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Abstract

Objective: This study aimed to analyze the incidence and epidemiological profile of tuberculosis
(TB) cases registered in a region of the State of Sdo Paulo (SP) and to assess the impact of COVID-
19 on TB incidence and completeness of naotifications. Methods: This is a retrospective cross-
sectional study analyzing reports of adult patients with TB, who were notified in the TB-Web from
January 2010 to December 2020. Sociodemographic (e.g. sex, race and scholarity) and clinical
variables (e.g., clinical form, types of cases and comorbidities) were collected and analyzed. The
completeness of TB notifications and the impact of COVID-19 on TB notifications were evaluated,
considering the year of 2020. The study was reported following Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) checklist for cross-sectional studies [CAAE
33166620.0.0000.0102]. Results: A total of 1,509 notifications were included, with a mean
incidence of 48.5/100,000 inhabitants. The median age was 42 years, most notification included
males (71%), were of white race (42%) and had the pulmonary form of TB (85%). In assessing the
impact of the pandemic on notifications in 2020, there was a decrease of 36% in the number of TB
notifications, with an emphasis between July and August, which was the peak period of COVID-19
cases in the region. No change in the completeness of TB notifications was observed in this period.
Conclusions: Results indicate the clinical and epidemiological profile in a region of SP between
2010 and 2020. The pandemic led to a decrease in the number of TB notifications but did not
change the completeness of notifications.
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Evaluation of the epidemiological aspects and the impact of COVID-19 on tuberculosis notifications in Séo Paulo

1. INTRODUCTION

Tuberculosis (TB), caused by Mycobacterium tuberculosis, is considered one of the oldest
infectious diseases of humanity. In 2018, there were an estimated 10 million new cases of TB
worldwide, and 1.5 million people died from the disease. In the same year, in Brazil, the
incidence of TB was 45 cases per 100,000 inhabitants, and the disease-related mortality rate
was 2.3 deaths per 100,000 inhabitants’.

Brazil occupies 30th place on the list of countries with the highest load of TB2. In the
country, TB is a mandatory notification disease through the information system called Sistema
de Informacdo de Agravos de Notificacdo (Sinan-TB)3. Each year, in Brazil, approximately 80,000
new cases of TB are reported; in 2019, there were 73,864 incident cases* and, about 4,500
deaths from the disease, with a mortality rate of 2.2 deaths per 100,000 inhabitants. In 2020,
Brazil registered 66,819 new cases of TB, with an incidence rate of 31.6 cases per 100,000
inhabitants®.

In 2017, the Ministry of Health (Ministério da Satude - MS), in accordance with the Strategy
for the End of TB of the World Health Organization (WHO), prepared the National Plan for the
End of TB as a Public Health Problem, which reaffirms the Brazilian commitment to confront
the problem, highlighting the intention to reduce the incidence rate to less than 10 cases per
100,000 inhabitants and the TB mortality rate to less than 1 death per 100,000 inhabitants by
the year 2035°.

In December 2019, the first cases of a new infectious disease, called COVID-19, transmitted
by a new coronavirus, SARS-CoV-2, were identified in Wuhan, China. The rapid spread of the
virus worldwide, with clinical spectrums ranging from asymptomatic infections to severe
conditions, led to the decree of the pandemic’. In Brazil, the first case of COVID-19 was
registered in February 2020, and by September 2021, more than 591,440 lives had been lost,
and more than 21 million cases had been reported?®. With the pandemic, there was a need to
change the reorganization of health services to simultaneously face the pandemic and
maintain the regular supply of its actions®.

COVID-19 has the potential to substantially impact the control of a range of diseases. In
addition to overburdening health systems, there is concern that, due to poor health and fear
of contracting COVID-19, individuals will not seek medical care when a health problem arises'®.
Coronavirus disease has disrupted TB services worldwide. The Global Tuberculosis Network
global study evaluated 33 centres in 16 countries and observed that most centres had
reductions during the first 4 months of the COVID-19 pandemic in TB-related hospital
discharges, newly diagnosed cases of active TB, total active TB outpatient visits and newly
diagnosed latent TB infections (and related outpatient visits) when compared to in the same
period in 2019. In addition, decreased attendance to TB clinics was associated with the
patient's fear of exposure to COVID-19 in the community, interruptions in services or difficulty
in accessing health services during the lockdown'". In South Korea, the negative effect of the
outbreak of COVID-19 on TB was not limited to diagnosis, as outpatient clinics and emergency
departments were temporarily closed after patients visiting the facility were identified as
having COVID-19'2 In Brazil, the 2020 data presented in the Tuberculosis Epidemiological
Bulletin, published in March 2021, demonstrated a different behaviour in relation to the
historical series of TB, and some important changes in the epidemiological and operational
indicators were observed, such as a sharp decline in incidence, and a worsening of indicators,
such as an increase in dropout rates and a reduction in the total number of TB notifications®.

