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Abstract

Acute respiratory infections (ARIs) are caused by a variety of microorganisms. Of all ARIs, 80% are caused by viruses such
as human respiratory syncytial virus, metapneumovirus, influenza, parainfluenza, rhinovirus, and, more recently, Sars-CoV-2,
which has been responsible for the COVID-19 pandemic. The objective of our study was to evaluate clinical data from a
viral panel performed in children hospitalized with SARS or COVID-19 in the infirmary or ICU of 5 pediatric hospitals in
the city of Goidnia, Goias, Brazil. Demographic, clinical, and laboratory data were collected for analysis, and data on the
outcomes underwent statistical treatment. A total of 128 patients were selected for the study, 54% of whom were male and
46% female. The viral panel included rhinovirus, COVID-19, metapneumovirus, adenovirus, and parainfluenza. Descriptive
analyses of age profile showed differences in the involvement of particular viruses. The percentage of patients who required
hospitalization in the ICU, infirmary, as well as individuals who were discharged after therapy or who died, were described.
Our work shows that epidemiological surveillance measures are indispensable, especially if used in the continued analysis
of viral panels in all pediatric patients with SARS.
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Introduction

Acute respiratory infections (ARIs) are a group of dis-
eases caused by different microorganisms. Viral etiologies,
responsible for 80% of cases, affect the alveoli, bronchioles,
bronchi, and interstitial space [1]. Among the viruses most
frequently involved, the human respiratory syncytial virus
(hRSV), human metapneumovirus (hMPV), influenza A and
B, parainfluenza virus 1, 2, 3, and rhinovirus are notewor-
thy [2]. Recently, the new coronavirus pandemic, caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, had a major impact in 2020, with sev-
eral measures adopted by public health agencies in several
countries aimed at controlling the spread [3, 4]. Although
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viral contagion is found throughout the year, the circula-
tion of respiratory viruses in Brazil occurs predominantly
in the autumn (March 20 to June 20) and winter (June 21
to September 20), thus resulting in a significant increase in
prevalence during those seasons that coincides with periods
when people are concentrated in closed environments with
little circulation of fresh air [5].
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Viral infections are likely to dysregulate the immune
system, namely by inducing cytokine storms with a great
capacity to cause endothelial dysfunction and the disruption
of coagulation, all coincidental to changes in microvascular
permeability. That severe combination may result in tissue
edema and shock [6].

The viral pathogens mentioned induce infection in nearly
all children in their early years, thereby resulting in high
rates of morbidity, mortality, and increased health care
expenditures across the world. They are also responsible for
most ARIs in children, most ARIs in the community, most
emergency cases, and the greatest occupancy of hospital
beds and can sometimes cause sepsis [7-12].

The monitoring of patients hospitalized due to severe
ARIs is paramount for epidemiological surveillance and
thus public health. It also serves as an alert mechanism for
potential pandemic viruses [13] and, in response, efforts to
prevent further spread.

With the emergence of the COVID-19 pandemic, studies
have suggested probable changes in the seasonality of ARI
due to social isolation and the anticipation of vaccination
for influenza. In our work, we aimed to evaluate data from
a viral panel performed among children hospitalized with
ARIs at the beginning of the pandemic in pediatric hospitals
in the city of Goifnia, Goiéas, Brazil.

Materials and methods
Ethical aspects

All of the study’s protocols for collecting and processing the
samples were approved by the Ethics Committee of Hospital
das Clinicas, Goidnia, under registration protocol number
33540320.7.0000.5078. The hospital units that participated
in the study were the Hospital da Crianca de Goiania, Hos-
pital Estadual de Urgéncias da Regidio Noroeste de Goidnia
Governador Otavio Lage de Siqueira, Hospital Materno
infantil, Hospital de Doengas Tropicais, and Neonatal Inten-
sive Care Unit at Hospital das Clinicas of Universidade Fed-
eral de Goias.

