Original article
Pediatr Emerg Med J 2024;11(1):17-27

https://doi.org/10.22470/pem;].2023.00836
PISSN: 2383-4897 / elSSN: 2508-5506

Incidence, severity, and clinical characteristics of

lower respiratory tract infections in children before

and after the coronavirus disease 2019 lockdown:
a Dutch single-center study

Marjolijn C. M. Nagelkerke'?, Maud van Zagten*, Arwen Sprij',
Jolita Bekhof?, Mirjam van Veen?, Matthijs D. Kruizinga**

*Juliana Children’s Hospital, Haga Teaching Hospital, The Hague, the Netherlands
*University Medical Centre Groningen, Groningen, the Netherlands
*Department of Pediatrics, Isala Ziekenhuis, Zwolle, the Netherlands
‘Department of Pediatrics, Leiden University Medical Centre, Leiden, the Netherlands

Abstract

Purpose: Coronavirus disease 2019 (COVID-19) public
health measures reduced the incidence of pediatric lower res:
piratory tract infections (LRTIs) in 2020. An inter-seasonal
surge in the LRTI has occurred after relaxation of restric-
tions. We aimed to compare characteristics and disease
severity of children with LRTI before, during, and after
COVID-19 lockdown.

Methods: All LRTI-related visits to emergency department
(ED) of alarge pediatric hospita in the Netherlands between
2019 and 2021 were included. Variables were compared
between 2019 and 2020, and between 2019 and 2021,
respectively. The variables included demographic character-
istics, condition upon ED arrival, diagnosis, applied treat-
ment, and follow-up.

Results: In 2019, 2020, and 2021, numbers of the visits
were 573, 280, and 519, respectively, comprising the study
population (n = 1,372). In 2020, the patients were older, and
showed higher frequencies of preterm birth history, co-occur-
ring symptoms of obstructive lung disease, and salbutamol
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therapy in the ED, than in 2019. In 2021, the patients were
younger, showed higher frequencies of desaturation, bronchi-
olitis, co-occurring symptoms of obstructive lung disease,
salbutamoal therapy, and hospitdization, and showed lower
frequencies of respiratory ED visits or hospitdization in the
past year, and antibiotic therapy. During hospitalization in
2020, the patients were older, and showed shorter duration of
oxygen support and length of hospitd stay, as well as lower
frequencies of nasogasdtric tube insertion, compared to 2019.
In 2021, compared to 2019, the patients showed a higher fre-
quency of bronchialitis and lower frequencies of underlying
medical conditions and antibiatic therapy.

Conclusion: The children presenting with LRTIs in 2021
seem to have had a more severe clinical phenotype, possibly
explained by immunity debt after the COVID-19 lockdown,
stricter referral policy, or changes in healthcare-seeking
behavior. Future research is needed to evaluate the long-term
consequences of growing up during the lockdown.

Key words: Bronchiolitis, COVID-19; Immunity; Lung
Diseases, Obstructive; Pediatrics; Physical Distancing;
Pneumonia; SARS-CoV-2

Introduction

Historically, pediatric lower respiratory tract infec—
tions (LRTIs) follow a predictable seasonal pattern
with peak incidences between late fall and early
spring and lower incidences in warmer months
(1-5). In 2019, severe acute respiratory syndrome
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coronavirus 2 developed into the coronavirus disease
2019 (COVID-19) pandemic (6). Public health restric—
tions were enforced globally in an attempt to slow
down rising infection rates (7-9). Such restrictions
controlled COVID-19, and reduced the incidence
of other infections (10-14). Pediatric respiratory
infection rates were remarkably low in 2020, as
the traditional winter epidemics were absent from
both hemispheres (15-22). An unusual inter—seasonal
surge in pediatric LRTIs has been seen in many
countries following the relaxation of COVID-19
restrictions (23-30). A possible explanation for these
unusual summer epidemics is called ‘immunity debt,”
a term proposed to describe the lack of immunity in
a population caused by extended periods of low
pathogen exposure (31,32).

