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ABSTRACT 

   The present study was aimed to detect the prevalence of TTV, SNEV, and 

genotyping of the SENV, including SENV-D and SENV-H in hepatitis patients and 

blood donors. A total of 210 individuals of sexes, comprising 110 individuals as 

patients group and 100 healthy blood donors as the control group were selected 

randomly.  The results showed positive plasma of 54/110 (49.09%) and 56/110 

(50.9%) with HBV and HCV, respectively, whilethe blood donors were uninfected 

with viral hepatitis B and C.TTV DNA was detected in 58/110(52.7%) and 34/100 

(34.0%) in patients and blood donor groups, respectively. SENV DNA was detected 

in 29/110 (26.4%) and 11/100 (11.0%) in patients and blood donor groups, 

respectively. SENV-D genotype was detected in 48/110 (43.6%) and 14/100 (14%) in 

patients and blood donor groups, respectively. SENV-H genotype was detected in 

56/110(50.9%) and 19/100 (19%) in patients and blood donor groups, respectively. 

Co-infection with TTV and SENV was detected in 17 (25.8%) and 6 (16.2%) patients 

and blood donor groups, respectively. And also co-infection with SEN-D and SEN-H 

was detected in 21(30.4%) and 3 (10%) patients and blood donor groups, respectively. 

thirteen isolates have been successfully sequenced, sequencing of viral DNA showed 

heterogeneity between the isolates of the current study and the NCBI isolates. 

According to the findings of this current study, the present study concluded that found 

that the frequency of TTV and SENV in hepatitis patients was significantly higher 

than in healthy blood donors, this may be due to the association of the TTV and 

SENV in the etiology of hepatitis.  Therefore, it is necessary to diagnose TTV and 

SEN-V on donors' blood as a routine screening test.Based on the results of the 

sequencing, the local strains showed high genetic variation with the global isolates, 

with similarity with TTV and SENV.  

INTRODUCTION 

Over 80% of hepatitis is caused by the most medically important hepatitis viruses 

(from A to E), which are normally known as hepatotropicviruses[1]. The causative 

agent of the remaining 20% cases and also 10% transfusion-associated hepatitis is 

unknown, which may be interpreted as the involvement of other viruses [2]. A novel 

human DNA virus named the TT virus (TTV) has recently been isolated from the 

Serum of a Japanese patient of unclear etiology of posttransfusion hepatitis [3]. TTV 

was recently discovered as a possible non-A-E hepatitis causative agent [4]. The TTV 

genome is a single-stranded circular DNA molecule of approximately 3.8-kilobases 
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(kb) of negative polarity, most closely related to the Circoviridaefamily of viruses 

[5].The prevalence of TTV in acute or chronic hepatitis patients, blood donors, drug 

users, and health people were reported by several publications after the discovery of 

TTV [6]. The rate of TTV DNA infection varies greatly among healthy populations 

and patients with liver disease but is typically higher among patients than among 

healthy donors [7]. Research by Nishizawa et al. discovered that the existence of Sera 

TTV-DNA in patients with non (A-E) hepatitis [8]. According to the patient's initials, 

the new TT-virus was named, the virus name was changed to Torgueteno virus, in 

Latin "torques," necklace; "tenuis," small [9]. The average prevalence of TTV viremia 

in HBV and HCV-positive subjects was 90.75 % and 84.9 %, as well as 81.4 % in 

healthy individuals, respectively[10]. On July 20, 1999, a human immunodeficiency 

virus type 1 (HIV-1) - infected patient with hepatitis with unclear etiology in Italy - 

was discovered in the serum SEN virus (SENV) [11]. SEN-V has been described as a 

worldwide blood-borne infection [12]. The SEN-V genome is identical to the TT 

virus genome and both viruses are now known as members of the Circovirus family. 

