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ABSTRACT 

The research aimed to optimize predicting severity of community-acquired pneumonia in children through development, 

introduction and evaluation prognostic value of a modified complex scoring scale, which includes clinical signs, instrumental data, 

and indicators of the biochemical profile of the exhaled breath condensate. The study involved 70 pediatric inpatients with 

community-acquired pneumonia. Based on the results of the stratification using the modified complex scoring scale, two clinical 

comparison groups of patients with the low (group I) and moderate (group II) risk of severe pneumonia were formed. At the start of 

hospital treatment children with the moderate risk of severe pneumonia had prolonged febrile fever, productive cough and 

significantly more pronounced respiratory failure compared to patients from the I group. Examination of the exhaled breath 

condensate revealed a decrease in the total protein content, an increase in protein oxidation products and higher proteolytic activity 

in children from the II group, reflecting the higher intensity of the inflammation in the pulmonary parenchyma due to the 

development of oxidative stress and, consequently, higher risk of severe pneumonia. 

 

Keywords: Pediatric pneumonia, Scoring scale, Exhaled breath condensate. 

 

 

1. INTRODUCTION  

To date, acute respiratory tract infections are among the leading causes of morbidity in children (Shan et al., 2019). Even though 

pneumonia accounts for only 10-15% of all infectious diseases of the respiratory tract, the disease is associated with a significant 

rate of morbidity and mortality in children (Harris et al., 2011; McIntosh, 2002; Self et al., 2013). Thus, according to the United 

National Children's Fund (UNICEF), pneumonia annually causes about three million child deaths worldwide. Even though the child 

mortality rate is highest in low-income countries and poor quality of the healthcare standards (Anevlavis and Bouros, 2010; Cooper-

Sood et al., 2019), in developed countries pneumonia still remains among the leading causes of not only morbidity but also of so-

called mortality from manageable causes (Akhayeva et al., 2016; Principi and Esposito, 2011; Ross et al., 2014). 

Overall, adverse outcomes of pneumonia are due to hospital-acquired and severe forms of the disease. However, in the children 

population, numerous pathologic consequences and complications leading to hospitalization of patients are associated with 

community-acquired uncomplicated bacterial pneumonia. This can be partly explained by the difficulties in the etiological diagnosis 

of pneumonia in children, as well as lack of the clear prognostic criteria for the assessment of disease severity (Ambroggio et al., 

2019; Bradley et al., 2011; Don et al., 2009; Qin and Shen, 2015). To date, there is a high need for a valid paediatric scoring system for 

predicting the severity of community-acquired pneumonia and algorithms for the management of children of different ages. 

Therefore, it can be stated that diagnosis, management, and prognosis of the severity of the pneumonia course in children may 

be challenging enough. Upon presentation of child patient to a hospital, the paediatrician lacks precise informative diagnostic 

criteria that can be used reliably for the differential diagnosis with a viral infection of the lower respiratory tract and clear assessment 

of the disease prognosis and choice of treatment. Consequently, the effective management of community-acquired pneumonia in 

children is an urgent and unresolved problem in the clinical setting. 

The aim of the research is to optimize predicting severity of community-acquired pneumonia in children through development, 

introduction and evaluation prognostic value of a modified complex scoring scale, which includes clinical signs, instrumental data, 

and indicators of the biochemical profile of the exhaled breath condensate.  

 

2. MATERIAL AND METHODS 

The research was conducted at the Pulmonology and Allergology Department of the Municipal Medical Establishment “Chernivtsi 

Regional Children's Clinical Hospital” (Ukraine) and involved 70 inpatients with community-acquired pneumonia. Informed consent 

was obtained from parents of all research participants.  

Exhaled breath condensate was sampled using a self-designed and patented device, following the recommendations (Bezrukov 

et al., 2009; Horváth et al., 2005). In the exhaled breath condensate the total protein content, products of protein oxidation, and 

proteolytic activity were measured.  

Measurement of serum levels of Chlamydia pneumoniae-specific and Chlamydia trachomatis-specific IgA and IgG antibodies was 

conducted using the commercial Kit (Immunoassay test-system for determination of Chlamydia pneumoniae-specific and Chlamydia 

trachomatis-specific IgA and IgG antibodies from Diaprof-Med, Ukraine).  

