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Abstract :
One of the “orphan” viruses, Torque Teno Virus (TTV), is prevalent and is found world-

wide, as well as one of the 45% of commensal viruses. The TTV virus has been the subject of 
numerous studies by researchers as a result of its prevalence among people of all ages (young 
children, adults, and the elderly) and in various health conditions, as studies have proven its 
presence in healthy individuals who do not exhibit any clinical symptoms, as well as in those 
who suffer from several different diseases. TTV is one of the very small viruses that belong to 
the Anellovirus genus known to infect humans. Although studies have proven the association 
between the virus’s existence and many diseases, including respiratory diseases, autoimmune 
diseases, cancer, and others, The virus’s lifetime within the human body and its relevance to 
disease causation remain contentious to this day. It has historically been related to liver dis-
eases, particularly following blood transfusions, where damage to the liver’s cells and tissues 
has been noted, indicating the virus’s multiplication in it. It has been regarded as both a sign 
of graft failure and a biomarker of immunocompetence in organ transplant recipients. Intra-
cranial aneurysm (IA) patients have also been linked to its presence in the artery walls. We 
summarize in this article the most significant findings from studies on the link of TTV to the 
liver, organ transplantation, and vascular diseases.

Keywords: Intracranial aneurysms; Liver; Pathogenesis; Organ transplant; Torque Teno 
Virus.

فيروس تورك تينو، مسببات الأمراض البشرية التي لا تزال بعيدة المنال: مقالة
منــار فــوزي الطائــي1    ،       إينــاس ياســين شــهاب 2         ،       أنمــار أحمــد الطائــي*3

1،3* قســم علــوم الحيــاة، كليــة العلــوم، جامعة الموصــل، الموصل، العراق

 2 قســم علوم طب الأســنان الأساســية، كلية طب الأســنان، جامعة الموصل، الموصل، العراق 
مستخلص:

ــه يعــد مــن  يعــد فــروس تــورك تينــو )TTV( أحــد الفيروســات »اليتيمــة« المنتــرة والمتواجــدة في جميــع أنحــاء العــالم، كــا أن
ــون  ــي أجراهــا الباحث ــد مــن الدراســات الت ــا للعدي ــو موضوعً ــورك تين ــد كان فــروس ت ــن %45 مــن الفيروســات المتعايشــة. وق ب
نتيجــة لانتشــاره بــن الأشــخاص مــن جميــع الأعــار )الأطفــال الصغــار، البالغــن، وكبــار الســن( وفي ظــروف صحيــة مختلفــة، حيــث 
أثبتــت الدراســات وجــوده لــدى الأفــراد الأصحــاء الذيــن لا تظهــر عليهــم أي أعــراض سريريــة، وكذلــك لــدى الاشــخاص الذيــن 
 Anellovirus ــي تنتمــي إلى جنــس ــد مــن الامــراض المختلفــة. يعــد TTV أحــد الفيروســات الصغــرة جــدًا الت ــون مــن العدي يعان
المعــروف بإصابتــه للبــر. وعــى الرغــم مــن أن الدراســات أثبتــت الارتبــاط بــن وجــود الفــروس والعديــد مــن الأمــراض، بــا في 
ذلــك أمــراض الجهــاز التنفــي وأمــراض المناعــة الذاتيــة والسرطــان وغيرهــا، إلا أن حيــاة الفــروس داخــل جســم الإنســان وأهميتــه 
في التســبب في المــرض لا يــزال مثــرًا للجــدل حتــى يومنــا هــذا. وقــد ارتبــط تاريخيًــا بأمــراض الكبــد، وخاصــة بعــد عمليــات نقــل 
الــدم، حيــث لوحــظ تلــف لخلايــا وأنســجة الكبــد، ممــا يشــر إلى تكاثــر الفــروس فيــه. وقــد تــم اعتبــاره علامــة عــى فشــل الطعــم 
وعلامــة حيويــة عــى كفــاءة المناعــة لــدى متلقــي زراعــة الأعضــاء. كــا تــم ربــط المــرضى الذيــن يعانــون مــن تمــدد الأوعيــة الدمويــة 
داخــل الجمجمــة بتواجــد الفــروس في جــدران الشرايــن. نلخــص في هــذه المقالــة أهــم النتائــج المســتخلصة مــن الدراســات حــول 

ارتبــاط TTV بأمــراض الكبــد، زراعــة الأعضــاء، وكذلــك امــراض الأوعيــة الدمويــة.
الكلمات المفتاحية: فيروس تورك تينو؛ الامراضية؛ الكبد؛ تمدد الأوعية الدموية داخل الجمجمة؛ زراعة الأعضاء.
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Introduction
In Japan, more than twenty years 

ago, after an elderly man had received 
blood during heart surgery, the TTV 
was isolated from the serum of this 
man who had hepatitis by Nishizawa 
et al. [1]. The original name of the vi-
rus (TT) was based on the initials of 
the name of the patient from whom 
the sample was collected; the ́acronym 
torque teno virus ́ is the result of the 
Latin terms “torque,” meaning neck-
lace, and “tenuis,” meaning narrow, re-
ferring to the circular structure of the 
virus’s genome[1,2].

