
Journal Pre-proof

Long term follow-up of 168 patients with X-linked agammaglobulinemia reveals
increased morbidity and mortality

Vassilios Lougaris, MD, Annarosa Soresina, MD, Manuela Baronio, PhD, Davide
Montin, MD, Silvana Martino, MD, Sara Signa, MD, Stefano Volpi, MD, Marco Zecca,
MD, Maddalena Marinoni, MD, Lucia Augusta Baselli, MD, Rosa Maria Dellepiane,
MD, Maria Carrabba, MD, Giovanna Fabio, MD, Maria Caterina Putti, MD, Francesco
Cinetto, MD, Claudio Lunardi, MD, Luisa Gazzurelli, PhD, Alessio Benvenuto, MsC,
Patrizia Bertolini, MD, Francesca Conti, MD, Rita Consolini, MD, Silvia Ricci, MD,
Chiara Azzari, MD, Lucia Leonardi, MD, Marzia Duse, MD, Federica Pulvirenti, MD,
Cinzia Milito, MD, Isabella Quinti, MD, Caterina Cancrini, MD, Andrea Finocchi,
MD, Viviana Moschese, MD, Emilia Cirillo, MD, Ludovica Crescenzi, MD, Giuseppe
Spadaro, MD, Carolina Marasco, MD, Angelo Vacca, MD, Fabio Cardinale, MD,
Baldassare Martire, MD, Antonino Trizzino, MD, Maria Licciardello, MD, Fausto
Cossu, MD, Gigliola Di Matteo, PhD, Raffaele Badolato, MD, Simona Ferrari, PhD,
Silvia Giliani, PhD, Andrea Pession, MD, Alberto Ugazio, MD, Claudio Pignata, MD,
Alessandro Plebani, MD

PII: S0091-6749(20)30330-4

DOI: https://doi.org/10.1016/j.jaci.2020.03.001

Reference: YMAI 14440

To appear in: Journal of Allergy and Clinical Immunology

Received Date: 22 October 2019

Revised Date: 26 February 2020

Accepted Date: 2 March 2020

Please cite this article as: Lougaris V, Soresina A, Baronio M, Montin D, Martino S, Signa S, Volpi S,
Zecca M, Marinoni M, Baselli LA, Dellepiane RM, Carrabba M, Fabio G, Putti MC, Cinetto F, Lunardi
C, Gazzurelli L, Benvenuto A, Bertolini P, Conti F, Consolini R, Ricci S, Azzari C, Leonardi L, Duse M,
Pulvirenti F, Milito C, Quinti I, Cancrini C, Finocchi A, Moschese V, Cirillo E, Crescenzi L, Spadaro G,
Marasco C, Vacca A, Cardinale F, Martire B, Trizzino A, Licciardello M, Cossu F, Di Matteo G, Badolato
R, Ferrari S, Giliani S, Pession A, Ugazio A, Pignata C, Plebani A, Long term follow-up of 168 patients
with X-linked agammaglobulinemia reveals increased morbidity and mortality, Journal of Allergy and
Clinical Immunology (2020), doi: https://doi.org/10.1016/j.jaci.2020.03.001.

https://doi.org/10.1016/j.jaci.2020.03.001
https://doi.org/10.1016/j.jaci.2020.03.001


This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma &
Immunology.



 

 

Title page 1 

 2 

Title: Long term follow-up of 168 patients with X-linked agammaglobulinemia reveals increased 3 

morbidity and mortality  4 

 5 

Authors 6 

Vassilios Lougaris1, MD, Annarosa Soresina2, MD, Manuela Baronio1, PhD, Davide Montin3, MD, 7 

Silvana Martino3, MD, Sara Signa4, MD, Stefano Volpi4, MD, Marco Zecca5, MD, Maddalena 8 

Marinoni6, MD, Lucia Augusta Baselli7, MD, Rosa Maria Dellepiane7, MD, Maria Carrabba8, MD, 9 

Giovanna Fabio8, MD, Maria Caterina Putti9, MD, Francesco Cinetto10, MD, Claudio Lunardi11, 10 

MD, Luisa Gazzurelli1, PhD, Alessio Benvenuto1, MsC, Patrizia Bertolini12, MD, Francesca 11 

Conti13, MD,  Rita Consolini14, MD, Silvia Ricci15, MD, Chiara Azzari15, MD, Lucia Leonardi16, 12 

MD, Marzia Duse16, MD, Federica Pulvirenti17, MD, Cinzia Milito17, MD, Isabella Quinti17, MD, 13 

Caterina Cancrini18, MD, Andrea Finocchi18, MD, Viviana Moschese19, MD, Emilia Cirillo20, MD, 14 

Ludovica Crescenzi21, MD, Giuseppe Spadaro21, MD, Carolina Marasco22, MD, Angelo Vacca22, 15 

MD, Fabio Cardinale23, MD, Baldassare Martire24, MD, Antonino Trizzino25, MD, Maria 16 

Licciardello26, MD, Fausto Cossu27, MD, Gigliola Di Matteo18, PhD, Raffaele Badolato1, MD, 17 

Simona Ferrari28, PhD, Silvia Giliani29, PhD, Andrea Pession13, MD, Alberto Ugazio30, MD, 18 

