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ABSTRACT

Objective: To identify factors associated with hospitalization
in the intensive care unit in children and adolescents

with COVID-19.

Methods: This was a retrospective cohort study using
secondary data of hospitalized children and adolescents
(zero to 18 years old) with COVID-19 reported in Paraiba
from April 2020 to July 2021, totaling 486 records.
Descriptive analysis, logistic regression and multilevel
regression were performed, utilizing a significance level

of 5%.

Results: According to logistic regression without hierarchical
levels, there was an increased chance of admission to
the intensive care unit for male patients (OR = 1.98;
95%CI 1.18 - 3.32), patients with respiratory distress
(OR =2.43; 95%CI 1.29 - 4.56), patients with dyspnea
(OR = 3.57; 95%CI 1.77 - 7.18) and patients living in
large cities (OR = 2.70; 95%CI 1.07 - 6.77). The likelihood

of requiring intensive care was observed to decrease with

increasing age (OR = 0.94; 95%CI = 0.90 - 0.97), the
presence of cough (OR = 0.32; 95%CI 0.18 - 0.59) or
fever (OR = 0.42; 95%CI 0.23 - 0.74) and increasing Gini
index (OR = 0.003; 95%CI 0.000 - 0.243). According
to the multilevel analysis, the odds of admission to the
intensive care unit increased in male patients (OR = 1.70;
95%CI = 1.68-1.71) and with increasing population
size of the municipality per 100,000 inhabitants
(OR =1.01; 95%CI 1.01-1.03); additionally, the odds
of admission to the intensive care unit decreased for
mixed-race versus non-brown-skinned patients (OR = 0.981;
95%CI 0.97 - 0.99) and increasing Gini index (OR = 0.02;
95%CI 0.02 - 0.02).

Conclusion: The effects of patient characteristics
and social context on the need for intensive care in
children and adolescents with SARS-CoV-2 infection
were better estimated with the inclusion of a multilevel
regression model.

Keywords: COVID-19; Coronavirus infections; Child; Adolescent; Logistic models; Multilevel analysis; Social vulnerability; Pediatric

intensive care units

INTRODUCTION

Coronavirus disease 2019 (COVID-19) has caused unimaginable consequences for public health and has led to the
loss of thousands of lives."” Several countries have mobilized to find strategies to control and combat COVID-19, which

has become a public health emergency.

In low- and middle-income countries, the incidence of COVID-19 may be influenced by the social vulnerability
of some disadvantaged classes. Vulnerable populations have specific characteristics and behaviors related to greater
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exposure to the virus, including increased susceptibility
to infection, stronger associations between comorbidities
and unfavorable outcomes and inequality in access to
health care.?

Coronavirus disease 2019 is typically less severe in
children and adolescents.”” However, these patients
were affected by and experienced direct consequences of
isolation. The pandemic was associated with profound
educational, social and psychological changes and food
insecurity, increasing the risk of serious adverse outcomes
that may cause more deaths of children and adolescents in
the most deprived regions.®

Therefore, it is important to investigate whether there
are determinants of social vulnerability at the individual
and contextual levels that lead to unfavorable outcomes
for children and adolescents with COVID-19. The
objective of this study was to identify factors associated
with hospitalization in the intensive care unit (ICU) of

children and adolescents with COVID-19.

METHODS

This was a retrospective, exploratory cohort study that
used a quantitative approach to identify whether there are
factors associated with ICU admission in children and
adolescents with COVID-19 in Paraiba. Paraiba is a state
in the Northeast Region of Brazil and has an estimated
population of 4,039,277 inhabitants, a population density
of 66.70 inhabitants/km?, a Human Development Index
(HDI) of 0.658 and a Gini index of 0.559. The infant
mortality rate is 13.29 deaths per thousand live births.®

The study population consisted of children and
adolescents aged zero to 18 years who presented with severe
acute respiratory syndrome (SARS), were hospitalized
and had a final diagnosis of COVID-19 between April
2020 and July 2021. The database was made available
by the Secretaria de Saiide do Estado da Paraiba (SES-PB)
containing data from April 2020 to July 2021.

