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ABSTRACT

Objectives: to analyze the climate seasonality of respiratory diseases in children aged 0-9
years and present a model to predict hospital admissions for 2021 to 2022. Methods: verify, in
atemporal manner, the correlation of admissions for pneumonia, bronchitis/bronchiolitis, and
asthma with meteorological variables, aiming to demonstrate seasonality with the adjustment
of temporal series models. Results: there was a seasonal effect in the number of registered
cases for all diseases, with the highest incidence of registrations in the months of autumn
and winter. Conclusions: it was possible to observe a tendency towards a decrease in the
registration of pneumonia cases; In cases of admissions due to bronchitis and bronchiolitis,
there was a slight tendency towards an increase; and, in occurrence rates of asthma, there
was no variation in the number of cases.

Descriptors: Climatic Seasonality; Lower Airway Diseases; Hospitalizations; Statistical Bias;
Children.

RESUMO

Objetivos: analisar a sazonalidade climatica das doencas respiratdrias em criangcas de 0a 9
anos e apresentar um modelo para previsdo de interna¢des hospitalares para os anos de 2021
a2022. Métodos: propds-se verificar, de maneira temporal, a correlagdo de internagdes para
pneumonia, bronquite/bronquiolite e asma com varidveis meteoroldgicas, visando verificar
a sazonalidade com o ajuste de modelos de séries temporais. Resultados: percebeu-se,
para todas as enfermidades, o efeito sazonal no nimero de casos registrados, com o maior
nudmero de registros nos meses de outono e inverno. Conclusdes: foi possivel constatar uma
tendéncia de diminuigdo no registro de casos de pneumonia; ja para os casos de internagdes
por bronquite e bronquiolite, observou-se uma leve tendéncia de aumento; e, em relacéo
as taxas de ocorréncia de asma, ndo houve variacao.

Descritores: Sazonalidade Climética; Doencas das Vias Aéreas Inferiores; Hospitalizagoes;
Viés Estatistico; Criangas.

RESUMEN

Objetivos: analizar la estacionalidad climética de las enfermedades respiratorias en nifios
de 0 a9anosy presentar un modelo para prevision de internaciones hospitalarias para los
anos de 2021 a 2022. Métodos: se propuso verificar, de manera temporal, la correlacion de
internaciones para neumonitis, bronquitis/bronquiolitis y asma con variables meteorolégicas,
visando verificar la estacionalidad con el ajuste de modelos de series temporales. Resultados:
se percibio, para todas las enfermedades, el efecto estacional en el nimero de casos registrados,
con el mayor nimero de registros en los meses de otofo e invierno. Conclusiones: fue
posible constatar una tendencia de disminucidn en el registro de casos de neumonitis; ya
para los casos de internaciones por bronquitis y bronquiolitis, se observé una leve tendencia
de aumento; y, en relacion las tasas de ocurrencia de asma, no hubo variacion.
Descriptores: Estacionalidad Climéatica; Enfermedades de las Vias Respiratorias Bajas;
Hospitalizaciones; Sesgo; Nifos.
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Climate seasonality and lower respiratory tract diseases: a predictive model for pediatric hospitalizations

INTRODUCTION

Children are a susceptible and sensitive group to weather
variations. That can be explained by the immaturity of the im-
mune system and reduced airway caliber, which may be more
suppressed in the winter period. Low temperatures promote
spasms of the respiratory tract and ischemia due to capillary
contraction in children, resulting in weakened ciliary movement
and, consequently, difficulty removing viruses and bacteria from
the respiratory epithelium. Such situations favor the evolution of
severe forms of respiratory diseases, with significant respiratory
dysfunction and the consequent need for hospitalization2.