Claudio Pignata20, MD, Alessandro Plebani1, MD. 19 

 20 
 21 
 22 
Affiliations  23 

1 Pediatrics Clinic and Institute for Molecular Medicine A. Nocivelli, Department of Clinical and 24 
Experimental Sciences, University of Brescia and ASST-Spedali Civili di Brescia, Brescia, Italy 25 
2 Pediatrics Clinic, ASST- Spedali Civili of Brescia, Brescia, Italy 26 
3 Division of Pediatric Immunology and Rheumatology, Department of Public Health and 27 
Pediatrics, "Regina Margherita" Children Hospital, University of Turin, Turin, Italy 28 
4 Centro Malattie Autoinfiammatorie e Immunodeficienze- Clinica Pediatrica e Reumatologia, 29 
IRCCS Giannina Gaslini, Via Gaslini 5, 16147, Genova, Italy and Dipartimento di Neuroscienze, 30 
Riabilitazione, Oftalmologia, Genetica e Scienze Materno-Infantili (DINOGMI), Università di 31 
Genova, Genoa, Italy 32 



 

 

5 Department of Pediatric Hematology/Oncology, Fondazione IRCCS Policlinico San Matteo, Pavia, 33 
Italy 34 
6 Paediatric Department, ASST-Sette Laghi, "F. Del Ponte" Hospital, Varese, Italy 35 
7 Department of Pediatrics, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, 36 
University of Milan, Milan, Italy 37 
8 Department of Internal Medicine, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, 38 
Milan, Italy 39 
9 Department of Women's and Children's Health, Pediatric Hematology-Oncology Unit, University 40 
of Padova, Padova, Italy 41 
10 Padua University, Department of Medicine (DIMED), Internal Medicine I and Rare Disease 42 
Center for Immunologic, Rheumatologic and Respiratory Diseases, Ca' Foncello Hospital, Treviso, 43 
Italy 44 
11 Department of Medicine, University of Verona, Piazzale L.A. Scuro 10, 37134 Verona, Italy 45 
12 Paediatric Hematology Oncology Unit, Azienda Ospedaliero-Universitaria di Parma, Parma, Italy 46 
13 Unit of Pediatrics, University of Bologna, St. Orsola University Hospital, Bologna, Italy 47 
14 Section of Pediatrics Immunology and Rheumatology, Department of Pediatrics, University of 48 
Pisa, Pisa, Italy 49 
15 Department of Pediatric Immunology, Jeffrey Modell Center for Primary Immunodeficiency, 50 
Anna Meyer's Hospital, University of Florence, Florence, Italy 51 
16 Pediatrics Department, Umberto I Hospital, Roma, Sapienza University, Roma, Italy 52 
17 Department of Molecular Medicine, "Sapienza" University of Roma, Roma, Italy and Unit of 53 
Primary Immunodeficiencies in Adults, Department of Infective diseases and Internal Medicine, 54 
Policlinico Umberto I, Rome, Italy 55 
18 University Department of Pediatrics, Unit of Immune and Infectious Diseases, Bambino Gesù 56 
Children's Hospital, University of Rome Tor Vergata, Rome, Italy and Department of Systems 57 
Medicine, University of Rome Tor Vergata, Rome, Italy 58 
19 Department of Pediatrics, Policlinico Tor Vergata, Tor Vergata University, Rome, Italy 59 
20 Pediatric Section, Department of Translational Medical Science, Federico II University, Naples, 60 
Italy 61 
21 Department of Translational Medical Sciences, Allergy and Clinical Immunology Center for 62 
Basic and Clinical Immunology Research (CISI), University of Naples Federico II, Naples, Italy 63 
22 Department of Biomedical Sciences and Human Oncology, Section of Internal Medicine and 64 
Clinical Oncology, University of Bari Medical School, Bari, Italy 65 
23 Department of Pediatrics and Emergency, Pediatric Allergy and Pulmunology Unit, Azienda 66 
Ospedaliera-Universitaria "Consorziale-Policlinico", Ospedale Pediatrico Giovanni XXIII, Bari, 67 
Italy 68 
24 Pediatric Unit, " Monsignor Dimiccoli" Hospital, Barletta, Italy 69 
25 Department of Pediatric Hematology and Oncology, ARNAS Civico Di Cristina and Benfratelli 70 
Hospital, Palermo, Italy 71 
26 Haematology/Oncology Unit, Dept of Pediatrics, University of Catania- Catania, Italy 72 
27 2nd Pediatric Clinic, Antonio Cao Hospital, University of   73 
Cagliari, Italy. 74 
28 Unit of Medical Genetics, St. Orsola University Hospital, University of Bologna, Bologna, Italy 75 
29 Department of Molecular and Translational Medicine, A. Nocivelli Institute for Molecular 76 
Medicine, University of Brescia, Brescia, Italy 77 
30 Institute of Child and Adolescent Health, Bambino Gesù Children's Hospital, IRCCS, Rome, Italy 78 
 79 

 80 

 81 



 

 

Funding: no funding sources to disclose 82 

Conflict of interest: The authors declare that there is no conflict of interest 83 

Running title: the natural history of XLA 84 

 85 

Word count: 3658 words 86 

 87 

Corresponding authors: Vassilios Lougaris, MD 88 

   Pediatrics Clinic and Institute of Molecular Medicine “A. Nocivelli”,  89 

   Department of Clinical and Experimental Sciences,  90 

   University of Brescia and ASST-Spedali Civili of Brescia,  91 

   Piazzale Spedali Civili 1, 25123, BRESCIA, ITALY 92 

   Fax: +39-030-3388099 93 

   Tel: +39-030-3996976 94 

   e-mail: vlougarisbs@yahoo.com 95 

 96 

   Alessandro Plebani, MD, PhD 97 

   Pediatrics Clinic and Institute of Molecular Medicine “A. Nocivelli”,  98 

   Department of Clinical and Experimental Sciences,  99 

   University of Brescia and ASST-Spedali Civili of Brescia,  100 

   Piazzale Spedali Civili 1, 25123, BRESCIA, ITALY 101 

   Fax: +39-030-3388099 102 

   Tel: +39-030-3995715 103 

   e-mail: alessandro.plebani@unibs.it 104 

 105 

 106 

 107 



 

