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Abstract

Background: In our study, we aimed to compare serum ischemia modified albumin (IMA) levels in patients with lower

respiratory tract infection (LRTI) between the ages of 1 month and 5 years and healthy children, to evaluate the correlation

between serum IMA levels and other laboratory parameters in pneumonia and bronchiolitis subgroups, and also to evaluate the

usefulness of serum IMA level as a diagnostic marker in these patients.

Methods: A total of 85 patients, including 60 hospitalized patients with LRTI between the ages of 1 month and 5 years and 25
healthy children without any complaints or diseases who were admitted to the pediatric outpatient clinic for routine follow-up,

were included in our study. The 60 patients with LRTI were separated into two groups as the pneumonia group (n = 30) and the

bronchiolitis group (n = 30). Demographic characteristics, complaints, history, comorbidities, physical examination findings at

the time of diagnosis, need for oxygen support, duration of hospitalization, and demographic characteristics of the control

group were recorded. Hemogram, C-reactive protein (CRP), procalcitonin, routine biochemistry tests, and blood gas test results

were recorded from all patients. Serum samples were analyzed by enzyme-linked immunosorbent assay (ELISA) for the

measurement of IMA levels. The results were evaluated statistically. Statistical analyses were performed using SPSS 22.0.

Depending on data distribution, appropriate parametric or non-parametric tests and ROC curve analysis were applied.

Statistical significance was set at P < 0.05.

Results: Serum IMA levels in the LRTI group (184.85 ± 117.51 ng/mL) were higher than those in the healthy control group (93.30 ±

57.73 ng/mL) (P < 0.05). However, there was no statistical difference in serum IMA levels between the bronchiolitis and

pneumonia groups (P > 0.05). We found no significant correlation between IMA levels and various biochemical parameters in

the LRTI, pneumonia, and bronchiolitis groups (P > 0.05).

Conclusions: Serum IMA levels were found to be significantly elevated in pediatric patients diagnosed with LRTI. Serum IMA

levels may be considered a biomarker in the diagnosis and exclusion of LRTI. However, the relatively small sample size and

single-center design may limit the generalizability of our findings.

Keywords: Ischemia Modified Albumin,  Children,  Respiratory Tract Infection

1. Background

Lower respiratory tract infection (LRTI) consists of

tracheitis, bronchiolitis, bronchitis, and pneumonia
infections or combinations of these diseases (1).

According to the World Health Organization (WHO)

2020 data, the number of deaths in children under 5
years of age is around 5 million, mostly due to

preventable or treatable causes. Worldwide, infectious

diseases, especially pneumonia, remain the primary
cause of mortality among children under five years old,

apart from the neonatal period (2). Appropriate
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treatment, follow-up, and, when necessary,

hospitalization of patients with lower respiratory tract

infection are important in terms of decreasing
mortality in children under 5 years of age. Therefore,

appropriate markers should be used in the diagnosis of
the disease (3). Pneumonia can be defined as an

infectious condition that occurs due to inflammation in

the lower respiratory tract. It is a disease that can be
diagnosed clinically with history and physical

examination findings and is frequently accompanied by
fever and respiratory tract symptoms. Considering the

whole world, WHO has recommended that any disease

with fever and tachypnea should be approached with
suspicion of pneumonia until proven otherwise. In this

way, it has been predicted that mortality and morbidity
will decrease by avoiding missed diagnosis of

pneumonia, which is the main cause of mortality in
children under 5 years of age (4). Community-acquired

pneumonia (CAP) is pneumonia in which the causative

agent originates from the community. Among children
younger than five years, viruses are the leading

etiological agents responsible for infectious diseases.
Streptococcus pneumoniae is the most common

bacterial agent and is the most important cause of

mortality in childhood pneumonia (5). The decision for
hospitalization of patients diagnosed with CAP is

determined depending on the patient's age, the
presence of any underlying chronic disease, and the

severity of pneumonia (6). Early diagnosis and

treatment of the disease are life-saving (7). Therefore,
although many guidelines have been published, there is

no objective value to evaluate prognosis other than
clinical and physical examination findings regarding

the course of the disease.

Bronchiolitis is one of the LRTI subgroups

characterized by inflammation of the small airways and
is an important cause of mortality and morbidity in

children under 2 years of age. Bronchiolitis is an

infection with upper respiratory tract symptoms such as
runny nose and cough, followed by inflammation of the

lower airways. The disease may be a primary infection or
secondary to viral upper respiratory tract infections.

Clinically, it may be intertwined with recurrent viral

wheezing or asthma triggered by viruses (8-10). Two or
more viruses have been found in 1 out of every 3

children hospitalized due to bronchiolitis. Respiratory
Syncytial Virus (RSV) is the most common cause, but

rhinovirus, adenovirus, parainfluenza virus, human

metapneumovirus, influenza virus, and coronavirus
may also cause bronchiolitis (11). In addition,

Mycoplasma pneumoniae and Bordetella pertussis are
among the bacterial agents found in infants admitted to

hospital with LRTI and wheezing attacks (12, 13). The

diagnosis of bronchiolitis is made by history and

physical examination.

Albumin is the body's largest protein with many
functions in sustaining life, especially in maintaining
hemodynamics and blood osmotic pressure. Produced

predominantly by the liver, albumin ranks as one of the

most plentiful proteins in the human body, with about
40% circulating in the blood. It is likewise a key
constituent of extracellular fluids, including lymph,
interstitial fluid, and cerebrospinal fluid (14). The

multifunctional nature of albumin arises from its

diverse array of binding sites, which enable interactions
with a wide range of molecules. These include specific

sites for fatty acids, heme, and numerous small ligands,
as well as metal-binding domains capable of binding

metals such as copper, cadmium, nickel, and cobalt. The

structural properties of albumin are altered under
ischemic attacks associated with oxidative stress,

production of reactive oxygen species (ROS), and
development of acidosis. In such pathological

conditions, its affinity for transition metals, especially
cobalt, is reduced. This type of albumin is called
ischemia-modified albumin (IMA). The IMA increases in

the blood within minutes as a result of oxidative stress
and ischemia and then returns to its normal level within

12-24 hours (15).

