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Abstract 
Objective: To estimate the impacts of the overlap of climate disasters and pandemic on childcare services. 
Methods: This is a descriptive and analytical study with an ecological and cross-sectional design. The numbers of 
services provided to children under one year of age, in which the problem or condition assessed involved diagnoses 
related to childcare between 2016 and 2022 in Primary Care in the municipality of Petrópolis in the state of Rio 
de Janeiro, Brazil, were used. Petrópolis was hit by a climate disaster caused by rains that resulted in widespread 
destruction and 248 deaths during the COVID-19 pandemic in February 2022. The rates of services (/thousand) 
in the first six months of the overlap were compared with the rates before the climate disasters and pandemic and 
with the rates in the first six months of the pandemic alone, using percentage differences and average monthly rates 
with their respective 95% confidence intervals in a control diagram. 
Results: A total of 45,819 childcare services were studied. Monthly care rates in the month of the climate disaster 
and the previous month, when heavy rains were already occurring, fell by 46.4% and 37.2%, respectively, compared 
to the period before the pandemic. These reductions were only lower than in the first months of the COVID-19 
pandemic, when reductions of 79.3%, 57.8% and 42% were observed, also compared to the period before the 
pandemic. 
Conclusion: The overlapping climate disasters and the pandemic had an impact on childcare services, increasing 
barriers to children’s access to preventive health care during the pandemic.

Resumo
Objetivo: Estimar impactos da sobreposição de desastres climático e pandemia nos atendimentos para puericultura.
Métodos: Trata-se de um estudo descritivo e analítico, com desenho ecológico e transversal. Foram utilizados os 
números de atendimentos a crianças menores de um ano de idade, nos quais o problema ou a condição avaliada 
envolveu diagnósticos relacionados a puericultura entre 2016 e 2022 na Atenção Primária do município de 
Petrópolis no estado do Rio de Janeiro, Brasil. Petrópolis foi atingido por desastre climático provocado por chuvas 
que resultou em ampla destruição e em 248 mortos durante a pandemia por COVID-19 em fevereiro de 2022. 
As taxas de atendimentos (/mil) nos seis primeiros meses da sobreposição foram comparadas com as taxas 
antes dos desastres climático e pandemia e com as taxas nos seis primeiros meses da pandemia isoladamente, 
utilizando diferenças percentuais e taxas mensais médias com seus respectivos intervalos com 95% de confiança 
em diagrama de controle. 
Resultados: Foram estudados 45.819 atendimentos de puericultura. As taxas mensais de atendimentos no mês 
do desastre climático e no mês anterior, quando chuvas intensas já aconteciam, reduziram 46,4% e 37,2%, 
respectivamente, em relação ao período antes da pandemia. Essas reduções somente não foram inferiores aos 
primeiros meses da pandemia por COVID-19, quando foram observadas reduções de 79,3%, 57,8% e 42%, 
também em relação ao período antes da pandemia.
Conclusão: Houve impactos da sobreposição de desastres climático e pandemia nos atendimentos para 
puericultura, aumentando as barreiras ao acesso de crianças a cuidados de prevenção à saúde durante a 
pandemia. 

Resumen 
Objetivo: Estimar los impactos de la superposición de desastres climáticos y pandemias en los servicios de 
cuidado infantil. 
Métodos: Se trata de un estudio descriptivo y analítico con un diseño ecológico y transversal. Se utilizaron las cifras 
de atenciones a niños menores de un año, en las que el problema o condición evaluada involucró diagnósticos 
relacionados con el cuidado infantil entre 2016 y 2022 en la Atención Primaria del municipio de Petrópolis en 
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el estado de Rio de Janeiro, Brasil. Petrópolis fue golpeada por un desastre climático causado por lluvias que 
resultaron en destrucción generalizada y 248 muertes durante la pandemia de COVID-19 en febrero de 2022. Las 
tarifas de servicio (/miles) en los primeros seis meses de la superposición se compararon con las tarifas antes 
de los desastres climáticos y la pandemia y con las tarifas en los primeros seis meses de la pandemia solamente, 
utilizando diferencias porcentuales y tarifas mensuales promedio con sus respectivos intervalos de confianza del 
95% en un diagrama de control. 
Resultados: Se estudiaron 45.819 visitas de guardería. Las tarifas mensuales del servicio en el mes del desastre 
climático y el mes anterior, cuando ya se estaban produciendo fuertes lluvias, se redujeron un 46,4% y un 37,2%, 
respectivamente, en comparación con el periodo anterior a la pandemia. Estas reducciones sólo fueron inferiores 
a las de los primeros meses de la pandemia de COVID-19, cuando se observaron reducciones del 79,3%, 57,8% 
y 42%, también en relación con el periodo anterior a la pandemia. 
Conclusión: La superposición de los desastres climáticos y la pandemia tuvo repercusiones en los servicios de 
cuidado infantil, lo que aumentó las barreras al acceso de los niños a la atención sanitaria preventiva durante la 
pandemia.

