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ABSTRACT
Objective: To analyze the dynamics of the health system for the diagnosis of tuberculosis in a metropolitan re-
gion of a Northeast Brazilian state. Methods: Ecological time series study conducted in São Luís, Maranhão State, 
Northeast region of Brazil. The study population was composed of tuberculosis cases notified in the Notifiable Dis-
eases Information System (SINAN) in the period from 2010 to 2020. The descriptive statistics of the cases was 
performed using absolute and relative frequency measures, and Pearson’s Chi-square test was used to compare the 
frequencies between the cases notified in Primary Health Care (PHC) and hospital units and the sociodemographic 
and clinical characterization. For time series analysis, the Prais-Winsten autoregression model was used, followed 
by the decomposition method called Seasonal-Trend decomposition using LOESS (STL), ending with the time trend 
prediction for the next years. The data were analyzed using the resources of the computer programs named Sta-
ta, version 17 (StataCorp, College Station, TX, USA) and R, version 3.5.2 (R Core Team, 2020). Results: A to-
tal of 7,948 cases diagnosed with tuberculosis were notified, of which 1,608 were notified in Primary Care units 
and 6,340 in hospital units. The Chi-square test resulted in a relative frequency calculated considering the total 
number of patients who had results from each examination with statistically significant differences (p < 0.05). 
Conclusion: It was possible to observe different time trends between diagnoses performed by PHC and hospitals. 
In the time analysis and modeling, there was an increase in cases notified in PHC and stationary in hospitals; how-
ever, in the time modeling, there was a reduction in the number of cases in hospitals.

Descriptors: Public health. Tuberculosis. Time series studies.

INTRODUCTION 

Tuberculosis (TB) is among the top 10 lead-
ing causes of death in the world and in Brazil, 
where 75,717 new cases of the disease were di-
agnosed in 2018. In turn, in 2019, the country 
recorded approximately 96 cases per 100,000 
inhabitants1,2. The Northeast region was consid-
ered one of the Brazilian regions with the highest 
number of occurrences for this disease, including 
in this analysis the same conditions for the Mara-
nhão State1,3.

Early diagnosis is the main action for con-
trolling the disease, and prevention is still the 
main basic strategy for eliminating TB in cases 

of first contact, reinfection or latent reactiva-
tion of the disease4. Contact tracing is important 
in terms of determining the primary source of the 
disease and identifying infected people for imme-
diate treatment. In this regard, bacteriological 
and imaging examinations are essential for diag-
nostic confirmation5,6.

As a strategy for strengthening TB preven-
tion, it is essential to engage the individual for 
preventive treatment in cases of latent TB and 
ensure that programs are in line with their needs, 
improving the quality of care and, finally, even op-
timizing the participation on the part of patients 
in the treatment process by minimizing the num-
ber of visits they have with health professionals7.
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Nationally, TB is considered a condition 
sensitive to Primary Health Care. Although the 
organization of health services is different in each 
region, it corresponds on average to a percent-
age of 71% of the population that depends on the 
Brazilian Unified Health System (SUS, as per its 
Portuguese acronym) and, consequently, on Pri-
mary Health Care (PHC), which most of the time 
is the entrance door that these people have to 
the service8.

There is a proposed strategy for fighting TB 
(End TB Strategy) that aims to eradicate the dis-
ease by 2035 and is composed of three pillars: 
1) joint patient-centered care and prevention, 
2) policies and support systems for affected pa-
tients, and 3) intensified research and innovation. 
Each of these pillars brings together interventions 
focused on ensuring access to early diagnosis, 
treatment and prevention for all9,10. Knowledge 
about how TB diagnosis occurs makes it possible 
to identify untimely access to health care. Even 
with the limited role of health care delivery to the 
population, it is still a priority to understand 
the  models of care delivery for better planning 
and orientation of health actions.

In light of the foregoing, this study aims to 
analyze the dynamics of the health system for TB 
diagnosis in a metropolitan region of a Northeast 
Brazilian state.

MATERIALS AND METHODS 

Study design and site

Ecological time series study6 conducted in 
the city of São Luís, capital of Maranhão State, 
Northeast region of Brazil. 

São Luís has a demographic density of 
1,328.5 inhab/km2 and an estimated population 
of 1,108,975 inhabitants in 2021.

Data source and study population

The study population was composed of TB 
cases notified in the Notifiable Diseases Informa-
tion System (SINAN, as per its Portuguese acro-
nym) from 2010 to 2020.

As exclusion criteria, the study did not in-
clude notifications of diagnosed cases with ad-
dresses in other cities of the Maranhão State or 
those without a complete address on the notifica-
tion form. In situations with duplicate cases, the 
most recent data entry was considered. 

For time series analysis, the projections of 
population data extracted from the 2010 Census7 
were considered, as shown in Chart 1 below:

Chart 1
Population estimate from 2010 to 2020 in São Luís, 
Maranhão.

Year Population
2010 1,014.837
2011 1,027.430
2012 1,039.610
2013 1,053.922
2014 1,064.197
2015 1,073.893
2016 1,082.935
2017 1,091.868
2018 1,094.667
2019 1,101.884
2020 1,108.975

Source: IBGE (2010).

