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Abstract
Granulocyte transfusions are sometimes used as adjunctive therapy for the treatment of infection in patients with chronic 
granulomatous disease (CGD). However, granulocyte transfusions can be associated with a high rate of alloimmunization, 
and their role in CGD patients undergoing hematopoietic cell transplantation (HCT) or gene therapy (GT) is unknown. We 
identified 27 patients with CGD who received granulocyte transfusions pre- (within 6 months) and/or post-HCT or GT in 
a retrospective survey. Twelve patients received granulocyte transfusions as a bridge to cellular therapy. Six (50%) of these 
patients had a complete or partial response. However, six of 10 (60%) patients for whom testing was performed developed 
anti-HLA antibodies, and three of the patients also had severe immune-mediated cytopenia within the first 100 days post-
HCT or GT. Fifteen patients received granulocyte transfusions post-HCT only. HLA antibodies were not checked for any 
of these 15 patients, but there were no cases of early immune-mediated cytopenia. Out of 25 patients who underwent HCT, 
there were 5 (20%) cases of primary graft failure. Three of the patients with primary graft failure had received granulocyte 
transfusions pre-HCT and were subsequently found to have anti-HLA antibodies. In this small cohort of patients with CGD, 
granulocyte transfusions pre-HCT or GT were associated with high rates of alloimmunization, primary graft failure, and 
early severe immune-mediated cytopenia post-HCT or GT. Granulocyte transfusions post-HCT do not appear to confer an 
increased risk of graft failure.

Keywords Granulocyte transfusions · Chronic granulomatous disease · Alloimmunization · Hematopoietic cell 
transplantation · Graft failure

Introduction

Granulocyte transfusions have previously been shown to be 
a safe adjunctive therapy for the treatment of severe infec-
tion in patients with chronic granulomatous disease (CGD) 
[1]. However, granulocyte transfusions can be associated 
with a high rate of alloimmunization [2, 3], and as such, 
their use may adversely affect patients who subsequently 
undergo allogeneic hematopoietic cell transplantation (HCT) 

or gene therapy (GT). Furthermore, the efficacy of granu-
locyte transfusions peri-HCT and GT remains incompletely 
elucidated regardless of the patient population and indication 
for granulocyte transfusions.

Several studies have reported the safe use of granulocyte 
transfusions in patients with hematologic malignancy in 
the pre- and post-HCT setting [4–7]. However, studies with 
matched control groups and randomized controlled trials 
have not found a survival benefit in patients with neutrope-
nia from chemotherapy or HCT and active infection [8, 9]. 
A Cochrane review in 2018 by Estcourt et al. [10] also found 
no difference in all-cause mortality or mortality due to infec-
tion between patients who did or did not receive prophy-
lactic granulocytes post-HCT. Importantly, Price et al. [11] 
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reported a lower rate of alloimmunization with granulocyte 
transfusions than that reported in CGD patients, possibly 
due to the more immunosuppressed state of patients with 
hematologic malignancy receiving chemotherapy. There 
have been only a few case reports in CGD patients on the 
successful use of granulocyte transfusions to treat infection 
pre- and/or post-HCT [12–14].

The role of granulocyte transfusions in patients with CGD 
undergoing HCT or GT has not been explored in depth. 
We conducted a retrospective survey through the Primary 
Immune Deficiency Treatment Consortium (PIDTC) to 
estimate the clinical impact of granulocyte transfusions on 
infections or other indications for administration, occurrence 
of alloimmune/autoimmune complications, and survival 
outcomes.

Methods

Patients

CGD patients who received granulocyte transfusions pre- 
(within 6 months) and/or post-HCT or GT were identified 
from requests to PIDTC and selected non-PIDTC transplant 
centers. Date of HCT or GT ranged from January 2005 to 
September 2019. Retrospective deidentified data were col-
lected from the PIDTC database and using a spreadsheet 
questionnaire filled out by investigators at each participat-
ing institution. The study was performed in accordance with 
site-specific Institutional Review Board–approved protocols 
as well as the guidelines in the 1964 Declaration of Helsinki 
and its later amendments.

Clinical Outcomes

Response to granulocyte transfusions in patients with 
active infection—cleared, partially cleared, stable, or pro-
gressive—was determined by the investigator completing 
the questionnaire based on clinical and radiographic data. 
Conditioning regimen intensity was classified using CIB-
MTR workshop definitions [15]. Primary graft failure was 
defined as lack of neutrophil recovery by day + 42 or neutro-
phil recovery with < 10% donor myeloid chimerism. Acute 
GVHD (aGVHD) was graded based on consensus criteria 
[16]. Chronic GVHD (cGVHD) was reported as limited or 
extensive [17].

