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With a new short-term assay, where the reduction of CFUs in the inoculum
could be measured, we investigated the killing of the dimorphic fungal pathogen
Blastomyces dermatitidis in its yeast phase by murine peritoneal macrophages.
Peritoneal macrophages from concanavalin A- or Mycobacterium bovis BCG-
treated mice, but not resident or thioglycolate-elicited macrophages, significantly
reduced the CFUs of B. dermatitidis in the inoculum. The activation of peritoneal
macrophages for fungicidal activity by concanavalin A treatment was shown to be
dose dependent and transient, i.e., absent after 72 h. These results indicate that it
is possible for murine peritoneal macrophages to kill B. dermatitidis in vitro. The
addition of specific antibody or complement or both did not enhance the killing of
B. dermatitidis by these nonspecifically activated macrophages.

Resident macrophages are important compo-
nents in the host's early defense against patho-
gens. This is especially true for most extracellu-
lar bacterial pathogens, which are killed with
facility by both resident alveolar and peritoneal
macrophages (15, 19, 20, 27). However, specific
antibody or complement or both may be re-
quired for the phagocytosis and killing of some
bacterial pathogens, e.g., encapsulated forms (3,
32, 33). On the other hand, resident macro-
phages need to become activated before they
can effectively kill obligate or facultative intra-
cellular bacterial pathogens in vitro (2, 6, 12, 14,
17, 22).

In contrast to the killing of extracellular bacte-
rial pathogens, resident macrophages are rela-
tively inefficient in killing certain fungal patho-
gens, e.g., Candida albicans (21, 30) and
Cryptococcus neoformans (11, 14, 23). Howev-
er, activated macrophages are more effective in
killing these pathogens (14, 30) and can kill
facultative intracellular fungal pathogens, e.g.,
Histoplasma capsulatum (17, 18) or Cocci-
dioides immitis (4, 5).
We studied another fungal pathogen, Blasto-

myces dermatitidis, which histologic studies
have shown is commonly extracellular. We have
reported that resident peritoneal macrophages
are less efficient than activated macrophages in
restricting the replication of this pathogen in
vitro (7, 8). In these 24-h in vitro assays, we

were able to document the inhibition of replica-
tion but not the killing of B. dermatitidis. With a
new short-term (4-h) assay, in which the reduc-
tion of CFUs in the original inoculum could be
measured, we investigated the killing of B. der-
matitidis by macrophages in vitro. We report
here on the ability of peritoneal macrophages (i)
from untreated mice or (ii) from thioglycolate-,
concanavalin A (ConA)-, or Mycobacterium bo-
vis BCG-treated mice to kill B. dermatitidis in
vitro. The effect of complement or immune
serum or both on the ability of macrophages to
kill B. dermatitidis is also reported.

MATERIALS AND METHODS
Animals. Male BALB/cByJ mice (Jackson Labora-

tories, Bar Harbor, Me.), 8 to 12 weeks of age, were
used throughout this study.

Fungi. A strain of Blastomyces dermatitidis (ATCC
26199), which is virulent in mice (16), was used in
these studies. Log-phase growth was harvested from
3-ml, 72-h liquid (16) cultures grown on a rotary shaker
(200 rpm) at 37°C. The yeast cells were pelleted by
centrifugation (900 x g, 10 min), washed twice with 4
ml of saline, and suspended in tissue culture medium.
Individual fungi and multicellular fungal units were
counted with a hemacytometer, and CFUs were deter-
mined by plating in triplicate 1-ml portions of an
appropriate dilution on blood agar plates.

