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Abstract 

Background Tuberculosis is one of the most significant infectious diseases for global public health. The reallocation 
of healthcare resources and the restrictions imposed by the COVID-19 pandemic have hindered access to TB diag-
nosis and treatment. Increases in unfavorable outcomes of the disease have been observed in Brazil. The objective 
of this study was to analyze the spatial distribution of unfavorable TB treatment outcomes in Brazil before and during 
the pandemic.

Methods An ecological study with spatial analysis was conducted with all 5569 municipalities in Brazil. All reported 
cases of tuberculosis between January 2010 and December 2021, as well as reported cases of COVID-19 from Febru-
ary 2020 to December 2021, were included. The outcomes studied encompass loss to follow-up, drug-resistant tuber-
culosis, and death. The Getis Ord GI* technique was employed to assess spatial association, and the Kernel density 
estimator was used to identify areas with concentrated increases or decreases in outcomes. Bivariate Local Moran’s I 
was used to examine the spatial association between outcomes and COVID-19 incidence. The study was approved 
by the Research Ethics Committee of Ribeirão Preto Nursing School, University of São Paulo.

Results There were 134,394 cases of loss to follow-up, 10,270 cases of drug resistance, and 37,863 deaths. Clusters 
of high and low values were identified for all three outcomes, indicating significant changes in the spatial distribu-
tion patterns. Increases in concentrations were observed for lost to follow-up cases in the Southeast, while reductions 
occurred in the Northeast, South, and Midwest. Drug-resistant tuberculosis experienced an increase in the Southern 
and Southeastern regions and a decrease in the Northeast and South. TB-related deaths showed notable concentra-
tions in the Midwest, Northeast, South, and Southeast. There was an increase in high occurrence clusters for deaths 
after 2020 and 2021 in the Northeast.
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Background
Tuberculosis (TB) is one of the most significant infec-
tious diseases for global public health, and until the 
emergence of COVID-19, it was the infectious disease 
responsible for the highest number of deaths annually 
worldwide [1]. According to estimates from the Stop 
TB Partnership, the COVID-19 pandemic could lead 
to an increase of 6.3 million cases and 1.4 million TB-
related deaths between 2020 and 2025, considering the 
30 countries with the highest burden of the disease [2].

The reallocation of human, material, and financial 
resources within healthcare services, as well as mobil-
ity restrictions, fear of contracting COVID-19, and the 
socioeconomic impact of the pandemic, have created 
barriers to accessing TB diagnosis. This has hindered 
programmatic efforts for active case finding of respira-
tory symptoms and contact tracing, as well as the mon-
itoring and adherence to treatment [3–5].

It is estimated that in 2021, there were 10.6 million 
new cases of TB worldwide. This represents an increase 
compared to 2019, when there were 10 million new 
cases. For TB-related deaths, the number rose from 1.2 
million in 2019 to 1.4 million in 2021 [1].

Brazil is ranked as one of the 30 countries with the 
highest TB burden in the world, with an incidence of 
36.3 cases per 100,000 inhabitants and a mortality rate 
of 2.3 deaths per 100,000 inhabitants in 2022. Before 
the pandemic, the proportion of loss to follow-up 
(LTFU) as a treatment outcome among new cases was 
12.6%, rising to 14% in 2021 [6].

On the other hand, the proportion of cases with cure 
outcome declined sharply, dropping from 73.8% in 2019 
to 66.5% in 2021 [drastically below the 85% threshold 
set by the World Health Organization (WHO)]. For 
drug-resistant tuberculosis (DR-TB) cases, there was a 
decrease in detection in the first year of the pandemic, 
followed by an increase in the two subsequent years, 
reaching 1104 cases, the highest since 2015 [6] which 
may be a reflection of the increased LTFU.

In this regard, the impact on services providing assis-
tance to people with TB has been reflected in case 
detection and resulted in more catastrophic treat-
ment outcomes, compromising the progress made 
in the last decade in the fight against TB and hinder-
ing the achievement of the Global Strategy to End 

Tuberculosis, which aims to reduce deaths by 95% and 
incidence by 90% by 2035 [1, 7].

The End TB Strategy is part of the global efforts 
to control TB and is aligned with the third Sustain-
able Development Goal (SDG), which includes target 3, 
establishing the end of the global TB epidemic by 2030 
as part of the goal to ensure a healthy life and promote 
well-being for all, at all ages [1, 7].

In Brazil, TB has a heterogeneous distribution, where 
the uneven occurrence of treatment outcomes is often 
associated with socioeconomic disparities, differences 
in access and quality of healthcare services, and varying 
population densities among the country’s regions [8–11].

