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Abstract

Due to the high incidence of COVID-19 case numbers internationally, the World Health
Organization (WHO) declared a Public Health Emergency of global relevance, advising coun-
tries to follow protocols to combat pandemic advance through actions that can reduce spread
and consequently avoid a collapse in the local health system. This study aimed to evaluate the
dynamics of the evolution of new community cases, and mortality records of COVID-19 in
the State of Pard, which has a subtropical climate with temperatures between 20 and 35 °C,
after the implementation of social distancing by quarantine and adoption of lockdown. The
follow-up was carried out by the daily data from the technical bulletins provided by the
State of Pard Public Health Secretary (SESPA). On 18 March 2020, Para notified the first
case of COVID-19. After 7 weeks, the number of confirmed cases reached 4756 with 375
deaths. The results show it took 49 days for 81% of the 144 states municipalities, distributed
over an area of approximately 1248000 km® to register COVID-19 cases. Temperature
variations between 24.5 and 33.1°C did not promote the decline in the new infections
curve. The association between social isolation, quarantine and lockdown as an action to con-
tain the infection was effective in reducing the region’s new cases registration of COVID-19 in
the short-term. However, short periods of lockdown may have promoted the virus spread
among peripheral municipalities of the capital, as well as to inland regions.

Introduction

The COVID-19 pandemic stands out as the main global health crisis [1]. It started in Wuhan,
China in December 2019 [2-4]. It is a respiratory infection caused by the coronavirus family
(2019-nCoV) [5]. Its etiological agent is Sars-CoV-2 [6, 7], which causes severe acute respira-
tory syndrome (SARS) [8]. The viral infection presents severe clinical symptoms such as fever,
dry cough, dyspnoea and pneumonia [1, 9] and can cause the death of the infected.

The transmission factors of a viral disease can be as variable as possible. The spread of a
virus is associated with environmental factors (temperature, wind speed and relative humidity),
population density, and the organisation and efficiency of the health sector, as well as general
factors such as the biological characteristics of the virus, incubation time, effects on infected
and susceptible people [9, 10]. The climate and other environmental factors are determinants
in the infection, distribution and transmission of viruses, presenting different behaviour
according to the region [11].

The main transmission mode of many viruses occurs through contact with infected people;
however, some resistant viruses are released into the environment and persist on surfaces,
water and air [12].

In the environment, the spread of the SARS-CoV-2 virus showed positive or negative correla-
tions with several environmental factors [1, 5, 13]. However, the combinations among the levels
of these environmental factors can promote or harm the dynamics of contamination, since the
virus behaviour and the reaction with the environments is highly variable, depending on the cli-
matic variation and the interaction of climatic factors of the environment of the involved region.

Epidemiological data associated with COVID-19 infection have shown different dynamics
in several countries [14]. Several studies have shown the reverse effect of rising temperatures
and the confirmed number of new cases [1, 15]. In Brazil, a country with a tropical climate,
with an average annual temperature ranging from 16 to 27.4 °C, modelled results show a nega-
tive effect on the linear relationship of temperature with the new confirmed cases number [5].

Thus, it is of fundamental importance to study the infection of COVID-19 in the different
climatic variations of the planet to know the dynamics of the evolution of cases in
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environments with different climatological interactions. For
instance, in Brazil, a country with a tropical climate, the interac-
tions of climatological factors in its different regions have a diver-
sity of behaviour. Despite being considered a country of tropical
climate, it has climatic peculiarities in its regions such as hot
and extremely humid climate, dry and cold climate, dry and hot
climate, among other climatic variations.

In addition to the climatic variations existing in the different
regions of Brazil, other factors have contributed to pandemic
advance in Brazil, as the country, in addition to having a defi-
ciency in the number of doctors per inhabitant, the number of
ICU beds and ventilators available for urgent and emergency
cases, presents several risk groups, such as elderly over 60 years
old, people with prognostic comorbidity, indigenous people and
population’s great genetic variation [14].

Due to the peculiarities of each place, the Government actions
to mitigate the COVID-19 epidemic curve have been adopted in
several countries. In Spain, measures of social distancing led to
a cases curve flattening; after the first few days, the cumulative
change rate in new cases decreased by an average of 3.059 percent-
age points daily [6].

