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ABSTRACT
Introduction: COVID-19 notification has been growing continuously in Brazil and the study of 
all related aspects is necessary. Objective: To determine the incidence rate of coronavirus, 
analyze the spatial autocorrelation of reported cases and determine the correlation between 
the incidence of the disease and sociodemographic variables in the state of Paraíba, in 2020. 
Method: An observational, ecological research was carried out and data were obtained from 
notifications from cities in Paraíba to the Coronavirus Panel. The outcome variable was the 
disease incidence rate, and the explanatory variables referred to sociodemographic data, 
testing the hypotheses using Spearman’s correlation. Spatial autocorrelation was verified 
using Moran’s I and Geary’s C statistic, using choropleth maps, by means of the R software, at 
a significance level of 5%. Results: Increasing values   of incidence rates were observed as the 
months progressed. There was a statistical correlation for population density, income, and 
Municipal Human Development Index in most months. In addition, the Alto-Alto pattern was 
observed in the state capital at the beginning of the pandemic and, soon after, a migration 
of this spatial pattern to the interior cities. Conclusions: It was observed, therefore, that 
the high incidence rates and its spatial behavior negatively impact people’s lives and signal 
the need for a more intense intervention of governmental policies.

KEYWORDS: SARS-CoV-2; Information Storage and Retrieval; Epidemiology

RESUMO
Introdução: A notificação da COVID-19 vem crescendo continuamente no Brasil e o estudo 
de todos os aspectos relacionados se faz necessário. Objetivo: Determinar a taxa de 
incidência do coronavírus, analisar a autocorrelação espacial dos casos notificados e 
determinar a correlação entre a incidência da doença e variáveis sociodemográficas no 
estado da Paraíba, em 2020. Método: Foi realizada uma pesquisa observacional, do tipo 
ecológica e os dados foram obtidos das notificações das cidades paraibanas ao Painel 
Coronavírus. A variável desfecho foi a taxa de incidência da doença, e as explicativas 
referiam-se aos dados sociodemográficos, testando as hipóteses por meio da correlação 
de Spearman. Foi verificada a autocorrelação espacial por meio do Índice de Moran (I) 
e o Coeficiente de Geary (C), com o uso de mapas coropléticos, através do emprego 
do software R, ao nível significância de 5%. Resultados: Valores crescentes das taxas 
de incidência foram observados com o avançar dos meses. Houve correlação estatística 
para a densidade demográfica, a renda e o índice de desenvolvimento humano municipal 
na maioria dos meses. Ademais, observou-se o padrão Alto-Alto na capital do estado no 
início da pandemia e, logo após, uma migração desse padrão espacial para as cidades 
interioranas. Conclusões: Observou-se, portanto, que as altas taxas de incidência e o 
seu comportamento espacial impactam negativamente a vida das pessoas e sinalizam a 
necessidade de uma intervenção mais intensa de políticas governamentais.

PALAVRAS-CHAVE: SARS-CoV-2; Armazenamento e Recuperação da Informação; 
Epidemiologia
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INTRODUCTION

COVID-19 is a severe acute respiratory infectious disease caused 
by a virus of the Coronaviridae family, SARS-CoV-2, initially resi-
dent in some animal species1. The first human cases were identi-
fied in the city of Wuhan, China, in December 20192. Since then, 
due to the high transmissibility with potential global distribution 
and increased mortality rates, the World Health Organization 
(WHO) has classified the novel coronavirus pandemic as a global 
public health emergency3.

The clinical aspects range from milder symptoms - especially 
coughing episodes, sore throats, headaches, myalgia - to more 
serious ones, such as dyspnea, low oxygen saturation (< 93%), 
to critical cases, such as respiratory failure, septic shock  
and/or multiple organ dysfunction4,5. It is also worth high-
lighting the importance of certain comorbidities in worsening 
the clinical picture, such as hypertension, diabetes, chronic 
kidney disease and cardiovascular disease, as well as smoking  
and immunosuppression6.