In this context, some diseases are predominant and/or prevalent
in certain climate regions; others tend to follow a seasonal pat-
tern (related to weather conditions) in their incidence and have
causal factors linked to the environment, with variation in their
occurrence. The chronological distributions of specific diseases
in terms of maximum and minimum registrations always occur in
the same period, whether the year, month, week, or day. In these
distributions, the variation is characterized by a particular seasonality
related to the property that the phenomenon always repeats itself
in the same season. Several studies have investigated the seasonal
influence due to potential health risks, especially concerning the
respiratory system. Several diseases have seasonal characteristics,
such as asthma, pneumonia, bronchitis/bronchiolitis, influenza,
chickenpox, meningitis, and pulmonary tuberculosis®?,

The autumn and winter seasons are worrying with respiratory
diseases, mainly due to the increase in pediatric consultations.
In winter, colds, flu, pharynagitis, otitis, sinusitis, acute bronchitis,
bronchiolitis, chronic bronchitis, asthma, and pneumonia increase;
in autumn, acute bronchitis, and acute asthma. These diseases
affect mainly children and patients with respiratory allergies. The
decline in temperature in winter leads to congestion of the nose,
sinuses, and ears and weakens the body’s resistance to infection,
leading to common cold symptoms, such as nasal obstruction,
facial pain, runny nose, and sneezing!'%'".

This research evaluates the population’s health risk according to
the climate seasonality, favoring the planning and implementation
of health actions. By identifying a seasonal periodicity in those dis-
eases, prophylactic measures can be implemented to minimize the
intensity of the occurrence of registrations for this type of morbidity®.

Pneumonia, bronchitis/bronchiolitis, and asthma are the three
leading causes of hospital admissions in children, and they are
the diseases most likely to be influenced by weather variables.

OBJECTIVES

To analyze the climate seasonality of respiratory diseases in
children aged 0-9 years and to present a model to predict hospital
admissions for 2021 to 2022.

METHODS

Ethical aspects

This research presents data from secondary sources and follows
Resolution n° 466/2012 and Resolution n® 510/16 of the National
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Health Council. The studies using public access information are
exempt from prior approval by the CEP/CONEP system. These
data were used exclusively for this study, and the information was
prepared collectively so the results avoid reference to any individual
and did not intend any harm to the persons or institutions involved.

Design of study

Observational cohort study guided by the STROBE tool. Based
on data on exposure and frequency of pneumonia, bronchitis/
bronchiolitis, and asthma, it was analyzed the seasonal effect of
the number of registered cases and performed an adjustment in
the seasonal autoregressive integrated moving average (SARIMA)
models in the registered cases of these diseases. After adjusting
the SARIMA, each model was used to verify the potential use for
forecasting.

Period and place of study

This research was conducted in Campina Grande, in the State
of Paraiba (PB), with data covering 23 years (from January 1998
to December 2020). The city of Campina Grande is at an aver-
age altitude of 555 meters above sea level, -7.23° latitude and
-35.88° longitude. The municipality’s area is 593.026 km?, with
an estimated population of 407,754 inhabitants, according to
data from the Brazilian Institute of Geography and Statistics
(IBGE, 2018). It has a climate with more moderate temperatures,
considered“tropical dry season."The rainy season starts in April/
May and ends in August/September('?,

Population or sample

The study population consisted of hospitalized children of both
genders, aged 0-9 years, diagnosed with pneumonia, bronchitis/
bronchiolitis, asthma, and respiratory diseases affecting the lower
airways. The SUS Computer Department (Datasus), a platform that
provides public domain health data from health institutions par-
ticipating in the Unified Health System (SUS), filtered the data.
The data employed in this study considered only the residents of
Campina Grande since hospitals in this city serve populations of
neighboring cities.

Criteria of inclusion and exclusion

The inclusion criteria were hospital charts of children aged
0-9 years of both genders admitted with pneumonia, bronchitis/
bronchiolitis, and asthma in hospitals in Campina Grande (PB).

Hospital charts of children not residing in the city of Campina
Grande were excluded.

Study protocol

Data from pneumonia, acute bronchitis/bronchiolitis, and
asthma admissions were obtained from the SUS-Datasus com-
puter department through the Hospital Information System
(Sistema de Informacdes Hospitalares-SIH) requiring tabulation
and systematization in spreadsheets and other conversion tools,
such as the TAB Win 32 software. Subsequently, the data were
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organized and analyzed monthly in Box Plot distributions to
check seasonality, and then the SARIMA models were adjusted
for each morbidity. After the calibration of those models, it was
possible to predict the occurrence of new cases of morbidities.

