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Abstract

Complete interferon-vy receptor 1 (IFNyR1) deficiency has
been identified previously as a cause of fatal bacillus Cal-
mette-Guérin (BCG) infection with lepromatoid granulomas,
and of disseminated nontuberculous mycobacterial (NTM)
infection in children who had not been inoculated with BCG.
We report here a kindred with partial IFNyR1 deficiency:
one child afflicted by disseminated BCG infection with tu-
berculoid granulomas, and a sibling, who had not been inoc-
ulated previously with BCG, with clinical tuberculosis. Both
responded to antimicrobials and are currently well without
prophylactic therapy. Impaired response to IFN-y was doc-
umented in B cells by signal transducer and activator of
transcription 1 nuclear translocation, in fibroblasts by cell
surface HLA class II induction, and in monocytes by cell
surface CD64 induction and TNF-a secretion. Whereas
cells from healthy children responded to even low IFN-y
concentrations (10 IU/ml), and cells from a child with com-
plete IFNyR1 deficiency did not respond to even high IFN-y
concentrations (10,000 IU/ml), cells from the two siblings
did not respond to low or intermediate concentrations, yet
responded to high IFN-y concentrations. A homozygous mis-
sense IFNgR1 mutation was identified, and its pathogenic
role was ascertained by molecular complementation. Thus,
whereas complete IFNyR1 deficiency in previously identi-
fied kindreds caused fatal lepromatoid BCG infection and
disseminated NTM infection, partial IFNyR1 deficiency in
this kindred caused curable tuberculoid BCG infection and
clinical tuberculosis. (J. Clin. Invest. 1997. 100:2658-2664.)
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Introduction

Inherited IFN-y receptor 1 chain (IFNyR1)! deficiency has
been identified recently in three kindreds (1-8)2 The IFNyR1-
encoding gene (IFNgRI) mutations identified were found to
preclude cell surface expression of the high affinity ligand-
binding chain of the receptor, and to be responsible for a lack
of cellular responses to IFN-y. Complete IFNyR1 deficiency
determines a phenotype characterized by a severe, profound,
and selective susceptibility to poorly pathogenic mycobacteria.
In one kindred, a child with complete IFNyR1 deficiency died
of disseminated infection due to attenuated Mycobacterium
bovis, bacillus Calmette-Guérin (BCG) strain, after inoculation
of live BCG vaccine (1-4). In two other kindreds, the affected
children, who had not been inoculated with BCG, developed
severe and often fatal infections due to environmental nontu-
berculous mycobacteria (NTM), such as Mycobacterium avium,
Mycobacterium fortuitum, Mycobacterium chelonei, and My-
cobacterium smegmatis (5-8).2

Another feature of children with complete IFNyR1 defi-
ciency is their inability to develop mature granulomas in re-
sponse to mycobacteria. In one child, BCG granulomas were
found to be poorly circumscribed and poorly differentiated,
consisting of widespread macrophages with no differentiation
into epithelioid or giant cells and without surrounding lympho-
cytes (3, 4). The granulomatous lesions were multibacillary,
with many visible acid-fast bacilli within macrophages, resem-
bling mycobacterial granulomas observed in individuals with
lepromatous leprosy. Likewise, NTM granulomas in other
children with complete IFNyR1 deficiency were poorly cir-
cumscribed and poorly differentiated, although there were
fewer visible organisms (5, 7, 8).

To better characterize this inherited disorder, two impor-
tant questions need to be addressed. First, the selective suscep-
tibility to poorly pathogenic mycobacteria raises the question of
whether IFNyR1 deficiency may also predispose to mycobac-
terial infections, such as tuberculosis, due to more virulent spe-

1. Abbreviations used in this paper: gko, gamma knockout; IFNyR1,
IFN-vy receptor 1 chain; /FNgR1, IFNyR1-encoding gene; NTM, non-
tuberculous mycobacteria; STAT, signal transducer and activator of
transcription.

