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Abstract

Primary antibody deficiencies (PAD) are the most prevalent group of primary immu-
nodeficiencies (PID) in adults and immunoglobulin replacement therapy (IRT) is the
mainstay therapy to improve clinical outcomes. IRT is, however, expensive and, in minor
PAD, clear recommendations concerning IRT are lacking. We conducted a retrospective
real-life study to assess the effectiveness of low-dose IRT in minor PAD on 143 patients
fulfilling European Society for Immunodeficiencies (ESID) diagnostic criteria for im-
munoglobulin (Ig)G subclass deficiency (IgGSD) or unclassified antibody deficiency
(UAD). All patients were treated with intravenous low-dose IRT (0.14 + 0.06 g/kg/
month). Immunoglobulin (Ig) classes and IgG subclasses were measured at baseline and
after 1 year of IRT. The annual rate of total infections, upper respiratory tract infections
(URTI), lower respiratory tract infections (LRTI) and hospitalizations was measured
at baseline and after 1 and 2 years of IRT. After 1 year of IRT significant improve-
ment was demonstrated in: (a) serum IgG (787.9 + 229.3 versus 929.1 + 206.7 mg/dl;
p < 0.0001); (b) serum IgG subclasses (IgGl = 351.4 + 109.9 versus 464.3 + 124.1,
p < 0.0001; IgG2 = 259.1 & 140 versus 330.6 + 124.9, p < 0.0001; IgG3 = 50.2 + 26.7
versus 55.6 + 28.9 mg/dl, p < 0.002); (c) annual rate of total infections (5.75 + 3.87 ver-
sus 2.13 £ 1.74, p < 0.0001), URTI (1.48 + 3.15 versus 0.69 + 1.27; p < 0.005), LRTI
(3.89 + 3.52 versus 1.29 + 1.37; p < 0.0001) and hospitalizations (0.37 + 0.77 versus
0.15 + 0.5; p < 0.0002). The improvement persisted after 2 years of IRT. No significant
improvement in URTI annual rate was noted in UAD and in patients with bronchiectasis.
In conclusion, low-dose IRT can improve clinical outcomes in UAD and IgGSD patients,

providing a potential economical advantage over the standard IRT dose.
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INTRODUCTION levels of one or more immunoglobulin (Ig) class and/or one
or more IgG subclass [1]. From a clinical viewpoint, most
Primary antibody deficiencies (PAD) are a wide group of pri- patients present with recurrent upper respiratory tract infec-

mary immunodeficiencies (PID) characterized by low serum tions (URTI) and lower respiratory tract infections (LRTI)
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resulting in anatomical injury involving the respiratory tract
with the development of bronchiectasis [2].

Among severe PADs, an important group is represented by
common variable immunodeficiency (CVID), characterized by
recurrent respiratory, gastrointestinal and urinary tract infec-
tions and heavy impairment of quality of life (QoL) [3]. The
prevalence of CVID is estimated to occur in approximately
1:25000 of the population [4]. Milder PADs have been ob-
served, however, in many patient cohorts, such as IgG subclass
deficiency (IgGSD) or unclassified antibody deficiency (UAD)
[5]. IgGSD is characterized by the reduction of one or more IgG
subclass with normal total serum IgG levels, and can be asso-
ciated with specific polysaccharides antibody deficiency. UAD
encompasses a wide group of patients showing more severe
serum Ig reduction without fulfilling CVID or other PID cri-
teria. Guidelines for treatment of IgGSD and UAD are lacking,
even if prophylactic antibiotic treatment and immunoglobulin
replacement therapy (IRT) have been used [6,7]. Milder PADs
have been less extensively studied; however, their prevalence
in patients with obstructive lung disease and bronchiectasis is
probably underestimated and carries a significant burden of dis-
ease [5,8,9]. In obstructive lung disease, PADs are correlated
with frequent respiratory exacerbations, which are considered
a strong risk factor for accelerated lung function decline and
worse prognosis [8]. Some epidemiological data report that
affecting approximately 23% of patients with difficult-to-treat
chronic rhinosinusitis and approximately 13% of patients with
recurrent rhinosinusitis are affected by PAD [8].