We searched the literature for studies in relation to

IMA levels and lower respiratory tract infections,
pneumonia, and bronchiolitis. However, we found only
a few studies. One of these reported increased blood IMA

levels in community-acquired pneumonia in adults (16).
There were also studies showing that IMA levels were

found at high levels in SARS-CoV-2 pneumonia (17, 18).
However, a study showing that IMA levels did not

change in SARS-CoV-2 pneumonia was also available in
the literature (19).

2. Objectives

In our study, we aimed to compare the IMA levels of

patients diagnosed with LRTI aged between 1 month and

5 years and healthy individuals, to show the
relationships between IMA and other laboratory
parameters in the pneumonia and bronchiolitis groups,
and to evaluate the usefulness of serum IMA level as a

diagnostic marker in this disease group.

3. Methods

This was a cross-sectional study conducted between
December 2022 and February 2023 at the Pediatrics

Clinic of the Health Sciences University, Istanbul Prof. Dr.

Cemil Taşcıoğlu City Hospital, enrolling inpatients
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diagnosed with LRTI. Ethics committee approval for this

prospective case-control study was obtained from

Istanbul Prof. Dr. Cemil Taşcıoğlu City Hospital Ethics
Committee with decision number 330 dated 22/11/2022.

The study population included patients between the
ages of 1 month and 5 years who were admitted to the

inpatient service of our hospital with a diagnosis of LRTI

during the study period. Patients were classified as CAP
and bronchiolitis based on history and physical

examination findings at the time of admission. For the
control group of the study, patients under the age of 5

years were selected from the general pediatric

outpatient clinic of our hospital who had no
comorbidities or active complaints and who had no

signs of disease, considering the inclusion and
exclusion criteria. This study consisted of 85 subjects,

including 30 patients diagnosed with CAP, 30 patients
diagnosed with bronchiolitis, and 25 healthy control

subjects.

Verbal consent and written informed consent were

obtained from all volunteer patients and healthy
control subjects in accordance with their age.
Demographic characteristics, complaints, history,

background, comorbidities, physical examination
findings at the time of diagnosis, type of oxygen

support, the need for follow-up in the intensive care
unit, and the duration of hospitalization were recorded

for each patient. Demographic characteristics of healthy
control subjects were recorded. In addition to the tests,
3 ml of blood taken from the patients in a yellow

biochemistry tube with gel was centrifuged for 20
minutes at 3000 rpm in a Kubota 5010 branded

centrifuge device in the hematology clinic laboratory of

our hospital. The serum of the samples was transferred
into microcentrifuge tubes and stored in the Sanyo

Ultra branded -80°C freezer in the same place under
appropriate conditions until analysis. The same

procedure was applied to the control samples. The IMA

levels in all collected samples were simultaneously
analyzed with the same kit using the ELISA method. BT

Lab Human Ischemia Modified Albumin ELISA kit
(Catalog No. E1172Hu, BT-Lab, China) was used in the

study. The measurement range of the kit was 2 - 600

ng/mL, and the lower limit of measurement was 1.08
ng/mL.

Hemogram, CRP, procalcitonin (PRC), routine

biochemistry tests, blood gas parameters, and

posteroanterior chest radiographs ordered for
diagnosis during hospitalization were reviewed from

the patient's files. The computer database of Istanbul
Prof. Dr. Cemil Taşcıoğlu City Hospital was used for data

that could not be obtained from the files. Patients with a

history of steroid and similar drug use in the last

month, history of cerebrovascular disease, congenital

heart disease, prematurity, neutropenia, a history of
hospitalization in the last 4 weeks, abnormal albumin

levels, and immunocompromised status were excluded.

3.1. Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics (version 22). The Kolmogorov-Smirnov test was

applied to assess the normality of data distribution. For
parameters meeting the assumption of normality,

descriptive statistics (mean, standard deviation, and

frequency) were calculated. Group comparisons were
conducted using one-way ANOVA, with the Tukey HSD

post-hoc test applied to identify the specific group(s)
responsible for any statistically significant differences.

For parameters not normally distributed, the Kruskal-

Wallis test was employed for group comparisons,
followed by Dunn’s post-hoc test to determine the

group(s) accounting for the observed differences. The
Student’s t-test was used to compare normally
distributed parameters between two groups, whereas

the Mann-Whitney U test was applied for parameters
that were not normally distributed. For comparisons of

qualitative data, the chi-square test, Fisher’s exact test,
and the continuity (Yates) correction were employed.

Pearson’s correlation analysis was performed to

evaluate relationships between variables with a normal
distribution, while Spearman’s rho correlation analysis

was used for those without a normal distribution.
Optimal cut-off points were determined using receiver

operating characteristic (ROC) curve analysis. Statistical
significance was set at P < 0.05.

4. Result

A total of 85 children, 53 (62.4%) boys and 32 (37.6%)

girls, aged between 2 months and 60 months, were

included in the study. The mean age was 24.84 ± 20.01
months and the median age was 23 months. No

statistically significant differences were observed
between the groups in terms of mean age and gender

distribution (P > 0.05). In contrast, serum IMA levels

were significantly elevated in the LRTI group compared
with the control group (P < 0.05) (Table 1 and Figure 1).

