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Characterisation of RSV infections
in children without chronic
diseases aged 0–36 months
during the post-COVID-19 winter
season 2022/2023
Katharina Meier1†, Angela Riepl1†, Peter Voitl1,2†, Lena Lischka1,
Julian J. M. Voitl1, Klara Langer1, Ulrike Kuzio1,
Monika Redlberger-Fritz3 and Susanne C. Diesner-Treiber1*
1First Vienna Pediatric Medical Center, Vienna, Austria, 2Sigmund Freud University Vienna, Vienna,
Austria, 3Center of Virology, Medical University of Vienna, Vienna, Austria
Background: Respiratory syncytial virus (RSV) is one of the leading causes of
hospitalisation, morbidity, and mortality due to respiratory infection in the first
years of life. This longitudinal prospective study outlines the 2022/23 season’s
viral patterns in Austria after the epidemiological changes determined by
public health measures. We aimed to highlight differences within the RSV
subtypes and genotypes in 0–36-month-old children without chronic
diseases in the outpatient setting.
Methods: From November 2022 to March 2023 children younger than 36
months admitted to Vienna’s largest paediatric primary healthcare centre with
an acute respiratory infection were enrolled in this study. Nasal swabs and
multiplex PCR panels detected 20 viruses including RSV subtypes and
genotypes. Clinical presentation, features, and treatment of the participants
were documented and analysed using the Modified Tal Score (MTS). Patients
were scheduled for a telemedical follow-up one week after the initial
appointment. Analysis was done using descriptive statistics, including Cramér V
and binominal logarithmic regression.
Results: Among the 345 samples from 329 children, RSV was the most common
virus (31.9%), followed by influenza (17.5%) and rhinovirus infections (20.58%). Of
the RSV positive samples, only 13 cases were RSV subtype A (11.8%), whereas 97
were of subtype B (87.3%); ON1 and BA9 were the only detectable RSV
genotypes (ON1: BA9 = 1:9.25). RSV was the main predictor of hospitalisation
(OR: 7.5, 95% CI: (1.46–38.40), and age had a significant but smaller effect
(OR: 0.89, 95% CI: (0.81–0.99). Almost all patients’ clinical status improved
within the first days.
Conclusion: RSV cases showed a rapid onset in late November 2022, and
subtype B was predominant throughout the season. RSV infection was
associated with higher hospitalisation rates, even after excluding high-risk
patients (preterm and severe chronic diseases population).

Further testing in the upcoming winter seasons will improve our knowledge
of the dominant subtype and its association with disease severity, especially
with the development of novel RSV vaccine candidates.
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1 Introduction

Respiratory virus infections have been significantly impacted

by the Covid-19 pandemic in recent years (1). They occur

primarily in children 0–5 years of age and are one of the leading

causes of hospitalisation, morbidity, and mortality in the first

years of life worldwide (2). Influenza virus, rhinovirus,

respiratory syncytial virus (RSV), human coronaviruses,

parainfluenza virus, metapneumovirus, enterovirus, and

adenovirus, are the most common viral pathogens associated

with acute respiratory infections in childhood (3).

The Covid-19 pandemic altered the characteristic pattern of

respiratory virus infections (1). The introduction of

nonpharmaceutical interventions (NPIs), such as oral-nasal

protection, hand hygiene, social distancing, travel restrictions,

and school closures, as well as the emergence of new SARS-CoV-

2 variants and the impact of Covid-19 vaccination campaigns,

have determined significant variations in the epidemiology of

these viruses (1).

In Austria, the implementation of protective measures against

Covid-19 also led to a significant reduction in respiratory virus

infections in 2020/21 (4). The following year, however, saw a

substantial increase in respiratory virus infections as early as

September and October 2021/22, particularly RSV (5).

RSV is one of the most frequent causes of mild upper

respiratory tract infections to severe lower respiratory tract

infections, such as pneumonia, bronchitis and bronchiolitis, in

children 0–3 years of age (2, 6). Respiratory syncytial virus is

a non-segmented orthopneumovirus with single-stranded RNA

that belongs to the Pneumoviridae family. The attachment (F)

and fusion (G) surface glycoproteins mediate the entry of the

virus. RSV can be distinguished into two subtypes, RSV A and

RSV B. Based on the genetic variability of the second

hypervariable region (HVR2) of the G gene, RSV strains are

further classified into genotypes. To date, while RSV A strains

can be grouped in nine main genotypes, the literature

describes 15 genotypes for RSV B strains (7–9). The

distribution of RSV subtypes may vary over time and in

different regions. The predominant RSV subtypes may change

periodically, with different subtypes circulating in different

years or seasons (8).

As the virus evolves, new variants continuously develop while

others disappear. Whether and to what extent the two RSV types

influence seasonality, transmission rate, rate of co-infection, and

severity of virus-associated disease is controversially discussed in

the literature (10–12).

Following our previous studies (4, 5), the aim of this

monocentric longitudinal study was specifically to describe and

characterize RSV infections in a low-risk pediatric population

without severe chronic diseases. We aimed to highlight

differences between RSV subtypes and genotypes in children

aged 0–36 months in the outpatient setting during a winter

season after the Covid-19 pandemic. We investigated RSV as

predictor of hospitalization and described possible differences in

co-infections, treatment plans, and seasonal variations. In
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addition, symptom severity of RSV positive and negative cases

was described using the modified Tal score (MTS).
2 Materials and methods

2.1 Study design

The study was conducted at the primary health care centre “First

Vienna Pediatric Medical Center.” The recruitment phase took place

from November 2022 to March 2023, the typical RSV infection

season in Austria before Covid-19 (13). Children without chronic

infections, younger than the complete 36 months of age (≤3rd
birthday), who presented with at least one of doctor’s diagnosed

acute respiratory infection symptoms (cough, rhinitis, nasal

congestion, sore throat/pharyngitis, fever, otalgia) were eligible for

this study. Fever was predefined as body temperature of at least

38 °C measured with an ear thermometer. In order to prevent a

selection bias, swabs were taken on different days of the week

during the normal practice opening hours (in total 66 days over

the recruitment period) because due to limited resources not all of

the eligible patients could be included. It was the aim to include

as many patients as possible and at least 100 RSV positive children.

The following exclusion criteria were based on the RSV high-

risk profile according to the RSV prevention guideline (14):

preterm birth (<37 weeks of gestation), severe congenital

pulmonary diseases (e.g., cystic fibrosis, primary ciliary

dyskinesia, interstitial lung diseases), neuromuscular diseases with

impaired lung clearance, severe hemodynamic cardiac diseases, or

severe immunodeficiency (e.g., immunoglobulin deficiency); and

in addition, older children (age >36 + 0 months).

The study design remains as described in the publications of

the preceding seasons of 2020/21 and 2021/22 (4, 5), except for

the following changes: the multiplex PCR was done at the

Medical University of Vienna, Center of Virology within the RSV

surveillance network project (13). Additionally, RSV subtypes

and genotypes were characterised (15).

Telemedical follow-up was conducted one week after the first

medical appointment to discuss the results and changes in the

clinical status.

The patient’s general clinical data (height, weight, chronic

diseases), doctor’s diagnosed acute respiratory symptoms (rhinitis,

nasal congestion, cough, fever, pharyngitis), doctor’s diagnosis

(otitis media, bronchitis, bronchiolitis, pneumonia, upper airway

infection (rhinitis, nasal congestion, throat infection), others (fever

without further diagnosis, not further specified diagnosis), and

general state of health [respiratory rate, oxygenation (SpO2),

wheezing/crackles, accessory respiratory muscle utilisation] were

documented in a case report form. Furthermore, prescribed

symptomatic treatment (hypertonic saline spray, decongestant nasal

spray, analgesics, antibiotics, corticosteroid treatment (inhaled or

systemic), inhalation therapy of short-acting betamimetics (SABA)

or 0.9% sodium chloride) were documented as well.

