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Abstract

:

Simple Summary


Listeria monocytogenes is a widespread bacterium in nature thanks to its broad pH range stability as well as toleration of salt conditions up to 20% and temperatures ranging from −0.4 to 45 °C. The bacterium causes infection both in animals and humans, with variable and sometimes fatal disease manifestations. We isolated L. monocytogenes from a stranded loggerhead sea turtle (Caretta caretta) that perished briefly after being rescued due to the lesions in many internal organs. Our findings underline how the sea turtle and its marine environment should be considered a source of L. monocytogenes contamination. This is important, given zoonotic transmission either through contact with animals or via contaminated food, as well as in the light of the migratory behavior of Caretta caretta.




Abstract


Listeria monocytogenes is an ubiquitous pathogen isolated from different host species including fish, crustaceans, and molluscs, but it is rarely a pathogenic microorganism to marine reptiles. In particular, only two cases of fatal disseminated listeriosis have been described in the loggerhead sea turtle (Caretta caretta). In this study, we describe a lethal case of L. monocytogenes infection in a loggerhead sea turtle. The turtle was found alive, stranded on a beach in North-eastern Italy, but perished soon after being rescued. The autoptic examination revealed that heart, lung, liver, spleen, and urinary bladder were disseminated with multiple, firm, 0.1–0.5 mm sized, nodular, white-green lesions. Microscopically, these lesions corresponded with heterophilic granulomas with Gram+ bacteria within the necrotic center. Furthermore, the Ziehl–Neelsen stain was negative for acid-fast organisms. Colonies isolated from heart and liver were tested through MALDI-TOF for species identification, revealing the presence of L. monocytogenes. Whole Genome Sequencing on L. monocytogenes isolates was performed and the subsequent in silico genotyping revealed the belonging to Sequence Type 6 (ST 6); the virulence profile was evaluated, showing the presence of pathogenicity islands commonly observed in ST 6. Our results further confirm that L. monocytogenes should be posed in differential diagnosis in case of nodular lesions of loggerhead sea turtles; thus, given the zoonotic potential of the microorganism, animals should be treated with particular caution. In addition, wildlife animals can play an active role as carriers of possibly pathogenetic and virulent strains and contribute to the distribution of L. monocytogenes in the environment.
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1. Introduction


Due to its widespread distribution in nature, Listeria monocytogenes is found in diverse substrates such as plants, soil, silage, sewage, and water and in a wide range of animals. Indeed, the bacterium can persist in a variety of environments thanks to its broad pH range stability (between 4.6 and 9.5) as well as toleration of salt conditions up to 20% and a temperature range from −0.4 to 45 °C [1,2]. Thus L. monocytogenes and non-pathogenic Listeria spp. have been isolated from irrigation and natural waters with loads varying from 3 to 15 CFU ml−1 [3] to over 103 CFU ml−1 [4].



L. monocytogenes is a food-borne zoonotic pathogen and can cause listeriosis in humans with variable, sometimes fatal (20–30%) disease manifestations, where most common invasive forms are neurolisteriosis, bacteremia, and pregnancy-related infection including neonatal listeriosis [5]. It can also infect a wide host range of domestic and/or wild mammals including birds, fish, reptiles, and crustaceans [6,7,8,9]. Most of the time, infection in animal hosts is subclinical (asymptomatic carriers) but severe forms can also occur [10] in the form of the three main manifestations listed above. In animals, listeriosis is primarily a disease of ruminants, and small ruminants, especially sheep, are mostly affected. Septicemic disease occasionally occurs in horses and pigs, up to sporadic/rare in poultry, while outbreaks of listeriosis are uncommon in birds. Few cases of reptilian listeriosis have been documented to date; specifically, only two other cases of fatal disseminated listeriosis [11,12] have been described at approximately the same time period in loggerhead sea turtles (Caretta caretta), both in Italy. Here we report an additional description in which a possibly pathogenic L. monocytogenes strain was isolated from different organs of an animal that presented nodular lesions within the whole celomatic cavity.




2. Materials, Methods, and Results


In the morning of 20 May 2022 an adult female loggerhead sea turtle, 33 kg in weight with a curved carapace length (CCL) of 68.5 cm, was found stranded and alive in Lido di Volano beach (Ferrara, North-eastern Italy, 44°49′06″ N 12°17′08″ E, see also Figure 1). The animal was found on the beach while heading inland and immediately rescued. The discovery area is the shoreline, with stretches for free beach or equipped with bathing establishments in the north-west of the Adriatic Sea facing the Po river delta, the major Italian river which, from spring to estuary, flows through the Po Valley (Pianura Padana). First aid was given to the animal in the closest sea turtle first aid center of Goro, Ferrara.



