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A newly developed latex agglutination (LA) test and a modified immunodif-
fusion (ID) test were evaluated. The antigen used was a homogenate of Candida
albicans. A total of 167 antisera were employed in the evaluation. They in-
cluded 36 sera from clinically well persons; 78 from patients with various clin-
ical forms of candidiasis; 52 from patients with proven cases of aspergillosis,
blastomycosis, coccidioidomycosis, cryptococcosis, histoplasmosis, nocardiosis,
paracoccidioidomycosis, sporotrichosis, and tuberculosis; and one serum from a

patient with torulopsosis. Use of the LA test in conjunction with the ID test
permitted the detection of more than 90% of 43 proven candidiasis cases. Of all
the heterologous cases and normal human sera tested, LA reactions were noted
with 3 of 10 cryptococcosis case specimens, 1 of 9 tuberculosis case specimens,
and with the torulopsemia case serum. In contrast, the only heterologous serum
reactive in the ID test was that from the patient with torulopsemia. Torulopsis
glabrata and C. albicans antisera gave identical reactions in LA and ID tests
with T. glabrata or C. albicans antigens. ID tests with selected antigens, how-
ever, permitted differentiation of rabbit and human T. glabrata antibody from
that of C. albicans antibody. Six different precipitins were recognized with the
C. albicans antigens. The occurrence of multiple precipitin lines and high LA
titers was suggestive of severe candidiasis. The LA test, in contrast to the ID
test, appeared to have prognostic value. Together, the LA and ID tests pro-
vided a simple, rapid, and accurate means of detecting and monitoring infec-
tions by species of Candida.

During recent years, the prevalence of sys-
temic candidiasis has increased in patients
who experienced either abdominal surgery,
immunosuppressive, extensive antibiotic, or
adrenal cortical steroid therapy. Control and
treatment of this opportunistic disease are
dependent upon its early and accurate diag-
nosis. Unfortunately, visceral candidiasis lacks
unique clinical features, and the diagnosis is
usually not made until autopsy (9).

Candidiasis may be diagnosed by the re-
peated isolation of a Candida species in what
are normally sterile clinical specimens, such as
blood and spinal fluid. Because species of
Candida normally occur throughout the gas-
trointestinal tract as commensals, the signifi-
cance of their isolation from the mouth, spu-

I A portion of a dissertation submitted by the senior au-
thor to the University of North Carolina in partial fulfill-
ment of the requirements for the degree of Doctor of Public
Health in the School of Public Health.

tum, urine, or stool is often difficult to eval-
uate. However, repeated isolation of a Candida
species in the absence of other pathogens may
implicate the isolate as the etiologic agent of
the disease. Although histological evidence is
definitive, it is often difficult to obtain. Diag-
nosis is also frequently delayed by the fact
that the isolation and identification of Can-
dida species from clinical materials may re-
quire 2 or more weeks to accomplish.

Hypersensitivity to Candida skin test anti-
gens is not of diagnostic value, since 83% of
apparently healthy individuals give positive
reactions (9). Positive reactions with serolog-
ical tests other than the immunodiffusion test
have also been inconclusive. Up to 89% of ap-
parently healthy people have antibodies in
their sera that can agglutinate C. albicans (3,
6, 17). Similar difficulties have been experi-
enced with sera from apparently healthy hu-
mans with complement fixation (7), hemagglu-
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tination (M. Goldin, Bacteriol. Proc., p. 106,
1957), and the indirect fluorescent-antibody
tests (4).

Stallybrass (11) and Taschdjian et al. (14),
using the immunodiffusion (ID) technique,
demonstrated precipitating antibodies against
C. albicans in sera from patients with systemic
or visceral Candida infections. In contrast,
sera from healthy persons or patients with
mucocutaneous candidiasis did not contain
such antibodies. Furthermore, contrary to re-
sults with other serological reactions, the pre-
cipitin test appeared to be free from cross-re-
actions, except among species of the genus
Candida (15).
Although the ID test appears to be the most

useful method for the serological detection of
systemic candidiasis, it is essentially qualita-
tive and takes days to perform. Changes in
antibody titers which range from 1:1 to 1:4,
moreover, do not reflect the effect of therapy
(16).

