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2.

With the advent of next-generation sequencing (NGS) technologies and viral metagenomics studies, 

researchers have unveiled numerous viral sequences, over 60% of which exhibit low similarity to 

reference sequences. Thus, these have been defined as "viral dark matter," underscoring our still 

incomplete understanding of viral diversity. Viral metagenomics and NGS technologies enable the 

extraction of many sequences of viral dark matter without the need for isolation, providing a novel 

approach to analyzing rare and highly diversified viruses (Dai et al., 2024).(Zhu et al., 2024)

Single-stranded DNA (ssDNA) viruses with circular replication (Rep), known as CRESS-DNA 

viruses, members of the phylum Cressdnaviricota, were first described in 2012 (Rosario et al., 2012). 

These viruses possess circular ssDNA genomes, with sizes ranging from 1.7 to 3 kb and encode a 

conserved replicase (Rep protein) that initiates genome replication, through rolling circle replication 

(RCR) (Chandler et al., 2013). CRESS-DNA viruses are highly prevalent and infect species across 

the three domains of life: Archaea, Bacteria, and Eukarya. Studies in viral metagenomics have 

significantly expanded the number of recently described, often unclassified, viruses within the 

phylum Cressdnaviricota (Krupovic et al., 2020). To date, according to the International Committee 

on Taxonomy of Viruses (ICTV), this phylum encompasses two classes: i) Repensiviricetes, which 

includes plant and fungal viruses from the families Genomoviridae, Geplanaviridae and 

Geminiviridae, and ii) Arfiviricetes, which comprises twenty viral families (Bacilladnaviridae, 

Circoviridae, Endolinaviridae, Vilyaviridae, Smacoviridae, Gandrviridae, Ouroboviridae, 

Draupnirviridae, Amesuviridae, Anicreviridae, Nanoviridae, Metaxyviridae, Redondoviridae, 

Pecoviridae, Naryaviridae, Adamaviridae, Kirkoviridae, Nenyaviridae, Kanorauviridae, 

Mahapunaviridae). However, numerous related ssDNA virus groups, informally designated 

CRESSV1 to CRESSV6, remain unclassified (Zhu et al., 2024). 

The Cressdnaviricota phylum includes numerous pathogenic taxa that infect eukaryotes, significantly 

impacting agricultural production and livelihoods. For instance Nanoviridae, Metaxyviridae and 

Geminiviridae, the most populous groups within the phylum, are known pathogens of economically 

significant crops. These viral agents are responsible for global agricultural yield reductions, resulting 

in substantial economic losses for farmers and agricultural industries (Fiallo-Olivé et al., 2021; 
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Thomas et al., 2021; Zhao et al., 2019). Redondoviridae, a recently identified group of CRESS DNA 

viruses, has been detected in the human respiratory tract and is associated with pathological 

conditions such as periodontitis (Abbas et al., 2021).

The family Circoviridae includes viruses that have a diameter of 15–25 nm and possess a covalently 

closed, circular, single-stranded DNA (ssDNA) genome ranging from 1.7 to 2.1 kb in length. This 

family is divided into two genera: Circovirus (CrV) and Cyclovirus (CyV), which contain 49 and 52 

recognized species, respectively (www.ictv.global/report/circoviridae). The genome of circoviruses 

features an ambisense organization and includes at least two major open reading frames (ORFs) that 

encode for the replication-associated protein (Rep) and the capsid protein (Cap)(Rosario et al., 2017). 

Circoviruses of the genus Circovirus (CrVs) have been found in birds (Haddadmarandi et al., 2020), 

mammals (Bexton et al., 2015; Opriessnig et al., 2020), and fish (Lőrincz et al., 2012), while 

Cycloviruses (CyVs) have been identified in both vertebrates (Prades et al., 2021) and invertebrates 

(Dayaram et al., 2013; Padilla-Rodriguez et al., 2013). Notably, CRESS DNA viruses have frequently 

been found as components of the human virome. The detection of CyVs in humans was first reported 

in 2010 from stool samples of children with and without acute flaccid paralysis (AFP) in developing 

nations (Li et al., 2010). Since then, human-associated CyVs (HuACyVs) have also been found in 

cerebrospinal fluid (CSF) (Smits et al., 2013; Tan et al., 2013), serum (Macera et al., 2016; Sauvage 

et al., 2018)), and respiratory secretions (Phan et al., 2014) of both symptomatic and healthy 

individuals, leading to the classification of 12 distinct HuACyV species within the Cyclovirus genus 

(Prades et al., 2021). HuACyVs have been linked to neurological diseases, gastrointestinal issues, 

immunodeficiencies, and respiratory symptoms, although their pathogenicity remains uncertain. 

