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The Significance of Immunoglobulins in Cystic
Fibrosis: Normal or High?
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ABSTRACT

Aim: Cystic fibrosis (CF) is characterized by local and chronic inflammation accompanied by increased neutrophil and macrophage counts, high
elastase levels, and inflammatory cytokines due to impaired haemostasis. Changes in immunoglobulin (Ig) levels may occur due to recurrent
chronic infections and may be associated with the deterioration of respiratory functions. In this study, we aimed to evaluate the interaction of
high Ig levels with respiratory functions and chronic infections in CF.

Materials and Methods: The diagnosis of the patients CF was made in accordance with the “National CF Diagnosis and Treatment Guidelines”.
The socio-demographic characteristics, Ig values, and the pulmonary function tests were evaluated according to age group.

Results: A total of 107 patients were included in this study. The patients’ median age was 65 (6-200) months. It was found that those patients
with high IgG (p=0.01) and IgA (p<0.001) values had more moderate-to-severe respiratory function than those with normal values. Also, there
was no statistically significant difference when the patients were compared for P. aeruginosa colonization using IgG levels (p=0.51), IgA levels
(p=0.16) and IgM levels (p=0.34).

Conclusion: Elevated IgG and IgA levels in patients with CF may be an indirect indicator of deterioration in pulmonary function tests. There was
no significant difference in IgG, IgA, and IgM levels for P. aeruginosa colonization. We recommend that the results of our study be supported by
cohort studies.
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Introduction levels may occur due to recurrent chronic infections and
inflammation in the respiratory tract (3-6). Mutations

The cystic fibrosis (CF) disease is caused by a defect in
which cause disruptions in CFTR function lead to

the CF transmembrane regulator gene, which produces a ) ] ] ) ) .
abnormal mucus viscosity and disruptions in mucociliary

clearance, allowing permanent airway colonization,
especially with pathogenic bacteria. Chronic colonization

protein called CF transmembrane conductance regulator
(CFTR) (1,2).

CF is characterized by local and chronic inflammation
accompanied by increased neutrophil and macrophage
counts, high elastase, and inflammatory cytokines due to
impaired haemostasis. Changes in immunoglobulin (Ig)

with Pseudomonas aeruginosa and Staphylococcus aureus
usually occurs in CF. An association between chronic
colonization with P. aeruginosa and elevated IgG levels
and subtypes has been demonstrated (3,7,8). Higher I1gG
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and IgA levels have been associated with worse clinical
outcomes and increased impairment of lung function
in CF patients (4,9,10). A study conducted on child and
adult CF patients found positive correlations between
IgG and CRP, and negative correlations between CT
scores and spirometry. The use of IgG as a marker for CF
disease activity is supported by the available literature
(11). Interestingly, hypogammaglobulinemia has been
reported to be associated with less severe lung disease
and therefore, better prognosis (4,5,9). Although many
mechanisms have been blamed for the pathogenesis of
polyclonal Ig activity in CF, the real mechanism is not
clear. 1gG levels may reflect a hyperimmune state with no
apparent effect on recurrent infections, possibly causing
damage to the airways (11). Given this context, this study
aimed to evaluate the interaction of high Ig levels with
respiratory functionsand chronic infections in CF.

Materials and Methods

Patients who were diagnosed with CF between 6 months
and 18 years old and followed up by the Department of
Paediatric Chest Diseases between December 2012 and
December 2021 were evaluated. Approval was obtained
from the Dicle University Faculty of Medicine Non-Invasive
Research Ethics Committee (number: 507, date: 15.12.2021).
The diagnosis of CF was evaluated according to the
“National CF Diagnosis and Treatment Guidelines”: Clinical
findings of CF disease or sibling history with CF or neonatal
screening test positivity and at least one of the following:
showing 2 mutations of CF or measurement of nasal
potential difference compatible with CF or two different
sweat test results performed on the same day are =60
mEq/Lt (12,13).

The socio-demographic characteristics routinely
checked, single Ig values, and laboratory parameters from
the previous three months were evaluated. Levels of IgG,
IgA, IgM, and IgE were expressed as being within the
normal or above (hyper) two standard deviations from the
age-corrected mean. The results were compared to the
age-related national normal population data (14). Routine
C-reactive protein (CRP) and haemogram values taken at
the same time as Igs were evaluated.