In the northern region of Brazil, in Para state, the government
adopted social isolation; however, high mortality rates were
reported, which raised the curve of new cases and directly affected
hospital care due to overcrowding by infected people. On 6 May
2020, a more extreme control policy was decreed by the State of
Para government aimed at containing the pandemic advance, set-
ting the lockdown model in the metropolitan region and neigh-
bouring municipalities, trying to reduce the traffic of people
and, consequently, increase the control of the pandemic advance.

People’s traffic control measures are fundamental in control-
ling the pandemic progress. The cases reduction of COVID-19
in Wuhan observed in February 2020 coincided with travelling
control measures adopted in the region [16].

Therefore, it has been suggested that the assessment of envir-
onmental factors and the social distancing tend to control the new
cases and death numbers due to COVID-19, as well as the defi-
ciency in the health system associated with the reduced number
of intensive-care physicians, low numbers of mechanical ventila-
tors, the minimum number of available beds and the specific
medication absence tend to compromise the diagnosed popula-
tion care. It is questioned: What is the dynamics of the evolution
of new community cases and mortality records by COVID-19 in
subtropical regions with temperatures between 20 and 35 °C, with
social distance by quarantine and the adoption of lockdown?

Materials and methods
Study area

The study was carried out in 114 affected municipalities among
the 144 existing in the state of Para, North region, Brazil (Fig. 1).
The state has a territorial extension of 1,247,698.515 km” and an
estimated population of 7,581,051 people, with 5,191,559 residents
in urban areas and 2,389,492 in rural areas, with a population dens-
ity of 6.07 inhabitants/lkm® and an average Human Development
Index of (HDI = 0.698) [17].

Data and sources

The cumulative daily number of deaths by age group and sex of
COVID-19 cases in 114 municipalities in the State of Para, with
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a record of infection, were obtained through the daily monitoring
of technical bulletins provided by the State of Para Public Health
Secretary [18]. General data for Brazil and its northern region
were obtained from the Secretary of Health Surveillance of the
Ministry of Health [19].

Study measures

The disease incidence in the studied region was understood
through the cohort study. The dynamics of the frequency of
new cases of COVID-19 in the populations of the inland regions
made possible through community contamination during the epi-
demiological weeks was analysed through the ecological analytical
epidemiological study.

Data analysis procedure

Since understanding the dynamics of infection spread can favour
more effective public control policies and allow the control of
transmission in new regions, an exploratory data analysis was car-
ried out, with numerical variables described using means, stand-
ard deviations, coefficient of variation, distributions and Pareto.

Weekly maps were built with the new cases accumulated, in
the period of 49 days, to assess the spread of the COVID-19 pan-
demic in the municipalities of the State of Para. To classify the
evolution of the number of new cases, the Jenks algorithm
based on the Absolute Deviations over the Median of Classes
was used.

Results and discussion

In Brazil, on 5 May 2020, 114 715 cases of COVID-19 and 7921
deaths were registered, with a lethality rate of 6.8%; the
Southeast and Northeast regions are the most affected counting
around 75% of the registered cases. The most affected regions
in the country are the Southeast (64 756; 44.6%), followed by
the Northeast (45 724; 31.5%) and North (23207; 16.0%) [19].
In the North, the state of Amazonas had the largest number of
confirmed infected, 10727 cases and disease lethality around
874 registered deaths. The country on 6 May 2020 registered
114 715 cases and 7921 deaths.

In Northern Brazil, the federative units most affected on 5 May
2020, in terms of the spatial distribution of registered cases of
COVID-19 with an incidence and mortality rate per 1000 000
inhabitants, were Amazonas (2327.5 and 251.7) and Para (627.4
and 49.5). The capital of Para has the highest incidence
(1816.4/1 000 000 inhabitants) and mortality (240/1 000 000 inha-
bitants) with a mortality rate of 9.9%.

Predictive studies in Brazil report smaller records of new cases
of COVID-19 at temperatures around 25.8°C, reducing the
behaviour of curve growth [5]. SARS-CoV-2 may be vulnerable
to fluctuations in environmental conditions similar to other cor-
onaviruses [20]. It is important to note that climatological factors
variability can interfere with the curve behaviour even at higher
temperatures.

