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Objectives: To present a prospective report on the characteristics of autoimmune
manifestations in patients with primary immunodeficient children registered in the Kuwait
National PIDs Registry (KNPIDR).

Methods: The data were obtained from the Kuwait National Primary Immunodeficiency
Disorders Registry during the period of January 2004 to December 2019.

Results: A total of 286 PID children were registered in KNPIDR during the study period
with a predominance of immunodeficiencies affecting cellular and humoral immunity
followed by combined immunodeficiencies with associated syndromic features and
diseases of immune dysregulation. Fifty-seven (19.9%) patients presented with a total of
107 autoimmune manifestations. There was no significant statistical association between
autoimmune manifestations and gender. Patients with autoimmune manifestations were
older at onset of PID symptoms compared to those with no such manifestations, but
this did not reach level of significance. The diagnosis delay was longer in patients with
autoimmune manifestations compared to those with no such manifestations (o = 0.038).
Forty-seven percent of these manifestations were among the presenting symptoms
while 53% were documented later during the course of the disease. Fifty-seven
percent of the patients developed 1 autoimmune manifestation, 30% developed 2
such manifestations, and 16% had >3 autoimmune manifestations. The most common
autoimmune manifestation was cytopenia, followed by gastrointestinal manifestations
and manifestations of the skin, hair, and nails. Autoimmune cytopenia were more
common in patients with immune dysregulation syndromes, while gastrointestinal
and skin manifestations predominate in patients with immunodeficiencies affecting
cellular and humoral immunity and endocrine manifestations were more common in
immune dysregulation syndromes. There were significant statistical associations between
developing autoimmune manifestations and death as well as PID categories, being more
common in patients with immune dysregulation. The frequency of autoimmunity was high
among patients with RAG, WAS, STAT5b, NF-kB2, Fas, FasL, LRBA, APECED, IL-10,
and C4 deficiencies.
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Conclusions: Autoimmunity is frequent in patients with PIDs in Kuwait. This should
prompt the suspicion of a PID in patients who present initially with autoimmunity,
especially autoimmune cytopenia. Such patients should be managed with extra care
since they are at a higher risk of death.

Keywords:
manifestations, mortality

INTRODUCTION

Primary immunodeficiency diseases (PIDs), or inborn errors of
immunity, are a heterogeneous group of genetic disorders that
impair the development and/or function of immune cells leading
to defective and/or uncontrolled immune responses. A defect
in at least one of more than 400 genes have been associated
with the development of PIDs, resulting in various combinations
of recurrent infections, autoimmunity, lymphoproliferation,
granulomatous process, atopy, and malignancy (1).

Although infections are the most common manifestation of
PIDs, autoimmunity, and inflammation are frequent and are
sometimes the first to manifest (2-5). In a retrospective review
of the French National Primary Immunodeficiencies Registry,
it was found that autoimmune or inflammatory symptoms
developed in 26.2% of patients with PIDs throughout their
lifetime (6). It is now recognized that the autoimmunity
observed in some monogenic disorders traditionally associated
with PIDs, is due to the same gene defect that resulted in
the PIDs, as is the case in diseases due to exaggerated type I
interferon production, defective complement function, defective
T and B cell receptor rearrangement, homeostasis, and negative
selection, and defective regulatory T cell (Treg) development
or function (7). Furthermore, a genome-wide association study
done on a large number of patients with systemic lupus,
traditionally believed to be a polygenic disorder (8), identified
several genes associated with increased risk of developing
the disease, 15 of which were identical to those previously
associated with PIDs (9). These data provided a strong indication
of a common etiology for some PIDs and autoimmune or
inflammatory diseases.

