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IZVLECEK

Namen: Spremembe v epidemi-
ologiji nalezljivih bolezni pri otrocih
so ena od neposrednih in merljivih
COVID-15,

zato smo Zeleli oceniti vpliv te pan-

posledic  pandemije

demije na epidemiologijo in etiologi-
jo drugih okuzb spodnjih dihal pri
otrocth.

Metode: Izvedli smo retrospektiv-
no Studijo in vkljucili vse otroke,
ki so bili hospitalizirani zaradi
okuzb spodnjih dihal (izkljucujo¢
COVID-19) v letih 2019 in 2021.
Pri vseh otrocth smo opravili bris
nosno-zrelnega prostora in s po-
mocjo verizne reakcije s polimerazo
dolocili povzrocitelja okuzbe spodn-
Jih dihal.

Rezultati: Leta 2019 je bilo zara-
di okuzb spodnjih dihal hospital-
1ziranth 356 otrok, leta 2021 pa
250, kar je 29,8 % manyj. Delez
otrok, ki so bili hospitalizirani zara-
di atipicne pljucnice, se je zmanjsal

ABSTRACT

Purpose: Changes in the epidemi-
ology of communicable diseases in
children are one of the direct and
measurable consequences of the coro-
navirus disease 2019 (COVID-19)
Therefore, this study
aimed to evaluate the impact of the
recent pandemic on the epidemiology
of lower respiratory tract infections
and the relevant causative pathogens
other than severe acute respiratory

pandemic.

syndrome coronavirus 2.

Methods: In this retrospective study,
all children hospitalized due to lower
respiratory tract infections in 2019
and 2021 were enrolled. The naso-
pharyngeal swab test was performed
using polymerase chain reaction to
identify prevalent respiratory virus-
es and atypical bacteria.

Results: A total of 356 children
were hospitalized due to lower respi-

ratory tract infections in 2019 and
250 children in 2021 (a reduction
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12 10,1 % v letu 2019 na 2,8 % v letu 2021, delez otrok
z bakterijsko pljucnico pa iz 21,9 % v letu 2019 na 12,0
% v letu 2021 (p < 0,01). V pandemiénem letu 2021
smozasledili popolno izginotje virusa gripe in mocno
zmanjsanje deleza vzorcev, pozitivnih na Mycoplasma
pneumoniae, 1z 9,0 % v letu 2019 na 2,7 % v letu 2021
(p < 0,01). Delez vzorcev, pozitivnih na rinovirus, pa se
je povecal iz 8,2 % v letu 2019 na 41,2 % v letu 2021
(p<0,01).
Zakljucek: Pandemija COVID-19 je vplivala na po-
Javnost in etiologijo okuzb spodnjih dihal z drugimi
povzrocitelji. 'V primerjavi z obdobjem pred pandemijo
se je mocno zmanjsala pojavnost atipicne in bakteri-
Jske pljucnice. Virus gripe je med epidemijo COVID-19
povsem 1zginil inobcutno se je spremenila sezona po-
Javlanja okuzb z respiratornim sincicijskim virusom.
1a opaZanja so pomembna za nacrtovanje zdravstventh
virov in preventivnih ukrepov za prihodnje pandemie,
do katerih bo nedvomno Se prisio.
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of 29.8%). The proportion of children hospitalized due to
atypical pneumonia and bacterial pneumonia decreased
from 10.1% and 21.9% in 2019 to 2.8% and 12.0%
in 2021, respectively (P <0.01 for both). A complete dis-
appearance of influenza viral infections was observed in
2021. Moreover, a profound decrease in the proportion of
Mycoplasma pneumoniae-positive specimens from 9.0%
m 2019 to 2.7% 1n 2021 was observed (P <0.01). How-
ever, the proportion of rhinovirus-positive specimens in-
creased from 8.2% in 2019 to 41.2% in 2021 (P <0.01).
Conclusions: The COVID-19 pandemic affected the in-
cidence and etiology of lower respiratory tract infections
in children, resulting in a decrease in atypical and bacte-
rial pneumonia, a complete disappearance of influenza,
and a seasonal shift in the epidemiology of the respirato-
ry syncytial virus. These observations are important for
planning healthcare resources and preventive measures
for future pandemics, which will undoubtedly occur.

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic
and the associated preventive measures, such as social
distancing, travel restrictions, school and kindergarten
closures, and use of masks and hand hygiene, have been
found to be associated with a significant reduction in
other respiratory infections in children; these included
respiratory syncytial virus (RSV) and influenza
infections, particularly during the winter season in
the Northern Hemisphere (1, 2).

