
FEATURED CASE

A Boy Aged 5 Years 10 Months with IgM Deficiency
and Antibody Deficiency to Streptococcus pneumoniae

Associated with TNFRSF13B C104R Heterozygous Mutation

Carrie Caruthers, MD, and Alan P. Knutsen, MD

The case is presented of a boy aged 5 years and 10 months with recurrent infections and intermittent throm-
bocytopenia who had immunoglobulin M (IgM) deficiency and specific antibody deficiency to Streptococcus
pneumoniae. Whole exome sequencing was performed and revealed a transmembrane activator and calcium
modulator and cyclophilin ligand interactor gene mutation, which has been seen in common variable immu-
nodeficiency. He was treated with IgG antibody replacement therapy and has been free of infection with
resolution of his thrombocytopenia.

Introduction

Primary immunodeficiency diseases (PIDs) include a
vast array of immune defects with the commonality of

recurrent infections. With our advancing knowledge, we
continue to recognize and define these diseases. Overlap
between different primary immunodeficiency diseases may
exist, making a definitive diagnosis sometimes a challenge.
Our ability to evaluate the human genome further may pro-
vide clues to categorize and identify PIDs further. Specific
antibody deficiency (SAD) is a B-cell immunodeficiency
disorder characterized by normal serum immunoglobulin G
(IgG), IgA, and IgM levels, normal antibody responses to
protein antigens, but decreased protective antibody responses
to Streptococcus pneumoniae (Spn).1,2 SAD is manifested by
susceptibility to recurrent sinopulmonary infections. Studies
have shown that patients with SAD have decreased memory
B-cells compared to patients without SAD.1 SAD is com-
monly diagnosed in children and may resolve as the child
matures.3 Common variable immunodeficiency (CVID) is a
more severe B-cell immunodeficiency characterized by a
decrease in two or more of the serum immunoglobulins,
typically IgG or IgA – IgM, associated with severe antibody
deficiency.4 CVID may be associated with mutations such as
TNFRSF13B, whereas SAD has not been identified as being
associated with gene mutations.5–8 Recently, Lewis and
Gupta9 reviewed selective IgM deficiency. They reported that
a subset of children with selective IgM deficiency may have
impaired antibody responses to S. pneumoniae. Selective IgM
deficiency may resolve spontaneously, and the pathogenesis
of selective IgM deficiency is unknown. Here, the case is
presented of a boy with IgM deficiency and antibody defi-
ciency to Spn.

Case Report

A 5-year-old boy with a history of recurrent infections
beginning in infancy manifested by frequent otitis media;
sinusitis; bronchitis; streptococcal pharyngitis; hand, foot, and
mouth disease; and roseola. He also had a history of inter-
mittent thrombocytopenia with a normal to decreased mean
platelet volume (MPV) ranging from 5.5 to 9.0 fL. He was
evaluated by the hematology department for Wiskott–Aldrich
syndrome (WAS) and had normal WAS protein (WASP)
gene analysis and protein expression by flow cytometry.

He was referred for further immunologic evaluation at
the age of 5 years and 10 months. As seen in Table 1, his
serum IgM ( < 5 mg/dL) was decreased with normal serum
IgG (802 mg/dL) and IgA (102 mg/dL) levels, normal IgG
antibodies to diphtheria toxoid, tetanus toxoid, and Hemo-
philus influenzae type B (HiB) immunizations. Repeat se-
rum IgM levels were persistently decreased ( < 5, 12, 18, and
8 mg/dL; Table 1). Anti-Spn antibody titers were decreased
( < 1.3 mg/mL) to 19 of 23 serotypes (17.4% protective), and
8 weeks after receiving Spn 23-seotype polysaccharide
vaccination (Pneumovax�), repeat anti-Spn antibody titers
were still decreased to 21 of 23 serotypes (8.7% protective).
There were decreased CD3 + T-cells, 1,076 cells/mm3, CD4 +

T-cells, 520 cells/mm3, and CD8 + T-cells, 269 cells/mm3,
and CD19+ B-cells, 179 cells/mm3. Naı̈ve CD4 + CD45 RA+

T-cells were decreased (38%) and memory CD4 + CD45RO+

T-cells were increased (72%). Repeat studies at the age of 7
years 8 months revealed a similar pattern (Table 1). Lym-
phoproliferative responses to mitogen and antigen stimula-
tions were normal. A diagnosis of IgM deficiency and
antibody deficiency to Spn was made. The patient was started
initially with intravenous immunoglobulin (IVIG) at 6 years
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old and subsequently switched to subcutaneous gammaglo-
bulin (SCGG). Since starting IVIG/SCGG treatment, the
patient has remained free of infections, and his platelets are
> 100,000 cells/mm3 with a normal MPV of > 9 fL.

Whole exome sequencing (WES, GeneDx) was subse-
quently performed and identified a heterozygous mutation of
the TNFRSF13B c. 310T > C (p. C104R). The TNFRSF13B
gene encodes for transmembrane activator and calcium
modulator and cyclophilin ligand interactor (TACI), and the
heterozygous C104R mutation has been previously identi-
fied in patients with CVID. However, it has not been re-
ported in association with IgM deficiency and specific
antibody deficiency to Spn.

