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Abstract

Background: SEN virus is considered one of the blood-borne viruses. It was discovered by
investigators at DiaSorin Biomolecular Research Institute, Saluggia, Italy in their work for
searching about viral causes of post transfusion hepatitis which is not due to the hepatitis C virus
or hepatitis B virus. These cases have been called “non-A-to-E hepatitis” because they are not due
to any other of the well-known human hepatitis viruses. SEN-V has considered one of the most
commonly viral infection found in hemodialysis patients (HD). HD patients are prone to acquire
parentally transmitted viral infections such as Hepatitis B, Hepatitis C and HIV. They considered
a high risk group for acquiring infection by blood borne viruses because the HD materials which
have been used in various medical centers are not completely disposable in addition to the fact that
the therapeutic interventions are mostly associated with bleeding and blood transfusion. TT virus
has been discovered in 1997 in Japan from the bloodstream of patients with post-transfusion
hepatitis, and its name referred to the initials of the first patient in whom virus was diagnosed. The
name can also indicate a transfusion-transmitted virus; despite transfusions are not the only means
of transmission. After that this virus was called Torque Teno, keeping the initials TTV. In a study
carried out on dialysis patients in Italy, The prevalence of TTV DNA in dialysis patients was
significantly greater (41.7%) than in healthy individuals (10.7%). Concurrent infection with HCV
among dialysis patients positive for TTV has been reported. On the other hand, Low TTV
frequency and no correlation between TTV and other blood-borne infections have been reported
in study on HD patients in Iran, also TTV infection was not associated with high levels of liver
enzymes.
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Introduction

In medicine, hemodialysis is a method for removing waste products such as potassium and urea, as well as
free water from the blood when the kidneys are in renal failure. Hemodialysis is one of three renal replacement
therapies (the other two being renal transplant; peritoneal dialysis). Hemodialysis can be an outpatient or
inpatient therapy. Less frequently hemodialysis is done at home. Dialysis treatments in a clinic are initiated
and managed by specialized staff made up of nurses and technicians; dialysis treatments at home can be self
initiated and managed or done jointly with the assistance of a trained helper who is usually a family member
(2).

The principle of hemodialysis is the same as other methods of dialysis; it involves diffusion of solutes across
a semipermeable membrane. Hemodialysis utilizes counter current flow, where the dialysate is flowing in the
opposite direction to blood flow in the extracorporeal circuit. Countercurrent flow maintains the concentration
gradient across the membrane at a maximum and increases the efficiency of the dialysis. Fluid removal
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(ultrafiltration) is achieved by altering the hydrostatic pressure of the dialysate compartment, causing free
water and some dissolved solutes to move across the membrane along a created pressure gradient (2).

The dialysis solution that is used is a sterilized solution of mineral ions. Urea and other waste products, and
also, potassium and phosphate, diffuse into the dialysis solution. However, concentrations of sodium and
chloride are similar to those of normal plasma to prevent loss. Bicarbonate is added in a higher concentration
than plasma to correct blood acidity. A small amount of glucose is also commonly used (2).

Side-effects and complications

There are symptoms resulting from fluid removal, such as low blood pressure, fatigue, chest pains, leg
cramps, nausea, and headaches, collectively known as the "dialysis hangover." The severity of these side
effects varies and can be managed by adjusting fluid intake and treatment frequency (3).

Hemodialysis may expose their circulatory system to microbes, which can lead to sepsis, an infection
affecting the heart valves (endocarditis) or an infection affecting the bones (osteomyelitis). The risk of
infection varies depending on the type of access used. Bleeding may also occur. Infections can be minimized
by strictly adhering to infection control best practices (3).

First Use Syndrome is a rare but severe anaphylactic reaction to the artificial kidney. Its symptoms include
sneezing, wheezing, shortness of breath, back pain, chest pain, or sudden death. It can be caused by residual
sterilant in the artificial kidney or the material of the membrane itself. Long-term complications of
hemodialysis include amyloidosis, neuropathy and various forms of heart disease. Increasing the frequency
and length of treatments have been shown to improve fluid overload and enlargement of the heart that is
commonly seen in such patients (4).

