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Summary

This report summarizes the establishment of the first national online regis-
try of primary immune deficency in the United Kingdom, the United
Kingdom Primary Immunodeficiency (UKPID Registry). This UKPID Regis-
try is based on the European Society for Immune Deficiency (ESID) registry
platform, hosted on servers at the Royal Free site of University College,
London. It is accessible to users through the website of the United Kingdom
Primary Immunodeficiency Network (www.ukpin.org.uk). Twenty-seven
centres in the United Kingdom are actively contributing data, with an addi-
tional nine centres completing their ethical and governance approvals to par-
ticipate. This indicates that 36 of 38 (95%) of recognized centres in the
United Kingdom have engaged with this project. To date, 2229 patients have
been enrolled, with a notable increasing rate of recruitment in the past 12
months. Data are presented on the range of diagnoses recorded, estimated
minimum disease prevalence, geographical distribution of patients across
the United Kingdom, age at presentation, diagnostic delay, treatment modali-
ties used and evidence of their monitoring and effectiveness.
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Introduction

Primary immunodeficiencies (PID) are a heterogeneous
group of disorders of immune regulation and function.
Since Bruton’s first description of agammaglobulinaemia as
a PID in 1952 [1] there has been an explosion of knowledge
in this area, with more than 200 gene defects contributing
to even more distinct disease phenotypes [2,3]. The rarity of
many forms of PID requires national and international col-
laboration to facilitate translational research and to drive
improvements in management and therapeutic strategies.

PID encompasses a myriad of presentations ranging from
the potentially benign immunoglobulin (Ig)A deficiency
to potentially catastrophic diagnoses, such as severe
combined immunodeficiency (SCID). They are character-
ized by increased susceptibility to infection, and through
dysregulation of immunity may also predispose to malig-
nancy and autoimmune disease. Humoral immunodeficien-
cies, in particular common variable immunodeficiency
(CVID), are the most frequently encountered PID requiring
treatment [4]. Treatment for such antibody deficiencies
involves regular, lifelong immunoglobulin replacement
therapy [5]. Management of these rare conditions is
resource-intensive, and therefore quality epidemiological
data are of paramount importance in making health-care
planning decisions.

Epidemiological data on PID are difficult to obtain. Inci-
dences of PID requiring treatment have been determined to
range from 1:20 000 to 1:500 000, depending on the exact
diagnosis and geographic region. However, it is generally
accepted that PID is under-diagnosed and under-reported.
Furthermore, data on mortality and morbidity are limited.
To address these issues, the European Society for Immuno-
deficiencies (ESID) set up an internet-based patient registry
in 2004. This database aims to provide data on diagnosis,
therapy, laboratory indices and outcomes on more than 210
PID entities. The first report of the ESID database was
received in 2007 [6] and two subsequent updates have been
published [7,8]. The database now contains more than
18 000 patient entries from 102 centres in 30 different
countries and is a powerful tool for PID research across
Europe.

The United Kingdom is a major European country
involved in the treatment of PID patients. There has been
long-standing interest in the development of a national reg-
istry for PID in the United Kingdom, with a paper-based
system in the 1990s, establishment of paediatric databases
in the supraregional specialist centres and involvement in
earlier ESID projects [9].

The UK Primary Immunodeficiency Network (UKPIN:
http://www.ukpin.org.uk) is a multi-disciplinary organiza-
tion devoted to those with PID. The network was estab-
lished to improve PID patients’ health through the
development of common approaches to management and
agreed standards of care. It has 38 member centres through-

out the four countries of the United Kingdom. All nurses,
scientists and medical practitioners involved in the health
care of patients with PID, or in research into these diseases,
are eligible for UKPIN membership.

UKPIN recommended the adoption of the ESID online
platform for the UK national registry in 2005. For reasons
of data control and security it was decided that the United
Kingdom PID (UKPID) Registry should run on a dedicated
server in the department of the then lead researcher [B.G.:
Royal Free site of University College London (UCL)] linked
to the European online registry. A member of the ESID
database team in Freiburg (D.G.) was involved from the
outset in the maintenance of the UK version from a techni-
cal and administrative perspective.

Establishment of the Registry was made possible by gen-
erous funding from the UK patient support organization at
the time, the Primary Immunodeficiency Association.
Further financial project support from the Healthcare
Quality Improvement Partnership (http://www.hqip.org
.uk) was obtained in 2011.

