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ABSTRACT 

    The existence of Torque teno virus (TTV) DNA in different organs indicates the 

presence of wide affinity to the host cell. The present study aimed to detect TTV 

molecularly in the samples of haemoglobinopathies and haematological malignancies 

patients. The results of semi-nested PCR showed a positive amplification in 2 % of serum 

samples of haemoglobinopathies patients, while no positive amplification was observed 

in 50 EDTA bloods samples of haematological malignancies patients. One sample of 

positive cases was sequenced successively. The sequence was compared with deposited 

copies of TTV in the NCBI using BLAST software and the results showed a sequence 

96.64% with KY750543.1. The result of the nucleotide sequence analysis has shown 

mutations at TTV genome corresponding to ORF1. The phylogenetic analysis results of 

our case ORF1 sequence with several selected ORF1 copies from NCBI displayed five 

main clades included grouping of our case ORF1 with the Italian (AJ402211.1) one in the 

same clade. The result of the amino acids sequence analysis was produced one peptide 

(58 amino acids) that showed a similarity of 68.97%  with unnamed peptide (partial 

[Torque teno virus] Sequence ID: BAA74998.1 Length: 67) and a 51.72% with ORF1 

(partial [Torque teno virus] Sequence ID: AAL08949.1 Length: 84).  The present study 

concluded that the prevalence of TTV infections was remarkably low and it exhibits 

extensive genetic variation.  

KEYWORDS: TORQUE TENO VIRUS, HAEMOGLOBINOPATHIES PATIENTS,   

 HAEMATOLOGICAL MALIGNANCIES, SEQUENCING, AMINO ACIDS.  

 

1. INTRODUCTION  
 

In 1997, Nishizawa et al., [1] discovered 

Torque teno virus (TTV) in Japanese 

patient serum with hepatitis. The newly 

TT-virus was named according to the 

patient initials. In human, five different 

geno-groups of TTV have been identified; 

in addition TTV was isolated from 

domestic animals recently [2]. The virus 

name was changed to Torgue teno virus, in 

latin “torques”, necklace; “tenuis”, thin [3]. 

TTV is a non-enveloped small virus, about 
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30 nm in diameter, circular ss negative 

DNA genome, ~3.6-3.8 kb in length, 

belongs to the Circoviridae Family [4]. 

After TTV discovery, many publications 

documented the TTV prevalence among 

acute or chronic hepatitis patients, blood 

donors, drug users and health people [5, 6]. 

Different transmission routes were 

suggested to describe the distribution of 

TTV in a wide range of tissues and body 

fluids. Because of TTV emergence in post-

transfusion hepatitis and blood, prevalence 

of TTV DNA showed higher in patients 

that received multiple blood transfusions or 

blood products [7, 8]. However, several 

studies showed higher TTV prevalence 

among high-risk patients including 68% in 

hemophilia patients, 46% in hemodialysis 

patients, 40% in intravenous drug abusers, 

and 17.8% in hematological malignancies 

patients [8, 9]. Thus, this study aimed to 

investigate the TTV prevalence among 

patients with haemoglobinopathies and 

haematological malignancies by PCR 

technique to amplify N22 region and 

sequencing. 

2. MATERIALS AND METHODS  

2.1. Patients and samples 

   One hundred and fifty  blood samples 

from patients of  both sexes were collected, 

comprising 100 serum samples and 50 

EDTA blood samples from patients with 

haemoglobinopathies and haematological 

malignancies (without any therapy), 

respectively.  

  The samples were collected from March 

to December, 2018 that obtained from Al-

Basrah children's Hospital, Al- Sader 

educational Hospital and Center of 

hereditary blood disease of Al-Basrah 

Hospital for women and obstetrics at 

Basrah governorate, Iraq. All the samples 

were stored at -200C until DNA isolation. 

 

2.2. Molecular detection of TTV 

2.2.1. DNA extraction  

  DNA was extracted from serum and 

blood samples using a DNA extraction Kit 

(Promega, USA) according to the 

manufacturers’ instructions. 

 

