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Torque teno virus (TTV) is widespread around the world. This study investigates the frequency of TTV infection in 150 blood donors and 77 patients requiring hemodialysis in southern Brazil. Plasma samples were screened for TTV DNA using the polymerase chain reaction. The prevalence rates of TTV among blood donors and patients requiring hemodialysis were 73.3% and 68.8%, respectively. The presence of TTV was found to be related to the age of the blood donors (p = 0.024). No association was found between TTV infection and the demographic parameters (age, sex, and education), duration of hemodialysis, or history of blood transfusion. This is the first report evaluating the prevalence of TTV infection in Brazilian patients requiring hemodialysis. This study provides valuable data regarding the high prevalence of TTV in southern Brazil and highlights the necessity for further investigations.
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Torque teno virus (TTV) is a human, non-enveloped, single-stranded, circular DNA virus with icosahedral symmetry and a particle size of 30-50 nm. TTV was first characterized as a blood-borne virus and initially referred to as the transfusion-transmitted virus (TTV) (Nishizawa et al. 1997). Its genome is 3.6-3.9 kb in size and has negative polarity (Mushahwar et al. 1999). Recently, it has been denoted as the Torque teno virus and classified as a member of the genus Alphatorquevirus in the family Anelloviridae (ICTV Virus Taxonomy 2009).
Although TTV infection was described initially in association with post-transfusion hepatitis, it can also be transmitted by fecal-oral (Hamza et al. 2011), sexual (Krekulova et al. 2001) and maternal (Gerner et al. 2000) routes. It infects not only the liver but also a number of other organs (Inami et al. 2000). Humans may be coinfected with several distinct genotypes of this virus (Niel et al. 2000).
Although TTV infection has been suggested to be associated with a number of diseases based on epidemiological data, there is no direct causal evidence of it being linked with specific clinical manifestations. It is distributed around the world, and the prevalence of infection has been reported to be high among patients with liver (Asim et al. 2010), acute respiratory (Maggi et al. 2003), and renal diseases (Irshad et al. 2010). It has also been found to be high among HIV-positive subjects (Devalle & Niel 2004) and drug users (Alzahrani et al. 2009) in addition to individuals in a healthy population (Devalle & Niel 2004, Vasilyev et al. 2009). 
The objective of the present study was to determine the frequency of TTV DNA in blood donors and patients requiring hemodialysis in the southern state of Rio Grande do Sul, Brazil.

From May to August 2010, plasma samples from 150 blood donor candidates and 77 patients requiring hemodialysis from Pelotas in the southern region of Rio Grande do Sul, Brazil, were investigated for the presence of TTV DNA. This study was approved by the Research Committee of the Lutheran University of Brazil (number 2009-440H). All participants signed an informed consent form and answered an epidemiological questionnaire. The detection of HBsAg, anti-HCV, and anti-HIV I/II antibodies were carried out with standard, commercially available assays. Alanine aminotransferase (ALT) serum levels were measured in the patients requiring hemodialysis. Blood was collected and viral DNA was extracted according to Niel et al. (1994). TTV DNA was amplified in a sensitive, single-step PCR assay. Oligonucleotide primers were designed from the untranslated region (UTR), which is the most conserved region of the genome. PCR amplification was thus conducted with the TTV1 (sense, 5’-TGCACTTCCGAATGGCTGAGTT-3’, designed for this study) and TTV NG0147 (antisense, 5’-GCCAGTC CCGAGCCCGAATTGCC-3’) primers (Okamoto et al. 1999). The resulting amplicon was 136 bp in length. The amplification was performed using 3 µl of DNA and 2.5 units of Platinum Taq DNA polymerase (Invitrogen, Carlsbad, CA) in a final volume of 50 µl. After an initial incubation at 94°C for 2 min, 55 cycles of PCR were run using the following settings: 94°C for 40 s, 60ºC for 40 s, and 72°C for 40 s, followed by a final elongation for 7 min at 72°C. Plasmid 3h (Niel et al. 2005), carrying the entire TTV genome, was used as a positive control in each experiment. Water was used as the negative control. Statistical comparisons were performed using the SPSS 13.0 program (Pearson Chi-Square test and Fischer’s exact test, when applicable). Differences were considered significant when the p value was less than 0.05.
The prevalence rates of TTV DNA in blood donors and patients requiring hemodialysis were 73.3% and 68.8%, respectively. No significant differences in TTV prevalence were observed between the groups of blood donors and patients requiring hemodialysis. 

Table shows the demographic, educational, biochemical and serological data of all of the participants in the study as well as the treatment times for the hemodialysis patients. The TTV prevalence rate increased with age among blood donors (p = 0.024). The mean ages of the blood donors and patients requiring hemodialysis were 32.0 (range of 18 to 64) and 54.2 (range of 22 to 84) years, respectively. No significant correlation was found between TTV infection and demographic parameters (sex and level of education) in either of the two groups studied. Of the four HBsAg-positive hemodialysis patients, coinfection with TTV was observed in two (50%). Anti-HCV antibodies were detected in 19 patients, 9 (47.4%) of which were coinfected with TTV. One patient was HIV positive and was coinfected with TTV. Finally, one patient had a TTV/HBV/HCV coinfection and another was positive for TTV, HCV and HIV (not shown). 

