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ABSTRACT 
      SEN virus (SENV) has been tentatively linked to transfusion-associated non A-E hepatitis. The aim of the 
present study was to determine the prevalence of SENV among Egyptian patients with HCV-related chronic 
liver disease (CLD) and haemodialysis (HD) patients and to assess the clinical effect of SENV infection on co-
existent hepatitis C either in the severity or the probability of developing hepatocellular carcinoma (HCC). 
Polymerase chain reaction (PCR) was used to detect SENV-D and SENV-H DNA in serum samples of 74 
HCV-related CLD patients, 45 uraemic patients on maintenance HD and 28 healthy controls. SENV DNA was 
detected in 13.5%, 11.1%, and 7.1% of CLD, HD patients and healthy controls respectively with no significant 
differences between patients and control group. No statistically significant differences were demonstrated 
between SENV infected and non infected CLD or haemodialysis patients regarding the clinical and 
biochemical parameters.  SENV infection was significantly higher in CLD patients with HCC (33.3%) than 
without (8.5%) (p<0.05). In conclusion, SENV does not seem to be a common infection in Egyptian patients.  It 
has no apparent influence on the severity of co-existent HCV related CLD but it could be a risk factor for 
developing HCC in these patients. Further studies are needed to define the aetiopathogenic role of SENV 
infection in HCC development. 
 

INTRODUCTION 

        SENV is identified as a putative non A to E 
hepatitis virus (1). It was first isolated from the 
serum of an intravenous drug user infected with 
human immuno-deficiency virus (2). By 
phylogenetic analysis, nine different strains (A–I) 
have been identified and provisionally classified 
as members of the Circoviridae family, a group of 
single stranded DNA viruses that includes the TT 
virus (TTV), TUS01, SANBAN and YONBAN (3-

5) . SENV is transmitted by blood as demonstrated 
by comparing the sequence homology between 
donors and recipients. Moreover, transfused 
patients are at high risk of acquiring SENV than 
non-transfused ones (6) .   
        Two SENV strains (SENV-D and SENV-H) 
were shown to be significantly associated with 
post transfusion non A-E hepatitis (1, 7). SENV-D 
and SENV-H were also detected more frequently 
in patients with CLD and HCC than in healthy 
adults (8, 9). However, the causal relation of these 
viruses to hepatic disease has not been proven yet.                                                 
        Hepatitis C virus is a major cause of post 
transfusion hepatitis and CLD (10). More than half 
of patients with acute HCV infection develop 
chronic hepatitis that leads to cirrhosis and HCC 
or both in at least 20% (11). Among patients with 
acute or chronic HCV infection, 22% to 85% were 
reported to be coinfected with SENV (7, 12-14). 

Although coinfection of HCV and SENV is 
common, the contribution of SENV infection to 
the course of HCV infection still needs 
clarification. 
        Patients on chronic HD are considered to be 
at risk of infection by blood-borne viruses because 

the therapeutic procedures are frequently 
associated with bleeding and blood transfusion (15).                
Haemodialysis patients may also show hepatic 
dysfunctions consistent with viral hepatitis even in 
absence of documented hepatitis A to E           
infection (16).                                                                                                  
         The aim of the present study was to 
determine the prevalence of SENV infection 
among Egyptian patients with HCV-related CLD 
and uraemic patients on maintenance HD. Also to 
demonstrate the clinical effect of SENV infection 
on co-existent hepatitis C either in the severity or 
the probability of developing HCC.                                                           
 

PATIENTS AND METHODS: 