The individual variables referring to sociodemographic
data, signs and symptoms were extracted from the
spreadsheet made available by the SES-PB, and the
contextual variables were obtained through electronic
websites.®® Several variables, such as population size,
which was divided into small (fewer than 10,000
inhabitants), medium (between 10,000 and 50,000
inhabitants) and large (more than 50,000 inhabitants);®
the Social Vulnerability Index;” and the Municipal Human
Development Index® underwent discretization. Other
numerical variables, including age, population density, Gini
index, Family Health Strategy coverage, total number of
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pediatric beds, health facilities, infant mortality, sewage
system and urban road paving, were categorized according
to the interquartile distribution.

To determine the optimal use of each variable, all the
variables were tested categorically and numerically in the
two statistical models; however, some variables did not
remain in the fitted models.

Descriptive analysis was performed first, followed by
data modeling with a logistic regression model crossing
each covariate with the event of interest. The associations
between the explanatory variables and the outcome with
p values < 0.20 were included in the multivariate model.
The stepwise technique was performed to obtain the final
adjusted logistic regression model, using a significance
level of 5%. The receiver operating characteristic
(ROC) curve was used to evaluate the quality of the final
fitted model.

A multilevel logistic regression model was then
developed using a significance level of 5%. In the multilevel
modeling, two hierarchical levels were considered: the
individuals reported with COVID-19 (level 1) and the
municipalities that made the notifications (level 2). The
multilevel analysis aimed to separate the effects within
each municipality (characteristics of the children and
adolescents related to the chance of ICU admission) from
the effects between the clusters (characteristics of the
municipalities that may be associated with the outcome),
considering the same outcome of logistic regression without
hierarchical levels.

The initial steps for the determination of the multilevel
regression model included centralization of the predictor
variables and execution of an empty model, i.e., without
explanatory variables, to determine whether the likelihood
of ICU admission for children and adolescents with
COVID-19 differed among the reporting municipalities.
The intraclass correlation coefficient (ICC) was used to
quantify the homogeneity of the results between the
clusters, representing the proportion of variation between
the municipalities. The ICC was calculated as the ratio
between the variance in waste at the municipal level and the
sum of the variances at the municipal and individual levels.
Subsequently, the models were tested with the explanatory
variables. First, the associations that were significant in the
logistic regression analysis were entered into the multilevel
model; however, other variables were tested to obtain the
best model, considering a significance level of 5%. The
deviance value for choosing the best model and the ROC
curve were evaluated to analyze the goodness of fit of the
model. To perform the statistical analyses, the free software
R, version 4.1.1, was used.?
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This study received the consent of the SES-PB and
was approved by the Ethics Committee of the Centro de
Ciéncias da Satide, Universidade Federal da Paraiba under
the respective CAAE (39914320.2.0000.5188).

RESULTS

Of the 1,955 SARS reports, 552 had a final confirmed
diagnosis of COVID-19. Of these, 66 records with
multiple missing data points were excluded, resulting in a
sample of 486 patients, as shown in figure 1. It is important
to note these 486 records included those with responses
of “ignored”, which is an option for all response fields in
the SARS form. In addition, there was a high frequency
of incomplete information on the SARS forms. Responses
of “unknown” and missing responses were not included
in the statistical analyses, thus altering the sample size for
each variable. Even with the lack of some information,
it was possible to perform data mining with robust
statistical models.

1,955
notifications
552 1,403
confirmed without confirmation
66 486
with incomplete complete
informations (final sample)

Figure 1 - Data screening flow.

In Paraiba, from April 2020 to July 2021, COVID-19
was most common in female children (n = 277; 57.0%),
with a mean age of 7.3 years and a median age of 5.5
years, with a standard deviation (SD) of 7.14 years, and
in patients who self-reported as mixed-race individuals
(n =326;75.8%).

