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In severe humoral immunodeficiency the indication for antibody replacement therapy (ART) is clear, and sup-
ported by several large studies. However, for milder forms of humoral immunodeficiency, the indication for
ART is less clear. This is a retrospective cohort study of 87 adults with recurrent respiratory tract infections
who received ART. The patients had severe or mild humoral immunodeficiency, and were followed up for a me-
dian of 62months. Infection frequency, pharmacy-registered antibiotics use and hospital admissions significantly
decreased under ART compared to the year prior to starting ART (median 5.50 (anamnestically)–0.82 (physician-
confirmed) infections/year, p b 0.001;median 4.00–2.05 antibiotics courses/year, p b 0.001;mean 0.75–0.44 hos-
pital admissions/year, p=0.009). These beneficial effects of ARTwere seen in both severe andmild immunode-
ficiency. Bronchiectasis was present in 27 patients when ART was started, but was not associated with clinical
outcomes. An increase in hospital admissions under ART, observed in some patients, was significantly associated
with pulmonary emphysema and current smoking. In conclusion, this study shows that ART is a long-term
effective therapy in adults with recurrent respiratory tract infections with severe as well as with milder forms
of humoral immunodeficiency.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In 1952 Colonel Ogden C. Bruton described the first case of
agammaglobulinemia in a child with recurrent respiratory tract
infections (RTI). This patient was successfully treated with antibody re-
placement therapy (ART) (Bruton, 1952). Agammaglobulinemia and
hypogammaglobulinemia are states of absent or low levels of circulat-
ing antibodies. These conditions are the hallmark of primary antibody
deficiencies (PADs). PADs vary in severity: from agammaglobulinemia
to mild hypogammaglobulinemia to normogammaglobulinemia and
impaired specific antibody production to vaccination. Various genemu-
tations have been found to cause PADs, but in most patients the precise
cause remains unknown (Durandy et al., 2013). The estimated preva-
lence for PADs ranges from 1.3 to 2.9/100,000 persons in Europe
(Edgar et al., 2014), although the actual prevalence is likely higher due
to underdiagnosis of PADs and underrepresentation of mild PADs in
y and Respiratory Medicine, St.
The Netherlands.
van Kessel).

. This is an open access article under
these estimates (Edgar et al., 2014). The most notable clinical manifes-
tations of PADs are recurrent RTI (Bonilla et al., 2015), and the treatment
of choice is still ART, as introduced by Bruton 64 years ago. Prognosis is
mainly determined by organ damage due to infections and the develop-
ment of autoimmune or malignant disease.

The indication for ART is evident in case of hypo- or agammaglobu-
linemia (Bonilla et al., 2015, Orange et al., 2006). Despite the lack of ran-
domized placebo-controlled trials, there is a broad consensus to provide
ART to these patients. Non-randomized studies demonstrating the
benefit of ART in hypo- or agammaglobulinemic patients have been
published decades ago, as well as more recently (Nolte et al., 1979;
Ammann et al., 1982; Cunningham-Rundles et al., 1984; Roifman et
al., 1985; Quartier et al., 1999; Quinti et al., 2011; Lucas et al., 2010).
The Primary Immunodeficiency Committee of the American Academy
of Allergy, Asthma and Immunology performed a systematic literature
review of the use of antibody replacement therapy (ART) in human dis-
ease in 2006 (Orange et al., 2006). Despite the absence of double-blind
placebo-controlled studies the committee found the existing studies
compelling enough to indicate ART in patients with severe antibody de-
ficiency (agammaglobulinemia or hypogammaglobulinemia), such as
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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common variable immunodeficiency (CVID) or X-lined agammaglobu-
linemia (XLA).