Patients and Samples: The present study was 
conducted on a total of 119 patients who were 
consecutively examined and followed up at TBRI. 
They were classified as follows: 74 patients with 
HCV-related CLD and 45 uraemic patients on 
maintenance HD.                                                             
Chronic liver disease group included 49 males and 
25 females with a mean age of 46±11 years (range 
13-72years). Diagnosis of chronic HCV infection 
was based on the following criteria: (1) detection 
of HCV RNA and/or continuous positivity for 
antibody to HCV (anti-HCV) in serum for more 
than 6 months; (2) absence of detectable hepatitis 
B surface antigen; (3) exclusion of other causes of 
CLD. Diagnosis of CLD was based on prolonged 
elevation of serum ALT for more than 6 months. 
Liver cirrhosis was diagnosed by histopathological 
examination and/or characteristic clinical signs of 
advanced liver disease. Hepatocellular carcinoma 
was diagnosed by histopathological examination 
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of liver biopsy sample and/or imaging studies and 
serum alpha-fetoprotein levels above 400 ng/ml. 
Serum samples were collected from all patients at 
the time of their clinical evaluation and stored at -
70°C until further tested.   Eleven patients were 
receiving interferon alpha (IFNα)/ribavirin 
combination therapy for 24 weeks, their serum 
samples were available before and 12 weeks after 
they had received the treatment.                                 
Haemodialysis group comprised 38 males and 7 
females, their age ranged from 34 to 72 years with 
a mean of 56±9 years. The length of HD ranged 
from 0.5 to 16 years. Past history of blood 
transfusion was recorded in 34 (66.7%) patients. 
Maintenance HD had been performed three times 
a week using disposable dialysers with standard 
acetate dialysate. Serum samples were collected 
from all patients before the dialysis session and 
stored at -70°C.                                                           
       Sera from 28 healthy volunteers who had no 
clinical, virological or biochemical signs for liver 
disease served as a control group.                      
Methods: All patients were subjected to full 
clinical assessment with special emphasis on 
symptoms and signs of CLD. Abdominal 
ultrasonography and upper endoscopy were 
performed. Liver biopsy was taken from 48 
patients for histopathological examination.                            
 
Laboratory tests: Liver biochemical tests (ALT, 
AST and total bilirubin) were done using 
autoanalyser. Commercially available ELISAs 
were used for measurement of serum α-
fetoprotein, (DiaMetra, Italy), HBsAg, HBcAb 
(DiaSorin, Italy) and third generation HCV 
antibody (version 4) and for HCV serotyping (1-6) 
(Murex-Biotech Ltd, UK). HCV RNA and HGV 
RNA were detected by means of qualitative RT-
PCR with primers in the 5' non-coding region as 
reported previously (17,18). TTV DNA was detected 
by nested PCR using primers as designated by 
Takahashi et al.(19).                                                 
 
Detection of SENV DNA by PCR:  Total DNA 
was      extracted from 100 µl of serum as 
previously described by Boom et al (20). The 
extracted DNA was resuspended in 60µl TE 
buffer. The oligonucleotide primers used were 
according to Tanaka et al. (4) .  For the PCR, 50 µl 
of reaction mixture containing 10 µl of the DNA 
sample, 1X PCR buffer (10mM Tris-Hcl [pH 
9.0],50 mM Kcl, 1.5mM Mgcl2, 0.01% gelatin and 
0.1% TritonX-100), 200 µM of each dNTP, 20 
pmole of each primer  (sense primer for SENV-D, 
5'-GTAACTTTGCGGTCAACTGCC-3’; sense 
primer for SENV-H, 5'-
GGTGCCCCTWGTYAGTTGGCGGTT-3’ [W = 
A or T]; universal anti-sense primer, 5'-
CCTCGGTTKSAAAKGTYTGATAGT-3’ [K = 
G or T, S = C or G and Y= C or T ], and 1.5U of 

Taq DNA polymerase was amplified in thermal 
cycler (MJ research PTc < 200) for 40 cycles. 
Each cycle consisted of denaturation at 95°C for 
60s, primer annealing at 55°C for 30s and 
extension at 72°C for 60s with final extension step 
at 72°C for 10 min (8). The amplified products (231 
bp for SENV-D and 230 bp for SENV-H) were 
separated in 3% agarose gel electrophoresis, 
stained with 0.3µg/ml ethidium bromide and 
visualized using UV transilluminator.                      
  
