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Abstract
Background:

Ticks are important vectors of numerous zoonotic pathogens affecting both human and animal health. Rickettsia species are widely distributed tick-
borne bacteria, whereas Francisella tularensis is a highly infectious zoonotic agent with focal ecological distribution. The Thrace region of Tirkiye
represents an epidemiological transition zone due to its geographical location and ecological characteristics.

Methods:

Between June and September 2023, ticks were collected from grazing cattle and sheep in the Kesan and ipsala districts of Edirne Province. A total of
540 ticks were morphologically identified and pooled in groups of ten according to species and collection area, resulting in 54 DNA pools. Molecular
analyses were performed using polymerase chain reaction (PCR). The tul4 gene was targeted for the detection of F. tularensis, while the gltA, ompaA,
and 23S rRNA gene regions were targeted for Rickettsia spp. Positive samples were subjected to nucleotide sequencing for species-level
identification.

Results:

The collected ticks were identified as Rhipicephalus sanguineus (61.9%), Rhipicephalus annulatus (29.8%), and Hyalomma marginatum (8.3%). No PCR
positivity was detected for F. tularensis. In contrast, Rickettsia spp. DNA was detected in 8 of the 54 pools (14.8%). Sequence analysis identified
Candidatus Rickettsia barbariae and Rickettsia massiliae. Positivity was predominantly observed in Rhipicephalus species, indicating the circulation of
multiple Rickettsia species within shared ecological niches in the region.

Conclusions:

This study demonstrates the molecular presence of tick-borne Rickettsia species in the Thrace region of Tirkiye and highlights the region as an
active ecological area for rickettsial circulation. Although F. tularensis was not detected, the continued risk of tularemia through environmental and
waterborne transmission should not be overlooked. These findings emphasize the importance of integrated, One Health—based molecular
surveillance programs to assess and mitigate zoonotic risks in Thrace and neighboring Balkan regions.

1. Introduction

Ticks are important vectors involved in the transmission of numerous bacterial, viral, and parasitic agents affecting both humans and animals.
Climate change, environmental factors, and the disruption of ecological balance have contributed to increases in tick populations and to the
expanded spread of tick-borne zoonotic diseases [1]. Owing to its geographical location, climatic diversity, and livestock-based economic structure,
Turkiye is among the regions where ticks and tick-borne pathogens are endemic [2].

Among tick-borne diseases, zoonotic infections caused by Rickettsia and Francisella species are of particular importance for both veterinary
medicine and public health [3]. Francisella tularensis is considered a significant biological agent due to its low infectious dose, environmental
persistence, and potential for aerosol transmission [4]. Tularemia can be transmitted to humans via ticks, rodents, and contaminated water sources;
in Tirkiye, waterborne and tick-associated cases have been frequently reported [5, 6].

Rickettsia species are obligate intracellular, Gram-negative bacteria responsible for various clinical syndromes, most notably those belonging to the
spotted fever group (SFG). In the Mediterranean basin, Rickettsia conorii is the most prevalent species and has been molecularly detected in both
human cases and various tick species in Tirkiye [7, 8]. In recent years, the identification of additional species such as R. aeschlimannii, R. slovaca, R.
raoultii, and R. hoogstraalii in Tirkiye has indicated that the ecological spectrum of rickettsioses is broader than previously assumed [9, 10].

Advances in molecular methods have enabled more sensitive and reliable identification of tick species and the pathogens they harbor. PCR and
sequencing analyses targeting the gltA, ompA, and ompB gene regions are widely used for the identification of Rickettsia species, whereas PCR and
sequencing of the tul4 gene are commonly employed for the confirmation of Francisella species [7, 9, 11]. Using these approaches, studies
conducted in different regions of Tiirkiye have demonstrated a widespread presence of Rickettsia DNA in ticks, while the detection of Francisella
tularensis has remained limited [2, 12, 13].

The broad host range of rickettsial infections and their association with diverse tick species suggest that ecological and climatic factors play a
decisive role in the regional distribution of these diseases [14]. Particularly in transition-zone countries such as Tirkiye, determining the diversity and
geographic distribution of tick species is of critical importance for anticipating potential zoonotic threats [1].

