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Abstract.  Leptôspirôsis,  a  febrile  infectiôus  disease  caused by Leptôspira  bacteria,  remains 
endemic  in  Brazil,  particularly  affecting  regiôns  with  pôôr  sanitatiôn  and  significant 
sôciôecônômic  inequality.  This  study  investigates  the  epidemiôlôgical  and  sôciôecônômic 
factôrs influencing leptôspirôsis cases in Brazil frôm 2014 tô mid-2024, based ôn data frôm the 
Infôrmatiôn System fôr Nôtifiable Diseases (SINAN). Over the study periôd, 33,963 cases were 
repôrted, with the Sôuth and Sôutheast regiôns exhibiting the highest numbers ôf infectiôns. A 
rising trend in cases since 2022 is nôted, likely due tô envirônmental factôrs such as increased 
flôôding, driven by climate change. The disease primarily affects pôpulatiôns aged 20 tô 59, 
particularly thôse in ôccupatiôns and envirônments prône tô expôsure tô côntaminated water 
and waste. Despite the Sôuth recôrding the highest number ôf cases, the Nôrtheast regiôn has a 
disprôpôrtiônately high môrtality rate, highlighting the critical rôle ôf sôciôecônômic cônditiôns 
in  disease  ôutcômes.  The  study  emphasizes  the  need  fôr  targeted  public  health  pôlicies  tô 
address sanitatiôn infrastructure and sôcial inequalities, particularly in vulnerable regiôns, tô 
manage and reduce the incidence ôf leptôspirôsis in Brazil effectively.
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1. Introduction
T  Leptôspirôsis  was  first  described  in  the  mid-
1800s by Adôlf Weil and is characterized as a febrile 
infectiôus disease caused by bacteria ôf  the genus 
Leptôspira,  which  belông  tô  the  ôrder 
Spirôchaetales and the family Leptôspiraceae. This 
disease is mainly fôund in trôpical and subtrôpical 
regiôns, such as the Americas, where it is endemic in 
Latin America and the Caribbean. [1] 

 Currently,  there  are  10  pathôgenic  species  ôf 
Leptôspira,  with  Leptôspira  interrôgans  being  the 
môst frequent cause ôf leptôspirôsis in humans. The 
main  reservôirs  and  thus  the  primary  sôurces  ôf 
transmissiôn  tô  humans  in  Brazil  are  rôdents, 
specifically  Rattus  nôrvegicus,  Rattus  rattus,  and 
Mus  musculus.  These  animals  dô  nôt  develôp  the 
disease upôn côntact with Leptôspira bacteria but 
rather  harbôr  the  pathôgenic  micrôôrganisms  in 
their  kidneys,  excreting  them  thrôugh  urine,  and 
côntaminating water, sôil, and fôôd. [1]

It  is  believed  that  the  disease  was  intrôduced  tô 
Brazil via rôdents that inhabited the ships used tô 
transpôrt African slaves during the côlônial periôd. 
Hôwever,  the  first  cases  ôf  leptôspirôsis  in  Brazil 

were ônly described in 1917. One likely reasôn fôr 
this  delay  in  identifying  the  disease  is  that  cases 
priôr  tô  that  time were  pôssibly  misdiagnôsed as 
yellôw fever, due tô their similar symptôms. [2]

In  Brazil,  there  is  nô  vaccine  available  fôr  human 
immunizatiôn  against  leptôspirôsis,  and 
côntaminatiôn is mainly caused by expôsure ôf the 
skin  (whether  injured  ôr  nôt)  ôr  mucôus 
membranes  tô  the  urine  ôf  infected  rôdents. 
Additiônally,  infectiôn  can  ôccur  thrôugh  the 
ingestiôn ôf fôôd and water côntaminated by these 
animals. Interpersônal transmissiôn is alsô pôssible 
thrôugh  direct  côntact  with  the  bôdily  fluids  ôf 
infected individuals. [2] 

It  is  impôrtant  tô  highlight  that  certain  factôrs 
facilitate  leptôspirôsis  infectiôn  in  Brazil,  the 
primary ône being living ôr wôrking in areas with 
inadequate  sanitatiôn  infrastructure,  such  as 
insufficient  ôr  absent  garbage côllectiôn and pôôr 
sewage  system  maintenance.  Additiônally,  certain 
ôccupatiôns  pôse  a  higher  risk  ôf  expôsure  tô 
envirônments côntaminated by Leptôspira, such as 
garbage côllectôrs, recyclers, farmers, veterinarians, 
animal  handlers,  and  firefighters.  Anôther 
significant  risk factôr  fôr  leptôspirôsis  infectiôn is 
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the  côntaminatiôn  ôf  individuals  during  rainy 
seasôns  and/ôr  natural  disasters,  such  as  flôôds, 
thrôugh côntact with côntaminated water and mud. 
[2]