Body weight, height measurements, and pulmonary
function tests (PFT) recorded simultaneously with the last
laboratory tests of the patients were evaluated according to
age groups. Nutritional status was evaluated by calculating
weight for height (BGA) percentiles for those patients in the
first two years of life, and body mass index (BMI) percentiles
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for those aged between three to 18 years. The nutritional
status of the patients whose BGAs and BMIs were below the
10 percentile were considered inadequate (13).

The patients were evaluated during clinical stability.
Those patients with a background of intervention with
gamma globulin, cancer immunosuppression therapy,
transplant or those with acute lung infection, or any
immunodeficiency such as humoral and/or cellular
immunodeficiency were excluded from the Ig analysis (15).

The patients’ forced vital capacity (FVC), forced
expiratory volume in 1 second (FEV)), FEV./FVC, and
maximum expiratory flow at 50% of vital capacity
(FEF,. ,.) were assessed. The severity of the lung disease was
evaluated according to the FEV, percentages. Cases with a
FEV, of 81% and above were accepted as normal, between
51% and 80% as mild, between 31% and 50% as moderate,
and less than 30% as severe (16). PFTs within the last
three months were evaluated. The Ig levels and PFT were
evaluated during clinical stability.

Those patients with bronchiectasis on chest tomography
taken within the last six months, and P. aeruginosa and S.
aureus colonization in their sputum cultures over three
consecutive months in the last six months were included
this study.

Statistical Analysis

SPSS-18 was used to conduct statistical analyses for
this study. Visual (histogram and probability graphs) and
analytical (Kolmogorov-Smirnov/Shapiro-Wilk tests)
methods were employed to verify whether the variables
conformed to the normal distribution. Descriptive statistics
are given, including the median for numerical non-normally
distributed variables and the mean for normally distributed
variables. The chi-square test (%) was used to compare
categorical variables. Correlation analyses were calculated
using the Pearson test.

Results

The clinical characteristics and laboratory parameters
of the patients are shown in Table I. A total of 107 patients
were included in this study. Of these, 61 patients were male
(57%) and their median age was 65 (6-200) months. Fourty-
eight patients were diagnosed via new-born screening
(44.9%). Genetic testing was carried out on 102 patients.
Genetic mutation was detected in 82 patients (76.7%).
Homozygous 3130delA/3130delA was the most common
mutation. Chronic P. aeruginosa colonization was seen in 17
patients (15.8%). Median CRP was 0.07 (IQR=0.24).
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The evaluation of IgG, IgA, and IgM levels according to
the age of the patients is shown in Table Il. Ig values were
found to be normal in most of the patients. Eighty-three
of the patients were below 10 years and 9 (10.8%) of them
had high IgGC.

The comparison between different parameters and IgG
levels is shown in Table Ill. Sixty-four of the patients could
perform PFTs. Three patients (5.6%) had normal to mild
FEV, and high IgG. Also, three patients (30%) had moderate
to severe FEV, and high IgG. This was statistically different
(p=0.01). Forty patients were below 10 years of age and
could perform a PFT. Four out of 40 patients (10%) had high
IgG. Two of the other 24 patients (8%) who were above 10
years of age had high IgC. This was not statistically different
(p=0.76). Nutritional status was inadequate in 25 patients.
Five out of 25 patients (20%) had high IgG. Also, 6 out of 82
patients (7.6%) with a normal nutritional status had high
IgG. This was not statistically different (p=0.08).

The interactions between the parameters and IgA levels
are shown in Table IV. There was a significant difference
between the groups in terms of FEV, (p<0.001). It was
determined that those patients with high IgA levels had
more moderate-to-severe respiratory function.

The interactions between the parameters and IgM levels
are shown in Table V. There was no statistically significant
difference between the groups in terms of FEV, (p=0.2),
P. aeruginosa colonization (p=0.34), nutritional status
(p=0.73), or age (below or above 10 years old) (p=0.18).

The relationships between Ig levels and CRP, absolute
neutrophil, and eosinophil count are shown in Table VI.
There was no significant correlation between increases in Ig
levels and these laboratory parameters.

