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INTRODUCTION

Periodontitis is a chronic multifactorial inflammatory disease characterized by the progressive de-
struction of the tooth-supporting tissues, ultimately leading to clinical attachment loss, alveolar 
bone resorption, and tooth loss if left untreated. It remains one of the most prevalent oral diseases 
worldwide. It poses a significant public health burden because of its impact on oral function, quality 
of life, and association with several systemic disorders. Although dysbiotic subgingival bacterial 
biofilms are recognized as the principal etiological factor, disease initiation and progression are 
strongly influenced by the host immune response, genetic susceptibility, environmental exposures, 
and other microbial components, reflecting the multifactorial nature of periodontitis1.
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For several decades, the pathogenesis of periodontitis has been explained primarily through 
bacterial dysbiosis. However, clinical observations have demonstrated considerable variability in 
disease severity among individuals with comparable bacterial profiles, suggesting that additional 
biological factors may influence disease progression. These observations have prompted grow-
ing interest in the contribution of the oral virome, particularly viruses that can modulate host im-
mune responses and interact with established periodontal pathogens. Herpesviruses, especially 
Epstein–Barr virus (EBV) and cytomegalovirus (CMV), were among the first viruses implicated in 
periodontal disease because of their detection in periodontal lesions and their potential to impair 
local immune defense mechanisms2.

Recent advances in molecular diagnostics, next-generation sequencing, and metagenomic 
technologies have considerably expanded knowledge of the oral virome, revealing a complex and 
diverse viral community inhabiting the oral cavity3. These findings have led to the recognition that 
viruses may contribute to periodontal disease not as primary pathogens but as immunomodula-
tory cofactors that influence microbial dysbiosis, inflammatory responses, and tissue destruction 
through viral–bacterial interactions.

Among the viruses currently attracting attention is Torque Teno Virus (TTV), a small, non-envel-
oped, circular single-stranded DNA virus belonging to the family Anelloviridae. Since its discovery in 
1997 in patients with post-transfusion hepatitis of unknown origin, TTV has been detected in a wide 
range of human tissues and body fluids, including blood, saliva, gingival tissues, respiratory secre-
tions, and breast milk4. Owing to its remarkable genetic diversity, lifelong persistence, and ability to 
evade host immune surveillance, TTV has been increasingly investigated as a marker of immune 
competence and a potential immunomodulatory virus rather than a conventional pathogenic virus.

Several studies have reported the presence of TTV and Torque Teno Mini Virus (TTMV) in peri-
odontal tissues, with higher viral detection rates among patients with chronic periodontitis than in 
healthy individuals5. Proposed mechanisms linking TTV to periodontal disease include modulation 
of inflammatory cytokine responses, alteration of host immune homeostasis, apoptosis-related 
pathways, and synergistic interactions with periodontal bacteria. Nevertheless, whether TTV ac-
tively contributes to disease pathogenesis or merely reflects immune dysregulation within inflamed 
periodontal tissues remains uncertain. Recent systematic review evidence supports an association 
between TTV positivity and periodontitis but concludes that the currently available evidence is in-
sufficient to establish a causal relationship6.

This narrative review summarizes the current evidence regarding the biology of TTV, its preva-
lence in periodontal tissues, the proposed molecular and immunological mechanisms underlying 
its association with periodontitis, its potential clinical significance, and the limitations of existing 
evidence. By integrating current knowledge from virology, immunology, and periodontology, this re-
view aims to provide a comprehensive overview of TTV’s potential role within the evolving concept 
of the periodontal virome and to identify priorities for future research.

