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Abstract

Background: Epidemiological studies have reported commonly distributed transfusion-transmitted virus (TTV) in different popu-
lations with parental risk factors, including human immunodeficiency virus (HIV).
Objectives: This study was performed to determine and compare the prevalence of TTV infection among HIV-positive patients and
healthy blood donors.
Patients and Methods: A total of 186 HIV patients and 165 healthy blood donors with no markers of HIV infection were included
in this study during 2004 - 2012. Semi-nested Polymerase Chain Reaction (PCR) assay was performed for the detection of TTV DNA.
HBV surface antigen (HBsAg), Hepatitis C Virus Antibody (HCVAb), and CD4 were investigated in the sera of HIV-positive subjects.
Aspartate transaminase (AST) and Alanine transaminase (ALT) levels were also measured.
Results: The mean age of HIV-positive and healthy subjects was 39.3 and 40.5 years, respectively. In total, 182 (97.9%) subjects were
male and 4 (2.1%) were female. TTV DNA was detected in 35 out of 186 HIV patients (18.8%; 95% CI, 13.2 - 24.4%). The prevalence of TTV
in the HIV group was significantly higher (P = 0.027) than blood donors (11%; 95% CI, 6.2 - 15.8%). Age, marital status, unsafe sexual
activity, and use of injection drugs were not significantly associated with the prevalence of TTV infection in HIV patients.
Conclusions: Considering the higher frequency of TTV infection in HIV patients in comparison to healthy blood donors, HIV infec-
tion may be an important risk factor for TTV infection. In addition, the lower frequency of TTV infection in healthy individuals in
comparison to HIV patients reveals the transmission of TTV infection via routes other than blood and drug injection; therefore, the
effect of fecal-oral route needs to be examined in future studies.
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1. Background

Transfusion-transmitted virus (TTV) is a novel unen-
veloped DNA virus, isolated first from a patient with post-
transfusion hepatitis of unknown etiology in Japan (1, 2).
TTV is a circular, single-stranded DNA virus with a total ge-
nomic length of nearly 3.8 kb (3). It has been classified in
the Anelloviridae family, Aphatorquevirus genus (4). TTV
genome sequences have been detected in the sera and liver
tissues of infected patients, suggesting the involvement
of TTV in some acute and chronic liver diseases with un-
known etiologies (5).

According to epidemiological studies, TTV is widely dis-
tributed among different populations with parenteral risk
factors, including hemodialysis (46%), intravenous drug
use (19% - 40%), and hemophilia (27.4% - 68%). TTV has
been also detected at a lower prevalence in voluntary blood
donors (1.9% - 12%) (6). As recently reported by Prescott and

Simmonds, TTV prevalence ranges from 7% in Sudan to 83%
in Gambia among rural populations (7).

The prevalence of TTV infection has been also reported
to be high among patients with liver diseases, including
hepatocellular carcinoma (39%), non-A to -G liver disease
(46%), non-A to -G fulminant hepatitis (47%), and cirrhosis
(48%) (8). In addition, the prevalence of TTV DNA in blood
donors and thalassemia patients has been estimated at 20%
and 57.2% in Iran, respectively (9).

The possible association of TTV infection with human
pathologies has been debated since the discovery of TTV. Al-
though this infection is possibly associated with some dis-
eases, such as hepatitis, cancer, respiratory diseases, hema-
tological disorders, and HIV infection, there are controver-
sies about the disease-causing potential of TTV in human
populations due to its ubiquity. In fact, only certain TTV
genotypes and species may be particularly pathogenic un-
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der certain conditions (8). Since the beginning of HIV/AIDS
epidemics, approximately 60 million people have been re-
ported to have HIV, and nearly 25 million people have died,
thereby indicating the importance of this epidemic (10, 11).

There are limited reports on the prevalence of TTV in
patients with HIV infection (12, 13). In this regard, a preva-
lence study including a small number of HIV patients sug-
gested a slightly increased prevalence, compared to blood
donors. Puig-Basagoiti et al. described a high TTV preva-
lence in a large HIV population in Spain (14). Moreover, a
Danish cohort study reported a prevalence of 76% among
HIV patients and suggested TTV as an independent factor
for patient survival (13).

Based on previous studies, there is an important rela-
tionship between HIV-TTV coinfection and suppression of
the immune system. Moreover, a higher TTV titer was re-
ported in HIV patients with lower CD4 counts (15). Never-
theless, the prevalence of TTV infection in HIV patients has
not been yet reported in Shiraz, Iran.