Amphotericin B is the drug of choice in the
treatment of systemic candidiasis. Its use en-
tails the risk of dangerous side effects, most
notably nephrotoxicity. Consequently, the use
of amphotericin B should be based upon reli-
able diagnostic and prognostic tests.
The purpose of this study was to develop a

quantitative latex agglutination (LA) test or a
modified ID test that would detect cases of
systemic candidiasis and also permit accurate
monitoring of the course of the disease. In ad-
dition, we wished to characterize the precipitin
response and to relate it to the clinical state of
the patient.

MATERIL S AND METHODS
Cultures. The cultures consisted of C. albicans,

type A, B385; C. albicans, type B, B1074; C. guillier-
mondii B1075; C. krusei B1076; C. parapsilosis 172;
C. pseudotropicalis B1080; C. stellatoidea B1017; C.
tropicalis B1081; and Torulopsis glabrata B989.
Appropriate physiological and morphological tests
were performed to verify the identity of all of the
fungi used in this study (1).

Antigen preparation. Whole cell antigens were
prepared from 48-hr dextrose-peptone-yeast extract
broth cultures grown at 37 C by the method of Sweet
and Kaufman (12). Working suspensions were pre-
pared by diluting one part of packed cells in three
parts of 0.5% formalinized saline and stored at 4 C.
TMese antigens were used for (i) production of anti-
sera, (ii) preparation of homogenates, and (iii) ag-
glutination tests.

Antisera production. Rabbits receiving a total of
8.5 x 107 cells were immunized with Candida spe-
cies and T. glabrata by the procedure of Sweet and
Kaufman (12). Except for the C. pseudotropicalis
antisera, which showed tube agglutinin titers of

1: 64, all rabbit antisera showed agglutinin titers
ranging from 1: 512 to 1: 2,048.
Homogenate antigens. Fifty grams of glass beads

(0.5 mm) was placed in 60-ml, screw-capped serum
bottles. The bottles and beads were washed in 1%
HCl, rinsed in distilled water, and chilled in the
freezer before being used. A 20-ml amount of the 1:4
cell suspensions was then added to the beads and
disrupted with a Braun "MSK" mechanical cell ho-
mogenizer. The homogenizer was run for 2-min in-
tervals after which the extent of cell disruption was
determined by microscopic examination. Over 90%
of the blastospores were disrupted in 10 min. The
homogenates were centrifuged for 30 min at 3,000 x
g. Supernatant fluids were pooled, refrigerated over-
night at 4 C, and centrifuged again. The final super-
natant fluids were collected and concentrated by
pervaporation at 4 C or with Amicon PM 10 mem-
branes to a total biuret protein concentration of 1.0 g
per 100 ml. Merthiolate was added to a concentra-
tion of 1:10,000, and the homogenate (H) antigen
was stored at 4 C.
Commercial antigens. Lots of Hollister-Stier

(HS) 1: 10 extracts of C. albicans in 50% glycerine-
saline solution were used (Hollister-Stier Laborato-
ries, Spokane, Wash.). Various lots demonstrated a
total biuret protein concentration of between 0.8 and
1.0 g per 100 ml.
ID tests. ID tests were performed to detect anti-

bodies to Candida species and T. glabrata. The test
medium consisted of 0.9% agarose (Colab Laborato-
ries, Inc.) in 100 ml of phosphate-buffered saline (pH
7.2; PSB) containing 1.0 ml of 1.0% Merthiolate. A
7-ml amount of the above agar was pipetted onto 2-
by 3-inch slides (5.08 by 7.62 cm). Using the method
of Piazzi (8), we developed a template that incorpo-
rated antigen-antibody wells of such diameter that
they permitted detection of optimal combining pro-
portions of reactants. This template indicated op-
timal sensitivity for reactions of rabbit and human
serum with a serum to antigen ratio of 4 (8-mm well)
to 3 (6-mm well). The standard pattern consisted of
three serum wells and four antigen wells; the reac-
tant reservoirs were placed at a distance of 10 mm.
Box titration with rabbit antisera produced from the
seven medically important Candida species and
proven human candidiasis case sera indicated the
optimal dilution of the H and HS antigens to be 1:5.
The optimal antigen dilution was the highest dilu-
tion giving the most precipitin lines with each of the
Candida species antisera. The slides with charged
wells were incubated at 25 C in a moist chamber and
examined daily for 3 days. All precipitin bands were
characterized by relating them to bands produced by
rabbit anti-C. albicans sera or selected human candi-
diasis case sera.
LA test. LA tests were performed by a modifica-

