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Abstract

Donor lymphocyte infusion (DLI) is typically used in 3 clinical situations: therapeutically for prov-
en relapse of malignancy, prophylactically in patients with high-risk of relapse, and in case of mixed
chimerism. Mixed chimerism, which occur after transplantation can be a sign of possible rejection. In
case of increased mixed chimerism, immunotherapy with donor lymphocyte infusions could reverse
this process. After DLI, both acute and chronic graft-versus-host disease and marrow aplasia are well-
known toxicities. In this paper, we present a case report of young patient with chronic granulomatous
disease (CGD) after allogeneic hematopoietic stem cell transplantation (allo-HSCT), with successful
immunotherapy following mixed chimerism, which was complicated by bone marrow aplasia that re-
quired a second stem cell infusion. DLI seems to be an effective and highly promising treatment method
of transplant rejection in patients with CGD but can induce bone marrow aplasia and may require

a second stem cell infusion.
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Introduction

Chronic granulomatous disease (CGD) is a rare inher-
ited immune deficiency caused by mutations in the genes
CYBB, NCF1, NCF2, NCF4, or CYBA, encoding one
of the NADPH oxidase subunits (gp91phox, p47phox,
p67phox, p40phox, p22phox) [1-3]. Typical manifestations
are recurrent bacterial and fungal infections causing diar-
rhea, growth failure, lung disease, and granuloma forma-
tion in different organs. This defect occurs with estimated
frequency of one in 250,000 individuals [4, 5]. CGD could
be diagnosed with granulocyte function tests showing
impaired phagocytic activity, such as dihydrorhodamine
(DHR) flow cytometry burst assay or nitro blue tetrazoli-
um reduction tests (NBT) [6]. Conventional treatment
consists of anti-infectious prophylaxis with antibiotics and
antimycotics, steroids, interferon y (IFN-y); however, the
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outcomes are still unsatisfactory. The annual mortality rate
is 2-5%, and only 50% of patients with CGD reaches the
age of 30 [1, 7, 8].

Allogeneic hematopoietic stem cell transplantation
(allo-HSCT) has been used in patients with chronic gran-
ulomatous disease since 1976 with various results [9-11].
Nowadays, HSCT from a matched donor is a safer pro-
cedure, if performed before chronic infections and severe
organ damage [2, 8, 12]. The European Society for Blood
and Marrow Transplantation (EBMT) suggests that pa-
tients with CGD require toxicity-reduced conditioning
[13]. The risk of toxic complications of this regimen is
lower than that associated with conventional procedures,
but it may increase a risk of graft rejection. Mixed chi-
merism occurring after transplantation can be a sign of
possible rejection. In case of increased mixed chimerism,
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immunotherapy with donor lymphocyte infusions (DLI)
could reverse this process [14]. Donor T cells cause immu-
nologic clearance of residual host lymphocytes and stem
cells, allowing engraftment and growth of the donor stem
cells [15, 16]. Donor lymphocyte infusion is typically used
in 3 clinical situations: therapeutically for proven relapse
of malignancy, prophylactically in patients with high-risk
of relapse, and in case of mixed chimerism. The main com-
plications after DLI are graft-versus-host disease (GVHD),
with 4-61% of cases and bone marrow aplasia occurring in
30-40% of CML [17].

We present a case report of a young patient with CGD
after allo-HSCT, with successful immunotherapy follow-
ing mixed chimerism, which was complicated by bone
marrow aplasia that required a second stem cell infusion.
Written informed consent was obtained from the patient’s
parents for publication of this case report.

Case report

A 3.5-year-old boy was diagnosed as CGD at the
Department of Immunology of the Children’s Memorial
Health Institute in Warsaw. In the medical history, the first
symptoms of the disease were present six months earlier
and included lymphadenopathy with multiple abscesses
of lymph nodes, recurrent severe pulmonary infections,
diarrhea, cutaneous granulomas, and hepatosplenomegaly.
NADPH-oxidase activity in stimulated neutrophils was
absent in DHR flow cytometry burst assay, NBT was
1%, and stimulated NBT > 150 was 0%, 50-150 was 0%,
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20-50 was 0%, and 0 was 100%. Molecular analysis by
next generation sequencing (NGS) detected CYBB muta-
tion on the X chromosome. Due to serious infectious and
significant malnutrition, which required parenteral nutri-
tion, in this case, the decision to proceed with HSCT was
made immediately after the diagnosis.