Parents signed the declaration of consent after being informed

about the research aims and the study procedure.
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The following data were gathered during the telemedical

follow-up by the study team: respiratory symptoms and

treatment, parent’s subjective evaluation of the child’s health

(improved, deteriorated, or unchanged), and up-date on

hospitalisation due to the respiratory infection within the last week.

Furthermore, information regarding the family’s

socioeconomic status (living situation, marital status, parent´s

education, number of siblings) was determined by interviewing

the corresponding parent either at the day of study inclusion or

during the telemedical follow up control.

This study was approved by the Ethics Committee of the

Medical University of Vienna (EK-No. 1864/2020). Due to the

national regulations it was not possible to collect children’s data

without consent (e.g., total number of eligible children), as this

violates the General Data Protection regulation.
2.2 Study procedure

During the doctor’s appointment, a trained study team collected

anterior nasal swabs. The samples were stored in 0.9% sodium

chloride solution until further analysis via multiplex PCR. The

following viral pathogens were tested: RSV including RSV-subtype

and genotype, rhinovirus, adenovirus, metapneumovirus,

enterovirus, SARS-CoV-2, human coronaviruses (229E, HKU1,

OC43, NL63), influenza A (H1 2009, H3), influenza B (Yamagata,

Victoria), influenza C, and parainfluenza virus 1–3.

The PCR evaluation and the RSV subgroup analysis were

performed at the Center for Virology, Medical University of

Vienna, and incorporated into the statistical report of the RSV

Surveillance Network (13).

In case of recurrent acute respiratory infection in one patient,

nasal swabs were repeated as long as there was a symptom-free

interval of at least one week between visits.

To assess the severity of respiratory disease the Modified Tal

Score (MTS) was used. This clinical ordinal scoring system has

been used in multiple publications and is validated to

categorise bronchiolitis especially among RSV infections and

the severity of respiratory disease (16–18). Points were

assigned depending on accessory muscle use (none (0 points)/

mild/moderate/severe (3 points)), respiratory rate (<6 months

of age: 0 points: <40, 1: 41–55, 2: 56–70; 3 points:>70/min; >6

months of age: 0: <30, 1: 31–45, 2: 46–60, 3 points > 60/min),

degree of wheezing or crackles (none: 0 points/end expiratory

with stethoscope/inspiration and expiration with stethoscope/3

points: audible without stethoscope), and SpO2 values (0

points: SpO2 > 95%, 1: 92%–94%, 2: 90%–91%, 3: <89%).

Therefore, 0 points indicated no bronchiolitis, 1–5 points

suggested a mild infection, 6–10 points a moderate one, and

11–12 points severe disease.
2.3 Statistics

The principal aim of the analyses was to describe and

characterize RSV infections over the winter season and the
Frontiers in Pediatrics 03
severity and risk for hospitalization in comparison to non-RSV

and negative tested patients. In addition, we analysed the

clinical course, the symptoms, prescribed therapy and the

doctor’s diagnosis.

Raw data was sorted in Google Sheets and Microsoft Excel and

analzyed using IBM SPSS-Statistics version 29 and GraphPad

Prism version 10. A two-sided p value of p < 0.05 indicated

statistical significance. The Bonferroni test corrected the risk of

higher frequency errors due to multiple testing, resulting in

adjusted p-values (p-adj.).

Most data were categorised as nominal variables. Metric

variables (age, weight, height, BMI, number of siblings) were

used to describe the study population further.

Due to the low number of specific pathogens, the following

groups were built: single infections with RSV, adenovirus,

rhinovirus, enterovirus, metapneumovirus, human coronaviruses,

influenza and parainfluenza. Co-infections constitute the category

“co-infection”, and results without a detected viral pathogen the

group “negative”.

Qualitative variables such as patient characteristics,

manifestation of symptoms, recommended therapy, doctor’s

diagnosis and pathogen groups, as well as the comparison of

these variables, were presented as descriptive statistics through

absolute and relative frequency (percentages). As for metric

variables, mean, median, interquartile range, and first and third

quartiles were calculated.

The statistical analysis consists mainly of descriptive analysis.

The sociodemographic data were reported for the entire study

population using descriptive statistics.

Nominally and ordinally scaled variables such as pathogen

groups/RSV subtypes, symptoms, treatments, diagnosis, and MTS

were tested using the Chi-Square test or Fisher’s Exact test.

Associations of pathogen groups and symptoms, as well as

pathogen group and treatment were analysed in contingency

tables using the effect size Cramér V, which was interpreted

using the Rea and Parker’s classification (r = 0.10–0.20 weak,

r = 0.20–0.40 moderate, and r = 0.40–0.60 relatively strong

association) (19).

For detailed RSV characterization, we generated four groups:

RSV A, RSV B (single infections only), non-RSV (single

infections), and negative (negative PCR results). Co-infections

were not included in this analysis. Sociodemographic data were

reported for these groups. Associations of these groups and

symptoms, treatment, severity (no bronchiolitis, mild-

moderate-severe according to MTS) and state of health

(improved, deteriorated, or unchanged) at the telemedical

follow-up control were analysed in contingency tables using

Cramér V. All p values were corrected using the Bonferroni

method for multiple testing.

A binominal logistic regression was performed to ascertain the

effects of RSV detection (yes/no, independent on the co-infection

status), age (in months), gender (male/female), and MTS score

(0–12) (all independent variables) on the likelihood of

hospitalization [(yes/no); dependent variable]. The omnibus test

of the model coefficients indicated the significance of the model

and the Nagelkerke R2 was used to interpret the amount of
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explained variance. Wald test was used to test for significance and

odds ratio (OR), 95% confidence interval (95% CI) and p-values

were calculated.
3 Results

3.1 Study population and pathogen
characterization

Swabs were performed on 66 days throughout the study period.

On these days, a total of 2,200 acutely ill children aged 0–36

months presented to the practice (Figure 1). After applying the

inclusion and exclusion criteria, 329 children with acute

respiratory infections participated in the study from November

2022 to March 2023. The median age was 14 months (Q1–Q3:

6.5–23.5 months); 47.4% of patients were male and 52.6%

female. In total, 345 nose swabs were collected. During the study

period, 314 children had one swab, 14 children had two swabs,

and one child had three nose swabs. All sociodemographic and

general clinical characteristics are summarised in Table 1.

The most common clinical symptom was cough (84.6%),

followed by rhinitis (73.0%) and fever (53.3%) (Table 2). Patients
FIGURE 1

Flow chart of inclusion procedure. The inclusion process of children young
conducted nasal swabs, we detected RSV single infections (N= 89), single
in 57 swabs negative PCR results.
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were treated with analgesics (70.4%), decongestant and

hypertonic saline nose sprays/drops (62.0%), short-acting

betamimetics (13.9%), and antibiotics (13.3%). Of the 345

included visits, 291 cases received one clinical diagnosis (84.3%),

48 received two (13.9%) and 6 got three (1.7%). Most

participants (279 of 345 cases, 80.9%) were clinically diagnosed

by their attending physician with an upper airway infection,

independent of the PCR result, followed by bronchitis (47/345,

13.6%) and otitis media (42/345, 12.2%) (details see Table 2).

