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Draft genome sequences from 127 Legionella spp. strains 
isolated in water systems linked to legionellosis outbreaks
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ABSTRACT Legionnaires' disease is a severe form of pneumonia caused by Legionella 
spp. bacteria. According to the European Centre for Disease Prevention and Control, 
problems related to this pathogen showed a significant surge in recent years, making its 
monitoring critical.
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A ccording to the latest report from the European Centre for Disease Prevention and 
Control (ECDC), Europe suffered the highest annual Legionnaires' disease notifica

tion rate to date (1), and climate change may play a role in its spread in the coming years 
(2). However, cases are rarely cultureconfirmed, potentially leading to misinterpretations 
of pathogen diffusion dynamics and underestimations of Legionnaires' disease cases 
caused by Legionella species other than Legionella pneumophila (1).

In light of these considerations, to further our understanding of the spread of this 
pathogen in the Italian region of Friuli Venezia Giulia, 127 Legionella spp. strains were 
sequenced, both to confirm the species and to analyze their genetic traits. These strains 
were isolated as part of national surveillance plans conducted between 2005 and 2017 
by the Regional Agency for the Protection of the Environment of Friuli Venezia Giulia 
(ARPA FVG), from tap water of different types of buildings identified as sources of 
legionellosis outbreaks, with sampling and analysis protocols carried out in accordance 
with Italian (3) and international directives (4).

Isolates were cultured on Buffered Charcoal Yeast Extract Agar (BCYEA) supplemen
ted with Legionella BCYE Growth Supplement with and without cysteine (Biolife, Italy). 
Presumptive positive colonies were further confirmed by qualitative real-time PCR using 
the IQ-Check screen L. pneumophila Kit (Bio-Rad, Italy) and serologically identified using 
Legionella rapid latex test Kit (Biolife, Italy) monovalent antisera (5).

For DNA extraction, cultures cryopreserved at −80°C in Microbanks (Pro Lab 
Diagnostics, Canada) were revitalized by streaking onto BCYEA and cultivated under 
microaerophilic conditions at 36°C for 5 days. The DNA was then extracted using the 
MagAttract HMW DNA kit (Qiagen, Germany) and purified using the Genomic DNA 
Clean & Concentrator kit (Zymo Research, USA). The extracted DNA was checked for 
purity and quantified both via NanoDrop (Thermo Scientific, USA) and Qubit 3 Fluor
ometer (Invitrogen, USA) using the Qubit dsDNA BR Assay kit (Invitrogen, USA). The 
quality was then analyzed by agarose gel electrophoresis (0.8% agarose, 1× TAE buffer). 
Libraries were prepared sonicating the DNA with a BioRuptor sonicator (Diagenode, 
USA), subsequently using the Celero DNA-Seq kit (Tecan, Switzerland). The size of the 
individual fragments composing the library was measured using BioAnalyzer 2100 DNA 
chip electrophoresis (Agilent Technologies, USA). Paired-end sequencing of the libraries 
was then performed on the Illumina MiSeq platform (Illumina, San Diego, USA).
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Raw reads (300 bp length) were carefully processed and assembled through the WGA-
LP pipeline (6) using the following included tools in default mode. The reads were 
qualitatively checked through FastQC v0.11.9 (7) and trimmed with Trimmomatic v0.39 
(8), verifying the presence of contaminations through Kraken2 v2.0.8-b (9). For the 
assembling process, SPAdes v3.15.2 was used as assembler (10), evaluating the quality 
and completeness of the final assemblies using CheckM v1.1.3 (11), Quast v5.0.2 (12), and 
Merqury v1.3 (13). The assembled genomes were then annotated using PGAP 
2022-04-14.build6021 (14). After ANI (15) and dDDH (16) evaluation, the strains were 
identified as 1 L. taurinensis, 117 L. pneumophila, and 9 L. pneumophila subsp. fraseri that 
were not distinguished by conventional techniques.
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