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Background
Infections, particularly those caused by invasive fungi, are a major cause of death in
patients with severe aplastic anemia. The purpose of this study was to analyze our expe-
rience with granulocyte transfusions in such patients.

Design and Methods
A retrospective analysis was performed on all patients with severe aplastic anemia who
had received granulocyte transfusions between 1997 and 2007 in our institute. Survival to
hospital discharge was the primary outcome. Secondary outcomes included microbiolog-
ical, radiographic and clinical responses of the infection at 7 and 30 days after initiating
granulocyte therapy, and post-transfusion absolute neutrophil count, stratified by HLA
alloimmunization status. 

Results
Thirty-two patients with severe aplastic anemia underwent granulocyte transfusions; the
majority had received horse antithymocyte globulin and cyclosporine A. One quarter of
patients had demonstrable HLA alloimmunization prior to the initiation of granulocyte
therapy. Infections were evenly divided between invasive bacterial and fungal infections
unresponsive to maximal antibiotic and/or antifungal therapy. The median number of
granulocyte components transfused was nine (range, 2-43). The overall survival to hospi-
tal discharge was 58%. Survival was strongly correlated with hematopoietic recovery.
Among the 18 patients who had invasive fungal infections, 44% survived to hospital dis-
charge. Response at 7 and 30 days correlated with survival. The mean post-transfusion
absolute neutrophil count did not differ significantly between response groups (i.e.
patients grouped according to whether they had complete or partial resolution of infec-
tion, stable disease or progressive infection). There was also no difference in mean post-
transfusion absolute neutrophil count between the patients divided according to HLA
alloimmunization status. 

Conclusions
Granulocyte transfusions may have an adjunctive role in severe infections in patients with
severe aplastic anemia. HLA alloimmunization is not an absolute contraindication to gran-
ulocyte therapy. 
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Introduction

Large studies of granulocyte transfusions in the era of
granulocyte colony-stimulating factor (G-CSF) use1-6

have generally focused on neutropenic patients with
acute leukemia and/or on patients undergoing
hematopoietic stem cell transplantation (HSCT).
Infections, especially those caused by invasive fungi, are
a major cause of death in patients with severe aplastic
anemia (SAA).7,8 Despite the introduction of new anti-
fungal agents in the last few years, the response rate in a
landmark trial comparing voriconazole and liposomal
amphotericin was only about 30% for both arms.9 The
purpose of this study was to analyze our experience
with G-CSF and dexamethasone-mobilized granulocyte
transfusions in patients with SAA. 

Design and Methods

Selection of patients 
Patients who had SAA and fulfilled various entry crite-

ria were enrolled into four different treatment protocols
from 1997 to 2007 at the Warren Grant Magnuson
Clinical Center and the Mark O. Hatfield Clinical
Research Center at the National Institutes of Health in
Bethesda (MD, USA). SAA was diagnosed on the basis of
a bone marrow cellularity of less than 30% and severe
pancytopenia with at least two of the following periph-
eral blood count criteria: (i) absolute neutrophil count
(ANC) less than 0.5×109/L; (ii) absolute reticulocyte count
less than 60×109/L; and (iii) platelet count less than
20×109/L. During this period the following regimens
were studied: horse anti-thymocyte globulin)/cyclo-
sporine; cyclophosphamide/cyclosporine; horse anti-thy-
mocyte globulin/cyclosporine/mycophenolate mofetil;
rabbit anti-thymocyte globulin/cyclosporine; and alem-
tuzumab.10-12 Serum sickness prophylaxis with oral pred-
nisone 1 mg/kg/day was given prior to the first dose of
anti-thymocyte globulin, continued for 10 days, and then
tapered off over the subsequent 7 days. All patients
received pentamidine prophylaxis for Pneumocystis pneu-
monia; valacyclovir was given for Herpes simplex virus
prophylaxis in alemtuzumab recipients. Neutropenic
fever was treated initially with broad-spectrum antibi-
otics, followed by empiric amphotericin therapy within
24-48 h if fever persisted. Five patients underwent
upfront HSCT because they had relapsed after SAA ther-
apy several years previously. All adult patients and legal
guardians of children (< 18 years of age) signed informed
consent approved by the Institutional Review Board of
the National Heart, Lung, and Blood Institute. 