Discussion

Ig levels may be elevated because of aging, reflecting a
deterioration in lung function and chronic lung infections in
patients with CF (4,5,17). Therefore, monitoring I1gG and IgA
levels in CF patients may be useful for this purpose. In this
study, the interaction of Ig changes with both P. aeruginosa
colonization and PFT were evaluated in patients with CF.

Various mutations were found in 75% of the patients in
the study that was conducted by Onay et al. (18). The most
common mutation was the delta F508 mutation (18.8%),
and the second most common mutation was 1677delTA
(7.3%). Erdem et al. (19) found various mutations in 75% of
their patients, and the delta F508 homozygous mutation

Table I. Clinical characteristics and laboratory parameters of the patients
Age, median (min.-max.), months 65 (6-200)
Age at diagnosis (months), median (min.-max.) 4 (0-244)
Follow-up durations (months), n (IQR)* 98 (51)
Gender, male/female (%) 57/43
Consanguineous marriage, n (%) 58 (54.2)
Newborn screening diagnosis, n (%) 48 (44.9)
Genetic mutation detected, n (%) 82 (76.7)
Homozygous 3130delA/3130delA, n (%) 8 (7.5)
Most common mutation
Homozygous delta F508/delta F508, n (%) 7 (6.5)
Median FEV ** (IQR) 89 (33)
Chronic P. aeruginosa colonization n (%) 17 (15.8)
Chronic S. aureus colonization n (%) 7 (6.5)
Median number of polymorphonuclear neutrophils (IQR)/mm? 4000 (3580)
Median CRP, mg/dL (IQR)** 0.07 (0.24)
Malabsorption***, n (%) 18 (30.7)
The rate of bronchiectasis, n (%) 24 (22.4)
Age of first bronchiectasis occurrence, mean + Standard deviation 102+39.4
Nutritional status**** inadequate, n (%) 25 (23.4)
*IQR: Interquartile range
**Sixty-four patients were able to perform pulmonary function test
*** Stool elastase >200 microgram/day was considered as malabsorption.
****Nutritional status was evaluated by calculating weight for height percentiles for patients in the first two years of age, and body mass index percentiles for patients
aged between three to 18 years
min.-max.: Minimum-maximum, FEV,: Forced expiratory volume in 1second, CRP: C-reactive protein
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(12.5%) was found most frequently. In our study, genetic
mutation was detected in 82% of the patients. The most
common mutations were homozygous 3130delA/3130delA
(7.5%) and homozygous delta F508/delta F508 (6.5%). Due
to the heterogeneous structure of the Turkish population,
different regional genotypic results have been reported in
studies. Due to these different genotypic features, genotype
results in patients with CF in our country may vary locally,
but in general, the homozygous delta F508/delta F508
mutations are common.

Moss's (3) study found that patients with CF had higher
IgG levels than the control groups. Hypergammaglobulinemia
was detected in 34.2% of the cases (3). During follow-

Table II. Number and rates of cases with normal or high
immunoglobulin levels by age groups

:lga\lues Categorical age :?:/:;al* :'ﬁ%
G Below 10 years, n=83 74 (89.2) 9 (10.8)
Between 10-18 years, n=24 | 22 (91.7) 2(8.3)
A Below 10 years, n=83 74 (89.2) 9 (10.8)
Between 10-18 years, n=24 9(79.2) 5(20.8)
"y Below 10 years, n=83 79 (95.2) 4(4.8)
Between 10-18 years, n=24 | 21(87.5) 3(12.5)
IgE 0-18 years, n=107 104 (97.2) | 3(2.8)

*Levels of IgG, IgM, IgA were assessed as being normal or above (hyper) the
standard deviations from the age-corrected mean
Ig: Immunoglobulin