Therefore, the aim of this study was to analyze the incidence, epidemiological profile and
completeness of notifications of TB cases registered at the Regional Health Department 12
(DRS XIlI - Departamento Regional de Saude) of the state of Sdo Paulo (SP) in the last 10 years
and to assess the collateral impact of the COVID-19 pandemic on TB notifications.
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2. MATERIAL AND METHODS

2.1. Study design

This is a retrospective, cross-sectional study to analyze the notifications of patients
diagnosed with TB that was carried out in a region of the state of SP from January 2010 to
December 2020. This study was conducted and reported in accordance with the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines
for observational studies'3. This study was approved by the Research Ethics Committee of the
Health Sciences Sector of the Universidade Federal do Parana under protocol number
4.177.730 (CAAE 33166620.0.0000.0102).

2.2. Setting

The DRS XII, located in the Vale do Ribeira region, southeast of the state of SP, has a
population of approximately 284,469 inhabitants, distributed in 15 municipalities (Barra do
Turvo, Cajati, Cananéia, Eldorado, Iguape, Ilha Comprida, Iporanga, Itariri, Jacupiranga, Juquia,
Miracatu, Pariquera-Agu, Pedro de Toledo, Registro and Sete Barras). The set of these
municipalities occupies a territory just under 5% of the area of the state of SP, Brazil, with low
population density.

2.3. Participants

Inclusion criteria

Notifications of adult individuals (over 18 years of age) who were diagnosed with TB
between January 2010 and December 2020 and notified in the DRS XII were included.

Exclusion criteria
Notifications that did not present the date of birth were excluded.

2.4. Variables

The following sociodemographic variables were collected: gender, age, place of birth, race,
education, neighbourhood and city of origin, complementary data (such as types of cases
[new, relapse, retreatment and previous treatment terminated by failure/resistance/toxicity]),
sequence treatment, type of occupation (housewife, detainee, health professional,
unemployed and retired) and institution (penal institution, refuge, asylum, orphanage,
psychiatric hospital or support house). These variables were collected by the health
professional at the time of the consultation, which could be through verification of documents
(gender, age, place of birth, proof of address and institution), self-report (race, education and
occupation) or medical records (type of cases and treatment sequence).

Clinical variables were collected, including the criteria for confirmation of TB, type of
discovery (active search in an institution, active search in the community, outpatient demand,
discovery after death, elucidation diagnosed in hospitalization, investigation of contacts and
urgency/emergency), incidence, onset of first symptoms, date of diagnosis, initial treatment,
change in treatment, sensitivity and resistance tests, clinical forms of TB (pulmonary and
extrapulmonary) and associated diseases and conditions. Comorbidities were also collected
by TB-Web, in addition, alcoholism, smoking and drug abuse were classified according to the
criteria of the health professional at the time of clinical evaluation.
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2.5. Data sources/management

Data on patients with TB from the DRS XII were extracted from the TB Patient Control
System (TB-Web), an online information system, exclusive in the state of SP, which stores the
medical records from TB notifications.

The information from the TB notification forms were transferred in a single file, via the
Internet, to the TB-Web and to the Sinan-TB, which is a national system available for
consultation in the DATASUS (Brazilian Public database - Departamento de Informatica do
Sistema Unico de Satde).

Data were extracted from TB-Web between August 2020 and January 2021, and collected
in Microsoft Excel® spreadsheets, maintaining the confidentiality of patients (only with the
initials of patients and their dates of birth). Three researchers participated in the data
collection process.