In the event of a suspected case, a correct diagnosis is neces-
sary for effective control. Therefore, three types of diagnosis 
are identified for COVID-19: clinical, laboratory and imaging7. 
The Ministry of Health considers the initial clinical picture 
to be a flu-like syndrome (FS) and its diagnosis is made by 
clinical-epidemiological investigation, paying attention to the 
history of close contact in the last 14 days of the onset of signs 
and symptoms with individuals already confirmed for COVID-
198. Laboratory tests can be carried out using reverse tran-
scription polymerase chain reaction (RT-PCR) methodologies, 
serological testing for IgM, IgA and/or IgG antibodies, or even 
rapid tests. As for radiology, the standard test is high-resolu-
tion computed tomography9.

Various ways of combating the spread of the virus are reported 
in the literature, but those considered sovereign include:  
a measure of social isolation, called quarantine, hygiene 
actions and mass testing of the population, considering an incu-
bation period of five days on average10,11. However, even in the 
face of successful experiences in developed countries that have 
managed to test the population on a large scale and deter-
mine the levels of infection at subclinical stages, one must 
consider the potential costs to the public purse when adopting 
these measures on a national scale and on a compulsory basis11.  
In addition, in Brazil, there is a significant weakness in terms 
of testing the population, as well as the weakening of social 
distancing measures to the detriment of a probable risk of eco-
nomic collapse, increasing social inequalities in economic, eth-
nic and geographical contexts12.

According to the database provided by the Ministry of Health’s 
Health Surveillance Secretariat (https://covid.saude.gov.br/), 
which is updated daily, as of October 2021 Brazil has recorded 
21,516,967 confirmed cases of COVID-19, with incidence data of 
10,239 per 100,000 inhabitants. In 2020, the country recorded 

7,675,973 confirmed cases and 194,949 victims. The North-
east ranks second in reported cases (4,805,521), behind only  
the Southeast13. 

In Paraíba, the first case of infection occurred in March 2020. 
There were 166,484 cases in the whole of 2020, behind 
Bahia with 493,400, Ceará with 335,091, and Pernambuco 
and Maranhão with 222,166 and 200,938 cases, respectively.  
In 2021, until October, there were a total of 442,464 cases  
and 9,329 deaths13.

Faced with this pandemic emergency in which Brazil is inserted 
- especially due to the lack of mass testing in order to rec-
ognize cases early and, consequently, avoid overcrowding in 
health services - studies that demonstrate the epidemiological 
reality through the use of spatial modeling techniques become 
indispensable for planning and decision-making in Public Health 
according to the distribution in space-time14. Thus, this article 
aimed to determine the incidence rate of COVID-19, analyze 
the spatial autocorrelation structure of reported cases and 
determine the correlation between the incidence of the dis-
ease and sociodemographic variables in the state of Paraíba 
in 2020.

METHOD

This is an epidemiological, observational study, whose design is 
classified as ecological, panel, as it focuses on comparisons of 
aggregate data with a longitudinal character, and not at an indi-
vidual level, in which the numerators correspond to the number 
of reported events, and the denominators are population esti-
mates15. In addition, spatial statistical techniques were used, 
with area data, normally used when the exact locations of an 
event are not available, but rather the values of these events 
per unit area.

To this end, statistical analyses were carried out using sec-
ondary data on COVID-19 available on the Ministry of Health’s 
Coronavirus Panel website (https://covid.saude.gov.br). This 
website publishes daily incidence bulletins and cumulative case 
numbers, as well as data on deaths, among other information. 
The research focused on investigating the distribution of notifi-
cations of the disease among the cities in the state of Paraíba, 
from March to December 2020.

According to the Brazilian Institute of Geography and Statis-
tics (IBGE)16, Paraíba has an estimated population of 4,059,905 
inhabitants in 2021, with a population density of 66.70 inhab-
itants/km². It has 223 municipalities and is divided into four 
mesoregions: Mata Paraibana, Agreste, Borborema and Sertão 
Paraibano. In terms of economic aspects, in 2010 the state had a 
human development index (HDI) of 0.658, a gross domestic prod-
uct (GDP) per capita of 16,108 and a nominal monthly household 
income per capita of R$ 892.00.
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The outcome variable was the incidence rate of coronavirus 
cases reported by the epidemiological surveillance sectors of 
each municipality in the state of Paraíba to the national infor-
mation system on GS surveillance. This data comes from the 
e-SUS Notifica system, which was designed and developed to 
record suspected and confirmed cases of COVID-19 and con-
tains information related to the patient’s place of residence 
and place of care. Other variables were also tested in relation 
to the incidence rate in the municipalities: demographic den-
sity, per capita household income (PDHI), municipal human 
development index (MHDI), primary care coverage and illit-
eracy rates. These variables were obtained from the IBGE 
Automatic Recovery System - SIDRA (https://sidra.ibge.gov.
br/home/lspa/brasil).

