
Journal Full Title: Journal of Biomedical Research & Environmental Sciences
Journal NLM Abbreviation: J Biomed Res Environ Sci
Journal Website Link: https://www.jelsciences.com
Journal ISSN: 2766-2276
Category: Multidisciplinary
Subject Areas: Medicine Group, Biology Group, General, Environmental Sciences
Topics Summation: 130
Issue Regularity: Monthly
Review Process: Double Blind
Time to Publication: 21 Days
Indexing catalog: Visit here
Publication fee catalog: Visit here

DOI: 10.37871 (CrossRef)
Plagiarism detection software: iThenticate
Managing entity: USA
Language: English
Research work collecting capability: Worldwide
Organized by: SciRes Literature LLC
License: Open Access by Journal of Biomedical Research & Environmental Sciences is 
licensed under a Creative Commons Attribution 4.0 International License. Based on a 
work at SciRes Literature LLC.
Manuscript should be submitted in Word Document (.doc or .docx) through

Online Submission
form or can be mailed to support@jelsciences.com

BIBLIOGRAPHIC INFORMATION SYSTEM

 Vision: Journal of Biomedical Research & Environmental Sciences main aim is to enhance the importance of science and technology to the scientifi c community and also to provide an equal opportunity to 
seek and share ideas to all our researchers and scientists without any barriers to develop their career and helping in their development of discovering the world.

IndexCopernicus 
ICV 2020: 

53.77

https://portal.issn.org/resource/ISSN/2766-2276
https://www.jelsciences.com/assets/img/subjects.php
https://www.jelsciences.com/archive.php
https://www.jelsciences.com/peer-review-process.php
https://www.jelsciences.com/indexing.php
https://www.jelsciences.com/publication-fee-2021.php
https://search.crossref.org/?q=%22Journal+of+Biomedical+Research+%26+Environmental+Sciences%22&from_ui=yes
https://www.jelsciences.com/crossref-similarity-check.php
https://www.jelsciences.com/submit-form.php
https://www.jelsciences.com/
https://journals.indexcopernicus.com/search/journal/issue?issueId=all&journalId=67615


 

 

How to cite this article: Ursic T, Kogoj R, Erzar K, Virant MJ, Petrovec M. Respiratory Viruses in Hospitalized Patients before and after 
SARS-CoV-2. J Biomed Res Environ Sci. 2022 June 23; 3(6): 703-711. doi: 10.37871/jbres1500, Article ID: JBRES1500, Available at: 
https://www.jelsciences.com/articles/jbres1500.pdf

ORIGINAL ARTICLE

Respiratory Viruses in Hospitalized 
Patients before and after SARS-CoV-2
Tina Ursic*, Rok Kogoj, Kaja Erzar, Monika Jevsnik Virant and Miroslav 
PetrovecInstitute of Microbiology and Immunology, Faculty of Medicine, University of Ljubljana, Zaloška 4, 1000 Ljubljana, Slovenia

*Corresponding author

Tina Ursic, Institute of Microbiology and 
Immunology, Faculty of Medicine, University 
of Ljubljana, Zaloška 4, 1000 Ljubljana, 
Slovenia

Tel: +386-154-37458
ORCID: 0000-0002-5621-7167
E-mail: tina.ursic@mf.uni-lj.si

DOI: 10.37871/jbres1500

Submitted: 15 June 2022

Accepted: 21 June 2022

Published: 23 June 2022

Copyright: © 2022 Ursic T, et al. Distributed under 
Creative Commons CC-BY 4.0  

  OPEN ACCESS 

Keywords

  Respiratory viruses

  SARS-CoV-2

  COVID-19

  Hospitalized patients

VOLUME: 3  ISSUE: 6 - JUNE, 2022

MEDICINE GROUP

RESPIRATORY MEDICINE  EPIDEMIOLOGY  
EMERGENCY MEDICINE  

Background: Since the emergence of COVID-19, countries have implemented combinations 
of non-pharmaceutical measures not only to contain the COVID-19 cases manageable for their 
healthcare system but also to reduce the economic burden of the disease. Among the various 
options, authorities have mostly adopted frequent hand disinfection and wearing surgical masks. 
Because these measures have long been used in medicine to prevent infections, there is reason to 
expect an effect not only on SARS-CoV-2 but also on other microorganisms that spread via droplet 
inhalation and close contact. This study investigates the epidemiology of typical respiratory viruses 
in Slovenian hospitalized patients before and during the ongoing SARS-CoV-2 epidemic.

