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changes in severe viral respiratory
infections in pediatric patients after
the COVID-19 pandemic in Spain
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The COVID-19 pandemic and associated public health measures disrupted the circulation of respiratory
viruses worldwide. However, the long-term impact of these changes on pediatric respiratory tract
infections (ARTIs) remains incompletely understood. We conducted a prospective study in children
under 14 years hospitalized for ARTIs in Severo Ochoa Hospital (Spain) from January/2006 to
September/2023. The cohort was divided into three periods: pre-pandemic (T1), pandemic (T2), and
post-pandemic (T3). Clinical and virological results were compared. 6048 children were included
(T1:5,101; T2:122; T3:825). Viral detection increased in T3 (91%) compared to T1 (78.7%) and T2
(69.5%), p<0.001, with higher rate of coinfections, p<0.001, and pneumonia diagnoses, p<0.001. HRV
and RSV were the most frequent viruses across periods, with HRV maintaining year-round circulation
and RSV showing marked seasonal disruption in T2, followed by return to its typical winter pattern

in T3. Detection of PIV and HMPV increased in T3, with altered seasonal peaks and a shift toward

older age groups. Influenza infections, nearly absent in T2, re-emerged in T3 with delayed seasonal
peaks and higher median ages. HBoV circulation declined and became more evenly distributed
throughout the year. Clinically, children in T3 were older, with more hypoxia, radiological infiltrates,
and pneumonia, while bronchiolitis cases decreased. Most pneumonia cases in T3 had a viral etiology,
with HRV, RSV, HMPV, and PIV as the main contributors. Post-pandemic shifts in viral circulation and
disease profiles among children with ARTIs highlight the ongoing impact of COVID-19 on pediatric
respiratory health. The increased burden of viral pneumonia and the change in seasonal distribution

of infections underscore the need for updated surveillance, diagnostic strategies, and prevention
programs tailored to the post-pandemic context.

Keywords COVID-19, Respiratory syncytial virus, Metapneumovirus, Rhinovirus, Human bocavirus,
Adenovirus, Influenza virus, Parainfluenza virus bronchiolitis, Respiratory infections

Acute respiratory tract infections (ARTI) are a common cause of hospital admission in infants and children'.
Viruses are the primary agents responsible for ARTIs in children. Among the most frequently implicated are
respiratory syncytial virus (RSV), rhinovirus (HRV), adenovirus (AdV), human metapneumovirus (HMPV),
parainfluenza virus (PIV), influenza virus (FLU) and human bocavirus (HBoV)'. The emergence of the Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in Wuhan, China, rapidly spread to many countries
and caused a potentially severe ARTI in adults®. The World Health Organization (WHO) declared SARS-CoV-2
a global pandemic in March 20203, At that time, measures were implemented to mitigate the spread of the virus.
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In Spain, a nationwide lockdown was enforced for two months, and protective measures against SARS-CoV-2
remained in place until May 2021.

Since the onset of the COVID-19 pandemic, the incidence of influenza, RSV, and other respiratory viruses
declined or changed in many countries, probably, related with COVID-19 public health interventions, like social
distancing and hygiene measurements (hand hygiene, face mask...*-. The effects of COVID-19 on the frequency
and severity of viral ARTIs in Spanish children are not totally understood. This study aimed to assess the clinical
and virological characteristics of hospitalizations attributable to ARTIs in children, with a particular focus on
analyzing the temporal shifts in respiratory viral pathogens observed across the pre-pandemic, pandemic, and
post-pandemic periods.

Material and methods

This is a sub-study of an ongoing prospective investigation of respiratory tract infections in children, funded
by grants from the Spanish Health Research Fund (FIS) under the reference numbers P198/0310, PI06/0532,
P109/0246, P112/01291, P115CII1/00028, PI18CIII/00009, PI21CIII/00019, and PI21/00377 and approved by the
Medical Ethics Committee at Severo Ochoa University Hospital. All methods were carried out in accordance
with relevant guidelines and regulations.

Study population

This study included all children under 14 years hospitalized for respiratory infections in Severo Ochoa University
Hospital (Madrid, Spain) between January 1st/2006, and September 30th/2023. Informed consent was obtained.
The cohort was divided into three time periods based on public health measures implemented in Spain: T1
(Pre-COVID-19, Jan 2006-Mar 2020), T2 (COVID-19, Mar 2020-May 2021), and T3 (Post-COVID-19, May
2021-Sep 2023). Immunoprophylaxis with nirsevimab was introduced as a preventive strategy against RSV in
Spain in October 2023.

Study procedures

All patients were assessed by a physician, and clinical and epidemiological data were prospectively recorded.
Bronchiolitis was diagnosed in first episodes of expiratory wheezing in children under two years’. All other
episodes of acute expiratory wheezing were classified as recurrent wheezing/asthma irrespective of etiology'.
Laryngitis was related to inspiratory dyspnea without wheezing. For analytical purposes, pneumonia was defined
as the presence of focal infiltrates or consolidation on chest radiography in the absence of wheezing, to avoid
overlapping with bronchiolitis or wheezing-associated respiratory illness. Blood cultures were obtained when
bacterial infection was clinically suspected.