Virological examination of pharyngeal smear was performed using the commercial diagnostic Kit (Fluorescent Immunoglobulins 

for rapid diagnosis of influenza and other acute respiratory diseases from PPDP, RF) in the virological laboratory of the Regional 
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Epidemiological centre (certificate N RU 029-06). Cytogenetic studies of exfoliative cells of the buccal epithelium were conducted by 

the method of Kolmakova (2013). 

A new modified scoring scale of the risk of severe pneumonia in childhood was designed. Apart from the key clinical signs and 

laboratory markers of the disease, which usually are included in various diagnostic scales, we added some non-invasive markers. 

Thus, based on the established variables of the PIDS/IDSA and PIRO (predisposition, infection, response, and organ dysfunction) 

pneumonia prognostic scoring systems, we included an indicator of the inflammatory process in the respiratory system – the levels 

of the nitric oxide metabolites in the exhaled breath condensate, which correlates with the intensity of inflammation according to 

the literature data (Araya et al., 2016; Rello et al., 2009).  

The modified prognostic scale of the severity of the pneumonia course in children included next indicators: age less than 3 years, 

shortness of breath, cyanosis, febrile fever, tachypnea, tachycardia, signs of protein and energy deficiency by BMI and/or 

dehydration, anaemia (haemoglobin less than 110 g/L), leucocytosis or leukopenia, elevated plasma C-reactive protein, increased 

level of nitric oxide metabolites in the exhaled breath condensate (over 40 μmol/L), oxygen saturation less than 90% (according to 

pulse oximetry), multilocular infiltration of pulmonary parenchyma or pleural exudate on radiographs, chronic diseases with organ 

and system dysfunction (congenital heart defects, renal or liver failure, immunodeficiency, etc.). Presence of each of these 14 

indicators was rated at 1 point. Further, the patients were stratified by the risk of severe pneumonia as follows: 0-3 points (low risk), 

4-7 points (moderate risk), 8-10 points (high risk), 11 and more points (very high risk). 

The statistical analysis of the obtained results was performed using the Statistica 6.0 software (StatSoft Inc., USA). In all cases, a 

95% confidence interval was determined (95% CI). P<0.05 was accepted as statistically significant.  

 

Ethical committee approval code & details 

The research protocol and informed consent form were approved by the Commission on Biomedical ethics in biomedical scientific 

research of the Higher State Educational Establishment of Ukraine, Bukovinian State Medical University. Biochemical studies were 

carried out in the accredited laboratory of the Chernivtsi Regional Children's Clinical Hospital (certificate N 000096). 

 

3. RESULTS 

Based on the results of the stratification, two clinical comparison groups were formed: the first (I) clinical group of children with the 

low risk of severe pneumonia (42 patients), the second (II) clinical group – children with the moderate risk of severe pneumonia (28 

patients). The mean age of children from the I clinical group was 9.1±0.67 years, in the II group – 8.0±1.01 years (р˃0.05). The part of 

boys was 57.1% and 50.0%, rural residents – 59.5% and 67.9% in the I and II clinical observation groups, respectively (p˃0.05). 

 

 

* р˂0.05 compared to clinical group I 

Figure 1 Clinical signs of pneumonia in children from the comparison groups 
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At the start of hospital treatment majority of patients from the clinical group II (moderate risk of severe pneumonia) complained 

of febrile fever (85.7% vs 57.1% of patients in clinical group I, p˂0.05). Dyspnoea occurred in 64.3% of patients from the clinical 

group I versus 89.3% of cases in group II (р˂0.05). Some clinical signs of the disease in patients from the clinical comparison groups 

are shown in Figure 1. 

On initial examination majority of patients had clinical signs of the inflammatory process in the lungs – decreased breath sounds 

(in 88.1% of group I patients vs 92.9% of cases in group II, р˃0.05), inspiratory crackles on auscultation (in 85.7% vs. 90.3% of 

patients, respectively, p˃0.05), and dullness on percussion (in 92.9% vs. 89.3% of patients, respectively, p˃0.05). 