Categorization of the study variables

After validation and standardization of the 
database, the cases were separated according to 
the unit of notification, categorizing them into two 
groups, PHC or hospital diagnosis. Subsequently, 
the cases were analyzed according to their so-
ciodemographic characteristics: age and gender; 
and clinical variables: chest X-ray, form, spu-
tum-smear microscopy, culture, histopathology, 
entry type, rapid molecular test, sensitivity test, 
supervised treatment and HIV.

For time series analysis, cases were quan-
tified monthly for each year of study according 
to the location of TB diagnosis (PHC or hospital).

Data analysis

Descriptive statistics were performed using 
absolute and relative frequency measures. Pearson’s 
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Chi-square test was used to compare frequencies 
between cases notified in PHC and hospital units 
and sociodemographic and clinical variables. Data 
were analyzed using the computer programs named 
Stata, version 17 (StataCorp, College Station, TX, 
USA) and R, version 3.5.2 (R Core Team, 2020).

For time series analysis, based on the 
number of cases and population projection, the 
monthly incidence rate of TB cases was calculated, 

according to its place of diagnosis performed in 
PHC or hospital.

The Prais-Winsten autoregression model 
was used to classify the time trend into increas-
ing, decreasing or stationary, followed by the 
decomposition method called Seasonal-Trend de-
composition using LOESS (STL), ending with the 
five-year forecast of the time trend (until 2025), 
using the R software forecast package. 

Figure 1: Time analysis flow.

 

Incidence calculation 

Time trend classification: Prais-Winsten 

Time trend analysis: STL – Seasonal-Trend decomposition using LOESS 

Automatic time trend models: ETS – Error, Trend, Seasonal 

Step 1: 

Step 2: 

Step 4: 

Step 3: 

Ethical aspects

The study was approved by the Research Eth-
ics Committee (REC) of the Ribeirão Preto School of 
Nursing, under CAAE nº 08069319.5.0000.5393, 
issued on August 19, 2020, and the Certificate of 
Presentation for Ethical Appreciation, under Opin-
ion nº 08069319.5.0000.5393. 

RESULTS

Between 2010 and 2020, 7,948 cases were 
reported in São Luís, Maranhão. Of these, 7,948 
cases diagnosed with TB were considered for this 
study, following the inclusion and exclusion criteria.

Most of the cases notified involved male 
individuals (65.0%), being 64.2% and 65.2% 
in the PHC and hospital units, respectively, and 
with a predominant age group between 30 and 
39 years, with 23.2 and 24.0%, in these units, 
respectively, with a statistically significant differ-
ence (p=0.018) (Table 1).

Of the evaluated cases, most were recorded 
in hospital units (79.8%); and, of these, 83.8% 
are new cases. High prevalence also observed in 
PHC units (66.9%), with statistically significant 
distribution (p<0.001). Similarly, regarding the 
presence of HIV, which occurred in 13.4% of cas-
es in hospitals and 10.5% in PHC units (p=0.004), 
and regarding the diagnosis of chest X-ray, where 
95.4% of cases are derived from hospitals and 
90.5% from PHC units are suspected, but a high-
er prevalence of normal cases is observed in PHC 
units (8.4%) and 4.0% in hospital units (p<0.001) 
(Table 2). 

The other distributions did not show sta-
tistically significant difference (p>0.05), with the 
pulmonary form being the most frequent (85.6% 
in both PHC and hospital units), the rapid mo-
lecular test showing a predominance of sensi-
tivity to rifampicin, with 75.5% in hospital units 
and 74.7% in PHC units, and the sensitivity test 
being the most sensitive in both types of units, 
with 91.4% and 80.5% in PHC and hospital 
units, respectively.
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Table 1
Demographic distribution of notified TB cases in the city of São Luís according to type of health unity. 

Variables
Total

Type of health unit

pPHC Hospital

n % n % n %

Gender

Male 5,164 65.0 1,033 64.2 4,131 65.2
0.491

Female 2,784 35.0 575 35.8 2,209 34.8

Age group

0–9 years 58 0.7 22 1.4 36 0.6

0.018*

10–19 years 136 1.7 31 1.9 105 1.7

20–29 years 1,289 16.2 269 16.7 1,020 16.1

30–39 years 1,893 23.8 373 23.2 1,520 24.0

40–49 years 1,721 21.7 334 20.8 1,387 21.9

50–59 years 1,336 16.8 262 16.3 1,074 16.9

60–69 years 777 9.8 158 9.8 619 9.8

70 years or older 721 9.1 152 9.5 569 9.0

Ignored 17 0.2 7 0.4 10 0.2

TOTAL 7948 100.0 1,608 20,2 6,340 79.8

PHC = Primary Health Care.
Source: Authors (2023).

