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INGESTION AND DESTRUCTION OF Candida albicans 

Robert J. Lehrer 

GENERAL INTRODUCTION 

Candida albicans, a commensal yeast that can cause super-
ficial or disseminated infection in appropriately predisposed 
hosts, is useful for probing the phagocytic functions of mono-
nuclear phagocytes. We shall describe simple, but serviceable 
methods for measuring uptake and phagocytic destruction of 
this organism by mononuclear phagocytes. Although our own 
studies have dealt either with human blood monocytes or rabbit 
alveolar and peritoneal macrophages, the methods should have 
general applicability (1, 2). 
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I I . PHAGOCYTIC ACTIVITY BY MONONUCLEAR PHAGOCYTES 

A. Introduction 

Method I app l i e s t he venerable dye-exclus ion concept (3 , 4) 
so t h a t e x t r a c e l l u l a r or su r face-adheren t h e a t - k i l l e d C. albi-
cans c e l l s can be d i s t i n g u i s h e d c l e a r l y from fu l ly inges ted 
yeas t c e l l s . 

B. Reagents 

1. Staining Solution 

To prepare 100 ml of staining solution, prepare and mix 
together the following ingredients. 

(a) 40 ml of a 1% aqueous solution of trypan blue (C.I. 

23850, K and K Labs, Plainview, New York, and many other sup-

pliers) . 

(b) 20 ml of a 1% solution of eosin Y (C.I. 43580, MCB, 

Norwood, Ohio, and many other suppliers). Note, that if eosin 

Y is obtained as the free acid, it should be dissolved in 0.1 N 
NaOH. If the sodium salt is obtained, the solution can be pre-

pared in distilled water. 

(c) 10 ml of a 10X concentrated phosphate-buffered saline 

solution (GIBCO No. 310-4200, Grand Island, New York, for ex-

ample) . 

Correct the pH to 7.4 (use 0.1 N HC1 if 0.1 N NaOH was used 
to dissolve the eosin Y ) , dilute to 100 ml, Millipore filter, 

and place in a sterile bottle. The stain can be used for sev-

eral years and is stable at room temperature. Check a drop mi-

croscopically before using it. It should be refiltered if a 

sediment has formed or if visible microbial contamination 

exists. 

2. Candida albicans 

Clinical isolates can be obtained from any hospital micro-
biology laboratory, from the American Type Culture collection, 
or (possibly) from the author. We maintain our stock cultures 
at room temperature on Sabouraud's agar slants (Difco No. 0109-
01, Detroit, Michigan), passaging them at six-month intervals. 
Alternatively, a washed suspension of C. albicans in sterile 
distilled water will remain viable for several years. Working 
cultures are prepared by transferring a loopful (from slants) 
or a drop (from a Candida broth culture) to 50 ml of Sabouraud's 
2% dextrose broth (BBL No. 10986, Becton Dickinson, Cockeys-
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ville, Maryland) contained in a sterile 100-ml container. The 
culture vessel, loosely capped, is incubated in room air with-
out shaking for 3 - 5 days at 30°C to achieve a stationary 
phase culture. Under these conditions, the organism is com-
pletely in yeast phase. Most of its forms appear as single 
yeasts or attached doublets, and filamentous forms are absent. 
To prepare the yeasts for an experiment, centrifuge 5 - 10 ml 
of the culture (400 g for 10 min), remove the supernatant Sa-
bouraud's broth, resuspend the yeast cells in 5 - 10 ml of dis-
tilled water and centrifuge again as before. After removing 
the clear supernatant, resuspend the yeast in 2 ml of distilled 
water. 

To prepare heat-killed organisms, immerse the tube in a 
beaker of boiling water for 30 min, then wash the killed yeasts 
twice again with distilled water. This preparation will remain 
useful for several weeks if kept refrigerated and sterile. We 
generally store the suspensions at a concentration of 2 x 10^ 
yeast cells/ml. Prior to use, the heat-killed organisms are 
centrifuged, washed once with Hanks' BSS (GIBCO No. 406, Grand 
Island, New York) or an equivalent medium, counted in an hemo-
cytometer and resuspended in the medium to be used for the 
mononuclear phagocytes. 