SEN virus is considered one of the blood-borne viruses. It was discovered by investigators at DiaSorin
Biomolecular Research Institute, Saluggia, Italy in their work for searching about viral causes of post
transfusion hepatitis which is not due to the hepatitis C virus or hepatitis B virus. These cases have been
called “non-A-to-E hepatitis” because they are not due to any other of the well-known human hepatitis viruses
(5).

Nomenclature

The name of SEN-V refers to the initials of the infected patient from whom the SEN virus was first isolated.
He was injection drug user infected with a human immunodeficiency virus. The first publication about the
nucleic acid sequence of SEN virus was done on 18 May, 2000. After that reports of other studies by other
researchers have been done in 2001 (6).

Structure

Recently, a new virus, designated SEN virus (SENV), was identified as a putative non-A to E hepatitis virus.
This virus contains a single-stranded circular DNA of 3900 nucleotides in length and is distantly related to
TTV (7).

The genome was formed from 3,900 nucleotides and at least three open reading frames (ORF). The ORF 1
with Arg/Lys-rich domains is the largest one with hydrophilic characteristic. The function of ORF2 is
unknown. The ORF3 translation results in forming a protein with similarity to a DNA topoisomerase | so,
ORF3 seems to have an important role in the replication of the virus (8).

SEN-V earlier belonged to the family circoviradae, genus Anellovirus after that changes in nomenclature
have classified anelloviruses capable of causing human infection. SEN virus has a high mutation rate, so it is
more similar to RNA viruses rather than DNA viruses and this characteristic feature gave the virus the ability
of persistence (9).

Genetic Variation

Nine genotypes (A-1) have been detected for SEN-V; among which genotypes D and H are more frequent in
individuals infected with hepatitis of unknown origin compared to other genotypes (10).

The majority of research papers have reported on D and H genotypes as clinically significant strains. They
are the only factors detected in patients with unknown hepatitis (hon-A to E hepatitis) and healthy blood
donors but less commonly (10).

Eur. Chem. Bull. 2023, 12(Special Issue 12), 2785-2793 2786



An Overview about SEN and Torque Teno Viruses Among Hemodialysis Patients

Section A-Research paper

Epidemiology

Today, SENV has a global incidence with variable occurance geographically. It is the latest viral agent that
has been proposed as a cause of non-A-G hepatitis (11).

The prevalence of SEN-virus has been increased in association with HIV-1 and hepatitis C and B viruses,
also injection drug users have shown high level of infection with this virus. This association suggests that the
parenteral route is considered the most common route of transmission (12).

Many studies were done to define the frequency of SENV-D and SENV-H in transfused people. Thalassemic
patients and healthy blood donors in Iran, that high prevalence of SEN-V infection among thalassemic
patients indicates blood transfusion as the main route of transmission, also high percentage of SEN-V
infection among healthy individuals suggests that there are other methods which are important in transmission
of SEN-V (13).

latrogenic means in hospital setting represent another method for transmission of SEN-V. Also, it can be
transmitted from mother to fetus (vertical transmission). It was found that the distribution of SEN-V in
hepatitis A patients is higher than in healthy adults. This suggests fecal-oral transmission as possible route of
SEN-V transmission. Also, TTV has been detected in stool from some cases. The close relationship between
SEN-V and TTV supports the idea of SEN-V fecal-oral transmission (14).

SEN-V and Liver Diseases

Different studies have discussed the importance, pathogenesis and clinical presentation of SEN-V infection
and the association between SEN-V infection and development of liver diseases. Levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin; alkaline phosphatase (ALP),
gamma-glutamyl transpeptidase and also the pathological picture of patients who were positive for SEN-V
in comparison to negative patients were reported. But, these studies showed that there was no evidence
suggests that SEN-V causes hepatitis when it is the sole agent detected or even worsen the severity or
progression of coexistent chronic HCV (15).

Persistent infection by SEN-V may extend over one year and were reported in some cases as long as 12 years
9).

