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Abstract: Respiratory infections, particularly of the upper airways, play an important
role in human pathologies, with them being the most common cause of disease in both
children and adults, with a relevant impact on healthcare systems. Pathogen identification
is particularly important in critical patients, with molecular assays being the most used
methods. Herein, the molecular epidemiology of respiratory viruses in Northwestern
Italy was studied by using an upper respiratory tract syndromic panel over a period of
eight years, from January 2016 to December 2023, in order to evaluate the impact of the
COVID-19 pandemic in this particular geographic area. Overall, over the study period,
22,270 tests were performed; in particular, 12,882 were performed in pediatric patients
and 9388 in the adult population. Based on the analysis of the epidemiological trends, the
complete disappearance of some viruses during the restriction periods was observed, as
well as their resumption soon afterward; in particular, positive rates of Influenza A and B
and Respiratory Syncytial Virus decreased at the end of 2020 and during 2021, whereas only
Respiratory Syncytial Virus increased at the end of 2021. As expected, this study evidenced
the relevant modifications that occurred in the typical epidemiology of respiratory viruses
throughout the periods before, during, and after the COVID-19 pandemic and supported
the role of syndromic panels in the diagnostic workflow of common respiratory infections.

Keywords: respiratory infections; multiplex PCR; epidemiology

1. Introduction
Respiratory tract infections (RTIs) play an important role in human pathologies, with a

relevant impact on healthcare systems in terms of morbidity and mortality, as well as direct
and indirect costs. In particular, upper RTIs are the most common infections affecting humans
in every stage of life and include nasopharyngitis, tonsillopharyngitis, acute rhinosinusitis,
acute otitis media, and croup [1–3]. Although both viral and bacterial agents can be involved
in these clinical contexts, viruses more commonly represent the etiological agents of upper
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RTIs, whereas approximately 10% of diagnosed cases are attributable to bacterial agents [2,4].
It is important to note that given the extensively overlapping clinical presentations, RTIs are
usually classified according to a syndromic approach (common cold, bronchiolitis, croup,
pneumonia) [2,5–9], whereas an etiological diagnosis is mandatory when a specific therapeutic
approach is available and/or isolation measures are needed [10–13].

Considering the demographic features, acute respiratory illnesses are the most com-
mon cause of disease in both children and adults; however, upper RTIs, such as the common
cold, are widely prevalent in the pediatric population and contribute a major epidemi-
ological impact to disease in older children and adults [14,15]. Upper RTIs can lead to
serious complications, including otitis media, sinusitis, the development of asthma, and the
involvement of the lower airways [16,17]. Lower RTIs include bronchitis, pneumonia, and
bronchiolitis and occur much less frequently than upper tract infections; however, they may
determine a strong impact in terms of morbidity and mortality. In hospitalized patients,
in fact, lower RTIs represent the third cause of nosocomial infections (following urinary
tract infections and surgical site infections) [18]. Pneumonia is the leading infectious cause
of death and the sixth among all causes of death [1]. Upper RTIs could conduct to lower
airway involvement primarily in immunocompromised patients, such as solid organ or
hematopoietic stem cell recipients, intensive care unit patients, as well as individuals with
asthma or chronic obstructive pulmonary disease [15,19–22].

Pathogen identification can be important in some contexts, e.g., the availability of
a specific antiviral treatment and/or the identification and containment of potential out-
breaks. Currently, such instances are limited to early or severe Influenza, coronavirus
disease 2019 (COVID-19), severe adenovirus pneumonia, or RSV infection in severely
immunocompromised patients [23].

Among the various diagnostic techniques used for the identification of respiratory
viruses, viral isolation had been widely used until many years ago when it was subsequently
replaced by other methods, given the very delicate pre-analytical phase with the risk of
unreliable results and the long turnaround time [23]. Now, the fastest and most sensitive
tests rely on molecular technologies, in particular polymerase chain reaction (PCR). Besides
the use of these assays for single targets, recently, a high degree of interest has been
generated for the PCR-based detection of viral pathogens in a multiplex format, also
called syndromic panels. This approach allows for rapid and very sensitive results to be
obtained and represents the best testing for clinical purposes in the presence of a suspected
RTI [22–25].

Considering the COVID-19 pandemic, starting from the first months, the general
population was subjected to specific restrictions, including lockdown and use of individual
protective devices; similarly, in healthcare premises, medical personnel had to modify the
preventive measures adopted, thus increasing the use of personal protective equipment
and limiting access to visitors (always wearing a mask).

The first two Italian cases of COVID-19 were confirmed on 30 January 2020 in Rome;
an outbreak of COVID-19 infections was subsequently detected on 21 February 2020, and
the first mortality cases were reported on 22 February.