Methods: Molecular testing data were analyzed using a laboratory informative system for typical 
respiratory viruses from 2012 to 2022 in conjunction with SARS-CoV-2 testing from March 2020 
onward.

Results: First, we observed a signifi cant decrease in the number of typical respiratory virus testing 
requirements after the SARS-CoV-2 outbreak; second, a change in the age structure of hospitalized 
patients, with fewer children and more working-age individuals during the 2020/21 season; third, 
complete disappearance of infl uenza A, B, RSV, and other enveloped respiratory viruses; and, fourth, 
unchanged epidemiology of rhinovirus. Finally, with the slow fading of all measures implemented in 
the 2020/21 season, respiratory viruses appear to be “back on the scene” despite the still ongoing 
SARS-CoV-2 epidemic in 2021/22.

Conclusions: Further monitoring seems to be important in the coming seasons to shed more 
light on future changes in respiratory viruses’ epidemiology because restrictions are bound to be 
loosened.

ABSTRACT

Abbreviations
COVID-19: Corona Virus Disease 2019; COPD: Chronic Obstructive 

Pulmonary Disease; EV: Enterovirus; FluA/B: Infl uenza A/B Virus; HAdV: Human 
Mastadenovirus; HBoV1: Human bocavirus 1; HCoV: Human Coronavirus; HMPV: 
Human Metapneumovirus; HRV: Human Rhinovirus; LRTI: Lower Respiratory 
Tract Infection; LTCF: Long-Term Care Facility; PIV1–4: Parainfl uenza Viruses 
1–4; RSV: Respiratory Syncytial Virus; RT-PCR: Reverse Transcription-Polymerase 
Chain Reaction; RVs: Respiratory Viruses; SARS-CoV-2: Severe Acute Respiratory 
Syndrome Coronavirus 2; UK: United Kingdom; WHO: World Health Organization

Introduction
A variety of viruses play an important role in Respiratory Tract Infections (RTIs) 

in humans and cause signifi cant morbidity and mortality in all age groups worldwide. 
Over the past decade, the molecular diagnostics of Respiratory Viruses (RVs) have 
improved tremendously, resulting in the development of faster and more accurate 
tests that can detect many viruses simultaneously. In addition, these advances have 



704Ursic T, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1500

led to new insights into the prevalence and epidemiology of 
individual RVs in hospitalized patients. Syndromic testing 
has also become available in recent years, and its ability to 
detect the majority of RVs provides more realistic insight 
into the extent of RTIs caused by these pathogens.

From our longitudinal surveillance of RV infections, we 
have learned that in Slovenia and surrounding countries 
infl uenza A and B viruses (FluA/B) and Respiratory Syncytial 
Virus (RSV), along with Human Coronaviruses (HCoVs), 
cause regular annual winter epidemics, whereas Human 
Metapneumoviruses (HMPVs) cause smaller seasonal peaks 
of infection in the spring. Human Mastadenoviruses (HAdVs) 
are detected throughout the year, and Parainfl uenza Viruses 
(PIVs) show seasonal peaks in spring, late summer, and 
fall [1,2]. Human Rhinoviruses (HRVs) are most commonly 
detected in the spring and fall, when humidity is highest, 
whereas Enteroviruses (EVs) are most commonly detected 
in the summer months [1].

After the emergence of the SARS-CoV-2 virus in 
December 2019 in Wuhan, Hubei Province, China, the virus 
spread rapidly throughout the globe and reached pandemic 
proportions, offi  cially declared by WHO on March 11th, 2020. 
The fi rst case of SARS-CoV-2 in Slovenia was confi rmed on 
March 4th, 2020, and, similar to other countries around the 
globe, an unprecedented demand for SARS-CoV-2 testing 
quickly emerged. Due to the number of laboratory-confi rmed 
cases in the following months, the Slovenian government, 
in collaboration with public health authorities, implemented 
several Non-Pharmaceutical Interventions (NPIs) in various 
combinations at diff erent times during the epidemic. The 
NPIs included cancelation of all social activities, prohibition 
of gatherings outside immediate family members, 
prohibition of travel between Slovenian geographic regions, 
wearing of surgical masks indoors and outdoors in public 
areas, closure of all nonessential stores, mandatory hand 
disinfection at entrances to essential stores and residences, 
closing schools at all levels, encouraging online work 
for as many professions as possible, and quarantine for 
positive patients and their contacts, all to keep the number 
of COVID-19 cases manageable for hospitals. Because 
the emergence of COVID-19 in the Slovenian population 
occurred at the end of the regular 2019/20 RV season, no one 
could predict the impact of extensive SARS-CoV-2 testing, 
viral competition, and NPIs on other RVs in the upcoming 
2020/21 RV infection season.

