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Chromium chloride was used as a coupling agent for the conjugation of purified
cryptococcal polysaccharide to sheep erythrocytes. Sensitized erythrocytes were
used in a passive hemagglutination (PHA) assay for antibody to cryptococcal poly-
saccharide and a passive hemagglutination inhibition (PHI) assay for antigen. The
PHA assay was more sensitive than complement fixation, agglutination, or precipi-
tation tests for antibody. The PHI assay could detect submicrogram quantities of
soluble polysaccharide. Antigen or antibody could be detected in serum or spinal
fluid from seven of eight patients with cryptococcosis. Tests for antigen or antibody
were negative with sera from patients with histoplasmosis, blastomycosis, coccidio-
idomycosis, aspergillosis, or allescheriosis. A low frequency (3%) of positive re-

actors for antibody was found among sera from normal persons and from persons
with unrelated diseases; whereas, all tests for antigen were negative. The assay
showed a high degree of sensitivity for immunoglobulins of the immunoglobulin M
class; however, cryptococcal antibody of the immunoglobulin G class was also de-
tected. The immunological specificity of the polysaccharide preparation was due to
carbohydrate rather than to protein associated with the polysaccharide.

Several serological methods have been used
with varying degrees of success for the assay of
cryptococcal antigen and antibody in body
fluids. Campbell (4) noted the absence of suitable
serological procedures and antigens for the
demonstration of circulating antibodies in cryp-
tococcosis. Both the tube agglutination (8) and
indirect fluorescent-antibody (22) procedures have
become accepted methods for the detection of
antibody to Cryptococcus neoformans; moreover,
latex particle agglutination (3) and complement
fixation (23) have been used for the detection of
C. neoformans antigen.

Seeliger (17) suggested that passive hemag-
glutination (PHA) with its inherent high sen-
sitivity could be more useful than present assays
for antibody. Pollock and Ward (15) adsorbed a
crude capsular polysaccharide to human type 0
erythrocytes and used these erythrocytes to
detect cryptococcal antibody. They reported low-
order cross-reactions with sera from several
patients with disseminated histoplasmosis and
with elevated cold agglutinins. Widra et al. (24)
were unable to adsorb cryptococcal polysac-

I Present address: School of Medical Sciences, University of
Nevada, Reno, Nev. 89507.

charide to human erythrocytes by using the
experimental conditions employed by Pollock
and Ward (15). They were able to adsorb poly-
saccharide to formalinized erythrocytes, but their
PHA assay proved no more sensitive than the
whole cell agglutination technique. In addition,
Widra et al. (24) reported that preparations of the
soluble polysaccharide were not immunologically
stable and eventually became reactive to normal
human, rabbit, and bovine serum components.
The purpose of our study was to investigate the

use of chromiun chloride as a coupling agent for
the conjugation of purified soluble polysac-
charide to sheep erythrocytes. This method was
used successfully by Gold and Fundenberg (7)
for coupling proteins to erythrocytes and later by
Baker et al. (1) for use with pneumococcal poly-
saccharides. After successfully conjugating crypto-
coccal polysaccharide to sheep red blood cells, a
PHA assay for cryptococcal antibodyand apassive
hemagglutination inhibition (PHI) assay for cryp-
tococcal polysaccharide were readily developed.
Several of the problems reported by investiga-
tors with earlier PHA assays for cryptococcal
antibody were not encountered with this method.
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MATERIALS AND METHODS
Organism. C. neoformans strain 613 was used

throughout this study. This strain was isolated in 1961
from spleen and lung specimens obtained at autopsy
from a patient with a clinical diagnosis of lobar pneu-
monia. The organism produces a capsule 1.2 MAm in
width on Littman's medium and it conforms to the
standard description of C. neoformans outlined by
Kreger-van Rij (13).

