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Abstract Primary immunodeficiency diseases (PIDs) refer to a heterogenous group of disor-
ders characterized clinically by increased susceptibility to infections, autoimmunity and
increased risk of malignancies.

These group of disorders present with clinical manifestations similar to PIDs with known ge-
netic defects but have either no genetic defect or have a somatic mutation and thus have been
labelled as “Phenocopies of PIDs”. These diseases have been further subdivided into those
associated with somatic mutations and those associated with presence of auto-antibodies
against various cytokines.

In this review, we provide an update on clinical manifestations, diagnosis and management
of these diseases.
Copyright ª 2019, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
Introduction

Primary immunodeficiency diseases (PIDs) refer to a group
of disorders distinguished clinically by increased suscepti-
bility to infections, autoimmunity and increased risk of
malignancies. More than 350 single gene defects have been
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identified to cause PIDs.1 A large majority of immune
deficiency diseases are inherited and have an associated
genetic defect. “Phenocopies of PIDs” is a special group of
immune deficiencies that are caused by a somatic mutation
(rather than genomic mutation) or autoantibodies against
various cytokines thereby producing clinical manifestations
similar to other PIDs. These diseases do not follow a Men-
delian pattern of inheritance. Phenocopies of PIDs have
been classified separately by the International Union of
Immunological Societies (IUIS).2 Phenocopies of PIDs are
rare and the majority of them have been identified in the
last decade. In this review, we provide an update on clinical
and hosting by Elsevier B.V. This is an open access article under the
4.0/).
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manifestations, diagnosis, and management of these
diseases.

Understanding somatic mutations

When an individual has more than one cell populations that
are distinct genetically, this is referred to as mosaicism.3

Both germ cells and somatic cells may demonstrate this
phenomenon if mosaicism takes place during the develop-
mental stages of cells. Contrary to this, if mosaicism occurs
later in life then germ cells may get affected while leaving
the somatic cells unaffected. Somatic mosaicism may arise
due to somatic mutations; change in numbers or structure of
chromosomes or epigenetic changes in DNA. Somatic mu-
tations usually occur following the process of zygote for-
mation.3 Somatic mosaicism may be detected using Sanger
sequencing or next-generation sequencing. High throughput
sequencing is required to detect somatic variants.4

Detection of somatic mutations through next-generation
sequencing requires highly specialized filters and algorithms
as these mutations occur with very low allele frequencies in
the population. Additional filters (such as mapQ, baseQ,
read depth, alternative allele fraction, read position, mis-
matches per read and strand bias) may be applied to remove
artifacts. To identify changes in single nucleotide or large
structural DNA, the reads are mapped to reference anno-
tation. Single nucleotide variation (SNV) is the discrepancy
between mapped sequence and reference annotation. The
accuracy of sequencing increases by mapping a higher
number of reads (i.e.by using higher read depth).

Isolating the exome gives a relatively cost-effective 100X
coverage of the genome coding regions and may especially
be useful for recognizing rare genomic variants from a
population of cells.5 When a matched normal tissue is
available, variant databases and “panel of normals” (PON) is
applied to refine the level of specificity. Read-based phasing
can analyze the relationship between putative somatic
mutations and germline heterozygous variants and identifies
true somatic mosaic mutations. Misaligned reads are a major
cause of false positive variant calls. Variant allele fractions
(VAFs) are the fraction of alleles in the sample that is
mutated. VAF of a somatic mutation depends on the het-
erogeneity of the tissue or sample selected for sequencing
as well as on the prevalence of the mutation. The VAF
threshold can be used to differentiate between somatic and
germline mutations. If a somatic mutation occurs earlier
during development it usually acquires higher VAFs.6

Several recent technologies such as bulk sequencing,
linked-read sequencing and single cell sequencing
(sequencing of DNA from a single cell) enable refined
phasing of variants and improve the accuracy of detection.
Single cell sequencing may detect even the rare mosaic
mutations.6 Hybrid experimental designs integrate both
bulk and single cell sequencing for the detection of somatic
mutations. Somatic mutations detected in bulk sequencing
may be confirmed using single-cell sequencing.6

Limitations in the detection of somatic mutations

The availability of a matched normal tissue is a limitation in
the process of detection of somatic mutations. DNA
contamination, DNA damage, platform biases, read
misalignment, obtaining coverage in regions of extreme
GC/AT content, amplification errors and instrument errors
are several other limitations. These factors are often
observed at low allele frequencies and outnumber the
mosaic mutations. Higher coverage and increasing the
depth of sequencing may overcome several of these
limitations.6

Phenocopies of PID caused by somatic
mutations

Autoimmune Lymphoproliferative Syndrome (ALPS)
caused by somatic mutation in TNFRSF6gene

