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Summary

Innate immune molecules such as lung collectins and serum pentraxins have
evolved as important host defence proteins against Aspergillus fumigatus, a
medically important opportunistic fungal pathogen. Mannan-binding lectin
(MBL), an opsonin and lectin complement pathway activator, constitutes
anothervitalplayerof innate immunityagainstseveralpathogenicorganismsin
the serum. Studies have reported significant binding of MBL to A. fumigatus;
however, the protective role of MBL against A. fumigatus-mediated invasive
disease remains elusive. Henceforth, we investigated the contribution of exter-
nally administered recombinant human (rh) MBL towards anti-fungal defence
in invasive pulmonary aspergillosis (IPA) by in vivo and in vitro studies. In
murine models of IPA with corticosteroid-induced immunosuppression,
rhMBL-treatedmiceshowed80%survivalcomparedtountreatedIPAmicewith
no survivors.Treated IPA mice also showed a marked increase in tumour necro-
sis factor (TNF)-a and interleukin (IL)-1a and a significant decrease in pulmo-
nary fungal hyphae and IL-10. In vitro, rhMBL-bound A. fumigatus conidia
showed a dose-dependent increase in the deposition of C4b, the first product of
the lectin pathway.There was an enhanced uptake of A. fumigatus conidia by the
polymorphonuclear cells (PMNs) in the presence of rhMBL that increased
further in the presence of MBL supplemented with MBL-deficient serum.
However, an increase in the oxidative burst of PMNs and A. fumigatus killing
were observed only when MBL was supplemented with MBL-deficient serum.
The study suggests a therapeutic role of ex vivo-administered MBL in host
defence against aspergillosis, possibly through MBL-mediated complement
activation and other protective mechanisms aimed both directly at the patho-
gen, and indirectly through modulation of the host inflammatory responses.
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Introduction

Aspergillus fumigatus is an airborne, opportunistic fungal
pathogen that presents itself in a wide range of allergic and
invasive clinical manifestations depending on the immune
status of the host [1]. Invasive pulmonary aspergillosis (IPA),
caused by A. fumigatus, is an important cause of morbidity
and mortality in immunocompromised hosts [2,3]. The
disease is manifested by colonization of the fungus in the
lungs, hyphal invasion and destruction of the pulmonary
tissue [2,3]. Although amphotericin B (AmB) has been the
traditional treatment of choice for IPA, the previously inert
spectrum of anti-fungal choices is changing rapidly, with

newer anti-fungals and newer targets. However, even these
newer therapies have been able to elevate the clinical
response rates only to approximately 50% [4], and invasive
aspergillosis is still associated with a high mortality rate that
ranges from 30% to 90% [5].

Non-specific or natural immunity plays a major role in
defence against A. fumigatus by recognition and clearance of
the organism in immunocompetent hosts [1]. Effector cells
such as pulmonary alveolar macrophages (PAMs), polymor-
phonuclear cells (PMNs), platelets and innate immune mol-
ecules such as anti-microbial peptides, Toll-like receptors,
pentraxins, complement proteins and collectins conspire to
restrict the initial spread of this fungal pathogen [6,7].
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Hence, one way of expanding the current armamentarium
for IPA is to hunt for plausible molecules and mechanisms
that strengthen initial host immune responses against A.
fumigatus. For example, the anti-fungal and immunomodu-
latory role of lung collectins such as surfactant proteins A
and D, and serum pentraxins in host defence against A.
fumigatus has been well established in recent years [8–10].
Another important host defence molecule of innate immu-
nity, sharing close structural similarity with SP-A and SP-D,
is the serum protein mannan-binding lectin (MBL) [11,12].
MBL being a soluble pattern recognition molecule, similar to
the lung collectins, exhibits a number of anti-microbial
activities after binding to carbohydrate moieties of patho-
genic organisms [13]. Besides binding and opsonizing its
target, MBL also activates the lectin complement pathway
utilizing the MBL-associated serine proteases (MASPs) and
induces the production of proinflammatory cytokines [14].
Serum concentration of MBL in most individuals is within
the range of 0·2–2 mg/ml [12]. Low levels of MBL in the
serum, attributed to the presence of certain single nucleotide
polymorphisms (SNPs) in exon 1 (encoding the collagen
region of the protein) and the promoter region of its gene,
are associated with a defect of opsonization and hence con-
stitute one of the important factors predisposing the indi-
viduals to multiple and recurrent infections [11].

