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Abstract.  Leptospirosis is a public health problem in Türkiye with cases 
occurring sporadically and occasionally in outbreaks.  In this study we 
aimed to retrospectively map leptospirosis cases in Rize Province, Türkiye 
during 2016-2022 using a geographic information system (GIS) in order 
to inform leptospirosis control efforts.  Data regarding numbers and 
locations of leptospirosis cases in the study province were obtained from 
an Infectious Disease Surveillance and Early Warning System and entered 
into GIS software and examined for spatial patterns.  A total of 97 subjects 
were included in the study, 59% males.  The mean (±standard deviation) 
age of study subjects was 59 (±11) years.  During the study period, the year 
with the largest number of leptospirosis cases was 2018 (n = 37) (p<0.001) 
and the month of the year during the study period with the most cases was 
September (n = 32) (p<0.001).  The incidence of cases was highest during 
June-October (n = 85) (p<0.001).  The districts in Rize Province where the 
most leptospirosis cases occurred were the 3 contiguous coastal districts 
of Merkez (n = 31), Çayeli (n = 16) and Pazar (n = 12) (p<0.001).  Cases 
were also reported in Güneysu District (n = 11) (p<0.001).  The other cases 
of leptospirosis were distributed sporadically.  In summary, leptospirosis 
cases in Rize Province occurred primarily in clusters in 3 contiguous 
provinces during the study period and were more common during 2018 
and during September.  We conclude these patterns need to be taken into 
consideration by efforts to reduce the incidence of leptospirosis in the study 
area.  Further studies are needed to determine why there are more cases 
in these specific districts during September and if they have preventable 
origins in order to improve leptospirosis control efforts in Rize Province, 
Türkiye. 
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INTRODUCTION

Leptospirosis  is  a  frequently 
n e g l e c t e d ,  i m p o r t a n t  p u b l i c 
health problem in Türkiye.  It is a 
potentially fatal zoonotic infection 
caused by Leptospira spirochetes 
(Ko  et al ,  2009; Bharti  et al ,  2003; 
Levett, 2001).  It is endemic in many 
tropical countries (Soo et al, 2020).  
Outbreaks may occur after heavy 
rains and during flooding (Lau et al, 
2010).  Numerous wild and domestic 
animals can act as reservoirs but 
the brown rat is the most common 
source of human infections (Haake 
and Levett, 2015; Calvopina  et al , 
2 0 2 2 ) .   L e p t o s p i r o s i s  c a s e s  a r e 
usually sporadic but can occur in 
clusters (Dhewantara et al, 2019b). 

G e o g r a p h i c  I n f o r m a t i o n 
Systems (GIS) were first used by 
John Snow in 1849 during a cholera 
epidemic (Bryan and George, 2004) 
to enable epidemiologists to identify 
s p a t i a l  o u t b r e a k  p a tt e r n s  a n d 
associated health, socio-economic 

and environmental variables (Glass, 
2014).  GIS are valuable for research, 
analysis and data communication 
regarding communicable and non-
c o m m u n i c a b l e  d i s e a s e s  ( M u s a 
et  al ,  2013).   The Life Fits Home 
( H E S )  a p p l i c a t i o n  wa s  u s e d  i n 
Türkiye during the coronavirus-
disease-2019 (COVID-19) pandemic; 
it  gave useful information about 
associat ions  between COVID-19 
cases and various factors (Er and 
Kusak, 2023).

I d e n t i f y i n g  t h e  g e o g r a p h i c 
a n d  c h r o n o l o g i c a l  p a tt e r n s  o f 
l e p t o s p i r o s i s  c a s e s  c a n  i n f o r m 
t r e a t m e n t  a n d  p r e v e n t i o n 
p r o g r a m s  t o  a l l o w  a p p r o p r i a t e 
a l locat ion of  resources  (Núñez-
González  et al ,  2020).  Using GIS 
a l l o w s  i d e n t i fi c a t i o n  o f  s p a t i a l 
and  chronologica l  patterns  and 
other  factors  (Souza  e t  a l ,  2020; 
Sulistyawati et al, 2016). 

Most studies of leptospirosis in 
Türkiye have been case studies or 
small case series studies (Yesilbas 
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e t  a l ,  2016 ,  Sumbul  e t  a l ,  2018) .  
A l i terature  search  revealed no 
studies with a large enough number 
of  leptospirosis  cases  necessary 
for public health evaluations and 
we were  unable  to  ident i fy  any 
leptospirosis studies using GIS to 
map cases in Türkiye.  

