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RESUMO

Objetivo: Avaliar a quantidade anual de baciloscopias para hanseniase realizadas no Sistema Unico
de Saude (SUS) nos Ultimos dez anos.

Métodos: Foi realizado um estudo ecologico, longitudinal, retrospectivo e quantitativo, utilizando
dados do Sistema de Informagdes Ambulatoriais (SIA/SUS). A quantidade de baciloscopias para
hanseniase a cada 100.000 residentes foi estimada para o Brasil e suas cinco macrorregides, avaliada
entre 2013 e 2022 com nivel de significancia (a) de 5%.

Resultados: Mais de 1,3 milhdes de baciloscopias foram notificadas nos ultimos dez anos no SUS. A
mediana da incidéncia anual foi de 67 baciloscopias para hanseniase por 100.000 residentes, sendo
a maxima observada em 2013 (82) e a minima em 2022 (46). As incidéncias anuais nas macrorregioes
Norte, Centro-oeste e Nordeste foram significativamente superiores a estimativa nacional, enquanto
no Sul e Sudeste foram inferiores (p <0,05). A tendéncia temporal foi considerada decrescente para
a estimativa nacional (p = 0,002), com variacao percentual anual de -5,6% (1C95% = -3,8%; -8,2%).
Entretanto, ap6s desconsiderar os anos da pandemia de COVID-19 (2020-2022), a tendéncia tornou-
se estacionaria (p = 0,181). Além disso, a incidéncia durante o periodo pré-pandémico foi
significativamente maior quando comparada ao terceiro ano ap6s o advento da pandemia em todas
as macrorregides do Brasil (p <0,05).

Conclusao: Foi possivel concluir que o SUS realizou um nimero expressivo de baciloscopias para
hanseniase nos Ultimos dez anos, mas existem disparidades macrorregionais no Brasil, bem como um

impacto significativo da pandemia de COVID-19.

INTRODUCTION

Leprosy constitutes a global public health
problem and a neglected tropical disease, mainly
affecting underdeveloped or developing countries'. The
disease is caused by an individual’s infection with
Mycobacterium leprae, which characterizes chronic
mycobacteriosis with high infectivity and low
pathogenicity?. Although advances have been achieved
in treating leprosy with the introduction of
polychemotherapy, in addition to the notable global
efforts and strategies to contain the disease, endemic
areas persist throughout the world, mainly related to the
social vulnerability experienced in some countries, such
as Brazil. From this perspective, there is concern about
the late diagnosis of infected individuals when there is
physical disability and reduced quality of life, reflecting
the ineffectiveness of leprosy control actions'2.

Among the methods used to diagnose leprosy,
laboratory tests and clinical examinations are available.
The bacilloscopic exam, which evaluates a skin smear
(intradermal) from the individual, is the most notable.
Samples are processed to examine the presence of acid-
fast bacilli (AFB) using modified Ziehl-Neelsen
staining’?. Individuals with positive skin smear
microscopy are considered multibacillary, regardless of
the number of skin lesions, although those with negative
skin smear microscopy do not have the diagnosis of
leprosy ruled out*>. From a public health perspective,
sputum skin smear microscopy is advantageous for
diagnosing leprosy. It is easy to perform and has low
operating costs, especially in complex cases where other
tests are unavailable®. Furthermore, there is evidence
that the outcome of sputum skin smear microscopy
(positive or negative) may be associated with the
development of leprosy reactions®, demonstrating its
applicability and relevance in the investigation and
monitoring of suspected cases of leprosy.

A timely diagnosis of leprosy is a relevant
objective for public health actions in countries such as
Brazil. Although leprosy control actions, primarily
operated by the Unified Health System (SUS), have

reduced the burden of morbidity and mortality, there
are disparities in macroregions related to the disease,
including its endemic persistence in vulnerable regions.
This outcome is influenced by socioeconomic,
demographic, and environmental factors that result in
late diagnosis’:3. Furthermore, there is a constant need
to evaluate temporal trends related to leprosy and its
outcomes and indicators in Brazil’s macro-regions’, in
addition to strengthening actions that lead to timely
diagnosis®. However, to the best of our knowledge, there
has been no consistent investigation into the dynamics
involving the performance of skin smear microscopy for
leprosy in SUS.