 

Abstract  108 

Background: X-linked agammaglobulinemia (XLA) is the prototype of primary humoral 109 

immunodeficiencies. Long-term follow-up studies regarding disease-related complications and 110 

outcome are scarse. 111 

Objective: To describe the natural history of X-linked agammaglobulinemia. 112 

Methods: A nationwide multicenter study based on the IPINet registry was established in 2000 in 113 

Italy. Affected patients were enrolled by documenting centers and patients’ laboratory, clinical and 114 

imaging data were recorded on an annual base. 115 

Results: Patients’ data (N=168) derived from a cumulative follow-up of 1370 patient years with a 116 

mean follow-up of 8.35 years per patient. Mean age at diagnosis decreased upon the establishment 117 

of the IPINet registry (84 months before versus 23 months after). Respiratory, skin and 118 

gastrointestinal manifestations were the most frequent clinical symptoms at diagnosis and during 119 

long-term follow-up. Regular immunoglobulin replacement treatment reduced the incidence of 120 

invasive infections. Affected patients developed chronic lung disease over time (47% after 40 years 121 

of follow-up) in the presence of chronic sinusitis (84%). Malignancies were documented in a 122 

minority of cases (3.7%). Overall survival for affected patients was significantly reduced when 123 

compared to the healthy male Italian population, and further deteriorated in the presence of chronic 124 

lung disease.  125 

Conclusions. This is the first detailed long-term follow-up study for XLA patients revealing that 126 

while immunoglobulin replacement treatment reduces the incidence of invasive infections, it does 127 

not appear to influence the development of chronic lung disease. Overall survival of affected 128 

patients is reduced. Further studies are warranted in order to improve patients’ clinical management 129 

and increase awareness among physicians.  130 
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Key messages 134 

- Patients affected with X-linked agammaglobulinemia suffer from respiratory, cutaneous and 135 

gastrointestinal complications 136 

- Despite regular immunoglobulin replacement treatment, affected patients tend to develop chronic 137 

lung disease 138 

- Overall survival of affected patients is significantly reduced when compared to healthy male 139 

subjects  140 

 141 

 142 

Capsule summary: This is the first real-life study involving patients with X-linked 143 

agammaglobulinemia revealing important co-morbidities and significantly reduced overall survival 144 

during long-term follow-up, suggesting that patients’ current clinical management may necessitate 145 

of additional measures. 146 
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Introduction  160 

 161 

X-linked agammaglobulinemia (XLA; Bruton type agammaglobulinemia) (OMIM 300755) is a rare 162 

form of primary immunodeficiency with an X-recessive pattern of transmission that affects males 163 

and is characterized by severe reduction of peripheral B cells (less than 2%), severely reduced 164 

immunoglobulin serum levels of all classes and lack of recall humoral response to antigens 1. Ogden 165 

Carr Bruton, a pediatrician, described the first case of XLA in 1952 2. In 1993, two separate groups 166 

identified the genetic cause of XLA in monoallelic mutations in BTK (Bruton’s tyrosine kinase) 167 

which encodes for a kinase essential for early B cell development 3, 4. Since then, more than 500 168 

different mutations in BTK have been identified (http://structure.bmc.lu.se/idbase/) 5. In recent 169 

decades, the prevalence of XLA is estimated to be approximately 1 case per 250.000 live births. 6-10 170 

One third of cases are familial, while the remaining two thirds of cases are believed to arise from 171 

new mutations. Clinical onset of affected patients is typically in early childhood, frequently in the 172 

first year of life, when maternal antibodies wane and the patients fail to produce their own 173 

immunoglobulins 7,11-18. The spectrum of infectious manifestations is quite wide and may include 174 

respiratory infections of the upper and lower tract, gastrointestinal infections, as well as invasive 175 

infections such as sepsis and meningitis. Pathogens involved are mainly encapsulated bacteria, but 176 

viruses and parasites may complicate the clinical course of the disease as well 7,11-18. Once diagnosis 177 

is made, immunoglobulin replacement treatment has been shown to be effective, at least in part, in 178 

reducing the incidence and frequency of the infectious episodes in affected patients 7,11-19. 179 

Nonetheless, one of the major complications for patients with XLA is the high risk of developing 180 

bronchiectasis and chronic lung disease 7,11-13,19. 181 

Although XLA is known for more than 6 decades, data in the literature regarding long term follow-182 

up of affected patients are lacking, rendering thus the natural history of this disease still not well 183 

characterized. In this study, we collected data on the clinical presentation, treatment, and follow-up 184 



 

 

of a large cohort of patients with XLA in order to better define the natural history, the real-life 185 

overall survival and long-term associated co-morbidities. 186 

 187 
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Methods 211 

Patients’ data 212 

Patients’ data were collected from the online database of the IPINet (Italian primary 213 

immunodeficiency network) registry (https://www.aipeop.org/web/). Sixty medical centers, 214 

members of the IPINet, documented data for XLA patients followed at their clinic at diagnosis and 215 

at least once for every year of follow-up. Enrollment data included the patient’s personal data, 216 

family pedigree, date of diagnosis, immunologic data, clinical manifestations and treatment at 217 

diagnosis and during follow-up. A questionnaire including relevant clinical and immunological 218 

features was compiled annually upon enrollment. This collective effort was initiated in 2000. Data 219 

included in this study were collected for the period 2000-2017. Cumulative follow-up data for 1370 220 

patient-years were collected with a mean follow-up of 8.35 years per patient.  221 

