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Abstract
Objective: There is a crucial balance between oxidant and antioxidant defense mechanisms. We aimed to evaluate the role of
the balance of these systems in community-acquired pneumonia (CAP) in children. Methods: We analyzed serum oxidant and
antioxidant stress parameters according to the clinical and demographic data of children with CAP and compared them with
healthy controls. Serum total antioxidant status (TAS), total oxidant status (TOS), and levels of ischemia-modified albumin
(IMA), antioxidant enzymes, non-enzymatic antioxidant factors, and plasma thiol were evaluated and compared between the
groups. Results: Of 160 children evaluated, 106 had CAP (54 outpatients, 52 inpatients) and the other 54 were healthy subjects
(control group). Total thiol and native thiol levels were significantly lower in the inpatient group compared to the outpatient
group (p=0.004, p=0.005). Serum IMA differed significantly among the groups (p=0.001), with inpatients showing the highest
level. A positive correlation was found between serum IMA and C-reactive protein levels in patients with pneumonia (r=0.351;
p=0.001). Conclusion: Parameters that provide information about antioxidant capacity may be useful in the diagnosis and
prognosis of pneumonia. Both thiol homeostasis parameters and IMA level seem likely to be influenced by disease severity. Our
results suggest that plasma thiol levels and IMA may be good candidate biomarkers to predict the severity of pneumonia in
children.

Running title: Oxidative Stress in Children with Pneumonia
Introduction
Community-acquired pneumonia (CAP) is defined as a clinical diagnosis of pneumonia in a previously healthy
child due to an infection acquired outside of the hospital 1 . CAP affects children and families worldwide
and accounted for 15% of global deaths among children under 5 years of age in 2015. While most healthy
children can fight the infection using their natural defenses, children whose immune system is compromised
are at higher risk of developing pneumonia2 .
Oxidant stress has become a major topic in all areas of medicine. It can contribute to the pathogenesis of
several lung diseases in children, such as asthma, acute bronchiolitis, cystic fibrosis, acute respiratory distress
syndrome, and chronic neonatal lung disease 3, 4 . In fact, there is a critical balance between oxidant and
antioxidant defense mechanisms in the body, and oxidative stress is defined as an imbalance between the
oxidant and antioxidant systems. Alteration of the oxidative metabolism is considered one of the leading
pathogenic mechanisms in the development and progression of CAP5 . The clinical manifestations of CAP
vary significantly in severity. Diagnosis and estimating prognosis are critical for effectively managing patients
with CAP. For this reason, several diagnostic and prognostic biomarkers have been investigated for CAP 6 .
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Due to the role of oxidative stress in the pathogenesis of CAP, we aimed to evaluate the role of the balance
of these systems in the diagnosis and clinical course of CAP in children.
Methods
Study population
This prospective cross-sectional study was conducted at Hacettepe University Department of Pediatric Infectious Diseases in Turkey between 2016 and 2017. All children between 3 months and 18 years of age who
presented during the study period and were diagnosed as having CAP were included in the study. CAP was
defined as a clinical diagnosis of pneumonia caused by a community-acquired infection in previously healthy
children 7. Children with CAP who had a temperature less than 38.5°C, exhibited mild chest recession or
dyspnea, and were taking full feeds with no vomiting were managed as outpatients. Children who had a
temperature over 38.5°C, tachypnea, moderate or severe chest recession, severe dyspnea, nasal flaring, cyanosis, intermittent apnea, grunting respiration, impaired feeding, tachycardia, capillary refill time [?]2 s were
admitted and treated as inpatients 1 . A control group of healthy age- and sex-matched children were also
enrolled in the study.
In total, 160 children were included and categorized into 3 groups: outpatient CAP, inpatient CAP, and health
controls. The children’s demographic and clinical data (including age, sex, weight, medical history, physical
examination findings, risk factors, complications, and CAP severity) were collected and blood samples were
collected for measurement of serum oxidant and antioxidant stress parameters.
Laboratory tests
Serum total antioxidant status (TAS), total oxidant status (TOS), oxidative stress index (OSI), levels of
albumin, plasma thiol, disulphide, paraoxonase (PON), stimulated paraoxonase (SPON), catalase (CAT),
myeloperoxidase (MPO), ceruloplasmin (CLP), ischemia-modified albumin (IMA), and C-reactive protein
(CRP), arylesterase (ARES) activity, white blood cell (WBC) count, platelet count, and erythrocyte sedimentation rate (ESR) were evaluated and compared among the groups.