S e r o l o g i c a l  s t u d i e s  o f 
l eptospiros i s  ant ibodies  among 
humans and animals  in  Türkiye 
r e v e a l  a  h i g h  p r e v a l e n c e  o f 
l e p t o s p i r o s i s  a n t i b o d i e s  i n 
coastal  and agricultural  Türkiye 
(Leblebicioglu et al, 1996, Gumussoy 
et  al ,  2009).   Rize Province is  in 
n o r t h e a s t e r n  c o a s t a l  T ü r k i y e .  
Rize Province experiences rainfall 
throughout the year and has the 
highest precipitation levels in the 
country (Sensoy, 2004).   Seventy 
percent of the land in Rize Province is 
agricultural or consists of meadows 
and forests (Abaci et al, 2020).  This 
suggests Rize Province is suited for 
a study of leptospirosis cases.

I n  t h i s  s t u d y  w e  a i m e d 
t o  r e t r o s p e c t i v e l y  m a p  o u t 
leptospirosis cases in Rize Province, 
Türkiye during 2016-2022 using 
a geographic information system 
(GIS) in order to inform leptospirosis 
control efforts. 

MATERIALS AND METHODS

Study type

We conducted a retrospective 
study of leptospirosis cases in the 
study area during the study period. 

Study area

The s tudy was conducted in 
R i z e  P r o v i n c e ,  i n  n o r t h e a s t e r n 
T ü r k i y e  ( b e t w e e n  4 0 o- 2 2 ’  a n d 
41o-28’ east longitude and 40o-20’ 
and 41o-20’ north latitude).  This 
province is comprised of primarily 
mountainous terrain and is bordered 
b y  t h e  B l a c k  S e a  i n  t h e  n o r t h , 
with 80 kilometers being coastline  
(Fig 1).

Leptospirosis cases

We obta ined  data  regarding 
the number of leptospirosis cases 
and their locations from the cases 
reported to  the  Rize  Provinc ia l 
Health Directorate, Public Health 
Services  Direc torate ,  Infec t ious 
Diseases  Unit  during 2016-2022 
via the Turkish Infectious Disease 
Survei l lance and Early  Warning 
System.  Leptospirosis is classified 
as a notifiable disease in Türkiye but 
the database regarding leptospirosis 
cases has only been collected since 
2016. 
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T h e  d a t a  r e c o r d e d  f o r  e a c h 
l ep tosp i ros i s  case  were  sub jec t 
age, gender, district of residence, 
occupation,  year and month the 
case occurred, the patient’s chief 
complaint, hospital course and case 
outcome. 

Data mapping and interpretation

T h e  G I S  s o f t wa r e  u s e d  f o r 
this study was ArcGIS Enterprise, 
v e r s i o n  1 0 . 7  ( E n v i r o n m e n t a l 
Systems Research Institute (ESRI), 

Redlands, CA). Subject addresses 
were converted into spatial points 
using Google Earth Pro software, 
ve r s i o n  7 . 3  ( G o o g l e ,  M o u n t a i n 
View, CA).  These data in Google 
E a r t h  P r o  we r e  t h e n  i m p o r t e d 
i n t o  A r c G I S  s o f t wa r e  t o  a l l o w 
a  c o n t i n u o u s  r e p r e s e n t a t i o n  o f 
leptospirosis case density in the 
study area.

Statistical analyses

N u m b e r s  a n d  p e r c e n t a g e s 

Fig 1 - Rize Province, Türkiye
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were used to describe categorical 
v a r i a b l e s  a n d  m e d i a n s  a n d 
minimums/maximums were used 
to describe continuous variables.  
O n e - s a m p l e  b i n o m i a l  t e s t  a n d 
one-sample Chi-square test were 
used to detect differences in the 
distribution of leptospirosis cases.  
A  p-va l u e < 0 . 0 5  wa s  c o n s i d e r e d 
statistically significant.  Statistical 
analyses  were  per formed us ing 
t h e  S t a t i s t i c a l  Pa c k a g e  f o r  t h e 
Social  Sciences (SPSS)  software, 
version 24.0 (International Business 
Machines Inc, Armonk, NY).

Ethical approval

E t h i c a l  a p p r o v a l  f o r  t h i s 
s tudy was obtained from Recep 
Tayyip Erdogan University, Non-
Interventional  Clinical  Research 
E t h i c s  C o m m i tt e e  ( E - 7 1 0 0 6 1 7 0 -
050.01.04-6716 and 2022/230).