In milder forms of humoral immunodeficiencies e.g. IgG subclass
deficiency (IgGSD) or specific antibody deficiency (SAD) there is less
evidence supporting ART. There are few studies that thoroughly
compare clinical and immunological characteristics before and during
ART in these patients. The most extensive study is a retrospective
study of 132 adult patients with IgGSD and ≥4 RTI per year (Olinder-
Nielsen et al., 2007). Treatment with ART in the form of subcutaneous
immunoglobulins (SCIG) resulted in a significant reduction of antibiot-
ic-treated RTI in the most recent year of ART. Other studies have much
smaller patient populations or were unable to obtain objective
measures of infection frequency or baseline measurement with which
to compare infection frequency under ART (Bjorkander et al., 1986;
Abdou et al., 2009; Abrahamian et al., 2010). There have been no studies
of ARTwith long-term follow up and robust outcome parameters in pa-
tients with mild immunodeficiency. As ART is an expensive therapy
(20,000–30,000 euros per patient per year) it is important to establish
clinical efficacy in patients with mild immunodeficiency.

The outpatient clinic of the Department of Pulmonology at the St.
Antonius Hospital is a referral center for adult patients with recurrent
RTI. Clinical and immunological characteristics of the patients are sys-
tematically evaluated, and then a multidisciplinary decision is made
whether or not to initiate ART. This patient group comprises both severe
adult-onset immunodeficiency such as CVID and mild adult-onset im-
munodeficiency such as SAD. Herewe present the clinical and immuno-
logical data from adult patients with recurrent RTI who were treated
with ART at our center. The objective of this study was to determine
the efficacy of ART in this population. Clinical outcome parameters
were compared between the period prior to ART and long-term fol-
low-up.

2. Patients and Methods

In this retrospective cohort study we included 87 patients referred
for analysis of recurrent RTI in the period 1992 until 2014. The clinical
and immunological screening before starting ART comprised infection
history and immune status investigation according to the immune sta-
tus protocol of that time (the Dutch NationalWorking Group for Immu-
nodeficiencies (WID) and European Society for Immunodeficiencies
(ESID) protocols) (Vossen and Zegers, 1988, de Vries et al., 2000, de
Vries, 2006). Data were retrieved from patient records. For every
patient, the history and laboratory results, including response to
pneumococcal vaccination, at time of immunological screening were
collected, as well as clinical and laboratory follow up data after that
time. Data were collected up until July 2014, or until a patient was lost
to follow up or died. Thus, there was no fixed length of the follow-up
period. If patients gave written consent their home pharmacy was
contacted with a request for providing the patient's antibiotics use.
Antibiotics use was only available for patients who started with ART
after 2002. The local medical ethics committee approved of the study
and allowed contacting the pharmacies of patients that had passed
away. The study was conducted in accordance with the principles of
the Declaration of Helsinki (2013 version).

2.1. Antibody Replacement Therapy

ART was started in patients with a diagnosed immune deficiency
and recurrent infections. Intravenous immunoglobulins (IVIG) were
given monthly at the outpatient department of the hospital or at
home, whereas SCIG was (self-)administered daily or weekly at home.
The choice between these two administration routes was made on an
individual basis. The preferred administration route for ART was IVIG
in case of CVID. The starting dose depended on serum IgG levels. In pa-
tients with IgG levels b5 g/l the dose was 400 mg/kg/every 4 weeks. In
case of SAD or IgGSD the preferred route was SCIG with a starting dose
of 2 ml (160 mg/ml) daily or 15 ml (160 mg/ml) every week by a sub-
cutaneous infusion pump, depending on patient preference. Dose ad-
justments and changes in administration route were made based on
IgG trough levels and infection frequency. The target IgG trough level
was 7 g/l. ART with SCIG was usually discontinued after six months to
evaluate infection frequency. ART was restarted if infection frequency
and/or antibiotics use increased.
2.2. Immune Status Investigations

Standard laboratory investigations included blood leucocyte count
with differentiation, complement status, serum immunoglobulins and
IgG subclass-level measurement and pneumococcal antibody response
after vaccination. All patients were vaccinated intramuscularly with a
single dose of 23-valent pneumococcal polysaccharide vaccine
(Pneumovax 23;Merck, Rahway, NJ, USA). Blood sampleswere routine-
ly drawn before and 3–6 weeks after vaccination. Serum samples were
stored at−80 °C until use. Until 2008 total antibodies against capsular
polysaccharides of two or three Streptococcus pneumoniae serotypes
(3, 4 and 9) were measured by ELISA as previously described (van
Kessel et al., 1999). After 2008 IgG antibodies against 8, 13 or 14
different pneumococcal polysaccharides were measured as described
previously (Meerveld-Eggink et al., 2009; Elberse et al., 2010; van
Kessel et al., 2014). For categorization of the antibody response to pneu-
mococcal polysaccharide vaccination, the 2005 AAAAI/ACAAI classifica-
tion criteria were used (Bonilla et al., 2005).
2.3. Diagnostic Classification of Immunodeficiencies