ALPS, also known as Canale-Smith Syndrome is an uncom-
mon PID characterized by Fas-mediated defective apoptosis
thereby leading to abnormal lymphocyte homeostasis.
Clinical manifestations include non-malignant reticuloen-
dothelial cell proliferation (i.e. hepatosplenomegaly and
lymphadenopathy) and autoimmunity. This disease also
predisposes an individual to develop malignancies espe-
cially lymphomas.7

The protein Fas (Apo-1/CD95) is encoded by a tumor
necrosis factor receptor superfamily member 6 (TNFRSF6)
gene and is involved in maintaining lymphocyte homeosta-
sis8 by causing apoptosis (Fig. 1). Mutation in this gene leads
to dysfunction of CD95 protein and has been found to cause
autoimmune diseases in mice8 and ALPS in humans.9,10

A large number of patients with ALPS have mutations in
FAS (ALPS type Ia), FAS ligand (ALPS type Ib), caspase 8 or
caspase 10 gene (ALPS type II). However, a proportion of
patients with a clinical phenotype suggestive of ALPS with
elevated double negative T (DNT) cells and defective
apoptosis do not have these mutations. Somatic mutations
in the FAS gene involving DNT cells were reported for the
first time by Holzelova et al in 2004 in 6 patients.11

Although somatic mutations in the FAS gene have previ-
ously been identified in patients with lymphoma, Holzelova
et al reported for the first time that a somatic mutation
may also cause PID. Subsequently, Dowdell et al identified
somatic FAS gene mutations in 12/31 patients who had
manifestations similar to ALPS but were not found to have
germline mutations in FAS or FAS ligand gene.12 Subse-
quently, other authors have also reported somatic muta-
tions in these patients.13e15 Summary of all reported
somatic mutations in the Fas gene known to cause ALPS are
given in Table 1.

Somatic mutations in the FAS gene causing ALPS type III
is now the second most common type of ALPS (germline
mutation in the Fas gene is the most common type).14

Clinical phenotype of patients with ALPS caused by so-
matic mutations in the FAS gene (ALPS-sFAS) is similar to
other types of ALPS (i.e. splenomegaly, lymphadenopathy,
hepatomegaly, autoimmunity, elevated DNT cells, high IL-
10, high Vitamin B12, increased serum FAS ligand and his-
topathology findings). However, it has been reported that
the onset of symptoms in patients with ALPS-sFAS is usually
later and patients remain stable for a prolonged period,16

thereby leading to delay in the diagnosis. It has also been
reported that absolute lymphocyte count of these patients



Figure 1 Gene structure of TNFRSF6 (TNF-receptor superfamily 6) gene located at chromosome position10q23.31. The numbers 1
to 9 denote the number of exons. Exon 1e6 encode extracellular and trans membrane domain while intracellular domain is encoded
from exon 7e9. The death domain is encoded within exon 9. Star denotes somatic mutations in the various domains of the gene,
most of the mutations being frameshift. Intracellular domain (majorly death domain) is the hotspot for most mutations. a.a.
denotes position of amino acids.

14 A. Singh et al.
is relatively low, total cholesterol and high-density lipo-
protein (HDL) cholesterol is low and incidence of splenec-
tomy is less in these patients when compared to patients
with ALPS caused by germline mutations.17 In vitro
apoptosis assay has shown that cells in these patients are
also resistant to Fas-mediated apoptosis. However, the
degree of apoptosis seen in these patients is higher than
that seen in patients with ALPS type Ia. These clinical
pointers may suggest a possibility of a somatic mutation in
the FAS gene. However, it may be very difficult to predict
this syndrome based on clinical phenotype alone. There-
fore, all patients with a clinical suspicion of ALPS with
elevated serum biomarkers and no germline mutations
should be analyzed for somatic mutation in the FAS gene.
Diagnosis is established by isolating DNT cells and doing the
genetic analysis for the FAS gene in these cells. The mu-
tation is absent in buccal mucosal epithelial cells.

Somatic mutations in the FAS gene have also been re-
ported to be clinically useful in patients with hap-
loinsufficient germline heterozygous FAS mutations.18 In
these patients, somatic mutations act as second hit thereby
leading to disease manifestation in a patient who would
have otherwise been asymptomatic. Thus, symptomatic
patients with haploinsufficient germline heterozygous mu-
tations should also be evaluated for somatic FAS gene
mutations.

