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CVID; Introduction: Primary immunodeficiency diseases (PID) are defined by recurrent infections,

DGS; allergies, autoimmunity, and malignancies. Neurologic symptoms are one of the major com-

Neurologic ponents of some immunodeficiency syndromes, such as Ataxia-Telangiectasia (AT), Nijmegen
Abnormalities; breakage syndrome (NBS), and Purine Nucleoside Phosphorylase (PNP) deficiency, which are

Nervous System; considered as the primary involvement. Various pathological mechanisms, DNA repair disor-

Primary Immune ders, metabolic abnormalities, and autoimmune phenomena have also been linked with neu-
Deficiency rological conditions.

Materials and method: We retrospectively assessed the neurological involvement in 108
patients out of 6000 with PID in this study.

Results: The female/male ratio of the cases was 49/59, and the median age was 13 years (min =
1; max = 60). Neurological problems were detected at a median age of 7 years (min = 0.5; max
= 30). Di George Syndrome (DGS) and CVID (common variable immunodeficiency) were the most
common diseases in our cohort (n = 31, 30% and n = 30, 27%, respectively). The most frequent
outcomes were cognitive delay (n = 63, 58%), epilepsy (n = 25, 23%), and ataxia (n = 20, 18%).
Central nervous system involvement was found in 99% of the patients (n = 107), and peripheral
nervous system complication was found in only one patient with CVID and chronic inflammatory
demyelinating polyneuropathy (CDIP). Cranial MRI was found to be abnormal in 74% (n = 80) of
the patients. MRI findings included cerebellar atrophy (n = 33, 34%), white matter lesion (n = 27,
28.4%), cerebral atrophy (n = 21, 22.3%), gray matter lesion (n = 6, 6.3%), hydrocephalus (n = 5,
5,3%), and pituitary gland lesion (n = 3, 3.2%), intracranial hemorrhage (n = 3, 3%), intracranial
vasculitis (n = 3, 2.7%), and arterio-venous malformation (n = 1, 0,9%). Primary involvement (a
component of the disease) was 60% (n = 65), and secondary (infection or autoimmunity) and ter-
tiary involvements (structural or incidental lesions) contributed 20% (n = 20) each in the patients.
Conclusion: In this study, we describe the various neurologic findings of patients with PID. The
neurologic presentation may represent the initial manifestation of certain types of PID. Early
diagnosis and treatment are essential to prevent or reduce further neurologic damages.
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Introduction

Primary immunodeficiency diseases (PIDs) include a het-
erogeneous group of disorders with a prevalence between
1/10,000 and 1/100,000." PID is characterized by a wide
range of clinical presentations, with different parts of the
immune system and other organs being affected. Yildirim
et al.2 have reported that neurological involvement in PID
is estimated to be approximately 2.5%.

Neurological problems can be an essential part of the
disease, as in ataxia-telangiectasia (AT), Nijmegen break-
age syndrome (NBS), or purine nucleoside phosphorylase
(PNP) deficiency. However, they may develop due to infec-
tious, autoimmune, or malignant processes.® Neurological
involvement can occur as the presenting finding of some
PIDs and impacts the morbidity and mortality of patients.3
Nervous system manifestations can serve as a warning sign
for the clinician. The most common findings include sei-
zures, headache, vision loss, altered cognitive functions,
motor weakness, nystagmus, ataxia, and coma.'

We retrospectively reviewed our patients with PID
for neurological conditions as initial symptoms or during
follow-up to identify typical and atypical presentations.

Methods

A total of 108 PID patients who had neurological condi-
tions were enrolled in the study. A retrospective analysis
was performed on patients followed up with PID by the
Department of Pediatric Immunology between January
2015 and January 2021.