Patients were classified in different categories of primary immuno-
deficiency according to recent definitions. A patient was classified as
CVID when fulfilling the following criteria: (1) IgG level b7 g/l; (2)
IgM level b0.4 g/l and/or IgA level b0.7 g/l; (3) onset of immunodefi-
ciency at N2 years of age; (4) absent isohemagglutinins and/or poor re-
sponse to vaccinations; and (5) exclusion of other defined causes of
hypogammaglobulinemia (Conley et al., 1999). When patients fulfilled
criteria 1, 3 and 5, but not criteria 2 and/or 4, they were classified as Id-
iopathic Primary Hypogammaglobulinemia (IPH) (Driessen et al.,
2013). Patients with IgA levels b0.07 g/l and normal serum IgG and
IgM levels in whom other causes of low IgA levels had been excluded,
were categorized as IgA deficiency (Bonilla et al., 2015). When patients
had normal levels of IgG, but IgG subclass levels below cut-off value they
were classified as IgGSD (Bonilla et al., 2015). Patients with normal
levels of immunoglobulins and IgG subclasses, but an impaired response
to pneumococcal polysaccharide vaccination, were classified as SAD
(Bonilla et al., 2015). Patients with a serum monoclonal protein were
classified as MGUS when: (1) serum M-protein b30 g/l; (2) bone
marrow clonal plasma cells b10%; (3) no evidence of other B-cell prolif-
erative disorders; and (4) no related organ or tissue impairment
(International Myeloma Working Group, 2003). For the purpose of
this study, we refer to CVID and IPH as severe immunodeficiency, and
to IgGSD and SAD as mild immunodeficiency.
2.4. Clinical Outcome Parameters

Recurrent RTI were defined as having three or more infectious
periods per year. Infection frequency prior to starting ART was based
on patient reporting. Infection frequency after ARTwas based on confir-
mation of infectious episodes by a physician. Infectious episodes were
categorized as sinusitis, bronchitis or pneumonia. Data on antibiotics
use was provided by patient's home pharmacies. In the Netherlands
antibiotics are only available with a prescription from a physician and
all antibiotics use is registered. Hospital admissions were scored in
case of infection and/or exacerbation of underlying pulmonary disease.
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2.5. Data Management and Statistics

Data collection and management were performed using Microsoft
Office Excel 2011. Statistical analyses were performed using IBM SPSS
Statistics version 24. Fisher's exact test was used for comparing dichot-
omous variables where appropriate. Mann-Whitney U test and
Wilcoxon Signed Rank test were used for comparing continuous vari-
ables where appropriate. Graphs were created in IBM SPSS Statistics
version 24.

3. Results

Eighty-seven patients were included in the study. Patient character-
istics prior to ART are shown in Table 1. Fifty-five patients were female.
The median age was 61 years at start of ART. In the majority of the
patients comorbid conditions were present. Thirty-six patients were
diagnosed with chronic obstructive pulmonary disease (COPD). COPD
patients were significantly more likely to smoke or have smoked (32/
36 COPD patients versus 20/51 non-COPD patients; p = 0.0001) to
use corticosteroid maintenance therapy (11/36 COPD patients versus
6/51 non-COPD patients; p = 0.02), and to have been admitted to the
hospital in the previous year (23/36 COPD patients versus 18/51 non-
COPD patients; p=0.001). HRCT-scan of the thorax showed bronchiec-
tasis in 27 patients and pulmonary fibrosis in 3 patients. Infectious
episodes prior to ART included sinusitis in 62 patients, bronchitis in 80
patients and pneumonia in 62 patients. Twenty-eight patients had
undergone sinus surgery. Patients reported to have had infections for
Table 1
Clinical characteristics prior to the start of antibody replacement therapy.

