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M\ Children with influenza admitted at a children’s hospital
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after the COVID-19 pandemic?
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ABSTRACT

Introduction. During 2020 and 2021, the circulation of influenza virus remained below expectations
worldwide. In Argentina, in 2022, we observed an uninterrupted circulation of influenza all year round.
Our objectives were to describe the circulation patterns and clinical characteristics of hospitalized children
with influenza.

Population and methods. Retrospective, analytical, observational study. All children with influenza virus
admitted to a children’s hospital during the 2019-2022 period were included.

Results. A total of 138 patients were admitted over 4 years; in 2019, the rate of hospital discharges was
4.5/1000, compared to 15.1/1000 in 2022. No cases were recorded in 2020 and 2021. In 2019, most
cases were observed in the winter; in 79%, the cause was acute lower respiratory tract infection (ALRTI);
influenza A was detected in 92%. In 2022, most cases occurred in the spring; 62% developed ALRTI;
and influenza A was detected in 56%. Similar rates of vaccination and comorbidities were observed in
both periods.

Conclusions. In 2022, more hospitalizations due to influenza were recorded, which may have correlated
with the use of more sensitive molecular diagnostic testing and a change in seasonality, with more cases
observed in the spring. In 2019, influenza A predominated in lower respiratory tract infections, while in 2022,
cases of influenza A and B were similar, with more extra-pulmonary forms.
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INTRODUCTION

Influenza virus causes annual epidemic
outbreaks of respiratory disease in the autumn-
winter season in temperate countries; children
play an important role in dissemination because
of the high attack rate, because they shed the
virus for a longer period and have higher titers
than adults.' While influenza may be serious at
all ages, children account for a greater burden
of disease: an estimated 20—-45% of children
become infected compared to 10-20% of adults,
and each year approximately 870 000 children
are hospitalized worldwide due to influenza.?®
The pediatric population accounts for a significant
healthcare burden and resource use for the
healthcare system, both in primary care and
hospital settings.*®” The hospitalization rate and
morbidity are higher in children younger than
2 years with chronic pulmonary disease, congenital
heart disease, or other cardiovascular, metabolic,
kidney, liver, hematological, neurological,
neuromuscular, and immune diseases.?

Influenza virus causes a wide range of clinical
manifestations, including mild symptoms, such
as colds, whereas, in young children, it may
cause sepsis-like symptoms, bronchiolitis, and
pneumonia.® Likewise, both in healthy children
and those with comorbidities, it may cause
complications at the respiratory system level,
such as respiratory failure and death.® In a
smaller percentage, influenza virus causes extra-
pulmonary manifestations, such as neurological,
cardiac, and musculoskeletal symptoms.™

The lockdown policy implemented to reduce
the dissemination of SARS-CoV-2 also impacted
influenza virus transmission; during 2020 and
2021, the circulation of influenza virus remained
below expectations worldwide."

In South America, the activity of respiratory
viruses was also low, except for SARS-CoV-2,
which remained in moderate to high levels.?-"®
In Argentina, reports of influenza-like illness,
bronchiolitis, and pneumonia in 2021 were lower
than in previous years;'® in 2022, an uninterrupted
circulation of influenza virus, with a large increase in
cases in September-October, was observed.'”

Our objective was to describe the circulation
pattern and clinical characteristics of children with
influenza virus hospitalized during 2019-2022.

POPULATION AND METHODS

This was an observational, analytical, and
retrospective study. Children younger than
18 years old admitted to Hospital Elizalde, a
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children’s hospital located in the City of Buenos
Aires, Argentina, between January 1%, 2019 and
December 3 1%, 2022 were included.

A search of the records of the Laboratory of
Molecular Biology and Virology was conducted
for patients in whom influenza virus was
detected by molecular testing, such as reverse
transcription quantitative polymerase chain
reaction (RT-qPCR) or direct immunofluorescence
in nasopharyngeal swabs or nasopharyngeal
aspirates collected within 48 hours of hospital
admission or onset of symptoms in the case of
children with community- or hospital-acquired
infection, respectively.