up in a cohort study, Proesmans et al. (17) also found
that the rate of hypergammaglobulinemia had increased
from 16% to 25% over the years. Garside et al. (4) found
hypergammaglobulinemia in 7.8% of CF patients below 18
years of age. In addition, this rate was found to be 1.2% in
patients below the age of 10 and 15.5% in those above the
age of 10, and this difference was significant (4). In the study
by Matthews et al. (5), the rate of hypergammaglobulinemia
in the paediatric population was found to be 6.5% for those
below the age of 10, and 24.7% for those above the age of
10, and this was found to be statistically significant. The
rate of hypergammaglobulinemia was found to be greater in
those studies conducted on adults. Hassan et al. (20) found
this rate to be 69% between the ages of 17 and 49 years and
Pressler et al. (21) found it to be 32% between the ages of
one and 36 years. We found that 11 (10.3%) of our patients
had hypergammaglobulinemia and our results were very
similar to other studies conducted with children. However,
in terms of hypergammaglobulinemia values, no statistically
significant difference was found between those patients
below or above 10 years of age who were able to perform
PFTs. In fact, the median age of our patients was 65 months.
We know that chronic infections and inflammation are
relatively rare at this age (22). It was stated by Ortega-Lépez
et al. (10) that hypergammaglobulinemia was the result
of chronic airway inflammation due to chronic infection.
Also, adult patients were not included in our study. The

Table lil. Interaction between the parameters and IgG levels

Normal IgG | High IgG
Parameters n (%) n (%) p-value
Normal to mild, n=54 51(94.4) (5.6)
FEV,* 0.01
Moderate to severe, n=10 7 (70) 3(30)
A Below 10 years old and those who could do pulmonary function test, n=40 36 (90) 4 (10) 076
e* .
g Above 10 years old and those who could do pulmonary function test, n=24 22 (91.7) 2(8.3)
Nutritional status, Yes, n=25 20 (80) 5(20) 0.08
inadequate No, n=82 76 (92.7) 6(7.3) '
Yes, n=18 15 (83.3) 3(16.7)
Malabsorption** 0.32
No, n=89 81(91) 8(9)
P. aeruginosa Yes, n=17 16 (94.1) 1(5.9) 0]
colonization No, n=90 80 (88.9) 10 (11.) '
Yes, n=7 5(71.4) 2(28.6)
S. aureus colonization 0.1
No, n=100 91(91) 9(9)
Yes, n=24 19 (79.1) 5(20.9)
Bronchiectasis*** -
No, n=7 7 (100) 0(0)

*Only 64 patients were able to perform pulmonary function tests.

**Stool elastase >200 microgram/day was considered as malabsorption.
***Computed tomography was performed in 26 of the patients in the normal IgG group with suspected bronchiectasis, and in 5 of the patients in the high 1gG group
FEV,: Forced expiratory volume in 1second, Ig: Immunoglobulin
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incidence of hypergammaglobulinemia is less common in
children than in adults. This has been attributed to less P.
aeruginosa colonization and the treatment of inflammation
with antibiotics (4,5).

Further, it has been shown that CF patients with high
IgG levels had more severe clinical outcomes and worse
lung functions compared to those with normal levels (4,9).
In our study, we found that lung functions were affected
more severely in patients with hypergammaglobulinemia.
This supports the results observed during the literature
review. In addition, when evaluated in terms of P. aeruginosa

colonization, no significant difference was found between
the groups with or without hypergammaglobulinemia.
Bronchiectasis was detected in all patients with
hypergammaglobulinemia. It was difficult to evaluate the
difference between colonization and the age groups based
on our study. Cohort studies would be able to provide more
accurate information. Our study supports previous findings
that an increase in IgG may be an indicator of lung function
damage (9,23).

It has been stated by Aanaes et al. (24) that IgA elevation
is significant when P. aeruginosa is present in respiratory

Table IV. Interaction between the parameters and IgA levels

Normal IgA High IgA
n (%) n (%) p-value

Normal to mild, n= 54 47 (87.1) 7 (12.9)

FEV* <0.001
Moderate to severe, n=10 3(30) 7 (70)
Yes, n=25 20 (80) 5(20)

Nutritional status, inadequate 0.24
No, n=82 73 (89) 9 (1)
Yes, n=17 13 (76.5) 4(23.5)

P. aeruginosa colonization 0.6
No, n=90 80 (88.9) 10 (1.1)
Yes, n=18 14 (77.8) 4(22.2)

Malabsorption** 0.2
No, n=89 79 (88.8) 10 (1.2)
Yes, n=7 6 (85.7) 1(14.3)

S. aureus colonization -
No, n=100 87 (87) 13 (13)
Below 10 years, n=83 74 (89.2) 9 (10.8)

Age 0.21
Above 10 years, n=24 19 (79.2) 5(20.8)

*Only 64 patients were able to perform pulmonary function tests.