Inclusion criteria and data collection

The sample included all children who had acute respiratory
symptoms and were admitted to the infirmary or pediatric
intensive care units (ICU) in the five mentioned hospital
units in Goidnia, Goiés, Brazil, in both the public and pri-
vate health care systems. Also included were children with
severe acute respiratory syndrome (SARS) who were seen
at integrated health care centers or other inpatient services
present in those units.
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For patients to participate in the study, an authorization
term or medical release form was signed by their parent or
guardian. Demographic, clinical, and laboratory data were
also collected for analysis, including name, age, sex, socio-
economic status, level of education, requests for laboratory
exams, RT-PCR to confirm the viruses in the viral panel and
SARS-CoV-2 and clinical signs, and description of clini-
cal evolution at the end of therapy. To compose the viral
panel, samples were collected using Ryon’s swab, which was
inserted through the nasal cavity to the nasopharynx region
to obtain the viral samples. To constitute the panel, human
rhinovirus, metapneumovirus, human adenovirus, influenza
A (H3N2 and HIN1) and B, human parainfluenza (1, 2, 3,
and 4), and SARS-CoV-2 viruses were selected. The viral
panel kit was also used for the diagnosis of human bocavi-
rus, enterovirus, respiratory syncytial virus, and human
parechovirus, although those viruses were not diagnosed
in participating patients. The kit was based on PCR using
TaqMan primers for the molecular detection of respira-
tory tract infections (i.e., specific probes for the pathogens
described above), developed and supplied by Thermo Fisher
Scientific™. All study data were collected from August
2020 to September 2021.

Statistical analysis

Data analyses were performed using descriptive and inferen-
tial statistics. For categorical variables in the data set, abso-
lute and relative frequencies were calculated. For quantita-
tive variables, measures of central tendency (i.e., mean and
median) and dispersion measures (i.e., variance and standard
deviation) were considered. To compare and associate cat-
egorical variables, the hypothesis Z test of the proportion
for two samples and Pearson’s chi-square test were used. All
variables with p < 0.05 were included in the binomial logis-
tic regression model to calculate the odds ratio. The model
was validated by analyzing the diagnostics of the residuals
from the distribution envelope, Akaike’s information crite-
rion, and the Bayesian information criterion. That informa-
tion was used only for model validation and is not provided
herein. All hypothesis testing observed a significance level
of «=0.05.

All statistical analyses were performed in R (The R
Foundation©) version 3.5.1, BioEstat® 5.3, and Stata® 16.0.

Results
Target population and viral panel
A total of 206 pediatric patients, aged from O to 13 years

and who had symptoms of involvement of the airways,
participated in the study. However, only 128 patients had
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confirmation by the viral panel and were selected for
the case study (Supplementary Table 1). In that selected
group, there were 69 males (53.90%) and 59 females
(46.10%) (Fig. 1A).

As shown in Fig. 1B, when the overall percentages of
viral cases presented in the viral panel were analyzed, the
majority of patients tested negative for the viral panel or
COVID-19 infections, for a total of 47.65% of the study’s
patients. The viral groups that presented the highest number
of cases were rhinovirus (18.75%), COVID-19 (16.43%),
and metapneumovirus (10.15%). The other groups, including
adenovirus (3.12%), co-infection with COVID-19 (3.12%),
and parainfluenza (0.78%), had lower infection rates.

The indexes of male and female patients for each virus
present in the viral panel were also checked (Fig. 2).
Most cases were of rhinovirus, which totaled 24 cases.
Among them, 13 (54.16%) were positive for males and
11 (45.84%) for females. The second-largest group was of
patients affected by COVID-19, with 15 cases (71.43%)
for females and six (28.57%) for males, for a total of 21
cases. The third-most frequent group was metapneumo-
virus, with 13 confirmed cases, nine (69.23%) of which
were registered for females and four (30.77%) for males. In
addition, smaller groups with adenovirus and co-infections
with COVID-19 had only four cases. The parainfluenza
group had only one patient, who was male. However, most
cases—61, all told—were characterized as negative in the
viral panel (Fig. 2).