Patients were eligible to receive a granulocyte transfu-
sion if they had the following: (i) proven or probable
invasive fungal disease according to the European
Organization for Research and Treatment of Cancer cri-
teria,13 or (ii) a bacterial infection which, in the experi-
ence of our center, was associated with greater than
90% mortality, and (iii) an ANC of less than 0.2×109/L,
and (iv) no response to appropriate antibiotic or antifun-
gal therapy for 24-48 h. 

Screening for alloimmunization to human leukocyte
antigens

All patients were screened for the presence of antibod-
ies to human leukocyte antigens (HLA) prior to begin-
ning granulocyte therapy. The methods used for detect-
ing these antibodies included a microlymphocytotoxici-
ty assay, a flow cytometric panel reactive assay (flow-
PRA®; OneLambda, Canoga Park, CA, USA), and an
enzyme-linked immunosorbent assay (ELISA Lambda
Antigen Tray; OneLambda, Canoga Park, CA, USA). An
attempt was made to find (partially) HLA-matched gran-
ulocyte donors for patients who were alloimmunized.
Subsequent testing for HLA antibody was performed
only if there was a suspicion of de novo alloimmuniza-
tion.

Donor selection and granulocytapheresis:
After giving appropriate informed consent, volunteer

apheresis donors received a single subcutaneous injec-
tion of filgrastim (Amgen, Thousand Oaks, CA, USA)
12-18 h prior to leukapheresis, and 8 mg of dexametha-
sone orally 12 h prior to leukapheresis. The dose of G-
CSF was 5 µg/kg until July 2005, and 480 µg as a stan-
dard dose thereafter. Early in our series of granulocyta-
pheresis, a few donors chose to receive either dexam-
ethasone or G-CSF only; however, more than 95% of
our granulocyte donors received both G-CSF and dex-
amethasone. Cytomegalovirus serostatus was not a
selection criterion. ABO compatibility was preferred but
not required. Less than 5% of donors were family mem-
bers, generally HLA-matched siblings who had already
donated peripheral blood CD34+ cells for HSCT.
Granulocyte concentrates were collected with a blood
cell separator (CS3000 Plus, Fenwal, Deerfield, IL, USA)
processing seven liters of whole blood with trisodium
citrate anticoagulant (Citra Anticoagulants, Braintree,
MA, USA) and 6% hetastarch (Hespan, Braun Medical,
Irvine, CA, USA).

Granulocyte concentrate processing and transfusion
Granulocyte concentrates were sedimented by gravity

following collection if they were not ABO-compatible
with the recipient. All granulocyte concentrates were
irradiated, and transfused within 8-10 h of collection.
Patients received pre-medication with antipyretics.
Amphotericin therapy was avoided for 4-6 h before and
4-6 h after granulocyte transfusion. Once a course of
granulocyte therapy had been initiated, the goal was to
provide granulocyte concentrates daily or on alternate
days. 

Outcome measures
Survival to hospital discharge was the primary out-

come of this study. Secondary outcomes included
responses at 7 and 30 days after the initiation of granu-
locyte therapy, and post-transfusion ANC, stratified by
HLA alloimmunization status. Accurate post-transfusion
white blood cell (WBC) increments were reliably
obtained for the first 10 patients; this information was
calculated from a complete blood count immediately
prior to the granulocyte transfusion, and a repeat count
1-4 h after the transfusion. Complete blood counts were



performed in all patients 5-8 h post-transfusion, given
that the granulocyte transfusions occurred in the late
evening, and were followed by morning complete
blood counts. 

Response was categorized 7 and 30 days after starting
the granulocyte transfusions by taking into account
microbiological data (resolution of bacteremia), radi-
ographic criteria (decrease in infiltrates or nodule size),
and clinical criteria. The clinical criteria included defer-
vescence or a temperature decrease of 1.5-2°C, hemo-
dynamic stabilization, and improvement in symptoms
such as dyspnea. A complete response was defined as
improvement in all three criteria (microbiological, radi-
ographic and clinical); a partial response was defined as
improvement in one or two criteria; stable disease was
defined as no improvement; progressive disease signi-
fied clinical deterioration or a breakthrough infection.
ANC data over the course of granulocyte therapy were
plotted using an “area under the curve” (AUC) approxi-
mation (by the linear trapezoidal method) in an effort to
quantify the degree of “neutrophil protection” provided
by granulocyte therapy. For instance, a patient who
received granulocyte transfusions on two consecutive
days would be expected to have a higher AUC than the
same patient receiving granulocyte transfusions 3 days
apart over a weekend.

