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Abstract: Bronchiolitis is a viral respiratory infection, with respiratory syncytial virus (RSV) being the
most frequent agent, requiring hospitalization in 1% of affected children. However, there continues
to be a noteworthy incidence of antibiotic prescription in this setting, further exacerbating the
global issue of antibiotic resistance. This study, conducted at Severo Ochoa Hospital in Madrid,
Spain, focused on antibiotic usage in children under 2 years of age who were hospitalized for
bronchiolitis between 2004 and 2022. In that time, 5438 children were admitted with acute respiratory
infection, and 1715 infants (31.5%) with acute bronchiolitis were included. In total, 1470 (87%) had a
positive viral identification (66% RSV, 32% HRV). Initially, antibiotics were prescribed to 13.4% of
infants, but this percentage decreased to 7% during the COVID-19 pandemic thanks to adherence
to guidelines and the implementation of rapid and precise viral diagnostic methods in the hospital.
HBoV- and HAdV-infected children and those with viral coinfections were more likely to receive
antibiotics in the univariate analysis. A multivariate logistic regression analysis revealed a statistically
independent association between antibiotic prescription and fever > 38 ◦C (p < 0.001), abnormal
chest-X ray (p < 0.001), ICU admission (p = 0.015), and serum CRP (p < 0.001). In conclusion, following
guidelines and the availability of rapid and reliable viral diagnostic methods dramatically reduces
the unnecessary use of antibiotics in infants with severe bronchiolitis.

Keywords: antibiotics; bronchiolitis; respiratory virus; respiratory syncytial virus; human bocavirus;
human adenovirus; rhinovirus; chest X-ray

1. Introduction

Bronchiolitis is traditionally defined as the initial episode of expiratory dyspnea accom-
panied by catarrhal symptoms occurring within the first two years of life (McConnochie
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criteria) [1]. Through active surveillance, the presence of at least one virus can be identified
in approximately 85% of cases, with 25% of cases exhibiting multiple viral infections [2].
Respiratory syncytial virus (RSV) accounts for 65–75% of the detected viruses, with even
higher rates during traditional winter epidemics. The presence of coinfections, particularly
when RSV is involved, might contribute to greater clinical severity, although consensus
on this matter remains elusive within the scientific literature [3]. Among children under
the age of two who develop bronchiolitis, approximately 1% necessitate hospitalization,
with a notable proportion requiring respiratory support and intensive care. The peak
incidence of hospitalization is observed between 3 and 6 months of age [4,5]. In Spain,
the cumulative incidence of hospital admissions for bronchiolitis, as evidenced by data
from a cohort of children under 24 months, ranges from 1% to 3.5% (with a rate of 5%
among those under 3 months of age, 3.7% among those under 6 months, and 2.5% among
those under 12 months) [6]. While certain established risk factors such as prematurity, age
under 3 months, or comorbidities may increase the likelihood of a more severe outcome,
the majority of hospitalized children are healthy infants.

The second most common virus is rhinovirus (HRV), responsible for approximately
15% of bronchiolitis cases [7]. HRV tends to be prevalent during the early autumn and
spring seasons, although it can manifest at any time of the year. To a lesser extent, other
viruses such as human bocavirus (HBoV), which typically circulates in conjunction with
RSV during the winter and often presents as a co-infection, and human metapneumovirus
(HMPV), which usually exhibits epidemics during the spring, also serve as causative agents
of bronchiolitis. Human adenovirus (HAdV) has been frequently identified in co-infections
as well [8]. In the case of SARS-CoV-2, it has been shown to induce bronchiolitis, albeit
rarely, and generally results in milder symptoms in comparison to other viruses, such as
RSV or even HRV [9,10].

Although it is a viral process, a high percentage of children with bronchiolitis receive
treatment with antibiotics. Antibiotics have allowed great progress in the treatment of
infectious diseases, reducing the morbidity and mortality of the population [11], but they
have also been one of the great problems of humanity. According to the World Health
Organization (WHO), bacterial resistance represents a significant threat to global public
health because it reduces the effectiveness of medical treatments and can lead to more
serious and difficult-to-treat infections. We are observing a spread of multi-resistant
bacteria, and reducing antibiotic resistance is one of the main objectives of the WHO. It is
estimated that antibiotic resistance is responsible for 700,000 deaths per year worldwide
and 25,000 deaths per year in the EU. In addition, it could cause more mortality than cancer
in the year 2050 [12,13].

Antibiotic resistance is a growing problem, and it is largely associated with excessive
use of antibiotics, inadequate treatments, and a lack of awareness about the problem [13,14]

The pediatric population is one of the patient groups that receives the greatest number
of antibiotic prescriptions [15] and is not immune to this problem. The fight against
antibiotic resistance is today a global priority. It is essential to ensure that antibiotics are
used rationally and only in those cases in which they are necessary.

This study aims to investigate the utilization of antibiotics in a cohort of children hospi-
talized for bronchiolitis and identify associated clinical and epidemiological characteristics.

2. Materials and Methods

This is a sub-study of an ongoing prospective investigation of respiratory tract infec-
tions in children, funded by grants from the Spanish Health Research Fund (FIS) under
the reference numbers PI98/0310, PI06/0532, PI12/0129, PI15CIII/00028, PI18CIII/00009,
PI21CIII/00019, and PI21/00377 and approved by the Medical Ethics Committee at Univer-
sity Hospital Severo Ochoa.
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2.1. Study Population

The study population encompassed all children under the age of 2 diagnosed with
acute bronchiolitis and admitted to the secondary public hospital Severo Ochoa in Leganés,
Madrid, between September 2004 and August 2022. Informed consent was duly obtained
from parents or legal guardians.

The Severo Ochoa Hospital is the only hospital in the city of Leganés with a population
of 186,000, including approximately 32,000 children under the age of 14. The hospital lacks
a pediatric intensive care unit (PICU), necessitating the transfer of children requiring such
specialized care to a tertiary hospital. Subsequently, patients return to Severo Ochoa
Hospital following their stay in the PICU.