METHODS

This narrative review was conducted to summarize the current evidence regarding the role of 
Torque Teno Virus (TTV) in the pathogenesis of periodontitis. Relevant literature published up to 
May 2026 was identified through searches of PubMed/MEDLINE, Scopus, Web of Science, and 
Google Scholar using combinations of the keywords “Torque Teno Virus,” “TTV,” “Anellovirus,” 
“Torque Teno Mini Virus,” “TTMV,” “periodontitis,” “periodontal disease,” “periodontal virome,” “oral 
virome,” “immune modulation,” and “viral-bacterial interaction.” Additional relevant publications 
were identified from the reference lists of selected articles. The retrieved literature included original 
research articles, experimental studies, review articles, and relevant systematic reviews address-
ing the biology of TTV, its epidemiology, immune interactions, and its potential association with 
periodontal disease. The available evidence was synthesized narratively to provide an overview of 
the current understanding of TTV biology, proposed mechanisms of action, clinical relevance, and 
existing knowledge gaps related to periodontitis. Because of the limited number of available stud-
ies and the heterogeneity of the published evidence, the findings were synthesized descriptively, 
and no quantitative meta-analysis was undertaken. To understand the potential role of Torque Teno 
Virus (TTV) in periodontal disease, it is first necessary to review its virological characteristics, bio-
logical behavior, and mechanisms of persistence within the human host.
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TORQUE TENO VIRUS

TTV is a small, non-enveloped, circular single-stranded DNA virus belonging to the family Anellovi-
ridae. It was first identified by Nishizawa and colleagues in 1997 during investigations of post-trans-
fusion hepatitis of unknown origin4. This virus has been designated TTV, after the initials of the first 
patient from whom it was isolated. However, it was retitled TTV in 2004 because its single-stranded 
DNA genome is circular and has a structural arrangement resembling a thin necklace, referred to 
as “Torque Teno” in Latin. The genetic composition of the virus is highly divergent, with numerous 
open reading frames, the most common of which are ORF1, ORF2, and ORF37. TTV is unique ow-
ing to its vast genetic divergence, diverse genetic makeup, and multiple variants across geographic 
regions. Despite this divergence, the exact mechanism of action of TTV remains unknown. Traces 
of TTV DNA are found in several parts of the body, such as blood, saliva, periodontal tissues, 
reproductive secretions such as semen and breast milk, and respiratory secretions8. A few routes 
of transmission of the disease have also been suggested, such as blood donation, exchange of 
saliva, transmission from mother to fetus, and the fecal and oral routes9. 

TTV belongs to the family Anelloviridae and is classified in the genus Alphatorquevirus9. The 
family also includes Betatorquevirus (TTMV) and Gammatorquevirus (TTMDV). These are small, 
non-enveloped viruses containing circular single-stranded DNA genomes of approximately 2.1–3.9 
kb with overlapping ORFs and a GC-rich untranslated region9. TTV is highly prevalent, detected in 
30–95% of healthy individuals. Viral DNA has been identified in serum, bone marrow, liver, lungs, 
lymph nodes, and gingival tissues. Co-infection with multiple anellovirus strains and interactions 
with the host immune system have also been reported. A novel strain, TTMV-222, was identified 
in gingival tissues from patients with chronic periodontitis and exhibited significant genetic hetero-
geneity relative to previously known TTMV strains5. Studies from Italy further demonstrated higher 
TTV levels in patients with chronic periodontitis than in healthy controls, suggesting a possible role 
for anelloviruses in periodontal disease pathogenesis10.

TTV has not been conclusively established as a primary human pathogen. Instead, it is increas-
ingly regarded as a persistent virus capable of modulating host immune responses under specific 
physiological and pathological conditions8. Because of this persistent nature, TTV is increasingly 
being studied as a potential virus that can modulate the host’s immune system rather than one 
that affects cellular structure and mechanisms. Attention has been directed toward the open read-
ing frame, also referred to as TTV-derived apoptosis-inducing protein (TAIP). Experiments have 
demonstrated congruence between TAIP and Apoptin, the VP3 protein of Chicken anemia virus. 
This protein is responsible for escalating programmed cell death in cells that have transformed due 
to viral invasion9. This interlink hints at possible involvement of TTV in chronic inflammatory and 
immune-mediated diseases.

