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Abstract

Background/AimsSEN virus (SENV) was discovered in 1999 as a DNA virus with hepatotropic properties. Nine genotypes (A-I) have
been identified with genotypes D and H being more prevalent in cases of chronic hepatitis. Attempts to determine whether SENV causes
liver disease have been hampered by limited diagnostic tedflathods In the present study, we developed two PCR based assays; a
general SENV screening and genotype-specific aBssultsBy screening PCR, the specificity for all SENV genotypes and SENV-related
sequences was 20/20 (100%) with confirmation of the results being provided by genomic sequencing. With the genotype-specific PCR,
specificities for SENV-D and SENV-H were 7/7 (100%) and 7/11 (64%), respectively. All screening PCR products were cloned and
sequenced. The results of sequencing showed high genetic diversity in representative SENV genotypes. Five of twenty patients (25%) had
mixed infections with several SENV genotyp&onclusions The screening PCR was useful for identifying cases of SENV infection.
However, because of high genetic divergence and mixed co-infection, it was difficult to establish a specific method for genotype distinction.
Hence, sequencing is still required for further investigations of SENV as a potential cause of liver disease.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Discovered in 1999, the SEN virus (SENV) is a new fam-
ily of single-stranded DNA viruses with hepatotropic prop-
erties Primi et al., 200Q. To date, at least nine genotypes
(A-I) have been identified with genotypes D and H be-
ing more prevalent in cases of chronic hepatitisnemura
et al., 2000a,b, 20QTranaka et al., 20Q1Phylogenetically,
SENV most closely resembles the TT virus (TTV) another
family of DNA viruses that may cause hepatocellular injury
(Tanaka et al., 2001; Mushahwar, 2000

Presently, the ability to diagnose SENV is limited to a
commercially available assay which involves polymerase
chain reaction (PCR) with SENV-specific primers fol-
lowed by hybridization of amplified DNA (DNA enzyme
immunoassay, DEIA) with SENV-D or SENV-H-specific
5'-biotinylated probesHrimi et al., 2000 Umemura et al.,
2000a,b, 2001 Tanaka et al., 20Q1 Because it remains

it would be advantageous to employ an assay that screens
for all SENV genotypes prior to genotype-specific testing.

The purpose of the present study was to develop such an
assay and document its sensitivity and specificity in DEIA
confirmed positive and negative cases.

2. Material and methods
2.1. Serum samples

Serum samples from 33 patients with chronic hepatitis
(anti-HCV(+), 12; HBsAg#), 19; NBNC, 2) were tested
for SENV DNA by PCR. These samples had been randomly
selected (by a computer generated numbering system) from
one of the investigator's (GYM) serum bank of 330 sam-
ples (10%) where they had been stored-a0°C without
repeated freeze/thaw cycles. All subjects contributing to the

unclear whether other SENV genotypes cause liver diseaseserum bank had given permission at the time of sample col-
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lection for subsequent testing of new hepatotropic viruses
and testing was approved by the University’s Conjoint Ethics
Committee for Human Studies.
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2.2. Extraction of nucleic acids from the serum

to the patent (WO 00/28039) (1) and GenBank database:
AX025667 (SENV-A); AX025677 (SENV-B); AX025718

