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Abstract

This study aimed to analyze, through the spatial and temporal patterns, the effect of the COVID-19 pandemic in the
detection of new cases of tuberculosis in Brazil. This is an ecological study, which adopted the average rate of detection
of new cases of tuberculosis in the pre-pandemic (2016 to 2019) and pandemic (2020) periods. The spatial analysis was
calculated using the percent variation of detection in Brazilian regions and states and the risk ratio between smoother
detection rates through the local Bayesian empirical method for municipalities. The temporal trend analysis was performed
through Joinpoint regression, with the month of detection as the unit of analysis. A reduction of the tuberculosis
detection rate was observed in all Brazilian regions and in 81.5% of states. Approximately 60.0% of municipalities
showed stabilization or a decrease in detection rates. Time analysis revealed that all regions had, since 2016, a trend of
increased case detection and that, especially in the first half of 2020, a strong decreasing rate was identified. Changing
the organization of healthcare services imposed by pandemic may have influenced the under-reporting of cases and
consequent reduction of tuberculosis detection rates.
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INTRODUCTION

Tuberculosis is a transmissible infectious loss, chest pain, fever, and asthenia, which

disease caused by mycobacterium tubercu-
losis bacillus, propagated when people in-
fected expel the bacillus through the air, by
coughing or sneezing. It is a disease of chro-
nic evolution that hits the lungs but can also
affect other places. Most infected people do
not show symptoms of the disease, but when
the individual develops some fragility of the
immune system or is malnourished, there is
a manifestation of persistent cough, sputum
or presence of blood when coughing, weight

may evolve to death if not treated’. Tubercu-
losis is curable and avoidable, and treatment
is essential to reduce the transmission of the
disease in the community'.

In 2019 it was estimated that ten million
people got sick by tuberculosis worldwide
and that 1.2 million died from the disease?.
Brazil is among the 30 countries with the
highest load of the disease and in 2020 re-
corded 66,819 new cases, which represents
a detection rate of 31.6 cases per 100,000

Mundo Saiide. 2023,47:e13912022

< 2l

1220Z16€13L7€202°608L4010/EVEGL 0L 100


https://orcid.org/0000-0001-6169-8965
https://orcid.org/0000-0001-5747-1995
https://orcid.org/0000-0002-7965-0860
http://orcid.org/0000-0003-2337-9925

DOI: 10.15343/0104-7809.202347e139120221

REVISTA

O MUNDO DA
SAUDE

inhabitants®. In order to influence this magni-
tude, the World Health Organization (WHO)
approved, in the World Health Assembly of
2014, the END TB strategy, which proposes
a radical change of the paradigm in the fight
against tuberculosis, with the aim of elimina-
ting the disease as a Public Health problem
by reducing cases by 90% and reduce dea-
ths by 95% by 2035, compared to 2015, also
eliminating the economic impact for families
affected by the disease®.

Although a series of efforts were unde-
rway, with goals to control this endemic, the
COVID-19 pandemic influenced epidemio-
logical behavior of numerous diseases. The
overload of healthcare systems has interfe-
red strongly in the prevention, control, and
monitoring actions of tuberculosis. In Brazil,
the National Tuberculosis Control Program
(NTCP) identified the reduction in the total
notifications of the disease at the three le-
vels of healthcare and a reduction in the use
of rapid test cartridges for tuberculosis com-
pared to 2019%. Economic impacts from the

METHODOLOGY

This is an ecological, descriptive, retros-
pective, quantitative study that used data
on the distribution of new cases of tuber-
culosis in the 5,570 Brazilian municipalities
among the pre-pandemic (2016 to 2019)
and pandemic (2020) periods. As a data
source, the National Tuberculosis Database
of the National Disease Notification System
was used. Population data were obtained
by the population estimates of the Brazilian
Institute of Geography and Statistics (IBGE)
regarding the study analysis period. For Bra-
zilian regions and their respective states,
tuberculosis detection rates (new cases of
TB / 100,000 inhabitants) were calculated
in the pre-pandemic and pandemic periods.

pandemic also interfered with important in-
dicators, because with the increase in unem-
ployment and accentuation of poverty and
social inequality, factors such as malnutrition
and difficult access to healthcare services
accentuate the propagation of tuberculosis
and its aggravation?.

