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Summary

Common variable immunodeficiency (CVID) is the most common severe
primary immunodeficiency, but the pathology of this condition is poorly
understood. CVID involves a defect in the production of immunoglobulin
from B cells, with a subsequent predisposition to infections. Approximately
10–20% of cases are inherited, but even in families with a genetic defect the
penetrance is far from complete. A classification system for CVID has been
suggested (EUROclass) based on B cell immunophenotyping, but it has not
been shown that altered B cell immunophenotype is not a consequence
of the complications and treatment of CVID. This study compares the
EUROclass B cell immunophenotype of CVID patients (n = 30) with suitable
disease controls with bronchiectasis (n = 11), granulomatous disease
(Crohn’s disease) (n = 9) and neurological patients on immunoglobulin
treatment (n = 6). The results of this study correlate with previous literature,
that alterations in B cell immunophenotype are associated strongly with
CVID. Interestingly, three of the 11 bronchiectasis patients without known
immunodeficiency had an altered B cell immunophenotype, suggesting the
possibility of undiagnosed immunodeficiency, or that bronchiectasis may
cause a secondary alteration in B cell immunophenotype. This study showed
a significant difference in B cell immunophenotype between CVID patients
compared to disease control groups of granulomatous disease and immu-
noglobulin treatment. This suggests that granulomatous disease (in Crohn’s
disease) and immunoglobulin treatment (for chronic neurological condi-
tions) are not causal of an altered B cell immunophenotype in these control
populations.
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Introduction

Common variable immunodeficiency (CVID) is the most
common severe primary immunodeficiency [1], with an
incidence of between one in 10 000 and one in 50 000 [2].
It is characterized by low immunoglobulins (IgG, IgA and
IgM) and recurrent infections. Intrinsic or extrinsic defects
in the early and late stages of B cell differentiation may
account for the impaired immunoglobulin synthesis in
CVID. B cells mature and migrate from the bone marrow
to the periphery and acquire different surface markers,
such as CD19, IgM, IgD, CD27, CD21 and CD38. T cell
abnormalities and defects in monocytes and plasmacytoid

dendritic cells also play a part in B cell development
[3–11]. B cell surface markers can be used as a classifica-
tion system for CVID. The EUROclass B cell immunophe-
notypical classification [12] measures the percentage of B
cells (CD19+), the percentage of B cells of class-switched
memory phenotype (CD19+, CD27+, IgM-, IgD-), the per-
centage B cells of transitional type (CD19+, CD38++, IgM+)
and the percentage of B cells expressing low levels of CD21
in peripheral blood.

The EUROclass classification of the B cell phenotype
provides a basis for defining and comparing CVID patients.
The reduced class-switched memory B cell percentage in
CVID patients is associated with complications [13,14], and
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a CD21 low B cell expansion in CVID patients is associated
with autoimmunity [15–17]. Published trials have com-
pared CVID patients with and without complications, but
have not included non-CVID disease controls. Thus, despite
the routine use of the EUROclass B cell phenotype in the
evaluation of antibody deficiency, it is unclear if alterations
in B cell marker expression are associated with CVID, its
complications (e.g. bronchiectasis, granulomatous disease)
and treatment (e.g. immunoglobulin replacement), or
whether bronchiectasis, immunoglobulin treatment or
granulomatous disease may cause abnormalities independ-
ently of the presence of CVID. Intravenous immunoglobu-
lin has been shown to reduce the numbers of monocytes in
peripheral blood 4 h after administration [18], indicating
that immunoglobulins do have effects on immune cells, and
raising the possibility that immunoglobulin could have
direct effects on B cell immunophenotype.

B cell types

Class-switched memory B cells (CD19+CD27+IgM-IgD-) are
a sensitive marker for sufficient germinal centre function,
and their numbers are often reduced in CVID [19]. In
CVID there is a correlation between IgG antibody response
to pneumococcal polysaccharide and percentage of class-
switched memory B cells [13]. Some studies suggest a
clinical correlation in CVID patients between persistent
infection, requirement for antibiotic treatment and reduced
class-switched memory B cells [20]. Reduced class-switched
memory B cells are correlated with complications of CVID,
such as bronchiectasis, granulomas, autoimmunity and
splenomegaly [13,14]. The gating and staining pattern by
the EUROclass method unfortunately includes plasmablasts
within the class-switched memory B cell gate (which are
also CD19+CD27+IgM-IgD-) [normal range (including
plasmablasts) = 6·5–29·1% of B cells [14]], but normal
levels of plasmablasts in blood are low (0·4–3·6% of B cells
[21]), so the majority of counted cells in this gate are
switched memory B cells.

