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Autosomal recessive (AR) complete Interferon-y Receptorl (IFN-yR1) deficiency is a rare variant
of Mendelian susceptibility to mycobacterial disease (MSMD). Whilst hematopoietic stem cell
transplantation (HSCT) remains the only curative treatment, outcomes are heterogeneous; delayed
engraftment and/or graft rejection being commonly observed. This case report and literature
review expands the knowledge about this rare but potentially fatal pathology, providing details
regarding diagnosis, antimicrobial treatment, transplant performance and outcome that may help to
guide physicians caring for patients with AR complete IFN-yR1 or IFN-yR2 deficiency.
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Introduction

Autosomal recessive (AR) complete Interferon-y Receptorl (IFN-yR1) deficiency is a rare
variant (8%) of Mendelian susceptibility to mycobacterial disease (MSMD) [1,2]. To date
32 patients with 26 different mutations have been reported [3,4]. AR complete IFN-yR1
deficiency is characterized by a lack of cytokine production such as Interleukin-12 (IL-12)
or tumor necrosis factor a (TNF-a) in response to IFN-y activation in vitro and high levels
of circulating IFN-y [3,5]. Clinical penetrance is complete with disseminated infections in
early childhood, most commonly caused by BCG [3] or atypical mycobacteria including M.
avium complex, M. abscessus M. chelonae, M. fortuitum, M. mageritense, M. peregrinum,
M. smegmatis and M. scrofulaceum [3,5,6]. Other pathogens, such as Listeria
monocytogenes, Salmonella spp and Toxoplasma spp as well as viral pathogens have also
been described to cause disease in these patients [3]. Complete IFN-yR1 deficiency is fatal
within the first two decades of life despite antibiotic treatment [3,5,7]. Hematopoietic stem
cell transplantation (HSCT) remains the only curative treatment option; however, outcomes
are heterogeneous [8-12]. Delayed engraftment and/or graft rejection are common
observations [9]. The presence of high IFN-y plasma levels of IFN-yR1 deficient patients
might explain these potentially severe complications, as IFN-y has been shown to have anti-
hematopoietic properties in vivo [13,14]. We describe the clinical presentation, diagnosis,
and successful transplant of a child with AR complete IFN-yR1 deficiency and review the
current experience of this rare disorder. The informed consent of the legal tutors of our
patient was obtained.

Case Report

A 4-year-old male born to non-consanguineous parents was admitted with generalized
lymphadenopathy, rash and night sweats. Family history was unremarkable; personal
medical history included a Salmonella gastroenteritis aged 12 months, requiring intravenous
antibiotics. He had not received BCG vaccine.

A full blood count revealed neutrophilia (45,000/mm?3) and raised C-reactive protein (CRP,
308 mg/l). Repeated blood cultures and an infectious disease screening including Mantoux
tuberculin skin test, Brucella, Rickettsia, Bartonella, Coxiella, Leishmania,

Pediatr Blood Cancer. Author manuscript; available in PMC 2016 November 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Olbrich et al.

Page 3

Cytomegalovirus, Epstein-Barr virus, viral hepatitis panel and HIV serology were negative.
Immunological studies showed raised serum immunoglobulin (IgG 1,890mg/dl, IgA
227mg/dl, IgM 260mg/dl), whilst lymphocyte subsets, T cell response to mitogens and
neutrophil respiratory burst test using dihydrorhodamine flow cytometry were normal for his
age. Due to persistent fever and respiratory distress despite intravenous antibiotic therapy,
bone marrow aspirates, lymph node and lung biopsies were performed, showing non-
specific reactive changes, without signs of malignancy, hemophagocytosis or infectious
agents despite prolonged culturing, acid-fast bacilli testing and molecular biology methods.
Broad-spectrum antibiotics including Trimethoprim-Sulfamethoxazole (TMP-SMX),
liposomal Amphotericin B, and Imipenem resulted in disappearance of fever and respiratory
symptoms and subsequent hospital discharge.

Three months later he represented with fever, generalized lymphadenopathies, hepato-
splenomegaly, disseminated rash and a marked edema of the right lower extremity (Figure
1A-D). Blood tests revealed high inflammatory parameters: neutrophilia: 54,380/mm3,
subsequently 120,000/mm3, ESR: 102mm/h, CRP: 107mg/l, IgG: 4,744mg/dl, soluble
CD25: 15,241U/ml (normal 158-623). Cultures of a repeated lymph node biopsy grew
Mycobacterium fortuitum. Subsequently, treatment was initiated with Azithromycin
(10mg/kg/day), TMP-SMX (TMP 10mg/kg/d), and Ciprofloxacin (30mg/kg/d).

The atypical pathogen identification in context with the clinical picture led to functional
studies of the IFN-y axis showing markedly raised IFN-y plasma levels (275pg/ml,
normal<10) and normal IFN-vy production after whole blood stimulation with
phytohaemagglutinin in the presence or absence of IL-12 (data not shown). However, whole
blood culture cells showed no response to increasing doses of IFN-v in vitro, in terms of
IL-12p70 production (Figure 2A). Flow cytometry confirmed a marked decrease in the
expression of IFN-yR1 in polymorphonuclear granulocytes (Figure 2B), compared with
healthy controls suggesting a complete IFN-yR1 deficiency. Sequencing of the IFNGR1
gene identified a known compound heterozygous mutations (¢.523delT/c.652del3)
confirming the diagnosis of AR complete IFN-yR1 deficiency (supplementary Figure 1) [3].
Complete clinical recovery was achieved within two weeks of triple antibiotic therapy and
IFN-vy plasma levels were normal 4 and 2 months pre-HSCT.