Analysis of results and statistics

Inthe sequence of the analyses, we obtained the SARIMA models
for the dependent variables “pneumonia,” “bronchitis/bronchiol-
itis,” and “asthma.” Seasonal behavior can be identified in many
temporal series, especially in climate data, or strongly influenced
by climate!™. In a classical temporal series model, it was assumed
that the temporal series could be the sum of three components:

trend, seasonality, and randomness. (Equations 1 and 2).

Z=T+S+a, ,t=1,..
Z=T.x5xa, ,t=1,..

Tis the trend component at instant t; S is the seasonal com-
ponent at instant ¢, and a is a random term.

Equation 1 (additive process) is recommended when seasonality
does not depend on the trend and randomness, while Equation 2
(multiplicative process) is recommended if seasonality varies with
the trend. In the case of data of admissions due to the diseases, an
alternative approach should be considered, taking into account
stochastic seasonality, when a homogeneous seasonal pattern is
not observed in time, although present, but with different plateaus
and abrupt trends throughout the series. In these cases, we suggest
the application of SARIMA models utilized in this researcht+2.

SARIMA models check autocorrelation of temporal series
values at successive instants, i.e., it correlates the variable of a
given month (Var)) with its value observed in the previous month
(Var, ) until verifying autocorrelation for a seasonal season‘®.

The criterion for selecting the best SARIMA model for each
disease was based on Akaike’s information criterion (AIC), a
quality measure for a statistical model for a given group of data.
Based on information entropy with a coefficient of goodness of
fit and the complexity of the data. AIC is defined in Equation 3,
where Lp is the maximum likelihood function of the model, and pis
the number of explanatory variables considered in the model®”.

AIC,=~2log(L,) + 2[(p+1)+1] (3)

The results indicated that models of this nature fit the data
well and have considerable predictive power.

After verifying the seasonality of pneumonia, bronchitis/
bronchiolitis, and asthma cases and the subsequent adjustment
of the SARIMA model, we obtained the prediction of new cases
of the morbidities mentioned before for 2021 and 2022.

RESULTS

From 1998 to 2020, there were 37,026 admissions for pneu-
monia, bronchitis/bronchiolitis, and asthma. From those, 24,325
with pneumonia (66% of the admissions), 10,115 admissions due
to asthma (27%), and 2,586 reports of admissions with bronchitis/
bronchiolitis (7%).

Xavier JMV, Silva FDS, Olinda RA, Querino LAL, Araujo PSB, Lima LFC, et al.

The box-plot graphics show the seasonality in the incidence
of cases registered for all diseases, with the highest number of
registrations between the months of autumn and winter. Pneu-
monia occurs between April and July; bronchitis/bronchiolitis
from May to August; and asthma from April to July (Figure 1 - a,
b, ¢). This behavior is very similar to the period of higher rainfall,
which is associated with lower temperatures, higher relative hu-
midity, lower insolation rate, reduced wind speed, and increased
atmospheric pressure.

Values considered discrepant to the distribution or outliers
were not observed in the temporal asthma series (Figure 1-c) but
were detected in more numbers and happened in all months with
bronchitis/bronchiolitis (Figure 1-b) and fewer numbers due to
pneumonia (Figure 1-a). Those results indicate that the cases of
bronchitis/bronchiolitis present the most significant variability
concerning the population mean.

Analyzing these admissions by age group related to pneumo-
nia, we found 6,572 cases in the age group 0-12 months (29.5%);
11,058 admissions in the age group 1-4 years (49.8%); 3,443
admissions in the age group 5-9 years (15.5%). 5,569 admissions
were registered with acute bronchitis/bronchiolitis: 3,510 in the
age group 0-12 months (63.02%); 1,654 in the age group 1-4 years
(29.7%); and 405 in the age group 5-9 years (7.2%). There were
9,701 admissions due to asthma, of which 1,588 in the age group
0-12 months (16.3%); 5,690 in the age group 1-4 years (58.6%);
and 2,423 in the age group 5-9 years (24.9%).