Such factors have been investigated using geoprocess-
ing techniques, which enable the identification of prior-
ity areas for disease control, as well as the examination 
of the interaction of these factors at an ecological level 
through tools for spatial association analysis and point 
density estimation [12–14].

However, the impact of the COVID-19 pandemic on 
TB rates may have altered the spatial distribution pat-
tern of the disease, considering the vast dimensions 
of the country, its diverse regional realities, and the 
increase in unfavorable outcomes. In the literature, 
there are few studies [15, 16] on unfavorable treatment 
outcomes, especially in the post-pandemic period. 
Generally, studies in Brazil have conducted analyses by 
region or territories, but not at the national level. While 
there have been many discussions about the detrimen-
tal effects of COVID-19 on TB morbidity and mortal-
ity, there is a need for more sensitive investigations to 
assess the before and after effects of the pandemic.

An analysis from a territorial perspective allows the 
observation of the varying barriers that individuals with 
TB encounter throughout their health-disease process, 
such as difficulties in promptly obtaining a diagnosis, 
access to medication, and/or inadequate adherence to 
treatment (whether it is due to user-related healthcare 
service issues, the need for dignified and humane treat-
ment, a user-centered approach, or social stigma) [17].

Thus, the aim of this study was to analyze the spatial 
distribution of unfavorable TB treatment outcomes in 
Brazil before and during the COVID-19 pandemic, as 
well as to examine the spatial association between these 
outcomes and the incidence of COVID-19.

Conclusions The pandemic has brought additional challenges, emphasizing the importance of enhancing efforts 
and disease control strategies, prioritizing early identification, treatment adherence, and follow-up. This commitment 
is vital for achieving the goal of tuberculosis elimination.

Keywords Tuberculosis, COVID-19, Spatial analysis, Ecological studies
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Methods
Study design and location
This is an ecological study [18], utilizing spatial analy-
sis techniques, conducted in all 5569 municipalities of 
Brazil.

Brazil is the largest country in South America in terms 
of territory, with an approximate land area of 855,767 
square kilometers, divided into five macroregions: North, 
Northeast, Midwest, South, and Southeast (Fig. 1). It has 
an estimated population of 207 million people [19].

Population, information sources and selection criteria
The population consisted of TB cases reported between 
January 2010 and December 2021, as well as all COVID-
19 cases reported between February 2020 and December 
2021 in Brazil. The unfavorable outcomes considered 
were: LTFU, DR-TB, and death.

The treatment outcomes were based on definitions 
provided by the Brazilian Ministry of Health definitions. 
LTFU is when a patient used medication for 30 days or 
more and discontinued the treatment for 30 consecu-
tive days or more. In cases of directly observed treat-
ment (DOT), the 30-day period is counted from the last 
medication dose [6, 20]. Recently, the Brazilian Ministry 
of Health changed the terminology for this outcome, 
replacing “treatment abandonment” (“abandono de trata-
mento”) with “lost to follow-up” (“interrupção de trata-
mento” or “perda de seguimento”), which we will adopt 

here to align with the guidelines for using nonstigmatiz-
ing language [6, 21].

DR-TB is characterized by resistance to at least one of 
the first-line (most effective) medications used to treat 
the disease (usually isoniazid or rifampicin). It is impor-
tant to highlight that there are two ways that can lead to 
infection and illness from DR-TB: primary infection and 
acquired infection [1, 20].

Acquired resistance results from inadequate, incom-
plete treatments, with inappropriate drugs or dosage, 
resulting in Mycobacterium tuberculosis strains resist-
ant to first-line medications; while the primary infection 
occurs through the transmission and infection of a strain 
of M. tuberculosis that is already resistant to medications. 
When DR-TB is undiagnosed, untreated or mistreated, 
in addition to making new strain mutations susceptible, 
it increases the risk of exposure and new infections of 
already DR-TB [1, 20].

We emphasize that, for the present study, only cases 
that had DR-TB (acquired resistance) as a treatment out-
come were considered, that is, cases of primary resist-
ance were not considered.

Death resulting from tuberculosis is defined as occur-
ring when the disease is the underlying cause, meaning 
that TB is the condition initiating the chain of pathologi-
cal events that directly lead to death [20].

The TB data were obtained from the Department of 
Informatics of the Unified Health System (DATASUS), 
and the COVID-19 data were extracted from the Coro-
navirus Panel, both collected in March 2023. Data from 
2022 were not used, as it still shows significant incom-
pleteness due to undergoing verification process before 
being made available, which could potentially impact the 
quality of the presented results. Population data were 
sourced from the 2010 Census of the Brazilian Institute 
of Geography and Statistics (IBGE) [19].