Co-infections were found in 43 samples (12.5%) (41 of these

with two pathogens and two with three pathogens), while no

viral pathogen was detected in 57 cases (16.5%). The most

common virus was RSV (110/345, 31.9%), with 89 single

infections (25.8%), and 21 cases of co-infections including RSV

(6.1%) (Figure 2A). The highest incidence of positive results and

RSV cases was registered in weeks 46–52 (Figure 2B), followed

by a decline with sporadic RSV diagnoses. In addition to RSV,

influenza (17.5%) and rhinovirus infections (20.58%) were very

common. The influenza vaccination rate was 19.5%.

Comparing the frequency of symptoms and all tested pathogen

groups (including multiple viral infections and negative PCR

results as separate category) revealed a significant and moderate

association (Cramér’s V: 0.346, p < 0.001, p-adj. <0.01)
er than 36 months with an acute infection is depicted. Out of the 345
infections other than RSV (N= 156), multiple infections (N= 43) and had
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TABLE 1 Characterization of study population.

Total study population RSV A RSV B Non-RSV Negative
Age Months 14.0 (6.5–23.5) 18.0 (6.3–27.3) 11.0 (6.0–21.0) 15.5 (7.0–24.0) 11.5 (5.8–22.5)

BMI Kg/m2 16.1 (14.8–17.3) 16.4 (15.3–17.4) 16.0 (14.9–17.2) 16.1 (14.7–17.2) 16.4 (14.8–17.3)

Sex Male 156 (47.4) 4 (50.0) 33 (40.7) 68 (45.9) 33 (61.1)

Female 173 (52.6) 4 (50.0) 48 (59.3) 80 (54.1) 21 (38.9)

Siblings Number 1 (0–1) 1 (0–2) 1 (0–1) 1 (0–1) 0 (0–1)

Missing data 6 (1.8) 0 (0.0) 1 (1.2) 4 (2.7) 1 (1.9)

Highest education mother Compulsory education 17 (5.2) 0 (0.0) 6 (7.4) 8 (5.4) 1 (1.9)

Apprenticeship 63 (19.1) 1 (12.5) 15 (18.5) 27 (18.2) 8 (14.8)

High school diploma 88 (26.7) 1 (12.5) 24 (30.9) 34 (23.0) 21 (38.9)

Academic degree 139 (42.2) 5 (62.5) 32 (39.5) 67 (45.3) 20 (37.0)

Missing data 22 (6.7) 1 (12.5) 4 (4.9) 12 (8.1) 4 (7.4)

Highest education father Compulsory education 11 (3.3) 0 (0.0) 7 (8.6) 2 (1.4) 0 (0.0)

Apprenticeship 97 (29.5) 1 (12.5) 24 (29.6) 40 (27.0) 20 (37.0)

High school diploma 69 (21.0) 1 (12.5) 16 (19.8) 32 (21.6) 14 (25.9)

Academic degree 125 (38.0) 5 (62.5) 29 (35.8) 59 (39.9) 16 (29.6)

Missing data 27 (8.2) 1 (12.5) 5 (6.2) 15 (10.1) 4 (7.4)

Parent’s marital status In relation 311 (94.5) 7 (87.5) 76 (93.8) 143 (96.6) 51 (94.4)

Separated 17 (5.2) 1 (12.5) 4 (4.9) 5 (3.4) 3 (5.6)

Missing data 1 (<1) 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

Housing Community housing 37 (11.2) 2 (25.0) 10 (12.3) 11 (7.4) 8 (14.8)

Apartment 232 (70.5) 4 (50.0) 60 (74.1) 106 (71.6) 34 (63.0)

House 58 (17.6) 2 (25.0) 10 (12.3) 31 (20.9) 12 (22.2)

Missing data 2 (<1) 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

Chronic diseases Yes 8 (2.4) 0 (0.0) 2 (2.5) 3 (2.0) 3 (5.6)

No 320 (97.3) 8 (100.0) 78 (96.3) 145 (98.0) 51 (94.4)

Missing data 1 (<1) 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

Total cases 329 8 81 148 54

Metric data are presented as median and (Q1–Q3), qualitiative values as absolute numbers and relative frequencies in percentage per column (%). N= 329.

Single infections for RSV A, RSV B and Non-RSV infections are shown. Co-infections are included in the category “total study population”. There are no significant

differences between the groups.
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(Supplementary Table 1). The highest frequency of cough and

rhinitis was found among RSV cases (96.6% and 76.4%), human

coronaviruses (100% and 90.9%), parainfluenza (90.9% and

81.8%), and rhinovirus cases (85.7% and 81.6%). Fever was most

common among individuals with adenovirus (90.9%), enterovirus

(100%), and influenza infections (85.2%), whereas pharyngitis

was mostly found in children with enterovirus (66.7%) and

parainfluenza 1–3 infections (54.5%).

In contrast, no significant association emerged between

prescribed treatment and pathogen group (Cramér V: 0.298,

p = 0.396, p-adj. >0.999).
3.2 RSV characterisation

Out of the 110 positive RSV results (including co-infections), only

13 cases were subtype A (13/110, 11.8%), 96 were subtype B (96/110,

87.3%), and one RSV subtype could not be determined (<1%). Eight

of the 13 RSV subtype A cases were of the ON1 genotype (8/110,

7.3%), 74 of the RSV subtype B cases were of the BA9 genotype

(74/110, 67.3%), and in 28 cases, the genotype could not be

identified (28/110, 25.5%). No other genotypes were detected.

Comparing occurrence of RSV cases and distribution of

subtypes (Figure 3), the peak in RSV cases, specifically among

subtype B patients, was recorded during the calendar weeks 46 to
Frontiers in Pediatrics 05
2 (especially week 48), whereas subtype A cases were steadily low

with 0–3 positive results per week throughout the season.

Four pathogen groups were established to examine correlations

between participants’ symptoms, prescribed treatment, doctor’s

diagnosis, MTS and the children’s state of health one week later at

the follow-up appointment: RSV A, RSV B, non-RSV (infections

without RSV), and negative PCR results. Only cases of single

infections (absence of co-infection) were considered among those

four groups. No significant differences of sociodemographic data

were observed between these groups (Table 1).

Symptoms of patients with RSV subtype A and B were very

similar, except for fever which was more common in the RSV A

group (75.0% vs. 45.7% in RSV B). The participants’ recorded

symptoms revealed a moderate but not significant correlation

with the corresponding groups. (Cramér V: 0.322, p = 0.068,

p-adj. 0.612). Conversely, a moderate and significant correlation

can be observed between participants’ treatment plans and the

four groups (Cramér V: 0.380, p < 0.001, p-adj. <0.01) with a

high proportion of RSV B patients being prescribed SABA

inhalation (Supplementary Table 1). RSV A patients mainly

received nose drops or analgesics. No significant differences were

observed with regard to doctor’s diagnosis between the four

groups (Cramér V: 0.260, p = 0.235, p-adj. >0.999). Twenty-five

percent of RSV single infection cases received the diagnosis of

bronchitis (RSV A: 2 out of 8, RSV B: 21 out of 81); and 54.5%
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TABLE 2 Clinical characterization, diagnosis and medication.

