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Introduction 

Pneumonia is the leading cause of death in children 
under five years, accounting for 15% of all deaths in 
this population and claiming the lives of over 800,000 
children under five years every year (1,2). In the same 
population, the rate of death caused by pneumonia 
decreased by 54% in 2018 compared to 2000 (3). 
Moreover, pneumonia is the most common cause of 
death in developing countries, and in these countries, 
the death rate from pneumonia is ten times higher 
than that of developed countries (4). 

Some child deaths from pneumonia result from 
recurrent pneumonia, defined as two or more 
episodes within a year or three or more episodes of 
pneumonia in a lifetime (5). Recurrent pneumonia has 
been reported to be 6.4-11.3% among all pneumonia 
types (6-9). In children with recurrent pneumonia, 

various etiologies (69-92%) have been reported, and 
the most common etiologies have been shown to 
include aspiration pneumonia, asthma, 
immunodeficiency, and congenital heart disease. 
Moreover, immunodeficiency has been reported as 
the underlying cause of recurrent pneumonia in 3.1-
17.75% of the cases (6,8,10,11). Immunodeficiency in 
children may have numerous primary and secondary 
factors (12). Notably, pneumonia results from 
common microorganisms and often has a severe 
course in children with an immune defect caused by 
humoral and cellular immunity. In these children, 
opportunistic microorganisms that do not cause 
disease in healthy hosts result in severe pneumonia 
(13). Lung infections in immunodeficient children 
have high mortality and are challenging to diagnose, 
thus requiring a prompt and multidisciplinary 
approach to the diagnosis and treatment (14). 

ABSTRACT 

Immunodeficiency plays a crucial role in the etiology of recurrent pneumonia. Humoral immunodeficiencies account for 
approximately 60% of all primary immunodeficiencies, and in such patients, antibody deficiencies are the leading cause of 
immunodeficiency. That study aimed to investigate the effect of immunoglobulin levels on the frequency of pneumonia episodes and 
the relationship between immunoglobulin levels and risk factors for pneumonia in children aged 1-5 years with recurrent pneumonia 
caused by humoral immunity. 
The prospective study included a total of 92 randomly selected children aged 1-5 years, comprising a group of 70 patients hospitalized 
due to pneumonia and a group of 22 healthy controls who had no chronic diseases and infections. 
Body height and weight were significantly lower in the patient group compared to the control group (p=0.012 and p=0.022, 
respectively). The mean breastfeeding duration was significantly lower (p=0.001), and the prevalence of exposure to environmental 
tobacco smoking (ETS) was significantly higher (p=0.018) compared to the control group. In the patient group, 65% of the 
participants had a deficiency of an immunoglobulin isotope and/or IgG subclasses in isolation or combination. IgG4 deficiency was 
the most common deficiency (38.5%), followed by IgG1 (21.4%), IgG2 (18.5%), IgA (15.7%), and IgG3 deficiency (12.8%), 
respectively.  
Our results indicated that inadequate breastfeeding and environmental tobacco smoking prepare the ground for pneumonia, a 
significant cause of morbidity and mortality in children, and contributes to the recurrence of this disease. Humoral 
immunodeficiencies, a significant underlying cause of recurrent pneumonia that leads to growth retardation, may have different 
clinical manifestations.  
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Humoral immunodeficiencies account for more than 
50% of identified primary immunodeficiencies (15). 
Based on these data, the present study was designed 
to investigate the effect of immunoglobulin levels on 
the frequency of pneumonia episodes and the 
relationship between immunoglobulin levels and risk 
factors for pneumonia in children aged 1-5 years with 
recurrent pneumonia caused by humoral immunity. 

Materials and Methods 

Patient Selection: The prospective study included a 
total of 92 randomly selected children aged 1-5 years 
who presented to Bezm-i Alem Valide Sultan Vakıf 
Gureba Training and Research Hospital Pediatric 
Clinic between March 2009 and April 2010, 
comprising a group of 70 patients who were 
hospitalized due to recurrent pneumonia and a group 
of 22 healthy controls who had no chronic diseases 
and infections. The study was initiated after obtaining 
approval from the local ethics committee (Approval 
No: B.02.1.VGM.2.03.01.) and written consent from 
the parents/guardians of the participants in both 
groups. The patient group included patients who had 
experienced two or more episodes of pneumonia 
within a year or three or more episodes in a lifetime 
and had no other chronic diseases such as 
immunodeficiency, cystic fibrosis, and congenital 
heart disease. Pneumonia was diagnosed based on the 
presenting symptoms of the patients (cough, 
stertorous breathing, fever, cyanosis, and difficult 
breathing), physical examination findings (tachypnea, 
apnea, cyanosis, and stertorous breathing), and the 
detection of infiltration on lung radiography. 

