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Suppression of host defences by Aspergillus fumigatus

MAURA D ROBERTSON, A SEATON, L J R MILNE, J A RAEBURN

From the Institute of Occupational Medicine and the Western General Hospital, Edinburgh

ABSTRACT An important feature of the microbicidal action of phagocytic cells is their ability to
produce reactive oxygen intermediates. In an attempt to identify the mechanisms by which the
fungus Aspergillus fumigatus resists normal host defences the effect of spores and spore diffusates
of A fumigatus on the production of superoxide anion and hydrogen peroxide by primed rodent
phagocytic cells has been measured. For comparison we have used the non-pathogenic fungus
Penicillium ochrochloron. Production of these reactive oxygen intermediates in response to A fumi-
gatus was significantly lower than that in response to P ochrochloron. A similar reduction was
achieved by diffusate prepared from freshly washed spores. The inhibitory component was of low
molecular weight (less than 14000) and its effect was dose dependent. These results suggest that
spores of A fumigatus fail to trigger and also inhibit the production of reactive oxygen intermediates
by phagocytic cells.

The opportunistic fungus Aspergillus fumigatus is of optimally at 37°C and the small spore size that enables
special interest to respiratory physicians because of its it to penetrate to the alveolar level. To survive and
ability to cause several distinct pulmonary diseases. It ~ germinate in the lung the spores must also be resistant
may cause sensitisation in asthmatic subjects, leading  to the phagocytic defences of the lung. In this paper
in some instances to chronic symptoms and recurrent ~ we report the results of in vitro investigations of the
episodes of pulmonary infiltration.! It may also interactions between A fumigatus and phagocytic cells
colonise lung cavities to produce aspergillomas? and  from rodents.
invade lung tissue after infarction® or influenza* to
produce a fatal necrotising pneumonia, or cause pul- Methods
monary and systemic infection in the immuno-
suppressed.® The frequency with which it may be asso- GENERAL PLAN
ciated with lung disease suggests that the organism In an attempt to identify the mechanisms used by this
may be relatively resistant to the lung’s defences. fungus to resist killing by phagocytic cells we have
While spores of A fumigatus occur commonly in the examined the effects of spores and spore diffusate of
air, especially in winter, when dead leaves are avail- A fumigatus on the ability of the cell to produce
able as a substrate, they are not among the most oxidising agents (reactive oxygen intermediates) that
abundant.® Moreover, studies of postmortem lung can be used by the phagocyte for the destruction of
specimens have shown A fumigatus to be present and  microorganisms.® We have compared the release by
viable more frequently than would be expected from phagocytic cells from mice and rats of the reactive
its prevalence among the fungal spores normally oxygen intermediates superoxide anion and hydrogen
found in the air, the aerospora, thus supporting the  peroxide in response to challenge by 4 fumigatus and
idea that it may have properties that protect it from by the non-pathogenic fungus Penicillium ochro-
the lung’s defences.” Such properties could ensure its  chloron.
survival in the lung long enough to initiate allergic and
infective reactions in appropriate hosts. PHAGOCYTIC CELLS

Two factors that enhance the pathogenicity of 4 Since resting phagocytic cells release minimal
Jfumigatus in man are the organisms’ ability to grow amounts of reactive oxygen intermediates, we used
phagocytic cells obtained from mice and rats that had
been previously primed in vivo with Corynebacterium
parvum. This is a procedure that has been shown to
increase the ability of phagocytic cells to release reac-
Accepted 27 August 1986 tive oxygen intermediates,® as well as generally to
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increase their microbicidal capacity.'®!! For each
experiment about 4 x 107 peritoneal exudate cells,
which comprise 32% polymorphonuclear leucocytes
and 63% macrophages, were harvested from six male
C57B1/6 mice five days after intraperitoneal injection
of 1-4mg C parvum (heat killed, Wellcome Bio-
technology Ltd). About 2 x 107 bronchoalveolar
lavage cells (90% of which were polymorphonuclear
leucocytes) were obtained from the lungs of male PVG
rats 16 hours after intratracheal instillation of 0-7mg
C parvum.