Statistical Analysis

Binary and categorical variables were summarized by 
frequency (%), and continuous variables were summarized by 
median with range. Categorical data were compared using the 
Chi-squared test. The Mann–Whitney test was used for single 

comparisons of continuous variables between independent 
groups. Overall and event-free survival were estimated using 
the Kaplan–Meier method, and groups were compared using 
the log-rank test. An event was defined as primary graft 
failure, receipt of a subsequent transplant, or death.

Results

Granulocyte Transfusions

Twenty-seven patients received granulocyte transfusions 
pre- and/or post-HCT or GT (Supplemental Table 1). Four 
patients received granulocyte transfusions in preparation for 
HCT or GT; 8 patients received granulocyte transfusions 
both pre- and post-HCT; and 15 patients received granulo-
cyte transfusions during the neutropenic period early post-
HCT only. Patients received a median of 11 (range 4–75) 
granulocyte transfusions. Granulocytes were from related 
(n = 10, 37%) and unrelated (n = 17, 63%) donors. In no 
cases were the granulocyte and stem cell donor the same 
person. The dosing schedule ranged from daily to two times 
per week. Overall, granulocyte transfusions were well-toler-
ated. There were 11 (2%) reactions recorded out of a total of 
487 transfusions. Reactions included fever and chills (n = 7); 
fever and chills with hypertension (n = 1); tachypnea with 
transient oxygen desaturations (n = 1); oxygen desaturations 
with pulmonary edema on chest X-ray (n = 1); and fever with 
tachypnea, oxygen desaturations, and hypotension (n = 1). 
No patient required invasive ventilatory support or vasopres-
sors in the setting of transfusion reactions.

Response to Granulocyte Transfusions Pre‑HCT 
or GT

Twelve patients received granulocyte transfusions prior to 
HCT or GT. Eleven of the twelve patients received granu-
locyte transfusions for severe and/or refractory infection, 
and one patient received granulocyte transfusions for exten-
sive and severe non-infectious inflammatory skin lesions 
of unclear etiology (Table 1). Patients received a median 
of 10.5 (range 2–53) granulocyte transfusions pre-cellular 
therapy, and for the patients who received granulocytes 
for active infection, the median interval between diagnosis 
of infection and first granulocyte transfusion was 76 days 
(range 3–515). Infection cleared or partially cleared in 6 
(55%) cases, was stable in 1 (9%) case, and was progressive 
in 4 (36%) cases at time of HCT or GT. In agreement with 
a previous report [1], the patients with stable or progressive 
infection received fewer granulocyte transfusions (median of 
6, range 2–10 granulocyte transfusions) than patients whose 
infections cleared or partially cleared (median of 21.5, range 
8–30 granulocyte transfusions, P = 0.015). The patient with 
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inflammatory skin lesions had no appreciable improvement 
in the appearance of lesions.

Response to Granulocyte Transfusions Post‑HCT

Twenty-three patients received granulocyte transfusions dur-
ing the neutropenic period immediately following allogeneic 
HCT. Seventeen patients received granulocyte transfusions 
for active infection at time of transplantation; 5 patients 
received granulocyte transfusions for infection prophy-
laxis; and one patient received granulocyte transfusions for 

pre-existing non-infectious inflammatory skin lesions of 
unclear etiology (Supplemental Table 1). Eight of the 23 
patients had also received granulocyte transfusions prior to 
HCT as above.

Of the 17 patients with active infection at time of trans-
plantation, 7 patients had received granulocyte transfusions 
pre-HCT, and 10 patients received granulocyte transfusions 
post-HCT only. Pre-existing infection failed to clear post-
HCT in three cases—all three patients had received granu-
locyte transfusions pre-HCT and had stable or progressive 
disease at time of transplantation. Furthermore, one of the 

Table 1  Response to granulocyte transfusions pre-HCT or GT and development of alloantibodies

GTX granulocyte transfusions, HLA histocompatibility locus antigen, PNA pneumonia, MDR multi-drug resistant, DAT direct antiglobulin test, 
IVIG intravenous immunoglobulin. aGene therapy patient previously reported by Kohn et al.7