Laboratory Workup: Following blood collection, 
serum was separated and stored at -20 °C until 
analysis. The IgM, IgA, IgE, IgG, IgG1, IgG2, IgG3, 
and IgG4 levels were measured for each participant. 
The IgA, IgM, IgG, and IgG levels were measured 
using the nephelometric method, and total IgE levels 
were measured using the chemiluminescence method. 

Statistical Analysis: Data were analyzed using NCSS 
2007 (Kaysville, UT, USA). Descriptives were 
expressed as mean ± standard deviation (SD). 
Variables were compared using the Kruskal-Wallis 
test, subgroups were compared using Dunn’s multiple 
comparisons test, pairwise comparisons were 
performed using the Mann-Whitney U test, and 
qualitative data were compared using the Chi-square 
test. A p-value of <0.05 was considered significant. 

 

Results 

The prospective study included 92 randomly selected 
children aged 1-5 years, comprising a group of 70 
patients hospitalized due to pneumonia and 22 
healthy controls with no chronic diseases and 
infections. 

The patient group comprised 42 (60%) girls and 28 
(40%) girls, and the control group included 12 
(54.5%) boys and 10 (45.5%) girls. The mean age was 
22.59 months in the patient group and 28.27 months 
in the control group. No significant difference was 
found between the two groups in mean age and 
gender distribution (Table 1). 

Body height and weight were recorded in the patient 
group before hospitalization and during hospital 
admission in the control group. Mothers were queried 
about total duration of breastfeeding, exposure to 
environmental tobacco smoking (ETS), number of 
previous lung infections, number of previous 
hospitalizations, consanguineous marriage, history of 
immunodeficiency and death in siblings, prior atopic 
disorders, presence of recurrent upper respiratory 
tract infections (URTIs), comorbidities, and diseases 
that could cause lung injury including bronchiectasis 
and bronchiolitis obliterans syndrome. The 
prevalence of these conditions was recorded for both 
groups. 

Body height and weight were significantly lower in the 
patient group compared to the control group 
(p=0.012 and p=0.022, respectively). In the patient 
group, the frequency of pneumonia episodes and the 
number of previous hospitalizations were significantly 
higher (p=0.0001 and p=0.0001, respectively), and the 
mean breastfeeding duration was significantly lower in 
the patient group (p=0.001) (Table 2). 

There was no significant difference between the two 
groups concerning the prevalence of consanguineous 
marriage, immunodeficiency and death in siblings, 
personal and family history of atopic disorders, 
comorbidities, and lung injury. However, the 
prevalence of exposure to ETS and recurrent URTIs 
was significantly higher in the patient group 
compared to the control group (p=0.018 and p=0.014, 
respectively) (Table 3). 

In our study, 65% of the patients had a deficiency of 
an immunoglobulin isotope and/or IgG subclasses 
either in isolation or combination. One patient had 
hypogammaglobulinemia, and only one patient had 
total IgG deficiency and partial IgA and IgG1+IgG2 
deficiency. Two patients with selective IgA deficiency 
had IgG2 deficiency, and the other had IgG1+IgG4 
deficiency. In 9 patients with partial IgA deficiency, 
three  had   IgG4   deficiency,   3    had    IgG1+IgG2  
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Table 1. Mean Age and Gender Distribution 

  Patient Group Control Group  

Age (months) 22.59±12.16 28.27±13.13 t:-1.88 p=0.064 

Gender 
Male 42 60.0% 12 54.5% χ²:0,2 

Female 28 40.0% 10 45.5% p=0.650 

 

Table 2. Body Height, Weight, Number of Pneumonia Episodes, Duration of Breastfeeding, Number of 
Hospitalizations 

