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AbstractAbstractAbstractAbstractAbstract

AIM: The clinical significance of co-infection of SENV-D
among patients with chronic hepatitis C (CHC) and
response of both viruses to combination therapy with
high-dose interferon-alfa (IFN) plus ribavirin remain
uncertain and are being investigated.

METHODS: Total 164 (97 males and 67 females, the
mean age 48.1±11.4 years, range: 20-73 years, 128
histologically proved) naive CHC patients were enrolled
in this study. SENV-D DNA was tested by PCR method.
Detection of serum HCV RNA was performed using a
standardized automated qualitative RT-PCR assay (COBAS
AMPLICOR HCV Test, version 2.0). HCV genotypes 1a,
1b, 2a, 2b, and 3a were determined by using genotype-
specific primers. Pretreatment HCV RNA levels were
determined by using the branched DNA assay (Quantiplex
HCV RNA 3.0). There are 156 patients receiving combination
therapy with IFN 6 MU plus ribavirin for 24 wk and the
response to therapy is determined.

RESULTS: Sixty-one (37.2%) patients were positive for
SENV-D DNA and had higher mean age than those
who were negative (50.7±10.6 years vs 46.6±11.6 years,
P = 0.026). The rate of sustained viral response (SVR)

for HCV and SENV-D were 67.3% (105/156) and 56.3%

(27/48), respectively. By univariate analysis, the higher
rate of SVR was significantly related to HCV genotype

non-1b (P<0.001), younger ages (P = 0.014), lower

pretreatment levels of HCV RNA (P = 0.019) and higher
histological activity index (HAI) score for intralobular
regeneration and focal necrosis (P = 0.037). By multivariate
analyses, HCV genotype non-1b, younger age and lower
pretreatment HCV RNA levels were significantly
associated with HCV SVR (odds ratio (OR)/95% confidence
interval (CI): 12.098/0.02-0.19, 0.936/0.890-0.998, and
3.131/1.080-9.077, respectively). The SVR of SENV-D was
higher among patients clearing SENV-D than those who
had viremia at the end of therapy (P = 0.04).

CONCLUSION: Coexistent SENV-D infection, apparently
associated with higher ages, is found in more than one-
third Taiwanese CHC patients. Both HCV and SENV-D are
highly susceptible to combination therapy with high-dose
IFN and ribavirin and SENV-D co-infection does not affect
the HCV response. HCV genotype, pretreatment HCV RNA
levels and age are predictive factors for HCV SVR.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

A new family of DNA viruses was recently isolated and
designated as SEN virus (SENV)[1,2]. SENV is a single-
stranded circular DNA virus distantly related to the large
TT virus family with eight different variants (A-H) shown
by phylogenetic analysis[3]. Two strains of  SENV (SENV-D
and SENV-H) are more prevalent among patients with
transfusion-associated non-AE hepatitis than in healthy
blood donors that suggested the significant associations
between SENV-D/H and transfusion-associated hepatitis[2,4].
Nevertheless, the clinical implication and etiological
importance in association with liver diseases of SENV
infection still remain undetermined.

HCV is the major etiologic agent of post-transfusion
hepatitis and leads to chronic liver disease and primary
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hepatocellular carcinoma[5,6]. With the prevalence rate of
chronic hepatitis C (CHC) ranging from 0.95% to 2.6%
among the general population [7,8], we had previously
reported a positive rate of anti-HCV up to 57.9% in some
communities in southern Taiwan[9]. For CHC, the combination
therapy with interferon-alfa (IFN) and ribavirin has been
considered as first-line therapy. Previous reports have
demonstrated the increased rate of sustained viral response
(SVR) to 31-43% after combination therapy for 24 or 48 wk
than 6-19% of IFN monotherapy[10,11]. Lai et al., reported a
SVR rate of 43% after combination therapy with standard
IFN dose in Taiwan[12]. In our previous study, the rate of
HCV SVR with a high-dose IFN monotherapy achieved
41.2% among Taiwanese CHC patients[13] and the tailored-
dose IFN monotherapy according to the virological
characteristics of CHC patients yielded a better efficacy[14].
The benefits of high-dose IFN may be gained in the
combination therapy for CHC.