Rabbit and mouse antisera. The immunization sched-
ule used to prepare C. neoformans antisera in rabbits
was described in a previous report (12). Mice were
immunized subcutaneously with 20 ,ug of purified
cryptococcal polysaccharide emulsified in Freund's in-
complete adjuvant (BBL, Bioquest). Seventeen days
after immunization, the mice were bled from the
ophthalmic venous plexus.
Human sera. Sera and cerebral spinal fluid submit-

ted from patients with suspected or culturally proven
mycotic infections were obtained at the University of
Iowa Hospitals. Normal sera were obtained from
freshman medical students at the University of Iowa.

Purification of soluble polysaccharide. The method
used to purify cryptococcal polysaccharide was a
slight modification of that used by Evans and Theri-
ault (6) and has been described by a previous report
(12).
Pronase treatment of polysaccharide. A 100-mg

sample of polysaccharide was dissolved in 50 ml of
0.067 M sodiutY phosphate buffer (pH 7.4). A total
of 1,000 PUK units of Pronase (Calbiochem) was
added and incubated with the polysaccharide for 24
hr at 40 C. The polysaccharide was then deproteinized,
precipitated with ethanol, dialyzed, and dried as de-
scribed previously (12).
PHA. Polysaccharide was coupled to sheep erythro-

cytes by a modification of the method used by Baker
et al. (1) for pneumococcal polysaccharide. Red cells
stored in Alsever's solution were washed three times
with saline. One milliliter of saline containing 1.0 mg
of purified polysaccharide was added to 0.6 ml of
packed sheep erythrocytes. One milliliter of a fresh
solution of saline containing 0.5 mg of chromium
chloride (CrCla- 6H20) was added dropwise with con-
stant stirring. The cell suspension was incubated for 7
min at room temperature, washed four times with
saline, and adjusted to a final concentration of 0.5%.

All serum specimens were heat inactivated at 56 C
for 30 min before use. Antisera were titrated by the
Microtiter method in "V" plates. Serial dilutions were
done in 25-,liter volumes in saline containing 1% in-
activated normal rabbit serum (NRS). After addition
of 25 MAliters of the 0.5% sensitized erythrocyte sus-
pension to serum dilutions, the plates were incubated
at room temperature for 2.5 hr. The highest dilution
of serum that caused complete agglutination of sensi-
tized erythrocytes was regarded as the end point. Two
controls were included to determine the specificity of
any agglutination observed in titration of sera. Serum
diluted in saline containing 1% normal rabbit serum
and 100 ,ug of polysaccharide per ml served as a con-
trol for specificity of the observed agglutination. He-
magglutination due to a specific antigen-antibody re-
action was inhibited by polysaccharide in the diluent.

In addition, presence of natural sheep red blood cell
agglutinins was determined by incubating serum dilu-
tions with unsensitized sheep erythrocytes. When hu-
man serum specimens contained nonspecific aggluti-
nins that interfered with interpretation ofPHA results,
the agglutinins were removed by adsorption of sera
for 10 min at room temperature with an equal volume
of washed, packed sheep erythrocytes. A control anti-
serum of known titer was included in each assay.
PHI assay. The PHA test was modified to a PHI

assay for cryptococcal polysaccharide. This test was
performed using the Microtiter method by serially
diluting the specimen suspected of containing antigen
in saline containing 1% normal rabbit serum. To each
well was added 25 MAliters of immune rabbit serum
diluted to contain 2 hemagglutination units (twice the
concentration of antibody required to cause complete
agglutination of sensitized erythrocytes as determined
by prior titration). After incubation at room temper-
ature for 30 min, a 25-Mliter volume of 0.5% sensitized
erythrocytes was added to each well, and the plates
were incubated at room temperature for 2.5 hr. The
PHI titer was considered to be the highest dilution of
antigen that would inhibit blanket formation of ag-
glutinated cells. Using known concentrations of cryp-
tococcal polysaccharide in saline, the sensitivity of this
assay system was determined to be 0.2 to 0.5 MAg of
polysaccharide.