Discussion

CVID has been associated with mutations of the
TNFRSF13B gene encoding the protein TACI.5–8 TACI is a
tumor necrosis factor (TNF) receptor superfamily member,
and plays a vital role in the development of humoral im-
munity. It interacts with B-cell activating factor (BAFF) or
proliferation-inducing ligand (APRIL), which causes acti-
vation of several transcription factors and initiates isotype
switching in B-cells. Mutations of TACI may be homozy-
gous, compound heterozygous, or heterozygous inherited as
autosomal recessive or autosomal dominant. Zhang et al.6

reported that there is B-cell dysfunction in those subjects
with heterozygous TACI mutations Haploinsufficiency and
dominant-negative effect have been proposed by which

heterozygous human C104R and the corresponding murine
C76R TACI mutations lead to antibody deficiency. In a
murine C76R heterozygous mutant model, Lee et al.10 re-
ported that antibody responses to type II T-independent
trinitrophenylated-Ficoll immunizations were severely im-
paired. They proposed that the human TACI C104R hetero-
zygous mutation also impaired TACI function due to
haploinsufficiency. Subsequently, Garibyan et al.11 reported
using an in vitro transfection assay that the human heterozy-
gous C104R mutation did not interfere with ligand binding but
did dominantly interfere with TACI signaling. C104R muta-
tion is a common mutation of TACI, and 82% of symptomatic
patients with recurrent infections with heterozygous C104R
mutation had antibody deficiencies, most commonly CVID or
selective IgA deficiency (SIGAD).7 Salzer et al.7 found that
76% of the patients had reduced switched memory B-cells,
and 76% patients with heterozygous C104R mutations had
switched memory B-cells < 2% of their total B-cells. The
patient in the present study had a heterozygous mutation with
normal serum IgG and IgA levels, but decreased IgM level,
antibody deficiency to Spn, and slightly decreased memory
B-cells but normal -switched B-cells. Heterozygous mutation
for C104R increases the risk of developing hypogammaglo-
bulinemia but does not necessarily lead to development of
CVID. However, there is evidence of B-cell dysfunction in
those subjects with normal serum IgG levels and heterozygous
TACI mutations.6 Patients with heterozygous C104R muta-
tion are also at increased risk compared to patients without
any mutations on the TNFRSF13B gene for developing au-
toimmune disorders, especially autoimmune thrombocytope-
nia, and lymphoproliferation, including malignancies. The
present patient had a past medical history of thrombocyto-
penia, though the etiology was never determined.

WES can be a very useful tool to help identify the genes
involved with primary immunodeficiency.12 With the use of
WES, a genetic mutation could be identified in this patient.
Despite the many advances that have been made in identi-
fying mutations such as the TNFRSF13B gene, further un-
derstanding of the clinical application of these mutations
will provide insight in future evaluation and treatment op-
tions for these patients. The patient in this study presents an
unusual presentation of the TNFRSF13B gene mutation that
differs from previously documented cases. It reinforces the
need to explore further other possible gene mutations
playing a role in primary immunodeficiency.
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Table 1. Immunologic Findings in a Boy

Aged 5 Years 10 Months with IgM Deficiency

and Antibody Deficiency to Streptococcus

pneumoniae Associated with TNFRSF13B
C104R Heterozygous Mutation

Patient Normal

Age, years 5 10/12 7 8/12*
IgG, mg/dL 802 1,095 508–1,359
IgA, mg/dL 102 103 23–144
IgM, mg/dL <5 8 40–163
IgE, IU/mL 17 9–69
IgG-1, mg/dL 473 300–850
IgG-2, mg/dL 138 60–400
IgG-3, mg/dL 53 10–80
IgG-4, mg/dL 64 3–80
Anti-diphtheria, mg/mL 0.4 ‡ 0.15
Anti-tetanus, mg/mL 1.8 ‡ 0.15
Anti-HiB, ng/mL 10.3 ‡ 1.0
Anti-Spn, % protective 8.7 ‡ 50
ALC, cells/mm3 1794 2,300–5,400
CD3 + cells/mm3 1076 870 1,400–3,700
CD4 + cells/mm3 520 534 700–2,200
CD8 + cells/mm3 269 224 490–1,300
CD19 + cells/mm3 179 140 390–1,400
CD56 + cells/mm3 301 322 130–720
CD4 + CD45RA + , % 38 39 69–97
CD4 + CD45RO + , % 72 79 3–12
CD27 + CD19 + , % 10 17 25–40
IgD-CD27 + CD19 + , % 9 14 ‡ 6

*Patient being treated with subcutaneous gammaglobulin (SCGG).
#Normal reference range.13

Bold indicates abnormal laboratory study.
ALC, absolute lymphocyte count; HiB, Hemophilus influenzae

type B; Spn, Streptococcus pneumoniae.
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