To assess the impact of COVID-19 on TB notifications in DRS XlI, the numbers of COVID-19
cases were searched for in SIVEP GRIPE, a system used by the epidemiological surveillance of
state and municipal authorities to track cases of the flu and severe acute respiratory
syndrome for each month of the year 2020.

The completeness of notifications was also assessed for each year. The completeness analysis
was based on an item-by-item assessment of the filling in of the variables present in the TB
notification forms. The number of items not completed in each notification were quantified.

2.6. Statistical methods

Descriptive data analyzes were conducted using absolute and relative frequencies to report
categorical variables. Normal variables were reported as means and standard deviations,
while non-normal variables were reported as medians and interquartile ranges. The incidence
of notifications was calculated by calculating the number of notifications per year per 100,000
inhabitants.

The T test of two independent samples was used to assess the impact of COVID-19 on the
completeness of notifications, comparing the year 2020 to other years (2010 to 2019). For
continuous variables, normality was assessed using Kolmogorov-Smirnov, Shapiro-Wilk and
exploratory Q-Q graphs. Significance measures were obtained by testing the null hypothesis
(p value), considering significant results when p < 0.05.

To assess the impact of the COVID-19 pandemic on the incidence of TB, the T test of two
independent samples was used, comparing the year 2020 to other years (2010 to 2019) or to
the year 2019 through the IBM SPSS Statistics v.22 program. An ANOVA test was also
performed, which evaluated the means considering the COVID-19 cases per month vs. the
number of TB notifications. Spearman's rho was used to assess the correlation between year
of notification and incidence.

3. RESULTS

3.1. Epidemiological aspects

Between January 2010 and December 2020, 1,625 diagnosed cases of TB were reported on
the TB-Web, an average of 148 cases per year in the region covering the DRS XII. After applying
the eligibility criteria, which excluded 114 children under 18 years of age and two natifications
without date of birth, TB notifications were obtained from 1,509 patients, who were included
in the study and had their data extracted. It was observed that most notifications occurred in
2017 (n =164), 2018 (n = 160) and 2019 (n = 183) (Figure 1).
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Figure 1. Incidence of tuberculosis in the Regional Health Department (DRS) XII, from 2010 to 2020.

Regarding sociodemographic characteristics (Table 1), the median age was 42 years
(interquartile range from 28 to 54 years) and the prevalence was higher in males (71%) and in
whites (42.9%). Education was not filled out in about one third (31%) of the notifications; 25%
of patients reported 4 to 7 years of education, corresponding to incomplete primary
education. About 96% of the cases were not institutionalized, and 18.5% of the cases were

unemployed.

Table 1. Socio-demographic characteristics of the included population.

Variable N = 1,509 %
Median age (IQR) 41(28-54) years
Sex Male 1070 71.0%
White 648 42.9%
Brown 470 31.2%
Race Black 112 7.4%
Yellow 21 1.4%
Indigenous 5 0.3%
NR 253 16.8
4 to 7 years 377 25.0%
8to 11 years 367 24.3%
1to 3years 130 8.6%
Scholarity 12 to 14 years 74 4.9%
No education 44 2.9%
> 15 years 42 2.8%
NR 475 31.5%
No 1448 96.0%
Penal institution 25 1.7%
I Asylum 2 0.1%
Institution Refuge 5 0.1%
Psychiatric Hospital 1 0.1%
NR 31 2.0%
Other 670 44.4%
Unemployed 278 18.5%
Housewife 164 10.9%
Occupation Retiree 128 8.5%
Inmate 34 2.2%
Health professional 22 1,5%
NR 213 14.0%

N = number of notifications. SD = standard deviation. NR = not reported.
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Regarding the incidence by city, Registro stood out with the highest number of cases
(n =364; 24.12%), followed by Iguape (n = 194; 12.86%) and Cajati (n = 136; 9.01%).

Most TB cases (n=1,282; 85%) were classified as pulmonary (Table 2). In 70% (n = 1,055) of
the cases, sputum smear microscopy was performed to diagnose the disease, with 18%
(n =267) with a negative result and 12% (n = 187) without a result. New TB cases represented
82.2% (n = 1,240) of the sample. About half of the diagnoses (n= 847; 56.1%) were performed
during outpatient visits (service in primary care through health units). AIDS was found in 4.7%
(n =71) of cases. The main comorbidities or conditions found in the patients were alcoholism
(22.2%), smoking (18.8%), drug addiction (12.7%) and diabetes (6.4%).