The IMA, procalcitonin, and glucose levels were
significantly lower in the control group compared to

both the bronchiolitis and pneumonia groups (P <

0.05). However, no significant differences were observed
between the bronchiolitis and pneumonia groups (P >

0.05).

The IMA, procalcitonin, and glucose levels of the

control group were markedly lower than those of the

https://brieflands.com/journals/ijp/articles/165368
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Table 1. Demographic, Biochemical and Complete Blood Count Parameters of the LRTI and Control Group

Variables Study (n = 60); Mean ± SS (Median) Control (n = 25); Mean ± SS (Median) P-Value

Gender; No. (%) 37 (61.7) 16 (64.0) 1.000 a

Male

Female 23 (38.3) 9 (36.0)

Age (y) 24.17 ± 21.32 (19.5) 26.44 ± 16.74 (30) 0.533 b

IMA (ng/mL) 184.85 ± 117.51 (145.3) 93.30 ± 57.73 (70.9) 0.001 b

PRC (µg/L) 1.29 ± 6.12 (0.11) 0.03 ± 0.02 (0.02) 0.001 b

CRP (mg/L) 34.90 ± 65.17 (7.4) 1.38 ± 1.12 (1.1) 0.001 b

Glucose (mg/dL) 119.92 ± 33.17 (108) 87.24 ± 8.99 (87) 0.001 b

Urea (mg/dL) 16.4 ± 7.01 (16) 21.40 ± 5.69 (21) 0.001 b

Creatinin (mg/dL) 0.28 ± 0.1 (0.25) 0.31 ± 0.09 (0.3) 0.167 b

ALT (U/L) 19.68 ± 13.62 (16) 15.68 ± 7.83 (14) 0.176 b

AST (U/L) 34.28 ± 11.82 (32.5) 29.12 ± 7.61 (28) 0.032 b

WBC (/UL) 12697.0 ± 6959.55 (10910) 8560.4 ± 2121.7 (8020) 0.001 b

Hemoglobin (g/L) 11.587 ± 1.372 11.840 ± 1.174 0.422 c

Hematocrit (%) 33.952 ± 5.3372 34.660 ± 3.509 0.544 c

RBC (10 6/UL) 4.55 ± 0.67 4.54 ± 0.44 0.644 c

Neutrophil (%) 55.51 ± 25.54 43.72 ± 11.72 0.005 c

Lymphocyte (%) 36.02 ± 23.13 46.12 ± 11.72 0.009 c

Platelet count (10 3/UL) 397.65 ± 116.82 343.96 ± 84.64 0.041 c

a Continuity (yates) correction P < 0.05.
b Mann-Whitney U test.

c Student t test.

bronchiolitis and pneumonia groups (P < 0.05). No

statistically relevant difference was observed between
the bronchiolitis and pneumonia groups in terms of

IMA, procalcitonin, and glucose levels (P > 0.05). The
pneumonia group exhibited higher CRP levels than the

bronchiolitis and control groups (P < 0.05), whereas CRP

levels did not differ significantly between the
bronchiolitis and control groups (P > 0.05) (Table 2).

The diagnostic performance of IMA for LRTI was

assessed using an ROC curve. The obtained AUC was

0.788 (standard error: 0.05), and this value was
statistically higher than 0.5 (P = 0.001; P < 0.05). The

threshold for IMA in the diagnosis of LRTI was > 83.7
ng/mL. The sensitivity and specificity of this value were

76.7% and 76%, respectively (Table 3 and Figure 2).

Among patients with LRTI (n = 60), subdivided into

bronchiolitis (n = 30) and pneumonia (n = 30), IMA
showed no significant association with biochemical

markers including procalcitonin, CRP, glucose,

creatinine, ALT, AST, and albumin (P > 0.05). In the LRTI
group, no significant statistical correlation was found

between IMA levels and gender, presence of fever, age,

duration of fever, day with the highest fever, duration of

cough, and duration of hospitalization. These
parameters were also not statistically significantly
different between the bronchiolitis, pneumonia, and
control groups (P > 0.05).

There was no statistically relevant difference in IMA
levels between the subgroups formed according to

procalcitonin (< 0.05; ≥ 0.5 (µg/L), CRP (< 5; ≥ 5 mg/L),
and lactate (< 1.2; ≥ 1.2 mmol/L) levels in each of the LRTI

(n = 60), bronchiolitis (n = 30), and pneumonia (n = 30)

groups (P > 0.05).

5. Discussion

Lower respiratory tract infections are among the
leading causes of infectious deaths worldwide.

Especially in children under five years of age, respiratory
diseases, especially pneumonia, are among the leading

causes of mortality and morbidity. The LRTI is diagnosed

primarily through patient history and physical
examination findings. Therefore, it has become difficult

to standardize the diagnosis. Although laboratory data
and imaging methods support the diagnosis, there is no

https://brieflands.com/journals/ijp/articles/165368
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Figure 1. Distribution of ischemia-modified value in LRTI and control group

Table 2. Evaluation of Groups in Terms of Biochemical Parameters

Variables Bronchiolitis (n = 30); Mean ± SS (Median) Pneumonia (n = 30); Mean ± SS (Median) Control (n = 25); Mean ± SS (Median) P-Value a

IMA (ng/mL) 168.7 ± 100.83 (139.2) 201.0 ± 131.86 (147.1) 93.30 ± 57.73 (70.9) 0.001