The clinical significance of SENV infection in
combination with HCV infection remains controversial. For
patients with CHC, Rigas et al., reported that co-infection
with SENV might adversely affect the outcome of
treatment with combination therapy[15]. Another study,
however, did not support their findings[16]. The aims of the
present study are to survey the prevalence and clinical
implications of  SENV-D co-infection on biochemical,
pathological, and virological profiles among CHC patients.
The response of  HCV and SENV-D to combination therapy
with high-dose IFN and ribavirin are also investigated.
Furthermore, we elucidate the predictive factors for HCV
SVR and the influence of  concurrent SENV-D infection
on HCV response to combination therapy.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Patients
Between May 1998 and May 2001, a total of  164 Taiwanese
CHC patients in the clinics of hepatological division of the
Kaohsiung Medical University Hospital, 97 men and 67
women, aged between 20 and 73 years (mean 48.1±11.4 years)
were enrolled in the study. All patients were diagnosed with
chronic HCV infection based on continuous positivity for
second-generation antibody to HCV (anti-HCV) in serum
for more than 6 mo and positive for HCV RNA. Liver
biopsies were carried out in 128 patients and the disease
activity grade and fibrosis stage were quantitatively scored
according to the histological activity index (HAI) scoring
system[17]. Patients who were positive for hepatitis B surface
antigen (HBsAg) had human immunodeficiency virus type
I infection, autoimmune liver disease, metabolic liver diseases
including α-1 anti-trypsin deficiency hemochromatosis or
Wilson’s disease, alcoholic liver disease or intravenous drug
abuse were excluded. All the serum samples, when collected
from patients at the time of their evaluation, were stored at
-70  before testing. The study had been approved by the
Ethics Committee of Kaohsiung Medical University
Hospital and all patients had given their informed consent.

Methods
Laboratory tests  Serum HBsAg was assayed using

commercially available kits (General Biological HBsAg
radio-immunoassay; General Biological Cooperation,
Taiwan) and second-generation HCV antibody (anti-HCV)
was detected with commercially available ELISA kits
(Abbott, North Chicago, IL, USA). Alanine aminotransferase
(ALT, normal upper limit of  serum ALT = 34 IU/L) was
measured on a multichannel autoanalyzer.
Detection of  SENV-D DNA and detection/

quantification/genotyping of serum HCV RNA  The
presence of  SENV-D DNA was determined by PCR as
described previously[18]. Detection of serum HCV RNA was
performed using a standardized automated qualitative
RT-PCR assay (COBAS AMPLICOR HCV Test, version
2.0; Roche, Branchburg, NJ, USA). The detection limit was
50 IU/mL. HCV genotypes 1a, 1b, 2a, 2b, and 3a were
determined by amplification of  the core region using
genotype-specific primers described by Okamoto et al.[19].
Pretreatment HCV RNA levels were determined by using
the branched DNA assay (Quantiplex HCV RNA 3.0, Bayer,
Emeryville, CA, USA), performed strictly in accordance
with the manufacturer’s instructions. The quantification limit
was 615 IU of HCV RNA per milliliter.
Combination therapy with high-dose IFN and

ribavirin  Total 156 CHC-naive patients (92 males, 64
females, mean age: 48.0±11.5 years, 122 patients with liver
biopsies) received combination therapy for 24 wk using IFN
subcutaneously at a dosage of 6 MU thrice a week and
ribavirin by mouth at a dosage of 1 000-1 200 mg daily.
After the cessation of therapy, all of them received 24 wk
of follow up for evaluation of the response. A SVR for
HCV was defined as clearance of serum HCV RNA at the
end of the therapy and 24 wk after the cessation of
combination therapy. All other patients were defined as
non-responders (NR). To evaluate the response of  SENV-D,
the presence of  SENV-D DNA was determined at wk 24
and 48. An end-of-treatment viral response (ETVR) and a
SVR for SENV-D were indicated by negative PCR results
at wk 24 and 48, respectively.

Statistical analysis
Serum HCV RNA levels were expressed as the mean±SD
after logarithmic transformation of  original values.
Frequency was compared between groups using the χ2 test
or Fisher’s exact test, and group means were compared
using the t-test. For all tests a P value lesser than 0.05 was
considered to be significant. Stepwise logistic regression was
used to analyze factors associated with response to
combination therapy in CHC patients. Odds ratios (ORs)
and their associated 95% confidence intervals (CIs) were
used to quantify the magnitude of their associations.