Treatment is focused on disease manifestations and is
similar to other types of ALPS. Autoimmune manifestations
are treated with immunosuppressants (glucocorticoids,
mycophenolate mofetil, rituximab, cyclosporine, and siro-
limus).19 In refractory disease, intravenous immunoglob-
ulin, plasmapheresis, and bortezomib has also been used.20

Lymphoma in these children can be treated with conven-
tional therapy. Hematopoietic stem cell transplant has also
been tried in a few patients.21

With the advancement in molecular technologies in the
recent past, it is likely that more patients with this disease
would be identified. This will enhance our understanding of
the clinical phenotype of this disease and the risk of
malignancy.
RALD: RAS-associated autoimmune
leukoproliferative disease (ALPS like)

Germline mutations in the RAS gene have been found in
patients with Costello syndrome, cardio-facio-cutaneous
syndrome or Noonan syndrome. Somatic mutations in RAS
gene have largely been reported to predispose to malig-
nancies especially juvenile myelomonocytic leukemia and
multiple myeloma. Ras-associated autoimmune leukoproli-
ferative disorder (RALD) is a recently described PID char-
acterized by non-malignant lymphoproliferation and
autoimmune manifestations. This disease was initially
considered to be a subset of ALPS.22 RALD is caused by
activating somatic mutations affecting codons 12 or 13 in
KRAS or NRAS gene involving myeloid and lymphoid line-
ages.23 The RAS gene encodes for GTPases that are



Table 1 Somatic Mutations associated with TNFRSF6 gene.

Author/Year Gene Exon/Intron Mutation

Dowdell et al12/2010 TNFRSF6 Exon 7
Intron 7
Intron 7
Exon 9
Intron 8
Exon 8
Exon 8
Exon 8
Exon 8
Exon 3
Intron 7
Exon 9

p.E195X
p.E202MfsX4 (splice mutation)
p.E202MfsX4 (splice mutation)
p.D244N
p.E202MfsX4 (splice mutation)
p.N207RfsX3
p.E202MfsX4 (splice mutation)
p.V204Gfs6
p.L208X
p.H95R
p.E202MfsX4 (splice mutation)
p.D212EfsX2

Holzelova et al11/2004 TNFRSF6 Exon 8
Exon 8
Exon 9
Exon 9
Exon 7
Exon 8

p.P201fsX204
p.P201fsX204
p.D244V
p.S214fsX227
p.W173fsX209
p.P201fsX204

Martinez et al13/2016 TNFRSF6 Exon 9 p.L229X
p.D260G
p.R250Q

Neven et al14/2011 TNFRSF6 Exon 7
Exon 8
Exon 9
Exon 9
Exon 9
Exon 9
Exon 9

p.W189fsX220
p.P217fsX220
p.H226fsX277
p.S230fsX240
p.D260V
p.R250Q
p.Q273K

Magerus-Chatinet et al15/2011 TNFRSF6 Exon 9
Exon 2
Exon 9

p.V275fsX280
p.G34X
p.A237P

TNFRSF6:Tumor necrosis factor receptor superfamily member 6.
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important for differentiation, growth, and survival of cells
(Figs. 2 and 3). In patients with RAS gene mutations, there
is activation of the signalling pathway and hyperactivation
of RAS pathway.24 A revised classification and nomenclature
for RALD were proposed in 2009 to distinguish it from
ALPS.25

Somatic mutation is known to cause RALD have been
reported by Niemela et al23 and Shiota et al26 (Table 2).

This disease shares several clinical features with ALPS
and JMML.27 The overlapping manifestations between pa-
tients with ALPS and RALD include splenomegaly, lymph-
adenopathy, hypergammaglobulinemia, increased
circulating B cells, and autoimmunity.28 Patients with RALD
may also have systemic lupus erythematosus (SLE) like
autoimmune manifestations with low complements,
elevated double-stranded DNA antibody (dsDNA) and anti-
phospholipid antibody (APLA) positivity. However, when
compared with patients with ALPS, patients with RALD do
not have increased serum vitamin B12 levels, DNT cells are
normal and Fas-mediated apoptosis defect is not seen.
However, RALD due to mutation in NRAS gene may have
elevated DNT cells.29 The defect in apoptosis is because of
resistance to interleukin-2 (IL-2) depletion-dependent
apoptosis.30

There are few reports of cutaneous involvement in pa-
tients with RALD that present in with erythematous plaques
with panniculitis like and histiocytoid sweet syndrome also
known as RALD cutis.31,32 These manifestations are often
benign and may develop because of monocytes infiltrating
the skin.

Patients with RALD have persistent monocytosis and at
times it is difficult to differentiate this entity from juvenile
myelomonocytic leukemia (JMML) or chronic myelomono-
cytic leukemia (CMML). However, the presence of autoim-
munity favors RALD and the presence of cytogenetic
abnormality (e.g. Monosomy 7) favors JMML. Lymphopro-
liferation in patients with RALD is usually benign but ma-
lignant transformation27 and evolution into JMML33 is known
and hence a close follow up is required.

Because of the limited literature on RALD, there are no
well-defined treatment protocols. Corticosteroids and
other immunomodulatory therapies are given for the



Figure 2 Gene structure of NRAS (N-ras oncogene) gene located at chromosome position 1p13.2. The gene has 4 coding exons.
Somatic mutations highlighted by a triangle are present in the GTP binding domain of the Ras binding domain present in Ras (rous
sarcoma) proto-oncogene family (NRAS, KRAS, HRAS and RRAS ).