2. Objectives

This cross sectional study was carried out to determine
the prevalence of TTV infection in HIV patients, referring
to an HIV referral center in Shiraz, Iran, and to compare it
with healthy blood donors.

3. Patients and Methods

In total, 186 patients were recruited among all clients
admitted to Shiraz voluntary counseling and testing (VCT)
center, affiliated to Shiraz University of Medical Sciences
(Shiraz, Iran) during 2004 - 2012. All the subjects were re-
cruited voluntarily, and informed consents were obtained.
The required data were collected from the medical records
of patients with confirmed HIV infection at Shiraz VCT cen-
ter. Serum samples were also obtained from HIV patients.
Moreover, 165 healthy blood donors who had no markers
of HIV infection were included in the study as the control
group. This study was approved by the vice-chancellor for
research (No.5565), Shiraz University of Medical Sciences.

All the serum samples were stored at -70°C before TTV
DNA detection. Viral DNA was extracted from the serum,
using RTP DNA/RNA Virus Mini Kit (Invitek, Freiburg, Ger-
many), according to the manufacturer’s instructions. The
purified DNA was then eluted from the membrane with 50
µL of elution buffer and stored at -20°C until performing a
semi-nested polymerase chain reaction (PCR) assay, as de-
scribed by Okamoto et al. (14).

The sequences of primers used in this study are pre-
sented in Table 1. The first round of semi-nested PCR was

performed in a total volume of 25 µL, containing 1X reac-
tion buffer (CinnaGen, Iran), 200 µM of each dNTP (Cinna-
Gen, Iran), 1U Taq DNA polymerase (CinnaGen, Iran), 0.5µM
of R1 and F1 specific primers, 1.5 mM of MgCl2 (CinnaGen,
Iran), and 5 µL of extracted DNA. In the second round, 5
µL of the first-round PCR product was added to the master
mix, which contained R1 and F2 specific primers.

Nested PCR was performed as follows: initial denatu-
ration at 94°C for 10 minutes, 30 cycles of denaturation at
94°C for 45 seconds, annealing at 60°C for 45 seconds, ex-
tension at 72°C for 45 seconds, and final extension at 72°C
for 5 minutes. The annealing temperature of the second
round was 59°C. The amplified products were run on 2%
agarose gel in a buffer, containing 0.5 µg/mL of ethidium
bromide for visualizing a 271-bp TTV-specific band under a
UV light transilluminator.

Aspartate transaminase (AST) and alanine transami-
nase (ALT) measurements were also performed for all HIV
patients and healthy control blood donors. In addition,
CD4 cell count was measured via flow cytometry (Partec,
Germany). HBV surface antigen (HBsAg; Siemens Health-
care Diagnostics, Tokyo, Japan) and hepatitis C virus anti-
body (HCVAb; Diapro, Milan, Italy) were detected by com-
mercial ELISA kits, according to the manufacturer’s in-
structions.

Intergroup comparisons were made, using Chi square
or Fisher’s exact test for categorical variables and student’s
t test or Mann-Whitney and Kruskal-Wallis tests (when ap-
propriate) for quantitative variables, using SPSS version 15
(SPSS Inc., Chicago, IL, USA). To determine the independent
effect of different viruses on changes in ALT level, analysis
was adjusted in a logistic regression model. P value less
than 0.05 was considered statistically significant.

4. Results

In total, 186 (male, 182; female, 4) HIV patients and 165
(male, 160; female, 5) healthy individuals were enrolled in
this study. The mean age of HIV patients and healthy sub-
jects was 39.3 and 40.5 years, respectively. The mean age
of TTV-positive and -negative subjects in the HIV group was
39.4 and 39.3 years, which was not significantly different (P
= 0.69). In the control group, the mean age of TTV-positive
and -negative subjects was 36.7 and 40.9 years, which was
not significantly different (P = 0.12). The male-to-female ra-
tio was 182:4 in the HIV group and 160:5 in the healthy con-
trol group. However, the limited number of female sub-
jects did not allow us to analyze the association between
gender and TTV infection in the groups. The prevalence of
TTV infection in HIV-positive subjects in relation to the pre-
sumed source of infection is summarized in Table 2.
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Table 1. Primers Used to Amplify ORF1 (VP1) Gene of TTV