Viral panel according to the pediatric patient
classification instrument

Descriptive analyses of the age profile were performed
according to the viral panel (Fig. 3). For adenovirus, there
was a higher level of infection in children aged 0 to 5 years,
while for COVID-19 it showed a higher rate of infection in
patients up to 1 year old (44.00%). In addition, the other
age groups for the COVID-19 group showed similarities
(Fig. 3A). For metapneumovirus, the most-affected age
groups were in individuals aged up to 1 year old (30.50%),
between 1 and 2 years old (15.00%), and between 2 and
3 years old (30.50%), for a total of 76.00%. In relation to

Fig. 1 Percentage of the sexes a
of patients and of viruses rep-
resenting the viral panel under
study. In A, the representation
of the total percentage of gender
male and female patients. In B,
the percentage representation

of the viruses of viral panel
analyzed during the study

rhinovirus, the largest age groups that were infected were
1-2 years old (16.70%), 5-6 years old (20.80%), and
8-9 years old (12.50%) (Fig. 3A).

Subsequently, all patients were divided into three
groups—infants (n =54), preschoolers (n=28), and primary
school children (n=46)—after which comparative analy-
ses were performed (Fig. 3B). For adenovirus, there were
no significant differences between infants and preschoolers
(p=0.99). Regarding COVID-19, 56.00% of patients were
infants, 24.00% were preschoolers, and 20.00% were pri-
mary school children. There were significant differences
between the infant and preschool groups (p =0.04) and
between infants and primary school children (p =0.01).
However, there were no significant differences between the
preschool and primary school groups (p =0.99). For patients
affected by metapneumovirus, the infant group accounted
for 46.15%, while the preschool and primary school groups
accounted for 15.38% and 38.46%, respectively. In that
case, there were no significant differences between groups
(p <0.05). Regarding patients infected with rhinovirus,
the most-affected groups were primary school children
(54.00%), followed by infants (25.00%) and preschoolers
(21.00%). The primary school children did not show signifi-
cant differences compared with the preschool and primary
school groups (p=0.07 and p=0.99).

However, the preschool and primary school groups did
show significant differences (p =0.03) (Fig. 3B). In addition,
the association between the viral panel, infants, preschool-
ers, and primary school children was also verified. In those
cases, no associations were found between the variables
(p=0.05), according to the Z test of proportion and the chi-
square test.

The proportion of infection was analyzed following
the same pattern as in the previously reported analyses.
The evaluated groups were divided into infants (i.e.,
0-24 months old), preschoolers (i.e., 25-60 months old),
and primary school children (i.e., 61-144 months old). The
variables were considered to be independent in observing
the proportion of infection with COVID-19, metapneumo-
virus, adenovirus, and rhinovirus (Fig. 3C). Along those
lines, the infant group was the most affected by COVID-
19 (58.80%), rhinovirus (35.30%), and metapneumovirus

b Adenovirus
3.12%

COVID-19
16.43%

Metapneumovirus
10.15%

Negatives
47.65%

Rhinovirus
Coinfection with 18.75%
COVID-19
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(5.80%). Regarding the preschool group, there was greater
involvement with viruses such as rhinovirus (35.00%),
metapneumovirus (29.40%), COVID-19 (23.50%), and ade-
novirus (11.70%). Involvement with rhinovirus (59.10%),
COVID-19 (31.80%), and metapneumovirus (9.10%) was
frequent in the primary school group. Interestingly, no
adenovirus infections were recorded in the primary school
group (Fig. 3C and Table 1). Thus, a higher prevalence
of COVID-19 was observed in the infant group, a higher
homogeneity of infections in the preschool group, and a
higher prevalence of rhinovirus infections in the primary
school group (Fig. 3C).

As mentioned, the infant group (i.e., 0-24 months old)
had the highest rates of COVID-19 infection (Table 1). How-
ever, considering the negative cases in association analysis,
there were no statistically significant associations with the
independent variables, OR =2.00 (0.82-4.84; p=0.10).
In addition, a decrease in records of rhinovirus cases was
observed in infant group, OR=0.36 (0.13-0.97; p=0.04),
as shown in Table 1.