Complement fixation, agglutination, and precipita-
tion technique. All serological methods were done using
a block dilution of antigen and antiserum. The com-
plement fixation test was performed by the Microtiter
method using S C'H5o units of complement in the re-
action mixture and the soluble cryptococcal polysac-
charide as antigen. Agglutination of Formalin-killed
cryptococci was accomplished by both the Microtiter
and tube agglutination technique (9). Precipitation of
the soluble polysaccharide by immune antiserum was
attempted by the qualitative tube precipitation tech-
nique (9).

Sucrose density gradient centrifugation. Zonal cen-
trifugation was done on a 3.9-ml linear gradient of 10
to 27% (w/w) sucrose in saline contained in a poly-
allomer tube (11.11 by 60.32 mm). The gradient was
made with a Beckman density gradient former. A
0.2-ml serum sample was layered on the gradient, and
the tubes were centrifuged in a Beckman SW-56 tita-
nium rotor on a model L4 ultracentrifuge for 4.5 hr
at 56,000 rev/min at 20 C. After centrifugation, a hole
was punched in the bottom of the tube, 40% sucrose
was pumped in from the bottom, and the gradient
was removed from the top of the tube. The gradient
was assayed for absorbance at 278 nm, and 3-drop
fractions were collected and assayed for PHA activity.
When human serum was fractionated, the relative
concentrations of immunoglobulin (IgM and IgG in
the fractions were determined by immunodiffusion
against rabbit anti-human IgM or IgG (Immunology
Inc., Lombard, Ill.).

RESULTS
Optimal conditions for coupling cryptococcal

polysaccharide to sheep erythrocytes were
assessed by the reaction of sensitized erythrocytes
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with immune cryptococcal rabbit serum. Sheep
erythrocytes sensitized with 250 to 2,000 ,g of
soluble polysaccharide displayed similar sero-
logical activity. The concentration of chromium
chloride, however, influenced the serological
activity of sensitized erythrocytes. The optimal
amount of chromium chloride present in the
coupling reaction was found to be 500 Ag in a
total reaction volume of 2.6 ml. Varying degrees
of nonspecific agglutination occurred when 1,000
to 2,000 MAg of chromiun chloride were used.
Erythrocytes were not sensitized in the absence
of coupling agent and were only weakly reactive
when 100 MAg of chromium chloride was used.
Cells treated with Formalin by the method of
Csizmas (5) and subsequently exposed to soluble
polysaccharide and chromium chloride showed
no serological activity with immune rabbit serum.
The serological activity of sensitized erythro-

cytes remained unchanged after storage in saline
at 4 C for as long as 28 days. The PHA assay
could be repeated with different preparations of
polysaccharide and sensitized cells on different
days with no more than a twofold change in titer
of rabbit, human, or murine antisera.

Disposable styrene Microtiter plates (Micro-
titer V, rigid, disposable) and permanent Lucite
plates were employed in this study. Occasional
nonspecific agglutination of sensitized erythro-
cytes was observed when styrene plates were used.
This nonspecific agglutination could be minimized
by immersing the plates in 1% NRS for 12 hr
before use. Nonspecific agglutination was never
observed with Lucite plates, and they could beused
without treatment with NRS.

TABLE 1. Comparative sensitivity of
serological methodsa

Serological method Antigen Maximum titerb

Passive hemag- Soluble poly- 1/512
glutination saccharide
(Microtiter)

Complement fix- Soluble poly- 1/128
ation (Micro- saccharide
titer)

Agglutination Whole cell 1/16
(Microtiter)

Agglutination Whole cell 1/8
(tube)

Precipitation Soluble poly- No reaction
(tube) saccharide

a All titrations were done on single serum speci-
men from rabbit immunized with Formalin-killed
cryptococcal cells.

b Highest dilution of antisera showing presence
of antibody.