Flow cytometric evaluation of peripheral T and B lymphocytes was performed at diagnosis by using 222 

monoclonal antibodies (anti-CD3, anti-CD4, anti-CD8 and anti-CD19 or anti-CD20). Patients with 223 

a suspected diagnosis of XLA were analyzed for BTK mutations by Sanger sequencing or next 224 

generation sequencing (NGS). Evaluation of BTK expression was performed in a limited number of 225 

patients.  226 

 227 

Statistical analysis 228 

Comparisons between patients and healthy subjects were performed using Student’s t-test. 229 

Significance threshold was set at p<0.05. The Prism GraphPad software (version 8) was used for 230 

statistical analysis (GraphPad Software Inc., La Jolla, CA, USA) (* p<0.05; ** p<0.01; *** 231 

p<0.001; ****p<0.0001). 232 

 233 
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Results 237 

Patient cohort 238 

One hundred and sixty eight male patients affected with XLA were included in the study. Mean age 239 

at diagnosis was 66 months (median 36 months; range 1-592 months) with an evident descending 240 

trend in recent years (Figure 1A). In particular, while the mean age at diagnosis for patients born 241 

before 2000 (118/168) was 84 months, the mean age at diagnosis for patients born after the year 242 

2000 (50/168) resulted significantly lower: 23 months, underlining the role of the IPINet registry 243 

and related activities in increasing awareness for XLA among physicians and specialists. Positive 244 

family history for XLA was identified in 66/168 patients (39.3%), while the remaining 102/168 245 

patients (60.7%) were sporadic cases. No significant differences were observed for mean age at 246 

diagnosis between the two groups (familial: 64 months versus sporadic: 67 months).  247 

 248 

Immunoglobulin serum levels at diagnosis 249 

Immunoglobulin serum levels were low for all classes with the following mean values: IgG: 191.4 250 

mg/dl; IgA: 10.2 mg/dl; IgM: 15.2 mg/dl (Figure 1B, 1C and 1D respectively). A small percentage 251 

of patients (21.4%) (36/168 cases) presented with at least one Ig class within normal range for age 252 

(Figure 1B, 1C, 1D and Online Repository Table E1). Seventeen out of these thirty six patients 253 

showed normal IgG serum values for age. Of these, eight had an age at diagnosis below or equal to 254 

12 months, suggesting that the IgGs were most likely of maternal origin. Seven out of these eight 255 

patients also had a positive family history for XLA. The single patient without a positive family 256 

history under the age of 12 months presented with undetectable IgA, IgM and peripheral B cells 257 

(0%) (Online Repository Table E1). The remaining nine patients with IgG serum levels within 258 

normal range for age showed a positive family history for XLA in 4/9 cases (44.4%) and low 259 

peripheral B cells (≤2%) in 7/9 cases (77.8%) (Online Repository Table E1). One of these nine 260 

patients had normal IgG and peripheral B cells (9%), but low IgA and IgM serum levels for age 261 

with a positive family history for XLA (Online Repository Table E1). The remaining nineteen 262 



 

 

patients showed low IgG for age with either IgA or IgM within normal range (Online Repository 263 

Table E1). All nineteen patients showed low peripheral B cells (≤2%); seven out of nineteen 264 

patients had a positive family history for XLA (Online Repository Table E1).  265 

 266 

Lymphocyte subsets at presentation 267 

Peripheral lymphocyte subset evaluation was performed at diagnosis and showed normal CD3+ T 268 

cell percentages in all patients (CD3+ cells: 84.9%, mean value), with conserved CD8+ and CD4+ T 269 

cell distribution (CD8+: 30.54%; CD4+: 52.1%, mean values) (Figure 1E). Peripheral B cells were 270 

below 2% in the majority of cases (147/168 cases; 87.5%) (CD19+ B cells: 0.58%; mean value). 271 

Twenty one patients presented with ≥ 2% of peripheral B cells (Figure 1E and Online Repository 272 

Table E2). Eleven out of these twenty one patients had a positive family history for XLA. Thirteen 273 

out of these twenty one patients showed reduction of all three Ig classes, while seven showed 274 

reduction of one out of three Ig classes; one patient with two out of three Ig classes within normal 275 

range for age displayed a positive family history for XLA (Online Repository Table E2). Thirteen 276 

out of twenty one patients presented with 2% of peripheral B cells, which is the classical cut-off for 277 

XLA suspicion, with a positive family history for XLA in six cases; eight out of thirteen patients 278 

had all Ig classes below normal range for age. The remaining 8 patients with >2% of peripheral B 279 

cells exhibited a positive family history in five out of eight cases; only three out of these eight 280 

patients had one out of three Ig classes within normal range for age (Online Repository Table E2). 281 

Collectively, our data on patients’ immunological presentation at diagnosis suggest that the 282 

combination of peripheral B cell percentages, Ig serum levels and family history allow for 283 

identification of XLA patients even in the minority of cases where one of these parameters may not 284 

fully satisfy the classical diagnostic criteria for this disease. 285 

 286 
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BTK mutation analysis 289 

Among the patients, 157 belonging to 125 families were genetically characterized while the 290 

remaining ones had reduced BTK expression. Mutations were reported using RefSeq NM_000061 291 

under the HVSG recommendations. BTK sequencing revealed 104 different mutations, among 292 

which 20 are recurrent and 18 are novel (Table 1 and Online repository Table E3). 293 

More in detail, the most frequent types of mutations were missense (49%), followed by indels 294 

