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Introduction

Primary immunodeficiencies (PIDs)

are uncommaon,

Summary

Primary immunodeficiencies (PIDs) are uncommon, chronic and severe dis-
orders of the immune system in which patients cannot mount a sufficiently
protective immune response, leading to an increased susceptibility to
infections. The treatment of choice for PID patients with predominant anti-
body deficiency is intravenous immunoglobulin (Ig) replacement therapy.
Despite major advances over the last 20 years in the molecular characteriza-
tion of PIDs, many patients remain undiagnosed or are diagnosed too late,
with severe consequences. Various strategies to ensure timely diagnosis of
PIDs are in place, and novel approaches are being developed. In recent years,
several patient registries have been established. Such registries shed light on
the pathology and natural history of these varied disorders. Analyses of the
registry data may also reveal which patients are likely to respond well to
higher Ig infusion rates and may help to determine the optimal dosing of Ig
products. Faster infusion rates may lead to improved convenience for patients
and thus increase patient compliance, and may reduce nursing time and
the need for hospital resources. Data from two recent studies suggest that
Gamunex® and Privigen® are well tolerated at high infusion rates. Neverthe-
less, careful selection of patients for high infusion rates, based on co-morbid
conditions and tolerance of the current infusion rate, is advisable. Based on
the available data, intravenous Ig offers broad protection against encapsulated
organisms. As vaccine trends change, careful monitoring of specific antibody
levels in the general population, such as those against pneumococcal and
meningococcal bacteria, should be implemented.

Keywords: antibody, common variable immunodeficiency, immunodeficien-
cies, registry, X-linked agammaglobulinaemia

This session on immunodeficiencies, chaired by Drs
Mark Ballow and José Luis Franco, opened with a presen-

chronic and severe disorders of the immune system in which
patients cannot mount a sufficiently protective immune
response, leading to an increased susceptibility to infections.
Immunoglobulin (Ig) replacement therapy was first used in
the 1950s for the treatment of PIDs characterized as pre-
dominant antibody deficiencies [1]. Since then, remarkable
progress has been made in understanding the clinical
improvements with Ig replacement, as well as in understand-
ing the many genotypic and phenotypic variations that result
in impairment or abrogation of cognate or innate immunity.

tation by Dr Luigi Notarangelo on the importance of timely
diagnosis of PIDs. Drs Bodo Grimbacher and Charlotte
Cunningham-Rundles then presented new data from large
PID patient registries in Europe and the United States,
respectively, and Dr Mark Stein reported on studies into the
use of higher infusion rates for intravenous immunoglobu-
lin (IVIg) administration in PID patients. The impact of
differences in antibody concentrations for specific patho-
gens in Ig replacement therapies was discussed by Dr
Matthew Helbert.
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Fig. 1. Cumulative risk of developing chronic lung disease in relation
to age at diagnosis in patients with X-linked agammaglobulinaemia
(XLA). Reproduced with permission from Plebani et al. [2].

Improving diagnosis of primary immunodeficiencies

Despite major advances over the last 20 years in the
molecular characterization of PIDs, many patients still go
undiagnosed or are diagnosed late, with adverse clinical
consequences. A collaborative Italian study has shown that
delayed diagnosis of patients with X-linked agammaglobu-
linaemia (XLA) leads to an increased cumulative risk of
chronic lung disease; patients who are not diagnosed until
the age of 10 years have a 40% chance of developing chronic
lung disease (Fig. 1) [2]. These patients are faced with life-
long disability as a result of late diagnosis and depend heavily
upon costly treatment and health care resources. Therefore,
timely diagnosis of PIDs is crucial.

Strategies to improve diagnosis of PID should include
both global tools, that can be applied worldwide, and
regional strategies that are particularly suited to the needs of
the local geographical area. Various strategies are in place,
and novel strategies and approaches are being developed.

One effective global tool for improving diagnosis of PIDs
is the use of awareness campaigns, which may target the
general population, primary care physicians and/or health
authorities. Advocacy groups, such as the Jeffrey Modell
Foundation and the Immune Deficiency Foundation, are
particularly effective at raising awareness and can help to
influence health authorities to implement policies that
benefit patients. Modern multimedia technologies offer a
broad range of opportunities for the distribution and
sharing of awareness campaigns and educational pro-
grammes throughout the world.