Total number of cases RSV A RSV B Non-RSV Negative

Clinical characteristics
Cough 292 (84.6) 8 (100.0) 78 (96.3) 123 (78.8) 45 (78.9)

Rhinitis 252 (73.0) 7 (87.5) 61 (75.3) 108 (69.2) 42 (73.7)

Nasal congestion 49 (14.2) 1 (12.5) 14 (17.3) 18 (11.5) 10 (17.5)

Fever 184 (53.3) 6 (75.0) 37 (45.7) 91 (58.3) 28 (49.1)

Pharyngitis 99 (28.7) 2 (25.0) 28 (34.6) 46 (29.5) 14 (24.6)

Prescribed medication
Decongestant and hypertonic saline nose spray 214 (62.0) 6 (75.0) 58 (71.6) 85 (54.5) 32 (56.1)

Analgesics 243 (70.4) 6 (75.0) 48 (59.3) 121 (77.6) 37 (64.9)

Inhalation SABAb 48 (13.9) 1 (12.5) 23 (28.4) 12 (7.7) 4 (7.0)

Antibiotics 46 (13.3) 2 (25.0) 6 (7.4) 27 (17.3) 5 (8.8)

Systemic corticosteroids 25 (7.2) 0 (0.0) 11 (13.6) 9 (5.8) 3 (5.3)

Inhaled corticosteroids 10 (2.9) 1 (12.5) 1 (1.2) 4 (2.6) 1 (1.8)

0.9% sodium chloride inhalation 7 (2.0) 1 (12.5) 3 (3.7) 0 (0.0) 2 (3.5)

Doctor’s diagnosisa

Otitis media 42 (12.2) 2 (25.0) 13 (16.0) 14 (9.0) 5 (8.8)

Bronchitis 47 (13.6) 2 (25.0) 21 (25.9) 12 (7.7) 4 (7.0)

Bronchiolitis 11 (3.2) 0 (0.0) 6 (7.4) 2 (1.3) 0 (0.0)

Pneumonia 6 (1.7) 0 (0.0) 2 (2.5) 3 (1.9) 1 (1.8)

Upper respiratory tract infection 279 (80.9) 5 (62.5) 57 (70.4) 137 (87.8) 47 (82.5)

Other diagnosis 20 (5.8) 0 (0.0) 5 (6.2) 8 (5.1) 5 (8.8)

Total cases 345 8 81 156 57

Data are presented as absolute number and relative frequency (%). Children had multiple symptoms and diagnosis and were prescribed multiple medications; therefore,

multiple responses are possible. N= 345.

Single infections are shown for the categories RSV A, RSV B and Non-RSV. Co-infections are included in the category “total number of cases”.
aClinical diagnosis by the attending physician.
bSABA: short acting beta mimetics.
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of all diagnosed bronchiolitis cases were infected with an RSV B

single infection (6 out of 11 cases) (Table 2).

Comparing the MTS as a tool to ascertain the severity of

bronchiolitis with the cases of RSV A, RSV B, non-RSV

infections, and negative tests reveals a moderate correlation

(Cramér V: 0.316, p < 0.001, p-adj. p < 0.01).

Out of the 89 RSV single infections, most participants infected

with either subtype A or B showed no signs of bronchiolitis

(Figure 4) or mild bronchiolitis, according to the MTS. One RSV

A and 5 RSV B patients suffered from moderate bronchiolitis.

There were no cases of severe bronchiolitis among our study

subjects. Almost all children with a negative PCR test result or an

infection without RSV, showed no sign of bronchiolitis (Table 2).

A logistic regression was performed to ascertain the effects of

age, gender, MTS, and RSV on the likelihood that children are

hospitalised. The logistic regression model was statistically

significant [X2(4) = 27.68, p < 0.001]. The model explained 28%

(Nagelkerke R2) of the variance in hospitalisation rate and

correctly classified 96.1% of cases. RSV positive patients were 7.5

times (95% CI: 1.46–38.40) more likely to be hospitalised than

patients without RSV. The odds of hospitalization was

significantly lower with increasing age. A higher MTS score was

trendwise (p = 0.08) associated with a higher hospitalization risk

which, however was not significant (Table 3).

In nine cases the final data of hospitalization aremissing because

the telemedical follow-up was not possible. In general, thirteen

hospitalisations occurred because of a respiratory infection during

the observed interval (13/336, 3.9%). Out of these 13, in nine cases
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hospitalisation was necessary due to RSV single infections: one

case of RSV subtype A and eight cases of RSV B. No participant

infected with another single pathogen was admitted to the

hospital. In two cases the hospitalised child was infected by

multiple pathogens, in both cases including RSV (in combination

with adenovirus and coronavirus OC43). In the last two cases of

hospitalisation the pathogen was not detectable (PCR negative).

The one-week follow-up confirmed that the severity of

symptoms had improved in almost all 110 RSV positive cases

(including co-infections), non-RSV infections, and negative cases

(100 out of the 110 RSV cases) with no significant difference

within the RSV subtypes, non-RSV, and negative cases. (Cramérs

V = 0.119, p = 0.214 p-adj. >0.999).
4 Discussion

In recent years, our goal has been to describe the course of

illness, the severity of symptoms, and treatment of infants and

young children up to the age of 3 with acute respiratory

infection in Vienna’s largest paediatric primary care centre, the

first point of contact for parents with acutely ill children. This

longitudinal study aimed to examine the post-Covid winter

season 2022/2023 and focused on RSV distribution, subtypes,

and association with severity of illness and hospitalisation rates.

Our findings proved RSV to be the most common ailment

among our patients, followed by rhinovirus and influenza. RSV

distribution peaked in the last calendar weeks of 2022, with the
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FIGURE 2

Percentage of positive pathogen result and distribution of pathogens over the winter season. Percentages of positive results over the whole winter
season are shown in A, and detection rates per calendar week in B. Total number of nasal swabs: 345.
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RSV B being the predominant subtype. Genotyping revealed only

two predominant RSV genotypes: ON1 for RSV A and BA9 for

RSV B. Most patients only had mild bronchiolitis and

occasionally moderate-severe bronchiolitis as diagnosed by MTS.

The risk for hospitalization was significantly higher when RSV

was present. A higher MTS score had a trendwise effect on

hospitalization but was not significant. In conclusion, an RSV

infection represents a risk factor for hospital admission in RSV

low-risk children without chronic infections. Most patients

showed a rapid improvement in their health within a few days.
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Covid-19 has had a powerful impact on the prevalence of RSV

internationally. While in 2020/2021, the coronavirus regulations

disrupted the spread of RSV, the following winter season saw a

severe and premature RSV surge in Austria (4, 5). This

phenomenon appeared to slow down in the 2022/2023 season

despite the earlier onset compared to pre pandemic years (13).

Hence, the initial curb of infections in 0–36-month-olds could

have potentially resulted in this wave of RSV cases in late

November/early December 2022 and increased hospitalisation

rates, as also recorded by the US RSV Network (20, 21).
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FIGURE 3

RSV subtype per calendar week. The percentages reflect subtype distribution of positive RSV cases each week. Only CWs (calendar weeks) with RSV
cases are included. CW 4 and after CW 6 data did not register positive RSV cases.
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The literature offers limited data on the severity and course of

RSV infections in primary health care settings, as many studies

have focused on the outpatient setting or hospitalised patients

(2, 10, 11, 21, 22). In the first years of life, infants face a

significant burden due to RSV in both inpatient and outpatient

settings (23–25). The healthcare burden of RSV in healthy term-

born infants in Europe is substantial. The incidence of RSV-

associated hospitalizations is between 1% and 8% in the first year

of life. This means that one in 56 healthy term-born infants is

hospitalized annually due to RSV (26). According to the study by

Wilderbeest et al., the largest prospective birth cohort to

determine RSV burden was a South African single-center study.

In this study, 54 RSV-associated hospitalizations were

documented in 1,143 children in the first two years of life (26).