RESULRESULRESULRESULRESULTSTSTSTSTS

Study population
The mean pretreatment ALT and HCV RNA levels of  the
164 CHC patients was 136.9±168.9 IU/L and 5.79±0.67
log IU/mL, respectively. There were 140 (85.4%) patients
with abnormal ALT levels. The HCV genotype distribution
was as follows: 1b in 80 (48.8%) patients, 2a in 48 (29.3%)
patients, 2b in 18 (11.0%) patients, mixed in 13 (7.9%)
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patients and unclassified in 5 (3.0%) patients. Of 128
patients undergoing liver biopsies, the mean scores for
peri-portal necrosis, intralobular necrosis, portal inflammation
(grading) and fibrosis were 1.11±1.34, 0.52±0.88, 1.91±1.24,
3.51±2.55, and 1.25±1.36, respectively.

SENV-D viremia in chronic hepatitis C patients
Of 164 CHC patients, 61 patients were positive for SENV-D
DNA showing a prevalence of 37.2%. The comparison of
clinical characteristics between patients with and without
SENV-D co-infection was shown in Table 1. The mean age was
higher among patients with positive SENV-D DNA than
those who were negative for SENV-D DNA (50.7±10.6 years
vs 46.6±11.6 years, P = 0.026). No other clinical and
virological factor was related to positive SENV-D DNA.
Among 128 patients that underwent liver biopsies, all the
mean scores were similar between SENV-D DNA-positive
and -negative patients.

Table 1  Comparison of clinical characteristics between individuals
with and without SENV-D viremia in 164 CHC patients

   SENV-D viremia
 P

 Positive (n = 61)        Negative (n = 103)

Sex (male) (%)          36 (59.0)                 61 (59.2) NS
Age (yr)         50.7±10.6                46.6±11.6                 0.026
Serum ALT (IU/L)       144.0±164.3             125.8±164.2 ) NS
  Normal ( 34 IU/L) (%)            8 (33.3)                 16 (66.7) NS
  Abnormal (>34 IU/L) (%)          53 (37.9)                 87 (62.1
HCV RNA levels (log IU/mL)      5.72±0.70                5.85±0.63 NS
HCV genotype 1b (%)          26 (42.6)                 54 (52.4) NS
Histology (HAI scores)          46                 82
  Peri-portal necrosis          1.11±1.34                1.11±1.35 NS
  Intralobular necrosis          0.70±1.00                0.41±0.78 NS
  Portal inflammation          1.80±1.31                1.98±1.21 NS
  Total score (grading)          3.54±2.65                3.49±2.52 NS
Fibrosis          1.39±1.50                1.16±1.28 NS

Results are expressed as mean±SD. HAI: histological activity index, NS: no
significance.

HCV virological response to combination therapy
Of all 156 naive CHC patients receiving combination
therapy, the HCV genotype distribution was as follows: 1b
in 76 (48.7%) patients, 2a in 47 (30.1%) patients, 2b in 16
(10.3%) patients, mixed in 12 (7.7%) patients, and
unclassified in 5 (3.2%) patients. The mean pretreatment
ALT and HCV RNA levels were 134.8±166.8 IU/L and
5.79±0.66 log IU/mL, respectively with 133 (85.3%) and

99 (63.5%) patients having abnormal ALT levels and high
serum HCV levels ( 200 000 IU/mL). Of 122 patients
undergoing liver biopsies, the mean scores for peri-portal
necrosis, intralobular necrosis, portal inflammation (grading),
and fibrosis were 1.09±1.31, 0.52±0.89, 1.93±1.22,
3.52±2.48, and 1.23±1.33, respectively. After combination
therapy with high dose IFN and ribavirin for 24 wk,
105 (67.3%) of 156 patients achieved SVR. The clinical
and virological features between CHC patients with HCV
SVR and those with NR are shown in Table 2. In comparison
between these two groups by univariate analysis, the
higher rate of SVR was significantly related to younger
ages (P = 0.014), lower pretreatment levels of HCV RNA
(<200 000 IU/mL, P = 0.019), HCV genotype non-1b
(P<0.001) and higher HAI score for intralobular regeneration
and focal necrosis (P = 0.037). No significant association
between other clinical and virological factors and HCV
response of  combination therapy was observed. Based on
multivariate regression analyses, the significant factors
associated with HCV SVR after combination therapy were
HCV genotype non-1b, younger age and pretreatment HCV
RNA levels less than 200 000 IU/mL with the OR and
95%CI of  these factors summarized in Table 3.

