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Summary 
 

Although the infection of different animals and non-human primates with other members of Anelloviridae have already been 
reported there is no report about infection of animals with Torque teno midi virus/Small anellovirs (TTMDV/SAV). The aim of this 
study was to detect the virus in domestic village chickens. Blood samples were collected from 79 domestic village chickens in 
Isfahan. Blood samples of five adult laying hens and one cockerel were collected in three consecutive weeks (days 1, 8 and 14) as 
experimental chickens. Ten eggs were randomly collected from the eggs laid during days 12 to 17 and thin and thick egg whites and 
yolk samples were collected aseptically. After DNA extraction Nested-PCR was performed using SMAs/SMAr primers. In PCR, 431 
bp and 441 bp products were detected. The detected bands were extracted and sequenced. Totally 26 out of 79 (32.9%) of the blood 
samples were positive for the virus. The frequency of the infection of the different parts of the eggs tested was 76%. For the first time 
TTMDV/SAV was detected in domestic village chickens which also vertically transmitted to eggs. 
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Introduction 
 

In 2005, two circular single-stranded DNA viruses 
were identified and due to the size of their genomic DNA 
(smaller than Torque tenovirus (TTV) and Torque teno 
mini virus (TTMV), they were named Small anellovirus 
1 (SAV1) and Small anellovirus 2 (SAV2) (Jones et al., 
2005; Chung et al., 2007) and placed in the unclassified 
genus of the family Anelloviridae (Biagini and De 
Micco, 2010). Ninomyia et al. (2009) identified Torque 
teno midi virus (TTMDV) as an intermediate between 
TTV and TTMV and showed that SAV1 and SAV2 are 
deletion mutants of TTMDV. In subsequent studies, 
these viruses were referred to as TTMDV/SAV viruses 
and placed in a third genus of the family Anelloviridae 
(Gamma torquevirus) (ICTV, 2009; Ninomyia et al., 
2009; Burian et al., 2011; Salmanizadeh et al., 2012). 

TTMDV/SAV DNA has been detected in individuals 
in Italy and France (Andreoli et al., 2006; Biagini et al., 
2006) and also in serum samples in the Republic of 
Korea (Chung et al., 2007) and in chronic cervicitis and 
cervical tumor samples of humans in Iran (Salmanizadeh 
et al., 2012). 

Although the infection of different animals (tupaias, 
cats, dogs and pigs) and non-human primates with other 
members of Anelloviridae have already been reported 
(Leary et al., 1999; Verschoor et al., 1999; Okomoto et 
al., 2001; Okomoto et al., 2002; Catroxo et al., 2008), 

there is no report about the infection of animals with this 
virus. Considering this and also the importance of 
possible pathogenicity of this virus for chickens and 
possible transmission of these viruses from animals to 
humans and vice versa, the aim of this study was to 
detect the presence of TTMDV/SAV virus in domestic 
village chickens and also possible vertical transmission 
of it from hen to eggs for the first time. 
 
Materials and Methods 
 
Blood samples 

Blood samples were collected from brachial vein of 
79 domestic village chickens from different villages 
around Isfahan city in Iran. The sera were collected and 
stored at -20°C till tested. 
 
Experimental chickens 

Five adult laying hens and one cockerel were 
collected from one village (Kabootar-Abad) and were 
kept in a room on concrete floor with rice husk as litter. 
Blood samples were collected from brachial vein in three 
consecutive weeks (days 1, 8 and 14). The study was 
approved by the local ethics committee. 
 
Egg collection 

Ten eggs were randomly collected from the eggs laid 
during days 12 to 17. They were washed with tap water 
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and then floated in 70% ethanol in three separate 
containers in three steps and dried with sterile cotton. 
Thick and thin egg whites and yolk samples were 
collected (1000 µl each) aseptically and were placed at -
20°C till tested. 
 
DNA extraction of serum samples 
Serum DNA 

Serum DNA was extracted according to Karimi-
Rastehkenari and Bouzari (2010). 
 
DNA extraction from different parts of egg samples 

DNA of the egg samples (thin/thick white and yolk) 
were extracted according to Rovero et al. (2012). 
 
PCR amplification 

The primer sets used for amplification of 
TTMDV/SAV DNA (441 bp (SAV1) and 431 bp 
(SAV2)) included SMAs1/SMAr1 and SMAs2/SMAr2 
primer sets in a Nested-PCR (Biagini et al., 2006; Han 
and Chung, 2006). In the first round of PCR 3 µl of DNA 
and in the second round 1 µl of the PCR products were 
used in a 25 µl reaction mixture containing 1 U Smar 
Taq Polymerase (Cinnagen, Iran), 0.4 µM of each 
primer, 240 µM of each dNTPs, 20 mM of Tris-HCL, 3 
mM MgCl2, 50 mM KCL. 

Thermal cycling conditions in the first round were as 
follows: initial denaturation at 94°C for 5 min followed 
by 30 cycles of denaturation at 94°C for 40 s, annealing 
at 60°C for 40 s and an extension step at 72°C for 50 s. 
The amplification program was followed by a final 
extension step at 72°C for 5 min. Thermal cycling 
conditions in the second round of PCR were a repeat of 
the first round. PCR products were electrophoresed and 
then DNA envisioned under UV light (Salmanizadeh et 
al., 2012). 
 
Positive controls 

Positive controls used in this investigation were 
TTMDV/SAV positive human cervical tissues obtained 
in previous study (Salmanizadeh et al., 2012). 
 