FUNGAL SPORES AND DIFFUSATES

A single strain of A fumigatus was isolated from the
sputum of a patient with allergic bronchopulmonary
aspergillosis. The strain of P ochrochloron was IMI
61271. Spores of 4 fumigatus and P ochrochloron were
obtained from cultures that had been grown for seven
days at 29°C on malt agar. Spore suspensions contain-
ing only single spores were prepared in Hanks’ bal-
anced salt solution (HBSS) containing 0-01% bovine
serum albumin (Sigma Chemical Co Ltd), after gentle
homogenisation followed by filtration through nylon
mesh to remove mycelial fragments and chains of
spores. Spore counts were performed with improved
Neubauer chambers. For the spore:cell experiments
the spores were opsonised in 5% autologous serum
for 30 minutes at 37°C, then washed in HBSS by
centrifugation at 400g for 10 minutes. The spores
were then resuspended in HBSS and kept on ice until
required. To obtain diffusates, spores were incubated
at a concentration of 108/ml in HBSS at 37°C for up
to six hours. The soluble diffusates in the supernatant
were passed through 0-22 um sterile filters. For the
assay systems the diffusates were used at a 1:4 dilution
in HBSS. The number of spores require to obtain this
concentration of diffusate was equivalent to the num-
ber derived from a spore:cell ratio of 50:1.

SUPEROXIDE ANION ASSAY

Superoxide anion was measured according to the
method of Johnston.'? Production of superoxide
anion can be detected by the reduction of cytochrome
C, a reaction accompanied by an increase in spectro-
photometric absorbance at a wave length of 550 nm.
The reaction mixture (1-5ml), containing 5 x 10°
peritoneal exudate cells, 80umol cytochrome C
(Sigma), 2 mg/ml dextrose, and opsonised spores at a
spore:cell ratio of 10:1, 50:1, and 100:1 or spore
diffusates at a 1:4 dilution, was added to 30 mm Petri
dishes (Falcon Plastics Ltd). For the diffusate dose-
effect experiments a total reaction mixture of 1-3ml
containing 2-5 x 10° bronchoalveolar cells was used.
As an additional control, zymosan (Sigma), a cell wall
extract of the yeast Saccharomyces cerevisiae and a
potent trigger of superoxide anion release, was
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opsonised and added to the reaction mixture at a
concentration of 1 mg/ml. To determine the portion of
reduced cytochrome C that could be inhibited by
superoxide dismutase, identical dishes with the addi-
tion of superoxide dismutase (Sigma) 25 ug/ml were
prepared at the same time. All experiments were set up
in triplicate and the mixtures incubated at 37°C for
two hours. The supernatants were harvested and the
peak absorbance at 550 nm, a measure of reduced
cytochrome C, was determined by using the scan
mode on a spectrophotometer (SP8/400 Pye Unicam).
The reduction of cytochrome C is not specific for
superoxide anion. The required specificity is achieved
by the use of superoxide dismutase, for which super-
oxide anion is the only known substrate. Therefore
the assay was run with and without superoxide dis-
mutase and only the portion of the reduced cyto-
chrome C that could be inhibited by superoxide dis-
mutase was used to estimate the nanomols of
superoxide anion released.

HYDROGEN PEROXIDE ASSAY

Hydrogen peroxide was measured according to the
method of Pick and Keisari.!® The assay is based on
the horseradish peroxidase mediated oxidation of
phenol red by hydrogen peroxide, which results in the
formation of a compound showing increased absorb-
ance at 610 nm. The reaction mixture (1 ml), contain-
ing 5 x 10° peritoneal exudate cells, 10 nmol phenol
red solution (Sigma), NaCl (140nmol), dextrose
(5:5nmol), and horseradish peroxidase (50 pug/ml)
(Sigma) in 10 nmol potassium phosphate buffer, and
opsonised spores at a spore:cell ratio of 10:1, 25:1, and
50:1 or spore diffusates at a 1:4 dilution was added to
30mm Petri dishes. For the diffusate dose-effect
experiments a total reaction mixture of 1-3 ml contain-
ing 2:5 x 10° bronchoalveolar cells was used. As an
additional control, opsonised zymosan was added to
the reaction mixture at a concentration of 1 mg/ml.
All experiments were set up in triplicate and incubated
at 37°C for two hours. The supernatants were then
harvested and alkalised by the addition of 30 ul of
IN NaOH. The absorbance of the solution at 610 nm
was measured in a spectrophotometer and converted
to hydrogen peroxide equivalent by means of a stan-
dard curve.