2. Altare, F., E. Jouanguy, S. Lamhamedi-Cherradi, M.C. Fondanéche,
C. Fizame, F. Ribiérre, G. Merlin, Z. Dembic, R. Schreiber, B.
Lisowska-Grospierre, E. Seboun, A. Fischer, and J.L. Casanova,
manuscript submitted for publication.



cies. Second, the association of complete IFNyR1 deficiency
with fatal lepromatoid BCG infection raises the question of
whether curable disseminated BCG infections with tubercu-
loid, i.e., paucibacillary, well-differentiated, and well-circum-
scribed, mycobacterial granulomas (2, 3) may be associated
with partial IFNyR1 deficiency. Therefore, we have investi-
gated a kindred with curable tuberculoid disseminated BCG
infection in one child and clinical tuberculosis in a sibling who
had not been inoculated previously with BCG.

Methods

Patients. The only two children born to consanguineous Portuguese
parents were investigated. A boy vaccinated with BCG at 1 mo of age
rapidly developed disseminated BCG infection (patient 10 in refer-
ence 2). No well-defined immune deficiency could be identified (2, 9).
Skin and lymph node granulomas were tuberculoid, i.e., well-circum-
scribed and well-differentiated with epithelioid cells and no visible
acid-fast bacilli, defining a type I idiopathic disseminated BCG infec-
tion (3) (Fig. 1; patient A10 in reference 3). He responded well to ap-
propriate antimycobacterial therapy and was well until 6 yr of age,
when he was diagnosed with disseminated Salmonella enteritidis which
responded to a prolonged course of amoxicillin. He had two episodes
of pneumonitis thought to be due to a legionella species and Myco-
plasma pneumoniae on the basis of positive specific serology. He is
currently clinically well without any prophylactic antibiotic regimen
at 17 yr of age.

His younger sister was not vaccinated with BCG and was healthy
until 3 yr of age, when she developed a persistent cough with fatigue
and anorexia. She was found to have erythema nodosa and a lung in-
filtrate on her chest x-ray. Despite the absence of visible organisms or
positive cultures, symptomatic primary tuberculosis was diagnosed on
the basis of (a) the poor clinical response to common antibiotics, (b)
the development of a strong positive delayed-type hypersensitivity to
10 TU of tuberculous protein—purified derivative (13-mm induration),
(c) a rapid clinical improvement with antimycobacterial drugs di-
rected at tuberculous species (rifampicin, isoniazid, and ethambutol),
and (d) the lack of recurrence. A few weeks after her brother, she too
developed a pneumonitis typical of M. pneumoniae, contirmed by ap-
propriate specific antibody responses. She is also well at 13 yr of age
without any prophylactic therapy. Both siblings have some atopy but
no signs of autoimmunity.

Microsatellite analysis and IFNgRI gene sequencing. Microsatel-
lites D6S1009, FA1, and D6S1587 are highly polymorphic markers

Figure 1. A tuberculoid BCG granuloma. A skin biopsy from a sib-
ling described herein (the boy) shows a well-circumscribed granu-
loma which contains epithelioid cells (hemotoxylin and eosin—
stained; X20).

encompassing the IFNgRI gene.? Conditions for PCR and sequencing
of IFNgR1 cDNA have also been reported previously (4). Genomic
PCR with primers specific for exon 3 (sense, 5'-CTG TGA ATA
AAA AGC AAA GC-3', and antisense, 5'-AAA GCA AAC ATA
CAG AAG AC-3') was achieved and sequenced.”

Expression of HLA class Il on fibroblasts in response to IFN-vy.
Detection of HLA class II molecules on fibroblasts by flow cytometry
or fluorescent microscopy with specific antibodies was performed.?
Transient transfection with wild-type or I87T IFNgRI gene was also
performed.?