 Patient Group Control Group t p 

Height (cm) 79.86±8.71 85.43±9.63 -2.55 0.012 

Weight (kg) 10.83±2.89 12.41±2.39 -2.32 0.022 

Pneumonia episodes 4.46±1.55 0.27±0.46 12.47 0.0001 

Previous hospitalizations 2.24±1.1 0.09±0.29 9.08 0.0001 

Duration of breastfeeding (months) 6.32±4.98 10.73±5.78 -3.45 0.001 

 

deficiency, 1 had IgG2 deficiency, 1 had IgG1 
deficiency, and only one had isolated partial IgA 
deficiency. In total, 11 (15.7%) patients had IgA 
deficiency. Of the 27 (38.5%) patients with IgG4 
deficiency, 13 patients had isolated IgG4 deficiency, 3 
had partial IgA deficiency, 1 had IgG1 deficiency, 1 
had IgG2 deficiency, 2 had IgG2+IgG3 deficiency, 
and five patients had IgG3 deficiency. Nine (12.8%) 
patients had IgG3 deficiency combined with IgG2 
and/or IgG4 deficiency. Fifteen (21.4%) patients had 
IgG1 deficiency, and 13 (18.5%) patients had IgG2 
deficiency. Of the 15 (21.4%) patients with IgG1 
deficiency, eight patients had isolated IgG1 
deficiency, 2 had IgA+IgG2 deficiency, 1 had 
IgA+IgG2+IgG deficiency, 1 had IgA deficiency, 1 
had IgG4 deficiency, and one patient had IgA+IgG4 
deficiency. Of the 13 (18.5%) patients with IgG2 
deficiency, three patients had isolated IgG2 
deficiency, 2 had IgA deficiency, 2 had IgA+IgG1 
deficiency, and 1 had IgA+IgG+IgG1 deficiency, 1 
had IgG4 deficiency, 1 had IgG3 deficiency, and two 
patients had IgG3+IgG4 deficiency. Accordingly, 
IgG4 deficiency was the most common deficiency 
(38.5%), followed by IgG1 (21.4%), IgG2 (18.5%), 
IgA (15.7%), and IgG3 deficiency (12.8%), 
respectively. 

No significant difference was found between the two 
groups concerning the mean IgM, IgE, and IgG1 
subclass levels. In contrast, the mean IgA, IgG, IgG2, 
IgG3, and IgG4 subclass levels were significantly 
lower in the patient group than in the control group 
(p=0.0001, p=0.0001, p=0.003, p=0.0001, and 
p=0.0001, respectively). (Table 4) (Figures 1,2,3). 

In terms of breastfeeding duration, patients were 
grouped as (i) no breastfeeding, (ii) <6 months, (iii) 6-
12 months, and (iv) ≥12 months, and no significant 
difference was found among the groups about the 

mean IgM, IgA, IgE, IgG, IgG1, IgG2, IgG3, and 
IgG4 levels. 

No significant difference was found between children 
exposed to and not exposed to ETS concerning the 
mean IgM, IgE, IgA, IgG, IgG2, IgG3, and IgG4 
levels, while the mean IgG1 levels were significantly 
lower in children exposed to ETS (5.02±3.76; n=56) 
compared to non-exposed children (6.88±2.16; n=14) 
(p=0.026). 

In terms of the frequency of pneumonia episodes, 
patients were divided into two groups as (I) 2-4 
episodes and (II) ≥5 episodes, and no significant 
difference was found between the two groups in the 
mean IgM, IgA, IgE, IgG, IgG1, IgG2, IgG3, and 
IgG4 levels. 

No significant difference was found between children 
with and without a history of recurrent URTIs in the 
mean IgM, IgA, IgE, IgG, IgG1, IgG2, and IgG4 
levels. In contrast, the mean IgG3 levels were 
significantly lower in children with a history of 
recurrent URTI (0.32±0.24; n=14) than the children 
without a history of recurrent URTI (0.65±0.75; 
n=54) (p=0.048). 

No significant difference was found between children 
with and without a personal history of atopic 
disorders in the mean IgM, IgA, IgE, IgG1, IgG2, 
and IgG3 levels, while the mean IgG (682.93±208.27; 
n=60) and IgG4 (0.14±0.21; n=60) levels were 
significantly lower in non-atopic than atopic children 
(852.2±242.95 and 0.6±0.91; n=10, respectively) 
(p=0.025 and p=0.033, respectively)  

No significant difference was found between children 
with and without a family history of atopic disorders 
concerning the mean IgM, IgA, IgG, IgG1, IgG3, and 
IgG4 levels, whereas the mean IgE levels were higher 
in  children  with a family history  of  atopic disorders,  
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Table 3. Additional Demographic and Clinical Characteristics 

