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Abstract
Objective: To compare covid-19 positivity and mortality rates and contex-
tual factors across municipalities in a metropolitan area of Recife between 
2020 and 2021. Methods: This ecological study examined covid-19 posi-
tivity (measured by reverse transcription polymerase chain reaction test) 
and mortality rates. Epidemiological data were extracted from the DataSUS 
system, while socioeconomic data were obtained from IBGE and the Per-
nambuco State Health Department databases, covering March 2020 to De-
cember 2020. Data were analyzed using Spearman’s correlation test and 
considering a 5% significance level. Results: Severe covid-19 cases were 
positively correlated with high household income per capita (U = 0.832; p < 
0.001) but inversely correlated with illiteracy (U = -0.879, p < 0.001) rates. 
Conclusion: Contextual factors were correlated with increased covid-19 
positivity and mortality rates during the study period.
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INTRODUCTION

The covid-19 pandemic has exacerbated global social inequalities. In Brazil, the health 
crisis and government inaction worsened consequences of the pandemic¹-4. 

Masks, social distancing, hand hygiene, and early testing for covid-19 detection were 
among the diverse effective measures used to control the pandemic. Testing was particularly im-
portant for isolating infected individuals in the absence of an effective vaccine5,6. 

Some countries massively tested their population. For instance, Germany performed 
37,584 tests per million inhabitants early in the pandemic, representing a benchmark for combat-
ing covid-19, and this approach underscored the relevance of expanding the testing capacity for 
covid-19 to control the pandemic. The challenges and effectiveness of mass testing as a control 
strategy have been extensively debated globally7,8. 

On the other hand, Brazil faced a shortage of tests, which were almost exclusively limited 
to severe cases, leading to expressive underreporting. This scenario led to inaccurate assess-
ments of the actual conditions of the pandemic, hindering effective disease control and manage-
ment of severe cases9.

A total of 222,166 positive cases and 9,654 deaths related to covid-19 were reported in 
Pernambuco state (Brazil) until December 31, 20209,10. Therefore, this study aimed to compare 
the covid-19 positivity and mortality rates and contextual factors across the metropolitan area of 
Recife in Pernambuco between March 2020 and December 2021.

Goes PPR, Torban P, Cavalcanti PHLC, Goes PSA

Resumo

Objetivo: Comparar as taxas de diagnóstico positivo e de óbitos para covid-19 entre os mu-
nicípios da Região Metropolitana do Recife em função de fatores contextuais, no período de 
2020-2021. Métodos: Um estudo ecológico para o qual foram utilizados dados da positividade 
na testagem com RT-PCR (transcrição reversa seguida de reação em cadeia da polimerase) 
e de óbitos para covid-19. Os dados utilizados foram obtidos a partir dos registros do sistema 
DataSUS; os dados relativos aos contextos dos municípios foram obtidos na página do IBGE e 
da Secretaria de Saúde do Estado de Pernambuco no período de março de 2020 a dezembro 
de 2020. Foram realizadas análises descritivas e analíticas utilizando teste de correlação de 
Spearman. Para todas as análises, foi utilizado o nível de significância de 5%. Resultados: Em 
relação a casos graves, a maior renda domiciliar per capita (U = 0,832; P < 0,001); e inversa-
mente correlacionado a taxa de analfabetismo (U = -0,879, P < 0,001). Conclusão: Os fatores 
contextuais estiveram correlacionados à maior taxa de positividade e óbitos pela C-19 no período 
investigado.  
Palavras-chave: Covid-19; Epidemiologia social; Pandemia; Teste covid-19
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METHODS

This ecological study employed an epidemiological approach, which includes aggregated 
or spatial correlation studies within population groups rather than individuals. Ecological studies 
focus on describing and analyzing the average exposure, prevalence, or disease rates (isolated 
or combined) within geopolitical units or groups of interest11. This study considered the covid-19 
positivity rate within the metropolitan area of Recife (Pernambuco, Brazil).

Covid-19 positivity rates, based on reverse transcription polymerase chain reaction test, 
were obtained from the Pernambuco State Health Department database. Mortality rates were 
extracted from the Mortality Information System available on DataSUS. Contextual data from 
municipalities between March and December 2020 were obtained from the IBGE database. Data 
were collected from 15 municipalities in the metropolitan area of Recife: Abreu e Lima, Araçoiaba, 
Cabo de Santo Agostinho, Camaragibe, Goiana, Igarassu, Ilha de Itamaracá, Ipojuca, Itapissu-
ma, Jaboatão dos Guararapes, Moreno, Olinda, Paulista, Recife, and São Lourenço da Mata.

Data were organized in Microsoft Excel spreadsheets. Dependent variables included the 
number of mild and severe covid-19 cases; the latter referred to cases that required hospitaliza-
tion and resulted in death due to covid-19. The explanatory variables consisted of the population 
size of municipalities, gross domestic product per capita, percentage of households without basic 
sanitation, percentage of Family Health Strategy coverage, illiteracy rate, average household in-
come per capita, and unemployment rate.