Following the spread of the virus, the Italian government implemented containment
measures to reduce viral transmission, in particular from 9 March to 3 May 2020, with
the interruption of common retail commercial activities, educational activities, catering
services, etc. Gatherings of people in public places were forbidden and moving via public or
private transport was prohibited, except for proven work needs, in the case of an absolute
emergency, or for health reasons.

From 4 May to 14 June 2020, there was a reduction in containment measures applied;
from 8 October to 5 November 2020, with the occurrence of a second wave, new restrictive
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measures were imposed, including the mandatory use of masks both in outdoor and
indoor places.

On 3 November 2020, a new decree was issued for the second wave, which provided
for a curfew throughout the national territory from 10.00 p.m. to 5.00 a.m. Travel was
allowed only for work needs or proven health reasons. The closure to the public of
exhibitions, museums, and other places of culture such as archives and libraries was also
ordered, as well as the use of distance learning for secondary schools, the suspension of
public and private competitions, the closure of shopping centers, and a reduction to 50% of
the capacity of public transport, in addition to the suspension of all other activities already
envisaged in the previous decrees.

In Italy, on 31 March 2022, the state of emergency, proclaimed for the first time on
31 January 2020, ended. The World Health Organization declared the end of the global
emergency on 5 May 2023.

In the Piedmont region and in particular in the city of Turin, in Northwestern Italy, the
restrictions implemented by the government were applied with closures of activities and
severe travel restrictions.

As a consequence of the above-described measures, the COVID-19 pandemic and the
restrictions imposed by governments were likely to have affected the epidemiological trend
of other respiratory viruses [10].

Herein, we performed a retrospective study of RTIs, a part of COVID-19, by inves-
tigating the molecular epidemiological trend in Northwestern Italy over a long period
encompassing both before and after the pandemic years, in particular from January 2016 to
December 2023.

2. Materials and Methods
This retrospective study was conducted at the University Hospital Città della Salute e

della Scienza di Torino, the largest tertiary care Public Utility in Northwestern Italy that is
constituted of four different hospitals, including the largest general and specialistic hospital
for adult patients, two hospitals for pediatric and gynecological units, and the traumatolog-
ical hospital. This study was conducted over an eight-year period from January 2016 to
December 2023, thus including the pre-pandemic, pandemic, and post-pandemic periods.
All consecutive specimens obtained from hospitalized patients and those referred to the
Microbiology and Virology Unit over the study period were considered; however, speci-
mens from the same patient that were collected less than two weeks apart were excluded.
Each sample and episode were evaluated independently, thus accounting for an overall
number of 22,270 tests. Depending on patient condition and clinical presentation, either a
swab of the upper airways (nasal, pharyngeal, nasopharyngeal swab) or a sample from
the lower airways (bronchoalveolar lavage) was obtained. In particular, specimens were
collected for investigating the cause of unexplained fever and/or respiratory symptoms
(including rhinitis, dyspnea, cough, hemoptysis) and/or new infiltrates on chest X-rays or
in the absence of the abovementioned conditions as a follow-up of a previous positivity.

Informed consent was obtained from all the patients or the nearest relative. This study
was conducted in accordance with the Declaration of Helsinki. Formal ethical approval
was obtained from our center’s institutional review board.

Over the study period, two types of molecular panels were used for the analysis: the
FILMARRAY Respiratory Panel (bioMérieux Italia S.p.A. Firenze, Italy) and GeneXpert
Cepheid Xpert® Xpress Flu/RSV (Cepheid S.R.L. Milano, Italy). The FILMARRAY Respi-
ratory Panel is able to detect 17 viruses and 3 bacteria responsible for upper respiratory
tract infections with an overall sensitivity and specificity of 95% and 99%, respectively; the
panel operates on the FilmArray™ system, an FDA, CE-IVD, and TGA certified multiplex
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PCR system (www.biofiredx.com/products. Access date 20 February 2025). The assay vali-
dates upper and lower respiratory samples and the panel detects adenovirus, coronavirus
229E, coronavirus HKU1, coronavirus OC43, coronavirus NL63, Human Metapneumovirus,
Human Rhinovirus/Enterovirus, Influenza A, Influenza A/H1, Influenza A/H1-2009, In-
fluenza A/H3, Influenza B, Parainfluenza 1, Parainfluenza 2, Parainfluenza 3, Parainfluenza
4, RSV, Bordetella pertussis, Chlamydophila pneumoniae, and Mycoplasma pneumoniae.
Rhinovirus/Enterovirus are not distinguished in the FILMARRAY Respiratory Panel. In
the case of positivity for Influenza A, only a positive result is reported, without subtyping.

The GeneXpert Cepheid Xpert® Xpress Flu/RSV is a CE-IVD certified test, with
sensitivity and specificity higher than 98% (www.cepheid.com. Access date 20 February
2025), validated for upper and lower respiratory samples, and it detects Influenza A virus
(genes encoding matrix protein, PB2 and PA), Influenza B virus (genes encoding matrix
protein and non-structural protein), and RSV (genes encoding nucleocapsid of RSV A and
RSV B).