Recent studies have reported important in vitro and in
vivo roles of MBL in first-line defence against Candida albi-
cans, another opportunistic fungal pathogen [15,16]. A large
number of association studies between MBL deficiency and
susceptibility to pulmonary diseases in humans, such as
tuberculosis, cystic fibrosis and chronic necrotizing pulmo-
nary aspergillosis (a sublethal pulmonary infection caused
by A. fumigatus), suggest an inevitable role of MBL in pul-
monary host defence [17–20]. Gomi et al. [19] have shown
that MBL levels rise during infection/inflammation in the
lungs and thus play an important role in pulmonary defence.
The case for this collectin playing a plausible role in pulmo-
nary defence against A. fumigatus is supported further by in
vitro studies that have indicated significant binding of MBL
to A. fumigatus [21].

Henceforth, in the present study we evaluated the protec-
tive role of MBL in host defence by its ex vivo administration
in murine models of IPA. The mechanisms underlying the
anti-fungal effect of MBL in the murine model were delin-
eated further by in vitro interaction studies of MBL with A.
fumigatus conidia and hyphae.

Materials and methods

Preparation of the organisms

A. fumigatus conidia and hyphae

Conidia were prepared from the 285 strain of A. fumigatus,
suspended in Ca2 � Mg2+ phosphate-buffered saline (PBS)

and labelled with fluorescein isothiocyanate (FITC), as
described in an earlier study [22]. A. fumigatus hyphae were
prepared by plating a suspension of 105 conidia/ml in 96-well
plates for 24 h [23].

Preparation of native and recombinant human
(nhMBL, rhMBL) and MBL-deficient serum

Purified nhMBL and rhMBL were prepared and assessed for
purity as described previously [24]. The amount of endot-
oxin was estimated as described previously [25] and was
observed to be 25 pg of endotoxin per mg of MBL. MBL-
deficient serum was obtained from three healthy MBL-
deficient donors (serum MBL levels of 52 ng/ml, 23 ng/ml
and 26 ng/ml, respectively).

Preparation of murine model of IPA and treatment
with MBL

Male BALB/c mice (National Institute of Nutrition, Hydera-
bad, India), each weighing an average 20 g, housed in poly-
carbonate shoebox cages bedded with material from dried
corncobs, were given a standard laboratory rodent diet and
sterile water ad libitum. All procedures that involved the
handling of mice were approved by the institutional animal
use and care committee.

The mice were divided into eight groups, four IPA and
four control groups, with 16 mice in each. The IPA and
control mice were immunosuppressed by three intradermal
injections of 2·5 mg of hydrocortisone acetate (Wycort,
Wyeth Ltd, Mumbai, India) per mouse per day (125 mg per
kg of body weight) 1 day before (day 0), the day of (day 1),
and the day after spore challenge [25]. The IPA murine
models were prepared by intranasal administration of 108

conidia of A. fumigatus in 50 ml of sterile PBS to the immu-
nosuppressed mice on day 1 of the study, as described pre-
viously [25]. The control mice were given 50 ml of PBS after
immunosuppression.

All preparations for treatment were administered intrana-
sally in 50 ml of PBS on day 1 after the spore challenge.
rhMBL was given in two concentrations, 0·05 mg/kg (1 mg/
20 g of mice) and 0·25 mg/kg (5 mg/20 g of mice) in 50 ml of
sterile PBS to different IPA and control mice groups. The
selected doses of rhMBL are based on the therapeutically
effective concentrations of lung surfactant proteins in the
IPA murine model, as used previously [25]. The AmB-
treated mice served as the positive control. AmB was pre-
pared and used for treatment as reported previously [25].

Survival rate, pulmonary fungal load and
histopathological analysis

Eight mice from each group were predesignated for the sur-
vival study, which was monitored for 15 days. The remaining
eight animals were designated for determination of pulmo-
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nary fungal load, cytokine levels and lung histopathology.
For this, four animals were killed on day 3 and four on day 5
from each control and IPA mice groups. Because in the
untreated IPA mice group all the mice were dead by day 5,
the analysis was carried out on both categories, the naturally
dead (immediately after death) and the killed mice. No
significant difference was observed in these categories
with respect to histopathology, colony-forming unit (CFU)
counts and cytokine data. For estimating the pulmonary
fungal load, lung suspensions from homogenized tissue were
diluted serially and incubated in duplicate on Sabouraud
dextrose agar (SDA) plates at 37°C for 24 h and the colonies
were counted visually. For histological analysis, excised lungs
were fixed immediately in 10% buffered formalin. Sections
(3–4 mm) of paraffin-embedded tissues were stained by hae-
matoxylin and eosin and visualized at ¥40.