(18%), non-sense (17%) and mutations affecting splice-sites (12%), with a minor incidence of large 295 

deletions (4%). Among the 18 novel mutations, missense and non-sense were the most frequent 296 

ones (8 and 7 respectively), followed by mutations affecting splice sites, indels and large deletions 297 

(1 for each category) (Table 1). 298 

 299 

Clinical features at diagnosis 300 

The prevalence and type of clinical manifestations before diagnosis are shown in Figure 2A. 301 

Respiratory infections were the most frequent clinical features, with pneumonias recorded in 39.9% 302 

(67/168) of patients, otitis media in 32.7% (55/168) of patients and sinusitis in 17.9% (30/168). Of 303 

note, 13.1% (22/168) of patients were affected with chronic lung disease (CLD) at diagnosis based 304 

on lung CT scan (presence of bronchiectasis, peribronchial wall thickening, atelectasias) 11. Besides 305 

respiratory infections, affected patients presented frequently skin infections (20.8%; 35/168). The 306 

gastrointestinal tract was also involved with a positive history for gastroenteritis in 19% (32/168) of 307 

cases, while chronic diarrhea was reported in 8.3% (14/168). Invasive infections were also reported 308 

at diagnosis: sepsis in 7.7% (13/168) of patients, meningitis in 4.8% (8/168) and encephalitis in 309 

0.6% (1/168). Post vaccination poliomyelitis related to the oral attenuated Sabin vaccine was 310 

reported in 2.4% (4/168) of cases. Finally, other manifestations such as arthritis and hepatitis were 311 

documented in 9.5% (16/168) and 3.6% (6/168) of affected subjects, respectively.  312 

Comparison of clinical presentation between familial and sporadic cases showed that respiratory, 313 

gastrointestinal and skin infections were slightly more frequent among sporadic ones. (Online 314 



 

 

Repository Figure E1A). Encephalitis and sepsis were mostly seen among the sporadic cases 315 

(Online Repository Figure E1A).  316 

Patients’ presentation resulted particularly different when the year of birth was taken into 317 

consideration setting the limit at year 2000 (Online Repository Figure E1B), year of establishment 318 

of the IPINet registry for XLA. Patients born before 2000 showed a more severe clinical history 319 

with an increased prevalence of recurrent respiratory infections of the upper and lower tract when 320 

compared to the patients born after 2000 (Online Repository Figure E1B). Of note, all patients with 321 

CLD at diagnosis (13.1%, 22/168) were born before 2000. Invasive infections such as meningitis 322 

and sepsis were mainly observed in patients born before 2000, while encephalitis and post-323 

vaccination poliomyelitis were exclusively reported in patients born before 2000. An increased 324 

prevalence of gastrointestinal and skin involvement was also observed in patients born before 2000 325 

(Online Repository Figure E1B).  326 

 327 

 328 

Clinical features during follow-up 329 

During a cumulative follow-up of 1370 patient-years, one hundred and sixty four XLA patients 330 

receiving regular Ig replacement treatment were followed for a mean follow-up of 8.35 years per 331 

patient (range 1-18). The most common clinical manifestations registered during follow-up were 332 

respiratory infections (Figure 2B). More in detail, 34.1% (56/164) of patients suffered from 333 

pneumonias with a mean number of 0.08 episodes/patient-year (Table 2); 33.5% (55/164) of cases 334 

presented otitis media with a mean number of 0.095 episodes/patient-year (Table 2); 56.7% 335 

(93/164) of subjects experienced sinusitis with a mean number of 0.28 episodes/patient-year (Table 336 

2).  337 

While chronic lung disease (CLD) was present at diagnosis in 13.1% (22/168) of patients, during 338 

follow-up and under regular immunoglobulin replacement treatment, another 38,4% (63/164) 339 

developed CLD, reaching a combined 51.8% (85/164) patients with XLA affected with CLD. 340 



 

 

Diagnosis of CLD was made after an overall mean of follow-up of 12.78 years (range: 1-39 years) 341 

at an overall mean age of 19.67 years (range: 2-43 years). Development of CLD was not associated 342 

with the IgG dose administered for immunoglobulin replacement treatment (Online Repository 343 

Figure E2). A small percentage (15.8%) of XLA patients was under antibiotic prophylaxis before 344 

the development of CLD; this percentage increased upon diagnosis of CLD (40.3%). The long term 345 

follow-up of our cohort of XLA patients allowed us to calculate the real life cumulative risk for 346 

developing CLD among patients with XLA which resulted to be 47% after 40 years of follow-up 347 

(Figure 2C). The cumulative risk for developing CLD at 50 years of age was 47% (Figure 2D). 348 

Chronic sinusitis based on pathologic CT scans and clinical criteria was present in 56.7% (93/164) 349 

of patients during the last follow-up. Mean age at diagnosis of chronic sinusitis was 16.29 years 350 

(range: 4-41 years) with a mean follow-up of 13.56 years (range: 1-30 years). Of note, during the 351 

last follow-up, 53/164 XLA patients showed both chronic sinusitis and CLD.   352 

Gastrointestinal involvement was identified in 52.4% (86/164) of patients with a mean number of 353 

0.14 episodes/patient-year (Table 2). Skin infections were reported in 30.5% (50/164) of cases with 354 

a mean number of 0.08 episodes/patient-year (Table 2). Arthritis was recorded in 10,4% (26/164) of 355 

patients with a mean number of 0.02 episodes/patient-year of (Table 2). Finally, invasive infections 356 

such as sepsis, meningitis and encephalitis were registered in 2.4% (4/164), 0.6% (1/164) and 0% of 357 

subjects respectively (Table 2). While the majority of clinical complications during follow-up 358 

showed a similar prevalence between sporadic and familial cases, invasive infections of the central 359 

nervous system were only reported in the sporadic ones.  360 

 361 

Pathogen isolation 362 

As previously reported 7,11
,
 identifying the cause of infectious complications in XLA is not always 363 

feasible. Considering the long term follow-up and the size of our XLA cohort, we analyzed the 364 

pathogens isolated during the most frequent infectious complications involving lungs, 365 

gastrointestinal tract and skin. A total of 107 pneumonia episodes were recorded. Pathogen isolation 366 