Statistical analysis: Numerical data were 
compared using Mann Whitney U test while 
categorical data were compared using Chi square    
test. P value ≤ 0.05 is considered significant. Data 
analysis was performed using SPSS computer 
program (version 10).                                      
 

RESULTS 

       The prevalence of SENV-D/H DNA among 
different studied groups is shown in table (1). 
SENV DNA was detected in 13.5%, 11.1% and 
7.1% of CLD patients, HD patients and healthy 
controls respectively with no significant 
differences between patients and control group. 
SENV-D genotype was detected in 10 (59%) out 
of 17 SENV positive cases while SENV-H 
genotype was detected in 7 (41%) cases. There 
were no significant differences in the distribution 
of either SENV-D or SENV-H between patients 
and control group. Results of PCR assay are 
shown in fig. (1).                                                                                        
       A subgroup analysis of 74 patients with CLD 
showed that of these patients, 15 had HCC and 59 
did not. The positivity rate of SENV was 
significantly higher in CLD patients with HCC 
(33.3%) than in those without (8.5%) (p< 
0.05).( Fig.2 )                                                               
       Based on clinical, ultrasonographic and 
histopathological findings, 39 (52.7%) of CLD 
patients were diagnosed as chronic hepatitis and 
35 (47.3%) were cirrhotic. HCV serotyping was 
done for 29 serum samples of CLD patients. 
Serotype 4 was detected in 20 (69%) samples 
while other serotypes (1, 3, mixed) were 
detected in 9 (31%) samples. Although SENV 
coinfection was more associated with HCV 
serotype 4, no statistically significant 
differences were found in the distribution of 
different serotypes among SENV infected and 
non-infected patients. Demographic, virologic 
and clinical data of CLD patients were 
compared according to the status of SENV 
infection. There were no significant differences 
between SENV infected and non -infected 
patients regarding mean age, sex distribution, 
mean ALT serum levels, virological and clinical 
features. (Table 2)  
       Coinfection with SENV was detected in one 
out of 11 chronic HCV patients before receiving 
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IFNα/ribavirin combination therapy. Clearance 
of both HCV RNA and SENV DNA was 
observed 12 weeks after they had received the 
treatment. 
       Table (3) shows comparison of clinical and 
virological backgrounds of HD patients with 
and without SENV infection. No statistically 

significant differences were detected as regards 
duration of HD and history of blood transfusion 
between infected and non infected patients. 
Coinfection with either HCV (80%) or HBV 
(20%) was observed among SENV infected HD 
patients.  

 
 
 
Table (1): Prevalence of SEN-V infection (genotype-D and H) among the different studied  groups. 

Group (N)    Genotype D 
   N               % 

   Genotype H 
   N                % 

       Total 
  N               % 

CLD (74) 
HD patients (45) 
Healthy control (28) 

   6 
   2 
   2 

   8.1 
   4.4 
   7.1 

   4 
   3 
   0 

    5.4 
     6.7 
       0 

  10 
   5 
   2 

  13.5 
  11.1 
    7.1 

CLD: Chronic liver disease 
HD: Haemodialysis 
 
 
 
 

 
Fig. (1): Agarose gel electrophoresis of PCR amplified 230 bp fragment of SENV-H ( M: molecular 

size marker [Bio-Rad Amplisize], lane 1,3: positive samples, lane 2: negative sample, lane 4: 
positive control and lane 5: negative control )   
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Fig. (2): Prevalence of SEN-V infection among CLD patients with and without hepatocellular 

carcinoma 
CLD: Chronic liver disease 
HCC: Hepatocellular carcinoma 
pvalue <0.05  

 
 
 
 
 
Table (2): Demographic, virological and clinical features of HCV-related CLD patients relative to 
SEN-V viraemia. 