Cytokine assays

Spleen cells collected from the mice killed on days 3 and 5 of
the study were suspended in culture medium (2 ¥ 106 cells/
well) and allowed to proliferate in RPMI-1640 with 10% fetal
calf serum (FCS). The supernatant was collected after 72 h
and assayed for levels of tumour necrosis factor (TNF)-a,
interleukin (IL)-1b, IL-10 and interferon (IFN)-g by
enzyme-linked immunosorbent assay (ELISA) (Bio-Rad
Laboratories Inc, CA, USA).

MBL-mediated C4b deposition by A. fumigatus conidia
and hyphae

The efficacy of the fungal conidia and hyphae to activate the
MBL-mediated lectin pathway of complement was evaluated
by an in vitro C4b deposition assay [26]. The 96-well plates
were coated with A. fumigatus conidia (106/ml) or hyphae
(from 105 conidia/ml) instead of mannan. Wells containing
conidia alone were negative controls.

Isolation of human PMNs

PMNs were isolated from 10 ml of heparinized venous blood
from healthy donors using 6% dextran and Ficoll–Hypaque
density gradient centrifugation. Cellular viability, estimated
by trypan blue exclusion test, exceeded 95%.

Uptake of A. fumigatus conidia by PMNs

To evaluate the uptake of conidia by PMNs, FITC-labelled
conidia (106/ml) were preincubated in the absence or
presence of 10% MBL-deficient serum supplemented with
or without rhMBL in Ca2 � Mg2+ PBS. After washing the
unbound conidia and incubation with the PMNs (106/ml),
the cells were fixed in 2% paraformaldehyde [22]. At the end
of the assay, 1 mg/ml trypan blue was added for 10 min to
the samples to quench the extracellular fluorescence due to

adherent fungal conidia. The phagocytosis of FITC-labelled
A. fumigatus conidia by the PMNs was evaluated using BD
CellQuestTM Pro, version 5·1.1. PMNs with conidia alone
were the negative controls.

Oxidative burst of PMNs

The ability of the A. fumigatus conidia (106/ml) bound by
rhMBL to trigger superoxide release by PMNs was measured
by a hydroethidine assay [22] in the absence or presence of
10% MBL-deficient serum supplemented with or without
5 mg/ml rhMBL. The fluorescence of ethidium bromide
resulting from oxidation of dihydroethidine by reactive
oxygen intermediates (ROIs) within the stimulated PMNs
was measured with BD CellQuestTM Pro, version 5·1.1. PMNs
with conidia alone were the negative controls.

Anti-Aspergillus activities of PMNs

The metabolic activity (MTT) [3-(4,5-dimethylthiazol-2-
yl)-2,5-dephenyltetrazolium bromide] colorimetric assay
was performed to evaluate the effect of MBL on the anti-
fungal activity of PMNs against A. fumigatus hyphae, as
reported previously [27]. Briefly, PMNs (106/ml) were added
to A. fumigatus hyphae preincubated for 2 h with rhMBL,
10% MBL-deficient serum supplemented with or without
5 mg/ml rhMBL in 96-well plates. After lysis of the PMNs
with sodium deoxycholate (0·5%), the wells were stained
with MTT to determine hyphal viability. Wells containing
hyphae alone were taken as positive controls while wells with
PMNs alone were taken as negative controls. Mean percent-
age hyphal damage was calculated as:

OD of the positive control wells at 562 nm -
OD of the test wells at 562 nm/

OD of the positive control wells at 562 nm

The conidicidal activity of the PMNs in the presence of MBL
was determined by the CFU plate assay. PMNs were treated
with rhMBL and/or 10% MBL-deficient serum similar to as
described in the MTT assay. After the lysis of PMNs, the
number of surviving conidia was determined by plating dif-
ferent dilutions of the suspension from these wells on SDA
plates and the number of colonies was counted after 24 h.