Bronchiolitis was defined as the first episode of lower airway respiratory distress in
children under 2 years of age [1]. All other episodes of acute expiratory wheezing were
considered to be recurrent wheezing and were not included. Exclusion criteria were a
refusal to participate in the study.

2.2. Study Procedures

All patients were evaluated by an attending physician. Clinical and epidemiological
characteristics of the patients were collected. During the hospital stay, and as part of the
study, a physician filled out a study questionnaire with the following variables: age, sex,
month of admission, clinical diagnosis, history of prematurity and underlying chronic
diseases, need for oxygen therapy (evaluated via transcutaneous oxygen saturation), fever
and maximum axillary temperature, presence of infiltrates and/or atelectasis in chest
X-rays, administration of antibiotic therapy at any time during the admission, length of
hospital stay, total white blood cell (WBC) count, C-reactive protein (CRP) serum levels
and blood culture results (for those cases in which such tests had been performed), and the
results of a virological study.

Specimens consisted of nasopharyngeal aspirates (NPAs) that were taken from each
patient at admission.

Antibiotic prescription was considered to be adequate when the patient was diagnosed
with a bacterial infection in addition to bronchiolitis, or when the blood culture was
positive. Urinary infections confirmed via a urine culture or concomitant acute otitis media,
evaluated by a pediatrician and with redness and bulging of the eardrum or drainage, were
considered bacterial infections.

2.3. Virological Study

NPAs were sent for virological investigation to the Influenza and Respiratory Viruses
Laboratory at the National Center for Microbiology (ISCIII), Madrid, Spain. Samples were
stored at 4 degrees Celsius in the refrigerator and processed within 24 h after collection.
Upon reception, three aliquots were prepared and stored at −80 ◦C.

Both the reception and the NPA-sample-processing areas were separated from those
defined as working areas. RNA and DNA from 200 L aliquots of NPA were extracted
using the QIAamp MinElute Virus Spin Kit in an automated extractor (QIAcube, Qiagen,
Valencia, Spain). Respiratory virus detection was performed by four independent real-time
multiplex PCR (RT-PCR) assays using the SuperScript III Platinum One-Step Quantitative
RT-PCR System (Invitrogen®, Waltham, MA, USA). The first assay detected Influenza A,
B, and C viruses; the second assay detected parainfluenza viruses 1 to 4 (PIV), hRV, and
enteroviruses; the third assay detected RSV types A and B, human metapneumovirus
(hMPV), human bocavirus (hBoV), and AdV. Human coronavirus (HCoV) was investigated
using a generic RT-PCR that was able to detect human alpha and beta coronavirus, HCoV
229E/HCoV NL63, and HCoV OC43/HCoV HKU1. The primers and Taqman probes
used in this study have already been reported by the study investigators [16]. In addition,
the detection of SARS-CoV-2 was performed on an extracted RNA from NPAs from 2020
using a real-time RT-PCR assay based on the method designed by Corman et al. [17] for
the specific amplification of the E gene using the One-Step RT-PCR Kit (NZYTech, Lisbon,
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Portugal). This method was adapted to our laboratory, including the amplification of
an internal control from the sample in a multiplex way. Assay sensitivity was regularly
assessed to check for potential failures in specificity associated with viral variability. Quality
controls organized by the ECDC/WHO and QCMD were conducted annually to check the
sensitivity and specificity of all of the tests used. The results of the virological study were
available in 5–7 working days. After the onset of the COVID-19 pandemic, in addition to
the virological study conducted for this research at the ISCIII, respiratory virus PCR testing
was implemented in our hospital, with results available within the day.

2.4. Statistical Analysis

Descriptive data were expressed as means and standard deviations (SDs) for continu-
ous variables and through counts and percentages for categorical variables. Continuous
variables that followed a normal distribution were compared using a one-way analysis
of variance with a Bonferroni correction or through t-tests. Categorical variables were
compared using the chi-squared test or Fisher’s exact test, as appropriate.

Logistic regression models were constructed to evaluate a range of potential risk
factors associated with antibiotic prescription. Each variable was individually introduced
into univariate models, and odds ratios (ORs) with corresponding 95% confidence intervals
(CIs) were computed. Explanatory factors with p-values < 0.1 in the univariate analysis
were subsequently analyzed in a multiple regression model. A multivariate backward
stepwise logistic regression model was employed to determine adjusted ORs along with
95% CIs, enabling the estimation of independent associations between various factors and
antibiotic prescription.

A p-value of less than 0.05 was considered statistically significant. All analyses were
two-tailed and were performed using the Statistical Package for the Social Sciences (SPSS),
version 25; SPSS Inc., Chicago, IL, USA.

3. Results

A total of 5438 children were admitted to Severo Ochoa Hospital with acute respiratory
infections between September 2004 and August 2022. Of these, 1715 infants under the age
of 2, who were diagnosed with acute bronchiolitis, consented to participate in the study.
The average age of the participants was 5.5 ± 6.7 months, with males comprising 57% of the
cohort. Table 1 provides a summary of the primary clinical and demographic characteristics
of the study group.

Table 1. Clinical characteristics of 1715 infants hospitalized with acute viral bronchiolitis.

Clinical Characteristic N (%)

Age (months) * 5.5 ± 6.7
Male 984 (57%)

Prematurity 212 (12%)
Temperature > 38 ◦C 866 (51%)

Fever duration (days) * 2.7 ± 2.2
Highest temperature (◦C) * 38.6 ± 0.5

Hypoxia (SatO2 < 95%) 1156 (67%)
Hypoxia duration (days) * 3.2 ± 2.5

Length hospital stay (days) * 4.5 ± 2.9
Abnormal chest radiograph 415 (24%)

Antibiotic treatment 229 (13%)
PICU admission 68 (4%)

Leucocytes (cells/mm3) 13,446 ± 9533
Serum C reactive protein (mg/L) * 26.6 ± 39.0

* mean ± standard deviation. PICU: pediatric intensive care unit.
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3.1. Respiratory Virus Findings

At least one respiratory virus was detected in 1490 (87%) cases. The most commonly
identified virus was RSV, found in 977 cases (66%), followed by HRV in 480 (32%), HAdV
in 128 (9%), HBoV in 98 (6.6%), and HMPV in 90 (6%). Viral coinfections were detected in
453 cases, representing 26% of positive cases, with the most common coinfection being RSV
and HRV in 151 cases, accounting for 33% of all coinfections.