RSV does not only affect children’s and families’ life during the

acute infection, large population-based studies show a long-term

association of RSV infections during infancy and childhood

asthma (27). It is therefore essential to better characterize the

occurrence of RSV in children in the outpatient setting, too, so

that the patients can receive better care in the long term.

We resorted to the Modified Tal Score (MTS) as a standardised

and validated system to assess the severity of RSV bronchiolitis.

The MTS is a simple tool to evaluate the course of illness and

oxygen requirements of RSV paediatric patients, which all

physicians can use (16, 28, 29). Furthermore, it was shown that

the MTS is not only applicable to RSV bronchiolitis, but also
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works validly for other respiratory disorders (16–18). Regrettably,

almost no data exists on its use in primary healthcare.

Our patients suffered frommild RSV bronchiolitis, corresponding

to a low MTS score (1–5 points). Only a small percentage had a

moderate infection (MTS 6–10 points). Ten percent (11/110) of all

RSV patients required hospitalisation, a greater number than among

non-RSV patients (2/226, 0.8%, with nine missing cases). Our data

do not suggest a subdued 2022/2023 RSV season.

As our patient population comprised otherwise healthy children

who did not match the high-risk RSV profile, we anticipated a

milder disease course. In addition, we can assume that children with

acute lower respiratory tract infections would be directly admitted to

hospitals. Nevertheless, in otherwise healthy toddlers and infants, an

RSV infection leads to a 7.5-fold increased likelihood of hospitalisation.

Regarding the severity of respiratory infection, symptoms,

treatment, and disease progression, the influence of RSV subtypes

remains unclear, and data generated in primary healthcare centres

are insufficient. We observed more subtype B cases (96/110, 87.3%)

than subtype A (13/110, 11.8%) throughout the season, in line with

numerous international studies indicating alternate predominance

patterns. Rarely can a change in subtype dominance be detected at

the end of a season (15, 22, 30, 31).

The low number of RSV A cases did not allow the analysis for

statistically significant differences between the subtypes regarding

the severity of the respiratory infection. This study found no

correlation between the RSV subtype and participants’ symptoms
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FIGURE 4

Results of the MTS of RSV subtypes and non-RSV cases. Depicted percentages are calculated within the four groups (subtype A, B, non-RSV and
negative group excluding cases of multiple infections). MTS 0 points: no bronchiolitis, MTS 1–5: mild bronchiolitis, MTS 6–10: moderate
bronchiolitis, MTS 11–12: severe bronchiolitis.
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and symptomatic treatment or hospitalisation rates. Other studies

provide inconsistent findings. Gilca et al. found that subtype A

was associated with higher disease severity, higher frequency of

fever, increased heart rate, and required oxygen support (>30%)

(32). McConnochie et al. linked subtype A to more severe cases of

RSV, especially among high-risk infants (33), while Midulla et al.

associated it with a higher respiratory frequency and more frequent

chest retractions (34). On the contrary, other research efforts

found no association within the subtypes (35–38). Nevertheless,
TABLE 3 Predictors of hospitalization (N = 336).

OR 95% CI p-value
RSV 7.45 (1.46–38.40) 0.016

Age (in months) 0.89 (0.81–0.98) 0.027

Gender 0.98 (0.30–3.24) 0.976

MTS score 1.27 (0.97–1.66) 0.080

Binary logarithmic regression: dependent variable hospitalization, independent

variables (gender, RSV, age (in months), MTS score. Total number: N= 345

including multiple infections, 9 missing cases; for calculation N= 336.
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comparisons are difficult to make due to diverse definitions of

disease severity. Some publications suggest that the genotypes

rather than the subtypes determine the differing courses of

disease and the varying results (34, 35). Our tests detected

two genotypes: ON1 (subtype A) and BA9 (subtype B). Other

studies conducted in Italy, Austria, and the USA concluded that,

during the 2021/22 and 2022/23 outbreaks, ON1 and BA were the

predominant strains circulating exclusively within the associated

subtype. It is impossible to build a hypothesis regarding the

influence of genotypes from our data due to the low number of RSV

A cases. De facto, new variants constantly evolve, whereas others

disappear (15, 22, 39, 40).

The question whether there is a difference between RSV

subtypes regarding variables like respiratory symptoms and

severity of infection needs to be addressed in further seasons in

the outpatient setting to achieve more robust results. New RSV

vaccines for a broader range of patients will open new scenarios

on RSV infections among very young patients, the RSV subtypes,

disease severity, and hospitalisation rates.
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In autumn 2023, the RSV vaccine AbrysvoTM was approved in

Austria for pregnant women between the 24th and 36th week of

pregnancy (41). Immunization of the mother leads to passive

transfer of maternal antibodies via the placenta to the fetus to

prevent RSV disease in early infancy (42–44). This happens

before an active vaccination can generate an effective immune

response in infants leading to a protection directly after birth (45).

Nirsevimab, a monoclonal antibody against RSV with an

extended half-life, was recently approved in Europe for the

prevention of RSV lower respiratory tract disease in neonates,

infants and young children during their first RSV season and will

be on the market in 2024 in many countries (41, 45, 46). To

prevent RSV lower respiratory tract disease in infants and children

up to 24 months of age, a single injection is recommended to

provide protection throughout the RSV season (47). Thereby,

infection rates and hospitalizations associated with RSV in both

healthy term and preterm infants are significantly reduced (47, 48).

The recently approved vaccines have the potential to reduce the

burden of disease and mortality in children and the elderly. An

additional advantage is that they only need to be administered

once, which could increase acceptance in the population.

Integrating these vaccines into routine immunization guidelines

could help reduce RSV-related hospitalizations and deaths and

contribute to improved disease outcomes (49). However, it will be

crucial to develop global guidelines and national strategies to

ensure the successful implementation of RSV vaccination. In

addition, health systems must ensure that RSV vaccines are

available in terms of affordability and accessibility, particularly in

low- and middle-income countries. The provision of further trial

data and comprehensive post-market surveillance of RSV vaccines

will help to build confidence in long-term efficacy and safety (50).
4.1 Limitations

Although the “First Vienna Pediatric Medical Center” serves

the highest annual number of patients of every socioeconomic

status in Vienna, the monocentric design of this study is a

limiting factor and could have potentially influenced its outcome.

A national record of all RSV-positive cases from primary

healthcare settings and hospitals would lead to more

comprehensive data collection. The opportunity to participate in

this study was generally well received; nevertheless, we lack the

number of potential participants who decided not to be involved.

Due to data protection regulations we are not able to specify the

numbers of excluded patients.

As for the socioeconomic status of our population, participants

with parents with university degrees are overrepresented compared

to Vienna’s general public. This factor could have potentially led to

differing social circumstances in the study population regarding

income, housing situation or number of siblings.

Anterior nasal swabs were preferred to the more invasive

nasopharyngeal swabs as they reportedly provide valid results

(51); they can be however, potentially inaccurate.