Statistical analysis

Data are expressed as mean � standard deviation (s.d.).
Wilcoxon’s rank sum test and log-rank method were per-
formed for data analysis of the Kaplan–Meier survival
curves using jmp software version 3·2.1 (SAS Institute,
North Carolina, USA). Comparative analysis of the CFU
counts and cytokine levels in treated and untreated groups
was performed by the Mann–Whitney U-test. The statisti-
cal significance of differences in the in vitro assays among
various groups was determined by Student’s unpaired
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t-test. Significance was defined as a P-value of < 0·05. The
data reported were pooled from three experiments, unless
specified otherwise. All analysis except the survival rate
analysis was performed using online SISA (http://
home.clara.net/sisa).

Results

rhMBL enhances survival of the IPA mice

A significantly enhanced survival of 80% and 70% was shown
in 0·05 and 0·25 mg/kg rhMBL-treated IPA mice, respectively,
similar to the AmB-treated IPA mice compared to the
untreated IPA mice that showed 0% survival by day 5 of the
study (P < 0·0001, Fig. 1a). All the control mice, treated only
with PBS, AmB or rhMBL, showed 100% survival.

rhMBL reduces pulmonary fungal load

There was a significant reduction in the CFU counts in the
rhMBL-treated and AmB-treated IPA mice compared to the
untreated IPA mice on day 5 (Fig. 1b, P = 0·004). Histologi-
cal analysis of the lung sections of the untreated IPA mice
showed dense growth of A. fumigatus hyphae infiltrating the
lung parenchymal cells on day 5. rhMBL and AmB-treated
IPA mice showed considerably reduced fungal growth
(Fig. 2). The control mice in all the groups had no evidence
of fungal growth.

rhMBL enhances levels of TNF-a, IL-1b and IFN-g
in IPA mice

The IPA mice from all the groups showed significantly high
levels of IL-1b, TNF-a, IL-10 and IFN-g in comparison to

the control mice groups (Fig. 3, P < 0·05). The rhMBL-
treated IPA mice showed enhanced production of TNF-a
(3·4-fold), IL-1b, IFN-g (twofold) and suppressed produc-
tion of IL-10 (twofold) in comparison to the untreated IPA
mice on day 3 (Fig. 3, P < 0·05 for both 0·05 and 0·25 mg/kg
rhMBL-treated mice). AmB-treated IPA mice showed a
significant decrease in IL-10 (twofold), a non-significant
increase in TNF-a (1·4-fold) and a significant increase in
IFN-g (twofold) levels in comparison to the untreated IPA
mice on day 3 (Fig. 3, P < 0·05).

Dose-dependent C4b deposition

There was an increasing deposition of C4b on A. fumigatus
conidia and hyphae with increasing concentrations of exog-
enous rhMBL (0–5 mg/ml) in MBL-deficient serum (Fig. 4).
A negligible deposition of C4b on A. fumigatus conidia was
observed in the absence of rhMBL (Fig. 4).

Increased uptake of MBL-bound A. fumigatus conidia
by PMNs

The presence of 1 mg/ml rhMBL in serum-free conditions
resulted in a significant increase in the uptake of fungal
conidia by the PMNs compared to PMNs and conidia alone
(P < 0·05, Fig. 5a). The presence of 1 mg/ml rhMBL supple-
mented with 10% MBL-deficient serum led to a greater
increase in the opsonization of conidia compared to that of
PMNs and conidia alone (P < 0·05) and to that of PMNs and
conidia with MBL-deficient serum alone (P < 0·05, Fig. 5a).

Increased oxidative burst of PMNs in the presence of
MBL-bound A. fumigatus conidia in the presence of
MBL-deficient serum

A. fumigatus conidia preincubated with 5 mg/ml rhMBL
alone showed a non-significant enhancement in oxidative
burst of PMNs when compared to that observed with PMNs
and conidia alone (P > 0·05, Fig. 5b). The presence of both
rhMBL and MBL-deficient serum resulted in a significant
increase in the oxidative burst of PMNs in comparison to
that of PMNs and conidia (P < 0·0001) and also to that of
PMNs and conidia with MBL-deficient serum alone
(P < 0·05, Fig. 5b). Similar doses of rhMBL alone or even
supplemented with serum had no effect on the oxidative
burst of PMNs in absence of conidia (results not shown).