Therapy profile in hospital units

To analyze the number of patients admitted to the ICU,
infirmary, or both, each category was compared based on
the 128 patients in the study (Fig. 4). The most representa-
tive group in the analysis was patients admitted to the ICU,
who totaled 101 individuals (74.26%), followed by indi-
viduals admitted to the infirmary, who totaled 25 (18.38%).
Four patients (2.94%) were admitted to both facilities (i.e.,
“ICU + Infirmary”), and six individuals (4.42%) had no
records (Fig. 4A).

The number of patients who were discharged or died was
also analyzed. The analysis revealed that only five patients
(3.91%) died, while 123 patients (96.09%) were discharged
(Fig. 4A).

Subsequently, to verify the length of hospital stay, the arithme-
tic mean and standard deviation between the hospitalization peri-
ods of each patient were calculated (Fig. 4B and Supplementary
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Table 2). Next, the minimum and maximum number of days of
hospitalization for each patient affected by a virus in the viral
panel was calculated. Patients infected with adenovirus had an
average hospital stay of 5.00 days (SD=6.87), with a minimum
of 0 days and a maximum of 15 days of hospitalization (Fig. 4B).
For patients affected by COVID-19, 3.50 days (SD=3.23)
was the average length of stay (min.=0 days, max.=13 days)
(Fig. 4B). For the metapneumovirus group, 8.58 days (SD=9.99)
was the average hospital stay for patients, with 1 day as the
minimum and 33 days as the maximum time of hospitalization
(Fig. 4B). For patients affected by rhinovirus, the average stay
was 4.13 days (SD=2.65), ranging from O to 10 days of hospi-
talization (Fig. 4B). Patients co-infected with COVID-19 had a
mean hospital stay of 4.04 days (SD=1.68), with a minimum of
2 days and a maximum of 7 days of hospitalization (Fig. 4B and
Supplementary Table 2).

A comparative analysis of the mean number of days hos-
pitalized due to each specific virus in the viral panel was
carried out. As noted, patients affected by metapneumo-
virus had a longer hospital stay than ones with COVID-19
(»=0.03) and rhinovirus (p =0.05). When the other groups
were analyzed, no significant differences were found in the
length of stay (Supplementary Table 3).

Subsequently, the clinical outcome during the patients’
hospitalization period was assessed (Fig. 4C). During the
analysis, the clinical outcome among the patients studied in
relation to the viral panel showed similar results. Regard-
ing the viral panel, the groups that were hospitalized and
went through infirmary, ICU, and discharge had COVID-19
(2.34%) or were negative (1.56%). For patients admitted to
the infirmary and after discharge, the most frequent viral
types were adenovirus (1.56%), COVID-19 (3.91%), metap-
neumovirus (3.91%), and negative (5.50%). For patients who
were admitted to the ICU and subsequently discharged, the
breakdown was adenovirus (1.56%), COVID-19 (11.72%),
metapneumovirus (5.47%), rhinovirus (17.97%), and nega-
tive (33.80%) (Fig. 4C). The number of deaths caused by
each virus studied in the viral panel was also analyzed. Of
the patients who died, two were positive for COVID-19,
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one for metapneumovirus, and one for rhinovirus, with a
relative frequency of 8.70%, 7.69%, and 4.17%, respectively
(Table 2, Figs. 4C and 5). Remarkably, the patients who died
from metapneumovirus or rhinovirus and one of the patients
with COVID-19 had previously been admitted to the ICU,
whereas only one of the patients with SARS-CoV-2 con-
firmed to have died was admitted to the infirmary (Fig. 4C).

Common symptoms of patients with positive viral
panel results

The symptoms presented by the patients were also inves-
tigated (Supplementary Figs. 1 and 2). Among them, the
symptoms that stood out the most were fever (25.78%),

of the patients. Each color represented in the image is an independent
variable and each column a dependent variable. In C, analysis of the
proportion of infections for each group was evaluated. AdV: Adenovi-
rus, h(MPV: human metapneumovirus, hRVs: human rhinovirus

measured by parents and reported during the anamnesis,
measured by the medical team, or recorded in both cases.
Symptoms such as tachypnea (18.75%), cough (18.75%),
dyspnea (17.96%), inappetence (11.71%), vomiting (6.25%),
abdominal pain (5.46%), rhinorrhea (5.46%), diarrhea
(4.68%), and nasal obstruction (4,68%) were also frequent.
Other symptoms such as sneezing, headache, edema, lym-
phadenomegaly, and conjunctivitis had a low incidence in
the analyses (Supplementary Fig. 1).