tion of the method of Bloomfield et al. (2). Speci-
mens of serum were inactivated at 56 C for 30 min
and then serially diluted in pH 9.0 glycine-buffered
saline (GBS) containing 0.1% bovine serum albumin.
Equal volumes of a standardized suspension of latex
particles were sensitized with a concentration of H
(5x) or HS (20x) antigen which gave a maximum
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agglutination reaction in box titrations against se-
lected rabbit C. albicans antiserum. Latex and an-
tigen were allowed to interact for 30 min at 25 C.
Fifteen volumes of GBS were added, and the washed
suspensions were sedimented by centrifugation for
30 min at 3,000 x g. The sensitized latex particles
were then restored to the original volume with GBS.

Test serum (0.02 ml) was mixed with 0.02 ml of
the latex-antigen suspension on a glass slide and agi-
tated for 5 min on a rotary shaker at 160 rev/min.
Agglutinations of 1 + (fine granular agglutination
against a milky background) or greater were re-
corded as positive. The antibody titer was recorded
as the highest dilution of serum which gave an agglu-
tination equivalent to the 1+ positive control. Two
control sera were an essential part of each test: (i) a
positive serum with a 1+ reaction, and (ii) a non-
reactive serum.

Sera. Specimens received in the Fungus Immu-
nology Unit, Center for Disease Control, were from
patients with culturally proven cases of systemic
mycotic and bacterial infections and from appar-
ently healthy humans. The clinical diagnosis in each
case was obtained from the attending physician. All
sera were inactivated by heating at 56 C for 30 min.

RESULTS
Antigen evaluation. The quality of the H

and HS antigens was first evaluated in ID
tests. Table 1 shows the results of titrations of
these two C. albicans antigens with rabbit an-
tisera produced from the seven medically im-
portant Candida species. The optimal dilution
was found to be 1:5 for both the H and HS
antigens. However, as shown, the H antigen
gave more bands with C. albicans (A) and C.
tropicalis antisera than the HS antigen.

Since the H antigen gave the greater number
of bands, its spectrum of reactivity with the
Candida species antisera was examined

TABLE 1. Titration of the homogenate (H) and
Hollister-Stier (HS) antigens of Candida albicans
with rabbit antisera produced from whole cell

antigens of eight Candida species

No. of precipitin lines with
antigen dilution

Antisera .
H antigen HS antigen

1:11:2 1:51:10 1:11:21:5 1:10

C. albicans (A) 3 3 3 2 2 2 2 1
C. albicans (B) 1 1 1 0 1 1 1 0
C. guilliermondii ... 1 1 1 1 1 1 1 1
C. krusei.0000 000 0
C. parapsilosis 1 1 1 0 1 1 1 0
C. pseudotropicalis 1 1 1 0 1 1 1 0
C. stellatoidea 1 1 1 0 1 1 1 0
C. tropicalis ....... 3 3 3 2 2 2 2 1

closely; C. albicans and C. tropicalis antisera
gave three bands with this antigen, and anti-
sera to the remaining Candida species, except
C. krusei, gave one band of identity. C. krusei
antiserum was unique in that it gave no pre-
cipitin bands with the C. albicans H antigen
but did react with its homologous antigen. C.
parapsilosis was also unique, because its pre-
cipitin was not identical with the precipitins
produced by other Candida species.
A striking serological similarity between C.

albicans (A) and T. glabrata antisera was
noted (Fig. 1). Reactions with homologous and
heterologous antigens produced three lines of
identity. All three C. albicans precipitin bands
formed with homologous C. albicans antisera
were exhibited by T. glabrata antisera. Like-
wise, T. glabrata antigen elicited identical
bands with C. albicans antisera.

Nevertheless, adsorption studies revealed
subtle differences between these two antigens.
C. albicans antisera, adsorbed with T. glabrata
antigen, reacted with C. albicans antigen but
not with T. glabrata antigen. T. glabrata anti-
sera, adsorbed with C. albicans antigen, re-
acted with T. glabrata antigen and not with C.
albicans antigen.