More recently, in 2022, the first human-associated CrV (HCirV-1) was identified in an 

immunosuppressed patient with acute hepatitis in France (Padilla-Rodriguez et al., 2013). The 

origins, transmission routes, and effects of these viruses on human health remain unclear, 

emphasizing the importance of increased awareness and further investigation into the potential of 

circoviruses as emerging human pathogens (Pérot et al., 2024). Circoviruses were first detected in 

domestic carnivores in 2012, with canine circovirus (CanineCV) identified in the serum of 

asymptomatic dogs in the USA (Kapoor et al., 2012). CanineCV has been linked to acute 

gastroenteritis, hemorrhagic diarrhea, signs of vasculitis, lymphadenitis, thrombocytopenia, 

neutropenia, and lymphopenia . 
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However, the pathogenesis of CanineCV is not completely understood. Additionally, in 2021, two 

novel cycloviruses were detected in fecal samples from three domestic dogs with hemorrhagic 

gastroenteritis that tested positive for canine parvovirus (CPV-2) (Gainor et al., 2021). However, it 

remains unclear whether these viruses originated from dietary sources or if they actually infect dogs. 

Circoviruses have been frequently reported in domestic dogs, but there is limited information on their 

presence in domestic cats. In 2014, a feline circovirus (CrV) was identified in healthy shelter cats in 

Davis, California, showing 39–47% sequence identity with known circoviruses and the highest 

similarity to a mongoose circovirus strain (W. Zhang et al., 2014). In 2018, a new CRESS DNA virus, 

FeSCV, was isolated from cats with enteritis during an outbreak in Japan, and was classified into the 

Vilyaviridae family, unrelated to the earlier circovirus (Takano et al., 2018). In 2021, FeSCV was 

detected in diarrheic cats in China, where it co-infected with other enteric viruses, and a Giardia 

intestinalis sequence was identified within its genome (Hao et al., 2021).

Considering the ever-changing landscape of viral infections and the possibility of new strains 

emerging, it is crucial to conduct additional research on circoviruses to enhance early detection and 

monitoring in domestic carnivores. Furthermore, epidemiological studies could clarify any potential 

connections between the presence of circoviruses and the occurrence of diseases, as well as their 

distribution within canine and feline populations, which may help avert potential spillover into human 

communities. In section 2.1, we examined several feline sample collections from cats in Italy, 

uncovering significant genetic diversity of CRESS DNA viruses among these samples.

The existence of small circular DNA molecules in eukaryotic and prokaryotic organisms has been 

documented for decades. However, it remains unclear how these molecules originated and what roles 

they may play in specific contexts. Recently, following the discovery of small circular DNA 

molecules in tissues and cells associated with neurodegenerative diseases and cancer, research in this 

field has gained renewed momentum, leading to significant findings. Even prior to the discovery of 

the small circular molecules in question, it was hypothesized that a factor in the meat of domestic 

cattle (Bos taurus) could promote cancer development (Santarelli et al., 2008). The argument 

underpinning this assertion was that excessive consumption of red meat is associated with an 

increased risk of colon cancer, particularly as domestic cattle meat is often consumed undercooked. 

Consequently, the existence of an unknown bovine factor was proposed. This hypothesis was 
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supported by a subsequent publication that sought to demonstrate a correlation between the rising 

incidence of colon carcinoma in various countries and the increasing consumption of beef (Kuhnle & 

Bingham, 2007). A term was thus coined to designate this mysterious factor, initially referred to as 

the beef factor, and later renamed the bovine meat and milk factor (BMMF). In the following years, 

the purported BMMFs were identified in samples from domestic cattle (serum and milk) and in 

samples from patients with Multiple Sclerosis, showing a significant correlation with the previously 

discovered and published SPHINX (Slow Progressive Hidden INfections of variable X latency) 

molecules isolated from cells and tissues infected with transmissible spongiform encephalopathy 

(TSE)  (Zur Hausen, 2009, 2012). In 2019, a press conference by the German Cancer Research Center 

(DKFZ) garnered attention, presenting BMMFs as "factors" or "new pathogens" derived from 

European domestic cattle (Bos taurus) and suggesting their involvement in cancer development, after 

an oral intake with food. SPHINX/BMMF molecules are categorized into four groups based on 

nucleotide sequences in zur Hausen et al 2017 (Zur Hausen et al., 2017). Groups 1 and 2 include 

SPHINX1.76 and SPHINX2.34, respectively, while the third group consists of gemycircularvirus-

related isolates from cattle serum and milk. The fourth group includes the MSSI1.162 DNA sequence 

from an MS patient, showing homology to a Psychrobacter spp. plasmid.

Consuming milk or beef products from taurine cattle, especially during infancy or early childhood, 

may lead to the absorption of BMMF/SPHINX, which could trigger chronic inflammatory responses 

in tissues such as the breast and gut. Over time, these chronic infections might result in cancers in 

neighbouring tissues, including colon cancer and potentially breast and prostate cancer, as suggested 

by various studies(Bund et al., 2021; Zur Hausen et al., 2019). This hypothesis is supported by several 

lines of evidence: epidemiological data connecting the incidence of specific cancers, particularly 

breast and colon cancer, to the consumption of taurine-derived meat or milk products (zur Hausen, 

2012); the presence of SPHINX/BMMFs in taurine 

; and the discovery of the SPHINX/BMMFs replication protein 

(Rep) in the lamina propria of colon cancer patients (De Villiers et al., 2019; Zur Hausen et al., 2019). 