The northern region of Brazil has an equatorial climate ran-
ging from humid to semi-arid, with temperatures ranging from
20 to 35 °C. In the State of Pard, the temperature presents spatial
and seasonal homogeneity, with an average variation of 25-35 °C.
In the region, there are two distinct periods of temperature ranges,
classified as rainier between December and May and less rainy
between June and November, according to rainfall variation that
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Fig. 1. State of Pard, Northern Brazil and its 144 municipalities.

occurs in the Amazon. The metropolitan region of Belém city in
the period between 1 January 2020 and 5 May 2020 presented
temperature variation between 24 and 31 °C and relative humidity
between 70% and 80%. In this period, the number of new cases
and mortality due to COVID-19 has risen since the first case noti-
fication on 18 March 2020, with the first death recorded on
1 April 2020 (Fig. 2).

The North region was in third place in cases number with
approximately 16% of the confirmed cases on 5 May 2020. In the
State of Pard, the outbreak of COVID-19 registered a record of
4756 cases with an incidence rate of 788 cases in 49 days after
the first infection confirmation. The first confirmed case of the dis-
ease was notified on 18 March 2020, in Belém city, capital of the
state. These records were registered when the average temperature
of the region, for the period considered to be the rainiest in the
region, was 27.9 °C and the air relative humidity range was from
70% to 80%. The first notification of death occurred on 1 April
2020, and since then the curve of new cases and deaths incidence
has been frequent and registered with high rates in the region.

Studies have suggested that temperature is a leading factor of
COVID-19 [21], and acts as an indicator of SARS COV transmis-
sion, showing that the incidence is different in temperature varia-
tions in the region [22]. A priori it is suggested that there is no
inverse relationship between ambient temperature and new
cases of COVID-19 in Pard in the period considered as the raini-
est in the Amazon region.
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Municipalities Identification

1-Abaeteluba

2-Abel Figueiredo
J-Acard

4-Afud

5-Agua Azul do Norte
G-Alenquer

T-Almeinm

B-Altamira

9-Anajas
10-Ananindeua
11-Anapu

12-Augusto Corréa
13-Aurora do Pard
14-Aveiro

15-Bagre

16-Baido

17-Bannach
18-Barcarena

19-Belém

20-Belterra
21-Benevides

22-Bom Jesus do Tocantins
23-Bonito

24-Braganga

25-Brasil Novo
26-Brejo Grande do Araguaia
27-Breu Branco
28-Breves

29-Bujaru

30-Cachoeira do Arari
31-Cachoeira do Pina
32-Cameta

33-Canaé dos Carajas
34-Capanema
35-Capitdo Pogo
36-Castanhal
37-Chaves

38-Colares
39-Conceicio do Araguaia
40-Concérdia do Para
41-Cumaru do Norte
42-Curionépolis
43-Curralinho

44-Curua

45-Curuga

46-Dom Eliseu
47-Eldorado dos Carajis
48-Faro

49-Floresta do Araguaia
50-Garrafdo do Norte

51-Goianésia do Para
52-Gurupd
53-Igarapé-Agu
S54-Igarapé-Min
55-Inhangapi
56-Ipixuna do Pard
57-Irituia

58-Itaituba
59-ltupiranga
60-Jacareacanga
61-Jacunda

62-Juruti

63-Limoeiro do Ajuru
64-Mocajuba

65-Mie do Rio
66-Magalhies Barata
67-Maraba
68-Maracand
B9-Marapanim
70-Marituba
71-Medicilandia
72-Melgago

73-Moju

T4-Mojui dos Campos
75-Monte Alegre
76-Muana

77-Nova Esperanga do Piria
78-Nova Ipixuna
79-Nova Timboteua
80-Novo Progresso
81-Novo Repartimento
82-Obidos

83-Oeiras do Pard
B4-Oriximina
85-Ourém
86-Ourilandia do Norte
87-Pacaja
88-Palestina do Para
89-Paragominas
90-Parauapebas
91-Pau D'Arco
92-Peixe-Boi
93-Pigarra

B4-Placas

95-Ponta de Pedra
96-Portel

97-Porto de Moz
98-Prainha
99-Primavera
100-Quatipuru

101-Redenglio

102-Rio Maria

103-Rondon do Para
104-Rurdpolis
105-Salindpolis
106-Salvaterra

107-Santa Barbara do Para
108-Santa Cruz do Arari
109-Santa Isabel do Para
110-Santa Luzia do Para
111-Santa Maria das Barreiras
112-Santa Maria do Para
113-Santana do Araguaia
114-Santarém