Patient Indication for 
GTX

Number 
of GTX

Response Immune sup-
pression

Anti-HLA 
antibodies

Other antibod-
ies

Treatment of anti-
HLA antibodies

Clearance 
of anti-HLA 
antibodies

Granulocyte transfusions pre-HCT or GT
1 Burkholderia 

cepacia PNA
19 Partially cleared None Positive None Rituximab + IVIG No

2a Invasive 
Aspergillus 
fumisynnema-
tous

6 Progressive Sirolimus Negative Anti-platelet N/A N/A

3 Disseminated 
Aspergillus 
nidulans

8 Partially cleared Steroids Not measured None N/A N/A

4 Invasive 
Aspergillus 
viridinutans

11 Partially cleared Sirolimus Positive None Rituximab No

Granulocyte transfusions pre- and post-HCT
5 Inflammatory 

skin lesions
53 Stable None Positive None Daratumumab No

6 MDR E. coli 
perianal fistu-
lizing disease

30 Cleared None Positive Anti-platelet, 
DAT positive

Plasmapher-
esis + bort-
ezomib + rituxi-
mab + daratu-
mumab

No

7 Disseminated 
Aspergillus 
fumigatus

25 Partially cleared None Negative None N/A N/A

8 Geosmithia 
argillacea 
empyema

10 Stable None Positive Anti-platelet, 
DAT positive

None No

9 Bacteremia due 
to multiple 
pathogens

2 Progressive None Negative None N/A N/A

10 Pyreochaeta 
romeroi liver 
mass

6 Progressive None Positive None None No

11 Invasive Sce-
dosporium 
apsiospermum 
PNA

10 Progressive None Negative None N/A N/A

12 Geosmithia spp. 
PNA

24 Cleared None Not measured None N/A N/A
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patients had primary graft failure. The remaining 14 patients 
all had resolution of infection in the setting of donor neutro-
phil engraftment.

Alloimmunization

Two patients received sirolimus with granulocyte transfu-
sions pre-HCT or GT to prevent alloimmunization. None 
of the patients had baseline anti-HLA antibody testing 
performed prior to granulocyte transfusions. Ten of the 12 
patients who received granulocyte infusions pre-cellular 
therapy had anti-HLA antibody testing performed, and six 
of the 10 (60%) patients had anti-HLA antibodies present. 
One patient had donor-specific antibodies, and two patients 
had panel-reactive antibodies that included donor HLA 
mismatches. Patients who developed anti-HLA antibod-
ies received, on average, more granulocyte transfusions 
pre-HCT or GT compared to pateints who did not develop 
anti-HLA antibodies (21.5 versus 10.8 granulocyte transfu-
sions), although this difference was not statistically signifi-
cant (P = 0.229).

In addition, the patient who received GT was found to 
have anti-platelet antibodies that were attributed to granu-
locyte transfusions (retrospective testing of this patient’s 
serum stored from pre-granulocyte transfusions was nega-
tive). Two other patients with anti-HLA antibodies were also 
found to have anti-platelet antibodies in the setting of refrac-
tory thrombocytopenia and had positive direct antiglobulin 
testing within the first 100 days post-HCT. Of note, two 
patients had received platelet transfusions pre-HCT. Nei-
ther of these patients developed anti-HLA or anti-platelet 
antibodies.

Interestingly, both patients who received sirolimus 
intended to prevent alloimmunization nonetheless developed 
anti-HLA or anti-platelet antibodies. Four patients received 
treatment for anti-HLA antibodies, including rituximab 
(n = 2), daratumumab (n = 1), and a combination plasma-
pheresis, bortezomib, rituximab, and daratumumab (n = 1), 
but anti-HLA antibodies failed to clear in all four cases.

Anti-HLA antibodies were not checked for any of the 15 
patients who received granulocyte transfusions post-HCT 
only, but there were no cases of immune-mediated cytopenia 
within the first 100 days post-HCT.

HCT and GT Procedures

Median age at HCT or GT was 12 (range 2–25) years. HCT 
grafts were from matched related (n = 5, 20%), matched 
unrelated (n = 7, 28%), mismatched related (n = 4, 16%), 
and mismatched unrelated (n = 10, 40%) donors. Stem cell 
sources were bone marrow (BM) in 3 (12%), umbilical cord 
blood (UCB) in 9 (36%), and peripheral blood stem cells 
(PBSC) in 14 (56%) transplants. The patient who underwent 

gene therapy received lentivirus gene-corrected autologous 
stem cells as previously described [18]. Details of condi-
tioning regimens and GVHD prophylaxis are shown in Sup-
plemental Table 2. One patient who received granulocyte 
transfusions pre-HCT died on day − 1 from multi-system 
organ failure and was excluded from HCT and GT outcome 
analyses.