During 2019, direct immunofluorescence
was performed on all patients hospitalized with
respiratory symptoms, whereas RT-gPCR was
done only in immunocompromised patients or
those admitted to the Intensive Care Unit (ICU)
or the Neonatology Unit (using multiplex
RT-gPCR [LightMix Modular®] with the Roche
Cobas z480 analyzer). For patients requiring
mechanical ventilation, since 2020, a multiple
PCR panel (Biofire® FilmArray® Pneumonia Panel)
was performed, whereas Biofire® Filmarray®
Respiratory Panel was used in patients in the
general hospitalization ward in patients with
comorbidities, depending on resource availability.
As of May 2022, an RT-qPCR was performed on
all hospitalized patients with respiratory symptoms
(Allplex SARS-CoV-2/FIuUA/FIUB/RSV Assay kit
with CFX96 thermal cycler).

Data from medical records were collected to
assess the following variables: date of hospital
admission, age, sex, comorbidities for influenza,
clinical presentation, influenza vaccination status,
co-infections, and course during hospitalization.

The study variables are described using
proportions and their 95% confidence intervals.
Continuous variables were described as average
and standard deviation (SD) or as median and
interquartile range (IQR), as appropriate. Ratios
and their corresponding 95% confidence intervals
and the x? test with Yates’ correction were used
for categorical data. Analysis was done using the
Epi Info version 7 software.

The study was approved by the hospital’s
Teaching and Ethics Committee.

RESULTS

During the study period, influenza was
detected in 170 children; 14 were excluded
because they were outpatients and 18 because
of lack of data. Data from 138 patients were
analyzed.



In relation to the temporal distribution of
cases, 28% occurred in 2019, of which 92%
corresponded to influenza A; 72% occurred in
2022, of which 56% corresponded to influenza A.
No cases were recorded in 2020 and 2021. In
2019, 87% of hospitalizations occurred in autumn-
winter, while in 2022, only 38% occurred in those
months (Figure 1).

The mean age of patients was 56 months
(SD: 46); 38% were younger than 2 years, with
a male to female ratio of 1:1.02. Comorbidities
were observed in 59% (81) of patients; the most
frequent comorbidity was previous pulmonary
disease in 58% (47) (Figure 2).

Ninety-one children were identified who
had an indication for the flu vaccine as per the
guidelines of the Ministry of Health. Data from the
vaccination cards of 71 children were obtained;
only 38% (27) of these children were vaccinated.

Ninety percent (124) of the specimens
corresponded to community-acquired infections.

The annual percentage of positivity was
similar in both periods, both by PCR and
immunofluorescence testing. PCR testing was
positive in 8% (2019) and 7% (2022), whereas
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immunofluorescence testing was positive in 2%
(2019) and 1% (2022) of cases. However, there
was an increase in the proportion of samples that
were processed with molecular methods (from
14% to 60%).

The most frequent clinical form of
presentation was acute lower respiratory
tract infection (ALRTI) in 67% (92). In 19%
(26), the clinical form corresponded to upper
respiratory tract infection and, in 14% (20), to
extra-pulmonary manifestations of influenza:
myositis (9), gastrointestinal (5), neurological (5),
and Kawasaki disease (1) (Table 1).

Nine patients were hospitalized with influenza-
induced myositis, with a similar distribution
between both sexes and a mean age of 98 months
(SD: 24). All patients had pain in the lower limbs
and increased creatinine kinase (CPK) levels with
a median value of 3200 U/L (IQR: 2928-6371)
at the time of admission. No patient developed
complications. Influenza B was detected in
8 cases.

In the gastrointestinal forms, the reason
for hospitalization was oral intolerance and
dehydration. Influenza A and influenza B were

Ficure 1. Temporal distribution of cases and types of influenza virus by epidemiological week. Years 2019

and 2022
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TaBLE 1. Comparison between pulmonary (n = 92) and extra-pulmonary forms (n = 46)

Pulmonary forms (ALRTI)

Extra-pulmonary forms P

Sex 55% males
Average age (months) 42 (SD: 41)
Influenza A 70 (76%)
Vaccination 20 (22 %)
Comorbidities 55 (60 %)
Complications 17 (18 %)
Oseltamivir 64 (70 %)

60% females

84 (SD: 44) p <0.01
21 (46 %) p <0.01
OR: 3.8 (1.8-8)
12 (26 %) NS
26 (56 %) NS
7 (15 %) NS
16 (35 %) p < 0.01
OR: 4.2 (2-9)

ALRTI: acute lower respiratory tract infection. SD: standard deviation. NS: not significant difference.

detected in 2 and 3 specimens of respiratory tract
secretions, respectively.