Continuing education of physicians from different speci-
alities is important, and as more and more PID patients are
living into adulthood it becomes increasingly important to
also educate those physicians who treat adolescents and
adults. An analysis of the European Society for Immunode-
ficiencies (ESID) registry showed an increase in the percent-
age of patients older than 20 years and a decrease in those
younger than 10 years from 2006 to 2009 [3].

Immunodeficiencies

The International Union of Immunological Societies
(IUIS) Committee on PID updates the classifications of PIDs
on a 2-yearly basis [4]. In addition, organizations such as the
ESID and the Pan-American Group for Immunodeficiency
(PAGID) have developed diagnostic guidelines [5]. Web-
based algorithms are also being developed to assist the diag-
nosis of PID. Other online systems, such as PAGID’s List
Service, which allows physicians to interact with their peers,
and PIDexpert, which aids physicians in the diagnosis of
PID, encourage collaboration among primary care physi-
cians, specialists and scientists. Such interactions provide
diagnostic guidance and permit the sharing of ideas and
knowledge among a wide range of health care providers.

Aside from these approaches that can be applied any-
where in the world, regional needs and opportunities exist.
Some PIDs are particularly common in certain geographical
areas because of, for example, founder effects, restricted
genetic isolates or higher consanguinity rates. Along with
disease-focused awareness campaigns, there is a need to
support the development of appropriate diagnostic tools in
these areas, including the use of immunological and
molecular assays. Regional registries already exist in a
number of countries, and may provide a way to expose
regional trends, while the merger of regional registries into
larger international databases may help to create a large pool
of patient data that may reveal trends not apparent in
smaller, regional registries.

In addition to these already available methods, novel diag-
nostic approaches are coming into practice. In particular,
assessment of T cell receptor excision circles (TRECs) using
dried blood spots collected at birth is being used currently
in a pilot programme for newborn screening of severe
combined immunodeficiency (SCID) in Wisconsin and
Massachusetts [6,7]. Early identification of infants with
SCID should lead to haematopoietic cell transplantation
(HCT) in the very first months of life, when the chance of
cure is >95%. Compared with other methods that may
permit identification of babies with SCID (such as direct
analysis of absolute lymphocyte count and subset distribu-
tion, or thymic ultrasound), assessment of TRECs on dried
blood spots has the advantage of being quantitative, objec-
tive and highly reproducible. The assay is cheaper and can be
automated and standardized easily. Customized PID gene
chips represent another example of technological develop-
ment that is expected to improve PID diagnosis in the future.

PID patient registries

In recent years, a number of groups have established patient
registries in order to determine the incidence, complications,
treatment and outcomes of patients with PIDs [8—17]. These
initiatives have been based in various geographic regions,
have highlighted different patient populations or concen-
trated on different facets of these conditions. The demand
for these registries is driven by multiple reasons, including
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Table 1. Percentage of live patients receiving immunoglobulin (Ig) replacement therapy within the largest primary immunodeficiency (PID) subgroups

in the European Society for Immunodeficiencies (ESID) database.

PID subcategory

Patients receiving Ig

Alive patients replacement (%)

Agammaglobulinaemias

Common variable immunodeficiency (CVID)

Class switch recombination defects (CSR)/hyper-IgM syndromes
X-linked lymphoproliferative syndrome (XLP)

T-B- severe combined immunodeficiency (SCID)
Wiskott—Aldrich syndrome (WAS)

Other unclassified T cell disorders

Human leucocyte antigen class II deficiency

T-B+ severe combined immunodeficiency (SCID)
Chronic mucocutaneous candidiasis (CMC)

CD4 deficiency

Immunodeficiencies of unknown cause
Hypogammaglobulinaemias (without CVID)
Hyper-IgE syndromes

DNA-breakage disorder

Familial haemophagocytic lymphohistiocytosis syndromes (FLH)
Autoimmune lymphoproliferative syndrome (ALPS)
Leucocyte adhesion deficiency (LAD)

DiGeorge syndrome

Severe congenital neutropenia and Kostmann syndrome
Chronic granulomatous disease (CGD)