Classification of Inborn Errors of Immunity/Primary
Immunodeficiencies updated by the International
Immunology Society Committee in 2022 was used.'
Neurological findings were classified based on the ana-
tomical involvement by evaluating the patient’s physical
examination and brain magnetic resonance imaging (MRI)
tests. Epilepsy was diagnosed according to ILAE criteria
and electroencephalography.* Cognitive delay was deter-
mined by intellectual tests according to age. If neurologi-
cal findings occurred due to the natural course of a PID, it
was accepted as primary involvement. Neurological find-
ings that occurred after an infection or were treatment-
related and with an accompanying autoimmune disease
were defined as secondary involvement. Structural or ana-
tomical variants were classified as tertiary involvement,
“unknown,” or “coincidental.” Written informed consent
was taken from the patients or their parents, and eth-
ical approval (Ethics Approval Number: 2022-1/22) was
obtained from the Clinical Research and Ethics Committee
of Uludag University.

Results

During the study, 6000 patients were evaluated in the
Pediatric Immunology Department, and the approximate
neurological manifestation rate was 1.8%. The female/male
ratio of the cases was 49/59, the median age was 13 years
(min = 1, max= 60), and the median follow-up time was 72
months (min = 7, max = 240).

DiGeorge syndrome (DGS; n = 31, 30%) and common
variable immunodeficiency (CVID; n = 30, 27.7%) were the
most prevalent diseases in our cohort. Cognitive delay (n
=63, 58%), epilepsy (n = 25, 23%), and ataxia (n = 20, 18%)
were the most frequent findings.

More than one neurological finding was found in 47.6%
(n = 50) of the patients. Cognitive delay was the most fre-
quent sign, followed by epilepsy and ataxia. Diagnostic
distributions and neurological findings of the patients are
listed in Table 1.

Primary involvement was found in 60% (n = 65), and
secondary and tertiary involvements in 20% (n = 20) each
of the patients. Peripheral nervous system disorder was
detected in only one patient with CVID and chronic inflam-
matory demyelinating polyneuropathy (CDIP). Cranial MRI
was abnormal in 74% (n = 80) of the patients. Intracranial
lesions were grouped according to the anatomical location
of MRI findings as cerebellar atrophy (n = 33, 34%), white
matter lesion (n = 27, 28.4%), cerebral atrophy (n = 21,
22.3%), gray matter lesion (n = 6, 6.3%), hydrocephalus (n
=5, 5.3%), pituitary gland lesion (n = 3, 3.2%), intracranial
hemorrhage (n = 3, 3%), intracranial vasculitis (n = 3, 2.7%),
and arterio-venous malformation (n = 1, 0.9%). Cerebellar
atrophy was mainly detected in patients with AT (n = 20).

Microcephaly was found in four patients: one with DNA
ligase IV deficiency and three with Nijmegen breakage syn-
drome (NBS) associated with mild mental retardation and
bilateral frontal lobe atrophy.

Although a few patients had severe neurological symp-
toms, we could not detect any findings on their cranial
imaging. For instance, an 18-year-old female patient with
DADA2 deficiency suffered from recurrent dizziness and
syncope. However, the cranial MRI and cerebral angiogra-
phy were normal.

The primary group was mainly composed of DGS
(n = 31), AT (n = 20), NBS (n = 3), PNP (n = 1), Griscelli
Syndrome (n = 1), and DNA ligase IV deficiency (n = 1). The
distributions of the other two groups are shown in Table 2.

In our cohort, two patients with DOCK8 deficiency
developed CNS vasculitis. The first patient with vascular
PID complication was a 10-year-old patient with DOCK8
mutation. The patient developed right central facial paral-
ysis and hemiparesis. Cranial MR angiography disclosed an
infarct in the left middle cerebral artery region. He was
treated with low-molecular-weight heparin and steroids.
The second patient with hyperimmunoglobulin E syndrome
(HIES) and DOCK8 deficiency developed right hemiparesis
and right central facial paralysis at the age of 13. Due to
recurrent herpetic infections, the left eye was enucle-
ated. Lacunar infarction within the left periventricular
white matter structures was detected in cranial MRI. These
images suggested vasculitic lesions in the gray matter of
the gyrus frontalis. The patient was treated with steroids
and cyclosporine.

The secondary group includes post-infectious, treat-
ment-related, or autoimmune neurological conditions.