Table 2  Comparison of clinical and virological features between
sustained viral responders (SVR) and non-responders (NR) of CHC
patients after combination therapy

      HCV response
 P

      NR (n = 51)           SVR (n = 105)

Sex (male) (%) 31 (60.8)                 61 (58.1)                 NS

Age (yr)                 51.24±11.3               46.4±11.3               0.014

Serum ALT (IU/L)                 122.2±105.0         140.9±189.9                 NS

Normal ( 34 IU/L) (%)   4 (18.2)                 18 (81.8)                 NS

Abnormal (>34 IU/L) (%) 47 (34.6)                 87 (65.4)

HCV RNA levels (log IU/mL) 5.90±0.62               5.73±0.68                 NS

High level ( 200 000 IU/mL) (%) 39 (39.4)                 60 (60.6)               0.019

Low level (<200 000 IU/mL) (%) 12 (21.1)                 45 (78.9)

HCV genotype 1b (%) 44 (86.3)                 32 (30.5)            <0.0001

Positive SENV-D DNA (%) 16 (31.4)                 41 (39.0)                 NS

Histology (HAI scores)

Patients no. 37 85

Peri-portal necrosis 1.08±1.30            1.091±1.323                NS

Intralobular necrosis                 0.278±0.61                0.64±0.97              0.037

Portal inflammation 2.03±1.17               1.89±1.25                 NS

Total score (grading) 3.32±2.22               3.60±2.59                 NS

Fibrosis 1.41±1.38            1.157±1.31                 NS

Results are expressed as mean±SD. HAI: histological activity index, NS: no
significance.

Table 3  Stepwise logistic regression analysis of factors significantly associated with HCV sustained virologic response (SVR) after
combination therapy in 156 CHC patients

Dependent variable Independent variable Comparison        OR (95%CI1) P

HCV SVR
HCV genotypes 1b = 0 12.098 (0.02–0.19)               <0.001

Non-1b = 1
Age Per year increased   0.936 (0.890–0.998)                  0.011
HCV RNA level High ( 200 000 IU/mL) = 0   3.131 (1.080–9.077)                  0.036
Low (<200 000 IU/mL) = 1

1CI: Confidence interval.



Clearance of SENV-D DNA after combination therapy
SENV-D DNA was followed in 48 CHC patients (28 males,
20 females, mean age: 50.2±10.5 years) concomitant with
SENV-D viremia before combination therapy. Their mean
ALT level was 154.6±179.8 IU/L (range: 16-1 112 years)
and 41 patients were abnormal. The HCV genotype
distribution is as follows: 1b in 19 patients, 2a in 19 patients,
2b in 4 patients, mixed in 5 patients, and unclassified
in 1 patient. The clinical characteristics and virological
features between individuals with and without SENV-D
DNA after combination therapy were analyzed and shown
in Table 4. At the end of  treatment, SENV-D DNA was
negative in 37 patients (77.1%). Thirteen of thirty-seven
patients (35.1%) had reappearance of  serum SENV-D
DNA when followed 24 wk after the cessation of therapy.
Three of  eleven patients (27.3%) with positive SENV-D
DNA at the end of  treatment were cleared of  SENV-D
DNA 24 wk after the cessation of therapy. The rate of
SVR of  SENV-D DNA after combination therapy was
56.3% (27/48). As shown in Table 4, the SVR of  SENV-D
was higher among patients with ETVR than those who
were SENV-D viremia at the end of  treatment (88.9% vs
61.9%, P = 0.04). No other clinical and virological factor
was related to SVR for SENV-D.

Table 4  Comparison of clinical characteristics and virological
features between 48 CHC patients with and without sustained
clearance of SENV-D after combination therapy

        SENV-D response
 P

              NR (n = 21)                SVR (n = 27)

Sex (male) (%)                 15 (71.4) 13 (48.2) NS

Age (yr)                48.3±10.6                   51.7±10.3 NS

Serum ALT (IU/L)             157.6±122.9                152.4±216.3 NS

High HCV RNA level 9 (42.9) 18 (66.7) NS

( 200 000 IU/mL) (%)

HCV genotype 1b (%) 7 (33.3) 12 (44.4) NS

SENV-D ETVR (%)                 13 (61.9) 24 (88.9)                  0.04

HCV SVR (%)                 17 (81.0) 18 (66.7) NS

Results are expressed as mean±SD. ETVR: end-of-treatment viral response,
SVR: sustained viral responder, NR: non-responders, NS: no significance.

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

The geographic distribution of different SENV variants
has been noted. In Japan, SENV-D is more prevalent than
SENV-H[20-23], but the predominant strain of  SENV-H has
been reported in the USA[4]. Kao et al., reported that the
prevalence of  SENV-H was 2-7 times higher than that of
SENV-D in different northern Taiwanese individuals[16,24].
The findings of the present study revealed that 37.1% of
Taiwanese patients with CHC were co-infected with SENV-D
which is higher by 28% than reports by Kao et al.

