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Tularemia caused by the bacterium Francisella tularensis is widespread in the northern hemisphere.
It is endemic to the eastern and southern parts of Georgia commonly found in 5 out of 11 regions,
since 1946. As a result of predictions made in recent years, the area of possible spread of tularemia
cases has expanded from the regions at the edge of the country to more inland regions. The aim of
the study was to conduct comparative analysis to better understand how Ecological Niche Modeling
(ENM) results are reflected in subsequent years of surveillance data. For this, the prediction results
0f 2015, which were implemented using the Genetic Algorithm for Rule-set Production (GARP), were
compared with the 2017-2022 tularemia surveillance data. Between 2017 and 2022, the surveillance
system detected 21 cases of tularemia. The male to female ratio was 20:1, median age was 35 years
(range: 14-65). 17(81%) cases were revealed from the regions that were predicted by GARP, where
historically no case of tularemia have been reported before. In particular, 2(9.5%) new cases were
found in the capital of Georgia Thilisi, and 15(71.5%) cases in one of the western regions Imereti.
13(62%) cases were revealed from two outbreaks in the region, in 2017, from where one outbreak
with 9 (42.8%) positive cases was detected in the predicted new area. It seems that due to changes in
global ecology, species may change their distribution area. As predicted and the resulting comparison
analysis showed, the formation of a new Tularemia foci occurred. © 2025 Bull. Georg. Natl. Acad. Sci.

tularemia, ecological niche modeling, foci, bioclimatic variables, Francisella tularensis

Tularemia is a zoonotic disease, which means that
the disease is transmitted to humans from animals
[1,2]. Tularemia is caused by the gram-negative
bacterium Francisella tularensis, which is wide-
spread across the northern hemisphere [3,4]. It is

historically endemic in the eastern and southern

part of Georgia and was usually found in 5 out of
11 regions. Tularemia was first described in
Georgia in 1946, while it was first observed in
Samtskhe-Javakheti, namely in Akhalkalaki village
Kartsakh during an outbreak at soviet military

corps in the south [5].

© 2025 Bull. Georg. Natl. Acad. Sci.
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As a result of predictions made in recent years,
the area of probable spread of tularemia cases
expanded from the regions at the edge of the
country to more inland regions, it was necessary to
confirm the existence of new foci in this area by
detecting cases of tularemia in humans. The
purpose of the study was to conduct a comparative
analysis to better understand how the results of
ecological niche modeling affect subsequent years
of surveillance data. For this purpose, it became
necessary to conduct a descriptive analysis of
tularemia surveillance data by time, place and
person and comparative analysis of the results of
this analysis and the data obtained by modeling the

ecological niches of tularemia.

Materials and Methods

The results of the ecological niche models (ENM)
of Georgia, which was carried out according to the
data of 1946-2022 collected in 2015 within the
framework of Defense Threat Reduction Agency
(DTRA) funded Atlas project, were used for
comparison analyses. Prediction was performed
using Genetic Algorithm for Ruleset Production
(GARP) software [6].

In order to predict ecological niches of high risk
areas for the spread of tularemia, it was necessary
to know the locations, namely the latitude and
longitude, where the causative agent of tularemia
was detected in field samples, collected from
vectors and rodents. Historical data has also was
added to the mentioned information for higher
reliability. To do this, archived material in the
National Pathogen Repository at the Richard Lugar
Public Health Research Center was searched, and
the coordinates of historical locations of tularemia-
positive samples were recovered. At the end, the
mentioned data were combined with several bio-
climatic variables, such as: annual average tempe-
rature; annual temperature range; annual precipi-
tation; the most humid of the month precipitation
and the most dry of the month precipitation (Table)
to carry out the modeling [7].

Bull. Georg. Natl. Acad. Sci., vol. 19(193), no. 1, 2025

Table. Environmental/bioclimatic variables used to
develop ecological niche models

Environmental Variables Name Source
Annual Mean Temperature (°C) |BIO1 WorldCli
Annual Temperature Range (°C) | BIO7 WorldCli
Annual Precipitation (mm) BIO12 | WorldCli
Precipitation of Wettest Month BIOI3 | WorldCli
(mm)

Precipitation of Driest Month BIO14 WorldCli
(mm)

Elevation Elevation | WorldCli

One of the geographic information systems
(GIS) platforms — ArcGIS — was used to create
prediction maps and visualize spatial data. The
spatially unique points were randomly divided into
a 75% training and 25% testing dataset. The top ten
subgroup models from each GARP experiment
were exported to ArcGIS and summed to calculate
the accuracy metric (AUC) for Francisella
tularensis niche modeling [8].

To perform the analysis, the 2015 forecast
results were compared with the 2017-2022
tularemia surveillance data of Georgia obtained
from the Electronic Integrated Disease Surveillance
System (EIDSS).

outbreak data, totally 21 positive cases from 4

Routine surveillance and
regions, were used to perform descriptive analyzes
by time, place, and person, and map the data to an

ArcGIS.