The role of SENV infection and the clinical significance have been studied in patients with non A-E hepatitis
or other viral hepatitis but the results are not very obvious and are inconsistent to some extent and even show
contradictory results. That is to say, co infection of SEN-V with hepatitis B virus, or hepatitis C virus were
found to be associated with severe and fulminant liver diseases. On the other side, other studies have reported
that SEN-V has no well-established pathogenicity and the role of this virus in development of liver diseases
as acute and chronic hepatitis, cirrhosis and the development of hepatocellular carcinoma still needs to be
confirmed (16).

Moreover, others have suggested that SEN-V has a protective role against HCV (9).

Hosseini and Bouzari, 2016 reported that SEN-V was found in 90% of the healthy individuals, 66% of HBV
positive individuals, and 46% of HCV-positive individuals. The prevalence of SEN-V especially its two
genotypes (D&H) were significantly lower in HBV and HCV patients (P<0.01) than in healthy individuals.
Also, the frequency of SENV-H was higher than SENV-D in all studied groups. The level of liver enzymes
(ALT and AST) in HBV patients who were SEN-V positive were significantly less than negative cases
(P<0.05). The same finding was observed for SENV-H-negative and positive patients, this suggests a positive
impact of the virus in hepatic pathogenicity by lowering hepatic damage and thus decreasing the liver
enzymes. Although SEN-V has been found in high frequency in the serum of patients with hepatocellular
carcinoma however, there is no well-established evidence that incriminates SEN-V in the development of
HCC (5).

SEN-V among patients on maintenance hemodialysis

SEN-V has considered one of the most commonly viral infection found in hemodialysis patients (HD). HD
patients are prone to acquire parentally transmitted viral infections such as Hepatitis B, Hepatitis C and HIV.
They considered a high risk group for acquiring infection by blood borne viruses because the HD materials
which have been used in various medical centers are not completely disposable in addition to the fact that the
therapeutic interventions are mostly associated with bleeding and blood transfusion (17).
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SEN-V co-infection

Hepatitis C virus and hepatitis B virus have been incriminated in development of liver pathology. SEN-V
infection is more frequent in patients with chronic HBV or HCV. Co-infection with SEN-V was frequently
reported in 22-67% of chronic HBV and 20-76% of HCV patients (12).

Co-infections with SEN-V and HIV-1 were found in Italy, the United States, and Germany. Individuals who
acquired HIV via use of intravenous drugs showed higher Frequency of SEN-V (71%) than those who
acquired HIV by sexual transmission (26%). These results may suggest the blood-borne transmission of SEN-
V. HIV-1 infection also may probably facilitate maternal-fetal transmission of SEN-V (5).

Diagnosis of SEN-V infection

SEN-V has been detected by using

The DNA enzyme immunoassay (EIA) method. In this method, viral DNA is amplified by polymerase chain
reaction and detected using biotinylated strain-specific probes in an EIA.

Also, SEN-V is detected using either PCR-Southern blot or ethidium bromide gel electrophoresis after single-
step PCR (18).

Seminested PCR or nested PCR. The assays show high specificity. Some or all of the amplified SEN-V
amplicons have been sequenced in some of the studies (5).

Torque Teno virus (TTV)

TT virus has been discovered in 1997 in Japan from the bloodstream of patients with post-transfusion
hepatitis, and its name referred to the initials of the first patient in whom virus was diagnosed. The name can
also indicate a transfusion-transmitted virus; despite transfusions are not the only means of transmission.
After that this virus was called Torque Teno, keeping the initials TTV (19).

Structure

At first, sequence of 500 nucleotides (nt) has been documented and then this sequence extended to up to
3700 nt. Sequence analysis of viral genome at that time lead to suggestion that TTV has been related to the
Parvoviridae family. Two other different studies reported the presence of an additional GC-rich region of
about 120 nucleotide (nt) at the end of 1998. After that the circular nature of the TTV genome was discovered.
This finding has confirmed the relationship of TTV with the Circoviridae family (20).