Statistical analysis

Firstly, the frequency of cases reported for COVID-19 between 
March and December 2020 was shown. Next, the normality of 
the data was checked using the Anderson-Darling test to ana-
lyze the correlation between reported cases and socioeco-
nomic variables using Spearman’s correlation test, adopting a 
statistical significance level of 5%. After this, case incidence 
rates were calculated for all the municipalities in Paraíba, 
taking into account the number of notified cases and the esti-
mated population for the year multiplied, for that municipal-
ity, by the population base of 10,000, as shown in the equation: 

Novos casos notificados

População estimada do ano
x 10.000. 

Spatial statistics

In order to apply the area data analysis methodology, it is 
necessary to draw up a neighborhood matrix which, in turn, 
is also known as a distance matrix or proximity matrix. This 
proximity matrix indicates the spatial relationship between 
the observation areas of the study - in this study, the cities 
of Paraíba - providing scales of robustness of the interaction 
between closer cities and the opposite for distant cities. In 
the matrix, n means the number of observations obtained in 
the W matrix, and each Wij element represents the level of 
proximity between Wi and Wj. In this way, the elements of 
the W matrix are assigned a value of 1 when the areas are 
considered neighbors and 0 otherwise.

W =

W11

W21

Wn1

W12

W22

Wn2

W1n

W2n

Wn1

Two statistical methods were used to check for possible spatial 
statistical dependence: the Global Moran’s Index, which provides 
an official indication of the degree of linear correlation between 
the observation vector of the variable of interest over time and 
the weighted average of the neighborhood values or spatial lag, 
and varies between -1 and +1 - this being complemented by the 

local index which assesses the autocorrelation associated with 
one or a few specific values for each area - and Geary’s C Coeffi-
cient, used in locations with little neighborhood, as shown in the 
following formulas:

I = Moran’s index

I =
∑n

i=1 ∑n
j=1 wij (yi – ȳ

 )(yj – ȳ
 )

∑n
i=1 (yi – ȳ

 )2

C = Geary coefficient

C =
∑n

i=1 ∑n
j=1 wij (zi – z̄

 )(zj – z̄
 )

∑n
i=1 (zi – z̄

 )2

(n – 1)

2 ∑n
i=1 ∑n

j≠i wij

×

Ii = Local Moran’s Index

Ii =
(yi – ȳ

 ) ∑n
i=1 ∑n

j=1 wij (yj – ȳ
 )

∑n
i=1 (yi – ȳ

 )
2
n

R statistical software was used to calculate incidence rates, 
bivariate analyses and, finally, to carry out the other spatial 
analyses17. To this end, a table was developed with the values 
of the Moran Index estimates, as well as descriptive Moran maps 
and Moran Maps, whose function is to indicate the municipalities 
that are classified in the space-time binomial as significant spa-
tial agglomerations (clusters). For interpretative purposes, the 
cartograms can show four types of clusters: 

• High-High (Q1): areas built by municipalities with high inci-
dence frequencies of the outcome variable surrounded by 
other cities with high frequencies;

• Low-Low (Q2): areas built by municipalities with low inci-
dence frequencies of the outcome variable surrounded by 
other cities with low frequencies;

• High-Low (Q3): areas built by municipalities with high inci-
dence frequencies of the outcome variable surrounded by 
other cities with low frequencies;

• Low-High (Q4): areas built by municipalities with low inci-
dence frequencies of the outcome variable surrounded by 
other cities with high frequencies.

Ethical aspects

Regarding ethical precepts, considering the provisions of Resolu-
tion 466 of December 12, 2012, submission to the Research Eth-
ics Committee for this type of study becomes optional, since its 
methodology does not access or manipulate people’s individual 
data, and these are in the public domain18.

RESULTS

The incidence rate of reported COVID-19 cases in the munici-
palities of Paraíba between March and December 2020 has, in 
the vast majority of months, increased since the beginning of 
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the pandemic. From April to May, there was an increase in new 
cases of around 2,783.42% in relation to the cities with the high-
est numbers of notifications. In other words, in April, João Pes-
soa had the highest incidence rate in the state (5.95/10,000). 
The following month, the town of Riachão de Bacamarte, 97.4 
km from the capital, showed a rate of 171.77/10,000, topping 
the list of towns with the highest numbers of the disease. From 
August onwards, there was a reduction in new cases until Novem-
ber, when cases began to recur.