A 19-year-old female patient with CVID presented with a
change in personality and confusion, right focal convulsion,
and right-sided weakness in the neurological examination.
The cranial MRI revealed demyelinating lesions in the left
frontal lobe, extending to the insula, internal and external
capsule, putamen, thalamus, cerebral peduncle, and pons.
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Table 1 Distribution of the neurological findings according to PID subgroups.
PID subgroups n (%) Neurological findings (n,%)
DGS 31 (28) Cognitive and developmental delay (23, 22%)
Epilepsy (5, 4.7%)
Deafness (2, 1.9%)
Attention deficit hyperactivity disorder
(8, %7,6)
CVID 30 (27.8) Cognitive and developmental delay(14, 13%)
Epilepsy (10, 9.5%)
Deafness (3, 2.8%)
Chronic inflammatory demyelinating polyneuropathy (1, 0.9%)
Myasthenia Gravis(1, 0.9%)
Dravet syndrome (1, 0.9%)
PML (1%, 0.9%)
AT 20 (18) Ataxia + tremor (20, 18%)
Cognitive and developmental delay(9, 8.5%)
Epilepsy(3, 2.8%)
CGD 4 (3.8) Cognitive and developmental delay (3, 2.8%)
Pseudotumor cerebri (1, 0.9%)
HIES 4 (3.8) Central facial paralysis + motor paresis (2, 1.8%)
Intracranial hemorrhage(1, 0.9%)
Cerebral vaskulitis (1; 0.9%)
NBS 3(2,8) Epilepsy (3, 2.8%)
Microcephaly(3, 2.8%)
Cerebellar atrophy(3, 2.8%)
EDA 3(2,8) Cognitive and developmental delay (3, 2.8%)
Epilepsy (3, 2.8%)
Griscelli Syndrome 2 (1,9) Cognitive and developmental delay (2, 1.9%)
Epilepsy(1, 0.9%)
Intracranial hemorrhage (1, 0.9%)
Cheidak-Higashi 2 (1,9) Cognitive and developmental delay (2, 1.9%) Nystagmus (2, 1.9%)
HIM 2 (1,9) Cognitive and developmental delay (1, 0.9%)
Epilepsy (1, 0.9%)
Retinal Detachment (1, 0.9%)
LAD-1 1(1) Cognitive and developmental delay (1, 0.9%)
MHC Class 2 Deficiency 1(1) Cognitive and developmental delay (1, 0.9%)
Lig 4 deficiency 1(1) Cognitive and developmental delay (1, 0.9%)
Microcephaly (1, 0.9%)
OR Agammaglobulinemia 1 (1) Cognitive and developmental delay (1, 0.9%)
PNP 1(1) Cognitive and developmental delay (1, 0.9%)
Spastic motor paresia (1, 0.9%)
Trichothiodistrophy 1(1) Cognitive and developmental delay (1, 0.9%)
Diplopia (1, 0.9%)
DADA2 1(1) Syncope (1, 0.9%)
TOTAL 108 (100)

CVID, common variable immunodeficiency; DADA2, deficiency of the enzyme Adenosine Deaminase 2; DGS, Di George syndrome; EDA,
Anhidrotic ectodermal dysplasia; HIES, hyper immunoglobulin E syndrome; HIM, hyper immunoglobulin M syndrome; LAD1, leukocyte
adhesion deficiency type 1; NBS, Nijmegen breakage syndrome; PNP, purine nucleoside phosphorylase deficiency; PML, progressive

multifocal leukoencephalopathy

John Cunningham (JC) virus was detected via polymerase
chain reaction (PCR) in the cerebrospinal fluid (CSF) sam-
ple. A stereotactic cranial biopsy from the left frontal lobe
revealed demyelinating inflammation, and the patient was
diagnosed with progressive multifocal leukoencephalopa-
thy (PML). Although the patient was started on pulse meth-
ylprednisolone, mefloquine, cytarabine, cidofovir, and IVIG
(intravenous immunoglobulin) therapy weekly, clinical and
radiological improvement could not be achieved.

A treatment-related complication was noted in a patient
with Griscelli syndrome following bone marrow transplan-
tation (BMT). Cranial MRI revealed that the patient had a
subarachnoid hemorrhage shortly after the BMT.