In this context, the present study aimed to investigate the presence of Francisella tularensis and Rickettsia spp. in ticks collected from grazing
animals in the Kesan and ipsala districts of Edirne Province using molecular methods. The findings are expected to provide valuable insights into
regional vector ecology and to support the assessment of potential zoonotic risks.
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2. Materials and methods
2.1.Ethical approval

This study was approved by the Scientific Research Ethics Committee of Trakya University Faculty of Medicine (Approval No: TUTF-GOBAEK
2022/356).

2.2.Study area and sample collection

This study was conducted between June and September 2023 in the Kesan district of Edirne Province (40°51'N, 26°38'E), including the villages of
Karahisar, Kilickdy, Kizkapan, Orhaniye, and Biiyiikdoganca, as well as in the ipsala district (40°55'N, 26°22'E), including the villages of Yapildak,
Koyuntepe, and Aligopehlivan. Ticks were collected from barn animals grazing on pastures in these areas. Both regions are characterized by wetland
and rural environments with suitable microclimatic conditions for ticks, where agriculture and livestock farming are widespread in Thrace [1].

Ticks were visually detected during physical examination of grazing large and small ruminants and were removed alive using forceps. For each
animal, the number of collected ticks, host species, date of collection, and location were recorded. Samples were placed in tubes containing 96%
ethanol and transported to the laboratory under cold-chain conditions. Damaged ticks or those that were recently engorged were excluded from the
study.

2.3.Morphological identification of ticks

Following collection, ticks were transported to the Medical Microbiology Laboratory of Trakya University Faculty of Medicine. Morphological
identification was performed at the Faculty of Veterinary Medicine, Uludag University, using a stereomicroscope (Nikon, Tokyo, Japan), and
specimens were identified at the species level. Identification was carried out by evaluating morphological characteristics according to the taxonomic
keys described by Estrada-Pefia and Walker [15, 16].

2.4.DNA extraction

A pooling strategy was applied for DNA extraction from ticks. Ticks were pooled in groups of ten according to species and collection area, resulting
in a total of 54 pools. Each tick was bisected using a sterile scalpel; one half was numbered and stored at -20 °C, while the other half was placed
into Eppendorf tubes. The tubes were incubated at -150 °C for 5 minutes and subsequently homogenized at maximum speed for 5 minutes using a
tissue lyser; this procedure was repeated twice. DNA isolation was performed using the GeneMATRIX Tissue & Bacterial DNA Purification Kit (EurX,
Poland) in accordance with the manufacturer’s instructions, and the extracted DNA samples were stored at -20 °C until analysis.

2.5.Molecular analyses

Polymerase chain reaction (PCR) was performed to detect the presence of Francisella tularensis and Rickettsia spp. in tick samples. The tul4 gene
was targeted for F. tularensis, while the gltA, ompA, and 23S rRNA gene regions were targeted for Rickettsia spp. Primer sequences previously
described in the literature were used (Table 1) [17-19].

Table 1. Primer sequences used for PCR detection of Francisella tularensis and Rickettsia spp.

Pathogen Target Gene  Primer Base Sequences
Rickettsia spp. 23S rRNA F: AGCTTGCTTTTGGATCATTTGG
R: TTCCTTGCCTTTTCATACATCTAGT
ompA F: ATGGCGAATATTTCTCCAAAA
R: AGTGCAGCATTCGCTCCCCCT
gltA F: GGGGGCCTGCTCACGGCGG
R: ATTGCAAAAAGTACAGTGAACA

Francisella tularensis  tul4 F: ATTACAATGGCAGGCTCCAGA
R: TGCCCAAGTTTTATCGTTCTTC
PCR products were resolved on 2% agarose gels. For agarose gel preparation, 10x TAE buffer (Gibco, USA) was diluted with ultrapure water to obtain
a final concentration of 1.5x. A total of 5 g of ultrapure agarose (Invitrogen, USA) was dissolved in 1.5x TAE buffer to a final volume of 100 mL.

Before gel solidification, 2.5 pL of SYBR Safe DNA gel stain (Invitrogen, USA) was added. For electrophoresis, 20 pL of each PCR product was mixed
with 5 pL of bromophenol blue loading dye (Invitrogen, USA) and loaded onto the gel.

