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Abstract

We conducted a nationwide survey of inborn errors of immunity (IEl) in Japan for the second time in 10
years, focusing on protective measures for IEl patients against infectious diseases. Questionnaires were
sent to various medical departments nationwide, and a total of 1,307 patients were reported. The
prevalence of IEl was 2.2 patients per 100,000 population which was comparable with the previous
nationwide study. The most common disease category was autoinflammatory disorders (25%), followed
by antibody deficiencies (24%) and congenital defects of phagocyte number or function (16%). We found
that a significant number of patients received contraindicated vaccines, principally because the patients
were not diagnosed as IEl by the time of the vaccination. Regarding diseases for which BCG vaccination
is contraindicated, 43% patients had actually received BCG, of which 14% developed BCG related
infections. In order to prevent IEl patients from receiving inadequate vaccines, the continuous education
to parents and physicians is needed, along with the expansion of newborn screening, but efforts to screen
IEI at the site of vaccination also remains important.

Introduction

The majority of patients with inborn errors of immunity (IEI) are susceptive to various types of infections,
emphasizing the importance of infection prophylaxis in this population. Vaccines are important for
establishing immunity against pathogens, but they may be contraindicated in a subgroup of IEl patients
due to potential severe vaccine-related adverse events, especially infections due to live vaccine strains [1].
Since children receive routine vaccine administration beginning as early as several months of age, it is
important to diagnose IEl early enough to prevent any serious vaccine strain infections. However, the
actual proportion of patients who receive contraindicated vaccines before diagnosis in Japan is
unknown. Childhood vaccine protocols varies between countries due to differences in vaccine cost or
insurance policies, and the epidemic status of pathogens. One example is the Bacille de Calmette et
Guérin (BCG) vaccine, which is not routinely administered in many Western countries, but is part of a
routine schedule in Japan, where tuberculosis is an endemic disease [2]. This indicates that Japanese IEl
patients are at a high risk for BCG-related infections, but although the prevalence of BCG infections has
been reported in various countries [3,4], the situation for Japanese IEl patients is unknown. Furthermore,
concerns regarding appropriate immunization for IEl patients are increasing, since the number of newly
diagnosed IEIl patients is expanding due to advances in diagnostic methods such as next generation
sequencing (NGS) [5]. In 2018, we conducted a nationwide survey of IEl patients, focusing on protective
measures against infectious diseases. The present study focuses on results from the survey regarding
individual vaccination status in Japanese IEl patients, aiming to elucidate the situation of pre-diagnostic
vaccination. Regrading BCG, we also analyzed the rate of BCG-related adverse events after inoculation.

Methods

This study was conducted according to the nationwide epidemiological survey manual of patients with
intractable diseases (3rd edition, 2017), as was the previous survey which was published in 2011 [6]. Five
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clinical departments (pediatrics, internal medicine, hematology, rheumatology, dermatology) were
selected for having a high tendency of attending to IEl patients. A primary questionnaire requesting the
number of IEl patients treated between January 1, 2018 and December 31, 2018 was sent to 20% of all of
the five departments in hospitals nationwide; hospitals were selected randomly after setting selection
ratios according to hospital size and academic status (table 1, table S1;0nline Resource 1). A secondary
survey was performed by sending questionnaires to departments where at least one patient was treated
during the observation period. The secondary questionnaire was comprised of the following questions; 1)
general information concerning age, sex, and diagnosis, 2) clinical symptoms or signs leading to
diagnosis, 3) a description of all treatment (eg, IgG replacement, antibiotic prophylaxis, stem cell
transplantation (SCT), etc), 4) a description of all previous vaccines, and 5) the vaccination policy of the
attending physician. We classified diseases according to the International Union of Immunological
Societies (IUIS) 2017 classifications [5]. Statistical analysis was performed using GraphPad Prism
software version 8.0 (San Diego, CA, USA). The protocol for this study was approved by the ethics
committee at University of Tsukuba Hospital (H30-208).