PREVALENCE OF TTV

Given its prevalence, TTV is among the most widespread viruses in the human population.  Multi-
ple studies were conducted across a wide range of populations, using multiple screening methods 
with variable sensitivities, to investigate the distribution of the virus, and prevalence rates ranged 
from 40% to 90%8. The maximum number of TTV infections has been found in individuals at risk 
of exposure through the parenteral route, mostly during blood transfusion, especially in the recipi-
ent’s blood and in drug consumers who inject drugs into their veins. However, limited data suggest 
that TTV transmission is not solely through blood transfusion. It was shown that a few patients 
with minimal exposure to blood transfusions and other parenteral procedures also contracted TTV 
infection or were at risk of developing TTV infection. Few studies have also documented the like-
lihood of TTV transmission across the placenta from mother to fetus during gestation. The risk of 
community-acquired transmission cannot be entirely ruled out10. Apart from its widespread distribu-
tion across diverse populations and body regions, traces of the TTV genome are also found in the 
salivary secretions and soft tissues of the oral cavity. This finding suggests a potential link to the 
etiology of multiple oral disorders and to the oral cavity being a reservoir for the virus5. The immune 
status of the individual often influences infection with any TTV strain, as the viral genome is often 
undetectable in healthy individuals with a healthy immune system and may multiply uncontrollably 
in immunocompromised patients. Consequently, TTV has been considered a potential biomarker 
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for assessing immune system resilience under clinical conditions11. The ambiguity regarding the 
presence and pathogenicity of this virus requires investigation and research that considers multiple 
factors, including clinical, immunological, and serological aspects. 

BACTERIA VS. VIRUSES IN PERIODONTITIS

Periodontal disease has conventionally been viewed as a bacterial disease. It has conventionally 
been concluded that it is caused by a loss of balance among the various bacterial complexes and 
the host’s modulated immune system12. However, over time, multiple research studies and clinical 
observations have suggested the involvement of multiple microorganisms in the onset and pro-
gression of periodontal diseases. Notably, multiple cases reported varying degrees of infection 
severity with similar microbial profiles. In addition, disease progression often occurs episodically 
rather than continuously, and some patients experience severe periodontal destruction despite 
relatively modest microbial accumulation. These findings strongly suggest that other biological fac-
tors influence the onset and progression of disease. These observations encouraged researchers 
to investigate the role of viruses in periodontal disease. Early studies mostly emphasized HSV and 
EB virus, as these viruses were detected in periodontal tissue lesions and are believed to contrib-
ute to the escalation of the inflammatory response and to alter the host’s defense mechanisms13. 
The emergence of the concept of the “periodontal virome” further expanded this perspective. Mi-
crobiome analyses have suggested that the oral cavity harbors a complex community of viruses 
that interact with bacteria and host tissues3. These viruses are believed to acquire their virulence 
through synergistic interactions with bacterial pathogens and the host immune response. Within 
this framework, TTV has become notable for its ability to cause prolonged, persistent infection and 
to regulate the host’s immune response pathways. Recent studies involving TTV have concluded 
that TTV is an immunological cofactor responsible for persistent inflammation in patients rather 
than a primary etiology of periodontal diseases.  

EVIDENCE LINKING TTV TO PERIODONTITIS

The rate of research on establishing a definite relationship between TTV and periodontal disease has 
increased considerably over time. Early studies primarily focused on detecting viral DNA in gingival 
tissues and oral fluids from patients with chronic periodontitis. A study by Zhang et al5 isolated a 
novel torque teno mini virus, TTMV-222, from the gingival tissues of patients with chronic periodontal 
disease. Using microbiome analysis, the researchers detected a significantly higher concentration of 
TTMV in the affected tissues than in healthy counterparts. The study found that TTMV concentration 
was approximately 6% in the periodontitis population, compared with 1.3% in healthy counterparts. 
This suggested that the virus may be common among patients who were diagnosed with periodon-
titis5. Co-existence of TTV with HSV infections has been reported, indicating that multiple viruses 
can coexist within periodontal disease lesions13,14. More recently, a systematic review and meta-anal-
ysis of four studies involving 583 participants with TTV and periodontitis reported that patients with 
periodontitis are more likely to be TTV-positive than those without periodontitis6. Nevertheless, the 
authors also emphasized that the available evidence remains insufficient to establish a direct causal 
relationship. Trial Sequential Analysis indicated that additional studies are necessary before defini-
tive conclusions can be drawn. Overall, current evidence supports an association between TTV and 
periodontitis, although the biological significance of this relationship remains unclear15-17. Table 1 
summarizes the key studies investigating TTV biology and its potential association with periodontitis.