The present results demonstrate that TTV DNA was highly prevalent in blood donor candidates and patients requiring hemodialysis in Southern Brazil. The prevalence rate (73.3%) that was detected among blood donors by the PCR amplification of a TTV genomic segment that originated from the UTR was similar to that observed among blood donors from France (66%) (Biagini et al., 2006) and the northern (60%) (Pinto et al. 2007) and southeastern (50-62%) (Niel et al. 1999, Amarante et al. 2007) regions of Brazil. In the present study, all of the subjects who participated were residents of Pelotas, which is a town that is located in the extreme south of Brazil with a population composed primarily of descendants of Italian and German immigrants; Pelotas has low proportions of Amerindians and African descendants, which stands in contrast with other regions of Brazil and other countries of South America. 

However, a comparison of the prevalence rates reported in different studies is not easy because of the absence of a standard method of TTV DNA detection. Several studies have demonstrated that detection may vary within a given population according to the amplified genomic region (Vasconcelos et al. 2001). Primers that are designed from the coding region of the TTV genome are known to detect a limited number of TTV isolates, while UTR primers are more sensitive due to the higher conservation rate of this region (Vasconcelos et al. 2001, Alzahrani et al. 2009).

The observation that TTV prevalence increased with age in the group of blood donors was consistent with other reports (Saback et al. 1999, Salakova et al. 2004).

To our knowledge, this is the first report evaluating the prevalence of TTV infection in Brazilian patients requiring hemodialysis. The prevalence rate (68.8%) that was detected among these patients was higher than that observed among patients requiring hemodialysis from other countries, which ranged from 2% to 53% (Halfon et al. 1999, Valtuille et al. 2002, Rivanera et al. 2009, Irshad et al. 2010). Besides the abovementioned variations in methodologies, such differences may be explained by the existences of different routes of virus transmission and the lifestyle differences of different populations around the world. 

This study could not demonstrate any association between TTV infection and the duration of hemodialysis treatment. This finding is in agreement with previous studies (Oguchi et al. 1999, Valtuille et al. 2002). However, neither the main transmission route of the virus nor the existence of any association between the duration of hemodialysis nor history of transfusion and TTV infection have been fully elucidated (Ikeuchi et al. 1999, Oguchi et al. 1999). In agreement with Hashish et al. (2005) and Irshad et al. (2010), no biochemical evidence of liver disease being linked to TTV infection was observed in the TTV DNA-positive patients undergoing hemodialysis. Furthermore, the occurrence of serum-elevated ALT is most often linked to HCV rather than TTV.
This study reinforces the widespread nature of TTV infection among Brazilian blood donors. Moreover, the high prevalence rates that were calculated for both of the parenterally transmitted high- and low-risk groups indicated that the parenteral route of transmission may not necessarily play a major role in infection. Furthermore, there is not currently considered to be a high risk of TTV transmission during blood transfusions, and thus, no systematic screening is required in blood banks.
In conclusion, TTV prevalence rates in patients requiring hemodialysis are very high, although they are comparable to that which is observed in blood donors. The pathology of TTV and the host response to infection warrant further investigations.
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TTV infection in blood donors and hemodialysis patients
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	Male
	27
	26.7
	
	74
	73.3
	
	101
	67.3
	
	0.268
	
	17
	39.1
	
	28
	60.9
	
	45
	58.4
	
	0.193

	Female
	13
	26.5
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	32.7
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	75.0
	
	32
	41.6
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	18 - 24 years
	21
	36.8
	
	36
	63.2
	
	57
	38.0
	
	0.024*
	
	0
	0
	
	1
	100.0
	
	1
	1.3
	
	0.316

	25 - 38 years
	10
	21.7
	
	36
	78.3
	
	46
	30.7
	
	
	
	4
	30.8
	
	9
	69.2
	
	13
	17.1
	
	

	39 - 53 years
	9
	24.3
	
	28
	75.7
	
	37
	24.7
	
	
	
	4
	25.0
	
	12
	75.0
	
	16
	21.1
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	10
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	Elementary school
	12
	26.7
	
	33
	73.3
	
	45
	30.0
	
	0.795
	
	19
	33.9
	
	37
	66.1
	
	56
	72.7
	
	0.809

	Junior college
	16
	25.0
	
	48
	75.0
	
	64
	42.7
	
	
	
	4
	28.6
	
	10
	71.4
	
	14
	18.2
	
	

	University
	12
	29.3
	
	29
	70.7
	
	41
	27.3
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	< 45 U/L
	-
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	-
	
	-
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	19
	31.7
	
	41
	68.3
	
	60
	82.2
	
	0.499
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	No
	40
	26.7
	
	110
	73.3
	
	150
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	-
	
	11
	34.4
	
	21
	65.6
	
	32
	42.1
	
	1.000

	Yes
	0
	0
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	0 - 36 months
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	-
	
	-
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	10
	25.6
	
	29
	74.4
	
	39
	50.6
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	Non-Reactive
	40
	26.7
	
	110
	73.3
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	23
	34.3
	
	44
	65.7
	
	67
	94.4
	
	0.921

	Reactive
	0
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	40
	26.7
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	73.3
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	15
	29.4
	
	36
	70.6
	
	51
	72.9
	0.128
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*p statistically significant