Since adsorption procedures are not ame-
nable to routine serological testing a simplified

FIG. 1. Precipitin lines produced by Torulopsis
glabrata (Gl) and Candida albicans (A) rabbit anti-
sera and their homologous and heterologous homoge-
nate antigens (GJ and H); antigens are in small
wells.
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method of delineating C. albicans antibody
from T. glabrata antibody was sought. Figures
2 and 3 show the differences between unad-
sorbed C. albicans and T. glabrata antisera
interacting with C. tropicalis and T. glabrata
antigens. C. albicans antisera gave a line of
nonidentity with C. tropicalis and T. glabrata
antigens. The smooth line of identity between
C tropicalis and T. glabrata antigens when
reacted with T. glabrata antisera demonstrates
the difference between C. albicans and T. gla-
brata antisera. In addition, T. glabrata anti-
sera reacted with C. krusei antigen, whereas C.
albicans antisera invariably did not. Compara-
tive reactions of C. albicans and T. glabrata
antisera with C. krusei antigen are shown in
Fig. 4.
Latex agglutination tests. The effective-

ness of the C. albicans antigens in LA tests
was ascertained by box titrations with rabbit
C. albicans antisera, demonstrating an agglu-
tinin titer of 1:1,024. The lOx concentrated H
antigen and the 40x concentrated HS antigen
both demonstrated optimal antigen activity at
the 1:2 dilution. Rabbit antisera prepared
against the medically important Candida spe-

FIG. 3. Precipitin lines produced by Torulopsis
glabrata rabbit antiserum (Gl) and homogenate anti-
gens of Candida tropicalis (7) and T. glabrata (Gl);
antigens are in small wells.

FIG. 2. Precipitin lines produced by Candida albi-
cans rabbit antiserum (A) and homogenate antigens
of C. tropicalis (7) and T. glabrata (Gl).

FIG. 4. Comparison of precipitin reactions with
Candida albicans (A) and Torulopsis glabrata (Gl)
rabbit antisera against C. krusei homogenate antigen
(K).
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cies were titrated with the optimally diluted H
and HS antigens in LA tests. Latex particles
sensitized with both antigens reacted with
rabbit antisera to all of the Candida isolates
studied. Low but positive titers were obtained
with the C. krusei antisera.

Evaluation with human sera. Proper eval-
uation of the LA and ID procedures required
tests with sera from patients with the various
clinical forms of candidiasis, related mycoses,

and tuberculosis and with sera from normal
humans.

Table 2 shows the results obtained with 78
candidiasis sera in LA and ID tests with the H
antigen. Cases from which the sera were ob-
tained were grouped in three categories:
proven, highly suspicious, and least suspicious.
Proven case sera were those from patients with
histological evidence of candidiasis or with
deep tissue biopsies positive by culture for
Candida species. All of the isolates were C.
albicans except for one which was C. parapsi-
losis. Highly suspicious sera were those from
patients with repeatedly positive blood cul-
tures, whereas sera in the least suspicious cate-
gory were from patients with positive cultures
from various body fluids, which normally may
contain Candida species.
The LA test detected 95% (41/43) of the

proven cases. In contrast, the ID test detected
88% (38/43). In the highly suspicious category,
the diagnosis was aided in 79% (15/19) of the
cases by the LA test and in 63% (12/19) by the
ID test. Sixty-three and 31% of the cases in the
least suspicious category were serologically
positive by the LA and ID tests, respectively.

Table 3 shows LA and ID results for 67 sera

from 63 proven or highly suspected candidiasis
cases. A few sera represented serial specimens
taken at various intervals during the patients'
illness. The sera were categorized according to

the patient's clinical manifestations as noted
by the attending physician. They were then
related to the number of ID bands produced
and to the LA titer. The data show that mul-
tiple bands (three or more) were found most
often in disseminated candidiasis and in Can-
dida endocarditis. These two clinical states
were also associated with the greatest propor-

tion of sera demonstrating LA titers of 1:8 or
greater. Of the false-negative reactions ob-
tained with both tests, nearly half were with
sera from cases of pulmonary and superficial
candidiasis.

Since we noted that ID tests with various
human candidiasis case sera revealed either
single or multiple bands, we characterized the
types of precipitin reactions. Figure 5 shows a
typical negative ID test. A positive control ref-
erence rabbit C. albicans antiserum is in the
large middle well. The top and bottom center
wells contain negative human serum. The
small wells contain the H antigen. Three pre-
cipitin lines designated a, b, and c are typi-
cally obtained with the rabbit control serum.
(The line designated "a" is the one closest to
the serum well.)