Both are single-stranded, non-enveloped DNA viruses with around 3800 nucleotides 

[13].  SEN-V was believed to be associated with hepatitis, but this substantial 

correlation does not determine causality, and strong evidence of SEN-association V's 

with hepatitis has not been confirmed to date [11]. SEN-V belongs to the family of 

Anelloviridae, has nine distinct genotypes (A to I), genotypes D and H are more 

common in unexplained hepatitis cases (none-A-E hepatitis) and are prevalent in 

different geographical regions of the world [14]. The SENV-D and SENV-H 

genotypes were more prevalent in serum samples of patients with transfusion-

associated non-A to non-E hepatitis and were less prevalent in normal blood donor 

serum samples[15]. Blood-borne viruses are the SEN virus (SENV) and the Torque 

teno virus (TTV). Their effect on the development and progression of liver diseases 

remains uncertain. Blood-borne viruses are the SEN virus (SENV) and the Torque 

teno virus (TTV). Their effect on the development and progression of liver diseases 

remains uncertain[16]. Wide ranges of infections with SEN-V and TTV have been 

reported in patients with Intravenous drug consumers and people with hemodialysis, 

chronic liver disease, thalassemia, and acquired immunodeficiency syndrome (AIDS) 

[11]. The present study was aimed to detect the prevalence of TTV, SNEV, and 

genotyping of the SENV, including SENV-D and SENV-H in hepatitis patients and 

blood donors. 

Materials and methods 

Subjects  

The present study was conducted on the following studied groups during the period 

November 2020 to March 2021. A total of 210 individuals of sexes, comprising 110 

individuals as patients group, 83 of them are males and 27 females with age range 19-

55 years. Furthermore, 100 healthy blood donors as the control group, 86 of them are 

males and 14 females with age range 19-55 years, were selected randomly. A 

questionnaire form (Appendix-1) was used to record special notes.  

Collection of samples  

Five ml of blood samples from blood bags were collected from each blood donor who 

attended the central blood bank/Basrah province. All The blood samples were put in a 
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sterile plain tube and then centrifuged at 3000 rpm for 5 min., then immediately 

frozen and stored at (-20) ˚C until be used. 

Detection of HBV and HCV  

All plasma samples were tested for the presence of hepatitisB virus surface antigen 

(HBsAg) with a commercial ELISA kit (Sure Bio-Tech, Hongkong). And also all 

plasma samples were tested for the presence of HCV antibody with a commercial 

ELISA kit (Sure Bio-Tech, Hongkong). 

Molecular detection  

Amplification of TTV and SENV 

Viral DNA was extracted from the plasma samples according to the instructions of 

WizPrep™ the viral DNA/RNA Mini Kit V2 (Wizbiosolutions Inc. South Korea).A 

5'-UTR of the purified TTVDNA was amplified by using a single round of PCR 

according to Takahashi et al., 1998 by using primers (Table, 1). The products were 

amplified according to PCR reaction mix (25µl) and condition (950C for 10 min., 55 

cycles of 950C for the 20s, 550C for 20s, 720C 30s, with a final extension at 720C for 

5 min). The partial ORF1 gene of SENV-D and SENV-H were amplified by nested 

PCR according to Kojima et al.,2003 by using primers (Table, 1). The products were 

amplified according to PCR reaction mix (25µl) and condition (950C for 5 min., 35 

cycles of 950C for the 30s, 600C for 45s, 720C 45s, with a final extension at 720C for 

5 min) for the first round, and (940C for 4 min., 25 cycles of 940C for 20s, 650C for 

30s, 720C 30s, with a final extension at 720C for 5 min) for a second round.The first-

round primers were used to detecting all SEN-V genotypes, while second-round 

primers were used for detecting SENV-H and SENV-D. Nuclease-free water was used 

as a negative control. The Amplified products were visualized on 1.5 % agarose gel. 

Table (1) Sequences of forward and reverse primers used in PCR 

Viruse

s 

Primers Primer sequences Length 

 

TTV 

T801 GCTACGTCACTAACCACGTG  

199 bp T935 CTBCGGTGTGTAAACTCACC* 

 

SENV 

AI-1F 5'-TWCYCMAACGACCAGCTAGACCT-3'**  

AI-1R 5'-GTTTGTGGTGAGCAGAACGGA-3' 350 bp 

 

SEN-D 

D-1148F 5'-CTAAGCAGCCCTAACACTCATCCAG3'  

195 bp 

D-1341R 5'- GCAGTTGACCGCAAAGTTACAAGAG-3'  

 H-1020F 5'- TTTGGCTGCACCTTCTGGTT-3'  
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SEN-H 119 bp 

H-1138R 5'-AGAAATGATGGGTGAGTGTTAGGG-3' 

 

 

 

*B = G, C, or T, ** W = A or T, Y = C or T, M = A or C 

Sequencing of PCR products  

The PCR products of TTV, SENV, SENV-D, and SENV-H were sent to Macrogen 

Inc. (Macrogen Korea: 10F, 254 Beotkkot-to, Geumcheon-Qu, Seoul, 08511, Rep. of 

Korea). The sequence processing was performed using Chromas version 2.6.2 

(HTTP:// technelysium.com.au).  