Absence of statistically significant differ-
ence (p>0.05) was also observed in relation to 
histopathology, with prevalence of positive BAAR 
results in 59.6% in PHC and 66.0% in hospital 
units, as occurred in the analysis of positive cul-
ture, with 60.1 and 59.5%, respectively in PHC 

and hospital units. Positive sputum-smear mi-
croscopy was predominant in 64.4% of PHC cas-
es and 66.6% of hospital cases; and, in these 
units, the presence of supervised treatment 
was observed, 89.1% and 89.2%, respectively 
(Table 2).

Table 2
Distribution of the epidemiological and clinical investigation variables in the sample of notified TB cases according 
to the type of health unity.

Variables
Total

Type of health unit

pPHC Hospital

n % n % n %

Entry type

New case 5,752 72.4 1,073 66.9 4,679 73.8

<0.001*

Recurrence 631 7.9 249 15.5 382 6.0

Re-entry after abandonment 716 9.0 103 6,4 613 9.7

Transfer 173 2.2 43 2,7 130 2.1

Post-death 643 8.1 135 8,4 508 8.0

Do not know/Ignored 28 0.4 2 0,1 26 0.4

Continue…
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Variables
Total

Type of health unit

pPHC Hospital

n % n % n %

Form1

Pulmonary 6,801 85.6 1,377 85.6 5,424 85.6

0.225Extrapulmonary 1,080 13.6 212 13.2 868 13.7

Pulmonary + extrapulmonary 67 0.8 19 1.2 48 0.8

RMT1

Sensitive to rifampicin 1,442 74.8 283 75.5 1,159 74.7

0.331
Resistant to rifampicin 118 6.1 16 4.3 102 6.6

Not detectable 335 17.4 68 18.1 267 17.2

Inconclusive 32 1.7 8 2.1 24 1.5

Sensitivity test1

Resistant to isoniazid 20 4.3 2 2.9 18 4.5

0.282

Resistant to rifampicin 17 3.6 1 1.4 16 4.0

Resistant to isoniazid and 
rifampicin 31 6.6 2 2.9 29 7.3

Resistant to other first-line drugs 16 3.4 1 1.4 15 3.8

Sensitive 385 82.1 64 91.4 321 80.5

HIV test1

Positive 899 12.9 136 10.5 763 13.4
0.004*

Negative 6,090 87.1 1,165 89.5 4,925 86.6

Chest X-ray1

Suspected 6,740 94.5 1,213 90.5 5,527 95.4

<0.001*Normal 343 4.8 112 8.4 231 4.0

Other pathology 52 0.7 15 1.1 37 0.6

Histopathology1

Suggestive of TB 136 31.8 36 34.6 100 30.9

0.306Positive BAAR 276 64.5 62 59.6 214 66.0

Not suggestive of TB 16 3.7 6 5.8 10 3.1

Culture1

Positive 999 59.6 179 60.1 820 59.5
0.869

Negative 676 40.4 119 39.9 557 40.5

Sputum-smear microscopy (diagnosis)1

Positive 3,313 66.1 665 64.4 2,648 66.6
0.198

Negative 1,697 33.9 367 35.6 1,330 33.4

ST/DOTS1

Yes 420 10.8 95 10.9 325 10.8

0.919No 3460 89.2 775 89.1 2,685 89.2

TOTAL 7,948 100.0 1,608 20.2 6,340 79.8

PHC = Primary Health Care. TB = Tuberculosis. HIV = Human Immunodeficiency Virus. RMT = Rapid Molecular Test. ST/DOTS = 
Supervised Treatment/Directly Observed Treatment. 1Relative frequency calculated considering the total number of patients who had 
results of each test in SINAN. *Statistically significant differences (p < 0.05). 
Source: Authors (2023).

Table 2
Continuation.
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For spatial analysis, the monthly incidence 
rate in PHC and hospital units was initially calcu-
lated, based on the population projection, where it 
was observed an average of 1.14 cases per thou-
sand inhabitants in PHC units and 4.53 cases per 
thousand inhabitants in hospital units (Table 3).

Using the Prais-Winten technique, the time 
trend of TB incidence was classified as increasing 
in PHC units and stationary in hospital units from 
2010 to 2020.

In the time modeling, the time trend of TB 
incidence is graphically observed, where it was 
possible to verify an increased rate of diagnosis 
in PHC units and a stationary trend in hospital 
units (Figure 2A – B), corroborating the results 
obtained with the Prais-Winsten analysis.

In the time trend prediction analysis, it was 
possible to observe a decreased rate in diagnoses 
both in PHC and in hospital units by the year 2025 
(Figure 2C – D). 

Table 3
Number of cases and incidence of notified TB cases ac-
cording to type of health unity.

YEAR
Nº of cases Incidence

(Average)

PHC Hospital PHC Hospital

2010 145 525 1.19 4.31

2011 163 554 1.32 4.49

2012 105 517 0.84 4.14

2013 142 535 1.12 4.23

2014 116 494 0.90 3.86

2015 134 597 1.03 4.63

2016 120 631 0.92 4.85

2017 127 623 0.96 4.75

2018 163 707 1.24 5.38

2019 123 643 1.01 5.30

2020 270 514 2.02 3.86

Total 1,608 6,340 1.14 4.53
Source: Authors (2023).