Results

A primary survey was performed by sending questionnaires to 12,517 departments nationwide. Response
rates varied between departments, from 18% (internal medicine) to 55% (pediatrics) with an average of
28%. This was comparable to the previous nationwide survey where the response rate for internal
medicine and pediatrics was 20% and 55%, respectively [6]. A total of 1,307 patients were reported from
706 departments. The estimated number of IEl patients in Japan was 2,794 (95% confidence interval
2,334-3,019) (table 1). The population of Japan in 2018 was 126 million [7], giving a prevalence of 2.2 |El
patients per 100,000 population. Detailed information from secondary questionnaires was obtained for
750 patients (response rate 57%), and the rate of any genetic diagnosis was 74% (data not shown). The
reported patients are listed in table 2. The most common IEI category was autoinflammatory disorders
(n=191, 25%), followed by predominantly antibody deficiencies (n=183, 24%) and congenital defects of
phagocyte number or function (n=121, 16%). Compared to the previous survey in 2011 [6], we observed
an increase in autoinflammatory disorders and defects in intrinsic and innate immunity, and a relative
decrease in other categories. The male to female ratio was 1.46:1 (n=744, unanswered: 6 cases). The
patient’s median age at the time of study was 18.0 years (range: 0 to 85.4 years), and the median age at
diagnosis was 2.0 years (range: 0 to 79 years). The distribution of diagnostic age for each disease
category is shown in figure 1. The median age at diagnosis for patients with autoinflammatory disorders
(7.1 years), complement deficiencies (22.3 years), and phenocopies of IEl (21.0 years) was significantly
higher than other groups (figure 1).

The actual vaccination history for each patient was acquired and analyzed. Patients were grouped into
either of the following; 1) patients who received BCG, 2) patients with a positive history of a live vaccine
but no BCG, or 3) patients who received inactivated vaccines only. Regarding patients who received SCT,
only vaccines that were administered before SCT were counted, since these patients are mostly

rescheduled for regular vaccines after SCT. We counted pre-SCT vaccines under the assumption that
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vaccines were administered according to routine schedules in Japan [8]. Patients with insufficient data
concerning vaccination or SCT status were removed (n=9). Since one of our objectives was to investigate
the rate of pre-diagnostic vaccines, we also excluded patients with autoinflammatory disorders,
complement deficiencies, and phenocopies of IEl because they were mostly diagnosed at an age later
than the period for routine vaccination in childhood (figure 1). The individual vaccination history for
several representative diseases within each IUIS category is shown in figure 2. While live vaccines are
generally contraindicated in patients with severe combined immunodeficiency (SCID) or combined
immunodeficiency (CID) [1], we observed that 26% of SCID patients and 54% of CID patients had received
some form of live vaccine. Likewise, we saw that live vaccines were administered to 56% of patients with
anhidrotic ectodermal dysplasia with immunodeficiency (EDA-ID) and 36% of patients with familial
hemophagocytic lymphohistiocytosis (FHL), for whom live vaccines are thought to be harmful [9,10].
Regarding patients with chronic granulomatous disease (CGD) or mendelian susceptibility for
mycobacterial disease (MSMD), for whom BCG is generally contraindicated [11], the rate of patients who
actually received BCG was 48% and 82% for CGD and MSMD, respectively. The rate of patients with hyper
IgE syndrome (HIES) and chronic mucocutaneous candidiasis (CMC) who received BCG was 39% and
50%, respectively. Of note, 97% of HIES patients were diagnosed with STAT3 deficiency, and 100% of
patients with CMC were diagnosed with STAT1 gain of function (GOF) mutations. The vaccination history
for patients with other diseases are shown in figure S1 (Online Resource).

We retrieved information concerning any history of BCG related infections (BCG-l). We selected diseases
for which BCG is generally contraindicated (SCID, CID, CGD, MSMD), or diseases with reports of severe
BCG infection (EDA-ID, STAT3 deficiency, STAT1 GOF) [3,12,13]. The results for all pooled patients, and for
each disease are shown in figure 3. The number of patients who received BCG for the pooled patients
was 83 (43%), of which 27 (14%) had a reported BCG-l. When focusing on individual diseases, we saw
that there was no reported BCG-I for SCID and CID, while the prevalence of BCG-l was high among CGD
(n=20, 25%) and MSMD (n=6, 55%). We also observed one report case of BCG-l among EDA-ID (n=T1,
11%). All cases of BCG-I from the whole survey are summarized in Table 3. Among other diseases, there
were cases of BCG-l among patients with WAS/XLT (n=2), and XLP (n=1). Other than BCG-l, there were
two reported cases of rotavirus-vaccine related enterocolitis in patients with SCID, and one case of
vaccine-derived varicella zoster in a patient with EDA-ID.