 

4. DISCUSSION  

Respiratory failure of the first degree was diagnosed in 85.7% of patients from the clinical group I and in 71.4% of patients from 

group II (p˃0.05). At the same time, the frequency of respiratory failure of the second and above degree was significantly higher in 

children with a moderate risk of severe pneumonia (2.4% in children from the group I vs 21.4% in patients from group II, р˂0.05), 

which attested to more severe disease course in these patients. Clinical signs of respiratory failure of the second degree increased 

the risk of severe pneumonia as follows: relative risk – 2.0, odds ratio – 11.1 (95% CI: 2.82-43.44), absolute risk – 45.3% at credibility 

ratio of 8.9. 

Thus, the examination of patients revealed prolonged febrile fever, productive cough with little sputum and significantly more 

pronounced respiratory failure with its clinical manifestation as tachypnea, tachycardia, and involvement of accessory muscles in 

breathing act in patients with a moderate risk of severe pneumonia compared to patients from the I clinical group.  

According to the results of the radiological examination, patients from the group I were more frequently diagnosed with 

segmental (50.0% of cases vs 33.3%, p˃0.05) and interstitial (7.1% vs 2.4%, respectively, p˃0.05) forms of pneumonia compared to 

patients from the group II. Right-sided pneumonia was found in the majority of children (59.5% of the group I and 60.7% of the 

group II patients, p˃0.05), left-sided pneumonia – in 33.3% and 28.6%, respectively (p˃0.05), and double pneumonia – in 7.1% and 

10.7% of cases, respectively (p˃0.05). 

Bacteriological analysis of sputum samples of the patients from both groups showed the predominance of bacterial flora (91.3% 

of positive results in group I, and 68.4% – in group II, p˂0.05), and less frequently – fungal-bacterial association (8.7% vs 5.3%, 

respectively, р˃0.05). However, 26.3% of patients from group II bacteriological examination of sputum samples showed negative 

results on standard culture media. 

Bacteriological examination of pharyngeal smear, however, revealed bacterial flora more frequently in patients from clinical 

group I compared to patients from group II (66.7% vs 37.5%, respectively, р˂0.05) and less frequently – fungal-bacterial association 

(33.3% vs 50%, р˃0.05), which may indicate a higher chance of severe pneumonia in the presence of co-infection. At the same time, 

in 12.5% of cases in the clinical group II, the results of the bacteriological analysis of pharyngeal smear were negative (р˂0.05). These 

findings show the role of other pathogens like intracellular bacteria or viruses as the possible etiological causes of community-

acquired pneumonia in children from the clinical group II. This assumption was confirmed by the results of a virological examination. 

In patients from the clinical group I, influenza A virus was identified in 8.3% of cases and influenza B virus in 25% of observations, in 

children from group II influenza A virus was found in 16.7%, influenza B – in 33.3%, and combination of RSV and adenovirus 

infection in 8.3% of cases (р˃0.05). At the same time, enzyme immunoassay detected specific IgA and IgG chlamydial antigens in 

serum of patients with pneumonia, and positive results were observed three times more often in children from clinical group II 

compared to group I. In particular, Chlamydia trachomatis IgA and G antigens were found in 9.1%, and Chlamydia pneumoniae 

antigens – in 18.2% of children from the clinical group II. In children from the clinical group I only Chlamydia pneumoniae antigens 

was found in 9.1% (р˃0.05) of cases. 

To study characteristics of the inflammatory process in pulmonary parenchyma the examination of the exhaled breath 

condensate was conducted in children from the clinical groups. This non-invasive method allows to determine the intensity of the 

oxidative processes, mechanisms of development and progression of the inflammation in respiratory tracts, and to decide on further 

therapeutic tactics (Koloskova et al., 2017). Table 1 shows the total protein content, proteolytic activity, and levels of oxidative 

protein modification products in the exhaled breath condensate of children from clinical comparison groups. 