Source: Authors (2023).

Figure 2: Time analysis.

A. Tuberculosis Cases – PHC B. Tuberculosis Cases – Hospital

C. Diagnostic Prediction in PHC – 2021 to 2025 D. Diagnostic Prediction in Hospitals – 2021 to 2025
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DISCUSSION 

In the current study, it was found that TB 
diagnosis increased between 2010 and 2020 in 
PHC, while it decreased in hospital units.

In the analyzed records, most notifications 
were identified in the hospital units, although 
there was a high prevalence in the PHC units; 
and, of the verified cases that had the presence of 
HIV, the occurrences in the hospital and PHC units 
were also significant. The highest prevalence 
identified in this survey was in the diagnosis with 
X-ray, but the highest prevalence of normal cas-
es was observed in PHC. The age group with the 
highest prevalence is between 30 and 39 years, 
predominantly men.

In the time analysis, there was an increas-
ing trend in PHC units and a stationary trend in 
hospital units, as shown in the analysis of the 
health system dynamics for notified TB diagnoses.

As for the limitations of this study, facts 
must be considered that relate to the character-
istic bias of time series studies, which is informa-
tion bias, where the findings of this study cannot 
be interpreted or transferred casuistically to the 
individual level, since they are only representa-
tive for populations. In addition, for the deter-
mined sample, there is still the possibility of sub-
notification in the files that were accessed, either 
due to lack of sufficient information when filling 
out the forms or because of patients who did not 
seek care even when faced with symptoms.

Although SINAN operates comprehensively 
in terms of monitoring TB cases with quantita-
tive and qualitative information used as a basis 
for calculating clinical, epidemiological and oper-
ational indicators, about 3.6 million cases escape 
notification of the system, and this occurs when 
some part of the cases are not diagnosed by the 
health units and/or when some cases that are di-
agnosed are not notified in the disease informa-
tion system11,12.

According to Silva et al.11, the difficulties 
faced by the information system end up limiting 
the epidemiological analysis of TB cases in some 
parts of the country. Among other factors, this 
may occur because this phenomenon is related to 
the lack of understanding of health professionals in 
terms of filling out the forms that feed the system.

The age group identified with the highest 
prevalence was between 30 and 39 years old, and 
the identification regarding the predominance by 
gender was male. Studies show that the deter-
minants associated with TB in relation to gender 
and age are distinct, for example, cases where 
alcoholism and abuse of other drugs are more 
predisposing in men12,13, and they usually have 
more difficulty in terms of accessing treatment if 
compared to women14; in turn, women are more 
affected by stigmas15.

With regard to gender, the literature points 
out that lifestyle habits, insertion and work rou-
tine, greater exposure to infectious and harmful 
agents are factors that make men more suscepti-
ble if compared to the opposite gender, where the 
lack of cooperation of the individual with himself/
herself make him/her not adhere to preventive 
measures of protection against the disease, in or-
der to reduce the clinical manifestations, thus ex-
plaining the gap with self-care, as well as little en-
gagement with the care monitoring, in addition to 
the fact that they are of working age and assume 
the main responsibility for the family’s financial 
support. All these factors together make diagno-
sis more difficult, thus making it more time-con-
suming and aggravating the symptoms, often 
making it impossible to reverse them16,17,18,19,20.

Studies indicate that male individuals are 
more likely to trigger the disease; and, as they 
delay the identification of their installed clinical 
condition, they usually require hospitalization in 
more advanced stages, which explains the com-
mon discrepancy when the situation is compared 
with females, since they do not take care of their 
health with the same regularity as women, who 
always seek health services, thus becoming more 
exposed to risk factors and, even, having a higher 
frequency of treatment abandonment21,22,23,24.

For this reason, the literature points out 
that there is a predominance in the detection of 
cases in males, and this rate may be related to be-
havioral factors, such as the fact that there is re-
sistance in terms of seeking medical care as soon 
as symptoms appear, lack of priority because of 
working hours, difficulty of access to health ser-
vices or even a lack of health policy focused on 
men, which undermines the information accessed 
by them25,26.
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This gender-related trend refers to the liv-
ing conditions of patients, who usually have low 
income and low education, live in risky areas, with 
greater exposure to infectious and contagious dis-
eases, poor nutrition and housing far from prima-
ry health services, making these men are more 
exposed to germs, with habits of consumption of 
alcohol, tobacco and illegal drugs27,28,19,29.

Another issue to be considered is related 
to the socioeconomic and cultural aspects that 
corroborate the greater contamination of this 
part of the population and manifest themselves 
mainly because of the stigmas attached to the 
health-disease process and their greater reluc-
tance to accept their state of illness, added to the 
belief of not getting sick and thinking they do not 
need care, even due to their lack of knowledge 
about the pathology30,17.