Figure 3 Gene structure of KRAS (K-ras oncogene) gene consists of 4 coding exons and is located at chromosome position
12p12.1. Somatic mutations highlighted by a triangle are present in the GTP binding domain of the RAS binding domain.

Table 2 Somatic Mutations associated with KRAS and
NRAS gene.

Author/Year Gene Mutation

Niemela et al23/2011 KRAS p.G13C
p.G12D

Shiota et al26/2016 NRAS p.G13D
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management of autoimmunity in RALD. Rituximab has also
been found to be effective in patients with refractory
cytopenias.34
Cryopyrinopathy (Familial cold auto-inflammatory
syndrome [FCAS]; Muckle-wells syndrome; chronic
infantile neurologic, cutaneous, articular syndrome
[CINCA]/neonatal-onset multisystem inflammatory
disease [NOMID])

Cryopyrinopathies (Cryopyrin associated periodic fever
syndrome; CAPS) are autoinflammatory disorders caused by
gain-of-function mutations in the NLRP3 gene (Figs. 4 and
5). This gene encodes cryopyrin protein that further leads
to hyperactivation of IL-1b.35 These diseases follow an
autosomal dominant pattern of inheritance. Recent studies



Figure 4 Gene structure of NLRP3 (NLR family pyrin domain containing 3)gene located at chromosome position1q44. Majority of
the somatic mutations are present in the Exon 3 of the gene. LRR represents the leucine rich repeats. Various domains present in
the gene are highlighted in the diagram.

Figure 5 Gene structure of NLRC4 (NLR family CARD domain-containing protein 4)gene located at chromosome position 2p22.3.
Various domains present in the gene are highlighted in the diagram. A somatic mutation p.T177A is present in the NACHT domain of
the gene.
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Table 3 Summary of all reported somatic mutations in
Cryopyrinopathies.

Author/Year Gene involved Mutation

Saito et al43/2005
Zhou et al38/2015

NLRP3/CIAS1 p.Y570C

Rowczenio et al34/2017 NLRP3 p. Y563C
p. A352T
p. G569V
p. E567K
p. E567Q
p. G564D

Lasigliè et al35/2017 NLRP3 p.R260P
p.G564S
p.T433I

Aróstegui et al42/2002 NLRP3 p.D303H
Omoyinmi et al39/2014 NLRP3 p.F556L
Jiménez-Treviño et al45/2013 NLRP3 p.T348M
Mensa-Vilaro et al37/2016 NLRP3 p.Q636E
Nakagawa et al40/2015 NLRP3 p.D303A

p.K355T
p.L411F

Tanaka et al41/2011 NLRP3 p.G307S
p.K355N
p.M406V
p.T433I
p.F566L
p.E567K
p.K568N
p.L264F
p.D303H
p.G307V
p.A439P
p.Y570C
p.G755R

Kawasaki et al36/2017 NLRC4 p.T177A
Aksentijevich et al42/2002 NLRP3 p.L264H

p.D303N
p.A374N
p.Y570C
p.F523L
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on genetic etiology of patients with CAPS have shown that
somatic mutations may account for a large majority of
patients (5e69%) who have been found to be negative for
germline mutation in the NLRP3 gene.36e47 Vertical trans-
mission of somatic NLRP3 gene mutation (similar to the
Mendelian inheritance) has also been reported.47 A novel
somatic mutation in the NLRC4 gene in a patient with
clinical features consistent with NOMID has been
identified.38

Although patients with CAPS usually present in child-
hood, patients who carry a somatic mutation may present
even in adulthood.36 Clinical manifestations include fever,
joint involvement, and pseudourticarial skin rash. Labora-
tory investigations often reveal neutrophilic leukocytosis
and elevated acute-phase reactants (such as C-reactive
protein and erythrocyte sedimentation rate). The spectrum
of disease severity may vary from mild diseases as seen in
patients with FCAS to moderate disease seen in MWS and
severe disease seen in patients with CINCA (NOMID).48 The
skin rash is the earliest manifestation and is often seen in
infancy. Cryopyrinopathies caused by somatic mutations in
the NLRP3 gene has a slightly different phenotype as
compared to patients with germline mutations. Other than
a delayed onset of diseases,36 patients have milder neuro-
logical symptoms.37

Therapy targeted against IL-1b (rilonacept and anakinra)
is the treatment of choice.49 Summary of all reported so-
matic mutations in patients with Cryopyrinopathies is given
in Table 3.

