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ABSRTACT

Lower respiratory tract infections (LRTIs) in children from 2 months to 5 years of age are significant
for clinical practice and researchers because of their high incidence, risk of severe clinical course, and
development of chronic complications. About 60% of LRTIs are caused by viral infections.
PURPOSE: To make an etiological diagnosis of viral infections of the lower respiratory tract-acute
bronchiolitis and viral pneumonia. To present an epidemiological characterization in relation to the
identified viral agents. METODS: The subjects of the prospective study were 101 children aged 2
months to 5 years, hospitalized in the Clinic of Pediatrics with clinical manifestations of viral LRTI's
with bronchial obstruction. Clinical material was analyzed according to the main epidemiological
parameters: sex, age, place of residence, season, etiological agent of infection, etiological diagnosis
according to season, presence of risk factors from family history and comorbidities. Etiological
diagnosis of viral LRTIs was made by RT-PCR analysis. RESULTS: Epidemiological characteristics
of the diagnosed viral LRTIs are presented. The prevalence of male sex was found to be higher (without
statistical significance), more frequent among urban children and the highest incidence of viral LRTIs
in the age up to 2 years. The etiological diagnosis made shows that respiratory syncytial virus (RSV)
is the most common etiological cause of acute bronchiolitis in children under 2 years of age, both alone
and in co-infections. CONCLUSIONS: RSV is the most common statistically significant etiological
cause in winter and spring. Rhinovirus (RV) is the leading etiological cause in summer and autumn.
Co-infections involving RSV and RV also have a high incidence during these seasons.
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PREVALENCE OF THE RESPIRATORY SYNCYTIAL VIRUS INFECTION

INTRODUCTION

Lower respiratory tract infections (LRTIS) in
children 2 months to 5 years of age are
significant for clinical practice and researchers
because of their high incidence, risk of severe
clinical course and development of chronic
complications. They are responsible for
approximately 12% of global childhood
mortality (1, 2). About 60% of LRTIs are
caused by viral infections, the main causative
agents are respiratory syncytial virus (RSV),
influenza viruses (IV), parainfluenza viruses
(P1V), adenoviruses (AdV), rhinoviruses (RV),
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coronaviruses (HCOV), metapneumoviruses
(HMPV) and bocaviruses (BV) (3, 4). The
clinical spectrum of these respiratory viruses
covers the entire range of respiratory tract
infections, from  asymptomatic  upper
respiratory tract infections to severe LRTIs with
poor prognosis. The American Academy of
Pediatrics (AAP) defines bronchiolitis as a
constellation of symptoms including viral
prodromal upper respiratory tract
manifestations (rhinorrhea, fever, and cough),
followed by difficulty breathing and bronchial
obstruction in children younger than 2 years of
age (5). Although the course is uncomplicated
in mild forms, bronchiolitis is the most common
terminal respiratory tract infection and a major
cause of hospitalizations in children under 2
years of age, clinical manifestations of acute
respiratory failure (ARF) require
219


https://trakia-uni.bg/
mailto:kostadinovaemilia@abv.bg

hospitalization in about 3% of cases and
intensive care in 2-6% (6).

Among virus-associated LRTIs, RSV plays a
leading role (7). A large-scale study showed that
RSV-associated LRTIs resulted in a global cost
of 33.1 million, resulting in 3.2 million
hospitalizations and about 60,000 in-hospital
deaths in children under 5 years of age (8).
Diagnosed RSV infections of LRTIs are
associated with long-term conditions, such as
asthma and recurrent chest wheezing (9), which
is a prerequisite for an additional financial
burden on healthcare (10). Approximately 50-
70% of children become infected with RSV in
the first year of life and by the age of 2 years,
almost all children have at least one RSV
infection. RSV is documented in 50-90% of
children hospitalized with bronchiolitis, 5-40%
with  pneumonia and  10-30%  with
tracheobronchitis (11).

