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Introduction

Caves offer an environment with extreme conditions – lack of light,
fewer nutrients, high humidity, low temperature, and others, which
implies a high level of adaptation of the organisms.

Bats are common inhabitants of caves. Bats are mammals of the order
Chiroptera and include about 1460 species. They are the only mammals 
able to fly. Bats possess some peculiar characteristics, such as unique 
physiology, metabolism and immune system. 

In Europe 47 bat species are encountered and 33 of these are found in
Bulgaria and 11 of these bat speices inhabit caves. 



All bat species encountered in Bulgaria are prevalently insectivores. 
Bats can eat up to 20 000 insects per night.
Bats are our most important natural predators of night-flying insects
consuming mosquitoes, moths, beetles, crickets, leafhoppers, chinch
bugs, and much more! Many of these insects are serious agricultural
or forests pests, and others spread disease to humans or livestock.
Every year bats save us billions of euros in pest control by simply
eating insects.



Bats have been identified as an important reservoir hosts for
numerous emerging infectious viral, bacterial, fungal and protozoa
pathogens.
It should be underlined that bats are main or occational reservoirs of 
many viral (rabies, Marburg, Ebola, Hendra, Nipah, SARS-CoV, etc.), 
bacterial (Bartonella, Leptospira, Mycoplasma, Brucella, Borrelia,
Coxiella, Ehrlichia, Francisella, and Rickettsia), fungi 
(Pseudogymnoascus destructans - white-nose syndrome, 
Histoplasma capsulatum and others)  and protozoa (malaria, 
toxoplasmosis, leishmaniasis, trypanosomiasis) infections. 



Aim of our study was to monitor bats and environmental samples
from Bulgarian caves for novel or reoccurring zoonoses.

Our working hypothesis is that bats are infected, but do not get ill 
from the above mentioned microbial infections. These infections 
remain latent. Blood, tissue, urine form bats and environmental 
samples (guano, water and soil) would be suitable to monitor for 
infectious pathogens.

Here, we report analysis of bacterial pathogens identified in the 
blood of bats by targeted and shotgun sequencing and bioinformatic 
analysis.  



Materials and Methods
Samples were collected from Orlova Chuka, Devetashka, and Parnitsite in
2022. Bats were caught and blood and tissue samples were obtained. Bat
parasites such as ticks and mosquitoes were also collected. Blood of 120
bats was collected and pooled in 13 samples. From each bat 30 µl of blood
was collected. Soil, water and guano samples were also collected. Total
DNA was isolated from the samples, measured, and prepared for NGS
analysis. Sequencing was performed using specific targeting 16S and ITS
NGS analysis was applied using Illumina next-generation sequencers. 
Shotgun sequencing was performed at >6 GB depth. Taxonomic
identification of the cleaned raw reads was performed by Kraken2 tool
with Refseq NCBI database for Prokaryote, Protozoa, Fungi and viruses in
www.usegalaxy.eu environment. OTU table was generated with Bracken
tool and visualized by Pavian software.





Devetashka cave 



Orlova chuka cave



General scheme

Sample collection

Culturing of the samples

Identification of isolated microbial species

NGS analysis

Sorting of species causing infectious diseases

Bioinformatic analysis: filtering, de novo assembly,
genome anotation, species diversity, statistics, etc



Results
We tested blood samples collected form 5 bat species - Nyctalus noctula, Rhilophus
euryale, Rhinolophus mehelyi, Myotis myotis, and Miniopterus schreibersii.

Sample ID Sample_description Sample_description 2 Sample_description 3

A100 сборна от 14 прилепа Деветашка Н. Нок Nyctalus noctula

A101 сборна от 7 прилепа мъжки Деветашка Н нок Nyctalus noctula

A102 сборна Н нок 3 прилепа женски Деветашка Nyctalus noctula

A103 Н нок 1 мъжки Деветашка Nyctalus noctula

A104 MSch 4 женски Деветашка Miniopterus schreibersii

A105 MSch 4 мъжки Деветашка Miniopterus schreibersii

A106 MSch 12 прилепа мъжки и женски Деветашка Miniopterus schreibersii

A107 сърце от миниоптерус Деветашка Miniopterus schreibersii

A108 далак от Rh Mehely Rhinolophus mehelyi

A109 Mdal сборна Орлова чука Myotis далак?

A110_1 Rheur сборна Орлова чука Rhinolophus euryale Пробата А100 е разделена на две части

A110_2 Rheur сборна Орлова чука Rhinolophus euryale Пробата А100 е разделена на две части

A111 Rh meh сборна Орлова чука Rhinolophus mehelyi

A112 M meu сборна Орлова чука Myotis myotis

A113 M cap сборна Орлова чука Myotis myotis

A114 далак от Rheur Орлова чука Rhilophus euryale

A115 MSch сборна 22 прилепа Парниците Miniopterus schreibersii

A116 сборна от парниците ?кръв ?видове

A117_control контрола от реактиви контрола



Microbial DNA is < 0.3% of the total.



Bacterial phyla/class diversity by bat species

PHYLUM



Bacterial genera diversity by bat species

>40 GENERA



Bacterial alpha biodiversity by bat species – Simpson index



Bacterial beta biodiversity between bat species  - Bray-Curtis index



Bacterial phyla/class by cave
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Bacterial genera by cave

GENUS



Bacterial alpha diversity by cave – Simpson index



Bacterial beta diversity by cave – Bray-Curtis index
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Sankey diagram



Sankey diagram



Conclusion

A significant number of microbial pathogenic species were identified in
the bats‘ blood. Sequencing reads exceeding 10K were identified for
Mycobacteria, Bartonella, Plasmodium and Leishmania species. Soil,
water and guano samples demonstrated high abundancy of
mycobacterial presence. Other pathogenic species such as Toxoplasma
have also been identified but less evidently according to the number of
reads. While tuberculosis, bartonelosis and leishmania are rare diseases,
malaria is almost absent in Bulgaria. Our results demonstrated that bats
in Bulgaria are a hidden or potential reservoir for malaria and atypical
mycobacterial infections.
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