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Abstract

Immunodeficiency secondary to anti-interferon-gamma (anti-IFN-y) autoantibodies was first described in 2004 as an acquired
defect in the IFN-y pathway leading to susceptibility to multiple opportunistic infections, including dimorphic fungi, parasites,
and bacteria, especially tuberculosis and non-tuberculous mycobacterium (NTM) species. It has so far only been described in
adult patients. We present 2 cases of disseminated NTM infections in otherwise immunocompetent children. A 16-year-old girl
with Sweet’s syndrome—-like neutrophilic dermatosis developed recurrent fever and cervical lymphadenitis secondary to
Mycobacterium abscessus. A 10-year-old boy with a history of prolonged fever, aseptic meningitis, aortitis, and arteritis in
multiple blood vessels developed thoracic vertebral osteomyelitis secondary to Mycobacterium avium complex. Both patients
were found to have positive serum neutralizing anti-IFNy autoantibodies. Testing for anti-IFNy autoantibodies should be
considered in otherwise healthy immunocompetent hosts with recurrent or disseminated NTM infection. This represents a
phenocopy of primary immunodeficiency which has been recently described only in adults. We report the first two cases of this

phenomenon to affect children.
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Introduction

Adult-onset immunodeficiency secondary to anti-interferon-
gamma (anti-IFN-y) autoantibodies was first described in
2004 as an acquired defect in the IFN-y pathway leading to
susceptibility to multiple opportunistic infections, including di-
morphic fungi, parasites, and bacteria, especially tuberculosis
and non-tuberculous mycobacterium (NTM) species [1-10]. It
is an uncommon disease characterized by the presence of serum
anti-cytokine autoantibody inhibitory to IFN-y, a cytokine in-
tegral to cell-mediated defense against specific pathogens [1].

To date, this syndrome has been reported to affect only
adults, mostly females, of predominantly East Asian origin,
with presentation between 30 to 50 years of age [2, 4, 5, 10,
11]. Exceptionally, two recent case reports have described the
disease in Caucasians [12, 13]. There have so far been no
reports of this condition occurring in children or adolescents.
We report two cases of children with disseminated NTM in-
fection secondary to anti-IFN-y autoantibodies.
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Case 1

A 16-year-old Chinese girl presented with multiple painful
nodules over her trunk and limbs, associated with intermittent
high fever (Fig. 1). There was a history of recurrent painful
oral ulcers lasting several weeks over the previous 10 years.
She recalled a history of similar painful deep nodules at five
years of age, which resolved after treatment with several
months of oral colchicine prescribed by a private dermatolo-
gist. Physical examination revealed multiple, deep, tender,
erythematous nodules on her trunk, upper and lower limbs,
and several more superficial erythematous, juicy, “Sweet’s
syndrome-like” papules over her face, trunk, and limbs.
There were several non-tender sub-centimeter lymph node
swellings in bilateral post-auricular region. A systemic review
of'the other major organ systems, including the respiratory and
gastrointestinal tract, was unremarkable.

Laboratory investigations showed raised inflammatory
markers. The C-reactive protein (CRP) was 115.9 mg/L (nor-
mal, 0.0-5.0 mg/L) and erythrocyte sedimentation rate (ESR)

4

Fig. 1 a Case 1: Multiple tender
erythematous Sweet’s syndrome—
like nodules over the left lateral
thigh. b Case 1: Extensive flat er-
ythematous pin-point papules. ¢
Case 1: Generalized involvement
with tiny pin-point pustules on
background of erythema. d Case
2: MRI thoracolumbar image
demonstrating complete collapse
and enhancement of the T10 ver-
tebral body with associated
paravertebral soft tissue and epi-
dural thickening and enhance-
ment consistent with
osteomyelitis