Table 2. Tuberculosis clinical data reported in the included notifications.

Variables N=1,509 %
Pulmonary 1.282 85.0%
Clinical form Extrapulmonary 203 13.4%
Pulmonary + extrapulmonary 24 1.6%
Positive sputum smear microscopy 1055 70.0%
o . . No bacteriological confirmation 391 25.9%
Criteria for diagnostic
confirmation Culture 54 3.5%
:’noastlg;/izlsputum smear microscopy - other 9 0.6%
New 1240 82.2%
Relapse 154 10.2%
Case type Retreatment after abandonment 107 7.1%
Retreatment after failure or resistance 6 0.4%
Retreatment after intoxication 2 0.1%
Outpatient 847 56.1%
Urgency / Emergency 332 22.0%
Diagnostic elucidation in hospitalization 204 13.5%
Discovery type Contact investigation 27 1.8%
Active community search 24 1.6%
Active search in institution 11 0.7%
Discovery after death 2 0.1%
NR 62 4.2%
Alcoholism 335 22.2%
Smoking 284 18.8
Drug addiction 192 12.7%
Comorbidities Other 132 8.7%
Diabetes 96 6.4%
AIDS 71 4.7%
Mental disease 37 2.4%
Immune disease 27 1.8%
NR 487 32.3%

N=number of notifications. NR = not reported.

Regarding treatment, 95.6% of the patients initially received the standardized TB treatment
scheme recommended by the Brazilian Ministry of Health, which is rifampicin + isoniazid +
pyrazinamide + ethambutol. The regimen was self-administered in 54.4% of patients, while
36.1% of patients were supervised by health professionals.
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3.2. Assessment of the impact of COVID-19 on TB notifications

From the beginning of the pandemic in March 2020 to December 2020, 86 cases of TB and
11,733 cases of COVID-19 were reported in the evaluated region. Figure 2 shows the incidence
graph of the monthly average number of TB cases reported in 2020, TB cases during 2010-
2019, and COVID-19 cases reported in 2020. According to the ANOVA test, the means
considering the cases of COVID-19 per month vs. the number of TB notifications (2010-2019
= "before 2020" vs. “after 2020") were without statistical difference.

20 3500
18
3000
16
2500 g
14 5
» =
= 4 (1]
& 12 2000 & 2020
- ‘©# 2010-2019
£ 10 2
S o COVID 19 - 2020
z 1500 =
o 8 a
= >
5]
6 1000 ©
4
500
2
0 0
I P S S e
\\o?’\ S HE I X FVFT IS
NPy Ll G S
< (je’\ ‘\O QQ’

Figure 2. Incidence of tuberculosis and COVID-19 cases in the Regional Health Department (DRS) XII.

According to the T-test analysis of independent samples, considering the groups “2010-
2019 vs. 2020" or “2019 vs. 2020", in both cases, there was a significant difference in the
variable “incidence per 100,000 inhabitants” (which takes into account the number of
notifications per year). In 2020, notifications decreased significantly (p < 0.0001). There was
also a moderate and significant correlation (Spearman's rho: 0.430; p < 0.0001) between the
year of notification and the incidence (number of notifications).

Compared to 2019, there was a 36% decrease in the number of TB notifications in 2020
when the pandemic began in Brazil. Comparing July 2019 to July 2020, there was a reduction
of 73%, as well as a reduction of 84% in August, in the number of TB notifications. During this
same period, there was a peak in cases of COVID-19 reported in this region.

In the statistical analysis, using the T test of two independent samples, there was no
difference in the completeness of TB notifications (p = 0.109) between the periods 2010-2019
vs. 2020.

4. DISCUSSION

In this study, it was possible to assess the clinical and epidemiological profiles of
approximately 1,500 adults diagnosed with TB in a region of SP, Brazil, and the significant
impact of the COVID-19 pandemic on TB notifications.