Demographic characteristics
Total 87
Female 55
Median age at start of antibody replacement therapy (IQR) 61 (50.5–67)

Comorbid conditions
Allergic disease 22
Chronic obstructive pulmonary disease 36
Asthma 21
Auto-immune disease 8
Previous malignancy 8
Previous sinus surgery 28

Smoking status
Never smoker 35
Ex-smoker 28
Current smoker 24

Lung functiona

Normal 25
GOLD I 10
GOLD II 20
GOLD III 11
GOLD IV 3

Chest HRCT scanb

Bronchopathy 19
Emphysema 25
Bronchiectasis 27
Pulmonary fibrosis 3

Medication
Corticosteroid maintenance therapy 17
Other immunosuppressive maintenance therapy 1

Infectious episodes
Sinusitis 62
Bronchitis 80
Pneumonia 62
Encapsulated bacteria in sputum culture 62
Median number of years since onset of infections (IQR)c 5 (2–18.5)

IQR: interquartile range.
a Data available in 69 patients.
b Data available in 75 patients.
c Data available in 83 patients.
a median of 5 years (interquartile range 2–18.5 years) at time of immu-
nological screening. The results of the immune status investigations are
shown in Supplementary Table 1. The group of mild immunodeficiency
consists of 37 patients with IgGSD (n= 27) or SAD (n= 10). The group
of severe immunodeficiency consists of 44 patients with CVID (n= 15)
or IPH (n = 28). The total group includes these two groups, as well as
patientswithMGUS (n=5), IgA deficiency (n=1) and no immunolog-
ical defect (n = 1).

Seventeen patients were initially treated with IVIG and 70 patients
with SCIG. In two patients with anti-IgA antibodies, pre-treatment
with SCIG was given prior to starting IVIG. Twenty patients switched
from SCIG to IVIG and one patient from IVIG to SCIG. Seventeen types
of adverse effects were reported in 15 patients during IVIG. Adverse ef-
fects were reported in 23 patients during SCIG (Table 2). Adverse effects
were mild except in one patient who developed a moderately severe
systemic reaction after changing to another brand of IVIG. In 11 patients
the therapy was stopped because of mild adverse reactions or because
the therapy itself was perceived as too burdensome.

The total study group comprised 543 patient-years including 383
patient-years under ART. The median follow-up time was 62 months
(interquartile range 34.5–98.5). Thirty-seven patients were treated
with IVIG during a median time of 23 months (interquartile range 6–
63) and71 patientswith SCIGduring amedian of 11months (interquar-
tile range 7–50). The follow up of 10 patients, whowere referred for im-
munological evaluation and initiation of ART, took place in the referring
hospital. In 35 patients therapy with SCIG was discontinued after 4–
8 months to evaluate the effect. In 19 of these patients it was necessary
to restart ART after median of 12 months (interquartile range 2.5–15)
due to increasing infection frequency. Details on comorbidities during
the follow up, as well as details on mortality and the causes of death
are shown in Supplementary Table 2. Mortality was associated with
male gender (p = 0.005), higher age at start of ART (p = 0.007),
COPD Gold 4 (p=0.02), and development of malignancy during follow
up (p = 0.0008).

The outcome measures of efficacy of antibody replacement therapy
are summarized in Table 3 and Fig. 1. Anamnestically patients had ame-
dian number of 5.50 infections per year (interquartile range 4.00–8.00;
available in 50 patients). In the year prior to ART the median number of
antibiotic courses was 4.00 (interquartile range 2.00–6.25; available in
46 patients). The mean number of hospital admissions was 0.75. Thirty
of 76 patients were admitted at least one time in the year prior to ART.

The yearly frequency of physician confirmed infections under ART
was significantly lower than the anamnestically obtained infection fre-
quency prior to therapy (p b 0.001). The yearly frequency of antibiotics
use was significantly lower under ART compared to the year prior to
ART (p b 0.001). The antibiotics use decreased under ART in 33 out of
46 patients and increased in 10 patients. Clinical and outcome
Table 2
Adverse events during antibody replacement therapy.

Adverse events

IVIG
Mild systemic reaction
- Self-limiting cardiac arrhythmia 1
- Fever after infusion 3
- Hypertension after infusion 1
- Urticaria 1
- Multiple symptoms 10

Moderately severe systemic reaction
- Dyspnea and hypotension 1

SCIG
Mild local reaction
- Pain at infusion site 7
- Hematoma at infusion site 7
- Hardening of skin at infusion site 8
- Rash at infusion site 1

Each type of adverse event is scored only one time per patient.