Virological study
Nasopharyngeal aspirates (NPAs) were sent to the National Center for Microbiology (ISCIII, Madrid) for
virological analysis. Samples were processed within 24 h, and aliquots were stored at — 80 °C. Nucleic acids were
extracted and analyzed by four multiplex RT-PCR assays targeting FLU, PIV 1-4, HRV, RSV A/B, HMPV, HBoV,
AdV, and HCoVs (229E, NL63, OC43, HKU1) using previously described primers and probes!®.

From 2020 onward, SARS-CoV-2 was detected using a real-time RT-PCR assay adapted from a method
targeting the E gene!!. This method incorporated an internal control and was routinely evaluated for performance
through ECDC/WHO and QCMD quality control programs.

Statistical analysis

Data were summarized as mean+SD for continuous variables and percentages for categorical variables.
Comparisons were performed using one-way ANOVA or T-tests for continuous data, and chi-squared or Fisher’s
exact tests for categorical variables. Logistic regression models were used to assess associations with the post-
COVID-19 period. Variables with p<0.1 in univariate analysis were included in multivariate models using
backward stepwise regression. Odds ratios (ORs) with 95% confidence intervals (Cls) were calculated. A p-
value < 0.05 was considered statistically significant. Multicollinearity among covariates included in multivariable
logistic regression models was assessed using correlation matrices and variance inflation factors, with no
evidence of relevant collinearity detected. Given the exploratory nature of the analyses, no formal adjustment
for multiple comparisons was applied, and results were interpreted based on effect sizes, confidence intervals,
and clinical plausibility. All analyses were performed using SPSS v25 (SPSS Inc., Chicago, IL, USA).

Results

A total of 6,048 patients were included in the study: 5,101 during the pre-pandemic period (T1), 122 during the
pandemic (T2), and 825 in the post-pandemic period (T3) (Fig. 1). Overall, 4,084 children (67.5%) were under
2 years of age, although this proportion varied across periods (70% in T1, 39% in T2, and 57% in T3), indicating
a significant increase in patient age during and after the pandemic (p <0.001).

Regarding overall viral detection and coinfections (Fig. 2), at least one respiratory virus was detected in
4,722 cases (78%). Of them, 2057 (44%) were HRV and 1882 (40%) RSV. AdV accounted for 15% of cases,
while detection rates for other viruses, including HBoV, PIV, HMPV, FLU, HCoV, and SARS-CoV-2, were
each below 10%. In total, 311 HCoV infections were identified (6.6% of all positive viral detections), of which
66 corresponded to SARS-CoV-2. Viral coinfections were identified in 1503 (31.8%) cases, most commonly
RSV + HRV (294/19.5%), HRV + AdV (155/10%), HRV + HBoV (72/5%), RSV + HBoV (71/5%) and RSV + AdV
(70/4.6%). Overall, HBoV showed the highest rate of viral coinfection (341/77%).
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Fig. 1. Distribution of hospitalized children with respiratory viral respiratory infections in the three study
periods.
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Fig. 2. Overall Viral detection rate in children hospitalized with respiratory tract infection with positive viral
detection throughout the study. RSV: respiratory syncytial virus; HRV: rhinovirus; HBoV: human bocavirus;
AdV: adenovirus; HMPV: human metapneumovirus; PIV: parainfluenza virus; FLU: influenza virus HCoV:
human coronavirus.

Respiratory viruses seasonality before, during and after the COVID-19 pandemic

The viral detection rate increased significantly in T3 (91%) compared to T1 (79%) and T2 (69.5%), p<0.001,
with more coinfections in T3 (33%), p <0.001. (Table 1). In T1, HRV (33%) and RSV (32.4%) were predominant,
while HRV (51.7%) predominated in T2, when RSV nearly disappeared. In T3, HRV remained the most frequent,
RSV returned to T1 levels, and both PIV (10%) and HMPV (8%) increased compared to T2 and T1 (p <0.001
and p=0.004, respectively) (Table 1).

Age-related differences regarding virus detection were observed (Table 2). The likelihood of RSV detection
increased by 20% in T3 vs. T1, but only in children under 2 years (p=0.032). The probability of HRV infections
doubled in T3, mainly in children>2 years (p <0.001). PIV and HMPV increased across all ages, while HBoV
circulation declined in older children (p=0.01).

RSV infections: from disruption to a gradual return to winter dominance

Overall, the proportion of RSV detection in T3 (33%) was similar to T1 (32.5%) (Table 1). During T1, RSV
displayed a typical seasonality with a peak in December (814; 51%). In T2, only one case was detected. RSV
reemerged out of season in April 2021, with an unusual increase in cases in May (12%) and June (20%). By late
2021, RSV returned to its usual seasonal pattern, peaking in December (29%), although with lower intensity
than in pre-pandemic period. In 2022, RSV activity declined early in the year, but surged sharply in November
(63%), before dropping by half in December. In 2023, up to October, RSV circulation was minimal, with just a
few winter cases. When comparing the entire T1 and T3 periods, RSV detection during the winter months was
significantly higher in T1 (74%) compared to T3 (32%). Conversely, in T3, most RSV cases were identified in
autumn (46% vs. 23% in T1; p <0.001; Fig. 3A).
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Positive viral detection | Viral coinfection | RSV HRV HMPV PIV AdV FLU HBoV