Knowledge of the profile of individuals with TB is essential to allow more assertive
prevention and treatment measures in the country and to achieve the goals proposed by the
WHO. The Manual of Recommendations for the Control of Tuberculosis in Brazil recommends
carrying out studies and analyzes in various areas of the country, helping to better define TB
variables and parameters, in order to obtain a scenario closer to the national reality, enabling
comparisons of data from TB control programs. The average TB growth coefficient found in
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this region was 48.8 per 100,000 inhabitants between 2010 and 2020, from 56.3 per 100,000
inhabitants in 2018 to 64.3 per 100,000 inhabitants in 2019, representing an increase of 14.2%
in new cases of the disease. In Bahia, in a study carried out on the clinical and epidemiological
profiles from 2014 to 2019, there was also an increase in the incidence rate in 2019 (23.7 cases
per 100,000 inhabitants) representing 3% of the new cases of the disease when compared to
2014 (23.0 cases per 100,000 inhabitants)™. This could have occurred because the Ministry of
Health, in 2018, distributed rapid molecular tests for TB, an expansion of access to diagnostic
tools, which could have contributed to the increase in the number of TB notifications, and
consequently, in the incidence rate'®.

TB is a disease of young adults, predominantly in males, as previously reported in other
national and international studies'®'”. Although other Brazilian studies describe that the
disease mostly affects individuals of the brown/black race (rates of 77% and 60% in the studies
by Tavares'® and in the integrative review by Macedo', respectively), in our study, the white
race was predominant, (with 43%). Furthermore, the incidence of the brown race was about
32%. This is probably due to the constitution of the population in the place of analysis, which
are regions that had a large immigration of Europeans. Another study evaluated the
epidemiological profile of TB in the northeast region of Brazil over the past 5 years. In this
study 68% were male, aged between 20 and 39 years, which was equivalent to 43% of cases,
followed by individuals aged 40 to 59 years, representing 32% of cases. The most prevalent
clinical form of TB in the period was pulmonary (86%), 9,550 (14%) had AIDS, 10,269 (16%) had
diabetes, 22,019 (34%) were smokers, and 23,237 (6%) used alcohol®.

Low education is one of the factors most associated with the incidence of TB in the
population, due to the precariousness of life and lack of access to information. Low education
can negatively influence the understanding of the importance of correct treatment and the
risks of abandoning anti-TB therapy?'?2. As in the study by Macedo et al.”®, we found that
about one third of patients with TB had a low educational level. It is also noteworthy that 31%
of the notifications were not filled in for the field “schooling”, which indicates an important
weakness of the local surveillance system for the epidemiological analysis of the educational
and social levels?*24, Other studies point to important challenges for surveillance of TB due to
the low completeness of the fields of the notification form and the precariousness of
information on diagnosis and follow-up. The low quality of information, in addition to
compromising the adequate knowledge of the epidemiological profile of the cases, prevents
the assessment of surveillance actions, as it is not possible to identify whether the non-
completion is due to deficiencies in surveillance actions or in their registration2,

Pulmonary is usually the most prevalent form of TB, being diagnosed by sputum smear
microscopy the most frequently, as evidenced in the study conducted in the state of Alagoas
(northeastern Brazil) with rates of 86.32% and 52 .33%, respectively'®. The treatment of TB
cases followed WHO protocols that were already well-established worldwide due to their high
efficacy and long-term safety (e.g., with combined therapies based on rifampicin and
isoniazid)?. Cases of co-infection and comorbidities of TB are common and must be critically
evaluated by the clinical team in order to choose the best treatment. HIV infection is one of
the main risk factors for the evolution of latent disease caused by M. tuberculosis due to
changes in the human body's defense mechanisms against the causal agent of TB>. In 2019,
in Brazil, 9.85% new positive cases of TB and HIV co-infection were confirmed'®.