Peripheral nervous system involvement was detected
in only one of our patients with CVID and chronic inflam-
matory demyelinating polyneuropathy (CDIP) at age 7.
There was progressive weakness in her lower limbs at
admission for 8 weeks. Her motor power was 2/5 for the
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Table 2 Classification according the etiopathogenesis.
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AT, Ataxia Telangiectasia; BMT, bone marrow transplantation;
CDIP, chronic inflammatory demyelinating polyneuropathy;
DGS, Di George Syndrome; NBS, Nijmegen breakage syndrome;
PML, progressive multifocal leukoencephalopathy; PNP, purine
nucleoside phosphorylase deficiency

lower extremities and 3/5 for the upper extremities. The
examination of cerebrospinal fluid and MRI of the whole
spine was normal. Nerve conduction examinations revealed
generalized demyelinative changes. Mild and reduced
interference patterns were found in electromyography.
Intravenous immunoglobulin treatment (IVIG, 500 mg/kg/
day) was given for 5 days, with symptomatic improvement
in walking after 3 weeks. Eight months later, she again had
difficulty walking, and a second immunoglobulin treatment
was given, resulting in a complete clinical response.?

The group with neurological findings unrelated to PID
was accepted as the tertiary or “coincidental” group. Here,
we briefly present two interesting cases. The first case was
diagnosed as a p22-phox-deficient chronic granulomatous
disease and developed severe headaches and intracranial
hypertension during follow-up. The pressure of CSF was
elevated (220 mmH,0). MRI revealed a hyperdynamic CSF
flow at the aqueductal level, although no obstruction was
detected (Figure 1). Her clinical condition improved with
acetazolamide and topiramate medication.

We included anhydrotic ectodermal dysplasia (EDA) in
the tertiary group because of the unknown origin of the
neurological findings. Three patients with EDA had epi-
lepsy and mild mental retardation, while two had cerebral
atrophy.

The third patient was a 20-year-old male with tricho-
thiodystrophy (TTD) who developed external ophthalmo-
plegia and diplopia. Marked white matter dysmyelination
was observed in the supraventricular and deep periventric-
ular regions of the brain (Figure 2). Cranial arterial angi-
ography showed arterio-venous malformation originating
from anterior cerebral artery branches in the left frontal
lobe (Figure 3).

The last patient with leukocyte adhesion deficiency-1
(LAD-1) suffered from conductive-type hearing impairment
due to recurrent otitis media infections. The cranial MRI
showed nonspecific hyperintensities in the parietal and
occipital periventricular white matter. According to Kent
EGY (intelligence test), his intellectual score was 68.

Discussion

Our series identifies the spectrum of neurological problems
in patients with PID and demonstrates the types of PID
where nervous system involvement may be expected.

PIDs are becoming more recognized for their neurolog-
ical manifestations or complications. Brain white matter
lesions are the most commonly found anatomical locations

Figure 1
the aqua ductal level.

CSF Flow MRI imaging: Hyperdynamic CSF flow at
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Figure 2 Cranial MRI imaging: T2 Flair images: Marked dysmyelination of the white matter in deep periventricular and

supraventricular areas.

Figure 3 Cerebral arteriography: Arterio-venous malforma-
tion originating from anterior cerebral artery branches in the
left frontal lobe.

in the literature.? Yildirim et al.? reported that encephalop-
athy and global development/cognitive delay are common
manifestations in their cohort. Consistent with the litera-
ture, white matter involvement was found in 28.4% of the
patients in our study. The most frequent findings were cog-
nitive delay (n = 63, 58%), epilepsy (n = 25, 23%), and ataxia
(n =20, 18%).

The neurological findings of patients in the “primary”
group, including AT, NBS, Griscelli syndrome, DGS, and DNA
ligase IV deficiency, were more heterogeneous and less
explained. The progressive degeneration of the cerebellum
is characteristic of AT,®> whereas severe microcephaly is a
characteristic feature of NBS.