This study compares the epidemiology of RVs in 
hospitalized patients before the SARS-CoV-2 epidemic in 
Slovenia, in the 1st year of the SARS-CoV-2 epidemic, and 
in the 2nd year of the SARS-CoV-2 epidemic. In addition, 
it assesses whether SARS-CoV-2 had an impact on the 
percentage of hospitalized patients in each age group and 
whether the prevalence and seasonality of other RVs changed 
after the emergence of SARS-CoV-2.

Materials and Methods
RVs and SARS-CoV-2 testing

Routine molecular diagnostics of RVs using a 
respiratory virus panel, which allows detection of all RVs 
simultaneously, have been performed since January 2012 at 
IMI. Between January 2012 and November 2018, an in-house 
real-time RT-PCR test was used for the detection of FluA/B, 
RSV, HRVs, HMPV, PIV 1–4, HCoVs (229E, NL63, OC43, and 
HKU1), HAdVs, EV, and HBoV1, as previously described [3]. 
In December 2018, the diagnostics of respiratory viruses 
were switched to the commercially available automatic 
platform Respiratory Virus 16-Well Assay (AusDiagnostics, 
Pty Ltd, Mascot, Australia), which covers all RVs listed above 
and is still in use in its latest version to date. Extraction 
of total nucleic acids from upper respiratory tract swabs 
collected in viral transport medium remained unchanged 
during this platform switch and is still performed as 
previously described [3]. By specifi c request, mostly during 
the winter months, FluA/B and RSV were detected using 
contemporarily available GeneXpert assays (Cepheid, 
USA). More specifi cally, from January 2012 to the end of 
December 2014, FluA/B was detected with the GeneXpert 
FluA/B assay, and starting in January 2015 FluA/B and RSV 
were simultaneously detected with a newer version of the 
GeneXpert assay; the Xpert® Xpress Flu/RSV assay, and from 
January 2021 also the GeneXpert assay; Xpert® Xpress SARS-
CoV-2/Flu/RSV was also available.

In total (from January 2012 to March 2022), results 
from 75,288 respiratory samples from 51,136 hospitalized 
patients were included in the RV part of the study. The data 
on the total number of hospitalized patients and outpatients 
tested for SARS-CoV-2 were obtained from a Laboratory 
Information System (LIS). The seasonal distribution and the 
prevalence of SARS-CoV-2 in the results section are shown 
only for hospitalized patients, for whom a complete RV panel 
was ordered from March 2021 onward.

All samples were collected from patients with RTI 
admitted to the Ljubljana Medical Center, the largest 
tertiary hospital in the country, located in the central part of 
Slovenia, with 2,138 beds.

Statistical analysis

Pearson’s chi-squared test was used to compare 
categorical variables between diff erent age groups and 
seasons.

Results
Epidemiology of respiratory viruses before SARS-
CoV-2 emergence, 2012–2020 seasons

From 2012 to 2020, we received 63,684 respiratory 
samples from 42,800 hospitalized patients for the detection 
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of RVs; 16,623 were tested with the GeneXpert Assay 
(Cepheid, USA) for FluA/B or FluA/B and RSV, and 47,061 
were tested using either the in-house respiratory virus panel 
(3) or the Respiratory Virus 16-Well Assay (AusDiagnostics, 
Pty Ltd, Mascot, Australia), as shown in detail in fi gure 1.

The female-to-male ratio was 1:1.1 (30,288:33,396). The 
9-year average (2012–2020) shows that one-fourth of the 
samples obtained from the hospital were from small children 
(0–4 years), followed by 14.9%, 12.1%, and 9.6% of samples 
obtained from older patients (75–84, 65–74, and 55–64 
years). We obtained 9% of samples from older children (5–
14 years) and from the elderly (≥ 85 years), followed by 5.7%, 
5%, 5%, and 3.8% from adults and young adults (45–54, 35–
44, 25–34, and 15–24 years), shown in table 1. From 2012 to 
2020, the most frequently detected virus in small children 
(0–4 years) was HRV (25.6%), followed by RSV (24.6%) and 
HBoV1 (11.7%), as shown in table 1.