PRC (µg/L) 0.14 ± 0.14 (0.1) 2.45 ± 8.57 (0.2) 0.03 ± 0.02 (0.02) 0.001

CRP (mg/L) 6.11 ± 12.06 (2.7) 63.70 ± 82.33 (22.6) 1.38 ± 1.12 (1.1) 0.001

Glucose (mg/dL) 115 ± 31.22 (104) 124.83 ± 34.84 (115) 87.24 ± 8.99 (87) 0.001

Urea (mg/dL) 14.6 ± 6.7 (12) 18.20 ± 6.98 (17) 21.40 ± 5.69 (21) 0.001

Creatinin (mg/dL) 0.26 ± 0.08 (0.2) 0.30 ± 0.11 (0.26) 0.31 ± 0.09 (0.3) 0.111

ALT (U/L) 20.8 ± 16.24 (16) 18.57 ± 10.53 (16.5) 15.68 ± 7.83 (14) 0.358

AST (U/L) 35.17 ± 11.88 (33.5) 33.40 ± 11.89 (32) 29.12 ± 7.61 (28) 0.081

Albumin (g/L) 4.59 ± 0.23 (4.6) 4.49 ± 0.29 (4.5) 4.25 ± 0.32 (4.2) 0.001

a Kruskal-Wallis test.

Table 3. The Receiver Operating Characteristic Analysis Results for Ischemia-Modified, Procalcitonin, CRP and WBC in LRTI Diagnosis

Variables Optimal Cut-Point Value AUC SE P-Value Sensitivity Specificity

IMA (ng/mL) > 83.7 0.788 0.05 0.001 76.7 76.0

Procalcitonin (µg/L) > 0.05 0.971 0.02 0.001 95.0 88.0

CRP (mg/L) > 4.2 0.826 0.04 0.001 58.3 100.0

WBC ( /UL) > 10780 0.721 0.06 0.001 53.3 88.0

Abbreviation: AUC, area under curve.

clear marker for definitive diagnosis and prognosis (20,
21).

Ischemia-modified albumin occurs as a modified
form of albumin as a result of oxidative stress and

hypoxia. It was first used in the literature in the

https://brieflands.com/journals/ijp/articles/165368
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Figure 2. Receiver operating characteristic Curve for ischemia-modified in LRTI diagnosis

diagnosis of cardiovascular diseases. In subsequent

studies, it has been used in many diseases in which

ischemia is present and oxidative stress is prominent
(22). Our findings demonstrated that serum IMA levels

in the LRTI group were statistically higher than those in
the control group. Our study is the first study in which

IMA levels were evaluated in patients diagnosed with
LRTI, bronchiolitis, and pneumonia in childhood.

Compared with the control group, serum IMA

concentrations were markedly increased in patients
with bronchiolitis and pneumonia. However, we did not

find any correlation between biochemical parameters
and serum IMA levels.

Bolatkale et al. investigated how serum IMA levels
changed in patients diagnosed with community-

acquired pneumonia in a study consisting of 81 adults
and 81 control subjects. In this study, patients exhibited

higher serum IMA and CRP levels compared with the

control group, and this difference was statistically
significant (16). Sağlam et al. reported that serum IMA

levels were elevated in coronavirus disease 2019 (COVID-
19) patients showing pneumonic infiltration on

computed tomography when compared with the
control group. They stated that examination of

thrombotic parameters affecting prognosis, especially
IMA, may be guiding in predicting pneumonic

infiltration (17). Acar et al. found high serum IMA levels

in patients with severe SARS-CoV-2 pneumonia. In this
study, it was reported that serum IMA level showed 70.2%

sensitivity and 85.4% specificity in the diagnosis of the
disease (18). The high serum IMA levels found in the

patient group in our study are compatible with the

studies in the literature. However, in the study
conducted by Altınbaş et al. involving 90 patients

hospitalized with a diagnosis of COVID-19 pneumonia
and 60 healthy control subjects, serum IMA levels of

https://brieflands.com/journals/ijp/articles/165368
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patients diagnosed with COVID-19 pneumonia were not

different from those of the control group. In addition,

serum IMA levels were compared for mild-moderate and
severe patients, and no difference was found between

them (19).

In the current study, serum IMA values of patients

diagnosed with LRTI with and without the need for high-
flow nasal cannula (HFNC) oxygenation treatment to

determine the severity of the disease were compared,
and no difference was found between them. As a result,

more research is needed because there are few studies in

the literature and there are differences between the
data. Our findings showed no statistical difference

between the groups regarding mean age and gender
distribution, in agreement with previous reports. In a

study including 56 cases in which serum IMA levels were

compared with the control group in children diagnosed
with asthma, there was no statistical difference in terms

of mean age and gender distribution (23).

Again, in a study by Nazik et al. in which pediatric

patients diagnosed with appendicitis, including 63
cases, were compared with the healthy population, 60%

of the patients were male and 40% were female, and no
significant difference was found in gender distribution

(24). It is known that IMA levels increase with hypoxia

and oxidative stress (25). Hypoxia may develop during
asthma attacks. Dogru et al. measured IMA levels in 26

patients with asthma and 26 control patients in 3
groups: During asthma attack, in the asymptomatic

period 4 weeks after asthma attack, and in the control

group. They found that the IMA levels of the patients
during the attack were significantly higher than those

of the control group. Again, a positive correlation was
observed between asthma attack severity and IMA levels

(23).

In our study, we found statistically significantly
higher IMA levels in patients diagnosed with
bronchiolitis, which is an inflammatory process

triggered by viral pathogens, compared with the control

group. It is known that IMA level reaches a level that can
be measured diagnostically in the blood within minutes

as a result of inflammation following exposure to
hypoxia (26). Falkensammer et al., in their study
involving 12 healthy volunteers, induced femoral muscle
ischemia with exercise and cuff pressure. They then

compared IMA and lactate levels. They found no

significant correlation between IMA and lactate levels,
whereas they found that IMA levels increased

immediately upon release of the cuff and returned to
normal levels within 30 minutes (27). In the study by
Turedi et al., IMA levels were compared at the time of

diagnosis, at the 3rd hour of treatment, and in the

control group in patients diagnosed with carbon

monoxide poisoning known to cause tissue ischemia.