The years presenting the highest hospital admissions for
pneumonia cases were 1998 and 1999, with 2,029 and 1,953
cases, respectively. Children with the most admissions were in
the age group 1-4 years. The months with the most registrations
were May (2,487 admissions) and June (2,485 admissions).

In the cases of bronchitis/bronchiolitis, the years with the high-
estincidence were 2001 and 2000, with 893 and 727 admissions,
respectively. The age group 1-4 years had the highest number
of cases in 2001, and 0-12 months in 2000. June (664) and July
(648) were the months that presented the highest occurrences.

Regarding asthma registrations, the highest number of ad-
missions occurred in 2002 and 2010, with totals of 807 and 810
registrations, respectively. The age group 1-4 presented the highest
number of admissions in those two years, and the months with
the highest number of admissions were May and June.

In Campina Grande (PB), the cases of pneumonia have been
decreasing over the past 23 years (Figure 2 - a), a fact that may
be associated with the city’s promotion and prevention actions,
avoiding the incidence of the disease that usually results in hospital
admissions. There was a reduction from 2,029 cases in 1998 to 679
cases in 2017. The year 2017 showed an increase in the occur-
rence of bronchitis/bronchiolitis (Figure 2 - b). Regarding asthma,
there were 737 cases in 1998 and 219 in 2017. Like pneumonia,
there was a reduction in asthma cases during the period of the
study?"-22, The reason may lie in the consolidation of the national
asthma control program (Figure 2 - ¢). The trend line in the graphs
shows more abrupt declines in the number of cases of pneumonia
and asthma than of bronchitis/bronchiolitis, which has a precise
bimodal distribution with two nuclei of concentration: the first
containing the largest number of registrations from 2000 to 2008;
and the second, less intense, from 2013 to 2019
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Figure 1 - Box-Plot charts showing monthly distribution of reported cases of pneumonia (a), bronchitis/bronchiolitis
(b) and asthma (c), Campina Grande, Paraiba, Brazil, between 1998 and 2020
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Figure 3 - Temporal variation for the period 1998 to 2020 and prediction of pneumonia (a), bronchitis/bronchiolitis
(b) and asthma (c) cases for the period 2021 to 2022, Campina Grande, Paraiba, Brazil

The SARIMA models were adjusted in the cases of pneumonia,
bronchitis/bronchiolitis, and asthma in Campina Grande (PB) (Table
1). In the variable “pneumonia,’ the best-adjusted SARIMA model
has the configuration AR(3), D(1), and MA(3), with parameters p = 3,
d=1,and g = 3. p represents the number of autoregressive terms, d
is the number of differentiations required for series stationarity, and
g, the number of moving average terms. Thus, the model that better
represents the pneumonia temporal series is a SARIMA (3,1,3) equiva-
lent to an ARIMA (3,1,3) model with seasonality (1,0,0). In the variable
“bronchitis/bronchiolitis,’ was adjusted a better configuration of the
SARIMA model with AR(4), D(1), and MA(4), with parameters p =4, d
=1,and g = 4. Note that the model that better represents the series
of the variable“bronchitis/bronchiolitis”is a SARIMA (4,1,4) equivalent
toan ARIMA model (4,1,4) with seasonality 0,0,2, respectively. And, in
the variable“asthma’, we found that the SARIMA model identified with
the configuration AR(1), D(1), and MA(2), with parametersp=1,d =
1,and g = 2, is the one that best represents the series in the variable
“asthma,"i.e, a SARIMA (1,1,2). These models were selected for each
morbidity because,among the competing models, they had the lowest
value of the AIC (Akaike Information Criterion) parameter (Table 1).

After adjusting the SARIMAs, each model was used to verify
the potential for use in forecasting. They were processed and vali-
dated for the last three years of each disease series, simulating the

‘ its primary causative agent,
the respiratory syncytial virus.