**Stool elastase >200 microgram/day was considered as malabsorption

FEV.: Forced expiratory volume in Tsecond, Ig: Immunoglobulin

Table V. Interaction between the parameters and IgM levels

Normal IgM High IgM
n (%) n (%) p-value

Normal to mild, n=53 50 (94.3) 3(5.7)

FEV* 0.2
Moderate to severe, n=11 10 (90.9) 1(9.0)
Yes, n=25 23 (92) 2(8)

Nutritional status, inadequate 0.73
No, n=82 77 (93.9) 5(6.1)
Yes, n=18 16 (88.9) 2 (1.0)

Malabsorption** 0.39
No, n=89 84 (94.4) 5(5.6)
Yes, n=17 15 (88.2) 2(11.8)

P. aeruginosa colonization 0.34
No, n=90 85 (94.4) 5(5.6)
Yes, n=7 6 (85.7) 1(14.3)

S. aureus colonization -
No, n=100 94 (94) 6 (6)
Below 10 years, n=83 79 (95.2) 4(4.8)

Age 0.8
Above 10 years, n=24 21(87.5) 3(12.5)

*Only 64 patients were able to perform pulmonary function tests.
**Stool elastase >200 microgram/day was considered as malabsorption
FEV,: Forced expiratory volume in 1second, Ig: Immunoglobulin
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tract secretions and is an indicator of P. aeruginosa infection.
In another study, it was found that the group with high
IgA levels had a higher rate of P. geruginosa colonization
(71.4%) than the group with normal IgA (23.5%). Also, it
was found that those patients with high IgA levels had a
higher rate of severe FEV, classification (71.4%) than the
group with normal IgA (8.8%) (10). Our study was not
a cohort study. The median age of the patients was 65
months, and they were part of the age group with lesser
bronchiectasis and chronic colonization. In our study, no
significant difference was found in terms of P. aeruginosa
colonization and IgA levels. Interestingly, it was observed
that IgA elevation could be accompanied by a moderate to
severe deterioration in PFT.

In a study evaluating 53 patients with CF, high levels
of I1gM were found in seven patients (13%). A similar rate
of severe involvement in FEV, was found between the high
IgM group (18.8%) and the normal group (28.6%). High
IgM levels were detected in one patient below 10 years of
age (14.3%) and in four patients above 10 years (57.1%). P.
aeruginosa colonization (>three months) was detected in
six patients with high IgM (18.8%) and in seven patients
with normal values (100%). In addition, bronchiectasis
was detected in 10 patients with high IgM (29.4%) and in
six patients with normal IgM (85.7%). Malnutrition was
observed in 11 patients with normal IgM (34.4%) and in three
patients with high IgM (42.8%), all of whom were below
18 years of age. The significance of these differences was
not mentioned (10). In our study, no significant association
was found between FEV, level, age, nutritional status, P
aeruginosa colonization, and IgM elevation. Further research
is needed to explain the importance of IgM elevation in CF.
It is difficult to comment on this subject with the current
literature knowledge.

Cur et al. (25) found a relationship between IgG and
CRP levels in adult patients with CF. CRP is a marker

Table VI. The relationship between Ig levels and CRP, absolute
neutrophil, and eosinophil count

C-reactive | Absolute Absolute
protein neutrophil eosinophil
(mg/dL) count count
r 0.02 -0.19 015
1gG
p 0.86 0.87 0.2
r 0.8 0.2 -0.19
IgA
p 0.1 0.7 0.08
r 0.8 0.8 -0.1
IgM
p 0.1 0.09 0.33

Ig: Immunoglobulin, CRP: C-reactive protein
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for inflammation which increases during pulmonary
exacerbations and decreases after antibiotic therapy (26).
Evenin stable patients, higher CRP levels were associated with
worse FEV, values (27). Higher IgG and CRP levels were found
to be associated with disease severity (26,28). We did not find
a significant relationship between high IgG levels and CRP or
neutrophil counts in our patients during clinical stability.