Patients who received granulocytes pre-HCT or GT (with 
or without receiving them post-cellular therapy) had lower 
baseline Lansky or Karnofsky performance scores [median 
85 (range 20–100)] than patients who received granulocytes 
post-HCT only [median 95 (range 70–100), P = 0.013]. 
Otherwise, age at HCT or GT, rates of active infection or 
inflammatory disease, and HCT characteristics were similar 
between the two groups of patients.

HCT and GT Outcomes

HCT and GT outcomes are shown in Table 2. Of the 25 
patients who underwent HCT, there were 5 (20%) cases of 
primary graft failure. All 5 patients received myeloabla-
tive conditioning, and stem cell sources were UCB (n = 3), 
PBSC (n = 1), and BM (n = 1). Three of the patients with 
primary graft failure received granulocyte transfusions 
pre-HCT, and all 3 patients had anti-HLA antibodies. Two 
of the 3 patients had high anti-HLA antibody levels (mul-
tiple antibodies with MFI > 10,000 on flow cytometry) but 
did not have donor-specific antibodies identified (grafts 
were CD34 + selected PBSC from a 10/10 HLA–matched 
sibling donor and UCB from a 7/8 HLA–matched unre-
lated donor). They were both retransplanted, one using 
the same matched sibling donor with successful engraft-
ment and the other from a different unrelated UCB donor 
but who died on day + 13 prior to donor neutrophil 
engraftment. The third patient received BM from a 5/10 
HLA–matched related donor and was found to have panel 
reactive antibodies that included donor class I and class 
II HLA mismatches. The other two patients with primary 
graft failure received granulocyte transfusions post-HCT 
only (grafts were from a 6/6 HLA–matched unrelated UCB 
donor and a 5/6 HLA–matched unrelated UCB donor). 
Anti-HLA antibodies were not checked for either of the 
patients. Both patients went on to receive second trans-
plants, again with prophylactic granulocyte transfusions 
post-HCT, and both patients engrafted successfully. Three 
of 10 (30%) patients who received granulocyte transfu-
sions pre-HCT had primary graft failure versus 2 of 15 
(17%) patients who received granulocyte transfusions 
post-HCT only. However, this difference was not statis-
tically significant (P = 0.307). Older age (> 18 years), 
Lansky/Karnofsky performance score < 90, active infec-
tion or inflammatory disease at time of HCT, and use of 
HLA–mismatched donors or umbilical cord blood grafts 
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were not associated with increased risk of graft failure. 
There were no cases of secondary graft failure. The patient 
who received gene therapy had engraftment of gene-cor-
rected autologous stem cells with 44% DHR + neutrophils 
at 1 month post-GT.

The estimated 2-year overall survival of the cohort 
were 73% (95% CI 51–86%), and the 2-year event-free 
survival was 63% (95% CI 43–78%) (Fig. 1). Overall 
and event-free survival was both 36% (95% CI 11–63%) 
in patients who received granulocytes prior to HCT 
(with or without receiving them following HCT) versus 
100% (P < 0.001) and 87% (95% CI 56–97%, P = 0.010) 
in patients who received them post-HCT only. Simi-
larly, overall and event-free survival were also lower 
in patients with a baseline Lansky or Karnofsky perfor-
mance score < 90 [OS and EFS of 25% (95% CI 1–67%) 
versus 82% (95% CI 58–93%, P = 0.003) and 73% (95% 
CI 49–87%, P = 0.050), respectively] (Supplemental 
Fig.  1). Age at HCT, active infection or presence of 
inflammatory disease at time of HCT, donor and recipi-
ent HLA match, conditioning intensity, and stem cell 
source were not associated with overall or event-free 
survival (Supplemental Fig. 1).

The three patients with primary graft failure in the set-
ting of alloimmunization all died—one 6 months post-
HCT from diffuse bleeding in the setting of refractory 
immune-mediated thrombocytopenia and two following 
repeat HCT from varicella pneumonitis and veno-occlu-
sive disease with multi-system organ failure. The patient 
who underwent GT and developed immune-mediated 
thrombocytopenia also died 3 months post-therapy due to 
intracranial hemorrhage. Other causes of death post-HCT 
included multi-system organ failure (n = 2), pneumonia 
with diffuse alveolar hemorrhage in a patient with posi-
tive lupus anticoagulant (n = 1), and heart failure 11 years 
post-repeat HCT (n = 1).