Statistical analysis   

Analysis of the data obtained was made by using SSPS software (version SPSS 24). 

The statistical significance of the difference in mean of variables between more than 

two groups was assessed by ANOVA - LSD test. P values ≤ 0.05 were considered 

statistically significant.  

Results 

Characterization of the study population 

A total of 210 patients with the age range 19-55 years old and 83 (75.5%) males and 

27 (24.5%) females, in addition, a100 healthy blood donors with the age range 19-55 

years old and 86 (86.0%) males and 14 (14.0%) females were collected from persons 

attended the central blood bank in Basrah province during the period from, November 

2020 to March 2021.   The mean ages were 36.20±13.4 and 35.22 ±9.8 of patients and 

blood donors groups, respectively.  

Detection of viral hepatitis B and C  

The present study was used an ELISA test to detected viral hepatitis B and C among 

studied groups. In the patient's group, the results showed positive plasma of 54/110 

(49.09%) and 56/110 (50.9%) with HBV and HCV, respectively, whilethe blood 

donors were uninfected with viral hepatitis B and C.  

Molecular detection 

Molecular detection has been done as well as genotyping for TTV and SENV. PCR 

products showed a sharp band on agarose gel (Figure, 2). 
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Figure (4- 1) Gel-electrophoresis PCR products 

Lane1= (100bp DNA marker), Lane 2= positive sample of TTV.Lane 4, 5, and 9= 

positive samples of SENV. Lane 6= positive sample of SENV-D. Lane 7= positive 

sample of SENV-H. Lane 3 and 8=negative sample 

Frequency of TTV DNA 

       The purified DNA was amplified by using a single round of PCR, TTV DNA 

fragment with the PCR primers was yielded band corresponding to their molecular 

size of approximately 199bp (Figure, 1). Regarding the results, TTV DNA was 

detected in 58/110(52.7%) and 34/100 (34.0%) in patients and blood donor groups, 

respectively. The present results showed significant differences (P<0.05) with the 

occurrence of TTV with patients group than blood donors group (Table, 2). Also, the 

positive results of TTV DNA were distributed among the HBV and HCV patients as 

follows; 32 (59.2%) for HBV patients with significantly elevated (P<0.01) than HCV 

patients 26 (46.4%).  

Frequency of SENV DNA  

In the first round used primers were yielded band corresponding to their molecular 

size of approximately 350bp (Figure, 1) represented all SEN-V genotypes.  SENV 

DNA was detected in 29/110 (26.4%) and 11/100 (11.0%) in patientsand blood donor 

groups, respectively.The present results showed significant differences (P< 0.05) with 

the occurrence of SENV with patients group than blood donors group (Table, 2).  

Also, the positive results of SENV DNA were distributedamong the HBV and HCV 

patients as follows; 17 (31.5%) for HBV patients with significant differences (P< 

0.05) than HCV patients 12 (21.4%).  

Table (2) Frequency of TTV and SENV among studied groups 
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Studied groups 
TTV SENV 

No. % No. % 

Healthy (No. 100) 34 34.0 11 11.0 

Patients (No. 110) 58 52.7 29 26.4 

Total  (No. 210 ) 92 43.8 40 19.0 

HBV       (No. 54) 32 59.2 17 31.5 

HCV       (No. 56) 26 46.4 12 21.4 

Patients vs Healthy P. value= P<0.05 P. value=P<0.05 

HBV vs  HCV P. value= P<0.01 P. value=P<0.05 

HBV vs  Healthy P. value= P<0.01 P. value=P<0.05 

HCV vs Healthy P. value= P<0.01 P. value=P<0.05 

 

Genotyping of SENV-D and SENV-H 

Furthermore, the second-round primers used for detecting SENV-D and SENV-H 

have yielded bands corresponding to their molecular size of approximately 195bp and 