The turtle did not show external lesions but was hyporeactive to external stimuli. The clinical examination allowed observation of an accelerated respiration rate of one breath every 30 s (normal respiratory rate is 0.5 to 0.7 breaths/minute), and diffuse crepitus on auscultation of the cranial lung fields. The animal was treated with an intracoelomatic infusion of 1.5 mL/kg of physiological solution, 1.5 mL/kg of ringer solution, 1.5 mL/kg of glucose 5%, 10 mg/kg Baytril, and 1 mL/kg of Metabolase. Unfortunately, the death occurred the same day, eleven hours after being rescued. The carcass was immediately submitted to the Istituto Zooprofilattico Sperimentale della Lombardia e dell’Emilia Romagna for autoptic investigation. At gross examination, the carcass presented a body condition score of 2 (Figure 2A), based on the Net Cet [13] subjective body condition scoring system, thus meaning: “Moderate decomposition. Bloated carcass with characteristic mild odor. Head: integral or with partial loss of skin; eye: sunken or liquefied; tail: present or absent; limbs: integral; carapace and plastron: integral.”



The ventral portion of the neck showed erythematous and reddened skin (Figure 2B), and greenish discharge oozed from the oral cavity. During the external examination, the carapace appeared multifocally covered by numerous Serpulidae worms and barnacles (Order: Balanomorpha), the latter also attached to the soft skin (Figure 2C,D).



The examination of the internal organs revealed multiple, firm, 0.1–0.5 mm sized, nodular white-green lesions of heart, lung, liver, spleen, and urinary bladder and gelatinous pericardial effusion (Figure 3 and Figure 4A–C), as well as the presence of gastrointestinal helminths in the lumen of the esophagus and stomach. No other gross lesions were observed.



Samples of lung, heart, liver, pancreas, spleen, kidney, and urinary bladder were collected, immediately stored in 10% buffered formalin, and then processed for routine histopathology. Formalin-fixed paraffin-embedded (FFPE) tissues were sectioned using HistoCore Autocut microtome (Leica Microsystems, Wetzlar, Germany) with a thickness of 3 µm. The tissue sections obtained were routinely stained with hematoxylin-eosin (HE) and with Gram stain kit (Sigma Aldrich-77730, St. Louis, MO, USA) following standard procedures. Additional sections of spleen and liver were carried out and stained with the Ziehl–Neelsen (ZN) technique (Bio-Optica Milano Spa—05-M20007, 05-M23001, Milano, Italy) for the identification of acid-fast bacteria. Histopathological examination revealed variably sized, nodular, multifocal to coalescing lesions consistent with granulomas in lungs, liver, pericardium, myocardium, pancreas, spleen, kidneys, and within the wall of the urinary bladder associated to necrotizing cystitis. Lesions were characterized by a central aggregate of eosinophilic amorphous material mixed with extravasated erythrocytes, cellular debris and karyorrhectic heterophils (necrosis) surrounded by numerous epithelioid macrophages and multinucleated giant cells, followed by a rim of reactive fibroblasts and collagen bundles infiltrated by a moderate number of lymphocytes and plasma cells (heterophilic granuloma) (Figure 5A,B). Gram stain showed aggregates of cocci and rod-shaped Gram+ bacteria within the lesions in all tissues tested (Figure 6). The ZN stains were negative for acid-fast organisms.



Given the similar aspect of the nodular lesions on all organs, bacteriological analyses were performed immediately after collection for only the liver and heart. Samples were streaked on 5% blood agar and Mac Conkey and Thiosulfate Citrate Bile Sucrose (TCBS) agar plates; the first were incubated for 24–48 h at 25 °C, and the others for 24 h at 37 °C. Colony growth was detected from the blood agar plates; specifically, colonies from the liver had a homogeneous morphology, while colonies from the heart showed two different morphological types, suggesting in the latter case the isolation of two different microorganisms. L. monocytogenes was isolated, and matrix-assisted laser desorption/ionization time-of-flight (MALDI—TOF Biotyper; Bruker Daltonics Inc., Billerica, MA, USA) mass spectrometry was used for the identification of isolated species, revealing the presence of liver (Strain S1) and heart (Strain S2), and Enterococcus faecium in the heart. Thus, L. monocytogenes isolates were serotyped according to the method described in the Bacteriological Analytical Manual [14] using commercial anti O and H antisera (Denka Seiken, Tokyo, Japan). The result showed that both strains belonged to the same serotype (4b), phylogenetically associated with lineage I.