500 92:2
1483 86-6
218 57-8
36 50-0
143 462
235 43-8
99 434
31 41-9
155 41-3
27 29-6
35 286
111 27-0
1823 24-4
114 22-8
353 22-1
52 17-3
78 154
30 67
230 4-3
258 39
300 37

increased awareness of these diseases, the availability of
potential new treatments, the extended life span of subjects
with these disorders and the desire to uncover the pathogen-
esis and molecular causes of immune defects in humans.
The impact of these resources on clinical care in PIDs has
been enormous. One of the first patient registries to be initi-
ated in the United States by the Immune Deficiency Founda-
tion was funded by the National Institutes of Health (NIH) to
collect data on chronic granulomatous disease (CGD) [17].
The goal of this registry was to determine the health of
patients with this rare granulocyte disorder, which had been
brought to the forefront because interferon (IFN)-y was an
emerging therapy [18]. The database demonstrated that CGD
was more common than perceived, and showed that signifi-
cant morbidity and mortality were pervasive in CGD [17].
These facts served to accelerate bone marrow transplantation
in CGD in the United States and in Europe [19,20]. In Europe,
the seminal data collection on children with hyper-IgM syn-
drome revealed that severe liver diseases were more common
than appreciated previously [21-23]. This led to work on the
causes, microbiology and cellular mechanisms of hepatic
disease [24] and to the realization that stem cell transplanta-
tion may be the optimal therapy for this immune defect
[20,25,26]. For patients with XLA, registry data revealed that
while two or three decades ago this condition was associated
more commonly with lung failure and viral neurological
disease, current patient survival is nearly the same as for
age-matched controls. These data also showed that adults
with XLA who are treated with the standard of care are doing

well and have good quality of life [8,27,28].In the past decade,
several web-based registries have been established to collect
data on selected immune deficiencies.

ESID online database

Centres from all over Europe specializing in PID are collabo-
rating under the auspices of ESID to document their patients
into a single database available online [3]. The ESID database
contains information mainly from patients in European
countries, but also from Iran, Egypt and Russia. The exist-
ence of national registries greatly facilitates the uploading of
patient information. As of 14 January 2009, the database held
data of more than 7500 patients.

The ESID registry encompassed all PIDs. Antibody disor-
ders accounted for 54% of patients registered, of whom
37% were diagnosed with common variable immuno-
deficiency (CVID). Phagocytic disorders made up 13%,
T cell defects 9%, complement deficiencies 2%, and other
well-documented disorders, including Wiscott—Aldrich
syndrome, made up 18%. Disorders of immune regulation,
autoinflammatory syndromes and unclassified PIDs
accounted for the rest of the patients.

A total of 2869 patients (42-1%) received Ig replacement
therapy, and antibiotics were taken on a regular basis by 1537
patients (22:6%). Interestingly, Ig replacement was given for
almost any PID (Table 1), although the rate of Ig replace-
ment was the highest in the group of antibody-deficient
patients, where 2317 (57-:6%) of 4024 live patients received
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Fig. 2. Proportion of patients treated with intravenous
immunoglobulin (IVIg) and subcutaneous (SC)Ig in selected
European countries, as documented in the European Society for
Immunodeficiencies (ESID) database. The total number of
documented patients receiving Ig replacement in each country is given
in brackets.

this form of therapy. There was a high rate of Ig replacement
in both CVID and XLA patients, with 1285 of 1483 CVID
patients (86:6%) and 390 of 415 XLA patients (93-1%) on Ig
replacement (Table 1).

While the intravenous route is the most common method
of administration for Ig therapy, the use of subcutaneous Ig
(SClg) is rising. Immunoglobulin was administered intrave-
nously in 2168 patients (75-6%), while 694 patients (24-2%)
made use of home therapy with self-administered subcuta-
neous infusions. One patient received intramuscular immu-
noglobulin, while for six patients the route of administration
was not documented in the Registry. The use of SCIg as
home therapy is available only in some European countries
and its use varies between countries, being particularly high
in Sweden. Among the countries currently represented in the
ESID registry, Germany had the highest rate of SClIg use,
with 53-4% of patients receiving immunoglobulin replace-
ment via the SC route (Fig. 2). Between countries there were
also differences in the interval of IVIg administration, with
the mean administration frequency in many countries being
every 3—4 weeks.