Page 3/9



2.6.DNA sequencing analysis and species identification

Nucleotide sequencing analysis was performed on Rickettsia-positive samples using the Sanger sequencing method. Prior to sequencing, PCR
products were purified using the MAGBIO HighPrep PCR Clean-up System Kit (AC-60005, Canada) according to the manufacturer’s instructions.
Forward primers of the ompA and gltA genes were used for Sanger sequencing. Cycle sequencing reactions were carried out using the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, Canada) in accordance with the manufacturer’s protocol. Sanger sequencing
was performed on an ABI 3730XL DNA Analyzer (Applied Biosystems, Foster City, Canada). DNA base sequences were assembled using the BioEdit
software, and species-level identification was achieved by comparing the obtained sequences with those available in the NCBI BLAST nucleotide
database [20].

3. Results

Between June and September 2023, a total of 540 ticks were collected from animals grazing on pastures in villages of the Kesan and ipsala districts
of Edirne Province. The species distribution of the collected ticks was Rhipicephalus sanguineus (61.9%), Rhipicephalus annulatus (29.8%), and
Hyalomma marginatum (8.3%).

Ticks were pooled in groups of ten according to species and collection area, resulting in 54 pooled DNA samples.

PCR analyses targeting the tul4 gene revealed no positivity for Francisella tularensis. In contrast, 8 of the 54 pools (14.8%) were positive for Rickettsia
spp. Four pools were positive for both the gltA and ompA genes, while four pools showed positivity only for the ompA gene. No positivity was
detected for the 23S rRNA gene.

Sequencing analysis identified Rickettsia massiliae in samples positive only for ompA. Pools positive for both gltA and ompA were classified as
Candidatus Rickettsia barbariae and Rickettsia massiliae based on sequence data (Figure 1).

When the distribution of positive pools by village was examined, the highest number of positive pools was observed in ticks collected from Karahisar
village (6/54). Positivity was predominantly detected in Rhipicephalus sanguineus and Rhipicephalus annulatus species (Table 2)(Figure 2).

Table 2. Distribution of Rickettsia spp. gene positivity in ticks collected from villages in Edirne Province according to village, host, and tick species

Villages Number Number Rhipicephalus  Rhipicephalus Hyalomma ompA- gltA- Identified species
of ticks of ticks annulatus sanguineus marginatum  positive  positive
collected collected pool pool
from from
cattle sheep
Karahisar 62 28 60 30 0 4/54 2/54 C. R. barbariae, R. massiliae
Kilickdy 3 0 0 3 0 0/54 0/54 -
Kizkapan 120 45 70 95 0 2/54 0/54 R. massiliae
Orhaniye 29 1 0 30 0 1/54 0/54 R. massiliae
Blyikdoganca 27 15 30 12 0 0/54 0/54 -
Koyuntepe 20 10 0 10 20 0/54 0/54 -
Yapildak 150 20 0 170 0 1/54 2/54 C. R. barbariae, R. massiliae
Alicopehlivan 6 4 0 0 10 0/54 0/54 -
Total 417 123 160 350 30 8/54 4/54 -

C. R. barbariae: Candidatus Rickettsia barbariae

4. Discussion

In this study, the presence of Francisella tularensis and Rickettsia spp. was investigated using molecular methods in ticks collected from grazing
cattle and sheep in the Kesan and ipsala districts of Edirne Province. While F. tularensis was not detected, Rickettsia spp. positivity was identified in
14.8% of the samples. Sequence analysis revealed the presence of Candidatus Rickettsia barbariae and Rickettsia massiliae. The detection of more
than one Rickettsia species in ticks collected from the same host species suggests the potential co-circulation of multiple rickettsial agents within
shared ecological niches in the Thrace region. These findings demonstrate the circulation of tick-borne rickettsial agents in the Thrace region and
provide a distinctive picture in terms of the region’s ecological, geographical, and epidemiological characteristics.

Thrace represents Tirkiye's European territory and shares borders with Bulgaria to the north and Greece to the west. This geographical position
renders the region not only a socioeconomic but also an epidemiological transition zone. Studies conducted in the Balkans and Southeastern Europe
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have reported similar Rickettsia species, including R. massiliae, R. aeschlimannii, and R. slovaca, in both ticks and human cases [1, 14]. The similarity
between the species detected in Thrace and those reported from neighboring regions suggests ecological continuity between Tiirkiye and Balkan
countries and indicates the potential for cross-border dispersal of ticks or reservoir hosts [1, 2, 21]. In particular, the role of migratory birds in the
transportation of tick species such as Hyalomma marginatum may contribute to the wide geographic dissemination of Rickettsia spp. [21].