Figure 6 shows a strongly positive reaction of
a human serum (Nc); the precipitin line corre-
sponds to the b band of the rabbit control (A).
This human serum was especially interesting
because there were two bands between its well
and the rabbit antiserum well. This reaction
was thought to be due to rheumatoid factor;
this assumption was confirmed by a positive
LA test for rheumatoid factor.
As shown in Table 3, most of the sera tested

exhibited from one to three bands identical to
a, b, or c bands produced by the rabbit control
sera. Five candidiasis case sera, however, gave
one or three additional bands not identical to
a, b, or c that were arbitrarily labeled d, e, and

TABLE 2. Latex agglutination (LA) and immunodiffusion (ID) results obtained with sera from 78 culturally
positive cases of candidiasis

No. of Specimens Peritivnity

Case categoryns Criteria Positive Negative
ID LA

ID LA ID LA

Proven (43) Histological evidence, biopsy cul- 38 41 5 2 88 95
ture positive

Highly suspicious (19) Blood cultures consistently posi- 12 15 7 4 63a 79a
tive

Least suspicious (16) Positive culture from multiple 5 10 11 6 31a 63a
body fluids: sputum, urine,
wound drainings

a Sensitivity here is based on the assumption that these are all cases of systemic candidiasis.
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TABLE 3. Latex agglutination (LA) and immunodiffusion (ID) reactions with 67 sera from 63 candidiasis
cases categorized according to the patients clinical manifestations

Serological reactions by no. of specimens

Clinical manifestation ID test positive LA test
(no. of specimens) (no. of bands) ID test Reciprocal of LA titer negative

negative
1 2 3 4 5 6 1 2 4 8 16 32 64

Systemic candidiasis
Disseminated (9) 1 1 1 3 3 1 2 3 1 2
Septicemia (11) 6 2 3 6 1 2 2
Pulmonary (11) 5 6 1 4 1 1 4
Kidney (6) 3 3 2 2 1 1
Gastrointestinal tract (5) 2 1 1 1 2 2 1
Endocarditis (16) 8 5 2 1 6 1 4 2 2 1

Superficial candidiasis
Mucous membranes (9) 1 2 6 1 1 3 4
(Skin, thrush)

FIG. 5. Three precipitin lines produced by rabbit
Candida albicans control serum (A) against the
homogenate (H) antigen of C. albicans. The a band
is closest to the serum well and the c band is closest
to the antigen well.

f. These precipitins were not in the rabbit
serum. Various combinations of these bands
occur. Figure 7 shows two human sera that
revealed only two of these extra bands. Serum
E exhibits only d and e bands, and serum G
exhibits the b and e bands.
The LA test may be of prognostic value.

Studies of serial serum specimens from two
candidiasis patients showed that latex aggluti-

FIG. 6. Comparison of the precipitin line pro-
duced by a positive human candidiasis case serum
(Nc) with the lines produced by the control rabbit
Candida albicans serum (A) reacting with the ho-
mogenate (H) antigen of C. albicans.

nation titers decreased in one case from 1: 16
to 0 and in a second case from 1:32 to 1:1
after amphotericin B treatment. Two precip-
itin bands in case one remained after treat-
ment, whereas two of three precipitins were
retained in the serum of case 2. The decreases
in LA titer correlated with the cure of both
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patients as revealed by clinical improvement
and by subsequent failure to isolate candidas.

Table 4 shows the LA and ID test results
obtained with sera from 66 proven cases of re-
lated mycoses, tuberculosis, and unrelated dis-
eases and from 36 normal humans. Three of 10
cryptococcosis case sera and 1 of 9 tuberculosis
case sera gave positive results with the LA
test, but these sera were not positive with the
ID test. However, one serum from a proven
case of torulopsemia was positive with both
the LA and ID tests. The ID test demonstrated
a specificity of 99%, and the LA test demon-
strated a specificity of 95% with the 102 heter-
ologous case and normal sera used in this
study.

Although T. glabrata infections are rare and
are treated the same as candidiasis, the need
could arise for differentiating the two diseases
serologically. Figures 8 and 9 demonstrate the
serological differentiation of human C. albi-
cans case serum from a T. glabrata human
case serum. When the C. albicans case serum
reacted with C. tropicalis and T. glabrata anti-
gens placed side by side, lines of nonidentity
were produced. These results are similar to
those obtained with rabbit C. albicans antisera

FIG. 7. Demonstration of the additional precipitin
lines produced by two human candidiasis case sera

(G and E) and the homogenate (H) antigen of Can-
dida albicans.