According to the studies conducted by Mar-
tins et al.29, the State identified, between 2017 
and 2020, that TB affected people mainly in the 
age group that corresponds to 20 to 39 years 
old, followed by the age group between 40 and 
59 years old, the age range of greatest produc-
tivity (20-60 years old). As for its clinical form, 
pulmonary tuberculosis was predominant in men, 
with 6,160 cases, against 3,048 in women. One 
of the biggest obstacles encountered was treat-
ment abandonment, which could guarantee total 
cure18,31,29.

The focus on this age group may be relat-
ed to socioeconomic factors such as, for exam-
ple, the exposure of these individuals to envi-
ronments with greater movement of people and, 
consequently, greater risk of dissemination and 
contamination of the disease, as established by 
the Social Determinants of Health (SDH), based 
on the WHO definitions that points to social, eco-
nomic, cultural, racial-ethnic, psychological, en-
vironmental and behavioral factors that end up 
influencing the occurrence of diseases with risk 
factors to the population, and these include age, 
gender, lifestyle, access to information, availabili-
ty and supply of food, as well as access to health 
care services2.

In the health services offered in São Luís, 
there are three strategic priorities for TB preven-
tion and control: the identification and termination 
of treatment for people with active TB to process 

their status as non-infectious; tracing of people 
who have had contact with TB patients to iden-
tify whether they already have active TB or have 
been infected with Mycobacterium Tuberculosis; 
for children and other people at high risk; tracing, 
testing and treatment for people and populations 
at high risk of TB with latent infection5.

There are a few reasons why most diagno-
ses are made in hospitals, one of them being the 
difficulty in terms of adhering to the therapeutic 
scheme, either because the patient has adverse 
reactions to the treatment, lack of support from 
the health service, the stigma of the disease, 
causing abandonment and discontinuation of the 
treatment, which results in its long duration, bac-
terial multiresistance, or psychological and social 
suffering of the patient. The fact is that patients 
who are notified in hospitals more often have a 
delay in diagnosis, comorbidities and higher rates 
of resistance to anti-TB4 drugs, which entails in-
creased rates of unfavorable outcomes, either be-
cause of these mentioned factors or because of 
the severity of the cases, or even discontinuation 
of treatment after hospital discharge32.

Although treatment in a hospital care unit 
provides greater surveillance of the treatment, fa-
cilitating the Directly Observed Treatment (DOT), 
the hospital infection control teams (CCIH) may 
face difficulties with the lack of resources, such 
as, for example, antibiotics, basic tests to con-
tinue the treatment and monitoring of remissions 
in more severe cases, and also technical and 
operational problems for the functioning of this 
dynamics32.

Many factors that cause the worsening of 
the diagnosis in males in the hospital setting have 
been addressed, but the most aggravating is be-
cause this group is more exposed to risk factors, 
is more careless with its own health and does 
not seek care since the appearance of the first 
symptoms19.

In TB cases in childhood that occur in the 
hospital setting, there are many difficulties faced 
by professionals when it comes to diagnosis, be-
cause it is a cycle where the lack of diagnosis 
leads to low suspicion, not to mention the low val-
uation of the child when contact networks are in-
vestigated. TB diagnosis in childhood is still very 
difficult, because it is only identified when there 
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are few symptoms, X-ray alterations, tuberculine 
festing (TF) and epidemiological history, although 
there are auxiliary forms of identification, such as 
tests (inflammatory activity tests, sputum-smear 
microscopy, cultures, molecular tests, antigen re-
search, Interferon Gamma Release Assay [IGRA] 
and anatomopathological examination)33.

There is still a barrier in terms of knowledge 
and professional practice that often derives from 
a lack of preparation when it comes to treating 
the pediatric universe in relation to TB, because 
practitioners still do not understand very well the 
specificities of these subjects. Moreover, there are 
still ethical or operational difficulties, which lead 
them to seek knowledge through treatment with 
adults, in order to be able to treat children, be-
cause, even when there are specific protocols and 
literature, they are often not properly consulted, 
and therefore this causes uncertainty both in the 
clinical treatment and in the look in relation to the 
child audience33.

As for the diagnoses made in PHC and hos-
pital units, sputum-smear microscopy, if done 
correctly, has a sensitivity of 50% and specific-
ity of 80%, revealing great epidemiological im-
portance, considering that the cases with positive 
sputum-smear microscopy are the most responsi-
ble for sustaining the transmission chain1.

Among the rules validated in this study, 
the ones with the best performance for diagnos-
ing pulmonary tuberculosis observed the most 
frequent pulmonary form (85.6% in both PHC 
and hospital settings). Among adults assisted in 
primary care, the use of X-ray images is more 
common, but sputum-smear microscopy still has 
some difficulty in terms of expediting early diag-
nosis, where the contribution of PHC in this re-
gard is still incipient34.

In turn, in the hospital setting, the hospital 
time for diagnosis is very important, especially in 
places with higher occurrence of TB cases, that is, 
if patients are diagnosed early in PHC, with spu-
tum-smears and X-ray examinations, this infor-
mation will alert physicians to possible more seri-
ous diagnostic difficulties, which may reduce cases 
where there is no real need for hospitalization1,35.