RSV was isolated in 1957 (12), and belongs to
the family Paramyxovuruses, genus
Pneumovirus. It has an outer envelope and a
negative single-stranded RNA genome of about
15.2 kb, possessing 10 genes that encode 11
proteins (13). The most significant of these are
the transmembrane glycoproteins G, which
binds the virus to the respiratory epithelium and
F, which penetrates and infects the epithelial
cells of the lung (14). RSV-induced
inflammation causes significant damage to the
lung epithelium due to an excessive airway
inflammatory response by recruited immune
cells at the site of infection and the altered
profile of cytokines. As a result of RSV-induced
interactions with airway epithelial cells, mucus
hypersecretion, shedding of infected epithelial
cells, and collapse of the lower airways occur as
a substrate for a severe clinical course (15). In
recent years, the role of RV as an etiological
agent of acute bronchiolitis has been
investigated. According to some authors, RV
may be associated with 20-40% of cases of
acute bronchiolitis (16). Data from the literature
are conflicting regarding the severity of the
clinical course of HRV bronchiolitis and its
association with long-term sequelae, such as
recurrent bronchial obstruction and asthma
(17). Human metapneumovirus (HMPV) may
also be associated with the etiology of a
significant proportion of bronchiolitis (18).
PIV-1, 2 and 3 cause acute respiratory
infections (ARI) in individuals of all ages.
Severe clinical symptomatology is seen mainly
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in children under 2 years of age: croup (laryngo-
tracheo-bronchitis), pneumonia, and
bronchiolitis (19). Adenoviruses, rhinoviruses,
enteroviruses, coronaviruses and bocaviruses
also cause ARI with different severity, spectrum
of clinical manifestations and different
epidemiological characteristics (4). Sometimes
more than one type of respiratory virus is
demonstrated, with RSV, AdV, HCOV, and RV
being relatively common partners in co-
infections.

The clinical manifestations of the different viral
agents are similar, so an etiological diagnosis
based on clinical parameters alone is uncertain.
The potential for etiologic diagnosis of viral
LRTI's by immunofluorescence analysis and
molecular assays, such as polymerase chain
reaction (PCR) has increased in recent years.

AIM

This study aimed to make an epidemiological
characterization of viral infections of the lower
respiratory tract in the age group from 2 months
to 5 years, diagnosed and treated in the
Pediatrics Clinic of the University Hospital
"Prof. Dr. St. Kirkovich™ Stara Zagora in 2021-
2023, by determining the etiological agent.

MATERIAL AND METHODS

The subjects of the prospective study were 101
children aged 2 months to 5 years, hospitalized
in the Clinic of Pediatrics with clinical
manifestations of viral LRTI's with bronchial
obstruction. Clinical material was analyzed
according to the main epidemiological
parameters: sex, age, place of residence, season,
etiological agent of infection, etiological
diagnosis according to season, presence of risk
factors from family history and comorbidities.
Criteria for hospitalized children with
bronchiolitis  include  impaired  general
condition, impaired feeding, signs of
dehydration, tachypnea/apnea, expiratory-type
dyspnea with "wheezing" breathing, retraction,
thoraco-abdominal asynchronism, nasal
breathing, cyanosis, muscle hypotension,
pulmonary auscultatory findings of fine
crepitations, and radiographic evidence of
pulmonary hyperventilation. Viral pneumonia
was proven clinically and radiologically with
the objectification of pulmonary interstitial
changes. Criteria for bronchial obstruction were
the presence of cough, distant chest wheezing
with expiratory-type dyspnea, cyanosis, and
rales. Depending on the severity, bronchial
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obstruction was defined as mild, moderate or
severe. Routine blood tests (full and differential
blood count, serum biochemistry profile, blood
gas analysis, microbiological examination of
nasopharyngeal aspirate/throat swab were
performed in all patients. Bacterial infection
was ruled out by the generally accepted clinical
and laboratory indicators. Distribution by
nosologic diagnosis was performed: Acute
bronchiolitis (n=91), and viral pneumonia
(n=10).