In Tirkiye, most tularemia cases have been reported as waterborne outbreaks [6]. Vector-borne transmission of F. tularensis has been primarily
associated with tick species linked to rodents [4, 22]. In the present study, the predominance of Rhipicephalus sanguineus and R. annulatus and the
collection of ticks from cattle and sheep may explain the absence of F. tularensis detection. Additionally, the low environmental abundance of F.
tularensis and its focal distribution in nature may result in low detection rates [11]. Nevertheless, previous waterborne tularemia outbreaks in Thrace
indicate that the regional reservoir of the pathogen has not been completely eliminated [23, 24]. Therefore, continued surveillance of F. tularensis in
different hosts (e.g., rodents and hares) and vectors (e.g., Dermacentor marginatus) is recommended.

In this study, Rickettsia spp. positivity was detected at a rate of 14.8%. Previous studies have demonstrated considerable regional variation, with
reported infection rates of 41.3% in Istanbul [25], 10.5% in Yozgat [9] and 27.2% in Ankara [26], while a separate investigation from Corum
documented a prevalence of 31% [27]. In Slovakia, Rickettsia spp. positivity rates of 3% and 27% have been reported in ticks collected from sheep
and vegetation, respectively, and studies from Southern Europe indicate substantial variability in rickettsial prevalence among tick populations [14,
28, 29]. This variability supports the notion that Rickettsia species exhibit high eco-regional distribution.

Among the two species identified in this study, R. massiliae has been associated with Mediterranean spotted fever—-like clinical manifestations in
humans within the Mediterranean basin [30]. Candidatus R. barbariae was first described in Rhipicephalus bursa ticks in Portugal and has
subsequently been reported in Tunisia, Morocco, Spain, and China [2, 31]. The detection of this species in Tiirkiye provides important molecular
evidence for its presence in the country. These findings suggest that the climatic and ecological structure of Thrace shares similarities with Southern
European and North African regions in terms of Rickettsia species diversity.

The predominance of positivity in Rhipicephalus sanguineus and R. annulatus supports the role of these tick species as competent vectors for
Rickettsia spp. [9]. Rhipicephalus sanguineus is widely recognized as a major vector of zoonotic Rickettsia species due to its close association with
domestic dogs and its ability to adapt to human settlements. Indeed, the frequent identification of human pathogens such as R. conorii and R.
massiliae in this species in Iran, Morocco, Palestine, and Tunisia highlights its critical role in zoonotic transmission [14]. Furthermore, the widespread
presence of R. annulatus in cattle-based farming systems in Turkiye [27] and the association of R. massiliae with various tick species linked to animal
reservoirs suggest that this pathogen may play a role in animal-to-human transmission. In addition, the high sensitivity of tick seasonal activity to
microclimatic conditions such as temperature and humidity, together with the effects of climate change on these parameters, indicates that
significant shifts in transmission patterns may occur in the future [32].

The gltA and ompA gene regions used in this study are widely recognized as molecular targets with high discriminatory power for the identification
of Rickettsia species. Indeed, these genes are among the most frequently employed markers for species-level confirmation and classification in the
literature [10, 33]. While the gltA gene serves as a sensitive genus-level marker due to its conservation across Rickettsia species, ompA allows for
species differentiation within the spotted fever group (SFG). The higher rate of ompA positivity observed in this study indicates the predominance of
SFG members and suggests that the regional Rickettsia ecosystem is largely SFG-oriented [9, 33]. The absence of positivity for the 23S rRNA gene
may reflect its relatively lower sensitivity.