The Modified Tal Score, used to assess the severity of

bronchiolitis, is validated and has been used in multiple
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publications especially for RSV bronchiolitis. However, it was

shown that the MTS is not only applicable to RSV bronchiolitis,

but also works validly for other respiratory disorders, although

the data is limited.
5 Conclusion

Evidence shows that the RSV season is gradually returning to

its pre-pandemic pattern and remains the most common

pathogen in our acutely ill patients younger than 36 months. In

our pediatric primary healthcare center, we mainly observed mild

cases caused by RSV B. Nevertheless, RSV is still leading to

hospitalisations significantly more often than any other pathogen

among patients this age, even without increased risk of severe

RSV progression. With new vaccines available for a broader

population, data collection will expand our understanding of the

disease course in the primary healthcare setting.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by Ethics

Committee of the Medical University of Vienna. The studies

were conducted in accordance with the local legislation and

institutional requirements. Written informed consent for

participation in this study was provided by the participants’ legal

guardians/next of kin.
Author contributions

KM: Data curation, Formal Analysis, Investigation,

Methodology, Validation, Writing – original draft. AR: Data

curation, Formal Analysis, Investigation, Methodology,

Validation, Writing – original draft. PV: Conceptualization, Data

curation, Formal Analysis, Project administration, Resources,

Supervision, Writing – review & editing. LL: Data curation,

Formal Analysis, Methodology, Software, Validation, Writing –

review & editing. JV: Investigation, Methodology, Writing –

review & editing. KL: Data curation, Investigation, Methodology,

Validation, Writing – review & editing. UK: Data curation,

Investigation, Methodology, Writing – review & editing. MR:

Formal Analysis, Investigation, Methodology, Supervision,

Validation, Writing – review & editing. SD: Conceptualization,

Data curation, Formal Analysis, Funding acquisition,

Investigation, Methodology, Project administration, Resources,

Software, Supervision, Validation, Visualization, Writing –

original draft, Writing – review & editing.
frontiersin.org

https://doi.org/10.3389/fped.2024.1342399
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Meier et al. 10.3389/fped.2024.1342399
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article.

This project was funded by MSD’s Merck investigator Studies

Program (MISP 60230). The funders had no role in study design,

data collection and analysis, decision to publish, or manuscript

preparation.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Frontiers in Pediatrics 11
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fped.2024.

1342399/full#supplementary-material
References
1. Principi N, Autore G, Ramundo G, Esposito S. Epidemiology of respiratory
infections during the COVID-19 pandemic. Viruses. (2023) 15:1160. doi: 10.3390/
v15051160

2. Nair H, Nokes DJ, Gessner BD, Dherani M, Madhi SA, Singleton RJ, et al. Global
burden of acute lower respiratory infections due to respiratory syncytial virus in young
children: a systematic review and meta-analysis. Lancet Lond Engl. (2010)
375:1545–55. doi: 10.1016/S0140-6736(10)60206-1

3. Walker GJ, Stelzer-Braid S, Shorter C, Honeywill C, Wynn M, Willenborg C, et al.
Viruses associated with acute respiratory infection in a community-based cohort of
healthy New Zealand children. J Med Virol. (2022) 94:454–60. doi: 10.1002/jmv.25493

4. Diesner-Treiber SC, Voitl P, Voitl JJM, Langer K, Kuzio U, Riepl A, et al.
Respiratory infections in children during a COVID-19 pandemic winter. Front
Pediatr. (2021) 9:740785. doi: 10.3389/fped.2021.740785

5. Riepl A, Straßmayr L, Voitl P, Ehlmaier P, Voitl JJM, Langer K, et al. The surge of
RSV and other respiratory viruses among children during the second COVID-19
pandemic winter season. Front Pediatr. (2023) 11:1112150. doi: 10.3389/fped.2023.
1112150

6. Li Y, Wang X, Blau DM, Caballero MT, Feikin DR, Gill CJ, et al. Global, regional,
and national disease burden estimates of acute lower respiratory infections due to
respiratory syncytial virus in children younger than 5 years in 2019: a systematic
analysis. Lancet Lond Engl. (2022) 399:2047–64. doi: 10.1016/S0140-6736(22)00478-0

7. Tabor DE, Fernandes F, Langedijk AC, Wilkins D, Lebbink RJ, Tovchigrechko A,
et al. Global molecular epidemiology of respiratory syncytial virus from the 2017–2018
INFORM-RSV study. J Clin Microbiol. (2020) 59:e01828–20. doi: 10.1128/JCM.01828-20

8. Muñoz-Escalante JC, Comas-García A, Bernal-Silva S, Robles-Espinoza CD,
Gómez-Leal G, Noyola DE. Respiratory syncytial virus A genotype classification
based on systematic intergenotypic and intragenotypic sequence analysis. Sci Rep.
(2019) 9:20097. doi: 10.1038/s41598-019-56552-2

9. Muñoz-Escalante JC, Comas-García A, Bernal-Silva S, Noyola DE. Respiratory
syncytial virus B sequence analysis reveals a novel early genotype. Sci Rep. (2021)
11:3452. doi: 10.1038/s41598-021-83079-2

10. Yanis A, Haddadin Z, Rahman H, Guevara C, McKay KG, Probst V, et al. The
clinical characteristics, severity, and seasonality of RSV subtypes among hospitalized
children in Jordan. Pediatr Infect Dis J. (2021) 40:808–13. doi: 10.1097/INF.
0000000000003193

11. Saravanos GL, Ramos I, Britton PN, Wood NJ. Respiratory syncytial virus
subtype circulation and associated disease severity at an Australian paediatric
referral hospital, 2014–2018. J Paediatr Child Health. (2021) 57:1190–5. doi: 10.
1111/jpc.15419

12. Staadegaard L, Meijer A, Rodrigues AP, Huang S, Cohen C, Demont C, et al.
Temporal variations in respiratory syncytial virus epidemics, by virus subtype, 4
countries. Emerg Infect Dis. (2021) 27:1537–40. doi: 10.3201/eid2705.204615

13. Department of Virology MUoV. Österreichisches RSV Netzwerk—ÖRSN (n.d.).
Available online at: Available at: https://www.virologie.meduniwien.ac.at/wissenschaft-
forschung/virus-epidemiologie/rsv-netzwerk-oersn/ (accessed August 7, 2023).

14. Deutsche Gesellschaft für Pädiatrische Infektiologie. AWMF Leitlinie zur
Prophylaxe von schweren Erkrankungen durch Respiratory Syncytial Virus (RSV)
bei Risikokindern (2023). Available online at: Available at: https://register.awmf.
org/assets/guidelines/048-012l_S2k_Prophylaxe-von-schweren-Erkrankungen-durch-
Respiratory-Syncytial-Virus-RSV-bei-Risikokindern_2023-09.pdf (accessed December
26, 2023).

15. Redlberger-Fritz M, Springer DN, Aberle SW, Camp JV, Aberle JH. Respiratory
syncytial virus surge in 2022 caused by lineages already present before the COVID-19
pandemic. J Med Virol. (2023) 95:e28830. doi: 10.1002/jmv.28830

16. Golan-Tripto I, Goldbart A, Akel K, Dizitzer Y, Novack V, Tal A. Modified tal
score: validated score for prediction of bronchiolitis severity. Pediatr Pulmonol. (2018)
53:796–801. doi: 10.1002/ppul.24007

17. Shinta Devi NLP, Wanda D, Nurhaeni N. The validity of the modified tal score
and wang respiratory score instruments in assessing the severity of respiratory system
disorders in children. Compr Child Adolesc Nurs. (2019) 42:9–20. doi: 10.1080/
24694193.2019.1577921

18. Rodriguez H, Hartert TV, Gebretsadik T, Carroll KN, Larkin EK. A simple
respiratory severity score that may be used in evaluation of acute respiratory
infection. BMC Res Notes. (2016) 9:85. doi: 10.1186/s13104-016-1899-4

19. Kotrlik JW, Williams HA, Jabor MK. Reporting and interpreting effect size in
quantitative agricultural education research. J Agric Educ. (2011) 52:132–42. doi: 10.
5032/jae.2011.01132

20. Centers for Disease Control and Prevention. RSV-NET interactive dashboard
(2023). Available online at: Available at: https://www.cdc.gov/rsv/research/rsv-net/
dashboard.html (accessed August 24, 2023).