According to a gradual approach in terms of diagnostic level, particularly in pediatric
patients, and in order to optimize the use of resources, the Xpress Flu/RSV test was mainly
used for the first level detection of pathogens responsible for more severe respiratory
infections. In the occurrence of negative results, the FILMARRAY assay was subsequently
performed to extend the search to other infectious agents. However, in some cases, based on
the clinical request with a strong clinical suspicion, the FILMARRAY panel was performed
as the first-level analysis, particularly in critical cases. Descriptive statistics was used with
data reported as raw numbers and percentages, with no statistical analysis.

3. Results
Overall, 22,270 tests from 12,879 patients were considered; in particular, 12,882 (58%)

were obtained from 6734 pediatric subjects and 9388 (42%) from 6145 adult individuals. In
more than 90% of cases, specimens consisted of swabs from the upper airways, whereas
in less than 10% of cases we tested bronchoalveolar lavage samples. Data from adult
and pediatric populations were considered separately. Moreover, considering the study
period, data were reported as follows: pre-pandemic from 2016 to the end of January 2020;
pandemic from February 2020 to December 2022; and post-pandemic in 2023 in order to
compare these different periods.

3.1. Adult Population

The overall number of specimens from adult patients and the rate of positivity for
each viral target in the period between January 2016 and December 2023 are reported in
Table 1 and Figure 1.

In detail, Influenza A virus maintained a stable positivity rate until 2021, the year
in which it collapsed to values < 1%, probably due to the restrictions imposed for the
pandemic. Influenza B virus displayed a similar trend to Influenza A, though with less
evident values and a milder decrease in 2021. No significant alteration was observed for
other viruses that maintained low and stable values both in the pre- and post-pandemic
periods. In Table 2, positivity rates in each single month of the study period for Influenza
A, Influenza B, and RSV viruses are reported.

www.biofiredx.com/products
www.cepheid.com
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Table 1. Positive rates of adult cases in the period between January 2016 and December 2023.

Adult Population: Pathogens
Positive Cases (Positive
Rates)

Pre-Pandemic Period Pandemic Period
Post-

Pandemic
Period

2016 Total
Tests: 538

2017 Total
Tests: 568

2018 Total
Tests: 808

2019 Total
Tests: 1126

2020 Total
Tests: 2415

2021 Total
Tests: 1534

2022 Total
Tests: 983

2023 Total
Tests: 1416

Adenovirus 5 (0.93%) 2 (0.35%) 0 (<1%) 1 (0.09%) 2 (0.08%) 3 (0.20%) 2 (0.20%) 4 (0.28%)

Parainfluenza 1 1 (0.19%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)

Parainfluenza 2 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)

Parainfluenza 3 3 (0.56%) 3 (0.53%) 0 (<1%) 1 (0.09%) 0 (<1%) 1 (0.07%) 3 (0.31%) 2 (0.14%)

Parainfluenza 4 0 (<1%) 2 (0.35%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 3 (0.21%)

Influenza A 37 (6.88%) 42 (7.39%) 54 (6.68%) 172 (15.28%) 83 (3.44%) 2 (<1%) 125 (12.72%) 137 (9.68%)

Influenza B 17 (3.16%) 17 (2.99%) 51 (6.31%) 1 (0.09%) 22 (0.91%) 0 (<1%) 1 (0.10%) 7 (0.49%)

RSV 29 (5.39%) 15 (2.64%) 17 (2.10%) 31 (2.75%) 64 (2.65%) 27 (1.76%) 30 (3.05%) 69 (4.87%)

Metapneumovirus 4 (0.74%) 0 (<1%) 2 (0.25%) 0 (<1%) 2 (0.08%) 0 (<1%) 3 (0.31%) 1 (0.07%)

Coronavirus OC43 5 (0.93%) 1 (0.18%) 0 (<1%) 0 (<1%) 1 (0.04%) 0 (<1%) 0 (<1%) 0 (<1%)

Coronavirus 229E 4 (0.74%) 0 (<1%) 1 (0.12%) 0 (<1%) 0 (<1%) 1 (0.07%) 1 (0.10%) 0 (<1%)

Coronavirus NL63 2 (0.37%) 3 (0.53%) 1 (0.12%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)

Coronavirus HKU1 7 (1.30%) 0 (<1%) 0 (<1%) 0 (<1%) 1 (0.04%) 0 (<1%) 0 (<1%) 1 (0.07%)

Rhinovirus/Enterovirus 23 (4.28%) 11 (1.94%) 3 (0.37%) 6 (0.53%) 7 (0.29%) 14 (0.91%) 3 (0.31%) 24 (1.69%)

Chlamydophila pneumoniae 0 (<1%) 0 (<1%) 1 (0.12%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)

Mycoplasma pneumoniae 0 (<1%) 1 (0.18%) 0 (<1%) 2 (0.18%) 1 (0.04%) 0 (<1%) 0 (<1%) 0 (<1%)

Bordetella pertussis 0 (<1%) 1 (0.18%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 1 (0.07%)
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Figure 1. Trend of positivity in the adult population in the period between January 2016 and December 2023.
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Table 2. Details of positive rates for Influenza A, Influenza B, and RSV in adult cases in each single
month of the study period.

