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Abstract

Background: Acute bronchiolitis is the inflammation of the
bronchioles, which is most typically caused by a virus and is common
in children under the age of two. The aim of this study was to evaluate
if serum albumin levels on admission are associated with severity of
illness in infants with Acute bronchiolitis according to their Modified
Tal score. Methods: This single-center, case control observational
study included 50 infants with acute bronchiolitis and 50 healthy
infants as a control group. All cases were subjected to full history
taking, complete clinical examination, modified Tal score and
laboratory investigations as complete blood count, arterial blood gases,
C reactive protein and serum albumin level. Results: Bronchiolitis
group included 26 females and 24 males; their mean age was 7.5+4.8
months. There was no statistical difference between cases and control
regarding their age, sex, gestational age, nutritional history or age of
weaning. Most cases (42%) had mild disease, 38% of cases had
moderate disease and 20% of cases had severe disease. Bronchiolitis
group had statistically higher serum albumin compared to control
group. Cases with severe bronchiolitis had statistically lower albumin
level compared with moderate and mild cases. Serum albumin could
detect cases with acute bronchiolitis from controls; AUC was 0.724

(Cl: 0.626-0.822), p<0.001 and detect severe cases with acute bronchiolitis; AUC was 1,

p<0.001. Conclusion:

Serum albumin levels can be an objective, inexpensive and widely

available biomarker to use in conjunction with the current clinical scores to diagnose and to
assess severity of the disease
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Introduction

Acute bronchiolitis is the inflammation of
the bronchioles, which is most typically
caused by a virus and is common in children
under the age of two. The disease is
distinguished by its regularity of incidence,
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which is highest during the winter months of
November to March (1). A subcommittee of
the American Academy of Pediatrics 2006
together with the European Respiratory
Society (ERS) defined acute bronchiolitis
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(AB) as a constellation of clinical symptoms
and signs including a viral respiratory
prodrome followed by increased lower
respiratory effort and wheezing in infants <2
years of age with a peak in infants aged 3-6
months. It is a self-limiting condition but
may be severe and life-threatening (2).

Bronchiolitis is the most common lower
respiratory tract infection in children less
than 1 year of age and is usually of viral
etiology (3). It is the most common cause of
hospital admission for infants beyond the
neonatal period (4).

Bronchiolitis is characterized clinically by
expiratory breathing difficulties in babies,
while cough, tachypnea, hyperinflation,
chest retraction, broad crackles, and
wheezing are several untypical symptoms.
The disease has a diverse and complex
clinical course, whose symptoms can range
from mild to severe and quickly lead to
respiratory failure. Therefore, pediatric
patients need to be diagnosed early and
treated promptly to avoid mortality (5).

Albumin is a 69kDa protein that is mainly
synthesized by the liver and plays an
important role in several physiological
mechanisms. It has long been well
established that hypoalbuminemia is a
powerful prognostic marker in the general
population and many pathological settings,
mainly as a result of malnutrition and
inflammation (6).

During severe AB a reduced energetic
intake, impaired nutritional status and an
inflammation with a cytokine-mediated
acute phase response can coexist, leading to
lowered levels of serum albumin. However,
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the association between albumin and AB
severity has been little investigated in this
setting (7).

The aim of this study was to evaluate if
serum albumin levels on admission are
associated with severity of illness in infants
with Acute bronchiolitis according to their
Modified Tal score.

Methods

This single-centre, case control
observational study included 50 infants with
acute bronchiolitis admitted to the Pediatric
Department of Benha University Hospital
and 50 age and sex matched, healthy control
infants were selected from the outpatient
clinic of Benha University Hospital from
August 2021 to August 2022.

Inclusion criteria:

e All infants aged 2 - 24 months admitted
in the Pediatric Department with acute
bronchiolitis.

e The diagnosis of AB was based on
medical history, physical exam and chest
radiography.

Exclusion criteria:

® Infants aged <2 months and >24
months.