A UKPID Registry management committee was estab-
lished in early 2008, with representatives of medical and
nursing staff as well as patients’ charities and the core regis-
try team. Although a small number of centres were submit-
ting their data to ESID prior to 2008, we regard this as the
formal date of commencement of the national UKPID Reg-
istry. At the time of transfer there were 1095 patients in the
database. Access to the UKPID Registry is via the website of
UKPIN (http://www.ukpin.org.uk/home/registry-introduction
.htm). There is a twice-yearly transfer of UKPID Registry
data to the ESID database for those patients who have given
their full consent for data-sharing with ESID.

This is the first report of the UKPID Registry. The main
aim of the Registry is to act as a data repository that can
provide longitudinal data, which is not otherwise available
from randomized controlled studies in these rare and het-
erogeneous disorders. Clinicians may interrogate the data-
base to answer questions relevant to clinical practice for the
care of patients with primary immunodeficiency. Addition-
ally, data from this national registry should facilitate mean-
ingful clinical research through the identification of rare/
sporadic cases across the country. The data may also be
used in health-care planning decisions on the diagnosis
and management of these conditions across the United
Kingdom.

Materials and methods

The UKPID Registry is a secure, encrypted online registry,
hosted on dedicated servers at the Royal Free Hospital site
of the University College London, and linked to the ESID
database. Database technical structure is identical to that
described previously [6–8,10]. Multicentre Research Ethics
Committee (MREC) approval was obtained in 2004 for the
ESID Online Database (MREC number: 04/MRE07/68).

UKPID Registry 2008–2012
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Approvals have been revised regularly to reflect the estab-
lishment of a UK-based version and updates on the pro-
cesses and procedures.

Data are collected via electronic case report forms
(CRF). The CRF is identical to the ESID CRF to ensure
data conformity and has been described previously [10].
Patients are grouped into eight main categories: predomi-
nantly antibody deficiencies, predominantly T cell deficien-
cies, phagocytic deficiencies, complement deficiencies,
other well-defined PIDs, autoimmune and immune
dysregulation syndromes, defects in innate immunity, and
autoinflammatory syndromes. A final, ninth category
allows documentation of undefined immunodeficiencies.
Within these categories are further subregistries allowing
classification of individual PID into International Union of
Immunological Sciences (IUIS)-defined clinical entities
[11]. Each subregistry requires completion of a core data
set, allowing gathering of a homogeneous set of informa-
tion across all PID.

Patient data are entered at registration and clinicians are
encouraged to capture each subsequent follow-up visit.
Patients’ dates of death are recorded on the system when
that information becomes available to the documenting
centre. Date of diagnosis is defined as the date of diagnosis
by a PID specialist in a registered centre.

A retrospective analysis of data was performed; data
entries in which gender or date of birth were missing were
excluded from the analysis. Analysis of minimum preva-
lence and incidence of various PID was established. We
have analysed data using parametric and non-parametric
methods as appropriate. Analysis was undertaken in rela-
tion to the numbers of different diseases represented, the
geographical distribution of these patients within the
United Kingdom, the age and gender distribution, age at
onset and diagnostic delay. We also present data on the
major therapeutic interventions employed in the manage-
ment of these patients. Where data are only available for a
subset of subjects the denominator is clearly stated in
the text.

Data quality

The quality of the data is heavily reliant upon qualified
users. UKPIN contracts only with established primary
immunodeficiency centres. Password application users have
to be validated by their head of department, who counter-
signs their application. These users are either physicians or
delegated assistants who are trained in the documentation
of medical data. The UKPIN data administrators offer spe-
cific training on the database to help users. Data monitoring
is carried out both by the co-ordinator and by a person
appointed in each centre. Data quality is ensured only if this
monitoring takes place regularly. The database has inbuilt
quality assurance features, e.g. mandatory fields which must
be completed. Use of logic rules prevents other errors, e.g.

year of birth cannot be a future date. If the diagnosis of a
PID is refined, e.g. by identification of a genetic mutation,
patient data can be transferred to the appropriate
subregistry. Users are aware that this database is to be used
for long-term documentation and that data have to be
updated regularly.

Results

There are 38 recognized immunology centres in the United
Kingdom. Twenty-seven of 38 (71%) of these centres have
commenced their patients’ enrolment. An additional nine
centres are completing their ethical and governance applica-
tions, indicating that 36 of 38 (95%) of centres are commit-
ted to the process.