Discussion

Granulocyte transfusions were used as adjunctive treatment 
for severe infection as a bridge to HCT or GT with an overall 
response rate of 55% in this small cohort. However, their use 
was associated with a high rate of alloimmunization; 70% 
of patients developed anti-HLA antibodies or anti-platelet 
antibodies likely attributable to granulocyte transfusions, 
and the two patients who received sirolimus with granu-
locyte transfusions to prevent alloimmunization developed 
alloantibodies nonetheless. Furthermore, anti-HLA antibod-
ies also appear to be difficult to clear once present, with 
treatment failing in all 4 cases for which desensitization 
therapy was attempted. Notably, 3 of 10 (30%) patients who 
received granulocytes in preparation for HCT had primary 
graft failure. This is higher than the 12–16% rate of graft 
failure following HCT reported in recent large cohorts of 
CGD patients [19–21]. All three patients had anti-HLA anti-
bodies present; however, the role of granulocyte transfusions 
in graft failure for 2 of the patients is unclear given that 
donor-specific antibodies were not detected. It is possible 
given the presence of high levels of anti-HLA antibodies 
that antibodies to untested HLA and/or minor antigens may 
have also been present and contributed to primary graft fail-
ure. Other patient or transplant-related factors may have also 
contributed to graft failure; with small patient numbers, it 
is difficult to draw any conclusions, and, indeed, no statisti-
cally significant risk factors for graft failure were identi-
fied in this cohort. Importantly, the high rate of primary 
graft failure in patients who received granulocytes pre-HCT 
(with or without receiving them post-HCT) as compared to 
patients who received them post-HCT only was not statisti-
cally significant. Again, the small number of patients in this 
cohort may be hindering our ability to identify an associa-
tion between the use of granulocyte transfusions pre-HCT 
and an increased risk of primary graft failure if such a risk 
exists.

Fig. 1  A Overall and B event-
free survival post-HCT or GT. 
P-values are comparing survival 
curves of patients who received 
granulocyte transfusions pre- ± 
post-HCT or GT to patients who 
received granulocyte transfu-
sions post-HCT or GT only

Pre +/- post-HCT or GT

Post-HCT only

Entire cohort

p<0.001

Pre +/- post-HCT or GT

Post-HCT only

Entire cohort

p=0.010
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Finally, overall and event-free survival of patients who 
received granulocyte transfusions pre-HCT or GT was 
markedly low at 33%. The low survival rates are likely 
reflective of the overall poor clinical status of these 
patients as evidenced by their low average baseline perfor-
mance status rather than the use of granulocytes directly, 
although bleeding in the setting of severe immune-medi-
ated thrombocytopenia early post-cellular therapy con-
tributed to death in 2 cases. In particular, the patient that 
underwent GT had successful engraftment of gene-cor-
rected neutrophils before succumbing to an intracranial 
hemorrhage directly related to immune-mediated throm-
bocytopenia attributed to granulocyte transfusions. This 
case demonstrates that granulocyte transfusions may have 
poteintial harm even when risk of graft failure and rejec-
tion is mitigated as in gene therapy.

Granulocyte transfusions post-HCT were overall well-tol-
erated and did not appear to be associated with an increased 
risk of graft failure. Two of 15 (13%) patients who received 
granulocytes post-HCT only developed graft failure, which 
is comparable to the reported rate of graft failure following 
HCT for CGD [19–21]. Both patients were successfully re-
transplanted, again with prophylactic granulocyte transfu-
sions. Furthermore, there were no cases of early immune-
mediated cytopenia in patients who received granulocyte 
transfusions post-HCT only. However, the efficacy of gran-
ulocyte transfusions in this setting is difficult to assess in 
the setting of concurrent donor neutrophil engraftment and 
without a comparable control group.

There are a number of limitations to this study, includ-
ing the small number of patients, the retrospective nature 
of the survey, and the lack of comparable control groups, 
making conclusions regarding the efficacy of granulocyte 
transfusions and associations with transplant outcomes dif-
ficult. Furthermore, clinical response to granulocyte transfu-
sions in those with active infection or inflammatory disease 
was confounded by concomitant antimicrobial and/or anti-
inflammatory therapy, and in the post-HCT setting, by donor 
neutrophil engraftment. There were also inconsistencies in 
testing for anti-HLA antibodies, not just in terms of whether 
or not testing was performed but also the specificity of the 
assay employed (i.e., testing against a panel of antigens ver-
sus single antigens to identify donor-specific antibodies).