Regarding vaccination policies for each patient, physicians were questioned whether their policy was to
1) administer all vaccines, 2) administer all vaccines except BCG, 3) allow inactivated vaccines only, or 4)
allow no vaccines. For this analysis, we excluded patients who received SCT, since vaccination policy
differs greatly with SCT status. There were no cases of SCID for which the policy was to administer live
vaccines (figure 4). The policy was to avoid all vaccines in 68% of XLA cases, possibly reflecting the fact
that most patients were on IgG replacement therapy. Regarding BCG administration, the policy to avoid
BCG was seen in 70% and 73% of CGD and MSMD cases, respectively.

Discussion
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We conducted a nationwide survey of IEl for the second time in 10 years. The prevalence of IEl was 2.2
per 100,000 inhabitants, which was comparable to the previous nationwide study (2.3/100,000) [6]. We
observed a marked increase in the percentage of patients with autoinflammatory disorders, which was
the most prevalent disease category in this study. This increase possibly reflects advances in genetic
testing and a better understanding for this disease group, since autoinflammatory disease was
introduced into the spectrum of IEl rather recently [14]. The relative decrease in ‘classical’ IEl such as CID
or antibody deficiencies compared to the previous study may be due to a difference in the selection rate
of pediatric departments. We set the selection rate to 20% for all medical departments following the
epidemiological survey manual [15], which likely shifted our cohort to an older age compared with
previous studies which mainly selected pediatric patients [6,16,17]. This is supported by the fact that the
proportion of patients reported from pediatric departments was 77% (table 1), compared with 92% from
the previous study [6]. The older age of our cohort may also be due to advances in diagnoses and
management, as more patients with IEI grow into adulthood and more adults are newly diagnosed with
IEI[18].

A genetic diagnosis was made in 74% of patients, which is relatively high compared to other studies [19],
and is again attributable to advances in diagnostic methods, such as the use of next-generation
sequencing. We observed a difference in diagnostic age between disease groups (Fig. 1), which is in line
with previous studies [20,21]. Another interesting finding was the disease distribution within antibody
deficiencies; compared with the previous study, we observed an increase in CVID which outnumbered
XLA. Although CVID is a heterogenous disease and many patients lack a genetic diagnosis, our results
may reflect a growing recognition of IEl among non-pediatric physicians, since many patients with CVID
are diagnosed in adulthood [22].

One of the objectives of this survey was to understand the current status of vaccination in patients with
IEl in Japan. We observed that a significant percentage of patients received a contraindicated vaccine,
presumably before diagnosis of the disease. For example, 26% of SCID and 54% of CID patients had
received a live vaccine (Fig. 2), which is contraindicated in this setting. We should assume that these
patients may have developed serious adverse events, because patients with these diseases are known to
have an increased risk when receiving live vaccines [23]. Likewise, the proportion of patients with SCID,
CGD, and MSMD patients who received BCG was 23%, 48%, and 82%, respectively.

Regarding the issue of BCG vaccination, physicians were asked to report any history of BCG related
infections since they could be important signs of IEl. We saw that within the 195 patients who received an
‘undesirable’' BCG, 27 patients suffered from BCG related infections, which may be fatal in patients with
IEI [24,25] (Fig. 3). When focusing on individual diseases, we saw that most of the reported BCG
infections were from patients with CGD or MSMD, and that there were no reports from patients with SCID
or CID. This is in contrast with a previously published review of BCG vaccination in SCID patients, where
51% of patients developed BCG complications [25]. However, most of the patients described in the review
received BCG during the first month of life, whereas Japanese patients typically receive BCG during 5to 7
months of age [8]. Since most SCID patients receive SCT, the patients from our cohort may have cured
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before any severe manifestations of BCG infection. Another interesting finding was the report of BCG
infection in XLP (Table 3), since there have been no previous reports of BCG infection with this disease,
and XLP is rather known for overproduction of interferon gamma, which is important for the eradication
of mycobacterium species.