POSSIBLE MECHANISMS

Immune Modulation

Persistent viral infections are known to influence immune responses, and TTV appears capable of 
long-term interaction with host immune pathways8. Because periodontal tissue destruction is large-
ly mediated by the host inflammatory response, chronic viral immune modulation may contribute 
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to exaggerated inflammation and tissue damage. Researchers have proposed that TTV may in-
fluence cytokine production, T-cell regulation, macrophage activation, and inflammatory signaling 
pathways8,10. A simplified explanation suggests that the persistence of TTV, along with an immune 
system imbalance, may contribute to chronic inflammation. Although the exact mechanisms remain 
uncertain, chronic viral persistence may alter local immune balance within periodontal tissues.

Viral-Bacterial Interaction

Another possible explanation involves interaction between viruses and periodontal bacteria. Viral 
infection may impair local host defense mechanisms and create favorable conditions for microbial 
dysbiosis. Conversely, persistent periodontitis may contribute to viral dominance within tissues af-
fected by the disease. These multiple studies and inferences have contributed to a shift in the par-

TABLE 1. KEY STUDIES RELEVANT TO TTV BIOLOGY, THE PERIODONTAL VIROME, 
AND ITS POTENTIAL ASSOCIATION WITH PERIODONTITIS.

Author	 Year	 Study	 Detection 	 Sample/	 Key Findings	 Clinical/Scientific
	 	   Design	   Method	   Specimen	 	   Significance

Nishizawa	 1997	 Original virus	 Molecular 	 Human	 First identification of TTV 	 Established TTV as a
  et al4 		    discovery	   cloning 	   serum	   in patients  with post-	   novel human DNA virus
			     and PCR		    transfusion hepatitis of
					       unknown etiology
Lefrère et al8	 2000	 Epidemiological	 PCR	 Blood 	 Demonstrated high 	 Suggested lifelong
		    study		    donors and 	   prevalence and 	   persistence and
				      recipients	   persistence of TTV 	   widespread distribution
					       infection 
Contreras 	 2000	 Narrative 	 Literature 	 Periodontal 	 Highlighted the possible	 Introduced the concept
  and Slots13		    review	   review	   lesions	   role of viruses in	   of viral involvement in 
					       periodontal disease	   periodontitis
Okamoto 	 2001	 Molecular 	 Genomic 	 Viral isolates	 Described genomic 	 Laid the foundation
  et al17		    characte-	   sequencing		    organization and molecular	   for understanding TTV
		    rization			     characteristics of TTV	   biology and taxonomy
Kakkola 	 2009	 Experimental 	 Cell culture,	 Cell culture 	 Demonstrated functional	 Provided mechanistic
  et al16		    virology	   molecular 	   models 	   similarities between TTV	   support for apoptosis-
			     assays		    VP3 (TAIP) and apoptin	   related functions of TTV 
						        proteins
Zhang et al5	 2016	 Metagenomic 	 Metagenomic 	Gingival 	 Identified the novel 	 First evidence linking
		    study	   sequencing	   tissues	   TTMV-222 strain and 	   anelloviruses with 
					       reported greater viral 	   periodontal disease
					       abundance in 
					       periodontitis
Kaczor-	 2017	 Diagnostic 	 Literature 	 Saliva	 Highlighted saliva as 	 Supported salivary
  Urbanowicz 		    review	   review		    a valuable medium 	   diagnostics in periodontal
  et al11					       for viral detection 	   research
Zhang et al14	 2017	 Molecular	 PCR and 	 Gingival 	 Confirmed the presence 	 Strengthened evidence 
		    detection	   sequencing	   epithelium	   of a novel TTMV species	   for anellovirus 
		    study			     in periodontal tissues	   colonization in periodontal 
						        lesions
Brani et al10	 2025	 Narrative 	 Literature	 Published 	 Summarized TTV biology,	 Supports TTV as a
		    review	   synthesis	   studies	   immune modulation,	   potential immuno-
					       persistence and clinical	   modulatory cofactor  
					       significance	   and biomarker
Chauca-	 2025	 Systematic 	 Systematic	 583 partici-	 Reported significantly	 Represents the highest
Bajaña et al6		    review & 	   review, 	   pants	   higher TTV positivity	   level of current evidence
		    meta-	   meta-analysis 	  (4 studies)	   among patients with 	   supporting an
		    analysis	   and Trial 		    periodontitis but 	   association between
			     Sequential 		    insufficient evidence 	   TTV and periodontitis
			     Analysis		    for causality
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adigm from periodontitis being a bacterial disease to a disease with a multifactorial etiology. This 
etiology could include bacteria, viruses, or host-related factors, and may occasionally result from 
the combined effect of these factors and the body’s immune response. These hypotheses may 
partially explain the differences in disease severity among patients with otherwise similar microbial 
composition and concentration2,15.