TTV genome is a circular single-stranded DNA molecule of negative polarity. It contains a GC-rich region
formed of 117 nucleotides. The TTV genome has been divided into an untranslated region (UTR) of 1.2 kb
and another coding region of 2.6 kb. The UTR region is considered to some extent conserved region, leading
to suggestion that it has an essential regulatory role in replication of virus. On the other side the coding region
of anelloviruses has two large open reading frames: ORF1 and ORF2.After that many other open reading
frames have been documented, and the proteins that they encode vary in length for different isolates (19).
Genetic Variation of TTV

While TTV bears some similarity to members of the group Circoviridae, it lacks sequence homology with
any known viruses, and it is believed to be the first known member of a new family of viruses. It is classified
under the Anelloviridae family, Alpha torque teno virus genus. Many other closely related TTV sequences
were discovered after discovery of TTV. They are genetically grouped in about twenty nine different species.
This reflects a very high degree of genetic heterogeneity, to a degree close to that present in RNA viruses
(20).

TTV genome is very diverse in nature. Until now there are well defined sixty one different isolates worldwide.
The reasons and mechanisms for such great genomic diversity are not clear up till now.Although, it has been
reported that parvoviruses with single stranded DNA genomes mutate at high rates, and it was suggested that
this high rate of mutation may be illustrated by the nature of the single stranded genome and its ability to
encode peptides involved in replication process. This explains why TTV mutates at a high rate (21).

Also there are many other possible causes that explain higher than expected level of mutation that occur in
TTV. It may be due to Intra genomic rearrangement, presence of hyper variable regions in open reading
frame, or due to Recombination (21).

More than thirty genotypes of TTV were classified into five groups. The genotypes 1, 2, 3 and 4 seem to be
frequently distributed all over the world, but the distribution of genotype 5 is not completely documented .
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Another Few subtypes (1a, 1b, 2a, 2b) have also been defined. The genogroups are uniquely present in
different area all over the world with G1 and G2 TTV more frequent in the USA and in Italy in patients with
liver disorders and in blood donors. On the other side, G4 is also identified but is less frequent. Many of these
genotypes are reported to be incriminated in human diseases (22).
TTV-Like Viruses and Relatives of TTV
After TTV has been discovered, other three types of TTV-like viruses were also found. They are called:
Torque Teno Mini virus (TTMV), Small Anellovirus (SAV) and Torque Teno Midi virus (TTMDV) (23).
1. Torqgue teno mini virus (TTMV)
TTMV is characterized by having smaller genome size and length than TTV. It accidently has been found
in samples from human plasma during PCR reaction using specific primers for TTV that primarily base
paired with the sequences and produced a shorter segment than TTV (24).
2. Small anellovirus (SAV)
Small anellovirus also has some homology with TTV. It has a GC-rich segment, a coding region and a
Chicken Anemia Virus (CAV) like motif .SAV isolates form a large phylogenetic tree and is frequently
distributed over the world among healthy individuals (25).
3. Torque teno midi virus(TTMDV)
Since short time during the amplification of SAV genome from human sera the amplicons obtained have
been longer than expected and their length was 3242-3253 nt and they show all the characters of TTV like
viruses. These newly identified amplicons were known as TTMDV. After study the various TTMDV
genome sequences it has been documented that they contain a large group of isolates that have various
lengths and sequence. As regard to nucleotide sequence it shows 31% variability and at amino acid level
it shows 61% variability (26).
4. Resemblance of TTV with Chicken Anemia Virus (CAV)
CAV belongs to Circoviridae family. This family characterized by single stranded DNA genome and the
ability to infect vertebrates. Gyrovirus and Circovirus are considered two genus of Circoviridae. CAV
belongs to genus circovirus which is a pathogen of chicken; it shows homology with TTV regarding
organization of genome and regulatory sites for transcription. Both TTV and CAV have negative sense
circular ss DNA genome (23).
In addition, TTV shows similarity with CAV in having arginine rich N-terminus within ORF1 which has
essential role in binding and assembly of viral DNA within the capsid. Another homology between both
TTV and CAV is that TTV derived apoptosis inducing protein is similar to the apoptin protein of CAV
that causes apoptosis in cancer cells (23).
5. Resemblance of TTV with Hepatitis C Virus
TTV genotype 1a has ORF3 which codes for a protein. This protein shows homology with non-structural
protein 5A (NS5A) of HCV and has essential role in inhibiting the Interferon-induced anti-viral response
(27).
TTV concurrent infection with HCV were studied all over world, However it is still needed to establish
whether TTV is considered an “accidental visitor”, “helper” or “responsible cause” for hepatic pathology
caused by HCV (28).
6. Animal Torque Teno Virus
TTV has not been found in human only but it was also detected in the sera of non-human primates and
domesticated farm animals. TTV is frequently detected among the animals worldwide with different genome
length and sequence. The TTV of animals often has smaller genome than human TTV (29).
Epidemiology
TTV is distributed worldwide affecting different age groups (30).
The highest TTV distribution was detected in thalassemic patients receiving multiple transfusions,
hemodialysed patients for long time, hemophiliacs receiving clotting factor, and intravenous drug users. The
high TTV load may refer to the immunological status of the individual as immunosuppressed individuals
show great viral titers (19).
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TTV DNA has also been found in 14.9 percent of hospital surfaces and 16 % of air samples which were
contaminated via using toilet. The researchers reported that TTV can be used as an indicator of general viral
contamination of the surroundings (19).