DNA sequencing and sequence analysis 

The detected bands of about 431/441 bp were 
extracted from the agarose gel using Fermentase DNA 
extraction Kit K0513 (Fermentas, Germany) according to 
the manufacturer’s instructions. Three of the PCR 
products of serum samples and 1 of thin white, 1 of thick 
white and 1 of yolk were randomly selected and the 
extracted DNA sequenced by Applied Biosystem 3730 
DNA Analyzer (Geneservice, UK). The sequences were 
submitted in GenBank with accession numbers of 
JQ734977-JQ734978-JQ734979-JQ734987-JQ734988-
JQ734989. A WU-BLAST-2 search of the determined 
sequences against the nucleotide sequence database 
(EMBL, European Bioinformatics Institute) was 
performed. 
 
Molecular evolutionary analysis 

Phylogenetic trees were constructed using the 

neighbor-joining method in MEGA5 software version 
5.05 (Tamura et al., 2011) against Torque teno midi virus 
species 1, 2, and 3 sequences of the genus Gamma 
torquevirus of Anelloviridae obtained from GenBank and 
also the sequences already obtained from human samples 
in previous experiment (Salmanizadeh et al., 2012). 
 
Results 
 

In PCR, 431 bp and 441 bp products were recovered 
by gel electrophoresis (Fig. 1). As the size of the 
sequences were very close, the differentiation of SAV1 
and SAV2 was not possible. Of 79 tested chicken blood 
samples, 26 (32.9%) were positive for TTMDV/SAV 
DNA. 

The frequencies of the infection of the experimental 
chickens in different time intervals are shown in Table 1. 

The frequencies of the infection of different parts of 
the eggs tested are shown in Table 2. The virus was 
detected in yolk, thick white and thin white of the eggs 
tested with variable frequencies. 
 

 
 

Fig. 1: Agarose gel electrophoresis showing PCR products of 
tested samples (1: Thin white, 2: Thick white, 3: Yolk, S1-S5: 
Serum samples, M: Marker; C+, Positive control, and C-: 
Negative control 
 
Table 1: Frequency of the infection with the virus in 
experimental chickens 

Frequency Infection 
Day 1 Day 8 Day 14 

Positive         3        6        6 
Negative         3        0        0 
Percentage         50        100        100 

 
Table 2: Frequency of infection of different parts of the eggs 
tested 

Frequency Egg compartment 
Positive Negative 

Percentage 

Yolk       5 5      50 
Thick white       10 0      100 
Thin white       8 2      80 
Total       23 7      76 
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In Wu-BLAST-2 search, the sequences obtained 
showed high homology to TTMDV/SAV sequences 
already reported. 

As it is shown in Fig. 2, except for sequence for thin 
white the other sequences obtained in this study were all 
placed in the same cluster with variable homologies. The 
virus isolated from thin white (SR1-THW) was placed in 
the same cluster with TTMDV1, TTMDV2 and 
TTMDV3. The highest homology was observed with 
TTMDV3. 
 

 
 

Fig. 2: Phylogenetic tree constructed against Torque teno midi 
virus species 1, 2, and 3 sequences of the genus Gamma 
torquevirus of Anelloviridae. The sequences obtained in this 
study are shown in bold text 
 

The phylogenetic tree constructed to compare the 
chicken sequences and the human ones is shown in Fig. 
3. Five of the chicken sequences were placed in the same 
cluster along with one of the human sequences which 
was somehow distant from the chicken ones. On the 
other hand, three of the human sequences along with one 
of the chicken sequences were placed in another cluster. 
The chicken sequence in this cluster was the same as the 
human one. 
 

 
 

Fig. 3: Phylogenetic tree constructed against the sequences 
already obtained from human samples in our laboratory. The 
sequences obtained in this study are shown in bold text 
 
Discussion 
 

In this study, detection of TTMDV/SAV infection in 
the sera of domestic village chickens and its vertical 
transmission from hen to egg is reported for the first 
time. 

Torque teno virus (TTV) of the Anelloviridae family 
has rarely been reported in chickens (Leary et al., 1999; 
Catroxo et al., 2008; Bouzari and Shaykhbaygloo, 2013). 
As there is no information about the infection with 
TTMDV/SAV in other animals, comparison with other 

data was not possible. Due to high diversity in TTMDVs 
reported, using different primer sets, different 
prevalences have been reported for the virus. So, the 
frequency of the virus reported in this study may differ if 
other primer sets designed for detection of the virus are 
used. 

On day one, only 50% of the experimental chickens 
were positive for TTMDV/SAV but after seven days the 
rest of the chickens were infected, this indicated the 
horizontal transmission of the virus from infected to 
uninfected chickens most probably through fecal-oral 
route. 

Considering the different stages of the egg 
development in chickens after ovulation, when the 
follicle moves through different parts of the oviduct, the 
source of contamination of the yolk with the virus might 
be before entering the oviduct or after moving through 
infandibulum (fertilization) and magnum where the 
albumen (egg whites) are added. So, the detection of the 
virus in both white and yolk shows that the ovary and 
also the oviduct can be the source of the virus detected 
(Table 2). Also, in phylogenetic analyses (Fig. 2) the 
isolates from the sera and different parts of the eggs are 
placed in the same cluster which can be considered as 
evidence of the vertical transmission of the virus from 
hen to egg. 

The results showed that most of the viruses 
circulating in chickens are genetically distant from the 
human ones, but some of them are circulating in both 
human and chickens (sequence identified in thin white) 
in a low frequency (Fig. 3). To confirm this more 
sequencing data should be tested. 

Possible complications caused by TTMDV/SAV 
without causing any clinical manifestation or disease 
during embryonic development and also after hatching 
should be investigated. 
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