Statistical analysis
Data were recorded and analyzed with a spreadsheet

application (Microsoft Excel, Seattle, WA, USA), includ-
ing the formula for ANC AUC analysis. Pearson’s corre-
lation coefficient was calculated for the correlation
analysis. Univariate analysis was conducted for the fol-
lowing factors potentially influencing survival: age, peri-
od of treatment (1997-2002 versus 2003-2007), number
of granulocyte transfusions, presence of HLA alloimmu-
nization prior to initiation of granulocyte therapy, pres-
ence of invasive fungal infection, site of infection (cen-
tral nervous system or lung involvement versus no cen-

tral nervous system/lung involvement). Logistic regres-
sion was performed using S-Plus (Insightful, Palo Alto,
CA, USA).

Results

Thirty-two patients with SAA received granulocyte
therapy during the 11-year period of the study. The
patients’ characteristics are shown in Table 1. Their
median age was 38 years (range, 7-67 years). Two-thirds
(21/32) of the patients had received a horse anti-thymo-
cyte globulin/cyclosporine-based regimen as therapy for
SAA. The median time from diagnosis to entry into the
study was 3 months (range, 1 month to 7 years). Three-
quarters (23/32) of the patients had not received prior
immunosuppressive therapy. One-quarter (8/32) of the
patients had a poor performance status (Zubrod 3 or 4,
in bed for 50% or more of the time); of these, four were
receiving mechanical ventilation prior to the initiation
of granulocyte therapy. 

Twenty-eight percent (9/32) of patients had demon-
strable HLA alloimmunization prior to the initiation of
granulocyte therapy. The median number of granulo-
cyte components transfused was nine (range, 2-43). All
but seven of the 379 granulocyte concentrates trans-
fused had been obtained following mobilization with
G-CSF/dexamethasone or G-CSF. Six percent (22/379)
of the components were split doses, generally between
two pediatric recipients. The mean granulocyte dose
transfused was 6.8 ± 2.3×1010 cells. The median interval
between the initiation of SAA therapy and the initiation
of granulocyte therapy was 21 days (range up to 111
days; five patients began receiving granulocyte transfu-
sions from 2 to 32 days prior to immunosuppressive
therapy).

The types of infections are shown in Table 2. Some
infections were polymicrobial, involving more than one
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Table 1. Characteristics of SAA patients who received granulocytes.
N. of patients

Age
≤18 years 7
>18 years 25

Gender 
male 18
female 14

SAA therapy 
antithymocyte globulin/cyclosporine 21
cyclophosphamide/cyclosporine 5
alemtuzumab 1

Year 
1997-2002 15
2003-2007 17

Hematopoietic stem cell transplant
sibling peripheral blood stem cells 7
umbilical cord 1
matched unrelated 1

HLA antibody positive 9

Table 2. Characteristics of infections in SAA patients receiving granulocyte
therapy.

N. of Blood Lung CNS Sinus Skin/soft Liver
patients tissue

Bacterial 17 2
Klebsiella 3 3 1
Enterobacter 2 2
E. coli 3 3 1
Pseudomonas 3 3 1 1 2
Staphylococcus 5 5
Streptococcus
Enterococcus

Clostridium 2 2 2
Fungal 18
Aspergillus 9 7 2 2 1
Alternaria 4 4
Fusarium 2 2 1
Zygomycete 2 1 1 1
Hyphomycete 1
Bipolaris 1
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bacterial strain, more than one mold, or combined bac-
terial and fungal infections. Of the 18 patients who had
any invasive fungal infection, half were infected by
Aspergillus species, predominantly in the lung; the sinus-
es were also frequently involved. Bacterial infections

included bacteremia in all cases, including two patients
who had Clostridium septicum myositis. 