[16]. Our
previous studies have shown that the prevalence of  SENV-D
was also higher than SENV-H not only among southern
Taiwan blood donors (19.7% and 5.8%)[18] but also among
patients on maintenance hemodialysis (46.5% and 27.3%)[25].
Furthermore, we found the prevalence of  SENV-H was
19.2% among Taiwanese CHC patients (unpublished data)
which is lower than that of  SENV-D. It is interesting that a

marked difference of genotypic distribution of SENV
between southern and northern Taiwan exists.

There was a higher mean age among CHC patients who
were SENV-D viremic than non-viremic. We found similar
results among blood donors too[18]. However, we did not
observe significant correlation between age and the
prevalence of  SENV-H among blood donors[18] and CHC
patients (unpublished data). The cause of discrepancy
between trends of  change in the prevalence of  SENV-D
and -H was not clear. Whether the possible assumptions
such as the different exposure rate or routes of infection
or different rates of spontaneous clearance between these
two strains can clarify the issues needs further large-scale
and longitudinal studies.

The clinical significance of SENV infection in combination
with HCV infection remains unclear[15,16]. Kao et al.,
reported the relevance between HCV genotype 2a and
SENV co-infection[16]. The present study revealed that the
pretreatment mean ALT levels and HCV RNA levels, and
the histological scores between CHC patients with and
without SENV-D co-infection were compatible and failed
to show association between SENV-H and HCV genotype.
Nevertheless, we have found a correlation between
SENV-H co-infection and HCV genotype 1b among CHC
patients (unpublished data). The discrepancy needs further
studies. The biochemical and histological characteristics of
CHC patients were not influenced by SENV-D co-infection
that indicated the irrelevance between severity of liver
disease and SENV-D co-infection.

As previous reports from researchers in Taiwan, the
SVR rate of CHC patients was high (40-43%) after
combination therapy with IFN 3 MU and ribavirin for
24 wk[12,16]. In the present study, the HCV SVR rate was
67.3% after combination therapy with 6 MU IFN and
ribavirin for 24 wk, which may further indicate the favorable
results of  combination therapy for Taiwanese CHC patients.
The positive predictors of SVR to combination therapy
with high-dose IFN were elucidated as HCV genotype
non-1b, lower pretreatment HCV RNA levels and younger
age. HCV genotype non-1b, having 12 times of SVR rate
than genotype 1b in the present study, is the most important
factor predicting SVR. Previous reports have demonstrated
that HCV with SENV co-infection affected HCV response
to combination therapy with IFN plus ribavirin adversely[15]

but the other report denied the relevance between HCV
response and SENV co-infection[16,22]. Our data here indicates
that SENV-D co-infection does not affect the HCV response
in the combination therapy with high dose IFN and ribavirin.
In addition to co-infection with GB virus C/hepatitis G virus
or TT virus that had no impact on the response to IFN
monotherapy in CHC patients in our previous studies[13,26,27],
it seems unnecessary to determine whether CHC patients
coinfected these viruses or not before they received
combination therapy.

After combination therapy with 6 MU IFN and ribavirin
for 24 wk among 48 CHC patients concomitant with
SENV-D viremia, the rates of  viral clearance at the end of
follow-up achieved 56.3%. In an earlier study on the response
of  SENV-D among CHC patients, the sustained response
rate of  SENV-D has recently been reported by Umemura
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et al., (73.3%) after high-dose IFN monotherapy[22] and by
Kao et al., (87.5%) after combination therapy with 3 MU
IFN and ribavirin for 24 wk[16]. The lower SVR rate of
SENV-D than SENV-H (78.3%, unpublished data) in our
study from southern Taiwan was different from results from
northern Taiwan that showed higher SENV-D SVR rate
(87.5%) than SENV-H (26.8%)[16]. The causes of  different
response to combination therapy, in addition to the different
prevalence, of these two strains in southern and northern
Taiwan need further research.

In conclusion, we find that more than one-third
Taiwanese patients with CHC are coinfected with SENV-D
and coexistent SENV-D infection is apparently associated
with higher ages but does not have an influence on the
clinico-pathological characteristics of HCV infection.
SENV-D is highly susceptible and does not affect the HCV
response to combination therapy. After combination therapy
with high dose IFN and ribavirin, two-thirds of  Taiwanese
CHC patients achieve SVR and HCV genotype non-1b,
lower pretreatment HCV RNA levels and younger age are
predictive factors for SVR.
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