TABLE 2. Antigeni and antibody assay of specimens
from cryptococcal patients

Patient

C. F.
L. F.
C. W.

L. M.

M. T.

V. H.
R. W.
A. H.

Date collected

9/13/60
2/20/63
2/3/70
2/17/70
2/19/70
3/9/70
3/26/70
3/24/70
3/26/70
4/6/70
6/16/70
8/31/70
10/27/70

Specimen

Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
CSFc
Serum

Reciprocal of titer

AntibodylAntigen
(PHA)a (PHI) b

<2 8
<2 <2

8 <2
64 <2
<2 8
<2 2
<2 <2
16 <2
16 <2
<2 <2
8 2

<2 32
2 <2

a Passive hemagglutination.
I Passive hemagglutination inhibition.
c Cerebrospinal fluid.

The PHA assay was found to be more sensitive
than a number of other methods used in the
serodiagnosis of cryptococcosis. Table 1 shows
the maximum titer obtained with each of several
serological techniques by using a specimen of
immune rabbit serum. All titrations were done by
block titration of antigen and antiserum. The
PHA assay was found to be most sensitive,
followed by complement fixation and whole cell
agglutination. Precipitation of polysaccharide by
immune rabbit serum could not be detected by the
tube precipitation method.
The PHA assay was able to detect anti-crypto-

coccal antibody in serum from patients with cul-
turally proven cryptococcosis (Table 2). Positive
results for antibody were obtained with specimens
from four of eight patients. Cryptococcal antigen
was detected by PHI in specimens from three of
the remaining four patients. All specimens have
been assayed several times using different prep-
arations of sensitized erythrocytes without a
change in PHA titer of more than one twofold
dilution.
The PHA assay was negative with six sera from

patients with histoplasmosis, one serum specimen
from a patient with blastomycosis, three sera from
coccidioidomycosis patients, and three serum
specimens from allescheriosis patients. Sera from
two aspergillosis patients produced questionable
results on styrene Microtiter plates, but were
negativewhen assayed using Lucite plates. Positive
titers of 1/8 and 1/32 were obtained with 2 of 50
presumably normal sera. One of 40 sera from
patients at the University of Iowa Hospitals
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FIG. 1. Immune human, rabbit, and mouse sera fractiotnted by suicrose density gradient centrifugation. Dis-
tribution of serum proteins and cryptococcal polysaccharide-specific antibodies detected by PHA. Fraction I is
the first fraction at the top of the gradienit.

reacted with cryptococcal polysaccharide to a
titer of 1/4. Antibody found in all three of these
normal control sera could be neutralized with
cryptococcal polysaccharide.
PHA assays for antibody have usually shown a

greater sensitivity to globulins of the IgM class
than globulins of the IgG class. The immuno-
globulin specificity of the PHA assay for crypto-
coccal antibody was determined by sedimentation
through a sucrose gradient. Two separate speci-
mens of human cryptococcal serum, rabbit cryp-
tococcal serum, and two pooled sera from in-
dividual groups of three immunized mice were
sedimented through a sucrose gradient. Fractions
collected from the gradient were assayed by PHA,
and the antibody titer was plotted against fraction
number along with ultraviolet absorption at 278
nm (Fig. 1). Serum components migrating at a

rate of 4S and 7S were not resolved, and they are
identified as the leading protein peak. Although
only a single specimen from each source is shown,
all human and rabbit sera showed peak serological
activity in the 19S globulin region located between
20 and 30 fractions after the initial protein peak.
The murine serum pool shown in the figure
demonstrated activity in both an early and a late
peak. A second pool of murine serum showed only
a late peak.
A 5 mg/ml sample of purified soluble poly-

saccharide isolated from C. neoformans strain 613
was assayed by various chemical means to deter-
mine the presence of non-polysaccharide material
(Table 3). The total nitrogen content of the
product could be accounted for mainly as protein
nitrogen, assuming a 6.25 conversion factor (18).
Further treatment of the polysaccharide by the
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TABLE 3. Nonicarbohydrate constituej
Cryptococcus neoformans strain 6

soluble polysaccharidea

Constituent Content (ug/ml) Total
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I

Proteinb ...........