Ultimately, based on the findings of this survey, we would 
caution against the use of granulocyte transfusions pre-HCT 
or GT given the high rates of alloimmunization, primary 
graft failure, and severe immune-mediated cytopenia post-
HCT or GT observed in this small cohort of patients. For 
patients who do receive granulocyte transfusions pre-HCT 
or GT, we recommend checking anti-HLA antibodies so that 
results may be considered during donor selection. Granu-
locyte transfusions post-HCT do not appear to confer an 
increased risk of graft failure, although the clinical benefits, 

if any, of granulocyte transfusions in the post-HCT setting 
are incompletely understood.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10875- 022- 01261-1.

Author Contribution DEA developed the survey, contributed patients, 
analyzed the data, and wrote the manuscript. DC, SP, RAM, EMK, 
HLM, and JWL developed the survey, contributed patients, and 
reviewed the manuscript. KM, JRH, DG, MCL, LMF, ARG, FB, and 
EA contributed patients and reviewed the manuscript. MJC, CCD, 
LMG, EH, DBK, LDN, SYP, JMP, MAP, and TT developed the survey 
and reviewed the manuscript.

Funding The PIDTC is supported by the Division of Allergy, Immu-
nology and Transplantation, National Institute of Allergy and Infec-
tious Diseases (NIAID); and the Office of Rare Diseases Research 
(ORDR), National Center for Advancing Translational Sciences 
(NCATS), National Institutes of Health (NIH), Bethesda, MD; Public 
Health Service grant/cooperative agreements U54-AI082973 (MPI: JM 
Puck, CC Dvorak, E Haddad), U54-NS064808 and U01-TR001263 (PI: 
JP Krischer); and the Division of Intramural Research, NIAID, NIH. 
DE Arnold and SY Pai are supported by the Intramural Research Pro-
gram, National Institutes of Health, National Cancer Institute, Center 
for Cancer Research. The PIDTC is a part of the Rare Diseases Clinical 
Research Network (RDCRN) of ORDR, NCATS.

Data Availability Not applicable.

Code Availability Not applicable.

Declarations 

Ethics Approval The study was performed in accordance with site-
specific Institutional Review Board–approved protocols as well as the 
guidelines in the 1964 Declaration of Helsinki and its later amend-
ments.

Consent to Participate Not applicable.

Consent for Publication Not applicable.

Conflict of Interest MCL is an employee and shareholder of Rocket 
Pharmaceuticals. FB is a scientific advisor for Elixirgen Therapeu-
tics. MJC is on the scientific advisory board and has stock ownership 
for Homology Medicine; on the data and safety monitoring board 
for Bluebird Bio, Rocket Pharmaceuticals, and Chiesi Pharmaceuti-
cal; and an author for UpToDate. CCD perfoms consulting with Jazz 
Pharmaceuticals, Omeros Corporation, and Alexion Inc. JMP receives 
royalties from UpToDate and her spouse is employed by and holds 
stock in Invitae Inc. MAP receives honoraria or research funding from 
Mesoblast and Medexi, Miltenyi Biotec, Equillium Bio, Adaptive Bio-
technologies, and Jasper Therapeutics and is on the advisory board of 
Equillium Bio. TT is a paid consultant for Horizon Pharmaceuticals. 
DBK is an inventor on intellectual property of the UC Reagents that 
they have licensed to ImmunoVec on lentiviral vectors and to Lyrik 
Therapeutics on gene editing. DBK is a member of the Scientific 
Advisory Boards and/or ad hoc paid consultant to Allogene Thera-
peutics, Pluto Immunotherapeutics, ImmunoVec, Lyrik Therapeutics, 
MyoGene Bio, Bluebird Bio, and Sangamo Biosciences. JWL is an 
employee and shareholder of Bluebird Bio, a consultant and spearker 
for Horizon Therapeutics, consultant and speaker for Sobi, and on the 
advisory board for ADMA Biologics. The remaining authors have no 

https://doi.org/10.1007/s10875-022-01261-1


Journal of Clinical Immunology 

1 3

relevant conflicts of interest to disclose. The content and opinions ex-
pressed are solely the responsibility of the authors and do not represent 
the official policy or position of the NIAID, ORDR, NCATS, NIH, or 
any other agency of the US Government.

References

 1. Marciano BE, Allen ES, Cantilena CC, et al. Granulocyte transfu-
sions in patients with chronic granulomatous disease and refrac-
tory infections: the NIH experience. J Allergy Clin Immunol. 
2017;140(2):622–5.

 2. Stroncek DF, Leonard K, Eiber G, et al. Alloimmunization after 
granulocyte transfusions. Transfusion. 1996;36:1009–15.

 3. Heim KF, Fleisher TA, Stroncek DF, et  al. The relationship 
between alloimmunization and posttransfusion granulocyte sur-
vival: experience in a chronic granulomatous disease cohort. 
Transfusion. 2011;51(6):1154–62.