Viral DNA was extracted from serum by High Pure Viral (SENV-C); AX025730 (SENV-D); AX025761 (SENV-E);
Nucleic Acid Kit (Roche Diagnostics GmbH, Mannheim, AX025822 (SENV-F); AX025830 (SENV-G); AX025838
Germany). To extract DNA, 200l of serum was added (SENV-H); and SENV-I (personal communication). For
to 200pl of 6M guanidine—HCI, 10mM urea, 10mM  genotype-specific testing, a nested primer pair was designed
Tris—HCI (pH 4.4), 20% Triton X-100 (v/v), and 1& for genotypes D or HKig. 1) (Table 1.
poly(A) carrier RNA and subsequently added top30of Fifty microliters of the PCR mixture contained Qu#
18ug/pl proteinase K and mixed well. The mixture was forward primer, 0.5.M reverse primer, Advantage 2 Poly-
incubated for 10 min at 72C. After incubation, 10Q. of merase Mix, Advantage 2 PCR Buffer (Clontech Laborato-
isopropanol was added and the mixture was passed throughries, Inc. Palo Alto, CA), 0.2 mM dNTP Mix, and template
the supplied filter which was washed once by 38% ethanol, DNA. PCR amplification was started with 60 s at“@5 for
5M guanidine—HCI, and 20mM Tris—HCI (pH 6.6) and denaturation followed by 35 cycles amplification at°@5
twice by 80% ethanol, 20mM NaCl, and 2mM Tris—HCI| for 30s, 68°C for 60s. All reactions were performed in a
(pH 7.5). DNA was then eluted in 54 of distilled water. PTC-150 MiniCycler (MJ Research, Inc. Waltham, MA).

2.3. Detection of SENV DNA

The first-round PCR was performed with sense primer
Al-1F and antisense primer Al-1R for all genotypes of
SENV. The second round PCR was performed with sense

For general SENV screening, a primer pair was de- primer D-1148F and antisense primer D-1341R for SENV-D
signed to the conserved region among all SENV geno- detection, and with sense primer H-1020F and antisense
types Al (Al) according to SENV sequences submitted primer H-1138R for SENV-H detectioréble J).

131 190
SENV-D  FSLFVLYDQYTRHLNRWSYPNDQL DLARYKGCKFKFYRDTNTDFI VTYDI NPPVKNTELS
SENV-H ...Q..... QFMK ..S ........ F.. T.W..HPEV.. VAQF. NV. ... MD. NT
SENV-A .. .L..... HE. . .... TF....... V...HTR . ... SKD. . .... FN.K. ... MN.TT
SENV-B ...RA ..... KM..TFS. ........ RY..R..HPTC. .. I H NI. L.INQ:T
SENV-C ... K ..... QF. . K ... ... I...HPE...V.Q..NV....I\/D.FT
SENV-E  .NR.... HQG ... TF............... T...NKM...AQ .. VA YALDRN
SENV- F A XM, oo S RL..HPT....LQ .N....... l.
SENV-G  |..Q...EF......... SE...... R . TL. V.. QPKV...M FNTI QW. . T
SENV- | o KLOFR OHAG . K LR L V..R Y... TKQ . WG&Q .. SE. Y. LDKY

191 250
SENV-D  SPNTHPGVLMQOKRKI LVPSVWDTYPRGRKYVLAKI PPPKL FEDHWTCQPDLCKVPLVTLR
SENV-H A .... SF.LLNHRWKI..FK. K F... K RVITVG ... ... K.SH....... SW
SENV-A ... A ...... MH..... FQ.R.G.R..SV..G ...... K.P.AF ..... ST
SENV-B  ....... L.LT.H.Il..FLLRG.RF.KI.L........ K...Q...Q....T
SENV-C A .... SL.LAHRRKI..FK RF. KA ARG...... K.P.S ....... SW
SENV-E ..SYA.IM.AN..I..YNR ... QKISV........ V.K.SE..SN.S A
SENV-F  ............ RH ......Q........ KV, .
SENV-G A ........ l.M..I..FERKK .KRV..H ...... K.SS..R...S.
SENV- | C.Y..NMKAHFI..Y..N..KXIII..... D.V.K...E..SN.S A

251 284
SENV-D  STAADLKHPECSPOTNNPCTTFQALREQYNDM G
SENV-H L....FRF....... D...Y...V.HE YPV..

SENV-A A ...FR ............... Voo, KV. .
SENV-B A...S. RY.......... NC. .. V.. KN . KV..