Our studies with rabbit macrophages (2) were primarily de-
signed to examine intracellular killing (see below) rather than 
to define the minimal opsonic requirements for uptake. In our 
studies of phagocytosis, we used preopsonized yeast, prepared 
by resuspending 10 heat-killed C. albicans cells in 1 ml of 
fresh frozen (-70°C) human group AB serum containing a 1:20 
dilution of conventionally raised specific rabbit antiserum to 
C. albicans. After incubation for 15 min at 37°C, the suspen-
sion was centrifuged, washed twice with Hanks' BSS, and sus-
pended in Hanks' BSS at the desired concentration cells/ml. 

3. Mononuclear Phagocytes 

Human monocytes are obtained by Ficoll-Hypaque purification 
from peripheral blood (1). Rabbit alveolar and peritoneal mac-
rophages are obtained from New Zealand White rabbits weighing 
2 - 3 kg (2). We use untreated rabbits to provide "resident" 
macrophage populations. Other rabbits, injected 21 days ear-
lier with 1 ml of complete Freund's adjuvant containing Myco-
bacterium butyricum (Difco No. 0638-60) via a marginal ear 
vein, provide "elicited" macrophages. Some rabbits receive, 
concurrently with their intravenous injection, an intraperi-
toneal injection of 20 ml of heavy paraffin oil (Fisher Chemi-
cal, Fair Lawn, New Jersey) containing 0.5 ml of complete 
Freund's adjuvant. Elicited macrophages have modestly en-
hanced ability to kill C. albicans, relative to "resident" ma-
crophages (2) . 
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To collect macrophages, injected and control rabbits are 
anesthetized intravenously with 90 mg of sodium pentobarbitol 
(Diabutal, Diamond Labs, Des Moines, Iowa) and killed by a 
60-ml air embolism, both delivered through the marginal ear 
vein. Alveolar and peritoneal macrophages are obtained prompt-
ly thereafter by pulmonary and/or peritoneal lavage with 
300 - 500 ml of Dulbecco's phosphate-buffered saline (Grand 
Island Biologicals, Grand Island, New York) containing 5 IU of 
sodium heparin (Riker, Northridge, California), 100 yg/ml of 
penicillin G and 100 yg/ml of streptomycin. 

With these techniques we recover approximately (geometric 
mean ± SEGM) 4.7 ± 0.1 x 107 cells from the alveoli of un-
stimulated rabbits (n = 22) and 2.8 ± 0.1 x 108 cells from the 
alveoli of Freund1s adjuvant-stimulated rabbit {n = 19). Resi-
dent alveolar cells consist of 94.8 ± 3.4% macrophages 
(mean ±SD), 1.8 ± 1.6% granulocytes, and 3.2 ± 2.4% lymphocytes. 
Alveolar cells elicited by Freund's adjuvant consist of 
90.3 ± 5.6% macrophages, 5.0 ± 5.4% granulocytes, and 
4.7 ± 3.6% lymphocytes. 

Should it be desired to purify alveolar macrophages from 
contaminated neutrophils (not required for the two methods des-
cribed in this chapter, but useful for enzymatic or metabolic 
studies), it can be done as follows: Suspend <1 x 10** alveolar 
lavage cells in 30 ml of a solution composed of 2 parts 
phosphate - buffered saline + 1 part Ficoll-Hypaque (density2o 
1.079 ± 0.002 gra/cc) and underlay this with 15 ml of Ficoll-
Hypaque (density 1.079) in a 50-ml plastic tube (Falcon No. 
2070, Becton, Dickinson and Co., Oxnard, California). Centri-
fuge at 250 g for 45 min at 20°C in a swinging bucket rotor 
(International PR-J centrifuge or equivalent). Granulocytes 
will sediment through the lower Ficoll-Hypaque solution, where-
as macrophages will accumulate at the interface. Recovery (ap-
proximately 80%) and viability (>95%) of macrophages are good. 

Resident peritoneal cavities yield 8.9 ± 0.1 x 106 cells/ 
rabbit (n = 14), (88.4 ± 7.9% macrophages, 6.8 ± 8.2% granulo-
cytes, 4.8 ± 2.9% lymphocytes) and stimulated peritoneal cavi-
ties provide 5.7 ± 1.6 x 107 cells/rabbit (n = 13), of which 
71.9 ± 12.1% are macrophages, 23.1 ± 11.1% granulocytes, and 
4.6 ± 4.5% lymphocytes. Macrophages are kept in suspension at 
room temperature in polypropylene tubes (Falcon No. 2070, Bec-
ton, Dickinson and Co., Oxnard, California) containing Hanks' 
balanced salt solution with 0.1% bovine serum albumin. 