Peritoneal macrophages. Peritoneal cells from treat-
ed or untreated mice were collected from the abdomi-
nal cavity of each mouse by repeated lavage using a
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total of 10 ml of Eagle minimal medium (MEM)
(GIBCO Laboratories, Grand Island, N.Y.) containing
heparin (10 U/ml). The cells were centrifuged (225 x g,
10 min), and the cells from three to six mice were
pooled in 10 ml of MEM without heparin. After
centrifugation, the pooled cells were suspended in
complete tissue culture medium (RPMI 1640; GIBCO)
containing 10% (vol/vol) of heat-inactivated fetal calf
serum, penicillin (100 U/ml), and streptomycin (100
,ug/ml). The number of cells per milliliter was deter-
mined with a hemacytometer, and cell samples were
dispensed (0.2 ml of 5 x 106/ml) into flat-bottom wells
of Micro Test II tissue culture plates (no. 3040; Falcon
Plastics, Oxnard, Calif.). After 2 h at 37°C in 5% C02-
95% air, nonadherent cells were removed from the
wells by aspiration and one wash with medium. When
the number of nonadherent cells was subtracted from
the number of incubated cells, the average number of
adherent cells per well was 0.5 x 106. Adherent cells
had several characteristics of macrophages as previ-
ously reported (7, 8), and 90% were esterase positive.

Treatment of mice. Mice were treated in one of the
following ways: (i) 1 ml of thioglycolate medium (Difco
Laboratories, Detroit, Mich.) intraperitoneally (i.p.) 4
days before peritoneal cell harvest (i.e., day -4); (ii)
20, 100, or 500 ,ug of concanavalin A (ConA) (Sigma
Chemical Co., St. Louis, Mo.), i.p., day -1 or -3; (iii)
0.2 ml of 29 x 106 to 189 x 106 viable BCG per ml
(Glaxo Laboratories, Middlesex, England), i.p., day
-12; or (iv) infected subcutaneously at two dorsal
sites with 20,000 CFUs of B. dermatitidis per site,
week -4.
Measurement of reduction of CFUs of B. dermatitidis.

Triplicate or quadruplicate wells without cells or con-
taining adherent cells were challenged with 0.2 ml of
complete tissue culture medium containing 1 x 103 to 2
X 103 CFUs of B. dermatitidis. The CFUs of the
inoculum were determined by plating 1 ml of an
appropriate dilution on blood agar plates in quadrupli-
cate at 0 h. After 4 h at 37°C in 5% C02-95% air, each
well was harvested with a Pasteur pipette, using
distilled water to lyse macrophages and also to rinse
the wells. The contents of each well were eventually
diluted to 20 ml with distilled water. The number of
CFUs per well was determined by plating 1 ml of the
diluted well contents on a blood agar plate and count-
ing the number of colonies after 4 days at 37°C. The
percent reduction of CFUs was calculated by the
formula (1 - [CFU experimental/CFU of inoculum]) x
100. When harvested control cultures and cocultures
were examined microscopically as previously de-
scribed (7, 8), there was no evidence of multicellular
fungal units or single cell units clumping together
compared with cultures at 0 h; therefore, the reduction
of CFUs in cocultures was not due to clumping.
Serum, spleen, and lymph node cells. Spleen and

lymph nodes were harvested from mice, and single cell
suspensions were prepared as previously described
(9). To obtain serum, mice were bled at sacrifice by
severing the bracchial artery, and the blood was

collected from the pouch formed between the skin and
the torso. Blood was allowed to clot at room tempera-
ture for 2 h, and then the serum was collected and used
promptly in in vitro assays. The complement activity
in such sera was demonstrated in cytotoxicity assays

as described elsewhere (E. Brummer, P. A. Moro-
zumi, P. T. Vo, and D. A. Stevens, Cell. Immunol., in
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TABLE 1. Reduction of CFUs by macrophages
from ConA-treated mice

Reduction
Experimental group CFUs/well of CFUs p <0

(%)

B. dermatitidis
inoculum per 660 60b
well
+ Medium 780 ± 100C 0 NS
+ Resident 660 ± 40c 0 NS
macrophages

+ Thioglycolate 720 ± 60C 0 NS
macrophagesd

+ ConA 520 ± 60' 21 0.001
macrophagese

a NS, Not significant (P > 0.05) for the reduction of
inoculum CFUs.

b CFUs ± standard deviation at 0 h.
c CFUs ± standard deviation of quintuplicate wells

at 4 h.
d Macrophages elicited by thioglycolate.
e Macrophages elicited by 100 ,ug of ConA, day -1.

press). Serum antibody titer to B. dermatitidis anti-
gens was determined by an enzyme-linked immuno-
sorbent assay previously described (24). The absorp-
tion of immune serum (titer 1:40) with B. dermatitidis
reduced the enzyme-linked immunosorbent assay titer
to <1:10, which was equivalent to the titer of serum
from untreated mice. The serum from mice recovered
from subcutaneous B. dermatitidis infection (4 weeks)
had enzyme-linked immunosorbent assay titers from
1:80 to >1:320.