A key target in Ig replacement is achievement of an
adequate serum IgG trough level. The trough serum level
measured immediately before the next administered dose of
Ig should be at least 5 g/l, and ideally within the normal
range of healthy adult individuals (7-17 g/l [29]). The mean
IgG trough level in the ESID database was 6-86 g/l for CVID
patients (731 patients receiving Ig replacement with infor-
mation on the trough level available) and 7 g/l for XLA
patients (180 patients).

The effect of IgG trough levels on patients’ health was
analysed. The analysis was restricted to the subgroup of
antibody-deficient patients, because in this group antibody
substitution plays a critical role, while in other PID groups,
additional components of the immune system are defective
and may be treated insufficiently by antibody replacement.

Immunodeficiencies

The indicators used for measuring patients’ health were days
spent in hospital due to the antibody deficiency (not includ-
ing visits to out-patient clinics), number of infectious epi-
sodes and number of serious bacterial infections (all per 365
days). Patients (for whom data were available) were divided
into three groups according to the average IgG trough level:
<5 g/l, =5 and <7 g/l and =7 g/l.

A higher trough level (>7 g/1) led to a reduction in the days
spent in hospital and this trough level seems to have an
advantage over a trough level of 5-7 g/l with regard to the
patients” health, although the rate of infections does not seem
to improve despite this increase in trough level. However, if
the analysis is restricted to the subgroup of CVID patients, all
indicators show an improvement with a higher trough level.

The CVID patients were analysed further according to the
route of administration (IVIg versus SCIg). The results
(Fig. 3) support the notion that a trough level below 5 g/l
leads to infectious complications and that a level of >7 g/l
produces the best results, independent of the route of
administration.

Although these data were acquired retrospectively and do
not fulfil the requirements of a prospective and randomized
clinical trial, they point to the need to investigate further the
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Fig. 3. Health outcomes for patients receiving immunoglobulin (Ig)
replacement therapy in relation to the mean IgG trough level. (a)
Common variable immunodeficiency (CVID) patients on IVIg. (b)
CVID patients on subcutaneous (SC)Ig. The number of evaluated
patients per group and health indicator is given in brackets.
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role of IgG trough levels in future prospective trials. In
complex conditions such as immune deficiencies, there are
certainly other factors besides the serum IgG level that influ-
ence the immune response. It will be necessary to identify
these factors and to define subsets of patients who may need
higher or lower IgG trough levels for protection from
infection.

Update on CVID - data from a European CVID
registry and the USIDNet registry

As seen from the ESID registry data, CVID is the most preva-
lent and clinically important PID, a heterogeneous immune
deficiency considered to be genetic in origin [30]. Many of the
medical complications were already noted in the first report
of a large series in 1976 [31]. The most common clinical
manifestation of CVID is pneumonia, which is present in
80% of patients, of whom 25% present with recurrent epi-
sodes [32]. Remarkably, earlier analyses showed that there is a
lapse of approximately 6-8 years after the onset of known
lung disease and the diagnosis of immune deficiency [33,34].

Similarly, a recent study of a CVID cohort conducted in
seven European hospitals showed that the length of time
between the first characteristic symptoms and diagnosis is
still 8 years [35]. In addition to infections, many patients
with CVID have other clinically challenging complications,
including autoimmunity [36,37], granulomatous infiltra-
tions [38—41], lymphadenopathy and/or splenomegaly or
non-Hodgkin’s lymphoma [35,42]. It appears that CVID
subjects with only infectious complications tend to do well,
but the presence of other complications leads to increased
mortality [13]. Neither initial levels of serum IgG nor the
length of diagnostic delay were predictive of earlier mortality
[35]. Furthermore, although chronic lung disease continues
to be of concern in CVID [43—-45], initial serum IgG levels
were not predictive of the presence of chronic lung disease in
this cohort [35]. However, when present, bronchiectasis was
also associated with reduced survival [35].