C. Miscellaneous Reagents and Equipment 

(1) Hanks' balanced salt solution (HBSS, GIBCO, Grand 

Island, New York) 

(2) Bovine serum albumin, crystallized (Sigma, St. Louis, 

Missouri) 
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(3) Tube rotator (BLL No. 60448, or equivalent) 
(4) Laboratory differential counter (Clay Adams No. 4318, 

or equivalent) 

D. Safety Considerations 

Candida albicans, despite opportunistic proclivities in im-
munoincompetent hosts, does not pose significant safety prob-
lems in the laboratory. The organism does not form airborne 
or resistant spores and, consequently, does not menace nearby 
tissue culture operations. Laboratory workers are more likely 
to introduce C. albicans infection from their own resident 
flora than to acquire it. Reasonable laboratory technique suf-
fices. This includes using cotton-plugged pipettes and rubber 
aspirating bulbs instead of pipetting by mouth; wiping up any 
spills with a germicide such as 70% alcohol, various commercial 
phenol-containing compounds, or Zephiran; and autoclaving 
wastes prior to their disposal. 

E. Procedures 

Rabbit macrophages are suspended at a concentration of 
5 x 106 phagocytes/ml in Hanks' BSS containing 20% fetal calf 
serum and brought to 37°C in a water bath. Heat-killed C. al-
bicans, freshly opsonized as described in Section II.B.2 are 
washed twice with distilled water to remove the serum and sus-
pended in Hanks' BSS at 2.5 x 107 yeast cells/ml at 37°C. The 
washing can be done in a conventional centrifuge (400 g, 10 min) 
or can be completely rapidly with 30 sec centrifugations in an 
Eppendorf Model 3200 centrifuge (Brinkmann Instruments, West-
bury, New York) using 1.5 ml polypropylene microfuge tubes (Kew 
Scientific, Columbus, Ohio). 

For studies with human peripheral blood monocytes, 20% 
fresh frozen normal group AB serum replaces the fetal calf 
serum, and the heat-killed yeast are merely washed and not pre-
opsonized. Rabbit serum is not used. 

The assay is begun by mixing equal volumes, typically 0.5 
ml each, of the phagocyte and yeast suspensions in a tube that 
is placed on an efficient rotator at 37°C. At intervals, e.g., 
5, 15, and 30 min, a small drop of the mixture is transferred 
to a microscope slide, mixed with an equal amount of staining 
solution, placed beneath a coverslip and examined microscopical-
ly with the oil immersion lens. 
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F. Calculation of Data 

Intracellular yeasts, unstained by the trypan-eosin mix-
ture, are readily visible by virtue of their size ( 3 - 5 ym) 
and relatively thick and refractive cell walls. Extracellular 
yeasts are stained purple, thus allowing surface-adherent or-
ganisms (stained) to be unambiguously differentiated from fully 
ingested yeasts. In addition, nonviable macrophages (stained) 
are easily distinguished from viable ones. We examine 100 - 200 
macrophages, and use a Laboratory hand counter designed for dif-
ferential blood counts to tally the number of viable macro-
phages containing 0,1,2,3,4, etc., ingested yeast cells. From 
these data, we calculate two indices: the percentage of macro-
phages that have ingested one or more yeast cells and the mean 
number of yeasts ingested per macrophage. The latter is done 
by summing the total number of ingested yeasts and dividing this 
by the total number of viable macrophages counted. 

G. Cri t i cal Commen ts 

The assay takes advantage of the fact that ingested killed 
yeast cells are protected from exposure to stains that are ex-
cluded from the viable surrounding phagocyte. The test has the 
virtue of simplicity and, with minor modifications, could equal-
ly well be applied to cells on monolayers. We have found that 
in 20 min at 37°C, 68 ± 7% of elicited rabbit alveolar macro-
phages are phagocytic, containing 1.6 ± 0.2 yeast cells/macro-
phage. In contrast, 92.5 ± 3.3% of Freund1s adjuvant elicited 
peritoneal macrophages are phagocytic and these contain 
2.9 ± 0.6 yeasts/macrophage. Resident alveolar and peritoneal 
macrophages closely resemble elicited cells in performance (2). 

