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1. Introduction

Many previous studies have suggested that other hepatitis
agents/viruses besides ordinary A to E hepatitis viruses have been
existing (Alter et al., 1989; Alter and Bradley, 1995). After detecting
many patients with post-transfusion hepatitis with unknown ori-
gin confirmed negative for the regular viruses of hepatitis (Alter
and Bradley, 1995; Alter et al., 1992). The unknown agent/virus
has also been implicated in a significant percentage of acute liver
failure, chronic hepatitis, and liver cirrhosis (Umemura et al.,
2003). Therefore, several investigations carried out to detect that
unknown causative agent/virus. These investigations were firstly
suggested hepatitis G virus (HGV) (Linnen et al., 1996), TT virus
(Nishizawa et al., 1997), and SEN virus (SEN-V) as main agents of
the hepatitis of unknown cause (Matsumoto et al., 1999; Tanaka
et al., 2000).

SEN virus (SEN-V) is one of the widely distributed blood-
borne virus (Quasim and Alshaikhly, 2019). It was discovered
in 1999 in Italy as a new virus isolated from the serum of intra-
venous drug users (Tanaka et al., 2000; Yoshida et al., 2002). It
proposed that SEN-V involved in post-transfusion hepatitis as it
found in the sera of patients with unknown origin hepatitis
(non-A-E hepatitis) and quietly has a low frequency in the sera
of normal blood donors (Karimi-Rastehkenari and Bouzari,
2010; Pirouzi et al., 2014). Two of them (SEN-V-D and SEN-V-
H) have been described as potential elect viruses for motivating
post-transfusion hepatitis. Until now, it is unclear whether
patients on maintenance hemodialysis are at increased risk for
acquiring the SEN virus. SEN-V-D and SEN-V-H were also
detected in patients with fulminant hepatitis, which confirms
that those two types may participate in causing liver diseases
(Thom et al., 2011). The thalassemic patients who have a high
level of SEN-V prove the route of blood transfusion (Karimi-
Rastehkenari and Bouzari, 2010). It is a non-enveloped virus
(Amer et al., 2020; Pirouzi et al., 2014) belonging to the family
Circoviridae (Dehkordi and Doosti, 2011). The SEN-V genome
consists of approximately 3.8 Kb of a circular single-stranded
DNA molecule (Amer et al., 2020; Pirouzi et al., 2014). The
SEN-V genome show similarity of 55% in nucleotide sequences
with Torque Teno virus, which belongs to a new family called
Anelloviridae (Davidson et al., 1999; Nishizawa et al., 1997;
Sagir et al., 2004), make the SEN-V have a strong relationship
with this new virus family (Khudair et al., 2019). There are nine
different genotypes of the SEN-V (A through I) (Karimi-
Rastehkenari and Bouzari, 2010), which differ by at least 25%
in the nucleotide sequences (Kojima et al., 2003).

The majority of research papers have reported on D and H
genotypes as clinically significant strains. They are the only fac-
tors detected in patients with unknown hepatitis (non-A to E
hepatitis) and healthy blood donors but less commonly (Abbasi
et al., 2016; Karimi-Rastehkenari and Bouzari, 2010; Pirouzi
et al., 2014).

SEN-V prevalence varied among the different geographic region.
Its prevalence among healthy control individuals in the USA was
2–3% compared with the high-frequency level (30%) among recip-
ient of blood transfusion (Umemura et al., 2001), which prove the
transmission of the virus through blood (Karimi-Rastehkenari and
Bouzari, 2010; Umemura et al., 2001), as demonstrated by compar-
ing the sequence homology between donors and recipients
(Shibata et al., 2001).

Asymptomatic carriers of the SEN-V may persistently infect
other individuals in a period exceeding 12 years (Quasim and
Alshaikhly, 2019). This study aimed to determine the prevalence
of SEN-V and its genotypes D and H among healthy blood donors
in the Eastern Province of KSA.
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Table 1
The demographic information of 315
blood donors.