119bp, respectively. The present results showed significance (P<0.01) with the 

occurrence (Table, 3) of SENV-D genotype with patients group (48/110, 43.6%) than 

blood donors group (14/100, 14%). Also, the positive results of SENV-D genotype 

DNA were distributedamong the HBV and HCV patients as follows: 29 (50.0%) for 

HBV patients with highly significant differences (P<0.05) than HCV patients 

19(33.9%). The present results showed significantly elevated (P<0.01) with the 

occurrence (Table, 3) of SENV-H genotype with patients group (56/110, 50.9%) than 

blood donors group (19/100, 19%). Also, the positive results of SENV-H genotype 

DNA were distributedamong the HBV and HCV patients as follows: 33(61.1%) for 

HBV patients with significant differences (P<0.05) than HCV patients (23, 41.1%). In 

fact, the frequency of SENV-H genotype was significantly (P<0.05) more than 

SENV-D genotype in patients and control groups (Table, 4-3), also, SENV-H 

genotype frequency was significantly (P<0.05) than SENV-D genotype in HBV 

patients than HCV patients. 

Table (3) Frequency of SENV genotype D and H among studied groups 

parameters 
SENV-D SENV-H 

No. % No. % 

Healthy (No. 100) 14 14.0 19 19.0 
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Patients (No. 110) 48 43.6 56 50.9 

Total  (No. 210 ) 60 28.6 75 35.7 

HBV       (No.54) 29 50.0 33 61.1 

HCV       (No.56) 19 33.9 23 41.1 

Patients vs Healthy P. value= P<0.01 P. value=P<0.01 

HBV vs  HCV P. value= P<0.01 P. value=P<0.05 

HBV vs  Healthy P. value= P<0.01 P. value=P<0.05 

HCV vs Healthy P. value= P<0.01 P. value=P<0.05 

Co-infection 

Co-infection with TTV and SENV (Table, 4) was detected in 17 (25.8%) and 6 

(16.2%) patients and healthy blood donor groups, respectively, with highly significant 

(P< 0.01).  Co-infection with SEN-D and SEN-H was detected in 21(30.4%) and 3 

(10%) patientsand blood donor groups, respectively, with highly significant (P< 0.01). 

Table (4) SEN/TTV and SENV-D / SENV-H co-infections among studied groups 

Co-Infections 
Patients Blood Donors Total 

No. % No. % No. % 

SEN/TTV 

Presence 17 25.8 6 16.2 23 22.3 

Absence 49 74.2 31 83.8 80 77.7 

Total 66 100 37 100 103 100 

P. value < 0.01 

SENV-D / SENV-H 

Presence 21 30.4 3 10.0 24 24.2 

Absence 48 69.6 27 90.0 75 75.8 

Total 69 100 30 100 99 100 

P. value < 0.01 

Sequencing of PCR products   

Twenty-one PCR product samples were sent to sequencing, thirteen isolates have 

been successfully sequenced. The results of the sequences were confirmation of the 

PCR results. Sequencing of viral DNA showed heterogeneity between the isolates of 

the current study and the NCBI isolates, it was the similarity ratio ranged between 

81.09% - 99.21%. The best reference was selected to show the results (Table, 5). 
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Table (5) Nucleotides sequencing data for isolates 

No. Isolate No. Compatible 
with 

Query 

Cover 

E 

Value 

Per. 