was 59 mm/h (3—15 mm/h). The complete blood count
showed a hemoglobin level of 11.9 g/dL (12.0-16.0 g/dL),
white blood cell count of 10.95 x 10%/L (4.50-11.0 x 10°/L),
and platelet count of 235 x 10°/L (150-450 x 10°/L). An in-
fective screen including respiratory virus multi-plex PCR,
anti-streptolysin O antibody titer (ASOT), Widal/Weil-Felix
serology (WWF), melioidosis PCR, herpes simplex virus se-
rology, rickettsia, and Mantoux test was unremarkable. Punch
biopsy of a papular lesion showed neutrophilic and histiocytic
infiltrates extending from the superficial to deep dermis, con-
sistent with a neutrophilic dermatosis (Fig. 2a). Incisional bi-
opsy of a deep nodule revealed thickening of the subcutaneous
septa with involvement of the adjacent fat lobules by a mixed
inflammatory infiltrate, consistent with septo-lobular
panniculitis (Fig. 2b). Infective stains and tissue cultures for
fungus and acid-fast bacilli (AFB) were negative on both skin
biopsies. After clinical-pathological correlation, a diagnosis of
Sweet’s syndrome was made. Thorough investigations for in-
flammatory bowel disease, autoimmune diseases and hemato-
logical malignancies returned negative. The skin lesions
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Fig. 2 a Case 1: Punch biopsy from a Sweet’s syndrome-like papule
showing neutrophilic and histiocytoid inflammatory infiltrate extending
from the superficial to deep dermis, consistent with neutrophilic derma-
tosis. H&E x 20. b Case 1: Incisional biopsy of a nodule showing septo-
lobular panniculitis by an admixture of neutrophils, lymphocytes, histio-
cytes, and occasional eosinophils. H&E x 20. ¢ Case 1: Right cervical

improved with a tailing course of oral prednisolone (30 to
0.5 mg every other day) and oral colchicine (0.5 mg BD),
and the disease remained quiescent.

She re-presented a year later with prolonged fever and mul-
tiple bilateral enlarged cervical lymph nodes of two months
duration. The white cell count was raised at 23.35 x 10°/L,
with mainly neutrophilia. The CRP was 179.4 mg/L and
ESR was 92 mm/h. Further infective serologies including hu-
man immunodeficiency virus (HIV), hepatitis B and C, cyto-
megalovirus, Bartonella and toxoplasma returned negative.
Computed tomography (CT) scan showed multiple enlarged
lymph nodes in the neck, thorax, and upper abdomen with no
evidence of liquefaction or calcification. There was no evi-
dence of pulmonary nodules or pleural effusion. Excision bi-
opsy of an enlarged cervical lymph node showed necrotizing
granulomatous inflammation on histology (Fig. 2c). Tissue
culture of the same biopsy grew Mycobacterium abscessus.
At the same time, the patient developed generalized non-pru-
ritic, pin-point, and erythematous-to-brown papules, sugges-
tive of lichen scrofulosorum (Fig. 1b). She declined biopsy of
these new lesions. While awaiting results of the tissue culture,
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lymph node excisional biopsy showing architectural effacement with ex-
tensive fibrosis, regions of necrosis, and infiltration of histiocytes forming
granulomas and multinucleated giant cells, consistent with necrotizing
granulomatous infection. H&E x 20. d Case 1: Punch biopsy of a pustule
showing spongiotic dermatitis with subcorneal pustules, consistent with
AGEP. H&E x 20

intravenous clindamycin was empirically started for lymph-
adenopathy. She developed acute generalized exanthematous
pustulosis (AGEP) 10 days after commencement of
clindamycin (Fig. 1c). A punch biopsy of the pustule showed
subcorneal and intraepidermal neutrophilic collections, con-
sistent with AGEP (Fig. 2d). Clindamycin was discontinued.