We next investigated which symptoms were more frequent
for each virus present in the viral panel (Supplementary Fig. 2).
Regarding adenovirus, all patients had a 10.00% chance of
having the following symptoms: fever, cough, inappetence,
vomiting, diarrhea, tachypnea, dyspnea, rhinorrhea, nasal

Table 1 Bivariate logistic regression analysis (odds ratio) and evaluation of the association between Infant, Preschool and School groups

Virus Infant Pre-school School

COVID-19 2.00 (0.82—4.84; p=0.10) 0.62 (0.19—2.00; p=0.40) 0.63 (0.24—1.66; p=0.30)
Adenovirus 1.38 (0.18—10.15; p=0.70) 3.76 (0.50—28.04; p=0.20) N/A

Metapneumovirus 1.19 (0.37—3.78; p=0.70) 2.50 (0.74—8.35; p=0.13) 0.29 (0.06—1.38; p=0.12)
Rhinovirus 0.36 (0.13—0.97; p=0.04%) 1.16 (0.41—3.26; p=0.70) 2.29 (0.94—5.57; p=0.06)

* p-values <0.05 are considered significant
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who were discharged or died was also assessed. In B, the analysis

obstruction, and sneezing. For COVID-19, the most frequent
symptoms were fever (23.56%), cough (8.82%), inappetence
(8.82%), diarrhea (5.88%), abdominal pain (5.88%), vomiting
(8.82%), tachypnea (8.82%), dyspnea (8.82%), and rhinorrhea
(11.76%). Symptoms such as nasal obstruction (2.94%), head-
ache (2.94%), and hoarseness (2.94%) were also observed as
being less frequent. In metapneumovirus, symptoms such as
cough (24.14%), fever (24.14%), dyspnea (17.24%), tachypnea
(17.24%), sneezing (3.45%), nasal obstruction (3.45%), thinor-
rhea (3.45%), edema (3.45%), and inappetence (3.45%) were
the most evident. Patients affected by rhinovirus had a 16.66%
chance of presenting symptoms such as fever, cough, sneez-
ing, lack of appetite, dyspnea, and tachypnea (Supplementary
Table 1 and Supplementary Fig. 2).

@ Springer

of hospitalization time of affected patients during the hospitaliza-
tion period was performed. In C, the clinical outcome was evaluated,
involving ICU admissions or infirmary, and whether the patients was
discharged or died. AdV: Adenovirus, hMPV: human Metapneumovi-
rus e hRVs: Rhinovirus

Subsequently, tests for the association between symptoms
and the type of virus were performed (Table 3). Symptoms
such as rhinorrhea (p =0.03), cough (p =0.02), and fever
(p=0.04) were associated with viruses such as COVID-19,
metapneumovirus, and rhinovirus, respectively (Table 3).
Other symptoms did not show significant differences with
the type of virus. Thus, binomial logistic regression was
used to calculate the odds ratios of symptoms caused by each
virus studied (Table 4), which revealed that infected patients,
in relation to uninfected patients, had a 11.4 times greater
chance of having rhinorrhea, 4.76 times greater chance of
having cough, and 0.12 times greater chance of having fever
when affected by viruses such as COVID-19, metapneumo-
virus, and rhinovirus, respectively (Table 4).
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Table 2 Total number of deaths caused by each virus representing the
viral panel