Besides cardiac, parathyroid gland, and thymic pathol-
ogies, learning difficulties and psychiatric problems are
also observed in DGS.> Neurocognitive conditions such as
mental retardation, attention deficit hyperactivity disor-
der, speech retardation, behavioral problems, obsessive-
compulsive disorder, and depression have been identified in
these patients. The enzyme catechol-o-methyltransferase
(COMT), which implies the inactivation of dopamine, adren-
aline, and noradrenaline, is coded by a gene at 22q11.2
in humans.® Polymorphisms in the COMT gene can induce
changes in enzymatic activity, leading to certain psychiat-
ric disorders, including schizophrenia, bipolar symptoms,
obsessive-compulsive disorder, migraine, aggression, and
anti-social behavior. The findings suggest that haploinsuf-
ficiency of the COMT gene in DGS gives rise to high pre-
frontal dopamine levels, inhibiting prefrontal cognitive
functioning and leading to psychosis and other psychiatric
disorders.®

DNA ligase IV deficiency is a rare, primary immuno-
deficiency syndrome, often associated with microcephaly
and neurodevelopmental delay. DNA ligase IV is part of
the nonhomologous, end-joining rearrangements neces-
sary to repair DNA double-stranded breaks.” Various neu-
rodevelopmental delays are seen in ligase IV deficiency,
ranging from individuals without developmental delays
to those with severe learning difficulties.” Microcephaly,
which occurs in the prenatal period, can lead to the accu-
mulation of reactive oxygen radicals in neurons that rap-
idly proliferate during the development of the fetus and
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disrupt the development of neuronal cells. We encountered
a patient with DNA ligase IV deficiency who presented with
hypogammaglobulinemia, growth retardation, atypical
facial appearance, microcephaly, and mild mental retar-
dation. The patient died from sepsis despite regular IVIG
treatment and haploidentical bone marrow transplantation
being performed early.

Vascular anomalies (stenosis, occlusion, thrombosis,
and aneurysm formation) affecting the brain have been
reported in PID patients with neurological symptoms.? It
has been proposed that the characteristic eosinophilia and
defective angiogenesis in HIES are concerned with the for-
mation of vascular anomalies and the induction of vasculi-
tis.” Few reports on central nervous system (CNS) vasculitis
associated with immunodeficiency disorders have been
published in the literature. There is uncertainty about spe-
cific treatment protocols. CNS vasculitis is commonly seen
in patients with DOCK8 deficiency.” Our two patients with
DOCK8 deficiency with hypereosinophilia developed hemi-
paresis and central facial paralysis. Imaging findings were
consistent with intracranial vasculitis. We assumed that
hypereosinophilia and defective angiogenesis contributed
to vascular complications in these patients.

Neurological conditions are detected in 50-77% of
patients with DADA2 deficiency.® Ischemic and hemor-
rhagic CNS infarctions have been described." The most fre-
quent findings in MRI studies were lacunar ischemic lesions
in the brainstem and deep gray matter.” Syncope can be
an initial symptom with a normal brain MRI at the begin-
ning of the disease. Vasospasm can cause ischemia, possi-
bly contributing to strokes clinically correlated with MRL."
Our patient first presented with hematological anomalies,
experienced syncope and recurrent dizziness at age 15,
and was treated with an anti-TNF agent.

The secondary group was described as secondary to
infection, treatment-related, or PID complications such as
autoimmunity or vascular damage. Progressive multifocal
leukoencephalopathy (PML is a severe demyelinating cen-
tral nervous system disease that develops due to oppor-
tunistic the JC infection." Reactivation of the latent virus
leads to PML due to immune system suppression. PML,
which develops through progressive demyelination in the
CNS and manifests clinically as a loss of cognitive, motor
and visual abilities, is a fatal infection that is difficult to
limit." Our patient with CVID receiving IVIG replacement
treatment developed treatment-resistant PML due to JC
virus and gradually lost her motor skills. JC virus infection
should be considered in immunocompromised patients with
progressive neurological findings affecting the white mat-
ter in the brain.