IRT is the standard therapy for PAD. IRT is effective in re-
ducing the recurrence and the severity of infections, therefore
reducing hospitalizations and mortality while improving pa-
tients’ quality of life [10,11], and resulting in a cost-effective
therapy [11]. IRT, however, is strongly advised only in some
primary immunodeficiencies such as congenital agamma-
globulinemia, common variable immunodeficiency (CVID),
hyper-IgM syndrome, severe combined immunodeficiencies
and Wiskott—Aldrich syndrome [12]. A summary of guidelines
on the management of PAD with IRT suggested to achieve
trough IgG serum levels of at least 5 g/dl and ideally 6.5-10
g/dl [13]; however, universally protective trough IgG serum
levels in PAD patients remain undefined [14]. Although some
case—series report clinical efficacy of this treatment have been
published [11,12,15-19], IRT in patients with [gGSD and UAD
is not universally advised. In this study, we retrospectively re-
viewed clinical outcomes such as the reduction of infections in
a large cohort of patients with IgGSD or UAD treated with IRT.

METHODS

For this retrospective study, patients fulfilling the European
Society for Immunodeficiencies (ESID) criteria for IgGSD
and UAD [20] were selected from the clinical cohort of PAD

patients referred to our immunology clinic from January
2006 to December 2017. According to the diagnostic criteria
proposed by ESID, secondary causes of hypogammaglobu-
linemia and T cell defects were ruled out. The patients were
symptomatic from recurrent infections and therefore had
been treated with IRT, using locally available preparations
(PriVigen© and Venital®) administered once every 4 weeks.
All patients were visited monthly before IRT administration
with a follow-up duration of at least 2 years. All enrolled pa-
tients had chest tomography (CT) imaging at baseline; chest
CT were reviewed by an experienced thoracic radiologist to
evaluate for the presence of bronchiectases. Patients with iso-
lated IgA or IgM reduction were not enrolled into this study.
All patients underwent pneumococcal vaccine (Prevenar®),
but pneumococcal vaccine response was not assessed accord-
ing to the ESID criteria used for diagnosis before IRT, which
did not require vaccine response assessment.

Demographic and laboratory data and medical therapy
were retrieved from clinical records. Ig classes (Cobas 8000®;
Roche Diagnostic, Basel, Switzerland) and IgG subclasses
(radial immunodiffusion; Bindarid"™ Kits, The Binding Site,
Birmingham, UK) serum levels were measured at baseline
and after 1 year of IRT.

We chose, as clinical outcomes, the annual rate of total in-
fections, URTI, LRTI and hospitalizations. The URTI, LRTI
and other infections were always confirmed by a physician.
Hospitalization was defined as admission to a hospital ward
for an acute infection. The comorbidities were summarized
in a total score using the age-adjusted Charlson comorbid-
ity index (ACCI) [21]. The procedures followed in the study
were approved by the Local Ethical Committee (protocol
RF-2013-02358775).

Statistical analysis

Statistical analysis was performed using Python version 3.8.0
(Anaconda distribution). P-values lower than 0.05 were con-
sidered statistically significant.

RESULTS
Patients’ characteristics

A cohort of 143 patients was retrospectively recruited for
the study; in the overall population, 85 (59.4%) patients
had a diagnosis of IgGSD, while 58 (40.6%) had a diagno-
sis of UAD. The patients were mainly female (100 of 143,
69.9%), with a mean age at diagnosis of 60.9 + 14 years;
IgGSD patients were diagnosed in a younger age than UAD
patients [57.4 + 14.1 versus 66.1 + 12.3; p = not significant
(NS)]. A relevant smoking exposure (former smoker = 91
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of 143, 63.6%) and a significant comorbidity burden
(AACI = 3.9 + 2.4) were present. In the study cohort, IRT
was administered monthly at a mean dose of 0.14 + 0.06 g/kg;
IgGSD patients received a slightly lower dose than UAD pa-
tients (IgGSD = 0.13 + 0.06 g/kg; UAD = 0.15 + 0.07 g/kg;
p < 0.05). In the entire study population, the rate of total in-
fectious events in the year before starting IRT was 5.7 + 3.9,
consistent with the rate in the previous years.