PIDs are considered rare diseases from a global perspective,
however, they are underestimated worldwide (10, 11). In
addition, PIDs are more prevalent in areas with highly
consanguineous populations due to the predominance
of autosomal recessive disorders (12). The frequency of
consanguineous unions exceeds 50% in many the Middle
Eastern countries (13), consequently, the frequency of PIDs is
believed to be greater in these countries compared to North
America and Europe. Several registries were established at the
regional, national, and institutional levels to document and
study patients with PIDs (11, 14-26). These registries provided
invaluable epidemiological and clinical information related to
the different diseases and facilitated research collaborations to
understand the functional and genetic basis of many disorders.
Importantly, registries highlighted manifestations of PIDs other
than infections (6).

primary immunodeficiencies,

autoimmunity, immune dysregulation, registry, epidemiology,

The Kuwait National Primary Immunodeficiency Registry
(KNPIDR) was established in 2007 (14). Several reports were
published describing the demographic, epidemiologic, and both
infectious and non-infectious manifestations of the patients
included in the registry (14, 27-30). In this manuscript, we report
the frequency and manifestations of autoimmunity in children
with PIDs registered in the KNPIDR from January 2004 to
December 2019.

MATERIALS AND METHODS

Patients Data

The data was obtained from the KNPIDR, as part of a
study approved by The Research and Ethics Committee of the
Ministry of Health in Kuwait, and by the Kuwait University
Health Sciences Center Ethical Committee, in accordance
with the Declaration of Helsinki. The patients were followed
prospectively, and they were categorized according to the
International Union of Immunological Societies (IUIS), Primary
Immunodeficiency Diseases Committee Report on Inborn Errors
of Immunity (2019) (1). Secondary immunodeficiencies were
ruled out by obtaining a complete history and by performing
proper testing when these disorders were suspected.

Diagnosis of Autoimmunity

The diagnosis of autoimmunity was based on the standard of care
depending on the patient’s signs and symptoms, supported by
laboratory testing when needed. For instance, patients who were
diagnosed with autoimmune hemolysis presented with anemia
that was associated with a positive Coombs test.

Statistics

Data were processed using Minitab 19.2020.1 (Minitab LLC,
Pennsylvania, USA). Pearson’s Chi-square test was used
to assess whether autoimmune manifestations have any
relation with death count or PIDs categories. The non-
parametric Mann-Whitney U-test was applied to test whether
the patients’ ages at onset of a symptom of PIDs have a
significant effect on the risk of developing autoimmunity.
A two-sample t-test was used to assess whether there is a
difference in diagnosis delay between the group of patients
with and without autoimmunity. One-way ANOVA test was
used to determine whether there is a difference in diagnosis
delay in patients with autoimmune manifestation with respect to
PID categories. The Kaplan-Meier survival analysis was used to
estimate the survival function. Survivals were calculated from the
date of diagnosis until the date of death (uncensored) or until the
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end of the study period (censored). The p < 0.05 was used as the
cut-off level for statistical significance.

RESULTS

Patients

A total of 286 PID children (146 males and 140 females)
were registered in KNPIDR during the study period. The
distribution of these patients according to PID categories
showed predominance of immunodeficiencies affecting
cellular and humoral immunity (36%), followed by combined
immunodeficiencies with associated syndromic features (23.5%)
and diseases of immune dysregulation (16.4%) (Table 1). The

TABLE 1 | Frequency of autoimmune disorders in PID patients registered in the
Kuwait National Primary Immunodeficiency Registry.

Number and
percentage (%)
of patients with

autoimmunity

Total number
and percentage
(%) of patients

Category

Immunodeficiencies affecting cellular 103 (36.0) 20 (19.4)
and humoral immunity

Combined immunodeficiencies with 67 (23.4) 8(11.9
associated or syndromic features

Predominantly antibody deficiencies 35 (12.3) 5(14.3)
Diseases of immune dysregulation 47 (16.4) 17 (36.2)
Congenital defects of phagocyte 21 (7.3) 2 (9.5)
number or function

Autoinflammatory disorders 1(0.4) 1 (100)
Complement deficiency 12 (4.2) 4 (33.3)
Total 286 (100) 57 (19.9)

mean and median ages at onset of PID symptoms were 13
and 3 months, respectively (0-312 months) while the mean
and median ages at diagnosis were 35 and 10 months (0-456
months), respectively. The mean and median delay in diagnosis
were 21 and 5 months (0-372 months), respectively.

