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To the Editor:
Signal transducer and activator of transcription 1 (STAT1) is

a transcription factor that mediates signal transduction via sev-
eral factors, including interferon (IFN)-α/β and IFN-γ.
Germline mutations in STAT1 cause the following four types
of primary immunodeficiency disorders (PIDs): (1) autosomal
recessive (AR) STAT1 complete deficiency, (2) AR STAT1
partial deficiency, (3) autosomal dominant (AD) STAT1 partial
deficiency, and (4) STAT1 gain of function [1]. AR STAT1
complete deficiency is a rare form of PID, with only nine cases
in seven families reported to date [2–6]. It is characterized by a
fatal course following severe viral and mycobacterial infections
based on impaired IFN-α/β and IFN-γ responses, respectively.
We previously reported a case of AR STAT1 complete defi-
ciency due to compound heterozygous intronic mutations [4].
Herein, we describe a case of successful treatment and recovery
via hematopoietic stem cell transplantation (HSCT). Long-term
survival has been achieved in two of four previously reported
cases in which HSCT was attempted for the treatment of AR

STAT1 complete deficiency [5–8]. Therefore, ours is the third
case in which long-term survival was achieved following
HSCT. Given its poor prognosis, this illness requires early di-
agnosis and HSCT. However, in our case, the patient
underwent transplantation at an age more advanced than that
reported previously because the diagnosis could not be
established until intronic mutations were identified [4].

The detailed clinical manifestation before HSCT is de-
scribed in a previous report [4]. Briefly, our patient developed
Bacille Calmette-Guerin lymphadenitis, with osteomyelitis
due to mycobacteria and severe viral infections since early
infancy. In addition, the patient had a history of pyrexia de-
veloping approximately once per month from the age of
5 years. During or after pyrexia, cellulitis-like skin redness
and pustules sometimes occurred, mainly in the extremities.
However, the pathogen had never been identified by biopsy,
culture investigation, or other tests, suggesting the presence of
hyperinflammatory responses against unidentified infectious
pathogen [8]. The patient was diagnosed AR STAT1 com-
plete deficiency due to compound heterozygous mutations at
the age of 5 years and was referred to our hospital for trans-
plantation [4]. A whole-body CT scan and bone scintigraphy
revealed mandibular osteomyelitis and associated cellulitis
but no deep-seated abscess. Blood tests showed sustained in-
creases in C-reactive protein, procalcitonin, and β-D-glucan
levels. The causative bacteria of osteomyelitis were not iden-
tified; however, the involvement of atypical mycobacteria was
suspected because the patient had a history of mediastinal
lymphadenitis and osteomyelitis of the tibia due to
Mycobacterium malmoense. Treatment with rifampicin, eth-
ambutol, clarithromycin, fluconazole, amikacin, sulfamethox-
azole-trimethoprim, and acyclovir failed to control the infec-
tions. No other obvious organ disorders were noted.
Allogeneic bone marrow transplantation was performed with
the consent of the parents. Antituberculous drugs were
discontinued before starting conditioning for HSCT, but no
obvious exacerbation of mandibular osteomyelitis was ob-
served in the course of HSCT.
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The conditioning regimen was planned as follows: total body
irradiation (TBI) 3.6 Gy, busulfan (BU) 16 mg/kg (target area
under the curve, 50 mg*h/L), fludarabine 180 mg/m2, and
antithymocyte globulin (ATG, Thymoglobulin®) 5 mg/kg. On
the day before transplantation, the numbers of white blood cells
and lymphocytes were 10,000/μL and 1000/μL, respectively,
leading to an evaluation of insufficient myelosuppression and im-
munosuppression. An additional 1.8 Gy dose of TBI (5.4 Gy in
total)was thus added for conditioning. The allogenic bonemarrow
from a human leukocyte antigen 8/8 full-matched unrelated donor
(CD34-positive cell count of 7.3 × 106 cells/kg) was used for
transplantation. Tacrolimus combined with short-term methotrex-
ate administered 15 mg/m2 on day 1, and 10 mg/m2 on day 3, 6,
and 11 was used to prevent graft-versus-host disease (GVHD).