N: 4722 N: 1503 N:1882 N:2057 N:350 N:370 N:703 N:283 N:444
T3 745 272 272 360 68 82 579 243 40
(N=820) (91%) (33%) (33%) (44%) (8%) (10%) (12%) (5%) (5%)
T2 82 22 1 61 1 2 14 0 13
(N=122) (69.5%) (18.6%) (0.8%) (51.7%) (0.8%) (1.7%) (14%) (11%)
T1 3895 1209 1609 1636 281 286 107 40 391
(N=4952) | (79%) (24.4%) (32.5%) (33%) (5.5%) (5.8%) (13%) (5%) (8%)
p-value <0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.381 0.048 0.004
prvalue <0.001 <0.001 0.701 <0.001 0.004 0.004 0.266 0.972 0.002
T3vsT1

0, -

%V(SCTI?S % |27 21-3.4) 1.5(1.3-1.8) 1.0 (0.9-1.2) | 1.6 (1.4-1.8) | 1.5(1.1-2.0) | 1.8 (1.4-2.3) | 1.1 (0.9-1.4) | 0.9 (0.7-1.4) 8'2)(0'4

Table 1. Comparison of viral detection in hospitalized children in T3 (May 10, 2021, to September 30, 2023)
T2 (March 14, 2020 to May 9, 2021) and T1 (January 1, 2006, to March 13, 2020). RSV: respiratory syncytial
virus; HRV: human rhinovirus; HMPV: human metapneumovirus. PIV: parainfluenza virus; AdV: adenovirus;
FLU: influenza virus; HBoV: human bocavirus.

<2 years >2 years
N=3974 N=1796
T3 T1 Odds ratio T3 T1 Odds ratio
N=468 | N=3506 | p value | (95% confidence interval) | N=352 | N=1444 | p value | (95% confidence interval)
434 2934 311 960
Positive viral detection <0.001 |2.5(1.7-3.6) <0.001 | 3.8 (2.7-5.4)
92.7% 83.7% 88.4% 66.5%
171 980 101 229
Viral coinfection <0.001 | 1.5(1.1-1.5) <0.001 | 2.1(1.6-2.8)
36.5% 28% 28.8% 16%
213 1414 59 195
RSV infection 0.032 | 1.2 (1.0-1.5) 0.116 | 1.3 (0.9-1.8)
45.5% 40.3% 16.8% 13.5%
165 1107 195 529
HRYV infection 0.109 | 1.2 (0.9-1.1) <0.001 | 2.1 (1.7-2.7)
35.3% 31.6% 55.4% 36.6%
33 315 7 75
HBoV infection 0.165 | 0.7 (0.5-1.1) 0.010 | 0.4 (0.1-0.8)
7.1% 9.0% 2% 5.2%
45 240 23 41
HMPYV infection 0.029 | 1.4(1.1-2.0) 0.001 | 2.4 (1.4-4.0)
9.6% 6.8% 6.5% 2.8%
55 413 52 179
AdV infection 0.827 | 1.0 (0.8-1.4) 0.232 | 1.2(0.9-1.7)
11.8% 8.8% 14.8% 12.4%
53 231 29 55
PIV infection <0.001 |1.8(1.3-2.5) <0.001 |2.3(1.4-3.3)
11.3% 6.6% 8.2% 3.8%
13 164 27 79
FLU infection 0.060 | 0.6 (0.3-1.0) 0.116 | 1.4 (0.9-2.3)
2.8% 4.7% 7.7% 5.5%

Table 2. Comparison of Viral Detection Rates in Hospitalized Children in T3 (May 10, 2021-September 30,
2023) and T1 (January 1, 2006-March 13, 2020), Stratified by Age (<2 Years and >2 Years). RSV: respiratory
syncytial virus; HRV: human rhinovirus; HMPV: human metapneumovirus. PIV: parainfluenza virus; AdV:

adenovirus; FLU: influenza virus; HBoV: human bocavirus.

Coinfections involving RSV were more frequent in T3 than in T1 among children >2 years (35/59; 59% vs.
73/195; 37%, p=0.002), mainly with HRV, AdV, and HBoV. Additionally, RSV-infected children in T3 were older
than in T1 (15.4+18.6 vs. 11.1£13.7 months, p<0.001).

HRV and AdV infections: continuous circulations across all seasons

In contrast to RSV, HRV and AdV were consistently detected across all three-study periods, showing a year-
round circulation pattern (Fig. 3B, C). HRV prevalence increased significantly from T1 to T2 and T3 (33%,
51.7%, and 44% of all identified viruses, p<0.001) (Table 1), particularly among children over 2 years where
the detection rose from 36.6 to 55.4% (p <0.001, Table 2). Although HRV infections declined during summer
months in all periods, this reduction was less marked in T3 than in T1 and T2 (12%, 5%, 2%, p <0.001) (Fig. 3B).

AdV identification remained stable over time across T1, T2 and T3 (13%, 14%, and 12%; p =0.381) (Table 1),
with differences in seasonal distribution. Notably, more AdV cases were recorded in T3 during both winter and
summer months compared to T1 (46% vs. 39% in winter; 18% vs. 8.5% in summer; p=0.004). In contrast, most
cases in T2 were detected in autumn (53%) and spring (41%). (Fig. 3C).
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Fig. 3. Time trends of monthly respiratory admissions in the Severo Ochoa Hospital, Madrid, Spain, T3 (May
10, 2021, to September 30, 2023) T2 (March 14, 2020 to May 9, 2021) and T1(January 1, 2006, to March 13,
2020). (A) RSV (Respiratory syncytial virus). (B) HRV (Rhinovirus). (C) AdV: (Adenovirus). (D) HMPV
(Metapneumovirus).