Figure 1A shows the relationship between the ANC
increment and the granulocyte dose transfused for the
first five non-alloimmunized patients for whom accurate

Table 3A. Response at day 7 and day 30 versus survival to hospital discharge.
Day7 response: Survival to Day30 response: Survival to Long-term follow-up

N. of patients (%) discharge N. of patients (%) discharge

All patients
Complete response 10 (30%) 9/10 (90%) 11 (33%) 11/11 (100%) 3 in CR(median 4 yr);

2 retreated for SAA relapses over 5 yr ; 1 with
low platelets, hepatitis C recurrence 2 yr post-HSCT;

2 at 1 yr post HSCT; 1 died 3 months post-HSCT;
1 died in relapse 1 yr post ATG therapy

Partial response 10 (30%) 6/10 (60%) 9 (27%) 7/9 (78%) 2 in CR (5, 8 yr); 2 in CR 1 yr post-HSCT;
1 umbilical HSCT one yr after SAA diagnosis

Stable disease 6 (18%) 3/6 (50%) 1 (3%) 0/1 Not applicable
Progressive disease 7 (21%) 1/7 (14%) 12 (36%) 1/12 (8%) Death 16 months post HSCT from GVHD, sepsis
Overall 19/33=58%
Patients with invasive fungal infection Organism involved
Complete response 6 (33%) 5/6 (83%) 6 (33%) 6/6 (100%) 2 Aspergillus, 1 Zygomycete,

1 Bipolaris, 2 Alternaria/Fusarium

Partial response 4 (22%) 2/4 (50%) 3 (17%) 2/3 (67%) Aspergillus, Alternaria; Hyphomycete

Stable disease 3 (17%) 1/3 (33%) 0 not applicable
Progressive disease 5 (28%) 0/5 (0) 9 (50%) 0/9 (0) 6 Aspergillus, 1 Fusarium,

1 Paecilomyces, 1 Alternaria

Overall 8/18=44%
CR: complete response; ATG: antithymocyte globulin; GVHD: graft-versus-host disease.

Table 3B. Univariate logistic analysis for survival to discharge.
Parameter β SE (β) p value for β=0

Age -0.012 0.02 0.544
1997-2002 -0.673 0.703 0.339
N. of granulocyte transfusions -0.027 0.052 0.608
HLA antibody positive -0.916 0.771 0.235
Fungal infection -1.012 0.718 0.159
Site other than central nervous system or lung 1.163 0.734 0.113

Figure 1. (A) Relationship between ANC increment and granulocyte dose transfused for the first five non-alloimmunized patients who
received 69 granulocyte concentrates. R2=0.26, p<0.01. (B) ANC over time for one patient who developed de novo HLA antibodies dur-
ing the course of granulocyte therapy. Arrows denote granulocyte transfusions. 
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pre-transfusion ANC were available. Figure 1B shows
the ANC over time for one patient who developed de
novo HLA alloimmunization during the course of granu-
locyte therapy. The mean post-transfusion ANC for the
entire series of 374 transfusion episodes, was
1.433×109/L . 

The patients’ outcomes on day 7 and day 30 are
shown in Table 3a. For response classification, one
patient had three distinct neutropenic infectious
episodes over 5 months which were counted separate-
ly, and one patient who received only two granulocyte
transfusions was excluded from analysis, yielding a
total of 33 patient-episodes for analysis. The overall sur-
vival to hospital discharge was 58% (19/33). For the
subset of 18 patients who had invasive fungal infec-
tions, the overall survival to hospital discharge was 44%
(8/18). Survival appeared to be strongly correlated with
hematopoietic recovery: of the 14 patients who recov-
ered hematopoiesis, 13 (93%) survived; of the 18
patients who did not, 4 (22%) survived. Of note, seven
patients received granulocyte therapy as a bridge
between failed immunosuppressive therapy and HSCT;
four of these patients survived to discharge, including
two who had invasive fungal infection prior to HSCT.
None of the patients who had a poor performance status
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Table 4. Selected studies of therapeutic granulocyte transfusion (Tx) in hematology/stem cell transplant patients in the G-CSF era (*1-month survival). Control
group did not receive granulocytes.