 

 

from sputum cultures were available in 25% of cases. Haemophilus influenzae and Streptococcus 367 

pneumoniae were the most frequent pathogens isolated (53.58% and 17.86% respectively), followed 368 

by Pseudomonas spp (10.71%), Staphylococcus spp (7.14%), Klebsiella pneumoniae (3.57%), 369 

Branhamella catharralis (3.57%) and Pneumocystis jiroveci (3.57%). (Online Repository Figure 370 

E3A).  371 

During follow-up, a total of 200 episodes of gastrointestinal manifestations were registered. 372 

Pathogens were isolated only in 18.5% of cases. Giardia lamblia was the most frequently isolated 373 

pathogen (48.65%), followed by Salmonella (24.32%), Campylobacter (18.92%), Escherichia coli 374 

(5.41%) and Blastocistis hominis (2.70%) (Online Repository Figure E3B).  375 

Finally, a total of 115 episodes of skin infections were reported. Pathogens were isolated in 28.7% 376 

of cases. The most frequent one was Staphylococcus aureus (75.75%), followed by Herpes virus 377 

(21.21%) and Candida spp (3.03%) (Online Repository Figure E3C). 378 

 379 

Genotype-phenotype correlation in XLA 380 

Considering the size of our cohort and the long term follow-up, we investigated whether a 381 

genotype-phenotype correlation could be established in XLA, both at diagnosis and during follow-382 

up. Mutations were divided in 5 separate groups (Missense, Non Sense, InDels, Splicing and 383 

Deletions) and symptoms were evaluated for patients belonging to each group. Our data did not 384 

reveal a significant genotype-phenotype correlation in XLA, neither at diagnosis or during follow-385 

up (Online Repository Figure E4 and E5). 386 

 387 

Malignancy 388 

During follow-up, a minority of XLA patients (3.7%; 6/164 cases) were diagnosed with a 389 

malignancy (Table 3). Four out of six malignancies were localized in the gastrointestinal tract: 390 

colon n=2; stomach n=1; liver n=1.The remaining two malignancies involved the thyroid gland and 391 

the central nervous system (Table 3). Three out of these six patients (50%) died due to the 392 



 

 

malignancy at the last follow-up. No lymphomas were reported in this cohort. The incidence of the 393 

above mentioned malignancies in XLA patients resulted higher when compared to the one reported 394 

for healthy male Italians of the same age-group (source: www.gco.iarc.fr) (Table 3).  395 

 396 

 397 

Survival 398 

Long-term follow-up data regarding survival of patients with XLA are limited. Analysis of our 399 

cohort’s data shows that the overall survival at 43 years of age is 92.7%, significantly lower when 400 

compared to age-matched healthy controls (98%) (source: www.istat.it) (Figure 3). Subdivision of 401 

XLA patients based on the presence or absence of CLD (CLD+ and CLD- respectively) revealed that 402 

CLD+ patients showed an even lower survival at 43 years of age (90.5%), which resulted 403 

significantly lower when compared to age-matched healthy controls (Figure 3). Of note, although 404 

the absence of CLD in XLA ameliorates survival at 43 years of age (97.4%), their survival still 405 

remains significantly lower when compared to healthy age-matched controls (Figure 3).  Causes of 406 

death for 13 XLA patients are reported in Table 4. All deceased patients were born before the year 407 

2000.  408 

 409 

Immunoglobulin replacement treatment 410 

During follow-up, all patients were under regular immunoglobulin (Ig) replacement treatment. At 411 

the last follow-up, the endovenous (IVIG) and the subcutaneous route of administration were almost 412 

equally represented: 51% versus 49% respectively (Figure 4). Regarding the subcutaneous route, 413 

41% of patients were treated with conventional products (SCIG), while 8% of patients with the 414 

facilitated (fSCIG) ones. Almost all patients under SCIG treatment had been previously treated with 415 

IVIG (96.7%). 58,3% of patients under fSCIG treatment had been previously mainly treated with 416 

SCIG (Figure 4).  417 

 418 



 

 

Discussion 419 

 420 

In a nationwide longitudinal collaborative effort co-ordinated by IPINet, in order to better define the 421 

natural history of XLA, 168 affected patients with documented XLA were regularly evaluated for a 422 

cumulative follow-up for 1370 patient-years, the longest reported to date.  423 

Overall mean age at diagnosis was 66 months. The introduction of the national XLA registry in 424 

2000 determined a reduction of the diagnostic delay from 84 months (before 2000) to 23 months 425 