The role of BCG vaccines in preventing tuberculosis is unquestionable, especially for the prevention of
meningitis and miliary tuberculosis in infants [26]. However, like other vaccines, the policy of vaccination
depends on the prevalence of the pathogen. In western Europe or USA, where the prevalence of
tuberculosis is low, BCG vaccination is reserved for special high risk groups [2]. The incidence of
tuberculosis in Japan has decreased greatly since the 1950’s [27]. However, the incidence among young-
aged people shows a slight increase during the recent period [28], and Japan is still considered a
moderately tuberculosis endemic country. This suggests the continuous need for universal BCG
vaccination in Japan, along with the need of diagnosing at-risk patients before BCG.

Newborn screening (NBS) for SCID has proven efficacy in detecting immunodeficient patients before
clinical manifestation, and is adopted as a universal program in several countries such as USA [29], Israel
[30], and Spain [31]. Although SCID-NBS is only available in limited areas in Japan [32], if it can be
applied on a national scale, it may become one solution to the problem of inappropriate vaccination in
pre-diagnosed patients. In addition, efforts should be focused on screening patients with CGD and MSMD
at the site of vaccination, until novel NBS methods become available [12,33]. For example, physicians,
especially pediatricians, should ask specific questions about the patient’s condition and family history;
asking about any family history of IEI may be insufficient, and a more specific interview regarding a
family history of severe BCG-l or childhood disseminated tuberculosis infection may be necessary [34,35].

One limitation of this study is that it was based on physician directed questionnaires making it subject to
reporting bias; an absence of documented adverse events may not necessarily mean there were no actual
events. Another important fact is that this was a cross-sectional study, and included patients diagnosed
at various ages, some of whom were diagnosed more than 50 years ago. Although we assessed vaccine
indications using present guidelines for this study, evidence surrounding IEl has obviously changed over
the past years. For example, patients with chronic mucocutaneous candidiasis (CMC) were generally
thought to have immunity against pathogens other than candida species, but there is emerging evidence
that patients with STAT1 GOF mutations, the most common form of CMC, display susceptibility against
various pathogens including the BCG strain [36]. Therefore, patients who received seemingly
inappropriate vaccines in the past according to present guidelines, may have been vaccinated following
up-to-date evidence at that time. Nevertheless, no registry concerning vaccination status and diagnosis
exists in Japan, so we believe the results of this study serves as valuable evidence in this field currently
available.

For this study, we categorized patients according to recent classifications [5], but one must note that
immunological profiles may differ even among patients with the same disease. For example, defects in
the IL2RG gene typically leads to T + B-SCID, but there are increasing reports of hypomorphic IL2RG
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mutations leading to a less severe or ‘leaky’ phenotype, making early diagnosis difficult [37]. Therefore, a
thorough immunological survey of each patient is important, and physicians are recommended to consult
a clinical immunologist before considering immunization for atypical cases [38].

Conclusions

In summary, we conducted a national survey of IEl in Japan for the second time in 10 years, and observed
an increase in diseases that are well diagnosed in adulthood. A significant number of patients had
received contraindicated vaccines before diagnosis, underscoring the need for continuous education to
parents and physicians. The expansion of NBS is expected, but efforts to screen IEl at the site of
vaccination continues to be important.
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Department

Pediatrics

Internal
medicine

Hematology

Rheumatology

Dermatology

Total

Departments
(total)

2053

6387

442

1134

2501

12517

Departments
Selected

471

1151

136

248

485

249

Selection
rate (%)

22.9

18

30.8

21.9

19.4

19.9

Table 2 Reported number and diagnosis of IEl patients.

Page 11/21

Response
rate (%)

54.8

18

23.5

27.8

28.9

28.3

Reported
Patients

1011

47

38

174

37

1307

Patients
estimated in
Japan (95%
Cl)

1491.8
(1258.0-
1606.3)

278.4
(107.5-
362.1)

274.2
(136.3-
341.8)

665.1
(343.0-
822.9)

84.6 (15.3-
118.5)

2794.2
(2334.3-
3019.4)



lUIS Disease n genetic
category defect

1.Immunodeficiencies affecting cellular and humoral immunity (n=52)

T-B+ severe combined immunodeficiency (SCID)

yC deficiency 26 IL2RG
JAK3 deficiency 1 JAK3
IL-7Ra deficiency 1 IL7R
T-B- SCID

RAG1 deficiency 2 RAG1
RAG?2 deficiency 1 RAG2
Artemis deficiency 3 DCLRE1C
LIG4 deficiency 1 LIG4
ADA deficiency 3 ADA
SCID, undetermined 1 (nd)