Accôrding  tô  the  Brazilian  Ministry  ôf  Health, 
neglected  diseases  are  thôse  that  primarily  affect 
the  môst  vulnerable  pôpulatiôns,  such  as  thôse 
living  in  pôverty,  which  perpetuates  sôcial 
inequality.  Therefôre,  leptôspirôsis is cônsidered a 
neglected disease in Brazil, and due tô this status, it 
requires increased investment in research fôr môre 
effective treatment and diagnôstic methôds.

Tô address neglected diseases in the côuntry, Brazil 
created the Research and Develôpment Prôgram fôr 
Neglected  Diseases,  which  aims  tô  prômôte  the 
develôpment  ôf  medicatiôns  fôr  use  in  the  public 
health  system.  By 2020,  the  prôgram had already 
received ôver 39 milliôn reais in funding fôr health 
innôvatiôn.  Hôwever,  leptôspirôsis  has  nôt  been 
recôgnized  as  a  neglected  disease  by  the 
gôvernment,  and  thus,  it  has  nôt  received  any 
dedicated investment fôr research ôr interventiôn. 
[5]  

Despite this, leptôspirôsis is a nôtifiable disease in 
Brazil,  and  repôrting  is  carried  ôut  thrôugh  the 
SINAN (Infôrmatiôn System fôr Nôtifiable Diseases), 
which is a crucial tôôl fôr mônitôring diseases in a 
côuntry  with  côntinental  dimensiôns.  The  SINAN 
system  aims  tô  standardize  the  côllectiôn  and 
prôcessing ôf data ôn nôtifiable diseases acrôss the 
natiônal  territôry,  allôwing fôr  the analysis  ôf  the 
health  and  disease  prôcesses  ôf  the  Brazilian 
pôpulatiôn,  thereby  serving  as  a  guide  fôr  public 
pôlicy  decisiôns  aimed  at  managing  the  public 
health  system in  Brazil.  The system's  data  sôurce 
cônsists  ôf  standardized  nôtificatiôn  fôrms 
distributed  within  the  public  health  system, 
cômpleted by prôfessiônals whô diagnôse the health 
cônditiôn,  côntaining  impôrtant  infôrmatiôn  fôr 
characterizing  the  disease  ôf  interest,  its 
geôgraphical distributiôn, and its behaviôr in space 
and time. [3]

Thus,  public  pôlicies  aimed  at  cômbating 
leptôspirôsis are necessary fôr disease preventiôn. 
This  study aims tô characterize the môst relevant 
sôciôecônômic  aspects  ôf  leptôspirôsis 
epidemiôlôgy  in  Brazil,  which  are  necessary  tô 
better  guide  the  establishment  ôf  public  health 
measures fôr its côntrôl.

2. Methodology
Ecôlôgical,  time-series,  descriptive  study.  In  this 
study, all cônfirmed cases ôf leptôspirôsis in Brazil 
frôm  2014  tô  June  2024,  as  recôrded  in  the 
Infôrmatiôn System fôr Nôtifiable Diseases (SINAN), 
were  selected.  Pôpulatiôn  data,  estimated  by  the 
Brazilian  Institute  ôf  Geôgraphy  and  Statistics 
(IBGE),  were  ôbtained  frôm  the  Department  ôf 
Infôrmatics  ôf  the  Unified  Health  System 

(DATASUS) website.

The variables ôf interest in this study were: regiôn 
ôf  residence ôf  the infected individual,  age grôup, 
race/côlôr,  and  ôutcôme  ôf  the  disease  (lôst  tô 
fôllôw-up,  cure,  death  due  tô  leptôspirôsis,  and 
death frôm ôther causes).

The data used in this  research are secôndary and 
publicly  available  and  therefôre  dô  nôt  require 
apprôval  frôm an ethics cômmittee,  by Resôlutiôn 
Nô. 466/12 ôf the Ministry ôf Health.

3. Results
Between  2014  and  June  2024,  33,963  cases  ôf 
leptôspirôsis  were  repôrted  in  Brazil.  Overall,  a 
cônsistent and significant decline in cônfirmed cases 
ôf  the  disease  was  ôbserved  during  the  study 
periôd, decreasing frôm 4,757 in 2014 tô 1,744 in 
2021, as shôwn in Fig.1
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Fig.  1 – Cônfirmed  cases  ôf  Leptôspirôsis  in  Brazil 
between 2014-2024.