Table 3
Infectious outcome parameters under antibody replacement therapy.

Infections Mild immunodeficiency Severe immunodeficiency Total

Baseline Under ART p-Value Baseline Under ART p-Value Baseline Under ART p-Value

Data available in N patients 21 25 50
Median number of
infections/year (IQR)

6.00 (4.00–8.00) 0.96 (0.00–1.66) b0.001 5.00 (4.00–7.50) 0.73 (0.00–1.25) b0.001 5.50 (4.00–8.00) 0.82 (0.00–1.38) b0.001

Data available in N patients 22 21 46
Median courses of antibiotic
therapy/year (IQR)

4.50 (2.00–7.00) 3.73 (1.67–5.63) 0.02 3.00 (3.00–5.50) 1.64 (0.28–2.62) 0.002 4.00 (2.00–6.25) 2.05 (1.49–4.28) b0.001

Data available in N patients 35 36 76
Mean number of hospital
admissions/year (SD)

0.80 (1.32) 0.51 (0.86) 0.03 0.64 (1.29) 0.39 (0.81) 0.17 0.75 (1.36) 0.44 (0.81) 0.009

IQR: interquartile range. SD: standard deviation. The group ofmild immunodeficiency consists of 37 patientswith IgGSD (n=27) or SAD (n=10). The group of severe immunodeficiency
consists of 44 patients with CVID (n= 15) or IPH (n= 28). The total group includes the above two groups, as well as patients with MGUS (n= 5), IgA deficiency (n= 1) and no immu-
nological defect (n= 1). p-Values are calculated using only patients inwhom data are available both before and under ART. Theminimum period before start of ART is one year, themin-
imumperiod under ART is sixmonths. In the case of hospital admissions,mean values are indicated in spite of non-normal distributions, becausemedian values are all 0. Boldface indicates
statistical significance (p-value b 0.05).
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parameters were not significantly different between the two groups.
There were no significant differences in age, gender, time to diagnosis,
type of PAD, or comorbid conditions.
Fig. 1. Infectious outcomes during antibody replacement therapy. [a] Number of antibiotics co
antibody replacement therapy (green bars). [b] Number of hospital admissions per patie
replacement therapy (green bars). [c] Net change in antibiotics use per patient per year, whe
antibody replacement therapy. Negative values on the Y-axis represent a decrease in antibio
patient per year, when comparing the year prior to antibody replacement therapy with ho
represent a decrease in hospital admissions under antibody replacement therapy. N.B. patients
The yearly number of hospital admissions was significantly
lower under ART in the whole cohort compared to the year prior to
ART (p = 0.009). The number of hospital admissions decreased in 26
urses per patient per year prior to antibody replacement therapy (blue bars) and under
nt per year prior to antibody replacement therapy (blue bars) and under antibody
n comparing the year prior to antibody replacement therapy with antibiotics use under
tics use under antibody replacement therapy. [d] Net change in hospital admissions per
spital admissions under antibody replacement therapy. Negative values on the Y-axis
were sorted on the X-axis for clarity and patient order is not the same in all graphs.

Image of Fig. 1
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out of 76 patients, increased in 19 patients and 31 patients had no ad-
missions before or under ART. In the group with an increase in hospital
admissions 15 out of 19 patients were not admitted to the hospital in
the year before ART. In these 19 patients, there were more current
smokers (p = 0.08) and significantly less ex-smokers (p = 0.02). Nine
patients showed radiologically confirmed emphysema on thorax HRCT
(p = 0.01 compared to patients with no increase in hospital admis-
sions). Six of these 9 patients were current smokers. The combination
of HRCT-confirmed emphysema and being a current smoker at
the start of ART was significantly more present in patients with
increased hospital admissions under ART (6/14 patients versus 2/57
patients; p = 0.0005). Five of 19 patients had a malignancy before
ART (p=0.02 compared to patients with no increase in hospital admis-
sions). All 5 patients were considered disease free at the start of ART.
Therewere no significant differences in age, gender, and time to diagno-
sis between the patients with an increase in hospital admissions com-
pared to those with no increase in hospital admissions.

