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Patients with primary antibody deficiency (PAD) remain
susceptible to recurrent respiratory tract infections, includ-
ing infections of the sinuses, throat and upper and lower
respiratory tract, despite seemingly appropriate immuno-
globulin (Ig) therapy [1–3]. Important questions remain as
to how best to detect and diagnose these infections and
potential subclinical disease, as well as how to modify treat-
ment to improve outcomes.

Common variable immunodeficiency (CVID) is charac-
terized by reduced serum levels of IgG, IgA and/or IgM,
with a failure to produce specific antibodies. The standard
treatment for CVID patients is intravenous (i.v.) or subcu-
taneous (s.c.) replacement with IgG. Analyses of large
cohorts of patients with CVID show that alongside cancer,
chronic lung disease remains the major cause of morbidity
and mortality [2].

It has been shown that there is an ongoing decline in lung
function above predicted levels in PAD patients and that is
greater than the decline which would occur in heavy
smokers [4]. The results of several studies have shown a
decline in lung function over time, which has been associ-
ated with lower IgG dose, IgG trough levels <5 g/l, low IgA
and low mannose-binding lectin levels [5]. Risk of pneu-
monia in CVID is associated similarly with sinusitis, bron-
chiectasis, low IgG trough, low IgA and low class-switched
memory B cells [5]. Patients with levels of IgA closer to
normal have a milder phenotype, suggesting that the
absence of IgA acts like a second defect or co-factor in addi-
tion to the low IgG [6]. In addition, IgM antibodies, which
are also transported to the mucosal surface, appear to
confer a degree of protection against colonization of the
airway epithelia with Haemophilus influenzae in patients
with hypogammaglobulinaemia [7].

There is a clear relationship between IgG dose and IgG
trough levels, with wide interindividual variation and an
inverse correlation between trough and infection outcome,
supporting the use of higher doses of IgG in reducing infec-
tions, particularly severe infections such as pneumonia.
Meta-analyses of clinical studies of IgG replacement for
primary immunodeficiency (PID) patients have shown that,

with each 100 mg/dl increment of IVIg trough level, the
occurrence of pneumonia is reduced by 27%, with similar
trends observed for SCIg [8,9]. However, the IgG trough
levels required to prevent breakthrough bacterial infections
vary between patients, suggesting that individualized dosing
strategies are needed [10]. In addition, CVID patients with
existing complications, such as bronchiectasis or with par-
ticular clinical phenotypes, may require higher IgG replace-
ment doses than those without complications to achieve the
same protective trough IgG levels [5]. This is also the case
for patients with X-linked agammaglobulinaemia (XLA)
who require higher IgG doses [5]. These findings are cor-
roborated further by the finding of increased risk of infec-
tions in the last week of the IVIg dosing cycle, when the IgG
levels are at their nadir [11].

Several studies have demonstrated the presence of sub-
clinical infections with bacterial, fungal and viral pathogens
[12,13]. Patients often describe the coincidence of upper
airway sinus and respiratory tract infections, or the devel-
opment of a secondary bacterial chest infection, follow-
ing a viral upper respiratory tract infection. Sinusitis and
upper respiratory tract infections caused by viral and bacte-
rial pathogens remain the most common reported infec-
tions in this group of patients despite IgG replacement
therapy.

Bacteria such as non-encapsulated, non-typeable
H. influenzae, Streptococcus pneumoniae and Moraxella
catarrhalis are the most frequently causative agents of recur-
rent pneumonia, bronchitis, sinusitis and otitis in PID
patients [7] although, without testing, it is unclear how
many episodes of bacterial infection are preceded by viral
upper airway infections in PAD. Studies in asthma patients,
however, show a clear increase in the detection of bacteria
during and following a rhinovirus (HRV) upper airway
infection with a concomitant increase in asthma exacerba-
tions [14].