Characteristics of Autoimmune

Manifestations
Fifty-seven (19.9%) patients presented with a total of 107
autoimmune manifestations. Patients with autoimmune

manifestations were older at onset of PID symptoms (mean
age 19 months; Table2) compared to those with no such
manifestations (mean age 12 months), but this did not reach
level of significance (p = 0.149). The diagnosis delay was longer
in patients with autoimmune manifestations (31 months)
compared to the group with no such manifestations (19 months)
(p = 0.038). Also, mean times of diagnosis delay in patients
with autoimmune manifestations across PID categories was
found to be significantly different (p = 0.032). There was no
statistically significant association between having autoimmunity
and gender (p = 0.926; Table2). Forty-seven percent of
these manifestations were among the presenting symptoms
at the time of PID diagnosis while 53% were documented
after establishing the diagnosis. Thirty-one patients (54%)
developed 1 autoimmune manifestation, 17 patients (30%)
developed 2 such manifestations, and 9 (16%) patients had >3
autoimmune manifestations. Patients with polyautoimmunity
were not different compared to those with only one autoimmune
manifestation with respect to PID categories or gender.
Figure 1 shows the distribution of different autoimmune
manifestations with respect to PID categories. The most
striking findings are that autoimmune cytopenia were more

TABLE 2 | Demographic information of patients with autoimmune disorders among PID patients registered in the Kuwait National Primary Immunodeficiency Registry.

Category Number and Gender M/F *Age at PID onset *Age at PID *¥Delay in
percentage of (%) and range diagnosis and range diagnosis
patients
Immunodeficiencies affecting cellular and humoral 20 9/11 14 35 21.
immunity (35%) (45/55) 0-72 0-168 0-120
Combined immunodeficiencies with associated or 8 4/4 3 35 35
syndromic features (14%) (50/50) 0-12 0-120 12-55
Predominantly antibody deficiencies 5 2/3 38 73 32
(8.8%) (40/60) 12-48 30-101 0-120
Diseases of immune dysregulation 17 11/6 23 54 30
(29.9%) (65/395) 0-113 10-156 1-154
Congenital defects of phagocyte number or function 2 1M 48 54 6
(3.5%) (50/50) 0-96 1-108 1-12
Autoinflammatory disorders 1 1F 6 15
(1.8%)
Complement deficiency 4 2/2 30 134 104
(7%) (50/50) 7-60 76-240 30-198
Total 57 29/28 19 51 31
(100%) 0-113 0-240 0-198

PID, primary immunodeficiency disease; M, male; F, female.
*Mean (months).
¥p-value = 0.032.
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common in patients with immune dysregulation syndromes,
while gastrointestinal and skin manifestations predominate in
patients with immunodeficiencies affecting cellular and humoral
immunity and endocrine manifestations were more common in
immune dysregulation syndromes.

Autoimmune manifestations were more common in patients
with immune dysregulation (36.2%) followed by complement
deficiencies (33.3%; Table 1). There was a statistically significant
association between having autoimmune manifestations and PID
category after excluding patients who belong to congenital defects
of phagocyte number or function, autoinflammatory disorders,
and complement deficiencies due to low numbers (p = 0.02;
Table 1). The most common immune manifestations consisted
of autoimmune cytopenia (27.1%) (Table 3). This was followed
by gastrointestinal manifestations (20.6%), and manifestations of
the skin, hair, and nails (20.6%). The frequency of autoimmunity
was high among RAG-deficient patients, with 10 out of 18
patients (55.6%) showing at least one autoimmune manifestation.
Autoimmunity was also prevalent among patients with Wiskott—
Aldrich Syndrome (two out of three patients), STAT5b deficiency
(two out of two patients), NF-kB2 deficiency (two out of two
patients), Fas and FasL deficiency (three out of four patients),
LRBA deficiency (three out of three patients), APECED (three
out of three patients), IL-10 deficiency (four out of four patients),
and complement C4 deficiency (four out of five patients; Table 4).
There were also nine patients with autoimmunity but no
identified genetic defect.