Route of transmission

TTV has been found in plasma, peripheral blood mononuclear cells, various body fluids and secretions like
saliva, tears, semen, vaginal fluid, breast milk and stools. TTV also was detected in other body organs such
as kidneys, prostate, brain, mammary glands, and bone marrow cells (BMCs). TTV has parenteral route for
transmission via transfusion of blood and blood products, and it is known to be shed with the bile into the
feces of infected patients. This suggests that it may be transmitted via fecal-oral route (30).

The relatively high distribution of TTV among blood donors in addition to the majority of TTV infected
patients with no history of transfusion of blood and blood products point to other routes of transmission of
TTV infection. Some studies documented placental route for transmission of TTV, however others have not
found TTV in cord blood and amniotic fluid. Transmission via sexual route is of low frequency (20).
Comparison of TTV sequence from both mothers and their offspring showed both homology and difference.
So that, TTV has been acquired by children via more than one route either from the mother or from the
surroundings (19).

Pathogenesis

It was documented that TTV is found in both the nucleus and cytoplasm of some of the peripheral blood
mononuclear cells (PBMCs). TTV infection of cells of immune system may play a role in evasion of the virus
from the immune system. TTV in PBMCs may act as a reservoir of TTV for chronicity of the infection, and
also transmission in some clinical cases and epidemiological distribution. In vivo, TTV shows a high ability
to replicate. More than 1010 TTV virions have been produced daily; this has been concluded from the kinetics
of viral load and clearance during interferon therapy (31).

The definitive way by which TTV replicates is not well understood. Due to similarities of TTV to other single
stranded DNA-genome viruses, it is suggested that TTV replicates by using the rolling-circle replication
mechanism. ORF1 was known to encode peptide that includes replication motives (31).

There was a hypothesis suggested that TTV may replicate by using an RNA intermediate, such as HBV,
However it seems different as the TTV genome does not have the ability to encode a reverse transcriptase.
Due to diversity of genome of TTV, this also led to suggest another hypothesis that viral DNA is replicated
by mechanism with poor or absent proofreading activity (19).

As regard to the tissue tropism and cell-specificity of TTV, several studies have reported that TTV does not
have a special tissue tropism, and virus can replicate in many tissues/organs such as (liver, spleen, bone
marrow, lymph nodes, muscles, pancreas, lungs, thyroid and kidneys). However, viral titers have been up to
10-300 times higher in specific tissues as (bone marrow, spleen, lung, and, liver) than in the serum of the
same individual (19).

