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Transfusion-Transmitted Virus (TTV) ： Positive Rates in  
Healthy Individuals and Cases with Hepatitis C Antibody 

Abstract 

Transfusion-transmitted virus (TTV) was first detected and reported by 

Nishizawa in 1997.  Three years later, with more reports coming from all 

corners of the world, TTV was found to be similar to HGV.  The virus exists 

extensively in human body, and is transmitted primarily through body fluid, 

though the likelihood of transmission via mouth should not be overlooked.  

TTV infection is not directly associated with the pathogenic agents of hepatitis.  

Prevalence of TTV varies with different geographic regions and studies, 

ranging from 10% to 80-90%.  Several studies have been reported from 

Taiwan.  The purpose of the present study was to verify whether the positive 

rates in Taiwan were different from those reported elsewhere. Both polymerase 

chain reaction and gene sequencing methods were applied to analyze the 

infections of TTV-DNA in three study groups: (1) 300 healthy individuals (ALT 

normal, average age 25.8 years), (2) 53 anti-HCV positive, ALT normal cases 
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(36 males and 17 females, average age 34.5 years), and (3) 300 anti-HCV 

positive, ALT abnormal cases (148 males and 152 females, average age 36.4 

years).  TTV-DNA was measured by polymerase chain reaction, and their 

genotypes were analyzed by gene sequencing method.  TTV-DNA positive 

rates were 9% and 31% (p<0.05) respectively in the anti-C negative and 

positive groups, indicating some association between TTV-DNA infection and 

hepatitis C virus infection.  Whether ALT was normal or not, it was not 

associated with the TTV-DNA positive rate. The main genotype of TTV-DNA 

in the cases studied was type-1 (accounting for about 73%); and the subtypes 

were genotype IA (53%) and genotype IB (47%).  The present study had also 

detected four thus far not reported subtypes. The TTV-DNA positive rates in 

the healthy individuals and anti-HCV positive cases in the present study were 

somewhat different from rates reported elsewhere in the world and in Taiwan, 

indicating, as commonly understood, that TTV infection rates differed from 

place to place and in different groups.  Whether the infection was associated 

with hepatitis C virus infection remained to be studied further.  The detection 

of four new genotypes showed the diversity of TTV genotypes and subtypes. 

Introduction 

As commonly understood, viruses that can be transmitted via blood transfusion 

are primarily hepatitis B virus (HBV), and hepatitis C virus (HCV).  In 1995, 

hepatitis G virus and, in 1997, TTV were found.  TTV can often be detected in 

the blood of patients of abnormal liver functions.  Current studies suggest that 

TTV infection is a relatively common virus infection throughout the world in 

different places and different racial groups(1,2,3,4,19,20).   

TTV is a kind of DNA virus.  The virus contains some single ply genes, with 
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at least 3,739 bases.  The virus is 30-50 nm in size, and is non-enveloped.  

Some features of the virus are similar to those of Parvoviruses, of lower 

sedimentation density index (1.26g/cm), for instance.  The virus has gone 

through significant mutations, and is now grouped under the Circinoviridae 

virus family.  It has two different genotypes.  They are different by about 

30% in DNA sequences(5,6).   

Since TTV is often detected in blood donors who have used coagulant factor, 

and also in serious and moderate chronic liver disease patients, the virus is 

considered to be transmitted through blood transfusion or use of blood products.  

In Europe and the US, more than a half of blood products have been proved to 

contain genes of the said hepatitis viruses(1,2,3,4).  Chances of infection are 

higher for patients who have either direct or indirect contacts with blood.  

What deserves to be mentioned is that the virus has also been detected in saliva 

and feces(9,10).  Chances of infection via mouth and feces should not be ruled 

out.  Some indirect and yet supporting evidence is the fact that in some 

African countries, though the infection rates were as high as 80%, blood 

transfusion was generally uncommon.   

Liver functions of cases with TTV-DNA in their blood sera were not 

significantly abnormal(1).  Though some researchers have reported that the 

existence of the virus could have some association with the time of onset of 

clinical symptoms; this finding, however, needs further study.  There has 

never yet any significant direct evidence to date to indicate that the virus plays 

any role pathologically(7,8,9).  More studies are needed.  However, by tracing 

the pathways of the virus molecules, the mechanism of infection of the virus 

can be understood.  This understanding should help the promotion of public 

health programs. 
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The main purpose of the present study was to understand the infection of the 

virus among the general population of Taiwan and its likely routes of 

transmission.  In present study, polymerase chain reaction was used to analyze 

the infection of TTV-DNA in healthy individuals and in hepatitis C patients, 

and its possible impact on the laboratory testing for liver functions.  Lastly, 

gene sequencing method was used to establish the indigenous genotypes of the 

virus. 