In asthma cases, the pre-
dictive model highlights the
downward trend in admis-

1998+
2000
2002
2004

95 sion rates over the years;
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sions by the recent average
12 data for the years 2021 and
2022 (Figure 3 - ¢), without
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rate of asthma admissionsin
children under nine years
old in Campina Grande (PB).
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Table 1 - Results of the SARIMA model with seasonality for cases of pneu-
monia, bronchitis/bronchiolitis, and asthma, Campina Grande, Paraiba, Brazil

Models P d Q c? AIC
M1 SARIMA (3.1.3) (1.0.0) 3 1 3 5578 22014
M2 SARIMA (4.1.4) (0.0.2) 4 1 4 44324 1.527.7
M3 SARIMA (1.1.2) (0.0.2) 1 1 2 126.2 1.840.6

DISCUSSION

The monthly variation of pneumonia morbidity in infants,
children, and adults was observed in a study conducted in the
municipality of Campo Grande, State of Mato Grosso do Sul (MS),
during the period from 2004 to 2008""®. An increase in morbid-
ity happened over the winter months and the month before,
i.e., May and August. There was also a decrease in pneumonia
morbidity in the warmer months (January, February, November,
and December).

A study showed the association between environmental
variables and respiratory diseases (asthma and bronchitis) in
children in Macap4, State of Amapa (AP), from 2008 to 2012. Cases
of asthma were more frequent in the rainy season (December to
May), corresponding to 51% of registrations; In the incidence of
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bronchitis, the highest frequency was in the dry season, from
June to November®, Research showed that, in the rainy season,
thereis an increase in asthma cases, whereas, in the dry season,
there is a decrease in registrations of this disease.

The influence of climate variation in Cuiaba, in the state of
Mato Grosso (MT), triggered health services to treat asthma in
children under five years old??, The most affected age group was
1-3 years. It was also observed that, during the rainy season, the
percentage of asthma outpatient visits was higher than during
the dry season; however, the frequency of asthma hospitaliza-
tions was higher in the dry season.

In Campina Grande (PB), the cases of pneumonia have been
decreasing over the past 23 years (Figure 2a), a fact that may be
associated with promotion and prevention actions in this city,
preventing the occurrence of the disease which usually results in
hospital admissions. This reduction was from 2,029 cases in 1998
to 679 cases in 2017. For bronchitis/bronchiolitis (Figure 2b), the
year 2017 showed an increase in the occurrence of this type of
morbidity. For asthma cases, in 1998 were 737 cases, and in 2017,
219 cases; and, like the pneumonia cases cited above, there was
a decrease during the study period®'22, Possibly, part of asthma
cases decrease over the years may be due to the consolidation
of the national asthma control program (Figure 2c).

Cases of pneumonia showed a reduction in the behavior over
the years under study. Therefore, it is essential to highlight that,
after applying the prediction model for the years 2021 to 2022,
as shown in Figure 3 (a), we point out a tendency to a decrease
in cases of admissions because of pneumonia in children under
nine years old in Campina Grande (PB), corroborating what has
been happening in the last 23 years.

This fact may be associated with the implementationin 2010
of the 10-valent pneumococcal conjugate vaccine. Brazil's basic
childhood immunization schedule started to make it available in
health centers, for free, for children from 2 months to 2 years old.
Another protection offered in the immunization calendar that helps
prevent pneumonia is the influenza vaccine, against influenza,
accessible through annual mass immunization campaigns®®.

Study limitations

The application of data from Datasus associated with the statis-
tical prediction model serves various purposes: the evaluation of
health situations, health services, and planning and management
of hospital services, among others. However, the use of data from
this platform has some limitations, such as data underreporting,
hospital admissions financed only by SUS, generation of new au-
thorizations for hospital admissions in cases of transfers to another
hospital, and non-available patient’s comprehensive individual
information, among others.

Xavier JMV, Silva FDS, Olinda RA, Querino LAL, Araujo PSB, Lima LFC, et al.

Contributions to the field of Nursing

Public health managers can make use of the prediction model
to organize the health services and, thus, receive a significant
number of patients (children) with increased human resources
and infrastructure, avoiding overcrowding and low-quality care
in periods with more registration of cases. That is in line with the
suggestion of the World Health Organization, which encourages
the creation of models capable of predicting an increase in dis-
eases because if they show good accuracy, they can be of great
value in combating and preventing epidemics, thus organizing
health services and other sectors to meet the population’s needs
or expectations.

