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ABSTRACT

BACKGROUND: Although tuberculosis (TB) is an endemic infectious disease in Brazil,
the Federal District has a different epidemiology from other Brazilian locations.
Investigation of disease seasonality, which needs to be further explored in tropical
regions, may indicate risk factors specific to peak incidence seasons that could be
controlled if better understood. To investigate the influence of seasonality (SA) in the
occurrence of tuberculosis in the Federal District (FD) of Brazil. METHODS: This is an
ecological time series (TS) study based on secondary data. The unit of analysis was the
month of TB diagnosis from 2001 to 2018. We used the X-13ARIMA-SEATS (X-13)
seasonal adjustment software in automatic mode with additive decomposition.
Seasonality was analyzed using the Friedman test (0.001) and Kruskal-Wallis test (0.01)
for stable seasonality. Moving seasonality was verified by Friedman test (0.05), and the
identifiable seasonality was constructed from the combination of the three tests. The
annual average seasonal amplitude was calculated from the isolated seasonal factors.
RESULTS: 6,161 TB cases were diagnosed in the Federal District, 28 cases per month
on average (+ 6.6). We observed peaks in April and August and decreased detection in
November and December, with an average annual seasonal amplitude of 34.0%. The F
test and the Kruskal-Wallis test revealed evidence of SA at 0.001 and 0.01, respectively.
Moving SA was not identified at a significance level of 0.5 neither in the combination of
the three tests. CONCLUSION: The TS tends to suggest a limited seasonality of TB in
the FD. Some incidence peaks were observed in some specific months, showing a
relevance of seasonality at the local level, which may reflect an influence of access to
health service patterns from the onset of symptoms to the diagnostic elucidation of the

disease.
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BACKGROUND

Tuberculosis (TB) is a high magnitude disease characterized by airborne
transmission that is influenced by social, demographic, and genetic factors, as well as
factors linked to immunosuppression, comorbidities, and access to health services (1-3).
Although not yet completely elucidated, climatic and environmental factors (such as
temperature, humidity, rain, sunlight, altitude, pollution, and seasonality) have been
associated with the occurrence of the disease (4-6).

Since 1930, the phenomenon of seasonal variation in TB has been investigated (6)
revealing a possible association of pathophysiological characteristics of the disease with
the host, making the relationship between TB and seasonality complex (7). The
international literature, however, reveals gaps in the relationship between seasonality and
TB by region, as only a few studies have been conducted in locations that do not experience
pronounced climate change throughout the year, or in areas close to the equator (6,8). In
this sense, the data reported in most studies refer to the northern hemisphere, above the
Tropic of Cancer (6,7), which makes it difficult to understand the association of climate
determinants in the southern hemisphere with seasonal variations in the burden of disease.
Considering the northern region, the literature has reported more pronounced TB-related
seasonal peaks in spring and summer (6,7,9).

The Federal District of Brazil (FD), where the capital of the country is located, has
a different epidemiological scenario of tuberculosis compared with state capitals of the
country (10). While Brazil ranks the 18" position in TB burden and reports 33.0% of cases
in the Americas (3), the capital city of the country has the lowest TB burden and, since
2008, reports an incidence very close to the WHO End TB strategy (3), which means, an
incidence less than or equal to 10/100,000 population(10). Despite efforts, studies on the
epidemiology of local TB still seek to identify factors that may explain this phenomenon
(10-12). One of the aspects to be analyzed would be how the seasonality of TB occurrence
results in oscillatory movements of the same periodicity in the occurrence of events, in an
intra-annual cycle (13). We believe that the present study can help in the creation of
strategies that may contribute to the elimination of TB in the Federal District, meeting the
objective of the End TB Plan in the country. Our study aims to investigate the seasonality

in the occurrence of tuberculosis in the Federal District-Brazil from 2001 to 2018.



2 - METHODS
The present study was conducted in the Federal District (FD), a federated unit that

houses the capital of Brazil. The region is positioned at the parallels 15° 30" and 16° 03”
south latitude and the meridians 47° 25" and 48° 12” west longitude in the Midwest, lying
in the central region of Brazil and in the East Center of the state of Goids. The FD has an
area of 5,783 square km and represents 0.06% of the area of the national territory. As for
the topography, the altitudes vary from 950 m to 1400 m, with a predominance of relief
characterized by erosional evolution formed by plateaus and tablelands. The country has
a tropical climate with two well-defined seasons: hot and rainy (spring-summer) and cold
and dry (autumn-winter). The average temperature recorded over the last 30 years was
22° C, ranging from 13° C to 28° C throughout the year. The average annual rainfall was
1,400 mm (14). In 2018, the population estimate of the Federal District was 2,974,703
inhabitants and the average population density was 410.8 inhabitants/sq. km, with an
urbanization rate of 94,7% (15).