3.2. Factors Associated with Antibiotic Prescription during Hospitalization

Overall, antibiotic treatment was prescribed to 229 (13.4%) infants, showing a notable
decline from 2020 onwards, aligning with the onset of the COVID-19 pandemic, dropping
from 14% before 2020 to 7% thereafter (p = 0.038; OR: 2.1; 95% CI: 1.1–4.1). Of the children
treated with an antibiotic, 41 (18%) were diagnosed with acute otitis media and 11 (5%)
with urinary tract infection. A bacterial pathogen was detected in a blood culture only in
two (0.1%) patients: Streptococcus pneumoniae (1) and Moraxella catharralis (1).

A higher proportion of children with HBoV (27.6%) and HAdV (25%) infections
received antibiotics in comparison to those with RSV (13.7%), HRV (14%), HMPV (9%),
influenza (10%), and PIV (8%) in the univariate analysis. Additionally, patients with viral
coinfections were 1.6 times more likely to be treated with antibiotics than those with single
infections (17.9% vs. 11.7%, p = 0.001).

Infants who were prescribed antibiotics were more likely to be older than 6 months
(p < 0.001), exhibit symptoms such as fever (p < 0.001), experience hypoxia (p < 0.001), and
require admission to the ICU (p < 0.001). Furthermore, a longer duration of fever (p < 0.001)
and hypoxia (p = 0.001) were significantly associated with antibiotic prescription. Patients
who received antibiotic treatment also had a notably prolonged hospital stay (Table 2).

Patients with abnormal chest X-rays (infiltrate/atelectasis) were six times more likely
to receive antibiotic prescriptions (p < 0.001). Notably, there was a remarkable decrease
in the request for chest X-rays throughout the study period. Starting in 2015, following
the publication of the 2014 AAP guideline for bronchiolitis management, the percentage of
chest X-ray requests decreased from 74% to 45% (p < 0.001). The factors associated with a
request for chest X-rays are detailed in Table 3.

After a multivariate logistic regression analysis, the factors independently associated
with the performance of a chest X-ray were age greater than 6 months (p = 0.04, OR: 2.6,
95% CI: 1.1–6.6), duration of fever, and hypoxia (p = 0.07 and p = 0.03, respectively), and
admission prior to the publication of the 2014 AAP guideline (p = 0.001, OR: 4.1, 95% CI:
1.7–9.6). Significantly elevated levels of both serum CRP (p < 0.001) and white blood cell
count (p = 0.008) were observed in the group of patients treated with antibiotics compared
to those who were not treated.

Patients with fever (N = 866) were examined, and the findings are presented in
Table 4. Among them, 191 (22%) were administered antibiotics. This subgroup exhibited
significantly prolonged durations of fever, hypoxia, and hospital admission. They displayed
infiltrates on X-rays and required admission to the PICU more frequently. Although their
CRP levels were elevated, there was no significant increase in leukocytosis. Furthermore, an
analysis was conducted on children admitted to the PICU, comparing those who received
antibiotics to those who did not (Table 5). Children who received antibiotics experienced
more frequent fevers and had longer hospital stays. Elevated CRP levels were also observed
in this group. However, there were no significant differences in radiological infiltrates or
the need for mechanical ventilation between children with and without antibiotic therapy.
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Table 2. Clinical characteristics of infants admitted for bronchiolitis (N = 1715), treated or not
with antibiotics.

Clinical Characteristics
Antibiotic
Treatment

N = 229

No Antibiotic
Treatment
N = 1486

p-Value OR (95% CI)

Sex, male 120 (52%) 864 (58%) 0.102 0.8 (0.6 to 1.0)

Age (months) * 7.3 ± 5.9 5.2 ± 6.7 <0.001

Age > 6 months 113 (49%) 437 (29%) <0.001 2.3 (1.8 to 3.1)

Prematurity 29 (13%) 183 (12%) 0.881 1.0 (0.7 to 1.6)

Fever > 38 ◦C 191 (84%) 675 (45%) <0.001 6.2 (4.3 to 8.9)

Duration of fever (days) * 3.3 ± 3.1 2.4 ± 1.9 <0.001

Hypoxia 183 (80%) 973 (66%) <0.001 2.1 (1.5 to 3.0)

Duration of hypoxia (days) * 3.8 ± 2.8 3.1 ± 2.4 0.001

Length of hospital stay (days) * 6.3 ±3.4 4.4 ± 2.8 <0.001

Infiltrate/atelectasis 150 (72%) 265 (29%) <0.001 6.2 (4.4 to 8.7)

PICU admission 22 (10%) 46 (3%) <0.001 3.1 (1.8 to 5.3)

Respiratory virus detection 197 (86%) 1293 (87%) 0.599 0.9 (0.6 to 1.4)

Viral coinfection 81 (36%) 372 (25%) 0.001 1.6 (1.2 to 2.2)

Respiratory syncytial virus infection 134 (59%) 843 (58%) 0.636 1.1 (0.8 to 1.4)

Rhinovirus infection 67 (30%) 413 (28%) 0.660 1.1 (0.8 to 1.5)

Adenovirus infection 32 (14%) 96 (7%) <0.001 2.3 (1.5 to 3.6)

Human metapneumovirus infection 8 (4%) 82 (6%) 0.198 0.6 (0.3 to 1.3)

Human bocavirus infection 27 (12%) 71 (5%) <0.001 2.7 (1.7 to 4.2)

Influenza infection 5 (2%) 45 (3%) 0.476 0.7 (0.3 to 1.8)

Parainfluenza virus infection 8 (4%) 93 (6%) 0.096 0.5 (0.3 to 1.1)

Leucocytes (cells/mm3) * 15,046 ± 9349 12,940 ± 9694 0.008

Serum C reactive protein (mg/L) * 45.2 ± 52.6 20.1 ± 30.4 <0.001

* mean ± standard deviation. PICU: pediatric intensive care unit.