Genomic DNA was extracted from L. monocytogenes strains S1 and S2 using the Maxwell HT 96 gDNA Blood Isolation System (Promega, Madison, WI, USA) following the manufacturer’s instructions, and libraries were prepared using the Illumina® DNA Prep (M) Tagmentation kit (catalogue number 20060059, Illumina, San Diego, CA, USA) following the manufacturer’s protocol and sequenced on NextSeq 500/550 platform (Illumina) producing 150 × 2 bp paired-end reads. Reads were trimmed with Trimmomatic ver. 0.38, checked for quality with FastQC v.0.11.5 (https://github.com/s-andrews/FastQC, accessed on 1 February 2018) and assembled using Unicycler ver. 0.4.8 [15] with criteria according to the ECDC analysis pipeline [16]. In silico Multi Locus Sequence Typing (MLST) with the Pasteur scheme and presence/absence of genes conferring virulence, resistance to disinfectants/metal and antibiotics were determined using the Pasteur BIGSdb for L. monocytogenes (https://bigsdb.pasteur.fr/listeria/, accessed on 8 July 2022) with the Pasteur scheme.



The genomes of both L. monocytogenes strains S1 and S2 belonged to the same serogroup, namely IVb, Sequence Type 6 (ST6) and Clonal Complex 6 (CC6). Five antibiotic resistance genes were detected in both S1 and S2 genomes: fosX, lin, mprF, norB, and sul (conferring resistance to fosfomycin, lincomycin, oxacillin, cephalosporins, and sulfamethoxazole). Conversely, no genes of resistance to disinfectants or metals were found.



The presence of 66 out of 93 virulence genes listed in the Pasteur BIGSdb for L. monocytogenes implicated in pathogenetic mechanisms (e.g., invasion, adherence) was detected in both S1 and S2 genomes (see details in Figure 7), outlining a virulence profile common to ST6 strains [17]. More precisely, two Listeria pathogenicity islands (LIPI) were found: LIPI-1, which includes genes (prfA, plcA, hly, mpl, actA, plcB, orfX) essential for survival, intracellular growth, and spread from cell to cell [18], and LIPI-3, which encodes for listeriolysin S (LLS) that alters intestinal microbiota composition [19]. On the contrary, genes belonging to the LIPI-4 (from LM9005581_70009 to LM9005581_70014 genes in Figure 7), associated with hypervirulence [20], and to the LIPI-2, associated to L. ivanovii, were absent.




3. Discussion


Here we reported the clinical case of a loggerhead sea turtle with internal lesions similar to those of the systemic granulomatous disease caused by L. monocytogenes in an adult Caretta caretta found along the Adriatic coast in summer 2021 in Italy, described by Di Renzo and colleagues [11].



The animal was administered a single dose of enrofloxacin, a bactericidal fluoroquinolone antibiotic, with effects for both Gram positive and negative bacteria, also active against Mycobacterium spp. [21], comprising M. chelonae. Thus, we cannot exclude that this might have influenced the growth of other bacteria. In addition, it is typical for reptiles to respond with granulomatous reaction to infectious agents, particularly to Mycobacterium spp. infection [22]. However, considering both the detection of intralesional Gram positive bacteria and the negative histochemical result of the ZN stain, we excluded the pathological involvement of acid-fast bacteria. Indeed, ZN staining would have allowed identification of dyed microorganisms within stained tissue sections. On the other side, the laboratory analyses revealed the presence of E. faecium in very low amounts within cultures from the heart, while L. monocytogenes was isolated in high quantities from both liver and heart.



Based on previous evidence, we have concentrated our attention only on L. monocytogenes as the etiological agent, but we cannot conclude that it was the causative agent of the death of the animal, nor is it possible to determine if the weakness of the animal was caused by L. monocytogenes or vice versa. Furthermore, the animal was surely suffering a condition of disseminated listeriosis. Indeed a general condition of granulomatous lesions on all internal organs was evident, as witnessed by Di Renzo [11]. The weight was low, and this was in line with the symptoms described in the few cases of reptilian listeriosis in which affected individuals displayed nonspecific signs of disease, primarily anorexia and obtundation [10]. Regarding the latter, the animal when rescued was trying to reach the inland outside of the season for laying eggs. The gastrointestinal helminths in the lumen of the esophagus and stomach were retrieved, but could not be further characterized due to technical reasons. Despite this, the infection is described throughout all size classes with a prevalence for this age class of 50% [23]. Although cases of listeriosis in reptiles are rare, some cases of septicemia associated with granulomatous systemic response concurrent with L. monocytogenes infection are reported [24,25,26].