Coinfections involving HRV or AdV were more frequent in T3. HRV-coinfections increased from 46%
(749/1636) in T1 to 53% (192/360) in T3 (p <0.001), while AdV-coinfections were significantly more common
only in children > 2 years [59% (105/179) vs. 81% (42/52) p=0.004]. The most common coinfecting viruses were
HRYV, RSV, and HBoV. Children infected with HRV and AdV in T3 were older than in T1 (HRV: 39.2 +38.0 vs.
23.0+26.7 months; AdV: 32.5+32.3 vs. 21.2+19.6 months; both p <0.001).

HMPV and PIV infections: altered seasonality and increased detection in T3

HMPV and PIV infections showed marked differences between the study periods, with minimal circulation
during T2 and increased detection in T3. HMPV accounted for 5.5% of all viral infections in T1, peaking
consistently from January to May, with a maximum in March (40.6%). In contrast, in T3 (8% of infections), the
peak shifted to December (44%), with no cases in March-April and sporadic detections throughout the rest of
the year, p <0.001. (Table 1. Figure 3D).

PIV infections followed a similar trend, increasing from 5.8% in T1 to 10% in T3 (p <0.001), with PIV-3 as
the dominant type (Table 1). Circulation remained similar in both periods, with most cases detected in autumn
and spring (Fig. 4A).

Coinfections were more frequent in T3 for both viruses. HMPV-coinfections rose significantly only among
children>2 years [61% (14/41) vs. 34% (14/23), p=0.03), most commonly with HRV (54%) and RSV (21%).
In contrast, PIV-coinfections increased overall in T3 [78% (141/286) vs. 49% (64/82), p<0.001], frequently
involving HRV (49%), AdV (26%), RSV (22%), and HBoV (12.7%).

As observed with other viruses, children infected with HMPV or PIV in T3 were significantly older than in
T1 (HMPV: 25.5+32.8 vs. 14.1£17.1 months, p<0.001; PIV: 23.7 £26.6 vs. 14.8 + 18.0 months, p=0.006).

HBoV: widespread coinfections and irregular seasonal pattern

HBoV was detected across all three study periods, although only 13 cases were identified in T2. The highest
prevalence was observed in T1, accounting for 8% of all detected viruses, followed by a significant decline in T3,
where HBoV represented 5% of cases (p=0.002) (Table 1). During T1, HBoV exhibited a clear seasonal pattern,
with most cases occurring in winter and autumn. In contrast, during T3 the distribution was more uniform
throughout the year, with a significantly higher proportion of cases detected in summer compared with T1 (20%
vs. 2%, p<0.001). Figure 4B.
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Fig. 4. Time trends of monthly respiratory admissions in the Severo Ochoa Hospital, Madrid, Spain, T3 (May
10, 2021, to September 30, 2023) T2 (March 14, 2020 to May 9, 2021) and T1(January 1, 2006, to March 13,
2020). (A) PIV (Parainfluenza virus). (B) HBoV (Human bocavirus). (C) FLU (Influenza virus). (D) HCoV
(Human coronavirus).

The mean age of patients infected with HBoV did not differ significantly between T1 and T3 (17.4+15.4 vs.
20.5+15.9 months, respectively; p=0.221). However, in T1, the frequency of HBoV infection was comparable
between children younger and older than 2 years, whereas in T3 a significantly higher prevalence was observed
among children younger than 2 years (p=0.01).

Coinfections with HBoV were common in all periods (77%), especially in T3 (87%). HRV was the most
frequent coinfecting virus across all periods, followed by RSV and AdV. Mean age of HBoV-infected children
was similar in T1 and in T3 (17.4£15.4 vs. 20.5+15.9 months, p=0.221).

FLU and HCoV: changes in seasonal peaks and age distribution

FLU and HCoV infections were detected at similar rates in T1 and T3 (4.5% and 5%, respectively), with almost
no cases in T2. (Table 1). FLU peaked in winter during T1 (62%) and in spring during T3 (47%), p <0.001
(Fig. 4C).

HCoV followed a similar pattern, with higher frequency in winter in T1 (44%) and in spring in T3 (37%),
p=0.002 (Fig. 4D).

Coinfections were frequent, especially for HCoV (over 80% in both T1 and T3), and were common for FLU
as well (39% in T1, 30% in T3). The most frequently co-detected viruses were RSV and HRV in both groups,
followed by AdV and HBoV for HCoV.

FLU-infected children during T3 were significantly older than in T1 (FLU: 52.6 £47.8 vs. 24.2 +30.8 months,
p<0.001). A similar trend was observed for HCoV (T3: 32.4+38.3 vs. T1: 19.7 £26.6 months, p=0.006).

Most SARS-CoV-2 cases were detected in T3 (88%). Among the 66 cases with SARS-CoV-2 infection, 31
(47%) were identified as coinfections with other respiratory viruses, predominantly HRV and RSV. SARS-CoV-2
circulation was observed throughout the entire year, showing a homogeneous distribution across all months.
Additionally, 53% of affected children (35/66) were younger than 18 months of age.