Introduction

Climate change has been increasingly debated around 
the world. These debates are partly related to the fact 
that climate change increases the frequency and in-
tensity of natural disasters, such as storms, floods and 
droughts. One concern has been the possibility of nat-
ural disasters happening simultaneously with other 
disasters, creating overlapping impacts.(1-4)

Overlapping disasters can occur due to related 
events or independent events. One earthquake fol-
lowed by the tsunami is an example of overlapping 
related events. And climatic disasters during a pan-
demic (biological disaster) exemplify the overlapping 
of independent events.(5-7) 

The COVID-19 pandemic can be considered an 
important milestone for concerns about overlapping 
disasters. The pandemic has increased the chances 
of two or more threats overlapping, especially natu-
ral and biological. Occurring simultaneously, these 
threats interact and can hinder the necessary respons-
es and exacerbate vulnerabilities. During the pandem-
ic, in the first half of 2022, while almost 550 million 
cases and six million deaths from COVID-19 were re-
corded, 178 climatic disasters occurred worldwide, af-
fecting, in addition to the pandemic, 50 million people 
and causing 6.3 thousand deaths.(2,8,9) During this same 
period, Brazil was among the top five countries with 
the highest ratio of COVID-19 cases and deaths per 
inhabitants and among the top ten countries in terms 
of the number of deaths from disasters, mainly from 
disasters caused by rainfall, giving the dimension of 
the importance of the overlapping disasters.(2)

In addition to the direct impacts on the number 
of people affected and deaths, overlapping disasters 
can increase the impacts on access to health services. 
In isolation, the pandemic was able to reduce access 

to various types of preventive health care, including 
children’s access to Growth and Development Mon-
itoring at childcare appointments in Primary Health 
Care (PHC) services.(10,11) 

In Brazil, the National Policy for Comprehensive 
Child Health Care (PNAISC) establishes the monitor-
ing of children’s growth and development in childcare 
consultations in PHC services.(12) In well-childcare, pe-
riodic visits are carried out to promote health, immu-
nization, monitor growth and development milestones 
according to the child’s age, encourage breastfeeding 
and healthy eating, prevent the most prevalent diseas-
es and diagnose pathological conditions at an early 
stage. 

But despite the increasing possibility of two or 
more disasters having overlapping impacts on health-
care provision, there is very limited scientific litera-
ture. There is a lack of evidence to support prepared-
ness and response to compound disasters, particularly 
when they are a hybrid of pandemic and natural haz-
ards, such as rain-related hazards. At the time of writ-
ing, no studies had been found estimating the impacts 
of overlapping climate and pandemic disasters on ac-
cess to well-childcare. Therefore, the aim of this study 
was to estimate the impact of overlapping climate and 
pandemic disasters on well-child visit.

Method

The Equator Network guideline for observational 
studies in epidemiology (STROBE) was carefully fol-
lowed to write this article.

This article is the result of a descriptive and an-
alytical study, with an ecological and cross-sectional 
design, using data from the Primary Care Information 
System (SISAB). SISAB is a system that receives, pro-
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cesses and validates production data (number of vis-
its) from all PHC teams. Sending monthly production 
data to the system is mandatory for all municipalities 
in Brazil. This system is part of the e-SUS Atenção Bási-
ca strategy. 