Regarding the finding of Enterococcus faecium, enterococci are in general commensal bacteria of the oral cavity, genitourinary, and gastrointestinal tracts of humans and other animal species comprising reptiles [27], leading to the assumption that a cross contamination during sampling might have occurred. Another reason is that the microorganism was not recovered from both internal organs, since only the liver tested positive, but this might be related either to the contamination or to the antimicrobial administration. However, it should be mentioned that, in humans, enterococci are among the leading causative microorganisms of bloodstream infections, particularly in healthcare settings and in elderly, fragile, and immunosuppressed patients [28].



Listeria monocytogenes is an important microorganism from a One Health perspective, with unique potential to spread from cell to cell, thereby crossing blood-brain, intestinal, and placental barriers, causing fatal infections in humans and in a wide range of animals. Since its first identification in 1985, the presence and implications of L. monocytogenes in food and food processing environments have been extensively studied, but its ecology in natural habitats remains poorly understood [29]. The peculiar L. monocytogenes transmission cycle between humans, animals, and environment through sewage and food-processing plants likely increases the load of L. monocytogenes in different habitats [30]. Particularly, the marine environment is subjected to a variety of contaminants: in addition to native marine and estuarine microorganisms, other species can be introduced to the seas as the result of human activity [31]. This is particularly true related to our findings, since we identified a L. monocytogenes isolate of ST6 from a deceased loggerhead sea turtle. This sequence type is increasingly associated with outbreaks related to food in Europe [20,32,33] and around the world, as is the case of the largest listeriosis outbreak that took place in South Africa, where it affected 937 people with a 27% mortality rate [34,35]. Our results report antimicrobial resistance genes that are known to be present in almost all L. monocytogenes ST genomes [36,37]. The presence of an ST6 isolate carrying virulence genes involved in invasion and adherence mechanisms could be relevant in wildlife animals. In fact, they could play an active role as carriers of possibly pathogenetic and virulent strains, and contribute to the distribution of L. monocytogenes in the environment [38,39]. This is even more true when considering species such as Caretta caretta, which can migrate for hundreds or thousands of kilometers [6,40].



None of the investigations performed to date by means of metagenomics demonstrated the presence of L. monocytogenes in either the feces and intestinal mucosa of loggerhead sea turtles, [41,42,43,44] nor have they indicated that the microorganism may be among the zoonotic pathogens eventually transmitted by these animals [45]. On the other side, numerous descriptions of L. monocytogenes in marine molluscs and fish are present in the Literature [7,46,47]; specifically, among these animals, the ST6 has been reported [29]. Among animals, this sequence type has additionally been described in an aborted water buffalo fetus in Southern Italy [48] and from the liver of a white-faced saki (Pithecia pithecia) that died following septicemic listeriosis [49].



Humans are increasingly invading wildlife habitats, enhancing the frequency of human–wildlife contacts and associated pathogen transfer events. To date, some paths are neither considered, nor completely understood, thus our findings emphasize the value of zoonotic pathogen surveillance among wildlife that share some geographical domain with human habitats and the food supply chain to support One Health. Surveillance of wildlife disease may provide information on domestic and wild animal morbidity and mortality, and allow to identify changes in patterns of disease occurrence over time. Elusive aquatic species that present criticalities such as Caretta caretta might be tested by means of environmental (e) DNA [50], which allows to perform sea turtle population genetic studies as well as pathogen monitoring. This might also be applied for evaluating the potential sentinel of this species for zoonotic and terrestrial pathogens in the marine environment [48], as suggested for other aquatic species, as an indicator of the anthropic pressure.




4. Conclusions


Our previous reported findings suggest that the marine environment might contribute to L. monocytogenes circulation and should also be considered a possible source. Taken all together, clinicians, pathologists, and microbiologists should also consider the occurrence of L. monocytogenes infections in Caretta caretta, and pose it in differential diagnosis mainly with infection by Mycobacterium chelonae, but also evaluate the possibility that further manifestations might be possible.



In addition, the concentrated evidence of three cases in a small time-period may raise an issue regarding a possible modification of the equilibrium among the environment and the pathogen, posing threats for a possible zoonotic transmission through contact with the stranded animals or a higher risk of contamination of fish and fishery products.







Author Contributions


Conceptualization, S.R.; investigation, M.B., S.R., R.T., G.D., E.S., M.T., I.M., G.B., S.M., C.C., G.C. and V.I.; data curation, F.S, F.G. and V.I.; writing—original draft preparation, F.S., F.G., E.S., G.D. and C.C.; writing—review and editing, F.S., F.G., V.I. and A.S.; supervision, S.R. and A.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


No ethical approval was needed, provided that no experimental studies were conducted on animals. The loggerhead sea turtle was stranded alive on the beach and rescued by the first aid center of Goro, and subsequent studies were performed on the dead animal.




Informed Consent Statement


Not applicable.