TTV is a diminutive, non-enveloped 
virus that is pathogenic, characterized 
by its single-stranded, circular, nega-
tive-sense DNA molecules. The whole 
genome is roughly 3.8 kb in length and 
is divided into coding and non-coding 
regions (approximately 2.6 kb and 1.2 
kb in length) [3,4,5] Figure (1). TTV 
was initially considered a member of 
the Parvoviridae family [6,7] Table (1).

Due to its great genetic diversity, 
generally believed to be the result of 
replication, the family Anelloviridae 
is large and diverse, with 155 species 
and 30 genera. Take advantage of the 

latest ICTV virus classification updates 
[2,4,8]. Three of these genera have been 
documented to infect humans: Alpha, 
Beta, and Gammatorquevirus, also 
known as Torque teno virus (TTV), 
Torque teno mini virus (TTMV), and 
Torque teno midi virus (TTMDV), re-
spectively [2,5,8]. 

It is known that viruses from the 
Anelloviridae family may infect both 
birds and mammals. Additionally, they 
have been isolated from a wide variety 
of animal species, including cats, pigs, 
dogs, bats, cattle, sheep, camels, hors-
es, pigeons, etc[9,10]. In addition, the 
global prevalence of TTV varies great-
ly according to geography, health, so-
cial, and economic conditions; for ex-
ample, the prevalence in Iran is 4% and 
in Jordan, it is 96% [11,12,13]. 

According to studies, TTV can be 
found in natural killer cells, granulo-
cytes, monocytes, T and B lympho-
cytes, and other polymorphonuclear 
cells[14,15,16]. Furthermore, it has 
been isolated from a wide range of med-
ical samples, including blood, tears, 
saliva, secretions, urine, milk, semen, 
gums, liver, bile, and brain[17,18]. 
Thus, the illness can spread by a variety 
of routes, including the respiratory sys-
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tem, the fecal-oral route,  intercourse, 
placenta, blood transfusion, and feed-
ing[19,20].

The study of TTV led to a major 
change in the view of its role in the 

development of human diseases. Fur-
thermore, serum TTV DNA levels 
have recently been suggested to be an 
endogenous marker of the immune sys-
tem in organ transplant patients [15].

Figure (1): TTV’s appearance under an electron microscope [3].

Table (1): Anelloviridae family [7].
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Torque Teno Virus: Host Rela-
tionship and Pathogenesis

Scientists from all around the world 
have been researching TTV for the last 
20 years. This illness can persist in 
the human body for extended periods 
without exhibiting any symptoms and 
is thought to be non-contagious. Ac-
cording to studies, this virus can affect 
healthy persons as well as those with 
liver disease [15, 21]. Also, this virus 
causes lifelong viremia. Consequently, 
this disease may impact multiple or-
gans, such as the spleen, liver, lungs, 
bone marrow, and other lymphoid or-
gans. Despite not being regarded as a 
direct illness, research has indicated 
that TTV contributes to many illness-
es, such as cancer, AIDS, liver, renal, 
respiratory, and autoimmune disorders. 
More research is needed on these re-
lationships to investigate the effects of 
the virus on the host and how it causes 
disease. 

The factors that enable the virus 
to remain in the human body for the 
whole of a person’s life are yet unclear, 
but they have to do with genetic vari-
ations and the immunological illness 
that develops when the virus eludes the 

immune system. The host cell’s tran-
scripts, including a cofactor known as 
N-myc-interactor, have been suggested 
to be targeted by the DNA contained 
in the TTV genome. This is thought 
to suppress interferon signaling and 
hence degrade the host response. TTV 
viremia appears to be inversely asso-
ciated with T lymphocyte percentage, 
making it a possible indicator of im-
munocompetence in humans, also can 
alter the host cell’s metabolism via pro-
teases. This virus may interfere with 
antigen processing and presentation 
and express novel epitopes that would 
act as autoimmune triggers after infect-
ing immune system cells, including T 
cells and macrophages. Additionally, 
as a cytomegalovirus, it might interfere 
with the MHC class I molecule expres-
sion [22,23].