All neurological forms were reported
in girls; 4 of them had a history of previous
neurological disease (epilepsy); the average
age was 60 months (SD: 46). The reason for
hospitalization was the presence of seizures, 3
of them developed fever within 24 hours of the
event. A cerebrospinal fluid (CSF) test was done
in 1 of them due to suspected encephalitis; the
CSF cytochemistry was normal and the PCR
for influenza virus was negative. Four cases
of influenza A and 1 case of influenza B were
detected. A computed tomography (CT) scan was
done in all 5 cases, which was normal.

A 5-year-old boy was admitted with fever
for the past 4 days associated with bilateral
conjunctival hemorrhage, measles-like rash on the
trunk, and cheilitis, so multisystemic inflammatory
syndrome associated with COVID-19 (MIS-C)
versus Kawasaki disease was suspected. He also
had upper respiratory tract catarrh. Influenza B
was detected in nasopharyngeal secretions,

with a negative PCR for adenovirus, SARS-
CoV-2, and respiratory syncytial virus (RSV).
The viral serologies (human immunodeficiency
virus, Epstein-Barr virus, cytomegalovirus) were
negative. The echocardiogram was normal.
The patient received gamma globulin (IVIG)
and acetylsalicylic acid (ASA) and completed a
6-month follow-up period without complications.

Admission to the pediatric intensive care
unit (PICU) was required in 22% (20) of
ALRTI cases, which was more common
in younger children (Table 2). Mechanical
ventilation was used for an average of
13.44 days (SD: 7.7). Among children who
required admission to the PICU, 55% (11)
had co-infections; 5 corresponded to bacterial
infections; the most common microorganism
was Streptococcus pneumoniae in 2 patients,
followed by Haemophilus influenzae (1),
Streptococcus pyogenes (1), and methicillin-
resistant Staphylococcus aureus (1).

Overall, 59% of patients received oseltamivir;
all children in the PICU received antiviral therapy

TaBLE 2. Comparison between hospitalization in the PICU (n = 20) versus outside the PICU (n = 118)

PICU Outside the PICU P
Age (months old) 17 (IQR: 7-39) 51 (IQR: 16-102) P<0.01
Type Influenza A 14 Influenza A 77 NS

Influenza B 6 Influenza B 41

ALRTI 20 65 NS
Presence of co-infections 1 10 NS
Vaccination 5 29 NS
Comorbidities 11 70 NS

NS: not significant difference; ALRTI: acute lower respiratory tract infection.



for 5 days. The overall mean length of hospital
stay was 9.7 days (SD: 9.9).

An 11-month-old female patient with recurrent
wheezing, who had not been vaccinated, and in
whom influenza A was detected, died. She also
had bacteremia due to Haemophilus influenzae.

DISCUSSION

In our country, the near absence of
viral circulation during the winter of 2020
was remarkable. According to official data,
in 2021, the clinical reports of influenza-like
illness, bronchiolitis, and pneumonia increased
compared to 2020, but they were fewer than
in previous years, with isolated cases of
adenovirus, parainfluenza, metapneumovirus,
and influenza.'® In our hospital, in 2020, no usual
respiratory viruses were detected in children
admitted with ALRTI, but more than 500 patients
with SARS-CoV-2 infection were hospitalized
with a seasonality similar to that of respiratory
viruses, with a peak around epidemiological
week (EW) 26.8

The analysis of the distribution of influenza
virus during the previous years in our country
shows that, for the 2015-2019 period, there
was an increase in the number of cases as of
EW 16-24, with a variable peak depending on the
year, in winter. Since the onset of the COVID-19
pandemic, in Argentina, influenza activity has
remained low. However, as of late 2021 and
early 2022, the number of cases increased.' In
our series, the distribution of cases in 2019 was
similar to national reports from previous years;
in 2022, we observed a loss of seasonality with
year-round circulation, with higher numbers of
cases in the spring.

Consistent with national data, where the
highest number of cases was detected in children
under 5 years of age;'® the mean age in our series
was 4.6 years.