IgG, IgA, IgM and IgG subclasses serum levels are listed
in Table 1 for both groups, in addition to demographic fea-
tures and main comorbidities.

IRT is able to significantly increase IgG and
IgG subclasses serum levels

In comparison to baseline levels, IRT was able to significantly
increasetroughIgG (787.9 +£229.3 versus929.1 +206.7mg/dl;

p < 0.0001) and IgG subclasses (IgGl = 351.4 + 109.9
versus 464.3 + 124.1, p < 0.0001; IgG2 = 259.1 + 140
versus 330.6 + 124.9, p < 0.0001; IgG3 = 50.2 + 26.7 ver-
sus 55.6 + 28.9 mg/dl, p < 0.002) serum levels in the whole
cohort. As expected, IgA, IgM and IgG4 serum levels did
not show significant modifications, as blood donors derived
Ig do not contain significant amount of these Ig classes
(Figure 1). IRT was effective in ameliorating trough IgG
and IgG subclasses serum levels in both (UAD and IgGSD)
groups of the study cohort (Supporting information, Tables
S1 and S2s).

IRT is able to reduce respiratory infections and
hospitalizations

We then evaluated the treatment efficacy of IRT on clini-
cal outcomes such as the total number of infections, URTI,

TABLE 1 Demographic and clinical features at baseline in the study cohort

IgGSD
All (n = 143) (n = 85) UAD (n =58)  p-value
Male 43 (30.1) 24 (28.3) 19 (32.8) 0.69
Age at diagnosis (years) 60.9 + 14 574 +14.1 66.1 +12.3 <0.001
Smoker
No 61 (42.7) 40 (47.1) 21 (36.2) 0.26
Former 82(57.3) 45 (52.9) 37 (63.8) 0.26
ACCI 39+24 3.6+25 43+22 0.08
Serum Ig (mg/dl)
1gG 787.9 +229.3 929.4 + 173.7 580.4 £ 113.6  <0.001
IgA 171.7 £ 94.4 205.5 +96.6 122 + 65.8 <0.001
IgM 1133 +£75.4 122.5+ 67.5 99.7 + 84.4 0.07
1gG1 351.4 +£109.9 3774 £ 113.9 3132 £92.1 <0.001
1gG2 259.1 + 140 3103+ 141.3 183.9 + 98.6 <0.001
1gG3 50.2 +£26.7 56.1 +27.9 41.5+222 <0.001
1gG4 262 +259 333 +26.3 159+21.4 <0.001
Chronic lung disease 80 (55.9) 54 (63.5) 26 (44.8) 0.06
Asthma 54 (37.8) 37 (43.5) 17 (29.3) 0.2
COPD 26 (18.1) 17 (20) 9 (15.5) 0.45
Monthly i.v. Ig dose (g/kg) 0.14 + 0.06 0.13 £ 0.06 0.15+0.07 0.04
Bronchiectasis 69 (48.2) 45 (52.9) 24 (41.4) 0.23
Malignancies 14 (9.8) 9 (10.6) 5(8.6) 0.33
Solid 12 (8.4) 7(8.2) 5(8.6) 0.45
Haematological 2(1.4) 2(2.4) 0 (0) 0.63
Total infections 57+39 6.1 +4.6 52+34 0.14
LRTI 39+35 4+39 37+29 0.57
URTI 1.5+3.1 1.6 +34 1.2+27 0.45
Hospitalizations 04+038 0.29+0.7 0.48 +0.8 0.15

Abbreviations: ACCI = age-adjusted Charlson comorbidity index; COPD = chronic obstructive lung disease; Ig = immunoglobulin; IgGSD = IgG subclass deficiency;
LRTI = lower respiratory tract infections; UAD = unclassified antibody deficiency; URTI = upper respiratory tract infections.

Note: Data presented as mean =+ standard deviation (SD) or n (%).
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LRTI and hospitalizations. The annual rate of total infec-
tions dropped significantly from 5.75 + 3.87 to 2.13 + 1.74
(p < 0.0001) after 1 year of IRT; the improvement was
also confirmed by analyzing the annual rate of URTI (from
1.48 +3.15t0 0.69 + 1.27; p < 0.005) and the annual rate of
LRTI (from 3.89 + 3.52 to 1.29 + 1.37; p < 0.0001), which
represent the most important types of infections in this patient
groups. The hospitalization annual rate, although small in our
group, was also significantly reduced (from 0.37 + 0.77 to
0.15 +0.5; p < 0.0002) (see Figure 2).