N. of patients Indications HLA Granulocyte N. of ANC Survival Survival Pulmonary 
for granulocyte screening dose per Tx granulocyte response at 3 months fungal toxicity (% pts)

Tx strategy (1010) Tx (x109/L) (control) infection
(control)

Dignani 1993-4 15 Fungal All related 4.1 8 0.59 20% 20% 30% 
infection donors

Price 2000 74 57 fungal, 25% (5/20) 4.6- 6 ~1.0 44% 37% 15%
Hubel 2002 17 bacterial alloimmunized 8.1 (60%)* (50%)* (6/40)

infections in pilot
Ofran 1999-2004 47 15 bacterial, None 3.6 6 daily 0.39 62% 64% 13%

28 fungal, 4 FUO
Mousset 1998-2004 44 31 fungal, Crossmatch 4.3 4 N/A 64% 58% N/A

7 bacterial, 6 FUO compatible
Peters 1996-98 30 pediatric 17 bacterial, None 1.4 7 1.46 70% 54% 10%

13 fungal
Lee 2004 32 15 fungal, 30 bacterial None 8.2 4 0.548 59% 80% 3%
Illerhaus 2002 18 10 fungal, 8 bacterial Antibody 2.62 3 N/A 44% 56% 0

infections negative 
by ELISA

Safdar 1993-2000 29 All with candidemia None 5.6 5-10 N/A N/A 52% (55%) N/A
Grigull 2000-2003 32 pediatric 10 pts with FUO only None 6.4 3 2.2 59% 57% 10%
Rutella 1998-2002 18 7 fungal, 11 bacterial None 1.8 2 0.37 54% 57% 0
Cesaro 1994-2001 13 pediatric 8/15 infections All family 2.8 4 0.2 31% 25% 8% 

microbiologically donors
defined

Sachs 2000-2004 27 pediatric 12 with Crossmatch 2.4 2 1.25 81%* ND 0
microbiological data compatible

Seidel 1999-2005 74 55 probable or None 4.6 ~3 0.49 69% 66% 10%
definite fungal, (72%) (71%)

3 bacterial
Current study 97-07 32 18 fungal, 31% 6.8 9 1.433 53% 44% 16%

17 bacterial alloimmunized
FUO: fever of unknown origin.

Figure 2. Effect of splenomegaly and positive HLA antibody screen
on absolute WBC increments 0-4 h post-transfusion. Ends of
boxes represent 25% and 75% of data. End bars represent 5%
and 95% of data. Dashed line inside box is the mean. Solid line
inside the box is the median. Open circles represent outliers.
Numbers on the x-axis refer to granulocyte transfusion episodes.

1000

8000

6000

4000

2000

0

n=41

Neither Positive HLA
Ab screen only

Splenomegaly
only

n=15 n=5

NSp<0.05
Ab

so
lu

te
 W

BC
 in

cr
em

en
t (

/µ
L)



K. Quillen et al.

| 1666 | haematologica | 2009; 94(12)

at the time of initiating granulocytes therapy survived.
Logistic regression analysis of other variables that

could affect survival did not show any statistical signifi-
cance, although the trends were as expected: for
instance, fungal infection and treatment before 2002
were negative determinants for survival, and site of
involvement other than lung or central nervous system
was a positive determinant for survival (Table 3b). 

We explored the possibility of a dose-response effect
by looking at the mean post-transfusion ANC versus
response, the mean granulocyte dose versus response,
and the ANC AUC versus response. There was no sta-
tistical difference in the mean post-transfusion ANC
among the patients grouped according to response cate-
gory (ANC of 1.397×109/L in the group with complete
response versus 2.081×109/L in the group with progres-
sive disease), or in the mean granulocyte dose by
response category (9.15×108 cells/kg in the complete
response group versus 11.41×108 cells/kg in the group
with progressive disease, and 13.18×108 cells/kg in the
partial response group). There was also no statistical dif-
ference in the ANC AUC among the different response
groups (data not shown). The interval between granulo-
cyte transfusions partially determined the dose-intensity
of granulocyte therapy; it was not significantly different
between response groups (1.59 days in the group with
progressive disease, compared to 1.89 days in the group
with complete response and 1.76 days in the group with
partial response). 