Data Availability Statement


Genomic data for this study have been deposited in the European Nucleotide Archive (ENA) at EMBL-EBI under accession number PRJEB60797 (https://www.ebi.ac.uk/ena/browser/view/ PRJEB60797, accessed on 1 April 2023).




Acknowledgments


We are grateful to the ENPA (non-profit national board for animal protection) association of Lagostano, especially to Marco Pozzi and Viviana Prati, and to Fondazione Cetacea, in particular to Sauro Pari, for their active and collaborative role.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Buchanan, R.L.; Stahl, H.G.; Whiting, R.C. Effects and Interactions of Temperature, pH, Atmosphere, Sodium Chloride, and Sodium Nitrite on the Growth of Listeria monocytogenes. J. Food Prot. 1989, 52, 844–851. [Google Scholar] [CrossRef]

	



Bucur, F.I.; Grigore-Gurgu, L.; Crauwels, P.; Riedel, C.U.; Nicolau, A.I. Resistance of Listeria monocytogenes to Stress Conditions Encountered in Food and Food Processing Environments. Front. Microbiol. 2018, 9, 2700. [Google Scholar] [CrossRef]

	



Al-Ghazali, M.R.; Al-Azawi, S.K. Listeria monocytogenes Contamination of Crops Grown on Soil Treated with Sewage Sludge Cake. J. Appl. Bacteriol. 1990, 69, 642–647. [Google Scholar] [CrossRef]

	



Odjadjare, E.E.O.; Obi, L.C.; Okoh, A.I. Municipal Wastewater Effluents as a Source of Listerial Pathogens in the Aquatic Milieu of the Eastern Cape Province of South Africa: A Concern of Public Health Importance. Int. J. Environ. Res. Public Heal. 2010, 7, 2376–2394. [Google Scholar] [CrossRef]

	



Koopmans, M.M.; Brouwer, M.C.; Vázquez-Boland, J.A.; van de Beek, D. Human Listeriosis. Clin. Microbiol. Rev. 2023, 36, e00060-19. [Google Scholar] [CrossRef]

	



Ferreira, V.; Wiedmann, M.; Teixeira, P.; Stasiewicz, M.J. Listeria Monocytogenes Persistence in Food-Associated Environments: Epidemiology, Strain Characteristics, and Implications for Public Health. J. Food Prot. 2014, 77, 150–170. [Google Scholar] [CrossRef]

	



Gambarin, P.; Magnabosco, C.; Losio, M.N.; Pavoni, E.; Gattuso, A.; Arcangeli, G.; Favretti, M. Listeria monocytogenes in Ready-to-Eat Seafood and Potential Hazards for the Consumers. Int. J. Microbiol. 2012, 2012, 497635. [Google Scholar] [CrossRef]

	



Hellström, S.; Kiviniemi, K.; Autio, T.; Korkeala, H. Listeria monocytogenes is Common in Wild Birds in Helsinki Region and Genotypes Are Frequently Similar with Those Found along the Food Chain. J. Appl. Microbiol. 2008, 104, 883–888. [Google Scholar] [CrossRef]

	



Cilia, G.; Turchi, B.; Fratini, F.; Bilei, S.; Bossù, T.; De Marchis, M.L.; Cerri, D.; Pacini, M.I.; Bertelloni, F. Prevalence, Virulence and Antimicrobial Susceptibility of Salmonella spp., Yersinia enterocolitica and Listeria monocytogenes in European Wild Boar (Sus scrofa) Hunted in Tuscany (Central Italy). Pathogens 2021, 10, 93. [Google Scholar] [CrossRef]

	



OIE Technical Disease Card. Available online: https://www.woah.org/app/uploads/2021/05/listeria-monocytogenes-infection-with.pdf (accessed on 28 April 2023).

	



Di Renzo, L.; De Angelis, M.E.; Torresi, M.; Di Lollo, V.; Di Teodoro, G.; Averaimo, D.; Defourny, S.V.P.; Di Giacinto, F.; Profico, C.; Olivieri, V.; et al. First Report of Septicaemic Listeriosis in a Loggerhead Sea Turtle (Caretta caretta) Stranded along the Adriatic Coast: Strain Detection and Sequencing. Animals 2022, 12, 2364. [Google Scholar] [CrossRef]

	



Esposito, E.; Paduano, G.; Iaccarino, D. First Detection of Listeria monocytogenes in Stranded Loggerhead Sea Turtle (Caretta caretta) along the Coast of Campania Region (Southern Italy). In Proceedings of the 7th Mediterranean Conference on Marine Turtles, Tetouan, Morocco, 18–21 October 2022. [Google Scholar]

	



Poppi, L.; Marchiori, E. Standard Protocol for Post Mortem Examination on Sea Turtles; Guidelines produced within the Adriatic project “Network for the Conservation of Cetaceans and Sea Turtles in the Adriatic (NETCET) 2013.