It is likely that our opsonization procedure can be further 
simplified without diminishing phagocytic uptake. As opsonic 
requirements will vary according to the type (and state) of mo-
nonuclear phagocyte under study, they should be experimentally 
determined. In general, phagocytosis of C. albicans is facili-
tated by heat-stabile and heat-labile components that are ade-
quately provided by concentrations of normal serum equalling or 
exceeding 10% v/v (5 - 7). Thus, specific immune serum may well 
be superfluous, and fresh or fresh frozen (-70°C) normal serum 
sufficient to permit optimal rates of uptake. 
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III. CANDIDACIDAL ACTIVITY BY MONONUCLEAR PHAGOCYTES 

A. Introduction 

This visual method is based on the fact that ingested C. 
albicans undergo characteristic changes in morphology or Giemsa-
staining properties that correlate with their viability as de-
termined by more laborious methods, such as colony counting. 
The method is rapid to perform and does not require strict 
sterile technique. If it is interpreted with an understanding 
of its basis and limitations, it can provide reliable, quanti-
tative data. 

B. Reagents 

1. Viable Yeast-Phase C. albicans 

It is essential to begin with C. albicans cultures of high 
(preferably >97%) viability, a condition generally met by fol-
lowing the procedures described in the first paragraph of Sec-
tion II.B.2. The initial viability of the culture can be as-
sessed in two ways. The simpler of these requires only 
reagents 1 - 5 , and usually suffices. The reagents are as fol-
lows : 

(a) 3 - 5 Day-old yeast-phase C. albicans culture, as des-

cribed in Section II.B.2. 

(b) Aqueous méthylène blue 0.01%. This reagent is indefi-

nitely stable at room temperature. We keep it in a plastic 

"squirt bottle." 

(c) Hemocytometer chamber, tally counter and microscope 

(d) Standard glass microscope slides, clean but not neces-

sarily sterile 

(e) Hanks1 BSS 

(f) Fetal calf serum or fresh frozen normal human serum 

(stored at -70°C) 

(g) Agarose (Sigma, St. Louis, Missouri), a 5% solution in 

distilled water, autoclaved (or remelted by boiling if previ-

ously prepared) and maintained fluid in a 40°C water bath 

(h) A mixture of reagents 5,6,7. The final mixture consists 

of Hanks1 solution with 25% serum and 1% agarose and is kept at 

40°C to prevent the gel from setting. 

2. Viability Test I 

Cell viability is most conveniently checked at the same 
time that the cell concentration is determined in an hemocyto-
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meter. To do so, remove 50 yl of washed culture and add 1.95 ml 
of aqueous méthylène blue. Mix well, examine microscopically 
under high dry magnification. Nonviable yeast cells are inten-
sely blue, viable ones are devoid of any blue tinge. If there 
is any appreciable percentage (i.e., >3%) of light-blue-tinged 
organisms, remove another 50 yl of the washed culture, add 450 
yl of HBSS, and incubate it for 30 min at 37°C. Then add 1.5 ml 
of méthylène blue, mix, transfer a drop to an hemocytometer and 
again microscopically examine. If the light-blue-tinged organ-
isms persist, they are nonviable (and probably extensively auto-
lysed). If they are no longer apparent, the slight bluish tinge 
initially noted represented an inactive metabolic state (see 
below). 

3. Viability Test II 

An elegant, but less rapid (4 hr), alternative method of 
assessing the viability of the initial culture is the "slide 
filamentation test." At 37°C in the presence of serum C. alibi-
cans (but not other Candida species) undergoes a characteristic 
and rapid morphologic change. Rather than growing by budding, 
the viable yeast cells produce one or more filamentous cylin-
drical processes, longer than they are wide, that resemble germ 
tubes. By using this test to assess viability, one essentially 
employs the equivalent of a colony-count procedure. In this 
instance, however, it is not necessary to wait for multiple 
divisions to occur so that a viable colony appears. Instead, 
the first division is recognizable because of the altered mor-
phology of the filamentous first-daughter cell. 