Survival Analysis

There were 83 deaths during the study period. The causes
of death were pneumonia, sepsis, multiorgan failure, renal
failure, pulmonary hemorrhage, brain hemorrhage, liver failure,
severe obstructive cardiomyopathy, and car accident. There was
significant statistical association between having autoimmune
manifestations and death [p = 0.028 (16.34% of alive patients
have autoimmune manifestation compared to 27.71% of those

who are dead)]. Figure2 shows the Kaplan-Meier survival
curves of children with PIDs with respect to having autoimmune
manifestations. Although there was no statistical significance
at a = 0.05 (p = 0.1), the probabilities that patients with no
autoimmune manifestations survived 2, 6, and 14 years after
diagnosis were 77, 74, and 72%. At the same time, they were 82,
74, and 42% among patients with autoimmune manifestations.

DISCUSSION

The present prospective study reports the frequency and
manifestations of autoimmunity in patients with PIDs
from Kuwait. The patients included in this study have an
established PIDs and were reported previously (14). This patient
population is unique in its homogeneity because Kuwait is a
conservative country in the Arabian Peninsula where traditional
consanguineous marriages are common. Therefore, genetic
etiologies that lead to PIDs and autoimmunity are expected
to be preserved in the gene pool of the population, and the
predominance of autosomal recessive autoimmune diseases are
expected to be enriched. Although autoimmunity in patients

TABLE 3 | Categorization of the 107 autoimmune manifestations observed in 57
patients with primary immunodeficiency disease.

Manifestations Number Percentage
Autoimmune cytopenia 29 271
Gastrointestinal 22 20.6
Skin, hair, and nails 22 20.6
Connective tissue 14 13.0
Endocrine 12 1.3
Eye 7 6.5
Kidney 1 0.9
Total 107 100

Eye

Endocrine

Connective tissue

Skin, hair and nails

Gastrointestinal

Autoimmune cytopenia

B Immunodeficiencies affecting cellular
and humoral immunity

B Combined immunodeficiencies with
associated or syndromic features

® Predominantly antibody deficiencies
M Diseases of immune dysregulation
B Congenital defects of phagocyte

number or function

u Complement deficiency

T T T T

0% 20% 40% 60%

80%  100%

FIGURE 1 | The distribution of different autoimmune manifestations with respect to PID categories.

Frontiers in Immunology | www.frontiersin.org

June 2020 | Volume 11 | Article 1119


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Massaad et al.

Autoimmunity in Primary Immunodeficiencies

TABLE 4 | Spectrum of autoimmune disorders among PID patients registered in the Kuwait National Primary Immunodeficiency Registry.