Some epidemics of respiratory infections, such as RSV-
related bronchiolitis in infants, occurred much later
than expected and outside the typical season, namely,
in the late spring or even in the summer of 2020 and
2021. This epidemiological shift likely resulted from
a decrease in COVID-related protective measures
during the summer months (3, 4). Respiratory tract
infections (other than COVID-19) and outpatient visits
among Chinese children decreased by more than 50%
during the first few winter months after the onset of the

COVID-19 pandemic in 2020. Moreover, the incidence
of most of the main respiratory viruses (RSV, influenza,
adenovirus, and metapneumovirus) was lower than
in the same winter months in 2018 and 2019. The
incidence of these viruses remained significantly lower
during the remainder of 2020. Even greater decreases
in LRTIs, including pneumonia and viral infection—
induced wheezing, in infants were observed in Israel
and Poland. However, lower respiratory tract infections
(LRTTISs) caused by parainfluenza and rhinovirus sharply
increased after the reopening of schools in China in
the summer of 2020, which completely compensated
for the decrease in winter (5, 6, 7, 8).

The COVID-19 pandemic and related preventive
measures have also decreased the incidence of
community-acquired pneumonia (CAP) caused by
bacteria, including the most common pathogens, such
as Streptococcus pneumoniae (9). The detection rate of
Mycoplasma pneumoniae, which is the most common
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cause of atypical pneumonia in children, also decreased
sharply worldwide, and the pathogen did not reappear
as expected after lifting COVID-19-related restrictions
(10).

Slovenia was one of the countries most affected by
COVID-19. The reported incidences of 58,000 cases
and 400 deaths per 100,000 population were the third
and fourth highest, respectively, among European
Union countries (11). Correspondingly, the prevention
measures, such as travel restrictions and school and
kindergarten closures, have also been comparable to
those in other heavily affected European countries
(12, 13).

The impact of the COVID-19 pandemic on other LRTIs
in Western, Central, and Southern Europe has not
been reported. Therefore, we performed a retrospective
study to evaluate the impact of the COVID-19
pandemic on the incidence of viral LRTIs and CAP
in hospitalized children. Furthermore, we aimed to
compare the prevalence and seasonal occurrence of
different respiratory viruses and M. pneumoniae, as
causes of LRTTs, in hospitalized children between the
pre-pandemic year of 2019 and the pandemic year of
2021.

MATERIALS AND METHODS

Participants

This retrospective study included 606 patients, aged
1 month to 18 years, hospitalized in Department of
Pediatrics, University Medical Centre Maribor from
January 1 to December 31, 2019 (n = 350), and from
January 1 to December 31, 2021 (n = 256). The patients
had acute LRTI with a diagnosis of acute bronchiolitis,
acute bronchitis, viral infection-induced wheezing,
and CAP. We also included and separately analyzed 56
patients who were hospitalized due to acute laryngitis.
Data were collected from the medical records, and the
final diagnosis (at discharge) was considered for the
statistical analysis.

Patients previously diagnosed with asthma or other
chronic pulmonary diseases (e.g., cystic fibrosis,
primary ciliary dyskinesia, immune deficiencies,
and congenital pulmonary malformations) were
not included. Moreover, patients born prematurely

ACTA MEDICO-BIOTECHNICA

2023; 16 (2): 44-53

(before 37 weeks of gestational age) and patients with
neurological impairment, heart diseases, or other
known chronic conditions that can predispose them to
LRTI symptoms (e.g., gastroesophageal reflux disease)
were excluded.

Diagnostics

Nasopharyngeal swabs were collected for detecting
the eight most common respiratory viruses (influenza
A, influenza B, parainfluenza, RSV, adenovirus,
metapneumovirus, rhinovirus, and coronavirus) and
three atypical bacteria (M. pneumoniae, Bordetella
pertussis, and Chlamydophila pneumoniae). Film Array,
a polymerase chain reaction (PCR)-based assay, was
used for detecting COVID-19 in most (94.8%) patients
hospitalized in 2019 and in all patients hospitalized in
2021 when COVID-19 was added to the assay. For the
statistical analysis, we recorded all pathogens detected
by PCR. Serological testing for M. pneumoniae and C.
pneumoniae was performed when atypical bacterial
LRTI was suspected.