Time and spatial series analyses can
contribute to the management of health
policies by assisting in the identification
of health demands and services in a given
geographical space, activity planning, and
evaluation of healthcare services®. Histori-
cally, tuberculosis has been analyzed main-
ly in the spatial context, but considering the
changes in the organization of healthcare
services imposed during the pandemic pe-
riod, it is necessary to carry out spatial time
studies that can signal possible behavioral
changes in the occurrence of the disease.
Thus, this article aimed to analyze, through
the spatial and temporal pattern, the effect
of COVID-19 pandemic on the detection of
new cases of tuberculosis in Brazil.

Subsequently, the percentage variation of
the detection rate was calculated by the
difference between the average detection
rates in the pandemic and pre-pandemic pe-
riods divided by the pre-pandemic average
detection rate multiplied by 100.

Time series analysis was performed
through Joinpoint Regression, capable of
identifying significant trends or moments
when a significant change in a trend occurs
over time. As described by Goncgalves®, this
model tests if a temporal line with multiple
segments is statistically suitable to describe
the temporal evolution of data compared to
a line with fewer segments or is straight. The
regression model allows you to identify not
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only the trend of a stationary, increasing,
or decreasing indicator, but also points to
where there is a modification in this trend,
as well as its variation®.

The calculation of monthly change of
detection rates in the study period accor-
ding to the English Monthly Percent Change
(MPC) was used, starting from the regres-
sion model for inflection points. MPC analy-
sis uses inflection points according to an al-
gorithm that tests if one line is significantly
different than another and can be straight
or with fewer segments.

To this end, the Joinpoint Regression
Program Statistical Program version 4.9.0.1
(2022) according to Kim et al. (2000) was
used’. The trends were considered statio-
nary when the P value > 0.05 and increasing
or decreasing when the variation was posi-
tive or negative, respectively, and P <0.05.
A maximum of three inflection points were
considered in the analysis for the periods
and the best models were eligible through
Bayesian Information Criterion (BIC).

Regarding spatial standards, considering
the municipal scale analysis, it is known that
brute detection rates with small populations
may be influenced by random fluctuations

RESULTS

In Brazil, in the pre-pandemic period analy-
zed, an annual average of 92,089 new cases
of tuberculosis were reported, representing a
detection rate of 44.2 new cases / 100,000
inhabitants. By 2020, a reduction in detected
cases (n = 86.166) was observed and con-
sequently the detection (40.7 new cases/
100,000 inhabitants).

The reduction in the detection rate was
perceived in all Brazilian macroregions, ran-
ging from 2.1% in the northern region to
10.6% in the northeastern region (Table 1).

due to small numbers. Gross rates may be
equal to zero, which does not mean that
there is no associated risk, but rather of os-
cillations of a temporal window that was
not long enough®. The small denominator
can also generate a large variability in esti-
mates. To overcome these methodological
limitations, the local empirical Bayesian esti-
mator was adopted, useful for mitigating es-
timates of calculated coefficients for small
(or underreported) geographical areas, eli-
minating random fluctuations not associa-
ted with risk®.

Finally, the spatial dynamics of new cases
of tuberculosis during the pandemic was
presented by calculating the risk ratio (RR)
between the detection rates in the previous
period and during the pandemic, based on
Bayesian detection rates for the municipali-
ties. The software used were TerraView 4.2,
QGIS 2.18, and spreadsheets. The cartogra-
phic foundation of Brazil, according to each
municipality, was made available by IBGE.

This study used data from secondary pu-
blic domains in which the identification of
individuals is not possible; therefore, the au-
thorization of the Research Ethics Commit-
tee was waived.

The southern region stands out for its de-
creased detection rates in all its states, and
Santa Catarina was the state with the highest
percent variation with a decreasing tendency
(-26.6%) (Table 1).