Data were analyzed using descriptive and analytical statistics. For the former, central ten-
dency and dispersion measures were used, whereas the latter was calculated using Spearman’s 
correlation coefficient, considering the non-normal distribution of data. All analyses were per-
formed considering a 5% significance level. Correlation tests are suitable for ecological studies 
with clustered units of analysis, especially when no specific hypothesis testing is required. Ap-
proval by the research ethics committee was not needed because only public and secondary data 
were used according to the guidelines and standards for research involving human beings stated 
in the resolution 466/12 of the Brazilian National Health Council (National Health Council, 2012).

RESULTS

Data on covid-19 positivity rates are shown in Tables 1, 2, and 3. A correlation was found 
between the population size of municipalities and the outcomes investigated: larger populations 
were associated with positivity and mortality rates. However, no correlation was observed involv-
ing municipal gross domestic product. Severe cases were positively correlated with a low percent-
age of areas without sanitation (U = 0.643, p = 0.010) and high household income per capita (U 
= 0.832, p = 0.001). Severe cases were also inversely correlated with illiteracy rates (U = -0.879, 
p = 0.001) (Table 1).

Comparison of covid-19 positivity rates
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Table 1. Correlations between positivity rates of severe cases and 
contextual factors in a metropolitan area of northeast Brazil. 
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Population 1 - - - - - - -

GDP per capita 
U = 0.225 
p = 0.420

N = 15
1 - - - - - -

Area without 
basic sanitation

U = 0.707 
p = 0.003 

N = 15

U = 0.189 
p = 0.499 

N = 15
1 - - - - -

Family Health 
Strategy 
coverage

U = -0.209 
p = 0.455 

N = 15

U = -0.357 
p = 0.192 

N = 15

U = -0.256 
p = 0.357 

N = 15
1 - - - -

Illiteracy rate
U = -0.882
p = 0.001 

N = 15

U = -0.175
 p = 0.533 

N = 15

U = -0.643
 p = 0.010

 N = 15

U = -0.153 
p = 0.586

N = 15
1 - - -

Average 
household 
income per 

capita  

U = 0.843
p = 0.001

N = 15

U = 0.411 
p = 0.128 

N = 15

U = 0.611
p = 0.016

N = 15

U = -0.497
p = 0.059

N = 15

U = -0.771
p = 0.001 

N = 15
1 - -

Unemployment 
rate

U = -0.482
p = 0.069

N = 15

U = -0.418
p = 0.121

N = 15

U = -0.314
p = 0.254

N = 15

U = 0.249
p = 0.372

N = 15

U = 0.482
p = 0.069

N = 15

U = -0.543
p = 0.037

N = 15
1 -

Severe cases
U = 0.982
p = 0.001

N = 15

U = 0.168
p = 0.550 

N = 15

U = 0.643
 p = 0.010 

N = 15

U = -0.196
p = 0.483

N = 15

U = -0.879
p = 0.001

N = 15

U = 0.832
p = 0.001

N = 15

U = -0.475
p = 0.074 

N = 15
1

GDP: Gross domestic product; U: Spearman’s correlation 
coefficient; p: p-value; N: number of municipalities.

Similarly, mild cases were positively correlated with low basic sanitation (U = 0.589, p < 
0.021) and high average household income per capita (U = 0.893, p < 0.001). Moreover, mild 
cases were inversely correlated with illiteracy rate (U = -0.786, P < 0.001) and unemployment rate 
(U = -0.550, p = 0.034) (Table 2).
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Table 2. Correlations between positivity rates of mild cases and con-
textual factors in a metropolitan area of northeast Brazil. 

Variables
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Population 1 - - - - - - -

GDP per capita 
U = 0.225
p = 0.420

N = 15
1 - - - - - -

Area without 
basic sanitation

U = 0.707
p = 0.003

N = 15

U = 0.189
p = 0.499

N = 15
1 - - - - -

Family Health 
Strategy 
coverage

U = -0.209
p = 0.455

N = 15

U = -0.357
p = 0.192

N = 15

U = -0.256
p = 0.357

N = 15
1 - - - -

Illiteracy rate
U = -0.882
p = 0.001

N = 15

U = - 0.175
p = 0.533

N = 15

U = -0.643
p = 0.010

N = 15

U = -0.153
p = 0.586

N = 15
1 - - -

Average 
household 
income per 

capita

U = 0.843
p = 0.001

N = 15

U = 0.411
p = 0.128

N = 15

U = 0.611
p = 0.016

N = 15

U = -0.497
p = 0.059

N = 15

U = -0.771
p = 0.001

N = 15
1 - -

Unemployment 
rate

U = -0.482
p = 0.069

N = 15

U = -0.418
p = 0.121

N = 15

U = -0.314
p = 0.254

N = 15

U = 0.249
p = 0.372

N = 15

U = 0.482
p = 0.069

N = 15

U = -0.543
p = 0.037

N = 15
1 -

Mild cases
U = 0.918
p = 0.001

N = 15

U = 0.257
p = 0.355

N = 15

U = 0.589
p = 0.021

N = 15

U = -0.342
p = 0.212

N = 15

U = -0.786
p = 0.001

N = 15

U = 0.893
p = 0.001

N = 15

U = -0.550
p = 0.034

N = 15
1

GDP: Gross domestic product; U: Spearman’s correlation 
coefficient; p: p-value; N: number of municipalities.