Rickettsial infections, owing to their zoonotic nature, lie at the intersection of human, animal, and environmental health and thus represent a typical
example of the One Health approach [34]. In regions such as Thrace, where agriculture and livestock farming are widespread, farmers, shepherds,
and rural communities are among the highest-risk groups for tick exposure due to their continuous contact with natural tick habitats [35]. Moreover,
Rhipicephalus sanguineus, which has developed strong ecological adaptation to domestic dogs, can feed readily on dogs throughout all life stages
[36] and adapt to human living environments, including indoor settings, under favorable conditions [34]. Consequently, this vector plays a critical role
in introducing zoonotic Rickettsia species—particularly R. conorii and R. massiliae—into household environments, a relationship that has been well
documented in the literature [36]. Given Thrace's proximity to the Balkans, the transboundary nature of zoonotic diseases becomes particularly
relevant. Accordingly, the establishment of regional vector surveillance collaborations among Bulgaria, Greece, and Tiirkiye, the sharing of
epidemiological data through joint platforms, and the international coordination of training programs are strongly recommended.

The limitations of this study include the relatively limited sample size, sampling restricted to a single season, and the examination of ticks collected
only from specific host species (cattle and sheep). Nevertheless, the molecular identification of pathogens at the species level and the analysis of
three different gene regions represent notable strengths of the study. Future research incorporating additional host groups such as rodents, hares,
dogs, and birds would contribute to a more comprehensive understanding of Rickettsia ecology.

The detection of Candidatus R. barbariae and R. massiliae in Edirne and its surroundings indicates that the Thrace region constitutes an active
ecological area for rickettsial circulation. Although F. tularensis was not detected in this study, suggesting a low regional prevalence, the continued
risk of environmental and waterborne transmission of tularemia should not be overlooked. In light of these findings, the implementation of
multicenter and seasonal molecular surveillance programs in Thrace and neighboring Balkan countries, the integration of tick population monitoring
with climate change indicators to generate regional risk maps, the development of targeted educational and preventive programs for individuals
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engaged in agriculture and livestock farming, and the establishment of data-sharing and joint reporting systems among institutions working in
human, animal, and environmental health are of critical importance. Overall, this study represents one of the first molecular investigations
demonstrating the presence of Rickettsia species in the Thrace region and contributes to a better understanding of the epidemiology of tick-borne
rickettsial infections in Tirkiye and the Balkan geography. The data obtained provide a scientific basis for strengthening One Health—based
surveillance systems at both national and regional levels.