To perform the test, add a drop of Candida suspension 
(1 - 3 x 108 yeast cells/ml) to 4 ml of the Hanks'/serum/aga-
rose mixture (reagent 8), mix the tube to distribute the 
yeasts, and transfer several drops to a clean microscope slide, 
where it will almost immediately gel. Transfer the slide cul-
ture to a humidified petri dish (one containing a damp gauze 
pad or filter paper) and incubate for 4 hr at 37°C. Examine 
microscopically with the high dry or oil immersion lens (press 
down a small section of the agarose gel under a coverslip if 
using oil immersion) and determine the percentage of cells bear-
ing the pseudo-germ tubes. This provides a minimal estimate of 
the percentage of viable yeasts in the starting inoculum and or-
dinarily agrees quite well with the simpler and more rapid 
méthylène blue screening test. Illustrations of these filamen-
tous processes can be found in reference (2). Early filaments 
are short cylindrical (rather than spherical or ovoid) proces-
ses and are readily recognized. 
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4. Monocytes or Macrophages 

Human blood monocytes or rabbit alveolar or peritoneal 
macrophages are obtained as described in Section U.C. The 
monocyte-containing fraction obtained by Ficoll-Hypaque cen-
trifugation of human blood is quite heterogeneous, containing 
10 - 38% monocytes, 62 - 87% lymphocytes, and 0.5 - 2.5% 
granulocytes (neutrophils and basophils) (1). 

As the present method is applicable to mixed cell popula-
tions, even mononuclear phagocyte preparations containing other 
phagocytic cell types (1, 8), it suffices to perform a hemo-
cytometer chamber differential count. We mix 50 ul of leuko-
cyte suspension with 0.96 ml of a white cell staining solution 
comprised of 0.05% methyl violet 2B in 0.5% acetic acid to di-
lute the cells for counting and to stain clearly their nuclei. 
Most rabbit macrophages are readily distinguished from other 
cell types by their large size, abundant cytoplasm, and round-
ish nucleus. Similarly, a folded or kidney-bean-shaped nucleus 
allows blood monocytes to be estimated with acceptable accuracy 
by an experienced observer. More definitive classification 
based on fixed slides stained for a-naphthyl butyrate esterase 
activity or with Giemsa can also be performed. 

5. Serum 

Fresh or fresh frozen (-70°C) normal group AB human serum 
and rabbit antibody to C. albicans are obtained or raised by 
conventional techniques. 

C. Miscellaneous Equipment and Supplies 

(1) Incubator, 37°C, air or 5% C02 

(2) Tube rotator, BBL-60448 or equivalent 
(3) Cytocentrifuge (Cytospin, Shandon-Elliott Co., Sewickley, 

Pennsylvania) and perforated blotters to fit microscope slides 
(4) Polystyrene tubes, Falcon No. 2054, sterile 12 x 75 mm 

with cap (Falcon, Oxnard, California) 
(5) Microscope slides, staining dishes (Coplon jars or equi-

valents) 
(6) Cytocentrifuge diluent (Hanks' BSS with 25% fetal calf 

serum or albumin) 
(7) Absolute methanol 
(8) Giemsa blood stain (MCS, No. GX85, Norwood, Ohio). 

Dilute by adding 10 ml of Giemsa stock solution to 10 ml of 
0.1 M tris buffer, pH 7.4, and 80 ml of .distilled water. 

In my opinion, the stain works best when used within an hour 
of its preparation, and when used but for a single group of 
slides. 
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D. Procedure 

(1) Monocytes or macrophages are prepared at 1 x 10 mono-

nuclear phagocytes/ml, based on chamber differentials, in 

Hanks' BSS containing 10% normal human serum (human monocytes) 

or 10% fetal calf serum (rabbit macrophages) and kept at room 

temperature in plastic tubes (III.B.4). 

(2) Viable C. albicans are suspended at 2 x 10 ' yeast 

cells/ml in serum-free Hanks' BSS. Although they are preopso-

nized for studies with rabbit macrophages (see Sections II.B.2 

and II.G.2), preopsonization is not required when human mono-

cytes are to be studied. 

After exposure to the human + rabbit serum (Section II.B.2) 

(neither normal nor immune sera kill C. albicans or other Can-
dida species), the opsonized organisms could be washed twice 

with glucose-free phosphate-buffered saline, and finally re-

suspended in Hanks' BSS just prior to their addition to the 

macrophages. As these yeasts are vigorous acid producers in 

media, such as Hanks' BSS, that contain glucose, they should 

be prepared and resuspended after all other components of the 

assay mixture have been combined and preincubated at 37°C. 