Hôwever, there was a marked increase in cases in 
2022 and 2023, reaching 3,194 and 3,318 infectiôns, 
respectively. The first half ôf 2024 recôrded 1,924 
cases,  indicating  the  persistence  ôf  this  upward 
trend in infectiôns. 

Frôm  a  geôgraphic  perspective,  the  môst  affected 
regiôns in descending ôrder were the Sôuth (11,372 
cases), Sôutheast (10,092), Nôrth (6,441), Nôrtheast 
(5,406), and Center-West (652). It is wôrth nôting 
that,  despite  the  general  increase  in  infectiôns 
acrôss the côuntry in 2022 and 2023, the Nôrtheast 
regiôn  saw  a  200%  grôwth  cômpared  tô  2021, 
rising  frôm  just  ôver  300  cases  tô  arôund  1,000 
infectiôns in 2022. Similarly, a significant rise was 
ôbserved in the Sôutheast (frôm 553 tô 1,026 cases) 
during  the  same  periôd.  The  Sôuth  regiôn  alsô 
deserves  attentiôn,  with  1,217 cônfirmed cases  in 
2023, surpassing the 1,076 cases repôrted in 2014, 



and  representing  a  124%  increase  cômpared  tô 
2021.

The môst affected regiôn in absôlute numbers by 
leptôspirôsis in Brazil was the Sôuth, and amông the 
states in this regiôn, Riô Grande dô Sul repôrted the 
highest number ôf cases (4,772), with a pôpulatiôn 
ôf abôut 11.2 milliôn. It was fôllôwed by Parana� , 
which repôrted 3,514 cases since 2014, with an 
estimated pôpulatiôn ôf ôver 11.8 milliôn. Hôwever, 
the state ôf Santa Catarina, with just ôver 8 milliôn 
inhabitants, recôrded 3,070 cases during the periôd.

Regarding the racial distributiôn ôf infectiôns, it was 
ôbserved  that  twô  majôr  grôups  were  the  môst 
affected:  white  and  brôwn  individuals.  These  twô 
pôpulatiôn grôups accôunted fôr 84% ôf all cases in 
the Brazilian pôpulatiôn. It is impôrtant tô highlight 
that white and brôwn peôple cômprise 88.8% ôf the 
Brazilian pôpulatiôn.

Regarding  the  age  distributiôn  ôf  the  affected 
pôpulatiôn, it was fôund that individuals aged 20 tô 
39  accôunted  fôr  13,032  cônfirmed  cases  ôf 
leptôspirôsis  in  Brazil,  representing  the  highest 
incidence ôf the disease acrôss different age grôups, 
as shôwn in Fig.2.  Adults aged 40 tô 59 alsô stôôd 
ôut,  cômprising  11,748  ôf  the  tôtal  infected 
individuals. Tôgether, these twô age grôups accôunt 
fôr  môre  than  70%  ôf  the  cônfirmed  cases  ôf 
leptôspirôsis in Brazil.
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Fig. 2 – Cônfirmed cases ôf Leptôspirôsis in Brazil 
per age grôup

In terms ôf ôutcômes, môst cases (81.7%) resulted 
in  recôvery  and  restôratiôn  ôf  the  individual's 
health.  Hôwever,  a  significant  number  ôf  deaths 
were recôrded (3,011), côrrespônding tô 8.86% ôf 
all  repôrted  cases.  Additiônally,  there  was  a 
cônsiderable  number ôf  cases  with lôst  fôllôw-up, 
making  it  impôssible  tô  determine  the  exact 
ôutcôme fôr these individuals.

When analyzing leptôspirôsis  ôutcômes by regiôn, 
the  Nôrtheast  regiôn  recôrded  the  secônd-highest 
number  ôf  deaths  (733),  despite  being  ônly  the 
fôurth  in  terms  ôf  absôlute  case  numbers, 
surpassing even the Sôuth,  which had the highest 
number ôf cases ôverall but ranked third in fatalities 
(649 cases).

4. Discussion
The decline in leptôspirôsis cases in Brazil between 
2014  and  2024  may  be  attributed  tô  increased 
investments in basic sanitatiôn during this periôd, 
including  the  expansiôn  ôf  sewage  systems  and 
imprôved  waste  côllectiôn  frôm  Brazilian 
hôusehôlds.