Variable Frequency

Age (years) Range 18–55
Gender Male = 284 (90.2%)

Female = 31 (9.8%)
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2. Materials and methods

2.1. Ethical approvalaaa

This study was reviewed and approved by the Institutional
Review Board (IRB), Prince Sultan Military College of Health
Sciences, Dhahran, KSA (IRB-2017-CLS-002). A written informed
consent obtained from each blood donor.

2.2. Study design and subjects

This study had a cross-sectional design and included 315
healthy blood donors (31 females and 284 males) from the eastern
province of KSA, extending from October 2018 to January 2020.
The sera of all donors were negative for HBsAg, anti-HCV antibod-
ies, and anti-HIV antibodies.

2.3. Blood samples collection

Ten millilitres of whole blood was collected into sterile gel
tubes without anticoagulant (red top) from each participant and
allowed to clot. Then the serum was separated by centrifugation
at 3000 rpm, divided into aliquots, and stored at �80 �C until
testing.

2.4. DNA extraction from sera

According to the manufacturer’s instructions, DNA extraction
was carried out from 200 ml serum using DNA Isolation mini Kit
(Norgen Biotek Corp, Ontario, Canada. Cat. # 46380). The extracted
DNA stored at �80 �C before testing.

2.5. SEN virus DNA amplification and detection by nested PCR

The SEN-V amplification was done by nested polymerase chain
reaction (PCR) by using two rounds of PCR runs according to
(Hosseini and Bouzari, 2016; Kojima et al., 2003) with protocol
modification for the optimization of PCR results. The first round
of nested PCR used pair of primers, forward primer AI-1F (50-
TWCYCMAACGACCAGCTAGACCT-30) and reverse primer AI-1R
(50-GTTTGTGGTGAGCAGAA CGGA-30), which amplified a conserved
region for all SENV genotypes (A-I) that consist of 349-bp (Hosseini
and Bouzari, 2016). A 25 ml reaction mixtures were prepared by
mixing 12.5 ll of an Absolute Master Mix (MOLECULE), with 1 ll
of each of the forward and reverse primers of 10 mM/ml (SEN-V
AI-1F and SEN-V AI-1R), 5 ll of the extracted DNA template, and
finally 5.5 ll of Nuclease-free sterile water. All the samples, includ-
ing the negative and positive controls, were subjected to a thermo-
cycler (Bio-Rad, USA) and programmed with the following
conditions: one cycle at 94 �C for 5 min; 94 �C for 1 min, 53 �C
for 1 min, and 72 �C for 1 min for 35 cycles, with a final extension
at 72 �C for 10 min for 1 cycle.

For the second round of the nested PCR, specific primers, for-
ward and reverse primers for the of 195-bp SEN-V D which
included D-1148F (50- CTAAGCAGCCCTAACACTCATCCAG-30) and
D1341R (50-GCAGTTGACCGCAAAGTTACAAGAG-30). The forward
and reverse primers for SEN-V H included H-1020F (50-
TTTGGCTGCACCTTCTGGTT-30), and H-1138R (50-AGAAAT-
GATGGGTGAGTGTTAGGG-30) were used to amplified a sequence
length of 119-bp of the H phenotype. A similar PCR reaction mix-
ture of 25 ml was prepared with the difference that 5 ml from the
product of the first round was used as a template, and the follow-
ing PCR conditions were programmed: one cycle at 94 �C for 5 min;
94 �C for 1 min, 54 �C for 1 min, and 72 �C for 1 min for 30 cycles,
with a final extension at 72 �C for 10 min for 1 cycle.
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The second runs’ final product was detected using 2% agarose
gel electrophoresis after the addition of ethidium bromide stain.
The presence of any products with 195-bp and 119-bp indicated
SEN-V D and H genotypes, respectively (Abbasi et al., 2016).
3. Results