In children from clinical group II, a decrease in the total protein content and an increase in products of oxidative protein 

modification reflected the higher intensity of the inflammation in the pulmonary parenchyma due to the development of oxidative 

stress. Risk of severe pneumonia was established at the levels of basic hydrazones in the exhaled breath condensate over 70.0 

nmol/mg protein in patients from clinical group II compared to group I with odds ratio of 2.0 (95% CI: 1.13-3.55), relative risk of 1.4 

(95% CI: 1.12-1.82), and attributive risk of 17.2%. The indicators of the proteolytic activity in the exhaled breath condensate in 

children from the observation groups were completely consistent with the assumption of a higher intensity of the inflammation in 
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the respiratory tract of children at higher risk of severe pneumonia. The intensity of the low molecular weight (LMW) proteins lysis in 

the exhaled breath condensate over 1.64 ml/h was associated with a significant increase in the risk of severe pneumonia in children: 

odds ratio of 70.0 (95% CI: 0.10-485.89), relative risk of 2.0 (95% CI: 0.05-84.36), attributive risk of 48.6% at accuracy of 63.3%, and 

the likelihood ratio of 4.3. The risk of severe pneumonia also correlated with the intensity of the high molecular weight (HMW) 

proteins lysis in the exhaled breath condensate over 1.7 ml/h in patients from clinical group I compared to group II: odds ratio of 

160.0 (95% CI: 0.20-1277.57), relative risk of 3.0 (95% CI: 0.07-12.61), attributive risk of 65.4% at a credibility ratio of 8.6. 

 

Table 1 Indicators of the inflammation intensity in the exhaled breath condensate of children with pneumonia 

INDICATORS GROUP І GROUP ІІ P 

TOTAL PROTEIN, g/L 3.9±0.61 3.3±0.24 >0.05 

PROTEIN OXIDATION PRODUCTS                 

(basic hydrazones), nmol/mg 

protein 

55.5±4.45 70.6±8.03 >0.05 

PROTEIN OXIDATION PRODUCTS                     

(neutral hydrazones), nmol/mg 

protein 

6.2±2.58 7.8±0.96 >0.05 

LMW PROTEINS lysis, mL/h 1.5±0.10 1.7±0.02 <0.05 

HMW PROTEINS lysis, mL/h 1.2±0.09 1.8±0.06 <0.05 

COLLAGEN lysis, mL/h 0.20±0.03 0.20±0.08 >0.05 

 

In patients from the clinical group II, formed based on stratification of the severity risk, a more pronounced inflammation was 

confirmed by the obtained results of the cytogenetic study of exfoliative cells of the buccal epithelium. Despite the lack of significant 

differences between the mean cardiological indices of the buccal epithelium, the number of abnormal cells in the epithelial imprint 

smears was significantly higher in patients with moderate risk of severe pneumonia (5.5 out of 75.0 cells in the II group vs 8 out of 

141.7 cells in the I group, p˂0.05), which proves more active inflammatory process in patients from clinical group II. Disorder of cell 

proliferation in the form of "vesicle protrusion" was found (1.7 cells on average in the II group vs 0.2 cells in the I group, р˂0.05). 

Thus, detection of 5 or more cells with pathologically altered nuclei in imprint smears of buccal epithelium show the increased risk of 

severe pneumonia: odds ratio of 9.0 (95% CI: 0.66-12.28), relative risk of 3.0 (95% CI: 1.31-6.86), and attributive risk – 50.0% at a 

likelihood ratio of 1.8. 

 

5. CONCLUSION 

The modified by the addition of the biochemical profile of exhaled breath condensate scoring scale of the risk of severe pneumonia 

in childhood was developed. It is established, that the modified scale allows distinguishing the group of patients with moderate 

(compared to low) chance of severe disease course at the start of hospital treatment. It is shown, that non-invasive diagnostic tools 

are useful in predicting the severity of community-acquired pneumonia in children. The use of modified prognostic scale provides 

opportunities in personalized therapeutic tactics and optimizes patient’s prognosis. 

 

List of abbreviations 

IDSA – Infectious Diseases Society of America 

PIDS – Pediatric Infectious Diseases Society 

RSV – Respiratory syncytial virus 
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