Demographic and clinical characteristics
No differences were observed in sex distribution across the study periods. Compared to T1, hospitalized patients
in T2 and T3 were significantly older, with higher mean age and more cases diagnosed in children > 2 years (all
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p<0.001; Table 3). In comparison to T1, patients in T3 showed higher and more prolonged rates of hypoxia
(p=0.006 and p=0.004, respectively), and increased antibiotic use (p<0.001), while hospital stay duration
remained similar (p=0.350) (Table 3).

Among children under 2 years, PICU admissions and antibiotic treatment were more frequent in T3 than in
T1 (p=0.005 and p <0.001, respectively; Table 4).

A clear shift in clinical presentation was observed in T3, with higher frequency of pneumonia diagnoses in
both age groups (23.5% in T3 vs. 11.6% in T1; p <0.001; Table 5), although more pronounced in infants <2 years
(20% vs. 6.5%, p <0.001). The rate of viral detection in pneumonia cases was also significantly higher in T3 (89.2%
vs. 63.9%, p <0.001), as was the frequency of viral coinfections (39% vs. 18.2%, p <0.001). While HRV remained
the most detected virus in these cases, RSV, HMPYV, and PIV were significantly more frequently identified in T3
than in T1, with odds ratios of 3.2, 4.2, and 2.3, respectively (all p <0.001). Blood cultures were performed in 160
out of 194 children with pneumonia in T3. Only three yielded positive results: one Moraxella catarrhalis, one
Staphylococcus aureus, and one coagulase-negative Staphylococcus.

During T3, pneumonia was more frequently associated with hypoxia (p<0.001), but was less often
accompanied by fever (p=0.01) or PICU admission (p=0.035).

Multivariate logistic regression analysis identified several variables independently associated with the post-
COVID period (T3), including age > 24 months, pneumonia, hypoxia, antibiotic use, radiological abnormalities,
positive viral detection, viral coinfections, infection with HMPV, PIV, whereas HBoV infection was less
frequently identified in T3 (all p <0.05) (Table 6).

The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.

Discussion

This study offers an in-depth view of the virological and clinical changes in pediatric ARTIs over a 17-year
period, covering the pre-pandemic, pandemic, and post-pandemic eras. One of the main findings was the
significant increase in respiratory virus detection observed in the post-COVID period (T3). Although changes
in diagnostic and/or therapeutic management may have occurred over the years included in the study, these are

T1 T2 T3 pvalue | Odds ratio
N=5101 N=122 N=825 pvalue | T1 vs.T3 | (95% Confidence Interval)
Clinical data
Sex (male) 2946 (57.8%) | 38 (31.1%) 478 (57.9%) 0.898 0.855
Age (months) 22.5+28.8 43.4+37 32+36.6 <0.001 | <0.001
Age>2 years 1532 (30%) 74 (60%) 356 (43.2%) <0.001 | <0.001 1.8 (1.5-2.0)
Fever >38°C 2937 (57.5%) 36%) 459 (55.6%) <0.001 | 0.274

44 (
Hypoxia, oxygen saturation <95% | 3098 (60.7%) | 95 (77.9%) 533 (64.6%) <0.001 | 0.006 0.9 (0.8-1)
High oxygen flow 361 (7.1%) 36 (29.5%) 208 (25.2%) | 0.08 0.107
15 (
26 (

Antimicrobial treatment 1216 (23.8%) 12.3%) 278 (33.7%) <0.001 | <0.001 |0.7(0.6-0.8)
Chest infiltrate 1713 (33.6%) 21.3%) | 250 (30.3%) | <0.001 | 0.030 1.3 (L.1-1-5)
Viral coinfection 73 (31.5%) 35 (59%)

Outcome

Duration of stay (days) 4.0+2.7 3.0+25 3.9+2.6 0.001 | 0.350

Duration of stay 2698 (52.9%) | 90 (74%) 447 (54.2%) | <0.001 | 0.541

<3 days

Duration of fever (days) 3.1+2.7 2.1+17 3.4+29 0.002 | 0.019

Duration of hypoxia (days) 29+23 19+1.5 33+23 <0.001 | 0.004

Intensive care unit admissions 108 (2.1%) 4(3.3%) 27 (3.3%) 0.146 0.063

Diagnosis

Bronchiolitis 1592 (31.2%) |14 (11.5%) | 219 (26.5%) | <0.001 | <0.001

Asthma 2366 (46.4%) | 77 (63.3%) 317 (38.4%)

Pneumonia 590 (11.6%) | 20 (16.4%) 194 (23.5%)

Laryngitis 87 (1.7%) 2 (1.6%) 8 (1%)

Blood tests

Leucocytes (cells/mm?) 14,734 £2505 | 12,960+5422 | 13,217+7062 | 0.401 0.204

C-reactive protein 46.4+73.5 20.6+29.4 52+72.4 0.022 0.137

Background

Prematurity 664 (13%) 22 (18%) 99 (12%) 0.183 0.207

Passive smoking 538 (10.5%) 35 (28.7%) 208 (25.2%) | 0.001 0.041 1.2 (1.1-1.4)