Materials and Method 

Subjects for Study

Three groups were used for study.  They were﹔1) as the control group, 300 

healthy individuals who visited the hospitals for routine health examinations; 

liver functions normal (average age 25.8 years), HBsAg negative, and 

anti-HCV negative; 2) 53 anti-HCV positive, ALT normal cases (36 males and 

17 females, average age 34.5 years); and 3) 300 anti-HCV positive and ALT 

abnormal cases (148 males and 152 females, average age 36.4 years) (see Table 

1).  Specimens were collected by the Taipei Blood Center, Tainan Blood 

Center, Taipei Municipal Chung-hsiao Hospital, Ilan Lotung Po-ai Hospital, 

Changhua Christian Hospital, Pingtung Christian Hospital, and DOH Penghu 

Hospital.   

In the study, ALT (alanine aminotransferase) was used to indicate liver 

functions.  Its normal value was defined as a value lower than 45 U/L.  

Anti-HCV was first tested with the second generation Murex test reagent, and 

later with reagent of the Abbot Assay (second generation).   

Detection of TTV-DNA 
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Materials used in the present study were serum specimens collected from blood 

centers and hospitals.  Blood bags or serum specimens were sent to the 

Laboratory in frozen conditions, placed in bags and kept under -20℃.  DNA 

was isolated directly from 100 μl plasma or serum with QIAamp Blood Kit 

(QIAGEN Ltd., Crawley, UK).  The isolated DNA was placed in the 50 μl 

buffer solution.  TTV-DNA was the only starting primer for the use of TTV 

cloned from the 50 μl PCR mixture (containing 5 μl of isolated DNA, 1xPCR 

buffer, 0.2 mM deoxynucleoside triphosphates, 2 mM magnesium chloride, 0.5 

U Tag polymerase) with Perkin Elmer temperature circulator (PE 4800).  The 

polymerase reaction was semi-nested.  The primers used for the first cycle of 

cloning were: 5’-ACA GAC AGA GGA GAA GGC AAC ATG-3’ (primer A; 10 

pmol) 5’-CTG GCA TTT TAC CAT TTC CAA AGT T-3’ (Primer B; 10 pmol).  

The primers used for the second cycle of cloning were: 5’-GGC AAC ATG 

TTA TGG ATA GAC TGG-3’(Primer C; 10 pmol) 5’-CTG GCA TTT TAC 

CAT TTC CAA AGT T-3’ (Primer B; 10 pmol).  Temperature changed in each 

cycle of cloning: 94℃, 30 seconds; 58℃, 30 seconds; and 72℃, 30 seconds, 

totaling 25 cycles.  Positive specimens would have a synthetic product of 272 

bp long.  The product, after dying with ethidium bromide, could be observed 

under 2% agarose ultraviolet light.  For the consistency of the PCR findings, 

primers were used repeatedly to test the negative cases in the control group. 

In each testing, a serum specimen containing TTV-DNA (specimens verified by 

gene sequencing method, numbered W101) and another serum specimen not 

containing TTV-DNA (specimens verified repeatedly by PCR as negative, 

numbered W102) were used respectively as positive and negative controls (see 

Figure 1).  A method developed by the authors was used to assess the amount 

of TTV-DNA in the specimen being about 107-108 molecules/ml(15).  The 
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sensitivity of the methods used for the detection of TTV-DNA was about 

10-100 TTV-DNA molecules/ml. 

Gene Sequencing Analysis 

The cloned TTV-DNA’s were processed for gene sequencing analysis after 

purification (QIA quick PCR purification kit; Qiagen Ltd., Germany).  The 

sequencer used was the ABI 310 automated DNA sequencer (Applied 

Biosystems, Forster City, CA) with the fluorescent dye terminator cycle 

method. 

Evolutionary Tree Analysis 

The gene sequences of the indigenous TTV-DNA were compared with the 10 

groups of gene sequences of the GenBank database (release 110); TTV-DNA 

sequences isolated in Japan and Europe also included.  DNA sequences were 

compared with the Clustal W. method(16).  The neighbor-joining method was 

used to reconstruct the evolutionary trees(17). 

Statistical Method 

The t-test of Sigma Plot was used.  A p-value lower than 0.05 was considered 

statistically significant. 

Results 

Epidemiology 

The length of the section obtained from the TTV-DNA by PCR method was 

about 272 bp (see Figure 1).  By the finding, the TTV-DNA positive rate in 

sera of the Chinese population undergoing general health examinations was 

estimated to be 9% (27/300) (see Figure 1). 

Association with Hepatitis C Patients 

Both the anti-HCV and TTV-DNA positive rates can be seen in Table 1.  
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The positive rates of TTV-DNA in anti-HCV negative patients and anti-HCV 

positive patients were 9% and 31% respectively (p<0.05) (see Table 1).  

This finding suggested that TTV-DNA infection was, statistically, highly 

associated with hepatitis C virus infections. 

Indigenous TTV Genotypes and their Distribution 

To understand the sources and routes of transmission of the virus, DNA 

sequences of the virus was made by using tools of molecular biology to 

compare with DNA sequences of foreign virus strains, and thus to 

understand the mutation processes of the indigenous TTV.  Cases of 

Taiwan TTV infection and the distribution of genotypes are shown in Table 

2.  Study findings showed that the major TTV strain of Taiwan was 

genotype I (about 73%).  The subtypes were genotype IA (about 53%) and 

genotype IB (about 47%).  Four new subtypes different from other already 

isolated TTV strains had been detected in the present study.   