Further immunodeficiency evaluation was performed.
Serum immunoglobulin levels showed IgG level of 13.66 g/
L (6.60-15.3 g/L), IgA level of 3.26 g/L (0.50-2.90 g/L), and
IgE level of 2893 TU/ml (18-100 IU/ml). Flow cytometry
assay revealed mildly elevated CD3 T cells at 77.1% (64—
73%) and CD4 T cells at 49.6% (30-36%), and mildly re-
duced Pan B CD20 cells at 12.9% (14-21%) and NK CD56
cells at 6.3% (11-53%). IFN~y and IL-12 functional assays
were performed with the patient’s and healthy control’s pe-
ripheral blood mononuclear cells (PBMC) stimulated in the
absence of serum, with Bacillus Calmette-Guérin (BCG), in
the presence or absence of IFN-y (for the detection of IL-12)
or IL-12 (for the detection of IFN-y). The supernatant was
collected at 18 h or 48 h for the detection of IL-12 or IFN-y
respectively, by ELISA. The patient’s PBMC demonstrated
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normal intrinsic IFN-y and IL-12 production when tested in
isolation (Fig. 3). Enzyme-linked immunosorbent inhibition
assay was performed to measure the relative anti-IFNy auto-
antibody titers through inhibition of recombinant IFNy at
varying serial dilution factors of the patient’s plasma. Signal
transducer and activator of transcription (STAT)-1 phosphor-
ylation as a marker of intact [IFNy/IL-12 axis function were
assessed by flow cytometry by incubating healthy control’s
peripheral blood mononuclear cells in the presence of patient’s
serum. She was tested positive for serum anti-IFNy autoanti-
bodies which were neutralizing (Fig. 4a, c).

The patient was started empirically on intravenous
cefoxitin 12 g Q24H, intravenous amikacin 500 mg Q24H,
and oral clarithromycin 500 mg BID. The Mycobacterium
abscessus was susceptible to amikacin, linezolid,
azithromycin, and clofazimine. Amikacin was stopped after
6 weeks due to rising serum creatinine levels (117 umol/L).
After 6 weeks of treatment with the initial anti-tuberculous
regimen, treatment was changed to a combination of oral li-
nezolid and azithromycin for 6 months. On subsequent outpa-
tient reviews, the cervical lymph nodes had reduced dramati-
cally in size with minimal evidence of the initial rash. The
serum levels of anti-IFN-y antibodies were monitored and
showed limited decline with disease quiescence (Fig. 4b, c).
HLA typing of the patient yielded DQB1%04:05,
DQB1*04:01:01G, DRB1*#04:05:01, and DRB1*04:05:03.

Case 2

A 10-year-old Malay boy with a history of prolonged fever,
aseptic meningitis, uveitis, erythema nodosum (EN)-like le-
sions, and aortitis and arteritis in multiple blood vessels was
diagnosed presumptively with Takayasu arteritis and treated
with weekly subcutaneous methotrexate and low-dose oral
prednisolone. Infectious work-up, including acid-fast bacilli
smears and cultures of cerebrospinal fluid, skin, urine, and
bowel were negative. Skin biopsy on an EN-like lesion

154 O Medium
BCG

£ 107 B BCG+IFN-+y
>
&
N
Lo

0 -

Ctrl Patient

Fig.3 Production of IL-12 and IFN~y by case 1’s peripheral blood mono-
nuclear cells (PBMC). IFN-y and IL-12 functional assays were per-
formed with patient’s and healthy control’s PBMC stimulated in the ab-
sence of serum, with Bacillus Calmette-Guérin (BCG), in the presence or

showed a septolobular neutrophilic panniculitis with absence
of granulomas and vasculitis. Six months after the initial pre-
sentation, he complained of a new-onset of severe upper back
pain for a few days. There was no associated fever, weakness,
numbness, or derangement of bowel or bladder functions.
Physical examination did not reveal any spinal tenderness on
palpation and there were no neurological deficits. There were
no enlarged lymph nodes or rashes. A systemic review of the
major organs including respiratory and gastrointestinal tract
was unremarkable.