The demographic information of 315 blood donors was summa-
rized in Table 1. The study group were healthy blood donors, rang-
ing in age from 18 to 55 years. The prevalence of SEN-V among the
315 blood donors using nested PCR following agarose gel elec-
trophoresis was 10.9%. In contrast, the prevalence of SEN-V geno-
types D and H were 0.6% and 10.2%, respectively. The prevalence
of SEN virus H genotype was 17-fold higher than that of SEN virus
D genotype in healthy blood donors (Table 2). There were no co-
infection cases of SENV-H + SENV-D among the blood donors.
The product of the nested PCR on agarose gel electrophoresis indi-
cated a 195-base pair band for SENV-D and a 119-base pair band
for SENV-H (Fig. 1).
4. Discussion

According to the reviewed literature, the SEN-V is highly related
to the new Anellovididae virus family (Khudair et al., 2019; Sagir
et al., 2004) because they found a 55% nucleotide sequences
homology between the SEN-V genome and TT virus, which belong
to the new family Anelloviridae (Davidson et al., 1999; Sagir et al.,
2004). For the first time, the Anelloviridae family was recognized
as the cause of non A-E viral hepatitis in 1997 (Nishizawa et al.,
1997). However, their pathogenicity in causing hepatitis has not
been settled and need to be studied more.

Many studies have revealed a variation in the prevalence rate of
SEN virus among apparently healthy people of various populations,
which may be due to the difference between these populations and
the recent advancement of the detection methods and techniques
(e.g. molecular methods).

Only two out of the nine genotypes of the SEN-V, namely SENV-
D and SENV-H, are considerably associated with transfusion-
related non-A to E viral hepatitis (Umemura et al., 2001). More-
over, the significant statistical association between SENV (H and
D genotypes) and post-transfusion hepatitis increased the proba-
bility that SEN virus is one of the possible infectious agents of hep-
atitis of unknown origin beside hepatitis G virus and TT virus.
Different previous studies proved that both genotypes have a high
incidence rate in patients with a transfusion history than those
healthy blood donors (Mushahwar, 2000; Umemura et al., 2001).
This information about these viruses allows us to establish the
SEN virus prevalence in healthy blood donors for the first time in
Saudi Arabia.

The present report’s findings revealed that the SEN-V DNA was
identified in the sera of 34 individuals out of 315 healthy blood
donors (10.8%) in the Eastern Province of KSA. These results were
consistent with the prevalence of the virus isolated from healthy
blood donors in Iraq (10.7%) (Khazaal et al., 2016), in Japan (10%)
(Shibata et al., 2001), in Italy (13%) (Pirovano et al., 2002a,



Table 2
The prevalence of SEN-V and it infection in 315 blood donors in the eastern province
of KSA using nested-PCR.

Variable Positive Negative

SEN-V DNA 34/315 (10.8%) 281/315 (89.2%)
SENV-H genotype 32/315 (10.2%) 283/315 (89.8%)
SENV-D genotype 2/315 (0.6%) 313/315 (99.4%)
Coinfection (SENV-D & H) 0/315 (0%) No coinfection
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2002b), in Taiwan (15%) (Kao et al., 2002), and in Germany (8–17%)
(Schröter et al., 2002).

In the present study, the prevalence of the SEN virus infection
among healthy blood donors was significantly lower than its
prevalence in healthy adults reported in Iran by Karimi and Bouzari
(90.8%) (Karimi-Rastehkenari and Bouzari, 2010) and by Hosseini
and Bouzari (90.5%) (Hosseini and Bouzari, 2016); in Japan (75%)
(Gerner et al., 2000); in China (31%) (Mu et al., 2004); in Southern
Taiwan (24.2%) (Dai et al., 2004); and in Greece (24%) (Umemura
et al., 2003). The reasons for these differences in SEN virus preva-
lence rate between populations are not clear. However, the differ-
ences can be described in some ways. One of the main reasons is
the difference in the demographic characteristics of each popula-
tion. The gender distribution of this study showed an increased
number of males than females (284 Males and 31 Females) as nor-
mally observed in blood banks and transfusion centres of Saudi
Arabia.