Materials and methods

We conducted a case–control study comparing CVID
patient’s B cell immunophenotype with that of disease
controls without CVID (bronchiectasis without known
hypogammaglobulinaemia, Crohn’s (granulomatous)
disease or neurological patients receiving current long-
term immunoglobulin treatment for immune-mediated
neuropathies). Primary end-points were differences in per-
centages of switched memory B cells between patient
groups.

Definitions

CVID patients were defined according to ESID criteria [22]:
patients with an IgG level two standard deviations below

the mean, evidence of increased susceptibility to infec-
tion (recurrent infection and/or poor response to test
vaccination) and exclusion of secondary causes of hypo-
gammaglobulinaemia. Bronchiectasis was diagnosed on
high-resolution computed tomography by consultant radi-
ologists at Barts Health National Health Service (NHS)
Trust. Granulomatous disease control patients had a diag-
nosis of Crohn’s disease and activity was scored using the
Harvey Bradshaw Index [23].

Patients

Patients were recruited from immunology, respiratory and
gastroenterology specialist clinics within Barts Health NHS
Trust. Patients were recruited sequentially from clinics
attended by members of the research team and gave written
consent for inclusion in the study.

The groups within the study were as follows: healthy
controls; CVID patients: with no bronchiectasis or gra-
nulomatous disease and not on immunoglobulin (CVID
without complications), with bronchiectasis (CVID and
bronchiectasis), on immunoglobulin (CVID on immu-
noglobulin), with granulomatous disease (CVID and
granulomatous disease), CVID patients could be a member
of more than one subgroup; bronchiectasis patients without
CVID (bronchiectasis controls); neurology patients on
long-term immunoglobulin without CVID, e.g. diagnoses:
chronic inflammatory demyelinating polyneuropathy,
multi-focal acquired demyelinating sensory and motor
neuropathy (MADSAM) (immunoglobulin controls); and
Crohn’s disease patients without CVID (granulomatous
controls).

Analysis of samples

Samples were processed according to our laboratory stand-
ard EUROclass protocol for B cell immunophenotyping and
analysed by flow cytometry (Appendix 1) [24]. Samples
were collected at routine medical visits, or at attendance for
in-hospital immunoglobulin treatment. For neurology and
CVID patients receiving immunoglobulin treatment the
timing of blood collection varied from immediately before
the infusion to several days after.

Statistics

Switched memory B cell numbers were compared between
all CVID groups and disease control groups using the
Wilcoxon–Mann–Whitney test.

Ethics

Ethical approval was attained through the Moorfields
and Whittington Research Ethics Committee (REC number
10/H0721/3) and was approved within Barts and the

P. Bright et al.

196 © 2012 Crown copyright.
This article is published with the permission of the Controller of HMSO and the Queen’s Printer for Scotland, Clinical and Experimental

Immunology, 171: 195–200



London NHS Trust. The trial was registered with clinicaltri-
als.gov; registration number NCT01196702.

Results

Numbers of patients and matched disease/healthy controls
are shown in Table 1. Age range (21–78 versus 28–87 years)
and sex (male/female; 13/17 and 18/19) of participants was
similar for CVID and control groups.

Three CVID patients on immunoglobulin (which
included two with bronchiectasis and one with granuloma-
tous disease) were excluded from analysis due to a lack of B
cells (i.e. < 1% lymphocytes were B cells).

Comparison of switched memory B cell percentages
between CVID and control patients

No healthy controls, patients on immunoglobulin treat-
ment for neurological reasons (immunoglobulin controls)
or Crohn’s disease patients (granulomatous controls) had
abnormal switched memory B cells, whereas 47% (14 of 30)
of CVID patients had low switched memory B cell
numbers. Three of 11 (27%) of bronchiectasis patients had
low switched memory B cells.

None of the disease control groups (bronchiectasis
without CVID, Crohn’s disease or immunoglobulin treat-
ment for neurological reasons) had statistically significant
differences in switched memory B cell percentages from
normal controls [bronchiectasis without CVID (P = 0·123),
neurological immunoglobulin treatment (P = 0·725) and
Crohn’s disease (P = 0·648)]. Similarly, uncomplicated,
untreated CVID patients (‘CVID without complications’)
showed a trend to reduction in switched memory B cell

numbers, but this did not reach significance (P = 0·087). In
contrast, patient groups with CVID on immunoglobulin or
with complications from CVID (granulomatous disease or
bronchiectasis) had significantly reduced switched memory
B cell numbers (see Fig. 1).

There was a significant reduction in switched memory B
cell numbers for CVID patients on immunoglobulin or
with granulomatous disease compared with individual
disease control groups. The apparent reduction in switched
memory B cell numbers for bronchiectasis patients with
CVID did not reach significance on this analysis due to
three of 11 bronchiectasis controls having unexpectedly low
switched memory B cell numbers.