Primer Product Size, bp

First round
(R1) 5´-CTG GCA TTT TAC CAT TTC CAA AGT T-3´

286
(F1) 5´-ACA GAC AGA GGA GAA GGC AAC ATG-3´

Second round
(R2) 5´-CTG GCA TTT TAC CAT TTC CAA AGT T-3´

271
(F2) (´-GGC AAC ATG TTA TGG ATA GAC TGG-3´

Table 2. The Main Characteristics of HIV Patients According to TTV Infection

Variables HIV Patients TTV Positive TTV Negative P Value

No. 186 35 (18.8) 151 (81.2) 0.027

Mean age, y 39.36 39.40 39.35 0.12

Marital status 109 22 (21.8) 87 (79.2) 0.35

Unsafe sexual activity 116 24 (20.6) 92 (79.4) 0.26

Intravenous drug use 123 23 (18.7) 100 (81.3) 0.55

History of blood transfusion 14 4 (28.6) 10 (71.4) 0.28

History of imprisonment 89 14 (15.5) 75 (74.5) 0.20

HIV/HBV coinfection 120 24 (20) 96 (20) 0.36

HIV/HCV coinfection 19 6 (31.5) 13 (68.5) 0.19

Mean ALT level (IU/L) 9.15 8.08 9.39 0.24

Mean AST level, IU/L 13.64 14.37 13.47 0.72

Mean CD4 count, cell/µL 3.3444E2 3.3020E2 3.3542E2 0.73

TTV DNA was detected in 35 out of 186 (18.8%; 95% CI,
13.2 - 24.4%) HIV patients, which was significantly higher (P
= 0.027) than blood donors (18 out of 165, 11%; 95% CI, 6.2 -
15.8%). Age, marital status, unsafe sexual activity, and injec-
tion drug use were not associated with the prevalence of
TTV infection in the HIV group.

According to the findings, ALT and AST levels were not
significantly different among subjects with and without
TTV in either of the groups. Overall, the mean levels of
ALT and AST in HIV-positive and -negative groups showed
a significant difference (P < 0.001). Statistical analysis of
the mean CD4 cell count in TTV-positive and -negative HIV
patients did not show a significant difference between the
groups. In addition, the effects of HBV and HCV infections
on TTV were not significant in HIV patients.

5. Discussion

Recent studies have suggested that TTV infection is a
relatively common viral infection among different high-
risk groups around the world, including those with blood-
borne viruses (16) such as HIV (13). Based on several studies,

there is a significant association between HIV-TTV coinfec-
tion and immune system suppression (15). Based on our
findings, the frequency of TTV infection was significantly
higher in HIV patients in comparison with the healthy con-
trols.

In a cross sectional study by Sherman et al. in the
United States, 38% of HIV patients and 14.4% of HIV-
negative controls were positive for TTV infection (17). Ad-
ditionally, Puig-Basagoiti et al. reported a high prevalence
of TTV infection in a large HIV-infected group in Spain (12).
Moreover, in a cohort study by a Danish researcher, TTV
DNA was detected in 76% of HIV patients, and presence of
TTV was introduced as an independent factor for patient
survival (13).

According to previous reports, TTV changes are inde-
pendent of CD4 count in HIV infection. Patients with TTV
tend to show lower HIV viral loads. On the other hand,
Christensen et al. proposed that low CD4 count is associ-
ated with a high TTV titer, which is an independent pre-
dictor of survival (13). The clinical significance of TTV in
HIV infection remains unknown. In this regard, Garcia et
al. did not find a significant correlation between the in-
creased frequency of TTV infection (or viral load) and CD4+
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cell count or HIV stage (18).
HIV infection may be involved in TTV immune eva-

sion due to HIV-related immune dysfunction, resulting in
higher replication rates and persistence (19). It has been
also reported that management of HIV replication and
CD4+ count is associated with liver disease progression
(20, 21). Moreover, a higher frequency of TTV DNA in the HIV
group suggested that this population is at a higher risk of
infection; it may also play an important role in TTV trans-
mission.

The frequency of TTV infection is higher in high-risk
groups with HBV, HCV, hemophilia, hemodialysis, or intra-
venous drug use, compared to healthy individuals; this
finding might be associated with the route of TTV trans-
mission (22). According to many studies, coinfection of
TTV with either HBV or HCV is common, while the signif-
icance of TTV infection in patients with chronic HBV or
HCV infection is unclear (21, 22). The results of the present
study showed no significant difference in the rate of TTV
infection among HIV patients and those with HIV/HBV or
HIV/HCV coinfection.