Blood samples were obtained from all CAP patients within the 48 hours of presentation and before initiating
treatment. The whole blood was centrifuged at 1500 rpm for 5 minutes and the serum was stored at 80degC until analysis. The serum samples were analyzed for oxidant and antioxidant stress parameters in
the biochemical laboratory of Ataturk Training and Research Hospital in Ankara. Patients’ hemogram, CRP,
and ESR were measured at the time of enrollment to the study. In the healthy control group, blood samples
were obtained when they presented to the outpatient clinic.
Thiol/disulphide levels were analyzed using a method developed by Erel and Neselioglu [8]. Serum TAS, TOS,
and OSI were measured using automated colorimetric measurement methods as described by Erel9, 10, 11 .
Paraoxonase assays were performed in the absence and presence of NaCl (salt-stimulated activity, SPON)
12
. CAT activity was measured by Goth’s method 13 . Measurement of ARES activity was performed using
phenylacetate as the substrate14 . MPO activity was measured by a modified O-dianisidine method, which
is a kinetic measurement15 . CLP level was measured using the method described by Erel 16 . Serum IMA
levels were measured using the colorimetric assay method previously described by Bar-Or et al.17 .
Statistical analyses
All statistical analyses were performed using SPSS version 19.0 (SPSS, Inc., Chicago, IL, USA) and Medcalc
Version 18.6 statistical software. Descriptive statistics were used to summarize the participants’ baseline
characteristics, including mean, standard deviation (SD), median, and minimum–maximum values for continuous variables and frequency distributions for categorical variables. For comparisons of more than 2
groups, ANOVA was used for normally distributed continuous variables, while Kruskal–Wallis test was preferred for non-normally distributed variables. Multiple comparisons were made using the Games–Howell
test or Mann–Whitney U test with Bonferroni correction. Receiver operating characteristic (ROC) curve
analysis was performed to determine cut-off values to distinguish between the study and control groups, and
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their sensitivity and specificity were calculated. In all analyses, the tests were two-tailed and p <0.05 was
considered significant.
Results
A total of 160 children were evaluated; 106 had CAP, including 54 outpatients and 52 inpatients, and the
other 54 children were healthy controls (Table 1). There were no statistically significant differences in age or
gender between the groups (p>0.05). In terms of medical history, 85.2% of the outpatients had no preceding
illness, whereas only 32.7% of the inpatients were previously healthy. All of the children in the control group
were healthy.
Median WBC count and CRP values differed significantly among the groups (p=0.02 and p=0.001). The
inpatient group had higher WBC count compared to the control group and higher CRP level than both of the
other groups. The mean TAS values of the outpatient CAP, inpatient CAP, and control groups were 1.6+-0.2
and 1.6+-0.3, and 1.3+-0.2 mmol Trolox equiv./L, respectively, with significantly higher level in the CAP
patients compared to controls (p=0.001). CAT level was significantly higher in the inpatient group compared
to the outpatient and control groups (205 kU/L, 163 kU/L, and 99 kU/L, respectively; p=0.003). The MPO,
CLP, and ARES values of patients were lower in controls than outpatients with pneumonia (p=0.02, p=0.02,
and p=0.03, respectively). Mean serum IMA levels were 0.5 +- 0.1 absorbance unit (ABSU) in outpatients,
0.7 +- 0.1 ABSU in inpatients, and 0.6 +- 0.08 ABSU in the control group (p=0.001). Serum albumin level
differed significantly between inpatients and outpatients (p=0.02). Although serum IMA level was higher
among inpatients than the other groups, serum albumin level was lower in inpatients than outpatients (Figure
1). A positive correlation was found between serum IMA and CRP levels in patients with CAP (r=0.351;
p=0.001).
Native thiol (NT) levels in the outpatient, inpatient, and control groups were 410 μmol/L, 346 μmol/L,
and 361 μmol/L, respectively, while total thiol (TT) levels were 450 μmol/L, 392 μmol/L, and 411 μmol/L,
respectively. TT and NT levels were significantly lower in the inpatient group than in the outpatient group
(p=0.004, p=0.005) but higher in the total CAP patient group compared to the control group.
