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Background and Objective. The prognosis of severe
fungal infections, such as fusarium infections, in
patients with aplastic anemia is directly related to
the recovery of bone marrow functions. In this study,
in vitro anti-Fusarium activity of granulocytes was
investigated, the case of disseminated infection in a
child with very severe aplastic anemia is reported,
and implications for management of such infective
complications are discussed.

Design and Methods. The in vitro efficiency of PMNL
from three untreated, normal blood donors and from
two G-CSF-treated WBC donors in contrasting the
growth of the Fusarium sp strain isolated from the
patient we present was measured by a 3H-glucose
uptake inhibition assay and confirmed by micro-
scopic examination.

Results. Basic growth inhibitory activity of un-
stimulated PMNL on Fusarium cells was significant-
ly enhanced in the presence of GM-CSF in all three
blood donors tested. In one of the two G-CSF-treat-
ed donors, in vitro efficiency of PMNL in contrasting
the growth of the fungus increased notably after G-
CSF treatment. We report the case of a 3-year-old girl
with very severe aplastic anemia unresponsive to
conventional immunosuppressant therapy who devel-
oped a disseminated fusarium infection. The child
initially responded to liposomal amphotericin B and
granulocyte transfusions from G-CSF stimulated
donors. Subsequently she was given a cord blood
stem cell transplantation but died of disseminated
infection.

Interpretation and Conclusions. Including the pre-
sent case, there are only ten reports of invasive
infections caused by the genus Fusarium in aplastic
anemia patients and only two of the patients sur-
vived. In vitro data seem to suggest that in vivo treat-
ment with rh-G-CSF could have a stimulatory effect
on the anti-Fusarium activity of neutrophils. Despite
the efficacy of granulocyte transfusions by G-CSF-
stimulated donors in the temporary control of fusar-
ium infection, treatment of the underlying hemato-
logic disease is required to cure the infection in

patients with severe aplastic anemia. Granulocyte
transfusions by G-CSF-stimulated donors while await-
ing bone marrow recovery following the blood stem
cell transplant should be considered.
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F usarium is a pathogen which is emerging as a
cause of invasive infections in immunocompro-
mized patients, particularly those with severe

and prolonged neutropenia.1,2 Amphotericin B ther-
apy has no significant activity on the control of inva-
sive fusarium infection while the patient is still neu-
tropenic and recovery of bone marrow function is
the most important factor predicting the outcome.1,2

In this report, we describe a case of disseminated
fusariosis in a patient with very severe aplastic ane-
mia (SAA) who initially responded to liposomal
amphotericin B associated with transfusions of gran-
ulocytes obtained from volunteer donors pre-treat-
ed wíth recombinat human granulocyte colony stim-
ulating factors (rhG-CSF) and subsequently under-
went unsuccessful cord blood transplant.

We also measured in vitro efficiency of granulocytes,
under different conditions, in contrasting the growth
of the Fusarium sp. strain isolated from the patient.

We also give a review of the literature on invasive
Fusarium infections in patients with aplastic anemia.

Design and Methods

Granulocyte collections
Fifteen normal adults (10 males, 5 females; nine

were relatives of the patient) volunteered to be gran-
ulocyte donors following the administration of rh-G-
CSF. Informed consent for rh-G-CSF administration
and granulocyte donation was obtained using a pro-
tocol approved by our local institutional review
board. The dose of rh-G-CSF for all donors was 300
µg/day, starting between 12 and 18 hours before the
first leukapheresis until the last leukapheresis. Three



granulocyte collections (one every other day), were
taken from twelve donors, a single collection was tak-
en from the other three donors.  Granulocyte collec-
tions were performed with an automated, continu-
ous-flow blood cell separator (Cobe Spectra, Engle-
wood, CO, USA), processing 6 to 9 L of blood dur-
ing 150 to 220 minute periods. Each leukapheresis
product was irradiated with 30 Gy prior to infusion.
Granulocyte concentrates were infused within 6
hours of being collected.

