
An Bras Dermatol. 2020;95(6):743---747

Anais Brasileiros de

Dermatologia
www.anaisdedermatologia.org.br

TROPICAL/INFECTOPARASITARY DERMATOLOGY

Leprosy  in  Brazil  in the  21st  century:  analysis  of
epidemiological and  operational  indicators  using
inflection point  regression�,��

Carlos Dornels Freire de Souza ∗, João Paulo Silva de Paiva ,
Thiago Cavalcanti Leal , Gabriel da Silva Urashima

Department  of  Medicine,  Universidade  Federal  de  Alagoas,  Campus  Arapiraca,  Arapiraca,  AL,  Brazil

Received 3  April  2019;  accepted  17  September  2019
Available  online  18  September  2020

KEYWORDS
Leprosy;
Mycobacterium
leprae;
Time  series  studies

Abstract  The  objective  of  this  study  was  to  analyze  the  trend  of  epidemiological  and  oper-
ational indicators  of  leprosy  in  Brazil,  from  2001  to  2017.  This  was  a  time  series  study
involving  nine  indicators.  The  inflection  point  regression  model  was  used.  Decreasing  trends
were observed  for  the  following:  general  detection  (−4.8%),  children  under  15  (−3.7%),  preva-
lence (−7.0%),  and  grade  2/million  inhabitants  (−3.5%).  The  proportion  of  individuals  with
grade 2  disability  showed  an  upward  trend  (2.0%)  from  2001  as  well  as  contacts  examined  from
2003 (5.0%).  The  proportions  of  cure  and  of  individuals  with  a  degree  of  disability  assessed  at
the time  of  the  diagnosis  and  the  cure  showed  a  stationary  behavior.  Although  advances  are

noted, there  are  still  challenges  to  be  overcome.
© 2020  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
Leprosy  is  a  neglected  tropical  disease  caused  by  Mycobac-
terium  leprae.1 Over  the  past  three  decades,  the  number
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f  cases  of  the  disease  has  been  progressively  decreasing.
n  2017  alone,  150  countries  reported  210,671  new  cases  of
he  disease;  80.2%  of  these  were  reported  by  Brazil,  India,
nd  Indonesia.  That  same  year,  Brazil  accounted  for  26,875
92.3%)  of  the  new  cases  registered  in  the  Americas.2

Due  to  this  unfavorable  epidemiological  scenario,  the
orld  Health  Organization  (WHO)  launched  the  Global

trategy  2016---2020,  based  on  three  pillars:  i)  strengthen-

ng  government  control,  coordination,  and  partnership;  ii)
ghting  leprosy  and  its  complications;  iii)  combating  dis-
rimination  and  promoting  inclusion.3 In  this  sense,  the
onitoring  of  epidemiological  indicators  is  of  special  rele-
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Table  1  Epidemiological  and  operational  indicators  selected  for  the  study.

Indicator  Usefulness  Parameters

Detection  rate  of  new  leprosy  cases
in the  general  population/100,000
inhabitants.

Measure  the  strength  of  the  endemic
morbidity,  magnitude,  and  tendency.

Hyperendemic:  ≥40.0/100,000  inhab.
Very  high:  20.00---39.99/100,000
inhab.
High:  10.00---19.99/100,000  inhab.
Medium:  2.00---9.99/100,000  inhab.
Low: <2.00/100,000  inhab.

Detection rate  of  new  leprosy  cases
in persons  under  15  years/100,000
inhabitants.

Measure  the  strength  of  the  recent
transmission  of  the  endemic  and  its
tendency.

Hyperendemic:  ≥10.00/100,000
inhab.
Very  high:  5.00---9.99/100,000  inhab.
High 2.50---4.99/100,000  inhab.
Medium:  0.50---2.49/100,000  inhab.
Low: <0.5/100,000  inhab.

Annual leprosy  prevalence
rate/10,000  inhabitants.

Measure  the  magnitude  of  the
endemic.

Hyperendemic:  ≥20.0/10,000  inhab.
Very  high:  10.0---19.9/10,000  inhab.
High  5.0---9.9/10,000  inhab.
Medium:  1.0---4.9/10,000  inhab.
Low:  <1.0/10,000  inhab.

Rate of  new  leprosy  cases  with  grade
2 physical  disability  at  the  time  of
diagnosis/1  million  inhabitants

Assess  the  deformities  caused  by
leprosy  in  the  general  population  and
compare  them  with  other  disabling
diseases.

The  tendency  to  reduce  the
detection  rate,  accompanied  by  a
reduction  in  this  indicator,
characterizes  a  reduction  in  the
magnitude  of  the  endemic  disease.

Proportion of  leprosy  cases  with
grade  2  physical  disability  at  the  time
of diagnosis  among  the  new  cases
detected  and  evaluated  in  the  year.

Evaluate  the  effectiveness  of  timely
and/or  early  case  detection
activities.