RESULTS

A  t o t a l  o f  9 7  s u b j e c t s  we r e 
included in the study,  59% (n = 
57) males.  The mean (±standard 
d e v i a t i o n )  a g e  o f  s u b j e c t s  wa s 
5 9  ( ± 1 1 )  ( r a n g e :  1 9 - 8 8 )  y e a r s .  
Ninety-six subjects (99%) were aged 
>40 years.  Seventy-eight subjects 
(80%) presented with acute and 19 

(20%) with subacute leptospirosis.  
Eighty-seven subjects (90%) were 
treated as in-patients and the overall 
mortality rate among subjects was 
2% (n = 2).  Seventy subjects (72%) 
lived in detached houses.

T h e  m o s t  c o m m o n  s u b j e c t 
complaints on presentation were: 
l o s s  o f  a p p e t i t e  ( n  =  8 2 ,  8 5 % ) , 
fever (n = 81, 84%), myalgia (n = 
77, 79%), headache (n = 71, 73%) 
and nausea and vomiting (n = 63, 
65%).  Fifty-seven subjects (59%) 
reported having a rat in the home 
and 55 (57%) had a history of contact 
with contaminated water (Table 1).  
There was no statistically significant 
difference in leptospirosis case rates 
between those who did and did not 
report  having a rat  in the home 
(p=0.104) and between those who did 
and did not report having contact 
with contaminated water (p=0.223).

Significantly more leptospirosis 
cases in the study period were in 2018 
than in the other years of the study 
(n = 37) (p<0.001) and significantly 
more  leptospiros is  cases  where 
reported in September (n = 32) than 
during the other months (p<0.001).  
The incidence of leptospirosis cases 
was highest during June-October (n 
= 85) (p<0.001) (Table 2, Fig 2).
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Table 1

Subject symptoms and selected factors potentially associated with leptospirosis 
(N = 97)

Variables Frequency
n (%)

Subject symptoms

Loss of appetite 82 (85)

Fever 81 (84)

Myalgia 77 (79)

Headache 71 (73)

Nausea/Vomiting 63 (65)

Weakness 19 (20)

Jaundice 16 (17)

Loss of weight 13 (13)

Conjunctival tenderness 10 (10)

Hepatomegaly 7 (7)

Liver tenderness 6 (6)

Bleeding 5 (5)

Contractions 3 (3)

Rash 2 (2)

Selected factors potentially associated with leptospirosis

Presence of rat(s) in the house 57 (59)

History of contact with contaminated water 55 (57)

History of contact with an animal at home, while traveling or 
at work

48 (50)

Presence of an attic, basement, barn or woodshed at home 45 (46)

History of seeing a rat or rat droppings in the house 41 (42)

Consumption of food possibly associated with rodent contact 36 (37)
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T h e  l a r g e s t  n u m b e r s  o f 
leptospirosis  cases  in  the  study 
p r o v i n c e  w e r e  r e p o r t e d  f r o m 
t h e  3  c o a s t a l  d i s t r i c t s :  M e r k e z  
(n = 31), Çayeli (n = 16) and Pazar  
(n = 12) (p<0.001).  A notable number 
o f  c a s e s  we r e  a l s o  r e p o r t e d  i n 
Güneysu District (n = 11) (p<0.001) 
(Fig 2).  The rest of the cases were 
distributed sporadically (Fig 3).

DISCUSSION

In our study, most leptospirosis 
cases  occurred  in  three  coas ta l 
d i s t r i c t s .   T h i s  m a y  b e  d u e  t o 
several  factors  found in  coastal 
e n v i r o n m e n t s :  g r e a t e r  r a i n f a l l , 
m o r e  f r e q u e n t  fl o o d i n g ,  m o r e 
b o d i e s  o f  w a t e r  a n d  g r e a t e r 
h u m i d i t y  ( G u r g e n ,  2 0 0 4 ;  P o l a t 

Table 2

Leptospirosis cases by months and years

Months Years Total

2016 2017 2018 2019 2020 2021 2022

January 1 0 0 0 1 0 0 2

February 0 0 0 0 0 1 0 1

March 0 0 1 1 0 0 0 2

April 0 0 1 0 0 0 0 1

May 0 0 1 1 0 0 0 2

June 0 2 5 1 0 1 1 10

July 0 0 6 0 1 2 3 12

August 1 0 5 1 1 2 4 14

September 2 3 14 8 1 3 1 32

October 0 1 4 3 1 2 6 17

November 0 0 0 4 0 0 0 4

December 0 0 0 0 0 0 0 0

Total 4 6 37 19 5 11 15 97
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Fig 3 - Leptospirosis cases in Rize Province, Türkiye 

Km: kilometer

and Sunkar, 2017; Jones  et al , 2024; 
Z i l i o tt o  e t  a l ,  2 0 2 4 ) .   A  s i m i l a r 
s t u d y  f r o m  B r a z i l  r e p o r t e d  a 
greater incidence of leptospirosis 
in humid coastal areas (Barcellos et 
al, 2003).  The clusters of cases in 
similar geographic areas suggests 
geographical and meteorological 
conditions may play a role in these 
outbreaks.