Granulocyte functional studies
Preparations of purified polymorphonuclear leuko-

cytes (PMNL) were obtained from heparinized
venous blood samples from three untreated, normal
blood donors and from two G-CSF-treated granulo-
cyte donors. Two blood samples were taken from the
G-CSF donors, one immediately before rh-G-CSF
administration and one 24 hous after. PMNL were
isolated by density gradient centrifugation in Lym-
phoprep solution (Nyegard, Oslo, Norway), as
described elsewhere.3 Microscopic examination of
Giemsa-stained preparations showed that cells iso-
lated by this procedure were > 99% PMNL as judged
by morphologic criteria.

The strain of Fusarium sp. isolated from our patient
was used as the target for PMNL functional in vitro
testing. Fungal cultures were routinely maintained on
Sabouraud agar plates at 28°C. Fusarium conidia
were gently resuspended from the surface of 48h-old
cultures, counted in an hemocytometer and diluted
to the desired concentration (53104/mL) in assay
medium (see below).

The antifungal activity of PMNL was measured by a
growth inhibition assay as described elsewhere.4

Briefly, PMNL were suspended at different cell densi-
ties (53106 to 105/mL, in order to obtain the final
PMNL/fungal cells ratios of 100:1, 50:1 and 10:1) in
complete assay medium [RPMI 1640 supplemented
with 25 mM HEPES, 2 mM L-glutamine, 100 U/mL
penicillin, 100 µg/mL streptomycin and 5% heat-inac-
tivated fetal calf serum (Gibco)] and placed (50
µL/well) into triplicate wells of a 96-well microplate.
Fungal cell suspensions (50 µL) were added to each
well, and co-cultures were incubated at 37°C in a 5%
CO2 atmosphere for 48 h. Control triplicate wells with
Fusarium cells in the absence of PMNL were also
included in the experiment. GM-CSF (R&D Sys-
tem,MN,USA) was added, when specified, at a final
concentration of 10 U/mL for PMNL activation. At
the end of the incubation period, fungal growth was
monitored microscopically and PMNL were lysed by
the addition of H2O. The fungal cells were labeled with
5 µCi of D-(5,6) 3H-glucose (specifìc activity 70
Ci/mmol; Du Pont-NEN, Boston, Mass., USA) and
incubated for three additional hours at 37°C. Finally,
the fungal cells were harvested from the plates and
counted in a b-counter (Betaplate, LKB, Bromma,
Sweden). Values of 3H-glucose incorporation by fun-

gal cells were taken as a measure of fungal growth and
percent growth inhibition was calculated by compar-
ing label incorporation by fungal cultures grown in the
presence of PMNL against incorporation into control
cultures without PMNL. Inhibition units (IU)/107

PMNL were calculated on the basis of the different
E:T ratios used. One inhibition unit is defined as the
number of PMNL causing 20% growth inhibition of
the fungal cells.

Results

Granulocvte collections
Following the administration of rh-G-CSF there was

a rapid increase in peripheral WBC count. The major-
ity of cells were mature neutrophils, although most of
the donors had some myelocytes by day 4 after the
start of the rh-G-CSF administration. The median
numbers of peripheral WBC reached on days 2, 4 and
6 of rh-G-CSF administration were 29,500/µL (range
16,000-37,500), 32,400/µL (range 25,400-49,100)
and 36,000/µL (range 26,600-58,700), respectively.
The increase in circulating WBC levels resulted in the
collection of larger concentrations of nucleated cells
(a median of 99,000/µL, range 56,000-157,000 on
day 2; a median of 150,000/µL, range 57,500-
174,500 on day 4; a median of 193,000/µL, range
65,000-261,000 on day 6) and in an increased yield
of granulocytes (a median of 2.731010, range 0.8-6.6
on day 2; a median of 4.631010, range 1.6-6.7 on day
4; a median of 6.231010, range 1.9-10 on day 6). The
patient received a mean of 2.13109 cells/kg/day.