SENV-C  V..... RF....... D...F...V.H E YNVL.
SENV-E  VS...FV...G D...V...VCESFL. Sv. .
SENV-F  ..... FR. ... o V...N.EV..
SENV-G F...SF. Y....... VT.l....V.QP..RY..
SENV- | VS. . SFL G D...Y...V.KDF. YQA. .

Fig. 1. Amino acid (aa) alignment of the putative open-reading frame (ORF) 1 of SENV. The aa sequences of SENV-H, A-C, E-G, and | were compared
with the aa sequence of SENV-D. Pairwise percent homology of aa sequences within entire ORF 1 in nine SENV isolates was between 39 and 77%
General primers (Al-1F and Al-1R) for all SENV genotypes were located within conserved regions (149-156 and 259-265 aa; underlined). Numbers

indicate aa position in SENV-D sequences.
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Table 1
Primers and probes used to detect SENV

29

Sense primer (sequence)

Antisense primer (sequence)

Region amplified
(nucleotides)

Al-1F (5-TWCYCMAACGACCAGCTAGACCT-3) Al-1R (5-GTTTGTGGTGAGCAGAACGGA-3) 1028-137%
987-1338
D-1148F (3-CTAAGCAGCCCTAACACTCATCCAG-3) D-1341R (3-GCAGTTGACCGCAAAGTTACAAGAG-3) 1148-1342
H-1020F (3-TTTGGCTGCACCTTCTGGTT-3 H-1138R (3-AGAAATGATGGGTGAGTGTTAGGG-3) 1020-1138
D10S (3-GTAACTTTGCGGTCAACTGCC-3 LUCKY 2AS (5-CCTCGGTTKSAAAKGTYTGATAGT-3) 1322-1544
C5S (B-GGTGCCCCTWGTYAGTTGGCGGTT LUCKY 2AS (5-CCTCGGTTKSAAAKGTYTGATAGT-3) 1271-1508

Probe for DEIA (sequence) Region detected

(nucleotide)

SENV-D-specific probe 1427-1458
(5-ATGATAGGCTTCCCYTTTAACTATAACCCA-3)
SENV-H-specific probe 1411-1449

(5-CCCCTTCCAGGTATTGCATGAAGAGTATTAC-3)
W:AorT,Y:CorT,M:AorC,K:GorT,S: CorG.
aObtained from the sequence of SENV-D (AX025730).
b Obtained from the sequence of SENV-H (AX025838).

2.4. Determination of SENV genotypes tems). The sequences of the PCR fragments were aligned

with Clustal W (version 1.81; San Diego Supercomputer
The phylogenetic tree based on comparisons of partial Center) to all SENV genotypes and representative TTV,

fragments of SENV A-Il which were amplified with Al-1F  SANBAN, YONBAN, TLMV isolates (TA278, JA20, JA2B,

and AI-1R primers, was identical to the tree based on a T3PB, SANBAN, TTVsan-IR1031, TUS01, TUPB, PMV,

comparison with the full-length genomEig. 2A and B. TTVyon-LCO11, TTVyon-KC186, and TLMV-NLCO030).
Products in the first-round PCR were inserted into a The genotype of SENV was determined by the phylogenetic

pCR2.1-TOPO vector (Invitrogen BV, Groningen, Nether- tree and the highest sequences aligned score.

lands) and used to transforascherichia coli At least four

clones per sample were processed with Dye Terminator2.5. Sequencing of PCR products

Cycle Sequencing Ready Reaction Kit (PE Applied Biosys-

tems, Foster City, CA) and their sequences determined with  All screening PCR products amplified with Al-1F and

an ABI PRISM 310 Genetic Analyzer (PE Applied Biosys- Al-1R general primers were successfully cloned and more

SENV- A parti al

SENV- A
SENV- F I SENV-F parti al
SENV- D SENV-D parti al
SENV- | SENV-1 parti al
SENV- E SENV-E parti al
1 — SENV-H ] SENV-H parti al
SENV- C 1 SENV- C parti al
SENV- G SENV- G parti al
SENV- B SENV-B parti al
I ! I |
0. 300 0 0. 300 0