115-Santarém Novo
116-Santo Anttnio do Taua
117-Sé0 Caetano de Odivelas
118-Sé0 Domingos do Araguaia
119-Sé0 Domingos do Capim
120-Slo Félix do Xingu
121-8éo Francisco do Para
122-S80 Geraldo do Araguaia
123-580 Jodo da Ponta
124-Sio Jodo de Pirabas
125-580 Jodo do Araguaia
126-Sdo Miguel do Guama
127-580 Sebastiio da Boa Vista
128-Sapucaia

129-Senador José Porfirio
130-Soure

131-Tailandia

132-Terra Alta

133-Terra Santa
134-Tomé-Agu
135-Tracuateua

136-Trairdo

137-Tucumd

138-Tucurui

139-Ukanspolis

140-Uruara

141-Vigia

142-Viseu

143-Vitéria do Xingu
144-Xinguara

Therefore, there is no evidence to suppose that in regions with
warm climates, low relative humidity and high rainfall variation,
the cases number is lower compared to regions with moderate
and/or cold climates. Similar results were obtained in the trans-
mission rate evaluation of the new coronavirus in different pro-
vinces of Iran [23].

However, regions with a colder climate and high population
density may have contributed to the spread of the disease in
Europe [24]. Results obtained for Brazilian cities indicated nega-
tive behaviour for linear correlation between temperatures and
numbers of confirmed cases [5]. Also, the climate is an important
factor in determining the incidence rate of COVID-19, and the
temperature and its variations are correlated with the infection
records [25].

Figure 3 summarises the overall cases number compared to
diagnosed population sex, the cumulative daily descriptive
statistics of newly notified cases of COVID-19 and the age
group distribution behaviour of the diagnosed population with
the infection since the first disease case notified in the State of
Para.

The analysis was carried out after 7 weeks of the first
COVID-19 case recorded in Pard, being 4756 cases reported
between 18 March and 5 May 2020. In total, 2420 (50.9%) diag-
nosed cases were men and had an average age of 45.6 years. The
women were 2320 (48.8%) infected cases with an average age of
474 years. It is reported that 15 registered cases did not present
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Fig. 2. Temperature behaviour (°C), rainfall behaviour, first confirmed case and first death registration by COVID-19 in the State of Para.

notification regarding gender and were considered as unidentified
(Fig. 3a). Similar results of higher COVID-19 cases prevalence in
men were obtained [26, 27].

In Para, 75% were under 58 years old. Only 25% of infected
cases were elderly and 1.6% of those diagnosed infected were chil-
dren from 0 to 10 years old. Only 26 (0.5%) registered cases had
no age identified and were considered in terms of registration as
‘unidentified’ (Fig. 3b).

In terms of the sample of the infected population age range,
negative asymmetric behaviour was identified for distribution,
with age concentration around the median of 34 years old, with
80% of cases diagnosed aged between 20 and 60 years old
(Fig. 3c). Studies suggested for the region of the study that the
population concentration and demographic density (inhabi-
tants/km”) of the municipalities in the region have shown a
great correlation with the daily record of cases of COVID-19
infection; however, the distribution of cases according to age
group has not shown a disparity between men and women [28].

In Iran, the cases concentration was between 30 and 70 years
old for 79.1% of COVID-19 records and approximately 39% for
the elderly [27]. In the study region, 80% of the infections
reported were recorded in age groups of economically active peo-
ple (Fig. 3¢), a factor that favoured the impact on the income gen-
eration of the families involved.

Covid-19 caused a significant global social and economic cri-
sis. Social distancing and the blocking of people traffic caused ser-
ious demographic changes and unemployment [29]. On the
global scenario, governments have introduced social blocking
measures to ensure the security of their citizens [29].

The management of a country’s pandemic involves multi and
interdisciplinary treatment because the health crisis has systemic
repercussions, and joint and integrated actions minimise the
impact of the health crisis on the economy, politics and social
life. In several countries, and in Brazil specifically, the epidemic
crisis is revealing the most aggressive sides for society, and Para
State is no exception.

https://doi.org/10.1017/5095026882100039X Published online by Cambridge University Press

Concerned with the new cases index, dissemination to inland
regions and increased mortality rates, the government of Para
established a decree for lockdown in the capital and additional
nine municipalities to increase the social isolation index, reducing
the disease spread and reducing the new cases registration num-
ber of COVID-19.