Thirteen patients had positive tests for HLA antibody
at some point during granulocyte therapy. An attempt
was made to provide at least partially-HLA matched
granulocytes for the nine patients known to be alloim-
munized prior to the initiation of granulocyte transfu-
sions; two of these patients received granulocytes from
HLA-matched siblings. The mean post-transfusion ANC
among the remaining seven alloimmunized patients was
1.52×109/L. Of the patients who were not alloimmu-
nized at baseline, 4/23 (17%) developed HLA antibodies
after the initiation of granulocyte therapy; one of these
patients experienced pulmonary symptoms as a reaction
to granulocyte transfusion, prompting repeat HLA anti-
body testing. In the 19 non-alloimmunized patients, the
mean post-transfusion ANC was 1.456×109/L, which
was not significantly different from the mean post-trans-
fusion ANC in the alloimmunized group. 

The effect of HLA alloimmunization or splenomegaly
on the WBC increment for the first ten patients in our
series, for whom accurate pre- and post-transfusion
WBC counts were available, is shown in Figure 2.
Among these ten patients, those who did not have
splenomegaly or HLA alloimmunization had significant-
ly higher WBC increments than those who had either.
WBC increments were used in this analysis because the
WBC differential (for ANC) was not typically repeated
within a 8-hour period. 

Early in the study we observed five cases of acute lung
injury (defined as decreased oxygen saturation associat-
ed with radiographically detected pulmonary infiltrates)
temporally related to granulocyte transfusion; all of
these patients were receiving amphotericin-based thera-
py for fungal infections involving the lungs (n=2), sinus-

es (n=2) and skin (n=1). One reaction was attributable to
evolving HLA alloimmunization. The other reactions
were attributable to fluid overload. Of note, there was
no pulmonary reaction to granulocyte transfusions in
the latter 7 years of the study period. There were no
other severe adverse events associated with granulocyte
transfusions.

Discussion

This report details the largest clinical experience to
date of granulocyte therapy as part of a multimodality
approach to neutropenic infections in patients with
SAA. More than half of our patients had invasive fungal
infections (with or without concurrent bacterial infec-
tions); 44% of these patients survived to hospital dis-
charge. 

Invasive fungal infections, particularly those caused by
Aspergillus species, have long been recognized as a major
cause of death in SAA. In a series from our institution, in
which all infections in 103 patients with aplastic anemia
seen between 1978 and 1989 were examined, all 14
patients with aspergillosis died despite amphotericin B
therapy and selected adjuvant surgical resection; all ten
patients with systemic Candida infections also eventual-
ly died.14 In a more recent series of 42 patients with
aplastic anemia followed between 1994 and 2000,7

despite the use of fluconazole prophylaxis, invasive fun-
gal infections (yeasts and molds) accounted for 36% of
neutropenic infections, and five of these nine episodes
were fatal. The role of prophylactic antifungal therapy in
patients expected to have prolonged neutropenia is con-
troversial. 

Before the introduction of G-CSF, granulocyte collec-
tions from normal donors (typical dose of 4×109 cells if
hetastarch or corticosteroids were not used) produced
inadequate cell doses except for neonates.15 A meta-
analysis exploring the efficacy of granulocyte transfu-
sions in the pre-G-CSF era confirmed the importance of
cell dose.16 When granulocyte donors are stimulated with
G-CSF with or without corticosteroids, granulocyte
doses of 4-7×1010 are achievable. The majority of donors
experience transient bone pain and myalgias; long-term
follow-up of our granulocyte donors has not shown any
adverse outcomes.17 Recent studies of therapeutic granu-
locyte transfusions for neutropenic infections in patients
with leukemia and/or undergoing HSCT have shown
survival rates of 31-81%; in patients with invasive fungal
infections, the survival rates range from 20-80%. These
studies, summarized in Table 4,1-6,18-25 vary in the defini-
tion of invasive fungal infections, the timing of initiating
granulocyte therapy, the cell dose of granulocytes trans-
fused, and the number of granulocyte doses given. One
study was randomized, but only 60% of patients were
actually neutropenic prior to receiving granulocytes, and
44% of patients randomized to the granulocyte arm
received only one or two transfusions before neutrophil
recovery.23

Our study is unique in that all patients had SAA, a
condition in which the response to immunosuppressive
therapy can take up to 6 months to develop, leading to a



neutropenic period that is typically longer than that
seen after leukemia induction chemotherapy and
HSCT. Fever in these severely neutropenic patients is
aggressively managed with early use of broad-spectrum
antibiotics and antifungal therapy. Granulocyte therapy
is considered judiciously, but relatively early in the care
of the patient rather than as a “last-ditch” or futile
effort.2