Chest x-ray (CXR) and/or lung ultrasound (LUS) were
performed when clinically appropriate.

CAP was diagnosed using CXR and/or LUS based
on the British Thoracic Society criteria and when
pneumonia was undoubtedly acquired outside the
hospital. A patient was diagnosed with pneumonia when
infiltrate(s) was detected on CXR and/or hypoechoic
consolidation with hyperechoic air bronchograms
detected using LUS (14-16).

Atypical bacterial LRTIs were considered when atypical
bacteria were detected in nasopharyngeal swabs and/
or when immunoglobulin M against M. pneumoniae
or C. pneumoniae was detected in blood serum (17).
When no viruses or atypical bacteria were detected,
either leukocytosis (white blood cell count >15 x 109/L)
or consolidation (alveolar infiltrate) on CXR and/or
large (>20 mm) single consolidation detected using
LUS was sufficient for a diagnosis of bacterial CAP (16,
18, 19). Bacterial CAP (superinfection) was considered
in patients with both leukocytosis and a large single
consolidation (detected with either CXR or LUS), even
when viruses were detected in nasopharyngeal swabs.
Viral infection-induced wheezing was considered in a
patient with at least one previous episode of wheezing
associated with upper respiratory tract infection in the



last year before hospitalization and responded to the
beta2-agonist (20). All other patients with signs and/or
symptoms of LRTIs were considered to have bronchitis/
bronchiolitis after the exclusion of CAP.

When more than one virus (or atypical bacteria)
was detected in the same patient (coinfection), each
pathogen was considered a separate case for comparing
the incidence of different respiratory pathogens
between 2019 and 2021.

Statistical analysis

Statistical analysis was performed using SPSS
26.0 statistical software (IBM Inc., IL, USA). The
Kolmogorov-Smirnov test was used first to evaluate
the normality of data distributions. The median
and the interquartile range (IQR) were calculated
for quantitative variables. The relative proportions
of hospitalizations due to different LRTIs (e.g., acute
bronchitis, acute bronchiolitis, viral infection-induced
wheezing, and CAP) and acute laryngitis between the
pre-pandemic and pandemic years were compared
using the Fischer’s exact test or chi-squared test.
The odds ratio (OR) with a 95% confidence interval
(CI) was calculated for 2021 where applicable. The
same tests were used to compare the proportions of
nasopharyngeal swabs that were positive for the most
common respiratory pathogens between 2019 and
2021. The Mann-Whiney U test was performed to
compare quantitative variables such as the median age
and the length of stay. The a level for all tests was set
to 0.05, and the P values were presented for two-tailed
tests.

Data availability

The data presented in the article are not publicly
available but can be obtained from the corresponding
author upon reasonable request.

Statement of ethics

This study was conducted following the 1964
Declaration of Helsinki and its subsequent amendments
and was approved by the ethics committee of the
University Medical Centre Maribor on September

14, 2022 (protocol number: UKC-MB-KME-47/22).
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RESULTS

LRTIs and acute laryngitis

A total of 606 children were hospitalized due to LRTIs
(including CAP and viral infection-induced wheezing)
in 2019 and 2021, 275 (45.4%) of which were females,
with a median age of 23 months (IQR, 28 months). In
addition, 56 children (22 or 39.3% were females) were
hospitalized in both years due to laryngitis (median
age, 27 months; IQR, 31 months).

In 2021, 250 children were admitted due to LRTIs,
which was 29.8% less than the year before the
pandemic, when 356 children were admitted. The
median age of patients in 2021 and 2019 was 22 and 25
months, respectively (P = 0.15). The number of children
admitted due to acute laryngitis decreased by 72.7%
(from 44 in the pre-pandemic year to 12 in 2021).

A comparison of the epidemiological and clinical
characteristics of children admitted due to LRTIs in
2021 and 2019 is presented in Table 1. The monthly
admission rates (LRTI and acute laryngitis combined)
in 2019 and 2021 are presented in Figure 1.