In vitro anti-Fusarium activity by granulocytes
from normal and rh-G-CSF-treated subjects 

In preliminary experiments, we investigated the
effect of GM-CSF stimulation on in vitro anti-Fusarium
activity of PMNL from three normal subjects. Basic
growth inhibitory activity on Fusarium cells of unstim-
ulated PMNL was variable, depending on the subject
(Figure 1). However, in all three donors tested, inhi-
bition was significantly enhanced in the presence of
GM-CSF, with inhibition unit values being 2-10 times
higher than those observed for the unstimulated con-
trol PMNL.

We, therefore, attempted to verify whether in vivo G-
CSF administration could similarly activate PMNL
anti-Fusarium functions. To this aim, we compared
the activity of PMNL isolated from volunteer granu-
locyte donors immediately before and 24 hours after
G-CSF administration.

Two subjects were assessed for PMNL activity after
G-CSF infusion (Figure 2): in one of them, the basal,
unstimulated antifungal activity was not increased by
G-CSF treatment, since PMNL isolated before and after
G-CSF administration showed comparable anti-Fusar-
ium activity. In contrast, in the second subject studied,
anti-Fusarium activity increased notably after G-CSF
treatment (100 IU/107 versus 880 IU/107 for PMNL
cultures tested before and after G-CSF injection,
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respectively). However, in both subjects, PMNL isolat-
ed either before or after in vivo G-CSF administration
maintained a comparable responsiveness to a subse-
quent in vitro stimulation with GM-CSF itself, suggest-
ing that in no case had in vivo G-CSF brought granulo-
cytes to their maximal stimulation levels.

Case Report
A 3-year-old girl was diagnosed as having very severe

SAA in May 1995. She was unsuccessfully treated with
a 4 month regimen of cyclosporine, antilymphocyte
serum, methylprednisolone and rh-G-CSF. In the
absence of a histocompatible family member, an
unrelated bone marrow and cord blood donor search
was initiated and a class I serological and class II mol-
ecularly mismatched cord blood unit was identified in
the New York Blood Center. In January 1996 the
patient developed pyrexia and disseminated, non-
pruriginous, painful, erythematous, maculopapular
skin lesions. A skin biopsy was performed and a Fusar-
ium ínfection was histologically and microbiological-
ly documented. An in vitro antifungal susceptibility test
to amphotericin B showed a minimal inhibítory con-
centration of 2 µg/mL. Amphotericin B therapy was
started but patient continued to be febrile and devel-
oped new skin lesions and renal failure. After two
weeks amphotericin B therapy was substituted with
liposomal amphotericin B (AmBisome) at a dose of
6 mg/kg/day and granulocyte transfusions (mean 2.1
3109 cells/kg/day) from rh-G-CSF-stimulated donors
were administered (a total of 39 transfusions over 52
days). The number of peripheral neutrophils rapidly
increased, remaining within a range from 100 to 500
PMNL/mm3 and the patient’s clinical condition
improved (drop in body temperature and decrease in
the number and size of the skin lesions). On February
19th, she underwent a cord blood stem cell trans-
plantation. The transplant conditioning regimen con-
sisted of cyclophosphamide 50 mg/kg/day for 4 days,
antilymphocyte serum (Lymphoglobulin, Merieux,
France) from day –5 to day –1, and methylpredniso-
lone (2 mg/kg/day). This regimen was chosen in view
of its high immunosuppressant activity, with the aim
of obtaining autologous bone marrow reconstitution
in the event of failure of the cord blood stem cells to
engraft. Prophylaxis for GVHD consisted of cyclo-
sporine (3 mg/kg/day) by continuous intravenous
infusion from day –1. Three weeks after the start of
granulocyte transfusions, the patient developed a high
fever, chill and severe hypertension during granulo-
cyte transfusions and her peripheral neutrophil count
decreased significantly. Persistent pancytopenia and
bone marrow examination on days +16 and +25 after
cord blood infusion demonstrated lack of engraft-
ment. The patient continued to receive high dose lipo-
somal amphotericin B and daily granulocyte transfu-
sions. Nonetheless, she developed new skin and mul-
tiple pulmonary lesions and died on day +40 from
cord blood transplantation.