Subgroup analysis, with CVID and IPH patients combined in one
group (n = 44) and SAD and IgGSD patients combined in another
group (n = 37) showed a significant decrease under ART of infection
frequency (p b 0.001 in both groups) and antibiotics use (p = 0.002 in
CVID/IPH and p = 0.02 in SAD/IgGSD). The number of hospital admis-
sions decreased in both groups as well, but not significantly in the se-
vere immunodeficiency group (p = 0.17 in CVID/IPH and p = 0.03 in
SAD/IgGSD). Before the start of ART, there were no significant differ-
ences in infection frequency, antibiotics use and number of hospital
admissions.

Outcome measures for the different administration routes are
shown in Supplementary Table 3. All three outcome parameters
decreased under both IVIG and SCIG, but not always significantly.
Immunoglobulin levels at baseline and mean immunoglobulin levels
under IVIG and SCIG are shown in Table 4. IgG levels increased signif-
icantly under antibody replacement therapy (p= 0.001 for IVIG and
p b 0.001 for SCIG respectively).

There were 27 patients with bronchiectasis. No significant correla-
tionwas found between bronchiectasis and the time since start of respi-
ratory tract infections and start ART. Numbers of infections and hospital
admissions prior to ART were not significantly different between pa-
tients with and without bronchiectasis. IgG and IgG1 levels prior to
ART were significantly higher in the group of bronchiectasis patients
(p = 0.04 and p = 0.02).

4. Discussion

This single center cohort study shows the long-term efficacy of ART
severe but also in mild immunodeficiency. We report 383 patient-years
under ART with a long follow up for most of the patients. In patients
with severe immunodeficiency (CVID/IPH) and patients with mild
immunodeficiency (IgGSD/SAD) treatment with ART resulted in a
significant decrease of the use of antibiotics, hospital admissions and
infection frequency. Only the decrease in hospital admissions in the se-
vere immunodeficiency group was not significant. Our results confirm
Table 4
Serum immunoglobulin levels during antibody replacement therapy.

IVIG

N patients Baseline level Level under IVIG p

IgM median (IQR) 25 0.60 (0.35–1.30) 0.45 (0.30–1.23) 0
IgA median (IQR) 21 1.00 (0.15–1.65) 0.88 (0.18–1.65) 0
IgG median (IQR) 29 5.40 (3.35–8.70) 7.48 (6.44–8.55) 0
IgG1 median (IQR) 21 3.20 (2.10–5.75) 5.45 (4.14–6.27) b

IgG2 median (IQR) 21 0.90 (0.40–1.25) 2.30 (1.75–2.79) b

IgG3 median (IQR) 21 0.30 (0.15–0.50) 0.30 (0.16–0.43) 0
IgG4 median (IQR) 19 0.10 (0.10–0.30) 0.17 (0.06–0.38) 0

IQR: interquartile range. p-Values were calculated by comparing baseline levels with patient-sp
dicates statistical significance (p-value b 0.05).
and extend earlier studies where the beneficial effect of ART was
established mainly with IVIG. In contrast to other studies, our patient
group is homogeneous in clinical symptomatology but heterogeneous
in underlying humoral immunodeficiency. Analysis was carried out
with the patients serving as their own controls using robust outcome
parameters such as hospital admissions and pharmacy-registered anti-
biotics use. There is no over-the-counter availability of antibiotics in
the Netherlands, which permitted us to register and analyze all antibi-
otics use of a patient. Treatment with ART was generally well tolerated.
The therapy was discontinued in eleven patients because of mild ad-
verse reactions or because it was considered too burdensome.

The number of hospital admissions increased under ART in 19 pa-
tients. This was significantly associated with smoking status and radio-
logically confirmed emphysema and even more strongly with both
factors combined. Smoking and chronic respiratory diseases are both
known risk factors for severe RTI (Torres et al., 2013). Obviously, ART
will not overcome structural lung damage. This raises the question
whether there is an indication for ART in patients with progressive un-
derlying respiratory disease and immunodeficiency. Nevertheless, it is
not known whether the number of hospital admissions would have
been even higher without ART. ART might slow disease progression,
as infectious episodes can cause worsening of underlying respiratory
disease. Despite existing comorbidity, most patients in our study
showed a significant response to ART.