This proposed mechanism raises the question if
children infected during the summer epidemic were
more prone to serious disease, leading to more severe
clinical presentation. Results of previous studies
suggest similar disease severity compared to pre—
pandemic seasons, with 1 study reporting a higher
severity (23,25-27,29,30,33,34). Previous studies
have focused mainly on respiratory syncytial virus
(RSV), not considering other viral LRTIs. The aim
of this study was to compare characteristics and
disease severity of children with LRTI before, during,
and after the COVID-19 lockdown.,

Methods

1. Study design, population, and ethics

This was a retrospective single—center study con—
ducted in the Juliana Children’ s Hospital in The Hague,
the Netherlands. The hospital is a secondary care
hospital, which accommodates approximately 7,000
annual visits to the pediatric emergency department
(ED). In the Netherlands, the meteorological summer
period is from the start of June until the end of
August, and winter is from the start of December
until the end of February. We included all patients
aged 0—18 years presenting to the ED and diagnosed
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with LRTI, from January 1, 2019 through December
31, 2021. For inclusion, we searched the patients
for diagnoses based on the codes of the International
Classification of Disease 10th Revision, including
J09-J22, J40, J96, J98, and J99. Since the 2021
respiratory epidemic had a more gradual ending
than usual, it was difficult to clearly define an LRTI
season each year. The COVID-19 pandemic contained
2 lockdown periods, including March 2020-July
2020 and October 2020—April 2021 (9). Instead, we
compared calendar years for the analysis. Respectively,
2019, 2020, and 2021 represented the years of pre—
pandemic, of lockdown, and of reopening of society.

Data were manually collected from the medical records
of each patient. Patients who did not visit the ED
prior to hospitalization, e.g., transfers from other
hospitals, were excluded. If study patients were
transferred from the ED to another hospital for
logistical reasons, e.g., exceeding ward capacity,
they were included in analyses of ED data but
excluded from analyses of hospitalization data. The
study protocol was submitted to the medical ethics
committee of Leiden—Delft—Den Haag in Leiden, the
Netherlands, which judged that the protocol did not
fall under the purview of the Dutch Law for Research
with Human subjects and that informed consent
was not mandatory (IRB no. N22.035).

2. Variables of interest

The following variables were collected from medical
records. Patient characteristics included age, sex,
gestational age, underlying medical conditions (e.g.,

underlying genetic—/syndromal~-, cardiac—, pul-

monary—, gastrointestinal—, or immunological

conditions), atopic history, and number of respiratory
ED visits or hospitalizations in the past year. Clinical
data included initial oxygen saturation, heart rate,
respiratory rate, signs of respiratory distress, clinical
diagnosis (bronchiolitis vs. pneumonia), hospitaliza—
tion, length of stay (time until discharge from the
pediatric ward), transfers to the pediatric intensive
care unit (PICU), and applications of salbutamol,

antibiotics, steroids, oxygen, or nasogastric tubes.
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Temperatures were not collected due to variations
in pretreatment with paracetamol. Routine viral
testing was implemented in 2021 for all patients
hospitalized with respiratory complaints, in contrast
to in 2019 and 2020 when the testing was performed
rarely at the discretion of the treating physician.

3. Definitions

The underlying medical conditions were defined as
chronic conditions for which the patient received
treatment or regular follow—up at the time of ED
presentation. Atopic history was defined as a history
of eczema, allergic rhinitis, food allergy, asthma, or
preschool wheezing. If the treating physician provided
a working diagnosis of bronchiolitis or pneumonia
in the medical record, this was considered a clinical
diagnosis. Otherwise, criteria in Appendix 1
(https://doi.org/10.22470/pem;j.2023.00836), based
on the local practice, were used to classify the
patients. We excluded patients without clear clinical
diagnosis or symptom suggestive of LRTI reported
on the medical records.

4, Statistical analysis

Data were analyzed using R version 4.1.2 (RStudio,
PBC). Monthly numbers of ED visits or hospitaliza—

2,250 patients with diagnostic code

tions from 2019 through 2021 were depicted, as well
as detected viral pathogens in 2021. Patient charac—
teristics and clinical data were compared respectively
between 2021 and 2019, and between 2020 and 2019,
using independent 2—sample t—tests, Mann—Whitney
U-tests, chi—square tests, or Fisher exact tests. A
P value of < 0.05 was considered statistically significant.
To compare hospitalization criteria between the years,
we first determined clinical predictors for hospital—
ization using univariable logistic regression analysis
for individual predictors using the age, sex, underlying
medical conditions, oxygen saturation at ED arrival,
respiratory rate, heart rate, signs of respiratory
distress, clinical diagnosis, and bronchodilator use
at the ED. Predictors with a P value of < 0.1 were put
into a multivariable logistic regression model for each
individual year. A sub—analysis was performed for
patients with bronchiolitis or pneumonia regarding
their age, sex, and hospitalization.