Appropriate IgG dosing regimens have significantly
reduced the incidence of bacterial pneumonia in PAD;
however, the level of possibly less severe respiratory tract
infections has continued over time, as shown in Fig. 1.
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PAD patients also have a higher frequency of upper res-
piratory tract infections with HRV, and the period of viral
shedding in these patients is much longer than in
immunocompetent children or adults (P < 0·001, log-rank
test), despite IgG replacement therapy [13,15]. The mean
(95% confidence interval) duration of HRV shedding was
found to be 11·4 (8·2–14·7) days in children, 10·1 (7·4–12·9)
days in adults and 40·9 (26·4–55·4) days in patients with
hypogammaglobulinaemia (P < 0·001) (Fig. 2). The dura-
tion of respiratory tract symptoms correlated with the
duration of virus shedding (P = 0·002), and new infections
by another HRV type soon after the first episode were
common [15]. Taken together, these data suggest that upper
airway infection, in particular HRV infections, are frequent,
prolonged and clinically significant in PAD patients.

Additionally, although fungal respiratory tract infections
are reportedly rare, in a cohort of 90 patients with con-
firmed CVID five episodes of fungal infections were identi-
fied; one was severe and four were non-invasive moderate
infections [5].

Detection of subclinical infections is challenging, but
may be achieved with improved clinical, immunological
and microbiological vigilance and characterization. The
combined use of more aggressive microbiological sampling,
molecular detection of pathogens by polymerase chain

reaction (PCR), improved delineation of the immunologi-
cal defect [e.g. pan-hypogammaglobulinaemia (PHG)
versus mucosal IgA, combined immunodeficiency (CID)]
and improved delineation of the clinical defects (sinusitis,
bronchiectasis) using lung and upper airway imaging tech-
niques such as magnetic resonance imaging [16], where
repeated assessments are needed, are likely to contribute to
a better understanding of the heterogeneity of CVID
patients, which will ultimately individualize and improve
patient care.

The aetiology of progressive structural lung disease is
likely to be multi-factorial, with a role for infection and
subclinical infection as well as inflammatory changes which
are unrelated to infection. The role of the mucosal immune
system (IgA and IgM) in modifying outcomes in PAD has
been shown alongside sinusitis and more frequent and pro-
longed viral infections. The recognition, diagnosis and
treatment of pathology of the upper airway must not be
forgotten, as this is the gateway for infections of the lower
airways and thus ongoing lung damage. This suggests that a
more detailed understanding of these mechanisms will help
to define how the challenges of subclinical infection could
be met by targeted therapies, such as optimized systemic or
topical Ig replacement strategies, improved antibiotics, anti-
virals and interferon alpha [17], aimed at preventing or
treating infection before lasting damage occurs.
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Fig. 1. A combined analysis of data on the percentage of patients

experiencing pneumonia and recurrent respiratory tract infections is

shown in three large series of common variable immunodeficiency

(CVID) patients in 1999, 2008 and 2011 [two from the same cohort in

the United States 12 years apart (248 and 252 patients) and one from

a French cohort (473 patients)]. Accepting the potential difficulties in

the interpretation of combined data from several sources, there is a

decline in the percentage of patients’ pneumonia over time, perhaps

representing a change in immunoglobulin (Ig) dosing or greater use of

prophylactic antibiotics. In contrast the percentage of patients with

recurrent respiratory tract infections has remained high at more than

90% in all of the studies. This term will include infections of the

sinuses, throat, upper and lower respiratory tract which do not fulfil

criteria for pneumonia.
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Fig. 2. Virus shedding after human rhinovirus (HRV) infection

(reproduced from [15], copyright 2013 European Society of Clinical

Microbiology and Infectious Diseases, with permission from John

Wiley and Sons). The striking difference in the prolongation of

duration of shedding of rhinovirus between immunocompetent

children and adults alongside primary antibody-deficient patients

on immunoglobulin (Ig) replacement therapy is shown.
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