In our study, the overall frequency of this virus among blood
donors was slightly higher than the prevalence rate reported in
the USA (1.8%) (Umemura et al., 2001), and in Thailand (5%)
(Tangkijvanich et al., 2003). This virus’s geographic distribution
rate among healthy individuals shows wide variation ranging from
only 1.8% in USA (Umemura et al., 2001) to 90.8% that reported in
Iran by Karimi-Rastehkenari and Bouzari (2010). The probable rea-
son for these differences is the variations of the population’s
characteristics.
Fig. 1. Electrophoresis of the nested PCR Product. Lane 1, ladder (100 base pairs); Lane
samples for both SENV-D and H; Lane 5, SENV-D positive control; Lane 7, SENV-H posit
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Regarding the percentage of SENV-D and H variants among
healthy individuals, the prevalence of this study’s SENV-H geno-
type was 10.2%, which was 17-fold higher than that of the SENV-
D genotype (0.6%). Our result about the predominant of SENV-H
higher the SENV-D genotype appears to agree with many studies
done in different countries around the world in Turkey (Serin
et al., 2006, 2005), in Iran (Abbasi et al., 2016; Pirouzi et al.,
2014), in Iraq (Khudair et al., 2019), in Scotland (Thom et al.,
2011), in Germany (Umemura et al., 2003), in Ghana (Thom
et al., 2011), in Thailand (Tangkijvanich, 2003), and Czech Republic
(Thom et al., 2011). However, These results were inconsistent with
few other studies reported in Egypt (Mohamed et al., 2011), in
Japan (Umemura et al., 2003), in China (Mu et al., 2004), in Taiwan
(Dai et al., 2005, 2004), and in Greece (Umemura et al., 2003). Their
findings show SENV-D to be more abundant than the SENV-H
variant.
5. Conclusions

Our findings of the overall SEN-V prevalence was consistent
with the majority of previously published researches. However,
minor differences in the prevalence of D and H genotypes have
been identified, which might be due to the variations between dif-
ferent regions population and other routes than parenteral trans-
mission. These points may need further investigations.

In conclusions, for the first time in KSA, we have recognized the
prevalence of the SEN-V and its clinically important genotypes D
and H among healthy blood donors. Their prevalence in Eastern
KSA were 10.8%, 0.6%, and 10.2%, respectively. The SENV-H geno-
type was more prevalent than the SENV-D by 17-folds in the study
participants.

Generally, the SEN virus’s overall prevalence rate in the King-
dom of Saudi Arabia is considerably low. However, the hazard of
blood transmission of the SEN virus remains important. So, it is
crucial to conduct future research projects to determine the
2, negative control; Lane 3, SENV-H positive control; Lane 4, 6, 8, and 10 negative
ive sample; and Lane 9, SENV-D positive sample.
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pathogenicity and clinical significance of SEN virus to assess the
usefulness of screening Saudi blood donors for SEN virus to reduce
the transmission risk of these agents in blood donations to a min-
imum to get ‘‘zero risk” blood.

Funding

This study was funded by a grant of Vice Deanship of Post Grad-
uate Studies & Research in the PSMCHS, Dhahran, KSA (Grant #
IRB-2017-CLS-002).

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgement

The authors would like to thank all the participants and the
hospitals who help us in the sampling process.

References

Abbasi, S., Makvandi, M., Karimi, G., Neisi, N., 2016. The prevalence of SEN virus and
occult hepatitis B (OBI) virus infection among blood donors in Ahvaz City.
Jundishapur J. Microbiol. 9, 3–8. https://doi.org/10.5812/jjm.37329.

Alter, H.J., Bradley, D.W., 1995. Non-A, non-B hepatitis unrelated to the hepatitis C
virus (non-ABC). Seminars Liver Dis., 110–120

Alter, H.J., Purcell, R.H., Shih, J.W., Melpolder, J.C., Houghton, M., Choo, Q.-L., Kuo, G.,
1989. Detection of antibody to hepatitis C virus in prospectively followed
transfusion recipients with acute and chronic non-A, non-B hepatitis. N. Engl. J.
Med. 321, 1494–1500.