Study Limitations

The main limitations of our study are the relatively
small number of patients and its single-centre nature.
The significance of some differences could provide a more
accurate assessment in larger patient groups. Additionally,
when studies are limited to children, ensuring homogeneity
among groups becomes difficult. We believe that cohort
studies will yield more accurate results. Since our study
is prospective, it is difficult to evaluate the significance
between acute P aeruginosa infections and Ig levels. The
effect of low Ig levels on the airways was not evaluated in
our study. We were also unable to assess changes in 1gG
levels over time, due to our study’s nature. We did not have
the subtypes of IgG in our data, and therefore, could not
evaluate correlations between subtypes of 1gG and disease
severity. Levels of other inflammatory markers, such as
cytokines, were not available.

Conclusion

Elevated IgG levels in patients with CF may be an indirect
indicator of deterioration in PFT. There was no significant
difference between P. aeruginosa colonization and IgA and
IgC elevation. We surmise that an increase in IgA may be an
indicator of a deterioration in PFT. We recommend that the
results of our study be supported by larger population and
cohort studies.

Ethics

Ethics Committee Approval: Approval was obtained
from the Dicle University Faculty of Medicine Non-Invasive
Research Ethics Committee (number: 507, date: 15.12.2021).

Informed Consent: Informed consents were not
required because the study was conducted retrospectively.

Peer-review: Internally peer-reviewed.

Authorship Contributions
Concept: V.S., AK., Design: V.S., AK., Data Collection
and/or Processing: S.S., Writing: A.K., M.T.

Conflict of Interest: The authors declared that there
were no conflicts of interest.



Kanetal.
The Significance of Immunoglobulins in Cystic Fibrosis

Financial Disclosure: The authors declared that this

study has received no financial support.

References

Liou TG. The Clinical Biology of Cystic Fibrosis Transmembrane
Regulator Protein: Its Role and Function in Extrapulmonary
Disease. Chest 2019; 155:605-16.

De Boeck K. Cystic fibrosis in the year 2020: A disease with a
new face. Acta Paediatr 2020; 109:893-9.

Moss RB. Hypergammaglobulinemia in cystic fibrosis. Role of
Pseudomonas endobronchial infection. Chest 1987; 91:522-6.

Garside JP, Kerrin DP, Brownlee KG, Gooi HC, Taylor JM, Conway
SP. Immunoglobulin and IgG subclass levels in a regional
pediatric cystic fibrosis clinic. Pediatr Pulmonol 2005; 39:135-40.

Matthews W] Jr, Williams M, Oliphint B, Geha R, Colten HR.
Hypogammaglobulinemia in patients with cystic fibrosis. N
Engl) Med 1980; 302:245-9.

Sikora MM, Bansal R, El-Dahr JM. Cystic fibrosis and associated
common variable immunodeficiency. Journal of Investigative
Medicine 2007; 55:254. https://jim.bmj.com/content/55/1/
S254.1.abstract

Clerc A, Reynaud Q, Durupt S, et al. Elevated 1gG4 serum levels
in patients with cystic fibrosis. PLoS One 2017; 12:e0181888.

Kronborg G, Pressler T, Fomsgaard A, Koch C, Hgiby N. Specific
IgG2 antibodies to Pseudomonas aeruginosa lipid A and
lipopolysaccharide are early markers of chronic infection in
patients with cystic fibrosis. Infection 1993; 21:297-302.

Wheeler WB, Williams M, Matthews W) Jr, Colten HR.
Progression of cystic fibrosis lung disease as a function of serum
immunoglobulin G levels: a 5-year longitudinal study. ) Pediatr
1984; 104:695-9.

Ortega-Lopez MC, Quintero AE, Barrero Miranda DC. Basal
serum levels of immunoglobulins G, A, M, and E in the group
of patients with cystic fibrosis at Hospital Infantil Universitario
de San José Bogota DC, in 2014. Alergia, Asma e Inmunologia
Pediatricas 2016; 25:38-45.

Hanssens LS, Cellauro S, Duchateau ], Casimir GJ.
Immunoglobulin G: A useful outcome marker in the follow-up
of cystic fibrosis patients? Immun Inflamm Dis 2021; 9:608-14.