The scope of the End TB Strategy, as men-
tioned earlier in this study, consists of a certain 
proposal for confronting this disease with the aim 

of eradicating the epidemic by 2035, and its goals 
depend on investments, innovations and political 
decision, consisting of care and prevention, policy 
to support those affected, as well as research and 
innovation9,10.

Contextualizing with the Northeast Region, 
the predominance of TB cases consists of males, 
young adults, browns, with low education, with 
comorbidities, smoking habits and alcoholism, 
having the socioeconomic factor predominant for 
the disease, where health strategies should be 
reinforced in the prevention, early diagnosis and 
treatment of the disease. Furthermore, when ob-
serving the health services offered in São Luís, 
there are three strategic priorities for TB preven-
tion and control: the identification and termination 
of treatment for people with active TB to process 
their status as non-infectious; tracing of people 
who have had contact with TB patients to iden-
tify whether they already have active TB or have 
been infected with Mycobacterium Tuberculosis; 
for children and other people at high risk; tracing, 
testing and treatment for people and populations 
at high risk of TB with latent infection36,5.

Such service is carried out by primary 
health units. Currently, the reference in health 
care is held by the Fátima Health Center – SAE 
(as per its Portuguese acronym), where preven-
tion is still the main basic strategy for the elim-
ination of TB cases in situations of first contact, 
reinfection or latent reactivation of the disease, 
and contact tracing is important in terms of de-
termining the primary source of the disease and 
identifying patients who are secondarily infected 
for immediate treatment. In this regard, it should 
be noted that imaging examinations that guide 
aspirations for biopsies and provide guidance for 
the therapeutic drainage of pathological fluid col-
lections are essential37,6,7.

As a strategy for strengthening the preven-
tion of TB casees, the city of São Luís invests in 
campaigns such as the one on March 24, World 
Tuberculosis Day. The health education actions 
occur in partnership between the State (State 
Department of Health [SES] Epidemiology and 
Disease Control) and the Municipal Government 
of São Luís, where the Family Health Program has 
intensified the training in terms of strengthening 
the actions to fight against tuberculosis38.
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As for policy and support, there are many 
challenges intrinsic to combating TB in that State, 
as indicated to be addressed, national TB pro-
grams or their equivalents should always seek 
multisectoral engagement to establish an en-
abling policy and a planned environment for the 
development of national and local policies and 
standard operating procedures that can facili-
tate the implementation of the recommendations 
in these guidelines. This may include promotion 
of universal health coverage and prioritization of 
risk groups based on TB epidemiology, as well as 
the establishment of robust health care39.

Regarding research and innovation, in a 
study conducted in Maranhão about the use of 
primary health care services in that State, ac-
cording to the context of the implementation of 
the Family Health Program and its process in each 
territory, there are variables in the impact of this 
program on health indicators, added to the so-
cioeconomic characteristics and public policies of 
each city. Nonetheless, in a study carried out in 
São Luís – Maranhão, the Family Health Strategy 
(FHS), in relation to the entrance door, was still 
not satisfactory, but the use of FHS services is 
still a priority to enter the SUS context40,41.

When there is subnotification, it hampers 
the epidemiological surveillance of TB cases and, 
consequently, affects the allocation of resources 
and the planning of actions for its confrontation, 
thus undermining the real identification of the ep-
idemiological situation of TB cases and the plan-
ning of actions for its control11,24.

CONCLUSION 

In the notifications of TB incidence rates 
in the Maranhão State between 2010 and 2020, 
in the time analysis, an expansion trend was ob-
served in PHC units, but it remained stable in hos-
pital units, without considerable increase. Nev-
ertheless, the time modeling followed the same 
trend of increase in PHC units, but there was a 
decrease in hospital units.

In the investigated State, there must be 
effectiveness in the strategies focused on im-
proving the control of the disease in question, 
in a way that truly allows the reduction of its 

dissemination and, therefore, the number of 
deaths caused by it.

For further research on the addressed top-
ic, it is suggested that new studies be carried out 
with a larger sample, thus obtaining access to 
sufficient information regarding the proper filling 
out of patients’ records by professionals, as well 
as information about patients who did not seek 
hospital care despite the manifested symptoms. 

REFERENCES
1.	 Ministério da Saúde (BR). Secretaria de Vigilância em 

Saúde. Departamento de Vigilância das Doenças Trans-
missíveis. Manual de Recomendações para o controle 
da Tuberculose no Brasil. 2019. Brasília: Ministério da 
Saúde. [citado em 05 jan 2022]; Disponível em: http://
www.aids.gov.br/pt-br/tags/publicacoes/tuberculose. 

2.	 World Health Organization. Global Tuberculosis re-
port. 2020. Geneva. [citado em 05 jan 2022]. Di-
sponível em: https://www.who.int/publications/i/
item/9789240013131. 

3.	 Maranhão. Secretaria de Saúde. Plano estadual de 
saúde: PES 2016-2019. São Luís, 2016. [citado em: 05 
jan 2022]. Disponível em: https://www.conass.org.br/
pdf/planos-estaduais-de-saude/MA_Plano%20de%20
saude%202016-2019.pdf. 