(3) To test purified human monocytes, the final incubation 

mixture should contain, in a volume of 1 ml, 2.5 x 10" mono-

cytes, 5 x 10 6 C. albicans cells and 25% group AB normal serum. 

In mixtures substantially contaminated by granulocytes, the 

number of C. albicans cells added should also be increased to 

provide two C. alJbicans/granulocyte. 

Our procedure is to mix 0.5 ml of Hanks' BSS containing 

45% AB serum with 0.25 ml of the monocyte suspension (Section 

III.D.l), and to bring these to 37°C by placing the tube for 

15 min in a water bath. This period of temperature equilibra-

tion is used to count the yeasts (in méthylène blue), to cen-

trifuge them (while counting), and to resuspend them in warm 

(37°C) Hanks' BSS at 2 x 10 7 yeast cells/ml. We then add 

0.25 ml of this yeast suspension to the 0.75 ml mixture of 

serum and monocytes, cap the tube, and place it on a tube ro-

tator in a 37°C incubator. 

To test rabbit macrophages, the final incubation mixture 

contains, in a volume of 1 ml, 2.5 x 10 6 macrophages, 7.5 x 10 6 

preopsonized C. albicans and 10% fetal calf serum. 

We accomplish this by mixing 0.5 ml of Hanks' BSS containing 

15% fetal calf serum with 0.25 ml of the rabbit macrophage sus-

pension (Section D.l), bringing these to 37°C by placing the 

tube for 15 min in a water bath. This period of temperature 

equilibration is used to count the yeasts (in méthylène blue), 

to centrifuge them (while counting), and to resuspend them in 

warm (37°C) Hanks' BSS at 3 x 1 0 7 yeast cells/ml. We then add 

0.25 ml of this yeast suspension to the 0.75 ml macrophage mix-

ture, cap the tube, and place it on a tube rotator in a 37°C 
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incubator. 
At intervals during the incubation (15 min, 2.5 hr, 4 hr) , 

we prepare cytocentrifuge slides of the mixtures by adding 
3 drops of incubation mixture + 3 drops of diluent (Section 
III.C) to each chamber and centrifuging for 6 min at approxi-
mately 800 rpm. We immediately air dry the slides, and fix 
them in methanol for 3 min, air dry again, and then stain with 
Giemsa stain for 20 min. Overstained slides can sometimes be 
toned by brief exposure (5 sec) to 50% methanol/water. Alter-
natively, they can be destained in 100% methanol, washed with 
water, then restained with Giemsa using either a shorter stain-
ing time (8-10 min) or a decreased concentration of Giemsa. 
Coverslips are not used on these slides. 

Properly stained slides are quite beautiful. The mono-
cyte/macrophage nucleus is purplish red and the cytoplasm is 
light blue. The yeast cell's cytoplasm is intense, homogeneous 
dark blue, and the small (reddish-purple) yeast cell nucleus is 
ordinarily obscured by the intensity of the cytoplasmic stain-
ing. Giemsa does not stain the cytoplasmic granules of human 
neutrophils, their cytoplasm appearing pale orange. Eosinophil 
granules are stained a distinctive vivid orange color. Rabbit 
granulocytes (heterophils) have orange-stained granular cyto-
plasm, probably reflecting the affinity of the eosin component 
of Giemsa stain (a mixture of méthylène blue, méthylène azure, 
and eosin) for the abundant cationic proteins in the primary 
heterophil granules. 

The stained slides are examined under oil immersion (1000X 
magnification), with good lighting and centering. We follow an 
orderly search pattern across the field of cells (Ψ -> t -> Ψ -*, 
etc.) , stopping at each new field to focus up and down with the 
fine adjustment. We score all intracellular yeast cells (i.e., 
yeasts completely surrounded by the phagocyte's blue cytoplasm) 
into three mutually exclusive classes, reflecting their shape 
and staining characteristics. These are "filamentous forms," 
"unchanged yeasts," and "ghosts." "Filamentous forms" consist 
of blue-staining yeast cells bearing one (and rarely, two) tu-
bular processes denoting their germination and growth within 
the cell. "Unchanged yeasts" are spherical-to-ovoid yeast-phase 
organisms that have maintained a homogeneous blue cytoplasmic 
staining pattern, generally obscuring the small eccentrically 
placed nucleus. "Ghosts" are yeast-phase (very rarely filamen-
tous phase) organisms that have lost their cytoplasmic blue 
staining properties. Instead, the cytoplasm stains pale gray 
or pink. If not yet degraded, the nucleus of yeast "ghosts" 
may be quite visible due to loss of the obscuring cytoplasmic 
stain. The refractile cell wall of the yeast may be visible as 
well, particularly if one floats a drop of immersion oil over a 
thin film of water on the slide, and then uses the oil immersion 
lens to examine the cells. I have no idea why this "trick," 
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noted as a consequence of my usual impatience to examine the 
slides, works. Because the "ghosts" are quite faint, relative 
to the other two classes of intracellular yeasts, good micro-
scope lighting and continual play with the fine adjustment are 
essential to avoid their being overlooked. The classification 
of yeasts into the three classes continues, until 200 yeasts 
within macrophages/monocytes have been counted and tallied on a 
manual differential counter. Illustrations (photomicrographs) 
of these yeast classes are published elsewhere (2, 9). 