Influenza A
Adult Population: Positive Cases (Positive Rates)

2016 2017 2018 2019 2020 2021 2022 2023

January 5 (7.81%) 34 (23.29%) 18 (7.23%) 52 (23.74%) 15 (7.18%) 0 (<1%) 4 (5.33%) 35 (11.82%)
February 7 (6.73%) 4 (4.55%) 24 (13.71%) 89 (29.28%) 51 (15.41%) 0 (<1%) 0 (<1%) 8 (4.47%)
March 15 (13.39%) 1 (1.33%) 8 (10.67%) 23 (13.22%) 17 (3.28%) 0 (<1%) 12 (14.12%) 11 (8.27%)
April 1 (2.33%) 1 (3.03%) 1 (3.70%) 3 (4.11%) 0 (<1%) 0 (<1%) 14 (15.73%) 0 (<1%)
May 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 2 (2.74%) 1 (1.22%)
June 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
July 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
August 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 1 (2.78%) 0 (<1%)
September 0 (<1%) 0 (<1%) 0 (<1%) 1 (5.26%) 0 (<1%) 1 (3.85%) 0 (<1%) 0 (<1%)
October 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
November 2 (4.65%) 0 (<1%) 0 (<1%) 1 (1.02%) 0 (<1%) 1 (<1%) 3 (4.05%) 2 (1.96%)
December 7 (14.00%) 2 (2.44%) 3 (4.17%) 3 (2.91%) 0 (<1%) 0 (<1%) 89 (26.97%) 80 (29.30%)

Influenza B
Adult Population: Positive Cases (Positive Rates)

2016 2017 2018 2019 2020 2021 2022 2023

January 1 (1.56%) 0 (<1%) 47 (18.88%) 0 (<1%) 3 (1.44%) 0 (<1%) 0 (<1%) 0 (<1%)
February 3 (2.88%) 0 (<1%) 4 (2.29%) 0 (<1%) 16 (4.83%) 0 (<1%) 0 (<1%) 3 (1.68%)
March 13 (11.61%) 0 (<1%) 0 (<1%) 0 (<1%) 3 (<1%) 0 (<1%) 0 (<1%) 4 (3.01%)
April 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
May 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
June 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
July 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
August 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
September 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
October 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 1 (2.33%) 0 (<1%)
November 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
December 0 (<1%) 17 (20.73%) 0 (<1%) 1 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)

RSV
Adult Population: Positive Cases (Positive Rates)

2016 2017 2018 2019 2020 2021 2022 2023

January 5 (7.81%) 1 (<1%) 5 (2.01%) 0 (<1%) 17 (8.13%) 0 (<1%) 4 (5.33%) 41 (13.85%)
February 8 (7.69%) 4 (4.55%) 12 (6.86%) 15 (4.93%) 29 (8.76%) 0 (<1%) 0 (<1%) 19 (10.61%)
March 13 (11.61%) 8 (10.67%) 0 (<1%) 11 (6.32%) 16 (3.08%) 0 (<1%) 0 (<1%) 4 (3.01%)
April 2 (4.65%) 1 (3.03%) 0 (<1%) 3 (4.11%) 1 (<1%) 0 (<1%) 0 (<1%) 1%)
May 0 (<1%) 0 (<1%) 0 (<1%) 1 (2.94%) 1 (<1%) 0 (<1%) 1 (1.37%) 0 (1%)
June 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 1%)
July 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0%)
August 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0%)
September 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0%)
October 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 1 (1.92%) 0 (<1%) 0%)
November 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 5 (4.50%) 2 (2.70%) 0 (1%)
December 1 (2.00%) 1 (1.22%) 0 (<1%) 1 (<1%) 0 (<1%) 21 (16.15%) 23 (6.97%) 3 (1.10%)

With regard to Influenza A, from 2016 to the months of January–March 2020, the
positivity rate was always constant, with a progressive reduction in April; as expected,
positive results were not observed in summer and rose again between November and
December (from 2016 to 2019). From April 2020 and throughout the year, no positive result
occurred; similarly, throughout 2021, only two cases between September and November
were found. The positivity rate increased again in the months of March and April 2022
and then grew significantly in December 2022. In January–March 2023, the positivity rates
were overlapping to those in the pre-pandemic period, thus indicating the recovery of
the common viral epidemiology. Both December 2022 and December 2023 showed higher
positivity compared to the pre-pandemic years.