Among the signs and symptoms, the most frequent
was fever (n = 298; 65.9%), and neurological problems
were the most frequently reported comorbidity (n = 26;
19.1%). At admission, 55.4% (n = 246) of patients did

not require ventilatory support, 58.4% (n = 171) did not
undergo X-ray, 73.0% (n = 355) did not require intensive
care, and 91.1% (n = 339) progressed to cure (Table 1).

Table 1 - Demographic and clinical characteristics of children and
adolescents with reported COVID-19

Variable

Sex (n = 486)
Female 277 (57.0)
Male 209 (43.0)

Age (n = 483) (years)

0-4 209 (43.3)
9= 65 (13.5)
10- 15 76 (15.7)
16-18 133 (27.5)

Pregnancy (n = 478)

Not applicable 354 (74.1)
Not pregnant 79 (16.5)
31 trimester 32(6.7)
1sttrimester 8(1.7)
2" trimester 3(0.6)
Unknown gestational age 2 (0.4)
Race (n = 430)
Brown 326 (75.8)
White 86 (20.0)
Black 10 (2.3)
Indigenous 5(1.2)
Asian 3(0.7)
Symptoms*
Fever 298 (65.9)
Cough 241 (54.2)
Dyspnea 215 (49.7)
Respiratory distress 203 (49.0)
Sat0, < 95% 120 (31.7)
Sore throat 74(20.2)
Vomiting 70 (18.7)
Diarrhea 71 (19.1)
Other respiratory symptoms 42 (33.1)
Musculoskeletal symptoms 20 (15.7)
Gastrointestinal symptoms 18 (14.2)
Neurological symptoms 41 (32.3)
Other generalized symptoms 14 (11.0)
Continue...

Crit Care Sci. 2024,36:20240068en



4 Damascena LC, Faria AR, Lucena NN, Silva AH, Almeida TT, Pinto DF, et al.

...continuation

Variable

Comorbidities™

population density, above 165.52 inhabitants/km? (n = 242;
49.8%); Municipal Human Development Index (MHDI),
high (n = 217; 44.7%); Social Vulnerability Index (SVI), low