With regard to sociodemographic data, Table 1 provides infor-
mation on demographic density, per capita household income, 
MHDI, primary care coverage and the illiteracy rate and their 
influence on the behavior of the disease incidence rate. There 
was a positive correlation (p-value < 0.05) in most of the vari-
ables, with the exception of primary care coverage and the 
illiteracy rate.

Figure 1 shows maps where you can descriptively see the areas 
with the highest and lowest incidence rates of the disease. 
The municipalities with the highest incidence rates are identi-
fied with stronger shades. On the other hand, those cities with 
zero (0) incidence are shown in white. Generally speaking,  
in the first few months of the COVID-19 pandemic, it can be 
seen that the highest incidence rates were recorded in the cities 
belonging to the mesoregion of mata paraibana, in the coastal 
area. After July 2020, there was a gradual increase towards  
inland areas.

With regard to spatial dependence, the Moran’s Index esti-
mate showed significance in some municipalities. Table 2 shows 
the existence of positive spatial autocorrelation from April to 
December. In March, there is a dispersion in the distribution of 
COVID-19 cases, thus justifying the non-significant Moran’s I. This 
confirms the spatial dependence in the spread of notifications 
between municipalities in the state of Paraíba in those months 
in 2020.

Using the Moran Map, it was possible to see clusters with a  
High-High pattern between April and December in the mesore-
gions of Mata Paraibana, Agreste, Borborema and Sertão in the 
state, with the municipalities of João Pessoa, Campina Grande, 
Santa Rita and Cabedelo showing this spatial pattern the most 
(Figure 2). It should be noted that few municipalities showed a 
Low-Low pattern. In other words, those areas that showed the 
High-High spatial pattern have positive values and positive aver-
ages, influencing their neighbors to have values equal to their 
own. Furthermore, it is possible to see that, as time progressed, 
this spatial pattern of influence between cities regarding the 
incidence of cases tended to migrate towards the mesoregions in 
the interior of the state.

DISCUSSION

The COVID-19 pandemic has exposed changes related to space, 
time and the way infectious diseases behave12. Several factors 
have influenced this change in socio-epidemiological paradigms: 
integration, development and plurality of the world economy, 
added to the process of globalization, which has culminated in 
greater and faster movement of people around the world, as 
well as significant urban population densification. Given this sce-
nario, as it is an infectious pathology, cities tend to behave indi-
vidually in terms of the appearance of new cases of the disease, 
as well as influencing the epidemiological picture of neighboring 
municipalities, and some sociodemographic conditions are capa-
ble of interfering in this data.

The analysis of the data obtained in this study made it possi-
ble to visualize and understand the pattern of spatial behavior 
of the incidence of COVID-19 cases among urban agglomera-
tions in the state of Paraíba. It was also possible to establish 
correlations between sociodemographic variables of interest 
to the topic and new cases using a spatial-temporal statistical 
approach. A similar study19, in the state of Ceará, presented 

Table 1. Correlation between sociodemographic variables and the COVID-19 incidence rate between March and December 2020.

Incidence 
rate/month

Population density DPRK MHDI Primary care coverage Illiteracy rate

Rho p-value Rho p-value Rho p-value Rho p-value Rho p-value

March 0,1640 0,0142 0,2220 0,0008 0,2321 0,0004 -0,1483 0,0268 -0,1772 0,0080

April 0,2807 2,1x10-5 0,3343 3,2x10-7 0,2510 0,0001 -0,0566 0,4003 -0,2696 0,0453