Nuclear translocation of signal transducer and activator of tran-
scription (STAT) 1 in B cells in response to IFN-vy. The protocol re-
ported in reference 10 was applied to EBV-transformed B cells. Cells
were activated with variable concentrations of IFN-y and lysed on
ice. After centrifugation, nuclei were resuspended in nuclear extrac-
tion buffer, vortexed, incubated on ice, and centrifuged. The protein
concentration in the supernatant was determined, and mobility-shift
assay was performed with 1 pg of nuclear extract and a **P-end-
labeled double-stranded DNA probe corresponding to the IFN-vy re-
sponse region (10).

Expression of CD64 on monocytes in response to IFN-y. Mono-
cytes were harvested from PBMCs after adherence on petri dishes.
Monocytes were scraped gently with a rubber policeman, plated into
75-mm easy-grip tissue culture dishes (Falcon Labware, Becton Dick-
inson, Oxnard, CA), and cultured for 24 h in the presence of variable
concentrations of IFN-y. Detection of cell surface CD64 on cultured
monocytes was performed by flow cytometry with FITC-labeled spe-
cific antibody (Immunotech, Marseille, France) and isotypic control
antibody.

Production of TNF-a by monocytes in response to LPS and
IFN-v. Quantification of TNF-a production by PBMCs in response
to LPS and IFN-y was adapted from a previously reported procedure
(5). Briefly, PBMCs were incubated in culture medium at 37°C with
variable concentrations of IFN-y for 2 h before Escherichia coli en-
dotoxin was added (final concentration, 10 wg/ml). Incubation was
continued for an additional 3 h, and TNF-a was assayed in the super-
natant with an enzyme-linked immunoassay.

Flow cytometry with anti-IFNyRI antibodies. PBMCs were stained
with five anti-IFNyR1 antibodies, yR38 and yR99 (11), GIR-94 and
GIR-208 (12), and 21-31.1 (Valbiotech, Paris, France), and with their
respective isotypic control antibodies as described previously (4).

Results

Molecular diagnosis of IFNyR1 deficiency. To investigate the
role of the IFNgRI gene in this family, we followed a proce-
dure based on microsatellite segregation to screen candidate
kindreds, a functional assay to question the diagnosis, gene se-
quencing to identify mutations, and molecular complementa-
tion to ascertain the pathogenic role of mutant alleles. We first
studied the intrafamilial segregation of polymorphic microsat-
ellites encompassing the IFNgRI gene.? For the intragenic FA1
marker, the two siblings were found to be homozygous for the
same allele (data not shown). This segregation was compatible
with the diagnosis of IFNyR1 deficiency by inheritance of a
common pathogenic /FNgRI allele from the two consanguine-
ous parents.

To investigate this hypothesis further, we studied by flow
cytometry the induction of HLA class II expression on SV40T-
transformed fibroblasts in response to IFN-y (Fig. 2 a). Addi-
tion of exogenous IFN-y (100 TU/ml) was found to reproduc-
ibly induce HLA-II in fibroblasts from healthy individuals. No
response to IFN-y could be detected in fibroblasts from a child
with complete IFNyR1 deficiency.? Likewise, for the two sib-
lings investigated, no response was observed, documenting an
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impaired IFNyR1-mediated pathway, and suggesting that they
had IFNyR1 deficiency.

Sequencing of the /FNgRI mRNA coding region was then
undertaken, and revealed a single mutation, a nucleotide sub-
stitution at position 260 (T - C) leading to the replacement of
an isoleucine by a threonine at position 87, which was desig-
nated as I87T (Fig. 3 a) (13). The mutation was confirmed at
the genomic level in the third exon (14). The two siblings were
found to be homozygous for the mutant I87T /FNgRI allele,
and the two parents were found to be heterozygous (Fig. 3 b).
The I87T IFNgRI allele has not been identified previously,
neither in healthy individuals nor in children with complete
IFNvR1 deficiency (8). The identification of a homozygous
missense mutation of the IFNgRI coding region further sug-
gested that the two siblings had IFNyR1 deficiency.