The improvement in the clinical outcomes was confirmed
during the second year of treatment. No significant differ-
ences between the first and the second year of therapy were
found comparing the number of total infections, URTI, LRTI
and hospitalizations.

IRT is effective in both UAD and
IgGSD patients

When we analyzed the clinical outcomes after 1 year of treat-
ment in both IgGSD and UAD patients IRT demonstrated
similar efficacy, except for URTI. The annual rate of total
infections in IgGSD dropped significantly from 6.14 + 4.09
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Immunoglobulin (Ig) classes and IgG subclasses in the study cohort at baseline and 1 year after immunoglobulin replacement

to 2.16 + 1.76 (p < 0.0001) as well as the annual rate of
URTTI (1.65 + 3.44 versus 0.68 + 1.23; p < 0.02), LRTI
(4.03 £ 3.89 versus 1.38 + 1.45; p < 0.0001) and of the hos-
pitalizations (0.29 + 0.72 versus 0.12 + 0.5; p < 0.02). The
same results were observed in patients affected by UAD in
total infections (5.17 + 3.43 versus 2.07 + 1.74; p < 0.0001),
LRTI (3.69 + 2.91 versus 1.17 + 1.26; p < 0.0001) and hos-
pitalizations (0.48 + 0.84 versus 0.19 + 0.51; p < 0.004) but
not in the number of URTI (1.24 + 2.69 versus 0.71 + 1.34;
p =NS).

Patients affected by bronchiectasis

Considering the clinical importance of bronchiectasis as co-
morbidity in PAD patients, we conducted a subgroup anal-
ysis. There were no significant demographic differences
between patients with (69; 48.2%) and without bronchiecta-
sis (74; 51.8%), as shown in Table 2. Although the number
of total infections and hospitalizations were not different
at baseline between patients with and without bronchiec-
tasis, the presence of bronchiectasis, in both IgGSD and
UAD, was associated with a clinical picture characterized
by significantly more frequent LRTI rate and lower URTI
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FIGURE 2 Total infections, upper respiratory tract infections (URTI), lower respiratory tract infections (LTRI) and hospitalizations in the

study cohort at baseline and 1 year after immunoglobulin replacement therapy (IRT)

rate (Table 2). IRT was effective in correcting antibody de-
ficiency in patients with bronchiectasis, regardless of the
clinical diagnosis (UAD or IgGSD; Supporting information,
Table S3).

Considering the treatment effect in this important patient
subgroup, significant improvement after 1 year of IRT was
demonstrated in number of total infections (5.7 + 3.7 versus
23 + 1.7; p < 0.0001), LRTI (4.6 + 3.7 versus 1.7 + 1.5;
p < 0.0001) and hospitalizations (0.38 =+ 0.77 versus
0.09 + 0.44; p < 0.0003). but not in the number of URTI
(0.72 + 1.96 versus 0.38 + 0.67; p = NS). Even after therapy,
patients with bronchiectasis showed a higher rate of LRTI
(1.7 £ 1.5 versus 0.9 + 1.1; p < 0.0007) and a lower rate of
URTTI (0.38 + 0.67 versus 0.99 + 1.6; p < 0.005) in compari-
son to patients without bronchiectasis (Figure 3).

DISCUSSION

Our real-life study, although retrospective and monocen-
tric, suggests a significant beneficial clinical effect of IRT
in terms of reduction of both URTI and, of utmost impor-
tance, LRTI in patients suffering from UAD and IgGSD.
More importantly, this protective effect seems to be present

using low-dose IRT, corresponding to less than half the
standard dose (400 mg/kg) commonly advised for CVID pa-
tients. These therapeutic results are important, considering
that IRT dose is not pivotal for the efficacy of therapy; IgG
trough levels, in combination with respiratory tract infec-
tion reduction, is indeed recommended as an efficacy end-
point [14]. However, anti-pneumococcal vaccination could
account, at least in part, for the reduction of infections ob-
served in the study cohort. The study was not designed to
assess the separate contribution of anti-pneumococcal vac-
cination and IRT in the reduction of infections of patients
with IgGSD or UAD, so further studies with a randomized,
placebo controlled design are needed to clarify this correla-
tion and to validate the treatment with low-dose IRT in UAD
and [gGSD patients.