May 0,4978 2,2x10-15 0,1191 0,1047 0,0691 0,3044 -0,0737 0,2729 -0,0170 0,8008

June 0,5352 2,2x10-6 0,1090 0,1045 0,0390 0,5628 -0,0447 0,5064 -0,0577 0,3916

July 0,4512 1,4x10-12 0,1017 0,1299 0,0174 0,7956 -0,0595 0,3767 -0,0293 0,4418

August 0,2983 0,0057 0,1870 0,0050 0,1489 0,0262 -0,0263 0,6967 0,0140 0,8352

September 0,1430 0,0327 0,2075 0,0018 0,2073 0,0018 0,0371 0,5817 -0,1063 0,1134

October 0,1259 0,0605 0,2551 0,0001 0,2198 0,0009 0,0206 0,7599 -0,1403 0,0363

November 0,2000 0,0027 0,2367 0,0003 0,1856 0,0054 -0,0619 0,3573 -0,0948 0,1583

December -0,0808 0,2296 0,1046 0,1192 0,1500 0,0250 0,0049 0,9417 -0,1018 0,1296

Source: Prepared by the authors, 2022. 
DPRK: Household income per capita; MHDI: Municipal human development index; Rho: Spearman correlation coefficient.
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Source: Prepared by the authors, 2022.

Figure 1. Descriptive maps of the COVID-19 incidence rate in Paraíba between March and December 2020.
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a relevant proposal regarding the incidence rate of COVID-19: 
to verify the spatial correlation between the incidence of the 
pathology and human development in the municipalities, using 
Moran’s I Index to verify spatial autocorrelation. In the study, 
the MHDI of all the municipalities in that state was the inde-
pendent variable analyzed. This highlights the importance and 
differential of including new sociodemographic variables, such 
as those used in this study. 

Among the policies recommended to contain the spread of 
COVID-19 in Brazil are social distancing and mandatory notifica-
tion of suspected and confirmed cases of the disease20. On Jan-
uary 22, 2020, the Ministry of Health made immediate notifica-
tion mandatory - within 24 hours - to the Center for Strategic 
Health Surveillance Information (CIEVS), in line with the provi-
sions of events of relevance to Public Health21. However, it was 
only in March that confirmed cases were reported in Paraíba. 
In that month, only five cities reported cases; among these, 
the municipality of Igaracy, with an estimated population of 
6,092 in 2021, had an incidence rate of 3.276/10,000, much 
higher than the state capital21. This information, in particular, 
is in line with what is mostly observed in the literature: more 
developed cities initially had a higher frequency of SARS-CoV-2 
infection, due to a greater circulation of people22. It is possible 
to justify this dissonance due to the weakness of some cities 
in implementing surveillance policies for confirmed cases and 
deaths. In addition, it is important to highlight the accelerated 
evolution in the number of new cases of the disease in the first 
half of 2020. During this period, Paraíba ranked second in the 
northeast region in terms of the number of confirmed cases of 
the disease23. As of August of the same year, there has been 
a decline in notifications, probably due to greater awareness 
among the population and, consequently, greater adherence to 
control measures, namely: the use of masks for facial protec-
tion, encouraging hand hygiene, progressive social distancing 
actions, a ban on public events, discouraging travel and the use 
of alcohol for hands and surfaces24.

Descriptive maps are a very efficient alternative for geo-
graphical and epidemiological mapping in areas with poten-
tial for the spread of SARS-CoV-219 infection. By reading and 
interpreting them over time, it is possible to carry out plan-
ning within the scope of epidemiological surveillance, with 
the aim, firstly, of understanding the behavioral dynamics of 
the incidence of cases and setting targets for combating the 
spread of the pandemic, including the allocation of financial 
resources, especially to those cities with the highest rates  
of infection.

That said, quintile (March and April) and quartile (May to 
December) maps were developed in order to visualize the fre-
quencies of COVID-19 rates in all the municipalities in the 
state of Paraíba. Quantiles were used for the months of March 
and April, as more than 75% of the data showed zero frequen-
cies. Because of this, in order to be able to differentiate the 
frequencies of the rates in the municipalities, a new descrip-
tive analysis was carried out with non-zero data. In these 
choropleth maps, the higher incidence rates are proportion-
ally represented by darker colors. When analyzing them, it is 
noticeable that, in the initial months of the pandemic, there 
was a concentration of reported cases in the cities of the Mata 
and Agreste Paraibano mesoregions, regions that are home to 
the state’s most populous cities, the capital João Pessoa and 
Campina Grande. A similar finding was observed in the study 
by Pedrosa and Albuquerque25, in the state of Ceará, by apply-
ing Moran’s spatial statistics to identify the distribution of 
the number of COVID-19 cases. The findings of this study also 
showed higher initial rates in coastal and more populated cit-
ies. As the months went by, there was a considerable spread 
of the increase in these incidence rates among the cities in 
the interior of the state. This scenario reflects the influence 
of the economy, high urban mobility and the greater flow of 
national and, especially, international travel. From another 
perspective, the increase in cases in smaller towns confirms 
the internalization of the infection. Another important factor 

Table 2. Moran’s estimate to verify spatial dependence between March and December 2020.