Hypereosinophilic syndrome due to somatic
mutations in STAT5b gene (STAT5b gain of
function mutation)

Somatic mutations in the STAT5b gene have previously been
reported to predispose to malignancies (Fig. 6). A novel
somatic mutation in the STAT5b gene involving hemato-
poietic progenitor cells has recently been identified to
cause eosinophilia, atopic dermatitis, urticarial rash, al-
lergies, respiratory infections and episodic diarrhea in 2
patients. The striking feature in both patients was skin
manifestations and eosinophilia. Family history suggestive
of autoimmune diseases was present in 1 patient. Func-
tional studies in T cells showed a marked increase in STAT5B
responsiveness.50 Cross et al also reported a somatic mu-
tation in STAT5b gene.51 Somatic Mutations associated with
the STAT5b gene are given Table 4. Disease was relatively
mild in one while another patient had severe disease and
also had eosinophilic infiltrates in the gut biopsy. She was
given umbilical cord stem cell transplant but died later.

Phenocopies of PIDs caused by autoantibodies
against various cytokines

Chronic mucocutaneous candidiasis (isolated or
associated with APECED syndrome) caused by
autoantibodies to IL-17 and/or IL-22

Chronic mucocutaneous candidiasis (CMC) manifests as
persistent or recurrent candida infections involving skin,
nails, and mucous membranes without dissemination to
internal organs and autosomal recessive mode of inheri-
tance. Association of CMC and autoimmune hypoparathy-
roidism was first described in 1929 by Thorpe and
Handley.52 It is also termed as autoimmune poly-
endocrinopathy-candidiasis-ectodermal dystrophy
(APECED)53 and is caused by a loss-of-function mutation in
autoimmune regulator (AIRE) gene. AIRE protein is essen-
tial for the process of central immune tolerance. Defect in
AIRE allows autoreactive T cells to evade negative selection
within the thymus, thereby leading to autoimmunity.54 CMC
is often the first manifestation of APECED and appears
before the age of 553.

IL-17 and IL-22 are pro-inflammatory cytokines produced
predominantly by CD4þ T cells and T helper 17 (Th17) cells.
Role of IL-17 and IL-22 immunity is well established in
controlling the candida infections in humans.55,56 Several
genetic defects leading to impaired IL-17 and IL-22 associ-
ated immunity predisposes to CMC. These include



Figure 6 Gene structure of STAT 5b (Signal transducer and activator of transcription 5b) gene located at chromosome posi-
tion17q21.2. It encodes 787 amino acid long protein and consists of 18 coding exons. A dash (�) represents the exons spanning the
gene. N642H is the somatic gain of function mutation present in the Src homology 2(SH2) domain of the gene. Various domains
present in the gene are highlighted in the diagram.
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mutations in IL-17F, IL-17RA, IL-17RC, STAT3, STAT1, IL-
12Rb1, IL-12p40, CARD-9, and DECTIN-1 gene. In addition,
the presence of antibodies against IL-17 cytokine has also
been found to increase susceptibility to CMC. Studies have
shown that a large majority of patients with APECED also
have auto-antibodies against IL-17F, IL-17A, and IL-22.
These antibodies are responsible for mucocutaneous
candida infection in these patients.57 Paul et al evaluated
33 patients with APECED. All of them were identified to
have antibodies againstIL-17F,IL-17A, and IL-22 while 29/33
patients developed CMC.58 Similar results have also been
reported by Kisand et al59 in a multicentric and multina-
tional study including 162 patients. These antibodies were
detected in a large majority of patients especially in those
patients who developed CMC. Surprisingly, these antibodies
Table 4 Somatic Mutations associated with STAT5b gene.

Author/Year Gene Mutation

Ma et al48/2017 STAT5b p.N642H
Cross et al49/2019 STAT5b p.N642H

STAT5b: Signal transducer and activator of transcription.
were also found in patients with thymoma who had CMC. It
was also observed that titers of these antibodies declined
with age in patients with APECED while titers of antibodies
against type 1 interferon did not decrease. Serum levels of
these antibodies were also found to correlate with the
severity of candidiasis.57

Various techniques have been used to identify these
antibodies. These include multiplex particle-based flow
cytometry; western blotting and Enzyme Linked Immuno-
sorbent Assay (ELISA).

Management involves treating endocrine and infectious
manifestations.53 Ketoconazole is an effective and well-
tolerated drug for the treatment of CMC.60
Autoantibodies against IL12p40

IL-12 cytokine is involved in protection against intracellular
pathogens especially mycobacterium. Signaling via IL12p40
(a component of IL-12) leads to phosphorylation of Janus
kinase 2 (JAK2) and Tyrosine kinase 2 (TYK2), that in turn
causes phosphorylation and docking of signal transducer
and activator of transcription 4 (STAT4) and subsequently
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causing transcription of genes related to interferon-g (IFN-
g).61

Antibodies to IL12p40 may present with similar clinical
manifestations as seen in patients with autoantibodies to
IFN-g. There has been only a single reported case of this
immunodeficiency. A woman of Cambodian ethnicity who
presented with recurrent lymphadenitis caused by Bur-
kholderia gladioli was found to have a defect in the IL12-
STAT4 signalling pathway. She was identified to have high
titers of neutralizing auto-antibodies against IL12p40. High
titers of this antibody have also been noted in patients with
myasthenia gravis or thymoma. However, infections have
not been reported in these patients so far.62