rhMBL increased anti-Aspergillus activities of PMNs in
presence of MBL-deficient serum

In the presence of 5 mg/ml rhMBL alone, there was no signifi-
cant increase in PMN-mediated hyphal damage compared to
that observed with PMNs and hyphae alone (Fig. 6a).
However, pretreatment with 5 mg/ml rhMBL supplemented
with MBL-deficient serum resulted in profound hyphal
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Fig. 1. Intranasal administration of recombinant human (rh)

mannan-binding lectin (rhMBL) to invasive pulmonary aspergillosis

(IPA) and control mice. Each group consisted of eight mice. (a)

Kaplan–Meier survival curves in untreated, amphotericin B

(AmB)-treated, 0·05 and 0·25 mg/kg rhMBL-treated mice groups

infected intranasally with 108 Aspergillus fumigatus conidia/50 ml of

phosphate-buffered saline (PBS). (b) Mean colony-forming unit
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tissue in untreated and treated IPA mice groups on day 5 of the study.
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damage (2·2-fold), in comparison to that observed with
PMNs and hyphae (Fig. 6a, P < 0·05) and also in comparison
to PMNs and hyphae with MBL-deficient serum alone
(Fig. 6a, P < 0·05).

The conidicidal effect of rhMBL observed in the meta-
bolic MTT assays was confirmed further by the CFU count
assays, showing that the fungal conidia preincubated with
5 mg/ml rhMBL and MBL-deficient serum resulted in a sig-
nificant reduction in the number of viable conidia when
compared to that observed with PMNs and conidia alone
(Fig. 6b, P = 0·02), with PMNs and conidia in the presence
of rhMBL alone (Fig. 6b, P = 0·02) and with PMNs and
conidia in the presence of MBL-deficient serum alone
(Fig. 6b, P = 0·02).

Discussion

The present study implicates an important therapeutic and
immunomodulatory role of ex vivo-administered MBL in a
murine model of invasive pulmonary aspergillosis.

A significant increase in the survival rate and a signifi-
cant reduction in pulmonary fungal hyphae density and
pulmonary fungal load after the administration of rhMBL

in an immunocompromised IPA murine model that closely
mimics human IPA demonstrates a therapeutic effect of
MBL against IPA. Besides displaying anti-fungal activities,
the administration of MBL had a profound effect on the
modulation of cytokine responses in the IPA mice.
Increased production of TNF-a in the rhMBL-treated IPA
mice indicates that the protective effect of MBL may be
mediated through enhanced production of TNF-a in a
manner similar to that of AmB and lung collectins [28].
Several studies show that TNF-a augments the phagocytic
activity of PAMs against A. fumigatus conidia, recruits
PMNs into the lung and increases their capacity to damage
Aspergillus hyphae through enhanced oxidative mecha-
nisms [23,29,30]. Besides an increase in TNF-a, treatment
with rhMBL also led to a significant decrease in IL-10 levels
in splenic supernatants, confirming earlier observations
that the absence of IL-10 augments innate and acquired
anti-fungal immunity [31,32]. Also similar to previous
reports, the decrease in IL-10 levels in the rhMBL-treated
IPA mice led to a shift towards protective Th1 immune
responses, e.g. up-regulation of IFN-g, which is known to
play an essential role in host defence against IPA [32,33].
These observations suggest that MBL may be acting as an

Fig. 2. Histological features of lung tissues

stained with haematoxylin and eosin from (a)

control, (b) untreated, (c) amphotericin

B-treated, (d) 0·05 mg/kg recombinant human

(rh) mannan-binding lectin (rhMBL)-treated

and (e) 0·25 mg/kg rhMBL-treated invasive

pulmonary aspergillosis (IPA) mice groups on

day 5 of the study (¥40). Extensive fungal

growth and tissue damage are evident in the

untreated IPA mice but not in the treated mice.

(a)

(b)

(d) (e)

(c)
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immunoregulatory molecule against A. fumigatus, restoring
a fine balance between proinflammatory and anti-
inflammatory cytokines.