Data analysis
First, annual incidence rates were calculated and then 
aggregated for the three time periods analyzed. The pre-
COVID-19 pandemic period was defined from Janu-
ary 2010 to December 2019, to examine the historical 
series of TB and its distribution pattern over time. The 
pandemic period was defined from February 2020 (when 
the first case of COVID-19 was recorded in Brazil) to 
December 2021.

To calculate the incidence rate, the annual number of 
TB cases was used as the numerator, and the population 
of each municipality as the denominator, multiplied by 
the constant 100,000. TB cases were stratified by out-
come, and the proportions of LTFU, DR-TB, and deaths 
were calculated for each Brazilian municipality, following 
the predefined periods. The numerator was the number Fig. 1 Map of the research location, Brazil
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of treatment outcomes, and the denominator was the 
total number of cases multiplied by the constant 100, to 
obtain the proportion of cases by outcome. The calcula-
tions were performed using Microsoft Office Home and 
Student 2019 software in Excel (Microsoft Corporation, 
Redmond, WA, U.S.A.).

Choropleth maps of the proportions by treatment 
outcome were created for both the pre-pandemic and 
pandemic period. This was done to examine spatial dis-
tribution and potential changes in spatial patterns due to 
the COVID-19 pandemic. The analysis was conducted 
using ArcGIS 10.8 software (ESRI, Redlands, California, 
U.S.A). The cartographic bases used were obtained from 
the collection provided by IBGE.

To assess spatial association, the Getis Ord GI* tech-
nique was employed using the previously calculated 
rates for the three evaluated outcomes. This was carried 
out through ArcGIS 10.8 software. Interpretation of this 
statistic is based on the Z-score and significance level 
(α) values. A positive Z-score with statistical evidence 
indicates a spatial clustering of higher event occurrence 
(hot spot), whereas a negative Z-score with statistical evi-
dence indicates a clustering of lower event occurrence 
(cold spot). Confidence levels of 90%, 95%, and 99% were 
adopted [22].

The Kernel density estimator was employed to iden-
tify areas with a concentration of increased or decreased 
rates for the evaluated outcomes. Through statistical 
smoothing, the estimator generates an intensity surface 
for visual detection of hotspots, indicating clustering in 
a spatial distribution on a continuous surface. The point 
distribution is transformed into a smoothed surface and 
presented as a continuous map, representing varying lev-
els of case intensity [23].

To apply the tool, a point shapefile was created, where 
each municipality in Brazil corresponded to a point on 
the map. Each point was assigned a weight calculated 
by the difference in rates between before the pandemic 
(2010–2019) and during the pandemic (2020–2021).

Finally, to assess the presence of spatial association 
between the analyzed outcomes and COVID-19 rates 
in the municipalities of Brazil, the technique known as 
Bivariate Local Moran was employed using GeoDa 1.20 
software (GeoDa Center for Spatial Data Science, The 
University of Chicago, Chicago, Illinois, U.S.A.).

The Local Bivariate Moran’s I measures the degree of 
association (positive or negative) between the value of 
the variable of interest in a specific region and another 
variable in the same region. This allows for the map-
ping of statistically significant values, generating a cho-
ropleth map according to their classification [24]. In this 
study, the spatial association between COVID-19 inci-
dence rates and the analyzed TB treatment outcomes, 

including LTFU, death, or the development of DR-TB, 
was investigated.

The classification can be as follows: High–High, Low–
Low, Low–High, and High–Low. It is important to note 
that high and low values are classified based on the aver-
age values of the variables in neighboring regions [23].

Ethical considerations
The study was approved by the Research Ethics Commit-
tee of the School of Nursing of Ribeirão Preto, Univer-
sity of São Paulo (EERP/USP), under The Certificate of 
Presentation of Ethical Appreciation (CAAE) number: 
67512823.0.0000.5393.

Results
Between 2010 and 2021, there were 1,054,673 reported 
cases of TB in Brazil. Regarding outcomes, during the 
same period, there were 134,394 cases of LTFU (12.74% 
of the total cases), 10,270 cases of DR-TB (0.97% of the 
total cases), and 37,863 deaths (3.60% of the total cases). 
Clusters of high and low values were identified for all 
three outcomes, indicating significant changes in the spa-
tial distribution patterns.

Spatial distribution of outcome percentages
The spatial distribution of the proportion of TB treat-
ment outcomes can be seen in Fig. 2. It is evident that for 
the LTFU outcome, municipalities are present and dis-
tributed across all regions of the country, with the major-
ity of municipalities having a proportion between 10 and 
20%.