The IMA values measured at the time of diagnosis were
found to be significantly higher than the IMA levels

measured at the 3rd hour of treatment, and the post-
treatment measurements were also found to be

significantly higher than those of the control group

(28). In this context, IMA value for LRTI may be more
useful in early diagnosis and treatment than other

serum markers of inflammation. In this way, high
morbidity and mortality rates may be prevented.

In a meta-analysis of 31 studies comparing diagnostic
markers for pediatric pneumonia cases by Gunaratnam

et al., serum CRP (70% sensitivity, 64% specificity, cut-off
point 53 mg/L) and procalcitonin (69% sensitivity, 64%

specificity, cut-off point 0.59 ng/mL) values were shown

to be better than white blood cell count (63% sensitivity,
48% specificity, cut-off point 13000) in the diagnosis of

pneumonia (29). In our study, we performed ROC
analysis for IMA, CRP, PRC, and white blood cell count for

the diagnosis of LRTI and pneumonia. For the diagnosis

of LRTI, IMA (76.7% sensitivity, 76% specificity, cut-off
point 83.7 ng/m/L), CRP (58.3% sensitivity, 100% specificity,

cut-off point 4.2 mg/L), procalcitonin (95% sensitivity,
88% specificity, cut-off point 0.05 ng/mL), and white

blood cell count (53.3% sensitivity, 88% specificity, cut-off
point 10.780) were found to be significant. When the

ROC curve analyses drawn in patients diagnosed with

CAP were analyzed, diagnostic sensitivity and diagnostic
specificity for CRP and PRC were found to be higher than

those for white blood cell count, just as in the study by
Gunaratnam et al. (29). In our study, although IMA, CRP,

and PRC levels were found to be statistically
significantly higher between the LRTI and control
groups, no significant correlation was found between

IMA levels and CRP and PRC levels. We think that this is
because we could not clearly differentiate the patients

as having viral or bacterial pneumonia at the time of

diagnosis. Wu et al. examined the relationship between
disease severity and CRP levels in patients diagnosed

with CAP and found no significant correlation (30).

In our study, we did not find a statistically significant

difference when we compared the levels of IMA, CRP,
PRC, and hemogram parameters in patients diagnosed

with CAP with and without the need for HFNC
treatment. In a study including 20 patients hospitalized

in the pediatric intensive care unit, the relationship

between blood gas parameters and serum IMA levels
was examined and no correlation was found (31).

Falkensammer et al. compared IMA and lactate levels
measured with femoral muscle ischemia and found no

significant correlation between IMA and lactate levels

https://brieflands.com/journals/ijp/articles/165368
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(27). In our study, we examined the relationship between

IMA levels and lactate levels, which is one of the bedside

blood gas parameters of patients diagnosed with
pneumonia and bronchiolitis, and we did not find a

significant difference between IMA and blood gas
parameters in the study group. In a study by Masarweh

et al. investigating risk factors for the severity and

complications of CAP, it was found that high serum CRP
values and increased oxygen demand were positively
correlated with the development of complications in
CAP (32).

The diagnosis of CAP in children is based on history
and physical examination findings, and the diagnosis is

supported by laboratory and imaging methods. There
are hospitalization criteria for children due to CAP, but

there is no scoring system. Existing scoring systems

have been tried to be modified from adult studies (33).
In the literature, it has been shown that scoring systems

that determine the severity of the disease in CAP should
include laboratory data (34). In the present study, no

statistically detectable correlation was found between

serum IMA levels and patients’ history or physical
examination findings. We think that the reason for this

situation is the lack of a scoring system based on
laboratory data. There is a need for scoring systems

including laboratory parameters in the diagnosis of
CAP. Therefore, we believe that serum IMA levels may be

useful in the diagnosis of lower respiratory tract

infection or in the exclusion of the disease in addition to
procalcitonin, CRP, hemogram, and routine biochemical

tests.

5.1. Limitations

This study has several limitations. First, the relatively
small sample size may have limited the statistical power

of the study. Second, other biomarkers of oxidative

stress could not be evaluated alongside IMA. In addition,
the single-center design may restrict the generalizability
of our findings to other pediatric populations and
healthcare settings. Future multicenter studies with

larger and more diverse cohorts are needed to validate
the diagnostic performance of IMA in LRTI.

5.2. Conclusion

The LRTI group exhibited higher IMA concentrations

than the healthy control group. The IMA levels in each of

the bronchiolitis and pneumonia groups were higher
than those in the healthy control group. However, the

IMA levels in the bronchiolitis and pneumonia groups
were not different. Serum IMA levels can be used to

exclude the diagnosis of lower respiratory tract

infection, but more studies are needed in this regard.

Footnotes

AI Use Disclosure: The authors declare that no

generative AI tools were used in the creation of this
article.

Authors' Contribution: Study concept and design: M.

Y. A., H. D., O. D., E. T., A. K.; Acquisition of data: M. Y. A., H.

D., O. D.; Analysis and interpretation of data: M. Y. A., H.
D., O. D., E. T.; Drafting of the manuscript: M. Y. A., H. D., E.

T.; Critical revision of the manuscript for important
intellectual content: E. T., A. K.; Statistical analysis: M. Y.

A., H. D., A. K.; Administrative, technical, and material
support: M. Y. A., O. D., E. T., A. K.; Study supervision: H. D.

Conflict of Interests Statement: The authors declare

no conflict of interests.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: This study was approved under the

ethical approval code 330 dated 22/11/2022
(https://cemiltascioglush.saglik.gov.tr/TR-339910/klinik-

arastirmalar-etik-kurulu.html).