Transient transfection of the patient’s fibroblasts with wild-
type IFNgRI gene was able to restore a normal response to
IFN-y (100 IU/ml) (Fig. 2 b), strongly suggesting that the im-
paired response to IFN-y was due to the I87T IFNgRI allele,
and that the two children had IFNyR1 deficiency (15). To as-
certain the pathogenic role of this mutant allele, fibroblasts
from a child with complete IFNyR1 deficiency? were tran-
siently transfected with wild-type or I87T IFNgRI gene, and
the induction of HLA-II in response to IFN-y (100 IU/ml) was
assessed. Fibroblasts transfected with wild-type allele were
able to respond to IFN-y. However, those transfected with
I87T allele failed to respond to IFN-y (data not shown). These
data demonstrated that the mutant I87T IFNgRI allele en-
coded a functionally deficient receptor, and that the two sib-
lings had IFN+yR1 deficiency.

Partial, as opposed to complete, IFNyR1 deficiency. The iden-
tification of a missense /FNgRI mutation in two siblings whose
clinical and pathological features were less severe than those
of children with complete IFNyR1 deficiency suggested that
the pathogenic IFNyR1 molecules may be responsible for par-
tial, as opposed to complete, IFNyR1 deficiency. As a first ap-
proach, we analyzed cell surface expression of the receptor by
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duction of HLA-II on fibroblasts in re-
sponse to IFN-y. () Flow cytometry analy-
sis of HLA class II on transformed
fibroblasts from a healthy individual (posi-
tive control, C+), a child with complete
IFNvR1 deficiency (negative control, C—),
and a sibling (the girl) described herein
(patient, P), with (gray line) or without
(black line) IFN-y (100 IU/ml). Nb, num-
ber. (b) Microscopic analysis of HLA class
II induction on fibroblasts from the same
patient as in a, transiently transfected with
control expression vector or wild-type (wr)
IFNgRI gene, in response to IFN-y
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GATC G ATC
© g d
-
- ”
-
- .‘-_
- -
= -
- -
- -
3 -‘ a3 - 4
Control Patient
260
Control 5' AATATTTCTGA 3
Patient 5 AATACTTCTGA 3
NH., L extracellular ™ intracellular
2 COOH
i o ‘ m | w ’ v H\n” Vil
5 T 3
1877
— — - -
- -— - -
— e - - ‘-
= = o - —
- — - ’
- — - -
ol - - - i - -

Figure 3. IFNyR1 deficiency: a missense mutation of the /FNgR!
coding region. (a) Sequence of the IFNgRI cDNA reveals a nucle-
otide substitution (T - C) at position 260 (arrow), leading to the re-
placement of an isoleucine by a threonine at position 87, designated
as I87T. (b) Intrafamilial segregation of nucleotides at position 260
(arrow), within the third genomic exon. The two siblings (filled sym-
bols) are homozygous for the mutation (C/C), and the parents (open
symbols) are heterozygous (C/T).
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flow cytometry with five specific antibodies (11, 12). A positive
staining with each of these antibodies was obtained on freshly
isolated monocytes from each sibling (Fig. 4). Thus, the I87T
IFNgRI mutation did not preclude cell surface expression of
the encoded receptor, in contrast to the mutations identified
previously in children with complete IFNyR1 deficiency (1-8).2
This further suggested that the defect in the two siblings was
partial. To ascertain that the I87T IFNgRI allele was not a null
allele despite normal receptor expression, and that the two sib-
lings truly had partial deficiency, we attempted to show that
I87T IFNyR1 molecules could be functional in response to in-
creasing IFN-y concentrations.

