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Abstract: Specific antibody deficiency (SAD) is a primary immunodeficiency disease (PID) in
which patients present with recurrent sinopulmonary bacterial infections and decreased antibody
responses to polysaccharide antigens following vaccination. SAD memory phenotype refers to an
initial serologic and clinical response to the 23-valent polysaccharide vaccine followed by the loss
of protective antibodies within six months. Various PID can present with diminished specific
antibody responses, and it is known that patients with SAD can develop Common Variable
Immunodeficiency (CVID) later in life. We present the case of a 7-year-old male with significant
history of recurrent sinopulmonary infections since the age of two, who was diagnosed with SAD
memory phenotype. A PID genetic panel revealed a TNFRSF13C genetic variant of unknown
significance in Exon 3: ¢.534 543delinsAATAGCAGG (p.Alal791lefs*46). This variant results in
a frameshift in the B cell-activating factor receptor (BAFFR) encoding gene. BAFFR is essential
for the survival and maturation of transitional B cells into mature follicular and marginal zone B
cells and has an important role in the development of T-independent antibody responses. BAFFR
deficiency is known to be a genetic etiology for CVID and heterozygous missense polymorphisms
have been implicated as risk factors for the development of CVID. The patient’s phenotype, which
demonstrates inadequate T-independent antibody responses, correlates with the previously
described phenotype of patients with TNFRSF13C variants. Here, we present a patient with SAD
memory phenotype harboring a frameshift heterozygous variant in BAFFR. This case highlights the

need to consider rare genetic causes in patients with PID. o )
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1. Introduction

Specific antibody deficiency (SAD) is a primary immunodeficiency disease (PID) in which
patients present with recurrent sinopulmonary bacterial infections and decreased antibody responses
to polysaccharide antigens following vaccination. Patients with SAD have normal responses to ~ Submitted for possible open
protein or conjugate vaccines and immunoglobulin levels, including IgA, IgM, IgG and IgG  publication under the terms and conditions
subclasses [1-3]. SAD is estimated to affect up to 6-10% of individuals referred for evaluation of  of the Creative Commons Attribution (CC
primary immunodeficiency, although it is likely underdiagnosed. SAD is clinically classified in  BY) license
mild, moderate, severe, and memory phenotype based on the persistence and degree of vaccine  (ntips://creativecommons.org/licenses/by/4.
response. The memory phenotype refers to an initial serologic and clinical response to the 23-valent ¢y
polysaccharide vaccine followed by the loss of protective antibodies within six months [4]. Various
inborn errors of immunity (IEI) can present with diminished specific antibody responses, including
some combined immunodeficiencies such as MALT! and RELB deficiency, Hyper IgE Syndromes
including STAT3 LOF, IL-6 receptor deficiency and CARDI1 deficiency, and defects with
predominantly antibody deficiencies such as common variable immunodeficiency (CVID), CD21,

TWEAK deficiency (TNFSF12 genetic variants), among others [5]. Although the prevalence of
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SAD in Puerto Rico is currently unknown, it is likely underreported, as seen in other
underrepresented populations.

B cell-activating factor receptor (BAFFR) deficiency was first described in two related patients
that presented with late-onset CVID. These first patients carried a homozygous deletion within the
BAFFR encoding TNFRSF13C gene [6]. BAFFR, which is highly expressed in mature naive
follicular or marginal zone B cells but not in plasma cells, is part of the large tumor necrosis factor
(TNF)-receptor superfamily (TNFRSF) that includes other receptors such as TACI, CD40, and Fas
[7]. TACI (TNFRSFI3B gene) genetic variants have been reported as the most common genetic
defects in patients with CVID [8]. Both homozygous and heterozygous variants in TACI have been
described in patients with CVID [9-10]. CVID is the most prevalent clinically significant primary
immunodeficiency in humans and is characterized by hypogammaglobulinemia in association with
an increased susceptibility to infections and other clinical manifestations of immune dysregulation
[11-12]. It has been reported that patients with SAD can develop CVID later in life, and even though
cases of CVID have been associated with 7TNFRSFI3C homozygous variants and one missense
heterozygous variant, frameshift mutations in TNFRSF13C have not been reported to be associated
with predominantly antibody deficiencies [6, 13-14]. In Puerto Rico, the prevalence of CVID, SAD
and genetic variants associated with humoral immunodeficiencies remains unknown. This report
aims to present the first documented case of a BAFFR genetic defect in a Puerto Rican pediatric
patient, contributing to the understanding of SAD and its genetic underpinnings in this population.