Neurological problems 33 (29.1) (n = 231; 47.5%); infant mortality rate, 10.32% - 12.92%
R 24 (179) (n = 177; 38.6%); illiteracy rate up to 18 years of age,
T 21 155) 13.08% - 28.83% (n = 244; 50.2%); facilities with Family
Immunodepression 16 (12.2) Health Strategy coverage, 23 - 199 (n = 236; 48.5%); number
p— T of health facilities, 34 - 208 (n = 233; 47.9%); available pediatric
— T 60 beds, 25 - 249 (n = 219; 45.0%); percentage of urban roads
- paved, 17.0% - 25.1% (n = 227; 46.6%); and sewage treatment
Dl 238 rate, 56.2% - 70.8% (n = 164; 33.8%) (Table 2).
Diabetes 6 (4.6)
Hematological problems 5(3.8)
Liver problems 6 (4.6) Table 2 - Contextual variables of the reported patients with COVID-19
Down syndrome 5(3.7) Variable
Kidney problems 3(23) Zone (n = 449)
Other syndromes 10 (14.4) Urban 384 (85.5)
Congenital problems 8(11.4) Rural 64 (14.3)
Cancer 7(10.0) Periurban 1(0.2)
Obstetric and neonatal problems 17 (24.3) Municipality of residence (n = 486)
Other conditions 22(31.4) Jodo Pessoa 139 (28.6)
ICU admission (n = 486) Campina Grande 61 (12.6)
Yes 131 (27.0) Mamanguape 28 (5.8)
No 355 (73.0) Santa Rita 14 (2.9)
Ventilatory support (n = 444) Cajazeiras 13 (2.6
No 246 (55.4) Caapora 12 (2.4)
Yes, noninvasive 136 (30.6) Patos 10 (2.1)
Yes, invasive 62 (14.0) Bayeux 9(1.9)
X-ray (n = 293) Cabedelo 9(1.9)
Not performed 171 (58.4) Monteiro 7(1.4)
Normal 52 (17.7) Guarabira 6(1.2)
Interstitial infiltrate 38 (13.0) Cities with 5 cases 6(6.2)
Other image types 23(78) Cities with 4 cases 432
Mixed 7(24) Cities with 3 cases 9 (5.6)
Consolidation 2(0.7) Cities with 2 cases 25 (10.3)
Outcome (n = 372) Cities with 1 case 55 (11.3)
Cure 339 (91.1) Population size (n = 486)
Death 30(8.1) Large 268 (55.1)
Death from other causes 3(0.8) Medium 162 (33.3)
*The variables symptoms and comorbidities are cumulative, i.e., a patient may have a varied
combination of symptoms and comorbidities. Therefore, the percentages for these variables Small 56 (11.5)
do not add up to ?00%, as they depend on the number of symptoms and comorbidities Demographic density (n = 486), inhabitants per km 2
reported by the patients.
Sat0, - oxygen saturation; ICU - intensive care unit. Up to 88,84 124 (25.5)
88,85 - 165,52 120 (24.7)
Among the social context variables of children and 165,53 - 432128 ellioy)
adolescents, reports were predominant in the following groups: MHDI {n = 486)
zone, urban (n = 384; 85.5%); municipality, Jodo Pessoa (n ity 173 (35.6)
= 139; 28.5%); municipality size, large (n = 268; 55.1%); Continue...
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Variable
Medium 96 (19.5)
High 217 (44.7)
SVI (n = 486)
Low vulnerability 231 (47.5)
Medium vulnerability 47 (9.7)
High vulnerability 145 (29.8)
Very high vulnerability 63 (13.0)
Infant mortality rate (n = 459), deaths per
1,000 live births
Up to 10,31 115 (25.1)
10,32-12,92 177 (38.6)
12,93 -13,55 65 (14.1)
Above 13,55 102 (22.2)
Illiteracy rate (n = 486), %
13,08 - 28,83 244 (50.2)
28,84 - 40,34 129 (26.5)
Above 40,34 113 (23.3)
FHS coverage (n = 486), units
Upto8 137 (28.2)
9-22 113 (23.3)
23-199 236 (48.5)
Health care facilities (n = 486)
Upto 12 141 (29.0)
13-33 112 (23.1)
34 -208 233 (47.9)
Total pediatric beds (n = 486)
Upto4 134 (27.5)
5-24 133 (27.4)
25-249 219 (45.1)
Paved urban roads (n = 484), %
Upto 3,9 136 (28.1)
4,0-16,9 109 (22.5)
17,0 - 25,1 227 (46.9)
Above 25,1 12 (2.5)
Sewage treatment (n = 485), %
Upto 21,1 127 (26.2)
21,2 - 56,1 118 (24.3)
56,2-70,8 164 (24.3)
Above 70,8 76 (15.7)
Gini index (n = 486), per capita household income
Up to 0,5182 122 (25.1)
0,5183 - 0,5640 132 (27.2)
0,5641 - 0,6290 223 (45.9)

Above 0,6291 9(1.8)

FHS - Family Health Strategy. MHDI - Municipal Human Development Index; SVI - Social
Vulnerability Index.

In the statistical models developed, some variables
showed better fit in the logistic regression model as
continuous variables, including age and the Gini index.
In the individual tests of explanatory variables with the
outcome, the Gini index as a categorical variable (categories
defined by quartiles) had a p value of 0.332 and was not
considered for the next analysis. Age as a categorical variable
(categories defined by quartiles) had a p value < 0.20
in the single-variable test; however, in the adjusted
regression model, it was not statistically significant
(p values: 0 to 4 years old = 1; 4 - 9 years old = 0.187;
9 - 15 years old = 0.3343; 15 - 18 years old = 0.111),
considering the final model a of 5%. The population size
showed the best fit in the logistic regression as a categorical
variable, and in the multilevel logistic regression, it
remained in the final model as a continuous variable.