Nuclear translocation of STAT1 homodimer is an early,
specific, and easily detectable event after IFN-y—mediated
dimerization of functional IFNyR1 molecules (16). Thus, we
analyzed the IFN-y-mediated nuclear translocation of STAT1
in EBV-transformed B cells by electrophoretic mobility shift
assay (Fig. 5). In B cells from healthy individuals, nuclear
translocation of STAT1 was observed at concentrations of
IFN-y ranging from 10 to 10,000 IU/ml. In contrast, B cells
from a child with complete IFNyR1 deficiency (4) showed no
translocation of STATI, even at high concentrations of IFN-y.
Transformed B cells from the two parents heterozygous for
mutant I87T IFNgRI allele were found to respond normally to
IFN-y (data not shown). In contrast, B cells from the two sib-
lings homozygous for mutant I87T IFNgRI allele failed to re-
spond to low concentrations (10 and 100 TU/ml), as expected,
yet responded to high concentrations of IFN-y (10,000 TU/ml
and, to a lesser extent, 1,000 IU/ml). This result strongly sug-
gested that I87T IFNyR1 molecules expressed on EBV-trans-
formed B cells could be functional at high IFN-y concentra-
tions. To prove that I87T receptors could be functional in such
conditions, fibroblasts from a child with complete IFNyR1
deficiency? were transiently transfected with control vector,
wild-type, or I87T IFNgRI allele, and the induction of HLA-II
in response to low (100 IU/ml) or high IFN-+y concentrations
(100,000 TU/ml) was assessed. Fibroblasts transfected with
control vector were unable to respond to IFN-y, and those
transfected with wild-type allele were able to respond to IFN-y
at low and high concentrations. In contrast, fibroblasts trans-
fected with I87T allele failed to respond to low, yet responded
to high, IFN-y concentrations (data not shown).

To ascertain that I87T IFNyR1 molecules may also re-

Nb, Number.

spond to high IFN-y concentrations in cell types more relevant
to antimycobacterial immunity than EBV-transformed B cells
and SV40-transformed fibroblasts, we investigated the effect
of IFN-y on freshly isolated monocytes. Monocytes and mac-
rophages are the natural hosts and final killers of mycobacteria
under physiological conditions, and much of the antimycobac-
terial effect of IFN-y is believed to result from its macrophage-
activating property. Thus, we tested the level of CD64 expression
at the cell surface of freshly isolated monocytes in response to
IFN-vy (Fig. 6 A). Unlike monocytes from a child with complete
IFNvyR1 deficiency, which did not respond to high concentra-
tions of IFN-y, and like monocytes from healthy individuals,
monocytes from the two siblings were found to respond to
high concentrations of IFN-y. Comparable results were ob-
tained when the level of TNF-a production by PBMCs (mono-
cytes) in response to LPS and IFN-y was quantified (5). In
control individuals, the ratio of TNF-a produced in response
to stimulation with LPS and IFN-y (at concentrations ranging
from 100 to 10,000 IU/ml) to TNF-a produced in response to
stimulation with LPS alone was reproducibly measured be-
tween 2 and 2.5 (Fig. 6 B). No increase in TNF-a production
was obtained with cells from a child with complete IFNyR1 de-
ficiency, even at high IFN-y concentrations (data not shown).

c- C+ P C+ P
[ B 1 r 1 E E
4 2
IFNy o 10 0o 10 10" 10° 10" o 10 10 10° 10° 10" 1¢0°
(1U/mi)

“HH I

Figure 5. Partial IFNyR1 deficiency: nuclear translocation of STAT1
in B cells. Nuclear translocation of STAT1 homodimers in response
to IFN-y, as detected by mobility shift assay in EBV-transformed B
cells. Cells from a child with complete IFNyR1 deficiency (C—), from
a healthy individual (C+), and from one sibling (the boy) described
herein (P), were activated by IFN-y at concentrations ranging from
10 to 10,000 IU/ml. Competition with an excess of cold probe is
shown in the two E lanes (right).
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Figure 6. Partial IFNyR1 deficiency: CD64 expression and TNF-a secretion by monocytes in response to high IFN-y concentrations. (A) Cell
surface induction of CD64 in response to IFN-y, as detected by flow cytometry with specific antibodies on monocytes. Cells from a sibling re-
ported herein (the boy) (P), a child with complete IFNyR1 deficiency (C—), and a control subject (C+) were stimulated with 10,000 IU/ml
IFN-vy and stained with a CD64-specific antibody. The background (black line) is that obtained with an isotypic control antibody. Nb, Number.
(B) Production of TNF-a by PBMCs from the affected boy (diamonds and dotted line), the affected girl (circles and broken line), and a control
individual (squares and solid line) in response to LPS alone or with IFN-y at increasing concentrations (IU/ml).