We conducted a comparative analysis of antibiotic usage before and after the imple-
mentation of the 2014 AAP guideline. Although there was a decrease in antibiotic use
following the AAP guideline implementation, with a rate of 21.9% (396 cases) in contrast to
the 23.9% (967 cases) observed prior to the guideline, this difference did not reach statistical
significance (p = 0.091, OR 1.12 (95% CI: 0.98–1.29)). Similarly, a comparison of antibiotic
utilization before and after the implementation of multiplex respiratory PCR in our hospital
did not reveal statistically significant changes. The rates were 23.4% (1034 cases) before PCR
implementation and 22.4% (229 cases) after PCR implementation (p = 0.492, OR 1.06 (95%
CI: 0.9–1.24)). Additionally, we assessed the duration of hospitalization before and after the
introduction of multiplex respiratory PCR in our hospital and found that the hospital stay
was longer during the period preceding the rapid PCR diagnosis implementation, with a
mean and standard deviation of 4.01 (2.72) compared to 3.57 (2.32), p < 0.001.

No differences regarding passive smoking, family history of atopy, or breastfeeding
were found.

A multivariate logistic regression analysis revealed a statistically independent associa-
tion between antibiotic prescription and the following variables: fever > 38 ◦C, p < 0.001,
abnormal chest-X ray, p < 0.001, PICU admission, p = 0.015, and serum C reactive protein,
p < 0.001. See Table 6 for details. Patients with HBoV infections showed a tendency
to receive antibiotics more frequently, although without reaching statistical significance
(p = 0.07).
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Table 3. Factors associated with a request for chest X-rays in infants hospitalized for bronchiolitis.

Clinical Characteristics
Chest X-ray
Performed
N = 1109

Chest X-ray
Not Performed

N = 605
p-Value OR (95% CI)

Sex, male 610 (55%) 373 (62%) 0.006 0.8 (0.6 to 0.9)

Age (months) * 6.3 ± 7.5 4.0 ± 4.3 <0.001

Age > 6 months 428 (39%) 121 (20%) <0.001 2.5 (2.0 to 3.2)

Fever > 38 ◦C 679 (61%) 186 (31%) <0.001 3.5 (2.9 to 4.4)

Duration of fever (days) * 2.9 ± 2.3 1.9 ± 1.5 <0.001

Hypoxia 815 (74%) 338 (56%) <0.001 2.1 (1.7 to 2.6)

Duration of hypoxia (days) * 3.5 ± 2.8 2.6 ± 1.7 0.001

Length of hospital stay (days) * 5.2 ±3.2 3.6 ± 2. <0.001

PICU admission 62 (6%) 5 (0.9%) < 0.001 6.8 (2.7 to 16.9)

Adenovirus infection 96 (9%) 32 (5%) <0.001 2.3 (1.5 to 3.6)

Human bocavirus infection 82 (8%) 16 (3%) <0.001 2.9 (1.7 to 5.1)

Parainfluenza virus infection 52 (5%) 49 (8%) 0.005 0.6 (0.4 to 0.8)

Leucocytes (cells/mm3) * 13,827 ± 10176 11,386 ± 4437 <0.001

Serum C reactive protein (mg/L) * 28.7 ± 40.7 14.6 ± 19.5 <0.001

* mean ± standard deviation. PICU: pediatric intensive care unit.

Table 4. Clinical characteristics of infants admitted for bronchiolitis with fever (N = 866), treated or
not with antibiotics.

Clinical Characteristics
Antibiotic
Treatment

N = 191

No Antibiotic
Treatment

N = 675
p-Value OR (95% CI)

Sex, male 106 (56%) 366 (54%) 0.755 1.1 (0.8 to 1.5)

Age (months) * 7.8 ± 5.9 6.5 ± 6.3 0.016

Prematurity 19 (10%) 61 (9%) 0.701 1.1 (0.6 to 1.9)

Duration of fever (days) * 3.4 ± 3.1 2.4 ± 1.9 <0.001

Hypoxia 153 (81%) 483 (72%) 0.015 1.6 (1.1 to 2.4)

Duration of hypoxia (days) * 3.8 ± 2.8 3.1 ± 2.3 0.001

Length of hospital stay (days) * 6.1 ±3.4 4.7 ± 2.7 <0.001

Infiltrate/atelectasis 132 (74%) 176 (35%) <0.001 5.2 (3.5 to 7.6)

PICU admission 14 (7%) 17 (3%) 0.003 2.9 (1.4 to 6.0)

Respiratory virus detection 162 (86%) 597 (90%) 0.104 0.7 (0.4 to 1.1)

Leucocytes (cells/mm3) * 15,125 ± 9564 13,409 ± 11,265 0.086

Serum C reactive protein (mg/L) * 49.1 ± 54 21.5 ± 22.3 <0.001

* mean ± standard deviation. PICU: pediatric intensive care unit.
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Table 5. Clinical characteristics of infants admitted to the Pediatric Intensive Care Unit (PICU) for
bronchiolitis (N = 68) who were treated with antibiotics and those who were not.