Results

1. Population and baseline characteristics

A total of 1,372 patients with diagnostic codes for
LRTIs met the inclusion criteria (Fig. 1). Of the
included patients, 42.9% (n = 588) were boys. Thirty—

of LRTI

"| documentation

2 patients with no available

2,248 medical records evaluated

2

1,433 patients with clinical

v

815 patients with clinical diagnosis
different from LRTI:

- Upper respiratory tract infection: 309
- Asthma / preschool wheezing: 354

- Others: 152

diagnosis of LRTI

61 patients who did not visit the ED of
Juliana Children’s Hospital prior to
admission

1,372 patients included in final
analysis

Fig. 1. Flowchart for selection of the study population. LRTI: lower respiratory tract infection, ED: emergency department.
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Table 1. Baseline features, clinical conditions upon presentation, and applied treatmentsin the ED (N = 1,372)

Variable 2019 (N=573) 2020 (N = 280) P valuer 2021 (N=519) Pvaue'
Age,y 1.3(0.5-3.5) 2.0(0.8-4.5) <0.001 1.1 (0.4-2.5) 0.003
Girls 238 (41.5) 124 (44.3) 0.494 226 (43.5) 0.542
Gestational age, wk 0.046 0.814
>37 511(89.2)° 253 (90.4) 459 (88.4)
32-37 42 (7.3)" 11(3.9) 39(7.5)
<32 19(3.3)" 16 (5.7) 21 (4.0)
Any UMC' 183(31.9) 91 (32.5) 0.958 133(25.6) 0.023
Atopic history 165 (28.8) 85 (30.4) 0.729 142 (27.4) 0.611
Respiratory ED visitsin past year 0.721 <0.001
None 369 (64.4) 186 (66.4)! 390 (75.1)
1 111 (19.4) 48(17.1) 83 (16.0)
>1 93(16.2) 46 (16.4)" 46 (8.9)
Respiratory hospitalizationsin 0.326 0.002
past year
None 470 (82.0) 218 (77.9) 462 (89.0)
1 62 (10.8) 39 (13.9) 41 (7.9)
>1 41 (7.2) 23(8.2) 16 (3.1)
SpO;, % 0.474 0.003
>94 330 (57.6) 149 (53.2) 252 (48.6)"
90-94 157 (27.4) 87 (31.1) 176 (33.9)'
<90 72 (12.6) 35(12.5) 88(17.0)!
Not measured® 14 (2.4) 9(3.2 3(0.6)"
Tachycardia, beats/min** 319 + 22.8 32.6 + 20.8 0.693 31.7 + 220 0.868
Respiratory rate, breaths/min** 9(1-19) 9(3-19) 0.314 9(2-19) 0.187
Signs of respiratory distress’ 320 (55.8) 168 (60.0) 0.286 313(60.3) 0.081
Nasal flaring 58 (10.1) 35(12.5) 0.361 47 (9.1 0.684
Retractions 309 (53.9) 165 (58.9) 0.204 304 (58.6) 0.081
Bronchiolitis' * 275 (48.0) 120 (42.9) 0.178 332 (64.0) <0.001
Co-occurring symptoms of OLD 118 (20.6) 84 (30.0) 0.003 153 (29.5) <0.001
Salbutamol MDI/nebulization 236 (41.2) 143 (51.1) 0.006 247 (47.6) 0.033
Antibiotics 303 (52.9) 166 (59.3) 0.153 209 (40.3) <0.001
Systemic corticosteroids 38 (6.6) 27 (9.6) 0.102 50 (9.6) 0.181
Hospitalization 278 (48.5) 153 (54.6) 0.114 303 (58.4) 0.001
Transferred to other centers® 16 (5.8) 3(2.0) 0.066 33(10.9) 0.026
Return visit < 3wk 100 (17.5) 44 (15.7) 0.559 83 (16.0) 0.672