Figure 1. In vitro anti-Fusarium growth inhibitory activity by
human granulocytes is increased by GM-CSF stimulation.
PMNL were co-cultured (48 h, 37°C, 5% CO2) with Fusari-
um conidial cells, at different effector:target ratios. Where
specified, GM-CSF (10 U/mL) was added to the co-cultures
for PMNL stimulation: Inhibition of fungal growth was eval-
uated by a 3H-glucose uptake inhibition assay, as described
in the Methods section, and confirmed by microscopic
examination. Inhibition units were calculated by comparing
label incorporation by Fusarium cultures grown in the pres-
ence of PMNL and control cultures without PMNL.

Figure 2. Effect of in vivo administration of G-CSF on the
anti-Fusarium activity of granulocytes. Two voluntary gran-
ulocyte donations were assayed for their PMNL anti-Fusar-
ium activity immediately before and 24 hours after G-CSF
infusion: PMNL cultures from the two donations were test-
ed either unstimulated (UNST) or stimulated in vitro by the
addition of GM-CSF, 10 U/mL (G-CSF). Growth-inhibitory
activity of PMNL was evaluated as described in the Design
and Methods section and in the legend of Figure 1.



Discussion
Of 79 evaluable cases of deep-seated Fusarium infec-

tions that we previously reviewed,2 only 28% survived
with apparent resolution of the infection, and the
improvement in 86% was associated with recovery of
bone marrow function. Seventy-six percent of patients
who recovered from neutropenia survived, as opposed
to only 6% of patients whose neutropenia persisted.
Because of the high mortality rate of disseminated
fusarium infection in the setting of persistent, pro-
found neutropenia, granulocyte transfusions by rh-
G-CSF-stimulated donors in association with ampho-
tericin B treatment have been recommended in
patients with hematologic malignancies in an attempt
to control the infection and buy time until sponta-
neous recovery from myelosuppression occurs.1

In agreement with previous observations,1,5 the
clinical evidence presented here shows that the rh-G-
CSF-stimulated granulocyte transfusions were effec-
tive in the initial control of disseminated fusarium
infection. The high number of granulocytes collected
from rh-G-CSF-stimulated donors seems to be of pri-
mary importance  in the efficiency of this procedure.
There is, however, some evidence that rh-G-CSF can
also directly modulate the antimicrobial efficiency of
PMNL in vivo.4,6,7 We attempted to verify whether G-
CSF administration in vivo could enhance PMNL anti-
Fusarium functions and whether PMNL from rh-G-
CSF-treated subjects might retain their possible pre-
activated status at the time of WBC donation. In
agreement with recent data by Liles et al.7 who
observed increased activity of PMNL isolated from
blood of 3 normal human volunteers after adminis-
tration of rh-G-CSF in vivo against Aspergillus fumigatus
and Rhizopus arrhizus, our preliminary findings suggest

that in vivo treatment with rh-G-CSF could also have
a stimulatory effect on the anti-Fusarium activity of
PMNL. In fact, in one of the two subjects we studied,
anti-Fusarium activity by PMNL increased notably
after rh-G-CSF treatment, compared to that mea-
sured in the same subject before rh-G-CSF adminis-
tration. Due to the very small number of subjects
studied, the possibility that in vivo treatment with rh-
G-CSF has a stimulatory effect on the anti-Fusarium
activity of PMNL, though fully plausible, should be
confirmed.