The restrictive measure was initially focused on forcing social
isolation in the municipalities of Belém, Ananindeua, Marituba,
Benevides, Santa Barbara do Para, Santa Izabel do Para,
Castanhal, which form the Belém Metropolitan Region (BMR)
and inland towns, such as Santo Antonio do Taud, Vigia de
Nazaré and Breves. The lockdown arises when the State of Para
registered a COVID-19 rate in the order of 51/100 000 inhabi-
tants, higher than the national rate. The municipalities affected
by the restriction presented the rates of 75/100 000 inhabitants,
higher than that registered by the state.

Despite the restrictions having focused on only 10 municipal
regions, it is worth mentioning that when the lockdown was
set, more than 70% of the municipalities forming the State of
Pard already had notifications of COVID-19 cases.

The disease regional expansion and the high registration rates
in the BMR have compromised the structure of the state’s public
and private healthcare systems due to the high demand for basic
care services and the high need for more complex services involv-
ing hospitalisations and intubation of patients with aggravated
cases.

In the Pard state, severe cases of COVID-19 and mortality
records are related to several comorbidities, the most commons
are associated with heart disease, diabetes, kidney disease, pneu-
monia, immunodeficiency, asthma, obesity, neurological disease,
haematological disease and illness hepatic; the most frequent
ones being associated with heart disease and diabetes (Fig. 4).
Patients infected with COVID-19 tend to have associated
comorbidities with one or more chronic diseases [26].

In Iran, patients diagnosed with COVID-19 had a strong asso-
ciation with chronic diseases such as diabetes, chronic respiratory
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Fig. 3. Exploratory statistical analysis of the confirmed cases accumulated of COVID-19 by sex (a), age group (b) and Pareto distribution of ages (c) of those infected,
Para-Brazil.
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Fig. 4. Common comorbidities in diagnosed cases of
COVID-19 in the State of Para, from 18 March to 5 May
2020.

diseases, hypertension, cardiovascular diseases, kidney diseases
and cancer; these comorbidities were also observed in cases of
deaths [27]. Similar results were verified in infected people in
Wuhan, China, corroborating with the results that occurred in
this study region [1].

These factors associated with the precarious service capacity of
hospitals and emergency care units (ECU), the insufficient health
professional staff and lack of rapid tests to identify infected
patients contributed to COVID-19 advance in the region.
Associated with these problems, there is still an insufficient hos-
pital bed number available [18]. There are only 249 ICU beds
available for adults care in the pandemic for a population of 7
581051 inhabitants, which represents a ratio of 1/30445.98
bed/inhabitants, such fact leads the system to collapse in a short
period during a pandemic, contributing to the disease and the
number of deaths progress. Collapsing is already experienced in
paediatric clinic beds (Table 1).

Due to the risk of COVID-19-infected people promoting the
disease advance through community transmission to more remote
regions of the state, it is essential to understand the dynamics of
new cases of the disease to enable decision-making regarding con-
trol, prevention, treatment of infected, identify groups of risks and
enable decision-making on resources allocation and allow better
planning on the health system in difficult times.

Results show that a week after the first notified case, only
0.82% of the municipalities had infected people, in the second
week of contagion they already had 5.56%, in the third 15.3%,
in the fourth 24.3%, in the fifth 46.5%, in the sixth 69.4% and
the seventh week after the first notified case, there were already
81.8% of the municipalities in the State of Para with notified
COVID-19 cases (Fig. Al1-A7). The highest concentration of
registered cases was in the Metropolitan Region of Belém, consti-
tuted by the capital Belém, Ananindeua, Marituba, Benevides,
Santa Barbara do Pard, Santa Izabel do Para, Castanhal.