Category Number of Autoimmune manifestations
patients
Immunodeficiencies affecting cellular and humoral 20
immunity
CD37?7?deficiency 2 Omenn syndrome
RAG-1 deficiency 6 Omenn syndrome, inflammatory bowel disease
RAG-2 deficiency 4 Hemolytic anemia, arthritis, psoriasis, alopecia
Artemis deficiency 1 Omenn syndrome
RFXANK-mediated MHC Il deficiency 1 Hemolytic anemia, thyroiditis
ICOS deficiency 1 Enteropathy
DOCK2 deficiency 1 Anticardiolipin syndrome
DOCKS8 deficiency 1 Uveitis, retinitis, chorioiriditis, vasculitis
Other combined immunodeficiencies 3 Omenn syndrome, hemolytic anemia, neutropenia, thrombocytopenia,
granulomatous dermatitis
Combined immunodeficiencies with associated or 8
syndromic features
Wiskott—Aldrich syndrome 2 Hemolytic anemia, inflammatory bowel disease, thrombocytopenia,
vasculitis
DiGeorge syndrome 2 Hemolytic anemia, thrombocytopenia, neutropenia,
STAT5b deficiency 2 Thyroiditis, arthritis
ICF syndrome with no documented genetic defect 2 Enteropathy
Predominantly antibody deficiencies 5
AID deficiency 1 Systemic lupus erythematosus, thrombocytopenia
NF-?B2 deficiency 2 Anti-thyroid antibodies, alopecia, nail lichen planus, psoriasis, adrenal failure
Selective IgA deficiency 1 Celiac disease
CVID with no documented genetic defect 1 Hemolytic anemia
Diseases of immune dysregulation 17
Chediak-Higashi syndrome 1 Thrombocytopenia
Fas deficiency 2 Anti-thyroid antibodies, vasculitis of the skin, neutropenia
FasL deficiency 1 Thrombocytopenia, hemolytic anemia
LRBA deficiency 3 Thrombocytopenia, hemolytic anemia
APECED 3 Adrenal failure, hypothyroidism, hypoparathyroidism, alopecia, autoimmune
hepatitis, interstitial keratitis
IL-10 deficiency 4 Inflammatory bowel disease
Other immune dysregulation disorders Hemolytic anemia, discoid lupus, enteropathy, psoriasis, vitiligo, thyroiditis,
arthritis, thrombocytopenia
Congenital defects of phagocyte number or function 2
CYBA deficiency 1 Livedo reticularis, anticardiolipin syndrome, inflammatory bowel disease
NCF2 deficiency 1 Arthralgia, hemolytic anemia, hypothyroidism, systemic lupus
erythematosus
Autoinflammatory disorders 1
Blau syndrome 1 Uveitis
Complement deficiency 4
C4 deficiency 4 Hemolytic anemia, uveitis, arthritis, systemic lupus erythematosus, lupus

nephritis, iriditis

PID, primary immunodeficiency disease; MHC, major histocompatibility complex; ICF, immunodeficiency, centromeric instability, facial anomalies; CVID, common variable
immunodeficiency; APECED, Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy.

with PIDs has been extensively reported, to our knowledge,
this is the first systematic report of autoimmunity in patients
with PIDs from the Middle East and North Africa. What made
this study possible is the establishment of the KNPIDR where
autoimmunity was one of the clinical manifestations recorded

for each patient with PIDs enrolled.

Prior to our study, a study that included data from 2,183
patients registered between September 1, 2013 and February 1,
2016 in the French national registry, reported that 26.2% of the
PIDs patients suffered from at least 1 autoimmune manifestation,
and demonstrated that autoimmune and inflammatory diseases
are more frequent by a factor of 10 in patients with PIDs than
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FIGURE 2 | Kaplan-Meier survival plot of the chance of survival among children with PIDs with respect to having autoimmune manifestations.

in the general population (6). This French study was the first
to survey autoimmunity in patients with PIDs recorded in a
registry, therefore, a direct comparison of our data with the data
included in the French paper is appropriate. In our population,
around 20% of the 286 patients suffered from autoimmunity. The
lower percentage observed in our population compared to the
French study is probably due to the fewer number of patients
included in our study. Another factor could be the young age
of the patients, who, if followed for a longer time, then some
patients might develop autoimmunity at an older age. Because
of their serious clinical conditions, some of the patients from our
registry were transplanted to correct their immune system, so a
follow up of the possibility of developing autoimmunity at a later
age due to their initial PIDs is needed. It is important to mention
that ethnicity and environmental factors could have contributed
to the higher frequency of autoimmunity in the French registry
compared to ours. The longer delay in diagnosis in the group
of patients with autoimmune manifestations compared to the
group with no such manifestations is probably due to the less
severe non-infectious presentations, which resulted in delay
in testing for PIDs. In contrast to the French study, there
was no relation between autoimmunity and the probability of
survival in our cohort at a specific time interval as assessed
by the Kaplan-Meier estimator. However, the occurrence of
autoimmunity in our patients affected the overall outcome
(alive or dead). This highlights the importance of choosing
therapeutic options that are safe and non-toxic to control disease
manifestations. There were considerations at one point to treat
autoimmunity in patients with non-sever PIDs with stem cell
transplant. However, this is becoming less favorable now due
to the availability of targeted therapy with biologics and small
molecules (31).