   Patient Group Control Group  

Consanguineous marriage 
No 32 45.7% 14 63.6% χ²:2.1 

Yes 38 54.3% 8 36.4% p=0.143 

Death of siblings 
No 64 91.4% 22 100.0% χ²:2 

Yes 6 8.6% 0 0.0% p=0.156 

History of immunodeficiency in 
siblings 

No 66 94.3% 22 100.0% χ²:1.3 

Yes 4 5.7% 0 0.0% p=0.252 

Environmental tobacco  smoking 
No 14 20.0% 10 45.5% χ²:5.6 

Yes 56 80.0% 12 54.5% p=0.018 

Personal history of atopy 
No 60 85.7% 20 90.9% χ²:0.39 

Yes 10 14.3% 2 9.1% p=0.528 

Family history of atopy 
No 62 88.6% 20 90.9% χ²:0.09 

Yes 8 11.4% 2 9.1% p=0.759 

Comorbidities 
No 68 97.1% 22 100.0% χ²:0.64 

Yes 2 2.9% 0 0.0% p=0.423 

History of recurrent URTIs 
No 54 77.1% 22 100.0% χ²:6 

Yes 16 22.9% 0 0.0% p=0.014 

Lung injury 
No 64 91.4% 22 100.0% χ²:2 

Yes 6 8.6% 0 0.0% p=0.156 

URTIs: Upper respiratory tract infections 

Table 4. Laboratory Parameters 

 Patient Group Control Group MW p 

IgM (mg/dL) 119.25±58.67 102.64±36.2 737.5 0.766 

IgA (mg/dL) 47.63±39.44 90.96±13.4 192 0.0001 

IgE (IU/mL) 113.07±224.22 36.59±35.5 687 0.447 

IgG (mg/dL) 707.11±219.88 1095.77±215.91 174.5 0.0001 

IgG1 (g/L) 5.39±3.57 5.9±1.46 661.5 0.320 

IgG2 (g/L) 1.49±1.11 2.03±0.71 448 0.003 

IgG3 (g/L) 0.58±0.68 1.32±0.38 140 0.0001 

IgG4 (g/L) 0.21±0.41 0.76±0.39 144.5 0.0001 

 

albeit not significantly. Moreover, the mean IgG2 
levels were significantly lower in children without a 
family history of atopic disorders (1.37±0.98; n=62) 
than the children with familial atopy (2.43±1.61; n=8) 
(p=0.042) 

Moreover, no significant relationship was found 
between patients with 2-4 pneumonia episodes and 
patients with ≥5 episodes regarding consanguineous 
marriage and exposure to ETS. 

Discussion 

Pneumonia is the most common infectious cause of 
death in children worldwide (1). In some of these 
children, mortality results from recurrent pneumonia, 
which has been shown to have varying incidence rates 
(6.4-11.3%) (6-9). Recurrent pneumonia is defined as 

two or more episodes within a year or three or more 
episodes of pneumonia in a lifetime altogether, with 
clinical and radiographic clearance in between (5). 

For recurrent pneumonia in children, varying 
etiologies and different diagnostic methods have been 
reported, with the most common etiologies including 
aspiration pneumonia, asthma, immunodeficiency, 
and congenital heart disease. Immunodeficiency has 
been reported in 3.1-17.75% of the patients (6-
11,16,17). 

In the present study, we investigated the relationship 
between immunoglobulin deficiencies and recurrent 
lung infections and the factors affecting the 
recurrence of lung infections in patients with humoral 
immunodeficiency, the most common subclass of 
immunodeficiency. The results indicated no 
significant difference in age and gender distribution  
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Fig. 1. IgM, IgA, and IgE levels (IgM, IgA: mg/dl; 
IgE: IU/ml) 

 
Fig. 2. IgG levels 

between the two groups. Previous studies 
investigating children with recurrent pneumonia 
included patients with heterogeneous age distribution, 
and in those studies, most patients were aged less 
than two years (17,18). Similarly, 44 (62.8%) of the 
children in our study were nurslings (aged 1-2 years), 
implying that recurrent pneumonia is a significant 
cause of morbidity in nurslings. 

Healthy children may present with respiratory 
symptoms after one year of age. Children with these 
infections do not require hospitalization, respond well 
to standard treatments, show average growth, and 
usually have long well-being periods between the 
episodes (19). In our study, body height and weight 
were lower, and the mean frequency of pneumonia 
episodes and the mean number of previous 
hospitalizations associated with these episodes was 
significantly higher in the patient group compared to 
the control group. 