Some evidence suggests that TTV infection is asso-
ciated with higher levels of ALT and AST in HCV/HIV-
coinfected patients, compared to those with HIV or HCV
alone (23). In this study, the levels of ALT and AST in the
HIV/HCV and HIV/HBV groups were not significantly differ-
ent from patients with only HIV infection. However, ALT
and AST levels were significantly higher among HIV pa-
tients, compared to the healthy group. This finding might
be either associated with the higher frequency of TTV in the
HIV group or result from HBV and HCV coinfection in this
group. On the other hand, TTV coinfection with HCV was as-
sociated with chronic liver disease (8, 24), suggesting that
TTV could increase the risk of HCV-related liver cirrhosis
and cause further complications. However, other reports
have not demonstrated the effects of coinfection with TTV
on the clinicopathological course of chronic HCV (25).

Overall, the prevalence of TTV infection among healthy
subjects varies in different areas (8). Molecular epidemi-
ological studies have shown a prevalence of 36% in Thai-
land, 12% - 19% in Japan, 1% in the United States, 2% - 10% in
European countries, and 7.4% in India (8). Moreover, pre-
vious studies from Iran have reported a prevalence of 20%
among blood donors positive for TTV DNA. The results of
the present study revealed that 11% (18 out of 165) of healthy
subjects were positive for TTV DNA.

The detection rate of TTV-positive sera in the general
population varies greatly in different areas, ranging from
5% in Brazil to more than 90% in Japan, Pakistan, and Rus-
sia (8, 26). The high prevalence of TTV infection in healthy
individuals may be associated with the mechanisms of TTV
immune evasion, which seeks to establish a persistent in-

fection in immunocompetent individuals (27).
It has been suggested that TTVs are commensal un-

der normal conditions and do not cause any diseases in-
stantly. However, TTV probably behaves as an opportunis-
tic pathogen and causes damage only under specific cir-
cumstances (8). Although it remains unclear how the im-
mune system is involved in the natural course of TTV in-
fection, previous studies have revealed an association be-
tween TTV and severe immunodeficiency in HIV patients
and other immunocompromised individuals (13, 15).

Variations in the frequency of TTV infection among dif-
ferent countries could be a result of heterogeneity and
variability in TTV isolates, as well as differences in primer
sequences and sensitivity of PCR method. The primers
used in this study were similar to those used in the men-
tioned research, suggesting that variations in TTV preva-
lence among different countries are not related to differ-
ences in the used primers.

TTV is speculated to be transmitted via parenteral, sex-
ual, fecal-oral, breathing, and salivary routes (8). Investi-
gation of risk factors for TTV infection in HIV patients can
be important for introducing proper control measures. In
the present study, several risk factors, including history of
blood transfusion, history of imprisonment, intravenous
drug use, unsafe sex, and marital status were surveyed
as parameters increasing the risk of TTV infection in HIV-
positive patients.

Although TTV infection is more common in polytrans-
fused patients, the present results did not show history of
transfusion as a risk factor for TTV infection in HIV patients.
Moreover, Sherman et al. reported a TTV prevalence of 50%
among patients with a history of intravenous drug use (17).
However, statistical analysis in our study showed that in-
travenous drug use was not a risk factor for TTV infection
in HIV patients.

Considering the presence of TTV in the cervical epithe-
lium and semen, sexual route has been introduced as an-
other possible route of TTV transmission in the human
adult population (28). In the present study, marital sta-
tus and unsafe sexual activity were not significantly associ-
ated with the high rate of TTV infection in HIV patients. Al-
though in some studies (8), age was reported as a risk factor
for TTV infection, we did not find any association between
age and TTV infection in either of the groups.

One limitation of the present study, besides the rela-
tively small sample size, is the lower number of female sub-
jects. Therefore, we could not perform any gender analyses
on the frequency of TTV infection in the groups.

In conclusion, the present results demonstrated that
TTV infection rates are higher in HIV patients in compari-
son to healthy blood donors. Therefore, HIV infection may
be an important risk factor for TTV infection. Moreover, de-
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tection of TTV infection in 11% of healthy individuals sug-
gests transmission through routes other than blood and
injection (eg, fecal-oral route), causing food and water con-
tamination and infecting the milk of TTV-positive women.
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