Discussion 

TTV is a virus of high mutability.  Since its identification in 1997, a large 

number of study reports on the mutated types of TTV and their geographic 

distribution have appeared.  By the DNA sequencing analysis, the virus is 

found to be highly mutable in the OFR1 gene sequence ranges.  Okamoto 

et al. reported that in this region of 200 bases, the mutability could be 

higher than 30%(10). 

In the process of virus detection, different primers produce different 

consistency and sensitivity.  The primer used in the present study, ORF1, 

found a TTV-DNA positive rate of 9% (27/300) in the sera of the healthy 

control group.  The TTV-DNA positive rates were 9% in the anti-HCV 
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negative and 31% in the anti-HCV positive cases (p <0.05).  The finding 

suggested that TTV-DNA infection could be associated with hepatitis C 

virus infection.  The TTV-DNA positive rates in anti-HCV positive 

patients in Taiwan were found to be 37% by Kao et al., and 15% by Ho et al.  

They were different from the 31% of the present study, possibly because 

different samples and geographic regions were studied.  The conditions of 

liver functions were not associated with TTV infection (31% vs. 37%; p >0.05). 

The worldwide major genotype of TTV is Genotype I.  In the present study, 

the major genotype of TTV strains in Taiwan was also Genotype I (about 

73%).  The subtypes were Genotype IA (53%), and Genotype IB (47%).  

Some new subtypes had also been detected in the present study.  They 

were significantly different from other already isolated TTV strains. 

As can be noted in the present study of certain groups, TTV infection 

seemed to be somewhat associated with hepatitis C virus infection.  The 

detection of some new genotypes further confirmed the diversity of the 

virus reported from different countries.  Further studies on these new 

genotypes are suggested. 
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Table 1  Positive Rates of TTVDNA in Hepatitis C Positive and 

Negative Patients 
Groups TTV DNA 

positive(%)
TTV DNA 

Negative(%)
No. of 

Patients 
Average 

Age 
Group 1: 
anti-HCV 
antibody negative; 
HbsAg 
Negative/ALT<45 
U/L (the general 
healthy 
population) 
 

27(9) 273(91) 300 25.8 

Group 2: 
anti-HCV 
antibody positive; 
ALT<45 U/L 
(healthy 
population, once 
infected by 
hepatitis C virus, 
liver functions 
normal, no 
significant 
symptoms) 
 

15(31) 38(69) 53 34.5 

Group 3: 
anti-HCV 
antibody positive; 
ALT>45 U/L 
(hepatitis C 
patients, liver 
functions 
abnormal 

111(37) 189(63) 300 36.4 
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Figure 1  Electrophotograph of PCR Showing Consistency of 

TTVDNA 

Specimens tested are in rows 1 through 5 (rows 1, 2, 4 are negative; rows 3 

and 5 are positive); row 6 is the positive controls (No. W101); row 7 is the 

negative controls (No. W102); row M is the DNA standard marker (DNA 

Standard VI Marker, Boehringer Mannheim, Germany). 

 

  M   1      2      3      4      5       6     7  
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Figure 2  Distribution of TTV in Hepatitis C Positive and Negative 

Groups 

Group 1：anti-HCV antibody negative; HbsAg negative/ALT<45 U/L (the 

healthy general population) 

Group 2：anti-HCV antibody positive; ALT<45 U/L (healthy general 

population once infected with hepatitis C, liver functions 

normal, and no symptoms) 

Group 3：anti-HCV antibody positive; ALT>45 U/L (hepatitis C patients, 

liver functions abnormal) 
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Table 2  Cases of TTV Infection and Distribution of Genotypes 

Notes: F: Female; M: Male; Ia/Ib: between genotypes Ia and Ib; none: no 

data of this genotype available in the GenBank databases. 

 

No. of 
Patients 

Age Sex ALT No. of 
Virus 

TTV 
type 

 Similar with the Genebank 

TTV89-001 22 M 35 TW16 Ib AF07273820 
TTV89-002 21 M 27 TW17 Ib AB011494 
TTV89-003 21 F 20 TW27 IId None 
TTV89-004 23 M 10 TW29 IId None 
TTV89-005 37 M 11 TW28 IId None 
TTV89-006 22 M 39 TW30 IId None 
TTV89-007 29 F 26 TW21 Ia AF055897 
TTV89-008 21 F 22 TW22 Ia AB011487 
TTV89-009 18 M 26 TW19 Ia/Ib AB008394 
TTV89-010 39 F 11 TW20 Ia/Ib AB008394 
TTV89-011 18 M 15 TW25 Ia/Ib AB008394 
TTV89-012 23 F 13 TW26 Ia/Ib AB008394 
TTV89-013 28 F 10 TW24 Ia/Ib AB008394 
TTV89-014 22 M 17 TW23 Ia/Ib AB008394 
TTV89-015 26 F 7 TW18 Ib AB011491 
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