Our response categorization correlated very well with
survival to discharge, for all patients and for the subset
of patients with fungal infections. This does not neces-
sarily imply a cause-and-effect relationship between
granulocyte transfusion and discharge, since “response”
could have occurred with antimicrobials alone if given
enough time. The strong correlation between survival
to hospital discharge and hematopoietic recovery sup-
ports the role of granulocyte transfusion as a bridge to
ANC recovery or HSCT. Absence of a dose response
suggests a threshold phenomenon: we speculate that as
long as the post-transfusion ANC exceeds a certain cut-
off (such as 1×109/L), there is no correlation between
post-transfusion ANC and clinical response. The inter-
val between transfusions as a measure of dose intensity
was similarly not significantly different among response
groups; the mean interval was 1.7 days. This suggests
that granulocyte therapy every other day may be as
effective as daily granulocyte transfusions, which are
logistically much more difficult to provide. Concurrent
corticosteroid administration can potentially impair
neutrophil function, but most of our patients had com-
pleted serum sickness prophylaxis by the time of initiat-
ing granulocyte therapy; in vitro, G-CSF can prevent cor-
ticosteroid-induced suppression of neutrophilic anti-
hyphal function.26

Pre-existing alloimmunization did not preclude ade-
quate post-transfusion ANC and did not cause severe
pulmonary or other reactions, unlike the experience
with granulocyte transfusion in chronic granulomatous
disease.27 We had accurate pre-transfusion complete
blood counts for only the first ten patients in the series:
in this subset, the WBC increment was significantly
lower for the patients with HLA antibodies than for
those without. We achieved partial HLA matching
within cross-reactive groups (CREG) or minimized
triplet mismatches by HLA-Matchmaker28 for approxi-
mately half the granulocyte transfusions given to
alloimmunized patients, perhaps accounting for the
good post-transfusion ANC in this group of patients. In
an earlier study2 using unrelated volunteer granulocyte
donors, HLA alloimmunized patients did not have
lower ANC increments or increased transfusion reac-
tions. Another study demonstrated lower ANC incre-
ments in patients who were alloimmunized: in that
study,29 each patient received four granulocyte concen-

trates from the same related donor (first-degree rela-
tive), prophylactically following HSCT with compo-
nents that were all cross-match compatible by lympho-
cytotoxicity and leukoagglutination assays. There was
no difference in ANC increments between alloimmu-
nized and non-alloimmunized patients for the first two
granulocyte transfusions; the difference became signifi-
cant only with the third and fourth transfusions. The
generalizability of these results is not clear. 

De novo alloimmunization was associated with pul-
monary toxicity in one of five of our patients; much
more commonly, acute lung injury was attributable to
fluid overload. Meticulous fluid management is crucial
since these critically ill patients typically receive hydra-
tion because of the use of amphotericin (or derivatives)
and antibiotics, fluid boluses for hypotension, multiple
blood products and hyperalimentation. Our observed
incidence of pulmonary toxicity was 16% (5/32), in
keeping with the incidence reported in the literature
(Table 4); of note, no pulmonary reaction has occurred
in the latter 7 years of the study, reflecting the improved
experience with fluid management in critically ill
patients undergoing granulocyte therapy. 

There are several limitations of this study. First, it is a
retrospective, single institution, observational study.
Our numbers were too small for us to generate a multi-
variate logistic regression model of factors that influ-
ence survival. Second, the study is limited to SAA
patients; these results may not, therefore, be extendable
to leukemia patients or HSCT recipients who routinely
receive intensive cytotoxic chemotherapy. A large mul-
ticenter randomized controlled trial is underway to
study the incremental benefits of granulocyte transfu-
sion in infections post-HSCT. Finally, the availability of
newer antibiotics and antifungal agents or cytokine reg-
imens to treat neutropenic infections30 may deter the
use of G-CSF and dexamethasone to stimulate normal
donors, which can only be performed under the aus-
pices of a clinical research protocol. Until a prospective
randomized controlled trial is conducted, use of granu-
locyte transfusions in SAA patients will continue to be
dictated by local institutional practice and clinical
assessment of the patient.
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