In the bivariate analyses of the simple logistic regressions,
the variables with p values < 0.20 were included in the
multiple logistic regression model (Table 3). The results of
the final multiple logistic regression model are shown in
table 4. With increasing age, the odds of ICU admission
decreased by 6% (odds ratio - OR = 0.935; confidence
interval - 95%CI 0.901 - 0.971). Regarding sex, male
children and adolescents had a 98% greater chance of
receiving intensive care (OR = 1.981; 95%CI 1.181 - 3.322)
than female children and adolescents. Cough and fever were
symptoms that reduced the likelihood of hospitalization in
the ICU by 68% (OR = 0.322; 95%CI 0.175 - 0.593)
and 58% (OR = 0.415; 95%CI 0.234 - 0.737),
respectively. Patients with respiratory distress and dyspnea
were 2.43 (OR = 2.428; 95%CI 1.293 - 4.562) and 3.56
(OR =3.565; 95%CI 1.771 - 7.175) times more likely,
respectively, to require intensive care than patients who did
not report these symptoms.

Regarding population size, children and adolescents
with COVID-19 residing in large cities were 2.70
(OR = 2.696; 95%CI 1.074 - 6.767) times more
likely to be admitted to the ICU than were patients
from small or medium cities. The Gini index exerted a
substantial influence on the outcome; as the value of this
coefficient increased, there was a marked decrease of 99%
(OR = 0.003; 95%CI 0.000 - 0.243) in the chance of
hospitalization in the ICU of children and adolescents with
COVID-19 (Table 4).

The ROC curve indicated a good fit of the model, with
an area under the curve of 0.799 or 79%, a value that was
considered the cutoff point. The sensitivity (true positives)
was 81.4%, and the specificity (false positives) was 67.5%.

For the multilevel regression model, the ICC was 0.146,
indicating that 15% of the chance of hospitalization in

Crit Care Sci. 2024,36:20240068en
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Table 3 - Bivariate analysis of hospitalization of children and adolescents with COVID-19 in the intensive care unit

Variable p value OR 95%ClI
Sex

Female 1

Male 0.009 1.709 1.142 - 2.563
Age (years) 0.001 0.999 0.9997 - 0.9999

0-4 1

5-9 0.022 0.456 0.225- 0.869

10- 15 0.007 0.411 0.209 - 0.767

16-18 0.008 0.509 0.305-0.832
Regional health of the residential area

I NRS Jodo Pessoa - 1

Il NRS Campina Grande 0.134 1.495 0.877-2.519

IV NRS Cuite 0.136 6.290 0.593-136.718

V' NRS Monteiro 0.078 3.145 0.849 - 11.654

XI'NRS Princess Isabel 0.093 4718 0.765 - 36.430
Population size

Small 1

Large 0.201 1.589 0.805 - 3.382
Gini index 0.118 0.065 0.002 - 1.989
Cough

No - 1

Yes 0.014 0.592 0.389-0.897
Fever

No - 1

Yes 0.006 0.548 0.357 - 0.841
Sore throat

No - 1

Yes 0.069 0.564 0.295-1.024
Dyspnea

No - 1 -

Yes 2.52e-05 2.533 1.647 - 3.939
Respiratory distress

No 1 -

Yes 4.8e-07 3.148 2.022 - 4.973
Diarrhea

No 1 -

Yes 0.071 0.558 0.286 - 1.026
Sat0, < 95%

No 1

Yes 1.14e-06 3.156 1.986 - 5.041
Vomiting

No - 1

Yes 0.027 0.472 0.232-0.472
Other symptoms

No - 1

Yes 0.0270 0.559 0.331-0.928

Continue...

