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Introduction

• Both infection and inflammation are 
considered hallmarks of cystic fibrosis 

• Chronic infection in CF serves as a trigger 
point for inflammation

• However, airway inflammation may be 
excessive and sustained relative to the 
infection

• CFTR is a pro-inflammatory gene, contributing 
to immune dysregulation1

1 Elborn, Lancet 2016



Introduction

• In response to pathogens:

– Increased amounts of neutrophils in the lungs 

– Elevated various sputum and systemic 
inflammatory mediators

– ↑ TNF-α, IL-6, neutrophil elastase, antiprotease 
and IgG1

– ↓ anti-inflammatory cytokines, such as IL-10 2,3

1 Muhlebach et al., J CF 2016
2 Van De Weert et al., Respir Med 2014
3 Van De Weert et al., ERJ 2012 



Introduction

• Human IgG and subclasses (IgG1–IgG4) have a 
prominent role in defending against a variety of 
microorganisms and trigger effector functions

• May induce pro-inflammatory responses by 
recruiting innate immune cells or activating the 
complement pathway 



Tomas Castro-Dopico, Front Immunol 2019



Introduction

• The association between IgG levels and disease 
severity in CF was reported in the early 1960s

• Immunoglobulin levels were found to increase with 
age, as well as during pulmonary exacerbations1

• An association between chronic colonization with 
PA and elevated IgG levels and its subtypes2,3

1 Moss, Chest 1987
2 Van De Weert et al., Respir Med 2014
3 Clerc et al., PLoS ONE 2014 



Aim

 To evaluate the association between IgG 
levels and markers of disease severity:                 
clinical characteristics, lung functions, LCI, 
imaging, and inflammatory markers



• A retrospective single center study – pediatric 
pulmonary institute, Ruth Rappaport Children’s 
Hospital

• CF patients followed at our center January 2014-
February 2020

• Routine follow-up: spirometry and sputum 
culture at every routine clinic visit (3m); blood 
tests X2/yr; LCI X1/yr; and CT scans every three 
years

Methods



• We used the LCI and spirometry values that were 
performed at the closest visit to the CT scans, 
while in a stable clinical state (study visit)

• Patients who performed neither LCI nor CT scans 
were not included in the study

Methods



Demography: weight,height, BMI

CFRD, liver disease, ABPA Spirometry, LCI

PI/PS, F508del 

Chronic PA

IgG

Days on AB previous year (IV/PO)

SK score CT score



 Shwachman-Kulczycki (SK) score - a clinical score, 
first published in 19581

 The modified score contains three categories: 
general activity, physical findings, nutritional 
status

 Each category is given an equal weight of 25 
points, for a total score of 75 points; a higher 
score indicates better health 

SK score

1 Shwachman et al., AMA J Dis Child 1958 



CT score
• CT scans were anonymized and a modified Bhalla 

score was performed by a pediatric radiologist

• The score includes:

 The extent of bronchiectasis and number of segments 
involved; peri-bronchial thickening; mucus plugs, 
sacculation, bullae; collapse and consolidation and 
emphysema

• The total score ranges from 0 to 25, with a higher 
score indicating more severe changes 



Results

• 69 patients had sufficient data to be included 
in the study

• LCI results were available for 66 patients

• 17 patients carried the F508del mutation; 3 
homozygous

• CT scans were available for 55 patients



Results

• The most prevalent co-morbidity was CF liver 
disease (26%), followed by CFRD (15%)

• The patients received a total of 20.4±21.9 days 
of antibiotics in the year preceding the study 
visit

• FEV1 was slightly reduced (mean 76.9%)

• LCI was elevated (mean 10.0±2.9)





(



Results - IgG

• 19 (27.5%) patients had elevated IgG

• IgG was higher in PI patients (1504.3±625.5 vs. 
1229±276.1, p=0.023) and patients with 
chronic liver disease (1702.6±720.3 vs. 
1256.2±345.5, p=0.001)

• IgG did not correlate with the presence of 
F508del mutation, chronic colonization with PA 
or CFRD



Results - correlations

r p value

FVC (%) -0.437 <0.001

FEV1 (%) -0.551 <0.001

FEF25-75 (%) -0.531 <0.001

LCI 0.342 0.005

CT score 0.435 0.001

SK score -0.603 <0.001

Days of oral AB 0.271 0.024

Days of IV AB 0.337 0.005

CRP 0.38 0.003



Results - correlations
• IgG correlated positively with:

 LCI

 CRP

 Days on AB treatment in the previous year - PO, IV 
and total 

 CT score

• IgG correlated negatively with:

 Spirometry results – FVC%, FEV1% and FEF 25-75%

 SK score 



Results



• We found elevated levels of IgG in 27.5% of our 
patients

• In the early 1980s, Matthews found IgG↓ in 22% 
of patients <10 years, while 25% of older patients 
had IgG↑1

• Levels of IgG predicted morbidity and mortality 
over five years2

• Hypergammaglobulinemia G in a pediatric cohort 
increased from 16% to 25% in four years3

Discussion

1 Matthews et al., NEJM 1980
2 Wheeleret al., J Pediatr 1984
3 Proesmans et al., J CF 2011



• Serum levels of IgG have been found to be clearly 
associated with the progression of lung disease in 
CF

• Mechanism unclear
 IgG levels may reflect a hyperimmune state that is 

ineffective against infection1

 Local deposition of pro-inflammatory immune 
complexes in the lungs2

 Animal models - mitogenic effect of PA antigens → 
polyclonal B-cell activation, generalized 
immunoglobulin secretion3

Discussion

1Levy et al., Ped Pul 2007
2 Wheeleret al., J Pediatr 1984
3 Moss et al., Chest 1987





 Small number of patients

 Some co-morbidities (gastrostomy and ABPA) 
were present in a few patients, precluding sub-
group analysis

 Retrospective study, and not all evaluations were 
performed at a single visit

 Cross-sectional – no trends over time

 Levels of other inflammatory markers, such as 
cytokines, and IgG sub-types were not available

Limitations



• Taken together, our results imply that higher IgG 
levels are clearly associated with a more severe 
disease, manifested by clinical parameters, lung 
function results and imaging findings

• This easily available parameter may be a useful 
additive marker, where LCI and low irradiation CT 
are not accessible

• Trends and trajectories of IgG over time could 
help in identifying high-risk patients

Take-home message



• Further larger prospective longitudinal studies 
are needed, assessing IgG levels at baseline, 
during exacerbations and in patients receiving 
mutation –specific therapies

Take-home message