Only 29 (11.1% of all annual cases) patients were
hospitalized due to LRTI or acute laryngitis in the first
four months of 2021 compared with 229 (57.3%) in the
same period in 2019 (P < 0.01). However, in 2021, 19,

Year

i 2019
2021

Number of cases per month

January Iarch Tay July
February April June

September | November
August October  December

Month of admission

Figure 1. Monthly admission rate due to lower

respiratory tract infections and acute laryngitis
in children in 2019 and 2021.
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Table 1. Comparison of epidemiological and clinical characteristics of children hospitalized due to lower respirato-

ry tract infections in 2021 and 2019

Characteristic [n (%)] *

Sex (female) 162 (45.6)
Viral infection-induced wheezing D)
Bronchitis/bronchiolitis 196 (55.1)
Viral pneumonia 30(8.4)
Atypical pneumonia 36(10.1)
Bacterial pneumonia 78 (21.9)

Year 2019 Year 2021 0dds ratio (95% confidence
(N ** =356) (N =250) interval) ****

113 (45.2) 1.00 (0.84-1.20)
ZH00) 0.05 1.88 (1.01-3.52)
164 (65.6) 0.01 1.56 (1.11-2.17)
36 (14.4) 0.02 1.21(0.73-2.02)
7(2.8) <001 0.26 (0.11-0.58)
30(12.0) <001 0.49 (0.31-0.77)

“Number of participants with a particular characteristic (percentage in parentheses).
“Number of patients hospitalized due to lower respiratory tract infection
P value refers to the comparison of the relative proportion of patients hospitalized due to a particular clinical entity (between 2021

and 2019).
**Odds ratio was calculated where applicable and for 2021.

27,15, 29, and 50 patients (altogether 140 or 53.4%)
compared with 14, 10, 9, 25, and 25 patients (altogether
83 or 20.8%) in 2019 were hospitalized in June, July,
August, September, and October, respectively (P <
0.01).

Seasonal occurrence of respiratory
pathogens

A comparison of the relative proportions of detected
specific respiratory viruses between 2021 and 2019 is
presented in Table 2.

M. pneumoniae was detected in the nasopharyngeal
swabs from 34 (9.0% of all specimens collected) and
7 (2.7%) patients in 2019 and 2021, respectively (P
<0.01; OR = 0.94; 95% CI, 0.90-0.97).

The seasonal occurrence of the two most common
respiratory viruses (RSV and rhinovirus) is presented
in Figures 2 and 3. In the first 4 months (January-
April) of 2019, we detected 91 cases of RSV infection
from 220 collected nasopharyngeal swabs. The
proportion of positive results was 41.4%, which was
significantly higher (P < 0.01) compared with only one
RSV-positive result out of 29 swabs collected (3.5%)
during the same period in 2021. From August to
November 2019, only one patient (from 78 collected
swabs, 1.3%) was confirmed to have an RSV infection

ACTA MEDICO-BIOTECHNICA
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- 2019
» 2021

Number of RSV positive cases

January March May Juty
Februanr Apri June

Month

September | November
August OCctober  December

Figure 2. Seasonal occurrence of respiratory
syncytial virus (RSV) in 2019 and 2021.

compared with 77 patients (from 136 collected swabs,
56.6%) during the same period in 2021 (P < 0.01).

We detected nine cases of rhinovirus infection with
4.1% of total swabs testing positive for rhinovirus
in the first 4 months (January-April) of 2019
compared with 10 cases with 34.4% of total swabs
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Table 2. Comparison of relative proportions of specimens (nasopharyngeal swab) that were positive for respiratory

viruses
. - Year 201

=
Influenza 66 (17.4)
RSV 111 (29.3)
Rhinovirus 31 (8.2)
Parainfluenza 10 (2.6)
Metapneumovirus 7(1.8)
Adenovirus 11 (2.9)
Coronavirus (non-COVID-19) 0 (0)

Year 2021 Odds ratio
(N ** =257) (95% confidence interval) ****
0(0)

<0.01

93 (36.2) 0.07 1.14 (0.99-1.32)
107 (41.6) <0.01 3.11(2.27-4.27)
38 (14.8) 0.51 3.01(1.73-5.25)
19 (7.4) <0.01 2.26 (1.20-4.26)
14 (5.4) 0.15 1.37(0.88-2.14)
17 (6.7) <0.01

“Number of patients infected with specific respiratory pathogens (percentage of positive specimens in parentheses).

“Number of collected specimens (nasopharyngeal swab).

P value refers to the comparison of relative proportions of positive specimens (between 2021 and 2019).

“**Odds ratio was calculated where applicable and for 2021.

testing positive for rhinovirus in 2021 (P < 0.01).
From August to November 2019, we detected 18
cases of rhinovirus infection (accounting for 12.8%
of positive swabs). In the same period in 2021, we
detected 54 cases of rhinovirus infection with 39.7%
of total swabs testing positive for rhinovirus (P < 0.01).