Nasopharyngeal swabs were collected from all
101 children included in the study in an
appropriate viral transport medium satisfying
the requirements for PCR analysis. Viral
nucleic acids were extracted from the samples
as a first step using an automated Insta NX®
system from Himedia, India. Commercial Insta
NX™ Viral RNA Purification Kit was used, and
the manufacturer's instructions were followed.
Real Time RT-PCR method was used for the
detection, typing and subtyping of, respiratory
syncytial virus (RSV), metapneumovirus
(HMPV), parainfluenza viruses type 1/3
(PIV1/3), rhinoviruses (RV), adenoviruses
(AdV) and human coronaviruses-HCOV

Table 1. Distribution by sex
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(HKU1, OC43, 229E, NL43). Amplification
was performed using specific primers and
Tagman® probes (FAM/BHQ) for IV, RSV,
HMPV, PIV 1/3, RV, AdV, HCOV(HKUL,
0OC43, 229E, NL43) and commercial AgPath-
ID One Step RT-PCR Kkits (ThermoFisher
Scientific) and lcopy™ COVID-
19/FIuA/FIuB/RSV gPCR Kit (Clinomics Inc,
Korea). Primer sequences, probes and
temperature protocols for RT-PCR analysis
were adopted from previously published assays
from Kodani et al. 2011; Zlateva et al. 2007;
Dare et al. 2007(20,21,22). Primers, probes and
positive controls for detection/typing and
subtyping of influenza viruses are part of the
commercial lcopy™ COVID-
19/FIuA/FIuB/RSV gPCR Kit.

RESULTS

Demographic data

1.Distribution of hospitalized patients with
LRTI s by sex.

The group consists of 101 cases with an average
are 13.12+13.3 months (range 1 — 60 months).
There are no significant differences in age
between boys and girls (p=0.789) (Tablel).

Sex N Mean | Std. Deviation| Std. Error
Mean
age_months Girls 40 14.05 15.002 2.372
- Boys 61 13.28 13.471 1.725
P=0.789

2.Histogram of the distribution by age is
presented in Figure 1.
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Figure 1. Distribution by age.
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There was a significant prevalence of the LRTIs
among children aged less than 2 years (24
months). Only 10 (9.9%) children were aged
between 28 to 60 months and all of them were
diagnosed with pneumonia. Incidence of the
LRTIs was highest among children aged 2
months (15.8%; 16 of 101).
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30,00% |
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10,00% | -
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3.Distribution by place of residence
The distribution of patients by place of
residence, presented in Figure 2 shows a 2:1
higher incidence among urban children
compared to those raised in rural areas.

M city (n=67)

m village(n=34)

Figure 2. Distribution by place of residence

4. Distribution of LRTIs clinical
manifestation by the season is presented in
Table 2.

Table 2. Distribution of LRTIs clinical manifestation by season

Season Total
spring | summer |autumn Winter

Bronchiolitis Count 10, 35, 5a 41, 91

% within Dg_code 11.0% 38.5% 5.5% 45.1%| 100.0%

Dg_code _ Count 3, 2, 0, 5, 10
Preumonia o vithin Dg_code | 30.0%| 200%|  00%| 50.0%| 100.0%

Total Count 13 37 5 46 101
% within Dg_code 12.9% 36.6% 5.0% 45.5%| 100.0%

Each subscript letter denotes a subset of
season categories whose column proportions
do not differ significantly from each other at
the .05 level.

There is no significant difference between cases
with bronchiolitis (n=91) and pneumonia
(n=10) with respect to disease seasonality
(chi2=3.966; p=0.265).

5. The etiological diagnosis of viral LRTIs

The etiological diagnosis of viral LRTIs was
found in 77.22% (n=78) of the clinical cases
presented in Figure 3. In 22.54% (n=23) no
etiological agent was identified. RSV infection
was the leading etiologic cause for the LRTIs,
found in a total of 46,15% of all with proven
etiology (n=36), respectively bronchiolitis
(n=34) and pneumonia (n=2). The second most
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common etiological cause was RV infection,
found in 25% (n=19), bronchiolitis(n=18) and
viral pneumonia(n=1), respectively. The third
cause was co-infections, proven in 18.42%
(n=14), RSV/RV (n=3), RSV/HMPV (n=2),
RSV/AdV (n=2), RSV/RV/OC43 (n=1),
RSV/AdV/HKU1 (n=1), RV/AdV (n=2),
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RV/HKU1 (n=1), IV/IHMPV(n=2),
respectively. The fact that in the higher
percentage 64% (9/14) there was the presence
of RSV was notable. Single cases with
HMPV(n=2); HCOV(n=3), HKU1(n=2),
0C43(n=1); IV(n=3); PIV(n=1) were detected.