Identifying the target organ has been 
the subject of several investigations 
since the discovery of TTV. Viral nu-
cleic acids have been found in samples 
of plasma, serum, saliva, secretions, 
nasopharyngeal, kidneys, spleen, lung 
tissue, the central nervous system, gas-
tric and intestinal mucosa, umbilical 
cord blood, semen, and breast milk, 
notwithstanding early findings that the 
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virus may be able to multiply in liver 
cells. It is now essential to determine 
whether reproduction takes place in 
each of these organs [24,25].

Torque Teno Virus and Liver Dis-
eases

Viral hepatitis is caused by some 
viruses, which is a significant cause 
of morbidity and mortality worldwide, 
especially in tropical regions. The 
World Health Organization reported 
1.34 million fatalities from viral hep-
atitis, which is greater than the num-
ber of deaths from HIV infection in 
2015[26,27].

TTV was first detected in a patient 
in Japan who had hepatitis, which led 
to the belief that hepatitis is the most 
common disease linked with TTV in-
fection [1]. Early studies of this virus 
related to liver disease have revealed 
substantially lower prevalence rates 
than recent studies, which researchers 
have attributed to the use of inappro-
priate primers in PCR [15]. 

It is not yet known whether TTV 
plays a supporting or direct causal role 
in liver disease, but it has been pro-
posed as a potential diagnostic mark-
er for liver disease, especially in indi-
viduals with chronic hepatitis (HBV 

and HCV), hepatocellular carcinoma, 
and more advanced cirrhosis . A Lack 
of information about the discovery of 
the viral agent that causes10%-20% of 
patients with acute hepatitis, 5%-10% 
of patients with chronic hepatitis, and 
about 50% of instances of fulminant 
hepatitis contributed to the necessi-
ty of study and detection of this virus 
[15,28]. 

Although the virus’s high popula-
tion prevalence may suggest that it be-
longs to the human virome and that its 
presence in the body is not harmful, in 
the event of unfavorable conditions, it 
contributes to the disease by harming 
susceptible cells, such as hepatocytes 
and bile duct epithelium. Others claim 
that it is the sole viral indicator in liver 
disease instances where bile duct epi-
thelial destruction and morphological 
alterations in liver tissue have been ob-
served [15].

Tokita et al. [29] found that individ-
uals with nonalcoholic steatohepatitis 
in the TTV-positive group had focal 
necrosis and fibrosis surrounding cells 
and veins in liver tissue, whereas the 
negative group did not exhibit these 
symptoms. The complications caused 
by this virus may be associated with a 
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weakened immune system in some in-
dividuals, indicating that its effect may 
vary in different population groups. 
The mechanisms by which TTV may 
contribute, if any, to the development 
of liver disease or hepatocellular car-
cinoma are not completely understood. 
Some hypotheses include modulation 
of the immune system, possible indi-
rect impacts on liver function, or inter-
actions with various other viruses [30].

Future studies must aim to evaluate 
the potential hepatic orientation of the 
virus and study the exact role it plays 
in the development of obscure liver 
diseases, in addition to investigating 
co-infection with recognized hepatitis 
viruses. In summary, the significance of 
TTV concerning cirrhosis, alcohol-re-
lated liver disease, fulminant hepatitis, 
transfusion-associated hepatitis, chron-
ic non-alcoholic liver disease, and he-
patocellular cancer requires further in-
vestigation and it is essential for those 
who have concerns about the virus and 
its potential effects on liver health to 
speak with healthcare professionals for 
the most up-to-date information and 
advice to their condition.