TECHNIQUES USED TO DETECT A POSSIBLE
SCAVENGING EFFECT OF DIFFUSATES ON
REACTIVE OXYGEN INTERMEDIATES

To test for a possible scavenging effect of the
diffusates on reactive oxygen intermediates, we used:
(a) a cell free superoxide anion generation system gen-
erally based on the method described by Rosen and
Klebanoff.!* Superoxide anion was generated by
incubating xanthine oxidase 20 ug/ml (Sigma) with
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acetaldehyde 40 nmol for five minutes at 37°C. This
resulted in the generation of about 6 nmol. To this
superoxide anion 1 ml of the following was added: (a)
HBSS (control); (b) superoxide dismutase (25 ug),
which catalyses the destruction of superoxide anion to
oxygen and hydrogen peroxide; (¢) diffusate (1:4 dilu-
tion). Each of the three treatments was set up in trip-
licate and incubated for 10 minutes at 37°C. The reac-
tion mixture, used to detect superoxide anion
(described above), was then added and after a further
incubation for 10 minutes at 37°C the absorbance at
550 nm was measured; (ii) hydrogen peroxide (Sigma)
was diluted to give concentrations ranging from 1 to
20 nmol. To the hydrogen peroxide 1 ml of the follow-
ing was added: (¢) HBSS (control); (b) catalase
(Sigma) 100 ug/ml, an enzyme that catalyses the
degradation of hydrogen peroxide to oxygen and
water; and (c) diffusate (1:4 dilution). Each of the
three treatments was prepared in duplicate and incu-
bated for 30 minutes at 37°C. The reaction mixture
used to detect hydrogen peroxide (described above)
was added to the tubes, which were then incubated for
a further 30 minutes at 37°C. The absorbance of the
mixture was read at 610 nm.

DIFFUSATE DIALYSIS

To determine whether the active constituent of the
diffusate was of low molecular weight the diffusate
was dialysed against HBSS for 16 hours at 4°C. As we
had observed that the activity of the diffusate
decreases on storage at 4°C, an aliquot of the diffusate
was put into dialysis tubing and kept in a sealed tube
for 16 hours at 4°C, as a control.

DIFFUSATE RELEASE

To discover at what stage the diffusates were released
into the supernatant we added spores (10%/ml) to
HBSS, divided this suspension into three aliquots, and
carried out the following treatments. (1) The spores
were incubated for two minutes and immediately
removed and the supernatants filtered (‘“‘two minutes
incubation (washings)” in table 4). (2). The washed
spores were resuspended in HBSS and incubated for
three hours at 37 °C before the spores were spun out
to obtain the supernatant, which was filtered
(“washed + three hours incubation™). (3) The spores
were incubated in HBSS for 3 hours and the super-
natant removed then filtered (‘“‘three hours incu-
bation”).

CELL VIABILITY

To determine whether the spore diffusates were hav-
ing a toxic effect on the cells, 5 x 10° cells were
incubated for two hours at 37°C in 1 ml of control
HBSS or spore diffusates (1:4 dilution). After this time
the percentage viability was determined by the trypan
blue (Gibco) exclusion method.
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EXPERIMENTAL DESIGN AND STATISTICAL
ANALYSIS

Each experiment was carried out in triplicate and per-
formed on two to five separate occasions. For individ-
ual experiments a different group of animals and
spores or spore diffusates prepared from fresh cultures
were used. Therefore day to day variation in sponta-
neous release of reactive oxygen intermediates and
strength of diffusates did occur. The statistical analy-
ses were designed to take into account this variation
between experiments and treatments so that the analy-
ses of treatment effects would be independent of inter-
experimental variation. Initially the raw data were
subjected to analysis of variance with a randomised
block design in which each day/experiment consti-
tuted a block. Student’s ¢ tests were used to compare
treatment means, using the residual error obtained
from the analysis of variance.

Results

EFFECTS OF SPORES ON RELEASE OF SUPEROXIDE
ANION

C parvum stimulated mouse peritoneal exudate cells
released significantly less superoxide anion (p <
0-001) in response to spores of 4 fumigatus than in
response to zymosan or P ochrochloron (table 1). Both
zymosan and P ochrochloron were associated with a
release of superoxide anion that was significantly
greater than the spontaneous release by cells (p <
0-001). When the results from the individual spore:cell
ratios were combined, P ochrochloron was seen to
stimulate an increase in superoxide anion release of
about 50%, while zymosan, a potent trigger of super-
oxide anion, stimulated a three fold increase.