Combined immunodeficiencies less profound than SCID

CDA40 ligand deficiency 9 CD40LG
DOCKS deficiency 1 DOCK8
IKBKB deficiency 1 IKBKB
CID, undetermined 2 (nd)

2. Combined immunodeficiencies with associated or syndromic features (n=95)
Immunodeficiency with congenital thrombocytopenia

Wiskott-Aldrich syndrome (WAS)/X linked 25 WAS
thrombocytopenia

WAS, undetermined 3 (nd)

DNA repair defects

Ataxia telangiectasia (AT) 4 ATM
AT, undetermined 2 (nd)
Immunodeficiency with centromeric instability and facial 1 DNMT3B

anomalies (ICF1)
Thymic defects with additional congenital anomalies

DiGeorge syndrome 6 22q11.2
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deletion
DiGeorge syndrome, undetermined 3 (nd)
Hyper IgE syndromes (HIES)
STAT3 deficiency (Job syndrome, AD-HIES) 37 STAT3
other 1 other

Dyskeratosis congenita (DKC)

XL-DKC 1 DKC1
AR-DKC due to RTEL1 deficiency 1 RTEL1
SAMDOL deficiency 1 SAMDOL

Anhidrotic ectodermal dysplasia with immunodeficiency (EDA-ID)

NEMO (IKBKG) deficiency 6 NEMO

EDA-ID, undetermined 3 (nd)
Other defects

Kabuki syndrome 1 1 KMT2D

3.Predominantly antibody deficiencies (n=183)
Agammaglobulinemia
BTK deficiency (XLA) 57 BTK
XLA, undetermined 5 (nd)

CVID phenotype

APDS1 (PIK3CD GOF) 1 PIK3CD
APDS2 (PIK3R1 LOF) 2 PIK3RI
CD19 deficiency 1 CD19
NFKB1 deficiency 3 NFKB1
NFKB2 deficiency 2 NFKB2
IKAROS deficiency 3 IKZF1
others 2 FANCE,
RADS0
CVID, undetermined 59 (nd)
hyper IgM syndrome (HIMS)
AID deficiency 3 AICDA
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isotype, light chain, or functional deficiencies with generally normal
number of B cells

Isolated IgG subclass deficiency
Selective IgA deficiency (SID)
SID, undetermined
Transient hypogammaglobulinemia of infancy
4.Diseases of immune dysregulation (n=47)
Familial hemophagocytic lymphohistiocytosis (FHL) syndromes
FHL3
FHL2
FHL syndromes with hypopigmentation
Chediak-Higashi Syndrome (CHS)
Hermansky-Pudlak syndrome type 2
Regulatory T cell defects
IPEX
CTLA4 deficiency (ALPSV)
STAT3 GOF mutation
Autoimmunity with/without lymphoproliferation
ALPS-FAS
ALPS, undetermined
Immune dysregulation with colitis
IL-10Ra deficiency
Susceptibility to EBV and lymphoproliferative conditions
SH2D1A deficiency (XLP1)
XIAP deficiency (XLP2)
5.Congenital defects of phagocyte number or function (n=121)
Congenital neutropenias
Elastase deficiency (SCN1)
HAX1 deficiency (Kostmann disease)

SRP54 deficiency
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SCN, undetermined 6 (nd)
Defects of motility

Shwachman-Diamond syndrome 3 SBDS

Specific granule deficiency 1 CEBPE

Defects of respiratory burst

X-CGD, gp91phox 66 CYBB
AR-CGD, p22phox 2 CYBA
AR-CGD, p67phox 5  NCF2
AR-CGD, p47phox 1 NCFT
CGD, undetermined 6 (nd)

Other non-lymphoid defects
GATA2 deficiency (MonoMac syndrome) 1 GATA2
6.Defects in intrinsic and innate immunity (n=25)

Mendelian susceptibility to mycobacterial disease (MSMD)

IFN-y receptor1 deficiency 4 IFNGR1
STAT1 deficiency 6 STAT1
Tyk2 deficiency 1 TYK2