E. Calculation of Data 

The candidacidal activity is expressed as a "candidacidal 
index," which is calculated as follows: 

number of intracellular yeasts that are "ghosts" 
total number of intracellular yeasts counted (all 3 classes) 

In general, a substantially diminished candidacidal index is as-
sociated with an increased filamentation index. Or, otherwise 
stated, if fewer ingested yeasts are killed and degraded, then 
more will be viable and show evidence of intracellular growth. 

F. Cri tical Comments 

Two assumptions that underlie the "specific staining" assay 
require consideration. The first, that all intracellular Candi-
da "ghosts" are the remnants of dead cells, is manifestly cor-
rect, and shortly will be explained. The second assumption, 
that all dead intracellular C. albicans have the appearance of 
"ghosts" is untrue, but a reasonable approximation of this cir-
cumstance holds under the circumstances we have described. 

To explain, we must consider both the concept of microbial 
"death" and the nature of Candida "ghosts." Microbial death is 
usually defined as the irreversible loss of replicative ability, 
and is generally preceded by significant alterations in one or 
more critical areas requiring homeostasis (membrane integrity, 
transport, macromolecular synthesis, or assembly, etc.). 
Giemsa-stained, heat-killed C. albicans cells, unequivocally 
dead, are indistinguishable from similarly stained viable cells 
unless the heat-killed yeasts have also been treated with ribo-
nuclease. When their RNA undergoes enzymatic hydrolysis, how-
ever, their cytoplasm loses its affinity for the basic compo-
nents (méthylène blue and méthylène azure) of Giemsa, and stains 
pink or gray like a typical intracellular "ghost," Thus, 
"ghosts" are yeast cells that have been killed and substantially 
degraded by hydrolytic enzymes of the enveloping phagocyte. As 
the nucleus and especially the thick cell wall resist the phago-
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cyte's degradation processes substantially longer than does the 
cytoplasmic RNA, the Candida remnant is easily visible by care-
ful microscopy. Of course, in time, the nucleus and finally 
even the cell wall disappear, leaving only a featureless vacuole 
(at light level microscopy) to hint at the antecedent events. 
The assay therefore gives a reasonable approximation of killing 
because: (1) it appears to take approximately 60 - 90 min after 
an organism is killed before it is sufficiently degraded to 
manifest "ghost" staining; (2) phagocytosis occurs relatively 
rapidly when either rabbit macrophages or human monocytes are 
studied as outlined (virtually all organisms are ingested by 
30 min, few extracellular ones remain); (3) killing of C. al-
bicans (as measured by conventional colony-count procedures) is 
most effective during the initial 60 - 90 min of incubation; 
(4) the thick cell wall of C. albicans allows it to be identi-
fied with certainty for several hours after its intracellular 
death and partial degradation; and (5) by using stationary 
phase organisms, the viable survivors do not begin to sprout 
pseudogerm tubes for 2 - 3 hr, and these enlarging processes 
do not become large enough to rupture the phagocyte for at least 
4 hr, allowing the assay to approach equilibrium. 