"EFFECTS OF SPORES ON RELEASE OF HYDROGEN

PEROXIDE
Both zymosan and P ochrochloron slightly reduced the
spontaneous release of hydrogen peroxide by C par-

Table 1 Effect of opsonised zymosan and opsonised fungal
spores on the release of superoxide anion by peritoneal
exudate cells

Superoxide anion

Treatment Spore : cell ratio (nmol : mean (SEM ) )
HBSS* — 12-89(1-20)
Zymosan — 41-6 (0-60)
A fumigatus 10:1 12:06 (0-20)
A fumigatus 50:1 11-07 (0-45)
A fumigatus 100:1 11-09(0-84)
P ochrochloron 10:1 14-62(1-60)
P ochrochloron 50:1 20-12(1-23)
P ochrochloron 100:1 18-4 (1-70)

*Treatment with Hanks’ balanced salt solution (HBSS) gives a
measure of the spontaneous release.
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Table 2 Effect of opsonised zymosan and opsonised fungal
spores on the release of hydrogen peroxide by peritoneal
exudate cells

Hydrogen peroxide
Treatment Spore : cell ratio  (nmol : mean (SEM))
HBSS* — 10-19(1-57)
Zymosan — 9-53(1-53)
A fumigatus 10:1 8-:63(1-41)
A fumigatus 25:1 6-80(0-35)
A fumigatus 50:1 5-15(0-87)
P ochrochloron 10:1 8-63(1-18)
P ochrochloron 50:1 8-16(1-88)

*Treatment with Hanks® balanced salt solution (HBSS) gives a
measure of the spontaneous release.

vum stimulated mouse peritoneal exudate -cells
(table 2). 4 fumigatus produced a reduction of hydro-
gen peroxide release and this effect was more pro-
nounced with increasing spore:cell ratios. When the
results from the individual spore:cell ratios were com-
bined the release of hydrogen proxide was
significantly lower in response to A fumigatus (p <
0-001) than to zymosan or P ochrochloron.

EFFECTS OF SPORE DIFFUSATES ON RELEASE OF
REACTIVE OXYGEN INTERMEDIATES

To examine the possibility that 4 fumigatus may pro-
duce a substance that has a direct effect on cellular
production of reactive oxygen intermediates, we mea-
sured the effect of diffusates obtained from spores of
A fumigatus and P ochrochloron on the spontaneous
release of reactive oxygen intermediates from C par-
vum stimulated mouse peritoneal exudate cells.
Diffusates from A fumigatus greatly reduced (p <
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0-001) the spontaneous release of superoxide anion
and hydrogen peroxide (table 3) while those from P
ochrochloron did not.

Using bronchalveolar lavage cells obtained from
rats whose lungs had been treated with C parvum, we
found that this inhibitory effect was strikingly
dependent on the concentration of diffusate (fig 1).

STUDIES OF THE DIFFUSATE FROM SPORES OF

A FUMIGATUS

(1) Viability studies established that the spore
diffusates were not having a toxic effect on the cells, as
the percentage viability of the cells after an incubation
period of two hours in spore diffusate was the same as
that found with control HBSS (>95% viable).

(2) To find out at what stage the diffusates were
released into the supernatant, we looked at the effect
of time on the diffusion, from spores of the factor that
inhibited reactive oxygen intermediates production.

Table 3  Effect of spore diffusates on the spontaneous
release of superoxide anion and hydrogen peroxide by
peritoneal exudate cells

Superoxide anion Hydrogen peroxide

Treatment (nmol : mean (SEM)) (nmol:mean (SEM))
HBSS* 14-38 (0-26) 18-82(1-63)

A fumigatus

diffusates 6-73(0-43) 4-16(0-52)

P ochrochloron

diffusates 14-40(0-67) 19-43(2-25)

*Treatment with Hanks’ balanced salt solution (HBSS) gives a
measure of the spontaneous release.

Effect of increasing dilution of
spore diffusates of Aspergillus
fumigatus on the spontaneous
release of superoxide anion (O, )
and hydrogen peroxide (H,0,) by
phorbol myristate acetate triggered
Corynebacterium parvum induced
rat bronchoalveolar lavage cells
(2-5 x 10° cells) when compared
with the cells alone (two hour
incubation period): means with
standard deviations.

11111
43 65 13 26 52
Diffusate
Dilutions

11111
43 65 13 26 52
Diffusate
Dilutions
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Table 4 shows that washings (2 min incubation) from
the spores significantly reduced release of reactive
oxygen intermediates (p < 0-001) by C parvum stimu-
lated mouse peritoneal exudate cells. Therefore the
diffusate is released immediately the spores are put
into liquid. In addition, the spores, once washed, con-
tinue to release the diffusate. The longer the spores
were incubated the greater was the inhibitory capacity
of the diffusate.