Virus  Adenovirus COVID-19  Metapneumo- Rhinovirus
virus

Deaths 0 2 1 1

% 0 8,69,565,217 7,69,230,769 4,16,666,666

Discussion

ARTIs are quite common in Brazil, where they are responsi-
ble for high rates of medical appointments, hospitalization,
and death, especially in childhood. The previous laboratory
diagnosis of those pathogens is essential for the individual
therapeutic approach and for the measures of collective con-
trols. In patients who had a confirmed viral panel (52.00%)
in our study, 53.90% were males, which aligns with most
published results on the topic [14]. As for the respiratory
viruses identified, the percentage of children infected with
rhinovirus (19.00%), new coronavirus (16.00%) and, less
frequently, parainfluenza (1.00%) was high. For rhinovirus,
a higher prevalence of infections was observed in school-
age pediatric patients. Similar studies have demonstrated the
presence of viruses that affect the respiratory tract. How-
ever, the percentages of viral types differed from those in our
study [15, 16]. Such variation can be explained by seasonal

100,0%
S
10,0%-

9,0%-
8,0%-
7,0%-
6,0%-
5,0%-
4,0%-

% of deaths

3,0%-
2,0%-
1,0%-
0,0%

COVID-19 hMPV hRVs

Fig.5 Percentages of deaths caused by viruses representing the viral
panel. The columns show, in percentage, the number of deaths caused
by each virus that represents the viral panel. h(MPV: human Metap-
neumovirus, hRVs: human Rhinovirus

variation, the geographic location where the studies were
carried out, and, primarily, by the presence of the new coro-
navirus, which forced changes in health habits [5, 17].

In Brazil, until the 53rd week of the epidemic (i.e.,
12/27/2020 to 01/02/2021), 56,513 cases of children between
the ages of < 1 to 5 years old were hospitalized with severe
acute respiratory syndrome. Among those cases, 13.39%
were confirmed to have COVID-19 (7,566), 1.00% (558)
to have influenza, 4.00% (2442) to have other respiratory
viruses, and 68.00% (38,320) to not have the etiologic agent
identified, a percentage that is close to published results
[18, 19]. In addition, our data showed that among the three
school groups, the infant group was the most affected by
SARS-CoV-2 (50.00% of the cases registered for the group).

The age group frequently affected by those viral types,
except rhinovirus, was less than 1 year old, and the age group
most frequently observed was 5—6 years old. In Oliveira and
Soares’s study [14], 59.48% of the children who arrived in
the emergency room with respiratory complaints were less
than 1 year old, which our results corroborate. Those find-
ings, according to Christ-Crain and Miiller [20], can be
explained by the anatomical, physiological, and immuno-
logical peculiarities of children that make them more sus-
ceptible to respiratory infections.

Among the primary symptoms associated with viral
infections, fever (n=33), tachypnea (n=24), cough (n=24),
dyspnea (n=23), and inappetence (n= 15) were the primary
symptoms diagnosed in the study’s participants. Less fre-
quently, hoarseness (n=1), conjunctivitis (n=1), and lym-
phadenomegaly (n=1) were reported. Research carried out
by Chen et al. [21] showed results similar to ours, thereby
demonstrating that, regardless of viral type, patients have
fever, cough, and dyspnea.

According to Tregoning and Schwarze [22], the lack of
international definitions makes the described pathologies dubi-
ous, even irrelevant clinical diagnoses, for the treatment does
not depend on those distinctions. Instead, treatment depends on
the severity of the involvement of the respiratory system, the
measurement of O, saturation, blood gases and the severity of
discomfort and respiratory exhaustion, increased CO, retention,
and respiratory acidosis. The authors proposed that the evolu-
tion of respiratory impairment generates acute inappetence and
other additional risks, including the worsening of preexisting
diseases, which can directly influence clinical management.