Total (n=78)
Bronchiolitis(n=70)

Viral pneumonia(n=8)

Figure 3. Etiological characteristics of the viral LRTIs according to the clinical diagnosis

6. The distribution of patients with
bronchiolitis, less than 2 years of age, by the
season is presented in Table 3 and Figure 4.

The significant seasonality of the viral infection
resulted in bronchiolitis was observed

(chi2=27.101; df=12; p=0.007). RSV was the
most common viral agent causing bronchiolitis
during spring and winter, while RV infection
was more frequent in summer and autumn.

Table 3. Distribution of patients with bronchiolitis, less than 2 years of age, by the season

Viral_Code * season Crosstabulation

Season Total
Spring | summer | autumn | Winter

Negative Cour_lt _ 2a 14, 1, 6a 23
% within season 20.0% 40.0% 20.0% 14.6% 25.3%
RSV Count 7a 3 lab 23, 34
% within season 70.0% 8.6% 20.0% 56.1% 37.4%
. Count 0, 9, 2a 7a 18
Viral Code RV % within season 0.0%| 257%| 40.0%| 17.1%| 19.8%
co-infection Count La 6a L. 4 12
% within season 10.0% 17.1% 20.0% 9.8% 13.2%
Other Count 0a 3a 0a 1, 4
% within season 0.0% 8.6% 0.0% 2.4% 4.4%
Total Count 10 35 5 41 91
% within season 100.0%| 100.0% | 100.09%| 100.0%| 100.0%
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Each subscript letter denotes a subset of season categories whose column proportions do not differ

significantly from each other at the .05 level.
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Figure 4. Distribution of patients with bronchiolitis, less than 2 years of age, by the season

7. Comorbidities

In 25,75% (n=26) with viral LRTI's, we found
underlying  diseases, which included:
Bronchopulmonary dysplasia (BPD) (n=8),
Central nervous system abnormalities (n=2),
Nephrotic syndrome (n=1), Down syndrome
(n=1), Cystic fibrosis (n=1), Bronchial asthma
(n=2), Urticaria (n=2), Atopic
dermatitis/eczema (n=3), Cow's milk protein
allergy (CMA) (n=3). The etiology of LRTIs in
children with BPD (n=8) was RSV (n=4),
RV(n=2), co-infection involving RSV(n=1),
etiologic agent not identified (n=1).

8. Risk factors for the development of viral
LRTI's

Family history data showed: contact with acute
respiratory diseases in the family (n=28), low
socio-economic level of the family and low
health culture (n=32), evidence of passive
smoking (n=32), lack of breastfeeding (n=36),
familial atopy (n=3).

DISCUSSION

Research of respiratory viruses in Bulgaria by
modern  molecular  diagnostic  methods,
including Real-Time RT-PCR, is mainly carried
out in the National Reference Laboratory
"Influenza and Acute Respiratory Infections" at
the National Center for Influenza and
Respiratory Diseases in Sofia. It plays a leading
role in the identification and characterization of
the features of seasonal and pandemic influenza
viruses, as well as in the determination of the
spectrum of respiratory viruses involved in the
development of acute respiratory diseases of
different severity in infant and young childhood
patients. Until now, modern molecular
techniques and methods based on Real-Time
RT-PCR and Multiplex PCR analyses have not
been introduced into routine diagnostics at the
level of university clinics in Bulgaria. These
types of analyses are accurate and rapid and
allow reliable diagnosis of a wide range of viral
causative agents, which contributes to the
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improvement of the diagnostic algorithm in
pediatric practice given the frequent infection
and severity of viral bronchopulmonary
infections in children up to 5 years of age. To
date, studies on RSV and HMPV in children
under 5 years of age have been conducted in this
country mainly by traditional virological
techniques and conventional PCR. A significant
(39%) prevalence of RSV in children <1 year of
age hospitalized with bronchiolitis or
pneumonia has been found in 4 regions of
Bulgaria (23, 24). The involvement of other
respiratory viruses (parainfluenza, adeno-,
rhino, etc.) in cases of ARI in our country is not
yet well studied.