Statistical analysis. Student's t test was used to
determine the significance of differences between
means.

RESULTS
Reduction of CFUs of B. dermatitidis by macro-

phages from ConA-treated mice. Peritoneal cells
were harvested from untreated, thioglycolate-
treated or ConA (100 p.g)-treated mice. Peritone-
al cells adherent to Micro Test II plate wells
were challenged with 660 ± 60 (standard devi-
ation) CFUs of B. dermatitidis. After 4 h at 37°C
in 5% C02-95% air, all cultures were harvested,
and the CFUs per well were determined (Table
1). Neither resident macrophages nor thioglyco-
late-elicited macrophages reduced the number of
CFUs in the inoculum. Only macrophages from
ConA-treated mice significantly (P < 0.001)
reduced the number of CFUs of B. dermatitidis
in the inoculum. This was not enhanced by the
addition of fresh mouse serum (5% of total
culture volume) as a source of complement (data
not shown).

Reduction of CFUs of B. dermatitidis by macro-
phages from BCG-treated mice. Peritoneal cells
were harvested from groups (five mice per
group) of untreated, ConA (100 ,ug, day -1)-, or
BCG-treated mice. Peritoneal cells adherent to
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TABLE 2. Reduction of CFUs by macrophages
from BCG-treated mice

Reduction
Experimental group CFUs/well of CFUs P <

(%)

B. dermatitidis 2,160 ± 180a
inoculum per well
+ Medium 2,033 ± 283b 6 NSC
+ Resident 2,313 ± 60 0 NSC
macrophages

+ ConA 1,573 ± 120 27 0.01
macrophagesd

+ BCG macrophages 1,600 ± 180 26 0.02

a CFUs ± standard deviation at 0 h.
b CFUs ± standard deviation of triplicate wells at 4

h.
c NS, Not significant (P > 0.05) compared with the

inoculum.
d Macrophages elicited by 100 ,ug of ConA, day -1.

Micro Test II plate wells were challenged with a
larger inoculum of 2,160 ± 180 CFUs of B.
dermatitidis. After 4 h at 37°C in 5% C02-95%
air, all cultures were harvested, and the CFUs
per well were determined. Resident macro-
phages again were not able to reduce the inocu-
lum CFUs ofB. dermatitidis (Table 2); however,
macrophages from both ConA- and BCG-treated
mice significantly (P < 0.02) reduced (27 and
26%, respectively) the CFUs in the inoculum.

Effect of the dose of ConA and time after
administration on macrophage activation. In one
experiment, groups of mice were treated with
20, 100, or 500 ,ug of ConA, i.p.; then, 1 and 3
days later, adherent peritoneal cells were tested.
In a second experiment, groups of mice were
treated at days -3 and -1 with 20, 100, or 500
,ug of ConA i.p., and adherent peritoneal cells
were tested simultaneously on day 0. The com-
bined results from these two experiments are
given in Fig. 1. Only macrophages from mice
given 100 or 500 ,ug of ConA 1 day previously
significantly (P < 0.05) reduced (30%) the CFUs
of B. dermatitidis in the inoculum. These results
indicate that 20 ,ug of ConA was not a sufficient
dose to activate macrophages for the reduction
of CFUs, and no advantage was achieved by
increasing the dose of ConA from 100 to 500 ,ug.
Furthermore, the activation of macrophages by
ConA, even at 500 ,ug/mouse, was transient and
disappeared by 3 days posttreatment.