Cigarette smoking suppresses the expression of T 
cells, which are components of immunity, inhibits the 
activity of natural killer cells and alveolar 
macrophages, and reduces IgG and IgA serum levels 
(20). In the literature, it was shown that pneumonia 
was the most common respiratory disease in children 
in case of parental smoking and indoor exposure (21), 
while community-acquired pneumonia severity and 
hospital stay were longer in those who smoked more  

 

Fig. 3. IgG subclass levels (g/l) 

than two cigarettes at home (22). Capanoglu declared 
that exposure to ETS was more common in children 
with recurrent pneumonia than in healthy controls 
(23). However, in our study, no significant 
relationship was found between the frequency of 
pneumonia episodes and exposure to ETS, although 
the mean IgG1 levels were lower in children with 
recurrent pneumonia than in healthy children. A 
previous study declared that total IgG levels and IgG2 
subclass levels were significantly lower in 
asymptomatic smokers and smokers with chronic 
bronchitis and recurrent exacerbations (24). 

Both WHO and UNICEF recommend that children 
begin breastfeeding within the first hour after birth 
and be particularly breastfed for the first six months 
of life (25). Accumulating evidence suggests that 
breastfeeding significantly reduces severe respiratory 
infections, mortality, and hospitalization (26). Duijts 
et al. also found that children exclusively breastfed 
until six months had lower risks of lower URTIs than 
children exclusively breastfed until four months (27). 
In the present study, the mean duration of 
breastfeeding was significantly lower in children with 
recurrent pneumonia (6.32±4.98 months) compared 
to healthy controls (10.73±5.78 months), which 
confirms the protective role of breastfeeding against 
respiratory tract infections. However, there was no 
significant difference between never-breastfed 
children and those breastfed for six months or longer 
regarding Ig levels. 

Quantitative immunoglobulins testing is an important 
screening test for detecting primary and secondary 
immunodeficiencies (28). The most common 
indications for this testing in pediatric clinical practice 
are severe, persistent, opportunistic, and recurrent 
infections. On the other hand, antibody deficiency 
accounts for roundly 60% of all primary 
immunodeficiencies (15,29). 

IgA deficiency is the most common primary 
immunodeficiency disease (30). Though IgM 
deficiency is a rare isotope deficiency, it can present 
either in isolation or in combination with other 
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antibody deficiencies in respiratory tract infections 
(31). IgA deficiency and a deficiency of one or more 
IgG subclasses are risk factors for more severe and 
recurrent infections (32). IgG is divided into four 
subclasses based on the position and number of 
disulfide bonds and the IgG in the bloodstream is 60-
70% IgG1, 20-30% IgG2, 5-8% IgG3, and 1-3% 
IgG4, and these amounts vary with age (28,33). The 
age at which each IgG subclass achieves adult levels 
varies among communities (34).  

In our study, 65% of the patients had a deficiency of 
an immunoglobulin isotope and/or IgG subclasses 
either in isolation or combination. A previous study 
evaluated the serum levels and the role of 
immunoglobulin in recurrent respiratory tract 
infections in children and reported this rate at 58% 
(35). Another study reported that a deficiency in one 
or more IgG subclasses was detected in 57% of 
infants with recurrent bronchitis (36). Another study 
evaluated the levels of Ig isotopes and IgG subclasses 
and detected various immunoglobulin deficiencies in 
35% of the patients, mainly including IgG4 deficiency 
(17.5%) and IgA deficiency (10.8%) (37). In our 
study, 38.5% of the patients had IgG4, 21.4% had 
IgG1, 18.5% had IgG2, 15.7% had IgA, and 12.8% 
had IgG3 deficiency isolated or combined with other 
IgG subclasses. Accordingly, deficiency of IgG 
subclasses was the most common deficiency among 
our patients, which was consistent with the findings 
of De Baets et al. and Coskun et al., who reported 
that the IgG4 deficiency was the most common 
deficiency in their patients. 

The IgG1 deficiency has been associated with a 
lifelong raised susceptibility to pyogenic infection 
(38). A previous study evaluated 54 adult patients with 
IgG1 deficiency and reported that 90% of the patients 
had a respiratory tract infection in two or more sites, 
including sinusitis in 92.6%, bronchitis in 77.8%, and 
pneumonia in 53.7% of the patients (39). In our 
study, the IgG1 deficiency was detected in 21% of the 
patients, either isolated or combined with other IgG 
subclasses. 

Numerous studies have indicated that the IgG2 
deficiency is more commonly identified in children 
with recurrent infections than in other subclasses' 
deficiencies (38,40) and is more usually seen in 
children under four years (41,42). In some other 
studies, these notions have been attributed to the fact 
that pathogens such as Haemophilus influenza (H. 
influenza), Pneumococci, and Meningococci and the 
antibodies against polysaccharide capsules are 
frequently seen in IgG2 subclasses (28,42-44). 