A similar pattern was also observed for Influenza B, with the absence of reported cases
in 2021 and 2022 and the occurrence of positivity again in February and March 2023.

An interesting trend was seen for RSV. Although this is substantially a typical pediatric
infection, higher positivity rates, especially in the months of February and March, with a
decrease in April, were observed in the adult population. It is of note that all throughout
the year of 2021, no positive case was reported, whereas in the month of December 2021,
the positivity rate peaked, with a number of cases never seen before in previous years. The
positive cases recurred in January, February, and March 2023, while the December 2021
peak disappeared in December 2023.
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Figure 2 illustrates the positivity trends for Influenza A, Influenza B, and RSV in the
adult population. In order to consider the potential impact of vaccination, the results for
Influenza A throughout the winter season in the adult population were further divided
into over and under 65 years of age, as reported in Table 3. For adult patients < 65 years,
the positivity rate was higher compared to older subjects; in particular, 70% of the positive
cases for Influenza A belonged to the population under 65 years of age.

Figure 2. Trend of positivity for Influenza A, Influenza B, and RSV in adult cases in each single month
of the study period.
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Table 3. Details of positive rates for Influenza A in adult patients divided into over and under 65
years of age in the winter months of the study period.

Influenza A Adult, Age < 65
2016 2017 2018 2019 2020 2021 2022 2023

January 6.13% 16.80% 5.13% 17.62% 5.82% 0.00% 4.32% 7.45%
February 4.58% 2.77% 9.12% 20.16% 11.32% 0.00% 0.00% 3.78%
March 10.46% 1.33% 7.11% 10.23% 3.28% 0.00% 9.78% 5.97%
December 9.16% 2.44% 3.28% 2.91% 0.00% 0.00% 21.15% 25.01%

Influenza A Adult, Age > 65
2016 2017 2018 2019 2020 2021 2022 2023

January 1.68% 6.50% 2.10% 6.12% 1.36% 0.00% 1.01% 4.37%
February 2.15% 1.78% 4.59% 9.12% 4.09% 0.00% 0.00% 0.69%
March 2.93% 0.00% 3.56% 2.99% 0.00% 0.00% 4.34% 2.30%
December 4.84% 0.00% 0.89% 0.00% 0.00% 0.00% 5.82% 4.29%

3.2. Pediatric Population

The overall number of specimens and the rate of positivity for each viral target in the
period between January 2016 and December 2023 are reported in Table 4 and Figure 3.

With regard to Influenza A and Influenza B viruses, the trends of positivity were
overlapping to those observed in the adult population. A significant positivity was found
for RSV and Rhinovirus/Enterovirus, although with no clear alteration caused by the
pandemic in the analysis of each single year.

Compared to the adult population, positive cases for other respiratory pathogens such
as adenovirus and Parainfluenza viruses were higher, although with lower numbers in
comparison to Influenza A and Influenza B viruses, RSV, and Rhinovirus/Enterovirus.
Rhinovirus/Enterovirus showed a peak in December 2023, with a relevant positivity rate
in net comparison to previous years.

In Table 4 and Figure 3, the positivity rates for all the viruses analyzed over the study
period (2016–2023) are reported. In Table 5, the positivity rates for each single month of the
study period for Influenza A, Influenza B, and RSV viruses are reported.

As for adults, the positivity rates for Influenza A in pediatric patients were high and
stable in the winter months from 2016 to 2020. From April 2020 throughout the entirety
of 2021, the positivity rate was <1%, and then it rose again in the months of March and
April 2022 and in December 2022. The first three months of 2023 displayed positivity rates
similar to those observed in the pre-pandemic years, whereas in December 2023, the highest
positive rate of the entire study period was found.

The Influenza B virus has never shown high levels of positivity and, as for adult
patients, its trend has fluctuated over the years; however, from April 2020, throughout the
year and throughout 2021 and 2022, the positivity rate remained lower than 1%. In the first
four months of 2023, an increase in positivity rates was observed, with the highest peak in
February (i.e., 20, 62%).

With regard to RSV, high positivity rates in the months of January, February, March,
and April, from 2016 to 2020, were observed, whereas the positivity levels remained lower
than 1%, with an almost total absence of positive cases thereafter. Subsequently, from
September 2021, there was an increase in cases, with a positivity rate of almost 50% in
November of the same year, and then a further reduction at the beginning of 2022. A
new peak was observed in January 2023 with values like those seen in November and
December 2022.
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Table 4. Positive rates of pediatric cases in the period between January 2016 and December 2023.