CONCLUSIONS

Seasonality is noticeable in the cases of morbidities in this study,
with the highest number of registrations between autumn and winter.

A predictive model based on seasonal models of the SARIMA
family was developed to estimate the number of admissions for
pneumonia, bronchitis/bronchiolitis, and asthma. After checking
similarities between the seasonality of the diseases and meteo-
rological variables, it was corroborated the climate influence on
the incidence of these diseases.

The predictive model was employed to generate forecasts
for 2021 to 2022 and found the continued downward trend in
pneumonia admissions, confirming what has been happening
over the last 23 years. In the cases of bronchitis/bronchiolitis, the
prediction model showed variability in admission rates, with a
slightly positive trend. In cases of asthma, there was no variation
in the admission occurrence rates.
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Article extracted from the doctoral thesis “Prevalent respira-
tory morbidities in hospitalized children and the influence of
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FUNDING
The present work was carried out with the support of the

Coordination for the Improvement of Higher Education Person-
nel - Brazil (CAPES) - Financing Code 001.

REFERENCES

1. Dias CS, Mingoti AS, Ceolin APR, Dias MAS, Friche AAL, Caiaffa WT. Influéncia do clima nas hospitalizacdes por asma em criancas e adolescentes
residentes em Belo Horizonte, Minas Gerais, Brasil. Ciénc Saude Colet. 2020;27(1):1979-90. https://doi.org/10.1590/1413-81232020255.04442018

2. Tian DD, Jiang R, Chen XJ, Ye Q. Meteorological factors on the incidence of MP and RSV pneumonia in children. PLoS One.
2017;12(3):0173409. https://doi.org/10.1371/journal.pone.0173409

Rev Bras Enferm. 2022;75(2):€20210680 5 of 6



20.

21.

22.

23.

Climate seasonality and lower respiratory tract diseases: a predictive model for pediatric hospitalizations
Xavier JMV, Silva FDS, Olinda RA, Querino LAL, Araujo PSB, Lima LFC, et al.

Oliveira FRC, Macias KM, Rolli PA, Colleti JJ, Carvalho WB. Management of acute respiratory distress syndrome in a child with adenovirus
pneumonia: case report and literature review. Rev Paul Pediatr. 2020;38:€2018280. https://doi.org/10.1590/1984-0462/2020/38/2018280

Thomazelli LM, Oliveira DBL, Durigon GS; Whitaker B; Kamili S, Berezin EM, Durigon E L. Human para influenza virus surveillance in
pediatric patients with lower respiratory tract infections: a special view of para influenza type. J Pediatr. 2018;94(5):554-558. https://doi.
org/10.1016/j.jped.2017.07.017.

Passos SD, Maziero FF, Antoniassi DQ, Souza LT, Felix AF, Dotta E, et al. Doencas respiratérias agudas em criangas brasileiras: os cuidadores
sdo capazes de detectar os primeiros sinais de alerta? Rev Paul Pediatr. 2018;36(1):3-9. https://doi.org/10.1590/1984-0462/;2018;36;1;00008

Lépez PJ, Galan GG; Lancheros DD, Olarte EN, Valderrama MA. Caracterizacion de la enfermedad respiratoria baja en pacientes menores de 5
anos, hospitalizados en un centro de 3° nivel. Rev Med. 2016;24(2):47-57. https://doi.org/10.18359/rmed.2640

Rouquayrol MZ, Aimeida Filho NA. Epidemiologia & Saude. Rio de Janeiro: Medsi; 2003. p. 499-513.