It is noticeable that the majority of municipalities 
have proportions lower than 5% for the development of 
DR-TB as an outcome, and only 13 municipalities had a 
proportion greater than 20% in the analyzed period. For 
the proportion of deaths, most municipalities had values 
lower than 5%. However, a significant number of munici-
palities had a proportion between 10 and 20%.

Spatial association analysis
Figure 3 shows the results of the local spatial association 
analysis for the three treatment outcomes during the pre-
pandemic period (2010 to 2019), pandemic period (2020 
and 2021), and complete period (2010 to 2021). Regard-
ing LTFU (Fig. 3A), similar patterns in cluster formation 
were observed in all three periods. The Northeast and 
South regions exhibited clusters of low occurrence, while 
the Southeast, Midwest, and North regions (specifically 
Pará, Amapá, and Amazonas) showed clusters of high 
occurrence.

For cases classified as evolving into DR-TB, the for-
mation of two clusters of high occurrence was observed 
throughout the periods (Fig.  3B). The cluster located 
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in the far North, concentrated in the state of Roraima, 
became evident only after 2020–2021. As for deaths 
(Fig. 3C), a similar pattern of cluster formation with high 
and low occurrence was observed throughout the entire 
period. There was an increase in high occurrence clusters 
after 2020 and 2021 in the Northeast regions, especially 
in the states of Bahia, Pernambuco, and Ceará, and in the 
Midwest region, specifically in the state of Mato Grosso.

Bivariate Local Moran analysis
The local bivariate analysis allowed us to observe the 
existence of a spatial association between the proportion 
of treatment outcomes and the incidence of COVID-
19 in municipalities (Fig.  4). It is notable that for LTFU 
(Fig. 4A), there was a predominance of High–Low areas, 
meaning municipalities with high proportions of LTFU 
and low COVID-19 incidence rates, as well as Low–Low 
areas, representing low proportions of LTFU and low 
COVID-19 incidence rates. This was particularly prom-
inent in the Northeast region, but it’s worth noting the 

Northern region (Pará) and Southeast region (Minas 
Gerais) of the country as well.

For DR-TB (Fig.  4B), there was a predominance of 
Low–Low areas and some High–Low areas, especially 
in the Northeast region, but also in the Northern region 
(Pará) and Southeast region (Minas Gerais) of Brazil. 
Finally, regarding deaths as a treatment outcome for TB, 
there was a predominance of municipalities classified as 
High–Low and some Low–Low areas in the same men-
tioned regions.

Spatial density analysis
Figure  5 shows the distribution of density per square 
kilometer of the difference between the proportion of 
treatment outcomes before and during the COVID-19 
pandemic, highlighting the territories where the new cor-
onavirus may have influenced the increase or decrease in 
the analyzed outcomes.

For LTFU, the increase was concentrated in municipali-
ties in the Southeast region (São Paulo), while for reduction, 

Fig. 2 Spatial distribution of rates for unsuccessful outcomes due to tuberculosis, Brazil 2010–2021. A Proportion of loss to follow-up 
for tuberculosis in the pre-pandemic period (Brazil, 2010–2019). B Proportion of drug-resistant tuberculosis as an outcome in the prepandemic 
period (Brazil, 2010–2019). C Proportion of deaths as a treatment outcome for tuberculosis in Brazil in the pre-pandemic period (Brazil, 2010–
2019). D Proportion of loss to follow-up for tuberculosis in the pandemic period (Brazil, 2020–2021). E Proportion of drug-resistant tuberculosis 
as an outcome in the pandemic period (Brazil, 2020–2021). F Proportion of deaths as a treatment outcome in the pandemic period (Brazil, 
2020–2021)
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there was a concentration in the Southeast (Minas Gerais), 
Northeast (Bahia), and Midwest (Goiás) regions of the 
country. For DR-TB, the increase in rates was concentrated 
in the South (Rio Grande do Sul and Paraná) and Southeast 
regions, while the reduction was observed in the Northeast 
and South regions (Santa Catarina). On the other hand, 
TB-related deaths showed significant concentrations in the 
Midwest (Mato Grosso and Goiás), Northeast (Bahia and 
Ceará), South, and primarily, Southeast regions.

Discussion
The objective of this study was to analyze the spatial dis-
tribution of unfavorable TB treatment outcomes in Brazil 
before and during the COVID-19 pandemic. Addition-
ally, it aimed to assess the spatial association between 
these outcomes and COVID-19 incidence in Brazil. Fur-
thermore, this study aimed to assess whether advance-
ments are being made in the pursuit of TB elimination.