21. Halasa N, Zambrano LD, Amarin JZ, Stewart LS, Newhams MM, Levy ER, et al.
Infants admitted to US intensive care units for RSV infection during the 2022 seasonal
peak. JAMA Netw Open. (2023) 6:e2328950. doi: 10.1001/jamanetworkopen.2023.28950

22. Pierangeli A, Nenna R, Fracella M, Scagnolari C, Oliveto G, Sorrentino L, et al.
Genetic diversity and its impact on disease severity in respiratory syncytial virus
subtype-A and -B bronchiolitis before and after pandemic restrictions in Rome.
J Infect. (2023) 87:305–14. doi: 10.1016/j.jinf.2023.07.008

23. Hall CB, Weinberg GA, Iwane MK, Blumkin AK, Edwards KM, Staat MA, et al.
The burden of respiratory syncytial virus infection in young children. N Engl J Med.
(2009) 360:588–98. doi: 10.1056/NEJMoa0804877

24. Mao Z, Li X, Dacosta-Urbieta A, Billard M-N, Wildenbeest J, Korsten K, et al.
Economic burden and health-related quality-of-life among infants with respiratory
syncytial virus infection: a multi-country prospective cohort study in Europe.
Vaccine. (2023) 41:2707–15. doi: 10.1016/j.vaccine.2023.03.024

25. Thomas E, Mattila J-M, Lehtinen P, Vuorinen T, Waris M, Heikkinen T. Burden
of respiratory syncytial virus infection during the first year of life. J Infect Dis. (2021)
223:811–7. doi: 10.1093/infdis/jiaa754

26. Wildenbeest JG, Zuurbier RP, Korsten K, van Houten MA, Billard MN,
Derksen-Lazet N, et al. Respiratory syncytial virus consortium in Europe (RESCEU)
birth cohort study: defining the burden of infant respiratory syncytial virus disease
in Europe. J Infect Dis. (2020) 222:S606–12. doi: 10.1093/infdis/jiaa310

27. Rosas-Salazar C, Chirkova T, Gebretsadik T, Chappell JD, Peebles RS, Dupont
WD, et al. Respiratory syncytial virus infection during infancy and asthma during
childhood in the USA (INSPIRE): a population-based, prospective birth cohort
study. Lancet Lond Engl. (2023) 401:1669–80. doi: 10.1016/S0140-6736(23)00811-5

28. Granda E, Urbano M, Andrés P, Corchete M, Cano A, Velasco R. Comparison of
severity scales for acute bronchiolitis in real clinical practice. Eur J Pediatr. (2023)
182:1619–26. doi: 10.1007/s00431-023-04840-5
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fped.2024.1342399/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2024.1342399/full#supplementary-material
https://doi.org/10.3390/v15051160
https://doi.org/10.3390/v15051160
https://doi.org/10.1016/S0140-6736(10)60206-1
https://doi.org/10.1002/jmv.25493
https://doi.org/10.3389/fped.2021.740785
https://doi.org/10.3389/fped.2023.1112150
https://doi.org/10.3389/fped.2023.1112150
https://doi.org/10.1016/S0140-6736(22)00478-0
https://doi.org/10.1128/JCM.01828-20
https://doi.org/10.1038/s41598-019-56552-2
https://doi.org/10.1038/s41598-021-83079-2
https://doi.org/10.1097/INF.0000000000003193
https://doi.org/10.1097/INF.0000000000003193
https://doi.org/10.1111/jpc.15419
https://doi.org/10.1111/jpc.15419
https://doi.org/10.3201/eid2705.204615
https://www.virologie.meduniwien.ac.at/wissenschaft-forschung/virus-epidemiologie/rsv-netzwerk-oersn/
https://www.virologie.meduniwien.ac.at/wissenschaft-forschung/virus-epidemiologie/rsv-netzwerk-oersn/
https://register.awmf.org/assets/guidelines/048-012l_S2k_Prophylaxe-von-schweren-Erkrankungen-durch-Respiratory-Syncytial-Virus-RSV-bei-Risikokindern_2023-09.pdf
https://register.awmf.org/assets/guidelines/048-012l_S2k_Prophylaxe-von-schweren-Erkrankungen-durch-Respiratory-Syncytial-Virus-RSV-bei-Risikokindern_2023-09.pdf
https://register.awmf.org/assets/guidelines/048-012l_S2k_Prophylaxe-von-schweren-Erkrankungen-durch-Respiratory-Syncytial-Virus-RSV-bei-Risikokindern_2023-09.pdf
https://doi.org/10.1002/jmv.28830
https://doi.org/10.1002/ppul.24007
https://doi.org/10.1080/24694193.2019.1577921
https://doi.org/10.1080/24694193.2019.1577921
https://doi.org/10.1186/s13104-016-1899-4
https://doi.org/10.5032/jae.2011.01132
https://doi.org/10.5032/jae.2011.01132
https://www.cdc.gov/rsv/research/rsv-net/dashboard.html
https://www.cdc.gov/rsv/research/rsv-net/dashboard.html
https://doi.org/10.1001/jamanetworkopen.2023.28950
https://doi.org/10.1016/j.jinf.2023.07.008
https://doi.org/10.1056/NEJMoa0804877
https://doi.org/10.1016/j.vaccine.2023.03.024
https://doi.org/10.1093/infdis/jiaa754
https://doi.org/10.1093/infdis/jiaa310
https://doi.org/10.1016/S0140-6736(23)00811-5
https://doi.org/10.1007/s00431-023-04840-5
https://doi.org/10.3389/fped.2024.1342399
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Meier et al. 10.3389/fped.2024.1342399
29. McCallum GB, Morris PS, Wilson CC, Versteegh LA, Ward LM, Chatfield MD,
et al. Severity scoring systems: are they internally valid, reliable and predictive of
oxygen use in children with acute bronchiolitis? Pediatr Pulmonol. (2013)
48:797–803. doi: 10.1002/ppul.22627

30. Jiang M-L, Xu Y-P, Wu H, Zhu R-N, Sun Y, Chen D-M, et al. Changes in
endemic patterns of respiratory syncytial virus infection in pediatric patients under
the pressure of nonpharmaceutical interventions for COVID-19 in Beijing, China.
J Med Virol. (2023) 95:e28411. doi: 10.1002/jmv.28411

31. Munkstrup C, Lomholt FK, Emborg H-D, Møller KL, Krog JS, Trebbien R, et al.
Early and intense epidemic of respiratory syncytial virus (RSV) in Denmark, August to
December 2022. Euro Surveill Bull Eur Sur Mal Transm Eur Commun Dis Bull. (2023)
28:2200937. doi: 10.2807/1560-7917.ES.2023.28.1.2200937

32. Gilca R, De Serres G, Tremblay M, Vachon M-L, Leblanc E, Bergeron MG, et al.
Distribution and clinical impact of human respiratory syncytial virus genotypes in
hospitalized children over 2 winter seasons. J Infect Dis. (2006) 193:54–8. doi: 10.
1086/498526

33. McConnochie KM, Hall CB, Walsh EE, Roghmann KJ. Variation in severity of
respiratory syncytial virus infections with subtype. J Pediatr. (1990) 117:52–62. doi: 10.
1016/s0022-3476(05)82443-6

34. Midulla F, Nenna R, Scagnolari C, Petrarca L, Frassanito A, Viscido A, et al. How
respiratory syncytial virus genotypes influence the clinical course in infants hospitalized
for bronchiolitis. J Infect Dis. (2019) 219:526–34. doi: 10.1093/infdis/jiy496