Menezes RAM, Pavanitto DR, Nascimento LFC. Distribuicdo espacial das taxas de internacdo de criancas por pneumonia no Sistema Unico
de Saude, nos municipios do estado de Sao Paulo. Rev Bras Epidemiol. 2019;22:1-10. https://doi.org/10.1590/1980-549720190053

Zacaron D, Roncada C, Molin RSD, Jones MH, Pitrez P C. Prevalence and impact of asthma in school children in the city of Caxias do Sul - RS. J
Pediatr. 2020;96(4):479-86. https://doi.org/10.1016/j.,joed.2019.01.001

Fernédndez F, Campillay R, Palma V, Norambuena X, Quezada A, Inostroza J. Deficiencia de anticuerpos especificos: inmunodeficiencia
primaria asociada a alergia respiratoria. Rev Chil Pediatr. 2017;88(2):252-7. https://doi.org/10.1016/j.rchipe.2016.08.006

Araujo KLR, Aquino EC, Silva LLS, Ternes YMF. Fatores associados a Sindrome Respiratdria Aguda Grave em uma Regido Central do Brasil.
Ciénc Saude Colet. 2020;25(2):4121-30. https://doi.org/10.1590/1413-812320202510.2.26802020

Dantas LG, Santos CAC, Olinda RA. Tendéncias anuais e sazonais nos extremos de temperatura do ar e precipitacdo em Campina Grande -
PB. Rev Bras Met. 2015;30(4):423-434. https://doi.org/10.1590/0102-778620130088

Lucio PS, Silva FDS, Fortes LTG, Santos LAR, Ferreira DB, Salvador MA, et al. Um modelo estocastico combinado de previsao sazonal para a
precipitacdo no Brasil. Rev Bras Met. 2010;25(1):70-87. https://doi.org/10.1590/50102-77862010000100007

Espinosa MM, Prado SM, Ghellere M. Uso do modelo SARIMA na previsao do nimero de focos de calor para os meses de junho a outubro no
Estado de Mato Grosso. Ciénc Nat. 2010;32(2):7-21. https://doi.org/10.5902/2179460X9482

Lima JEC, Castro LF, Cartaxo GAA. Aplicagdo do Modelo SARIMA na Previsdo de Demanda no Setor Calcadista. Rev Mult Psicol.
2019;13(46):892-913. https://doi.org/10.14295/idonline.v13i46.1875

Hernandez JAR, Puente GB, Gdmez AAG. Analysis of the price of the apple using a SARIMA model. Rev Mex de Ciénc Agri. 2019;10(2):225-37.
https://doi.org/10.29312/remexca.v10i2.509

Bandura E, Bueno JCM, Jadoski GS, Ribeiro Junior GF. Aplicagdes do modelo SARIMA para estatistica na andlise de dados em série temporal.
Pesqui Aplic Agrotec. 2019;12(3):145-50.

Souza A, Fernandes WA, Peacock HG, Albrez GLEA. Potential impacts of climate variability on respiratory morbidity in children, infants and
adults. J Bras Pneumol. 2012;38(6):708-15. https://doi.org/10.1590/s1806-37132012000600005

Snipes M, Taylor DC. Model Selection and Akaike Information Criteria: an example from wine ratings and prices. Wine Eco Pol. 2014;3(1):1-7.
https://doi.org/10.1016/j.wep.2014.03.001

Amorim JRG, Oliveira AM, Neves D, Oliveira GP. Associacao entre varidveis ambientais e doencas respiratérias (asma e bronquite) em
criangas na cidade Macapa-AP no periodo de 2008 a 2012. Pla Amaz: Rev Int Direito Ambient Pol Publicas [Internet]. 2013[cited 2021 Jan
20];5:141-53. Available from: http://periodicos.unifap.br/index.php/planeta

Saldanha CT, Silva AMC, Botelho C. Variagdes climéticas e uso de servicos de salide em criangas asmaticas menores de cinco anos de idade:
um estudo ecolégico. J Bras Pneumol. 2005;31(6):492-8. https://doi.org/10.1590/51806-37132005000600006

Cerci Neto A, Ferreira Filho OF, Bueno T. Exemplos brasileiros de programas de controle de asma. J Bras Pneumol. 2008;34(2):103-6. https://
doi.org/10.1590/51806-37132008023400007

Silva Junior JLR, Padilha TF, Rezende JE, Rabelo ECA, Ferreira ACG, Rabahi MF. Efeitos da sazonalidade climatica na ocorréncia de sintomas
respiratérios em uma cidade de clima tropical. J Bras Pneumol. 2011;37(6):759-67. https://doi.org/10.1590/51806-37132011000600009

Rev Bras Enferm. 2022;75(2):€20210680 6 of 6