Nevertheless, Barbosa-Lima et al.? demonstrated
that the monthly number of skin smear microscopy for
leprosy in the SUS was drastically reduced after the
COVID-19 pandemic in all macro-regions of Brazil,
considering the first and second years after the SARS-
CoV-2 outbreak. This reduction was caused by the need
to interrupt leprosy control actions and direct health
efforts to contain the crisis associated with COVID-19, as
well as occurring in parallel with the reduction in the
number of leprosy diagnoses, demonstrating the
negative and immediate impact of the scenario
pandemic in the epidemiological scenario of the disease
in Brazil. Still, it is necessary to monitor such outcomes,
including the possibility of late impacts associated with
the diagnosis of new cases of leprosy, seeking to define
actions to reestablish pre-pandemic parameters'®'",

Therefore, the objective of this study was to
evaluate the annual number of skin smear microscopies
for leprosy performed in the SUS in the last ten years
(2013-2022), exploring the temporal trend, macro-
regional disparities, and the late impact of the COVID-
19 pandemic. Three hypotheses were examined: (H1)
there was an increasing temporal trend in the annual
number of sputum skin smears for leprosy; (H2) there
were macro-regional disparities in the annual number of
sputum skin smears for leprosy; and (H3) the annual
number of sputum skin smears for leprosy during the
third year after the start of the COVID-19 pandemic was
equivalent to the pre-pandemic period (previous year).
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METHODS

An epidemiological, ecological, longitudinal,
retrospective, and quantitative study was conducted,
characterizing a time series'?. The observation location
was Brazil, considering its five macroregions (North,
Northeast, Southeast, South, and Center-West). The
period was limited to the last ten years, between 2013
and 2022 (n = 10). Additionally, January, February, and
March 2023 were included to measure the impact of the
COVID-19 pandemic. The Strengthening the Reporting of
Observational Studies in Epidemiology was adapted to
guide the study report, enhancing scientific
communication™3.

The primary variable of the study was the annual
amount of skin smear microscopy for leprosy performed
in the SUS between 2013 and 2022. To correct the effect
of demographic changes throughout the time series, in
addition to  population differences between
macroregions, the values were weighted by intercensal
projections of inhabitants calculated by the Brazilian
Institute of Geography and Statistics (IBGE) for each
year, presented for every 100,000 residents in the
national territory. The quantity of each macroregion in
Brazil was considered a secondary variable. The values
were approximated to become integers.

Data were collected from the SUS Ambulatory
Information System (SIA/SUS) using the TabNet tool
provided by the SUS Information Technology Department
(DATASUS), linked to the Brazilian Ministry of Health'.
The methodological procedures adopted were similar to
those described by Barbosa-Lima et al.’. The annual
number of skin smear microscopy for leprosy performed
in the SUS was retrieved using the procedure code
02.02.08.005-6 (direct skin smear microscopy for AFB
[leprosy]), using the filters available in the SIA/SUS for
the period and location, considering productivity
outpatient clinic approved each year.

Regarding the impact of COVID-19, the pre-
pandemic period that acted as a control interval was
limited between April 2019 and March 2020, while the
third year after the start of the pandemic was limited
between April 2022 and March 2020. 2023 (n = 12;
monthly). The entire data collection and storage
procedure was conducted in June 2023 by the same
qualitative researcher trained in using the TabNet tool.
Intercensal projections of the inhabitants were retrieved
from the IBGE website'.

Statistical analyses were performed using the
JAMOVI (version 2.3.15, Sydney, Australia) and PAST
(version 4.03, Oslo, Norway) statistical packages, with a
significance level a = 0.05. The distribution of the data
sets was examined using a scatterplot (QQ plot),
considering the nature of the variables. To express
them, the median was the measure of central tendency,
accompanied by the first and third quartiles (Q1 and Q3)
as measures of dispersion, including the interquartile
range (AlQ). When appropriate, the minimum and
maximum values and sums were entered in addition to
frequencies'®.