Fig. 3 Municipalities with spatial association according to treatment outcomes for tuberculosis, Brazil, 2010–2021. A Municipalities with spatial 
association for loss to follow-up rates in the pre-pandemic period, pandemic period, and complete period, respectively. B Municipalities with spatial 
association for drug resistance rates as a treatment outcome for tuberculosis in the pre-pandemic period, pandemic period, and complete period, 
respectively. C Municipalities with spatial association for death as a treatment outcome for tuberculosis in the pre-pandemic period, pandemic 
period, and complete period, respectively
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A decrease in the number of municipalities exhibit-
ing rates of the LTFU was noted as recommended by the 
WHO, except for the Southeast region, which experi-
enced an increase in LTFU during the pandemic. There 
was also a reduction in the number of DR-TB cases 
over the historical series; however, in 2021, the num-
ber of cases started to rise again, reaching the highest 
recorded since 2015 [6]. The study highlighted a signifi-
cant increase in deaths in certain regions, despite slow 
progress in the TB situation during the pandemic, exac-
erbating the situation, as seen in the results of this study.

It was possible to demonstrate that the country is not 
equally affected by TB, or by COVID-19, as some local 
systems have shown greater resilience than others. It can 
also be observed that there are regions with a high risk 
of DR-TB occurrence, requiring the implementation of 
strategies to strengthen their system and provide social 
support for populations affected by poverty and hunger 
in these areas.

Clusters of high and low values were identified for all 
three outcomes, indicating significant changes in the spa-
tial distribution patterns of LTFU, progression to DR-TB, 
and TB-related deaths during the COVID-19 pandemic.

The arrival of the novel coronavirus in Brazil and its 
evolution into a pandemic has led to socioeconomic 
repercussions that have exacerbated existing social ineq-
uities, particularly affecting those individuals who were 
already facing greater vulnerabilities, as is the case with 
people with TB [25, 26]. Thus, the pandemic has intensi-
fied the vicious cycle of TB, where the most vulnerable 
populations end up suffering greater social repercussions 
from the disease, further aggravating their vulnerabilities 
[28].

In this context, it is essential to discuss the impacts on 
TB from a multi-causal perspective, encompassing both 
biological factors and social determinants that lead to the 
manifestation of the disease [28]. This calls for action on 
multiple fronts, including bold social policies and robust 

Fig. 4 Local bivariate spatial autocorrelation analysis between tuberculosis treatment outcomes and COVID-19 incidence, Brazil, 2010–2021. A 
Application of the local bivariate Moran technique between loss to follow-up in tuberculosis treatment and COVID-19 incidence. B Application 
of the local bivariate Moran technique between drug-resistant tuberculosis and COVID-19 incidence. C Application of the local bivariate Moran 
technique between tuberculosis death and COVID-19 incidence.

Fig. 5 Density of the variation in proportions of unsuccessful tuberculosis treatment outcomes before and during COVID-19. A Difference 
in the proportion of loss to follow-up before (2010–2019) and during (2020–2021) COVID-19. B Difference in the proportion of drug-resistant 
tuberculosis before (2010–2019) and during (2020–2021) COVID-19. C Difference in the proportion of deaths before (2010–2019) and during (2020–
2021) COVID-19
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healthcare systems, to achieve the agreed upon goals 
for TB elimination [7]. It is evident, then, that achieving 
SDG target 3.3 is inseparable from Goals 1 and 10, which 
addresses the reduction of inequalities and poverty. The 
implementation of social protection policies aimed at 
reducing inequality and eliminating extreme poverty are 
associated with improved TB treatment outcomes [27].

Regarding complications related to the novel corona-
virus, coinfections have been noteworthy in individuals 
affected by COVID-19, especially those with severe cases, 
including fungal, viral, and bacterial infections, with a 
particular emphasis on TB [29, 30]. Previous studies [29–
31] have demonstrated that the weakened immune state 
that renders individuals more susceptible to TB can also 
increase susceptibility to coronavirus infection.

TB and COVID-19, two diseases with distinct histories, 
have notable similarities, such as their airborne transmis-
sion, the presence of key symptoms such as cough and 
fever, and their high potential to cause structural pul-
monary sequelae, in addition to being affected by social 
stigma [31]. Currently, the COVID-19 pandemic has 
been identified as one of the main obstacles to the effec-
tiveness of TB control measures on a global scale over the 
past 2 years [32, 34].

The spatial association analysis of LTFU revealed a simi-
lar clustering pattern throughout the entire period in the 
North, Southeast, and Midwest regions. However, in the 
comparison between periods, it was observed that dur-
ing the pandemic there was a decrease in the number of 
municipalities with a LTFU proportion recommended by 
the WHO, which is less than 5%, across the entire country.