The assay would not work if: (1) decolorization of the cy-
toplasm of nonviable organisms to Giemsa stain was irregular or 
incomplete (C. parapsilosis and certain other species) or 
(2) if degradation occurred so rapidly that "ghosts" faded com-
pletely from view too rapidly (C. pseudotropicalis and other 
yeasts) or if (3) the phagocytic block was in postmortem diges-
tion of the yeast rather than in killing it. Possibility (3) 
should be excluded by verifying that heat-killed yeasts are con-
verted to ghosts with high efficiency. Possibilities (1) and 
(2) suggest that the assay may be less suitable than conven-
tional alternatives (colony counting, etc.) for nonalbicans 
Candida. When we applied the assay to normal human monocytes 
in mixed cell preparations containing many neutrophils, we 
found normal monocytes to contain 63.4 ± 10.2% "ghosts" (mean 
± S.D., 72 = 91) after 2h hr, whereas 10.5 ± 6.0% of the intra-
cellular organisms had formed filaments, and 26.4 ± 9.2% had 
maintained their original shape and staining characteristics. 
In contrast, after 2.5 hr of incubation monocytes from three 
patients with myeloperoxidase deficiency contained approximately 
5% ghosts, 55% filamentous forms, and 35% unaltered yeasts and 
monocytes from three boys with chronic granulomatous disease 
contained approximately 2.5% ghosts and over 90% filamentous 
forms. 

Curiously, when normal monocytes were purified by Ficoll-
Hypaque centrifugation only 24.7 ± 1.2% (mean S.E.M., n = 5) 
of ingested C. albicans were converted to ghosts in 2.5 hr, 
whereas when they were supplemented with normal neutrophils, 
the percentage of intramonocytic ghosts almost doubled 



706 METHODS FOR STUDYING MONONUCLEAR PHAGOCYTES 

(47.4 x 3.7%). The nature of this evident neutrophil-monocyte 
interaction has not been clarified. 

Our applications of this assay to rabbit macrophages 
yielded the results summarized in Table I. We have found 
the assay to be especially useful for characterizing the mech-
anisms used by mononuclear phagocytes to kill C. albicans 
(1, 2). 

It is worth mentioning that the méthylène blue dye-exclusion 
method used to check initial yeast cell viability (Section 
III.B.2) has a different basis than does the Giemsa staining 
method. Méthylène blue, a redox dye, can exist in an oxidized 
(blue) or reduced (colorless, leuko-) form. The blue dye freely 
gains access to nonviable yeast cells, staining them blue by 
virtue of (1) the failure of their metabolism to reduce it to 
the colorless, leuko-form and (2) the stain's affinity for cy-
toplasmic RNA. Metabolically dormant cells may be stained pale 
blue, but this rapidly reverses after brief exposure to a fresh 
nutrient medium (see Section III.B.2) as their metabolic activi-
ty and homeostatic mechanisms become revitalized. Dead yeasts 
that have lost their RNA (through autolysis or enzymatic degra-
dation) will not stain well with méthylène blue, but the faint 
staining will persist after exposure to fresh medium. 

It should also be realized that although the concentration 
of méthylène blue employed in this assay (approximately 0.01%) 
does not kill C. albicans, it will inhibit its growth rate con-
siderably. Other Candida species may be substantially more 
sensitive to the stain, and the method should not be blindly 
extrapolated to nonalbicans Candida species without considering 
this possibility. Aqueous méthylène blue is also useful in a 
candidacidal method applicable to human neutrophils (5), but 
we now consider this dye-exclusion procedure to be less conve-

TABLE I. Candidacidal Activity of Rabbit Macrophages 

Can di da ci da 1 in dexa 

Cell type State 2.5 hr 4 hr 

Alveolar macrophage Resident 16.4 ±2.1(19)b 28.1 ±1.9(19) 
Elicited 22.9 ±2.2(19) 32.9 ±2.3(22) 

Peritoneal macrophage Resident 10.8 ±2.4(8) 15.2 ±1.3(9) 
Elicited 24.0 ±4.2(8) 28.2 ±3.1(14) 

aThe data are expressed as a candidacidal index (% of intra-
cellular Candida that are "ghosts") after 2h or 4 hr of incuba-
tion. 

bData shown as mean ± S.E.M., with (n) signifying the number 
of animals tested in each group. A full description of this 
study appears in ref. 2. 
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nient than the "specific staining" method described herein· It 
also substantially underestimates the candidacidal activity of 
human monocytes, attributable largely to their rapid breakdown 
of cytoplasmic RNA in C. albicans cells that they have killed. 
As this property actually enhances the "specific staining" as-
say method, it is preferable to the dye-exclusion procedure 
when mononuclear phagocytes are tested. 
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