In contrast, the two siblings showed a nearly normal response
with high, albeit not with low or intermediate, IFN-y concentra-
tions (Fig. 6 B). Thus, the I87T IFNgRI allele was responsible
for an impaired, yet not completely abrogated, IFN-y—mediated
signaling in several cell types, including monocytes. A 100—
1000-fold increase in IFN-y concentration was able to trigger
187T IFN+vyR1 molecules. Together, these data established that
the two siblings suffered from partial IFNyR1 deficiency.

Discussion

We have identified a missense I87T mutation of the IFNgRI1
gene and shown that this mutant allele is responsible for par-
tial, as opposed to complete, IFNyR1 deficiency in two ho-
mozygous siblings. The isoleucine residue at position 87 (posi-
tion 73 of the mature protein) is part of an N-glycosylation site
in the first domain of the extracellular fragment of the receptor
(17), at a position, however, that is theoretically permissive for
most, if not all, amino acids (ASN-ILE-SER- ASN-THR-
SER). Biochemical consequences of this mutation are difficult
to predict, since the substitution of isoleucine for threonine at
position 87 may directly or indirectly impair (¢) IFNyR1 ex-
pression, (b) IFNyR1 binding to IFN-y, (¢) dimerization of
IFNvYR1, (d) IFNyR1 association with IFNyR2, and/or (e)
IFN+vyR1 coupling with intracellular cytosolic components such
as Janus kinase 1 or STAT1 (16). Detection of cell surface
molecules with specific antibodies suggested that the level of
expression was not altered markedly. Nevertheless, the inten-
sity of the signal varied from antibody to antibody (Fig. 4),
when compared with control cells, perhaps suggesting that mi-
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nor conformational changes were induced by the I87T substi-
tution. Further studies are needed to unravel the biochemical
basis of partially defective I87T IFNyR1 molecules.

One affected child had disseminated BCG infection of fa-
vorable outcome with mature (paucibacillary, well-differenti-
ated, and well-circumscribed) tuberculoid granulomas. This
contrasts with the immature BCG (multibacillary, poorly dif-
ferentiated, and poorly circumscribed) lepromatous-like gran-
ulomas and fatal outcome of a child reported previously with
complete IFNyR1 deficiency (4). Mice genetically deprived of
IFNg or IFNgRI gene, referred to below as gamma knockout
(gko) mice, were also shown to develop fatal BCG infection
associated with lepromatous-like granulomas (18, 19). It is pos-
sible that IFN-y concentrations obtained in vivo in children
with partial IFNyR1 deficiency are elevated sufficiently to pro-
mote mature granulomas. Nevertheless, the occurrence of dis-
seminated BCG infection suggests that although the residual
function of the receptor is sufficient for the generation of mor-
phologically mature granulomas, the mycobactericidal proper-
ties of macrophages are not optimal. It is possible that the local
concentrations of IFN-y obtained in vivo do not elevate rap-
idly enough or sufficiently to trigger defective I87T receptors,
thus facilitating the early stages of infection. In any event,
there appears to be a correlation between genotype and phe-
notype, as the null /FNgRI allele identified previously caused
complete IFNyR1 deficiency and fatal lepromatoid BCG in-
fection, and the I87T allele, reported herein, caused partial
IFNvyR1 deficiency and curable tuberculoid BCG infection.