Clinical Characteristics
Antibiotic
Treatment

N = 22

No Antibiotic
Treatment

N = 46
p-Value OR (95% CI)

Sex, male 11 (50%) 26 (57%) 0.613 0.8 (0.3 to 2.1)

Age (months) * 4.1 ± 6.0 2.9 ± 4.0 0.316

Prematurity 6 (27%) 9 (20%) 0.473 1.5 (0.5 to 5.1)

Fever > 38 ◦C 14 (67%) 17 (37%) 0.024 3.4 (1.2 to 10.1)

Duration of fever (days) * 2.4 ± 1.9 1.5 ± 0.8 0.074

Duration of hypoxia (days) * 7.5 ± 4.4 5.4 ± 3.2 0.050

Length of hospital stay (days) * 9.3 ± 5.7 7.4 ± 4.9 0.169

Length of PICU stay (days) * 5.6 ± 4.2 2.2 ± 2.4 0.029

Mechanic ventilation 3 (50%) 7 (54%) 0.876 0.9 (0.1 to 5.9)

Infiltrate/atelectasis 13 (65%) 17 (41%) 0.071 2.7 (0.9 to 8.3)

Leucocytes (cells/mm3) * 16,367 ± 8547 14,615 ± 11,865 0.560

Serum C reactive protein (mg/L) * 57.1 ± 50.1 14.8 ± 17.7 <0.001

* mean ± standard deviation. PICU: pediatric intensive care unit.

Table 6. Multivariate analysis of factors associated with antibiotic prescription in infants admitted
for bronchiolitis.

Clinical Characteristic p-Value Adjusted OR 95% CI

Temperature > 38 ◦C <0.001 3.1 (1.8 to 5.3)
Infiltrate/atelectasis <0.001 5.0 (3.2 to 7.6)

PICU admission 0.015 2.5 (1.2 to 5.3)
Serum C reactive protein (mg/L) * <0.001

* mean ± standard deviation. PICU: pediatric intensive care unit.

4. Discussion

In this study conducted on a prospective cohort of more than 1700 infants hospitalized
for bronchiolitis between 2004 and 2022 in Spain, we observed that 13.4% of them received
antibiotic treatment despite a lack of evidence of bacterial infection. This percentage,
while lower than that reported in most studies, could likely be further reduced. Antibiotic
prescription was considered appropriate in our series in 22.7% of cases in which a bacterial
infection was diagnosed. The main independent risk factor associated with antibiotic
prescription was the presence of infiltrates or atelectasis in the chest X-ray, leading to a
fivefold increase in the probability. Additionally, other factors independently associated
with antibiotic treatment included the presence of fever, admission to the PICU, elevated
serum CRP, and HBoV infection.

In numerous guidelines, it is recommended not to prescribe antibiotic treatment to chil-
dren diagnosed with bronchiolitis unless there is evidence of bacterial superinfection [18,19].
However, it still prevails that these patients, particularly those with a more severe condi-
tion, are prescribed antibiotics, potentially influenced by the perception of severity among
prescribers. Some studies, including one conducted by Obolski in Israel [20], reported an
antibiotic therapy rate of up to 33% among children hospitalized for bronchiolitis. Consis-
tent with our findings, antibiotics were prescribed more frequently to children with fever
and more severe symptoms, as well as in those with previous visits to the emergency room.
In the USA, between 2007 and 2015, up to a quarter of children with bronchiolitis received
antibiotic treatment [21], and this proportion was even higher in Italy, reaching half of all
infants [22].

Nonetheless, bacterial coinfections are infrequent in children with bronchiolitis, occur-
ring in approximately 1–2% of cases, including urinary infections. The incidence increases
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in patients requiring mechanical ventilation [23,24], but it remained uncommon in our
series and generally in bronchiolitis cases. Among our patients treated with antibiotics,
only 0.1% had a positive blood culture, and 5% had a positive urinary culture.

It is widely acknowledged that certain viruses, such as HAdV and HBoV, are associated
with high fever and a significant increase in C-reactive protein levels, which may mimic
bacterial infections. Both viruses are also frequently associated with infiltrates on chest
X-rays [8,25,26]. The combination of these factors may justify the suspicion of bacterial
infection and lead to increased antibiotic prescriptions, as observed in our series, especially
in cases of HBoV infections. In a previous study by our research team involving 319 HBoV
infections, we observed that 68% of the cases had fever, 47% had an infiltrate on X-ray, and
CRP levels were moderately elevated (25,26). Identifying the etiology of the episode, as
is often the case with RSV infections, thanks to the routine availability of rapid tests in
emergency departments, can serve as a valid rationale for reducing antibiotic prescriptions.

Regarding the value of CRP, it is somewhat controversial in the literature [27]. Pro-
calcitonin (PCT) and CRP are non-specific markers of the host response to tissue injury
and inflammation, and their serum concentrations usually are higher in bacterial than in
viral respiratory tract infections. Although PCT has shown somewhat better performance
in detecting bacterial infections, especially in children with bronchiolitis in the PICU [28],
neither of the two markers are usually in high ranges in viral infections [28]. It is considered
that CRP values above 80–100 mg/L are associated with bacterial superinfections, but these
figures are rarely reached in children with bronchiolitis, and many viral infections moder-
ately elevate CRP overall. Alejandre et al., upon assessing 706 Spanish infants treated in the
PICU for bronchiolitis, consider that there is no need to treat an invasive bacterial infection
as long as PCT stays at the level of <1.0 ng/mL and CRP < 70 mg/L. In our study, the mean
CRP is generally below this figure, even in patients admitted to the PICU. Unfortunately,
PCT was not used throughout the entire period and could not be analyzed. Possibly, the
use of markers such as PCT or CRP should be accompanied by the implementation of
clinical practice guidelines to translate well into the management of antibiotics in children
with bronchiolitis [29].

In our study, there was a decrease in antibiotic usage over time, possibly influenced by
two factors. Firstly, there was a reduction in the number of radiographs requested between
the earlier years and the more recent ones. It is recognized that viral infections, including
RSV, which is the most common virus, give rise to radiological infiltrates, atelectasis, and
viral pneumonia. Although they can probably increase the severity of the condition, they
do not require antibiotic treatment, but performing a chest X-ray may induce more antibi-
otic prescriptions. In this regard, better adherence to guidelines has been described as a
factor that prevents antibiotic therapy [30]. In addition to the international guidelines, local
guidelines were also published in Spain that have possibly influenced this reduction in
chest X-ray performance [31]. The training of physicians and the implementation of antibi-
otic stewardship programs are also crucial factors to consider in reducing inappropriate
prescriptions [32,33].