The measure of containment by social isolation in the region
did not have an expected effect on the curve of new cases for
the period under study, mainly due to the low rate of population
adherence. However, the lockdown instituted on 5 May 2020 gave
positive percentage results in the short-term on new cases regis-
tration in the following week of decreed intervention, with a
10.07% reduction compared to the accumulated record in the
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Table 1. Availability and occupation of exclusive hospital beds for COVID-19 in
the public healthcare system in the State of Para

Hospital bed type Total Available % Occupation
Paediatric 1109 497 55.2
Paediatric clinical 8 8 0.0
Adult ICU 249 37 85.2
Paediatric ICU 7 4 42.9
Intermediate unit 26 25 3.9
Neonatal ICU 4 1 75.0

Source: Secretary of Public Health of Para. https://portalarquivos.saude.gov.br/images/pdf/
2020/May/09/2020-05-06-BEE15-Boletim-do-COE.pdf

previous week (Fig. 5). In the long-term, the reduction of the
cases may be more significant, given the greater respect and
adherence of the population to isolation policies.

Blockades when needed in epidemic situations are critical to
strengthening health systems as they reduce pressure on the system
and prevent overload. However, when evaluating different scenarios
involving roadblocks, it was suggested that a COVID-19 mitigation
policy based on blockade should be well defined and practised, con-
sidering some precautions such as population, economy, transpor-
tation and the health system of the region, as these factors affect the
levels of contact between people [30]. The author adds that block-
ade in small towns can be highly damaging.

Social control through lockdown in Pard was limited, due to
the municipalities of the metropolitan region presenting a high
level of informality, rates above 58%, which means that isolation
measures in a reality of high demand for daily money earning
do not allow financial planning for groups of high socioeconomic
vulnerability [28].

The epidemiological crisis caused by SARS-CoV-2 had serious
consequences in several sectors of the economy and favoured
unemployment with the closure of several activities; however,
these measures as a way to contain the epidemic around the
world were crucial to saving human lives [31].

As a consequence, the low adherence to isolation reinforces the
current health crisis in a trend of continuity, considering that the
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prevalence is still low in the population of the State, far from a
collective immunisation and without a possible vaccine. An effect-
ive way to experience the drop in the records of COVID-19 cases
in the region is suggested a longer period of blockade combined
with greater adherence and consciousness of the population,
understanding that such measures are essential to control the
pandemic. It is worth mentioning that a gradual and well-defined
policy of unblocking, combined with population monitoring and
the records of new cases for immediate containment, can prevent
the spread of SARS-CoV-2 infection and deaths due to
COVID-19.

Despite not having the expected effect on the cases curve, sev-
eral studies have confirmed that the blockades, due to acting on
human traffic, have considerably reduced environmental pro-
blems linked to air pollution [31-33], which has contributed to
public health and the environment as the overload of atmospheric
pollution has been reduced, making the environment healthier.

In this regard, the climatic conditions of the region and the
concentration of air pollutants are correlated with the epidemics
of viral bronchitis [34]. Studies suggest that there is a significant
correlation between air quality and COVID-19 cases, since
chronic exposure to environments with high loads of atmospheric
pollutant may favour the spread of SARS-CoV-2 [35], corroborat-
ing with studies that suggest a direct relationship between the
spread and the contagion capacity of some viruses with atmos-
pheric levels and the mobility of air pollutants [36].

Also, chronic exposures to contaminated atmospheric environ-
ments can represent a risk factor for COVID-19 and the high
incidence of fatal events [14, 24, 37]. It was recommended that
in cities located in inland regions that present air pollution and
high levels of particulate compound emissions in the atmosphere,
low wind intensity and lower temperatures, the number of notifica-
tions of infected people was higher compared to other regions [38].

The adoption of strict blocking measures allowed to reduce the
impact of the Covid-19 pandemic on the National Health System
in Italy, along with the imposed lockdown allowed to evaluate the
effect of human activities on the emission of atmospheric pollu-
tants [39].

Efforts to prevent infected people from reaching more remote
regions are important to stop disease transmission and prevent
new cases [9]. In this context, control policies based on screening
through the wide use of rapid tests, in order to early diagnose

https://doi.org/10.1017/5095026882100039X Published online by Cambridge University Press

Fig. 5. Propagation of notified COVID-19 cases in the
municipalities of the State of Para, from 18 March to 5
May 2020, and the first post-lockdown period.

infected people at the entrance or exit of countries and regions,
considering that the diagnosis and rapid identification of infected
people may interrupt the contamination among people, prevent
new infections and anticipate specific health treatment for these
people [31].