F&al
2019
25-

2021

Mumber of Rhinovirus positive cases

September | November
April June August October Decermber

Month

January March May duly

February

Figure 3. Figure 3. Seasonal occurrence of rhi-
novirus in 2019 and 2021.

DISCUSSION

In this study, significant differences in the incidence
of clinical entities in children hospitalized due to
LRTIs were observed between the pre-pandemic year
2019 and 2021, when the COVID-19 pandemic and
related preventive measures reached their peak. The
differences in the incidence and seasonal occurrence of
different respiratory pathogens that cause LRTI were
even more profound. The hospitalization rates for
acute laryngitis and atypical and bacterial pneumonia
decreased by more than 60% in 2021 compared with
those in 2019. However, the hospitalization rates of
children with viral infection-induced wheezing,
acute bronchitis/bronchiolitis, and viral pneumonia
in 2021 remained comparable to those in the pre-
pandemic year. Moreover, the relative proportions of
these clinical entities among all LRTIs even increased
in 2021.

The decrease of 29.8% in the overall incidence of
hospitalizations due to LRTIs in 2021 (compared with
2019) in our study was less pronounced than that
observed in other countries. Rosenfeld et al. reported
a reduction in hospitalization due to LRTIs and
pneumonia by approximately 80% and a reduction
of 40% for wheezing episodes in infants in Israel born
in the first months of 2019 compared with those born
in the first months of 2020 (7). Grochowska et al.
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reported an 81% decrease in the hospitalization rate
due to LRTIs in Polish children from April 2020
to March 2021 compared with the same period
in 2019/2020 (8). The lower decrease observed in
our study was probably due to the comparison of
different time frames, as all of the aforementioned
studies included the first months of the pandemic in
2020 when preventive measures were most strict,
and (unlike our study) did not include the second
half of 2021, when we observed the resurgence of
hospitalization due to LRTTs, as presented in Figure 1.
Northern Italy was one of the regions most affected
during the first months of the pandemic and was
comparable with Slovenia regarding the incidence
of reported cases of COVID-19 and related deaths
per 100,000 inhabitants (12, 21). Barbiellini Amidei
et al. reported an approximately 50% decrease in
emergency department visits among children under
14 years of age in 2020 compared with 2019 in the
northern Italy region of Veneto (22). Unfortunately,
they did not specifically analyze the effects of the
pandemic on LRTIs in children. Our study was novel
in analyzing the impact of the COVID-19 pandemic
on the incidence of LRTIs in children in Western,
Central, and Southern Europe.

We observed a 63.5% decrease in hospitalizations due
to bacterial CAP in 2021 compared with 2019, which
was similar to the 71.5% reduction in admissions due
to CAP reported by Rybak et al. in French children
but less than 82% decrease in hospitalizations due to
CAP reported by Friedrich et al. in Brazilian children
(23, 24).

We also observed the almost complete and persistent
disappearance of M. pneumoniae, with a decrease of
79.5%, as a cause of LRTIs in the children in our
study during the pandemic year 2021 compared
with 2019. A similar persistent disappearance of
M. pneumoniae was reported by Meyer Sauteur et al.
They analyzed data from 20 countries worldwide
and found a reduction in the global incidence of M.
pneumoniae infections by more than 80% during the
first year of the pandemic. Moreover, no resurgence
of infections was observed when preventive measures
were discontinued in the second year of the pandemic,
which can be explained by the slow spread of M.
pneumoniae compared with respiratory viruses (10).
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However, the observed and lasting decrease in LRTIs
caused by M. pneumoniae can also be explained by a
large natural variation in the annual incidence of this
pathogen, with peaks occurring every 3-7 years (25).
Regarding RSV infections, we observed an almost
complete disappearance of the virus during the winter
months of 2021, when we would expect the highest
incidence based on the seasonal occurrence of RSV in
Slovenia in the pre-pandemic era (26). From June to
November 2021, the incidence of admissions due to
LRTIs caused by RSV increased sharply and almost
fully compensated for the decrease in winter. This
seasonal shift in the peak of RSV infections has not
been observed in Slovenia before. Similar observations
were reported by Grochowska et al., who detected an
unexpected 20-fold increase in RSV-positive cases
among children hospitalized due to LRTIs in August
2021 in Poland compared with that during the same
month in the pre-pandemic years. However, they used
a tiny sample (8). Foley et al. reported an inter-seasonal
resurgence of RSV in Australian children with a
magnitude that was 2.5 times higher than the average
seasonal peak of RSV in the pre-pandemic years (4).
This seasonal shift could be attributed to the impacts
of the COVID-19 pandemic and related preventive
measures. Wearing masks, social distancing,
improved hand hygiene, and lockdowns contributed
not only to a significant reduction in severe acute
respiratory syndrome coronavirus 2 transmission
but also negatively influenced the spread of other
respiratory viruses, such as RSV. Nonexposure to a
particular virus during its usual previous season and a
consequent immune naivety probably also contributed
to the increased susceptibility of children even outside
the usual season.