Coexisting conditions included celiac disease, hypo-
thyroidism, thrombophilia (factor V Leiden mutation),
and non-specific inflammation of duodenum and colon.
Total neutrophil and leukocyte counts, peripheral blood
lymphocyte phenotyping by flow cytometer, serum im-
munoglobulin levels, and other biochemistry results were
normal. The family history of primary immunodeficiency
was irrelevant.

Pretransplant treatment included anti-infection pro-
phylaxis with antibiotics and antimycotics, immunosup-
pression with steroids and azathioprine, and substitution
of levothyroxine.

A transplant from matched unrelated donor was per-
formed at the age of 4 years. The reduced toxicity condi-
tioning regimen consisted of treosulfan at the total dose
of 42 g per square meter, fludarabine at the total dose of
150 mg per square meter, and thiotepa at the total dose of
10 mg per kilogram. As GVHD prophylaxis, the patient re-
ceived cyclosporine A, anti-T lymphocyte globulin (ATG),
and mycophenolate mophetil. A total of 5 x 10° CD34+
bone marrow stem cells per kilogram were infused.

Engraftment was achieved on day +19, and full do-
nor-derived hemopoietic chimerism using quantitative
fluorescent PCR assays (QF-PCR) and short tandem re-
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Fig. 1. Kinetics of cellular chimerism after the first allo-hematopoietic stem cell transplantation (allo-HSCT) and donor

lymphocyte infusion (DLI)
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Table 1. Detailed information on the donor lymphocyte infusions (DLI)

No. of No. of CD3+ cells  Day after the Chimerism ALT AST Urea Creatinine
DLI first allo- % donor cells wn n (mg/dl) (mg/dl)
HSCT

1 1 x 10%kg +98 50 25 29 16 0.3

2 1 x 10%kg +106 40 31 36 14 0.3

3 1 x 10"/kg +113 42 40 47 20.1 0.3

4 1 x 107/kg +126 41 20 27 19 0.3

5 50 x 10%kg +140 37 17 22 24 0.4

6 50 x 10%kg +154 38 16 24 26 0.3

7 100 x 10%kg +168 30 18 24 21 0.3

allo-HSCT — hematopoietic stem cell transplantation, PLT — platelets

Table 2. Laboratory test and chimerism before and after the second allo-hematopoietic stem cell transplantation

(allo-HSCT)

Day after Day after % No.of  No. of HG No. of WBC No. of NEUTR No. of PLT IgG
the first the second donor RBC (g/dl) (x10%/ul) (x10%/ul) (x10%/ul) (g/dl)
allo-HSCT allo-HSCT cells (x10%ul)
+196 78 2.86 6.7 1.82 0.08 53 7.15
+208 93 3.17 8.0 1.11 0.01 4 7.12
+221 100 3.57 9.2 0.73 0.01 30 -
+230 0 100 3.88 10.1 0.68 0.01 36 5.73
+6 100 2.29 58 0.58 0.01 7 -
+20 100 3.83 10.6 3.38 1.83 24 -
+51 100 3.53 10.0 2.70 0.58 64 4.24
+87 100 4.02 11.6 5.25 1.77 91 4.20
+115 100 4.04 11.5 6.10 2.77 102 4.87
+143 100 433 11.8 6.79 3.00 139 6.04
+285 100 6.41 13.0 8.42 1.6 129 5.34

RBC — red blood cells, HG — hemoglobin, WBC — white blood cells, NEUTR — neutrophils, PLT — platelets, IgG — immunoglobulin G

peats (STR) was noted on day +12 for the first time. The
early post- transplant period was complicated on day +2 by
acute ileus with unknown etiology, which did not require
surgical intervention. The patient presented acute GVHD
of grade I, involving the skin and oral mucosa from day
+26, which did not require treatment. Molecular analysis
of peripheral blood revealed 100% of donor cells weekly
to day +40. The patient was discharged in a particularly
good condition on day +43 post-transplant. The presence
of oxidase-positive neutrophils in DHR flow cytometry
burst assay was 90.8% (0.91 index) on day +51.