2. Case Presentation

We present the case of a 7-year-old male with history of allergic rhinitis, moderate persistent
asthma, and eosinophilic esophagitis (EoE) recently diagnosed with Specific Antibody Deficiency
(SAD) at the age of seven. The patient presented with remarkable history of recurrent sinopulmonary
infections since the age of two, leading to more than 20 hospitalizations over the last five years.
Family history was only remarkable for asthma in paternal grandmother; parents denied
consanguinity or family history of inborn errors of immunity. He is followed in the pediatric
pulmonary clinic and was given a diagnosis of moderate persistent asthma for which he was started
on high dose inhaled corticosteroid (ICS) treatment and leukotriene inhibitors.

Given the patient’s unusual medical history, including recurrent bronchitis, acute bacterial
sinusitis, and multiple episodes of Mycoplasma pneumonia, which often required hospitalization for
intravenous antibiotics, genetic testing was ordered by the pulmonary service. The genetic panel for
primary immunodeficiencies, primary ciliary dyskinesia, and cystic fibrosis included 471 genes. The
genetic testing results were significant for six heterozygous variants of unknown significance (VUS)
in genes: ATM, C6, C9, CIITA, FCHOI, TNFRSF13C. Besides the TNFRSF13C variant in Exon 3
c.534 543delinsAATAGCAGG (p.Alal791lefs*46), the other VUS did not correlate with his
clinical phenotype.

Following the genetic testing results, further immune evaluation was ordered including
immunoglobulin levels, lymphocyte subset panel, and tetanus and diphteria antibody levels that were
within normal limits for age (Table 1, 2). However, 23 Streptococcus pneumonia titers were only
protective for three serotypes (8, 17F, 19F) even though he had received his childhood vaccinations,
including four doses of Pneumococcal 13-valent conjugate vaccine. Based on these results, the
patient was instructed to get vaccinated with pneumococcal vaccine polyvalent for 23 serotypes
(PPV23). Post-vaccination titers showed seroprotective levels (>1.3 pg/mL) for nineteen titers
(83%) six weeks after vaccination (Table 3).

Ponce Health Sciences University Scientific Journal, 2026. www.phsujournal.com



Ponce Health Sciences University Scientific Journal, 2026, 2. FOR PEER REVIEW

Table 1. Lymphocyte subset panel

Lymphocyte subset Results Normal Range

% CD3 T Cells 79 60-76%

Absolute CD3+ Cells 2884 1200-2600 cells/uL
% Cd4 37 31-47%

Absolute CD4+ Cells 1296 650-1500 cells/uLL
%CD8 36 18-35%

Absolute CD8+ Cells 1257 370-1100 cells/uLL
CD4/CDS8 Ratio 1.03 1-3

% CD16+CD56 (NK Cells) 3 4-17%

Absolute NK Cells 95 100-480 cells/uL
%Cd19 (B Cells) 18 13-27%

Absolute CD19+ Cells 669 270-860 cells/uL
Absolute Lymphocytes 3656 1500-6800 cells/uL.

Table 1. Results showing normal B cell count, mildly increased total T cell count, and mildly decreased

NK cell count.

Table 2. Immunoglobulin levels

Immunoglobulin | Results (mg/DL) | Normal Range (mg/DL)
IgA 74.04 70.00-400.00

IgG 1009.58 700.00-1600.00

IgM 105.74 40.0-230.00

Table 2. Normal immunoglobulin levels for age.

Even after vaccination with PPV23 with an adequate protective response and being on antibiotic
prophylaxis with macrolides, the patient continued to have recurrent sinopulmonary infections. Given
a high suspicion for a humoral immunity defect, 23 pneumococcal serotype titers were repeated six
months after vaccination by the Immunology service with results showing seroprotective levels (>1.3
pg/mL) in only 10 out of 23 serotypes (43%) (Table 3, Figure 1). Due to the recurrent Mycoplasma
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pneumonia diagnoses, an antibody level to Mycoplasma was ordered which showed undetected levels

of specific 1gG.