Funding/Support: This research received no specific
grant from any funding agency in the public,

commercial, or not-for-profit sectors.

Informed Consent: Written informed consent was
obtained from the parents or legal guardians of all

participants prior to data collection, in accordance with

the principles of the Declaration of Helsinki.

References

1. National Institute for Health and Clinical Excellence (NICE).
Respiratory tract infections – antibiotic prescribing: prescribing of

antibiotics for self-limiting respiratory tract infections in adults and

children in primary care. London, England; 2008.

2. World Health Organization. Child mortality (under 5 years). Geneva,
Switzerland: World Health Organization; 2020, [cited 2023]. Available
from: https://www.who.int/news-room/fact-sheets/detail/child-
mortality-under-5-years.

3. TÜİK Kurumsal. [İstatistiklerle Çocuk, 2020]. 2020, [cited 2023]. TR.
Available from: https://data.tuik.gov.tr/Bulten/Index?
p=Istatistiklerle-Cocuk-2020-37228.

4. Scott JA, Brooks WA, Peiris JS, Holtzman D, Mulholland EK.
Pneumonia research to reduce childhood mortality in the
developing world. J Clin Invest. 2008;118(4):1291-300. [PubMed ID:
18382741]. [PubMed Central ID: PMC2276784].
https://doi.org/10.1172/JCI33947.

https://brieflands.com/journals/ijp/articles/165368
https://www.who.int/news-room/fact-sheets/detail/child-mortality-under-5-years
https://www.who.int/news-room/fact-sheets/detail/child-mortality-under-5-years
https://data.tuik.gov.tr/Bulten/Index?p=Istatistiklerle-Cocuk-2020-37228
https://data.tuik.gov.tr/Bulten/Index?p=Istatistiklerle-Cocuk-2020-37228
http://www.ncbi.nlm.nih.gov/pubmed/18382741
https://www.ncbi.nlm.nih.gov/pmc/PMC2276784
https://doi.org/10.1172/JCI33947


Yılmaz Aksoy M et al. Brieflands

Inn J Pediatr. 2026; 36(2): e165368 9

5. Jain S, Williams DJ, Arnold SR, Ampofo K, Bramley AM, Reed C, et al.

Community-acquired pneumonia requiring hospitalization among
U.S. children. N Engl J Med. 2015;372(9):835-45. [PubMed ID: 25714161].
[PubMed Central ID: PMC4697461].
https://doi.org/10.1056/NEJMoa1405870.

6. Harris M, Clark J, Coote N, Fletcher P, Harnden A, McKean M, et al.
British Thoracic Society guidelines for the management of
community acquired pneumonia in children: update 2011. Thorax.
2011;66 Suppl 2:ii1-23. [PubMed ID: 21903691].

https://doi.org/10.1136/thoraxjnl-2011-200598.

7. Bilan N, Amirikar F, Gheibi M. Risk Factors for Pulmonary
Complications in Children Hospitalized with Community-Acquired
Pneumonia: A Retrospective Cohort Study. Iran J Pediatr. 2024;35(1).
https://doi.org/10.5812/ijp-150124.

8. Bordley WC, Viswanathan M, King VJ, Sutton SF, Jackman AM, Sterling
L, et al. Diagnosis and testing in bronchiolitis: a systematic review.
Arch Pediatr Adolesc Med. 2004;158(2):119-26. [PubMed ID: 14757603].

https://doi.org/10.1001/archpedi.158.2.119.

9. Fitzgerald DA, Kilham HA. Bronchiolitis: assessment and evidence-
based management. Med J Aust. 2004;180(8):399-404. [PubMed ID:
15089730]. https://doi.org/10.5694/j.1326-5377.2004.tb05993.x.

10. British Thoracic Society. Better lung health for all. 2023, [cited 2023].
Available from: http://www.brit-thoracic.org.uk.

11. Mansbach JM, McAdam AJ, Clark S, Hain PD, Flood RG, Acholonu U, et
al. Prospective multicenter study of the viral etiology of

bronchiolitis in the emergency department. Acad Emerg Med.
2008;15(2):111-8. [PubMed ID: 18275439]. [PubMed Central ID:
PMC7187748]. https://doi.org/10.1111/j.1553-2712.2007.00034.x.

12. Stempel HE, Martin ET, Kuypers J, Englund JA, Zerr DM. Multiple viral
respiratory pathogens in children with bronchiolitis. Acta Paediatr.
2009;98(1):123-6. [PubMed ID: 18785966]. [PubMed Central ID:
PMC2605206]. https://doi.org/10.1111/j.1651-2227.2008.01023.x.

13. Chi Ngo Q, Phu La Q, Hoang Le S, Do Tran H, Vu Tuong Le V. The

Efficacy of Nebulized 3% Hypertonic Saline for Acute Bronchiolitis in
Infants: A Randomized Controlled Trial. Arch Pediatr Infect Dis.
2025;13(4). https://doi.org/10.5812/apid-158410.

14. Ahn SM, Simpson RJ. Body fluid proteomics: Prospects for biomarker
discovery. Proteomics Clin Appl. 2007;1(9):1004-15. [PubMed ID:
21136753]. https://doi.org/10.1002/prca.200700217.

15. Shevtsova A, Gordiienko I, Tkachenko V, Ushakova G. Ischemia-
Modified Albumin: Origins and Clinical Implications. Dis Markers.

2021;2021:9945424. [PubMed ID: 34336009]. [PubMed Central ID:
PMC8315882]. https://doi.org/10.1155/2021/9945424.

16. Bolatkale M, Duger M, Ulfer G, Can C, Acara AC, Yigitbasi T, et al. A
novel biochemical marker for community-acquired pneumonia:
Ischemia-modified albumin. Am J Emerg Med. 2017;35(8):1121-5.
[PubMed ID: 28302374]. https://doi.org/10.1016/j.ajem.2017.03.018.

