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INTRODUCTION

This study represents the first epidemiological study based on the national registry of
primary immunodeficiencies (PID) in Korea. Patient data were collected from 23 major
hospitals. A total of 152 patients with PID (under 19 yr of age), who were observed from
2001 to 2005, have been entered in this registry. The period prevalence of PID in Korea in
2005 is 11.25 per million children. The following frequencies were found: antibody
deficiencies, 53.3% (n = 81), phagocytic disorders, 28.9% (n = 44); combined
immunodeficiencies, 13.2% (n = 20); and T cell deficiencies, 4.6% (n = 7). Congenital
agammaglobulinemia (n = 21) and selective IgA deficiency (n = 21) were the most
frequently reported antibody deficiency. Other reported deficiencies were common variable
immunodeficiencies (n = 16), X-linked agammaglobulinemia (n = 15), lgG subclass
deficiency (n = 4). Phagocytic disorder was mostly chronic granulomatous disease. A small
number of patients with Wiskott-Aldrich syndrome, hyper-IgE syndrome, and severe
combined immunodeficiency were also registered. Overall, the most common first
manifestation was pneumonia. This study provides data that permit a more accurate
estimation PID patients in Korea.
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and has associations with other immune disorders including
autoimmune diseases and lymphomas (1). Pediatricians and

Primary immunodeficiencies (PID) are diverse entities which
result from one or more abnormalities of the immune system.
PID predisposes individuals to recurrent or unusual infections
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general practitioners are often poorly informed about the clini-
cal presentation, diagnostic approach, and importance of pri-
mary immunodeficiencies. Thus, some patients may remain
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untreated for several years, which leads to many complications.
With the novel progress in immunological and molecular tech-
niques, including the development of diagnostic genetic tests
(2), more than 150 of PIDs have been identified and character-
ized (3).

Reports on PID registries are currently available from differ-
ent countries throughout Asia including Japan, Taiwan, Singa-
pore, and Hong Kong (4-7). However, no national registry of
PID has been established in Korea. This study provides, for the
first time, data on the kinds and frequency of PID in Korea.

MATERIALS AND METHODS

Data collection

Patients were defined as individuals under 19 yr of age who were
diagnosed with PID during the period of January 2001 to Decem-
ber 2005. Ten-page questionnaire was sent to all participating
centers. All of the questionnaires were completed by the pedia-
tricians involved in the care of the reported patients. The data
were collected from 23 major university hospitals, distributed
in 7 provinces of Korea.

Patient enrollment

The diagnosis of PID was based on standard criteria, which
has been introduced by the Expert Committee of International
Union of Immunological Societies (IUIS) on Primary Immuno-
deficiency (3). Patients with DiGeorge anomaly and a normal
number and function of T cells were not included in the regis-
try. Auto- and allo-immune neutropenias were also not includ-
ed, also.

Registry questionnaire

A ten-page questionnaire was developed to determine: the pa-
tient’s demographic information, including name, date of birth,
and address, the diagnosis of PID, first clinical manifestation,
age at the time of the onset of symptoms, age at the time of PID
diagnosis, clinical manifestations (infectious, noninfectious),
complications, family history of immunodeficiency, laboratory
tests, follow-up information including the infections in the course
of the illness, and kinds of treatment.

Laboratory analysis for the immunodeficient patients includ-
ed complete blood count, blood smear, bone marrow biopsy,
chemistry, immunoglobulin levels, isohemagglutinins, IgG sub-
classes titer, delayed cutaneous hypersensitivity reactions (Man-
toux test, CMI skin test), antibody response to vaccine antigens
(HBsAb), lymphocyte subpopulation (T cell and B cell), prolif-
eration of T cells to mitogens, nitroblue tetrazolium (NBT) dye
test, and dihydrorhodamine (DHR) assay. In recently diagnosed
PID patients, DNA mutation analysis was usually performed
when indicated.

Statistical analysis

Statistical analysis was performed at the Seoul National Univer-
sity College of Medicine, Medical Research Collaborating Center.
The period prevalences were calculated using the population
data registered between January and December 2005. The
regional prevalence is based on the patients’ home address. The
data were analyzed with MS excel 2007 and SPSS Version 14.0.

Ethics statement

This study was approved by institutional board of the Catholic
University of Korea, Daejeon St. Mary’s Hospital (DC11RIMI-
0077). Informed consent was waived by the board.