Apoptosis and Tissue Injury

One unique feature of TTV biology is the open-reading-frame 3 (ORF3) protein, also referred to as 
TTV-derived apoptosis-inducing protein (TAIP). Experimental studies have demonstrated function-
al similarities between TTV VP3 and apoptin, the VP3 protein of Chicken Anemia Virus, suggesting 
a potential role in apoptosis-related pathways16. Programmed cell death plays an important role in 
periodontal tissue destruction, and apoptosis of fibroblasts, epithelial cells, osteoblasts, and im-
mune cells may contribute to connective tissue breakdown and alveolar bone loss. Although the 
precise molecular mechanisms remain incompletely understood, these observations suggest that 
TTV may influence periodontal tissue homeostasis through apoptosis-related processes. Howev-
er, direct evidence demonstrating TAIP-mediated apoptosis in periodontal tissues remains limited, 
and further molecular studies are required to clarify its biological significance in periodontitis9. 

Nuclear Localization and Multimerization

Studies have also reported similarities between Apoptin and TTV VP3 in the transport and posi-
tioning of molecules within the cell nucleus, as well as in multimerization9. Apoptin forms multiple 
groups, with each group comprising 30-40 subunits. These subunits may be responsible for ac-
celerating programmed cell death by initiating it. TTV VP3 may also be involved in the transport 
and positioning of molecules within the nucleus, as well as their export, thereby affecting cellular 
signaling pathways. However, the significance of these findings in the periodontium’s tissues still 
requires further clarification9. 

MECHANISTIC MODEL OF TTV IN PERIODONTITIS

Based on the currently available evidence, a hypothetical TTV–Immune Dysregulation–Dysbiosis 
Axis may contribute to the pathogenesis of periodontitis. Persistent presence of TTV within gingival 
tissues may alter local immune homeostasis by modulating cytokine production, T-cell responses, 
and macrophage activation. This altered immune environment may favor periodontal dysbiosis by 
facilitating the proliferation and persistence of established periodontal pathogens. Simultaneous-
ly, the expression of TTV-derived proteins, such as TAIP/VP3, may promote apoptosis in gingi-
val fibroblasts, epithelial cells, and osteoblasts, thereby compromising periodontal tissue integrity 
and repair mechanisms. The combined effects of immune dysregulation, microbial imbalance, and 
apoptosis may amplify chronic inflammation, enhance connective tissue destruction, and acceler-
ate alveolar bone resorption. Although this model remains speculative and requires experimental 
validation, it provides a biologically plausible framework linking TTV persistence to periodontal 
disease progression. It may guide future investigations into the role of the periodontal virome in 
host–microbe interactions1,11. These events may further promote matrix metalloproteinase (MMP) 
release, osteoclast activation through RANKL-mediated pathways, and subsequent alveolar bone 
resorption, which are hallmarks of progressive periodontitis (Figure 1).

Limitations of Current Evidence

Despite the growing focus on the relationship between TTV and periodontal disease, the current 
results have several important limitations. Firstly, there are a limited number of studies, and the 
study population is relatively small14,17. These factors limit the strength of statistical analysis and re-
duce the study’s overall strength, making it non-applicable to the general population. Second, most 
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available studies are cross-sectional. Therefore, it is difficult to determine whether TTV is a part of 
the etiology or a resident of affected tissues. Another limitation involves methodological variability. 
Multiple study techniques are used across different studies, including conventional PCR, nested 
PCR, quantitative PCR, and metagenomic sequencing5. These differences in methods may affect 
the rate of virus detection and complicate comparative evaluation of studies. Geographic factors 
should also be considered, as most studies include Asian populations. Perhaps the greatest chal-
lenge is distinguishing association from causation. Since TTV is very common among healthy 
individuals, its presence alone cannot establish TTV pathogenesis. There may be a reason for the 
persistence of the virus in periodontitis: the affected tissues may provide a favorable environment 
for its survival. Therefore, current studies mainly favor association rather than a definitive etiology. 
Evidence supports association rather than definitive causality.