Ident 

Strand 

1 S2_AI-1R.ab1 HM214487.1 100% 2e-60 81.97% Plus/ Minus 

2 S3_AI-1R.ab1 KT163890.1 87% 3e-79 87.36% Plus/ Minus 

3 S4_AI-1F.ab1 KT163890.1 66% 4e-33 81.09% Plus 

4 D1_D-1148F MK497797.1 97% 9e-56 99.21% Plus 

5 D2_D1148F.ab1 MK497799.1 97% 1e-53 99.18% Plus 

D2_D1341R.ab1 MK251577.1 99% 8e-62 96.69% Plus/ Minus 

6 D3_D1148F.ab1 MK497799.1 88% 1e-50 95.49% Plus 

7 D4_D-1148F MK497799.1 100% 2e-46 97.39% Plus 

8 D5_D1148F.ab1 KT163918.1 99% 2e-62 98.59% Plus 

9 D6_D-1148F.ab1 MK497799.1 89% 1e-60 96.62% Plus 

D6_D-1341R.ab1 MK251577.1 96% 6e-69 98.09% Plus/ Minus 

10 D7_D-1148F MK497799.1 98% 1e-64 97.99 Plus 

11 H2_H-1138R MW455355.1 78% 4e-18 91.03% Plus/ Minus 

12 H3_H-1020F GQ179972.1 100% 2e-23 95.95% Plus 

H3_H-1138R MW455355.1 93% 3e-22 95.83% Plus/ Minus 

13 H4_H-1020F GQ179972.1 100% 7e-19 91.89% Plus 

Discussion 

Frequency of TTV infections 

The current study was the first that focused on co-prevalence of TTV and SENV in 

southern Iraq, except for the study of Al-Hmudi, 2019 who studied TTV infection 

molecularly of patients with hemoglobinopathies and hematological malignancies. 

TTV has been detected in many communities across the world; many epidemiological 

studies have been conducted to see if TTV may cause hepatitis [17-18]. Even though 

TTV does not appear to be pathogenic, the phenomena of co-infection are frequent in 

TTV It has been found in co-infection with a variety of other viral species and is 

known to exacerbate infections such as liver disease, pancreatic cancer, rhinitis, and 

asthma [19]. In this study, TTV DNA was detected in 58/110(52.7%) and 34/100 

(34.0%) in patients and blood donor groups, respectively. The present results showed 

significant differences (P<0.05) with the occurrence of TTV with patients group than 
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blood donors group. The positive results of TTV DNA were distributed among the 

HBV and HCV patients as follows; 32 (59.2%) for HBV patients with significantly 

elevated (P<0.01) than HCV patients 26(46.4%). The present results were in 

agreement with the results of a recent study conducted in Baghdad city, where the 

percentage of TTV in hepatitis patients and blood donors was 74% and 23%, 

respectively [20]. These findings were also agreement with observed in patients with 

hepatitis in Japan, Thailand, and Taiwan [21-22], while,  present results were 

disagreement with a study of Jahan et al., 2015 who has recorded prevalence of TTV 

in hepatitis patients 15% and 3.3% in healthy controls in India. For healthy blood 

donors, the present study found that the frequency of TTV  agreementwith a study 

conducted in Baghdad (23.3% ) city [8], and agreement with results reported from 

various geographic regions, such as  34% in Iran [4], 6%–85% in Brazil ([23], and 

29.4% in Egypt [24]. On the other hand, the current study's findings were in 

disagreement with results reported (91–96%)  in Jordan [25]. 

The reason for the difference in the frequency of the TTV may be due to the different 

methodology (sampling scheme, sets of primers used, year of study, etc.) and not just 

the geographic scale, this justification is also adopted by Sarairahet al in 2020 and 

Brassard et al in 2010. In addition, Wei et al 2015 suggested that high rates of TTV 

infections have been recognized in healthy people worldwide by T801 and T935 

primers, and these were designed in the 3' end of the conserved untranslated region 

that can amplify the genomes of several TTV genotypes.The PCR results showed that 

these three groups had high positive rates 49.3%,48%, and 54% using 5’-UTR primer 

and 8%,15.1%, and 12% respectively using N22 primer [26],  also, Al-Hmudi, 2019  

study using N22 primer showed a positive amplification in 2 % of serum samples of 

hemoglobinopathies patients, while no positive amplification was observed in 50 

EDTA blood samples of hematological malignancies patients. 

Frequency of SENV infections  

The global prevalence of SENV was about 21%, reaching up to 69% [27-28]. In the 

current study, SENV genotypes were detected among the studied groups. The partial 

ORF1 gene of SENV-D and SENV-Hwere amplified by nested PCR according to 

Kojima et al.,2003. The reason behind employing nested PCR is to increase 

specificity via enzymatic amplification of the test's unique genomic sequence because 

the initial amplification product serves as a template, it must have binding sites for the 

internal primers utilized in the second round, of amplification [29]. Many studies have 

indicated that nested PCR outperforms single amplification PCR 100-fold [30-

31].Furthermore, the advantages of a nested PCR include direct visualization of 

specific bands in ethidium bromide-staining, increased sensitivity by an enhance in 

the cumulative number of amplification cycles, as well as the abolition of the need for 