High:  ≥10%.

Medium:  5%−9.9%.
Low:  <5%.

Proportion  of  new  leprosy  cases  with
any  degree  of  physical  disability
assessed  at  diagnosis.

Measure  the  quality  of  care  in  health
services.

Good:  ≥90%.
Fair:  ≥75%−89.9%.
Poor:  <75%.

Proportion  of  new  leprosy  cases  with
any  degree  of  physical  disability
assessed  at  the  time  of  cure.

Measure  the  quality  of  care  in  health
services.

Good:  ≥90%.
Fair:  ≥75%−89.9%.
Poor:  <75%.

Proportion  of  examined  contacts  of
new  leprosy  cases  diagnosed  in  the
years  of  the  cohorts.

Measure  the  services’  capacity  to
carry  out  surveillance  of  contacts  of
new cases  of  leprosy,  increasing  the
timely  detection  of  new  cases.

Good:  ≥90.0%.

Fair:  ≥75.0%−89.9%.
Poor:  <75.0%.

Proportion  of  leprosy  cure  among  new
cases  diagnosed  in  the  years  of  the
cohorts.

Assess  the  quality  of  care  and
follow-up  of  newly  diagnosed  cases
until treatment  is  complete.

Good:  ≥90%.
Fair:  ≥75%−89.9%.
Poor:  <75%.
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Source: World Health Organization, 2017.3

ance  for  the  control  of  leprosy  and  the  success  of  the
trategies  developed.

This  study  aimed  to  analyze  the  temporal  evolution  of
he  epidemiological  and  operational  indicators  of  leprosy  in
razil,  from  2001  to  2017.

This  was  an  ecological  time  series  study.  Nine  epi-
emiological  and  operational  leprosy  indicators  in  Brazil,
btained  from  Datasus  (http://datasus.saude.gov.br/),
ere  included  in  the  study  (Table  1).4,5 After  collection,

he  inflection  point  regression  model  was  used  for  temporal
nalysis.  The  annual  percent  change  (APC)  was  calculated.
he  trends  were  classified  as  increasing,  decreasing,  or  sta-

ionary.  A  95%  confidence  interval  and  a  significance  level
f  5%  were  considered.  As  this  study  used  data  in  public
omain,  the  need  for  approval  from  a  research  ethics  com-
ittee  was  waived.

i

d
d

Between  2001  and  2017,  652,764  new  cases  of  lep-
osy  were  reported  in  Brazil.  Of  these,  41,191  (6.31%)
ere  in  individuals  under  15  years  of  age.  Since  2013,

he  detection  rates  in  the  general  population  and  in  those
nder  15  years  showed  a  downward  trend  (APC  =  −5.9%  and
5.0%;  respectively).  When  the  complete  period  was  con-

idered,  the  percentages  of  reduction  were  smaller  (−4.8%
nd  −3.7%,  respectively).  Despite  the  advances,  in  2017
he  endemic  was  classified  as  high  in  the  general  popu-
ation  (12.94/100,000)  and  in  children  under  15  years  old
3.72/100,000).  The  prevalence  rate,  in  turn,  has  shown  a
inear  trend  of  reduction  since  2001  (APC  =  −7.0%),  decreas-

ng  from  3.99  to  1.35/10,000  inhabitants  (Fig.  1  and  Table  2).

Among  the  indicators  related  to  the  presence  of  physical
isability,  the  rate  of  new  leprosy  cases  with  grade  2  physical
isability  at  diagnosis  has  shown  a  downward  trend  since

http://datasus.saude.gov.br/
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Table  2  Trend  of  leprosy  epidemiological  and  operational  indicators  in  Brazil,  2001---2017.

Indicator  Period  APC  (95%  CI)  p-value  Trend

Detection  rate  of  new  leprosy  cases  in  the  general
population/100,000  inhabitants

2001−2003  3.8  (−8.8  to
18.1)

0.5  Stationary

2003−2017  −5.9  (−6.5
to  −5.4)

<0.001  Descending

2001−2017  −4.8  (−6.2
to  −3.3)

<0.001  Descending

Detection rate  of  new  leprosy  cases  in  persons  under  15
years/100,000  inhabitants

2001−2003  5.5  (−12.1
to  26.7)

0.5  Stationary

2003−2017 −5.0  (−5.8
to  −4.2)

<0.001  Descending

2001−2017 −3.7  (−5.8
to  −1.6)

<0.001  Descending

Annual leprosy  prevalence  rate/10,000  inhabitants  2001−2017  −7.0%  (−9.7
to  −4.2)

<0.001  Descending

Rate of  new  leprosy  cases  with  grade  2  physical
disability  at  the  time  of  diagnosis/1  million  inhabitants

2001−2017 −3.5  (−4.5
to  −2.5)

<0.001  Descending

Proportion of  leprosy  cases  with  grade  2  physical
disability  at  the  time  of  diagnosis  among  the  new  cases
detected  and  evaluated  in  the  year