Our study found that rhinovirus was the least
affected of all the respiratory pathogens during
the COVID-19 epidemic. Moreover, the relative
proportion of rhinovirus-positive specimens among
children hospitalized due to LRTIs increased from
8.2% 1n 2019 to 41.6% in 2021. As shown in Figure
3, rhinovirus did not disappear during the lockdown
in winter and early spring of 2021, and we observed
long-lasting peaks of rhinovirus infections in the
summer and autumn months of 2021, far exceeding
the proportion of rhinovirus-positive specimens



during the same period of 2019. Therefore, our
results confirmed the previous findings of “resistance”
of rhinovirus to preventive measures during the
COVID-19 pandemic (2). Unlike all other respiratory
pathogens, the Centers for Disease Control and
Prevention reported an almost unaffected prevalence
of rhinovirus from all specimens collected in the
United States during the peaks of the COVID-19
pandemic (2). However, contrary to our results, the
proportion of rhinovirus-positive specimens during
the pandemic did not exceed percentages from pre-
pandemic years (2). Jia et al. analyzed the proportion
of rhinovirus-positive specimens collected from the
upper airways of children hospitalized or treated as
outpatients due to LRTT at the University Children’s
Hospital in Shanghai, China. They reported an
increase in the proportion of rhinovirus-positive
specimens from 26.7% in 2019 to 52.5% in 2020,
consistent with our study (27). The increase in the
prevalence of rhinoviruses from specimens collected
in hospital settings and not in specimens from
community surveillance systems can be explained
by the prevalence of human rhinovirus A serotypes
that cause more serious LRTIs in children (27).

Our study had several limitations. First, diagnoses
were based mostly on completed medical records.
Variability in diagnostic procedures (e.g., performing
or omitting a CXR) and establishing a final diagnosis
among treating physicians is very probable. Second, we
included the entire year of 2021, although preventive
measures were relaxed during the summer of 2021,
and most of the studies from other countries included
only the winter and spring months of 2021. However,
by including the summer and autumn months of 2021,
we obtained insight into the longer-lasting effects
of the pandemic on the prevalence of respiratory

KLINICNA STUDIJA / CLINICAL STUDY

pathogens that cause LRTIs in children. Third, we
included only hospitalized children, which does
not necessarily reflect the complete epidemiological
spectrum of respiratory tract infections and their
causative pathogens in children. In conclusion, the
COVID-19 pandemic had several and diverse effects
on children’s health (28). It significantly impacted
the incidence of LRTIs in hospitalized children, with
a decrease in the incidence of atypical and bacterial
pneumonia. The observed impact of the pandemic
and related preventive measures on the (seasonal)
occurrence of respiratory pathogens was even more
profound. Some viruses (e.g., influenza) completely
disappeared from the collected specimens and did not
reemerge despite removingmost preventive measures
in the second half of 2021. A similar but not as
profound effect was observed for M. pneumoniae. The
incidence of LRTI caused by RSV paralleled the course
of preventive measures, with a drastic decrease during
the lockdown and a rapid resurgence after its end.
Almost no effect of preventive measures was observed
on the incidence of LRTI caused by rhinovirus, and a
sharp increase occurred after the end of the lockdown,
far exceeding the incidence in the pre-pandemic
years and almost completely compensating for the
diminished occurrence of some other respiratory
pathogens. Although the impact of the COVID-19
pandemic might be waning, these observations are
important for planning healthcare resources and
preventive measures for future pandemics, which
will undoubtedly occur. Similar changes in the
incidence of respiratory infections can be expected
in any prolonged epidemic (of respiratory and other
diseases), requiring large-scale preventive measures
such as wearing masks, social distancing, and school
and kindergarten closures.