The data studied were the monthly numbers of 
individual visits to children under one year of age 
for childcare in the PHC services of the municipality 
of Petrópolis, Rio de Janeiro. Petrópolis was studied 
because it suffered a climate disaster caused by rains 
during the COVID-19 pandemic in February 2022. 

In this climate disaster, 260 mm of rain in just 
three hours caused temporary flooding, flash floods 
and landslides with debris. The disaster resulted in 
248 deaths and thousands of homeless or displaced 
people.(13) In the month of the disaster, 650 mm of rain-
fall was accumulated, representing the highest month-
ly volume ever recorded in Petrópolis.(1) 

The damage caused by the disaster imposed se-
vere immediate difficulties in providing aid to the 
victims. These difficulties were partly due to the ob-
struction of the roads, damage to buildings and health 
services. Faced with widespread destruction, aid in-
stitutions and donations had to be mobilized to pro-
vide supplies and subsistence aid to the homeless and 
to rescue the injured. During the emergency phase of 
the climate disaster, 22 temporary shelters were set up 
in schools and nurseries, and at the end of February 
approximately 900 people were still homeless or dis-
placed. 

Petrópolis had 304,000 inhabitants. Primary 
Health Care services were organized into a health 

care network with different technological densities 
that sought to guarantee comprehensive care. Primary 
Health Care covered more than 65% of the municipal-
ity’s population and the main model of care was the 
Family Health Strategy, with 47 teams.

Data was collected in September 2022 in an auto-
mated way and directly from SISAB, using web scrap-
ping or data scrapping process.(14) The extraction process 
was carried out using Node.js software, with javascript 
code to access the page https://sisab.saude.gov.br. 

The data was collected following a protocol that 
included detailing and standardizing the necessary 
filters in SISAB. In the protocol, the municipality was 
considered the “geographical unit” and each month, 
from January 2016 to June 2022, was the “competen-
cies”. These “competencies” were considered in the 
rows of the “reports” (extraction products) and the 
“problems or conditions assessed” were considered 
in the “columns”. The number of childcare visits was 
computed by SISAB considering the number of con-
sultations in which childcare-related diagnoses were 
assigned (Chart 1). Filters for “type of team” or “pro-
fessional category” were not applied.

Descriptive analyses were carried out using ab-
solute and relative frequencies. Well-child visit rates 
were calculated for every thousand children under 
one year old, considering population estimates for the 
municipality.(15) The monthly visit rates in the first six 
months of the overlapping disasters (February/2022 
to June/2022) were compared with the previous rates. 
The previous rates were categorized like before the cli-
mate and pandemic disasters (January/2016 to Decem-

Chart 1. Table 1. List of International Classification of Diseases and Related Health Problems (ICD) and International Classification 
of Primary Care (ICPC-2) codes related to “problems or conditions assessed - Childcare”, according to the Primary Care Information 
System (SISAB)
ICPC2   ICD10 
P11 – feeding problems in children
P22 – behavioral signs and symptoms in children
T04 – feeding problems in infants and children
T10 – growth retardation
A97 – no disease
A98 – preventive medicine and health maintenance

Z001 – routine health check-up of children
Z002 – examination of children during the period of rapid growth
Z134 – special screening test for certain developmental disorders in childhood
Z761 – supervision and health care of assisted children
Z762 – supervision of health care of other healthy children or newborns
P92 – feeding problems in newborns
P920 – vomiting in newborns
P921 – regurgitation and rumination in newborns
P922 – slow feeding of newborns
P923 – underfeeding of newborns
P924 – overfeeding of newborns
P925 – difficulty in breastfeeding in newborns
P928 – other feeding problems in newborns
P929 – unspecified feeding problem in newborns
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ber/2019) and during the first six months of the pan-
demic alone (March/2020 to January/2022). For these 
comparisons, the percentage differences between the 
monthly rates during the first six months of the pan-
demic alone and during the first six months of the 
overlapping in relation to the average monthly rate 
before the climate disasters and the pandemic period 
were considered.