Incidence rate/month Moran’s estimate Hope Variance p-value

March -0,0036 -4500,0 20,9000 0,4217

April 0,4180 -0,0045 0,0017 2,2x10-16

May 0,3513 -0,0045 0,0017 2,2x10-16

June 0,4653 -0,0045 0,0018 2,2x10-16

July 0,4409 -0,0045 0,0018 2,2x10-16

August 0,2223 -0,0045 0,0017 2,5x10-8

September 0,1459 -0,0045 0,0017 0,0001

October 0,1046 -0,0045 0,0017 0,0040

November 0,1431 -0,0045 0,0018 0,0002

December 0,2319 -0,0045 0,0018 1,1x10-8

Source: Prepared by the authors, 2022.
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Source: Prepared by the authors, 2022.

Figure 2. Moran Maps of the incidence rate of reported COVID-19 cases between March and December 2020.
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is linked to the fact that the initial geographical spread of 
COVID-19 tends to be more common in cities with high inter-
net access, confirming the data presented in this research, as 
well as reinforcing the need for prevention policies in cities 
with higher population density.

Data on contamination by SARS-CoV-2 tends to be strongly 
impacted by sociodemographic variables26, generally induc-
ing a greater risk of contagion because, for example, a cer-
tain group has characteristics that potentially predict the 
spread of the virus. As an example, information in the liter-
ature27 has linked the increase in COVID-19 incidence rates 
among individuals with fewer years of schooling, either 
because this type of public usually tends to assume certain 
behaviours contrary to those recommended by health orga-
nizations, mainly due to lack of information, or because of 
the relationship with older age groups and all the cultural  
burden involved.

For studies in urban agglomerations, population density has 
been pointed out as influencing the emergence of notified 
cases28. This study found a positive correlation between the 
incidence of the disease in the cities of Paraíba and the popu-
lation density in these areas, with the exception of the month 
of December. Globally, both absolute population size29 and pop-
ulation density - more precisely in Japan30, Italy and Iran31 - 
have been found to be related to higher prevalence rates of the 
disease. This correlation can be interpreted from at least two 
points of view: greater movement of people in more populous 
cities and a more active testing policy in these municipalities. 
According to the evolution of the urban mobility index in the 
first half of 2020 in Paraíba, a reduction in social distancing was 
observed, justifying the considerable increase in cases during 
this period23. 

A relationship has been reported between low socioeconomic 
status and higher rates of the disease worldwide32, possibly 
due to the influence of factors such as adequate sanitary 
facilities, hygiene practices and the mass distribution of alco-
hol to the poor for hand hygiene. This research also set out 
to study a possible relationship between reported COVID-19 
cases and per capita household income in the municipalities 
of Paraíba. This data can be verified from the Continuous 
National Household Sample Survey (PNAD Contínua)33, which 
tracks short-, medium- and long-term fluctuations in the labor 
force and other data necessary for understanding the nation’s 
socioeconomic development. The results obtained here show 
that some months showed a statistically significant correla-
tion for the DPRK variable. Thus, for the months in which the 
correlation was significant, the higher the per capita house-
hold income in the municipality, the higher the infection inci-
dence rate - data confirmed by the correlation coefficient. 
This information may be related to the fact that cities with a 
greater number of families belonging to the higher strata of 
the DPRK tend to have a more active diagnostic testing cul-
ture. On the other hand, it should be noted that the PNAD’s 
methodological design only considers permanent households, 

disregarding those families living on the margins of society, 
which can lead to confusion bias.

In parallel, the behavior of the variable related to the MHDI was 
quite similar to the previous one. At the start of the pandemic, 
cities with higher development indices reported more cases of 
the coronavirus and most of them were related to people with a 
recent history of traveling abroad22. The study by Maciel et al.19 

also found a correlation between the incidence of COVID-19 
and the MHDI, corroborating the present data. Explanatorily, it 
is possible to establish a link between a high MHDI and greater 
movement of people, which leads to a greater likelihood of 
infection. On the other hand, lower levels of MHDI expose social 
vulnerability and the difficulty of accessing health services. In 
the context of the pandemic, the testing of this population has 
been weakened34 and this has influenced the possible distortion 
of epidemiological data. 