Crit Care Sci. 2024;36:20240068en



Analysis of factors associated with admission to the intensive care unit of children and adolescents with COVID-19 7

...continuation

Variable p value OR 95%ClI
Presence of any risk factor

No - 1

Yes 0.016 0.599 0.367-0.711
Puerperal woman

No - 1

Yes 0.017 0.214 0.049 - 0.669
Asthma

No - 1

Yes 0.078 0.252 0.038 - 0.960
Neurological problems

No - 1

Yes 0.056 2.333 0.973-5.622
X-ray

Normal - 1

Interstitial infiltrate 0.061 2431 0.967 - 6.2960

Other images 0.022 3.417 1.197 - 10.027

OR - odds ratio; 95%CI - 95% confidence interval; NRS - Regional Health Center.

Table 4 - Final logistic regression model adjusted for factors associated with hospitalization of children and adolescents with COVID-19 in the
intensive care unit

Variable p value OR 95%ClI
Intercept 0.189 5.104 0.446 - 58.345
Age 0.000 0.935 0.901 - 0.971
Sex

Female - 1

Male 0.009 1.981 1.181-3.322
Cough

No - 1

Yes 0.000 0.322 0.175-0.593
Fever

No - 1

Yes 0.003 0.415 0.234-0.737
Respiratory distress

No - 1

Yes 0.006 2.428 1.293 - 4.562
Dyspnea

No - 1

Yes 0.000 3.565 1.771-7.175
Population size

Small - 1

Large 0.035 2.696 1.074 - 6.767
Gini index 0.010 0.003 0.000 - 0.243

OR - odds ratio; 95%CI - 95% confidence interval.

Crit Care Sci. 2024;36:20240068en
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the ICU for children and adolescents with COVID-19
in Paraiba was explained by the characteristics of the
municipality. Next, the independent variables were
tested with the response variable, and the final model was
obtained, considering an o of 0.05; the results are shown
in table 5.

In this multilevel analysis, male children and
adolescents were 1.69 times more likely to be admitted
to the ICU (OR = 1.69; 95%CI 1.68 - 1.71) than
female patients were. Patients who self-reported
as mixed race had a 2% lower chance (OR = 0.98;
95%CI 0.97 - 0.99) of needing intensive care than
those who did not. This variable was not included in
the non-multilevel regression model (p value > 0.20)
because it presented p values of 0.96, 0.59, 0.98, 0.98
and 1.00 for patients of brown, black, Asian, indigenous

and white races, respectively. In addition, the following
frequencies of patients with respect to race (n = 430)
admitted to the ICU were observed: mixed-race, 28.2%
(n = 92/326); non-brown, 25% (26/104). As the Gini
index increased, the chance of ICU admission decreased
by 98% (OR = 0.02; 95%CI 0.02 - 0.02). The growth
in population size per 100,000 inhabitants increased
the likelihood of referring children and adolescents with
COVID-19 to critical care by 1.02 times (OR = 1.02;
95%CI 1.01 - 1.03). The dyspnea variable was important
for model fit, but it was not significant at the 5% level.

The deviance value obtained for the model was 479.432,
indicating a good fit. In addition to the deviance, the ROC
curve was generated, with an area under the curve of
0.691 (95%CI 0.637 - 0.743), indicating good quality of
the model.

Table 5 - Final multilevel logistic regression model adjusted to evaluate the association of individual and contextual factors with the outcome of
hospitalization in the intensive care unit of children and adolescents with COVID-19

Variable p value OR 95%CI

Intercept <2and-16 5.104 0.446 - 58.345
Sex

Female 1

Male <2e-16 1.694 1.680 - 1.707
Race

Nonbrown 1

Brown 2.36e-16 0.981 0.973-0.989
Gini index 0.0493 0.022 0.021-0.022
Population size 3.93e-15 1.019 1.011-1.027
Dyspnea

No 1

Yes 0.071 0.996 0.988 - 1.004

OR - odds ratio; 95%CI - 95% confidence interval.