Epidemiology of respiratory viruses after SARS-
CoV-2 emergence, 2020–2021 season, and 
comparison with previous 9 years

The situation dramatically changed after March 2020, 
when SARS-CoV-2 emerged in the Slovenian population, 
as shown in fi gures 1-3. Between April 2020 and March 
2021, the diagnosis of typical RVs decreased signifi cantly 
in comparison to previous seasons (p < 0.001, t-test) 
and was performed on 3,999 respiratory samples from 
3,054 hospitalized patients; 111 were tested with the 
GeneXpert Assay (Cepheid, USA) for FluA/B and RSV, and 

3,888 were tested using the Respiratory Virus 16-Well 
Assay (AusDiagnostics, Australia). The ratio of females 
versus males tested, however, remained similar; 1:1.17 
(1,843:2,156). The demand for SARS-CoV-2 testing among 
hospitalized patients has exceeded all expectations and was 
signifi cantly higher in the season from April 2020 to March 
2021 (p = 0.002, t-test) (Table 2 & fi gure 2). However, in 
the 2020/21 RV season, a signifi cantly higher percentage of 
hospitalized adults (35–44, 45–54, and 55–64 years; 8.9%, 
7.8%, and 11.8%) was observed in comparison to the 2019/20 
season (7.1%, 6.5%, and 9.1%) and even the previous 9 years 
(2012–2020; 5%, 5.7%, and 9.6%). Moreover, in the 2020/21 
respiratory season, a signifi cantly lower percentage of 
hospitalized elderly (75–84 and ≥ 85 years; 11% and 4.8%) 
was observed in comparison to the previous 2019/20 season 
(15.5% and 9%) and the even the previous 9 years (2012–
2020; 14.9% and 9%), shown in table 1. A signifi cantly 
lower percentage of hospitalized small children (0–4 years; 
21.4%) and a signifi cantly higher percentage of hospitalized 
young adults (25–34 years; 6%) was observed in the 2020/21 
season in comparison to the previous 9-year average (2012–
2020; 25.6% and 5%), shown in table 1.

Thus, in the 2020/21 season, we observed RSV in only 10 
samples (April–July 2020) and not observed a single case of 
FluA or FluB in either age group. However, not a single case 
of RSV was observed after July 2020 until the end of March 
2021, as shown in fi gures 2 and 3. SARS CoV-2 predominated 
together with HRV and seasonal coronaviruses in all age 
groups except the youngest. Interestingly, SARS CoV-2 was 
detected in only four samples of small children (0–4 years).

Figure 1 Annual pattern of typical respiratory viruses detected and the number of tests performed on hospitalized patients regardless of age from 2012 to 2022. 
The primary axis shows the temporal prevalence of a specifi c respiratory virus (%), and the secondary axis shows the number of samples tested..
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Table 1: Distribution of the three most frequently detected respiratory viruses in respective age groups per different timeframes.

Age groups, years 0–4 5–14 15–24 25–34 35–44 45–54 55–64 65–74 75–84 ≥ 85

Jan 2012 – Mar 2020, %; according to 
age 25.9 9 3.8 5.0 5.0 5.7 9.6 12.1 14.9 9

Viruses detected according to frequency

1st HRV HRV HRV FluA FluA FluA FluA FluA FluA FluA

2nd RSV FluB FluA HRV HRV HRV HRV HRV HRV HRV

3rd HBoV1 FluA FluB FluB FluB FluB RSV FluB RSV RSV

Age groups, years 0–4 5–14 15–24 25–34 35–44 45–54 55–64 65–74 75–84 ≥ 85

Apr 2019 – Mar 2020, %; according to 
age 19.9 9.5 4.5 6.5 7.1 6.5 9.1 12.7 15.2 9