Pediatric Population
Pathogens: Positive Cases

(Positive Rates)

Pre-Pandemic Period Pandemic Period
Post-

Pandemic
Period

2016 Total
Tests: 837

2017 Total
Tests: 1034

2018 Total
Tests: 1258

2019 Total
Tests: 1418

2020 Total
Tests: 2144

2021 Total
Tests: 1870

2022 Total
Tests: 2618

2023 Total
Tests: 1703

Adenovirus 25 (2.99%) 11 (1.06%) 8 (0.64%) 15 (1.06%) 18 (0.84%) 39 (2.09%) 55 (2.10%) 86 (5.05%)
Parainfluenza 1 0 (<1%) 9 (0.87%) 0 (<1%) 9 (0.63%) 2 (0.09%) 0 (<1%) 8 (0.31%) 5 (0.29%)
Parainfluenza 2 5 (0.60%) 0 (<1%) 1 (0.08%) 4 (0.28%) 0 (<1%) 0 (<1%) 7 (0.27%) 0 (<1%)
Parainfluenza 3 8 (0.96%) 9 (0.87%) 14 (1.11%) 14 (0.99%) 3 (0.14%) 27 (1.44%) 50 (1.91%) 39 (2.29%)
Parainfluenza 4 4 (0.48%) 1 (0.10%) 4 (0.32%) 1 (0.07%) 0 (<1%) 3 (0.16%) 7 (0.27%) 22 (1.29%)
Influenza A 26 (3.11%) 26 (2.51%) 56 (4.45%) 119 (8.39%) 71 (3.31%) 5 (0.27%) 138 (5.27%) 62 (3.64%)
Influenza B 39 (4.66%) 6 (0.58%) 26 (2.07%) 2 (0.14%) 35 (1.63%) 0 (<1%) 5 (0.19%) 55 (3.23%)
RSV 83 (9.92%) 63 (6.09%) 151 (12.00%) 162 (11.42%) 174 (8.12%) 306 (16.36%) 221 (8.44%) 152 (8.93%)
Metapneumovirus 14 (1.67%) 11 (1.06%) 3 (0.24%) 6 (0.42%) 9 (0.42%) 23 (1.23%) 45 (1.72%) 36 (2.11%)
Coronavirus OC43 7 (0.84%) 5 (0.48%) 8 (0.64%) 5 (0.35%) 5 (0.23%) 16 (0.86%) 18 (0.69%) 9 (0.53%)
Coronavirus 229E 6 (0.72%) 2 (0.19%) 4 (0.32%) 1 (0.07%) 4 (0.19%) 5 (0.27%) 16 (0.61%) 0 (<1%)
Coronavirus NL63 5 (0.60%) 5 (0.48%) 2 (0.16%) 5 (0.35%) 4 (0.19%) 17 (0.91%) 0 (<1%) 27 (1.59%)
Coronavirus HKU1 9 (1.08%) 6 (0.58%) 3 (0.24%) 3 (0.21%) 16 (0.75%) 0 (<1%) 8 (0.31%) 14 (0.82%)
Rhinovirus/Enterovirus 142 (16.97%) 99 (9.57%) 74 (5.88%) 103 (7.26%) 140 (6.53%) 155 (8.29%) 252 (9.63%) 377 (22.14%)
Chlamydophila pneumoniae 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
Mycoplasma pneumoniae 1 (0.12%) 2 (0.19%) 0 (<1%) 3 (0.21%) 6 (0.28%) 0 (<1%) 0 (<1%) 0 (<1%)
Bordetella pertussis 5 (0.60%) 10 (0.97%) 18 (1.43%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 4 (0.23%)
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Figure 3. Trend of positivity in the pediatric population in the period between January 2016 and December 2023.
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Figure 4 illustrates the positivity trends for Influenza A, Influenza B, and RSV in the
pediatric population.

Figure 4. Trend of positivity for Influenza A, Influenza B, and RSV in pediatric cases in each single
month of the study period.
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Table 5. Details of positive rates for Influenza A, Influenza B, and RSV in pediatric cases in each
single month of the study period.

Influenza A
Pediatric Population: Positive Cases (Positive Rates)

2016 2017 2018 2019 2020 2021 2022 2023

January 5 (4.55%) 16 (10.67%) 17 (5.72%) 32 (16.93%) 14 (4.93%) 0 (<1%) 0 (<1%) 12 (4.84%)
February 3 (2.26%) 1 (<1%) 28 (12.84%) 66 (25.48%) 44 (11.55%) 0 (<1%) 0 (<1%) 5 (2.58%)

March 3 (2.33%) 0 (<1%) 4 (2.37%) 17 (10.43%) 13 (3.66%) 0 (<1%) 18 (10.59%) 2 (1.22%)
April 2 (3.03%) 0 (<1%) 0 (<1%) 1 (<1%) 0 (<1%) 0 (<1%) 26 (12.87%) 0 (<1%)
May 1 (1.75%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
June 1 (3.23%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
July 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 1 (1.11%)

August 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 3 (2.65%) 0 (<1%)
September 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 1 (1.11%)