Hekimler icin Kistik Fibrozis Tani ve Tedavi Rehberi. Cocuk
solunum yolu hastaliklari ve Kistik Fibrozis Dernegi.
(kistikfibrozisturkiye.org).

Ers6z Dogru D (ed), Alikasifoglu A, Arikan H, Aslan Tana A, et
al. Turk Toraks Dernegi Kistik Fibrozis Tani ve Tedavi Rehberi.
Istanbul: Aves, 2011, pp 1-140.

Bayram RO, Ozdemir H, Emsen A, Tiirk Dagl H, Artag H.
Reference ranges for serum immunoglobulin (IgG, IgA, and IgM)
and IgG subclass levels in healthy children. Turk ] Med Sci 2019;
49:497-505.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Tangye SG, Al-Herz W, Bousfiha A, et al. Human Inborn
Errors of Immunity: 2019 Update on the Classification from
the International Union of Immunological Societies Expert
Committee. ) Clin Immunol 2020; 40:24-64.

Ulubay G, Dilektasli AG, Borekgi $, et al. Turkish Thoracic Society
Consensus Report: Interpretation of Spirometry. Turk Thorac )
2019; 20:69-89.

Proesmans M, Els C, Vermeulen F, De Boeck K. Change in IgG
and evolution of lung function in children with cystic fibrosis. |
Cyst Fibros 2011; 10:128-31.

Onay T, Topaloglu O, Zielenski |, et al. Analysis of the CFTR gene
in Turkish cystic fibrosis patients: identification of three novel
mutations (3172delAC, P1013L and M1028l). Hum Genet 1998;
102:224-30.

Erdem M, Zorlu P, Acar M, Senel S. Kistik Fibrozisli Hastalarin
Demografik ve Klinik Ozelliklerinin Degerlendirilmesi. Tirkiye
Cocuk Hast Derg 2013; 3:134-7.

Hassan J, Feighery C, Bresnihan B, Keogan M, Fitzgerald MX,
Whelan A. Serum IgA and IgG subclasses during treatment
for acute respiratory exacerbation in cystic fibrosis: analysis
of patients colonised with mucoid or non-mucoid strains of
pseudomonas aeruginosa. Immunol Invest 1994; 23:1-13.

Pressler T, Mansa B, Jensen T, Pedersen SS, Hgiby N, Koch C.
Increased 1gG2 and 1gC3 concentration is associated with
advanced Pseudomonas aeruginosa infection and poor
pulmonary function in cystic fibrosis. Acta Paediatr Scand 1988;
77:576-82.

Aanaes K, Johansen HK, Poulsen SS, Pressler T, Buchwald C,
Hgiby N. Secretory IgA as a diagnostic tool for Pseudomonas
aeruginosa respiratory colonization. ] Cyst Fibros 2013; 12:81-7.

Fick RB Jr, Naegel GP, Squier SU, Wood RE, Gee JB, Reynolds HY.
Proteins of the cystic fibrosis respiratory tract. Fragmented
immunoglobulin G opsonic antibody causing defective
opsonophagocytosis. | Clin Invest 1984; 74:236-48.

Aanaes K, Johansen HK, Poulsen SS, Pressler T, Buchwald C,
Hgiby N. Secretory IgA as a diagnostic tool for Pseudomonas
aeruginosa respiratory colonization. | Cyst Fibros 2013; 12:81-7.

Gur M, Ben-David Y, Hanna M, et al. The Association between
IgG and Disease Severity Parameters in CF Patients.  Clin Med
2021; 10:3316.

Levy H, Kalish LA, Huntington |, et al. Inflammatory markers
of lung disease in adult patients with cystic fibrosis. Pediatr
Pulmonol 2007; 42:256-62.

Matouk E, Nguyen D, Benedetti A, et al. C-Reactive Protein
in Stable Cystic Fibrosis: An Additional Indicator of Clinical
Disease Activity and Risk of Future Pulmonary Exacerbations. |
Pulm Respir Med 2016; 6:1000375.

van de Weert-van Leeuwen PB, Slieker MG, Hulzebos HJ,
Kruitwagen CL, van der Ent CK, Arets HG. Chronic infection
and inflammation affect exercise capacity in cystic fibrosis. Eur
Respir J 2012; 39:893-8.

273