The temporal trend in the annual number of
leprosy skin smear microscopy performed in the SUS
between 2013 and 2022 was examined using the annual
percentage variation (APV; %). The hypothesis of first-

order serial autocorrelation was rejected when
evaluating the national estimate using the Durbin-
Watson test (DW coefficient = 1.85, p = 0.424). The value
of the angular coefficient (B1) was estimated in a
bivariate linear regression model using the Ordinary
Least Squares (OLS) method, considering a logarithmic
transformation (log 10) of the dependent variable. VPA
was estimated by the expression = [-1+10 (81)] * 100.
The 95% confidence interval of APV was estimated by the
minimum and maximum values of B1, obtained by the
expression = [B 1 £ ( t - critical value * B 1 -standard
error)]'7'8, Between 2013 and 2019, removing the years
of the COVID-19 pandemic (2020, 2021, and 2022), the
temporal trend was examined using the Mann-Kendall
test, considering the Sen angular estimator (S), due to
the reduced number of observations (n = 7)16. The
temporal trend was determined as stationary (p = 0,05),
ascending (p < 0.05 and positive values in 81 or S) or
descending (p < 0.05 and negative values in 81 or S).

The incidence ratios (IR) in the annual number of
leprosy skin smear microscopy performed in the SUS
between 2013 and 2022 in the macro-regions and the
national parameter were estimated using a generalized
linear model (GLM). After evaluating the distribution
graphs, a quasi-Poisson distribution was observed,
considering a robust variance. Therefore, a correction
for data overdispersion was applied using a maximum
likelihood estimator in the logarithmic function. Finally,
the Spearman matrix was used to evaluate the
correlation between annual incidences over the last ten
years, considering the rho coefficient (p) to estimate
significance, direction, and intensity®.

Research Ethical Committee approval was
unnecessary considering that all data collected and used
are available in open access through DATASUS, as public
domain®.

RESULTS

Figure 1 and Table 1 show the annual amount of
leprosy skin smear microscopy performed in the Unified
Health System per 100,000 residents. Over the last
decade, SUS has performed more than 1.3 million skin
smear microscopy procedures for leprosy throughout the
country. The Northeast macro-region had the highest
absolute frequency, without considering population size,
with more than 39% of exams. Proportionally to the
population, the North macro-region had the highest
relative frequency, with more than 135 annual skin
smear tests per 100,000 residents, followed by the
Central-West, with almost 110/100,000. Furthermore, it
was possible to observe a marked variability in both
macroregions between 2013 and 2022, whereas the
others showed a more homogeneous behavior. All
minimum annual values were recorded after the onset of
the COVID-19 pandemic (from 2020 to 2022).

Table 2 presents the temporal trend in the annual
amount of skin smear microscopy for leprosy in the SUS
per 100,000 residents between 2013 and 2022. It was
observed that the Northeast and South macro-regions
showed a stationary trend over the last decade, whereas
the others showed a significant decrease. Considering
that 30% of the period evaluated was related to the
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COVID-19 pandemic, Table 3 presents the temporal
trend in the annual number of skin smear microscopy for
leprosy in the SUS per 100,000 residents between 2013
and 2019 (before the outbreak). Only the Southeast
macro-region maintained a significantly decreasing
trend, whereas the others showed a stationary trend,
highlighting the impact of the COVID-19 pandemic on the
annual number of leprosy skin smear microscopy
specimens in recent years.

Table 4 presents the incidence rates of skin smear
microscopy for leprosy in the SUS per 100,000 residents
between the pre-pandemic period and the third year
after the start of the COVID-19 pandemic. In all macro-
regions, the annual incidence was significantly higher in
the pre-pandemic period than in the third year after its
onset.

Table 5 presents the incidence rates of skin smear
microscopy for leprosy in the Unified Health System per

100,000 residents between 2013 and 2022, comparing
the five macro-regions with the national estimate. The
North, Center-West, and Northeast macro-regions had a
higher annual incidence, whereas the South and
Southeast were lower, demonstrating macro-regional
disparities in Brazil over the last ten years. Furthermore,
the macro-regions North (p = 0.008, p = 0.786),
Northeast (p = 0.006, p = 0.817), Southeast (p = 0.009, p
=0.785), and Central-West (p = 0.001, p = 0.884) showed
a significant, positive, and strong correlation with the
national estimate, demonstrating similar behavior over
time, despite numerical differences. The South macro-
region was not correlated (p = 0.215), demonstrating a
different pattern from Brazil, corroborating the
perspective demonstrated in Figure 1 between 2014 and
2018, in which there is an ascending and a descending
parabola, respectively.

