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AN ATTEMPT TO CLASSIFY THE CLINICAL IMPACT OF DNA VIRUSES ACCORDING TO THE ABILITY TO ACTIVATE THE INNATE IMMUNE SYSTEM
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The innate immune system represents the first barrier a microbe has to meet in order to colonize and infect the host. Even in vertebrates, the adaptive immune system is polarized on the basis of what is sensed by the innate immune system. Viruses interact with cells of the innate immune system mainly via Toll-like receptors (TLRs) : in particular, unmethylated CpG dinucleotides in the genome of DNA viruses can bind TLR9 [START_REF] Krug | Toll-like receptor expression reveals CpG DNA as a unique microbial stimulus for plasmacytoid dendritic cells which synergizes with CD40 ligand to induce high amounts of IL-12[END_REF] in addition to KIR3DL2 [START_REF] Sivori | Extending killer Ig-like receptor function: from HLA class I recognition to sensors of microbial products[END_REF]. TLR-9 binding can have stimulatory or inhibitory effects according to the exact sequence of the CpG motif [START_REF] Krieg | CpG motifs in bacterial DNA and their immune effects[END_REF], and the cumulative effect of stimulatory and inhibitory motifs within a genome has been called the "CpG index".

Extending previous observations by other investigators [START_REF] Hoelzer | Presence and role of cytosine methylation in DNA viruses of animals[END_REF], we calculated the CpG index for many single-(Anelloviridae, Parvoviridae) and double-stranded (Poliomaviridae and Poxviridae) DNA viruses using genomes from the publicly available reference sequences (RefSeq) in Genbank. A spectrum of indexes ranging from positive (+ 3.8 for bocavirus) to negative (-6.653 for vaccinia virus) resulted (Table 1). An attempt was made to group viruses according to their CpG index and we checked for common denominators in their clinical impact.

DNA viruses with a high CpG index (e.g. adenovirus type 12 [START_REF] Krieg | Sequence motifs in adenoviral DNA block immune activation by stimulatory CpG motifs[END_REF]], herpesviruses, TTV, parvovirus B19, and bocavirus) stimulate strongly innate immunity with a potential of leading to autoimmunity [START_REF] Maggi | Immunobiology of the Torque Teno Viruses and other anelloviruses[END_REF] and are subject to a strict immunosurveillance.

When they are not cleared they usually become latent accompanied by methylation of CpG motifs [START_REF] Badal | CpG methylation of human papillomavirus type 16 DNA in cervical cancer cell lines and in clinical specimens: genomic hypomethylation correlates with carcinogenic progression[END_REF][START_REF] Gunthert | DNA methylation in adenovirus, adenovirus-transformed cells, and host cells[END_REF][START_REF] Szyf | Cellular and viral DNA hypomethylation associated with induction of Epstein-Barr virus lytic cycle[END_REF][START_REF] Winocour | Synthesis and transmethylation of DNA in polyoma-infected cultures[END_REF], and increase in replication only during mild immunosuppression [START_REF] Maggi | Changes in CD8+57+ T lymphocyte expansions after autologous hematopoietic stem cell transplantation correlate with changes in torquetenovirus viremia[END_REF], but are rarely directly pathogenic per se.

DNA viruses with neutral CpG index (e.g. polyomavirus and parvovirus 4) are likely to become symbionts and make life-threatening damage only during heavy immunosuppression, either iatrogenic or disease-associated. In contrast, DNA viruses with negative CpG indexes (e.g. adenovirus type 2 and 5 [START_REF] Krieg | Sequence motifs in adenoviral DNA block immune activation by stimulatory CpG motifs[END_REF]], and poxviruses), by evading innate immunity, are subject to very poor immune surveillance and can replicate without control, resulting in life-threatening illness or chronic infection even in immunocompetent hosts. Of interest, vaccinia virus requires additional skin damage by scarification for inducing tissue inflammation in order to elicit protective immunity.

It is suggested that a classification of DNA viruses according to their ability to stimulate the innate immune system is now feasible and clinically sound. Although this classification cannot make predictions on cell tropism, prevalence in the healthy population, or ability to be cleared effectively by the adaptive immune system, it may be useful for predicting the pathogenicity of emerging DNA viruses.
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TABLE 1 .

 1 Sequence analysis and calculated CpG index in 88 genomes classified into the family Anelloviridae Ratio between the frequency of CpG motifs observed and that expected on the basis of genomic G + C content, if the bases were used randomly. b No. of CpG hexamer motifs (NNCGNN) normalized to 1 kb and that expected on the basis of genomic G + C content, if the bases were used randomly. c Ratio between the frequency of total CpG hexamer motifs (NNCGNN)

	Family

a d Consensus CpG-S (RRCGYY) and CpG-I (NCCGNN and NNCGRN) deduced by published papers (19, 25).
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e Calculated by the formula under Materials and Methods in ref [START_REF] Rankin | CpG motif identification for veterinary and laboratory species demonstrates that sequence recognition is highly conserved[END_REF]. A positive value is indicative of a putatively stimulatory genome and a negative value of a putatively inhibitory genome. f Median. In parenthesis, the range of values. g Included a number of 10, 10, 7, and 2 sequences of Bocavirus 1, 2, 3, and 4, respectively. h The sequences of PARV4 were identical.
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