As of 1 October 2012, 2229 patients from 27 centres have
been entered into the UKPID Registry.

We do not have formal data on how often patients
decline to have their data entered, but anecdotally this is an
extremely uncommon occurrence. The location of these
patients is indicated by city in Fig. 1. The size of the circles
in each city is directly proportional to the number of
patients registered there to date. Two supraregional centres
for the diagnosis and management of children with SCID
requiring paediatric bone marrow transplantation are
located in London and Newcastle upon Tyne. The rate of
data accrual is indicated in Fig. 2. It is noteworthy that there
appears to have been a significant acceleration in data
accrual over the last 12 months.

Fig. 1. Geographical distribution of patients enrolled in the United

Kingdom Primary Immune Deficiency (UKPID) Registry by city of

documenting centre. The diameter of the circle is directly

proportional to the number of patients enrolled in each centre.
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Of the 2229 registered patients, 2153 (96·5%) were alive
at the time of registration. There were 1067 female and 1162
male patients registered, with 496 (22%) aged 16 years or
less. The ratios of females to males in the different age
ranges are as follows: ≤16 years = 0·47; ≤18 years = 0·53;
18−29 years = 0·69; ≥30 years = 1.

For 734 patients, data from a single visit are recorded
whereas for 1441 patients there are data from more than
one visit. No visits are recorded for 54 patients.

A molecular diagnosis was confirmed in 566 of 1966
patients (28·8%). Consanguinity was reported in 27 of
924 patients (2·9%). Two hundred and fifty-three of 1055
patients were identified as familial cases (24%).

The antibody disorders make up the largest group,
accounting for 1364 (61%) of registered patients. The diag-
nostic breakdown into the nine major classification groups
is indicated in Fig. 3. The most frequently reported PID
entity is CVID, accounting for 810 (36·3%) of the registered
patients. The second most frequent diagnosis was heredi-
tary angioedema (HAE/C1-inhibitor deficiency) (n = 178,
8%). Agammaglobulinaemia (n = 120, 5·4%), SCID
(n = 109, 4·9%), chronic granulomatous disease (CGD)
(n = 79, 3·5%), other hypogammaglobulinaemia (n = 79,
3·5%), specific antibody deficiency (n = 76, 3·4%) and selec-
tive IgA deficiency (n = 68, 3·5%) are also frequently regis-
tered diagnoses in this UK cohort. The complete list of PID
registered is available, with an estimate of minimum indi-
vidual disease prevalence (Table 1 and Table S1).

The minimal prevalence of all PID following the cur-
rently registered numbers is estimated at 3·5 PID/100 000 of
the UK population. The minimal prevalence of predomi-
nantly antibody deficiency is 2·1/100 000 in the UK popula-
tion and that of CVID is 1·3/100 000. The minimum
incidence of PID peaked in 2000–08 at 12·5 per 100 000 live
births (Fig. 4).
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Fig. 2. Recruitment of total patient numbers to the United Kingdom

Primary Immune Deficiency (UKPID) Registry 2006–12.
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Table 1. Frequency table for International Union of Immunological Sciences (IUIS) classification and minimum disease prevalence. Estimated

minimum prevalence data for primary immunodeficiency (PID) in the United Kingdom based on national population of 63 million.

IUIS classification (1–8)

United Kingdom France Germany

n Prevalence n Prevalence n Prevalence

Autoinflammatory disorders 23 0·04 4 0·01† 52 0·06

Combined T and B cell immunodeficiencies 220 0·35 305 0·52 73 0·05

Complement deficiencies 205 0·33 42 0·06‡ 24 0·02

Congenital defects of phagocyte number, function, or both 107 0·17 411 0·72 130 0·16

Defects in innate immunity 1 0·00 63 0·14 17 0·02

Diseases of immune dysregulation 30 0·05 218 0·31 53 0·06

Other well-defined immunodeficiency syndromes 308 0·49 420 0·64 189 0·24

Predominantly antibody deficiencies 1328 2·11 2022 2·93 1023 1·27

All IUIS-classified PID 2222 3·53 3417 5·32 1604 2·0

(Eurostat: http://epp.eurostat.ec.europa.eu). French and German data kindly provided by personal communication from the French National Reg-