* Patients previously diagnosed with
malnutrition.

® Bacterial superinfection (based on
CBC, CRB and chest radiography).

* Patients that received any intravenous
fluids including albumin before the
intervention.



Study groups;

e Bronchiolitis group: included 50
children and they were further divided
according to their severity (assesses by
modified Tal score (MTS)):

1) Severe  bronchiolitis  group:
included 10 patients with conditions
deemed by  the attending
pediatrician and intensivist to merit
pediatric intensive care unit (PICU)
admission, MTS > 11.

2) Moderate bronchiolitis group:
included 19 patients admitted in the
classic hospital words, with MTS
from 6-10

3) Mild bronchiolitis group: included
21 patients admitted in the classic
hospital words, with MTS < 5.

e Control group: included 50 apparently
healthy children matching the patient's
groups for age & sex.

The study was approved by Ethical
committee of Benha University. And an
informed written consent was taken from
parents or caregivers of enrolled children,
after full explanation of the aim of the study.

All the infants were subjected to full medical
and demographic history taking, complete
clinical examination with assessment of
modified Tal Score (8), and laboratory
Investigations: Complete blood count,
Arterial blood gases, C reactive protein,
serum albumin level and chest X-ray.

The Research Ethics Committee at Faculty
of Medicine Banha University (REC-
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FOMBU) is independent
committee operating according t

organized

Approval code: Ms - 10-8-2021

Statistical Analysis

The collected data was revised, coded,
tabulated using Statistical package for Social
Science (IBM Corp. Released 2017. IBM
SPSS Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp.). Data were
presented and suitable analysis was done
according to the type of data obtained for
each parameter. Normality of data; Shapiro
test was done to test the normality of data
distribution. Descriptive statistics: Mean,
Standard deviation (x SD) for parametric
numerical data, while Median and range for
non-parametric numerical data. Frequency
and percentage of non-numerical data.
Analytical statistics: Student T Test was
used to assess the statistical significance of
the difference between two study group
means. For the comparison of more than two
groups’ means, one way analysis of variance
(ANOVA) was used. Chi-Square test was
used to examine the relationship between
two qualitative variables. Fisher’s exact test
was used to examine the relationship
between two qualitative variables when the
expected count is less than 5 in more than
20% of cells. Correlation analysis: To assess
the strength of association between two
quantitative variables. The correlation
coefficient defines the strength and direction
of the linear relationship between two
variables. The ROC Curve (receiver
operating characteristic) provides a useful
way to evaluate the sensitivity and
specificity for quantitative diagnostic
measures that categorize cases into one of



Benha medical journal, vol. 40, issue 3, 2023

two groups. The optimum cut off point was
defined as that which maximized the AUC
value. The area under the ROC curve (AUC)
results were considered excellent for AUC
values between 0.9-1, good for AUC values
between 0.8-0.9, fair for AUC values
between 0.7-0.8, poor for AUC values
between 0.6-0.7 and failed for AUC values
between 0.5-0.6.

Results

This study included 50 children with acute
bronchiolitis and 50 healthy children as a
control group.

Bronchiolitis group included 26 females and
24 males, their mean age was 7.5+4.8
months, there was no statistical difference
between cases and control regarding their
age, sex, gestational age, nutritional history
or age of weaning. Table 1

Bronchiolitis group had statistically higher
TLC, lymphocytes, C reactive protein and
statistically lower neutrophils and serum
albumin compared to control group. Table 2

Most cases (42%) had mild disease, 38% of
cases had moderate disease and 20% of
cases had severe disease, figure 1.
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There was no statistical difference between
mild, moderate or severe bronchiolitis as
regarding to their age, sex, weight or
nutritional history. Table 3

Severe cases had statistically higher C
reactive protein, PCo2, and statistically
lower PH, PO2 and serum albumin
compared to mild and moderate cases. Table
4