It is also worth noting that the increase in LTFU pro-
portions during the pandemic was concentrated in the 
Southeast region. In a historical series up until 2018, 
municipalities in the Southeast region had the highest 
average LTFU rate in the country. Additionally, it also 
concentrated the highest proportions of LTFU, as well as 
high-risk clusters [35].

The Southeast region is characterized as the country’s 
largest economic hub, which generates a high flow of peo-
ple through its municipalities, coupled with a high popu-
lation density [35]. The intense economic activity in the 
region leads to rapid transformations in its socio-spatial 
organization, potentially creating contradictory territorial 
arrangements between areas with full access to urban infra-
structure and peripheral regions with precarious housing 
conditions and limited access to services [36, 37]. Addition-
ally, the average Gini coefficient, a measure of income ine-
quality among the states in the region, is 0.523, highlighting 
a significant inequality in these communities [38].

Therefore, social inequalities linked to difficulties in 
accessing healthcare services diminish the quality of life 
and compromise the population’s health. This can be a 

contributing factor to LTFU in the region, considering 
that insufficient income to cover transportation costs and 
challenges in accessing healthcare services are associated 
with non-adherence to TB treatment [39–41].

Furthermore, it is argued that the high population den-
sity of the region poses a continuous challenge for health-
care services, given the need for treatment monitoring 
and the implementation of DOT, which requires the 
availability of human resources. This situation may have 
been exacerbated by the reassignment of professionals 
during the pandemic [34].

The Southeast region recorded the first cases of 
COVID-19 in the country and was responsible for the 
majority of cases [25, 42]. In this context, the magni-
tude of the pandemic in the region may have impacted 
healthcare services more intensely than in other regions, 
leading to the interruption of routine actions and losses 
in follow-up, especially in Primary Health Care, which 
is primarily responsible for providing care for chronic 
health conditions such as TB [34, 43, 44].

The implementation of social distancing and isolation 
measures, coupled with the fear of contracting COVID-
19, may also have contributed to people avoiding visits to 
healthcare facilities for medication pickup and follow-up, 
leading to LTFU [5].

These factors, along with other challenges related to 
TB treatment adherence such as the long treatment dura-
tion and adverse effects of medications, may explain the 
more pronounced increase in LTFU rates in this region 
[41]. Additionally, it was also observed that the clusters 
of low occurrence, identified in the Northeast and South 
regions, remained similar in all three periods analyzed, 
although it was noted that the rates of LTFU increased 
among these municipalities.

For DR-TB as treatment outcome, a significant spatial 
pattern alteration was observed with the formation of a 
cluster of high rates in the North region and another in 
the far South of the country during the COVID-19 pan-
demic. The number of municipalities with a proportion 
greater than 5% for this outcome decreased when com-
paring the pre-pandemic and pandemic periods. It is 
possible to observe that the concentrations of increased 
and decreased cases showed a heterogeneous distribu-
tion in the country.

In the first year of the pandemic, there was a signifi-
cant reduction in the number of DR-TB as treatment 
outcome. However, in 2021, the number of cases started 
to rise again and reached the highest number recorded 
since 2015 [6]. Therefore, the decrease in the propor-
tions of this outcome observed in some areas may have 
occurred due to underreporting during this period. This 
is because the impact of the pandemic on healthcare 
services in the country led to a reduction in the use of 



Page 9 of 13Tavares et al. Infectious Diseases of Poverty           (2024) 13:17  

the Rapid Molecular Test for TB diagnosis, a diagnostic 
method that allows for the assessment of rifampicin-
resistant strains [45, 46], which is the main form of resist-
ance observed in the country [6]. It is worth noting that 
municipalities equipped with this technology are con-
centrated in the South, Southeast, and Northeast coastal 
regions [47], which may have contributed to the more 
evident variation in distribution in these regions.

It is worth noting that the Northeast region remained 
a cluster of low rates for DR-TB as treatment outcome, 
as previously observed before the pandemic. Therefore, 
it is valid to consider the possibility that cases may not 
be diagnosed and/or reported, which justifies the result. 
However, it is important to approach these regions with 
caution and view them as warning signs so that munici-
pal managers can identify situations where reported data 
may differ from the actual behavior of the disease in the 
municipalities [48, 49].

Drug resistance poses a significant challenge to TB 
control, especially in the context of Brazil, a vast and 
diverse country. The occurrence of drug resistance cases 
is associated with population density and socioeconomic 
conditions. However, detecting the disease depends on 
an appropriate diagnostic network that provides sensitiv-
ity tests and cultures of the mycobacteria [50].