(Fig. 2 and 3). When tested similarly, however,
human serum from a case of torulopsemia pro-
duced a line of identity after reaction with C.
tropicalis and T. glabrata antigens. Similar
results had been obtained with rabbit T. gla-
brata antisera. The human T. glabrata serum
also reacted with C. krusei antigen, whereas
the human C. albicans serum did not.

DISCUSSION
Our studies indicate that LA and ID tests

are valuable in the diagnosis of systemic can-
didiasis. Studies with rabbit antisera to the
seven medically important Candida species
indicate that antibodies to all of these patho-
gens react with latex particles sensitized with
H or HS C. albicans antigens. Similar studies
with ID tests revealed that H and HS precipi-
tinogens react with antibodies to only six of
the Candida species, the exception being anti-
bodies of C. krusei.

Parallel studies with 43 sera from patients
with proven human systemic candidiasis indi-
cated that the LA test has a greater sensitivity
than the ID test, 95% in contrast to 88% (Table
2). The sensitivity of our modified ID test is
essentially similar to that obtained by
Taschdjian et al. (15), who demonstrated pre-
cipitins in 85% of patients with systemic can-
didiasis.
Of the two tests the ID test was the most

specific (Table 4). Extrageneric cross-reactions
were noted only with T. glabrata antiserum.
This finding is contrary to the findings of
Taschdjian et al. (16), who noted no cross-pre-
cipitins in T. glabrata antiserum. Otherwise,
our studies with heterologous case and normal
sera support the contention of Stallybrass (11)
and Taschdjian et al. (15) that the precipitin
test gives no false positives.
The LA test exhibited a specificity of 95%.

Reactions were demonstrated in 3 of 10 pa-
tients with cryptococcosis and 1 of 9 with tu-
berculosis (Table 4). The absence of such reac-
tions with rabbit C. neoformans antisera sug-
gests that these reactions rather than being
false positives might be specific and might re-
flect dual infections.

In our study, the homogenate or H antigen
prepared from C. albicans cells gave the most
satisfactory LA and ID results (Table 1). Nev-
ertheless, the commercially available HS an-
tigen was found to be a suitable substitute for
use in both test procedures. Taschdjian et al.
(13) reported similar results with their S an-
tigen and with the HS antigen and recom-
mended the latter as an acceptable substitute
for the S antigen. Undoubtedly, the commer-
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TABLE 4. Results obtained with latex agglutination (LA) and immunodiffusion (ID) tests against 102 sera
from normal humans and proven cases of mycotic and nonmycotic diseases

No. of specimens
Per cent specificity

Category No. of sera Positive Negative

ID LA ID LA ID LA

Aspergillosis .............. 7 0 0 7 7 100 100
Blastomycosis ............. 5 0 0 5 5 100 100
Coccidioidomycosis 5 0 0 5 5 100 100
Cryptococcosis ............ 10 0 3 10 7 100 70
Histoplasmosis ............ 5 0 0 5 5 100 100
Nocardiosis ............... 1 0 0 1 1 100 100
Paracoccidioidomycosis .... 5 0 0 5 5 100 100
Sporotrichosis ............. 5 0 0 5 5 100 100
Torulopsemia ............. 1 1 1 0 0 0 0
Tuberculosis .............. 9 0 1 9 8 100 89
Unrelated diseases ......... 13 0 0 13 13 100 100
Normal human sera ........ 36 0 0 36 36 100 100
Totals .................... 102 1 5 101 97 99 95

FIG. 8. Precipitin lines produced by a human FIG. 9. Precipitin lines produced by a human to-
candidiasis case serum (3) against homogenate anti- rulopsemia case serum (125) and homogenate anti-
gens of Candida albicans (H), C. tropicalis (7), C. gens of Candida albicans (H), C. tropicalis (7), C.
krusei (K), and T. glabrata (GI). krusei (K), and T. glabrata (GI).

cial availability of the HS antigen should lead
to the widespread use of both the LA and ID
tests.