17. Saglam E, Sener G, Bayrak T, Bayrak A, Gorgulu N. Analysis of
Ischemia-Modified Albumin (IMA) and Coagulation Parameters in

Patients with SARS-CoV-2 Pneumonia. J Clin Med. 2023;12(13). [PubMed
ID: 37445341]. [PubMed Central ID: PMC10342497].
https://doi.org/10.3390/jcm12134304.

18. Acar T, Ertekin B, Yortanli M. Value of thiol and ischemia modified
albumin (IMA) in predicting mortality in serious COVID-19
pneumonia. Heliyon. 2022;8(12). e12514. [PubMed ID: 36573112].
[PubMed Central ID: PMC9771579].
https://doi.org/10.1016/j.heliyon.2022.e12514.

19. Altintas E, Sabirli R, Yuksekkaya E, Kurt O, Koseler A. Evaluation of
Serum Ischemia Modified Albumin in Patients With COVID-19
Pneumonia: A Case-Control Study. Cureus. 2022;14(8). e28334.
[PubMed ID: 36168388]. [PubMed Central ID: PMC9500556].
https://doi.org/10.7759/cureus.28334.

20. Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global, regional, and

national causes of under-5 mortality in 2000-15: an updated
systematic analysis with implications for the Sustainable
Development Goals. Lancet. 2016;388(10063):3027-35. [PubMed ID:
27839855]. [PubMed Central ID: PMC5161777].
https://doi.org/10.1016/S0140-6736(16)31593-8.

21. Rudan I, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell H.
Epidemiology and etiology of childhood pneumonia. Bull World

Health Organ. 2008;86(5):408-16. [PubMed ID: 18545744]. [PubMed

Central ID: PMC2647437]. https://doi.org/10.2471/blt.07.048769.

22. Delclaux C, Azoulay E. Inflammatory response to infectious
pulmonary injury. Eur Respir J Suppl. 2003;42:10s-4s. [PubMed ID:
12945995]. https://doi.org/10.1183/09031936.03.00420203.

23. Dogru M, Akoglu H, Kilinckaya MF, Ulfer G. Ischemia-modified
albumin levels in children with asthma: a pilot study. Arch Argent

Pediatr. 2018;116(4):e522-8. [PubMed ID: 30016026].
https://doi.org/10.5546/aap.2018.eng.e522.

24. Nazik S, Avci V, Kusku Kiraz Z. Ischemia-modified albumin and other
inflammatory markers in the diagnosis of appendicitis in children.
Ulus Travma Acil Cerrahi Derg. 2017;23(4):317-21. [PubMed ID: 28762455].
https://doi.org/10.5505/tjtes.2016.11823.

25. Tampa M, Mitran CI, Mitran MI, Amuzescu A, Matei C, Georgescu SR.
Ischemia-Modified Albumin-A Potential New Marker of Oxidative
Stress in Dermatological Diseases. Medicina (Kaunas). 2022;58(5).
[PubMed ID: 35630086]. [PubMed Central ID: PMC9147831].

https://doi.org/10.3390/medicina58050669.

26. Sinha MK, Vazquez JM, Calvino R, Gaze DC, Collinson PO, Kaski JC.
Effects of balloon occlusion during percutaneous coronary
intervention on circulating Ischemia Modified Albumin and
transmyocardial lactate extraction. Heart. 2006;92(12):1852-3.
[PubMed ID: 17105887]. [PubMed Central ID: PMC1861307].
https://doi.org/10.1136/hrt.2005.078089.

27. Falkensammer J, Stojakovic T, Huber K, Hammerer-Lercher A, Gruber

I, Scharnagl H, et al. Serum levels of ischemia-modified albumin in
healthy volunteers after exercise-induced calf-muscle ischemia. Clin

Chem Lab Med. 2007;45(4):535-40. [PubMed ID: 17439334].
https://doi.org/10.1515/CCLM.2007.087.

28. Turedi S, Cinar O, Kaldirim U, Mentese A, Tatli O, Cevik E, et al.
Ischemia-modified albumin levels in carbon monoxide poisoning.
Am J Emerg Med. 2011;29(6):675-81. [PubMed ID: 20825881].
https://doi.org/10.1016/j.ajem.2010.02.006.

29. Gunaratnam LC, Robinson JL, Hawkes MT. Systematic Review and
Meta-Analysis of Diagnostic Biomarkers for Pediatric Pneumonia. J

Pediatric Infect Dis Soc. 2021;10(9):891-900. [PubMed ID: 34213563].
https://doi.org/10.1093/jpids/piab043.

30. Wu J, Jin YU, Li H, Xie Z, Li J, Ao Y, et al. Evaluation and significance of
C-reactive protein in the clinical diagnosis of severe pneumonia. Exp

Ther Med. 2015;10(1):175-80. [PubMed ID: 26170931]. [PubMed Central
ID: PMC4486960]. https://doi.org/10.3892/etm.2015.2491.

31. Kocaoglu C. The Collocation of Ischemia-Modified Albumin and
Blood Gas Parameters in the PICU Setting. Clin Pediatr (Phila).
2018;57(4):417-20. [PubMed ID: 28959892].
https://doi.org/10.1177/0009922817730348.

32. Masarweh K, Gur M, Toukan Y, Bar-Yoseph R, Kassis I, Gut G, et al.
Factors associated with complicated pneumonia in children. Pediatr

Pulmonol. 2021;56(8):2700-6. [PubMed ID: 33991059].
https://doi.org/10.1002/ppul.25468.