Table 1 — Annual number of skin smear microscopies for leprosy in the Unified Health System for every 100,000 residents.

Variable North North East Southeast South Midwest Brazil

Median 136 88 33 33 109 67

Q1 99 85 24 26 86 53

Q3 154 9% 35 38 163 70

AIQ 55 11 11 12 77 17
Minimum (year) 87 (2021) 71 (2020) 21 (2022) 24 (2022) 63 (2021) 46 (2022)
M?;‘::r“)m 189 (2017) 122 (2013) 39 (2013) 39 (2016) 178 (2019) 82 (2013)
Total 236,847 514,156 268,982 95,750 188,709 1,304,444

fr (%) 18.2 39.4 20.6 7.3 14.5 AT

Q1: first quartile. Q3: third quartile. AlQ: interquartile range. fr: relative frequency. N/A: not applicable.
Source: Outpatient Information System, Unified Health System, Ministry of Health - Brazil (2023).

Table 2 — Temporal trend in the annual number of skin smear microscopies for leprosy in the Unified Health
System per 100,000 residents between 2013 and 2022.

Variable B1 p-value R2 VPA (%) Trend
North -0.034 [-0.017, -0.047] 0.004 0.703 -7.5[-3.8, -10.3] Descending
North East -0.013 [-0.017, 0.003] 0.054 0.386 NA Stationary
Southeast -0.030 [-0.019, -0.046] <0.001 0.826 -6.7 [-4.3, -10.1] Descending
South -0.016 [-0.037, 0.006] 0.083 0.331 NA Stationary
Midwest -0.041 [-0.027, -0.068] 0.011 0.606 -9.0 [-6.0, -14.5] Descending
Brazil -0.025 [-0.017, -0.037] 0.002 0.731 -5.6 [-3.8, -8.2] Descending

B1: angular coefficient. [ ]: 95% confidence interval. R?: coefficient of determination. VPA: annual percentage change (%). NA:
not applicable. Source: Outpatient Information System, Unified Health System, Ministry of Health - Brazil (2023).

Table 3 — Temporal trend in the annual number of skin smear microscopies for leprosy in the Unified
Health System per 100,000 residents between 2013 and 2019.

Variable North North East Southeast South Midwest Brazil
s -9 -1 -14 6 -7 -6
p-value 0.119 0.500 0.015 0.191 0.190 0.181
Trend Stationary Stationary Descending Stationary Stationary Stationary

s: Sen's angular estimator. Source: Ambulatory Information System, Unified Health System, Ministry of Health - Brazil (2023).



Barbosa-Lima R et al. Rev Cienc Saude. 2023;13(4):38-45

42

SKIN SMEAR MICROSCOPIES FOR LEPROSY /100.000 RESIDENTS
200 ® HORTH
W NORTHEAST
/ _,/'\\ ® SOUTHEAST
/./ \\ / \ & SOUTH
150 4 / \.\ / Y A MIDWEST
\
// -y \ & CRATIL
;‘L"‘- \
~ / \
- / \
. - X(.I — \
= \.:_4#.
e - i |
— . o — 4 ¢ ‘~\ —
50 1 -
e S
ey ¢ ——¢
0
2014 2016 2018 2020 2022
YEAR

Figure 1 — Annual number of skin smear microscopies for leprosy in the Unified Health System

for every 100,000 residents.

Table 4 — Incidence ratios of skin smear microscopies for leprosy in the Unified Health System per
100,000 residents between the pre-pandemic period and the third year after the start of the COVID-
19 pandemic. All variables presented a quasi-Poisson distribution.