On day +57, mixed chimerism occurred in peripheral
blood with tendency to increase (Fig. 1), but general clin-
ical condition of the patient was good and blood counts
were normal. Based on those results, cyclosporine A was
discontinued on day +68, but the recipient signal was sys-
tematically growing. As the next immunotherapeutic inter-
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vention, we decided to perform DLI. DLI started on day
+98 and the patient was given 7 increasing doses every
4 weeks. During those procedures, chimerism was still
mixed with decreasing donor signal, and DHR flow cy-
tometry burst assay was positive in 19.5% (0.2 index) on
day +176. Detailed information on infusions are presented
in Table 1.

The features of pancytopenia occurred on day +186
and the patient was admitted to hospital. The boy required
transfusions of red cell concentrate (RCC) and platelet
concentrate (PC), but his general condition was good,
with no signs of infection and no symptoms of GVHD.
Chimerism was checked every week and a slow increase
in the donor signal was noticed, until full chimerism was
obtained on day +221; unfortunately, there was no he-
matological recovery by this point. Bone marrow biop-
sy confirmed aplasia with full donor chimerism in bone
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marrow. We started administration of G-CSF with no ef-
fect. A decision was made to proceed with a second stem
cell infusion from the same donor without conditioning,
and it was performed 8 months after the first HSCT. No
post-transplant immunosuppression was used. G-CSF was
given from day +4 after the second HSCT and on day +20,
a recovery of neutrophils and reticulocytes was noticed
(Table 2). The presence of oxidase-positive neutrophils by
DHR flow cytometry burst assay tested on day +45 after
the second HSCT showed 95.3% (1.06 index). The patient
was followed by an outpatient schedule and required only
routine anti-infection prophylaxis and immunoglobulin
substitution.

At 12 months after immunotherapy, chronic GVHD
limited to the skin occurred and the patient was treated
with steroids and cyclosporine A. At 9 months after the
patient’s second allo-HSCT, his general condition was
good, with stable engraftment, 100% of donor cells, and
the presence of oxidase-positive neutrophils in DHR flow
cytometry burst assay.

Discussion

Allo-HSCT is the only curative treatment for CGD,
and experimental gene therapies in clinical trials are not
available for every patient. The standard treatment consist-
ing of lifelong anti-infectious prophylaxis, steroids, and in-
terferon gamma may lead to an occurrence of major organ
failure as a result of prolonged toxic therapies. Moreover,
a transplant is recommended only in severe cases, after the
failure of conventional methods and when the patient is
chronically ill [18]. Therefore, the time to initiate a trans-
plant procedure in patients with CGD is still under discus-
sion. GoZzdzik et al. postulated that the appropriate moment
to perform HSCT in young patients with proven diagnosis
of CGD is before the onset of life-threatening infections
[1]. Similarly, Kansoy et al. and Leung et al. claimed that
bone marrow transplantation should be performed in the
first years of life before development of irreversible organ
damage [2, 18]. Seger et al. reported outcomes of 27 pa-
tients with CGD transplanted from 1985 to 2000, based on
the European Bone Marrow Transplant Registry for prima-
ry immunodeficiencies. In their paper, most transplant re-
cipients were children (n = 25) and survival rate was high,
especially in patients without an infection at the moment of
transplantation. In that group of patients, deaths occurred
in 4 cases, with pre-existing fungal infections refractory in
all conventional treatments [8]. In our opinion, allo-HSCT
should be considered at every stage of treatment of CGD
patients, also immediately after diagnosis.