Viruses detected according to frequency

1st HRV HRV HRV HRV HRV HRV HRV FluA FluA FluA

2nd RSV FluB FluB FluA FluA FluA FluA HRV HRV HRV

3rd FluA FluA FluA FluB FluB RSV RSV RSV RSV RSV

Age groups, years 0–4 5–14 15–24 25–34 35–44 45–54 55–64 65–74 75–84 ≥ 85

Apr 2020 – Mar 2021, %; according to 
age 21.4 10.2 4.1 6 8.9 7.8 11.8 14 11 4.8

Viruses detected according to frequency

1st HRV HRV SARS-
CoV-2 HRV HRV SARS-

CoV-2
SARS-
CoV-2

SARS-
CoV-2

SARS-
CoV-2

SARS-
CoV-2

2nd HAdV SARS-
CoV-2 HRV SARS-

CoV-2
SARS-
CoV-2 HRV HRV HRV HRV HRV

3rd HCoV HCoV HCoV HCoV HCoV HCoV HCoV HCoV HMPV HCoV

Age groups, years 0–4 5–14 15–24 25–34 35–44 45–54 55–64 65–74 75–84 ≥ 85

Apr 2021 – Mar 2022, %; according to 
age 36.9 9.7 3.9 5 5.3 5.6 9.1 10.8 8.7 5

Viruses detected according to frequency

1st HRV HRV SARS-
CoV-2

SARS-
CoV-2

SARS-
CoV-2

SARS-
CoV-2

SARS-
CoV-2

SARS-
CoV-2

SARS-
CoV-2

SARS-
CoV-2

2nd RSV FluA HRV HRV HRV HRV HRV HRV HRV HCoV

3rd HBoV1 SARS-
CoV-2 FluA HCoV HCoV HCoV HMPV HMPV HCoV HRV

Chi-squared, p-value 2019/2020 versus 
2020/2021 p = 0.082 p = 0.276 p = 0.428 p = 0.287 p = 0.017 p = 0.018 p < 0.001 p = 0.071 p < 0.001 p < 0.001

Chi-squared, p-value 2012/2020 versus 
2020/2021 p < 0.001 p = 0.030 p = 0.363 p = 0.020 p < 0.001 p < 0.001 p < 0.001 p = 0.001 p < 0.001 p < 0.001

Chi-squared, p-value 2012/2020 versus 
2021/2022 p < 0.001 p = 0.092 p = 0.609 p = 0.923 p = 0.323 p = 0.716 p = 0.250 p = 0.005 p < 0.001 p < 0.001

Chi-squared, p-value 2020/2021 versus 
2021/2022 p < 0.001 p = 0.455 p = 0.662 p = 0.064 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p = 0.005 p = 0.784

HRV = Human Rhinovirus; RSV = Respiratory Syncytial Virus; Flua = Infl uenza A Virus; Flub = Infl uenza B Virus; Hbov1 = Human Bocavirus 1; SARS-Cov-2 = SARS-
Corona Virus 2; Hcov = Human Coronavirus (OC43, HKU1, NL63, 229E); HMPV = Human Metapneumovirus, Hadv = Human Mastadenovirus

Coexistence of respiratory viruses with SARS-
CoV-2, 2021–2022 season

The last respiratory season, from April 2021 to March 
2022, started after 1 year of SARS-CoV-2 emergence 
in Slovenia and ended after 2 years of the SARS-CoV-2 
epidemic. Between April 2021 and March 2022, the 
diagnostics of RVs increased in comparison to the previous 
season (2020/21) and were performed on 7,605 respiratory 
samples from 5,958 hospitalized patients; 1,297 were tested 
with the XpertXpress SARS-CoV-2/Flu/RSV Assay (Cepheid, 
USA) and 6,308 were tested using the Respiratory Virus 
16-Well Assay (AusDiagnostics, Australia). The ratio of 
females versus males tested, however, remained similar; 
1:1.15 (2,775:3,183), and so was the demand for SARS-CoV-2 
testing among hospitalized patients between the 2020/21 

and 2021/22 seasons. However, the demand for SARS-CoV-2 
testing in outpatients in the 2021/22 season was even higher 
(537,222) in comparison to the 2020/21 season (407,307), as 
shown in table 2.

In the 2021/22 respiratory season, a signifi cantly higher 
percentage of hospitalized small children (0–4 years; 
36.9% vs. 25.9%) and a signifi cantly lower percentage of 
hospitalized elderly (65–74 years: 10.8% vs. 12.1%; 75–84 
years: 8.7% vs. 14.9%; ≥ 85 years: 5% vs. 9%) was observed in 
comparison to the previous 9 years of seasons (2012–2020), 
shown in table 1. Moreover, in the 2021/22 respiratory season 
a signifi cantly higher percentage of hospitalized small 
children (0–4 years; 36.9% vs. 21.4%) and a signifi cantly 
lower percentage of hospitalized adults and elderly (35–44 
years: 5.3% vs. 8.9%; 45–54 years: 5.6% vs. 7.8%; 55–64 
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Table 2: Extent of typical respiratory virus testing in hospitalized patients from December 2019 to March 2022 in comparison to SARS-CoV-2. The data for SARS-
CoV-2 tested hospitalized patients and outpatients were obtained from the Laboratory Information System (LIS).