The median TOS values in the outpatient, inpatient, and control groups were 10.5 μmol H2 O2 /L, 13.1 μmol
H2 O2 /L, and 15 μmol H2 O2 /L, respectively. There was no statistically significant difference in TOS among
the groups (p=0.06). Likewise, the median ESR, platelet count, disulphide, PON, and SPON levels were
not different significantly among the groups (p>0.05 for all).
WBC count, OSI, and levels of CRP, NT, TT, albumin, MPO, CLP, and IMA showed significant differences
between the control and total CAP patient group (inpatients and outpatients) (p<0.05 for all). WBC, CRP,
NT, TT, IMA, MPO, and CLP were higher in CAP patients than controls, while OSI and albumin were
lower.
Optimal cut-off values for NT, TT, CRP, and IMA to predict hospital admission in children with CAP were
identified by ROC curve analysis. The ROC curves of inpatients versus outpatients with CAP are shown in
Figure 2. The optimal cutoff value of admitting NT level was 364 μmol/L, which had a sensitivity of 60% and
specificity of 76% (area under the curve [AUC]=0.67, 95% confidence interval [CI]: 57–78; p=0.002). The
optimal cutoff value of admitting TT level was 403 μmol/L, which had a sensitivity of 58% and specificity
of 74% (AUC=0.67, 95% CI: 57–78; p=0.002). The optimal cutoff value of admitting CRP level was 3.2
mg/L, which had a sensitivity of 65% and specificity of 84% (AUC=0.73, 95% CI: 55–91; p=0.02). The
optimal cutoff value of admitting IMA was 0.6 ABSU, which had a sensitivity of 56% and specificity of 87%
(AUC=0.61, 95% CI: 52–70; p=0.01).
Discussion
This study analyses the prognostic value of oxidant and antioxidant parameters in children with CAP. Our
results suggest that TT, NT, IMA, and CRP levels may be useful predictors of the severity of CAP in
children. Decreases in TT and NT levels with increases in IMA and CRP levels may guide clinicians for
accurate and early management of CAP, especially in children.
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In infectious diseases, various inflammatory cells are activated and reactive oxygen species (ROS) are produced 18 . In CAP, the balance between oxidant and antioxidant capacity shifts and ROS enhanced towards
a response to primary host defense mechanism through phagocytes activation, immune cell functions, activation of inflammatory cascades and expression of adhesion molecules in CAP19 . Thiols comprise the major
portion of the total body antioxidants and play an important role against ROS, protecting against damage
induced by free radicals 20 . Thiol levels decrease in order to neutralize ROS in case of high oxidative stress
21
. There are many studies investigating thiol status in adults and children in different diseases including
acute tonsillopharyngitis, meningism, meningitis, acute appendicitis, Crimean–Congo Hemorrhagic Fever
(CCHF) and brucellosis18, 22, 23, 24, 25 , but few studies have examined thiol status in patients with CAP
26, 27
. Consistent with our results, previous studies found that inpatients had lower TT and NT levels compared with control groups 18, 22, 23, 25 . Moreover, Aycicek et al. and Oncel et al. reported the same results
in children as in our study 24, 25 . However, our finding that outpatients had higher thiol levels supported
the potential utility of thiol level as a predictor of CAP severity, because the higher level in outpatients
may be an indirect indicator of improved antioxidant status in the lung tissue due to better control of the
proinflammatory processes in the lungs 27 . In one of our previous studies focused on the oxidant status
of patients with CCHF, Oncel et al. reported that high TT may be protective against the development of
CCHF infection. In other words, similar to the literature, the progression of inflammatory processes cannot
be inhibited without inadequate thiol levels, as in inpatients of our study22, 23, 24, 25 . In addition, Parlak
et al. also concluded that the thiol/disulphide state may be an important variable in monitoring treatment
response 26 .
Human albumin is a major circulating protein with antioxidant properties21 . The N-terminal region of
albumin binds transition metals such as cobalt, copper, and nickel. ROS damage the N-terminal region of
albumin, thereby diminishing its metal-binding capacity. This modified form of albumin is called IMA, and
its level increases with oxidative stress 21, 28 . CRP is one of the most common biomarkers investigated in
many kinds of infectious and inflammatory processes, and is a well-established biomarker in pneumonia1, 29 .