To our knowledge, including the present case, only
ten invasive infections caused by the Fusarium genus
have been reported in patients with SAA.2,8-14 Table 1
summarizes the clinical features of these cases. All
but two patients died due to disseminated infection.
Of the two patients who survived, one patient with
sinonasal and skin involvement received rh-G-CSF at
the first evidence of Fusarium infection obtaining a
lasting rise in the neutrophil count and cure of the
mycosis;2 in the second case a localized sinonasal
fusariosis was cured by surgical excision.14

While duration of chemotherapy-induced neu-
tropenia is limited in cancer diseases, SAA is charac-
terized by prolonged neutropenia lasting for months
or even years and this different course of neutropenia
seems to be a determinant prognostic factor.15 The
development of alloimmunization in the absence of
available HLA-matched donors is a major problem fol-
lowing multiple granulocyte transfusions and seems
to contribute to the loss of activity of prolonged pro-
cedures.16 Consequently, the provision of granulocytes
by transfusion could lead to only limited control of
the infection. In view of the above, the resolution of
severe fungal infections, such as those caused by Fusar-
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Table 1. Summary of published cases of invasive fusarium infections in patients with aplastic anemia.

Ref. Sex/age Previous therapy Documented sites of infection Organism Treatment Outcome
for SAA isolated

2* F/34 CSA Lung, heart, liver, spleen, kidney,gut Fusarium sp AmB Died

2* M/29 CSA, PDN, ALG Paranasal sinus, skin Fusarium sp AmB, G-CSF Survived

8 F/66 Androgens, PDN Esophagus, liver, spleen, cecum F. oxysporum no Died

9 M/46 BMT Skin, lungs, spleen, kidneys, testes, F. solani AmB, ketoconazole Died
lymph nodes 

10 M/50 No Skin, lung Fusarium sp AmB, miconazole Died

11* M/43 ALG Nail, skin, blood F. solani AmB Died

12 F/15 Unreported Paranasal sinus, skin Fusarium sp no Died

13 M/49 BMT Skin, lungs, kidneys, esophagus, heart F. oxysporum AmB, itraconazole  Died

14 F/40 ALG Sinonasal infection F. chlamydosporum AmB, itraconazole, Survived
surgical excision

Present F/3 CSA, ALG, G-CSF, PDN Skin, lungs Fusarium sp Liposomal AmB, WBC Died
case* transfusions from G-CSF

stimulated donors

ALG = antilymphocyte globulin, CSA = cyclosporin-A, PDN = prednisone, AmB = amphotericin B. * observed at the Dipartimento di Biotecnologie Cellulari ed Ema-
tologia, University “La Sapienza”, Rome, Italy.



ium spp, in neutropenic patients depends on the recov-
ery of peripheral neutrophil count , which, in patients
with SAA, can only be obtained by curing the under-
lying disease.

The case of a patient with SAA and suspected fun-
gal infection cured by receiving rh-G-CSF-stimulated
granulocyte transfusions while awaiting bone marrow
recovery following matched unrelated bone marrow
transplantation was recently reported.17 In this expe-
rience, the high risk transplantation procedure was the
only chance of curing both the underlying hemato-
logic disease and the infective complication. Unfortu-
nately, mismatched cord blood transplantation was
not able to cure our patient.

In conclusion, the prognosis of patients with SAA
complicated by a fungal infection resistant to anti-
fungal therapy, such as disseminated fusarium infec-
tion, is nearly always fatal. As shown by the clinical
course of our patient and by in vitro evidence, PMNL
transfusions from G-CSF-stimulated donors might be
able to control the severe infection but the prognosis
of the mycosis seems to be directly related to the rise
of endogenous peripheral PMNL, i.e. to the cure of
the underlying hematologic disease. In our opinion, in
patients who do not respond to conventional immu-
nosuppressant therapy and who have an invasive fun-
gal infection resistant to antifungal therapy, such as
Fusarium infection, bone marrow or other blood stem
cell transplantation should be considered despite the
limited chances of success.
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