Southern blotting, which is often required to achieve adequate sensitivity, with a 

single round PCR [32]. Also, if proper precautions are not taken to prevent 

contamination of samples with amplified product from previous tests, nested PCR 

could produce false-positive results.So, positive and negative controls are employed 

in this study to create, maintain, and ensure a high degree of quality in a laboratory's 

performance in providing correct diagnoses.The method's ability to amplify the target 

nucleic acid, from the organism of interest is tested using positive controls.Negative 

controls are, used to ensure that no contaminating nucleic acid is introduced into the 

master mix or samples throughout the sample processing process [33-34].  
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SENV DNA was detected in 29/110 (26.4%) and 11/100 (11.0%) in patientsand blood 

donor groups, respectively.The present results showed significant differences (P< 

0.05) with the occurrence of SENV with patients group than blood donors group. 

Also, the positive results of SENV DNA were distributedamong the HBV and HCV 

patients as follows; 17 (31.5%) for HBV patients with significant differences (P< 

0.05) than HCV patients 12 (21.4%).  The findings of this study were lower than those 

of  Ealafet al., 2019 study, who discovered a 42% and 20% prevalence of SENV 

infection in patients with hepatitis and healthy blood donors respectively, in Baghdad. 

In a previous study, Kao et al.,   2003identified a prevalence of SENV infection 

among HBV patients was 41%, and the results of  Muet al., 2004 who discovered a 

59% prevalence of SENV infections among HBV patients.  Also, the average 

percentages registered in Egypt ranged from 13.5 to 49% [35].  

For blood donors, in this study, found the percentage of SENV was 11.0%. This 

corresponds to the range of results reported from various geographic regions, 

including in Germany 8 to17% [36], Japan 10 to 22% [37], Egypt 16 to 20% [38], and 

13% in Italy [39]. In contrast, the current study's findings were significantly lower 

than those recorded in Isfahan 90.8%, a central province, in Iran.The initial high 

prevalence of SENV in HBV and HCV-positive patients compared to blood donors 

highlighted the relevance of transmission via the parenteral route [11].  

SENV-D and SENV-H were chosen for this study out of the nine potential variations 

because several studies have shown a significant frequency of these two genotypes 

among people infected with HBV and HCV [40].In this study, the presences of 

SENV-D and SENV-H DNAs in plasma were screened. The present results showed 

significance (P<0.01) with the occurrence of SENV-D genotype with patients group 

(48/110, 43.6%) than blood donors group (14/100, 14%).  Also, the positive results of 

SENV-D genotype DNA were distributedamong the HBV and HCV patients as 

follows: 29 (50.0%) for HBV patients with highly significant differences (P<0.05) 

than HCV patients 19(33.9%). The present results showed significantly elevated 

(P<0.01) with the occurrence of SENV-H genotype with patients group (56/110, 

50.9%) than blood donors group (19/100, 19%). Also, the positive results of SENV-H 

genotype DNA were distributedamong the HBV and HCV patients as follows: 

33(61.1%) for HBV patients with significant differences (P<0.05) than HCV patients 

(23, 41.1%). In fact, the frequency of SENV-H genotype was significantly (P<0.05) 

more than SENV-D genotype in patients and control groups, also, SENV-H genotype 

frequency was significantly (P<0.05) than SENV-D genotype in HBV patients than 

HCV patients.These findings were similar to those previously reported from Iran [11-

41], as well as Taiwan [42], all of which revealed a greater prevalence of SENV-H 

than SEN-D. Though it was in divergence with that reported in Japan which detected 

SENV-D in blood donors, where SENV-D was found in 77% of the people while 

SENV-H was found in 15% [38]. 

It is worth noting that the percentage of the SENV in the first round was less than in 

the second round, meaning that there were many negative results in the first round, 

positive results in the second round, so there was an increase in genotypes of SENV-

D and SENV-H. In this study, the viremia rate of SENV differs from other studies[43-

44-45],the reason behind this variation of SENV prevalence in different geographical 

locations, of the world, is because of the differences in the techniques employed and 

interactions among biological, behavioral, and social variables[46],the amount of 
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SENV DNA in the sera, the use of alternative target sequences (untranslated region 

vs. open reading frame (UTR vs.ORF), variations in the sensitivity of the test methods 

employed, or other factors like intravenous drug use, homosexuality, hazardous 

sexual behaviors,  and professional exposure [27]. 