We conducted an ecological time series study based on secondary data. We used
the classification “case” of tuberculosis, as recommended by the Brazilian National TB
Control Program of the Ministry of Health (16). We analyzed all new TB cases
(pulmonary, extrapulmonary, and pulmonary + extrapulmonary) reported to the National
System of Notification of Disorders (Sistema Nacional de Agravos de Notificagdo —
SINAN) diagnosed between January 2001 and December 2018, totaling 6,161 TB cases.
The data are available electronically on the website of the data-processing Department of
the Unified Health System (DATASUYS) at
http://www?2.datasus.gov.br/DATASUS/index.php?area=0203&1d=31009407&V Obj=ht
tp:/ /tabnet.datasus.gov.br/cgi/tabcgi.exe?sinannet/cnv/tuberc. The absence of ethical

appraisal is justified by the fact that the data is available from official open access banks.

2.1 - STATISTICAL ANALYSIS

To compile the historical series of TB cases we used descriptive statistics of
frequency, proportion, mean, median, mode, and standard deviation (minimum and
maximum). We included all cases, regardless of clinical presentation, skin color/race,
education, and gender. We excluded 868 cases of relapse, change of diagnosis,
readmission after treatment withdrawals, and transfers. In the seasonality analysis, the

annual records of TB in the Federal District were disaggregated by month of diagnosis,



totaling a time series of 216 observations (18 years). In our study, the month TB was
diagnosed was defined as “unit of analysis.”

To evaluate the seasonality of TB in the FD, we used the X-13ARIMA-SEATS
(X-13) seasonal adjustment software, made available by the US Census Bureau in July
2012 (17) and implemented in the R-interface version 3.6.0. We set X-13ARIMA-SEATS
in automatic mode, which revealed the need for log-transformation of the data: presence
of outliers; the order of the ARIMA (Autoregressive Integrated Moving Average) model;
and the existence of calendar effects (trading days, working days, holidays) (13,18).

Running the X-13ARIMA-SEATS in automatic mode, we compared the
transformed series and the post transformation series using log likelihood function (L),
Akaike Information Criterion (AIC), Finite Sample AIC (FAIC), Hannan Quinn
Information Criterion (HQC), and Bayesian Information Criterion (BIC) for model
adequacy. After the adaptation of the five best ARIMA models used in this series, we
observed no need for transformation of the original series and no unit root was found. The
final model identified was the ARIMA (0,1,1).

To estimate the seasonal component (S,) the series was decomposed by the
additive model (X, = T, + S, + 1), isolating this component from the general trend (Ty)
and the irregular components (I.), where X, is the number of observed TB cases in the
Federal District in the month = n (13). The presence of seasonality was analyzed using
the Friedman test (significance level set to less than 0.001) and the Kruskal-Wallis test
(significance level set to less than 0.01), in order to assess the presence of stable
seasonality. The moving seasonality was verified by Friedman test (significance less than
0.05), besides the identifiable seasonality, constructed from the combination of the three
tests: identifiable seasonality not present, identifiable seasonality probably not present,
and identifiable seasonality present (Appendix O1).

The annual average seasonal amplitude was calculated from the isolated seasonal
factors and defined as the fraction where the numerator was established by the difference
between the months with the highest and lowest TB case count in the period, and the
denominator was the average number of cases in the studied period. Thus, a proportion

of the average annual case count was obtained.



3 - RESULTS

From January 2001 to December 2018, 6,161 TB cases were diagnosed in the
Federal District. On average, 28 cases of TB (+ 6.6) per month were notified, with a
median of 29 cases, mode of 24 people, minimum of 11, and maximum of 47 people
diagnosed per month. The highest rates of TB cases were among men (3,931 people,
63.8%), age group 20-39 years (3,931, 43.2%), blacks (3,434, 55.7%), pulmonary clinical
presentation (4,609, 74,8%), cases of positive sputum smear microscopy (2,546, 41,3%),
and negative HIV tests (3,172, 51,5%). More than 51% of TB cases in the FD (n = 3,173)
were laboratory-confirmed during the study period (Table 1).