The USIDNet Registry for Primary Immune Deficiency is
based on a Core Data form and a series of disease-specific
forms [46]. The essential data fields map to the ESID data
forms, so that harmonization can be achieved. As of April
2009, the data bank held clinical and laboratory information
for 889 CVID subjects submitted by 122 physicians in 112
different medical institutions. Fifty-six per cent of the
patients were female and 44% male. The majority of the
patients (95%) were Caucasian non-Hispanic, 4:3% were
Hispanic and 3-5% were African American. The median age
at diagnosis of CVID was 32 years; however, as noted previ-
ously [47], diagnosis was made one decade earlier for males,
at a median age of 25 years, compared with females, who
were diagnosed at a median age of 36 years. The median Ig
levels at the time of diagnosis were 210 mg/dl for IgG, 25
mg/dl for IgA and 8 mg/dl for IgM. Most patients (88%) had
experienced at least one infectious complication, including

Infections 88
Pneumonia 62
Autoimmunity fres— 22
Enteropathy =19
Cancer jp—13
ITP

Asthma |10
Splenomegaly =9
Granulomoma fss=7

Lymghaner_\opath_y frn 7
ronchiectasis jss=7

Lymphoma =6
Haemolytic anaemia =6, 1 1 1 1 1 1 1 1 |
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Fig. 4. Percentage of clinical manifestations and complications in
common variable immunodeficiency (CVID) subjects from the
USIDnet registry.

pneumonia (62%) (Fig.4), sinusitis (64%), bronchitis
(50%) or otitis media (35%). Bronchiectasis was found in
7% of patients, and other forms of chronic lung disease in
11%. Malignancy occurred in 13% of patients, with lym-
phoma accounting for almost half of all cancers (6% of
patients). Almost all patients were receiving IVIg at the time
of the survey and many (45%) were also on prophylactic
antibiotics, at least intermittently. Survival statistics for this
group are not yet available, but a subanalysis of 71 deceased
patients of another cohort of 338 subjects from Mount Sinai
Medical Centre indicated a decreased life span for this
cohort, as has been noted previously [47].

Patient registries: summary

While the genetic causes of CVID are still unclear for the
majority of subjects, clinically relevant methods of classifi-
cation of subjects into diagnostic groups as, for example, by
B cell phenotypes [48-50], have emerged as a means of better
predicting outcomes. As for other PIDs, CVID is a rare con-
dition, and only by the longitudinal collection of data from
large patient populations can more accurate information be
obtained. Most registry data have been collected from
medical institutions that concentrate on immune deficiency
diseases, and as a result are likely to see more complex cases;
however, as shown in a number of other surveys on PIDs
[8,17,51], a number of subjects with PID in the United
States, presumably in a stable condition, receive care in
medical practices where only a few patients are being
followed. This may be especially true for antibody deficien-
cies such as CVID. Collecting data from these sources will be
important to generate a more precise picture of the overall
natural history of these immune defects.

Use of high infusion rates for IVIg in PID patients

As discussed above, patient registries for such complex syn-
dromes as PIDs may help to reveal broad patterns related to
these diseases and their management. According to the
national survey of the Immune Deficiency Foundation, the
average length of IVIg infusion in PID patients is 3-5 h.
Shortening the length of infusion would provide increased
convenience for the patient and may be more cost-effective,

18 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 158 (Suppl. 1): 14-22



due to the shorter requirements for nursing time and hospi-
tal resources. However, the impact of higher infusion rates
upon tolerability needs to be addressed. Currently, there are
only two studies of more than 20 patients with PID in whom
high infusion rates were used for IVIg therapy.

In a prospective, single-blind, randomized, cross-over trial
involving 97 subjects, infusions of single doses of Gamunex®
at a rate of 8 mg/kg/min or 14 mg/kg/min were compared
[52]. All patients received a single dose at each infusion rate
at their usual 3- or 4-week interval, and were randomized as
to which rate they received first. In this study, the incidence
of any adverse event was similar for the higher and lower
infusion rates (37-1% and 32-0%, respectively), although the
incidence of ‘predefined’ infusion-related adverse events was
10-3% at the higher infusion rate and 3-1% at the lower
infusion rate.

A second trial was performed recently as an extension to
the pivotal study of Privigen® in PID. In the pivotal study [53],
Privigen® was shown to be well tolerated and effective for the
treatment of PID. The extension study was a prospective,
multi-centre, open-label, single-arm study designed to assess
the tolerability and safety of Privigen® when used at higher
infusion rates (i.e. up to 12 mg/kg/min) than those used in the
initial pivotal study (i.e. up to 8 mg/kg/min). Of the 80 origi-
nal subjects, 45 continued in the extension study and were
eligible for the highest rate of infusion. The rate of infusion
for each patient was determined by the on-site investigator.
The main outcome measurement was the incidence of tem-
porally associated (within 72 h) adverse events (TAAEs).