The total number of patients with autoimmunity was highest
among patients with immunodeficiencies affecting cellular
and humoral immunity because this category included the
largest number of patients with PIDs. This category is mainly
characterized by low to absent T cells, or present but poorly
functional T cells (1). In our cohort of 18 RAG-deficient
patients, 10 (55.6%) of them exhibited autoimmunity. This
suggests that some autoreactive T and/or B cell clones developed,
escaped central negative selection, and expanded in the periphery
resulting in autoimmunity, which is very common in Omenn
syndrome due to partial RAG or ARTEMIS deficiency (32). This
may be compounded by the absence of Treg cells, or presence
of dysfunctional Treg cells that leaves the autoreactive T cells
unchecked (33).

The largest percentage of patients who showed clinical signs of
autoimmunity (36.2%) was in the category of diseases of immune
dysregulation, highlighting the role of lymphocyte homeostasis
(Fas/FasL deficiency), immunosuppressive cytokines (IL-10
deficiency), and CTLA-4 surface expression (LRBA deficiency) in
the control of autoimmunity. Furthermore, 75% of the patients
with Wiskott-Aldrich syndrome, and 100% of the patients with
STATS5b deficiency suffered from autoimmunity. This finding
is not surprising due to the important role of WASp in Treg
cell homeostasis (34), and that of STAT5b in transmitting IL-2
signaling, which is primordial for the survival and function of
Treg cells (35).

The most commonly observed autoimmune manifestation
in our cohort is autoimmune cytopenia (27.1%) that included
hemolytic anemia, neutropenia, and thrombocytopenia. This
finding is in accordance with several studies that reported
autoimmune cytopenia as the most common autoimmune
manifestation observed in patients with PIDs and may be a
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typical first symptom of an immunodeficiency that should
trigger an immune evaluation (6, 36-38). Possible causes of
cytopenia in PIDs comprise cellular or humoral autoimmunity,
immune dysregulation in the form of hemophagocytosis or
lymphoproliferation with or without splenic sequestration,
bone marrow failure, and myelodysplasia, or secondary
myelosuppression (38, 39).

Gastrointestinal ~ manifestations ~ and  manifestations
of the skin, hair, and nails were also common (20.6%
each). This is comparable to the percentages found in
the French registry (24.4 and 14.1%, respectively) (6).
Omenn syndrome is characterized by early onset generalized
erythroderma intractable diarrhea, failure to thrive, alopecia,
lymphadenopathy, and hepatosplenomegaly. Hence, we included
the manifestations of these patients in both gastrointestinal and
skin/hair/nail manifestations.

Some limitations of our study include the relatively low
number of patients included and the short follow up time.
However, this study represents the initial report from our registry
and should be viewed as an incentive for future studies. Other
reports are likely to follow and will include a larger number of
patients who will be followed longitudinally. We will also build
on the current report to expand the range of clinical information
obtained from the current or future patients in order to capture
a better picture of the incidence of autoimmunity. Another
limitation of the current report is that it did not determine the
impact of autoimmune manifestations on the patients and on the
health system. This would have been very beneficial and could
be established by having immunodeficiency and dysregulation
activity score based on severity of organ involvement and
infections, days of hospitalization, supportive care requirements,
and performance indices (40). It is important to highlight that
collaborative efforts are highly needed to collect a bigger number
of patients and to compare the characteristics of autoimmune
manifestations between PID patients from different ethnicities
and geographic areas.

In summary, autoimmunity is frequent in patients with
PIDs in Kuwait, and autoimmunity coexists with PIDs, may
be due in part to the improved care of patients with PIDs
and their longer lifespan, as time is typically needed for some
autoimmune phenomena to develop. When it manifests in
PID patients, autoimmunity could worsen the clinical picture,
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