatic Candida antigens in 27-94% of patients with
systemic candidiasis (37-38) and false positive precipi-
tin reactions in 5-44% of patient controls (5, 39).

Because periods of dynamic interplay between mannan
antigenemia and antimannan antibody were documented
in cases of systemic Canidida infection, we looked for
soluble immune complexes and complement activation.
During the transition phase from antigenemia to the ap-
pearance of mannan antibody, circulating immune com-
plexes could not routinely be detected by the Clq pre-
cipitin assay, but treatment of sera with a-mannosidase
as previously noted resulted in increased recovery of
antimannan antibody, suggesting the presence of man-

nan-antibody complexes. Low levels of C3 and alternate
complement pathway activation were detected in some

patients with systemic candidiasis. Furthermore, the ad-
dition of mannan to normal serum activated C3 and
factor B in a manner similar to the activation by in-
ulin. Also, we characterized the humoral immune re-

sponse to mannan in five patients with systemic candidi-
asis and found that the isolated antibodies were re-

stricted in class and subclass to IgGl, IgG2, and IgA.
These observations suggest that in part host defense
and pathogenesis of systemic Candida infection reflect
the direct effects of mannan and the biologic properties
of a restricted humoral response (40).

In summary, sequential studies have demonstrated epi-
sodes of mannan antigenemia followed by a rise in an-

timannan antibodies early in the course of disease in
one-third of patients with invasive Candida infections.
When patients with systemic candidiasis were compared
to control groups, the detection of mannan appeared
specific for the diagnosis of invasive disease. The pres-
ent study, then, strongly suggests that a prospective
trial of the HI assay is warranted, for mortality may be
substantially reduced by early effective use of antifungal
chemotherapy.
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