QY (B)

Fig. 2. Phylogenetic tree of SENV by neighbor-joining method. (A) The tree based on a comparison with the full length and (B) the tree based on a
comparison of partial fragments of SENV A-| which were amplified with Al-1F and Al-1R primers. The phylogenetic tree based on comparisons of
partial fragments of SENV A-l was identical to the tree based on a comparison with the full-length genome. The horizontal bar indicates nhumber of nt
substitutions per site.
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than four clones per patient were sequenced. According 3. Results

to manufacture’s instructions, the Advantage 2 Polymerase

Mix exhibits an error rate of 25 errors per 100,000 bp af- 3.1. Screening PCR with general primers

ter 25 PCR cycles. In our study, the error rate of the PCR

product was estimated to be 0.12 errors per 350 bp. For the As shown inTable 2 among the 33 patients studied,
purpose of this study, clones with less than 5% differences SENV DNA was detected in 20 by screening PCR with

in sequence were defined as the same clone. Al-1F and Al-1R general primers. Of the 20 patients who
Table 2

Results of SENV testing by DEIA and PCR assays for individual cases

Case number Background DEIA PCR assay Sequencing

HBsAg Anti-HCV A-I general Specific
D H

1 + - D + + - SENV-D (91%)

2 + - ] + + - SENV-D (90%)

3 + - D + + - SENV-D (92%)

SENV-F (86%)
SENV-E (71%}
4 + - D + + - SENV-D (92%)
SENV-E (86%)
SENV-F (86%)
SENV-B (81%)
SENV-E (72%%

5 + - D + + - SENV-D (91%)
TUSO1 (99%)
6 + - D + + + SENV-D (91%)

SENV-H (74%)
SENV-E (73%%

7 + - D + - + SENV-E (73%}

8 + - D + - - TTVsanlR1031 (95%)

9 - + D + - - TTVsanlR1031 (82%)

10 - + D + - + SENV-H (94%)

11 + - H + - + SENV-H (94%)

12 + - H + + - SENV-D (92%)

13 + - H + - + SENV-I (78%)
SENV-E (72%%
SENV-E (71%}

14 + - H + - + SENV-H (93%)

15 + - H + - + SENV-E (89%)

16 - + H + - + SENV-H (93%)

17 - + H + - + SENV-H (95%)

18 - + H - - -

19 - - H + - + SENV-H (90%)

20 - - H - - -

21 + - - + - + SENV-H (80%)

22 + - - - -

23 + - - - - -

24 + - -

25 + - - - - -

26 + - - - - -

27 - + - + - - SENV-I (71%)

28 - + - - - -

29 - + - - - -

30 - + - - - -

31 - + - - - -

32 - + - - - -

33 - + - - - -

Cases 1-10, cases 11-20, and cases 21-33 had been previously diagnosed as SENV-D positive, SENV-H positive, and SENV negative, respectively |
DEIA. In cases 3-6 and 13 clones which had sequence variation over 5%, were found.

aThe nucleic acid alignment of these six clones which had relatively low homology (less than 80%) with SENV but did not have closer homology
with other known sequences submitted to GenBank database is shdwg. id
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Table 3
Comparison between DEIA and PCR assay for SENV infection
PCR assay
A-I general D-specific H-specific
DEIA
SENV-D 10/10 (100%)  6/10 (60%)  3/10 (30%)
SENV-H 8/10 (80%) 1/10 (10%)  7/10 (70%)

Negative for D or H 2/13 (15%) 0/13 (0%) 1/13 (8%)

had been diagnosed as SENV positive (either D or H) by
DEIA, SENV was detected in 18 (90%) by screening PCR.
Of the 13 patients diagnosed as SENV negative by DEIA,
SENV was detected in 2 patients (16%) by screening PCR
(Table 2.