         CLD patients (n=74)          Patients with HCC (n=15)       Patients without HCC (n=59) 

Characteristics SEN-V  
positive 
(n=10) 

SEN-V  
negative    
(n=64) 

 
pvalue 

SEN-V 
positive 
(n=5) 

SEN-V          
negative 
(n=10) 

 
pvalue 

SEN-V 
 positive 
(n=5) 

SEN-V  
negative 
(n=54) 

 
pvalue 

 
Age 

 
    45±10 

 
46±12 

 
NS 

 
46±14 

 
58±8 

 
NS 
 

 
43±4 

 
44±11 

 
NS 

Gender (M/F)     5/5 44/20 NS  1/4 6/4 NS 4/1 38/16 NS 
Mean ALT (IU/L)    58±22 61±23 NS 54±19 52±18 NS 53±12 62±31 NS 
Virological features: 
  - HCV: 
     Anti HCV +ve 
     HCV RNA +ve 
    * Serotype 4 
    *Other serotypes: 
         (1, 3, mixed) 

 
 
   10 (100) 
   5 (50) 
   3/3(100) 
   0/3 (0) 
 

 
 
 64 (100) 
 39 (61) 
17/26(65) 
 9/26(34.6) 

 
 
NS 
NS 
NS 
NS 
 

 
 
 5 (100) 
 3 (60) 
 2/2 (100) 
 0/2 (0) 

 
 
 10 (100) 
 5 (50) 
 4/4(100) 
 0/4 (0) 

 
 
NS 
NS 
NS 
NS 

 
 
5 (100) 
2 (40) 
1/1(100) 
0/1 (0) 

 
 
54 (100) 
34 (63) 
13/22 (59) 
9/22 (41) 

 
 
NS 
NS 
NS 
NS 

  -  HBc Ab +ve      3 (30)  23 (36) NS 
 

1 (20)  5 (50) NS 
 

2 (40) 18 (33.3) NS 

   - TTV DNA +ve     3 (30) 18 (28.1) NS 3 (60)  3 (30) NS 0 (0) 15 (27.7) NS 
   - HGV RNA +ve 
 
Clinical features: 
  -Chronic hepatitis: 
 
  -Cirrhosis: 

    1 (10) 
 
 
    3 (30) 
   
    7 (70)        

11 (17.1) 
 
 
 36 (56.3)      
 
 28 (43.8)    

NS 
 
 
NS 
 
NS 

  0 (0) 
 
 
 1 (20)  
  
 4 (80)        

  0 (0) 
 
 
  3 (30) 
 
  7 (70) 

NS 
 
 
NS 
 
NS 

1 (20) 
 
 
2 (40) 
 
3 (60) 

11 (20.4) 
 
 
33 (61) 
 
21(38.9) 

NS 
 
 
NS 
 
NS 

 
*The data represent the number of samples positive/number of samples tested (percent) 
 NS: Not significant 
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Table (3): Demographic, clinical and virological data of haemodialysis patients with and without  
SEN-V infection. 

 
Characteristics 

      SEN-D/H 
    Positive (n=5) 
N                        % 

     SEN-D/H  
   Negative (n=40) 
N                      % 

 
  P value 

- Age 
- Gender (male/female) 
- Mean ALT (IU/L) 
- Duration of haemodialysis 
- Transfusion history 
- Virological features: 
       HBVs Ag 
       HCV  Ab 

         59±9 
           4/1 
         16±12 
        4.4±3.05 
 4                       80 
 
 1                        20 
 4                        80 

         56±10 
           34/6 
          15±8 
        7.12±4.37 
 26                       65 
 
 3                        7.5 
31                     77.5 

    NS 
    NS 
    NS 
    NS 
    NS 
 
    NS 
    NS 

 
NS: Not significant 
 
 