To understand the dynamics of COVID-19 cases advance to
remote regions from the capital, seven maps were adjusted and
show the weekly evolution of the accumulated cases registered
in the municipalities of the state (Appendix: Figs Al to A7).

The municipalities that registered cases of infection in the first
week were the capital Belém (code 19) with two cases and Maraba
(code 67) with one notified case; in both cases, the contamination
was motivated by the traffic of infected people from large urban
centres, where community contamination was in the expansion
(Appendix: Fig. Al).

The inland regions that did not present COVID-19 case
records in the 7 weeks after the first case were: Abel Figueiredo
(code 2), Aveiro (code 14), Belterra (code 20), Brasil Novo
(code 25), Brejo Grande do Araguaia (code 26), Cachoeira
do Arari (code 30), Cumaru do Norte (code 41), Curiondpolis
(code 42), Eldourado dos Carajas (code 47), Faro (code 48),
Araguaia Forest (code 49), Gurupa (code 52), Jacareacanga
(code 60), Mojui dos Campos (code 74), Picarra (code 93),
Plates (code 94), Rio Maria (code 102), Rurdpolis (code 104),
Santa Luzia do Pard (code 112), Santa Maria das Barreiras (code
111), Santana do Araguaia (code 113) Francisco do Pard
(code 121), Sapucaia (code 128), Soure (code 130), Trairdo (code
136) and Vitéria do Xingu (code 120) (Appendix: Fig. A7).

These results suggest that regions further away from the capital
and with low people density took longer to register the occurrence
of infections, proving that in the region, the dissemination process
took place through the person-to-person contact. Thus, the
absence of a longer period of blockade and/or policies of gradual
unblocking favoured the spread of the intraregional virus in the
State of Pard.

Conclusions and limitations

The social isolation and quarantine combined with the adoption of
a strict measure of population circulation, the ‘Lockdown’, and the
mandatory use of masks in public environments were effective in
reducing the new cases of COVID-19 registration in the short-term.
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Temperature variations between 24.5 and 33.1 °C with an aver-
age of 28.8 °C did not show any reduction in the records of new
cases. However, studies with multiple associations between envir-
onmental variables are essential in order to understand the mul-
tiple correlations (temperature, wind, relative humidity, rainfall,
radiation) on the occurrence of new records in the region.

The results are extremely necessary for decision-making and
public health planning to combat the spread and control of the
disease in poor regions of the State of Para.

However, due to the territorial dimension of the State and the
difficulty of accessing certain regions, this study is limited by the
substantial proportion of data not reported or late reported in
some municipalities. The lack of rapid mass testing in populations
and a broader lockdown period was the driving force for dissem-
ination to inland regions, as these actions would allow greater
control of those infected and a better understanding of the spread
of diseases in the State and less bias in the calculation of incidence
of the disease in the population.

Data. The data supporting the results of this study are openly available on
government websites such as the Ministry of Health of Brazil at https:/covid.
saude.gov.br/and https:/portalarquivos.saude.gov.br/images/pdf/2020/May/09/
2020-05-06-BEE15-Boletim-do-COE.pdf. Likewise, at the state level at the
Secretary of State for Health of Para-Brazil (SESPA-PA) at http:/www.saude.
pa.gov.br/coronavirus/.
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Fig. Al. Propagation of new cases of COVID-19 accumulated in the municipalities of the State of Para in the first week after registration of the first case in the region.
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Fig. A2. Propagation of new cases of COVID-19 accumulated in the municipalities of the State of Para in the second week after registration of the first case in the region.
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Fig. A3. Propagation of new cases of COVID-19 accumulated in the municipalities of the State of Para in the third week after registration of the first case in the region.
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Fig. A4. Propagation of new cases of COVID-19 accumulated in the municipalities of the State of Para in the fourth week after registration of the first case in the region.
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Fig. A5. Propagation of new cases of COVID-19 accumulated in the municipalities of the state of Para in the fifth week after registration of the first case in the region.
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Fig. A6. Propagation of new cases of COVID-19 accumulated in the municipalities of the state of Para in the sixth week after registration of the first case in the region.
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Fig. A7. Propagation of new cases of COVID-19 accumulated in the municipalities of the state of Para in the seventh week after registration of the first case in the region.
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