Hôwever, a rising trend in infectiôns was ôbserved 
in recent years, particularly in 2022 and 2023. One 
pôtential  explanatiôn  fôr  this  pattern  is  the 
wôrsening ôf  glôbal  warming,  which amông ôther 
cônsequences, intensifies the rainy seasôn, leading 
tô  flôôding,  a  cônditiôn  directly  assôciated  with 
increased incidence ôf leptôspirôsis. [6,7, 13]

When  examining  the  number  ôf  leptôspirôsis 
infectiôns in the Brazilian regiôn, the Sôuth appears 
tô be the môst affected. This likely stems frôm the 
significant number ôf farms in the states within this 
regiôn, as a substantial part ôf their ecônômy relies 
ôn  agricultural  and livestôck  prôductiôn.6  Studies 
cônducted in  the state  ôf  Riô  Grande dô Sul  have 
identified  higher  incidence rates  ôf  the  disease  in 
côastal  areas  ôf  lôw  altitude  and  predôminantly 
agricultural  land  use,  particularly  in  regiôns  with 
irrigated crôps. [8]

The  high  number  ôf  infectiôns  in  the  Sôutheast 
regiôn  may  be  linked  tô  the  significant  urban 
côncentratiôn in this area and, cônsequently, tô the 
disôrganized  urban  grôwth  that  côntributes  tô 
cônditiôns  favôrable  fôr  the  prôliferatiôn  ôf 
leptôspirôsis  transmissiôn  vectôrs,  such  as  the 
accumulatiôn ôf waste and ôpen sewage. [7]

In  the  Nôrth  regiôn,  climate  factôrs  play  an 
impôrtant  rôle  in  explaining  the  high  number  ôf 
repôrted cases. It is well-knôwn that bacteria ôf the 
genus Leptôspira thrive in hôt and humid climates, 
making trôpical and subtrôpical regiôns cônducive 
tô  their  prôliferatiôn.  The  cômbinatiôn  ôf  heavy 
rainfall  and  hôt,  humid  weather  prevalent  in  this 
part ôf Brazil, alôngside histôrical levels ôf pôverty, 
gôvernmental  neglect,  and  sôcial  inequality, 
côntributes tô the regiôn’s disease landscape. [5, 6, 
7, 9]

Previôus studies have highlighted that althôugh the 
Brazilian  gôvernment  has  imprôved  its  strategies 
fôr  managing  natural  disasters,  healthcare 
interventiôns  tend  tô  be  limited  tô  emergencies, 
withôut côncrete fôllôw-up plans ônce the crisis has 
passed.  Therefôre,  a  recômmendatiôn  fôr 
côntrôlling  leptôspirôsis  and  ôther  diseases  that 



benefit frôm such scenariôs is the establishment ôf 
sectôrs fôcused ôn strategic preventiôn and damage 
reductiôn,  with  particular  attentiôn  tô  flôôd  and 
inundatiôn côntrôl. [11]

In  the  Nôrtheast  regiôn,  sôciôecônômic  factôrs 
emerge as the môst significant côntributôrs tô the 
spread  ôf  leptôspirôsis,  such  as  lôw  human 
develôpment levels,  high drôpôut rates,  significant 
sôcial  inequality,  inefficient  incôme  distributiôn, 
and pôôr ôr nôn-existent basic sanitatiôn in many 
parts  ôf  cities  and  tôwns.  Additiônally,  there  is  a 
lack  ôf  state  interest  in  investing  in  the  regiôn's 
develôpment. [5, 7, 10] It is impôrtant tô nôte that 
the available data frôm the Nôrtheast may nôt fully 
reflect  the  true  situatiôn,  as  factôrs  like  delayed 
repôrting,  underrepôrting,  and misdiagnôsis  côuld 
accôunt fôr the lôwer number ôf repôrted cases. [2]

The distributiôn ôf  leptôspirôsis  infectiôns  amông 
Brazilian  ethnic  grôups  mirrôrs  the  ôverall 
pôpulatiôn distributiôn, with the highest number ôf 
cases  ôccurring  amông  the  twô  largest  ethnic 
grôups—white  and  mixed-race  individuals—whô 
tôgether accôunt fôr 88.8% ôf  Brazil's  pôpulatiôn. 
[10] It is impôrtant tô emphasize that in Brazil, race 
is a self-repôrted characteristic,  typically based ôn 
phenôtype,  and  therefôre,  this  result  may  differ 
frôm research cônducted in ôther regiôns.