October 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 2 (<1%) 1 (<1%) 1 (<1%)
November 2 (2.56%) 1 (<1%) 1 (1.08%) 1 (<1%) 0 (<1%) 0 (<1%) 3 (1.18%) 3 (2.19%)
December 9 (9.47%) 2 (1.80%) 6 (5.04%) 2 (1.01%) 0 (<1%) 3 (<1%) 87 (13.18%) 37 (18.69%)

Influenza B
Pediatric Population: Positive Cases (Positive Rates)

2016 2017 2018 2019 2020 2021 2022 2023

January 2 (1.82%) 0 (<1%) 24 (8.08%) 0 (<1%) 3 (1.06%) 0 (<1%) 0 (<1%) 5 (2.02%)
February 13 (9.77%) 0 (<1%) 2 (<1%) 0 (<1%) 16 (4.20%) 0 (<1%) 0 (<1%) 40 (20.62%)

March 22 (17.05%) 0 (<1%) 0 (<1%) 0 (<1%) 16 (4.51%) 0 (<1%) 0 (<1%) 7 (4.27%)
April 2 (3.03%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 2 (1.83%)
May 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
June 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
July 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)

August 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
September 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)

October 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
November 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 1 (<1%)
December 0 (<1%) 5 (4.50%) 0 (<1%) 2 (1.01%) 0 (<1%) 0 (<1%) 5 (<1%) 0 (<1%)

RSV
Pediatric Population: Positive Cases (Positive Rates)

2016 2017 2018 2019 2020 2021 2022 2023

January 14 (12.73%) 18 (12.00%) 43 (14.48%) 40 (21.16%) 78 (27.46%) 0 (<1%) 27 (11.84%) 93 (37.50%)
February 17 (12.78%) 25 (17.99%) 51 (23.39%) 48 (18.53%) 67 (17.59%) 0 (<1%) 3 (2.68%) 17 (8.76%)

March 16 (12.40%) 9 (8.57%) 28 (16.57%) 29 (17.79%) 25 (7.04%) 0 (<1%) 1 (<1%) 4 (2.44%)
April 14 (21.21%) 0 (<1%) 4 (6.90%) 6 (5.36%) 3 (1.68%) 0 (<1%) 0 (<1%) 1 (<1%)
May 2 (3.51%) 0 (<1%) 0 (<1%) 3 (3.41%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
June 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 1 (<1%) 0 (<1%) 1 (<1%)
July 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 1 (1.96%) 4 (2.84%) 0 (<1%) 0 (<1%)

August 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%)
September 2 (6.25%) 0 (<1%) 0 (<1%) 0 (<1%) 0 (<1%) 3 (2.48%) 0 (<1%) 1 (1.11%)

October 3 (5.77%) 0 (<1%) 0 (<1%) 1 (1.01%) 0 (<1%) 24 (10.39%) 1 (<1%) 0 (<1%)
November 3 (3.85%) 2 (1.75%) 0 (<1%) 3 (2.86%) 0 (<1%) 131 (43.38%) 47 (18.43%) 4 (2.92%)
December 12 (12.63%) 9 (8.11%) 25 (21.01%) 32 (16.16%) 0 (<1%) 143 (34.38%) 142 (21.52%) 31 (16.66%)

4. Discussion
Viral respiratory infections are the most common cause of hospitalization in children

and one of the more frequent causes of infectious complications in hospitalized adult indi-
viduals [1,2]. The direct diagnosis of viral respiratory infection is mainly entrusted to the
search for pathogens using molecular tests that warrant high operating features in terms of
sensitivity and specificity [26]. The availability of a more accurate and faster diagnostic
workflow allows for better patient management and provides useful information to public
health about the epidemiology of circulating viruses [14]. In this study, the molecular
epidemiological trend of a panel of respiratory pathogens responsible for upper and lower
respiratory tract infections was evaluated without considering SARS-CoV-2. In particular,
epidemiology data of this retrospective study encompassed the pre-pandemic, pandemic,
and post-pandemic years, including both adult and pediatric subjects. The potential for
using syndromic panels in this context is relevant. The timely diagnosis of respiratory tract
infections is essential, especially in winter, when the circulation of pathogens (especially
viruses) is high and may require isolation measures. Moreover, for symptomatic and hospi-
talized patients in critical departments such as oncohematology, the emergency room, and
the intensive care unit, molecular syndromic panels display a relevant impact on a timely
clinical–therapeutic management, including eventually available antiviral therapies or sup-
port assistance, as well as the admission or transfer to certain units and isolation [26]. Our
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study population (both adult and pediatric subjects) comprised hospitalized individuals
and, considering the high clinical complexity of our tertiary care hospital, it encompassed
a relevant number of immunocompromised or otherwise immunocompetent critical pa-
tients, for which respiratory infections may complicate the clinical outcome in terms of
morbidity and mortality [27,28]. The management of the pediatric population presents
differences compared to the adult population; in particular, the requests for syndromic
panels by clinicians are much more frequent than in adults cases, given the fact that the
occurrence of respiratory tract infections (both viral and bacterial) is higher in children.
In our study, the FILMARRAY Respiratory Panel was mainly used for the pediatric pop-
ulation, considering epidemiology and the greater risk of complications. The rapid and
accurate identification of the causative agent of upper respiratory tract infections may im-
prove patient management by informing timely and effective antibiotic or antiviral therapy,
preventing the secondary spread of infection, shortening hospital stays, and reducing the
costs of unnecessary ancillary tests.