Table 1. Frequency by the diagnosis, sex distribution and prevalence of primary immunodeficiencies in Korea

Diagnosis No. of cases (%) Male Female Prevalence per million*
Antibody deficiencies 81 (63.3) 63 18 6.13
Congenital agammaglobulinemia 21 19 2 1.74
X-linked agammaglobulinemia 15 15 0 1.06
Common variable immunodeficiency 16 13 3 1.16
IgA deficiency 21 11 10 1.65
lgG subclass deficiency 4 3 1 0.25
Transient hypogammaglobulinemia of infancy 3 2 1 0.25
Non X-linked hyper IgM syndrome 1 0 1 0.08
T cell deficiencies 7 (4.6) 3 4 0.50
DiGeorge syndrome 7 3 4 0.50
Phagocytic disorders 44 (28.9) 35 9 3.39
Chronic granulomatous disease 44 35 9 3.39
Combined immunodeficiencies 20(13.2) 18 2 1.24
Combined deficiencies 1 1 0 0.08
X-linked SCID 1 1 0 0.08
Other SCID 8 3 0 0.25
X-linked hyper-IgM syndrome 4 4 0 0.33
Wiskott-Aldrich syndrome 6 6 0 0.33
Hyper-IgE syndrome ) 3 2 0.33
Total number of registered patients 152 (100) 119 (78.3) 33(21.7) 11.25

*Patients at the end of 2005. SCID, Severe combined immunodeficiency.
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RESULTS

Frequency of different types of PID

A total of 152 patients, diagnosed with PID, was registered dur-
ing the period from January 2001 to December 2005. Of the 152
patients, 119 were boys, giving a 3.6:1 sex ratio of boys to gitls.

Of the 152 registered patients, 16 died before 2005; therefore
prevalence of PID at the end of 2005 was 11.25/million children
under 19 yr old in Korea (Table 1). By age the highest prevalence
(15.78/million) was observed between 5 and 9 yr of group
(Table 2).

Of primary immunodeficiency, antibody deficiencies were
the most common, constituting 53.3% of the patients (n = 81),
followed by phagocytic disorders, (n = 44, 28.9%), combined
immunodeficiencies, (n = 20, 13.2%), and T cell deficiencies
(n=7, 4.6%). Patients with complement deficiency were not
found. Sex distribution, and prevalence rate are presented in
Table 1 by diagnosis of primary immunodeficiency.

Congenital agammaglobulinemia (n = 21; 19 males and 2
females) and selective IgA deficiency (n = 21;11 males and 10
females) were the most frequently reported antibody deficien-
cy. Other antibody deficiencies were common variable immu-
nodeficiencies (CVID) (n = 16; 13 males and 3 females), X-linked
agammaglobulinemia (XLA) (n = 15), IgG subclass deficiency
(n = 4; 3 males and 1 female), transient hypogammaglobulinemia
of infancy (n = 3; 2 males and 1 female), and non X-linked hy-
per-IgM syndrome (n = 1; 1 female). All T cell deficiencies were
DiGeorge syndrome.

Phagocytic disorders were the second most frequent immu-
nodeficiency disorder. Among the many neutrophil dysfunction
syndromes, 44 cases (35 males and 9 females) of chronic granu-
lomatous disease (CGD) was reported in this registry.

Table 2. Prevalence of primary immunodeficiencies (at the end of 2005)

Parameters No. of cases PODPI?UOH Prevalgrjce per
(million) million
Gender
Male 106 6.33 16.73
Female 30 5.75 5.22
Age
0-4 85 2.38 14.69
5-9 50 3.17 15.78
10-14 29 3.43 8.44
15-19 22 410 7.09
Total 136 12.08 11.25
Table 3. Age of onset and diagnosis of primary immunodeficiencies
Di Age of onset of Age of PID
iseases - y .
clinical symptoms (yr) diagnosis (yr)
Primary immunodeficiency 2.1 3.7
Antibody deficiencies 3.6 4.8
Cellular deficiencies 0.0 2.2
Combined immunodeficiencies 0.3 2.6
Phagocytic disorder 0.6 2.4
790  http://jkms.org

Wiskott-Aldrich syndrome was the most frequently reported
type of combined immunodeficiencies (n = 6; 6 males). Other
reported combined immunodeficiencies were hyper-IgE syn-
drome (n = 5; 3 males and 2 females), X-linked hyper-IgM syn-
drome (n = 4; 4 males), and severe combined immunodeficien-
cies (SCID) (n = 4; 4 males).

Geographical distribution

The patient’s address was known in 152 cases and the geograph-
ic distribution and prevalence in each region were defined ac-
cording to this information (Fig. 1). The results of the PID geo-
graphic distribution were heterogeneous. Significantly, Jeju
province (region No. 7 in Fig. 1), which is the biggest island in
Korea, showed the highest prevalence rate (100.47/million).