Additionally, the clustering of DR-TB is also influenced 
by the transmission of resistant strains in the community 
or by the development of drug resistance, mainly due to 
treatment failures, as considered in the present study 
[51]. Thus, the spatial distribution of these cases is influ-
enced by the interaction of various factors in communi-
ties, resulting in its heterogeneous and complex pattern 
in the country.

It is important to highlight that a person who undergoes 
LTFU once is associated with a greater likelihood of not 
completing retreatment and is more susceptible to devel-
oping drug resistance. Therefore, it becomes more chal-
lenging to control the TB transmission chain if the number 
of drug-resistant M. tuberculosis strains increases.

When we address topics such as LTFU or the devel-
opment of drug resistance, it is crucial to emphasize the 
situation of indigenous people, where the majority reside 
in the border regions of Brazil and, as well as the migrant 
population, have a significant influence on maintaining 
these rates. TB rates are notably higher among indige-
nous peoples and migrant populations throughout Latin 
America, especially in Brazilian Amazonian groups, 
with an incidence that is up to 20 times higher than that 
observed in the general population of Brazil [52]. Studies 
[52, 53] indicate that indigenous people are dispropor-
tionately affected by TB compared to other races/eth-
nicities, but the reasons for these disparities have not yet 
been fully understood.

The cultural diversity of indigenous peoples in Brazil, 
which encompasses more than 300 ethnicities distributed 
across all states of the country and who speak more than 
270 languages, reinforces the nation’s multicultural iden-
tity. However, this diversity also presents considerable 
challenges for the creation and implementation of more 
inclusive and differentiated public policies [52, 54].

Furthermore, we face several challenges in relation to 
the health of the indigenous population, such as difficulty 
in accessing communities, the lack of local infrastructure 
and the scarcity of human and material resources [54]. 
These factors contribute to the discontinuity of health 
actions, making it essential to highlight the difficulties 
associated with the transculturation process. It is essen-
tial to raise awareness among teams that work in indig-
enous communities, seeking to balance the assistance of 
health professionals with traditional belief systems and 
healing [52].

In this context, both clusters identified during the 
pandemic period were located in international border 
regions of Brazil with Uruguay (South) and Venezuela 
(North). Other studies have also shown the formation 
of clusters of DR-TB in border regions, in Mongolia [55] 
and Ethiopia [51] indicating that migration is a significant 
factor for DR-TB control [56].

The pandemic period was marked by restrictions on 
movement, leading to a significant decline in migrant 
mobility across these borders [57]. However, in the two 
preceding years, 2018 and 2019, the country experienced 
the highest influx of international migration, primarily 
driven by the entry of Venezuelans through the North-
ern Region, in the state of Roraima [58], where the most 
significant cluster was observed during the pandemic 
period.

In addition, the pandemic restricted the policies of 
internalization for migrants, causing this large contingent 
to be stranded in the state, and exacerbating the vulner-
ability of this population, particularly in terms of limited 
access to healthcare services [59]. It is worth noting that 
Venezuela is facing a profound political, economic, and 
social crisis, and has an estimated incidence of 47 cases 
per 100,000 inhabitants of TB, and an incidence of two 
cases per 100,000 inhabitants of DR-TB for 2021, higher 
than that found in Brazil [60].

The migration profile to the municipalities in the South 
region cluster is more diverse, with people coming pri-
marily from Uruguay, but also from Senegal, Venezuela, 
and Haiti. The latter represents the second largest contin-
gent of migrants in the state [61]. Migration is a complex 
process that has health implications related to precarious 
transportation and housing conditions, as well as the epi-
demiological indicators of the country of origin and des-
tination [62].
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Considering this, it is possible that the vulnerabilities 
associated with the migration process played a significant 
role in the formation of clusters for DR-TB during the 
pandemic period, highlighting the relevance of this issue 
for TB control in the post pandemic period.

For deaths, during the pandemic period, a cluster was 
observed in the Midwest region, and an existing cluster 
previously identified in the Northeast region expanded. 
These clusters coincided with the municipalities that 
experienced the greatest increases in the proportion of 
deaths, indicating a shift in the spatial distribution of TB 
related deaths after 2020. It is worth noting that among 
the analyzed outcomes, TB related deaths exhibited the 
highest concentrations of increases across all five regions.

The clusters with low rates experienced increases and 
remained similar during the pandemic, despite the docu-
mented rise in proportions of deaths in these municipali-
ties. This growth is concerning as it signifies a setback in 
the effort to reduce tuberculosis-related deaths in many 
regions of Brazil, relative to the established target. To 
achieve a 95% reduction by 2035, it would be necessary to 
limit the number of deaths from the disease to less than 
230 per year [63].