Alter, M.J., Margolis, H.S., Krawczynski, K., Judson, F.N., Mares, A., Alexander, W.J.,
Hu, P.Y., Miller, J.K., Gerber, M.A., Sampliner, R.E., 1992. The natural history of
community-acquired hepatitis C in the United States. N. Engl. J. Med. 327,
1899–1905.

Amer, F., Yousif, M.M., Mohtady, H., Khattab, R.A., Karagoz, E., Ayaz, K.F.M.,
Hammad, N.M., 2020. Surveillance and impact of occult hepatitis B virus, SEN
virus, and Torque teno virus in Egyptian hemodialysis patients with chronic
hepatitis C virus infection. Int. J. Infect. Dis. 92, 13–18.

Dai, C.Y., Chuang, W.L., Chang, W.Y., Chen, S.C., Sung, M.H., Hsieh, Ming Yen, Lin, Z.Y.,
Hsieh, Ming Yuh, Wang, L.Y., Tsai, J.F., Yu, M.L., 2005. SEN virus infection among
patients on maintenance hemodialysis in southern Taiwan. J. Infect. 51, 110–
115. https://doi.org/10.1016/j.jinf.2004.10.007.

Dai, C.Y., Yu, M.L., Lin, Z.Y., Chen, S.C., Hsieh, M.Y., Wang, L.Y., Tsai, J.F., Chuang, W.L.,
Chan, W.Y., 2004. Prevalence and clinical significance of SEN virus infection
among volunteer blood donors in southern Taiwan. Dig. Dis. Sci. 49, 1181–1185.
https://doi.org/10.1023/B:DDAS.0000037809.87654.73.

Davidson, F., MacDonald, D., Mokili, J.L.K., Prescott, L.E., Graham, S., Simmonds, P.,
1999. Early acquisition of TT virus (TTV) in an area endemic for TTV infection. J.
Infect. Dis. 179, 1070–1076.

Dehkordi, P.G., Doosti, A., 2011. The prevalence of SEN virus infection in blood
donors and chronic hepatitis B and C patients in Chaharmahal Va Bakhtiari
province 5, 182–186.

Gerner, P., Oettinger, R., Gerner, W., Falbrede, J., Wirth, S., 2000. Mother-to-infant
transmission of TT virus: prevalence, extent and mechanism of vertical
transmission. Pediatr. Infect. Dis. J. 19, 1074–1078.

Hosseini, S.A., Bouzari, M., 2016. Detection of SENV virus in healthy, hepatitis B- and
hepatitis C-infected individuals in Yazd Province, Iran. Iran. Biomed. J. 20, 168–
174. https://doi.org/10.7508/ibj.2016.03.006.

Kao, J., Chen, W., Chen, P., Lai, M., Chen, D., 2002. Prevalence and implication of a
newly identified infectious agent (SEN Virus) in Taiwan. J. Infect. Dis. 185, 389–
392. https://doi.org/10.1086/338472.

Karimi-Rastehkenari, A., Bouzari, M., 2010. High frequency of SEN virus infection in
thalassemic patients and healthy blood donors in Iran. Virol. J. 7, 1. https://doi.
org/10.1186/1743-422X-7-1.

Khazaal, B.M., Al-hamdani, A.H., Faeq, A.J., 2016. A Genotypic Study of Sen Virus
Infection in Healthy Blood Donors and Thalassemia Patients: With or Without
Hcv Infection and Its Clinical Importance 5, 24–31.

Khudair, E.A., Al-Shuwaikh, A.M.A., Farhan, N.M., 2019. Detection and genotyping of
SEN virus among patients with hepatitis and healthy blood donors from
Baghdad, Iraq. Jordan J. Biol. Sci. 12, 355–360.
3925
Kojima, H., Kaita, K.D.E., Zhang, M., Giulivi, A., Minuk, G.Y., 2003. Genomic analysis
of a recently identified virus (SEN virus) and genotypes D and H by polymerase
chain reaction. Antiviral Res. 60, 27–33.