Our results in hospitalized children with viral
LTRI's showed male preponderance, without
significance, higher prevalence among urban
children and confirmed the literature data of
highest prevalence in the age below 2 years in
90% (25).

Our data show RSV as the most common
etiologic agent of acute bronchiolitis, found in
winter and spring, and a high incidence of co-
infections involving RSV and RV during these
seasons. The results of the study indicated RV
as the leading etiological agent of acute
bronchiolitis in summer and autumn, and a high
incidence of co-infections in summer involving
RSV and RV.

Etiologically, RSV infection is the leading
cause of the development of viral LTRI's, found
in a total of 46,15% of all cases with a proven
etiology. The second most frequent etiological
cause was RV infection found in 25%, the third
cause was co-infections proven in 18.42%. Our
results are similar to the results obtained from
molecular studies (PCR) by other authors, who
found RSV in 70-80% of bronchiolitis cases
(26), followed by RV in 20-40% of cases (27)
and the frequency of co-infections in more than
30% of hospitalized patients with bronchiolitis
(28).

As found in our patients, RSV bronchiolitis is
usually more severe with a history of low birth
weight and preterm delivery, congenital
cardiopathy, and cystic fibrosis. Other authors
have also indicated a higher risk of severe
course and mortality in patients with severe
prematurity, and congenital pulmonary
anomaly (pulmonary hypoplasia), chronic heart
disease, congenital or acquired
immunodeficiency syndrome (29).
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We have found a severe clinical course of RSV
bronchiolitis in infants up to 12 months of age
who are not breastfed, live in overcrowded
conditions with poor social and living
conditions, with the presence of smokers in the
family and markedly young mothers. Similar
risk factors have been identified by other
authors, who have also associated them with
disease severity, particularly in boys under 6
months of age (25).

Despite advances in neonatal care over the past
decade, there has been no decrease in the
incidence of  clinical cases with
Bronchopulmonary  dysplasia (BPD). In
children with BPD, respiratory pathology is
common during the first two years of life, with
the development of viral broncho-pulmonary
infections requiring intensive treatment and
prolonged oxygen therapy. In our patients with
BPD, deterioration of respiratory status occurs
slowly and progressively, with the observed
acute exacerbations almost always associated
with RSV infection. Despite the introduction of
prevention in  high-risk  groups with
Palivizumab (Synagis), which is a monoclonal
antibody targeting RSV F protein I, treatment
in these children remains challenging.

The morbidity of viral LRTIs in the age of 2
months to 5 years is multifactorial. It is the
result of an increased exposure to viruses, and
an imperfect immune system response as a
result of genetic predisposition, with underlying
premorbid pathology influencing the severity of
the clinical course.

Why is it important to know who has the virus?

With early detection of RSV, specific antiviral
therapy can be administered to prevent
complications such as severe bronchiolitis and
respiratory failure responsible for lethality,
especially in high-risk children. Several
approaches are used in current global practice
(30). Evidence-based recommendations on the
diagnosis, treatment, and prevention have been
proposed with a high degree of consensus.
Although supportive care remains the
cornerstone of treatment for RSV infections,
new therapeutic approaches such as novel
monoclonal  antibodies, vaccines, drug
therapies, and viral surveillance techniques are
being introduced (31). With early detection of
RSV, specific therapy (antiviral with Ribavirin
or others) can be administered to prevent
complications such as severe bronchiolitis and
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severe respiratory failure responsible for
lethality, especially in high-risk children.

CONCLUSIONS

Detection of viral pathogens based on
polymerase chain reaction, namely RT-PCR
analysis, is an option for the rapid and sensitive
diagnosis, preferred for clinical purposes.

Acute bronchiolitis presents male
predominance, higher prevalence among urban
children and significant incidence in the age
group below 2 years.

RSV is the most common etiologic agent of
acute bronchiolitis in children younger than 2
years of age, both alone and in coinfections.
RSV is the most common etiologic cause of
bronchiolitis in winter and spring. RV is the
leading etiologic cause in summer and autumn.
Co-infections involving RSV and RV are also
high in frequency during these seasons.

With early detection of RSV infection, specific
therapy can be administered to prevent
complications in high-risk children.
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