Serum albumin correlates negatively with
total leucocyte count, C reactive protein and
PCo2, and correlates positively with Ph and
PO2. While there were no statistical
correlations between serum albumin and
other parameters. Table 5

ROC analysis was done to assess the
performance of serum albumin to detect
cases with acute bronchiolitis from controls;
AUC was 0.724 (CI: 0.626-0.822), p<0.001.
At a cutoff point <3.8 g/dL, the sensitivity
was 90% and specificity was 95%. Figure 2

ROC analysis was done to assess the
performance of serum albumin to detect
severe cases with acute bronchiolitis; AUC
was 1, p<0.001. At a cutoff point <3.8 g/dL,
the sensitivity was 100% and specificity was
95%. Figure 3



Table 1: Sociodemographic data of the studied groups

Bronchiolitis group Control group Test P value
N=50 % N=50 %
Sex 26 52.0% 22 44.0%  X°=0.64 0.42
24 48.0% 28 56.0%
Age (months) 7.5+4.8 8.5+4.1 t=1.9 0.063
2-22 2-24
Gestational age 37.5+1.1 37.7x1.1 t=0.45 0.58
(weeks) 36-40 36-40
Weight (kg) 7.742.4 8.1+2.5 t=2.01 0.059
4.4-13 4.6-13.2
Nutritional history  Breast feeding 25 50.0% 28 56.0% X?=0.37 0.83
Artificial feeding 1 2.0% 1 2.0%
Breast + artificial 24 48.0% 21 42.0%
Age of weaning 5.1+0.8 4.9+0.9 t=1.5 0.13
(months) 4-6 4-6
X?: Chi-square test, t: student t-test,
Table 2: Laboratory investigations of the studied groups
Bronchiolitis group Control group  Test P value
N=50 % N=50 %
Hemoglobin (g/dl) 10.8+1.3 10.9+1.2 t=0.27 0.87
8.4-13.6 8.5-13.8
TLC (10"3/uL) 11.9+2.8 9.742.5 t=3.9 <0.001*
6.6-16.7 5.8-14.6
Neutrophils (%) 32.8+6.9 38.5+6.7 t=4.1 <0.001*
18.7-52.3 25.4-59.3
Lymphocytes (%) 59.8+7.5 53.6+7.2 t=4.2 <0.001*
41.6-74.4 33.6-69.1
Platelets (1073/uL) 350+112 344+102 t=0.29 0.77
156-609 168-565
C-reactive protein 24.6+12.3 7.5+2.4 t=5.1 <0.001*
(mg/dl) 0-24 0-12
C-reactive protein 20 40.0% 42 84.0% X*=26.4 <0.001*
30 60.0% 8 16.0%
Serum albumin 4.2+0.69 4.7+0.4 t=5.1 <0.001*
(g/dl) 2.9-53 3.9-5.4

X2; Chi-square test, t: student t-test, *: significant, TLC: Total leucocyte count
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Table 3: Sociodemographic data according to disease severity