The specificity of the screening PCR was confirmed by
sequencing. Twenty of 20 patients (100%) had close homol-
ogy with SENV or SENV-related TTV (TTVsanIiR1031),
15 of 20 (75%) had high homology (>80%) to SENV. Two
(cases 8 and 9) of 20 patients (10%) had closer homology
with TTVsanIR1031, which has homology with SENV-I.
Three (cases 7, 13, and 27) of 20 patients (15%) had limited
homology «80%) with SENV but no closer homology with
other known sequences submitted to GenBank database.

3.2. Genotype-specific PCR with specific primers

By genotype-specific PCR with D-specific primers,
SENV-D was detected in 6 of 10 patients (60%) diagnosed
as SENV-D positive by DEIA. SENV-D was also detected
in 1 of 10 patients (10%) diagnosed as SENV-H positive
by DEIA (Table 3.

With H-specific primers, SENV-H was detected in 7 of
10 patients (70%) diagnosed as SENV-H positive by DEIA.
SENV-H was also detected in 3 of 10 patients (30%) diag-
nosed as SENV-D positive by DEIAT&ble 3.

Of the 13 patients diagnosed as SENV negative by DEIA,
1 of the 2 who were positive by screening PCR was SENV-H
positive by genotype-specific PCR with H-specific primers
while the other was negative for both SENV-D and SENV-H
(Table 3.

The specificity of the genotype-specific PCR was also
confirmed by sequencing. Here, 7 of 7 patients (100%)
diagnosed as SENV-D by the genotype-specific PCR had
homology with SENV-D while 7 of 11 patients (64%) diag-
nosed as SENV-H by genotype-specific PCR had homology
with SENV-H (Table 4.

Table 4
Comparison between sequencing and PCR assay for SENV infection

Sensitivity Specificity
PCR
D 717 (100%) 717 (100%)
H 717 (100%) 7/11 (649%)

aEleven cases were diagnosed as SENV-H positive by PCR assay,
however, in four cases, no clone similar to SENV-H was found.
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Fig. 3. The phylogenetic tree of nucleic acid sequences from Case 4
obtained by PCR with Al-1F and Al-1R primers. At least five different
SENV species appear to be present in this patient.

3.3. Determination of SENV genotypes

In cases 3—6 and 13, sequence variation exceeded 5%
among the four clones. One representative case (Case 4) is
shown inFig. 3. At least five different SENV species might
be present in this patient. All 31 representative clones had
close homology with SENV or SENV-relative TTV geno-
types (TUSO1, TTVsan IR1031). Nine clones had relatively
low homology (less than 80%) with SENV but did not have
closer homology with other known sequences submitted to
GenBank database. Of these nine clones, six clones isolated
from cases 3, 4, 6, 7, and 13 had high homology to each
other, suggesting yet another SENV genotyipig (4).

4. Discussion

Whether SENV causes liver disease remains unclear.
Supportive data include the appearance of SENV-DNA in
the blood of blood transfusion recipients who develop post
transfusion hepatitis and high prevalence rates of SENV in-
fection among patients with chronic liver disease and/or risk
factors for the samePfimi et al., 2000. On the other hand,
high SENV prevalence rates also exist in the general pop-
ulation, the majority of whom are not thought to have liver
diseaseymemura et al., 2000g,bMoreover, liver enzyme
abnormalities and hepatic function are similar in patients
with chronic viral hepatitis regardless of their SENV status
(Wong et al., 200 Together, these findings suggest that
like the closely related TTV, only certain SENV genotypes
are capable of causing acute and/or chronic liver disease
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Fig. 4. (A) Alignment and (B) phylogenetic tree of nucleic acid sequences from cases 3, 4, 6, 7, and 13 obtained by PCR with Al-1F and Al-1R primers.
These clones had high homology to each other, suggesting yet another SENV genotype.
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in humans. Until the genotypes are identified, it would be ther investigations of SENV as a potential cause of liver
prudent to employ an initial screening assay that would disease.
identify all known SENV genotypes prior to proceeding to
genotype-specific assays.
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