Month Number of hospitalized 
patients tested for RV panel

Number of hospitalized patients 
tested for GeneXpert FluA/B & RSV 

or SARS-CoV-2/Flu/RSV

Number of hospitalized patients 
tested for SARS-CoV-2

Number of all patients 
tested for SARS-

CoV-2

Dec. 2019 450 595 0 0

Jan. 2020 653 1117 0 0

Feb. 2020 770 1114 1,080 1,216

Mar. 2020 1,212 403 4778 10,426

Apr. 2020 352 69 6,049 14,111

May. 2020 247 9 4,828 12,523

Jun. 2020 222 3 2,398 13,563

Jul. 2020 210 2 2,668 15,068

Aug. 2020 205 1 2,879 14,427

Sep. 2020 412 0 4,783 32,687

Oct. 2020 451 3 9,507 52,920

Nov. 2020 354 1 10,122 47,802

Dec. 2020 255 7 10,540 45,497

Jan. 2021 315 5 9,275 43,577

Feb. 2021 369 5 6,866 43,789

Mar. 2021 465 4 6,372 59,701

Apr. 2021 332 0 8,287 44,191

May. 2021 343 0 7,402 40,801

Jun. 2021 306 0 5,915 25,486

Jul. 2021 278 0 3,415 14,345

Aug. 2021 307 0 2,248 21,329

Sep. 2021 486 1 6,504 49,333

Oct. 2021 871 177 7,592 55,767

Nov. 2021 814 213 7,856 73,871

Dec. 2021 785 188 7,647 47,026

Jan. 2022 749 198 10,761 134,628

Feb. 2022 608 148 6,145 18,663

Mar. 2022 941 350 8,860 11,782

RV panel = Respiratory Viruses Panel

years: 9.1% vs. 11.8%; 65–74 years: 10.8% vs. 14%; 75–84 
years: 8.7% vs. 11%) was observed in comparison to the 
previous year, 2020/21, shown in table 1.

Thus, in the last respiratory season, 2021/22, SARS-
CoV-2 predominates together with HRV and HCoV infections, 
as shown in fi gures 2 and 3 and table 1. In addition, infections 
caused by HMPV and PIVs were observed among hospitalized 
patients (Figure 3).

A respiratory syncytial virus early epidemic peak was 
observed between September and October 2021, which was 
missing in 2020/21, together with the late FluA infections, 
which started in March 2022. The FluA epidemic will likely 
peak in April 2022, as shown in fi gures 1-3. In the youngest 
age group, the three most frequently detected viruses in the 
last season are the same (HRVs, RSV, and HBoV1) as they 
were in the previous 9-year average (2012–2020), whereas 
in all other age groups the SARS-CoV-2 prevalence together 
with HRVs remains the highest.

Discussion
To start with, we would like to highlight the great value 

of the data presented in our study, which is the result of 
a professional decision in 2011 made by clinicians at the 
largest hospital in Slovenia together with the Institute of 
Microbiology and Immunology. The decision was that all 
patients hospitalized due to severe respiratory infections 
receive complete molecular respiratory virus panel testing, 
thus putting the diagnostics of respiratory viruses on a 
new higher level. The diagnostics for hospitalized patients 
became uniform and the processing of samples easier; 
moreover, this involved a new surveillance regional hospital 
system setup. By setting up the surveillance system for the 
largest hospital in Slovenia (in the central region), we were 
suddenly able to infer which viruses were circulating in the 
population.

First, from 2012 to 2020, in Slovenia, we observed 
more or less the same seasonal distribution of RVs among 
hospitalized patients, with only minor seasonal changes in 
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Figure 2 Distribution of FluA/B, RSV, HRVs, and SARS-CoV-2 in hospitalized patients from January 2012 to March 2022 together. The periods in gray indicate the 
SARS-CoV-2 epidemic declared by the Slovenian government; the fi rst epidemic wave was declared between March 12th and May 31st, 2020, and the second 
epidemic wave was declared between October 18th, 2020, and June 15th, 2021. The yellow line indicates remote schooling periods; the fi rst remote schooling 
period was from March 14th to May 25th, 2020, and the second remote schooling period together with the fall vacation was from October 19th to November 6th, 
2020.
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Figure 3 Distribution of typical respiratory viruses and SARS-CoV-2 in hospitalized patients in the last two seasons, December 2019 – March 2022. An almost 
total disappearance of the majority of respiratory viruses after the onset of SARS-CoV-2 is clearly seen in April 2020, and their re-emergence in the last respiratory 
season, April 2021 to March 2022.

the epidemiology, resulting in higher or lower peaks and 
early or delayed peaks for the respective RV. This study 
shows that with the onset of SARS-CoV-2 testing for typical 
respiratory viruses in hospitalized patients in Slovenia 
changed dramatically. Testing for respiratory viruses in 
the last RV season (2020/21) dropped to half of the previous 
demand, and specifi c testing for infl uenza alone dropped to 
only a few (Table 2).