Values are expressed as medians (interquartile ranges), numbers (%), or means + standard deviations.
* 2019 vs. 2020.
T 2019 vs. 2021.
* One patient had missing data.
' See detailsin Appendix 2.
! The sum of proportionsis not equal to 100% due to rounding.
" Not included in chi-squared analysis.
** Above age-adjusted normal values.
' Mutualy inclusive.
** All non-bronchiolitis was pneumonia.
% The denominators are 278, 153, and 303 in the order of rows.
ED: emergency department, UMC: underlying medical condition, OLD: obstructive lung disease, MDI: metered dose inhaler.
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five percent of the study population had underlying
medical conditions, of which obstructive lung disease
(OLD) was most common. Annual numbers of ED
visits for LRTI in the Juliana Children’ s Hospital were
573, 280, and 519, in the order of years. Data regarding
ED visits and hospitalization are summarized in Tables
1 and 2. Additional information on underlying medical
conditions is provided in Appendices 2 and 3
(https://doi.org/10.22470/pemj.2023.00836).

2. Monthly numbers of ED visits

In 2019, LRTI rate was highest in winter, with the
peak in December (Fig. 2A). The start of the first

lockdown in March 2020 correlated with a sharp
decrease in ED visits. An inter—seasonal epidemic
began after the end of the second lockdown and
peaked in July 2021, with 176 cases diagnosed in a
single month, 9% higher than during the peak in
December 2019. Detected viral pathogens in 2021 are
depicted in Fig. 2B.

3. Characteristics and disease severity of ED
visits (Table 1)

The patients presenting with LRTI in 2021 had
a lower median age compared to 2019, whereas the
median age was higher in 2020 than 2019, Sixty—four

Table 2. Clinical characteristics of children hospitalized to the pediatric ward (N = 682*)

Variable 2019 (N = 262) 2020 (N = 150) P value’ 2021 (N = 270) P vaue’
Age,y 1.1(0.5-2.9) 2.1(0.8-4.6) 0.002 0.9(0.3-2.3) 0.232
Girls 113 (43.1) 71 (47.3) 0.473 117 (43.3) > 0.999
Gestational age, wk 0.201 0.591

>37 218(83.2) 134 (89.3) 235 (87.0)°

32-37 33(12.6) 11 (7.3)° 26 (9.6)

<32 11(4.2) 5(3.3) 9(3.3)
Any UMC' 92 (35.1) 51 (34.0) 0.879 72(26.7) 0.041
Atopic history 70 (26.7) 49 (32.7) 0.256 75 (27.8) 0.904
Bronchiolitis’ 130 (49.6) 62 (41.3) 0.134 181 (67.0) <0.001
Salbutamol MDI/nebulization 138 (52.7) 88 (58.7) 0.239 165 (61.1) 0.049
Antibiotics 160 (61.1) 97 (64.7) 0.571 121 (44.8) <0.001
Systemic corticosteroids 29 (11.12) 21(14.0) 0471 40 (14.8) 0.217
O, support 218(83.2) 116 (77.3) 0.138 236 (87.4) 0.169
Total dayson O, 3(1-5) 2(1-4) 0.006 3(2-9) 0.111
NGT 0.041 0.412

No NGT 162 (61.8)° 118 (78.7) 190 (70.4)

1-3d 27 (10.3) 9(6.0) 26 (9.6)

>3d 41 (15.6)* 17 (11.3) 35(13.0)

Pre-existent NGT/unknown** 32 (12.2)* 6 (4.0) 19 (7.0)
PICU admission 5(1.9) 1(0.7) 0.424 10 (3.7) 0.303
Length of stay, d 3(2-5) 2(2-4) 0.025 3(2-9) 0.102
Return visit < 3wk 34 (13.0) 19 (12.7) >0.999 27(10.0) 0.355

Values are expressed as medians (interquartile ranges) or numbers (%).
* Of the 734 hospitalized patients, 52 transferred to other hospitals for logistic reasons.

' 2019 vs. 2020.
' 2019 vs. 2021.

¥ The sum of proportionsis not equal to 1200% due to rounding.

I See details in Appendix 3.
" All non-bronchiolitis was pneumonia.
** Not included in chi-squared analysis.