4.	 Adane A et al. Prevalence and associated factors of tu-
berculosis among adult household contacts of smear 
positive pulmonary tuberculosis patients treated in pub-
lic health facilities of Haramaya district, Oromia region, 
eastern Ethiopia. Tuberculosis research and treatment. 
2020; 2020(1).

5.	 Melo MC et al. Temporal trend of tuberculosis in Brazil. 
Cadernos de Saúde Pública. 2020; 36 (1):1-14.

6.	 Bomanji JB et al. Imaging in tuberculosis. Cold Spring 
Harbor perspectives in medicine. 2015; 5 (6):1-24.

7.	 Fox GJ et al. Implementing tuberculosis preventive 
treatment in high-prevalence settings. International 
Journal of Infectious Diseases. 2021; 113(1): 1-3.

8.	 Cortez AO et al. Tuberculose no Brasil: um país, múltip-
las realidades. Jornal Brasileiro de Pneumologia. 2021; 
47 (1): 1-11.

9.	 Barreira D. Os desafios para a eliminação da tuberculose no 
Brasil. Epidemiol. Serv. Saúde, Brasília. 2018; 27(1): 1-4.

10.	 Bertho ACS et al. Incidência de tuberculose no Brasil: é 
possível atingir a meta da Agenda 2030?. ALAP 2020. IX 
Congresso de La Asociacion Latinoamericana de Pobla-
cion. 2020; 1 (1): 1-14.

11.	 Silva GDM et al. Identificação de microrregiões com 
subnotificação de casos de tuberculose no Brasil, 2012 
a 2014. Epidemiologia e Serviços de Saúde. 2020; 29 
(1):1-12.

http://www.aids.gov.br/pt-br/tags/publicacoes/tuberculose
http://www.aids.gov.br/pt-br/tags/publicacoes/tuberculose
https://www.who.int/publications/i/item/9789240013131
https://www.who.int/publications/i/item/9789240013131
https://www.conass.org.br/pdf/planos-estaduais-de-saude/MA_Plano de saude 2016-2019.pdf
https://www.conass.org.br/pdf/planos-estaduais-de-saude/MA_Plano de saude 2016-2019.pdf
https://www.conass.org.br/pdf/planos-estaduais-de-saude/MA_Plano de saude 2016-2019.pdf


Medicina (Ribeirão) 2023;56(3):e-207231 11

Aragão FBA, Berra TZ, Fiorati RC, Arcêncio RA, Cunha JHS, et al

12.	 Arroyo LAH, Arcoverde MAM, Alves, JD. et al. Spatial 
analysis of cases of Tuberculosis with Mental Disorders 
in São Paulo. 2019. 72 (3): 654-62.

13.	 Imtiaz,S, Sgield, KD, Roerecke, M et al. Alcohol con-
sumption as a risk factor for tuberculosis:meta-analyses 
and burden of disease. European Respiratory journal. 
2017; 50 (1): 1-13.

14.	 Moreira, RLSF, Fontes, WD, Barboza, TM. Dificuldades 
de inserção do homem na atenção básica a saúde: a 
fala dos enfermeiros. Esc Anna Nery. 2014. 18 (4): 
615-621.

15.	 Atre, S, Kudale, A, Morankar, S et al. Gender and Com-
munity views of stigma and tuberculosis in rural Maha-
rashtra, India. Glob Public Health. 2011. 6 (1): 56-71.

16.	 Santos-Neto M, Yamamura M, Garcia MCC, Popolin MP, 
Silveira TRS, Arcêncio RA. Análise espacial dos óbitos 
por tuberculose pulmonar em São Luís, Maranhão*. J. 
Bras. Pneumol. 2014;40(5):543-51. 

17.	  Paula R, Lefevre F, Lefevre AMC, Galesi VMN, Schoeps 
D. Por que os pacientes de tuberculose procuram as uni-
dades de urgência e emergência para serem diagnos-
ticados: um estudo de representação social. Rev bras 
epidemiol. 2014; 17(3)600-14. 

18.	 Aragão FBA et al. Análise epidemiológica da tuberculose 
em São Luís - MA. Medicina (Ribeirão Preto). 2020; 53 
(3), p. 252-259.

19.	 Figueiredo Júnior AM et al. Análise da incidência de tu-
berculose nos estados da região norte do Brasil. Revista 
Eletrônica Acervo Científico. 2021; 24(1): 1-7.

20.	 Souza, VC et al. Análise epidemiológica dos casos de 
tuberculose em um município hiperendêmico do Nord-
este brasileiro. Revista Eletrônica Acervo Saúde. 2021; 
13 (4): 1-8.

21.	 Piller RVB. Epidemiologia da tuberculose. Pulmão RJ [in-
ternet]. 2012; 21(1):4-9.

22.	 Cecilio HPM, Molena-Fernandes CA, Mathias TAF, Mar-
con SS. Perfil das internações e óbitos hospitalares por 
tuberculose. Acta paul. Enferm [internet]. 2013; 26(3): 
250-55.