Figure 2 shows the decomposed time series (TS). In the first window the original
TS showed the number of TB cases observed monthly in the Federal District; the second
one showed the trend of TB over time, pointing to a non-uniform oscillation of TB case
reporting, especially with evidence at two moments of a significant drop in case detection,
corresponding to the period 2008-2012, as well as the year 2017. In turn, the third
window, referring to the seasonal component, revealed oscillatory movements at the same
intra-annual periodicity and repetitive movements throughout the historical series. This
feature, both in the seasonal component (Figure 01) and in the corresponding seasonal
adjustment factors (Table 2), revealed that the months of April and August presented an
increasing number of TB cases, as well as a lower notification rate in November and
December, in all 18 years analyzed.

The irregular component or fourth window (Figure 1) showed all the effects that
were not incorporated by the TS via the three previously mentioned components, that is,
we observed a random variation, also called white noise.

Considering Figure 2, we observed that the mean and variance found were not
constant in this TS. However, there was a higher median and mean TB detection rate in
August (33.5 and 33.6; respectively), as well as lower variability in the number of cases,
also in August. On the other hand, November and December had a lower occurrence of
cases and revealed greater variations in TB over 18 years. The average annual seasonal
amplitude observed was 34.0%, with a seasonally adjusted variation from -7 to +6 cases
(Table 2).

Regarding the stability of TB cases over time, we identified that seasonality was
present at a significance level of 0.001 (Table 3.A). In addition, there was evidence of
seasonality for people with TB at the 0.01 level (Table 3.B). However, seasonality was

not identified when associated with moving TB, with a significance level of 0.5 (Table



3.C). Finally, the combination of the three tests found no association between seasonality
and TB in the Federal District (Table 3).
4 - DISCUSSION

Brazil is part of the WHQO’s list of high TB burden countries, both based on the
number of TB cases and on the association between TB and HIV. In 2018, while the
country had an incidence of 33.5 cases per 100,000 population, the Federal District
reported an incidence of 11.5/100,000 population, being the second capital with the
lowest TB incidence rate in the country and the lowest in the Midwest region. That is,
this incidence is very close to the WHO End TB strategy (3,10), which is 10
cases/100,000 population. Considering this disparate scenario of a country with a high
TB burden, the distribution of cases between sex, age, race/color, and clinical presentation
is similar to regional and national findings. Regarding the results and quality indicators
of the tuberculosis program, laboratory confirmation of TB cases in the FD remained
around 50.0% of the cases in the analyzed series, which may be justified by gaps in access
to diagnostic tools, as well as difficulties inherent in the pathophysiology of the disease
itself (10,19).

Seasonality of TB has been reported worldwide and is considered consistent in
view of the different TB disease burden(6). Seasonality of TB was identified in the
northern hemisphere with reports of TB notification peaks in the months of March to
August (spring/summer) and fall in disease notification between October and February
(autumn/winter). In the southern hemisphere, seasonal patterns reported revealed a higher
occurrence of TB cases between August and December (winter/spring), and the lowest
detection of cases from March to July (autumn/winter) (6,7). Although the seasonality of
TB has been reported in many studies, the results fail to show a similar distribution
worldwide (6,7). This insufficiency becomes more relevant in regions close to the
equator, where annual seasons are not well defined, and, therefore, evidence of TB
seasonality has been contradictory (6,7,20,21). In this series, the months of April and
August revealed a growing number of new TB cases, as well as lower notification in
November and December. Probably, this drop in the identification of TB cases reflects
much more gaps in the implementation of health promotion initiatives than a decrease in
infectious agent circulation in the Federal District.

In the 18-year historical series of epidemiological surveillance of TB, peaks in the
diagnosis were observed in April and August, with a more pronounced decrease in case

detection in November and December, with an average annual seasonal amplitude of



34.0%. This amplitude is very close to that found in the US with 33.6% (22) and the
Netherlands - 29.2% (23). Tedjano et al. (2018) calculated the standardized seasonal
amplitude from 34 studies in a systematic review and identified an average of 17.1%
(variation: 2.7-85.5%) after weighing the sample size of each study.