Severity Test P value
Mild Moderate Severe
N=21 % N=19 % N=10 %
Sex Female 11 52.4% 10 526% 5 50.0% X?=0.34 0.78
Male 10 476% 9 474% 5 50.0%
Age (months)  Mean +SD 75 9+6 5+2 F=1.8 0.17
Weight (kg) Mean £SD 7.69+2.35 8.31+2.74 6.83+1.64 F=1.2 0.29
Gestational Mean +SD 381 38+1 38+1 F=0.44  0.64
age (weeks)
Nutritional Breast 10 47.6% 10 526% 5 50.0% X*=42 037
history feeding
Artificial 0 0.0% 0 0.0% 1 10.0%
feeding
Breast + 11 524% 9 474% 4 40.0%
artificial
X?: Chi-square test, F: F value of one-way ANOVA
Table 4: Laboratory investigations according to disease severity
Severity Test P value
Mild Moderate Severe
Mean+SD Mean+SD Mean+SD
HB (g/dl) 11.31+1.23 10.78+1.48 10.46+1.34 F=1.5 0.22
TLC (1073/uL) 11.82+3.12 11.35+2.43 13.17+2.60 F=1.4 0.24
PLT (1073/uL) 379+118 317495 352+122 F=1.3 0.27
Neutrophils (%) 31.3+5.8 34.8+7.7 32.1+6.8 F=1.08 0.37
Lymphocytes (%)  61.3£7.5 58.1+7.6 60.2+7.3 F=1.1 0.34
C-reactive 5+3 T7+4 17+7 F=21.3 <0.001*
protein(mg/dl)
PH 7.38+0.02 7.34+0.02 7.21+0.03 F=17.6 <0.001*
PO2 (mmHg) 4745 4514 32+1 F=53.9 <0.001*
PCo2 (mmHg) 4042 4542 5745 F=136.5 <0.001*
HCO3 (mmol/L) 19.0£1.8 19.6+£1.7 18.6+2.0 F=1.3 0.28
Serum  Albumin 4.85+0.21 4.12+0.22 3.08+0.12 F=274.2 <0.001*
level (g/dl)

F: F value of one-way ANOVA, *: significant
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Table 5: Correlations between serum albumin and other clinical parameters

Serum Albumin level (g/dL)

r P value

Age (months) 0.137 0.173
Weight (kg) 0.168 0.094
Gestational age (weeks) 0.035 0.732
Age of weaning (months) -0.103 0.403
Hemoglobin (mg/dl) 0.117 0.250
Total leucocyte count (10°3/uL) -0.200 0.046*
Neutrophils (%6) 0.119 0.238
Lymphocytes (%) -0.135 0.179
Platelets (1073/uL) 0.026 0.797
C-reactive protein (mg/dl) -0.580 <0.001*
PH 0.696 <0.001*
PO2 (mmHg) 0.609 <0.001*
PCo2 (mmHg) -0.809 <0.001*
HCO3 (mmol/L) 0.174 0.085
Total score -0.738 <0.001*
r: Correlation coefficient, *: significant

| Mild

M Moderate

M Severe

Figure 1: Disease severity in the bronchiolitis group
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Figure 2: ROC curve of the performance of serum albumin to detect cases with acute bronchiolitis.
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Figure 3: ROC curve of the performance of serum albumin to detect severe cases with acute bronchiolitis.

Discussion

In the current study, the bronchiolitis
group had significantly lower pH, PO,,
HCO3 and higher PCO, compared to the

control  group. In addition, the
bronchiolitis group had significantly
higher TLC, lymphocytic count, C-

reactive protein and significantly lower
neutrophil count and serum albumin
compared to the control group.

Our results were in the same line with a
study reported that in bronchiolitis, levels
of pH, PO,, HCO3 and O, saturation were
significantly decreased (p<0.0001), while
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PCO, was increased as compared to
normal group (9).

In the present study, there was no
statistical  difference  between  mild,
moderate or severe bronchiolitis as
regarding to their age, sex, weight or

nutritional history.

Our results were in agreement with a
study, where patients were divided into
two groups, severe bronchiolitis (85
patients) and mild-moderate bronchiolitis
(355 patients) (10). No difference was
determined between the two groups



regarding their sex. In contrast to a study
found that 61% of the patients assessed as
severe bronchiolitis and given respiratory
support with CPAP or MV were boys, and
39% were girls (11). Similarly, another
study investigated risk factors for severe
bronchiolitis in the emergency department
and observed that 60.5% of severe
bronchiolitis patients were boys (12).

Regarding age; Our results were agreed
with a study, as the mean age of the
patients with severe bronchiolitis was 6.50
months, and that of the mild-moderate
bronchiolitis cases was 6.07 months, but
the difference not statistically significant
(10). Similarly, a study reported a mean
age of 6.60 months in the patients of
severe  bronchiolitis, but with no
significant difference compared to the
control group (12).