Toxicity-reduced conditioning, especially in patients
with irreversible organ damage, can provide an engraft-
ment with minimal complications. However, on the other
hand, this procedure increases the risk of incomplete en-
graftment or graft rejection and GVHD. Such was the case
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of our patient, who had mixed chimerism after allo-HSCT
with reduced conditioning, and symptoms of rejection
could be reversed by donor lymphocyte infusions.

After DLI, both acute and chronic graft-versus-host
disease and marrow aplasia are well-known toxicities [17].
These complications were reported in about 30-45% of pa-
tients treated with DLI [17, 19]. Our patient did not show
any side effects of infusion, and only limited skin GVHD
occurred within one year after DLI. Four months after the
first infusion, the patient achieved full donor-derived he-
mopoietic chimerism, unfortunately resulting in pancyto-
penia, which could be managed with the second transplant
from the same donor without conditioning. The mechanism
of bone marrow aplasia after DLI is not fully understood.
Hematologic recovery depends on the presence of hema-
topoietic progenitors. Most likely, DLI damages residual
host hematopoiesis before recovery of donor hematopoi-
esis. In case of marrow failure, second stem cell infusion
could reverse pancytopenia, as in our patient [19].

Mixed chimerism does not necessarily lead to recur-
rence of disease symptoms. The donor cells can effec-
tively mask the defect in superoxide-producing NADPH
oxidase of the recipient’s neutrophils. Kansoy et al. pre-
sented a case report of an 8-month-old boy with CGD after
allo-HSCT, whose chimerism in peripheral blood was 50%
of donor cells at five years after the transplantation, and
85% of his neutrophils had normal oxidative burst activity.
During the 60 months of follow-up, this young patient had
no severe infectious disease, was generally in very good
health condition, and growing properly [2]. In contrast,
NADPH-oxidase activity in stimulated neutrophils was
absent in our patient who had between 30-52% of donor
cells in the serum. Therefore, the decision to use an im-
munotherapeutic intervention should be made not only on
the analysis of chimerism, but also on the assessment of
severity of symptoms of the underlying disease and unac-
ceptable results of oxidative burst activity.

In the literature, reports on donor lymphocyte infusion
at unstable mixed chimerism after allogeneic stem cells
transplantation for non-malignant disorders mainly con-
sider patients with thalassemia, sickle cell anemia, or he-
moglobinopathies [20-22]. The effectiveness of DLI ther-
apy was reported in a few cases of children with chronic
granulomatous disease [1, 8, 11, 14, 23]. None of those
reviews reported complications such as bone marrow apla-
sia, which was observed in our patient after DLI. Horwitz
et al. reported 10 patients (5 children, 5 adults) with CGD,
who underwent HSCT followed by DLI at 30 days or
more after the transplantation. The median follow-up time
was 17 months. During this period, infections like fungal
pneumonia, herpes zoster keratitis, pneumococcal sepsis,
or lymphoproliferative disorder due to EBV, occurred in
4 cases. None of those patients had pancytopenia [14].
Akioka et al. described an effective DLI at unstable mixed
chimerism after HSCT in a 14-year-old male with CGD.
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The post-DLI period was complicated only by an acute
hepatic GVHD [23]. Nagler et al. presented a case of a boy
suffering from chronic granulomatous disease, who under-
went HSCT, and the mixed chimerism was the reason for
the use of DLI after which, no side effects were observed
[11]. Similarly to our patient, GoZdzik et al. described
a patient who underwent HSCT twice (patient no. 1). How-
ever, in contrast to our case, the reason why the second
transplantation of bone marrow cells was performed was
the rejection of transplant despite the use of DLI, not bone
marrow aplasia or other hematological complications [1].
Therefore, in our opinion, this case is exceptional.

Conclusions

DLI seems to be an effective and highly promising
method of treatment of transplant rejection in patients with
CGD but can induce bone marrow aplasia and may require
a second stem cell infusion.

The authors declare no conflict of interest.
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