Forty-five patients from 10 centres in the United States
participated in the trial and 33 patients completed the study.
Of the 12 patients who withdrew from the study, only one
withdrew due to a non-fatal adverse event. The patients were
divided into two groups: previous maximum infusion rate
(low) (LIR), i.e. =8 mg/kg/min; or high maximum infusion
rate (HIR), i.e. 8-12 mg/kg/min. Proportion of infusions
with TAAEs were compared between the two groups. Analy-
sis of the study results indicates that the rate of TAAEs was
not higher in the HIR group compared with the LIR group.

These two high-infusion-rate studies had major dif-
ferences. In the Gamunex® study, all patients received a
single dose at the higher infusion rate in a blinded fashion.
The incidence of infusion-related adverse events was higher
with the faster infusion rate, although the incidence was low
at both rates [52]. The infusion rate used (14 mg/kg/min)
was higher than the maximal rate (12 mg/kg/min) used in
the Privigen® study. In the Privigen® study, 257 infusions
were given at the maximal rate (12 mg/kg/min) over a
12-month period. Preliminary results indicate no positive
correlation between infusion rate and the rate of TAAEs.
However, there was probably some selection bias from inves-
tigators selecting patients who were perceived to be at lower
risk for adverse reactions with high infusion rates. This selec-
tion of patients may account for the decreased rate of TAAEs,
including headaches, in the HIR group.

Immunodeficiencies

These two studies suggest that Gamunex® and Privigen®
are well tolerated at high infusion rates. Careful selection of
patients for high infusion rates, based on co-morbid condi-
tions and tolerance of the current infusion rate, is advisable.
Patients who already are having TAAEs at lower infusion
rates will probably not tolerate higher infusion rates.

Specific antibody responses: anti-polysaccharide
antibodies in IVIg

Despite regular Ig therapy and the achievement of trough
IgG levels thought to be protective (i.e. >7 g/1), PID patients
continue to experience infections, particularly of the respi-
ratory tract, as confirmed by the registry data presented
above. The addition of prophylactic antibiotics does not
prevent respiratory infection completely, which occurs pre-
dominantly with encapsulated organisms such as Haemophi-
lus, Pneumococcus and Moraxella [54]. Rarely, patients on Ig
replacement experience severe non-respiratory infection
with organisms such as Neisseria meningitidis, even when
trough IgG levels above 10 g/l have been achieved [55].

Polymorphisms in immune response genes and concomi-
tant structural damage (for example, due to sinusitis or
bronchiectasis) might confer ongoing risk for infection in
patients on Ig therapy. Additionally there is a theoretical risk
that Ig products do not always provide optimum levels
of antibodies against encapsulated organisms. This could
occur, for example, when plasma is sourced and used in
different continents or different populations, either of which
may differ in epidemiological characteristics. Alternatively,
fractionation, purification or virus inactivation steps may
reduce antibody levels quantitatively or affect their opsonic
or complement-fixing function.

Most Haemophilus infections experienced by PID patients
are non-typeable and the utility of antibody levels is difficult
to determine. The measurement of antibodies against
Moraxella species is in its infancy. Thus, most studies on
anti-polysaccharide antibodies in IVIg have used Pneumo-
coccus and Meningococcus as model bacterial infections. The
technology of these assays has benefited from the drive to test
commercial polysaccharide vaccines.

One study of antibody concentrations in IVIg showed
considerable variation in the levels of antibodies against the
eight strains of Pneumococcus investigated [56]. In this study,
there were similar levels of antibodies in batches sourced in
the United Kingdom and in the United States (Fig. 5). The
highest levels of antibodies in serum investigated in the
United Kingdom were against strains 6, 19 and 14, reflecting
seroprevalence data in young adults [57]. Others have con-
firmed the finding that antibodies against serotypes 19 and
14 predominate in IVIg [58,59].