Similarly, when each factor was analysed by an adjusted
linear regression model, CVID and immunoglobulin
[which was associated closely with CVID, owing to low
numbers in the immunoglobulin disease control group
(n = 6)] were associated with low switched memory B cell
numbers, while granulomatous disease and bronchiectasis
were not (data not shown).

Discussion

Switched memory B cell percentages

In keeping with the EUROclass study [12] there is a reduc-
tion in switched memory B cell percentage in patients with
CVID, compared with controls. In contrast to the other
CVID subgroups, this reduction did not reach significance
for uncomplicated CVID patients not on immunoglobulin
(one of six CVID versus none of 11 controls), probably
because of low numbers. Comparisons with relevant disease
control groups suggested that the abnormalities in B cell
immunophenotype are CVID-associated, rather than asso-
ciated with immunoglobulin treatment or granulomatous
disease. The choice of Crohn’s disease as a granulomatous
control may not be ideal, especially as only one of nine
Crohn’s patients had active disease. Other granulomatous
disorders, such as newly diagnosed tuberculosis or active
sarcoid, may be a better choice. Of note, five of nine
Crohn’s patients were taking long-term azathioprine,
without discernable effect on the B cell phenotype. Mouse
data suggest that azathioprine does alter B cell number and
function [25]. If the lack of effect of azathioprine on B cell
phenotype in humans is confirmed, this could be useful in
distinguishing primary from secondary antibody deficien-
cies in patients who have received azathioprine for autoim-
munity prior to the diagnosis of hypogammaglobulinaemia.

Of the bronchiectasis patients without CVID, 27% had
an abnormally reduced switched memory B cell population
on EUROclass (i.e. < 2% with normal levels being above
approximately 6–7% of B cells [14]). This profound reduc-
tion was not found in any of the other control populations.
The incidence of hypogammaglobulinaemia in patients
with bronchiectasis is thought to be low although some, but

Table 1. Patient [common variable immunodeficiency (CVID)] and

control (non-CVID) group numbers and percentage in each group of

studied subjects with less than 2% class-switched memory B cells

(CD19+CD27+IgM–IgD- B cells).

Number of subjects

studied (in brackets:

percentage of studied

subjects with switched

memory B cells < 2%

total B cells)

CVID Controls

No complication or

immunoglobulin treatment

6 (17%) 11* (0%)

Bronchiectasis 11 (54%) 11† (27%)

Immunoglobulin treatment 23 (56%) 6‡ (0%)

Granulomatous disease 7 (86%) 9§ (0%)

Total 30 (47%) 37 (8%)

*Healthy normal controls. †Bronchiectasis controls. ‡Neurology

patients on long-term immunoglobulin – immunoglobulin controls.
§Crohn’s disease patients – granulomatous controls.

CVID B cell immunophenotype
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not all, series suggest that undiagnosed, usually subtle, anti-
body deficiency may be present. In one report, 13 of 103
adult patients with bronchiectasis had reduced IgG3 levels
without panhypogammaglobulinaemia [26]. Another study
found that four of 56 bronchiectasis patients had either a
low IgG or poor response to test vaccination [27]. None
of the studies have measured switched memory B cell
numbers. The incidence of hypogammaglobulinaemia is
believed to be low in the other disease control groups,
although published data are lacking.

The low levels of switched memory B cells in bron-
chiectasis control patients could be attributable either to
alterations in switched memory B cells secondary to bron-
chiectasis, or undiagnosed immunodeficiency in some
bronchiectasis patients. IgG levels on these three bron-
chiectasis patients were within the normal range, and one
of them had specific antibody levels to pneumococcus,
Haemophilus influenzae B and tetanus measured, which
were normal. Test vaccinations have not been administered.
Of note, one bronchiectasis control patient in this study
was shown subsequently to have low total IgG, probably
secondary to treatment for an anti-neutrophil cytoplasmic
antibody (ANCA)-positive vasculitis and ongoing immuno-
suppression. Another bronchiectasis patient had a normal
total IgG, but low pneumococcal-specific antibody levels
(< 0·35ug/ml) [28] to seven of 13 serotypes. Both of these
patients had a normal EUROclass B cell immunopheno-
type. It will be necessary to test more bronchiectasis
patients and exclude antibody deficiency more rigorously
than was possible in this study to understand fully the
relevance of these findings.

Conclusions

Patients with bronchiectasis should be investigated for anti-
body deficiency. Neither the granulomatous control group
nor the immunoglobulin control group had abnormal B
cell immunophenotypes, providing preliminary support for
the hypothesis that granulomatous disease in Crohn’s
disease and immunoglobulin for neurological conditions do
not alter the B cell immunophenotype. Azathioprine did
not significantly alter EUROclass B cell immunophenotype
for the five patients studied.
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Appendix 1

Flow plots of normal and abnormal immunophenotypes
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