(after 2000), suggesting that the establishment of a nationwide registry for primary 426 

immunodeficiencies increases awareness among physicians and leads to early diagnosis for affected 427 

patients. In fact, in a recent cohort study of 174 agammaglobulinemic patients that did not utilize a 428 

nationwide registry 14, average age at diagnosis was 7.09+/-3.98 years, further underlining the 429 

potential role of a national registry for primary immunodeficiencies in increasing awareness among 430 

physicians, thus leading to earlier diagnosis for affected patients.  431 

The immunological presentation of affected patients at onset satisfied the classical diagnostic 432 

criteria in the majority of cases. For the remaining cases, diagnosis of XLA was achieved by 433 

integrating the Ig class levels of all classes with the percentages of peripheral B cells and the family 434 

history for XLA, underlining how the combined use of these three parameters allows for diagnosis 435 

of XLA even in the minority of cases without complete satisfaction of the classical diagnostic 436 

criteria for this disease.  437 

Mean age at diagnosis was unexpectedly similar between sporadic and familial cases (67 months 438 

versus 64 months respectively). A similar diagnostic delay for familial cases was observed in 439 

another cohort study, where only one third of patients with positive family history were diagnosed 440 

before becoming symptomatic 7, further underscoring that physicians should pay attention to 441 

positive family history in order to achieve early diagnosis of XLA.  442 

Infections of the respiratory tract, mainly otitis media, pneumonia and sinusitis, were the most 443 

common clinical presentations at onset, in accordance with previously reported data 7,11-19.  Of note, 444 



 

 

13.1% of affected patients was affected with CLD at diagnosis. The occurrence of this complication 445 

already at diagnosis may be partially explained by various factors such as advanced age, delayed 446 

diagnosis and initial treatment with intramuscular Ig known to be considerably less effective than 447 

endovenous Ig in reducing the incidence of respiratory infections. Gastrointestinal infections were 448 

reported in 19% of patients, confirming that this is a frequent co-morbidity as previously reported 449 

7,11-20. The incidence of post-vaccination poliomyelitis (PPV) due to the oral attenuated Sabin 450 

vaccine was 2.4%, quite higher than previous reports (1%) 7. Both PPV and encephalitis were 451 

exclusively documented for patients born before the establishment of the IPINet registry in 2000. 452 

Regarding PPV, this is also related to the fact that, after 2002, the national vaccine schedule 453 

includes only the inactivated Salk vaccine.  454 

During follow-up, and under regular Ig replacement treatment, infections of the respiratory tract, 455 

such as otitis media, pneumonia and sinusitis, remained one of the major clinical burdens for XLA 456 

patients, suggesting that the lack of mucosal IgA cannot be adequately compensated by polyspecific 457 

IgG replacement treatment. A recent meta-analysis 21 demonstrated that increasing the administered 458 

dose of IgG in patients affected with PIDs, may reduce the incidence of pneumonias and thus the 459 

risk of developing CLD. The high prevalence of CLD in our cohort suggest that regular IgG 460 

supplementation does not prevent the development of this complication. The long-term follow-up of 461 

our cohort allowed us to calculate the cumulative risk of CLD which is equal to 47% after 40 years 462 

of follow-up and equal to 47% at 50 years of age, findings that have not been reported before. In 463 

our previous study 11, the prevalence of CLD resulted higher, but this was dependent on the 464 

composition of the cohort, including the mean age at diagnosis and the type of treatment received. 465 

In any case, these findings underline that the development of CLD is a real-life complication in 466 

XLA and may interest almost half of affected patients by their 40s-50s. Considering the impact of 467 

CLD in everyday life 22 and especially in long-term outcome, physicians should pay more attention 468 

to lung morbidity in XLA and consider, as early as possible, a personalized respiratory 469 

physiotherapy program and/or antibiotic prophylaxis 23 regimen for affected patients.  470 



 

 

Gastrointestinal and skin infections were recorded in a significant number of patients, consistent 471 

with previous XLA case series 7,11-13. Previous studies have suggested that the gastrointestinal tract 472 

is frequently involved in tumor transformation in XLA patients 24-38. In our cohort, four XLA 473 

patients developed tumor of the gastrointestinal tract during follow-up, one gastric adenocarcinoma, 474 

one liver carcinoma and two colon adenocarcinoma.  475 

Finally, overall survival for XLA patients was 92.7% at 43 years of age, and CLD was the major 476 

factor found to increase the mortality of XLA patients in agreement with an international survey 477 

reporting that CLD was the leading cause of death among XLA patients 19. This is the first real life 478 

definition of long-term survival in XLA patients, since previously published data for patients’ 479 

registries had a limited follow up period (4.5 years) 7.   480 

In conclusion, our data describe in a detailed and substantial manner the natural history of XLA 481 

during the longest follow-up described to date and underline that Ig replacement treatment is not 482 

sufficient to control all co-morbidities that arise over the years. Considering that the life expectancy 483 

of affected patients is reduced when compared to age-matched healthy controls, clinical 484 

management should focus on the prevention and prompt treatment of associated complications, 485 

mainly CLD, in order to improve patients’ quality of life and overall survival.  486 

 487 
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Figure legends 650 

Figure 1. Age and immunological presentation of 168 XLA patients at diagnosis. A. Age at 651 

diagnosis (shown in months) in correlation with the year of birth. B. Immunoglobulin IgG serum 652 

levels at diagnosis (grey area depict normal values for age). C. Immunoglobulin IgA serum levels at 653 

diagnosis (grey area depict normal values for age). D. Immunoglobulin IgM serum levels at 654 

diagnosis (grey area depict normal values for age). E. Peripheral lymphocyte subsets (CD3, CD8, 655 

CD4, CD19) at diagnosis (dotted-light grey area depicts ≥2% of peripheral B cells).  656 

 657 

Figure 2. Clinical manifestations of XLA patients at diagnosis and during follow-up. A. 658 