2001−2017 2.0
(0.8---3.3)

<0.001  Ascending

Proportion of  new  leprosy  cases  with  any  degree  of
physical  disability  assessed  at  diagnosis

2001−2011  0.6
(0.3---1.0)

<0.001  Ascending

2011−2017  −0.4  (−1.2
to  0.3)

0.2  Stationary

2001−2017  0.2  (−0.1  to
0.6)

0.2  Stationary

Proportion of  new  leprosy  cases  with  any  degree  of
physical  disability  assessed  at  time  of  cure

2001−2007  −1.5  (−2.3
to  −0.6)

<0.001  Descending

2007−2010  8.4
(3.1---14.0)

<0.001  Ascending

2010−2017  −1.1  (−1.8
to  −0.5)

<0.001  Descending

2001−2017  0.5  (−0.4  to
1.4)

0.3  Stationary

Proportion of  examined  contacts  of  new  leprosy  cases
diagnosed  in  the  years  of  the  cohorts

2001−2003  −20.4
(−35.5  to
−1.7)

<0.001  Descending

2003−2017 5.0
(4.0---6.1)

<0.001  Ascending

2001−2017  1.4  (−1.1  to
4.0)

0.3  Stationary

Proportion of  leprosy  cure  among  new  cases  diagnosed
in the  years  of  the  cohorts

2001−2004  −6.1  (−8.8
to  −3.6)

<0.001  Descending

2004−2007  7.8
(2.1---13.9)

3.1  Descending

2007−2017  −0.1  (−0.6
to  0.3)

0.5  Stationary

2001−2017  0.1  (−0.9  to
1.1)

0.8  Stationary

t
(
a

95% CI, 95% confidence interval; APC, annual percent change.

2001  (APC  =  −3.5%),  decreasing  from  14.00  to  9.39/1  million
inhabitants.  In  turn,  the  proportion  of  individuals  diagnosed
with  grade  2  showed  a  significant  growth  trend  (APC  =  2.0%),

going  from  6.0%  in  2001  to  8.3%  in  2017  (Fig.  1  and  Table  2).

The  proportions  of  individuals  assessed  at  the  time  of
the  diagnosis  and  the  cure  presented  a  stationary  temporal
pattern  in  the  studied  period.  In  all  years  of  the  time  series,

t
7
p

he  proportion  of  subjects  evaluated  was  considered  regular
75%---89.9%)  at  the  time  of  diagnosis  and  precarious  (<75%)
t  the  time  of  discharge  due  to  cure  (Fig.  1  and  Table  2).
The  proportion  of  contacts  examined  showed  a  growth
rend  since  2003  (APC  =  5.0%),  going  from  43.9%  in  2003  to
8.9%  in  2017,  thus  being  considered  regular.  In  turn,  the
roportion  of  individuals  cured  showed  a  steady  trend  in
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Figure  1  Epidemiological  and  operation

he  period,  with  81.6%  in  2001  and  81.2%  in  2017,  thus  being
onsidered  regular  (Fig.  1  and  Table  2).

Even  considering  the  advances  in  the  fight  against  lep-
osy,  the  findings  show  important  challenges  to  be  overcome
y  Brazil.  The  first  one  is  the  high  annual  percentages  of
eduction  in  general  detection  (−4.8%),  detection  in  chil-
ren  under  15  years  old  (−3.7%),  and  detection  of  grade

 disability  (−7.0%).  As  this  is  a  chronic  disease  with  slow
volution  and  difficult  control,  such  sharp  annual  reductions
hould  be  viewed  with  concern.  For  example,  in  2005,  over
9,000  cases  of  the  disease  were  registered  in  the  general
opulation;  the  following  year,  slightly  over  43,000.  Brazil-
an  studies  point  to  the  high  hidden  prevalence  of  the  disease
n  Brazil,  which  has  prevented  the  identification  of  the  real
umber  of  patients  in  the  country.5 In  the  present  study,
he  increase  in  the  proportion  of  grade  2  cases  at  diagnosis
einforces  this  underdiagnosis  hypothesis.6,7

The  second  Brazilian  challenge  is  the  need  to  qualify  the
urveillance  system.  There  is  a  lack  of  outpatient  clinics
nd  qualified  personnel  for  the  proper  monitoring  of  cases,
hich  compromises  the  assessment  of  the  degree  of  disabil-

ty,  the  monitoring  of  neural  functions,  the  management  of
eactions,  and  the  proper  examination  of  contacts,  funda-
ental  tools  for  interrupting  the  transmission  chain  of  this
isease.8---10

Based  on  the  present  findings,  the  authors  advocate  the
eed  for  the  development  of  plans/strategies  that  would
llow  early  diagnosis  of  the  disease  and  favor  the  systematic
onitoring  of  patients,  with  emphasis  on  early  diagnosis  and
revention  of  physical  disabilities.
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