However, a study found a significantly
higher  requirement for  mechanical
ventilation in the first six months,
especially in patients younger than two
months, compared to the control group
(11). In a study of risk factors for
respiratory  decompensation, it was
reported that a mean age of 4.2 months in
a group developing respiratory failure and
7.2 months in a group with no respiratory
failure. The difference was statistically
significant. The authors also identified age
less than six months as a significant
predictor of respiratory decompensation
(13).

Regarding weight; Our results were
matched with a study that found no
statistically significant difference in
weight-for-age z-scores between groups
developing and not developing respiratory
failure (13).
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Regarding history of breast feeding; our
results were consistent with a study which
reported that the history of breastfeeding
was present only in 74.1% of the severe
bronchiolitis group, and in 75.2% of the
mild-moderate group with no statistically
significant difference were between the
two groups (10). Similarly, a research
found history of breastfeeding in 57% of
the patients of severe bronchiolitis and in
61% of the control group, but the
difference was not statistically significant
(11). However, In a study of the severity
of respiratory syncytial virus (RSV)
infection and breastfeeding, it was
determined that a more severe clinical
course among non-breastfed  young
infants, and reported that breastfeeding
exhibited a protective effect (14).

Regarding gestational age; our results
were consistent with a study which
reported that mean gestation in the severe
bronchiolitis group in the present study
was 38.2 weeks, compared to 38.3 weeks
in the mild-moderate bronchiolitis group
(10). The difference was not significant
(p=0.602). Similarly, another study
investigated that risk factors for intensive
care requirements among children with
bronchiolitis and determined a mean
gestation period of 37.9 weeks in a group
followed-up in intensive care and of 38.2
weeks in a control group, the difference
not being significant (15). However, a
study reported a mean gestation time of
35.8 weeks in cases requiring mechanical
ventilation support compared to 38 weeks
in a control group, the difference being
statistically significant (16).

In the current study, cases with severe
bronchiolitis  had statistically  lower
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albumin level compared with moderate
and mild cases.

Our results were comparable with a study
reported that the patients with severe AB
presented lower serum albumin levels at
admission than those without severe
illness (3.7 (0.11) g/dl vs 4 (0.5) g/dI,
p=0.034). The patients with serum
albumin <3.5 g/dl presented a five-fold
risk of PICU admission (OR 5.5 (CI95%
1-55-19); p =0.008). After adjusting for
potential confounders (age, weight for age,
presence of comorbidity, BROSJOD score,
respiratory acidosis and CRP) in a
multivariate logistic regression analysis,
serum albumin level less than 3.5 g/dl
remained independently associated with a
higher risk of severe AB (a OR 4.1 (1.2-
24); p = 0.032) (7).

In the same way, a study reported that low
serum albumin level appeared to be
associated with increased risk of apnea in
patients with acute bronchiolitis after
adjustment for known apnea risk factors
(young age, preterm birth, and weight-for-
age z score) (11).

The mechanism leading to low albumin
levels in bronchiolitis is uncertain. One
possibility is decreased synthesis of
albumin. Although poor nutrition is
commonly considered the main origin of
hypoalbuminemia, not all malnourished
individuals had low albumin levels.
Another possible mechanism of low serum
albumin would be increased losses in urine
or stool, or increased breakdown of
albumin. Another potential mechanism for
the low serum albumin levels is the
inflammatory process associated with viral
infections, specifically neurogenic
inflammation(6).
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In the present study, serum albumin level
showed significant positive correlations
with pH and PO, and significant negative
correlations with total leucocyte count,
CRP and PCO,. In addition, serum
albumin correlated negatively with the
total modified Tal score and all its
parameters. However, there were no
significant correlations between serum
albumin and other parameters.

Our results were partially agreed with a
study which reported that serum albumin
displayed a significant correlation with
CRP (rs=-0.27; p =0.008), PCO2 (rs=-0.32;
p=0.003), and HCO3 (r=-0.24; p=0.029)
levels. However, in contrast to our results
they observed that serum albumin level
had significant negative correlations with
age (rs=0.50; p <0.001) and weight for age
percentile (rs=0.33; p=0.002) (7).