Linnen, J., Wages, J., Zhang-Keck, Z.-Y., Fry, K.E., Krawczynski, K.Z., Alter, H., Koonin,
E., Gallagher, M., Alter, M., Hadziyannis, S., 1996. Molecular cloning and disease
association of hepatitis G virus: a transfusion-transmissible agent. Science (80-
.) 271, 505–508.

Matsumoto, A., Yeo, A.E., Shih, J.W., Tanaka, E., Kiyosawa, K., Alter, H.J., 1999.
Transfusion-associated TT virus infection and its relationship to liver disease.
Hepatology 30, 283–288.

Mohamed, I.S., Thabit, A.G., Abd-El-Rahman, S.A., Mohammed, E.E.A., Seif-Eldin, S.S.,
Ghandour, A.M.A., 2011. Prevalence of SEN virus infection in multitransfused
patients in Assiut University Hospitals, Egypt. J. Am. Sci. 7, 687–696.

Mu, S.-J., Du, J., Zhan, L.-S., Wang, H.-P., Chen, R., Wang, Q.-L., Zhao, W.-M., 2004.
Prevalence of a newly identified SEN virus in China. World J. Gastroenterol. WJG
10, 2402.

Mushahwar, I.K., 2000. Recently discovered blood-borne viruses: are they hepatitis
viruses or merely endosymbionts?. J. Med. Virol. 62, 399–404.

Nishizawa, T., Okamoto, H., Konishi, K., Yoshizawa, H., Miyakawa, Y., Mayumi, M.,
1997. A novel DNA virus (TTV) associated with elevated transaminase levels in
posttransfusion hepatitis of unknown etiology. Biochem. Biophys. Res.
Commun. 241, 92–97.

Pirouzi, A., Bahmani, M., Feizabadi, M.M., Afkari, R., 2014. Molecular
characterization of Torque teno virus and SEN virus co-infection with HIV in
patients from Southern Iran. Rev. Soc. Bras. Med. Trop. 47, 275–279. https://doi.
org/10.1590/0037-8682-0073-2014.

Pirovano, S., Bellinzoni, M., Ballerini, C., Cariani, E., Duse, M., Albertini, A., Imberti, L.,
2002a. Transmission of SEN virus frommothers to their babies. J. Med. Virol. 66,
421–427. https://doi.org/10.1002/jmv.2162.

Pirovano, S., Bellinzoni, M., Matteelli, A., Ballerini, C., Albertini, A., Imberti, L., 2002b.
High prevalence of a variant of SENV in intravenous drug user HIV-infected
patients. J. Med. Virol. 68, 18–23. https://doi.org/10.1002/jmv.10165.

Quasim, T.M., Alshaikhly, A.A.R., 2019. The prevalence of SEN virus genotypes in
Baghdad City. Infection 50, 25–51.

Sagir, A., Adams, O., Kirschberg, O., Erhardt, A., Heintges, T., Häussinger, D., 2004.
SEN virus does not affect treatment response in hepatitis C virus coinfected
patients but SEN virus response depends on SEN virus DNA concentration.
World J. Gastroenterol. WJG 10, 1893.

Schröter, M., Laufs, R., Zöllner, B., Knödler, B., Schäfer, P., Sterneck, M., Fischer, L.,
Feucht, H., 2002. Prevalence of SENV-H viraemia among healthy subjects and
individuals at risk for parenterally transmitted diseases in Germany. J. Viral
Hepat. 9, 455–459.

Serin, M.S., Koksal, F., Oksuz, M., Abayli, B., Aslan, G., Tezcan, S., Yildiz, C., Kayar, B.,
Emekdas, G., 2005. SEN virus prevalence among non-B and non-C hepatitis
patients with high liver function tests in the south of Turkey. Jpn. J. Infect. Dis.
58, 349.
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