23.	 Silva, Tereza et al. Fatores associados ao retratamen-
to da tuberculose nos municípios prioritários do Mara-
nhão, Brasil. Ciência & Saúde Coletiva. 2017; 22 (1): 
4095-4104.

24.	 Andrade, SM et al. Tuberculose em São Luís-Maranhão, 
Brasil: análise do comportamento epidemiológico en-
tre 2010 e 2018. Research, Society and Development. 
2020; 9(6): 1-13.

25.	 Horton, KC, Mcperson, P, Houben, RMG et al. Sex differ-
ences in tuberculosis burden and notifications in low-and 
middle-income countries: a systematic review and me-
ta-analysis. PLos Med. 2016. 13 (9): 1-23.

26.	 Olmos, C, Stuardo, V, Ramonda, P et al. Caracterización 
socio-epidemiologica y evolución de la tuberculosis en la 
región metropolitana de Chile, 2005 a 2018. Rev. Chile-
na Infectol. 2020. 37 (3): 237-243.

27.	  Moreira, ASR, Kritski, AL, Carvalho, ACC. Determinantes 
sociais da saúde e custos catastróficos associados ao di-
agnóstico e tratamento da tuberculose. Jornal Brasileiro 
de Pneumologia. 2020; 46 (5): 1-5.

28.	 Barros NO et al. Avaliação epidemiológica dos casos de 
Tuberculose da região nordeste do Brasil, no período de 
2010 a 2019. 2021.

29.	 Martins, JP et al. Perfil Epidemiológico dos Casos de Tu-
berculose Relacionado ao Abandono de Tratamento no 
Maranhão de 2017 a 2020 Epidemiological Profile of Tu-
berculosis Cases Related to Treatment Abandonment in 
Maranhão from 2017 to 2020. Brazilian Journal of Devel-
opment. 2021; 7 (6): 59102-59118.

30.	 Cozer AM, Assis LPF, Graciano AR, Amâncio VC, Dias 
DCS. Panorama epidemiológico da tuberculose no Brasil. 
Rev Educ Saúde [internet]. 2016; 4(2): 43-50.

31.	 Neto ARP et al. Perfil epidemiológico dos casos de tuber-
culose no estado do Maranhão de 2009 a 2018. Revista 
Eletrônica Acervo Saúde. 2020; 53 (1), p. e992-e992.

32.	 Cunha, JPA, Campos, RV, Lemos, IC. Tuberculose no 
Ambiente Hospitalar: Desafios e Perspectivas da Atual-
idade. Journal of Infection Control. 2021; 10 (4): 1-3.

33.	 Albuquerque, RSP et al. Tuberculose na infância: uma 
revisão integrativa. Revista Eletrônica Acervo Saúde. 
2021; 10 (1): 1144-1151.

34.	 Spagnolo, LML et al. Detecção da tuberculose: fluxo 
dos sintomáticos respiratórios e resultados alcança-
dos. Revista Brasileira de Enfermagem. 2018; 71 (5): 
2543-2551.

35.	 Muller, Guilherme Seara et al. Associação entre apresen-
tação radiológica e tempo decorrido para o diagnóstico 
da tuberculose pulmonar no serviço de emergência de 
um hospital universitário. Jornal Brasileiro de Pneumo-
logia. 2020; 46 (2):1-6.

36.	 Lima MP et al. Abordagem Fisioterapêutica na Tubercu-
lose Pulmonar: Revisão Integrativa de Literatura. Revis-
ta Uningá. 2020; 57 (3), p. 1-12.

37.	 Fiocruz. Novo relatório da OMS sobre a tuberculose aler-
ta sobre os efeitos da Covid-19. 2021. [citado em 05 
jan 2022] Disponível em: http://informe.ensp.fiocruz.
br/noticias/50326. 

38.	 Organização Pan-Americana da Saúde Atenção à saúde 
em municípios de pequeno porte do Maranhão. Efeitos 
do Programa Mais Médicos. Brasília, DF: OPAS, 2016.

39.	 Getahun H et al. Management of latent Mycobacterium 
tuberculosis infection: WHO guidelines for low tubercu-
losis burden countries. European Respiratory Journal. 
2015; 46 (6), p. 1563-1576.

40.	 Cunha, C. L. F. et al. O uso de serviços de atenção 
primária à saúde pela população infantil em um esta-
do do nordeste brasileiro. Caderno de Saúde Coletiva. 
2013; 21 (2): 115-120.

41.	 Reis, R. S. et al. Acesso e utilização dos serviços na Es-
tratégia Saúde da Família na perspectiva dos gestores, 
profissionais e usuários. Ciência & Saúde Coletiva. 2013; 
18 (11): 3321-3331.



12 https://www.revistas.usp.br/rmrp

Time series of the health system dynamics for the diagnosis of tuberculosis

Corresponding Author:
Francisca Bruna Arruda Aragão
aragao_bruna@usp.br

Editor:
Prof. Dr. Paulo Henrique Manso

Received: jan 25, 2023
Approved: apr 03, 2023