Even during the pandemic, the country
presented, in more than 25% of its municipa-
lities, a detection rate of 25 cases/ 100 thou-
sand inhabitants (Figure 1b). However, appro-
ximately 60% of Brazilian municipalities (n =
3,290) had stabilized trends or a decrease in
tuberculosis detection rates. It is noteworthy
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that the decline in detections was identified in
2,051 municipalities (36.9%) (Figure 1c).

The temporal trend analysis through Join-
tpoint regression revealed that Brazil presen-
ted, from January 2016 until the beginning
of 2020, a significant trend of increased de-
tection of new tuberculosis cases (Table 2).
Similar behavior was observed in all Brazilian
regions, with the exception of the northern
and southern regions, which, as early as Au-

Table 1 - Detection rate (DR) of tuberculosis and
residence. Brazil, 2016 to 2020.

gust and October 2019, respectively, began a
decreasing tendency that remained until De-
cember 2020 (Table 2).

It is possible to observe, during the pan-
demic period analyzed, that the Northeast,
Midwest, and Southeast regions suffered an
abrupt decrease in detections during the first
half of 2020 and then a subsequent increa-
sing trend, which was significant only in the
northeastern region (Table 2).

percent variation, according to region and state of

Average DR

Region/State (2016 to 2019) DR 2020 Variation (%)

Northern region 57.6 56.4 -2.1
Rondonia 425 33.6 -20.8
Acre 58.3 67.8 16.2
Amazonas 90.6 84.1 -7.2
Roraima 42.8 52.8 234

Para 55.9 56.6 1.2

Amapa 36.4 37.7 37
Tocantins 13.7 13.0 5.2
Northeastern region 426 38.1 -10.6
Maranhao 36.4 35.3 -3.1
Piaui 256 23.1 -10.0
Ceara 48.2 415 -13.9

Rio Grande do Norte 40.3 46,6 15.8
Paraiba 34.8 28.1 -19.3
Pernambuco 62.2 57.3 79
Alagoas 38.6 311 -19.5
Sergipe 40.1 375 6.3
Bahia 374 30.8 -17.5
Southeastern region 47.7 43.6 -8.6
Minas Gerais 19.9 18.7 -6.0
Espirito Santo 35.2 43.6 24.0
Rio de Janeiro 83.8 771 -8.0
Sao Paulo 48.0 425 -11.5
Southern region 39.0 35.9 8.0
Parana 22.6 225 -0.8
Santa Catarina 319 234 -26.6
Rio Grande do Sul 59.8 57.3 4.2
Midwestern region 27.2 25.0 -8.1
Mato Grosso do Sul 471 41.7 14
Mato Grosso 42.6 36.3 -14.8
Goias 16.7 15.4 -15
Distrito Federal 15.6 13.5 -13.6
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Figure 1 - Tuberculosis detection rate (cases/100 thousand inhabitants) according to city of residence, Brazil.
(A) 2016-2019 (B) 2020 (C) Risk Ratio.

Average DR TB Bayesian 2016-2019 DR TB Bayesian 2020
<10.0 (n=1,380) <10.0 (n=1,159)
10.0 - 14.9 (n=1,081) 10.0 - 14.9 (n=1,142)

I 15.0 - 24.9 (n=1,649) I 15.0 - 24.9 (n=1,727)

Il >=25.0 (n=1,454) Il >=25.0 (n=1,536)

Risk Ratio
<0.9 (n=2,051)
0.9- 1.1 (n=1,239)
B 1.2-1.9 (n=1,801)
Il >=2.0(n=472)

0 500 1000 1500 2000 km
N

Note: DR - Detection Rate. TB - Tuberculosis

Table 2 - Tuberculosis Detection Rate Trend, according to model Joinpoint. Brazil and Regions, 2016 to
2020.