Laboratory investigations showed raised inflammatory
markers. The CRP was 39.7 mg/L and ESR was 61 mm/h.
The full blood count showed hemoglobin of 11.5 g/dL, white
cell count of 7.61 x 10°/L, and platelet count of 334 x 10°/L.
A comprehensive infective screen including Bartonella,
melioidosis, Toxoplasma, Brucella, fungal cultures, and blood
cultures was unremarkable. X-ray imaging of the
thoracolumbar spine did not reveal any pathological changes.
In view of persistent pain, magnetic resonance imaging (MRI)
of the thoracolumbar spine was performed which showed sta-
ble complete collapse and enhancement of the T10 vertebral
body and posterior elements, with associated paravertebral
soft tissue and epidural thickening and enhancement
(Fig. 1d). These changes corresponded to an infective osteo-
myelitis of the T10 vertebra. An image-guided bone biopsy of
T10 vertebra revealed severe inflammatory changes. Tissue
culture of the biopsy sample grew Mycobacterium avium
complex (MAC).

Further immunodeficiency evaluation was performed.
Serum immunoglobulin levels showed raised IgG level of
18.94 g/L (6.60-15.3 g/L) and IgM level of 2.05 IU/ml
(0.31-1.80 TU/ml), but normal IgA level of 1.92 g/L (0.50—
2.90 g/L). Flow cytometry assay revealed mildly elevated
CD3 T cells at 78% (65-72%), CD4 T cells at 43% (27—
34%), and mildly reduced Pan-B CD20 cells at 7% (15—
20%) and NK CD56 cells at 10% (11-24%). Antinuclear an-
tibody (ANA) was negative. Anti-double-stranded DNA
(dsDNA) antibody was raised at 45.78 IU/ml (<25 IU/ml)
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absence of IFN-y (for the detection of IL-12) or IL-12 (for the detection
of IFN-y). The supernatant was collected at 18 h or 48 h for the detection
of IL-12 or IFN-y respectively, by ELISA
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Fig.4 a, b Inhibition of the STAT phosphorylation and ¢ the detection of
input IFN-y by plasma samples of case 1. Enzyme-linked immunosor-
bent inhibition assays were performed to measure the relative anti-IFNy
autoantibody titers through inhibition of recombinant IFNYy input at vary-
ing serial dilution factors of the patient’s plasma. Signal transducer and

but anti-Crithidia antibody was negative. IFN-y and IL-12
functional assays were performed with the patients’
PBMC and whole blood culture as described by the above
methods. The patient’s PBMC demonstrated normal in-
trinsic IFN-y and IL-12 production when tested in isola-
tion but this was completely suppressed by whole blood
culture (Fig. 5). Serum anti-IFN-y autoantibodies levels
performed, with the same methodology as previous case,
returned positive (Fig. 6).

Fig. 5 Production of IL-12 and 100+

IFN-y by case 2’s PBMC (serum
free) and whole blood cultures. 804
The cells were stimulated with
Bacillus Calmette-Guérin (BCG),
in the presence or absence of IFN-
7y (for the detection of IL-12) or
IL-12 (for the detection of IFN-
). The patient’s PBMC demon-
strated normal intrinsic IFN-y and
IL-12 production when tested in
isolation but this was completely
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activator of transcription (STAT)-1 phosphorylation as a marker of intact
IFNy/IL-12 axis function was assessed by flow cytometry by incubating
healthy control’s peripheral blood mononuclear cells in the presence of
patient’s serum

Anti-NTM treatment was commenced with oral
clarithromycin 275 mg Q12H, rifampicin 450 mg Q24H,
and ethambutol 500 mg Q24H. The MAC was tested suscep-
tible to clarithromycin. At 6-month review, there was clinical
improvement and reduction of inflammatory markers. Repeat
serum anti-IFN-y antibodies showed fluctuating levels despite
successful treatment and disease quiescence (Fig. 6a, b). The
patient’s HLA typing was DQB1*05:01:01G,
DRB1%15:02:01 and DRB1*15:19.
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Fig. 6 a Inhibition of the STAT phosphorylation and b the detection of
input IFN-y by plasma samples of case 2. The relative anti-IFNy auto-
antibody titers through inhibition of recombinant IFNy at varying serial
dilution factors of the patient’s plasma was measured by ELISA as above.