 4. Diaz R, Soundar E, Hartman SK, et al. Granulocyte transfusions 
for children with infection and neutropenia or granulocyte dys-
function. Pediatr Hematol Oncol. 2014;31(5):425–34.

 5. Nikolajeva O, Mijovic A, Hess D, et al. Single-donor granulo-
cyte transfusions for improving the outcome of high-risk pediatric 
patients with known bacterial and fungal infections undergoing 
stem cell transplantation: a 10-year single-center experience. Bone 
marrow transplant. 2015;50:846–9.

 6. Nguyen TM, Scholl K, Idler I, et al. Granulocyte transfusions – 
bridging to allogeneic hematopoietic stem cell transplantation. 
Leuk Lymphoma. 2002;61(2):481–4.

 7. Kerr JP, Liakopolou E, Brown J, et al. The use of stimulated gran-
ulocyte transfusions to prevent recurrence of past severe infec-
tions after allogeneic stem cell transplantation. Br J Haematol. 
2003;123(1):114–8.

 8. Hubel K, Carter RA, Liles C, et  al. Granulocyte transfusion 
therapy for infections in candidates and recipients of HPC 
transplantation: a comparative analysis of feasibility and out-
come for community donors versus related donors. Transfusion. 
2002;42:1414–21.

 9. Price TH, Boeckh M, Harrison RW, et al. Efficacy of trans-
fusion with granulocytes from G-CSF/dexamethasone-
treated donors in neutropenic patients with infection. Blood. 
2015;126(18):2153–61.

 10. Estcourt LJ, Stanworth SJ, Doree C, et al. 2015 Granulocyte 
transfusions for preventing infections in people with neutro-
penia or neutrophil dysfunction. Cochrane Database Syst Rev. 
2015;6:CD005341.

 11. Price TH, McCullough J, Strauss RG, et al. WBC alloimmuniza-
tion: effects on the laboratory and clinical endpoints of therapeutic 
granulocyte transfusions. Transfusion. 2018;58(5):1280–8.

 12. Bielori B, Toren A, Wolach B, et al. Successful treatment of inva-
sive aspergillosis in chronic granulomatous disease by granulocyte 
transfusions followed by peripheral blood stem cell transplanta-
tion. Bone Marrow Transplant. 2000;26:1025–8.

 13. Sharon RF, Bierings M, Vrielink H, et al. Pre-emptive granulocyte 
transfusions enable allogeneic hematopoietic stem cell transplan-
tation in pediatric patients with chronic infections. Bone Marrow 
Transplant. 2006;37:331–3.

 14. Ozsahin H, van Planta M, Muller I, et al. Successful treatment of 
invasive aspergillosis in chronic granulomatous disease by bone 
marrow transplantation, granulocyte colony-stimulating factor-
mobilized granulocytes, and liposomal amphotericin-B. Blood. 
1998;92(8):2719–24.

 15. Bacigalupo A, Ballen K, Rizzo D, et al. Defining the intensity of 
conditioning regimens: working definitions. Biol Blood Marrow 
Transplant. 2009;15(12):1628–33.

 16. Przepiorka D, Weisdorf D, Martin P, et  al. 1994 Consensus 
conference on acute GVHD grading. Bone marrow transplant. 
1995;15(6):825–8.

 17. Sullivan KM, Shulman HM, Storb R, et al. Chronic graft-ver-
sus-host disease in 52 patients: adverse natural course and suc-
cessful treatment with combination immunosuppression. Blood. 
1981;57(2):267–76.

 18. Kohn DB, Booth C, Kang EM, et al. Lentiviral gene therapy for 
X-linked chronic granulomatous diseae. Nat Med. 2020;26:200–6.

 19. Chiesa R, Wang J, Blok HF, et al. Hematopoietic cell transplanta-
tion in chronic granulomatous disease: a study of 712 children and 
adults. Blood. 2020;136(10):1201–11.

 20. Dedieu C, Albert MH, Mahlaoui N, et al. Outcome of chronic 
granulomatous disease – conventional treatment vs stem cell 
transplantation. Pediatr Allergy Immunol. 2020;00:1–10.

 21. Yanagimachi M, Kato K, Iguchi A, et al. Hematopoietic cell 
transplantation for chronic granulomatous disease in Japan. Front 
Immunol. 2020;11:1617.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.