The reduction of LRTI is critical, taking into account that,
regardless of PAD type, similarly high rates of infections and
bronchiectasis are observed [22]. It has been clearly shown
that, in all PID patients, major LRTI such as pneumonia are
the most frequent clinical manifestations leading to structural
lung injury such as bronchiectasis [4,23]. Moreover, the pres-
ence of bronchiectasis is associated with recurrent LRTT that
hasten the formation of bronchiectasis, creating a vicious cir-
cle harmful to the patient in the long term. To more clearly
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TABLE 2 Baseline demographic and clinical features in patients with and without bronchiectasis
p-
Patients with bronchiectasis Patients without bronchiectasis ~ value

Male 19 (27.5) 24 (32.4) 0.65
Age at diagnosis (years; mean + SD) 61.9+12.2 60 + 15.5 0.4
Smoker

No 33 (47.8) 28 (59.6) 0.3

Former 36 (52.3) 46 (40.4) 0.3
AACI (mean + SD) 38+2.1 4+26 0.69
Serum Ig (mg/dl)

IeG 813 £251.7 764.4 +205.3 0.21

IgA 179.8 +92.4 164 +96.2 0.32

IgM 122.7 + 67.4 1044 + 81.6 0.15

1gG1 351.2 + 126.1 351.5+93.2 0.19

1gG2 265.6 + 144 253 +136.8 0.59

1gG3 51.8 +£26.6 48.7 +26.9 0.48

1G4 28.4 +28.5 243 +23.1 0.34
Monthly Ig dose (g/kg; mean + SD) 0.15 + 0.07 0.13 £ 0.05 0.08
Total infections (mean + SD) 5.7+3.7 58+4 0.8
LRTI (mean + SD) 46+3.7 32432 0.01
URTI (mean + SD) 0.7+3 22+38 0.005
Hospitalizations (mean = SD) 0.38 +0.77 0.36 +0.79 0.93

Abbreviations: ACCI = age-adjusted Charlson comorbidity index; Ig = immunoglobulins; LRTI = lower respiratory tract infections; URTI = upper respiratory tract

infections.

Note: Data presented as mean + standard deviation (SD) or n (%).
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FIGURE 3 Lower and upper respiratory tract infections at baseline and after 1 year of immunoglobulin replacement therapy (IRT) in patients

with and without bronchiectasis. URTI = upper respiratory tract infections; LRTI = lower respiratory tract infections

define the role of low-dose IRT in the treatment of PAD, it
would be interesting to also evaluate its efficacy in CVID
patients with or without bronchiectasis.

Early diagnosis is crucial not only in CVID and other
major PID, but also in UAD and IgGSD, and may allow
consideration of the initiation of IRT. In particular, in

IgGSD, the normal total IgG serum levels, despite the re-
currence of respiratory infections, can delay the diagnosis
increasing the risk of development of comorbidities such as
bronchiectasis leading to chronic obstructive lung disease.
One of the biggest concerns regarding IRT in these patients
is the economic burden of the treatment, although several
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studies attest the efficacy and cost effectiveness of IRT
[24-26]. Indeed, as has been shown in CVID patients, the
overall costs are reduced after diagnosis due to appropriate
management [26]. In conclusion, in our case series of UAD
and IgGSD patients, low-dose IRT seems to be able to cor-
rect the antibody defect and, more importantly, to signifi-
cantly reduce the frequency of respiratory tract infections
and hospitalizations.

Some strengths of our study include the huge number
of patients, the real-life nature, the wide follow-up duration
and the monocentric design, which reduces evaluation bias.
However, the retrospective nature of the study can be a draw-
back, as well as the lack of protein and polysaccharide vac-
cine response assessment, which was not performed because
ESID diagnostic criteria for IgGSD and UAD did not require
vaccine response assessment at the time of diagnosis of the
patients in our cohort.
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