ACTA MEDICO-BIOTECHNICA

2023; 16 (2): 44-53



KLINICNA STUDIJA / CLINICAL STUDY

REFERENCES

Agha R, Avner JR. Delayed seasonal RSV surge
observed during the COVID-19 pandemic. Pe-
diatrics 2021; 148(3): €2021052089. https://doi.
org/10.1542/peds.2021-052089.

Olsen SJ, Winn AK, Budd AP, Prill MM, Steel J,
Midgley CM, et al. Morbidity and mortality weekly
report changes in influenza and other respirato-
ry virus activity during the COVID-19 pandem-
ic-United States, 2020-2021. MMWR Morb Mor-
tal Wkly Rep 2021; 70(29): 1013-9. https://doi.
org/10.15585/mmwr.mm7029al.

Ohnishi T, Kawano Y. Resurgence of respiratory
syncytialvirusinfection during an atypical season
in Japan. J Pediatric Infect Dis Soc 2021; 10(10):
982-3. https://doi.org/10.1093/jpids/piab065.
Foley DA, Yeoh DK, Minney-Smith CA, Martin AC,
Mace AO, Sikazwe CT, et al. The inter-seasonal re-
surgence of respiratory syncytial virus in Austra-
lian children following the reduction of coronavi-
rus disease 2019-related public health measures.
Clin Infect Dis 2021; 73(9): 2829-30. https://doi.
org/10.1093/cid/ciaal906.
LiuP,XuM,CaoL,Sul,Lul,DongN,etal. Impact
of COVID-19 pandemic on the prevalence of respi-
ratory viruses in children with lower respiratory
tract infections in China. Virol J 2021; 18(1): 159.
https://doi.org/10.1186/s12985-021-01627-8.
Zhu Y, Li W, Yang B, Qian R, Wu F, He X, et al. Ep-
idemiological and virological characteristics of
respiratory tract infections in children during
COVID-19 outbreak. BMC Pediatr 2021; 21(1): 195.
https://doi.org/10.1186/s12887-021-02654-8.
Rosenfeld N, Mandelberg A, Dalal I, Tasher D,
Kamar A, Schnapper M, et al. The impact of the
COVID-19 pandemic on respiratory morbidi-
ty during infancy: A birth-cohort study. Pedi-
atr Pulmonol 2022; 57(4): 848-56. https://doi.
org/10.1002/ppul.25822.

Grochowska M, Ambrozej D, Wachnik A, Dem-
kow U, Podsiadty E, Feleszko V. The impact of
the COVID-19 pandemic lockdown on pediatric
infections - a single-center retrospective study.
Microorganisms 2022; 10(1): 178. https://doi.
org/10.3390/microorganisms10010178.

ACTA MEDICO-BIOTECHNICA

2023; 16 (2): 44-53

10.

11.

12.

13.

14.

15.

16.

Tang HJ, Lai CC, Chao CM. Changing epidemiolo-
gy of respiratory tract infection during COVID-19
pandemic. Antibiotics (Basel) 2022; 11(3): 315.
https://doi.org/ 10.3390/antibiotics11030315.
Meyer Sauteur PM, Chalker VJ, Berger C, Nir-Paz
R, Beeton ML. Mycoplasma pneumoniae beyond
the COVID-19 pandemic: where is it? Lancet Mi-
crobe 2022; 3(12): e897. https://doi.org/10.1016/
$2666-5247(22)00190-2.

Statista. Coronavirus case incidence in Europe,
by country 2022. Available at: https://www.
statista.com/statistics/1110187/coronavirus-inci-
dence-europe-by-country.

PiSot S, Simuni¢ B, Gentile A, Bianco A, Lo Coco
G, PiSot R, et al. The differences of Slovenian and
Italian daily practices experienced in the first
wave of covid-19 pandemic. BMC Public Health
2022;22(1): 326. https://doi.org/10.1186/s12889-
022-12664-5.

Osterrieder A, Cuman G, Pan-Ngum W, Cheah PK,
Cheah P, Peerawaranun P, et al. Economic and so-
cial impacts of COVID-19 and public health mea-
sures: results from an anonymous online survey
in Thailand, Malaysia, the UK, Italy and Slove-
nia. BMJ Open 2021; 11(7): e046863. https://doi.
org/10.1136/bmjopen-2020-046863.

Harris M, Clark J, Coote N, Fletcher P, Harnden A,
McKean M, et al. British Thoracic Society guide-
lines for the management of community acquired
pneumonia in children: Update 2011. Thorax
2011; 66(Suppl 2):ii1-23. https://doi.org/10.1136/
thoraxjnl-2011-200598.