Secondly, and perhaps more importantly, it is worth noting that in the pre-pandemic
era, the virological diagnosis of respiratory infections in our hospital was conducted
through the ISCIII as part of this study, with a delay in obtaining results of nearly a week.
However, with the onset of the pandemic, the hospital implemented local viral diagnosis
via PCR for respiratory viruses. This strategy allowed for much quicker access to virological
results, enabling therapeutic decisions to be made in accordance with them and resulting
in a 50% reduction in antibiotic prescriptions in children admitted with bronchiolitis. This
outcome underscores the significant importance of implementing molecular diagnostic
techniques in hospitals as, as in our case, it can lead to a 50% reduction in unnecessary
antibiotic prescriptions.

The inappropriate use of antibiotics fosters the development of antimicrobial resistance,
can contribute to the onset of allergies, and disrupts the intestinal and respiratory microbiota
during a critical period when a child’s immune system is maturing [34]. For all these
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reasons, it is crucial to carefully select the children diagnosed with bronchiolitis who truly
require this treatment.

Thorough adherence to clinical practice guidelines, the effective implementation of
antimicrobial stewardship programs and the establishment of precise virological diagnoses
collectively contribute to the judicious use of antibiotic treatments. The strict adherence to
bronchiolitis management protocols has shown a substantial reduction in antibiotic use
and an overall enhancement in treatment quality. Therefore, these initiatives should be
extended to other healthcare settings [35]. Education on the correct use of antibiotics must
reach not only prescribers but also parents and caregivers who must understand their
children’s illness. Pressure from family members can be a factor that determines the use of
antibiotics, and educational programs for the population are also necessary. At our hospital,
we are working on the development of educational materials for parents and caregivers.

5. Conclusions

In this long-term study, it was observed that the prescription of antibiotic treatment
to infants with bronchiolitis can be improved and reduced when virological diagnostic
results are made available quickly and accurately. The key factors associated with antibiotic
prescription included fever, chest X-ray infiltrates, and the need for PICU admission.

The publication of treatment guidelines, the decrease in the number of radiographs
performed, and the greater availability of virological etiological diagnosis could be behind
the improvement in antibiotic prescription over time. The establishment of antibiotic
stewardship and education programs should be a priority in this pathology.

Author Contributions: Conceptualization, M.L.G.-G. and C.C.; data curation, M.L.G.-G. and C.C.;
formal analysis, M.L.G.-G. and S.A.; funding acquisition, M.L.G.-G., I.C., F.P. and C.C.; investigation,
S.A., P.A.-L., C.M.-M. and G.T.-G.; Methodology, M.L.G.-G., S.A. and J.H.-G.; Project administration,
M.L.G.-G. and C.C.; resources, S.A., P.A.-L., C.M.-M., G.T.-G. and J.H.-G.; software, M.L.G.-G.;
supervision, A.M.-E. and C.C.; validation, M.L.G.-G. and C.C.; writing—original draft, S.A.; writing—
review and editing, M.L.G.-G., I.C., F.P. and C.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by FIS of the Carlos III Institute, grant numbers PI98/0310,
PI06/0532, PI12/0129, PI15CIII/00028, PI18CIII/00009, PI21CIII/00019, and PI21/00377. Grant MSD
MISP: IISP 60255.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by The Medical Ethics Committee (University Hospital Severo Ochoa).
Date of approval: 1998.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Mcconnochie, K.M. Bronchiolitis: What’s in the Name? Am. J. Dis. Child. 1983, 137, 11–13. [CrossRef] [PubMed]
2. Calvo, C.; Pozo, F.; García-García, M.; Sanchez, M.; Lopez-Valero, M.; Pérez-Breña, P.; Casas, I. Detection of new respiratory

viruses in hospitalized infants with bronchiolitis: A three-year prospective study. Acta Paediatr. 2010, 99, 883–887. [CrossRef]
[PubMed]

3. Calvo, C.; García-García, M.L.; Pozo, F.; Paula, G.; Molinero, M.; Calderón, A.; González-Esguevillas, M.; Casas, I. Respiratory
Syncytial Virus Coinfections With Rhinovirus and Human Bocavirus in Hospitalized Children. Medicine 2015, 94, e1788. [CrossRef]
[PubMed]

4. Hasegawa, K.; Tsugawa, Y.; Brown, D.F.; Mansbach, J.M.; Camargo, C.A. Trends in bronchiolitis hospitalizations in the United
States, 2000–2009. Pediatrics 2013, 132, 28–36. [CrossRef] [PubMed]

5. Berger, T.M.; Unit, T.S.P.S.; Aebi, C.; Duppenthaler, A.; Stocker, M. Prospective Population-based Study of RSV-related Intermediate
Care and Intensive Care Unit Admissions in Switzerland over a 4-Year Period (2001–2005). Infection 2008, 37, 109–116. [CrossRef]

6. Meissner, H.C. More on Viral Bronchiolitis in Children. N. Engl. J. Med. 2016, 375, 1199–1200. [CrossRef]

https://doi.org/10.1001/archpedi.1983.02140270007003
https://www.ncbi.nlm.nih.gov/pubmed/6847951
https://doi.org/10.1111/j.1651-2227.2010.01714.x
https://www.ncbi.nlm.nih.gov/pubmed/20163373
https://doi.org/10.1097/MD.0000000000001788
https://www.ncbi.nlm.nih.gov/pubmed/26496310
https://doi.org/10.1542/peds.2012-3877
https://www.ncbi.nlm.nih.gov/pubmed/23733801
https://doi.org/10.1007/s15010-008-8130-z
https://doi.org/10.1056/nejmc1607283


Pathogens 2023, 12, 1397 11 of 12

7. Gonzalez-German, M.F.; Ruiz-Gonzalez, S.; Alcolea, S.; Pozo, F.; Casas, I.; Calvo, C.; Garcia-Garcia, M.L. Viral Co-Detection in
Severe Bronchiolitis and Lung Function, Allergic Sensitization and Asthma Prevalence in School-Aged Children. 2022. Available
online: https://erj.ersjournals.com/content/60/suppl_66/72.abstract (accessed on 24 September 2023).