Five children reported previously with complete IFNyR1
deficiency developed disseminated NTM infection between 1



and 3 yr of age (5-8).2 Comparable clinical features were ob-
served recently in three other children from three newly iden-
tified kindreds with complete IFNyR1 deficiency (our unpub-
lished data). gko mice were also found to be susceptible to M.
avium (20). In contrast, no NTM infection was diagnosed in
the two siblings reported herein with partial deficiency who
are currently 13 and 17 yr old. It may be that there is sufficient
residual IFN-y—-mediated immunity to control environmental
NTM, perhaps due to (@) the low virulence of most NTM spe-
cies compared with BCG, or (b) the natural mode of infection
with environmental NTM compared with inoculation with
BCG vaccine. We have not yet investigated children with dis-
seminated or localized NTM infection for partial IFNyR1 defi-
ciency. Nevertheless, together with the less severe BCG infec-
tion, the absence of NTM infection in this kindred suggests
that the phenotype of children with partial IFNyR1 deficiency
is milder than that of children with complete deficiency. Other
kindreds with complete and partial IFNyR1 deficiency are
needed to validate this hypothesis.

One sibling also suffered from disseminated non-typhi sal-
monella infection, attesting that salmonella infections may oc-
cur in IFNyR1-deficient children, as suspected previously (2,
5). This confirms that IFN-y plays an important role in the
control of both mycobacteria and salmonella in healthy indi-
viduals. To our knowledge, salmonella infections in gko mice
have not been reported. The occurrence in one sibling of a
probable legionella infection suggests that IFN-y may be im-
portant for the control of other opportunistic intracellular bac-
teria. gko mice were also found to be highly susceptible to le-
gionella infection (21). Remarkably, as in previously reported
children with complete IFNyR1 deficiency (22), no other op-
portunistic infections have been documented in the two sib-
lings with partial deficiency, and they responded normally to
numerous common childhood viral and bacterial pathogens,
contrasting with the apparently broader susceptibility of gko
mice (22). It is uncertain whether partial IFNyR1 deficiency in
the two siblings predisposed them to clinical mycoplasma in-
fection, as mycoplasma is a common pathogen in this age
group, and the clinical course was unremarkable.

It is worthy of note that the sibling who was not inoculated
with BCG presented with clinical primary tuberculosis. Given
the susceptibility to mycobacterial infections associated with
IFN+vR1 deficiency in other kindreds and the BCG infection in
his sibling, it is likely that partial IFNyR1 deficiency predis-
posed this child to clinical tuberculosis. Thus, partial IFNyR1
deficiency appeared to be responsible for BCG and salmonella
infections in one child and tuberculosis infection in the sibling,
probably reflecting the different microbial exposures of the
two siblings. It is probable that children with complete IFNyR1
deficiency, exposed to tuberculous mycobacteria, would de-
velop a more severe form of tuberculosis. gko mice die rapidly
after infection with M. tuberculosis (23, 24). Susceptibility to
tuberculosis is known to be associated with a number of inher-
ited and acquired immunodeficiencies, such as AIDS. How-
ever, these conditions also predispose affected individuals to
many severe infectious diseases other than tuberculosis. In this
context, it is remarkable that the sibling with partial IFNyR1
deficiency who suffered from clinical tuberculosis did not suf-
fer from any other unusual infections.

In keeping with the observation that only a minority of in-
dividuals infected with M. tuberculosis develop clinical disease
(25), it is tempting to speculate that clinical tuberculosis in oth-

erwise healthy individuals in the general population may be as-
sociated with partial IFNyR1 deficiency. The recognition of a
familial defect due to a mutation producing partial IFNyR1
deficiency which has resulted in susceptibility to both BCG in-
fection and tuberculous infection provides the first evidence
that defects in this gene may play a role in tuberculosis sus-
ceptibility. In the short time period since the first reports of
IFN+vR1 deficiency, a range of different mutations in this gene
have now been identified, from those causing complete ab-
sence of expression to those causing subtle alterations in the
function of the receptor (references 1-8, this report, and our
unpublished data).? Thus, it is tempting to speculate that ho-
mozygous or compound heterozygous carriers of mutations
causing mild functional impairment of the receptor may be
prevalent in different ethnic populations, and may help to ex-
plain susceptibility to tuberculosis within the general popula-
tion.
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