Month by month comparisons were also made 
using a control diagram, which is a statistical tool for 
studying variations in seasonal endemic levels. This 
diagram was a way of describing the behavior and re-
sults of the outcome chronologically in a time series 
format. Based on probability theory, the control dia-
grams made it possible to compare the observed in-
cidence (in the first six months of the pandemic alone 
and in the first six months of the overlap) with the 
expected incidence limits based on the historical data 
(before the climate disasters and the pandemic). The 
control diagram was constructed with the monthly 
averages and 95% confidence intervals (95% CI) of the 
rates before the climate and pandemic disasters. This 
strategy made it possible to analyze whether the rates 
of visits during the disaster periods were above or be-
low historical limits. SPSS software (Statistical Pack-
age for the Social Sciences, version 26) was used for all 
the analyses.

The study used data in the public domain, with 
unrestricted access and without identifying the indi-

viduals. For this reason, the study was exempt from 
the Research Ethics Committee of the Federal Univer-
sity of Minas Gerais (CAAE: 46914221.5.0000.5149).

Results

A total of 45,819 well-childcare visits for children un-
der one year old were studied. Of this total, 5.1% were 
carried out during the period of overlap between the 
climate disasters and the pandemic. Immediately in 
the month following the pandemic announcement 
(April 2020), the visit rates, which had already fallen 
in the month of the announcement, fell by 79.3% com-
pared to before the pandemic. This initial impact of the 
pandemic dissipated over the course of the first year, 
but did not reach the historical monthly rate average 
even after 12 months. Between the 12th month of the 
pandemic and the month with heavy rains that pre-
ceded the disaster (January/2022), there was a 29.3% 
reduction in the monthly rate of visits compared to the 
historical average (Table 1, columns: pandemic, 2020 
and 2021) and (Figure 1, 2020 and 2021].

In the month that the climate disaster occurred 
(February/2022), and in the previous month when 
heavy rains were already being recorded in the munic-
ipality, the monthly visit rates reduced by almost the 
equivalent of the first months of the pandemic. These 
rates were not only lower than in the first two months 

Table 1. Differences between the monthly rates of care for monitoring the growth and development of children under one year of age (/
thousand) during the COVID-19 pandemic and after the climate disaster, compared to the average rates before the pandemic

Month

Before the pandemic Pandemic Overlapping disasters
2016-2019 2020 2021 2022

Mean Tx (Standard deviation; 
95% CI)

Tx
Diff. % compared 
to the average Tx

Tax
Diff. % compared 
to the average Tx

Tx
Diff. % compared 
to the average Tx

Jan 345 (59; 229-462) .. .. 243 -29.5 217* -37.2
Feb 357 (89; 182-531) .. .. 233 -34.7 191 -46.4
Mar 358 (94; 173-543) 240 -33.0 332 -7.2 220 -38.5
Apr 405 (111; 188-622) 84 -79.3 247 -39.0 238 -41.3
May 437 (109; 223-652) 185 -57.8 324 -25.9 275 -37,1
Jun 426 (109; 211-640) 247 -42.0 271 -36.2 227 -46.7
Jul 414 (109; 201-628) 361 -13.0 312 -24.7
Aug 457 (129; 204-710) 298 -34.9 320 -30.0
Sep 420 (99; 226-614) 288 -31.4 279 -33.6
Oct 432 (104; 228-635) 293 -32.1 235 -45.5
Nov 350 (64; 224-475) 281 -19.5 304 -13.1
Dec 332 (60; 213-450) 242 -26.9 270 -18.5

CI = confidence interval; Tx = rate; Diff. = difference; * = month not considered part of the disaster overlap 
Note: Note: January 2022 is not considered part of the disaster overlap 
CI = confidence interval
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of the pandemic. In these two months there were re-
ductions in the monthly visit rates, which reached 
37.2% in January and 46.4% in February compared to 
before the pandemic. In the month when the heavy 
rains began, even before the climate disaster (Janu-
ary/2022), the visit rate was below the historical lower 
limit, a result that had only been observed in the first 
two months of the pandemic (Table 1, overlapping di-
sasters column and Figure 1, overlapping disasters).