Mortality rate was correlated with a high average household income per capita (U = 0.804, 
p < 0.001) but inversely correlated with illiteracy rate (U = -0.840, p < 0.001) (Table 3).

Comparison of covid-19 positivity rates
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Table 3. Correlations between the number of covid-19 deaths and 
contextual factors in a metropolitan area of northeast Brazil.

Variables
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Population 1 - - - - - - -

GDP per capita 
U = 0.225
p = 0.420

N = 15
1 - - - - - -

Area without 
basic sanitation

U = 0.707
p = 0.003

N = 15

U = 0.189
p = 0.499

N = 15
1 - - - - -

Family Health 
Strategy 
coverage

U = -0.209
p = 0.455

N = 15

U = -0.357
p = 0.192

N = 15

U = -0.256
p = 0.357

N = 15
1 - - - -

Illiteracy rate
U = -0.882
p = 0.001

N = 15

U = -0.175
p = 0.533

N = 15

U = -0.643
p = 0.010

N = 15

U = -0.153
p = 0.586

N = 15
1 - - -

Average 
household 
income per 

capita

U = 0.843
p = 0.001

N = 15

U = 0.411
p = 0.128

N = 15

U = 0.611
p = 0.016

N = 15

U = -0.497
p = 0.059

N = 15

U = -0.771
p = 0.001

N = 15
1 - -

Unemployment 
rate

U = -0.482
p = 0.069

N = 15

U = -0.418
p = 0.121

N = 15

U = -0.314
p = 0.254

N = 15

U = 0.249
p = 0.372

N = 15

U = 0.482
p = 0.069

N = 15

U = -0.543
p = 0.037

N = 15
1 -

Mortality rate
U = 0.850
p = 0.001

N = 15

U = 0.250
p = 0.369

N = 15

U = 0.621
p = 0.013

N = 15

U = -0.097
p = 0.730

N = 15

U = -0.750
p = 0.001

N = 15

U = 0.607
p = 0.016

N = 15

U= -0.600
p = 0.018

N = 15
1

GDP: Gross domestic product; U: Spearman’s correlation 
coefficient; p: p-value; N: number of municipalities.

DISCUSSION

This study provided an overview of the covid-19 pandemic onset in the metropolitan area 
of Recife during the period evaluated and showed that covid-19 positivity and mortality rates were 
associated with contextual factors. The results showed positive correlations with more favorable 
socioeconomic conditions, such as improved sanitation, high average household income per cap-
ita, low unemployment, and low illiteracy rate. In contrast, the mortality rate was associated with 
a high illiteracy rate.

Goes PPR, Torban P, Cavalcanti PHLC, Goes PSA
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We hypothesized that covid-19 testing during the study period (March 2020 to December 
2021) was more prevalent in areas with higher purchasing power, private initiatives, and limited 
availability of public health services; thus, potentially skewing the analysis.

The number of mild and severe cases was correlated with areas of high purchasing power. 
A similar finding in a study conducted in the United States described an association between high 
household income and elevated positivity rates12. In this case, the widespread availability of rapid 
and accurate tests is essential for effective covid-19 control and should not be restricted to certain 
segments of society.

Sanitation was identified as an important variable in establishing social inequalities, includ-
ing in populations of large cities, given the correlations found between the absolute number of 
deaths and population size and between low sanitation and all outcomes studied. Approximately 
988,844 households in the metropolitan area of Recife have sanitation (518,090 in Recife and 
470,794 in other municipalities of the region).

Studies in the Brazilian context showed that the poorest population segments were more 
severely affected by the covid-19 pandemic, evidenced by the highest mortality rates13,14. This 
corroborates the findings indicating that municipalities with higher illiteracy rates experienced 
more deaths due to covid-19 and reflects a hallmark of social inequalities. Furthermore, testing 
was limited during the study period, especially in more illiterate segments. 

The typical limitations of ecological studies must be considered in the present findings; 
thus, cause-and-effect relationships between exposure and disease cannot be established. Nev-
ertheless, ecological studies have been efficient in analyzing issues related to covid-1915.

CONCLUSION

The increased positivity rate was associated with contextual factors in more developed 
areas, potentially leading to the misinterpretation that these areas were more affected by the 
covid-19 pandemic. However, testing was limited in public health services at the onset of the 
pandemic. In addition, despite the high positivity rate in affluent areas, the highest mortality rates 
occurred in less affluent areas. The Brazilian Unified Health System was overwhelmed due to lack 
of resources and required the establishment of partnerships to expand testing capacity. Thus, ed-
ucational and research institutions played central roles in producing tests to combat the covid-19 
pandemic.
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