istry (CEREDIH) and the German National Registry for PID by Dr Nizar Mahlaoui and Dr Benjamin Gathmann. Prevalence per 100 000 population.
†Only patients with early-onset. nflammatory bowel disease (patients with chronic infantile neurological cutaneous articular syndrome (CINCA),

fibromyalgia (FM), are not included).
‡Patients with C1q deficiency are not included.
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Diagnostic delay is commonly reported for PID and sta-
tistics for delay between onset of symptoms and diagnosis
are provided for the more common PID conditions
(Table 2). This is broken down further for CVID patients by
age at diagnosis and age of onset of symptoms (Table 3).
For SCID, even a short diagnostic delay can be significant.
Precise date of diagnosis was available on 56 of the 96 SCID
cases. For this group the median age of diagnosis for SCID
was 97 days [interquartile range (IQR) 30·5–202 days].
Forty-one cases were excluded from the above analysis
because recording of date of diagnosis was incomplete,
mainly with the day of month not given. In order to check
that the analysis based on 55 cases was representative, in
those cases where the day of the month of the diagnosis
date was missing an arbitrary day of 15th of the month was
allocated, and the analysis of delay in diagnosis recalculated
on the larger number of cases (n = 77). The results on the
larger group were similar, with a median age of diagnosis of
109 days (IQR 31–214 days).

A total of 1358 patients were identified as receiving
immunoglobulin replacement therapy, with 815 (60%)
receiving this intravenously and 543 (40%) by the subcuta-
neous route. Of these, 431 (32%) received their treatment at
home, predominantly by self-infusion.

Data in relation to dosing interval and dose by body
weight were analysed for all antibody-deficient patients and
the CVID subgroup; similarly for serum IgG levels and
infection rates (Table 4).

Serious infection rate was low (median = 0; IQR = 0) for
patients with a diagnosis of CVID or antibody deficiency.
Serious infection was defined as bacterial pneumonia, bac-
teraemia or sepsis, osteomyelitis or septic arthritis, visceral
abscesses and bacterial meningitis since last visit/year.

For other major health outcomes, those with a prevalence
of ≥1% of all reported cases are shown in Table 5. The
major concomitant disorders identified are either respira-
tory, e.g. bronchiectasis and asthma or haematological
(splenomegaly and ITP). The annualized rate of infectious
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Table 2. Diagnostic delay for different primary immunodeficiency (PID) expressed as the time between symptom onset and diagnosis in years

(median and 25th and 75th quartiles).

Condition n 25th quartile Median 75th quartile

CVID 290 1 5 13

Diagnosed ≤16 years 83 0 2** 5

Diagnosed: 17–29 years 53 1·25 3** 10·25

Diagnosed: ≥30 years 154 2·25 8** 23

Hereditary angioedema 41 0 2 5

Agammaglobulinaemia 47 0 1 2

Other hypogammaglobulinaemia 27 0 1 3·5

CGD 47 0 1 3

**P < 0·05 for difference between <30 years and >30 years onset of common variable immunodeficiency (CVID) (Mann–Whitney–Wilcoxon test).

CGD: chronic granulomatous disease.

J. D. M. Edgar et al.
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complications is given in Fig. S1. The minimum reported
incidence of new infections peaks at 1·08/patient/annum in
2008. The majority of reported transplants were bone
marrow transplant (64% of episodes), other haematopoietic
stem cell (HSC) an additional 29%, with only 4% being a
solid organ and 3% HSC with gene therapy. There were
only 10 deaths recorded.

Discussion

There has been a long-standing recognition of the need for
an independent UK national PID Registry, as in other
developed countries providing high-quality care for this
patient group. The prior establishment of a working
ESID platform and the ability to link the UKPID Registry
to the larger ESID Registry to facilitate Europe-wide
research and collaboration were important factors in its
selection.

In 2009 there were seven UK centres contributing data
directly to the ESID Registry. The core registry team (V.K.,
D.G., B.G.) were all based at the Royal Free Hospital (RFH)
at the time of inception of UKPID Registry. Despite the fact
that national multi-centre approval had been secured, expe-
rience demonstrated that many participating centres (both
hospital research governance and local research ethics
offices) interpreted the protocols individually and often
required clarification of certain processes and procedures.
This aspect caused and continues to cause delay in the
recruitment of some centres. Nevertheless, it has provided a
further governance safeguard.