Discussion

The results of this study showed the impact of over-
lapping climate and pandemic disasters on well-child-
care visits. Monthly visits rates during the overlap 
period were only just below the rates observed in the 
first three months of the pandemic alone. It was also 
identified that the rains before the catastrophic event, 
which characterized the disaster and consequently the 
overlap, caused a large reduction in the number of vis-
its.

In relation to the pandemic alone, previous stud-
ies have already shown impacts leading to reductions 
in childcare. In Brazil, in the first three months, the 
number of visits fell by half.(10) In other countries, such 
as South Africa, the reduction in the first three months 
was also lower, at around 30% compared to the pre-
vious year.(16) As the drop was greater in the munici-

pality considered in this study, it is likely that one ex-
planation for the difference is differences in measures 
to deal with the pandemic. The information about the 
virus available at the time, the fear of contamination 
and the initial difficulties related to protective mea-
sures against COVID-19 may have contributed to re-
ductions in the supply and demand for preventive 
healthcare for children.(17) 

The resumption of health care for the population 
in health services observed in this study after the ini-
tial impact of the pandemic was also found by others. 
In African countries, where maternal and child health 
services were drastically interrupted in the first few 
months, progressive recoveries were identified until 
reaching the historic level of care in December 2020.
(18) On the other hand, services for the growth and 
development monitoring of American children un-
der two years old recovered more quickly than we 
observed in these studies, and were fully resumed in 
September of that year.(19) These gradual and distinct 
resumption of services may have occurred due to the 
different responses to the distancing measures, as they 
occurred in parallel with the reopening of sectors such 
as schools and commerce.(18,19)

The results showed that childcare was addition-
ally impacted during the overlap of the climate and 
pandemic disasters. These impacts were observed 
both in the month of the extreme weather event and in 
the previous month, when the naturally rainy period 
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Figure 1. Control diagram showing the monthly rates of care for monitoring the growth and development of children under one year of 
age (/thousand) during the first and second year of the pandemic (2020 and 2021) and after the climate disaster (2022) in relation 
to the average rates for the period Before the pandemic (2016 to 2019) 
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of the year had already arrived. These results may be 
related to overlapping difficulties in accessing health 
care services due to the two disasters together. Many 
of these difficulties are related to structural damage to 
essential services for the population, such as interrup-
tions to access roads and transportation, communica-
tion, energy and public structures, including health 
care services.(20,21) In Pakistan, after a disaster caused 
by rains, seven out of every ten people affected need-
ed health care services, and two out of every seven of 
those who needed it faced access difficulties.(3) 

In this discussion, it is necessary to highlight the 
reduction in the number of visits in the month pri-
or to the climate disaster. While February 2022 had 
the highest accumulated volume of rainfall in histo-
ry, the previous January recorded the second highest 
volume.(13) This result confirms that heavy rains can 
bring additional barriers to access to care even if the 
phenomenon is not characterized as a disaster, as ob-
served by a study in China.(22) These barriers in the 
previous rainy season may be related to the tempo-
rary impediments caused to the routines of families 
and professionals, hindering access and the normal 
functioning of services.

The reduced rates of care due to the overlapping 
disasters were not lower than the rates in the first 
months of the COVID-19 pandemic alone. When the 
disasters overlapped, the impacts of the pandemic in-
tensified and may have led to consequences in various 
dimensions of the affected community, including in-
creased exposure of children to social vulnerabilities, 
such as food insecurity.(23,24) Thus, attention to child-
care can be a protective factor in overlapping disaster 
scenarios by identifying and preventing these impacts.

It should be noted that this study has some lim-
itations, including the use of secondary data, which 
was not collected to specifically answer its objective. 
However, secondary data generally enables analysis 
in a shorter time, with a large volume of data and with 
fewer financial resources than studies using primary 
data. In addition, this study analyzed aggregate data 
for the affected municipality, not considering the most 
affected areas.

The impacts observed in this study may be related 
to difficulties in accessing health services due to inter-
ruptions, damage and temporary impediments direct-
ly and indirectly caused by the overlapping disasters. 