Anywhere in the world, patients hospitalized due to viral
respiratory infections can succumb to death. As evidenced
by Goka et al. [23], of 10,501 patients hospitalized with res-
piratory infection by viruses, 530 (5.10%) were admitted
to the ICU, and 224 (2.10%) died. Patients with hRSV and
hPIV1-3 infections were more likely to be admitted to an
infirmary, an ICU, and progress to death. In our study, 74.26%
of patients required ICU admission; however, only 3.90% of
those patients died, which reflects the mentioned data.
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Table 3 Test of association between symptoms and type of virus of
the viral panel

Variables Adenovirus COVID-19 Metap-  Rhinovirus
neumo-
virus

Age 0.65 0.95 0.23 0.39
Fever 0.99 0.78 0.11 0.04*
Cough 0.99 0.59 0.02* 0.14
Odinophagy - - - -
Sneezing 0.25 0.99 0.77 0.99
Nasal obstruction  0.58 0.99 0.99 0.65
Rhinorrhea 0.25 0.03%* 0.77 0.99
Dyspnea 0.99 0.48 0.34 0.11
Tachypnea 0.99 0.39 0.41 0.08
Headache 0.99 0.99 0.99 0.91
Abdominal pain ~ 0.99 0.99 0.64 0.35
Diarrhea 0.58 0.96 0.96 0.65
Vomiting 0.71 0.68 0.78 0.47
Anosmia - - - -
Rash - - - -
Hoarseness - 0.64 - -
Inappetence 0.99 0.99 0.81 0.32
Conjunctivitis 0.99 0.99 0.99 0.99
Edema ofhands/ 0.99 0.99 0.77 0.99

feet
Lymphadeno- 0.99 0.99 0.99 0.99

megaly
Clinical outcome  0.29 0.12 0.11 0.09

“p-values =0.05 are considered significant by Chi-squared test

In our study, two children died due to hMPV and hRSV.
Moe et al. [24] observed that hMPV manifests itself clini-
cally, regardless of co-detection with other viruses. In
addition, the clinical manifestations and final diagnoses in
children with h(MPV and hRSV are quite similar. Children

Table 4 Logistic regression to evidence the chances of symptoms
caused by viral panel viruses

COVID-19

Rhinorrhea Estimator P-value Odds (95%)
No Ref - -

Yes 24 0.03* 11.4
Metapneumovirus

Cough Estimator P-value Odds (95%)
No Ref - -

Yes 1.56 0.01* 4.76
Rhinovirus

Fever Estimator P-value Odds (95%)
No Ref - -

Yes -2.11 0.04%* 0.12

* p-values <0.05 are considered significant

@ Springer

infected with hMPV or hRSV have variations in the clini-
cal course of the disease. Those variations occur primarily
in relation to age, because premature children and/or those
with chronic diseases have an increased risk of developing
severe respiratory diseases when submitted to hospitaliza-
tion compared with other individuals infected with hMPV
and hRSV.

It is important to note that, in Brazil until the 32nd epi-
demiological week of 2019, 3,514 deaths due to SARS were
reported, which corresponds to 11.70% (3,514/29,978) of
the total cases. Of the total reported deaths, 26.10% were
due to influenza virus: 64.20% due to influenza A (HIN1),
20.50% to non-subtyped influenza A, 5.80% to influenza
B, and 9.50% (87/917) to influenza A (H3N2). Regarding
deaths from other respiratory viruses, 70.40% were due to
hRSV [19, 25].

The absence of respiratory viruses in nearly half (48.00%)
of our study’s population, could be justified by the presence
of other non-viral pathogens [15], the limited amount of
viral agents tested by the viral panel, and/or by the time
taken to collect the biological sample, for the greatest trans-
missibility of the disease occurs from one day before the
onset of symptoms to the seventh evolution day, and respira-
tory samples should preferably be collected at the beginning
of the clinical picture (condition) [26].

The circulation of respiratory viruses in Brazil occurs
primarily in the autumn and winter [5]. Although they occur
more frequently in autumn and winter, our data from the
viral panel show an increase in the frequency of individuals
affected by respiratory viruses throughout the year, as shown
in Table 1 (i.e., date of hospitalization). It is believed that
in addition to the climatic factor, the increase occurs due to
crowding and contact with infected people, usually in closed
spaces with poor ventilation.