The positive correlation observed between
the age and the serum albumin level has
been previously recognized in neonates
and small infants (17), Malnutrition and
inflammation are considered to play a
major role in occurrence of
hypoalbuminemia (18).

Although hypoalbuminemia has
traditionally been linked to malnutrition,
we observed that body weight didn’t
correlate with the serum albumin level. So,
hypoalbuminemia is not considered a
specific nutritional marker in our patients.
Moreover, patients previously diagnosed
with malnutrition were excluded from our
study. We think that inflammation could
play a key role in the occurrence of
hypoalbuminemia in AB.

Decreased serum albumin develops
usually late during malnutrition. Serum
albumin concentration is influenced by



various non-nutritional factors, impairing
its validity as a nutritional parameter in
patients who have acute-phase response
and metabolic stress. Also, albumin is
assumed to be a negative acute phase
protein.  Inflammation  mediated by
cytokines leads to decreased synthesis of
albumin and causes albumin redistribution
associated with increased capillary
permeability (18). We think that the
negative correlation between CRP and
serum albumin level observed in our study
suggests that hypoalbuminemia in AB is
due to the acute inflammatory response.

The association of low serum albumin
levels with high concentrations of
inflammatory markers such as CRP, or IL-
6 has been previously demonstrated in
adults (19). Of note, among the
inflammatory mediators that have been
described to play an essential role in the
Respiratory Syncytial Virus pathology are
cytokines (20). Among these, the pro-
inflammatory cytokine IL-6 is has been
described to be critical for regulating
disease severity during RSV infection in
mice models, and has been related with the
development of neurologic alterations in
infants (21). Thus, it could be possible
that the increase of inflammatory
mediators such as IL-6 during AB leads to
an increase in the hepatic production of
positive acute phase reactants, such as
CRP, while conversely decreasing the
production of negative acute phase
reactants such as albumin.

In the present study, ROC analysis was
done to assess the performance of serum
albumin in detecting cases with acute
bronchiolitis. The AUC was 0.724 (CI:
0.626-0.822), p<0.001. At a cutoff point
<3.8 g/dL, the sensitivity was 90% and
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specificity was 95%. Also, ROC analysis
was done to assess the performance of
serum albumin in detecting severe cases
with acute bronchiolitis. The AUC was 1,
p<0.001. At a cutoff point <3.8 g/dL, the
sensitivity was 100% and specificity was
95%.

Our results were in agreement with a study
revealed that the ROC curve for serum
albumin in predicting severe AB was
generated, yielding an AUC of 0.70 (95%
Cl 0.59-0.79). A cut-off point of 3.5 g/dI
presented a sensitivity of 71%, specificity
of 68%, positive predictive value of 0.29,
and negative predictive value of 0.92 (7).

Our study has some limitations; It was an
observational relatively small sized and
single centre study. Therefore, it may not
be representative of the outcomes at other
sites because of special circumstances
such as physician quality, hospital
features, different resources or
hospitalization/PICU admission criteria.
We did not investigate the trends in serum
albumin level which could reveal more
kinetic information and should be a subject
of the further research.

However, this study approved the
advantage of using serum albumin level
for predicting bronchiolitis severity; it
would be an objective, inexpensive and
widely available biomarker to use in
conjunction with current clinical scores to
assess the disease severity.

Conclusion

Serum albumin decreases significantly in
acute bronchiolitis. In addition, patients
with severe bronchiolitis have statistically
significant lower albumin levels compared
with those having moderate or mild
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disease.

Serum albumin significantly

correlates positively with blood pH and
PO, concentration and negatively with the
total leukocyte count, C-reactive protein
and PCO,. Serum albumin levels can be an

objective,

inexpensive and  widely

available biomarker to use in conjunction
with the current clinical scores to diagnose
and to assess severity of the disease.
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