Autoantibodies to Interferon-a (IFN-a)

IFN-a works by phosphorylating STAT1/2 and aids in the
transcription of type 1 interferon genes.63 Autoantibodies
to type 1 IFNs have been reported in patients with auto-
immunity (lupus, autoimmune thyroid diseases and type 1
diabetes),64 APECED,65 malignancies (metastatic colon
cancer, breast cancer, and renal cell cancer)66 and some-
times even in healthy persons (200 donors).67 However,
none of these patients have been reported to have in-
fections except one patient who had varicella zoster
reactivation that got disseminated and this individual was
identified to have anti-IFN-a antibodies.68

Adult-onset immunodeficiency with susceptibility
to mycobacterium (autoantibody to IFN-g)

Interferon-g (IFN-g) is the predominant cytokine for
defence against intracellular organisms. It is produced by T-
cells and natural killer (NK) cells. IFN-g activates macro-
phages to cause phagocytosis and killing of intracellular
microorganisms such as Mycobacterium. The presence of
autoantibodies against IFN-g may impair the STAT1 phos-
phorylation and production of tumor necrosis factor-a
(TNF-a) and IL-1256. The majority of patients with this rare
immunodeficiency have been reported from Southeast Asia,
Thailand and Taiwan.69 A gender predominance (fema-
lee>emale) for these diseases is seen in patients who are
residing outside Asia while no gender bias has been re-
ported in patients from Asian countries. Patients who have
autoantibodies against IFN-g have also been found to be
positive for HLA- DQB1*05:01/05:02 and DRB1*15:02/
16:0269. Moreover, it has also been revealed that anti-IFN-g
autoantibodies detect a major epitope (P121e131) at the
C-terminus of IFN-g.70 Functional activity of anti IFN- g
antibody was assessed using surface-enhanced laser
desorption, affinity chromatography, ionization mass spec-
trometry, and N- terminal sequencing. The purified anti-
IFN-g antibody was found to inhibit the up-regulation of
TNF-a production in response to endotoxin; to block the
induction of IFN-g inducible genes and to inhibit the up
regulation of HLA class II expression on peripheral blood
mononuclear cells (PBMCs).71

Clinical manifestations in patients with the presence of
anti-IFN-g antibody are similar to the manifestations seen
in patients who have genetic defects in the IL-12/IFN-g
axis. These include infections with non-tubercular
mycobacteria (NTM), coccidioidomycosis, listeriosis,
salmonellosis, melioidosis, histoplasmosis, and pen-
icilliosis.72 These patients, however, do not develop
disseminated Bacillus Calmette-Guerin (BCG) disease.
Browne et al reported that 88% of adult patients who pre-
sented with opportunistic infections had neutralizing anti-
IFN-g autoantibodies.73 While the lymph node is the pre-
dominant site of involvement,74 80% of the patients have
been reported to have skin involvement in the form of
neutrophilic dermatosis (Sweet syndrome).75 It has been
suggested that patients with opportunistic infections and
the presence of neutrophilic dermatoses should be evalu-
ated for the presence of anti-IFN-g antibodies.76

These autoantibodies can be measured using a particle-
based technology77 or ELISA.78 Commonly available Quan-
tiFERON-TB Gold In-tube (QFT-GIT) test can be used as a
screening test for the detection of these autoantibodies.
Undetectable or extremely low IFN-g level may indicate the
presence of neutralizing anti-IFN-g antibodies.79

Management includes the use of appropriate antimicro-
bials as per the culture and drug sensitivity pattern.
Immunomodulatory therapy to decrease the production of
these autoantibodies may be needed in cases who fail to
respond to antimicrobial agents alone. Cyclophosphamide
has been found to reduce the production of autoantibody
titres in cases who are refractory to antimycobacterial
therapy alone.80 Other strategies include the use of intra-
venous immunoglobulin and plasmapheresis. There is
recent evidence for the use of rituximab also.71,81
Autoantibodies against granulocyte macrophage
colony stimulation factor (GM-CSF)

GM-CSF receptor is present on several cell lineages
including neutrophils, dendritic cells, macrophage pre-
cursors, and megakaryocytes. GM-CSF is involved in im-
mune activation, proliferation, and differentiation of these
cells. GM-CSF is known to influence the terminal differen-
tiation of monocytes to alveolar macrophages (by stimu-
lating transcription factor PU) and thereby augments innate
immunity.82,83