The spread of SARS-CoV-2 infections throughout Bra-
zil urged adjustments in the health care system as it faced
exceptional demand for care related to respiratory diseases.
In addition to assisting patients with the new coronavirus,
hospitals have also faced the traditional peak of hospitali-
zations for infections that affect the respiratory tract [21,
27]. To protect the population against the contamination of
SARS-CoV-2, social detachment and protective measures
were promoted, including improving hygiene habits and
wearing a mask to protect the airways. According to the
Pan American Organization of Brazil, those changes in hab-
its reduced cases of infection in the upper respiratory tract
caused by viruses by 70.00% [17]. In our research, among
the children whose deaths were registered due to viral infec-
tion, two died with a confirmed diagnosis of COVID-19.
According to the bulletin of 8th epidemiological week (i.e.,
21-27/02/2021), 10,540 children < 1 to 5 years of age were
hospitalized with SARS. Among them, 1,208 had COVID-
19, and 28 died from influenza, 630 from other respiratory
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viruses, and 65 with COVID-19 (BRASIL, 2021). The
American Academy of Pediatrics and the Children’s Hospi-
tal Association [28] reported that of the 1.4 million children
diagnosed with COVID-19 as of December 2020, 154 had
died. Per Koh et al. [29], children and young people have a
low death rate due to COVID-19.

Zimmermann and Curtis [30] have described how chil-
dren are far less likely to develop serious diseases from the
COVID-19 pandemic. Although Hyde [31] claims that the
statement remains true, there is therefore a perception that
children are less susceptible to infection and do not promote
viral transmission. However, recent evidence suggests cau-
tion, for children can be more susceptible than previously
thought and can be important agents in the transmission of
the disease in the community.

Detection of pediatric cases can be particularly dif-
ficult due to the high prevalence of asymptomatic infec-
tion in children [31]. In a study conducted by Waterfield
et al., [32], 50.00% of infections were asymptomatic
among the children of health care professionals in the
United Kingdom. In South Korea, Han et al. [33] identi-
fied pediatric cases by using contact screening, in which
66.00% of children presented milder symptoms that went
unnoticed and 9.00% had characteristic initial symptoms
that were diagnosed. However, in our study, 48.00% of
case records were negative. It is believed that those high
rates of negative cases may relate to the difficulty of
diagnosis. In addition, amid a pandemic, any obvious
pulmonary symptom could be considered to indicate
SARS, thereby leading to RT-PCR tests being performed
for confirmation.

In Brazil, unlike in developed countries, the COVID-
19 pandemic and other respiratory viruses have resulted
in serious consequences for children’s health. There are
greater risks due to some factors such as the demographic
composition of the population, a greater number of chil-
dren with chronic diseases, lack of access to primary
health care, lack of access to centers with a quality pedi-
atric hospital, and, primarily, social vulnerability [34].
However, if all those factors were remedied, then they
could prevent or mitigate the morbidity and mortality of
children affected by SARS.

Our work has demonstrated at a small scale how some
viruses that cause acute respiratory syndrome were detected
at the beginning of the COVID-19 pandemic. In recent years,
Brazil has made a lot of improvement in the detection of res-
piratory viruses with more modern laboratory techniques, as
well as by using an epidemiological surveillance system that
analyses the behavior of the disease and how it influences
social and economic aspects in the country.

With the COVID-19 pandemic, Brazil has adapted and
focused its strategies on the detection of diseases related

to respiratory viruses, for some of those viruses generate
infection with the same symptoms as COVID-19 and lead
to severe acute respiratory syndrome and sometimes to
death. Viral panels performed using molecular techniques
have become routine in public laboratories and robustly
aided the identification and treatment of diseases. How-
ever, the primary strategy of the Brazilian government
has been to carry out early vaccination campaigns for
seasonal viruses, with the aim of protecting the popu-
lation, especially against influenza, the viral agent that
causes most of the morbidities and comorbidities. Those
campaigns aim to reduce future expenditures on public
health, as well as the collapse of the health system.

Conclusions

It is necessary to follow up on our epidemiological surveil-
lance by performing viral panels in all patients with respira-
tory infections in the coming years. After the vaccination
program against the new coronavirus, it will also be neces-
sary to evaluate the behavior of the virus and whether it will
reappear on a seasonal basis and/or with new mutations.
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