Table 3. 23 pneumococcal serotype titers

Pre-vaccination

Six weeks Post-

Six months Post-

IgG vaccination vaccination
(mcg/mL)
(mcg/mL) (mcg/mL)
Serotype 1 0.4 51.9 2.8
Serotype 2 <0.3 9.1 1.7
Serotype 3 <0.3 >44.0 0.4
Serotype 4 <0.3 15.5 0.7
Serotype 5 0.7 61.7 2.5
Serotype 8 3.5 >86.0 11
Serotype 9 (9N) <0.3 9.8 0.8
Serotype 12 (12F) | <0.3 <0.3 <0.1
Serotype 14 (14) <0.3 56 6.5
Serotype 17 (17F) | <0.3 40.1 4.8
Serotype 19 (19F) | 1.3 35.5 33
Serotype 20 (20) 33 >54.0 15.6
Serotype 22 (22F) | <0.3 2.4 0.6
Serotype 23 (23F) | 0.4 23.1 1
Serotype 26 (6F) 0.6 24.5 0.8
Serotype 34 (10A) | <0.3 1.1 0.3
Serotype 43 (11A) | <0.3 0.7 0.2
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Serotype 51 (7F) 0.4 46 1.5
Serotype 54 (15B) | <0.3 1.2 0.9
Serotype 56 (18C) | <0.3 17.2 0.6
Serotype 57 (19A) | <0.3 9 1.3
Serotype 68 (9V) | <0.3 7.9 0.5
Serotype 70 (33F) | <0.3 1.8 0.8

Table 3. 23 Streptococcus pneumoniae 1gG levels showing inadequate protective levels pre-PPV23
vaccination, adequate response six weeks post-vaccination, and loss of protective levels six months
after PPV23 vaccination.

Figure 1. 23 pneumococcal serotype titers pre- and post-PPV23 vaccination

Pre-vaccination

Six weeks post-vaccination ([ ] .‘ ? [ ] [ ]

Six months post-vaccination J €@ @ ®

1
0 20 40 60 80 100
Pneumococcal serotype titers levels (mcg/mL)

Figure 1. Visual representation of 23 Streptococcus pneumoniae 1gG levels pre- and

post-vaccination (six weeks and six months after PPV23 vaccination).

According to the working group report of the Basic and Clinical Immunology Interest Section
of the American Academy of Allergy, Asthma & Immunology, a serotype-specific level of 1.3
mg/mL or greater is considered protective against invasive disease following polysaccharide
immunization [4]. Based on the clinical findings and laboratory results, the patient was diagnosed
with SAD memory phenotype. The SAD memory phenotype criteria include an adequate initial
response to PPV23 (>50% protective for children 2-5 years of age and >70% protective for those 6-
65 years of age) with loss of this response within 6 months. At this time the patient was started on
immunoglobulin replacement therapy and continues treatment for EoE, Asthma, and Allergic
Rhinitis.
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3. Discussion

This case describes a pediatric patient with SAD memory phenotype and genetic testing results
showing a VUS in the exon 3 of the TNFRSF13C gene (p.Alal79llefs*46). This genetic variant
results in a frameshift in the gene that encodes for BAFFR. BAFFR is essential for the survival and
maturation of transitional B cells into mature follicular and marginal zone B cells. BAFFR is also
thought to enhance the survival and expansion of germinal center B cells by promoting the selection
of high affinity switched memory B cells and plasma cells. BAFFR is also expressed in central and
effector memory T cells, providing a costimulatory signal [15].

BAFFR deficient mice are known to have impaired antibody responses to T cell-dependent
and T cell-independent antigens, but this is less likely in human, as BAFFR expression is absent in
resting and activated CD4" T cells [6,16]. These mice also have severely reduced follicular and
marginal zone B cells, but have normal IgA secreting plasma cells [17]. Deficiency of BAFFR in
humans has only been described once in two siblings. The patients carried a homozygous 24-bp in-
frame deletion (del89-96) located in exon 2. The described patients had B cell lymphopenia, low
IgG levels with normal IgA, and decreased IgM* CD27* marginal zone B cells, which are thought
to be the precursor cell of T-independent antibody responses against encapsulated bacteria. The
most clinically severely affected patient had absent T-independent and T-dependent antibody
responses, but the second sibling only had impairment of T-independent humoral responses and did
not meet criteria for CVID diagnosis. These findings demonstrated variable expressivity of BAFFR
deficiency [6].