TTV and SENV 

 co-infections Co-infection with TTV and SENV was detected in 17 (25.8%) and 6 

(16.2%) patients and healthy blood donor groups, respectively, with highly significant 

(P< 0.01). also, Co-infection with SEN-D and SEN-H was detected in 21(30.4%) and 

3 (10%) patientsand blood donor groups, respectively, with highly significant (P< 

0.01). The increased incidence of these viruses in viral hepatitis patients could be due 

to contaminated equipment and blood products. Patients with liver disease were also 

more likely to be exposed to a risk factor for viral infections such as TTV and SENV. 

In a previous study, TTV and SENV co-infection those reported in Baghdad province 

with 26% and 4.65% had been detected in hepatitis patients and healthy blood donors 

[20]. On the other hand, several studies have been reported that both TTV and SENV 

are correlated with high liver enzyme levels in patients with liver diseases, 

thalassemia patients, and patients on maintenance hemodialysis after blood 

transfusion. Suggesting that these viruses could be considered as additional viruses of 

hepatitis [11-46]. TTV and SENV infection rates were greater in patients with liver 

illness than in apparently healthy blood donors suggested that blood transfusion could 

be a common route for TTV and SENV transmission. But these viruses were also 

identified in the healthy populations who have no history of blood transfusion 

suggests that it may be transmitted by ways other than blood transfusion There hasn't 

been any proof of a relationship between these viruses in transmission terms [4].  

A study by Mushahwaret al.,  2000,  who found that the SEN virus is related to the 

TTV and, both of them are considered entirely as endosymbionts due to their long 

history of reciprocal adaptation [47]. According to the findings of this current study, 

the present study concluded that found that the frequency of TTV and SENV in 

hepatitis patients was significantly higher than in healthy blood donors, this may be 

due to the association of the TTV and SENV in the etiology of hepatitis. Therefore, it 

is necessary to diagnose TTV and SEN-V on donors' blood as a routine screening test. 

Sequencing of PCR products 

Twenty-one PCR product samples were sent to sequencing, thirteen isolates have 

been successfully sequenced. The results of the sequences were confirmation of the 

PCR results. Sequencing of viral DNA showed heterogeneity between the isolates of 

the current study and the NCBI isolates, it was the similarity ratio ranged between 

81.09% - 99.21%.The present results showed a high genetic heterogeneity between 

the isolates, where there was a similarity between TTV and SENV. The extremely 

high genetic heterogeneity was seen after the discovery of TTV in the early stages of 

the TTV study, both at the nucleotide level and the amino acid level, with 47-70% 

divergence between isolates of TTV [48-49]. There are still unknown explanations for 

TTV's high genetic variability, although several theories have been proposed. The 

elevated TTV mutation rate would be one of the reasons. The virus evolutionary 

dynamics of the ssDNA virus have recently been well-studied since the evolutionary 

rate of ssDNA is similar to that of RNA viruses. Indeed, the relatively high genetic 

diversity of ssDNA viruses, including TTV [50]. Comparison of the full SEN-V 
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nucleotide sequences and the accompanying sequence of amino acids showed that this 

high genetic variation and the presence of so many SEN-V genotypes are assumed to 

derive from homologous recombination [51]. The prototype genotype 1 TTV and 

SEN-V were discovered to be distantly related. SENV-A has a lot of similarities to 

TTV genotype 9, SENV-B has a lot of similarities to TTV genotype 10, SENV-D has 

a lot of similarities to TTV genotype 12, SENV-E has a lot of similarities to TTV 

genotype 14, SENV-C has a lot of similarities to TTV genotype 15 and SENV-H has 

a lot of similarities to TTV genotype 16 [52].A study by Mushahwaret al.,  2000,  who 

found that the SEN virus is related to the TTV and, both of them are considered 

entirely as endosymbionts due to their long history of reciprocal adaptation [47]. 

According to the findings of this current study, the present study concluded that found 

that the frequency of TTV and SENV in hepatitis patients was significantly higher 

than in healthy blood donors, this may be due to the association of the TTV and 

SENV in the etiology of hepatitis. Therefore, it is necessary to diagnose TTV and 

SEN-V on donors' blood as a routine screening test.Based on the results of the 

sequencing, the local strains showed high genetic variation with the global isolates, 

with similarity with TTV and SENV. 
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