An indication of the success of these early efforts is the
fact that at the time of writing, 36 of 38 (95%) UK immu-

nology centres have engaged with this project. It has been
noted that the two supraregional centres for paediatric bone
marrow transplantation of SCID in the United Kingdom
are located in London and Newcastle upon Tyne and these,
along with several other large adult PID centres in London,
explain the large contribution from those cities. In the rest
of the United Kingdom, immunology centres tend to be
located in large cities with teaching hospitals, and so one
would expect the distribution of patients to reflect that
pattern of health-care service delivery. One-fifth of the
patients registered are under the age of 16 years, consistent
with the demographics of the general UK population. The
historic establishment of data entry by the UK
supraregional paediatric centres is also reflected in the
current age bias within the registry, with one in five subjects
under the age of 16.

Data presented at the 2012 ESID biennial conference
indicate that the UKPID Registry is now one of the larger
national registries in terms of patient recruitment. The total
recruitment figure of 2229 patients compares with other
national registries, as follows: France n = 4663, Spain
n = 1910, Germany n = 1602 and Italy n = 1182, allowing
for differences in population size. There has been a steady
pattern of data accrual since the start of the project; the rate
of increase has increased over the last 12 months with the
recruitment of an additional 555 patients. Interrogation of
the database indicates that this rapid increase over the past
12 months was not the result of a single factor or a single
centre, but rather was the net result of active contribution
of 18 of 27 centres. The increase in new patient data entry
accounts for patients for whom there is a single visit with
no follow-up at data lock.

Table 3. Diagnostic delay in common variable immunodeficiency (CVID) (calculated as year of diagnosis – year of onset) by age of onset of symp-

toms (calculated as year of onset– year of birth) and gender.

CVID subgroup n Min IQR-25 Median IQR-75 Max

Onset < 10 years 98 0 1 5 19 56

Male 54 0 2 7† 19 47

Female 44 0 1 2·5† 11·5 56

Onset ≤ 16 years 141 0 1 5 19 59

Male 71 0 1·5 7 20·5 59

Female 70 0 1 5 16·25 56

Onset 17–29 years 58 0 2 4 12·75 43

Male 30 0 2 4 12·75 43

Female 28 0 1·75 3 10·75 32

Onset 30–39 years 40 0 2 5 12·25 30

Male 22 0 1 5 8·75 30

Female 18 0 2 7 16 27

Onset 40–49 years 23 0 1·5 4 8 19

Male 10 1 2 3 5·75 19

Female 13 0 1 5 10 17

Onset ≥ 50 years 30 0 0·25 3 5 15

Male 10 0 1 1·5 3·75 4

Female 20 0 0 4 6 15

†Differences non-significant by Mann–Whitney–Wilcoxon test.

UKPID Registry 2008–2012
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The age and sex distribution of patients in the UKPID
Registry demonstrates demographic shifts in different age
ranges. Given that some PID conditions are inherited in an
X-linked pattern, it is perhaps not surprising that there is a
male predominance below the age of 30 years (overall
female : male ratio = 0·59); however, this gender ratio is
reversed in the adult population above 30 years
(female : male ratio = 1·26). This is an unexpected finding
which may be explained partially by the effect of X-linked
conditions being less dominant in the older age group.
Ascertainment bias in the currently recruited patients or
previously unrecognized biases for females to present with
adult-onset antibody deficiency are two other possible
explanations. In studies of hospitalized patients there was a
similar trend in all PID (female : male ratio = 1·13) and for
CVID in the United States (NY State) there is evidence for a
continuing trend for later onset of symptoms in females
and older age at diagnosis [12,13].

The breakdown of diagnosis into the nine most common
subgroups (Fig. 3) is consistent with other national regis-
tries, in that antibody deficiency syndromes are the most

common, accounting for 61% of cases to date. The data col-
lected to date suggest current overall prevalence of PID to
be 3·5/100 000 of the population. It is likely that some con-
ditions in which specific treatment is not always required,
e.g. IgA deficiency, will be underestimated in this registry, as
disorders associated with minimal symptoms may not need
referral to secondary care. In 2009, when the ESID Registry
last reported Europe-wide data, prevalence (per 100 000
population) was 3·7 in France with a minimum incidence of
12/100 000 live births [8], a 30-year cohort study from the
United States at the same time reported a figure of 10·3/
100 000 live births, compared to our observed peak inci-
dence in 2000–2008 of 12·5/100 000 live births. In 2010 the
French National Registry (CEREDIH) gave an overall
prevalence of PID as 4·4/100 000 [14]. The German registry
update of 2012 cites a prevalence of 1·5 per 100 000 popula-
tion [15]. The current UK data, presented with concurrent
data from France and Germany (personal communication,
B. Gathmann and N. Mahlaoui) is in keeping with these
other countries, the prevalence being nearer to that esti-
mated in France. The recent German data suggests that

Table 4. Frequency and dose of immunoglobulin replacement as well as trough serum immunoglobulin (Ig)G concentrations and infectious compli-

cation in antibody immunodeficiencies.