	



Bacteriological Analytical Manual (BAM). Available online: https://www.fda.gov/food/laboratory-methods-food/bacteriological-analytical-manual-bam (accessed on 20 April 2023).

	



Wick, R.R.; Judd, L.M.; Gorrie, C.L.; Holt, K.E. Unicycler: Resolving Bacterial Genome Assemblies from Short and Long Sequencing Reads. PLoS Comput. Biol. 2017, 13, e1005595. [Google Scholar] [CrossRef]

	



Van Walle, I.; Björkman, J.T.; Cormican, M.; Dallman, T.; Mossong, J.; Moura, A.; Pietzka, A.; Ruppitsch, W.; Takkinen, J.; European Listeria WGS Typing Group. Retrospective Validation of Whole Genome Sequencing-Enhanced Surveillance of Listeriosis in Europe, 2010 to 2015. Eurosurveillance 2018, 23, 1700798. [Google Scholar] [CrossRef]

	



Moura, A.; Criscuolo, A.; Pouseele, H.; Maury, M.M.; Leclercq, A.; Tarr, C.; Björkman, J.T.; Dallman, T.; Reimer, A.; Enouf, V.; et al. Whole Genome-Based Population Biology and Epidemiological Surveillance of Listeria monocytogenes. Nat. Microbiol. 2016, 2, 16185. [Google Scholar] [CrossRef]

	



De las Heras, A.; Cain, R.J.; Bielecka, M.K.; Vázquez-Boland, J.A. Regulation of Listeria Virulence: PrfA Master and Commander. Curr. Opin. Microbiol. 2011, 14, 118–127. [Google Scholar] [CrossRef]

	



Disson, O.; Moura, A.; Lecuit, M. Making Sense of the Biodiversity and Virulence of Listeria monocytogenes. Trends Microbiol. 2021, 29, 811–822. [Google Scholar] [CrossRef]

	



Maury, M.M.; Tsai, Y.-H.; Charlier, C.; Touchon, M.; Chenal-Francisque, V.; Leclercq, A.; Criscuolo, A.; Gaultier, C.; Roussel, S.; Brisabois, A.; et al. Uncovering Listeria monocytogenes Hypervirulence by Harnessing Its Biodiversity. Nat. Genet. 2016, 48, 308–313. [Google Scholar] [CrossRef]

	



Plumb, D.C. Veterinary Drug Handbook, 4th ed.; Iowa State University Digital Press: Ames, IA, USA, 2002. [Google Scholar]

	



Soldati, G.; Lu, Z.H.; Vaughan, L.; Polkinghorne, A.; Zimmermann, D.R.; Huder, J.B.; Pospischil, A. Detection of Mycobacteria and Chlamydiae in Granulomatous Inflammation of Reptiles: A Retrospective Study. Vet. Pathol. 2004, 41, 388–397. [Google Scholar] [CrossRef]

	



Gračan, R.; Buršic, M.; Mladineo, I.; Kučinic, M.; Lazar, B.; Lackovic, G. Gastrointestinal Helminth Community of Loggerhead Sea Turtle Caretta caretta in the Adriatic Sea. Dis. Aquat. Org. 2012, 99, 227–236. [Google Scholar] [CrossRef]

	



Girling, S.J.; Fraser, M.A. Listeria monocytogenes Septicaemia in an Inland Bearded Dragon, Pogona vitticeps. J. Herpetol. Med. Surg. 2004, 14, 6–9. [Google Scholar] [CrossRef]

	



Matt, C.L.; Ramachandran, A.; Allison, R.W.; Wall, C.R.; Dieterly, A.M.; Brandão, J. Listeria monocytogenes in an inland bearded dragon (Pogona vitticeps). J. Exot. Pet Med. 2019, 30, 76–81. [Google Scholar] [CrossRef]

	



Vancraeynest, D.; Pasmans, F.; De Graef, E.; Hermans, K.; Decostere, A. Listeria monocytogenes Associated Myocardial Perforation in a Bearded Dragon (Pogona vitticeps). Vlaams Diergeneeskd. Tijdschr. 2006, 75, 232–234. [Google Scholar]

	



Mundt, J.O. Occurrence of Enterococci in Animals in a Wild Environment. Appl. Microbiol. 1963, 11, 136–140. [Google Scholar] [CrossRef]

	