Table 3. Comparison of clinical characteristics of hospitalized children in T3 (May 10, 2021-September 30,
2023), T2 (March 14, 2020 to May 9, 2021) and T1 (January 1, 2006-March 13, 2020). Significant values are in
bold.
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<2years >2 years
N=4036 N=1888
T3 T1 Odds ratio T3 T1 Odds ratio
N=468 | N=3506 | p value | (95% confidence interval) | N=352 N=1444 | pvalue | (95% confidence interval)
273 2095 205 850
Sex (male) 58.2% 58.7% 0.829 1.0 (0.8-1.2) 57.6% 55.5% 0.472 0.9 (0.7-1.1)
Age (months)* 8.6+7.0 | 8.2+£6.6 |0.189 62.8+£37.1 | 55.7+£32.8 | 0.001
o 265 2056 194 880
Fever >38°C 56.5% 57.7% 0.616 0.9 (0.8-1.1) 54.5% 57.6% 0.294 0.8 (0.7-1.1)
. . 297 2116 533 3036
0, — —
Hypoxia, oxygen saturation<95% | <3"co. | 59 50, 0.090 1.2(0.9-1.1) 64.8% 59.8% 0.030 | 1.3(1.0-1.7)
- 22 83 5 25
PICU admission 7% 2.4% 0.005 1.9(1.2-3.1) 1L.4% 17% 0.060 0.8 (0.3-2.2)
Duration of hypoxia (days)* 3.4+23 129+24 |0.004 23+1.8 1.9+1.7 0.002
Duration of hospital stay (days)* | 4.2+2.6 | 43+2.8 |0.497 35+23 32422 1.000
. 106 859 55 155
Admission > 5 days 22.6% 24.1% 0.462 0.9 (0.7-1.1) 15.4% 10.2% 0.004 1.6 (1.2-2.3)
S 129 708 149 508
Antibiotic treatment 27.6% 19.8% <0.001 | 1.5(1.2-1.9) 2% 33.2% 0.002 1.4 (1.1-1.8)
. 115 1027 135 685
Chest infiltrate 2ad% | 2090 | 009 0.8 (0.6-1.0) 383% 47 7% 0.001 | 0.6 (0.5-0.8)
Diagnosis
L 218 1579
Bronchiolits 51.5% 50% NA NA NA NA
Asthma 114 1301 203 1063
27% 41.4% 64.4% 71.5%
. 85 203 109 387
Pneumonia 20% 6.5% <0.001 34.6% 26% 0.009
Laringytis 6 63 2 24
&Y 14% | 2% 0.6% 1.6%

Table 4. Comparison of clinical features of hospitalized children across T1 (January 1, 2006, to March
13, 2020) and T3 (May 10, 2021, to September 30, 2023) Stratified by Age (<2 Years and >2 Years).
*mean + standard deviation. Significant values are in bold.

unlikely to have significantly affected viral detection, as, in this prospective study, nasopharyngeal aspirates for
virological analysis using multiplex PCR were systematically obtained from all children under 16 years of age
admitted to our hospital throughout the entire study period. Therefore, testing practices remained consistent
over time, and the increase in viral detection observed during T3 (post-pandemic period) is unlikely to be
explained by changes in healthcare-seeking behavior or hospital admission practices.

The shift reflects genuine changes in the epidemiology of respiratory infections in children, likely influenced
by the widespread disruption of virus transmission and exposure patterns during the COVID-19 pandemic.

As seen in other studies™!>"!6, the implementation of strict public health measures during 2020 coincided
with a dramatic decline in ARTIs. RSV, FLU, and HMPV virtually disappeared, while HRV and AdV continued
to circulate. This pattern is thought to be associated with structural differences in these viruses; in particular,
HRYV and AdV are non-enveloped viruses, more resistant to alcohol-based disinfectants'>!>17. With the gradual
relaxation of mitigation strategies, the landscape began to change again.

After the COVID-19 pandemic, several studies, including ours, have described a shift toward older age
among children hospitalized with most respiratory viral infections!®!°.

This pattern is generally attributed to cohort effects following non-pharmaceutical interventions (NPIs),
including delayed primary exposure, changes in contact patterns, and disrupted seasonality, which together
may have shifted clinically relevant infections to older age groups. These effects have been particularly evident
for viruses such as RSV and FLU, which usually cause acute, self-limited infections and for which delayed
first exposure may result in clinically significant disease at older ages?. In contrast, HBoV did not show a
comparable age shift in our post-pandemic cohort, with fewer detections observed among children older than
2 years. This distinct pattern is consistent with known differences in the epidemiology of HBoV compared with
other respiratory viruses, including differences in transmission dynamics, the absence of pronounced epidemic
waves, frequent coinfections, and a less clearly defined association between age at primary infection and disease
severity?!. Accordingly, post-pandemic changes in viral circulation, ecological interactions among respiratory
viruses, and healthcare-seeking and diagnostic practices may have differentially influenced the detection of
HBoV in older children.

RSV showed the most striking disruption in seasonality. Although absent during T , it reappeared in
T3 with an atypical off-season peak®??, later returning to a more common winter circulation. These findings
are in line with international data?>-2® showing irregular RSV activity following the easing of restrictions. Our
observation of a significantly older age among RSV-infected children in T3 has been reported in other settings
as well??® and may have implications for future vaccination strategies or prophylaxis programs.