Discussion

IFN-y, a key cytokine produced predominantly by T-helper-1
cells and natural Kkiller cells, has a critical role in the cell-
mediated immune cascade in response against invasion by
intracellular pathogens, especially NTM species. The pres-
ence of pathological anti-IFN-y autoantibodies with neutral-
izing capacity disrupts this pathway, impairing intracellular
organism killing by macrophages, leading to disseminated
NTM infections, which may be severe, progressive, and often
difficult to treat.

In a study by Browne et al., screening for 41 anti-cytokine
autoantibodies from a group of patients in Thailand and
Taiwan demonstrated that only autoantibodies against IFN-y
correlated with disseminated opportunistic infection, with a
large proportion (88%) caused by NTM species [4]. Various
other studies have illustrated the distinctive role of IFN-y in
the control of NTM-specific infections [1-3, 5—10].

In reported cases, the most frequently isolated NTM spe-
cies were the rapid growers, with M. abscessus being the
commonest [4, 5, 14, 15]. Other NTM species isolated include
M. fortuitum and M. chelonae, and slow growers, most com-
monly M. avium complex, M. kansasii, and M. scrofulaceum
[4, 15]. Cervical lymphadenitis (81.8%) was the most com-
mon clinical manifestation in these patients [15]. Other com-
mon sites of infection include the lungs, bones, and joints.

Most children presenting with severe NTM infections have
shown genetic defects in the IFN-y/IL-12 axis—Mendelian
susceptibility to mycobacterial disease (MSMD) [16]. In a
review article by Filipe-Santos et al., as many as 13 different
genetic defects involving the IFN-yRI, IFN-yR2, Stat-1, IL-
12Rp1, and IL12-B genes have been identified, and disease
severity correlates with the amount of functional signaling
[16]. The mean age at onset of mycobacterial infection in
these patients is 13.4 years (range, 1.5 to 57 years).
Mutations that cause complete receptor deficiencies typically

b
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Signal transducer and activator of transcription (STAT)-1 phosphoryla-
tion as a marker of intact IFNy/IL-12 axis function was assessed by flow

cytometry by incubating healthy control’s peripheral blood mononuclear
cells in the presence of patient’s serum

result in a very severe disseminated infection with early onset
and very poor prognosis with high mortality. The tissue le-
sions are widespread and typically show poorly delineated,
lepromatous-like, multibacillary granulomas. These children
are most commonly infected by BCG and NTM, notably rapid
growers like M. fortuitum, M. chelonae, M. smegmatis, and
M. peregrinum. Salmonellosis has been reported as the 2nd
most frequent infectious disease in these patients, especially in
patients with IL-1231 deficiency [16].

In healthy persons, low-titers of naturally occurring anti-
cytokine autoantibodies may be part of an immune regulatory
response to inflammation and infection [5, 17]. It is unclear,
however, what causes an overproduction of these autoanti-
bodies that exhibit inhibitory effects at high-titers, nor do we
understand their causal role in the disease [2-4]. The anti-
IFN-y autoantibody titers were monitored during the course
of treatment and found not to correlate with disease activity in
both patients. This has been similarly observed in our other
patients [18]. A genetic origin is strongly suspected, given the
racial predisposition in adults of East Asian origin.
Association with HLA-DRB1 and HLA-DQBI1 have been
described [18, 19] but variant loci had been elicited in our
patients. Interestingly, hypergammaglobulinemia was present
in both our patients, with autoantibodies to ANA and dsDNA
but no primary autoimmune disease. In addition, there were
decreased levels of B lymphocytes in both our patients, sug-
gesting possible underlying humoral defect and immune
dysregulation.

Conclusion
A search for anti-IFN-y autoantibodies should be carried out
in cases of otherwise healthy immunocompetent hosts with

recurrent or disseminated NTM infection, especially in pa-
tients of East Asian descent. Although previously only
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reported to affect adults, our case clearly demonstrates that it
can occur in the pediatric population. We propose that the
previous disease nomenclature of “adult-onset immunodefi-
ciency due to anti-IFN-gamma antibody” be changed to
“Immunodeficiency Secondary to [FN-y Autoantibodies” or
“ISIGA Syndrome.”
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