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■ Abstract
Background: Immune complex deposition in the subepithelial zone of glomerular capillaries can lead to membranous glomerulopathy.
Objective: To present the case of a 23-year-old man with X-linked agammaglobulinemia (XLA) who developed idiopathic membranous
glomerulopathy while receiving intravenous immunoglobulin (IVIG).
Methods: We performed an immunological workup, genetic testing, and a renal biopsy.
Results: XLA was confirmed with less than 0.02% CD19+ cells in the blood after sequence analysis revealed a nonfunctional BTK gene. The
patient presented with microhematuria, which persisted for 3 years and spanned treatment with 5 different preparations of intravenous
gammaglobulin. Immunohistochemistry revealed membranous glomerulopathy.
Conclusion: Although endogenous serum immunoglobulin (Ig) production is severely impaired in XLA, rare B lymphocytes that have
managed to mature can produce functional IgG antibodies. The pathogenic immune complexes could reflect IVIG reacting with polymorphic
autoantigens, an endogenous IgG-producing clone reacting with a common idiotype present in the IVIG, or both.
Key words: X-linked agammaglobulinemia (XLA). Bruton agammaglobulinemia. Membranous glomerulopathy. Microhematuria. Intravenous
gammaglobulin.

■ Resumen
Antecedentes: Los depósitos de inmunocomplejos en la zona subepitelial de los capilares glomerulares pueden causar glomerulopatía
membranosa.
Objetivo: Presentar el caso de un varón de 23 años de edad con agammaglobulinemia ligada al cromosoma X (XLA) que desarrolló
glomerulopatía membranosa idiopática mientras recibía inmunoglobulina intravenosa (IGIV).
Métodos: Se llevaron a cabo un estudio inmunológico, pruebas genéticas y una biopsia renal.
Resultados: Se confirmó la XLA con un número de células CD19+ en sangre por debajo del 0,02% después de que el análisis de secuencias
revelara un gen BTK no funcional. El paciente presentaba microhematuria, que persistió durante 3 años, y recibió tratamiento con 5
preparados distintos de gammaglobulina intravenosa. La inmunohistoquímica reveló glomerulopatía membranosa.
Conclusión: Aunque en la XLA la producción endógena de inmunoglobulina (Ig) sérica está notablemente alterada, es posible que unos
pocos linfocitos B que hayan conseguido madurar produzcan anticuerpos IgG funcionales. Los inmunocomplejos patógenos podrían
reflejar la IGIV que reacciona con autoantígenos polimórficos, o un clon productor de IgG endógena que reacciona con un idiotipo común
presente en la IGIV, o ambas cosas.
Palabras clave: Agammaglobulinemia ligada al cromosoma X (XLA). Agammaglobulinemia de Bruton. Glomerulopatía membranosa.
Microhematuria. Gammaglobulina intravenosa.
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Introduction
Loss-of-function mutations in the Bruton tyrosine kinase
(BTK) gene underlie the prototypic humoral immunodeficiency
X-linked agammaglobulinemia (XLA) [1,2]. BTK plays a
critical role in enabling maturation of pre–B lymphocytes
to immature B lymphocytes. In its absence, B-lymphocyte
development, and thus immunoglobulin (Ig) production, is
impaired [3,4]. We present an unusual case of XLA in a man
with membranous glomerulopathy (MG), an immune complex
disease [5] that persisted in spite of sequential treatment with
5 different gammaglobulin preparations.

A

blood confirmed a virtual absence of IgM+, CD19+, CD20+,
and CD21+ cells (<0.02% of the lymphocyte fraction). Natural
killer cell and T-lymphocyte counts were normal, with a CD4/
CD8 ratio of 1.7.
Sequence analysis of BTK revealed a 10.8-kb tandem
duplication of exons 6-18, which created a frameshift with
a premature stop codon. Duplication appeared to result from
unequal homologous recombination within a 49-bp interval of
sequence identity between an Alu Sg site at the end of intron
5 (bp 57,977-58,025; accession number U78027) and an Alu
Sx site within intron 18 (bp 68,800-68,848).
Microscopic hematuria (MH) was identified during

B

Figure 1. Hematoxylin-eosin stain of a glomerulus showing increased mesangial matrix with mild segmental mesangial hypercellularity (arrow). The
capillary basement membranes show only mild focal thickening (original magnification, ×200 [A] and ×400 [B]).