In clinical practice there should be a high index of suspicion for an
immunodeficiency in patients with lung disease and recurrent RTI not
responding to conventional therapies. Immunological screening may
reveal an immunodeficiency that contributes to the susceptibility to in-
fections. ART can be given intravenously or subcutaneously depending
on IgG levels and patient preference. In general, for patients with severe
immunodeficiency the intravenous route is preferred. These patients
need higher doses of immunoglobulins to achieve normal trough levels,
and it is burdensome to give these quantities subcutaneously. All CVID
patients in our cohort received immunoglobulins via the intravenous
route. Therapy effect can be evaluated bymonitoring infection frequen-
cy, use of antibiotics and hospital admissions in combination with IgG
trough levels. Temporary discontinuation of therapy, followed by care-
ful evaluation can also be helpful to select patients who benefit from
ART.

In our cohort bronchiectasis was not associated with a higher mor-
tality or a longer diagnostic delay. Bronchiectasis has been associated
with a diagnostic delay in other studies (Brent et al., 2016) and is con-
sidered to be an important predictor of the prognosis of the disease.
However an association with mortality has not always been found.
We did not find an association with mortality or diagnostic delay possi-
bly because we did not differentiate between mild and severe bronchi-
ectasis. In our study 36% (27 of 75 patients) of the patients had
bronchiectasis. The reported prevalence in other cohorts, consisting
largely of CVID patients, varied from 11.2 to 47% (Quinti et al., 2011;
Resnick et al., 2012; Brent et al., 2016).

Limitations of our study aremainly related to the retrospective char-
acter. Because of this not all data were complete. Infection frequency
SCIG

-Value N patients Baseline level Level under SCIG p-Value

.08 33 0.70 (0.45–0.90) 0.55 (0.41–0.96) 0.009

.73 33 1.10 (0.50–2.35) 1.41 (0.48–2.34) 0.92

.001 45 6.70 (5.25–8.45) 7.58 (6.15–9.57) b0.001
0.001 59 4.60 (3.70–6.60) 5.30 (4.20–6.65) 0.04
0.001 59 1.40 (1.00–2.20) 1.88 (1.50–2.45) b0.001
.22 59 0.40 (0.20–0.60) 0.37 (0.20–0.56) 0.03
.28 59 0.20 (0.10–0.30) 0.20 (0.10–0.37) 0.02

ecific median levels under (a specific form of) antibody replacement therapy. Boldface in-
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before ART was determined anamnestically, while during ART all infec-
tions were physician-confirmed. The latter is a stricter interpretation.
The decrease of infection frequency during ART is very significant but
should be interpreted with caution. In observational studies without
control groups the phenomenon of regression to the mean can be inad-
vertently classified as a therapeutic effect. We find this unlikely in our
study because the decision to start ART was based on an increase of in-
fection frequency and spontaneous decrease of infection frequency in
immunodeficient patients is not often seen. Another limitation is that
the diagnoses of the patients receiving IVIG were different from the pa-
tients receiving SCIG. Patients receiving IVIG had more severe forms of
immunodeficiency. However, in our study we did not intend to directly
compare IVIGwith SCIG, but rather to investigate the efficacy of ART as a
whole. During the long follow up period there have inevitably been
changes in diagnostic protocols and definition of antibody response.
The IgG pneumococcal antibody response was categorized using the di-
agnostic criteria of 2005 (Bonilla et al., 2005), because these formed the
basis for the decision to start ART in most patients. In 2015 the criteria
were updated (Bonilla et al., 2015). The new criteria have a stricter def-
inition of an adequate antibody response.

In conclusion, ART is an effective and well-tolerated therapy. Mea-
surement of IgG levels and assessment of pneumococcal antibody re-
sponse after pneumococcal polysaccharide vaccination leads to
selection of patients that benefit from ART. In this study we confirm
that adultswith recurrent RTI and an underlyingmild or severe humoral
immunodeficiency show a decrease in infection frequency, antibiotics
use and hospital admissions upon treatment with ART.
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