A fully myeloablative conditioning regimen included Cyclophosphamide and Busulfan
(BUCY-200). Graft-versus-host-disease (GVHD) prophylaxis consisted of Cyclosporine A
(pre dose serum levels 200-300ng/ml) and four doses of Methotrexate (15mg/m? day+1,
10mg/m? on days+3, +6 and +11 post HSCT). A non-T-cell-depleted HSCT from a fully
matched sibling donor was performed (cell dose 5.3x108/kg CD34* HSCs). Neutrophil
(>1,000cells/mm3) and platelets recovery (>50,000cells/mms3) occurred on day+15; early
engraftment studies revealed >98% donor cells on day+17 post HSCT. M. fortuitumtriple
therapy was maintained during transplant with temporary substitution of TMP-SMX for
Amikacin during the aplastic phase. The patient did not suffer from fever or infections
during and post HSCT. Donor chimerism was maintained >90% and IFN-y plasma levels
were <10pg/ml at 1, 2, 3 and 4 months post HSCT. In vitro cellular responses to increasing
concentrations of IFN-y were repeatedly measured at 4 and 8 months after HSCT showing
similar IL-12p70 induction as his donor (Figure 2C). IFN-yR1 expression 4 months post
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HSCT was normal in 95% of patient’s CD14* monocytes and 99% of CD15*
polymorphonuclear granulocytes and equal in donor and recipient CD19* B cells (Figure
2D). Thirteen months after HSCT the patient is in an excellent clinical shape, with no signs
of GVHD and a stable donor chimerism of 97%. GVHD prophylaxis was reduced at six and
finally stopped at 10 months after HSCT. Treatment against M. fortuitum was maintained 12
months post HSCT.

Discussion

Mutations conferring a complete defect in IFN-vy response, e.g. AR IFN-yR1 and IFN-yR2
deficiency, lead to potentially fatal mycobacterial infections [1-7]. The detection of IFN-
vR1 expression on nucleated cells and the performance of functional tests for analyzing IFN-
v responses facilitate targeted gene sequencing and the prediction of effectiveness of
adjuvant therapies such as exogenous IFN-y. Patients with AR complete IFN-yR1 deficiency
require HSCT [5,15]. However, HSCT does not completely correct this pathology as the
IFN-yR is also expressed on cells and tissue types not directly derived from lymphoid tissue
or bone marrow [16]. Malignancies such as lymphoma, Kaposi sarcoma and a pineal
germinoma have been reported [6,17,18]. Tumor surveillance seems reasonable for all
patients with IFN-yR deficiency independently of their transplant status.

Our patient was diagnosed in the context of disseminated M. fortuitum infection, which was
controlled by combined and long-term antibiotic therapy. Immunological results suggested

AR complete IFN-yR1 deficiency allowing directed candidate gene sequencing thus saving
time and economic resources.

To date, ten patients underwent HSCTs, all but one from HLA matched family donors [8—
12]. Four of these patients died within the first 8 months of transplant, two survived despite
autologous reconstitution and in four patients HSCT was curative [8,9,11,12]. Importantly,
all these four patients received long-term antibiotic therapy, myeloablative conditioning, as
well as non-T-cell-depleted grafts with good nucleated cell counts [8,9,11,12].
Mycobacterial control pre-transplant appears to be fundamental for successful transplant
outcomes. M. fortuitum is known to be more susceptible to anti-mycobacterial therapy
compared with M. avium complex or M. bovis and this may also have contributed to the
favorable outcome in our case [19]. Pre-transplant, normalization of IFN-y levels is
warranted, as raised levels have been associated graft rejections [13,14]. HSCT was only
performed in our patient, once IFN-y levels had normalized using a complete myeloablative-
conditioning regimen from a HLA identical brother. GVHD prophylaxis was maintained for
10 and antimycobacterial treatment for 12 months, respectively. This approach resulted in a
fast and sustained engraftment without major complications. Follow up evaluations include
graft function, conditioning toxicity, and recurrence of mycobacterial infection, and the
development of malignancies.

Conclusions

AR complete IFN-yR1 deficiency is associated with high mortality. HSCT is the only
curative treatment option and should always be considered. Ideal transplant conditions
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include control of mycobacterial infection, normalized IFN-y levels, myeloablative
conditioning and a non-T-cell-depleted graft with high number of nucleated cells obtained
from an HLA matched sibling.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Clinical presentation
Marked lymphadenopathies (A, B) and generalized macupapular rash affecting torso and

lower extremities (C, D).
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Figure 2. Cytokineresponsesto | FN-y stimulation and expression of IFN-yR1 prior and after
HSCT

(A) IL-12p70 production in vitro in response to lipopolysaccharide plus various
concentrations of IFN-y before HSCT. The patient is represented by triangles and a healthy
control (HC) with squares.

(B) Expression of IFN-yR1 before HSCT. Whole blood from the patient and from one HC
was stained with two IFN-yR1-specific mAbs (dark gray; GIR94 and GIR208) and isotypic
control antibodies (pale gray).

(C) IL-12p70 production in vitro response to lipopolysaccharide plus various concentrations
of IFN-vy after HSCT as described in (A).

(D) Expression of IFN-yR1 after HSCT. Whole blood from the patient and from a HC was
stained with two IFN-yR1-specific mAbs as done in (B). CD14+ monocytes, CD15+
granulocytes and CD19+ B cells were analyzed.
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