2 12-15

Scientific Reports |

(2026) 16:22499

| https://doi.org/10.1038/s41598-026-52362-5 natureportfolio



www.nature.com/scientificreports/

T3 T1 Odds Ratio
N=194 N=590 pvalue | (95% Confidence Interval)
Sex (male) 109 (56.2%) 300 (50.8%) 0.197 1.2 (0.9-1.7)
Aged (months) 36.9+32.3 435+34.7 0.016
Aged >2 years 109 (56%) 387 (65.6%) <0.018 | 0.7 (0.5-0.9)
Antimicrobial treatment 154 (79%) 500 (85%) 0.081 0.7 (0.5-1.0)
Pleural effusion 15 (7.8%) 55 (9.3%) 0.508
Fever >38°C 169 (87%) 547 (93%) 0.010 0.5(0.3-0.8)
Duration of fever (days) 39+24 45+3.5 0.019
Hypoxia, oxygen saturation <95% | 131 (68%) 191 (32.5%) <0.001 | 4.4(3.1-6.2)
Duration of hypoxia (days) 3.0+2.0 32+29 0.434
Duration of stay (days) 43+24 45+3.1 0.535

Duration of stay 48 (24.7%) 121 (20.5%) 0213 | 1.3(0.9-1.9)

>5 days

Intensive care unit admission 2 (1%) 24 (4%) 0.036 0.2(0.6-1.0)
Leucocytes (cel/mm?) 14,036 +7000 | 17,910+20,100 | 0.012

PCR (mg/L) 78.0+£87.2 114.5+115.4 <0.001

Viral detection

Positive viral detection 173 (89%) 358 (64%) <0.001 | 4.6 (2.9-7.5)
Viral coinfection 76 (39%) 102 (18%) <0.001 |2.9(2.0-4.1)
RSV 64 (33%) 74 (13%) <0.001 |3.2(2.2-4.8)
HRV 70 (36.1%) 146 (26.1%) 0.008 1.6 (1.1-2.3)
HMPV 34 (17.5%) 27 (4.8%) <0.001 |4.2(2.5-7.2)
PIV 24 (12.4%) 33 (5.9%) 0.003 2.3 (1.3-3.5)
AdV 40(20.6%) 77 (13.8%) 0.023 1.6 (1.1-2.5)
HBoV 13 (6.7%) 49 (8.8%) 0.371 0.7 (0.4-1.4)
FLU 13 (6.7%) 44 (7.9%) 0.600 0.8 (0.4-1.6)

Table 5. Comparison of clinical and virological features of hospitalized children diagnosed with
PneumoniaAcross T1 (January 1, 2006, to March 13, 2020) and T3 (May 10, 2021, to September 30, 2023).
Significant values are in bold.

Clinical characteristic | p-Value | Adjusted OR (95% CI)

Pneumonia <0.001 |5.6(4.0-7.7)
Age older than 24 <0.001 |2.4(1.9-2.9)
Hypoxia <0.001 |1.6(1.3-1.9)

Antibiotic treatment <0.001 |2.4(1.9-2.9)
Infiltrate/atelectasis <0.001 |0.5(0.4-0.6)
Positive viral detection | <0.001 | 2.6 (1.9-3.6)

Viral coinfection <0.001 |1.6(1.3-2.0)
HMPYV infection 0.038 | 1.4 (1.1-1.9)
PIV infection 0.002 | 1.7 (1.2-2.3)
HBoV infection <0.001 |0.5(0.3-0.7)

Table 6. Factors independently associated with T3 post-pandemic period compared to T1 pre-pandemic
period: multivariate analysis. OR: odds ratio; CI: confidence interval. HMPV: human metapneumovirus; PIV:
parainfluenza virus; HBoV: human bocavirus.

HRV remained a dominant virus throughout all periods, including during the peak of the pandemic®!14%,
and became even more prominent in T3. Also, it showed changes in its seasonal behavior, with less pronounced
summer declines and more frequent detection among older children. These trends, observed in other studies®**31,
highlight the ecological adaptability of HRV.

AdV maintained a relatively stable frequency but demonstrated changes in monthly distribution, with more
cases detected in atypical months during T3. Both viruses were frequently involved in coinfections, particularly
HRYV, which consistently emerged as the most common co-detected virus across all periods.

In contrast, HMPV and PIV were barely detected during T2. Their resurgence in T3 has also been
reported elsewhere?”*>% and likely reflects resumed viral transmission following the loosening of restrictions.
Interestingly, both viruses showed altered seasonality and infected older children more frequently*?.. HMPYV,
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typically peaking between January and May, circulated primarily in winter during T3, with sporadic detections
year-round. These patterns are consistent with findings from China, The Netherlands, and other European
cohorts2343% PIV retained its bimodal distribution, with peaks in autumn and spring, but showed a substantial
increase in detection compared to the pre-pandemic period, as seen in other respiratory viruses.

HBoV exhibited a distinct post-pandemic pattern, characterized by a reduction in overall detection rates,
alongside a marked increase in the proportion of coinfections, reaching 87% in our cohort. Recent reports
have described high rates of viral coinfection (82.2% and 80%)%. Our findings represent one of the highest
coinfection rates reported to date, 87% in the post-pandemic period. Tan et al*’, using targeted next-generation
sequencing (mNGS), identified 426 HBoV-positive samples in hospitalized children. Of them, 96% exhibited
coinfection with other pathogens, not only respiratory viruses, but also bacteria, opportunistic pathogens and
fungi. Since its initial description®, the pathogenic role of HBoV has remained a matter of debate largely due
to its frequent detection in association with other respiratory viruses—as also observed in our study—and its
well documented prolonged shedding in the respiratory tract. The strongest body of evidence supporting its
pathogenic role has been synthesized in two recent comprehensive reviews, which critically reassess more than
two decades of research and identify the virological and clinical conditions under which HBoV1 detection is
most likely to reflect true pathogenic involvement rather than incidental carriage or prolonged shedding’®.
Beyond this conceptual framework, an increasing number of well-documented case reports and case series have
described children with severe acute respiratory tract infections in whom HBoV1 is detected at high viral loads
and accompanied by viremia, often in the absence of other respiratory pathogens when mNGS techniques are
applied®. Overall, these data suggest, but do not prove, a potential pathogenic contribution of HBoV to acute
respiratory disease in children.