1%t Trend 2" Trend 3 Trend

Region Period WPC  95%CI Period wPC 95%Cl Period WPC  95%Cl
North Jan/16  Augi9  05°  (0.3;0.8) Augl9 Decl20  -1.2*  (23;01) - -
Northeast Jan/16  Feb/20  0.2*  (0.1;0.4) Feb/20 May/20 -11.0 (-28.5;11.7) May/20 Dec/l20  4.0* (0.9;7.2)
Midwest Jan/16 Mar20  0.3*  (0.1;0.5) Mar20  Jun/20 -11.0 (-33.8;20.5) Jun/20  Decl20 43 (-1.0;9.8)
Southeast Jan/16  Jan/20  0.2*  (0.1;04) Jan/20 May/20 6.2 (-16.9;5.8) May/20 Dec/20 24 (-0.8;5.7)
South Jan/16  Oct19  0.3* (0.1;05) Oct19 Decl20  -20°  (-3.1;-09) -

Brazil Jan/16  Jan/20  0.3*  (0.1;04) Jan20 May/20 6.4 (-16.1;4.3) May/20 Dec/20 2.2 (-0.7;5.2)

Note: MPC: Monthly Percent Change ; 95% CI: 95% confidence interval; * P <0.05.
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DISCUSSION

The Pan American Health Organization es-
timates that non-pharmacological prevention
measures used in the COVID-19 pandemic
may have helped reduce the transmission of
other respiratory diseases'. The Stop TB Part-
nership suggests that social distancing and use
of face masks would be able to reduce 10% of
tuberculosis rates in countries with high disease
burden' 2. However, it is recognized that CO-
VID-19 pandemic has severely impacted social,
economic, and sanitary areas, especially com-
promising the performance of the healthcare
system in facing public health problems in the
country, including tuberculosis.

In this context, the reduction in the num-
ber of new cases of tuberculosis in Brazil, du-
ring the analyzed period, suggests a possible
underreporting of cases. One of the points to
be considered is that tuberculosis health ser-
vices have turned to meet COVID-19 needs,
impacting negatively on early diagnosis, tre-
ating new cases of tuberculosis, and, in me-
dium and long terms, in the increase of strains
resistant to medicines''*15,

In a period prior to the pandemic, it was al-
ready recognized that the advances in regional
policies focused on healthcare prioritized regio-
nal, intergovernmental negotiation strategies,
investment, planning, and expansion of the care

CONCLUSION

The present study demonstrated changes in
the temporal space patterns of tuberculosis over
the time of analysis, strongly impacted during the
COVID-19 pandemic. To minimize the COVID-19
pandemic’s effect on tuberculosis, effort and ar-
ticulation between different government levels,
educational institutions, and the population will
be required, as well as the encouragement for the
use of virtual and digital healthcare technologies
to support adhesion, early treatment, monitoring,
counseling, and follow-up of individuals.

network to face health inequalities. However,
limitations arising from the sectoral logic of po-
litics and the healthcare system were also alre-
ady occurring, as well as regional inequalities,
in which the reduction in the detection of new
cases of tuberculosis in the country were alrea-
dy influenced'®".

From the behavior observed in Brazil and
other countries, the WHO identified the stan-
dards of case detection, and performed esti-
mates considering increased mortality due
to the reduction of the detection rate'd. It is
estimated that by 2026 there would be an in-
crease of up to 20% in the number of deaths
from tuberculosis due to barriers in access to
diagnosis and proper care, building upon the
pandemic period™.

Itis suggestive that to achieve the global stra-
tegy goals for ending TB in the national territory
by 2035 was compromised due to the negative
effect of the pandemic on tuberculosis services,
represented here by reduced detection rates -
in addition to the heterogeneous form that this
trend was given. In addition, the NTCP presen-
ted a decrease in latent investigation of the di-
sease in asymptomatic adults and adolescents
in contact with individuals with active tubercu-
losis, which may lead to delays in the diagnosis
and treatment of new cases?.

Studies that investigate the relationship be-
tween epidemiological indicators of tuberculo-
sis and social determinants in the pandemic and
post-pandemic scenario should be encouraged.
These analyses can support the implementation
of strategies that strengthen the adoption of
social protection measures, specifically in mu-
nicipalities with greater reductions in detection
and/or those with worsening performance indi-
cators combined with low economic develop-
ment and social inequality.
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