DISCUSSION 

         The clinical relevance of SENV infection 
alone or in combination with HCV infection 
remains controversial. By taking the advantage of 
high incidence of HCV in Egypt (21), we 
investigated the prevalence and clinical impact of 
SENV on coexistent HCV infection. Also we 
determined the prevalence of SENV among HD 
patients, a group at high risk of being infected 
with parenterally transmitted viruses. 
        Infection with SENV has been frequently 
observed in 22% to 85% of patients with chronic 
hepatitis C (7,12-14) and in 27% to 61% of uraemic 
patients on maintenance HD (16, 22-24). The results 
of the present study showed that the prevalence 
rates of SENV-D/H infection in chronic HCV and 
HD patients were 13.5% and 11.1% respectively 
which were comparable to that in healthy controls. 
The observed differences in the prevalence of 
SENV DNA between our patients and previous 
studies may be attributed to routes of transmission 
which are favored by the way of life in one or 
other population or to the use of slightly different  
primers (25) . 
        Dual infection with HCV and either hepatitis 
A virus or hepatitis B virus has been associated 
with a more and rapidly progressive disease (26). In 
contrast, in this study, clinical and biochemical 
evaluations of patients with CLD as well as HD 
patients did not significantly differ between those 
infected with HCV alone and those coinfected 
with HCV and SENV. In this and previous studies 
(13,27-29), there is no evidence to suggest that SENV 
causes hepatitis, when it is the sole agent detected, 
or worsens the severity or persistence of 
coexistent chronic HCV. Some authors have 
suggested that there is a specific link between 
HCV genotypes 2a and 1b and coinfection with 
SENV among chronic HCV patients (14, 30). In the 
present study, the association of SENV with HCV 
serotype 4 may be attributed to high prevalence of 
this serotype in Egypt (>90%) (31 ) .   
        The influence of coinfection with SENV on 
HCV response to combination therapy was 

investigated with contradictory results. Rigas et 
al.(32) reported that coinfection with SENV might 
adversely affect the outcome of treatment with 
combination therapy. However, other studies 
found that HCV response is not affected by the 
presence of SENV and recorded a significantly 
higher response rate of SENV to combination 
therapy than that of HCV (14, 28, 30). This influence 
could not be judged in our study as SENV DNA 
was detected in only one patient before receiving 
combination therapy. However, clearance of both 
HCV RNA and SENV DNA was observed after 
treatment for 12 weeks. Additional studies using a 
large number of patients are required to confirm 
this finding and to document the duration of 
response and rate of spontaneous clearance of this 
virus over time. 
        Most cases of HCC are associated with 
chronic infection with either hepatitis B or 
hepatitis C virus (33). In the present study, a 
significantly higher prevalence rate of SENV 
infection was detected in CLD patients with HCC 
than without, which may suggest a possible role of 
SENV as a cofactor in the development of HCC. 
However, no significant differences were observed 
between SENV infected and non-infected HCC 
patients concerning clinical or virological features. 
High prevalence of SENV infection among HCC 
patients may be attributed to increased risk of 
exposure as a result of multiple medical or 
radiological intervention plus decreased rate of 
spontaneous clearance due to immunosuppression 
(34,  35)

 . Whether coexistent SENV infection has a 
role in the aetiology of HCV-related HCC or it is 
just an innocent bystander needs further 
investigation . 
        Our results showed that SENV DNA was 
detected in 7.1% of healthy volunteers, a rate 
which is comparable to that previously reported in 
Thailand, Turkey and Japan (5% – 10%) (9,12,29), 
but higher than that in the United States and Italy 
( 2% - 3%) (36,37) and lower than that detected 
among Chinese population (31%) (7). These data 
suggest that SENV has a global distribution with 
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marked geographic differences in its prevalence. 
The explanations for these differences are 
unknown, but they may result from interactions 
among behavioral, social and biological factors (38). 
        Geographic distribution of different SENV 
variants was also noted. Previous studies have 
shown that SENV-D is the predominant genotype  
in Japan and Greece (39,40), whereas SENV-H 
genotype is predominant in the United States and 
Taiwan (1,8) . Our results indicated that SENV-D is 
more prevalent than SENV-H among Egyptian 
patients and healthy controls. This variability in 
the prevalence of different genotypes may be 
attributed to different exposure rate or routes of 
infection or different rates of spontaneous 
clearance between these two strain (30) . Whether 
differences in SENV variants affect the 
heterogeneity in clinical outcome or response to 
antiviral therapy in patients with chronic SENV 
infection needs further study.  
        Previous studies strongly suggest that SENV 
is transmitted through blood transfusion (1,14,41) . 
However, our results showed that SENV was not 
associated with blood transfusion history or 
duration of HD. In addition, no statistically 
significant differences were observed regarding 
the distribution of either HCV or HBV, which are 
well-known blood-borne viruses, between SENV 
infected and non-infected HD patients. A possible 
explanation is that SENV can be transmitted 
through not only parenteral but also non-parenteral 
routes. This possibility is supported by the finding 
that TTV, which is distantly related to SENV, can 
be transmitted also via faecal-oral route (42). 
Recent data have suggested that vertical 
transmission of SENV does occur, presumably, at 
delivery but it may not induce persistent viraemia 
(43) . 