Nitrogenc ..........

DNAd

RNAe.............

65
10

a Analysis based on sample contain
,Ag of soluble polysaccharide per ml.
bLowry assay (sensitivity 25 ,lg/
c Micro-Kjeldahl with nesslerizatio

tivity 1 to 2,Ag/mI).
d Diphenylamine assay (sensitivity
e Absorption at 260 nm (sensitivity

modification of Sevag's method of dep
tion would not reduce or alter the perc
of protein or nitrogen. Deoxyribonu
(DNA) as determined by the diph
reaction (19) or ribonucleic acid (I
determined by adsorption at 260 nm w.

Since the polysaccharide preparation
this study contained a small amount of
was necessary to demonstrate that the P
was specific for antibody to the polys
rather than the protein portion of the pr
A solution of 100 mg of cryptococca]
charide was incubated with 1,000 PUF
Pronase as described above. Assay of a

sample of polysaccharide by the Lc
micro-Kjeldahl assays indicated that n

could be detected, and nitrogen cor

reduced from 10 Ag/ml before Pronase
to 1.8 ,g/ml after Pronase treatm
nitrogen content was near the lower limi
sensitivity.
The Pronase-treated polysacchar

coupled to sheep erythrocytes with c
chloride and assayed for serological
Removal of protein did not affect the
the polysaccharide to react with immu
(Table 4). In addition, protein-free polys
and normal cryptococcal polysaccharid
differ in their ability to inhibit PH1A.

DISCUSSION

Within the limits of assay sensitivit
neoformans soluble polysaccharide wa

contaminating DNA and RNA. Th
polysaccharide preparation did, howeve
a small amount of protein. Despite the
of protein, the preparation used throui
study was referred to as soluble polysaco
is not known whether the protein compc

tits of have been simply trapped within the highly vis-
13 cous polysaccharide or whether it may have been

chemically bound to the polysaccharide. The latter
weight (%) possibility appears most likely since depro-

teinization of the preparation resulted in removal

1.3
of protein only until the protein content was

0.2 reduced to about 1%. Further deproteinization
removed both polysaccharide and protein but did
not alter the relative concentration of either com-
ponent in the supernatant fluid. Since chloroform

iing 5,000 acts as a liquid adsorbent (20) during the depro-
teinization procedure, adsorption of both poly-

'ml). saccharide and protein would be expected if the
In (sensi- protein were bound to the polysaccharide. Other

investigators (2, 23) have also noted the presence

50 Ag/ml). of a small amount of protein in preparations of
cryptococcal polysaccharide.

.roteina. The PHA assay for cryptococcal antibody was
roteiniza- found to be satisfactory, and the procedure has
,entage of several attributes that recommend its further use.
cleic acid The assay was easy to perform, it was more
e.nylamine sensitive than several methods in current use, and
R.NA) as titers were reliably reproducible. The loss of
'as absent.as ubsedin immunological activity of soluble polysaccharide

reported by Widra et al. (24) was not encountered.
protein, it Polysaccharide preparations used by Widra et al.'}IAassay*--acchassay were not deproteinized, nor was the polysac-
eaccharide charide dried by lyophilization.

I polysact As a result of utilizing a highly purified

o
antigen, cross-reactions in the PHA assay were

Lunts of found to be minimal. A survey of normal sera and
r5mg/mi sera from other mycotic infections indicated that

iwry and there was, in fact, a 3% frequency of positive
10eprotem reactions, all of which could be neutralized by the
trent wast specific antigen. Vogelet al. (22), using fluorescent-
teatmThe antibody techniques, reported an 8% frequency
it.of Theay of positive reactors among 339 sera from normal
it of assay individuals and persons with unrelated diseases.