I n  t h i s  s t u d y ,  l e p t o s p i r o s i s 
c a s e s  p e a k e d  d u r i n g  2 0 1 8  a n d 
during the month of September.  In 
August 2018, flooding occurred in 
Merkez District (NTV, 2018), one of 
the districts in the study province 
reporting more cases.  The peak in 
September may have been due to 
the August flooding.  A study from 
Brazil reported a higher incidence 
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of leptospirosis in flooded areas 
( B a r c e l l o s  a n d  S a b r o z a ,  2 0 0 1 ) .  
Flooding  can  spread  in fec t ious 
diseases (Barcellos and Sabroza, 
2 0 0 1 ) .   A n o t h e r  r e a s o n  f o r  t h e 
increase in cases in September in our 
study was increased precipitation 
during September.  September has 
been reported to have an average 
rainfall in the study area of 258.2 mm 
(Meteorological Service of Turkish 
State, 2024).  The greater rainfall 
creates  condit ions  conducive  to 
the spread of the disease (Thibeaux 
e t  a l ,  2024) .   Rainfa l l  resul ts  in 
increased  vegeta t ion  provid ing 
food for rodents, a known vector 
for leptospirosis (Dhewantara  et 
a l ,  2019a).   Similar studies from 
Thailand (Tangkanakul et al, 2005) 
and the Philippines (Hacker et al, 
2020) also reported finding more 
cases of leptospirosis during the 
rainy season.

I n  t h i s  s t u d y ,  we  f o u n d  n o 
s ign ificant  assoc ia t ion  be tween 
h a v i n g  m i c e  i n  t h e  h o u s e  a n d 
d e ve l o p i n g  l e p t o s p i r o s i s .   T h e 
reason for  this  requires  further 
investigation since other studies 
have reported finding a significant 
association between finding mice 

a n d  c o n t r a c t i n g  l e p t o s p i r o s i s 
( G i z a m b a  a n d  M u g i s h a ,  2 0 2 3 ; 
Rachmawati et al, 2023; Baharom et 
al, 2023). 

I n  o u r  s t u d y ,  m o s t  c a s e s  o f 
l e p t o s p i r o s i s  o c c u r r e d  a m o n g 
those aged ≥40 years, similar to the 
findings of a study from Germany 
( Jansen  et  al ,  2005) but different 
than the findings of a study from 
the United States where the most 
common age group was 20-40 years 
(Meites et al, 2004).  The reason for 
this discrepancy between our study 
results and those from the United 
States could be due to differences 
between study populations and/
or leptospirosis risk factors.  The 
difference in age distribution could 
b e  d u e  t o  d i ff e r e n c e s  i n  s t u d y 
populations and risk factors. 

In our study, the most common 
presenting symptoms among our 
study subjects with leptospirosis 
were fever, myalgia, headache and 
anorexia, consistent with findings 
from other studies (Karpagam and 
Gannesh, 2020; Balasundaram et al, 
2020).  Since these symptoms are 
nonspecific, providers working in 
endemic areas need to have a higher 
index of suspicion for leptospirosis. 
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A strength of  our study was 
t h e  r e l a t i ve l y  l a r g e  n u m b e r  o f 
cases  in  our  study compared to 
p r e v i o u s  s t u d i e s  f r o m  T ü r k i ye 
which included only a maximum 
of 12 subjects (Leblecioglu  et  al , 
1996;  Sagmak Tartar  e t  a l ,  2021; 
Gurcuoglu  et  al ,  2009).   Another 
strength of our study was the use 
of  the  GIS  to  ident i fy  outbreak 
p a tt e r n s  b y  a r e a .   A  l i m i t a t i o n 
of this  study was the data were 
obtained from a single source for a 
single province.  Another limitation 
was that no data prior to 2016 were 
available.  Another limitation of this 
study was we have no leptospirosis 
screening data to identify those 
with asymptomatic infection.  

In summary, leptospirosis cases 
i n  R i z e  P r o v i n c e  we r e  g r e a t e s t 
during 2018 and during September.  
T h e y  w e r e  m o r e  c o m m o n  i n  3 
c o a s t a l  d i s t r i c t s .   We  c o n c l u d e 
these factors need to be taken into 
consideration by efforts to reduce 
the incidence of leptospirosis in 
the study area.  Further studies are 
needed to determine why there are 
more cases in these specific districts 
d u r i n g  S e p t e m b e r  a n d  i f  t h e y 
have preventable origins in order 

to improve leptospirosis control 
efforts in Rize Province, Türkiye.
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