Before the COVID-19 pandemic, many countries made significant progress in the
management of TB cases. However, service disruptions caused by the pandemic have led to
setbacks; negative impacts were reported in disease data collection and reporting systems.
Human and financial resources were reallocated to the response to COVID-19. According to
the new WHO report, data collected from more than 200 countries showed significant
reductions in TB case reports, with falls of 25-30% reported in three countries with high
disease burden (India, Indonesia and the Philippines) between January 2020 and June 2020
compared to the same 6-month period in 2019. These reductions in case reports could lead
to a dramatic increase in deaths from TB?.
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In Brazil, only in 2020, there were 66,819 new cases of TB, with an incidence rate of 31.6
cases per 100,000 inhabitants. Compared to 2019, there was a 9.5% decrease in the number
of new cases of the disease 5. A Brazilian study evaluated the incidence of TB between 2006
and 2015, with the highest incidence in the north region (44.9 cases per 100,000 inhabitants),
followed by the southeast, northeast, south and midwest regions (incidences of 39.8, 36, 2,
31.4 and 21.3 cases per 100,000 inhabitants, respectively)®. From 2006 to 2019, the incidence
in the state of SP varied between 34.8 and 40.6 cases per 100,000 inhabitants (in 2020, 16,086
people received TB notifications, with an incidence of 34.8 cases per 100,000 inhabitants).
There are variations in incidence between the different regions of the state (baixada santista:
73.6-91.5 cases per 100,000 inhabitants; city of SP: 45.5-51.5 cases per 100,000 inhabitants;
countryside cities: 19.1-22.8 cases per 100,000 inhabitants; and the Metropolitan Region:
30.5-35.5 cases per 100,000 inhabitants)?.

In our study, the percentage of reduction in notifications between 2019 and 2020 was 36%,
which occurred especially during the peak of the pandemic in the DRS XII. This may have been
influenced, among other factors, by the behavior of the population in this region against the
pandemic and by the restrictive decrees imposed by the state of SP during the initial period
of the COVID-19 outbreak. Through correlation analyzes, it was possible to verify that there
was an increase in TB notifications over the years 2010-2019; however, this was modified in
2020, when there was a decrease in TB notifications. Similar data were observed in South
Korean, city of Daegu, which was the epicenter of the COVID-19 pandemic in that country, with
a 24% reduction in TB notifications after the first coronavirus outbreak'®. Decreases in the TB
notification rates in early 2020 compared to the same period in the last 2-5 years were also
reported in Shanghai (47. 8%), Uganda (43%), Nigeria (34%), South Africa (33%), Japan (33%)
and Taiwan (20%)3°.

The main hypotheses for the reduction in the number of TB notifications during the
pandemic period may be related to the real decrease in cases, since TB is an infectious-
contagious disease whose transmission is reduced with preventive measures, such as social
distancing and hygiene and cleaning care (use of face masks and alcohol gel)'%. In another
scenario, the reason is the overload of health services due to the high number of cases of COVID-
19, resulting in severe reductions in the availability and access to these services for diagnosis
and treatment of TB cases®'. In another more realistic scenario, health professionals involved in
the care of patients with TB were assigned to care for patients diagnosed with coronavirus. As a
result, a decrease in the investigation of latent TB in asymptomatic adults and adolescents in
contact with individuals with active TB, which can lead to delays in the diagnosis and treatment
of new cases. According to Hogan et al.*?, the interruption of TB services during the COVID-19
pandemic could increase the number of deaths from TB by up to 20% in 5 years, possibly due
to reduced diagnosis and timely treatment of new cases. According to the Pan American Health
Organization (PAHO), the diagnosis of new cases of the disease in the Americas fell between
15% and 20% during 2020 when compared to the previous year due to the COVID-19 pandemic,
which is a situation that puts the progress towards the end of TB%.

Despite the reduction in the total number of TB notifications, no relationships were found
between the variables analyzed and the pandemic. There were also no significant side impacts
of COVID-19 on the completeness of the notification fields. Faced with this scenario, the WHO
reveals that access to TB services remains a challenge and that achieving global TB targets by
2030 will require technological advances. Rapid tests that are more accessible to the population
are needed, in addition to new, safer and more effective vaccines and treatments?’.

This study has some limitations, such as the use of secondary data from health information
systems, which are subject to biases during filling. Assessment of the quality of notifications
was not an objective of this study. It is possible that there are cases of underreporting of TB.
Notifications came from a single Brazilian region; divergences with other regions of the
country may exist. Therefore, it is not recommended to extrapolate the results.

In this study, it was possible to trace the epidemiological profile of the population with TB in the
DRS XlI in the state of SP in the last 10 years and to verify the impact of the COVID-19 pandemic
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on the reduction of these notifications in 2020. The present study highlights the need to improve
surveillance of TB during and after the pandemic. The results presented in this study can help
managers and health professionals to make more assertive decisions in the provision of care.
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