(3) To examine whether the diffusate was affecting
production of reactive oxygen intermediates by the
phagocytic cell or scavenging the reactive oxygen
intermediates once produced, or both, we looked at
the effect of adding the diffusate at a 1:4 dilution to a
cell free superoxide anion generation system and to
hydrogen peroxide. We found that the amount of
superoxide anion present after the addition of the
diffusates (5-84 nmol) was the same as that found after
the addition of control HBSS (5-86 nmol). The addi-
tion of superoxide dismutase (which is used in the
conversion of superoxide anion to hydrogen per-
oxide), however, removed the superoxide anion from
the system. This result confirmed that the diffusate
does not scavenge superoxide anion as generated by
the xanthine oxidase acetaldehyde system. Similarly,
we found that the diffusates did not scavenge hydro-
gen peroxide. The addition of control HBSS to a sys-
tem containing hydrogen peroxide results in a linear
increase in absorbance at 610 nm (a measure of hydro-
gen peroxide in the system) with increasing concen-
tration of hydrogen peroxide (1-20 nmol). The addi-
tion of the diffusate to the hydrogen peroxide resuited
in an increase in absorbance at 610 nm, the same as
that given with HBSS. When catalase, an enzyme that
breaks down hydrogen peroxide, was added to the
system, however, no increase in absorbance at 610 nm
was obtained.

(4) The inhibitory effect of the diffusate on release of
reactive oxygen intermediates by C parvum stimulated
mouse peritoneal exudate cells was removed by
dialysis (table 5), indicating that the molecular weight
of the active substance in the diffusate is less than
14000 daltons.

Discussion

The key role played by phagocytic cells in the eradi-
cation of microorganisms is well documented.® !5~ 17
Several studies have, however, reported apparently
conflicting results concerning the interaction of
these cells with A fumigarus. Rabbit alveolar
macrophages'® and human blood monocytes!® have
been found to be capable of killing A fumigatus in
vitro. Schaffner et al,2° who compared natural immu-
nity to A4 fumigatus in vivo with the actions of phago-
cytes against the organisms in vitro, suggested that
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Table 4 Effect of time on the diffusion from A fumigatus
spores of activity that inhibits the production of superoxide
anion and hydrogen peroxide by peritoneal exudate cells

Superoxide anion Hydrogen peroxide

Treatment (nmol : mean (SEM)) (nmol:mean (SEM))
HBSS* 13-43(0-42) 139 (0-69)

2 min incubation

(washings) 6:93(0-25) 86 (0-36)

washed spores +

3 h incubation 5-13(0-18) 4-43(0-14)

3 h incubation 4-77(0-15) 3-3 (0-06)

*Treatment with Hanks' balanced salt solution (HBSS) gives a
measure of the spontaneous release.

Table 5 Effect of dialysis on the capacity of the diffusate
to inhibit the production of superoxide anion and hydrogen
peroxide

Superoxide anion Hydrogen peroxide

Treatment (nmol : mean (SEM)) (nmol:mean (SEM))
HBSS* 12-98(1-38) 21-3 (2-06)
Diffusates 5-65(0-57) 8-75(1-07)
Diffusates incubated

4°C 18h 9-95(1-28) 13-86(0-38)
Diffusates dialysed

4°C 18h 13-76 (1-69)t 256 (1-82)t

*Treatment with Hanks' balanced salt solution (HBSS) gives a
measure of the spontaneous release.
+p < 0-0001 for incubated versus dialysed diffusate.

monocytes may be concerned with killing spores while
polymorphonuclear leucocytes may be responsible for
the eradication of hyphae, apparently in the absence
of a specific immume response. Other workers, how-
ever, have been unable to show either in vitro killing
of A fumigatus by human monocytes or poly-
morphonuclear leucocytes?! or killing in vivo by
mouse or rabbit alveolar cells.?? 23 Nevertheless, the
potential importance of reactive oxygen inter-
mediates, and of hydrogen peroxide in particular, in
the eradication of spores and hyphae has been
demonstrated with cell free systems of myelo-
peroxidase-hydrogen peroxide-halide?* and ferrous
iron-hydrogen peroxide-halide,?® both of which are
capable of killing A fumigatus.