Region Variable IR [95%CI] p-value
North Intercept 9 [8, 10] <0.001
Pre -pandemic vs. 3rd pandemic year 1.30 [1.12, 1.51] 0.003
North East Intercept 7 [7, 7] <0.001
Pre - pandemic vs. 3rd pandemic year 1.27 [1.16, 1.39] <0.001
Southeast Intercept 2 [2, 2] <0.001
Pre - pandemic vs. 3rd pandemic year 1.43 [1.22, 1.69] <0.001
South Intercept 2 [2, 2] <0.001
Pre - pandemic vs. 3rd pandemic year 1.40 [1.23, 1.60] <0.001
Midwest Intercept 10 [6, 15] <0.001
Pre - pandemic vs. 3rd pandemic year 2.41 [0.93, 7.13] 0.097
Brazil Intercept 5 [4, 5] <0.001
Pre - pandemic vs. 3rd pandemic year 1.44 [1.23, 1.68] <0.001

IR: incidence ratio. [95%Cl]: 95% confidence interval. Source: Outpatient Information System, Unified Health

System, Ministry of Health - Brazil (2023).

DISCUSSION

This study evaluated the annual number of skin
smear microscopy for leprosy performed in SUS in the
last decade. Regarding the hypotheses investigated, H1
was rejected because no macroregion or national
estimate showed an increasing temporal trend in the
analysis with or without the COVID-19 pandemic period.
On the other hand, concerning the number of new skin
smear microscopy for leprosy, H2 was accepted,
considering that the North, Central-West, and Northeast
macro-regions were above the national estimate, while
the South and Southeast were below. Finally, H3 was
rejected because the number of new skin smear

microscopy for leprosy during the third year after the
start of the COVID-19 pandemic did not match the pre-
pandemic period.

In the first analysis, it is possible to understand
that the significant amount of skin smear microscopy for
leprosy in Brazilian macro-regions is associated with the
epidemiological scenario experienced. Miguel et al.?,
with data for 2008 and 2018, demonstrated that the
North and Central-West macro-regions had the highest
age-standardized mortality rates, whereas the South and
Southeast had the lowest. In a previous study, with data
between 2000 and 2011, Martins-Melo et al.Z% also
demonstrated that the North, Northeast, and Central-
West macro-regions had higher leprosy mortality rates
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Table 5 — Incidence ratios of skin smear microscopies for
leprosy in the Unified Health System per 100,000 residents
between 2013 and 2022. All variables presented a quasi-
Poisson distribution.

Variable IR [95%CI] p-value
Intercept 67 [62, 72] <0.001
North vs. Brazil 2.09 [1.68, 2.62] <0.001
Northeast vs. Brazil 1.44  [1.14, 1.83] 0.004
Southeast vs. Brazil 0.49 [0.35, 0.67] <0.001
South vs. Brazil 0.51 [0.37, 0.70] <0.001
Midwest vs. Brazil 1.89 [1.51, 2.37] <0.001

IR: incidence ratio. [95%Cl]: 95% confidence interval.
Source: Outpatient Information System, Unified Health System,
Ministry of Health - Brazil (2023).

than the South. Therefore, disparities between
macroregions in Brazil are not restricted to leprosy
outcomes, such as mortality, and manifest themselves
concomitantly in aspects related to their diagnosis (such
as the number of skin smear tests).

The more significant number of skin smear
microscopy for leprosy observed in the North, Central-
West, and Northeast macro-regions may reflect the
demand for new cases, especially in endemic regions
(more suspected cases, more tests to investigate them).
However, considering the perspectives introduced by
Silva et al.?" and Pescarini et al.Z%, it is also possible to
question whether the greater number of skin smear
microscopy observed is a reflection of the increased
coverage of leprosy control actions developed by health
services in these macro-regions, which raises the
incidence of new cases, especially with the development
of active searches and evaluation of household contacts.
Therefore, the following question arises: do the North,
Central-West, and Northeast macro-regions perform
more skin smear microscopy for leprosy because they are
endemic or because they perform a more significant
number of leprosy control actions? Or both?

It is worth considering that data between 2011
and 2021 pointed to the North, Central-West, and
Northeast macro-regions with the highest disease
detection rates, whereas the South and Southeast had
the lowest. Lima et al.Z pointed out that such macro-
regional differences can be attributed to several factors,
from socioeconomic aspects, such as inequality in the
distribution of resources, to weaknesses in the diagnosis
and qualification of healthcare for leprosy, considering
that the South and Southeast belong to the
socioeconomic level considerably favorable (which does
not apply to the others).