Predisposition to severe viral infection

STAT1 deficiency (AR LOF) 1 STAT1
Predisposition to invasive fungal diseases

CARD9 deficiency 3 CARD9
Predisposition to mucocutaneous candidiasis (CMC)

STAT1 GOF 8 STAT1
TLR signaling pathway deficiency with bacterial susceptibility

IRAK-4 deficiency 1 IRAK4
Other 1 (nd)

7.Autoinflammatory disorders (n=191)

Type 1 interferonopathies

Aicardi-Goutieres syndrome 1 TREX1
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SAMHD1 deficiency
STING-associated vasculopathy, infantile-onset

Defects affecting the inflammasome
Familial Mediterranean fever (FMF)
FMF, undetermined
Mevalonate kinase deficiency (Hyper IgD syndrome)
Hyper IgD syndrome, undetermined
Cryopyrin associated periodic syndrome (CAPS)
Familial cold autoinflammatory syndrome (FCAS) 2
FCAS 4
CAPS, undetermined

Non-inflammasome-related conditions
TNF receptor-associated periodic syndrome (TRAPS)
TRAPS, undetermined
Blau syndrome
Chronic recurrent multifocal osteomyelitis (CRMO)
Deficiency of IL-36 receptor antagonist (DITRA)
CARD14 mediated psoriasis
Otulipenia/ORAS
A20 haploinsufficiency
ADA2 deficiency (DADA2)

8. Complement deficiencies (n=34)

Hereditary angioedema (HAE)
C1 inhibitor deficiency
HAE, undetermined

Cq1 deficiency

C7 deficiency

C9 deficiency

9.Phenocopies of IEI (n=2)
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RAS-associated lymphoproliferative disease 1 KRAS
Good syndrome 1 (nd)
nd: not determined, CVID: common variable immunodeficiency, APDS: activated PI3K delta syndrome,
GOF: gain of function, IPEX: immuno dysregulation, polyendocrinopathy, entropathy, X-linked, ALPS:

autoimmune lymphoproliferative syndrome, SCN: severe congenital neutropenia, CGD: chronic
granulomatous disease, X-: X-linked, AR-: autosomal recessive, LOF: loss-of-function

Table 3. BCG infections from the whole survey

disease §
WAS/XLT 2
EDA-ID 1
CVID 1
XLP 1
CGD 20
MSMD °
STAT1 deficiency (AR-LOF) !

WAS: Wiskott-Aldrich syndrome, XLT: X-linked thrombocytopenia, EDA-ID: Anhidrotic ectodermal
dysplasia with immunodeficiency, CVID: Common variable immunodeficiency, XLP: X-linked
lymphoproliferative disease, CGD: Chronic granulomatous disease, MSMD: Mendelian susceptibility
to mycobacterial disease, AR-LOF: Autosomal recessive loss-of-function

Figures
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Figure 1

The median age at diagnosis for each IUIS category. The box portion represents the 25th and 75th
percentile, whiskers represent the 5th and 95th percentile. The median diagnostic age for
autoinflammatory disorders and complement deficiencies was significantly older than other groups
(p<0.001)
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Figure 2

The vaccination status of patients in representative disease groups. Patients were assigned to either of
the following; 1) patients who received BCG, 2) patients with a positive history of a live vaccine but no
BCG, or 3) patients who received inactivated vaccines only. The percentage of each group is shown by
bar graphs, the actual number of patients for each group is labeled inside the bars.
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disease

Total (n=195) 56 112
SCID (n=39) 9 29

CID (n=13) 5 9
HIES (STAT3 LOF) 15 79
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Figure 3

The rate of BCG administration and BCG infections among diseases for which BCG is contraindicated.
Patients were assigned to either of the following; 1) patients who received BCG and developed a BCG
infection, 2) patients who received BCG but did not have a reported BCG infection, or 3) patients who did
not receive BCG. The percentage of each group is shown by bar graphs, the actual number of patients for
each group is labeled inside the bars.
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Figure 4

The vaccination policy of attending physicians for representative diseases, patients who received SCT are
excluded. Physicians were asked whether their policy was to 1) administer all vaccines, 2) administer all
vaccines except BCG, 3) administer inactivated vaccines only, or 4) administer no vaccines. The
percentage of each group is shown by bar graphs, the actual number of cases for each group is labeled
inside the bars.
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