35. Zhang TH, Deng J, Qian Y, Zhu RN, Sun Y, Wang F, et al. Molecular biological
and clinical characteristics of respiratory syncytial virus in children with bronchiolitis.
Zhonghua Er Ke Za Zhi Chin J Pediatr. (2017) 55:586–92. doi: 10.3760/cma.j.issn.
0578-1310.2017.08.008

36. Vandini S, Biagi C, Lanari M. Respiratory syncytial virus: the influence of
serotype and genotype variability on clinical course of infection. Int J Mol Sci.
(2017) 18:1717. doi: 10.3390/ijms18081717

37. Esposito S, Piralla A, Zampiero A, Bianchini S, Di Pietro G, Scala A, et al.
Characteristics and their clinical relevance of respiratory syncytial virus types and
genotypes circulating in northern Italy in five consecutive winter seasons. PLoS
One. (2015) 10:e0129369. doi: 10.1371/journal.pone.0129369

38. Tabatabai J, Prifert C, Pfeil J, Grulich-Henn J, Schnitzler P. Novel respiratory
syncytial virus (RSV) genotype ON1 predominates in Germany during winter
season 2012–13. PLoS One. (2014) 9:e109191. doi: 10.1371/journal.pone.0109191

39. Goya S, Sereewit J, Pfalmer D, Nguyen TV, Bakhash SAKM, Sobolik EB, et al.
Genomic characterization of respiratory syncytial virus during 2022–23 outbreak,
Washington, USA. Emerg Infect Dis. (2023) 29:865–8. doi: 10.3201/eid2904.221834
Frontiers in Pediatrics 12
40. Lee CY, Wu TH, Fang YP, Chang JC, Wang HC, Lin SJ, et al. Impact of public
health measures and new introducing variants on respiratory syncytial virus
recrudescence in Taiwan during the COVID-19 pandemic. J Clin Virol Off Publ
Pan Am Soc Clin Virol. (2023) 166:105531. doi: 10.1016/j.jcv.2023.105531

41. Impfplan Österreich 2023/2024 (n.d.). Available online at: Available at: https://
www.sozialministerium.at/dam/jcr:eb64732e-1747-400a-beeb-6d069f781182/
Impfplan_%C3%96sterreich_2023_2024_Version1.0.pdf (accessed December 26,
2023).

42. Bebia Z, Reyes O, Jeanfreau R, Kantele A, De Leon RG, Sánchez MG, et al. Safety
and immunogenicity of an investigational respiratory syncytial virus vaccine
(RSVPreF3) in mothers and their infants: a phase 2 randomized trial. J Infect Dis.
(2023) 228:299–310. doi: 10.1093/infdis/jiad024

43. Esposito S, Abu Raya B, Baraldi E, Flanagan K, Martinon Torres F, Tsolia M,
et al. RSV Prevention in all infants: which is the most preferable strategy? Front
Immunol. (2022) 13:880368. doi: 10.3389/fimmu.2022.880368

44. Agac A, Kolbe SM, Ludlow M, Osterhaus ADME, Meineke R, Rimmelzwaan GF.
Host responses to respiratory syncytial virus infection. Viruses. (2023) 15:1999. doi: 10.
3390/v15101999

45. Kampmann B, Madhi SA, Munjal I, Simões EAF, Pahud BA, Llapur C, et al.
Bivalent prefusion F vaccine in pregnancy to prevent RSV illness in infants. N Engl
J Med. (2023) 388:1451–64. doi: 10.1056/NEJMoa2216480

46. Muller WJ, Madhi SA, Seoane Nuñez B, Baca Cots M, Bosheva M, Dagan R,
et al. Nirsevimab for prevention of RSV in term and late-preterm infants. N Engl J
Med. (2023) 388:1533–4. doi: 10.1056/NEJMc2214773

47. Kopera E, Czajka H, Zapolnik P, Mazur A. New insights on respiratory syncytial
virus prevention. Vaccines (Basel). (2023) 11:1797. doi: 10.3390/vaccines11121797

48. Turalde-Mapili MWR, Mapili JAL, Turalde CWR, Pagcatipunan MR. The
efficacy and safety of nirsevimab for the prevention of RSV infection among
infants: a systematic review and meta-analysis. Front Pediatr. (2023) 11:1132740.
doi: 10.3389/fped.2023.1132740

49. Lee CYF, Khan SJ, Vishal F, Alam S, Murtaza SF. Respiratory syncytial virus
prevention: a new era of vaccines. Cureus. (2023) 15:e45012. doi: 10.7759/cureus.45012

50. See KC. Vaccination for respiratory syncytial virus: a narrative review and
primer for clinicians. Vaccines (Basel). (2023) 11:1809. doi: 10.3390/vaccines11121809

51. Blaschke AJ, Allison MA, Meyers L, Rogatcheva M, Heyrend C, Mallin B, et al.
Non-invasive sample collection for respiratory virus testing by multiplex PCR.
J Clin Virol Off Publ Pan Am Soc Clin Virol. (2011) 52:210–4. doi: 10.1016/j.jcv.
2011.07.015
frontiersin.org

https://doi.org/10.1002/ppul.22627
https://doi.org/10.1002/jmv.28411
https://doi.org/10.2807/1560-7917.ES.2023.28.1.2200937
https://doi.org/10.1086/498526
https://doi.org/10.1086/498526
https://doi.org/10.1016/s0022-3476(05)82443-6
https://doi.org/10.1016/s0022-3476(05)82443-6
https://doi.org/10.1093/infdis/jiy496
https://doi.org/10.3760/cma.j.issn.0578-1310.2017.08.008
https://doi.org/10.3760/cma.j.issn.0578-1310.2017.08.008
https://doi.org/10.3390/ijms18081717
https://doi.org/10.1371/journal.pone.0129369
https://doi.org/10.1371/journal.pone.0109191
https://doi.org/10.3201/eid2904.221834
https://doi.org/10.1016/j.jcv.2023.105531
https://www.sozialministerium.at/dam/jcr:eb64732e-1747-400a-beeb-6d069f781182/Impfplan_%C3%96sterreich_2023_2024_Version1.0.pdf
https://www.sozialministerium.at/dam/jcr:eb64732e-1747-400a-beeb-6d069f781182/Impfplan_%C3%96sterreich_2023_2024_Version1.0.pdf
https://www.sozialministerium.at/dam/jcr:eb64732e-1747-400a-beeb-6d069f781182/Impfplan_%C3%96sterreich_2023_2024_Version1.0.pdf
https://doi.org/10.1093/infdis/jiad024
https://doi.org/10.3389/fimmu.2022.880368
https://doi.org/10.3390/v15101999
https://doi.org/10.3390/v15101999
https://doi.org/10.1056/NEJMoa2216480
https://doi.org/10.1056/NEJMc2214773
https://doi.org/10.3390/vaccines11121797
https://doi.org/10.3389/fped.2023.1132740
https://doi.org/10.7759/cureus.45012
https://doi.org/10.3390/vaccines11121809
https://doi.org/10.1016/j.jcv.2011.07.015
https://doi.org/10.1016/j.jcv.2011.07.015
https://doi.org/10.3389/fped.2024.1342399
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Characterisation of RSV infections in children without chronic diseases aged 0–36 months during the post-COVID-19 winter season 2022/2023
	Introduction
	Materials and methods
	Study design
	Study procedure
	Statistics

	Results
	Study population and pathogen characterization
	RSV characterisation

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