This highlights the importance of making health care 
in PHC services more resilient to the impacts of cli-
mate change.(25,26) For all these reasons, the importance 
of meeting the targets of the Sendai Framework for Di-
saster Risk Reduction 2015-2030, making communities 
and health systems more resilient and reducing the 
impacts of potentially overlapping disasters, becomes 
even more evident.(27)

Conclusion

Barriers to children’s access to preventive health care 
during the pandemic were intensified by a climatic di-
saster caused by rainfall, resulting in reduced oppor-
tunities to protect them against inequalities and vul-
nerabilities. The impacts arising from the combination 
of damage to infrastructure, limited access to health 
services and increased care needs can weaken health 
care recovery when disasters overlap. 

Acknowledgements

The authors acknowledge the support provided by 
the Conselho Nacional de Desenvolvimento Científico 
e Tecnológico (CNPq, Process 408749/2021-0 - CNPq/
MCTI/FNDCT Nº 18/2021) and Fundação de Amparo 
à Pesquisa do Estado de Minas Gerais (Fapemig, Grant 
Term nº 100296112/2024).

Contributions 

Chagas NC, Silva LS, Andrade GN, D’Assunção ADM 
and Vieira EWR declare that they contributed to the 
study design, data collection, data analysis and in-
terpretation, writing of the article, relevant critical 
review of the intellectual content and approval of the 
final version to be published..

References 
1. 	 Catanho PA, Silva EM, Gomes DT, Alves JM. Climate Change, Disaster Increase and Preventive 

Needs. Rev Bras Meteorologia. 2020;35(3):517–28. 

2. 	 Centre for Research on the Epidemiology of Disasters. Natural Hazards & Disasters An 
overview of the first half of 2022 [Internet]. Cred Crunch Newsletter 2022 [cited 2024 Nov 
22]. Available from: https://bit.ly/3OmBQyl



Rev Soc Bras Enferm Ped. | v.24, eSOBEP202406 |2024

Chagas NC, Silva LS, Andrade GN, D’Assunção AD, Vieira EW

7

3. 	 Jacquet GA, Kirsch T, Durrani A, Sauer L, Doocy S. Health Care Access and Utilization after 
the 2010 Pakistan Floods. Prehosp Disaster Med. 2016;31(5):485–91. 

4. 	 Simonovic SP, Kundzewicz ZW, Wright N. Floods and the COVID-19 pandemic-A new double 
hazard problem. WIREs Water 2021;8(2):e1509. 

5. 	 Izumi T, Shaw R. A multi-country comparative analysis of the impact of COVID-19 and 
natural hazards in India, Japan, the Philippines, and USA. Int J Disaster Risk Reduct. 
2022:73:102899. 

6. 	 Izumi T, Das S, Abe M, Shaw R. Managing Compound Hazards: Impact of COVID-19 and 
Cases of Adaptive Governance during the 2020 Kumamoto Flood in Japan. Int J Environ Res 
Public Health. 2022;19(3):1188. 

7. 	 Pescaroli G, Alexander D. Understanding Compound, Interconnected, Interacting, and 
Cascading Risks: A Holistic Framework. Risk Analysis. 2018;38(11):2245–57. 

8. 	 Kamalrathne T, Jayasinghe N, Fernando N, Amaratunga D, Haigh R. Managing compound 
events in the COVID-19 era: A critical analysis of gaps, measures taken, and challenges. 
International Journal of Disaster Risk Reduction [Internet] 2024;112:104765. Available 
from: https://linkinghub.elsevier.com/retrieve/pii/S2212420924005272

9. 	 UNDRR. Technical Guidance on Comprehensive Risk Assessment and Planning in the 
Context of Climate Change [Internet]. Geneva: 2022 [cited 2024 Nov 22]. Available from: 
https://bit.ly/4g2zb8G

10. 	Andrade GN, Matoso LF, Silva TM, Beinner MA, Romano MC, Vieira EW. Covid-19 
pandemic impacts on follow-up of child growth and development. Rev Saude Publica. 
2022;56:1-9. 

11. 	Carneiro LL, Vieira EW, Duarte ED, Rocha NB, Velasquez-Melendez G, Caminhas W. COVID-19 
pandemic impact on follow-up of child growth and development in Brazil. Front Pediatr. 
2022;10. 