As the organizer of care, Primary Health Care (PHC) plays a 
crucial role in mitigating the pandemic in Brazil by providing 
care and guidance at first contact with the user, comprehensive 
and longitudinal care, as well as family guidance35. Although 
primary care coverage showed no statistically significant cor-
relation over the months studied, with the exception of March, 
it is possible to observe an inversely proportional relationship 
between the number of primary care teams and COVID-19 noti-
fications, based on the correlation coefficient. This data draws 
attention to the potential of PHC to control the spread of new 
cases. An ecological study carried out in Santa Catarina36, when 
assessing the influence of primary care coverage in municipal-
ities, found that those with greater PHC coverage had greater 
potential for lower lethality rates. 

According to the IBGE, illiteracy refers to people over the age 
of 15 who are unable to articulate reading and writing, even in 
short texts. However, understanding illiteracy must go beyond 
reading and writing. It must be linked to an understanding of the 
socio-economic and political dimensions, as well as an under-
standing of elementary content aimed at self-care in health. 
Most of the data analyzed for this variable was not significant. 
Even so, these results are unprecedented in establishing a cer-
tain correlation with incident cases of SARS-CoV-2. Aspects 
such as culture and religion must be taken into account in 
this process, since adherence to hygiene measures established 
by the health authorities is seen as a challenge for most of  
this public.

With regard to the spatial analysis of the Moran index, areas 
with a strong positive correlation were found, with a High-
High pattern, i.e. a given location with high detection rates 
and its neighbors showing similarly high numbers. In the first 
few months, this spatial pattern was observed around the state 
capital. As time progressed, these areas gradually migrated to 
the interior regions. The studies by Maciel et al.19 and Pedrosa 
and Albuquerque25 corroborated our results, finding a High-High 
spatial pattern for the capital of Ceará. The great mobility of 
people, the dependence and strong socio-economic relations 
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that the cities in the interior establish with the capital37, as 
well as the intense intra-state road flow, may be plausible justi-
fications for the migration of this dynamic towards the mesore-
gions in the interior. Another important finding is the absence 
of Low-Low clusters, revealing a worrying distribution of cases 
in the state.

This study has limitations that should be considered. The first 
of these is the ecological fallacy, inherent to the type of study 
developed using this methodology, from which difficulties 
arise in establishing causal relationships based on individuals 
belonging to groups that are quite heterogeneous in terms of 
exposure38. In other words, an association observed between 
aggregates does not necessarily express the same condition 
at the level of individuals. Furthermore, testing and, conse-
quently, notification are related to symptomatic cases, leaving 
an important information gap regarding the number of asymp-
tomatic people in circulation.

On the other hand, this type of content has great potential 
to provide consistent data for planning actions to combat the 
spread of the new coronavirus, as well as predictive modeling 
for appropriate decision-making and public policy construction. 
Furthermore, the study has considerable internal validity, since 
the data is representative for urban agglomerations, but caution 
is needed when analyzing incidence rates due to underreporting. 

Even though these data refer to 2020, their magnitude is val-

idated by the need for in-depth analysis on an ongoing basis - 

including the adoption of georeferencing methodologies - pre-

cisely because it can be seen that the epidemiological behavior 

of cases is constantly fluctuating. 

CONCLUSIONS

The spatial analysis carried out, refined with the use of area 

data techniques, was able to considerably improve the under-

standing of spatial patterns and behavioral dynamics regarding 

the COVID-19 incidence rate, since a special positive autocor-

relation was observed for some months in 2020 in Paraíba. The 

study made it possible to verify, through descriptive maps, 

which areas had the highest rates of notification of the dis-

ease. Some cities, therefore, had high incidence rates and, 

in addition, showed the potential to influence the increase in 

incidence in neighboring localities, a fact that should be taken 

into account when planning multi-professional strategies. It is 

worth noting the influence of some sociodemographic variables 

on the incidence rate, especially demographic density, MHDI 

and per capita household income. It is therefore necessary to 

structure permanent health promotion strategies that focus on 

prevention and self-care.
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