To determine some of the mechanisms underlying these
anti-fungal activities of MBL, we also undertook a series of
in vitro studies. Because MBL exerts some of its effects
through the activation of a complement pathway, in these
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supplemented with or without rhMBL measured by the

colony-forming unit (CFU) count assay. The amount of CFUs per

sample is presented as log10 geometric mean CFU units. Data range

(maximum–minimum) values are given. Results represent average

values from triplicate determinations. Error bars indicate the mean

standard deviation.
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studies we included both MBL alone and MBL in the pres-
ence of MBL-deficient serum.

rhMBL-bound A. fumigatus conidia showed an increased
uptake by the PMNs both in the presence and absence of
MBL-deficient serum. This is in agreement with earlier
studies, that MBL has both an intrinsic opsonization effect
independently of serum, possibly via its direct receptors on
PMNs, and a serum or C3b/iC3b-dependent opsonization
effect via complement receptors on PMNs [13,34–37]. An
increased deposition of C4b on A. fumigatus conidia when
increasing amounts of rhMBL were added to MBL-deficient
serum raises the possibility that MBL-bound A. fumigatus
may participate in the activation of lectin complement
pathway in vivo, as has also been proposed for C. albicans [19].
MBL may also affect the efficiency of other opsonic pathways
in the serum, such as FcR-mediated phagocytosis [37]. In
serum-free conditions, the observed conidial opsonization by
MBL was similar to that of lung collectins [22].

Despite the increased uptake of A. fumigatus conidia by
the PMNs in the presence of rhMBL, rhMBL alone did not
lead to an increase in the oxidative burst of PMNs or in
PMN-mediated fungal killing, as observed by MTT and CFU
assays. A significant increase in the oxidative burst of PMNs
by A. fumigatus-bound rhMBL in the presence of serum that
correlated with an increase in the conidial and hyphal
damage indicates a cooperative role of MBL and serum com-
ponents in strengthening host defence by PMNs against A.
fumigatus. One possibility of increased fungal killing by
PMNs in the presence of rhMBL-supplemented serum may
be an increased production of ROIs through activation of
the nicotinamide adenine dinucleotide phosphate (NADPH)
system in the PMNs by C3b/iC3b produced by MBL-
mediated complement activation in the serum [38].
However, as the assay was carried out in the presence of
MBL-deficient serum, which besides the complement mol-
ecules also contains other serum factors, the role of these
factors in activating the PMNs and thus inhibiting the fungal
growth cannot be ruled out. An increase in both conidial and
hyphal damage in the presence of MBL suggests that besides
enhancing the uptake and killing of the fungal conidia by
PMNs as an early event, MBL-mediated complement activity
may also contribute to PMN-induced hyphal killing as a late
event.

Although the rescue of 80% IPA mice after the intranasal
administrations of MBL is similar to that observed in
the case of lung collectins, PMN-mediated in vitro killing
in the presence of MBL alone observed in this study is less
than that observed by lung collectins [22]. This suggests a
possible role of MBL-mediated complement activation in
host defence against aspergillosis, along with other protective
mechanisms similar to lung collectins, aimed both
directly at the microorganism (opsonization, killing) and
indirectly through modulation of the host inflammatory
responses. Simultaneous and extensive experiments with
these three collectins in IPA murine models may extend

our understanding of their relative contributions in host
defence against A. fumigatus and also lead to novel thera-
peutic paradigms for IPA.

A recent study by Hogaboam et al. [39] demonstrated that
mMBL-A deficiency did not affect the survival of mice fol-
lowing intratracheal challenge with A. fumigatus conidia.
However, the above study used non-immunocompromised
mice, whereas in our study the mice were immunosup-
pressed by steroid treatment. The study by Hogaboam et al.
[39], however, observed that MBL-A deficiency had an effect
on the histological appearance of the lung, suggesting that
the clearance of A. fumigatus from the lungs of non-
sensitized MBL-A–/– mice was not as efficient as that in their
wild-type counterparts [39]. These observations, along with
those made in the present study, indicate that in a normal
immunocompetent host MBL may be playing a non-
redundant role in innate immune responses to A. fumigatus
conidia. However, in conditions of immunodeficiency such
as corticosteroid-induced immunodeficiency, used in the
present study, the administration of MBL may strengthen
the host defence mechanisms, thus indicating that MBL defi-
ciency may be particularly important in the context of a
co-existing immunodeficiency [40]. Therapeutic efficacy of
ex vivo-administered rhMBL in murine models of IPA sug-
gests exploration of rhMBL as a supportive therapy in
patients of invasive aspergillosis in conjunction with lung
surfactant proteins or the anti-fungal drugs already in clini-
cal use.
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