12. 	Brasil. Política Nacional de Atenção Integral à Saúde da Criança [Internet]. Brasília: 
Ministério da Saúde. Secretaria de Atenção à Saúde. Departamento de Ações 
Programáticas Estratégicas; 2018 [cited 2020 Oct 16]. Available from: http://bit.
ly/2YaRHbN

13. 	Alcântara E, Marengo JA, Mantovani J, Londe LR, San RLY, Park E, et al. Deadly disasters in 
southeastern South America: flash floods and landslides of February 2022 in Petrópolis, Rio 
de Janeiro. Natural Hazards and Earth System Sciences. 2023;23(3):1157–75. 

14. 	Saurkar A V, Pathare KG, Gode SA. An Overview on Web Scraping Techniques and Tools. 
International Journal Future Revolution Computer Science Communication Engineering. 
2018;4(4). 

15. 	Freire FH, Gonzaga MR, Gomes MM. Projeções populacionais por sexo e idade para 
pequenas áreas no Brasil. Rev Latinoamericana Población. 2019;14(26). 

16. 	Jensen C, McKerrow NH. Child health services during a COVID-19 outbreak in KwaZulu-Natal 
Province, South Africa. South African Medical Journal. 2020;111(2):114. 

17. 	Bliznashka L, Ahun MN, Velthausz D, Donco R, Karuskina-Drivdale S, Pinto J, et al. Effects 
of COVID-19 on child health services utilization and delivery in rural Mozambique: a 
qualitative study. Health Policy Plan. 2022;37(6):737–46. 

18. 	Amouzou A, Maïga A, Faye CM, Chakwera S, Melesse DY, Mutua MK, et al. Health service 
utilization during the COVID-19 pandemic in sub-Saharan Africa in 2020: a multicounty 
empirical assessment with a focus on maternal, newborn and child health services. BMJ 
Glob Health. 2022;7(5):e008069. 

19. 	Kujawski SA, Yao L, Wang HE, Carias C, Chen YT. Impact of the COVID-19 pandemic on 
pediatric and adolescent vaccinations and well child visits in the United States: A database 
analysis. Vaccine. 2022;40(5):706–13. 

20. 	Carvalho ML, Freitas CM, Miranda ES. Physical rehabilitation in the context of a landslide 
that occurred in Brazil. BMC Public Health. 2019;19(1):1615. 

21. 	 Fernandes Q, Augusto O, Chicumbe S, Anselmi L, Wagenaar BH, Marlene R, et al. Maternal and Child 
Health Care Service Disruptions and Recovery in Mozambique After Cyclone Idai: An Uncontrolled 
Interrupted Time Series Analysis. Glob Health Sci Pract 2022;10(Supplement 1):e2100796. 

22. 	Sun X, Zhou W, Zhang G, Liu L, Wang G, Xiang M, et al. Pre-rainy Season Rainstorms in South 
China—Risk Perception of the 11 April 2019 Rainstorm in Shenzhen City. International 
Journal Disaster Risk Science. 2022;13(6):925–35. 

23. 	Headey D, Heidkamp R, Osendarp S, Ruel M, Scott N, Black R, et al. Impacts of COVID-19 on 
childhood malnutrition and nutrition-related mortality. Lancet. 2020;396(10250):519–21. 

24. 	Dimitrova A, Muttarak R. After the floods: Differential impacts of rainfall anomalies on child 
stunting in India. Global Environmental Change. 2020;64:102130. 

25. 	Lamberti-Castronuovo A, Valente M, Barone-Adesi F, Hubloue I, Ragazzoni L. Primary health 
care disaster preparedness: A review of the literature and the proposal of a new framework. 
International Journal Disaster Risk Reduction. 2022;81:103278. 

26. 	Şimşek P, Kako M, Harada N, Abrahams J, Tayfur I. Scoping review of exploring the roles 
of primary care providers to increase disaster preparedness of vulnerable populations. 
Progress Disaster Science. 2024;23:100339. 

27. 	Silva MA, Xavier DR, Rocha V. From global to local: challenges to reduce health risks 
related to climate change, disasters, and Public Health Emergencies . Saúde Debate. 
2020;44(spe2):48–68. 