It has been shown that neutralizing anti-GM-CSF auto-
antibodies are present in healthy individuals and regulate
excess GM-CSF activities in vivo.84 However, the over-
production of these autoantibodies is known to produce
various diseases in humans. Neutralization of GM-CSF
bioactivity by anti-GM-CSF autoantibody causes dysfunction
of alveolar macrophages and reduced surfactant clearance
resulting in pulmonary alveolar proteinosis (PAP). PAP is
distinguished by the accumulation of surfactant compo-
nents in alveoli with minimal interstitial inflammation or
fibrosis and a varied clinical course ranging from sponta-
neous improvement to fatal respiratory failure. The basic
pathology involves an abnormality of surfactant meta-
bolism resulting in accumulation of acellular periodic acid-
Schiff (PAS) positive proteinaceous material in pulmonary
alveoli and the development of large foamy, monocyte-like
alveolar macrophages.85 Primary PAP resulting from muta-
tions in the GM-CSF receptor is the most severe form of the
disease and leads to respiratory failure and death within
the first few days of life.86 Secondary PAP is seen in patients
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who are on immunosuppressive therapies; who have he-
matological malignancies or because of the inhalation of
toxins and is caused by a quantitative or qualitative defi-
ciency of alveolar macrophages.87 Autoimmune PAP is a
distinct clinical entity caused by IgG antibodies that block
the effect of GM-CSF. Autoimmune PAP caused by anti-GM-
CSF autoantibodies accounts for approximately 90% of all
cases of PAP and commonly presents between 20 and 50
years of age. Clinical presentation varies from being
asymptomatic to increasing dyspnea on exertion. Other
clinical manifestations may include dry chronic cough,
chest pain, weight loss, and fatigue. These autoantibodies
may be detected in serum as well as in the bronchoalveolar
lavage (BAL) fluid. In one study, anti-GM-CSF antibodies
were detected in the serum of all patients with idiopathic
PAP while none of the patients with secondary PAP or
healthy individuals had these antibodies88,89. Levels of
anti-GM-CSF antibodies in BAL fluid may correlate with
disease severity and predict the need for subsequent
therapeutic lung lavage.90,91

Autoantibodies against GM-CSF may also lead to neutro-
phil dysfunction.92 Defect in neutrophil function was found
in patients with PAP who had anti-GM-CSF autoantibodies.93

Neutrophils had normal ultrastructure and differentiation
markers; however, basal functions and antimicrobial prop-
erties after GM-CSF priming were impaired. This suggests
that immune defect in these patients is not only restricted
to the lungs. Anti-GM-CSF autoantibodies have also been
reported in patients who have Nocardia infection involving
lungs, central nervous system (CNS),94 septic arthritis and95

perinephric abscess.96 These autoantibodies have also been
reported in patients with disseminated histoplasmosis97 and
disseminated and CNS cryptococcus infection.98e100 Patients
with these infections caused by anti-GM-CSF auto-anti-
bodies usually do not have evidence for PAP. It has been
postulated that infection may be an earlier presentation
and PAP may develop later in patients who have anti-GM-
CSF autoantibodies. Impaired phosphorylation of STAT5 and
decreased production of MIP-1a in response to GM-CSF has
been reported in these patients.101

In addition, neutralizing IgG anti-GM-CSF antibodies may
be seen in up to 2e3% of patients treated with long term
recombinant rhGM-CSF. Interestingly, non-neutralizing IgG
anti-GM-CSF antibodies were also found in 70% of patients
who were given vaccines where rhGM-CSF was used as an
adjuvant. Autoantibodies to GM-CSF are also seen
frequently in patients with myeloid leukemia and Crohn’s
disease. High titers antibodies may indicate an active
disease.102e105

Pulmonary function tests may reveal a restrictive
pattern and may be used to assess disease activity. High-
resolution computed tomography (HRCT) may show a
characteristic “crazy paving” pattern (though the findings
are not very specific). Bronchoalveolar lavage fluid analysis
and estimation of auto-antibodies in BAL fluid and serum
help establish the diagnosis.

Whole lung lavage remains the prime modality of the
treatment of PAP. GM-CSF administration may be useful in
patients who fail to respond to whole lung lavage.106 Pro-
longed antimicrobial therapy is given to patients with
Cryptococcus and Nocardia infection. It is also believed
that patients with very severe disease may have minimal
residual GM-CSF activity and therefore may benefit from
the removal of antibodies using either plasmapheresis or
rituximab.107 There are no long term data on prolonged
antimicrobial prophylaxis in these patients, however, it has
been found to be useful in a few.108

Despite several advances in recent understanding about
this disease, it still remains unanswered that why few pa-
tients develop only infections while others develop only
PAP? What is the underlying mechanism for the production
of these antibodies in pathogenic concentration? Is there a
contribution of environmental or genetic factors? What is
the most effective treatment strategy? Similarly, there are
no data about whether a patient with an infection will
eventually develop PAP later in life or not.