Torque Teno Virus and Intracra-
nial Aneurysms

Abnormal dilatations of the cerebral 
arteries that have the potential to burst 
and cause a dangerous subarachnoid 
hemorrhage are known as intracranial 
aneurysms, the facts concerning an-
eurysm expansion and rupture are still 
unclear and insufficiently understood. 
Although arterial hypertension, smok-
ing, alcohol, age, and heredity are risk 
factors for aneurysm formation, studies 
have found a link between aneurysm 
formation and inflammation[31, 32]. 
Recently, Rabello et al., [18] who con-
ducted an unprecedented study con-
cerning the detection of TTV in the IA, 
hypothesized that the disease’s mecha-
nism is the virus’s deposition in cerebral 
blood vessels after entering the body 
and migrating into the bloodstream, re-
sulting in chronic inflammation. This 
inflammation, in turn, triggers an im-
munological response that includes the 
infiltration of white blood cells and T 
cells, complement activation, and the 
production of interleukins, as a result of 
which the blood artery wall is altered, 
leading to expansion and rupture.  Ra-
bello investigated the presence of TTV 
in intracranial blood vessel walls using 
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PCR. Their results found the presence 
of TTV in 15 (42.9%) of 35 specimens, 
of which 10 (45.4%) were isolated 
from ruptured vessels and 5 (38.4%) 
from unruptured vessels, although the 
virus was more present in the ruptured 
aneurysm, this difference was not statis-
tically significant. The researcher sug-
gested that this may be due to the small 
size of the study sample, as he consid-
ered it an exploratory study. He consid-
ered that the presence of the virus may 
be another risk factor that would cause 
the blood vessels to rupture and dete-
riorate. Therefore, to fully understand 
the links between viral infection, in-
flammation, angiogenesis, rupture, and 
degeneration, more extensive research 
is needed.

Torque Teno Virus and Solid Or-
gan Transplant 

A therapeutic option for end-stage 
organ failure is solid organ transplan-
tation, which includes the kidney, liver, 
pancreas, heart, and lungs. A donor’s 
healthy organ is surgically removed 
and transplanted into a recipient whose 
organ has failed or been damaged. It 
frequently provides the recipient with a 
second, joyous opportunity in life and 
saves their life. However, organ trans-

plantation is a major surgery with risks 
and drawbacks, including the possibili-
ty that the transplanted organ would be 
rejected by the body’s immune system 
[33,34].

Organ transplant rejection is asso-
ciated with a person’s high immunity, 
so the person is subjected to immuno-
suppressive drugs before the transplant 
to ensure the survival of the graft. Re-
search has revealed that after transplan-
tation, the number of viral copies rises 
in immunocompromised individuals 
and their TTV load is high[35,36,37]. 
TTV’s potential as a biomarker of im-
munosuppression and graft rejection 
risk is especially encouraging because 
antiviral medications and prophylac-
tics currently used for organ transplant 
patients do not affect this virus prev-
alence or quantity of copies [4] and 
studies have been conducted to eval-
uate the benefit of TTV-guided immu-
nosuppression enhancement in kidney 
transplant recipients [38]. A population 
study of healthy individuals has shown 
that virus load is age-related, being 
highest in the elderly, and this appears 
to be related to the immune system’s 
normal aging process [39,40]. 
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Regarding the diversity of TTV in 
kidney transplant recipients, a recent 
study by Reyes et al., [41]. Detected 
15 TTV types in 30 plasma samples 
using real-time PCR assay, RCA-
NGS, and ORF1 evolutionary anal-
ysis. Variation was identified in three 
patients with two consecutive samples 
(pre- and post-transplant). TTV3 and 
TTV13 were the most common types 
in pre-transplant samples (75% each), 
whereas TTV3 was the most common 
in post-transplant samples (56%). An-
other study showed significant vari-
ation in TTV types when comparing 
pre- and post-transplant samples [42]. 
The above researchers attributed this 
variation and high virus diversity to 
several factors such as recipient age, 
blood transfusions, higher exposure 
to virus infection throughout dialysis, 
early commencement of immunosup-
pressive medication,  as well as viral 
evasion mechanisms.

From a TTV perspective, individu-
als who receive transplants of kidneys 
are the most researched group, they 
comprise the majority of all transplant 
patients. It was demonstrated that pa-
tients who had not yet developed a cel-
lular or antibody-based rejection mech-

anism had a higher rate of this virus 
replication [39,43]. Other research has 
demonstrated that the administration of 
immunosuppressant drugs to these pa-
tients is associated with a higher load 
of virus [44]. For patients who have a 
liver or lung transplant, studies have 
demonstrated that the virus exhibits the 
same behavior pattern as patients who 
have a kidney transplant [45]. Current 
investigations and studies seek to in-
clude this virus as a significant com-
ponent of the puzzle that attempts to 
explain the interactions between the 
virus and the host regarding immune 
responses. It’s very hoped that TTV 
could be employed as a biomarker to 
assess the status of immunity alongside 
the administration of immunosuppres-
sive drugs to patients in transplant situ-
ations that would reduce the likelihood 
of rejection and allow life to continue 
for these patients.

Conclusions
Briefly, TTV is a widely dispersed 

virus, and understanding its precise 
role in human health and disease is 
critical for accurate patient diagnosis. 
Therefore, we hope that future studies 
will highlight the relationship between 
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TTV and the host and confirm its role 
in disease pathogenesis (cofactor or 
pathogen).
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