UMC: underlying medical condition, MDI: metered dose inhaler, NGT: nasogastric tube, PICU: pediatric intensive care unit.
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Fig. 2. Monthly trends of LRTI-related ED visits from 2019 through 2021 (A) and detected viral pathogensin 2021 (B). (A) In 2019,
the visits peaked in December. The start of the first lockdown in March 2020 (white arrow), coincided with a sharp decrease in vis-
its. During the rest of the year, including after the start of the second lockdown (black arrow) and the first half of 2021, the visits
remained low without awinter peak. An inter-seasonal LRTI epidemic began after the end of the second lockdown (April 2021) and
peaked in July 2021. (B) Among the detected viral pathogensin 2021, RSV was most common. LRTI: lower respiratory tract infec-
tion, ED: emergency department, RSV: respiratory syncytia virus, SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

percent of ED presentations in 2021 were diagnosed
with bronchiolitis, compared to 48.0% in 2019 (P
< 0.001), and larger proportions of patients presented
with co—occurring symptoms of OLD in 2020 and
2021, than in 2019, Oxygen saturation was lower in
the patients presenting in 2021. There were no significant
differences in tachycardia, median respiratory rate,
or signs of respiratory distress. The patients had fewer
ED presentations or hospitalizations due to respiratory
causes in the past year, and were less often treated
with antibiotics in 2021 compared to 2019.

4. Characteristics and disease severity of
hospitalizations (Table 2)

The hospitalization rate in 2020 was similar to
that in 2019, but increased in 2021. More patients
with bronchiolitis were hospitalized in 2021 compared
to 2019, while antibiotic prescriptions were less fre—
quent in the former year. In 2020, fewer nasogas—
tric tubes were inserted than in 2019, The proportion
of patients needing oxygen administration was sim—
ilar in all 3 years. Median length of stay was slightly
shorter in 2020. Sub—analysis for the patients with

22

bronchiolitis showed a higher median age in 2020
(0.7 years) compared to 2019 (0.5 years; P = 0.006),
but not in 2021 (0.6 years; P = 0.203) (Appendix 4,
https://doi.org/10.22470/pemj.2023.00836). Of all
patients with bronchiolitis in 2021, 62.3% were hos—
pitalized, a value significantly higher than 51.3% in
2019 (P = 0.008). No significant difference in hos—
pitalization rate was found (51.3% in 2021 vs. 46.0%
in 2019; P = 0.291) for the patients with pneumonia
(Appendix 5, https://doi.org/10.22470/pem;j.2023.00836).

5. Predictors for hospitalization 2019-2021

To evaluate whether changes in practice influenced
the analysis results, we estimated which character—
istics present at ED presentations were predictors
for hospitalization in the 3 years (Table 3). In all 3
years, oxygen saturation (odds ratios, 0.73, 0.70,
and 0.72 in the order of years) and age (0.68, 0.73,
and 0.70) were common predictors for hospitaliza—
tion, without remarkable differences in the odds
ratios among the years. Tachypnea was a predictor
in 2019 (1.03) and in 2021 (1.02). Underlying genetic
condition (7.61), causing for example developmental

Pediatric Emergency Medicine Journal
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* Continuous variable. ORs correspond with increment of 1 year for age, 1% for SpO,, 1 breath/minute for tachypnea, and 1 beat/minute for tachycardia.

" Adjusted for age.
OR: oddsratio, Cl: confidence interval, ED: emergency department.

delay or mental retardation, and retractions at the
ED (2.42) were significant risk factors in 2019 only.

Discussion

COVID-19 public health restrictions reduced the
incidence of pediatric LRTIs. The patients who visited
the ED were older in 2020 than in 2019. Relaxation
of the restrictions in 2021 led to an unprecedented
summer peak of pediatric LRTIs. A shift in clinical
diagnoses was observed, with more bronchiolitis and
fewer pneumonia cases in 2021, with a lower median
age of patients. Generally, compared to 2019, the
severity of LRTI increased in 2021. The finding is
supported by the increases in the frequencies of
desaturation, bronchiolitis, co—occurring symptoms
of OLD, and hospitalization, and the decrease in the
median age of patients. Possibly, this change stemmed
from viral causes since we found increase in bron—
chiolitis cases with the RSV surge in July 2021, and
decrease in antibiotic therapy.