IVIG n Dosing interval Median interval (days)

– – Median IQR/month Range –

Antibody-deficiency patient 624 1·45 (1·42–1·45) 21·4

CVID patients 435 1·45 (1·42–1·45) 21·4

SCIG n Dosing interval Median interval (days)

– – Median IQR/month Range –

Antibody-deficiency patient 436 4·35 (4·35–4·35) 7·13

CVID patients 276 4·35 (4·35–4·35) 7·13

IVIG n Dose (mg/kg/month)

– – Median IQR Range

Antibody-deficiency patient 285 561·79 429·29–694·44

CVID patients 198 570·7 444·54–700·80

SCIG n Dose (mg/kg/month)

– – Median IQR Range

Antibody-deficiency patient 237 560·04 443·83–719·36

CVID patients 145 559·76 447·39–704·50

IVIG n Serum IgG levels (g/l)

– – Median IQR Range

Antibody-deficiency patient 278 9 7·07–11·0

CVID patients 191 8·7 6·7–10·5

SCIG n Serum IgG levels (g/l)

– – Median IQR Range

Antibody-deficiency patient 214 9·49 7·5–11·30

CVID patients 138 9·25 6·9–11·27

IVIG n No. of infections recorded since last visit

– – Median IQR Range

Antibody-deficiency patient 330 1 1·0–3·0

CVID patients 231 2 1·0–3·0

SCIG n No. of infections recorded since last visit

– – Median IQR Range

Antibody-deficiency patient 245 2 0·0–4·0

CVID patients 152 2 0·0–3·0

CVID: common variable immunodeficiency; IVIG: intravenous immunoglobulin; SCIG: subcutaneous immunoglobulin; IQR: interquartile range.
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Table 5. Serious health outcomes and interventions for all patients and common variable immunodeficiency (CVID_ subgroup; n represents the

number of cases recorded; a single patient may have more than one complication or intervention. Cases with a prevalence of >1% of all reported cases

only are shown.

(a) Major diagnosis non-malignant for all patients (n = 2480 cases) and CVID subset (n = 1492 cases)

All patients

Diagnosis No. of cases reported % of all cases reported

Bronchiectasis 457 18·43
Asthma 171 6·90
Splenomegaly, not elsewhere classified 75 3·02
Chronic obstructive pulmonary disease, unspecified 57 2·30
Idiopathic thrombocytopenic purpura 55 2·22
Chronic sinusitis 43 1·73
Essential (primary) hypertension 41 1·65
Osteoporosis, unspecified 38 1·53
Epilepsy 33 1·33
Atopic dermatitis 31 1·25
Hypothyroidism, unspecified 31 1·25
Non-insulin-dependent diabetes mellitus 29 1·17

CVID patients

Diagnosis No. of cases reported % of cases reported

Bronchiectasis 294 19·71
Asthma 86 5·76
Splenomegaly, not elsewhere classified 64 4·29
Idiopathic thrombocytopenic purpura 50 3·35
Chronic obstructive pulmonary disease, unspecified 36 2·41
Chronic sinusitis 32 2·14
Essential (primary) hypertension 27 1·81
Non-insulin-dependent diabetes mellitus 23 1·54
Osteoporosis, unspecified 21 1·41
Epilepsy 20 1·34
Disease of intestine, unspecified 18 1·21
Hypothyroidism, unspecified 18 1·21
Atopic dermatitis 16 1·07
Iron deficiency anaemia 16 1·07
Vitamin B12 deficiency anaemia 16 1·07
Other autoimmune haemolytic anaemias 15 1·01

(b) Tumour diagnosis in all patients from the registry (n = 120 cases)