Crit Care Sci. 2024;36:20240068en
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DISCUSSION

The statistical models developed show that the
hospitalization of children and adolescents with
COVID-19 in the ICU in the state of Paraiba was
associated with variables specific to the individual and to
the social context of the patients. These findings highlight
the social nature of the disease and reinforce the need
to consider contextual determinants that may influence
the health status of children and adolescents among
the variables of interest to be analyzed. In addition, the
multilevel model showed differences in the estimates
of the parameters compared to other types of statistical
models, indicating that this type of modeling is relevant.
The multiple logistic regression model without hierarchical
levels indicated that age, male sex, cough, fever, respiratory
distress, dyspnea, population size and the Gini index were
variables that influence the hospitalization of children and
adolescents in the ICU. Other studies have used logistic
regression to assess the relationships between contextual
variables and outcomes.’'? In the multilevel regression,
sex, race, the Gini index and population size were
entered into the final model and were found to influence
the outcome.

The analysis revealed that as age increased, there was a
reduction in the chance of these patients requiring intensive
care. Younger individuals seem to be affected more severe
clinical manifestations of COVID-19. Younger children
had a greater frequency of hospitalization and need for
the ICU than older children did."® Greater sensitivity
to dehydration and incomplete vaccination are potential
factors that may increase the risk of complications from
COVID-19 in children under 1 year of age, according to
an Iranian study."

According to both statistical models, male children
and adolescents were more likely to need intensive care.
Some studies have shown differences in the occurrence
of COVID-19 between sexes.">"” A multicenter study
conducted in 19 ICUs in Brazil showed that the majority
of hospitalized patients were male,"® which is consistent
with these results.

Studies of adult patients have shown that there are
biological differences between men and women, such as
the expression of angiotensin-converting enzyme (ACE2)
and transmembrane serine protease 2 (TMPRSS2), which
are responsible for the entry of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) into cells and
viral invasion, and the regulation of these proteins by sex
hormones may be responsible for the greater lethality of
COVID-19 in the male population.®>!9 It is believed that

these hypotheses also explain the higher frequency of more
severe conditions in boys, but there are few studies focused
on children that reveal this predominance.

According to the logistic regression results, pediatric
patients who presented with cough and fever were less
likely to be admitted to the ICU. These symptoms are
defined as some of the warning signs in patients with
suspected COVID-19 according to the Agéncia Nacional
de Vigilincia Sanitdria (ANVISA ),"” and the appearance
of these symptoms at the onset of infection may lead
individuals to seek early medical care, with chances of
minimizing the worsening of the condition.

Symptoms of respiratory distress and dyspnea were
considered factors that contributed to the occurrence of
the outcome. These findings indicated that children and
adolescents with symptoms of respiratory tract infection
were more likely to require ICU admission.?” Shortness
of breath has been significantly associated with the severity
of COVID-19.@Y Dyspnea has been reported as the most
common finding in severe COVID-19 cases in neonates.
@2 Vitamin D deficiency has been reported as one of the
causes of dyspnea in hospitalized Iranian children with
severe COVID-19.0%

Patients who self-reported as mixed race were less
likely to be admitted to the ICU than those who did not.
These findings are contradictory to those reported in the
(2325 Moreover, the majority of ICU admissions
in the present study were mixed-race patients. Throughout
the pandemic period, new hypotheses emerged to explain
the relationship between race and COVID-19, such as
the identification of blood types with greater chances of
infection by SARS-CoV-2 that are more common in white
and Hispanic individuals.®®

This sample included more mixed-race individuals
compared to other races, which may explain why mixed
race/color was a protective factor for the hospitalization
of children and adolescents in the ICU. Patients who
self-reported as mixed race were also more likely to progress
to a cure in this study. This finding may be a reflection
of the fact that the Continuous Quarterly National
Household Sample Survey (Continuous PNAD - Pesquisa
Nacional por Amostra de Domicilios Continua Trimestral)*™
identified that the population of Paraiba is predominantly
mixed-race (59.6%). Another explanation for the results
may lie in the stratification of the database, which separated
the individuals into mixed-race, white, black, Asian and
indigenous individuals and did not group black and
mixed-race individuals into the same group. This analysis
considered only two groups: patients who did and did not
self-report as mixed race. In addition, the data mining of

literature.
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the hierarchical level analysis showed the influence of the
clusters (municipalities) on the outcome, which was not
observed in the single-level regression model. Therefore,
the multilevel model included some explanatory variables
that were different from the single-level regression model,
including race. Therefore, despite the statistical significance
of mixed race/color, this result needs to be analyzed with
caution, as studies”?> have reported the unfavorable
repercussions of COVID-19 in mixed-race individuals.