ED presentations in 2020, a period of successive
lockdowns, comprised a smaller, older cohort. Although
not significant, bronchiolitis—related visits decreased
in 2020. In 2020 and 2021, larger proportions had
co—occurring symptoms of OLD than in 2019, This
change might be attributed to the persistence of
rhinovirus during the lockdown periods (35-37).

We observed an inter—seasonal peak of pediatric
LRTIs in the summer of 2021, similar to other Northern
Hemisphere countries (23—25,38). The patients who
visited the ED in 2021 were younger and more often
diagnosed with bronchiolitis, instead of pneumonia.
This is in contrast to previous studies predominant—
ly reporting post—pandemic or —lockdown populations
whose ages were similar or higher than pre-
pandemic populations, except a brief report from
New York, which described a lower median age
(23,26,28,29,34,39). In 2021, a larger proportion had
coexisting symptoms of OLD, which cannot be fully
explained by the rhinoviral persistence (37). A pos—
sible explanation could be immune system overac—
tivity after periods of low infection burden. This
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would be in line with the hygiene hypothesis, a the—
ory proposing an inverse correlation between early
childhood pathogen exposure and asthma develop—
ment (40,41),

The higher hospitalization rate and lower oxygen
saturation in 2021 suggest a more severe clinical
phenotype, mainly accounted for by bronchiolitis cases.
The cases that necessitated transfer to the PICU
doubled in 2021, compared to 2019. However, not all
variables that are representative of disease severity
differed, e.g., respiratory rate, symptoms of respi—
ratory distress upon arrival, and length of stay. Still,
oxygen saturation, hospitalization rate, and PICU
hospitalization rate are important objective indicators
for the severity. Sub—analyses for bronchiolitis cases
alone showed a significantly higher hospitalization
rate in 2021 compared to 2019 with similar median
ages in the 2 groups. Therefore, the seemingly more
severe disease cannot be explained by the younger
age of the patients who visited in 2021, A possible
explanation could be immunity debt, a theory warning
for paucity of immunity after extended periods of
low pathogen exposure and subsequent vulnerable
population (30,32).

This is the most comprehensive analysis of Dutch
ED visits and hospitalizations for LRTI during the
COVID-19 pandemic to date. Results from other coun—
tries are mixed. Increased intensive care requirements
(45% to 81%) in RSV—-positive admissions in New
York suggested a more severe clinical phenotype (23).
However, a shorter length of stay and decreased
PICU requirement in patients admitted with RSV
were reported in France, indicating a more benign
course of disease (34). Other studies report no change
in disease severity based on an evaluation of clinical
outcomes, including length of stay, oxygen admin—
istration, and admission rate (25,27,30). However,
these studies mainly focused on RSV, excluding other
viral LRTIs.

Our study has some limitations. First, its retro—
spective nature made us dependent on the accuracy
of clinical statuses. Criteria to differentiate between
bronchiolitis and pneumonia may differ among treat—

ing physicians. Therefore, sub—analyses should be

24

interpreted with caution. The absence of data for
transfer—out in the medical records might have mis—
led the retrospective evaluation of disease severity.
Additionally, the context of unusually high patient
burden during the summer of 2021 may have affected
our findings. For example, the referral policy from
primary care might have been stricter than usual.
The hospital discharge threshold might have been
lower as well, which could reduce the reliability of
length of stay as a surrogate for the severity. Clinical
criteria were used when a clear diagnosis was not
listed in the medical records, which may have led
to misclassification.

The strengths of the study include the relatively
large population for a single center. Additionally, we
minimized the effect of differences in clinical practice
and changing medical teams between the years by
including both direct (e.g., saturation) and indirect
(e.g., length of stay) variables for disease severity.
Furthermore, by comparing predictors for hospital—
ization, we have shown that, at least for most criteria
for hospitalization, such a difference in clinical prac—
tice did not exist.

In conclusion, the number of pediatric LRTI-related
visits increased in 2021, particularly during the sum—
mer, after the successive lockdowns and near absence
of the LRTT in 2020. Additionally, the patients were
younger in 2021 than in 2019, In 2021, patients seem
to have had a more severe clinical phenotype. This
might be explained by immunity debt after the COVID—
19 lockdown, stricter referral policy, or changes in
healthcare—seeking behavior. A larger proportion
of patients showed symptoms of OLD. Future research
is needed to evaluate long—term consequences of
growing up during lockdown.
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