Malignant diagnosis No. of cases reported % of all cases reported

Carcinoma in situ of skin 9 7·50
Hodgkins disease 8 6·67
B-cell lymphoma, unspecified 7 5·83
Carcinoma in situ of breast 7 5·83
Follicular non-Hodgkins lymphoma, unspecified 7 5·83
Malignant neoplasm of breast 6 5·00
Malignant neoplasm of prostate 5 4·17
Non-Hodgkins lymphoma, unspecified type 5 4·17
Carcinoma in situ of other specified sites 4 3·33
Chronic lymphocytic leukaemia 4 3·33
Carcinoma in situ of other and unspecified digestive organs 3 2·50
Diffuse non-Hodgkins lymphoma 3 2·50
Malignant neoplasm of bronchus and lung 3 2·50
Other specified types of non-Hodgkins lymphoma 3 2·50
Acute lymphoblastic leukaemia 2 1·67
Malignant melanoma of skin 2 1·67
Malignant neoplasm of anus and anal canal 2 1·67
Malignant neoplasm of colon 2 1·67
Malignant neoplasm of stomach 2 1·67
Multiple myeloma 2 1·67
Other disorders of pituitary gland 2 1·67
Other malignant neoplasms of skin 2 1·67

(c) Transplantation activity for all patients (n = 442)

Type n % of reported cases

Stem cells: bone marrow 284 64·25
Stem cells: peripheral blood 69 15·61
Stem cells: cord blood 34 7·69
Stem cells: unspecified 24 5·43
Gene therapy 14 3·17
Kidney 8 1·81
Liver 4 0·90
Lung 4 0·90
Heart 1 0·23
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there is likely to be an ascertainment bias due to centres
experiencing initial difficulties similar to those experienced
in the United Kingdom.

Diagnostic delay (the time from symptom onset to diag-
nosis) can result in the difference between survival and
non-survival in SCID. In this study the median age at diag-
nosis of SCID was 97 days, with a range 0–1389 days. These
data include cases with a known family history and there-
fore diagnosed at birth, accounting for at least a percentage
with very early diagnosis at birth. However, 75% of the
cases were diagnosed after 1 month and 37% after 3 months
allowing time for potential contraction of life-threatening
infections and, in some cases, the administration of bacille
Calmette–Guérin (BCG) vaccine. Of the cases with a diag-
nosis made after 6 months, the diagnosis was T− B+ SCID in
25 of 27 and T− B− SCID in two of 27. T−B+ SCID due to
either Janus kinase 3 (JAK3) or interleukin (IL)-2 receptor
gene are consistent with a milder phenotype, with previous
patients reported as presenting for diagnosis as late as 72
months (2160 days) and with a mean of 7·5 months [16].
Although these disorders are usually inconsistent with sur-
vival to adulthood if left untreated, with better outcomes
when treated before the acquisition of infection, these data
provide an insight into the prolonged time to presentation
when there is not a relevant family history to guide antena-
tal testing.

In support of this, the two UK paediatric supraregional
centres have previously reported outcomes of SCID in fami-
lies with more than one affected sibling in the period 1982–
2010 [17]. The median age of diagnosis in probands was 4·6
months (range 0–15 months), while in subsequent affected
siblings the median age of diagnosis was 0 days (range 0–29
days). There was a far better outcome in the latter group.
The technology for newborn screening for SCID on dried
blood spots is now available and this has been introduced in
several states in North America [18–20] and is being dis-
cussed in several European countries, including the United
Kingdom. The sooner this can be implemented, the sooner
we will be able to determine if improved outcomes truly
correlate with reduced diagnostic delay for this most severe
of all PIDs. It is worth noting that at present we do not
capture data on patients who have died at the time of diag-
nosis. This will currently result in an underestimate of the
prevalence of severe PID at least until newborn screening is
implemented.

Diagnostic delay has long been recognized as an impor-
tant contributor to morbidity in antibody deficiency
[21,22]. Time from diagnosis to treatment and suboptimal
treatment adversely affect major morbidity and mortality
related outcomes, including infectious complications and
recognition and survival from malignancy related to immu-
nodeficiency [22,23]. Data collected to date indicate that it
continues to be a problem, with the median diagnostic
delay for CVID in an adult being diagnosed above age 30
years being 8 years; P < 0·05 (Table 2). Reducing the diag-