Our study, using phagocytic cells from mice and
rats, shows that spores of A fumigatus fail to trigger an
increase in superoxide anion release while zymosan
and control spores of P ochrochloron trigger a sub-
stantial increase. This suggests that spores of 4 fumi-
gatus are failing to trigger the primary component of
the “respiratory burst.” The normal sequence of
events in the release of reactive oxygen intermediates
by phagocytic cells is the production of superoxide
anion, which can either spontaneously or with the
help of superoxide dismutase form hydrogen per-
oxide.!® If, as we have found, 4 fumigatus does not
trigger an increased release of detectable amounts of
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superoxide anion it might be expected that hydrogen
peroxide concentrations would also be low, unless
rapid dismutation of superoxide anion were occur-
ring. We have shown that spores of A fumigatus, as
well as failing to trigger superoxide anion release, also
at a spore:cell ratio of 25:1 and above suppress hydro-
gen peroxide production by comparison with either
spores of P ochrochloron or zymosan. The responses
of stimulated peritoneal exudate cells to triggering by
zymosan with the release of increased amounts of
superoxide anion without an increase in the release of
hydrogen peroxide have been previously reported
both from this laboratory® and by others.?% In gen-
eral, the release of reactive oxygen intermediates in
response to spores of the control fungus P och-
rochloron parallels the response to zymosan.

We have previously noted that spores of A fumi-
gatus become attached to phagocytic cells?” in vitro
and in vivo; it is therefore interesting that binding of
spores to the cell does not trigger release of reactive
oxygen intermediates. The studies reported here
explain this to the extent that we have shown that the
spores release a substance that interferes with the
production of those oxidants, and that this substance
is released immediately the spores are put into sus-
pension. Furthermore, it continues to be released after
the spores have been washed and is of low (less than
14000 daltons) molecular weight. Thus the physical
interactions of spores of A fumigatus with the phago-
cytic cells appear to produce an immediate respiratory
burst similar to that produced by cells alone. The
enhanced production of superoxide anion seen in
respose to the controls P ochrochloron and zymosan
is, however, suppressed in response to release of the
diffusate by A fumigatus. These findings are consistent
with our previous observations that, in vitro, a large
number of spores of A fumigatus appear to remain
bound to the surface of phagocytic cells without
becoming fully ingested.?’” This potential anti-
phagocytic effect of 4 fumigatus has also recently been
described by Miillbacher eral,2® who found that a
metabolite called gliotoxin, isolated from three day
culture supernatants of 4 fumigatus, had an inhibitory
effect on the phagocytosis of carbon particles by
mouse peritoneal exudate cells. The difference
between this gliotoxin and the diffusate described in
the present study is that the gliotoxin could not be
isolated until the spores had been in culture for at least
three days, at which time mycelial growth would be
abundant. In contrast, the diffusate described here
diffuses from the respirable sized spores as soon as
they are put into suspension. The quick release of the
diffusate from the spores suggests that it may be
located on or close to the surface of the spore. Possibly
the diffusate is the first mechanism by which the spore
reduces the efficiency of the phagocyte while the glio-
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toxin, which is produced once germination has taken
place, may be a second line of antiphagocyte defence
used by A4 fumigatus to establish itself and remain
within the lung.

Our findings may also be relevant to the results of
those studies that have indicated that the resistance of
some microorganisms to killing is inversely related to
the phagocytic cell’s ability to release reactive oxygen
intermediates.?® 3® Nathan and Nakagawara!? have
postulated that the pathogenicity of microorganisms
may, in general, be related to their possession of anti-
oxidant defence and to their capacity to avoid trig-
gering the release of reactive oxygen intermediates by
macrophages. 4 fumigatus would appear from our
study to have evolved such mechanisms and this may
in part be responsible for its pathogenicity to the lungs
of certain individuals. Probably normal individuals
have sufficient resources within their host defence net-
work to overcome and remove these spores. At the
other end of the scale 4 fumigatus can overcome the
defective host defences of immunocompromised indi-
viduals, resulting in invasive aspergillosis. Perhaps
some patients with asthma lie in the middle of this
hypothetical scale, where the fungus, although con-
trolled to a certain degree, is not efficiently removed
and therefore remains within the lung, thus enabling
it to provoke an immune response with the resultant
allergic reactions.

We would like to thank Miss HPR Collins and Mr W
McLaren for statistical assistance. This work is sup-
ported by a grant from the Asthma Research Council.
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