Case Description
The patient, who was of European descent, suffered severe
oropharyngeal Herpes simplex infection at age 11 months.
By age 5 he had suffered repeated sinusitis, bronchitis,
pneumonia, septic arthritis, and Haemophilus influenzae type b
empyema. B lymphocyte counts and serum Ig levels were
severely depressed, and replacement gammaglobulin therapy
was initiated.
The patient first presented at the Clinical Immunology
Service of the University of Alabama at Birmingham,
Birmingham, Alabama, USA at age 23. While receiving
Gammar-P IV (King of Prussia, Pennsylvania, USA), he was
switched to 0.34 g/kg of Polygam SD (Baxter, Deerfield,
Illinois, USA). He complained of recurrent sinusitis and
chronic conjunctivitis. Serum Ig levels were as follows: IgM,
8 mg/dL (reference range, 50-225); IgG, 806 mg/dL (reference
range, 775-1850); IgA <8 mg/dL (reference range, 75-450); and
IgE <2 IU/mL (reference range, 3-423). Complement levels
were as follows: C3, 88 mg/dL (reference range, 70-150);
and C4, 18.2 mg/dL (reference range, 10-50). Antinuclear
antibody titers, rheumatoid factor titers, and the erythrocyte
sedimentation rate were normal. Flow cytometric analysis of
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Figure 2. Jones methenamine silver stain of glomerulus. Note the holes in
the glomerular basement membranes, which are cut en face (solid arrow).
Compare with normal appearance of glomerular basement membrane
(dashed arrow) (original magnification, ×400).
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Figure 3. A, Immunofluorescence staining with FITC anti-Igk. Detail of a glomerulus with granular deposits along the capillary loops (original magnification,
×400). B, Electron microscopy of an affected glomerulus revealed occasional subepithelial electron dense deposits (arrows) (original magnification, ×12 600).

screening for participation in a phase III intravenous
immunoglobulin (IVIG) study of Gamunex (Talecris, Research
Triangle Park, North Carolina, USA). Other than a remote
history of acute hematuria after blunt trauma during childhood,
the patient denied any prior history. Family and personal
history were unremarkable for nephrolithiasis, cystitis,
nephritis, hearing disorders, easy bruising, or hemarthrosis.
He denied present dysuria, hesitancy, or urethral discharge.
He was normotensive and afebrile. The conjunctiva of both
eyes was inflamed. Serum creatinine was 1.1 mg/dL (reference
range, 0.7-1.3 mg/dL). Urinalysis revealed a specific gravity
of 1.019, pH 5.0, and trace blood with 3-10 red blood cells
and 0-5 white blood cells per high power field.
The patient was referred to the nephrology department. Mild
hypercalciuria was noted and MH was confirmed. Creatinine
clearance was 98 cc/min and the glomerular filtration rate
(GFR) calculated using the modification of diet in renal disease
(MDRD) formula was normal at 97 cc/min/1.73 m2. A 24-hour
urine protein determination revealed excretion of 149 mg of
protein (normal, <150 mg/24 hours). Given the absence of
gross renal disease and absence of symptoms, additional renal
studies were not performed. The patient was entered into the
first study receiving Gamunex (0.34 g/kg/4 weeks).
Upon completion of the study, he was placed on
Sandoglobulin (Novartis, East Hanover, New Jersey, USA)
(0.34 g/kg/4 weeks). Two years later he was screened for a
second phase III IVIG protocol, testing a different formulation
of IVIG from a different manufacturer. Screening again
revealed MH.
Repeat evaluation by the nephrology department revealed
a creatinine clearance rate of 83 cc/min and an MDRD GFR
of 80.5 cc/min/1.73 m2. Urine protein excretion was in the
normal range (92 mg/24 hours; reference range, <150 mg/24
hours). A renal biopsy revealed a number of sparse deposits in
various stages of resolution consistent with repeated episodes
of antigen-antibody complex formation. Immunofluorescence
staining with IgGλ and IgGκ demonstrated equivalent patterns.
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The findings were felt to be consistent with stage II-III
membranous glomerulopathy (Figures 1-3). As the patient
remained asymptomatic, no treatment was prescribed.
The patient entered the second study with IVIG at a dose
of 0.4 g/kg/4 weeks. Two years later, the patient remained
asymptomatic with normal renal function and minimal
proteinuria on Carimune (San Diego, California, USA) at
0.4 g/kg/4 weeks.