Using] the indirect fluorescent-antibody test,
ide was Kaufman and Blumer (10) found an incidence of
chromium 21 c%O positive reactors among normal subjects and
Iactivity.
ability of
ine serum TABLE 4. Effect of Proniase on serological activity
Znf-,-honA;P of cryptococcal polysaccharide

le did not

ty, the C.
s free of
e soluble
r, contain
- presence

ghout this
charide. It
)nent may

Reciprocal PHA titera
Specimen

Treated Untreated

Rabbit serum 1 ........ 2,048 2,048
Rabbit serum 2 ........ 64,000 32,000
Mouse serum 1 128 128
Mouse serum 2 ........ 256 256
Human serum 1 . .. . .......1 16 16
Human serum 2 4 8

a Erythrocytes sensitized with Pronase-treated
or untreated soluble polysaccharide. PHA, pas-
sive hemagglutination.
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patients with systemic fungus disease other than
cryptococcosis. Unlike the PHA assay reported
by Pollock and Ward (15), a high incidence of
positive reactors among histoplasmosis patients
was not found. This may be due to differences in
the type of red blood cell used in the test, the
degree of purity of the antigen, or the method of
coupling polysaccharide to the erythrocyte.
The PHI assay for soluble polysaccharide was

able to detect submicrogram quantities of poly-
saccharide. When the test was used on specimens
from cryptococcal patients, low titers of poly-
saccharide were detected in sera or spinal fluids
from several patients. The PHI technique was less
sensitive than the latex particle agglutination
assay (3), since that method has been shown to
detect as little as 0.025 ,ug/ml (M. Gordon,
personal communication). Like the latex agglu-
tination assay (3, 10), studies of normal sera and
serum from patients with several mycotic infec-
tions showed no positive reactors.
The ease with which the PHI assay technique

may be quantitatively standardized may make it
a useful tool for resolving differences in the
relative merits of other serological tests for
cryptococcosis reported in the literature. Walter
and Jones (23) reported that the complement
fixation assay was able to detect antigen in 16 of
40 sera from cyrptococcosis patients, whereas the
latex fixation test detected antigen in only 5 of the
same 40 sera. On the other hand, Kaufman and
Blumer (10) subsequently reported that the
latex particle agglutination assay detected antigen
in 46 of 49 serum and spinal fluid specimens from
cryptococcal patients; whereas, the complement
fixation test detected antigen in only 27 of the 49
specimens.
Data obtained in this study indicate that PHiA

specificity of the polysaccharide preparation
resides with the carbohydrate portion since
removal of protein did not alter the ability of the
polysaccharide to react with immune serum. The
inhibition of agglutination between sensitized
erythrocytes and immune serum was also un-
affected by Pronase treatment of the polysac-
charide.
The PHA assay readily detected globulins of

the IgM class. Strong activity was noted in the
IgM region of six sera fractionated on a sucrose
gradient. Activity in the IgG region was noted
in a single pool of immune mouse serum. The
indirect fluorescent-antibody test (21) and
bentonite flocculation technique (11), presently
used for assay of cryptococcal serum, both have
shown specificity only for immunoglobulins of
the IgG class. The immunoglobulin specificity of
the tube agglutination assay (8) has not been
determined but is presumed to be of the IgM class.

The significance of various immunoglobulin
classes of antibody in cryptococcosis is not
known. Knowledge of immunoglobulin types
produced in coccidioidomycosis and candidosis
has been quite useful. Sawaki et al. (16) showed
that tests with a high sensitivity for IgM were
positive only in the early stage and after exacerba-
tion of preexisting coccidioidomycosis. Results
from antibody assays more sensitive to IgM
reflected the clinical condition of the patient
more accurately than antibody assays with a high
sensitivity for IgG. Lehrer (14) found significant
titers of IgG antibody in 78%- of 65 patients with
candidosis, IgM antibody was present in 51 %cc,
and IgA in 30%0. Some differences were found in
incidence, titer, and immunoglobulin class be-
tween the four clinical types of candidosis.
Patterns of antibody production of various
classes of immunoglobulins may prove to be
significant in the serodiagnosis of cryptococcosis.
A full evaluation would, however, require the
survey of considerably more sera than were
available for this study.
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