In addition to being diagnostically applica-
ble, the LA and ID tests show promise of
having prognostic value. Serial specimens from
three cases with progressive candidiasis exhib-
ited higher LA titers as the disease process
became progressively more severe. Titers in-

creased from 1: 1 in two cases and 1:8 in the
third to 1:4, 1:16, and as high as 1:64 respec-
tively, as the disease advanced. The LA test
titers decreased after successful therapy with
amphotericin B. Higher LA titers (1:16 or
greater) were also found more often in the se-
vere clinical manifestations of candidiasis
(Table 3).
We have attempted to ascertain the signifi-
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cance of the number and type of precipitins
present in the sera of candidiasis patients.
Enumeration of ID bands did not always
permit a prediction of disease regression after
successful treatment. This finding is contrary
to the observations of Taschdjian et al. (16),
who noted that precipitins disappear during
the course of recovery from candidiasis.
Knowledge of the identity of the precipitin
bands produced in a patient's serum could be
of value in recognizing cases of severe candidi-
asis. Our data indicate that the presence of
more than three bands, or precipitins d, e, or C
is associated with severe disseminated candidi-
asis, endocarditis, or near terminal candidiasis
(Table 3). This observation should be further
investigated, since autopsy studies indicate
that the detection of precipitins and isolation
of Candida sp. from a variety of clinical mate-
rials fail to adequately indicate the extent or
severity of the infection (10).
The ID test offers the opportunity of spe-

ciating one of the etiological agents of systemic
candidiasis. Antisera to C. albicans, C. guil-
liermondii, C. pseudotropicalis, C. stellatoidea,
and C. tropicalis produce lines of identity
upon reaction with H antigen, whereas anti-
sera to C. parapsilosis produce an unrelated
line. A case of endocarditis was predicted to be
caused by C. parapsilosis on the basis of an ID
test on the patient's serum. Some 3 days later
this prediction was confirmed by identifying
the yeast species by the agglutination method
of Sweet and Kaufman (12), and 3 weeks later
it was confirmed by cultural methods. The
unique precipitation band produced by C. par-
apsilosis has been described by Taschdjian et
al. (15).

C. krusei antibody failed to react with the H
antigen in ID tests (Table 1). Moreover, C.
krusei antigen failed to react with rabbit C.
albicans antibody (Fig. 4). C. krusei antibody,
however, does react with C. krusei antigen.

C. albicans (type A) and T. glabrata anti-
sera, when reacted against the H antigen, pro-
duced only lines of apparent identity (Fig. 1).
Cross-adsorption of these two antisera, how-
ever, resulted in antibodies which reacted only
with their homologous antigens. These findings
are similar to those of Kemp and Solotorovsky
(5), who performed similar adsorptions for
studying Candida sp. and T. glabrata aggluti-
nins. Because adsorption procedures are not
amenable to routine serological testing, the
simplified and effective method of differenti-
ating candidiasis case sera from torulopsosis
case sera with C. tropicalis, T. glabrata, and C.
krusei antigens (Fig. 2 to 4) is recommended

when torulopsosis is suspected.
With the H or commercially available HS

antigen, the ID and LA tests may be used for
the rapid and accurate screening of patients
for evidence of systemic candidiasis. Antigens
are stable for at least 6 months, a factor which
enhances the reliability of day to day testing.
Both the LA and ID tests should be per-

formed on suspected candidiasis case sera. A
quantitative LA test result can easily be ob-
tained in 15 min, and a positive LA test result
can be confirmed by the ID test within 72 hr.
A positive LA test result with a negative ID
test result does not necessarily rule out a Can-
dida sp. infection. Quantitative LA tests on
sera taken at biweekly intervals may be of
value in monitoring the progress of the infec-
tion before and after successful therapy. In-
creases in titer may indicate active disease.
Where candidiasis is suspected and ID reac-

tions are negative with C. albicans antigens,
the test could be performed with C. krusei an-
tigen to rule out infection with this Candida
species. This procedure is particularly impor-
tant when the LA reaction is positive and the
ID reaction is negative with the H or HS anti-
gens. In addition, when both the LA and ID
tests are positive and torulopsosis is sus-
pected, tests for T. glabrata antibodies should
be performed. Negative ID and LA tests do not
exclude a diagnosis of candidiasis, particularly
in patients with pulmonary disease.

Positive LA or ID tests appear to be specific
indicators of systemic candidiasis and should
be used widely by clinicians.
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