8. Calvo, C.; García-García, M.L.; Sanchez-Dehesa, R.; Román, C.; Tabares, A.; Pozo, F.; Casas, I. Eight Year Prospective Study of
Adenoviruses Infections in Hospitalized Children. Comparison with Other Respiratory Viruses. PLoS ONE 2015, 10, e0132162.
[CrossRef]

9. Flores-Pérez, P.; Gerig, N.; Cabrera-López, M.I.; de Unzueta-Roch, J.L.; del Rosal, T.; Calvo, C. Acute bronchiolitis during the
COVID-19 pandemic. Enfermedades Infecc. Y Microbiol. Clínica 2022, 40, 572–575. [CrossRef]

10. Andina-Martinez, D.; Alonso-Cadenas, J.A.; Cobos-Carrascosa, E.; Bodegas, I.; Oltra-Benavent, M.; Plazaola, A.; Epalza, C.;
Jimenez-García, R.; Moraleda, C.; Tagarro, A.; et al. SARS-CoV-2 acute bronchiolitis in hospitalized children: Neither frequent nor
more severe. Pediatr. Pulmonol. 2022, 57, 57–65. [CrossRef]

11. Zaffiri, L.; Gardner, J.; Toledo-Pereyra, L.H. History of Antibiotics. From Salvarsan to Cephalosporins. J. Investig. Surg. 2012, 25,
67–77. [CrossRef]

12. European Commission. A European One Health Action Plan against Antimicrobial Resistance (AMR); European Commission: Brussels,
Belgium, 2017.

13. Tacconelli, E.; Carrara, E.; Savoldi, A.; Harbarth, S.; Mendelson, M.; Monnet, D.L.; Pulcini, C.; Kahlmeter, G.; Kluytmans, J.;
Carmeli, Y.; et al. Discovery, research, and development of new antibiotics: The WHO priority list of antibiotic-resistant bacteria
and tuberculosis. Lancet Infect. Dis. 2018, 18, 318–327. [CrossRef] [PubMed]

14. Prigitano, A.; Romanò, L.; Auxilia, F.; Castaldi, S.; Tortorano, A.M. Antibiotic resistance: Italian awareness survey 2016. J. Infect.
Public Health 2017, 11, 30–34. [CrossRef] [PubMed]

15. Bert, F.; Gualano, M.R.; Gili, R.; Scaioli, G.; Lovato, E.; Angelillo, I.F.; Brusaferro, S.; De Vito, E.; La Torre, G.; Manzoli, L.; et al.
Knowledge and attitudes towards the use of antibiotics in the paediatric age group: A multicenter survey in Italy. Eur. J. Public
Health 2016, 27, 506–512. [CrossRef] [PubMed]

16. Garcia-Garcia, M.L.; Calvo, C.; Ruiz, S.; Pozo, F.; del Pozo, V.; Remedios, L.; Exposito, N.; Tellez, A.; Casas, I. Role of viral
coinfections in asthma development. PLoS ONE 2017, 12, e0189083. [CrossRef]

17. Corman, V.M.; Eckerle, I.; Bleicker, T.; Zaki, A.; Landt, O.; Eschbach-Bludau, M.; van Boheemen, S.; Gopal, R.; Ballhause, M.;
Bestebroer, T.M.; et al. Detection of a novel human coronavirus by real-time reverse-transcription polymerase chain reaction.
Eurosurveillance 2012, 17, 20285. [CrossRef]

18. Florin, T.A.; Plint, A.C.; Zorc, J.J. Viral bronchiolitis. Lancet 2017, 389, 211–224. [CrossRef]
19. National Institute for Health and Care Excellence (NICE). Bronchiolitis in Children: Diagnosis and Management (NICE Guideline

NG9); National Institute for Health and Care Excellence (NICE): London, UK, 2021.
20. Obolski, U.; Kassem, E.; Na'Amnih, W.; Tannous, S.; Kagan, V.; Muhsen, K. Unnecessary antibiotic treatment of children

hospitalised with respiratory syncytial virus (RSV) bronchiolitis: Risk factors and prescription patterns. J. Glob. Antimicrob. Resist.
2021, 27, 303–308. [CrossRef]

21. Papenburg, J.; Fontela, P.S.; Freitas, R.R.; Burstein, B. Inappropriate Antibiotic Prescribing for Acute Bronchiolitis in US Emergency
Departments, 2007–2005. J. Pediatr. Infect. Dis. Soc. 2019, 8, 567–570. [CrossRef]

22. Biagi, C.; Betti, L.; Manieri, E.; Dondi, A.; Pierantoni, L.; Ramanathan, R.; Zama, D.; Gennari, M.; Lanari, M. Different Pediatric
Acute Care Settings Influence Bronchiolitis Management: A 10-Year Retrospective Study. Life 2023, 13, 635. [CrossRef]

23. Greenfield, B.W.; Lowery, B.M.; Starke, H.E.; Mayorquin, L.; Stanford, C.; Camp, E.A.; Cruz, A.T. Frequency of serious bacterial
infections in young infants with and without viral respiratory infections. Am. J. Emerg. Med. 2021, 50, 744–747. [CrossRef]

24. Edun, T.R.; Aldibasi, O.; Jamil, S.F. Urinary Tract Infection in Children With Bronchiolitis: Is It Worth Testing Everyone? Cureus
2021, 13, e15485. [CrossRef] [PubMed]

25. Calvo, C.; García-García, M.L.; Pozo, F.; Carballo, D.; Martínez-Monteserín, E.; Casas, I. Infections and coinfections by respiratory
human bocavirus during eight seasons in hospitalized children. J. Med. Virol. 2016, 88, 2052–2058. [CrossRef] [PubMed]