IgG3 is known to have a significant role in 
responding to respiratory viral infections. Moreover, 
IgG3 is an essential factor in the immune response to 

M. catarrhalis, a well-known cause of recurrent sinusitis 
(45). Deficiencies of IgG3 subclasses are the most 
common deficiencies of immunoglobulin subclasses 
in adults with recurrent upper and lower respiratory 
tract infections (38). Similarly, in our study, IgG3 
levels were significantly lower in children with 
recurrent pneumonia than in healthy children. 

IgA deficiency is inherent in IgG subclass 
deficiencies, particularly with IgG2 or IgG4 subclass 
deficiencies (28,46). Numerous studies have also 
indicated that the incidence of IgG2 subclass 
deficiency, which has the most significant role in 
identifying carbohydrate antigens, is increased in 
patients with symptomatic IgA deficiency (50). In our 
study, the most common combined deficiency was 
IgG3+IgG4 deficiency, followed by IgA+IgG2 
deficiency.  

In a recent study, Montella et al. evaluated the risk 
factors in children with recurrent pneumonia and 
found that 25% of the patients had a history of atopy 
(11). Atopy is commonly seen with selective IgA 
deficiency (30). In our study, the IgE levels were 
higher in children with a family or personal history of 
atopy than in healthy controls, though the difference 
was not significant. However, the IgG and IgG4 
levels were significantly higher in children with a 
personal history of atopy, and the IgG2 levels were 
significantly higher in children with a family history of 
atopy. 

Our results confirmed that humoral 
immunodeficiencies in children are significantly 
associated with recurrent respiratory tract infections 
and have a significant role in long-term outcomes in 
such patients. Inadequate breastfeeding was found to 
contribute to the recurrence of infections, and some 
other factors, including exposure to environmental 
tobacco smoking and personal and/or family history 
of atopy, were found to be related to a raised 
incidence of deficiencies of certain Ig isotopes and a 
high frequency of recurrent respiratory tract 
infections. Numerous laboratory tests can achieve the 
measurement of Ig isotopes. Although these tests may 
vary across countries and laboratories, the assessment 
of humoral immunity in children with recurrent 
pneumonia should include the measurement of not 
only Ig levels but also Ig subclass levels. 

References 

1. https://who.int/ news- room/fact-
sheets/detail/pneumonia 

2. GBD 2017 Causes of Death Collaborators. 
Global, regional, and national age-sex-specific 
mortality for 282 causes of death in 195 
countries and territories, 1980–2017: a 



 
Aycan et al / Immunoglobulins In Children With Recurrent Infections 

 

 

 

East J Med Volume:28, Number:3, July-September/2023 
 

490 

systematic analysis for the Global Burden of 
Disease Study 2017. The Lancet. Nov 8 
2018;392:1736-88. 

3. UNICEF analysis based on WHO and 
Maternal and Child Epidemiology Estimation 
Group interim estimates produced in 
September 2019, applying cause of deaths for 
the year 2017 to United Nations Inter-agency 
Group for Child Mortality Estimation 
estimates for the year 2018 
https://data.unicef.org/topic/child-
health/pneumonia/ 

4. Black RE, Cousens S, Johnson HL, et al. 
Global, regional, and national causes of child 
mortality in 2008: a systematic analysis. Lancet 
2010;375:1969–87. 

5. Wald E.R. Recurrent and non-resolving 
pneumonia in children. Semin. Respir. Infect. 
1993;8:46–58. 

6. Tural-Kara T. Underlying Diseases and 
Causative Microorganisms of Recurrent 
Pneumonia in Children: A 13-Year Study in a 
University Hospital, Journal of Tropical 
Pediatrics, 2019, 65, 224–230 

7. Rijal P, Lama L, Shrestha S, Kakshapati P, 
Nayak R. Study of children with recurrent 
pneumonia admitted in a tertiary hospital. 
Nepal Med Coll J 2019; 21(1): 65-9 

8. Özdemir O, Sarı S, Bakırtaş A, Zorlu P, Ülker 
Ertan Ü. Underlying diseases of recurrent 
pneumonia in Turkish children.Turk J Med 
Sci2010; 40 (1): 25-30 

9. Cabezuelo Huerta G, Vidal Mico´ S, et al. 
Underlying causes of recurrent pneumonia. An 
Pediatr 2005; 63:409–12. 

10. Lodha R, Cook DH, FowlerJA, et al. 
Recurrent pneumonia in children: clinical 
profile and underlying causes. Acta Pediatr; 
2002; 91:1170-3 