Clinical symptoms at diagnosis. B. Clinical complications during follow-up. C. Cumulative risk for 659 

the development of chronic lung disease (CLD) based on the years of follow-up for affected 660 

patients. D. Cumulative risk for the development of chronic lung disease (CLD) based on the age of 661 

affected patients.  662 

 663 

Figure 3. Survival of XLA Patients during long term follow-up. Survival curve of affected 664 

patients (total: black line; without chronic lung disease: dotted line; with chronic lung disease: 665 

dashed line) compared to age matched Italian males (red line) (source: www.istat.it). The numbers 666 

indicate patients censored at each time point (total: black; without chronic lung disease: green; with 667 

chronic lung disease: blue). Comparisons between patients and general population were performed 668 

using Student’s t-test. Significance threshold was set at p<0.05. Statistical analysis was performed 669 

using Prism GraphPad software, version 8 (GraphPad Software Inc., La Jolla, CA, USA) (* p<0.05; 670 

** p<0.01; *** p<0.001; p<0.0001). 671 

 672 

Figure 4. Immunoglobulin replacement treatment in Italian XLA patients. Immunoglobulin 673 

replacement treatment (IVIG: black bar; SCIG: dark grey bar; fSCIG: light grey bar) at last follow-674 



 

 

up (right panel); previous route of Ig administration (left panel) for patients under IVIG (upper left 675 

panel), SCIG (mid left panel) and fSCIG (lower left panel) replacement treatment. 676 

 677 

 678 



Table 1: 18 novel mutations of BTK in 157 XLA patients 

# BTK_EXON BTK_MUT BTK_EFF Polyphen MutationTaster CADD 

1 2 c.40T>C p.Ser14Pro 1/D 1/D 27.4 

2 2 c.40T>C p.Ser14Pro 1/D 1/D 27.4 

3 2 c.A52del p.Lys18Argfs*6 - 1/D - 

4 3 c.221delC p.Pro74Leufs*47 - 1/D - 

5 § 4 c.307C>T p.Gln103* - 1/D 29.3 

6 § 4 c.307C>T p.Gln103* - 1/D 29.3 

7 6 c.493T>C p.Cys165Arg 1/D 1/D 25.9 

8 8 c.592_596delinsCTAACTACATA Lys199Thrfs*3 - 1/D - 

9 IVS10 c.895-2A>G splicing defect - - - 

10 § 12 c.1032T>G p.Tyr344* - 1/D 18.73 

11 § 12 c.1032T>G p.Tyr344* - 1/D 18.73 

12 § 12 c.1032T>G p.Tyr344* - 1/D 18.73 

13 14 c.1228delA Thr410Leufs*6 - 1/D - 

14 15 c.1375C>T p.Gln459* - 1/D 26 

15 15 c.1399C>T p.Gln467* - 1/D 38 

16 15 c.1507A>T p.Lys503* - 1/D 26.9 

17 § 15 c.1541C>A p.Ser514* - 1/D 28.5 

18 § 15 c.1541C>A p.Ser514* - 1/D 28.5 

19 IVS15 c.1567-1G>A splicing defect - - - 

20 16 c.1579T>G p.Cys527Arg 0.4/B 1/D 32 

21 IVS16 c.1632-1G>A splicing defect - - - 

22 17 c.1691C>A p.Ser564Tyr 1/D 1/D 22.7 

23 17 c.1702_1704delGTC p.Val568del - 1/D - 

§ = familiar cases 

B = Benign 

D = Damaging 

 



Table 2. Incidence of infectious episodes among XLA patients during follow-up 

  

  
number of 

patients (%) 

number of 

episodes 

number of 

episodes/patient-year   

Pneumonias 56 (34,1%) 107 0,08 

Otitis 55 (33,5%) 130 0,095 

Sinusitis 93 (56,7%) 382 0,28 

Sepsis 4 (2,4%) 4 0,003 

Meningitis 1 (0,6%) 1 0,0007 

Encephalitis 0 (0%) 0 0 

Arthritis 17 (10,4%) 26 0,02 

Gastroenteritis 86 (52,4%) 198 0,14 

Skin Infections 50 (30,5%) 113 0,08 

 



Table 3. Malignancies diagnosed in XLA patients during follow-up    

       

 # Year of 

Birth 

Age at Diagnosis of Malignancies Type of Malignancies Status % of Malignancies 

in XLA  

% of Malignancies in 

Healthy Italian 

Males* 

8 1999 11 ependymal astrocytoma variant giant cells alive 0,61 0,0022 

30 1972 33 colon adenocarcinoma  alive 1,20 0,0041 

74 § 1969 38 liver carcinoma HCV
+ 

dead 0,61 0,0033 

77 1980 36 thyroid papillar carcinoma follicular type alive 0,61 0,0109 

78 1980 34 colon adenocarcinoma  dead 1,20 0,0041 

88 1967 37 gastric carcinoma dead 0,61 0,0012 

       

§ = familial case      

HCV
+
 = Hepatitis C virus positive     

* = data source: https://gco.iarc.fr     

 



Table 4. Deceased XLA patients during long term follow-up  

     

 # 
Year of 

Birth 

Age at 

Diagnosis 

Age at 

Death 
Cause of Death 

10 § 1974 5 29 Infectious BPN 

35 1966 40 42 Septic Shock 

41 § 1979 1 37 Neuroacanthosis 

43 1999 3 3 Pseudomonas Sepsis 

74 § 1969 8 38 Cardiac Arrest/Liver Disease 

78 1980 11 38 Colon adenocarcinoma  

86 1981 12 19 Car accident 

88 1967 7 37 Gastric Carcinoma 

96 1972 6 21 Cardio-respiratory Failure 

104 1969 13 35 Cardio-respiratory Failure 

145 1969 4 34 CLD/Cardiac Arrest 

146 1986 1 29 Cerebral Hemorrhage/Thrombocytopenia/Liver Cirrhosis 

149 § 1968 12 32 Pneumocistis jirovecii infection/Cardiac Arrest 

     
§= familial cases 
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Figure 3
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Figure 4 
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