Epidemiological data examining the connection between meat and dairy consumption from domestic 

cattle and cancer development, specifically colorectal and breast cancer, reveal that earlier studies 

suggested a link between the intake of red and processed meats and a higher risk of colorectal cancer. 

It's important to note that red meat encompasses meat from various warm-blooded animals, not solely 
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cattle(Chan et al., 2011; Corpet, 2011; Huxley et al., 2009; Veettil et al., 2021). In contrast, higher 

consumption of milk and dairy products seems to correlate with a lower risk of colorectal cancer, and 

there is no evidence indicating that red meat or cow's milk increases the risk of breast cancer. A 

thorough review of 30,818 cases found no relationship between cheese consumption and elevated 

cancer mortality or incidence, including colorectal and breast cancers (X. Zhang et al., 2023). A UK 

study of over 500,000 subjects showed that protein intake from dairy products and milk is inversely 

associated with colorectal cancer, while cheese intake alone does not influence its incidence. No 

association was found between protein intake from milk or dairy products and breast cancer incidence 

(Watling et al., 2023).In summary, there is no increased risk of colon or breast cancer linked to milk 

or dairy products, and the association between red meat consumption and colon cancer is not specific 

to beef.

Studies have investigated whether SPHINX/BMMFs are present only in Bos taurus-derived food 

products by examining various food products and animal samples. Using specific primers, these DNA 

molecules were detected in milk from water buffalo, sheep, and goats. Further studies found 

SPHINX/BMMF DNA in a wide range of food samples, including seafood, fruits, vegetables, and 

baby food, as well as in animal samples from pork and chicken. SPHINX/BMMF molecules were 

also found in blood and feces of African and Asian cattle 

.

In section 2.2, we present a study that analyzes various food matrices, both of bovine and non-bovine 

origin, as well as bovine feces, in order to investigate the presence of BMMF molecules within Italian 

territory. The objective is to document the spread of BMMF in Italy and contribute to a risk 

assessment associated with the consumption of animal products, in relation to the development of 

cancers potentially linked to the presence of such molecules.
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Start polymerase at 94 ◦C for 2 min, followed by 35 cycles of 

denaturation at 94 ◦C for 15 s, annealing at 52 ◦C for 15 s and extension at 68 ◦C for 15 s. One 

primers and probe (Table 1). A total of 10 μL of sample DNA were added to the 15 μL reaction 

containing 0.6 μmol/L of 

each primer and 0.2 μmol/L of probe. Thermal cycling consisted of activation of iTaq DNA 

◦C ◦C

◦C

http://www.ebi.ac.uk/Tools/sss/fasta/
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R1(5′

3′) (Table 1), according to the manufacturer's instructions 

◦C ◦C X ◦C 

30 s, and 68 ◦C X 3 min, with a final extension of 68 ◦C X 10 min. One microliter of a 1:100 

The purified PCR products with sufficient DNA concentration (> 10 ng/μL) were directly 

“Find the best protein DNA/Protein Models” implemented in MEGA X version 10.0.5 software 
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Aim: Tusavirus (TuV) are non-enveloped, ssDNA viruses within the Parvoviridae family, first 
described in 2014 in a Tunisian child with unexplained diarrhoea. Following their first reporting, 
these viruses have been reported in multiple countries and, more recently, in animal hosts (goat and 
sheeps). To improve the understanding of TuV circulation and to assess the hypothesis of their 
possible zoonotic transmission, a study on TuV occurrence and genetic diversity in animal, food and 
environmental matrices was undertaken.

Results: Sixty-seven (7.9%) animal fecal samples and 113 (37.7%) urban wastewater tested positive 
for TuV.  Significant regional differences in virus occurrence were detected, e.g. TuV were present in 
59%, 53%, 50%, 21% and 11% of wastewater samples from Abruzzo, Piedmont, Bolzano, Latium 
and Sicily, respectively, and uneven distribution of positive samples was also evident for animal 
samples. No food sample tested positive for TuV. Nested RT-PCR amplification was achieved for 14 
animal fecal samples and for 41 wastewater samples (4 of which with mixed electropherograms). 
Phylogenetic analysis of the fragment showed clustering of sequences into two major clusters 
supported by high bootstrap values, with one cluster encompassing both sequences of animal and 
environmental origin, and the other including sequences from ovine and caprine samples. Complete 
or almost complete genome sequence was obtained for three animal samples and two wastewater 
samples, and phylogenetic analysis confirmed genetic distance between the two major clusters 
(nucleotide identity as low as 81.1%).
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