Future Directions

Prospects should focus on clarifying the current uncertainties and determining whether TTV plays 
an important role in the onset of periodontal disease or is only a cofactor virus present in cases of 
inflammation that persist for a prolonged period. More longitudinal studies are required to deter-
mine whether TTV is present before periodontal tissue destruction and whether the viral concen-
tration in infected tissue is directly proportional to disease severity. Future research should also 
focus on associations between viral load and the depth of the pathologically deepened gingival sul-
cus, loss of clinical attachment, spontaneous bleeding on probing, and inflammatory biomarkers. 
Further molecular studies are necessary better to understand TAIP-mediated apoptosis, immune 
modulation, viral-bacterial interactions, and host inflammatory responses. Advances in metage-
nomic sequencing may improve understanding of the periodontal virome and identify additional 

Figure 1. Proposed mechanistic model illustrating the potential contribution of Torque Teno Virus (TTV) to periodon-
titis through immune dysregulation, viral-bacterial synergy, apoptosis-mediated tissue injury, chronic inflammation, 
and alveolar bone destruction.
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viral species associated with periodontal disease. If future evidence confirms a pathogenic role 
for TTV, potential clinical applications may include virome-based diagnostics, viral biomarkers of 
disease activity, and targeted therapeutic approaches. However, such applications remain specu-
lative at present. Future multidisciplinary investigations integrating molecular virology, immunology, 
metagenomics, and longitudinal clinical studies are essential to determine whether TTV is merely a 
marker of immune dysregulation or an active contributor to periodontal disease progression.

Clinical Significance of TTV in Periodontology

Although the pathogenic role of TTV in periodontitis remains uncertain, its potential clinical signifi-
cance warrants consideration. TTV is frequently detected in saliva, gingival tissues, and periodon-
tal lesions, making it a potential non-invasive biomarker for monitoring periodontal health and dis-
ease activity. Because TTV viral load has been reported to correlate with the host immune status in 
several systemic conditions, it may also serve as an indicator of local immune dysregulation within 
periodontal tissues. Furthermore, advances in salivary diagnostics and molecular detection tech-
niques may facilitate the incorporation of TTV assessment into chairside diagnostic approaches9,10. 
The concept of the periodontal virome has expanded the understanding of periodontal disease 
beyond the traditional bacterial paradigm. If future longitudinal and mechanistic studies establish 
a stronger association between TTV and periodontal disease progression, viral detection may 
help identify individuals at increased risk of disease activity, treatment resistance, or recurrence. 
Additionally, TTV monitoring could prove valuable in immunocompromised individuals, where viral 
persistence may reflect alterations in host immune competence. Although routine clinical appli-
cation is currently premature, continued investigation of TTV may contribute to the development 
of virome-based diagnostics, prognostic biomarkers, and personalized therapeutic strategies in 
periodontology6,10. Continued advances in virome research may further facilitate the development 
of precision diagnostic and therapeutic approaches in periodontology.

CONCLUSIONS

TTV is a highly prevalent and persistent human virus that has recently attracted attention in peri-
odontal research. Current evidence suggests that TTV and related anelloviruses may be asso-
ciated with chronic periodontitis and could potentially contribute to disease progression through 
immune modulation, apoptosis-related mechanisms, and interaction with bacterial pathogens. Al-
though several studies, systematic reviews, and meta-analyses favor an association between TTV 
and periodontal disease, this evidence is insufficient to establish a definitive relationship. Most 
available studies are observational, with limited sample sizes and no standardization of methods 
for detecting the virus. Based on the available studies, TTV should probably be regarded as a pos-
sible immunomodulatory cofactor rather than a definitive periodontal pathogen. Nevertheless, the 
concept of the periodontal virome should go beyond the conventional model of bacteria as the sole 
drivers of periodontal disease onset. Further research should be conducted, including studies of 
viruses, the immune system, microbial complexes, and molecular biology, to provide a clear under-
standing of the involvement of viral complexes in the onset and progression of periodontal disease.  
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