In contrast, Miguel et al.? identified that the rates
of physical disability during diagnosis were high in the
South and Southeast macro-regions, which reflects the
ineffectiveness of leprosy control actions for timely
diagnosis. Therefore, it is possible to understand that
local demand can be a driver for performing skin smear
microscopy for leprosy in SUS. However, its low
incidence does not necessarily reflect satisfactory
parameters related to timely diagnosis, which allows

questioning of the leprosy control actions developed
(even in regions with lower incidence). Finally, to the
best of our knowledge, there are no studies on the
availability of skin smear microscopy for leprosy in the
SUS or training professionals and health services to use
it. It is possible to question whether such variables are
homogeneous across Brazilian macro-regions and how
they are included in the care flows of individuals
suspected of having leprosy.

Understanding the macro-regional dynamics
related to skin smear microscopy for leprosy is vital
because of the inclusion of this complementary test in
the Clinical Protocol and Therapeutic Guidelines for
Leprosy (PCDT), made available by the Brazilian Ministry
of Health. Although the diagnosis of the disease is
eminently clinical, PCDT includes positive skin smear
microscopy as a cardinal sign of leprosy, recognizing its
relevance within the criteria that allow diagnosis of the
disease and guiding its availability in primary health care
services. In the flowcharts proposed by the PCDT,
bacilloscopy for leprosy is recommended in all potential
circumstances, considering non-contact individuals or
contacts with confirmed cases, in addition to the
investigation of primary drug resistance (verification of
the bacilloscopic index)?.

Therefore, after analyzing the PCDT, the
relevance of this examination to the epidemiological
scenario of leprosy in Brazil becomes evident, from
aspects related to its diagnosis to its treatment and
monitoring in SUS health services, as well as introducing
a broader view of the previously discussed macro-
regional disparities, as they do not only translate into
limitations in identifying new cases. In parallel,
disregarding the impact of the COVID-19 pandemic, this
study demonstrated that the annual number of leprosy
skin smear microscopy showed a stationary temporal
trend in Brazil and the North, Northeast, South, and
Central-West macro-regions, decreasing only in the
Southeast region. This outcome raises the question of
whether the annual incidence is linked to the leprosy
control actions that have been developed over the last
ten years, seeking to understand whether a high or low
incidence is closely related to demand or arises from
limitations related to the SUS in providing and applying
this complementary exam to assist individuals suspected
or diagnosed with the disease.

Finally, considering the COVID-19 pandemic and
corroborating the findings of Barbosa-Lima et al.’, the
annual number of skin smear microscopy for leprosy has
not yet reached the level of the pre-pandemic period,
even three years after the start of restrictive measures
that culminated in the reduction of leprosy control
actions in Brazil and around the world. The challenges in
assisting people with leprosy after the advent of the
COVID-19 pandemic were numerous, but it is worth
noting that health services substantially modified the
flow of care, reorienting health actions toward the
health crisis caused by SARS-CoV-2. On the other hand,
with the advancement of the epidemiological scenario,
the introduction of vaccines, and the relaxation of
health restrictions, a resumption of work processes was
expected, thereby reestablishing assistance to
individuals with leprosy?:2,

However, it was observed that existing barriers
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were exacerbated, including difficulties for SUS users to
access health services, underreporting of new cases,
increased hidden prevalence, difficulties in scheduling
complementary exams, and shortage of materials and
medications to treat the disease, professional training,
and educational campaigns. Furthermore, active search
and contact assessment actions were also limited?>27:28,
Therefore, even if no study has specifically addressed
the topic of skin smear microscopy for leprosy, it is
reasonable to hypothesize that its reduction over the
years of the COVID-19 pandemic is part of this scenario.

Finally, it is crucial to consider the limitations of
the method used. There may be underreporting in the
number of skin smear microscopy for leprosy,
considering that it depends on the health service
professionals and administrators feeding the SUS
productivity systems through production bulletins.
Furthermore, Brazil was evaluated for the five macro-
regions, but health regions (locals) may present
different views from the macro-region to which they
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