Second, signifi cant diff erences were observed among the 
youngest age group of patients hospitalized between 2012 
and 2020, during the 2020/21 season, and during the last 
season, 2021/22. There was a drop in hospitalized patients in 
the youngest age group (0–4 years; from 25.9% to 21.4%), 
which could be explained by the preventive measures and the 
absence of all respiratory viruses except SARS-CoV-2, HRVs, 
and HCoVs in the 2020/21 season. Moreover, in the 2021/22 
season, a signifi cant increase of hospitalized patients in the 
youngest age group (0–4 years; from 21.4% to 36.9%) was 
observed, which could be explained by the naive population 
of small children vulnerable to severe infections due to the 
absence of the majority of respiratory viruses in the previous 
year.

Third, the percentage of hospitalized adults and elderly 
(age groups 25–34, 35–44, 45–54, 55–64, and 65–74 
years) in 2020/21 increased signifi cantly, whereas these 
percentages dropped in 2021/22 in comparison to the 
previous 9-year average. The patients in these age groups 

represent the bulk of the working population (except the age 
group 65–74 years), which were more susceptible to SARS-
CoV-2, and they were under more stress and consequently a 
more vulnerable group for a severe course of the respiratory 
disease.

Last but not least, the percentage of hospitalized elderly 
patients tested (age groups 75–84 and ≥ 85 years) dropped 
signifi cantly in the 2020/21 season and remained lower even 
in the last season, 2021/22, in comparison to the previous 
9-year average (2012–2020). This could be explained by 
the absence of infl uenza and RSV in the 2020/21 season, 
preventive measures, and the changed LTCF operating 
policy due to the SARS-CoV-2 epidemic.

Although the onset of SARS-CoV-2 changed the 
diagnostics of hospitalized patients with respiratory disease 
in Slovenia in the 2020/21 season, preferentially to only 
SARS-CoV-2 testing, the onset of SARS-CoV-2 completely 
changed the seasonality and prevalence of other very 
important respiratory viruses, such as FluA/B and RSV, 
which were not detected at all either in the general Slovenian 
population or in hospitalized patients.

However, the SARS-CoV-2 epidemic in Slovenia together 
with all preventive measures taken by the government had 
an impact on each RV except HRV. Human rhinoviruses, a 
group of small viruses (family Picornaviridae) known as 
common cold viruses linked to exacerbations of COPD, and 
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asthma can cause severe bronchiolitis in young children, and 
severe pneumonia in adults and the immune compromised; 
all of these seem to have been unaff ected by the SARS-
CoV-2 epidemic and all the associated preventive measures 
imposed by the government due to the epidemic. Together 
with SARS-CoV-2, HRV was the second most frequently 
detected virus in hospitalized patients in all age groups and 
the only virus under surveillance from 2012 with unchanged 
seasonality.