Age distribution

The highest prevalence (15.78/million) was observed between
5 and 9 yr of age (Table 2). The time elapsed between the onset
of clinical symptoms and PID diagnosis was 19 months for PID;
14 months for antibody deficiencies, and 21 months for phago-
cytic disorders. Patients’ clinical symptoms developed at 2.1 yr
of age, and time of PID diagnosis was at 3.7 yr (Table 3).

Prevalence per million,

Region No. No." 2005
1, Seoul 41 37 16.56
2, Gyeonggi 33 29 8.1
3, Gangwon 6 6 16.59
4, Chungcheong 14 13 10.38
5, Gyeongsang 21 20 6.25
6, Jeolla 22 16 12.18
7, Jeju 15 15 100.47
Total 152 136 11.25

*Patients between January 2001 and December 2005; "Patients between January
2005 and December 2005.

Fig. 1. Map of Korea showing the provinces 1-7 and the prevalence of primary immu-
nodeficiencies according to the regions.
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Family history

In this study, 23% of the patients had one or more family mem-
bers with proven or suspected immunodeficiency. Most often a
pair of siblings or cousins was affected.

Presenting manifestations

Overall, the most common first manifestation was pneumonia
in PID patients. In antibody deficiencies, pneumonia was the
most frequent initial manifestation (53.1%), and otitis media
was the second most common presentation (11.1%). In T cell
deficiencies, tetany was the most frequent symptom (71.4%).
Congenital anomalies of the heart and great vessels were re-
ported in 3 patients. The patients’ remarkable susceptibility to
infection was not always recognized in the cases of DiGeorge
syndrome. In phagocytic disorders, lymphadenitis, perianal ab-
scess, and pneumonia were the most common manifestations,
being seen in 27.3%, 22.7%, and 15.9% of the cases, respectively
(Table 4).

Bronchiectasis and respiratory failure were major complica-
tions in PID patients (n = 19, 11.5%). Short stature was observed
in 16 patients (9.8%). Leukemia or lymphoma was noted in 7 pa-
tients (4.3%). Autoimmune diseases were uncommon; 5 cases
(3.0%) were reported.

Wiskott-Aldrich syndrome was the most frequently reported
type of combined immunodeficiencies (n = 6; 6 males). Four
cases were diagnosed during the first year of life (66.6%). Triad
symptoms for diagnosis of Wiskott-Aldrich syndrome (suscep-
tibility to infection, thrombocytopenia, and eczema) were seen
in all reported patients. Infections were generally severe and in-
cluded pneumonia, skin infection, and lymphadenitis. In hyper-
IgE syndrome, four cases (80%) were reported to have pneuma-
tocele.

Table 4. First manifestation of primary immunodeficiencies

Treatment
Regular intravenous immunoglobulin (IVIG) was infused in pa-
tients with hypogammaglobulinemia and recurrent infections.
Sixty-three patients (41.4%) with antibody or combined defi-
ciencies received IVIG as the primary treatment modality. Pro-
phylactic treatment was prescribed to patients with T-cell defi-
ciency and phagocytic disorders to prevent opportunistic infec-
tions. Interferon-gamma (IFN-7Y) and an anti-fungal agent were
given to patients with chronic granulomatous disease.
Hematopoietic stem cell transplantation was performed in
3 patients, of whom 2 were Wiskott-Aldrich syndrome, the other
was X-linked SCID.

Mortality

Between January 2001 and December 2005, 15 (9.8%) of the 152
patients died; 8 died of pneumonia, 4 died of sepsis, 2 died of
bleeding, and 1 died of lymphoma. Pneumonia was associated
with the death in 53% of the fatal cases. The cause of death in
two bleeding cases was pontine hemorrhage and gastrointesti-
nal tract bleeding in Wikott-Aldrich syndrome.

DISCUSSION

This is the first epidemiological study of PID in Korea. A total of
152 patients representing 15 different diagnoses are registered.
The period prevalence of PID is 11.25 per million children un-
der 19 yr old.