It was of interest that in concurrent experi-
ments in these mice (data not shown), we found
the ConA and BCG treatments described also
significantly increased spleen weight, number of
spleen cells, and peritoneal cell yields (but not
the number of lymph node cells) compared with
untreated mice at the time when fungicidal activ-
ity was demonstrated in peritoneal cells. How-

ever, the increased spleen weight and the num-
ber of spleen and peritoneal cells persisted to 72
h after ConA treatment, when fungicidal activity
could no longer be shown.

Effect of complement or immune serum on
reduction of CFUs by macrophages. We noted
above that complement failed to augment the
activity of macrophages from ConA-treated
mice. Furthermore, the presence of complement
had no effect on the inability of resident or
thioglycolate-elicited macrophages to reduce the
CFUs in the inoculum (data not shown). We also
tested the effect of adding fresh immune serum
to the tissue culture medium (Table 3). In this
and in a second experiment of this type, it was
found that fresh immune serum lessened the
ability of ConA-activated macrophages to re-
duce inoculum CFUs. Moreover, the addition of
fresh immune serum (10%) had no effect on the
inability of resident macrophages or macro-
phages from mice that had resolved subcutane-
ously B. dermatitidis infections to reduce the
CFUs in the inoculum (data not shown). These
findings suggest that complement and serum
antibody to B. dermatitidis are not necessary
and do not augment the reduction of CFUs in the
inoculum by ConA-activated macrophages nor
enable nonactivated macrophages to do so.

Effect of immune serum on macrophage inhibi-
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FIG. 1. Effect of ConA dose and time after treat-

ment on macrophage activation. The reduction in the
CFUs in the inoculum of B. dermatitidis at 4 h by
macrophages from untreated (E), 20 ,ug (f), 100 ,ug
(G), or 500 ,ug (U) is shown for ConA-treated mice 1 or

3 days posttreatment. The combined results from two
separate experiments are given.
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TABLE 3. Effect of complement or immune serum
on reduction of CFUs by ConA-activated

macrophages
Reduction

Experimental group CFUs/well of CFUs P <
(%)

B. dermatitidis 1,350 ± 65a
inoculum per
well
+ Medium 1,805 ± 230b 0 NSC
+ ConA 810 ± 218b 40 0.01
macrophages
+ Con A 1,065 ± 123b 21 0.02
macrophages
+ immune
serumd

a CFUs ± standard deviation at 0 h.
b CFUs ± standard deviation of triplicate wells at 4

h.
c NS, Not significant (P > 0.05) for the reduction of

inoculum CFUs.
d Ten percent of the total culture volume.

tion of B. dermatitidis replication. We have re-
ported previously that peritoneal macrophages
from mice treated wtih ConA or thioglycolate,
but not those from untreated mice, significantly
inhibited the replication of B. dermatitidis in a
24-h in vitro assay (7, 8). In conjunction with
measuring the effect of immune serum on the
reduction of inoculum CFUs by macrophages
(see above), we also measured the effect of
immune serum on the macrophage inhibition of
B. dermatitidis replication (Table 4). Although
macrophages from ConA- or thioglycolate-treat-
ed mice significantly (P < 0.01) inhibited (40 to
60%) the replication of B. dermatitidis (Table 4),
it was not enhanced by the presence of specific
antibody and complement (Table 4).

DISCUSSION
We have presented data in this report which

indicate that macrophages from ConA- or BCG-
treated mice, but not from untreated or thiogly-
colate-treated mice, were able to significantly
reduce the number ofCFUs in an inoculum ofB.
dermatitidis in a 4-h assay. Since B. dermatitidis
does not replicate rapidly (doubling time in vitro
5 to 10 h), the reduction of CFUs by macro-
phages in 4-h assays represented killing. The
high ratio of macrophages to inoculum CFUs
(250:1 to 500:1) used in these studies gave con-
sistent results, and the microscopic observation
of phagocytosis indicated that all of the multicel-
lular fungal units in the inoculum were surround-
ed and covered by the macrophages. Because of
this, other macrophage/fungus ratios were not
studied.