Del Turco, E.R.; Bartoletti, M.; Dahl, A.; Cervera, C.; Pericàs, J.M. How Do I Manage a Patient with Enterococcal Bacteraemia? Clin. Microbiol. Infect. 2021, 27, 364–371. [Google Scholar] [CrossRef]

	



Parsons, C.; Niedermeyer, J.; Gould, N.; Brown, P.; Strules, J.; Parsons, A.W.; Bernardo Mesa-Cruz, J.; Kelly, M.J.; Hooker, M.J.; Chamberlain, M.J.; et al. Listeria monocytogenes at the Human–Wildlife Interface: Black Bears (Ursus americanus) as Potential Vehicles for Listeria. Microb. Biotechnol. 2020, 13, 706–721. [Google Scholar] [CrossRef]

	



Ivanek, R.; Gröhn, Y.T.; Wiedmann, M. Listeria Monocytogenes in Multiple Habitats and Host Populations: Review of Available Data for Mathematical Modeling. Foodborne Pathog. Dis. 2006, 3, 319–336. [Google Scholar] [CrossRef]

	



Landrigan, P.J.; Stegeman, J.J.; Fleming, L.E.; Allemand, D.; Anderson, D.M.; Backer, L.C.; Brucker-Davis, F.; Chevalier, N.; Corra, L.; Czerucka, D.; et al. Human Health and Ocean Pollution. Ann. Glob. Health 2020, 86, 151. [Google Scholar] [CrossRef]

	



Althaus, D.; Zweifel, C.; Stephan, R. Analysis of a Poultry Slaughter Process: Influence of Process Stages on the Microbiological Contamination of Broiler Carcasses. Ital. J. Food Saf. 2017, 6, 7097. [Google Scholar] [CrossRef]

	



Nüesch-Inderbinen, M.; Bloemberg, G.V.; Müller, A.; Stevens, M.J.A.; Cernela, N.; Kollöffel, B.; Stephan, R. Listeriosis Caused by Persistence of Listeria monocytogenes Serotype 4b Sequence Type 6 in Cheese Production Environment. Emerg. Infect. Dis. 2021, 27, 284–288. [Google Scholar] [CrossRef]

	



Smith, A.M.; Tau, N.P.; Smouse, S.L.; Allam, M.; Ismail, A.; Ramalwa, N.R.; Disenyeng, B.; Ngomane, M.; Thomas, J. Outbreak of Listeria monocytogenes in South Africa, 2017–2018: Laboratory Activities and Experiences Associated with Whole-Genome Sequencing Analysis of Isolates. Foodborne Pathog. Dis. 2019, 16, 524–530. [Google Scholar] [CrossRef]

	



Thomas, J.; Govender, N.; McCarthy, K.M.; Erasmus, L.K.; Doyle, T.J.; Allam, M.; Ismail, A.; Ramalwa, N.; Sekwadi, P.; Ntshoe, G.; et al. Outbreak of Listeriosis in South Africa Associated with Processed Meat. N. Engl. J. Med. 2020, 382, 632–643. [Google Scholar] [CrossRef]

	



Hanes, R.M.; Huang, Z. Investigation of Antimicrobial Resistance Genes in Listeria monocytogenes from 2010 through to 2021. Int. J. Environ. Res. Public Heal. 2022, 19, 5506. [Google Scholar] [CrossRef]

	



Parra-Flores, J.; Holý, O.; Bustamante, F.; Lepuschitz, S.; Pietzka, A.; Contreras-Fernández, A.; Castillo, C.; Ovalle, C.; Alarcón-Lavín, M.P.; Cruz-Córdova, A.; et al. Virulence and Antibiotic Resistance Genes in Listeria monocytogenes Strains Isolated from Ready-to-Eat Foods in Chile. Front. Microbiol. 2022, 12, 796040. [Google Scholar] [CrossRef]

	



Chen, T.; Orsi, R.H.; Chen, R.; Gunderson, M.; Roof, S.; Wiedmann, M.; Childs-Sanford, S.E.; Cummings, K.J. Characterization of Listeria monocytogenes Isolated from Wildlife in Central New York. Vet. Med. Sci. 2022, 8, 1319–1329. [Google Scholar] [CrossRef] [PubMed]

	



Schoder, D.; Guldimann, C.; Märtlbauer, E. Asymptomatic Carriage of Listeria monocytogenes by Animals and Humans and Its Impact on the Food Chain. Foods 2022, 11, 3472. [Google Scholar] [CrossRef]

	



Casale, P.; Freggi, D.; Cinà, A.; Rocco, M. Spatio-Temporal Distribution and Migration of Adult Male Loggerhead Sea Turtles (Caretta caretta) in the Mediterranean Sea: Further Evidence of the Importance of Neritic Habitats off North Africa. Mar. Biol. 2013, 160, 703–718. [Google Scholar] [CrossRef]