11. Montella S, Corcione A, SantamariaF. 
Recurrent Pneumonia in Children: A Reasoned 
Diagnostic Approach and a Single Centre 
Experience Int. J. Mol. Sci. 2017, 18, 296 

12. Alkhater SA. Approach to the child with 
recurrent infections. J Family Community 
Med. 2009;16(3):77–82. 

13. Yazdani R Abolhassani H, Asgardoon MH, 
Shaghaghi M, Modaresi M,Azizi G, 
Aghamohammadi A J Investig Allergol Clin 
Immunol 2017; Vol. 27(4): 231-224 

14. Jesenak M, Banovcin P, Jesenakova B 
Babusikova E Pulmonary manifestations of 
primary immunodeficiency disorders in 
children Front Pediatr. 2014 Jul 25;2:77 

15. Woroniecka M, Ballow M. Office evaluation 
of children with recurrent infection. Pediatr 
Clin North Am. 2000;47:1211–24. 

16. Hoving M.F., Brand PL causes recurrent 
pneumonia in children in a general hospital. J.  

Paediatr. Child Health. 2013;49:E208–E212. 
DOI: 10.1111/jpc.12114. 

17. Owayed AF, Campbell DM. Underlying 
Causes of Recurrent Pneumonia in Children. 
Arch Pediatr Adolesc Med, 2000;154:190. 

18. Çiftçi E, Güneş M, Köksal Y, İnce E, Doğru 
Ü.Underlying causes of recurrent pneumonia 
in Turkish children in a university hospital. J 
Trop Pediatr 2003; 49: 212-5. 

19. Patria F, Longhi B, Tagliabue C, et al. Clinical 
profile of recurrent community-acquired 
pneumonia in children. BMC Pulm Med 2013; 
10: 13-60. 

20. Srivastava ED, Barton JR, O&#39;Mahony S, 
et al. Smoking, humoral immunity, and 
ulcerative colitis. Gut 1991;32:1016-1019. 

21. Zhuge Y, Qian H, Zheng X, Huang C, Zhang 
Y, Li B, Zhao Z, Deng Q, Yang V, Sun Y, 
Zhang X, Sundell J. Effects of parental 
smoking and indoor tobacco smoke exposure 
on respiratory outcomes in children Nature 
Scientific Reports,2020,10:4311 

22. Ahn A, Edwards KM, Grijalva CG, et al. 
Secondhand smoke exposure and illness 
severity among children hospitalized with 
pneumonia. J Pediatr. 2015;167:869–74.e1. 
Epub 2015/08/02. 

23. Çapanoğlu M, Zorlu P Sarı E Şenel S The 
Etiology of Recurrent Pneumonia with Onset 
During Infancy, and the Effect of Risk 
Factors on Age at First Episode and Episode 
FrequencyTurkish J Pediatr Dis / 2017; 4: 
243-247 

24. Qvarfordt I, Riise G C, Andersson B A, 
Larsson S IgG subclasses in smokers with 
chronic bronchitis and recurrent exacerbations 
Thorax 2001;56:445–449 

25. https://www.who.int/health-
topics/breastfeeding#tab=tab_2 

26. Horta BL, Victora CG. Short-term effects of 
breastfeeding: a systematic review of the 
benefits of breastfeeding on diarrhea and 
pneumonia mortality. Geneva: World Health 
Organization,2013. 

27. Duijts L1, Jaddoe VW, Hofman A, Moll HA 
Pediatrics. Prolonged and exclusive 
breastfeeding reduces the risk of infectious 
diseases in infancy. 2010 Jul;126(1):e18-25. 

28. Bonilla FA, Khan DA, Ballas ZK, Chinen J, 
Frank MM, Hsu JT, Keller M, Kobrynski LJ, 
Komarow HD, Mazer B, Nelson RP Jr, 
Orange JS, Routes JM, Shearer WT, Sorensen 
RU, Verbsky JW, Bernstein DI, Blessing-
Moore J, Lang D, Nicklas RA, Oppenheimer J, 
Portnoy JM, Randolph CR, Schuller D, 
Spector SL, Tilles S, Wallace D; Practice 
parameter for the diagnosis and management 
of primary immunodeficiency. Joint Task 
Force on Practice Parameters, representing the 



 
Aycan et al / Immunoglobulins In Children With Recurrent Infections 

 

 

 

East J Med Volume:28, Number:3, July-September/2023 
 

491 

American Academy of Allergy, Asthma &amp; 
Immunology; the American College of Allergy, 
Asthma &amp; Immunology; and the Joint 
Council of Allergy, Asthma &amp; 
Immunology.J.Allergy Clin Immunol. 2015 
Nov;136(5):1186-205. 