Results and Discussions

The GARP modeling previously predicted the
existence of new tularemia possible foci in the west
of the country and in the capital city. During the
years 2017-2022, 21 cases of tularemia were
identified through the surveillance system of
Georgia. The ratio of men to women was 20:1.
Median age was 35 years (range: 14-65).

A total of17 (81%) cases occurred in regions
predicted by GARP modeling where historically
no cases of tularemia have been detected. In
particular, 2 (9.5%) of the cases detected in new

regions were recorded in Tbilisi, the capital of
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Georgia, and 15 (71.4%) in Imereti, in the west of
the country, which is one of the warmest and
humid regions.

Out of the total number of cases in 2017-2022,
13 (62%) cases were recorded during the two out-
breaks of tularemia in Georgia during 2017 (Fig.).
Out of these, one outbreak with 9 (42.8%) positive

cases was detected in the predicted new area.
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Fig. Number and percentage of tularemia positive cases
by year, Georgia, 2017-2022.
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Conclusion

During the years 2017-2022, no cases were recorded
from the historical centers of tularemia, namely
Mtskheta-Mtianeti and Kvemo Kartli. It appears that
due to changes in the global ecology, disease-
causing species are likely to have changed their
range, which may be related to increased migration.
As the predictive and comparative analyzes showed,
the formation of new foci of tularemia occurred.
Based on the received data, it is planned to expand
the research area for the purpose of collecting
environmental samples, taking into account 2 new
regions, which will contribute to the correct
prevention and control of tularemia in Georgia. To
determine the exact cause of the emergence of new

foci, it is advisable to conduct additional studies.

This research [#PHDF-22-7573] has been sup-
ported by Shota Rustaveli National Science Foun-
dation of Georgia (SRNSDG) and Defense Threat
Reduction Agency (DTRA).
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5e0am®0mdol (GARP) 36:03bmboMgdoom Lods@amgzgemado
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AMEM9905, GM3geos 398mfizgMeos dsddghos Francisella tularensis-00m, oMM SOHOL {536~
39900 ©IEsdofioll BHowmgom bBsbgzs®ligg®mdo. ol Lsds®mggmmlorgol 9bgdwm®os

500mbsgego s LsdbMgm bsffodo s 1946 Herosh Rgzgmugdmog a3bgwgdms 11 Mgyom-
Bogosb 5-80. 030l s8m, GMmI dmrem fjergdol s6dsgemdsdo Bs@Ho®gdvyewo 3GMabmbomgdol

39009350, AMIEsmgdool dg3mbzg3gdol LsgsMsmEM s3MEIMgdol sMYswro J3gybol asbsdoms
69306900056 MBOM g Gos MJa0mbgdolizgbh #9xBIMMMaEs, LBSFOMM sbEs sbao
3069000 sHLGIMBOL ILEHVIMYDS 59 BHYMOEBHMM0sBY 500580369880 ErErsgdool 8gdmbggzgdols
3950m3mgboll gbom. 33¢1930L FoDBBL FoMmamMoagbs, 8905M980m0 65¢0BOL BoEIMIdS 0dols
3900 L5305, HMAMM 50LsbYds g3mEmaom®o 60odgdol Imgeomgdols (ENM) dgwgagdo
90300936 fiergdol 9300bgsab3ge@dol 8mbs3zgdgdby. s8olmgol, 2015 Fgwls Bs@smgdvyeo
36bmboMgdol 890092900, ®MIgEoz 5bbmMEogw©s fgligdol 9MHmMdEomdsbY ©sxgmdby-
3o 2969303900 seam@omdol (GARP) 9s0mygbgdom, 83@sMs bsgsGmggemml 2017-2022
fegd0l Gryemsmgdool 930bgEsdbgagmmdol 3mbaigdgdl, Mmdgmog domgde 0gbs ssgs-
099505 99O ™brEo 06EJaM0MHgdMEo ByEsdbg3gE™mdol LoliEgdowsb (EIDSS). 2017-2022
0980, BgsdbgEzgmmdol Loligdsd 3508magwobs @westgdool 21 8gdmbggzs. 39300Ls ©s
J5¢0gd0l 3565635MMds ogm 20:1, bodwgsenem 51530 30 35 figero (©0s35Bmbo: 14-65). 17(81%) dg9a-
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Jogsg odogoldo, bmerm 15(71.4%) o0dgMgodo. 2017-2022 §ergdol 990mbggzqdol LsgMHomm
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578000 dg8mbggzom LfimMgo 3OMbmBoMgdmm sbogr 390580 g3s0m3wobs. Hmymeg BB,
23BSEIMO 930MPO0L 33¢00¢g0g300 350mfi391w0 BoaMsE00L g3dm obgmdgdds dglsdenms
09033509l 353M3EIMgd0olL 5MYseo s FmbEs GHMEsMgdool sbswo 39MHgdol BMOGIMYDS.
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