It is known that CRP is a positive acute-phase protein (APP), whereas albumin is a negative APP due
to reduced albumin synthesis by the liver 30 . Elevated serum IMA levels have been reported previously in
infectious diseases such as neonatal sepsis and adult CAP 31, 32 . In the present study, CRP and IMA levels
were higher in inpatients with CAP than the other groups. In addition, we observed a positive correlation
between serum IMA and CRP levels in patients with pneumonia, as reported by Bolatkale et al.31 . These
results may also be useful in the prediction of disease severity in pediatric patients with CAP.
Many studies have shown that oxidative stress contributes to the pathogenesis of several lung diseases,
including asthma, cystic fibrosis, lung cancer, acute respiratory lung injury, chronic obstructive lung disease,
and pneumonia 3, 33 . Muravlyova et al. found that there was fix elevation of oxidative proteins in erythrocytes
and higher concentrations of malondialdehyde in CAP patients than in controls 5 . Trefler et al. observed
higher oxidative stress in CAP patients compared to healthy volunteers 34 . Katsoulis et al. showed a
decrease in serum TAS associated with CAP 35 . However, there are few studies in the literature regarding
the oxidative/antioxidant balance in children with CAP. In contrast to the findings of Katsoulis et al., we
detected significantly higher TAS levels in CAP patients compared to healthy children. This discrepancy
may be attributed to the difference in patient populations, as the study by Katsoulis et al. was conducted
in adults, 63.3% of whom were smokers.
The currently available biomarkers WBC count and CRP reflect host inflammatory response to infection 36 .
In our study, we found higher WBC and CRP levels in CAP patients as compared with controls, indicating
that these classical inflammatory markers are still useful for the diagnosis of CAP in children.
MPO has a crucial role in fighting pathogens due to its virucidal and bactericidal properties. It is one of the
enzymes whose expression serves as a suitable marker for inflammation that involves oxidative stress 37 . High
blood or sputum MPO levels have been reported in lung diseases such as pneumonia, asthma, and cystic
fibrosis3, 38 . CLP is one of the non-enzymatic factors that may function as an antioxidant, and increased
CLP level was previously demonstrated in pneumonia 39, 40 . In this study, we wanted to investigate the role
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of both enzymatic and non-enzymatic factors in patients with CAP and determined that both MPO and
CLP levels were higher in pediatric CAP patients than controls. Therefore, these variables also seem like
good candidate biomarkers for the accurate diagnosis of pneumonia in children.
There are several potential limitations to our study. First, the small number of patients from a single
center may limit the generalizability of the data. Second, the sampling time of the patients may not be
synchronized according to the disease course without sequential blood sampling during the follow-up period of
the patients. Thirdly, we did not analyze the results according to the etiological agent of pneumonia because
the causative pathogen was not detected in many of our cases. Additionally, we did not evaluate any effect
of any antioxidant medication in the present study. In infectious diseases, it has been shown that various
inflammatory cells are activated, ROS are produced to fight against intracellular and extracellular microbes
and this lead to increased potential antioxidant capacity 4, 18 . It was reported that the use of antioxidants
will greatly enhance the immune cell functions to control many bacterial and viral infections4 . There may
be changes in the antioxidant levels depending on the disease course and treatment. An interventional study
also may be planned in near future. However this study is one of the few studies that evaluate the balance of
oxidative and antioxidative stress biomarkers in children with CAP. Our findings, therefore, will shed light
on the further investigators. Third, we did not analysed the results according to the etiological agent of
pneumonia because of the lack of detection of the underlying causative agents of our cases.
In conclusion, parameters that provide information about a patient’s oxidative state and antioxidant capacity,
such as NT, TT, IMA, MPO, and CLP, may have diagnostic value in pediatric pneumonia. The acute-phase
reactants WBC and CRP are still important conventional diagnostic and prognostic markers. Both thiol
homeostasis parameters and IMA level seem likely to be influenced by disease severity. Our results suggest
that plasma thiol levels and IMA may be good candidate biomarkers to predict the severity of pneumonia
in children.
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