These studies offer two explanations as to why patients
on Ig therapy experience breakthrough pneumococcal
infections. One explanation may be that these infections
involve strains that otherwise cause infections in the elderly

© 2009 British Society for Immunology, Clinical and Experimental Immunology, 158 (Suppl. 1): 14-22 19
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Fig. 5. Levels of antibodies to different strains of Streptococcus
pneumoniae in Vigam® liquid produced from UK or US plasma [56].
Three batches of Vigam® liquid from UK plasma and five from US
plasma were analysed. Antibody titres to S. pneumoniae serotypes were
determined by enzyme-linked immunosorbent assay using a
standardized protocol.

(predominantly serotypes 9 and 23). Ig products tend not to
contain high levels of antibody against these pneumococcal
strains. Serotyping the infecting strains isolated from PID
patients could test this hypothesis readily. A more prosaic
explanation may be that although IgG levels are corrected in
manufacture, there may be batch-to-batch variation in the
levels of anti-pneumococcal antibodies. Inter-batch varia-
tion of up to 25% in pneumococcal antibodies has indeed
been observed [58].

Antibodies against N. meningitidis can also be measured
using standard solid phase antibody capture assays. These
have been used to show, for example, that IVIg batches
sourced on either side of the Atlantic contain similar levels of
antibody against Meningococcus [56]. However, the epide-
miological studies used to determine levels of antibody that
protect against Meningococcus used bacteriocidal assays,
measuring the ability of the antibody to bind to the pathogen
and activate complement. Reassuringly, in epidemiological
studies on donated serum samples, bacteriocidal antibody
levels correlate generally with geometric mean concentra-
tions of IgG antibody against N. meningitides [60,61]. Com-
parable data showing both antibody levels and bacteriocidal
activity in Ig replacement suggest there is a lack of concor-
dance between in vivo bacteriocidal antibody and anti-
meningococcal antibody levels measured by enzyme-linked
immunosorbent assay (ELISA) in a PID patient on Ig
replacement therapy [55]. The assumption remains that the
rare patients developing meningococcal infection while on Ig
therapy may have other problems contributing to infection,
for example concomitant mannose-binding lectin (MBL)
deficiency.

The major difficulty with these data may be the lack of
understanding of how levels of specific antibodies in Ig prod-
ucts translate into antibody levels in the blood of recipients.

The ideas explored here, namely absence of antibody specific
to infecting strains of Prneurmococcus, batch-to-batch variation
and loss of bacteriocidal activity, may offer some explanation
as to why patients on Ig replacement continue to experience
infections. Therefore, it might be useful to evaluate how well
in vitro antibody and bacteriocidal levels in Ig products cor-
relate with the corresponding level in patients and to correlate
these with the serotype of infecting organisms.

It will be of interest to see how, in the next few years, the
impact of new vaccination schedules will influence these
concerns. The first generations to receive routine meningo-
coccal and pneumococcal vaccination will eventually begin to
donate to the plasma pool, and it is not yet known whether
high levels of antibody are sustained. It is known that follow-
ing the introduction of conjugated meningococcal C vaccine
in the United Kingdom in 1999, levels of bacteriocidal anti-
body levels have fallen in older individuals [61]. This may be
a consequence of improving herd immunity against Menin-
gococcus C in the young and reduced (boosting) exposure in
the elderly. Further surveillance will be required to monitor
these ramifications of changes in vaccine strategies. We can
conclude that, based on the currently available data, Igbatches
offer broad protection against encapsulated organisms.

Summary

A great deal of effort has been put forth to understand the
immune defects in PIDs more clearly. Global and regional
efforts towards improving collaboration among health care
providers will be crucial for proper and timely diagnosis of
patients with PIDs, which in turn will help to drive further
improvements in patient outcomes. Excellent examples of
successful and productive collaborations are patient data-
base registries, such as those compiled by ESID in Europe
and USIDNet in the United States. These patient registries
have already and will continue to shed light on the pathology
and natural history of these varied disorders. Analyses of the
registry data may also reveal which patients are likely to
respond well to higher Ig infusion rates and may help to
determine the optimal dosing of Ig products. High infusion
rates, in turn, may lead to improved convenience and thus
increase patient compliance. Data from the registries show
that infection remains the most common complication of
PIDs. Careful monitoring of specific antibody levels in the
general population, such as those against pneumococcal and
meningococcal bacteria, should be implemented as vaccine
trends change.

Overall, although numerous advances in our understand-
ing of Ig treatment for immunodeficiencies have clearly been
made, there is still much to be learned about these multi-
faceted syndromes.
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