26. de Leon, C.D.A.; Amantea, S.L.; Pilger, D.A.; Cantarelli, V. Clinical and epidemiologic profile of lower respiratory tract infections
associated with human bocavirus. Pediatr. Pulmonol. 2013, 48, 1112–1118. [CrossRef] [PubMed]

27. Korppi, M. How to reduce the use of antibiotics in infant bronchiolitis? Acta Paediatr. 2020, 109, 1086–1087. [CrossRef] [PubMed]
28. Alejandre, C.; Guitart, C.; Balaguer, M.; Torrús, I.; Bobillo-Perez, S.; Cambra, F.J.; Jordan, I. Use of procalcitonin and C-reactive

protein in the diagnosis of bacterial infection in infants with severe bronchiolitis. Eur. J. Pediatr. 2020, 180, 833–842. [CrossRef]
[PubMed]

29. Barbieri, E.; Rossin, S.; Giaquinto, C.; Da Dalt, L.; Dona’, D. A Procalcitonin and C-Reactive Protein-Guided Clinical Pathway for
Reducing Antibiotic Use in Children Hospitalized with Bronchiolitis. Children 2021, 8, 351. [CrossRef] [PubMed]

30. Pittet, L.F.; Glangetas, A.; Barazzone-Argiroffo, C.; Gervaix, A.; Posfay-Barbe, K.M.; Galetto-Lacour, A.; Stollar, F. Factors
associated with nonadherence to the American Academy of Pediatrics 2014 bronchiolitis guidelines: A retrospective study. PLoS
ONE 2023, 18, e0285626. [CrossRef] [PubMed]

31. Ralston, S.L.; Lieberthal, A.S.; Meissner, H.C.; Alverson, B.K.; Baley, J.E.; Gadomski, A.M.; Johnson, D.W.; Light, W.J.; Maraqa,
N.F.; Mendonca, E.A.; et al. Clinical practice guideline: The diagnosis, management, and prevention of bronchiolitis. Pediatrics
2014, 134, e1474–e1502. [CrossRef]

https://erj.ersjournals.com/content/60/suppl_66/72.abstract
https://doi.org/10.1371/journal.pone.0132162
https://doi.org/10.1016/j.eimc.2021.06.012
https://doi.org/10.1002/ppul.25731
https://doi.org/10.3109/08941939.2012.664099
https://doi.org/10.1016/S1473-3099(17)30753-3
https://www.ncbi.nlm.nih.gov/pubmed/29276051
https://doi.org/10.1016/j.jiph.2017.02.010
https://www.ncbi.nlm.nih.gov/pubmed/28285971
https://doi.org/10.1093/eurpub/ckw209
https://www.ncbi.nlm.nih.gov/pubmed/27836969
https://doi.org/10.1371/journal.pone.0189083
https://doi.org/10.2807/ese.17.39.20285-en
https://doi.org/10.1016/S0140-6736(16)30951-5
https://doi.org/10.1016/j.jgar.2021.10.015
https://doi.org/10.1093/jpids/piy131
https://doi.org/10.3390/life13030635
https://doi.org/10.1016/j.ajem.2021.09.069
https://doi.org/10.7759/cureus.15485
https://www.ncbi.nlm.nih.gov/pubmed/34262821
https://doi.org/10.1002/jmv.24562
https://www.ncbi.nlm.nih.gov/pubmed/27124519
https://doi.org/10.1002/ppul.22732
https://www.ncbi.nlm.nih.gov/pubmed/23818319
https://doi.org/10.1111/apa.15165
https://www.ncbi.nlm.nih.gov/pubmed/31995640
https://doi.org/10.1007/s00431-020-03790-6
https://www.ncbi.nlm.nih.gov/pubmed/32929531
https://doi.org/10.3390/children8050351
https://www.ncbi.nlm.nih.gov/pubmed/33925182
https://doi.org/10.1371/journal.pone.0285626
https://www.ncbi.nlm.nih.gov/pubmed/37200253
https://doi.org/10.1542/peds.2014-2742


Pathogens 2023, 12, 1397 12 of 12

32. Baillie, E.J.; Merlo, G.; Magin, P.; Tapley, A.; Mulquiney, K.J.; Davis, J.S.; Fielding, A.; Davey, A.; Holliday, E.; Ball, J.; et al.
Antibiotic prescribing for upper respiratory tract infections and acute bronchitis: A longitudinal analysis of general practitioner
trainees. Fam. Pract. 2022, 39, 1063–1069. [CrossRef]

33. Kalil, J.; Bowes, J.; Reddy, D.; Barrowman, N.; Le Saux, N. Pediatric Inpatient Antimicrobial Stewardship Program Safely Reduces
Antibiotic Use in Patients with Bronchiolitis Caused by Respiratory Syncytial Virus: A Retrospective Chart Review. Pediatr. Qual.
Saf. 2019, 4, e211. [CrossRef]

34. Korpela, K.; de Vos, W.M. Infant gut microbiota restoration: State of the art. Gut Microbes 2022, 14, 2118811. [CrossRef] [PubMed]
35. Montejo, M.; Paniagua, N.; Pijoan, J.I.; Saiz-Hernando, C.; Castelo, S.; Martin, V.; Sánchez, A.; Benito, J. Reducing Unnecessary

Treatment of Bronchiolitis Across a Large Regional Health Service in Spain. Pediatrics 2022, 150, e2021053888. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/fampra/cmac052
https://doi.org/10.1097/pq9.0000000000000211
https://doi.org/10.1080/19490976.2022.2118811
https://www.ncbi.nlm.nih.gov/pubmed/36093611
https://doi.org/10.1542/peds.2021-053888
https://www.ncbi.nlm.nih.gov/pubmed/36222087

	Introduction 
	Materials and Methods 
	Study Population 
	Study Procedures 
	Virological Study 
	Statistical Analysis 

	Results 
	Respiratory Virus Findings 
	Factors Associated with Antibiotic Prescription during Hospitalization 

	Discussion 
	Conclusions 
	References