        In conclusion, SENV does not seem to be a 
common infection in Egyptian patients. It has no 
apparent influence on the severity of coexistent 
HCV-related CLD but it may have a role in HCC 
development in these patients. SENV is most 
likely transmitted via parenteral and non 
parenteral routes. Further studies are needed to 
define the pathogenic and clinical importance of 
SENV infection.  
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 C في المرضي المصريين المصابين بااللتهاب الكبدي المزمن لفيروس   (SEN Virus)عدوى فيروس السن
  ومرضي اإلستصفاء الدموي

، ٤، معتز حسن٤، معتز صيام٣، منار رأفت٢، محمد شميس١، منال دياب١، نيفين فام١، سماح سعد الدين١مايسة عمر
   ٢، محمد صابر٥، مها عقل٥أفكار بدوي

  ، الباثولوجي٤، طب المناطق الحارة٣، أمراض الكلي٢، الكيمياء الحيوية١أقسام الميكروبيولوجي
   الجيزة-معهد تيودور بلهارس لألبحاث

  
  :الملخص العربي

ق     A-Eيعتبر فيروس السن له عالقة مبدئية بااللتهاب الكبدي الناتج عن الفيروسات      ل عن طري  والتي تنتق
ين المرضي المصريين المصابين بمرض                      وآان الهدف من   .نقل الدم  سن ب روس ال شار في  البحث هو تحديد مدى انت

دي       روس الكب ن الفي اتج ع زمن الن اد الم دوى       Cالكب ي للع أثير اإلآلينيك يم الت دموي وتقي صفاء ال ي اإلست  ومرض
اد المزم                      دي في مرضي الكب سرطان الكب روس  بالفيروس من حيث زيادة حدة المرض أو احتمال تطوره إلي ال ن لفي

.C   
ووي        (PCR)وقد تم استخدام تفاعل البلمرة المتسلسل          سن     (DNA) للكشف عن الحامض الن  لفيروسات ال
(D, H) روس   ٧٤ في عينات الدم والتي تم جمعها من شل   ٤٥، C مريضا بااللتهاب الكبدي المزمن لفي ضا بالف  مري

  .جموعة ضابطة من األصحاء آم٢٨الكلوي المزمن الخاضعين لإلستصفاء الدموي و
ي    روس ف ووي للفي امض الن ود الح ائج البحث وج رت نت ن مرضي ٧،١ %،١١،١ % ،١٣،٥  %أظه  م

روس   زمن للفي اد الم ة    Cالكب رق ذو دالل ود ف دم وج ع ع والي م ي الت دموي واألصحاء عل صفاء ال  ومرضي اإلست
ة     أنه لم يتبين وجود أي فرق ذو داللة إحصائ         آما   .إحصائية بين المرضي واألصحاء    واحي اإلآلينيكي  ية من حيث الن

روس        الكباد المزمن و اإلستصفاء الدموي     مرضيأو القياسات البيوآيميائية بين       المصابين والغير مصابين بعدوي في
  .السن

دي المزمن                  .  سرطان    C وقد أظهرت النتائج وجود ارتفاع ذو داللة إحصائية في مرضي االلتهاب الكب  المصاحب ل
  ) ٨،٥%(ر المصاحب عن غي) ٣٣،٣%(الكبد 

أثير                      ا ت يس له ين المرضي المصريين ول ائعة ب ر ش سن غي روس ال ونستخلص من هذا البحث أن عدوي في
اتج عن فيروس     واضح علي زيادة حدة المرض في مرض       اد المزمن الن ه  اال Cاي الكب د يكون   ا أن ساعد في    ق عامل م
سن  ستقبلية  نحن بحاجة إلي دراسات م.ظهور سرطان الكبد في هؤالء المرضي  فى   (SEN)لتحديد دور فيروس ال

 .حدوث سرطان الكبد
 