Changes in the seasonal circulation of several respiratory 
viruses are being reported from all over the world and seem 
to confi rm our fi ndings [4-14]. An article by Redlberger-
Fritz, et al. [13] assessed the impact of nationwide SARS-
CoV-2 lockdown measures in neighboring Austria on the 
circulation of other respiratory viruses. Their result clearly 
shows that a 70% reduction in mobility had a signifi cant 
impact on the circulation of infl uenza, RSV, HMPV, and HRV 
as early as 1 week after the implementation of measures. 
Similarly, a study from Finland by Kuitunen, et al. [15] 
showed a remarkable decrease in pediatric Emergency 
Room (ER) visits due to respiratory tract infections at two 
hospitals after the start of the national state of emergency 
and lockdown. In addition, our results show that the 2019/20 
infl uenza and RSV seasons were quite similar in prevalence 
to the previous season(s) but ended more rapidly. These 
could be explained by higher numbers of infl uenza infections 
observed in preschool and school children (0–4 and 5–14 
years) in comparison to previous seasons. Although such 
observations coincided with the lockdown, an additional 
reason for generally lower ER visits was suggested by the 
authors; namely, fear of going to the hospital and increased 
treatment of minor respiratory infections at home [15]. 
Similar sharp decreases in the activity of infl uenza soon 
after COVID-19 non-pharmaceutical prevention methods 
have also already been reported in the United States, 
Australia, Chile, South Africa [4], Taiwan [5], Hong Kong 
[6], South Korea [7], and Singapore [8]. Moreover, a 
study from Shanghai, China by Liu, et al. [11] described a 
signifi cant impact on the circulation of respiratory viruses 
(FluA, FluB, PIV1–3, RSV, HAdV, HMPV, and HRV), resulting 
in a 45.5% decrease in hospitalization of children due to 
LRTI. Finally, similar patterns have also been reported 
from New Zealand, showing signifi cant decreases in the 
number of cases of infl uenza, RSV, HRV, EV, HAdV, HMPV, 
and PIV after lockdown. All papers link the observed results 
to lockdowns and other non-pharmaceutical interventions 
implemented by respective countries to limit SARS-CoV-2 
spreading. Interestingly, in Japan, a decrease in infl uenza 
activity in 2020 was also observed; however, such a decrease 
might have also been linked to temperature or virulence and 
not mainly to SARS-CoV-2 preventive measures because 
awareness regarding measures to reduce the risk of disease 
transmission was high among the Japanese public since 
before COVID-19.

From our results, HRVs, HBoV1, HAdV, and HCoVs seem 
to be somewhat of an exception and less aff ected by anti-

COVID-19 measures. A resurgence of HRV has also been 
reported by Takeshita, et al. [16] who reported an increased 
risk of HRV infection in children under 10 during the 
COVID-19 pandemic. Similar to our results, other enveloped 
respiratory viruses were strongly suppressed in the 2020/21 
season, but non-enveloped viruses (HRV, Coxsackie A/B, 
and HAdV) retained their circulation. Moreover, HRV seemed 
to have gained momentum in children under 10. From their 
results, it seems that the consequence of infection prevention 
methods was a complete absence of infl uenza and only rare 
cases of SARS-CoV-2 in this age group. This caused space for 
HRV to thrive [16] because it is more resistant to ethanol-
based disinfectants [17], which allows HRV to survive for 
a prolonged time on surfaces [18], compounded by the 
inability of surgical masks to prevent transmission of HRV 
infection from symptomatic individuals [19]. Such fi ndings 
are also supported by the work of Poole, et al. [20] and show 
a drop in the rate of detection of respiratory viruses during 
the 2020 lockdown in Southampton, UK, with the exception 
of HRV. Although a lower detection rate was observed for 
HRV during the lockdown, a sharp increase in the incidence 
was detected soon after easing off  the measures.

Our results are in good agreement with published data, 
thus showing that non-pharmaceutical interventions 
against COVID-19 were similarly eff ective in Slovenia as 
in other countries, with the exception of HRV. Rhinovirus 
seems to have endured COVID-19 restrictions because it 
also remained among the three respiratory viruses most 
often detected in hospitalized patients after the onset of 
SARS-CoV-2. It would seem that the nature of the virus 
(non-enveloped and more resistant to ethanol-based 
disinfectants) helped it replicate in the population, although 
a higher awareness of hand disinfection was achieved. 
These results clearly show the benefi cial impact of social 
distancing, surgical masks, and hand disinfection on the 
circulation of enveloped respiratory viruses.

Last but not least, in the last season, 2021/22, all 
viruses returned with a delay. This could be explained by 
the lockdown of the country, the last time in October 2021, 
but after that, the country was not shut down again. After 
October 2021, every week there were increasingly fewer 
preventive measures. In the 2021/22 season, almost all 
viruses had already returned, which could be explained by 
easing preventive measures, opening schools where wearing 
masks is no longer mandatory, and opening the country and 
all the industries to their full extent.

Further monitoring thus seems to be important in the 
coming seasons to shed more light on future changes in 
respiratory viruses’ epidemiology because restrictions are 
bound to be loosened.

Limitations
The present study gives insight into the epidemiology of 

respiratory viral infections only among hospitalized patients 
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(inpatients), and since the results cannot be extrapolated 
to the general population, therefore, the epidemiology of 
the respiratory viruses in the non-hospitalized patient 
population remains unknown. 

Additional limitations of the study are the exclusion of 
the data before 2012, due to the change in the methodology of 
respiratory virus detection in late 2011, from a less sensitive 
direct immunofl uorescence assay with a smaller virus set to 
a more sensitive real-time polymerase chain reaction with a 
wider range of respiratory virus targets. 
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