33. Jadavji T, Law B, Lebel MH, Kennedy WA, Gold R, Wang EE. A practical
guide for the diagnosis and treatment of pediatric pneumonia. CMAJ.
1997;156(5):S703-11. [PubMed ID: 9068582]. [PubMed Central ID:
PMC1232848].

34. Bradley JS, Byington CL, Shah SS, Alverson B, Carter ER, Harrison C, et
al. Executive summary: the management of community-acquired

https://brieflands.com/journals/ijp/articles/165368
http://www.ncbi.nlm.nih.gov/pubmed/25714161
https://www.ncbi.nlm.nih.gov/pmc/PMC4697461
https://doi.org/10.1056/NEJMoa1405870
http://www.ncbi.nlm.nih.gov/pubmed/21903691
https://doi.org/10.1136/thoraxjnl-2011-200598
https://doi.org/10.5812/ijp-150124
http://www.ncbi.nlm.nih.gov/pubmed/14757603
https://doi.org/10.1001/archpedi.158.2.119
http://www.ncbi.nlm.nih.gov/pubmed/15089730
https://doi.org/10.5694/j.1326-5377.2004.tb05993.x
http://www.brit-thoracic.org.uk/
http://www.ncbi.nlm.nih.gov/pubmed/18275439
https://www.ncbi.nlm.nih.gov/pmc/PMC7187748
https://doi.org/10.1111/j.1553-2712.2007.00034.x
http://www.ncbi.nlm.nih.gov/pubmed/18785966
https://www.ncbi.nlm.nih.gov/pmc/PMC2605206
https://doi.org/10.1111/j.1651-2227.2008.01023.x
https://doi.org/10.5812/apid-158410
http://www.ncbi.nlm.nih.gov/pubmed/21136753
https://doi.org/10.1002/prca.200700217
http://www.ncbi.nlm.nih.gov/pubmed/34336009
https://www.ncbi.nlm.nih.gov/pmc/PMC8315882
https://doi.org/10.1155/2021/9945424
http://www.ncbi.nlm.nih.gov/pubmed/28302374
https://doi.org/10.1016/j.ajem.2017.03.018
http://www.ncbi.nlm.nih.gov/pubmed/37445341
https://www.ncbi.nlm.nih.gov/pmc/PMC10342497
https://doi.org/10.3390/jcm12134304
http://www.ncbi.nlm.nih.gov/pubmed/36573112
https://www.ncbi.nlm.nih.gov/pmc/PMC9771579
https://doi.org/10.1016/j.heliyon.2022.e12514
http://www.ncbi.nlm.nih.gov/pubmed/36168388
https://www.ncbi.nlm.nih.gov/pmc/PMC9500556
https://doi.org/10.7759/cureus.28334
http://www.ncbi.nlm.nih.gov/pubmed/27839855
https://www.ncbi.nlm.nih.gov/pmc/PMC5161777
https://doi.org/10.1016/S0140-6736(16)31593-8
http://www.ncbi.nlm.nih.gov/pubmed/18545744
https://www.ncbi.nlm.nih.gov/pmc/PMC2647437
https://doi.org/10.2471/blt.07.048769
http://www.ncbi.nlm.nih.gov/pubmed/12945995
https://doi.org/10.1183/09031936.03.00420203
http://www.ncbi.nlm.nih.gov/pubmed/30016026
https://doi.org/10.5546/aap.2018.eng.e522
http://www.ncbi.nlm.nih.gov/pubmed/28762455
https://doi.org/10.5505/tjtes.2016.11823
http://www.ncbi.nlm.nih.gov/pubmed/35630086
https://www.ncbi.nlm.nih.gov/pmc/PMC9147831
https://doi.org/10.3390/medicina58050669
http://www.ncbi.nlm.nih.gov/pubmed/17105887
https://www.ncbi.nlm.nih.gov/pmc/PMC1861307
https://doi.org/10.1136/hrt.2005.078089
http://www.ncbi.nlm.nih.gov/pubmed/17439334
https://doi.org/10.1515/CCLM.2007.087
http://www.ncbi.nlm.nih.gov/pubmed/20825881
https://doi.org/10.1016/j.ajem.2010.02.006
http://www.ncbi.nlm.nih.gov/pubmed/34213563
https://doi.org/10.1093/jpids/piab043
http://www.ncbi.nlm.nih.gov/pubmed/26170931
https://www.ncbi.nlm.nih.gov/pmc/PMC4486960
https://doi.org/10.3892/etm.2015.2491
http://www.ncbi.nlm.nih.gov/pubmed/28959892
https://doi.org/10.1177/0009922817730348
http://www.ncbi.nlm.nih.gov/pubmed/33991059
https://doi.org/10.1002/ppul.25468
http://www.ncbi.nlm.nih.gov/pubmed/9068582
https://www.ncbi.nlm.nih.gov/pmc/PMC1232848


Yılmaz Aksoy M et al. Brieflands

10 Inn J Pediatr. 2026; 36(2): e165368

pneumonia in infants and children older than 3 months of age:

clinical practice guidelines by the Pediatric Infectious Diseases
Society and the Infectious Diseases Society of America. Clin Infect Dis.

2011;53(7):617-30. [PubMed ID: 21890766]. [PubMed Central ID:

PMC3202323]. https://doi.org/10.1093/cid/cir625.

https://brieflands.com/journals/ijp/articles/165368
http://www.ncbi.nlm.nih.gov/pubmed/21890766
https://www.ncbi.nlm.nih.gov/pmc/PMC3202323
https://doi.org/10.1093/cid/cir625
http://www.ncbi.nlm.nih.gov/pubmed/21890766
https://www.ncbi.nlm.nih.gov/pmc/PMC3202323
https://doi.org/10.1093/cid/cir625