Specific antibody and complement were not
required for the killing of B. dermatitidis by

these activated macrophages. Furthermore, the
killing of B. dermatitidis by ConA-activated
macrophages was not augmented when fresh
immune serum was present. Although these
findings indicate that B. dermatitidis can be
killed by appropriately activated macrophages
without the aid of specific antibody and comple-
ment, they do not rule out a role for these factors
under other conditions.
The fungicidal activity of non-specifically acti-

vated murine macrophages (ConA, BCG) for C.
neoformans, similar to that reported here for B.
dermatitidis, has been described (31). Comple-
ment (fresh rabbit serum), but not specific anti-
body, was required in that system. The en-
hanced fungicidal activity of non-specifically
activated macrophages (lipopolysaccharide,
BCG) has also been reported for C. albicans
(30). Whether non-specifically activated macro-
phages are fungicidal for dimorphic pathogenic
fungi other than B. dermatitidis, e.g., H. capsu-
latum, C. immitis, or Paracoccidioides brasi-
lienses, is not known at this time.

In the present study, we demonstrated that
the activation of resident peritoneal macro-
phages for fungicidal activity by ConA was dose
dependent up to a point and was transient, for
example, present at day 1 but absent by day 3.
These results are consistent with ConA activa-
tion of macrophages for tumoricidal activity
reported to be present at day 1 by Ruco and
Meltzer (28) but absent at day 3 by Adams (1).
Both ConA and BCG treatment increased spleen
weight and cellularity, but the activation of
peritoneal macrophages by ConA, in contrast to
BCG, was transient. This suggests two types of

TABLE 4. Effect of immune serum on macrophage
inhibition of B. dermatitidis replication in 24-h

cocultures
% Inhi-

B. dermatitidis + CFUs/wella bition of P <repli-
cation

1 Medium 18,000 ± 2,200
Resident macrophages 15,800 ± 900 12 NSb
ConA macrophages 10,700 ± 700 40 0.01
Thioglycolate 7,300 ± 300 60 0.01
macrophages

2 Medium + IMS + C"C 14,500 ± 1,200
Resident macrophages 14,000 ± 1,200 4 NSb
ConA macrophages 11,700 ± 600 20 0.02
Thioglycolate 10,700 ± 1,000 27 0.02
macrophages

a CFUs ± the standard deviation of triplicate cul-
tures at 24 h; at 0, 2,660 ± 240.

b NS, Not significant, P > 0.05.
c Immune mouse serum (5%) + 5% fresh normal

mouse serum in all cultures in 2.
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activation, a short intense transient stimulation
(ConA) and the continual stimulation of an i.p.
BCG infection. Possible mechanisms by which
ConA stimulation or BCG infection activates
macrophages, for example, by lymphokines,
have been described by others (28, 29).
As reported here and previously (8, 9), macro-

phages from mice treated wih ConA or thiogly-
colate, but not those from untreated mice, signif-
icantly inhibited the replication of B.
dermatitidis in 24-h cocultures. In these previ-
ous studies, the macrophages from ConA-treat-
ed mice were selected by a 24-h incubation
period, compared with that described here. The
present studies suggest that two mechanisms
could participate in the inhibition of replication.
ConA-activated macrophages kill a part of the
inoculum, but surviving fungi replicate and ex-
ceed the original inoculum (Table 4). Macro-
phages from thioglycolate-treated mice, on the
other hand, did not kill B. dermatitidis, yet they
significantly inhibited replication in the 24-h
assay. This indicates that the mechanism of
inhibition does not have to involve killing. In
addition to enlarging our appreciation of the
complexity of effector cell-fungus interactions
by the agents studied here, the observations of
enhanced inhibition and killing could possibly
also have implications for immunomodulation in
general as an approach to therapy. Other im-
munomodulating agents whose actions include
the activation of macrophages (26) can also
activate macrophages for antifungal activity (10,
25), and one such class of agents has been shown
to enhance in vivo resistance against fungal
infections (13), including blastomycosis (P. A.
Morozumi, E. Brummer, and D. A. Stevens,
Mycopathologia, in press).
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