	



Arizza, V.; Vecchioni, L.; Caracappa, S.; Sciurba, G.; Berlinghieri, F.; Gentile, A.; Persichetti, M.F.; Arculeo, M.; Alduina, R. New Insights into the Gut Microbiome in Loggerhead Sea Turtles Caretta caretta Stranded on the Mediterranean Coast. PLoS ONE 2019, 14, e0220329. [Google Scholar] [CrossRef]

	



Fichi, G.; Cardeti, G.; Cersini, A.; Mancusi, C.; Guarducci, M.; Di Guardo, G.; Terracciano, G. Bacterial and Viral Pathogens Detected in Sea Turtles Stranded along the Coast of Tuscany, Italy. Vet. Microbiol. 2016, 185, 56–61. [Google Scholar] [CrossRef] [PubMed]

	



Kuschke, S.G. What Lives on and in the Sea Turtle? A Literature Review of Sea Turtle Bacterial Microbiota. Anim. Microbiome 2022, 4, 52. [Google Scholar] [CrossRef]

	



Orós, J.; Torrent, A.; Calabuig, P.; Déniz, S. Diseases and Causes of Mortality among Sea Turtles Stranded in the Canary Islands, Spain (1998–2001). Dis. Aquat. Org. 2005, 63, 13–24. [Google Scholar] [CrossRef]

	



Warwick, C.; Arena, P.C.; Steedman, C. Health Implications Associated with Exposure to Farmed and Wild Sea Turtles. JRSM Short Rep. 2013, 4, 1–7. [Google Scholar] [CrossRef]

	



Basha, K.A.; Kumar, N.R.; Das, V.; Reshmi, K.; Rao, B.M.; Lalitha, K.V.; Joseph, T.C. Prevalence, Molecular Characterization, Genetic Heterogeneity and Antimicrobial Resistance of Listeria monocytogenes Associated with Fish and Fishery Environment in Kerala, India. Lett. Appl. Microbiol. 2019, 69, 286–293. [Google Scholar] [CrossRef] [PubMed]

	



Embarek, P.K.B. Presence, Detection and Growth of Listeria monocytogenes in Seafoods: A Review. Int. J. Food Microbiol. 1994, 23, 17–34. [Google Scholar] [CrossRef] [PubMed]

	



Paradiso, R.; Riccardi, M.G.; Cecere, B.; Riccone, N.; Scialla, R.; Anzalone, A.; Cerrone, A.; De Carlo, E.; Borriello, G.; Fusco, G. Whole-Genome Sequencing-Based Characterization of a Listeria monocytogenes Strain from an Aborted Water Buffalo in Southern Italy. Microorganisms 2021, 9, 1875. [Google Scholar] [CrossRef]

	



Struthers, J.D.; Kucerova, Z.; Finley, A.; Goe, A.; Huffman, J.; Phair, K. Septicaemic Listeriosis in a White-Faced Saki (Pithecia pithecia). J. Comp. Pathol. 2022, 194, 7–13. [Google Scholar] [CrossRef] [PubMed]

	



Farrell, J.A.; Whitmore, L.; Mashkour, N.; Rollinson Ramia, D.R.; Thomas, R.S.; Eastman, C.B.; Burkhalter, B.; Yetsko, K.; Mott, C.; Wood, L.; et al. Detection and Population Genomics of Sea Turtle Species via Noninvasive Environmental DNA Analysis of Nesting Beach Sand Tracks and Oceanic Water. Mol. Ecol. Resour. 2022, 22, 2471–2493. [Google Scholar] [CrossRef]








[image: Vetsci 10 00344 g001 550] 





Figure 1. Map of area where the animal was found stranded (yellow circle). 
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Figure 2. Dorsal (A) and ventral (B) views of the animal after death. Detail of the Serpulidae worms and Balanomorpha barnacles present on the carapace (C) and on the head (D) of the animal. 
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Figure 3. Presence of multifocal, white-green, nodular lesions, identified with arrows, affecting visceral organs. 
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Figure 4. Organ details showing nodular lesions on urinary bladder (A) and liver (C), and pericardial effusion (B). 
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Figure 5. Heterophilic granulomas in pulmonary tissue (A) and kidney (B). Hematoxylin and eosin stain. Magnification 200×, scale bars: 1 mm. 
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Figure 6. Aggregates of intralesional rod-shaped Gram+ bacteria in the liver. Magnification 400×, scale bar: 1 mm. 
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Figure 7. Graphical representation of the virulence factors of the isolated L. monocytogenes. The present virulence genes are reported in green, while the missing ones are reported in red. 
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