 Journal of Clinical Immunology

1 3

Authors and Affiliations

Danielle E. Arnold1  · Deepak Chellapandian2 · Suhag Parikh3 · Kanwaldeep Mallhi4 · Rebecca A. Marsh5 · 
Jennifer R. Heimall6 · Debra Grossman7 · Maria Chitty‑Lopez8 · Luis Murguia‑Favela9 · Andrew R. Gennery10 · 
Farid Boulad11 · Erin Arbuckle12 · Morton J. Cowan13 · Christopher C. Dvorak13 · Linda M. Griffith14 · Elie Haddad15 · 
Donald B. Kohn16 · Luigi D. Notarangelo17 · Sung‑Yun Pai1 · Jennifer M. Puck13 · Michael A. Pulsipher18 · 
Troy Torgerson19 · Elizabeth M. Kang7 · Harry L. Malech7 · Jennifer W. Leiding20,21

1 Immune Deficiency-Cellular Therapy Program, Center 
for Cancer Research, National Cancer Institute, National 
Institutes of Health, Building 10-CRC, 1-5130, 10 Center 
Dr, Bethesda, MD, USA

2 Center for Cell and Gene Therapy for Non-Malignant 
Conditions, Blood and Marrow Transplant Program, John 
Hopkins All Children’s Hospital, St. Petersburg, FL, USA

3 Division of Bone Marrow Transplant, Aflac Cancer 
and Blood Disorders Center, Children’s Healthcare 
of Atlanta, Emory University School of Medicine, Atlanta, 
GA, USA

4 Fred Hutchinson Cancer Research Center, Seattle Children’s 
Hospital, The University of Washington School of Medicine, 
Seattle, WA, USA

5 Division of Bone Marrow Transplantation and Immune 
Deficiency, Cincinnati Children’s Hospital Medical Center, 
Cincinnati, OH, USA

6 Division of Allergy and Immunology, Children’s Hospital 
of Philadelphia, Philadelphia, PA, USA

7 Genetic Immunotherapy Section, Laboratory of Clinical 
Immunology and Microbiology, National Institute of Allergy 
and Infectious Diseases, National Institutes of Health, 
Bethesda, MD, USA

8 Division of Allergy and Immunology, Department 
of Pediatrics, John Hopkins All Children’s Hospital, 
University of South Florida, St. Petersburg, FL, USA

9 Section of Hematology/Immunology, Department 
of Pediatrics, Alberta Children’s Hospital, Cumming School 
of Medicine, University of Calgary, Calgary, AB, Canada

10 Translational and Clinical Research Institute, Newcastle 
University and Paediatric Immunology and Haematopoietic 
Stem Cell Transplantation, Great North Children’s Hospital, 
Newcastle upon Tyne, UK

11 Department of Pediatrics, BMT Service, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA

12 Department of Pediatrics, Duke University, Durham, NC, 
USA

13 Division of Pediatric Allergy, Immunology, and Blood 
and Marrow Transplant, University of California San 
Francisco Benioff Children’s Hospital, San Francisco, CA, 
USA

14 Division of Allergy, Immunology and Transplantation, 
National Institute of Allergy and Infectious Diseases, 
National Institutes of Health, Bethesda, MD, USA

15 Immunology-Rheumatology Division, Department 
of Pediatrics, University of Montreal, Montreal, QC, Canada

16 Department of Molecular and Medical Pharmacology, David 
Geffen School of Medicine at University of California, 
Los Angeles, CA, USA

17 Laboratory of Clinical Immunology and Microbiology, 
National Institute of Allergy and Infectious Diseases, 
National Institutes of Health, Bethesda, MD, USA

18 Section of Transplantation and Cellular Therapy, Children’s 
Hospital Los Angeles Cancer and Blood Disease Institute, 
Keck School of Medicine, University of Southern California, 
Los Angeles, CA, USA

19 Experimental Immunology, Allen Institute, Seattle, WA, 
USA

21 Division of Allergy and Immunology, Department 
of Pediatrics, John Hopkins University, Baltimore, MD, USA

20 Orlando Health, Arnold Palmer Hospital for Children, 
Orlando, FL, USA

http://orcid.org/0000-0001-7501-806X

	Granulocyte Transfusions in Patients with Chronic Granulomatous Disease Undergoing Hematopoietic Cell Transplantation or Gene Therapy
	Abstract
	Introduction
	Methods
	Patients
	Clinical Outcomes
	Statistical Analysis

	Results
	Granulocyte Transfusions
	Response to Granulocyte Transfusions Pre-HCT or GT
	Response to Granulocyte Transfusions Post-HCT
	Alloimmunization
	HCT and GT Procedures
	HCT and GT Outcomes

	Discussion
	References