In 2022, in our hospital, the incidence rate
recorded was higher compared to 2019; in part,
this may be due to the fact that, in this period, the
use of molecular techniques with greater sensitivity
has expanded, but also that national data show
that there was a higher number of cases."”

In our series, 41% of patients were previously
healthy, similar to what was reported in the
bibliography.”®

As a consequence of the COVID-19
pandemic, 23 000 000 children did not receive
the corresponding vaccines in 2020 and at least
17 000 000 children did not receive any vaccine.?®
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According to data from the Division for the Control
of Vaccine-Preventable Diseases (Direccion de
Control de Enfermedades Inmunoprevenibles,
DICEI), in 2019, the coverage of the first and
second doses of the flu vaccine for children
aged 6-24 months was 91% and 75%,
respectively, with a decrease to 85% and 69%
by 2020.%

An ALRTI was the most common manifestation
in patients hospitalized with influenza and was
present in 67% of cases. Also, 14% of patients
developed extra-pulmonary manifestations.
The most frequent manifestation was myositis,
which is a benign, self-limited form of the disease
that presents with functional impotence and
increased serum CPK levels. Influenza B was
detected in 88% of our patients, similar to what
was described by Kerr J. et al.??2 in a study
published in 2021 that included 49 cases; 85%
were due to influenza B. Gastrointestinal tract
manifestations are common in children and may
occur in 10-30%.% In our series, 5 children were
admitted with diarrhea, abdominal pain, and
vomiting; 3 were dehydrated. All of them had
upper respiratory tract catarrh with a favorable
evolution.

Influenza infection may lead to a variety of
neurological manifestations, including severe
and progressive forms, such as acute necrotizing
encephalopathy (ANE), as well as post-infectious
syndromes.™ In our study, 5 patients developed
neurological manifestations, which accounts for
3.6% of hospitalized patients; such frequency was
lower than the 7.6—16% frequency reported in other
studies.?*? Most of them had previous neurological
conditions; the most common clinical manifestation
was febrile seizures; influenza A was detected more
frequently, as in other series.?*?

In the bibliography, Banday et al.?® reviewed
43 cases of influenza-associated Kawasaki
disease, with a mean age of 41 months, and
found a higher frequency in males, incomplete
form in 60%, involvement of coronary arteries
in 50%, an adequate response to IVIG, and no
complications from the use of ASA. The case
described in our series referred to a 5-year-old
male, with an incomplete form of the disease,
without cardiac manifestations or long-term
complications.

Co-infections of influenza virus and other
viruses and bacteria are associated with more
severe forms of the disease. These have been
described in 26% of hospitalized children and in
50% of those requiring intensive care,?” similar to



what was reported in our study. In our series, as
mentioned in the bibliography, the most frequent
co-infection corresponded to S. pneumoniae.?

Among our patients, 22% required admission
to the PICU; 75% were under 3 years of age;
and influenza A was detected in 80%, similar to
the observations of other studies.? In our series,
1 patient died: an 11-month-old female infant
with wheezing, bacteremia due to H. influenzae,
influenza A detection, and who had not been
vaccinated.

Oseltamivir is the antiviral therapy of choice
for influenza A and B and should be offered early
to all children hospitalized due to influenza A
and B, as well as to those with complicated or
progressive forms.8 In our series, only 59% of
children received oseltamivir.

This study has limitations. Given the
retrospective nature of this study, it was not
possible to obtain follow-up data to assess
long-term sequelae. In addition, since different
diagnostic methods with a varying sensitivity
were used, the number of cases may have been
overestimated.

CONCLUSIONS

After the COVID-19 pandemic, the influenza
virus showed a different behavior. More
hospitalizations due to influenza were recorded
in 2022 compared to 2019, but this could be
due to a higher proportion of samples from
hospitalized children being tested with more
sensitive molecular methods. A different behavior
was observed in the pattern of virus circulation,
with most infections occurring in the winter of
2019 and in the spring of 2022. However, the
studied post-pandemic period is too short to
define an actual change. In 2019, most children
developed ALRTI and influenza A virus was
detected. In 2022, more extra-pulmonary forms
and a similar frequency of influenza A and B were
recorded. Vaccination coverage and comorbidities
were similar in both periods. B
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