Regarding population size, in the single-level and
multilevel logistic regression models, children and
adolescents with COVID-19 residing in large cities were
more likely to be admitted to the ICU. Ceard and Piauf
also reported higher rates of disease spread in their capitals
and neighboring municipalities, which was explained by
the high population density contributing to the rapid
spread of the virus.?**” The spread of infectious diseases
caused by viruses is closely linked to the displacement of
people, urbanization and the movement of foreigners,
which are characteristics inherent to large metropolises.®”
In addition, municipalities with more than 400 thousand
inhabitants have higher levels of per capita health
expenditures and higher values of the transfer of the
Sistema Unico de Savide (SUS) and direct more of their own
revenues to health. In addition, as the population grows,
these municipalities assume significant roles as a regional
reference to serve the community, incorporating procedures
of medium and high complexity,V
the number of hospitalizations in intensive care beds.

The Gini index appeared in both models and exhibited
an inverse relationship, decreasing the chances of ICU
admission as its values increased. An increased Gini index
value indicates greater inequality in income distribution. A
high Gini index may result in the distancing of population
segments with little chance of social integration, initially
interrupting the increase in SARS-CoV-2 transmission and
decreasing the spread of the virus.®?

The use of two statistical methods with and without
hierarchical levels for data modeling reinforced the
relationship of the predictor variables obtained in the final
models influencing the same outcome. Logistic regression
without hierarchical levels highlighted the relationships of
explanatory variables with the hospitalization of children
and adolescents with COVID-19 in the ICU in a more
general way, without considering the characteristics that
may exist in different municipalities. The multilevel model,
on the other hand, allows for the exploration of the data
in more detail, indicating the variability in the outcome
between levels. Therefore, the incorporation of the random
effects of the groups, municipalities in this study, was

consequently increasing

Crit Care Sci. 2024;36:20240068en

relevant for the estimation of the parameters when the
responses were grouped.

Both statistical models provided important information
about the event of interest, and analyzing the contribution
of results presented by different models may improve the
understanding of how children and adolescents with
COVID-19 progress to ICU admission, considering
aspects that are more comprehensive and common to
certain groupings, favoring the development of more
assertive strategies.

These results should be interpreted with caution, as
these are secondary data with a risk of underreporting. In
addition, difficulties in accessing health services and testing
the population, especially children and adolescents, may
underestimate the real number of cases of the disease,
which is a limitation of this study. Another limitation is
related to the variables collected in public databases, such
as the Department of Informatics of the SUS (DATASUS)
and the Atlas of Social Vulnerability, which have not been
recently updated, impairing comparisons with current
information, as many children and adolescents were born
years after the publication of these data. Despite these
limitations, the results of this study suggest the need to
consider contextual variables to better understand the
course of COVID-19 in children and adolescents who

require intensive care.

CONCLUSION

The association between patient characteristics and a
severity of SARS-CoV-2 infection resulting in the need
for intensive care may be influenced by the social and
economic context in which children and adolescents live,
as well as the magnitude of these factors. These effects are
estimated more accurately with the inclusion of a multilevel
regression model in the analyses.

Thus, we suggest that the clinical and socioeconomic
profiles of the population may guide the development of
policies to combat the coronavirus, making it necessary to
carefully look at children and adolescents, among whom
the number of cases and deaths has been increasing over
time. This pandemic is a very unstable scenario, with the
emergence of new variants and the restriction of vaccines
that meet the needs of all children, especially the youngest
age group, which is most strongly affected. Conducting
strategies through the prism of clinical and social realities
is likely more useful for controlling and mitigating
SARS-CoV-2 in this population.
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