29. Grimbacher B. ESID Registry Working Party. 
The European Society for Immunodeficiencies 
(ESID) registry 2014. Clin Exp Immunol 
2014; 178: 18-20. 

30. Odineal D.D and Gershwin M.E The 
Epidemiology and Clinical Manifestations of 
Autoimmunity in Selective IgA Deficiency 
Clinical Reviews in Allergy &amp; 
Immunology 2020 58:107–133 

31. Finocchi A., Angelini F., Chini L., Di Cesare 
S., Cancrini C., Rossi P., Mosschese V. 
Evaluation of the relevance of humoral 
immunodeficiencies in a pediatric population 
affected by recurrent infections. Pediatr 
Allergy Immunol 2002, 13:443-447. 

32. Sorensen RU and Moore C. Antibody 
deficiency syndromes. Pediatr Clin N Am 
2000: 47 (6): 1225–52. 

33. Schroeder, Jr, H.M, Lisa Cavacini L Structure 
and Function of Immunoglobulins J Allergy 
Clin Immunol. 2010 February; 125(2 0 2): 
S41–S52. 

34. Bayram R.O, Özdemir H, Emsen A, Türkdağı 
H, Artaç H. Reference ranges for serum 
immunoglobulin (IgG, IgA, and IgM) and IgG 
subclass levels in healthy children Turk J Med 
Science 2019; 49: 497-505 

35. Gross S, Blaiss MS, Herrod HG. Role of 
immunoglobulin subclasses and specific 
antibody determinations in evaluating 
recurrent infection in children. J Pediatr 1992; 
121:516-522. 

36. De Baets F, Kint J, Pauwels R, Leroy J IgG 
subclass deficiency in children with recurrent 
bronchitis Eur J Pediatr 1992; 151: 274-278 

37. Coşkun Y, Bayraktaroğlu Z. Immunoglobulin 
isotypes and IgG subclasses in recurrent 
infections. Turk J Pediatr 1997; 39:347-352. 

38. Ocampo CJ, Peters AT. Antibody deficiency 
in chronic rhinosinusitis: epidemiology and 
burden of illness. Am J Rhinol Allergy 
2013;27:34-8. 

39. Barton JC, Bertoli LF, Barton JC, Acton RT. 
Selective subnormal IgG1 in 54 adult index 
patients with frequent or severe bacterial 
respiratory tract infections. J Immunol Res. 
2016; 2016:1405950. 

40. Emiroğlu HH, Küçük A, Kösecik M. 
Tekrarlayan sinopulmoner enfeksiyonlu 
çocuklarda IgG alt grup düzeyleri. Genel tıp 
1999;9(1):1-4 

41. Aucouturier P, Lacombe C, Preud’homme JL. 
Serum IgG subclass level determination: 
methodological difficulties and practical 
aspects. Ann Biol Clin (Paris) 1994; 52:53–56. 

42. Jefferis R., Kumararatne D.S “Selective IgG 
subclass deficiency: quantification and clinical 
relevance,” Clinical and Experimental 
Immunology, vol. 81, no. 3, pp. 357–367, 
1990. 

43. Shackelford PG, Granoff DM, Polmar SH, 
Scott MG, Goskowicz MC, Madassery JV, 
Nahm MH. Subnormal serum concentrations 
of IgG2 in children with frequent infections 
associated with varied patterns of 
immunologic dysfunction. J Pediatr. 1990 
Apr;116(4):529-38. 

44. Schussler E, Beasley MB, Maglione PJ. Lung 
disease in primary antibody deficiencies. J 
Allergy Clin Immunol Pract 2016; 4: 1039–
1052. 

45. Furst DE. Serum Immunoglobulins and Risk 
of ınfectıon: How Low Can you Go? Semin 
Arthritis Rheum 2008: 39;18-29. 

46. Cinetto F, Scarpa R, Rattazzi M, et al. The 
broad spectrum of lung diseases in primary 
antibody deficiencies. Eur Respir Rev 2018; 
27: 180019 

47. Wang N, Hammarstrom L. IgA deficiency: 
what is new? Curr Opin Allergy Clin Immunol. 
2012; 12:602–8. 

 