nostic delay for CVID and related disorders has been a
long-held aspiration of clinical immunologists in the
United Kingdom. The most common complication
observed was bronchiectasis (at nearly 20% of the cohort),
and observationally this is linked to diagnostic delay. These
data suggest that progress remains unsatisfactory, at least in
the cohort thus far recruited, and it will be important to
monitor this indicator carefully as we increase patient
recruitment to the registry. An interesting subanalysis of
diagnostic delay data was observed when we looked at delay
in diagnosis for CVID in relation to gender and age of onset
of symptoms (Table 3). It appears that delay is greater for
males whose symptoms have been present since early child-
hood compared to females (not significant). The reasons for
this trend towards increased diagnostic delay for boys are
not clear. One might speculate that there may be a greater
focus on X-linked conditions for symptoms of childhood
onset, and perhaps exclusion of these conditions in sympto-
matic males may lead to other conditions being temporarily
overlooked. National surveys have identified gender differ-
ences in reported health (38% boys versus 27% girls).
Gender-related differences may be due to illness behaviour,
reporting and access to health care or gender bias in health-
care providers [24].

Other major health outcomes largely reflect a cohort
dominated by antibody deficiency, but the relatively high
prevalence of cases of autoimmune complications, both
solid organ and haematological, correlates with a complex
caseload and validates a need to survey for autoimmune
phenomena in our patient group. The overall prevalence of
malignancies reported was 5% of the patient cohort (unless
a single patient has more than one malignant diagnosis).
Haematological cancers as a group accounted for 35% of all
cases of malignancy with cutaneous malignancy unexpect-
edly high, at 7·5% of reported cases.

Immunoglobulin replacement therapy is the mainstay
of management of the antibody deficiency syndromes.
While SCIG has become a widely accepted modality of
delivering immunoglobulin treatment, it is interesting to
note that in the cohort of patients thus far entered, 60%
are receiving intravenous immunoglobulin (IVIG). One
would expect that as data entry becomes more complete
over time, the proportion of SCIG will rise. A more com-
plete data set will be achieved as the recently contributed
centres recruit patients and as with time more longitudinal
data are available. Similarly, the United Kingdom has a
very active programme of training patients to self-
administer their immunoglobulin treatment at home,
either as SCIG or IVIG. The current data indicate that
immunoglobulin replacement treatment is delivered in
hospital for 26% of patients, and at home for 32%. In 43%
of patients the place of infusion is not recorded. These
data confirm the preference for home therapy in the
United Kingdom, with the attendant benefits of patient
empowerment.
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The dose and serum IgG levels provide useful insight into
treatment practice in the United Kingdom. There is very
little variation in treatment intervals, with a median dose
interval for IVIG of 21·4 days and SCIG of 7·1 days. There is
also very little difference in median dose of immunoglobu-
lin between the SCIG and IVIG groups, suggesting that
patients are transferred from IVIG to SCIG on the same
dose/kg, despite known differences in bioavailability of IgG
between the two routes. The recorded serum IgG levels are
slightly higher in the SCIG group, which is likely to reflect
the differing dose intervals and kinetics of SCIG versus
IVIG, and these levels in SCIG patients are not directly
comparable to the trough levels in the IVIG treatment
group. The median serum levels recorded are certainly
within the levels predicted to prevent pneumonia; our
observed prevalence of serious infection was low while
patients still have some breakthrough infections [25]. The
annual incidence of new infection per prevalent patient
with antibody deficiency in the registry is given in Fig. S1
and demonstrates a peak in reporting with >1 significant

new infection per patient in 2008 versus the data in Table 4,
which demonstrates nought to four infections since the last
visit (with variable time-frames between visits) for patients
with antibody deficiency.

The UKPID Registry project has been welcomed by the
UK immunology community, as evidenced by the centre
enrolment and rapid increase in patient data entry.
Because of the longer-standing historic contribution to
data from the paediatric centres, at present there is a rela-
tive skew to paediatric case load, but this also represents a
cohort of patients which will migrate through to adult care
and for whom services need to be provided. There remain
challenges in terms of assisting and facilitating centres to
move towards completion of their data entry. From other
sources of information we estimate that there are likely
to be between 4000 and 5000 PID patients in the
United Kingdom, and we look forward to maximizing
data entry over the next 2 years in an effort to capture as
much information on this important patient cohort as is
possible.
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Fig. S1. Incidence of infections per patient per year.
Table S1. Frequency table for individual diagnosis and
disease prevalence. Estimated prevalence data for primary
immunodeficiency (PID) in the United Kingdom based on
national population of 62 989 550. (Eurostat: http://
epp.eurostat.ec.europa.eu)
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