5. Conclusion

This study demonstrates the circulation of Rickettsia species in ticks in the Thrace region, revealing that the region is an active focus for rickettsial
infections. The absence of Francisella tularensis detection indicates that tularemia should be evaluated within the framework of different
transmission routes and ecological dynamics in the region. These findings emphasize the importance of continuous surveillance based on the One
Health approach in the region.
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L1111 IIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIJIIIIIIIILIIHIII||I i1 IIIII\IIIIIIIIIIlHIIIIIIlIIIIIIIIlIIIIIIII LEETINLLE
Sbjct 796  TGEGGACCTGC TCACGGCGGGGCTAATGAAGCGCTAATAMATATGCTTAMAGAAATCGET 855 Sbjct 10  ATATCGOGAATATTTCTCCAAAATTAT TGCAAAMAGCAATACAACAAGGTCTTARAGCCG 69
Query 61 AGTTCTGAGTATATTCC TARBATATATAGCTARAGCTAAGGATAARMATCATCCATTTAGA 120 Query 61 CCTTTATTCACCACCTCAAC TGC TCGGTGTT 120
HIIIIIIlIIIIIIIIIIIIIIIIIIII|Il|IIIIl|H|||I|I|IHlHIlIllI TRCCEEEREEEE e e e e e e e e e
Sbjct 856 AGTTCTGAGTATATTCC TAAATATATAGCTAAAGCTAAGGATAARAATGATCCATTT 915 Sbjet 70 =CTTTATTCACCACCTCAACTGCAGCGATAAT GCTGAGTAGTAGCGGGGTACTCGGTGTT 128
Query 121 TTAATGGGTTTTGGTCATCGTGTATATAAARAC TATGATCCGCGTGCOGCAGTACTTARA 180 Query 121 GCTGCAGGTGTTATTTCTACTAATAATAATGCATCATTTAATGATCTTGCTGTTGCCAAT 180
PEPEREELEEE L e e LR et TORE FERRRREERER e el IllIlI \IIIIIIIIIIIIIIIIII
Sbjct 916  TTAATGGGTTTTGGTCATCGTGTATATAAAAAC TATGATCOGCGTGOOGCAGTACTTARA 975 Sbjct 129 GCTGTAGGTGTTATTTCTACTAATAATAATGCAGCATTT TCTTGCTGTTGCCAAT 188
Query 181 GAAACGTGCAAAGAAGTATTAAAGGAACTCGGGCAGCTAGACAACAATCCGCTC TTACAA 240 Query 181 AATTGTAATGAT) TAATGGTACTCCTGTTGACGGTCCTCAA 240
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\IIIIIIII\ll\lllllil TUCLL TRRERERR e v eer el CRRn i i e eneiner
Sbjet 976 AGA T T AATCCGCTCTTACAA 1035 Sbjct 189 AATTGGAATGATATAACGGCTCAAGGGGTAGC TAATGGTACTCCTGTTGACGGTCCTCAA 248
Query 241  ATAGCAATAGAACTTGAAGCTATCCCTCTTAAAGATGAATATT TTATTGAGAGAAMATTA 300 Query 241 AATGGTATGGCATTTACT GATCATACTATCACT 300
lIIIIIIIIIIlIIIIIIIIIIIIIIIII|IIIIIIIIII\IIII|I|I\IHIIlIIlI IIIIIIIIIIIIHIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 1036 ATAGCAATAGAACTTGAAGCTATCGCTCTTAAAGATGAATATT TTATTGAGAGAAARTTA 1095 Sbjct 249 AATGGTATGGCATTTACTTACGGTGGTGATCATACTATCACTGCAGATGAAGCCGGTCGT 308
Query 301 TATCCAAATGT TGATTT TTATTCGGGTATTATC TATAAAGCTATGGGTATACCGTCGCAA 360 Query 301 ATTATTACGGCTATAAATGTTGCGGGTACTACTCCCGTAGGTCTAAATATTACTCAAAAT 360
IIIIIIIIIIIIIIIIIIIIIIIIIIIII|II|II|III|HIII|I|I\IIHIIIIII FEERREERREER e i e e e rm e e e ey
Sbjct 1096 "ATCCAAATGT TTTTTATTCGGGTATTATC TATAAAGCTATGGGTATACCGTCGCAA 1155 Sbjct 309 ATTATTACGGCTATAAATGTTGCGGGTACTACTCCCGTAGGTCTAAATATTACTCAAAAT 368
Query 361 ATGTTCACTGTACTTTTTGCAAT 383 Query 361 CCGTCGTTGGTTCAAT TGTGACGGGA GETAACTTGT TGCCTGTTACTATTACTGCCGGE 420
FUCLEERLRLRRRRennennn llllllllllll\l ||IIIIIIIHIIIliIlEIIIIIIHIIIIIIIIIIIIIIIII!
Sbjct 1156 ATGTTCACTGTACTTTTTGCAAT 1178 Shjct 369 ACCGTCGTTGGTTCGAT TGTGACGGGAGGTAACTTGT TGCCTGTT! ACTGCCGGC 428
Query 421 AAAAGCTTAACTTTAAACGGTACTARTGCTCTTGCTGCAAATCATGGTTTTGATGCTCCT 480
IIIIIIllIlII\IIIIIIIIIIIHIIIIIIUIIIIIIHIIIIIIIIIIIIIIIIII
Sbjct 429 AAAAGCTT. AATGCTGT TGCTGCAAATCATGGTTTTGATGCTCCT 468
Query 481 538
Illlllllllll\IIIIIIIIIII\IIIIIIIIIIIIIIIIIIIIIIIII[I Illll
Sbjct 489 GCCGATAATTATACAGGTTTAGGAAATATA 546
Figure 1. NCBI BLAST nucleoctide sequence alignment of PCR products obtained from
ticks showing (a) the 796-1178 region (99% identity} of the gltA gene of Candidatus
Rickettsia barbariae and (b) the 10-546 region (98% identity) of the ompA gene of
Rickettsia massiliae
Figure 1
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Figure 2. Positive pools detected in villages where ticks were collected (number of
positive pools/number of collected ticks)
AVillages in the Kesan district of Edirne Province: Karahisar, Kilickdy, Kizkapan,
Orhaniye, Blylkdoganca
AVillages in the ipsala district of Edirne Province: Yapildak, Koyuntepe, Alicopehlivan
*dillages with ompA gene—-positive pocls

%illages with gltA gene—positive pools

Figure 2

See image above for figure legend

Page 9/9