TTV among patients on maintenance hemodialysis

In a study carried out on dialysis patients in Italy, The prevalence of TTV DNA in dialysis patients was
significantly greater (41.7%) than in healthy individuals (10.7%). Concurrent infection with HCV among
dialysis patients positive for TTV has been reported (32).

On the other hand, Low TTV frequency and no correlation between TTV and other blood-borne infections
have been reported in study on HD patients in Iran, also TTV infection was not associated with high levels
of liver enzymes (32).

TTV as a Marker of Immune Status

Replication of TTV virus is controlled by the immunological status of individuals who harbor it (higher viral
loads have been found in individuals with immunodeficiencies, like AIDS patient and other with intercurrent
diseases) (33).

Large distribution of TTV reflects a strong interaction between it and the host. Researchers cannot know how
effectively immune system withstands TTV infection and controls super infections by other different species
of the virus. TTV produces a microRNA in vivo that interferes with action of interferons and thus microRNA

Eur. Chem. Bull. 2023, 12(Special Issue 12), 2785-2793 2790



An Overview about SEN and Torque Teno Viruses Among Hemodialysis Patients

Section A-Research paper

plays an essential role in evasion of virus from immune attack by interference with the host antiviral response
and directly participates in the high distribution of these viruses (33).

In patients with lymphoma or myeloma and receiving high-dose chemotherapy with autologous
hematopoietic stem cell transplantation, the level of TTV viraemia was inversely associated with the
percentage of CD8+ 57+ T lymphocytes which are indicators of immune competent state. In addition, the
slope of return from peak to baseline TTV values has been found to be indicative of the time required for a
patient to recover immune competence before having the next dose of chemotherapy (34).

Patients who undergo solid organ transplantation show marked changes in TTV level, and these changes in
TTV Kinetics are the same regardless of the type of transplanted organ. In children and adult undergo liver
transplantation and receive maintenance immunosuppression therapy, it was found that TTV load correlates
with the intensity of immunosuppression (34).

Diagnosis of TTV

Nucleic acid-based detection:

The vast genetic diversity, which presumably leads to high antigenic diversity, and the difficulty in obtaining
representative control antigens and antibodies introduce significant variability in the detection of TTVs,
which is primarily achieved by nucleic acid detection methods. Assays targeting conserved UTR sequences
enable the detection of a majority of TTVs, while those targeting more variable areas of the genome help to
distinguish between genera.

Several conventional or quantitative PCR (qPCR) based assays, rolling circle amplification and in situ
hybridization have been reliably tested. As PCR based methods are limited by the range of the primers used,
they may not be versatile enough to capture the complete diversity within a sample. To improve the accuracy
of detection and accommodate the genetic diversity of the family, it is recommended that a panel of primer/
probe combinations be used for PCR-based assays, especially in the absence of whole genome sequencing
\While nucleic acid-based detection is versatile and critical for observational science, using a combination of
nucleic acid and antigen-based assays such as immunohistochemistry can improve clarity in assigning
biological significance to diagnostic findings (35).

Serological detection:

Enzyme linked immunosorbent assays (ELISAs) based on the ORF1 are available for TTV1a, 1b. An ORF2
based ELISA is available for TTV1a. Generally, the presence of antibodies is well correlated with qPCR-
based detection, with an increase in antibody titers reducing viral loads (34).

Difficulties in collecting much information about TTV were due to a shortage of essential diagnostic tools,
such as efficient in vitro culture systems and sensitive serologic methods to identify and investigate viral
antigens and antibodies. In addition, TTV was first detected at a time when HIV and hepatitis viruses attracted
the attention and resources which were available to researchers. Thus, investigation of TTV remained for
long time limited to certain laboratories over the world. However, information to date collected by many
investigators has been enough to create scientific interest about the virus and the interaction with its host (34).
PCR techniques have undergone substantial evolution. Detection of TTV can be done using universal primer,
which amplifies most, if not all, the human TTVs, or using specific primer, which allows sorting of the virus
in one of the 29 species into which TTVs were subdivided. Nowadays, real time PCR technique with SYBR
Green based quantification assay for identifying human TTV titers from plasma were reported (36).
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