SAD is a subtype of primary immunodeficiency characterized by the inability to mount an
adequate T-independent antibody response to specific antigens despite having normal
immunoglobulin levels. While SAD is often distinguished from other primary immunodeficiencies
by its isolated antibody response impairment, a specific genetic mutation has not been associated
with isolated SAD. Rather, emerging evidence suggests potential intersections of SAD in multiple
inborn errors of immunity, such as NEMO, TACI, MALTI, RelB, STAT3 deficiencies, among others
[5,7].

Our patient’s heterozygous variant is expected to disrupt the last six amino acids of the BAFFR
protein and extend the protein by 39 additional amino acid residues. BAFFR is a homotrimeric
receptor, and its C-terminal domain, located on the cytoplasmic side, is crucial for downstream
signaling through the NF-xB pathway. Alterations in this region could impair signal transduction
even in the heterozygous state, potentially explaining the patient’s impaired antibody maintenance.
Even though the patient presented with a heterozygous variant, previous studies have shown that a
single-nucleotide polymorphism in TNFRSF13C gene, Pro21>Arg (P21R) (c.62C>G; 1s77874543),
present in homo- or heterozygous forms may contribute to the development of CVID [14]. This is a
phenomenon also recognized in the TNFRSFI3B (TACI) gene, in which homozygous and
heterozygous mutations have been described as risk factors for the development of CVID [9-10].

The clinical presentation of our patient, including recurrent sinopulmonary infections and a
decline in pneumococcal serotype-specific antibody titers within six months post-immunization,
aligns with the memory phenotype of SAD. Although, no other functional studies have been done
in this case to prove abnormalities in the BAFFR protein, the patient’s SAD memory phenotype,
which demonstrates inadequate T-independent antibody responses, correlates with the previously
described clinical phenotypes of patients with TNFRSF13C genetic variants [6,14].

Management of SAD primarily focuses on preventing infections and optimizing the patient’s
quality of life. This includes immunization with conjugate vaccines, prophylactic antibiotics, and,
in severe or refractory cases, immunoglobulin replacement therapy. While this patient achieved
protective titers for most pneumococcal serotypes shortly after vaccination, the subsequent decline
highlights the limitations of polysaccharide vaccine responses in individuals with SAD. The
progressive decline in pneumococcal serotype-specific antibody titers highlights the importance of
regularly monitoring specific antibody responses in patients with recurrent infections, even when
their immunoglobulin levels are within normal limits. The patient’s history of eosinophilic
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esophagitis, asthma, and allergic rhinitis highlights the interplay between immune dysregulation and
atopic conditions, which may contribute to an increased susceptibility to infections.

This case contributes to the understanding of SAD as a potentially heterogeneous disorder,
where underlying genetic variants, such as those involving BAFFR, may play a contributory role.
Highlighting genetic contributors, such as this novel frameshift variant, not only advances our
understanding of SAD but also underscores the importance of equitable diagnostic access for both
local and diaspora Puerto Rican populations. Notably, there is a lack of information about genetic
variants associated to inborn errors of immunity in populations from Puerto Rico, highlighting the
need for localized research and awareness. In Puerto Rico, the diagnosis of SAD remains
challenging due to limited awareness and access to immunologic and genetic testing. These barriers
can delay appropriate care and increase the risk of complications such as bronchiectasis and chronic
lung disease. Early diagnosis is essential, as effective interventions - including conjugate vaccine
boosting, prophylactic antibiotics, and immunoglobulin replacement - can significantly reduce
infections and improve long-term outcomes. Also, further research is needed to explore the genetic
and molecular mechanisms linking specific antibody deficiencies to broader immune dysregulation
and to explore the potential progression of SAD to CVID. Pediatricians, immunologists,
pulmonologists, infectious disease specialists, and other health care providers must collaborate to
recognize and manage cases promptly. Physicians practicing in our region may need to maintain a
high index of suspicion to accurately diagnose both SAD and CVID, given their potential for under-
recognition.
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