BerceV, Tomazin M, Gorenjak M, Berce T, Lovrencic
B. The usefulness of lung ultrasound for the etio-
logical diagnosis of community-acquired pneu-
monia in children. Sci Rep 2019; 9(1): el1795T7.
https://doi.org/10.1038/s41598-019-54499-y.
Elabbas A, Choudhary R, Gullapalli D, Mistry S,
Farzana MH, Mallick AH, et al. Lung ultrasonogra-
phy beyond the diagnosis of pediatrics pneumo-
nia. Cureus 2022; 14(2): €22460. https://doi.org/
10.7759/cureus.22460.



17.

18.

19.

20.

21.

22.

23.

Esposito S, Principi N. Defining the etiology of
pediatric community-acquired pneumonia: an
unsolved problem. Expert Rev Respir Med 2019;
13(2): 153-61. https://doi.org/10.1080/17476348.
2019.1562341.

Korppi M, Kiekara O, Heiskanen-Kosma T, Soi-
makallio S. Comparison of radiological findings
and microbial aetiology of childhood pneumo-
nia. Acta Paediatr 1993; 82(4): 360-3. https://doi.
org/10.1111/j.1651-2227.1993.tb12697 .x.
Shuttleworth DB, Charney E. Leukocyte Count
in Childhood Pneumonia. Am J Dis Child 1971;
122(5): 393-6. https://doi.org/ 10.1001/archpe-
di.1971.02110050063005.

Oksel C, Granell R, Haider S, Fontanella S, Simp-
son A, Turner S, et al. Distinguishing wheez-
ing phenotypes from infancy to adolescence.
A pooled analysis of five birth cohorts. Ann Am
Thorac Soc 2019; 16(7): 868-76. https://doi.
org/10.1513/AnnalsATS.201811-8370C.

Bozzola E, Caffarelli C, Santamaria F, Corsello G.
The year 2021 in COVID-19 pandemic in children.
Ital J Pediatr 2022; 48: el6l. https://doi.org/
10.1186/s13052-022-01360-0.

Barbiellini Amidei C, Buja A, Bardin A, Bonaldi F,
Paganini M, Manfredi M, et al. Pediatric emergen-
cy department visits during the COVID-19 pan-
demic: a large retrospective population-based
study. Ital J Pediatr 2021; 47: e218. https://doi.
org/10.1186/s13052-021-01168-4.

Rybak A, Yang DD, Schrimpf C, Guedj R, Levy C,
Cohen R, et al. Fall of community-acquired pneu-

24,

25.

26.

27.

28.

KLINICNA STUDIJA / CLINICAL STUDY

monia in children following COVID-19 non-phar-
maceutical interventions: A time series analy-
sis. Pathogens 2021; 10(11): e1375. https://doi.
org/10.3390/pathogens10111375.

Friedrich F, de Castro e Garcia L, Petry LM, Puer-
ari Pieta M, Eggers Carvalho G, Zocche G, et al.
Impact of nonpharmacological COVID-19 inter-
ventions in hospitalizations for childhood pneu-
monia in Brazil. Pediatr Pulmonol 2021; 56(9):
2818-24. https://doi.org/:10.1002/ppul.25570.
Centres for Disease Control and Prevention. My-
coplasma pneumoniae surveillance and report-
ing. Available at: https://www.cdc.gov/pneumo-
nia/atypical/mycoplasma/surv-reporting.html.
Grilc E, Prosenc Trilar K, Lajovic J, So€an M. De-
termining the seasonality of respiratory syncytial
virus in Slovenia. Influenza Other Respir Virus-
es 2021; 15(1); 56-63. https://doi.org/10.1111/
irv.12779.

JiaR,LulL,LiS,LiuP,Xu M, Cao L. Human rhino-
viruses prevailed among children in the setting of
wearing face masks in Shanghai, 2020. BMC In-
fect Dis 2022; 22(1): 253. https://doi.org/10.1186/
$12879-022-07225-5.

Gradisnik P, Osterc Koprivsek A, Rus M, Gol-
li T, Damjan H. Polyneuritis cranialis related to
SARS-CoV-2 infection: a case report. Acta Med-
ico-Biotechnica 2023; 16(1): 53-6. https://doi.
org/10.18690/actabiomed.251.

ACTA MEDICO-BIOTECHNICA

2023; 16 (2): 44-53

53