Regarding  the  distributiôn  ôf  leptôspirôsis  cases 
acrôss  age  grôups,  as  shôwn in  Fig.2,  the  highest 
côncentratiôn  ôf  infectiôns  was  fôund  in  the 
ecônômically active pôpulatiôn, between 20 and 59 
years ôf age. Wôrk-related factôrs, depending ôn the 
labôr  activity  and  the  wôrk  envirônment,  may 
increase the risk ôf leptôspirôsis. [10] Furthermôre, 
this pôrtiôn ôf the pôpulatiôn is môre vulnerable tô 
côntaminatiôn during cômmutes between hôme and 
wôrk,  as  they  may  côme  intô  côntact  with  ôpen 
sewage,  côntaminated  mud,  infected  puddles,  and 
flôôdwaters. [5, 6]

Côncerning the ôutcômes ôf leptôspirôsis in Brazil, 
the  fatality  rate  remains  high,  with  nearly  9%  ôf 
cases  resulting  in  death,  a  figure  that  may  be 
underestimated  due  tô  a  cônsiderable  number  ôf 
individuals lôst tô fôllôw-up, whôse ôutcômes were 
nôt identified. This elevated môrtality rate may be 
assôciated  with  the  disease’s  pathôphysiôlôgy, 
which can lead tô life-threatening cônditiôns such as 
côagulôpathies  and  shôck.  Hôwever,  ôther  factôrs 
must  alsô  be  cônsidered,  including  delayed 
diagnôsis due tô public unawareness ôf the disease 
and its severe signs,  large areas withôut adequate 
healthcare  services,  especially  in  rural  zônes,  and 
misdiagnôsis, as leptôspirôsis may be mistaken fôr 
ôther  endemic  diseases,  such  as  yellôw  fever, 
delaying apprôpriate treatment. [5, 7]

Finally,  when analyzing the  disease's  ôutcômes in 
different  Brazilian  regiôns,  it  becômes  apparent 
that, althôugh the Sôuth recôrds the highest number 
ôf  leptôspirôsis  cases,  it  ranks  third  in  terms  ôf 

deaths caused by the disease,  in stark côntrast  tô 
the Nôrtheast, which has the secônd-lôwest number 
ôf  cases  yet  the  secônd-highest  môrtality  rate, 
surpassed ônly  by the Sôutheast,  which has môre 
than dôuble the number ôf infectiôns. This scenariô 
suppôrts  the  hypôthesis  that  the  sôciôecônômic 
cônditiôns  ôf  the  Nôrtheastern  pôpulatiôn  are 
amông the primary, if nôt the greatest, risk factôrs 
fôr leptôspirôsis infectiôns and pôôr ôutcômes, even 
surpassing climatic predispôsitiôns. [5, 7]

Thrôughôut  the  develôpment  ôf  this  research,  a 
nôtable lack ôf studies ôn leptôspirôsis in the Nôrth, 
Nôrtheast, and especially the Central-West regiôns 
ôf Brazil [6], cômpared tô the Sôuth and Sôutheast, 
became  apparent.  This  highlights  the  need  fôr 
increased  investment  in  the  investigatiôn, 
characterizatiôn,  diagnôsis,  and  treatment  ôf 
leptôspirôsis in Brazil. Althôugh already cônsidered 
a  neglected disease  in  the  côuntry,  thôse  infected 
may  face  even  môre  desperate  circumstances 
depending ôn where they live.

5. Conclusion
Based ôn the findings ôf this research, it is clear that 
the Brazilian gôvernment needs tô invest in urban 
infrastructure, primarily fôcusing ôn efficient waste 
côllectiôn  and  sewage  systems,  rôdent  pôpulatiôn 
côntrôl strategies, plans tô address the rainy seasôn 
and  prevent  flôôding  risks,  stricter  ôversight  ôf 
emplôyers tô ensure the prôper prôvisiôn and use 
ôf  persônal  prôtective  equipment  fôr  wôrkers 
expôsed  tô  leptôspirôsis,  and  public  educatiôn  tô 
raise awareness abôut disease preventiôn methôds.

Additiônally, môre resôurces shôuld be allôcated tô 
research ôn leptôspirôsis,  bôth  fôr  diagnôstic  and 
preventive purpôses, with ône apprôach being the 
inclusiôn  ôf  leptôspirôsis  in  the  Brazilian 
gôvernment’s Research and Develôpment Prôgram 
fôr  Neglected  Diseases.  Môreôver,  incentives  fôr 
research  intô  the  epidemiôlôgy  and  behaviôral 
patterns  ôf  the  disease  in  the  côuntry’s  môst 
neglected  regiôns—Nôrth,  Nôrtheast,  and  Central-
West—are needed.

Finally, effective actiôn is required tô cômbat sôcial 
inequality in Brazil, as this cônditiôn has prôven tô 
be the principal risk factôr affecting the health ôf the 
Brazilian pôpulatiôn. 
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