The seasonal pattern of HBoV infections changed after the COVID-19 pandemic, with a more uniform
distribution throughout the year, as previously described*’. In our cohort, HBoV was less frequently identified
in the post-COVID period, as has been reported in Qatar”” and China*!, suggesting a more limited role in
severe ARTIs compared with other viruses such as RSV, HMPYV, or PIV. Nevertheless, its altered seasonality and
sustained presence in coinfections highlight the complex ecological interactions among respiratory viruses in
the post-pandemic setting and support continued surveillance to better define its clinical impact.

FLU was completely absent during the pandemic period'>!*!>42 in line with global surveillance data, and
reappeared in T3 with delayed peaks and a shift in age distribution. The March peak observed in our cohort
aligns with the findings of Habbous et al.® and might be influenced by the broader rollout of FLU vaccination
programs during the post-pandemic period.

HCoV followed a similar trend: it was nearly undetected in T2, returned in T3 with altered seasonality, and
frequently appeared in coinfections, particularly with RSV and HRV.

From a clinical standpoint, our study found no differences in sex distribution, in contrast with other reports
that noted male predominance’. However, several changes in patient profiles were observed in T3, including an
overall older age and a higher frequency of hypoxia, radiological infiltrates, and antibiotic use. While the length
of hospital stay remained stable, a notable rise in pneumonia cases was observed, particularly in children under
two years of age. These findings are consistent with previous observations from China*!, where lobar pneumonia
diagnoses increased after the easing of restrictions. Interestingly, we observed a reduction in bronchiolitis
diagnoses during and after the pandemic, suggesting a reconfiguration of clinical presentation that may be
associated with the shift toward older age among infected children, changes in respiratory viral circulation, and
potential viral interference.

In nearly all pneumonia cases in T3, a respiratory virus was identified, most commonly HRV and RSV,
followed by HMPV and PIV, highlighting the dominant role of viral pathogens in the current clinical landscape.
However, we acknowledge that HRV detection by PCR may reflect prolonged viral shedding or asymptomatic
carriage and does not necessarily imply causality. This limitation is inherent to molecular diagnostic techniques
and may lead to an overestimation of the clinical role of HRV in pneumonia.

Nevertheless, the detection rate of HRV in children with pneumonia was significantly higher in T3 compared
to T1 (36% vs. 26%), suggesting a potential increase in its epidemiological relevance during the post-pandemic
period.

Children with viral pneumonia in T3 were more frequently hypoxic but less likely to present with fever,
pleural effusion, or require PICU admission, which may suggest a milder but more widespread disease burden
and a reduced role of bacterial pneumonia in the post-pandemic period. However, antibiotic treatment was
more frequent in the post-pandemic period despite higher viral detection rates. This pattern may be partly
explained by the increased proportion of pneumonia diagnoses and radiographic infiltrates in our cohort, which
likely influenced clinical decision-making toward antibiotic use when presentations were considered compatible
with community-acquired pneumonia. Recent reports indicate a rebound in outpatient antibiotic prescriptions
particularly among children, supporting the notion that overall antibiotic use has increased in the post-
COVID-19 era*’. Given the limited accuracy of routine diagnostic tests for bacterial pneumonia in children,
innovative diagnostic tools such as computer-assisted lung ultrasound, novel host-based diagnostics, and next-
generation sequencing may offer improved precision in guiding antibiotic use’>. A major strength of this study is
the availability of a large, prospectively collected pediatric cohort with uniform clinical assessment and molecular
diagnostics applied consistently over a 17-year period. This design enables robust comparisons across pre-
pandemic, pandemic, and post-pandemic phases within the same healthcare setting, reducing variability related
to changes in diagnostic strategies or case definitions. As such, our findings provide a long-term perspective
on post-COVID shifts in respiratory virus epidemiology and clinical expression that complement shorter-
term or multicenter reports. However, some limitations must be acknowledged. The study was conducted at a
single hospital in Spain, which may limit generalizability. Moreover, only hospitalized children were included,
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potentially underrepresenting milder ARTIs seen in primary care. Finally, the substantial decline in hospital
admissions during the pandemic could have led to under detection of certain pathogens during T2.

In conclusion, HRV remained the leading cause of ARTIs among Spanish children during the COVID-19
pandemic, followed by AdV; as the second most frequent pathogen. The post-pandemic increase in respiratory
pathogen positivity rates, particularly HMPV and PIV, presents a new challenge for public health systems.
Further research is needed to better understand the clinical and epidemiological shifts in ARTIs in children, as
these findings have significant implications for emergency department planning, hospital admission rates, and
the development of preventive treatment strategies.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.
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