Autoimmune and inflammatory manifestations are due
to dysregulation of the immune system in many patients
suffering from PID. In this study, we reported two children
with TACI mutations developing neuroinflammatory disor-
ders. One had chronic inflammatory demyelinating poly-
neuropathy, and the other had atrophy of the pituitary
gland associated with mild cognitive retardation, epilepsy,
and growth hormone deficiency. Antinuclear antibodies
(ANA) 1/100, Anti-thyroglobulin (TG), and Anti-thyroid per-
oxidase (TPO) were found to be positive. A homozygous
C. 204insA/p. Leu69Thrfs*12 mutation in the TNFRSF13B
gene was defined by next-generation sequencing analysis.

Increased levels of autoimmunity and lymphoproliferation
have been reported in patients with TACI mutations, par-
ticularly C104 R and A108"® mutations. TNFRSF13B (TACI
encoding) enhances T-cell independent antibody responses
and differentiation of plasmocytes. It also disables the
activation of cell B (B-cell activation factor), and autore-
active B-cell generation in patients with the C104R variant
showed an increased risk for autoimmune phenomena.'
Although CVID patients with heterozygous C104R variant
have a greater risk of developing autoimmune phenom-
ena,” a few experimental studies employing patient cells
carrying the c.204dupA variant have shown impaired reg-
ulatory T-cell function and antibody secretion in memory
B cells.”® Despite limited evidence proving that the c.204
mutation causes autoimmunity, we believe that this muta-
tion induced the autoimmune status of our patient.

In the tertiary group, we would like to pay attention to
EDA and TTD. EDA is a rare form of ectodermal dysplasia
that causes developmental defects in ectoderm-derived
structures, including the skin, hair, teeth, and sweat
glands. Various neurological abnormalities, mental retarda-
tion, and behavioral issues have been reported in patients
with EDA."” A developmental venous anomaly in the left
occipital region extending to the posterior horn of the left
lateral ventricle was detected in cerebral MR venography
in one of our patients.

Patients with LAD-2 suffer from various neurological
conditions, including severe mental retardation, short stat-
ure, microcephaly, seizures, and cerebral atrophy.? In our
study, we identified a mentally retarded LAD-1 patient. The
patient’s cranial MRI findings were non-specific hyperinten-
sities in the parietal and occipital periventricular white
matter. Recurrent otitis media could have led to hearing
loss in our patient. This patient was included in the ter-
tiary group because mental retardation could not be fully
accounted for by LAD disease.

A case series of 112 TTD patients was reported with
these findings; developmental and intellectual delay were
detected in 96 (86%) patients, impaired motor control/psy-
chomotor retardation in 41 (37%), social behavior problems
in 17 (15%), neuroimaging abnormality in 26 (23%), dysmy-
elination in 16 (14%), cerebellar atrophy in 5 (4%), cortical
atrophy in 3 (3%), dilated ventricles in 4 (4%), and calcifica-
tions in 2 (2%) patients (22). Cranial MRI of our two patients
with TTD showed cerebellar atrophy and one with dysmy-
elination of the white matter and arteriovenous malforma-
tion originating from anterior cerebral artery branches in
the left frontal lobe. Arteriovenous malformation in TTD
has not been previously reported; we assumed this finding
was incidental and placed it in the tertiary group.

Conclusion

In conclusion, although the exact frequency of neurolog-
ical involvement in PID is unknown, the number of publi-
cations on neurological conditions in PID is increasing. This
study reviewed the neurological findings of patients with
PID and focused on how different clinical findings could be
observed. A few studies have been conducted on neuro-
logic manifestations in PIDs, and the number of cases is
limited compared to our research. Our study had some
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limitations. Since this study is retrospective, our analyses
are limited to clinical follow-up. Genetic analysis was car-
ried out on almost all patients. The correlation between
genotype and phenotype was not performed in a small
number of patients who had not undergone genetic analy-
sis. Despite the limitations, our study presented the largest
case number in the literature.

Early diagnosis of PID offers the potential for early
treatment, including bone marrow transplantation or
gene therapy, before the onset of neurological outcomes.
Immunodeficiency should be considered in patients with
unusual neurological CNS infections and unexpected neu-
rological findings.
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