Acquired angioedema: AutoAb to C1 inhibitor

Angioedema secondary to deficiency of C1 esterase inhibi-
tor (C1eINH) due to acquired causes is known as acquired
angioedema (AAE) and is associated with the presence of
anti C1eINH inactivating autoantibodies.109 Diseases asso-
ciated with AAE include malignancy (especially lymphoma)
monoclonal gammopathy of uncertain significance, auto-
immune disorders like systemic lupus erythematosus (SLE)
and dermatomyositis and human immunodeficiency virus
(HIV) infection.110e116 In one study, monoclonal gammop-
athy of undetermined significance was the most common
cause of AAE followed by non-Hodgkin lymphoma.117

Clinically, it is difficult to differentiate between C1eINH
deficiency either hereditary or acquired as both are char-
acterized by recurrent, non-pitting, self-resolving and non-
pruritic edema. Some episodes can be associated with life-
threatening airway edema.

Laboratory investigations would show low C4 and C1q
with normal C3. C1eINH function and antigen are
decreased. Reduced C1q helps differentiate AAE from HAE
as C1q is normal in patients with HAE.

Plasma-derived human C1eINH concentrate is the first-
line of therapy for managing severe attacks of AAE. How-
ever, its availability is limited in developing countries. In
such situations, plasma concentrate may be given to
replenish C1eINH. Tranexamic acid and stanazolol have
also been used as maintenance therapy.118,119 Patients with
AAE may develop resistance to recombinant C1eINH on
follow-up due to its cleavage by autoantibodies. These
patients may need a higher dose of C1eINH concentrate as
compared to patients with HAE.118 Icatibant, a synthetic
selective bradykinin B2 receptor antagonist may also be
used in patients with AAE and is particularly helpful in pa-
tients who develop resistance to C1eINH therapy.120 AAE
when occurs in association with malignancies often resolves
after treating the underlying disease.121 Plasmapheresis
and cytotoxic therapy has been used in resistant cases.122

Thymoma with hypogammaglobulinemia(Good
syndrome)

Good syndrome (GS), was first described by Robert
Alan Good and is characterized by a triad of thymoma,
hypogammaglobulinemia, and immunodeficiency causing
recurrent respiratory and systemic infections and
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autoimmunity.123 The thymus plays a prime role in
balancing the immune system. Immunological manifesta-
tions are variable and range from asymptomatic state to
severe disease manifestations such as immunodeficiency,
autoimmunity, or both.62,124

Hypogammaglobulinemia is the hallmark of Good syn-
drome that predisposes to recurrent sinopulmonary in-
fections with encapsulated bacterial organisms
(Streptococcus pneumonia and Haemophilus influenza).125

Patients with thymoma may occasionally develop clinical
manifestations that suggest cellular immunodeficiencies
such as non-tubercular mycobacterial infections, Pneumo-
cystis jirovecii pneumonia, mucocutaneous candidiasis,
giardiasis, cryptococcosis, varicella zoster virus and cyto-
megalovirus infection, Kaposi’s sarcoma and progressive
multifocal leukoencephalopathy.126,127 Occasionally, B cell
lymphopenia may be noted at presentation.128 Anti-cyto-
kine autoantibodies may also be seen in these patients and
are a potential cause of immunodeficiency.129,130

Management includes organism-specific antimicrobial
therapy and intravenous immunoglobulin (IVIg).126 Sec-
ondary prophylaxis for Pneumocystis jirovecii pneumonia
should be given.

Autoantibodies to interleukin-6

IL-6 is involved in both acute and chronic inflammation and
is synthesized by many cell types including lymphocytes,
macrophages, and hepatocytes. Autoantibodies against IL-6
can predispose an individual to develop serious bacterial
infections especially with Staphylococcus sp.131e133 Low C-
reactive protein in the serum despite serious bacterial in-
fections is a ‘soft’ clue towards a diagnosis of this rare
immunodeficiency.

Conclusion

‘Phenocopies of PIDs’ may be caused by a somatic mutation
or anti-cytokine antibodies. Somatic mutations that were
initially considered to predispose to malignancies have now
been implicated in causing PIDs. Several patients who have
clinical and laboratory manifestations suggestive of a PID
but have not been found to have a genetic defect may have
either a somatic mutation or an antibody against cytokines.
Better understanding and advancement in the techniques
for the detection of somatic mutations may lead to the
identification of several novel defects.
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polyendocrinopathy candidiasis ectodermal dystrophy
(APECED): a model disease to study molecular aspects of
endocrine autoimmunity. Clin Exp Immunol. 2004;135(3):
348e357.

55. Mengesha BG, Conti HR. The role of IL-17 in protection against
mucosal Candida infections. J Fungi Basel Switz. 2017;3(4).

56. Browne SK, Holland SM. Anticytokine autoantibodies in in-
fectious diseases: pathogenesis and mechanisms. Lancet
Infect Dis. 2010;10(12):875e885.
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111. Mészáros T, Füst G, Farkas H, et al. C1-inhibitor autoanti-
bodies in SLE. Lupus. 2010;19(5):634e638.
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