The authors have divided the registered patients into four
groups, including antibody deficiencies, T cell deficiencies,
phagocytic disorders, and combined immunodeficiencies.
Antibody deficiencies were the most frequent (53.3%, n = 81),
followed by phagocytic disorders (28.9%, n = 44), combined

Total (n = 152) B cell deficiency T cell deficiency Phagocytic disorder Combined deficiency
Symptoms or signs
No. % No. % No. % No. % No. %

Pneumonia 59 38.8 43 53.1 1 14.3 7 15.9 8 40.0
Lymphadenitis 15 9.9 1 1.2 0 0.0 12 27.3 1 5.0
Perianal abscess 13 8.6 3 3.7 0 0.0 10 22.7 0 53
Otitis media 9 5.9 9 114 0 0.0 0 0.0 0 36.8
Skin infection 9 59 4 4.9 0 0.0 1 2.3 5 25.0
Gastroenteritis 6 3.9 4 49 0 0.0 1 2.3 1 5.0
BCGitis 4 2.6 0 0.0 0 0.0 3 6.8 1 5.0
Osteomyelitis 4 2.6 3 3.7 0 0.0 1 2.3 0 0.0
Sepsis 4 2.6 0 0.0 0 0.0 4 9.1 0 0.0
FUO 8 2.0 1 1.2 0 0.0 2 45 0 0.0
Lung abscess 3 2.0 2 2.5 0 0.0 1 2.3 0 0.0
Seizure 4 2.6 0 0.0 0 0.0 0 0.0 0 0.0
Sinusitis 3 2.0 3 3.7 4 57.1 0 0.0 0 0.0
Bloody stool 2 1.3 0 0.0 0 0.0 0 0.0 2 10.0
Encephalitis 2 1.3 2 2.5 0 0.0 0 0.0 0 0.0
Oral candidiasis 3 2.0 1 1.2 1 14.3 0 0.0 1 5.0
Tonsillitis 2 1.3 2 2.5 0 0.0 0 0.0 0 0.0

FUO, Fever of unknown origin.
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Table 5. Comparative frequency of primary immunodeficiencies in other registries

Primary immunodeficiency Korea Japan Taiwan Singapore Hong Kong Switzerland
(n=152) % (n =497) % (n=37)% (n=35 % (n=117)% (n=518) %
Antibody deficiencies 55.9 52.9 46 51 42.7 66.2
Cellular deficiencies 4.6 6.8 19 9 18.8 nr*
Phagocytic disorder 28.9 14.3 24 26 15.3 9.8
Combined immunodeficiencies 10.6 23.3 11 14 4.2 5.2
Complement deficiencies 0 0.8 0 0 34 18.7

*Not reported.

immunodeficiencies (13.2%, n = 20), and T cell deficiencies
(4.6%,n="7).

The spectrum of PID in Korea is similar to that of other Asian
countries (Table 5) (4-7). In this study, antibody deficiency was
seen in nearly one half of the patients, which is consistent with
other studies (4-14). Compared with other countries, Korea had
a higher frequency of phagocytic disorders, placing it as the sec-
ond most common immunodeficiencies, instead of combined
deficiencies found in other studies (8-14). All phagocytic disor-
ders were chronic granulomatous disease (CGD). The higher
frequency of CGD in the registry could be due to the genetic
makeup of the Korean population.

The reported frequency in 7 provinces was compared to this
projected figure. Region No. 7 (Jeju) had more than double the
prevalence of PID as compared to the other six provinces (Fig. 1).
This may be partly due to diverging occurrence of these heredi-
tary diseases.

Of the 152 registered patients, 119 were boys, giving a 3.6:1
sex ratio of boys to girls. The difference between the sexes was
largely due to an almost-complete male predominance in severe
combined immunodeficiency, X-linked agammaglobulinemia,
and Wiskott-Aldrich syndrome.

The most common symptom in these cases was recurrent
bacterial infections, which included pneumonia, lymphadenitis,
and otitis media. Therefore, patients who present with recurrent
or opportunistic infections should be screened for possible im-
munodeficiency.

One of the mainstays of PID management is the prescription
of antimicrobials for prophylaxis or therapy. Intravenous im-
munoglobulin replacement therapy is also administered to pa-
tients with antibody immunodeficiency or combined immuno-
deficiency. Bone marrow transplantation has enabled long-term
survival for some patients, usually those with SCID or Wiskott-
Aldrich syndrome.

Although these conditions are uncommon, failure to diag-
nose and treat early may lead to substantial morbidity and mor-
tality (15, 16). Moreover, as most of these conditions are inherit-
ed, making a precise diagnosis is important for genetic counsel-
ing of the immediate and extended family (17).

This study provides data that permits a more accurate estima-
tion of the resources needed for PID patients in Korea. The data
may also form the basis for national plans for various treatment

792  http://jkms.org

modalities in PID, such as immunoglobulin replacement and
bone marrow transplantation. With continuous PID registration
in Korea, it will be possible to obtain population-based knowl-
edge of the natural course of PID patients as part of an increas-
ing international research effort.

The constructed registry reveals that antibody deficiencies
and phagocytic disorders are the most common. The role of the
PID national registry is important. It will raise awareness in pe-
diatricians and general practitioners and provide them with in-
formation about PID.
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