A quarterly analysis of the period 2003/2012 in the Federal District revealed a
higher occurrence of tuberculosis in winter (11). The present study, with a larger historical
series and monthly disaggregation level, also identified winter seasonality from
decomposition with X-13. Assuming seasonality stability, the F-test was significant at the
level of 0.1%, and the Kruskal-Wallis test had evidence of seasonality at the level of 1%.
However, the test for seasonality in motion was not significant at the 5% level, as well as
after the combination of the tests employed. It is noteworthy that the model used here
verified calendar effects (leap year, Easter, and working days).

The Federal District is located in an intertropical area where previous studies also
failed to reveal a strong seasonal pattern (20,21). However, it is noteworthy that studies
in this region are still scarce and reveal contradictions. However, in Australia and India,
which are closer to the equator, studies have not shown TB presence considering
seasonality (24,25). Moreover, in the United States, no difference in seasonality was
identified when data were stratified by latitude (6,26).

Such findings may be anchored in the condition that the Federal District shows
less variability in human agglomeration, as well as relative stability in climate and solar
radiation levels. The climate of the Federal District is tropical with dry season (Aw -
Koppen-Geiger climate), monthly average temperatures above 22° C, and average annual
rainfall of 1,400 mm, concentrated between October and April. During the dry season
(May to September), the relative humidity levels may decrease to below 30.0%. Although
the FD does not record very low monthly temperature averages, from June to mid-August
the population faces significant thermal change, particularly with cold nights and intense
heat during the day, and, at the height of the afternoon, humidity can fall below 17.0%
(14,27).

It is noteworthy that very low humidity levels in the dry season affect the
respiratory mucosae, increasing the susceptibility to the manifestation of acute respiratory
infections (28). The consequences of acute respiratory viral infections in individuals
infected with Koch's bacillus have not been well studied so far. However, reports indicate
a negative influence of influenza A infection before or during Mycobacterium

tuberculosis infection, significantly increasing the susceptibility of hosts to TB disease



(29-31). In turn, this increased demand for health services due to respiratory disorders
may be driving the peak of diagnosis in August in the Federal District, as respiratory
symptomatic persons are part of the TB screening protocol.

When interpreting the results in this series, some limitations may be pointed out.
Firstly, we used official data with secondary databases, noting that this is a source of data
from the Brazilian Ministry of Health on tuberculosis, which is subject to underreporting.
Secondly, while the X-13ARIMA-SEATS approach is recommended for seasonal time
series adjustment and we have set the calendar to automatic mode (Easter, leap year, and
working days), Brazilian Carnival and Corpus Christi holidays were not included. Finally,
in the present study, the seasonality of TB incidence was not stratified according to age,
HIV infection, clinical presentation, and laboratory confirmation. Therefore, the
expansion this study is recommended to explore these variables.

We would like to highlight that the decrease in the detection of cases in the months
November to December in the FD may reflect the reduction of the behavior of the
population seeking health services, particularly by the reduction of access, that is, the low
availability of health services during holiday season, reinforcing the importance of further
investigation into the mechanism(s) involving tuberculosis seasonality in the Federal
District.

5 - CONCLUSIONS

The present study suggests a limited seasonality of tuberculosis in the Federal
District - Brazil. However, some incidence peaks were observed, specifically in some
months, showing a relevance of seasonality at the local level, reflected in the access
patterns and the time taken from symptom onset to the diagnostic elucidation of the
disease. Thus, the seasonality component provides useful information to the decision-
making process, as seasonal factors are relevant for short- and medium-term planning, as
well as for the operationalization of TB control strategies. At the same time, it allows

managers a more accurate surveillance of cases considering such months.



LIST OF ABBREVIATIONS:

FD - Federal District

WHO - World Health Organization

SINAN - National System of Notification of Disorders
DATASUS - Department of the Unified Health System
L - Likelihood function

AIC - Akaike Information Criterion

FAIC - Finite Sample AIC

HQC - Hannan Quinn Information Criterion

BIC - Bayesian Information Criterion

ARIMA - Autoregressive Integrated Moving Average
S - Seasonal

T - Trend

I — Irregular

SEATS - Signal Extraction in ARIMA Time Series
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Figure 1

Additive decomposition of the monthly time series of TB cases in the Federal District, Brazil (2001-2018)
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Figure 2

Box-plot of monthly distribution of tuberculosis cases. Federal District, Brazil, (2001 - 2018)
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