Discussion
Due to transplacental IgG transport, BTK-deficient neonates
exhibit normal serum IgG levels. Infections typically begin by
6 months of age, when normal catabolism depletes maternal Ig.
Recurrent sinopulmonary infections, meningitis, osteomyelitis,
and septic arthritis most often involve encapsulated pyogenic
bacteria. Viral infections resolve normally, but absence of
neutralizing antibody can lead to recurrence [1]. Conjunctivitis
is observed in up to 1 in 5 adult patients [6].
More than 500 different BTK mutations have been
reported in patients with XLA. The classic XLA phenotype is
characterized by a peripheral B-lymphocyte compartment that
represents less than 1% of circulating peripheral lymphocytes
and near complete absence of endogenous Ig. Consistent
correlations between the type of BTK mutation and the severity
of the clinical presentation have not been identified [2].
The goal of therapy is to provide replacement Ig at levels
sufficient to provide passive protection against infections
[1]. Adverse reactions to IVIG can be immediate or delayed.
Immediate reactions include headache, flushing, back pain,
nausea, vomiting, and, rarely, circulatory collapse [7].
Nephrotoxicity is an example of a delayed response, with
peak onset 5 days after infusion [8]. Altered renal function
has been attributed to the increased osmotic load provided
by preparations of IVIG that use sucrose or similar agents to
inhibit IgG aggregation in the IVIG preparation.
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MG, a cause of nephrotic syndrome in adults [4], is
characterized by thickening of the basement membrane due
to subepithelial deposition of immune complexes. Clinically,
over 80% of patients present with proteinuria, and MH is
apparent in half. Men are more commonly affected, with
peak incidence between 30 and 50 years [9]. MG is often
idiopathic, but has been associated with systemic diseases
including systemic lupus erythematosus, infections, and
malignancy [4]. It is thought to be the result of chronic antigenantibody complex formation with complement activation and
formation of the membrane attack complex. Recently, M-type
phospholipase A2 receptor has been identified as a major target
antigen in primary human MG [10].
Treatment options include observation and conservative
therapy, corticosteroids in combination with cytotoxic agents,
and IVIG [11,12]. The renal dysfunction in our XLA patient
persisted despite treatment with 5 different preparations of
IVIG, each with its own stabilization agent and separate donor
pools. Therefore, it was unlikely that the glomerulopathy
reflected an idiopathic reaction to a specific IVIG preparation or
contamination of the IVIG by IgG from a donor with active MG.
While XLA patients have greatly reduced numbers of
circulating B lymphocytes, those cells that are present are
capable of producing antigen-specific antibody, including
allergen-specific IgE and antigen-specific IgM and IgG [13].
Patients with primary B or T lymphocyte immunodeficiency
may be predisposed to the development of pathogenic B or T
lymphocyte clones with high affinity/avidity for self-antigen
[14]. We observed an equal mixture of IgGκ and IgGλ in
subepithelial deposits, but were unable to assign its source.
We speculate that the patient’s pathogenic immune complexes
may reflect IVIG reacting with a rare polymorphic variant of
an endogenous protein that may or may not be expressed in
his kidneys, the patient’s own endogenous IgG reacting with
a common idiotype present in the IVIG, or both.
To our knowledge, this is the first reported case of MG in
a patient with XLA who was receiving IVIG. However, ours is
not the first XLA patient to present with renal immune complex
deposition. Membranoproliferative glomerulonephritis (MPG)
was previously reported in another XLA patient receiving
IVIG [15]. MG and MPG differ in that MPG is associated with
both subepithelial and mesangial immune complex deposits,
whereas only subepithelial deposits are observed in MG. The
antigens responsible for idiopathic MPG are unknown, but a
viral origin is suspected [16].
Our case differs from the case of MPG reported above in
several key respects. The MPG patient had higher endogenous
levels of IgM, IgG, and IgA than ours and presented at the
age of 3 years, whereas our patient presented as an adult.
Both MG and MPG are immune complex–mediated disorders
with evidence of complement activation. However, the MPG
patient presented with a low C3 level, which is typical of MPG,
whereas our patient had normal C3 and C4 levels, which is
typical of MG [17].
Nevertheless, these patients share key features. Both
produced pathogenic immune complexes and both were treated
with multiple forms and lots of IVIG, which had no effect on the
course of their disease. Both patients appear to have developed
renal dysfunction as a result of the endogenous production of
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rare pathogenic IgG clones. Surviving B lymphocytes in XLA
lack BTK and, thus, experience abnormal signal transduction.
Suppression of XLA B lymphocytes producing pathogenic Ig
using IVIG may be more difficult than in B lymphocytes with
a normal BTK function.
We conclude that the B lymphocyte deficiency engendered
by BTK dysfunction does not eliminate the possibility of
antibody-induced renal disease in grossly agammaglobulinemic
patients.
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