Neutrophil and platelet engraftment were achieved on day
15 and day 86, respectively (Supplemental Fig. 1). A test for
chimerism from peripheral blood revealed 88% donor type on
day 14 using polymerase chain reaction of short tandem re-
peat. Thereafter, complete donor bone marrow chimerism was
confirmed on days 30, 60, and 90 respectively. STAT1 phos-
phorylation analysis of peripheral blood monocytes on day 21
confirmed that the patient’s peripheral blood normally
responded to IFN-α and IFN-γ (Supplemental Fig. 2).
Various imaging procedures confirmed that mandibular oste-
omyelitis and associated cellulitis, which were difficult to con-
trol before transplant, were ameliorated without administra-
tion of antituberculous agents (Supplemental Fig. 3).

GVHD stage 2 of the skin was noted immediately after
engraftment, but it rapidly improved after the systemic admin-
istration of prednisolone (1 mg/kg/day) for 1 week. The per-
sistent fever of unknown cause and recurrent eruptions con-
tinued. Thorough intensive examinations, including biopsy,
were conducted with the suspicion of viral reactivation, recur-
rent mandibular osteomyelitis, other transplant-related infec-
tions, GVHD, and drug rash. However, no clear causes were
identified. The patient spontaneously became afebrile on day
75, and skin eruptions improved on day 96. During these
episodes of fever and eruption, thrombocytopenia refractory
to blood transfusion was observed. No signs of thrombotic
microangiopathy, other than thrombocytopenia, were found,
and bone marrow examination revealed a good recovery of
megakaryocytes. Splenomegaly was suspected to be one of
the causes of thrombocytopenia. A spontaneous increase in
thrombocytes started on day 86. The peripheral T, B, and
NK cell recoveries were confirmed on day 116. Tacrolimus
was discontinued on day 240 after the transplant. There were
no recurrent infections, and antiviral, antifungal, and antitu-
berculous drugs were discontinued. At 1 year post-transplant,
the patient was in a good general condition, with no
transplant-related complications, such as GVHD.

AR STAT1 complete deficiency is a life-threatening form
of PID. Transplantation is essential for long-term survival, but
the prognosis after transplantation is not always favorable.

Among the nine AR STAT1 cases reported previously, four
underwent HSCT, among whom two died with one suffering
from severe post-transplantation Epstein-Barr virus reactiva-
tion with multi-organ failure and the other succumbing to
cytomegalovirus reactivation with acute respiratory distress
syndrome (Table 1, cases 1 and 4). Therefore, our patient joins
only two others who were successfully treated with HSCT.
Myeloablative conditioning was performed in two out of the
four patients treated with HSCT (cases 2 and 4) [7, 8]. Long-
term survival was achieved in one case who suffered from
serious transplantation-related complications, including blind-
ness (case 2) [7]. The second long-term survivor received
reduced-intensity conditioning (RIC) and recovered with no
complications (case 3) [5]. These two patients also received
BU-based conditioning. We thus chose the BU-based RIC,
but it was supplemented with low-dose TBI and ATG for
prevention of rejection. We used low-dose ATG to reduce
the risk of prolonged lymphopenia post-transplant that may
increase the risk of viral reactivation. The engraftment was
achieved relatively early. The patient was in a good general
condition 1 year after HSCT, with no transplant-related com-
plications. Though our case was successful in transplantation
with BU-based conditioning, the accumulation of additional
cases will be necessary to determine the appropriate condi-
tioning regimen for AR STAT1 complete deficiency.

Our patient’s delayed diagnosis was due to the diffi-
culty in detecting intronic disease-causing in STAT1. As
a result, the patient suffered from several severe and life-
threatening infections and necessarily underwent HSCT in
the presence of uncontrolled mandibular osteomyelitis and
associated cellulitis. The patient received transplantation at
the age of 70 months, which was the oldest age among the
five patients who underwent HSCT. The exacerbation of
pretransplantation symptoms and the reactivation of viruses
are of great concern in the case of HSCT. However, infections
were well controlled throughout the entire course, and
pretransplantation symptoms improved after engraftment.
The current case indicates the possibility of a complete cure
of this disorder by HSCT, even if the patient exhibits uncon-
trolled infections before transplantation.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10875-020-00948-7.
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