The pandemic has strongly influenced both the number of tests requested and the
results of the tests themselves; in fact, this aspect was clearly visible in the adult and
pediatric populations. Indeed, we observed that in adult patients, the number of requests
gradually increased over the years until it doubled in 2020 with 2415 tests, and there were
1534 tests in 2021; only in 2022 did the number of required tests decrease to 983, though this
increased again in 2023 with 1416 tests. The same situation occurred for pediatric patients;
in fact, the number of tests requested was 2144 in 2020 and 1870 in 2021, and as the only
difference compared to adult subjects, instead of decreasing in 2022, the number of tests
requested increased to 2618. In 2023, the post-pandemic period, the number of tests was
lower, at 1703.

This significant increase in requests since 2020 was a clear effect of the pandemic, in
which the presence of fever and respiratory symptoms in hospitalized patients led to the
request for syndromic tests, normally not so necessary in the years before the appearance
of the SARS-CoV-2 virus.

In addition to the different number of requests between the pre-pandemic, pandemic,
and post-pandemic periods, we observed how the epidemiology of the main and most
abundant respiratory viruses clearly changed, in particular Influenza A, Influenza B, and
RSV; we have highlighted how, for both adult and pediatric patients, the last months of
2020, almost all of 2021, and part of 2022 had positivity rates lower than 1%. This effect is
clearly due to the restrictions imposed by the government during the most critical months
of the pandemic.

However, we not only observed the disappearance or a significant reduction in positive
cases during the years of the pandemic; in some cases, the positivity peaks of these viruses
were modified. For instance, the Influenza A virus in adult patients, showed no significant
positivity in 2021 or at the beginning of 2022, and increased again in the months of March
and April 2022 with high positivity levels. Also, in December 2022, positivity for Influenza
A was high, with many positive cases compared to previous years. In the post-pandemic
year, the epidemiology of Influenza A virus was similar to the pre-pandemic years; however,
like the month of December 2022, in December 2023, we also registered a peak never
seen before.

The division of the adult population into those over and under 65 years of age showed
that only 30% of patients over 65 years of age developed positivity for Influenza A, while
the remaining 70% were younger adult patients. These data can be partially explained
by the use of vaccination, especially for subjects over 65 years of age, who consequently
showed a lower risk of infection; they can also be partly explained by younger subjects
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being exposed to the virus fewer times than more mature subjects who, therefore, if not
immunosuppressed, have a stronger immune system [27,29].

In pediatric patients, the Influenza A virus did not show positivity in the months of
January and February 2021 and 2022, and then it increased in April 2022, a period in which
the virus usually almost disappears. The Influenza B virus showed an undulating trend
during the 2016–2020 period, and then it disappeared during the pandemic period. We
observed a great difference in epidemiology in the post-pandemic period; in particular,
in February 2023, there were more than 20% of positive cases, a percentage never seen
before. The RSV virus also showed a different trend in the pandemic and post-pandemic
periods, with an increase in positive cases at the end of 2021 and at the end of 2022 due to
the reopening established by the government after the periods of isolation and business
closure. In January 2023, RSV showed an high number of cases but then decreased during
the rest of the year.

Overall, this study allows us to evaluate the trend of viral and atypical bacterial
pathogens over eight years, therefore confirming the very important impact of the pandemic
on the management of adult and pediatric patients. As a consequence, this led to a relevant
increase in tests required in the most critical periods, thus responding to epidemiological
changes in respiratory viruses; in particular, there was a near disappearance of viruses
during the closing periods and the occurrence of high levels of positivity in the periods
of the year in which they were not normally present. This aspect is very important as it
highlights how alterations in the lifestyle habits of the whole population translate into
epidemiological variations with a global impact.

In conclusion, our data demonstrated a change in the typical epidemiology of respira-
tory pathogens in the pre-pandemic, pandemic, and post-pandemic periods, in particular
during 2016–2023, in a large cohort of patients, and the use of syndromic panels allowed
for a rapid and useful differential diagnosis of common respiratory infections in adults and
children. Given the novelty of these findings, it will be necessary to carry out the continu-
ous surveillance of respiratory pathogens, in particular for Influenza A virus, Influenza B,
and RSV, to verify the trends and evaluate the effects of the restrictions adopted during the
SARS CoV2 pandemic on the epidemiology of respiratory pathogens.
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