The Central-West region historically presents the low-
est burden of TB among the five regions of the country, 
with incidence and mortality rates below the national 
average, as well as better disease monitoring indicators 
[9, 10]. It is the region with the second-largest territo-
rial extension but the smallest population in the country. 
It consists of four federal units, including three states 
and the Federal District, with a heterogeneous popula-
tion distribution, with some urban centers having a high 
population concentration and vast areas with low demo-
graphic density. It is worth noting that the state of Mato 
Grosso, where most of the municipalities in the cluster 
were observed, has the lowest population density in the 
region, with most municipalities in the state are classified 
as predominantly rural [35, 64].

A time series study [65] in Brazil identified a growing 
temporal trend in the TB incidence rate from 2010 to 
2019 across the country and all its macro-regions. Fur-
thermore, in 2020, the immediate consequence of the 
COVID-19 pandemic was a reduction in new diagnoses/
notifications. These numbers rose again in 2021 as the 
pandemic was being controlled [65].

One aspect that is important to highlight is that the 
COVID-19 pandemic brought challenges to several sec-
tors, including epidemiological surveillance and TB 
Control Programs, in addition to the need to reorgan-
ize services previously dedicated to TB control and lack 
of personal protective equipment and training of health 
professionals in relation to the differential diagnosis of 
TB and COVID-19. Furthermore, it is noteworthy that 

in most regions, states and municipalities, there was a 
need to manage human resources to act on the front 
line against COVID-19, which has a direct impact on the 
operationalization of the DOT and consequently on the 
actions of active search for respiratory symptoms, also 
compromised by social distancing [5, 66, 67].

Given this, in 2020 there was a drastic decrease in 
the number of diagnosed cases and, consequently, in 
the notification of favorable or unfavorable outcomes. 
According to the WHO, there were around 1.4 million 
fewer cases of TB that were not detected or treated in 
2020, a 21% reduction compared to 2019 [33]. In Bra-
zil, in 2020 the average number of reported TB cases 
decreased by around 6.5 cases compared to the period 
from 2017 to 2019, with the exception of the Northern 
Region of the country [33].

As limitations of the present investigation, it is impor-
tant to note that this is an ecological study, which means 
we must acknowledge the presence of the so-called eco-
logical fallacy. In this type of study, when using aggregate-
level data, the results may not directly reflect associations 
at an individual level, underscoring the need to conduct 
further research with different designs and methods to 
draw more precise and reliable conclusions. Addition-
ally, it is relevant to consider the use of secondary data 
sources, which may lead to incomplete information or 
typing errors, potentially affecting the results.

Another limitation of the study that should be men-
tioned is the use of population-based data obtained from 
the last official demographic census conducted in 2010 
to calculate rates. Due to this lag, demographic data 
may not fully reflect the population reality during the 
study period, which can potentially impact the analyses 
conducted.

However, the application of spatial analysis techniques 
enables an understanding of the disease’s behavior over 
time and the identification of problematic areas in the 
country regarding TB. These issues may have been exac-
erbated due to the COVID-19 pandemic. Such informa-
tion is valuable in assisting health managers in making 
more informed decisions, facilitating the comprehension 
of the disease transmission chain, and understanding the 
context in which the population is situated.

Therefore, identifying critical areas becomes a priority 
tool in tackling TB. It enables the development of strate-
gies such as active case finding, contact tracing, proper 
treatment monitoring to prevent drug resistance, ensur-
ing individualized treatment with a multidisciplinary 
team to meet the patient’s needs, and improving treat-
ment adherence. Additionally, controlling symptoms and 
potential medication side effects and addressing social 
determinants of health are essential. Utilizing social pro-
tection strategies as support for patients and monthly 



Page 11 of 13Tavares et al. Infectious Diseases of Poverty           (2024) 13:17  

monitoring of diagnosed individuals are crucial compo-
nents of this approach.

Conclusions
The issue of TB and its relationship with the COVID-19 
pandemic is of utmost importance in the field of public 
health. Identifying critical areas and understanding how 
the COVID-19 pandemic may have impacted the rates of 
unfavorable TB treatment outcomes are crucial for guid-
ing health managers in making strategic and effective 
decisions, ultimately contributing to the achievement of 
TB elimination goals.

In this context, the COVID-19 pandemic has brought 
additional challenges to TB control, underscoring the 
need to enhance epidemiological surveillance strategies 
and invest in preventive measures. By prioritizing early 
case detection, treatment adherence, and continuous 
monitoring of individuals diagnosed with TB, it will be 
possible to effectively combat the disease and promote 
overall public health improvement. This is a vital com-
mitment for the progress of our society and for achieving 
the goals set in the 2030 Agenda.
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