2.2. 2. Semi nested PCR protocol 
   The semi nested PCR protocol was used 

to amplify two DNA fragment of TTV in 

the N22 region on ORF1. The first round, 

involved usage of outer primers: NG059 

and NG063 (sequences 5´-ACA GAC 

AGA GGAGAA GGC AAC ATG-3´and 

5´-CTG GCA TTT TAC CATTTC CAA 

AGT T-3´) to amplify 286 bp of target 

region. The reaction mixture (50μl), was 

composed of 10 μl of DNA templet, 10 

pmol of NG059 and NG063 primers, 25 μl 

of master mix (Biolab, UK) and the 

volume completed to 50μl with DD-Water, 

while in the second round, semi inner 

primer NG061 (sequence 5´-GGC AAC 

ATGTTA TGG ATA GAC TGG-3´) and 

the outer primer NG063 were used to 

amplify 271 bp of first product. The 

reaction mixture (25μl), was composed of 

5 μl of the first PCR product as a templet, 

10 pmol of NG061 and NG063 primers,  

12.5 μl of master mix and the volume 

completed to 25μl with DD-Water, The 

reaction conditions for first round were 

940C for 30s, 35 cycles of 600C for 45s, 

720C 45s, with a final extension at 720C 

for 7 min., while the second round 

conditions were 940C 30s, 30 cycles of 

590C for 45s, 720C for 45s, followed by a 

final extension at 720C for 7 min. The 

Amplified products were visualized on 1.5 

% agarose gel, and the purified products 

were sent to Zhejiang Youkang 

Biotechnology Co., Ltd (China) for 

sequencing. 

 

2.2. 3. Phylogenetic analysis  
   DNA sequences of positive samples of 

TTV ORF1 were compared with similar 

selective copies from the database of 

American NCBI; National Center for 
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Biotechnology Information  

(www.ncbi.nlm.nic.gov). The phylogenetic 

analysis and the tree construction 

according to neighbor-joining algorithm 

using Mega 5 software. The nucleotide 

sequence of our case study was translated 

to amino acid sequence using CAP3 

sequence assembly software and the 

resulted peptide sequence was compared 

with NCBI database for best alignment 

using BLAST software.  

 

3. RESULTS AND DISCUSSION 

3.1. RESULTS 

The 100 of haemoglobinopathies patients 

including 73 Sickle cell anemia, 21 

thalassemia and 6 with mixing of both 

were male (44%) and (56 %) of them were 

female with age range 2-45 years old. A 26 

of 50 (52.3%) patients with haematological 

malignancies were males and (24 of 50; 

48%) were females, with age range 2-93 

years old. The prevalence of different 

types of haematological malignancies in 

patients were as follow: 20 of 50 (40%) 

patients with acute lymphocytic leukemia 

(ALL), 19 of 50 (38%) patients with Non-

Hodgkin's disease (NHD) and  11 of 50 

(22%) patients with Hodgkin's disease 

(HD). 

 

3.1.1. Molecular detection   
 In order to detect the prevalence of TTV 

DNA in the studied patients, nested PCR 

was employed to amplify N22 region. The 

TTV was detected in 2 of 100 (2%) of 

haemoglobinopathies patients.  Amplicons 

of 271 bp were visualized under UV light 

are shown in Figure (1). The two people 

who infected with TT virus are a 40-year-

old woman with sickle cell anemia and an 

eight-year-old child (male) suffering from 

obviously thalassemia. Interestingly, in the 

patients with haematological malignancies, 

there was no evidence of any TTV DNA. 

 

 

3.1.2. DNA Sequencing  
The amplified products of the 2 positive 

cases were sent to sequencing. One sample 

was sequenced successively. The assembly 

of the forward and reveres primers were 

produced sequence of 271 bp. The DNA 

sequence from this case compared with 

other sequences available on NCBI 

databases using BLAST software. 

 

 
 

Figure 1: Agarose electrophoresis of TTV suspected 

samples using N22 specific primers. Conventional PCR 

amplicons were loaded on 1.5% agarose gel in order to 

visualize N22-encoding fragment. Lane M, 50 bp DNA 

size marker, Lanes 1-6 TTV examined samples. 

In this study, the TTV sequence showed a 

sequence similarity of 96.64% with 

KY750543.1. Then, amplicon sequence of 

271 bp compared with selected sequences 

of ORF1 region (Figure, 2) by sequence 

alignment one to others. The results of 

sequencing showed mutations including, 

replacements of G by C, A by G, A by G, 

C by T and T by G at nt. positions 

125,65,79,88 and 98 respectively. 

  The phylogenetic tree analysis (Figure, 3) 

displayed five main clades, the present 

results revealed that the studied sample (H-

C11_12_Basrah-Iraq) showed similarity or 

clustered with one sequence (AJ402211.1 

TT virus partial n22 gene for ORF1 protein 

Italy) forming one of the clades with 

genetic distance or sequence divergence 

0.02124, reflecting a close relationship of 
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these isolates. Also the studied sample 

clustered with sequence (AF395926.1: GI-

5 ORF1 gene Greece) in other clade with 

sequence divergence 0.00137. 

  When nucleotide sequence of the studied 

sample converted to amino acids was 

produced six frames, one of them had 

length 58 amino acids with sequence 

correctly. When compared this amino acids 

by using BLAST software, the result 

showed similarity of 68.97% to unnamed 

protein product, partial [Torque teno virus] 

Sequence ID: BAA74998.1 Length: 67 

(Figure, 4), and a 51.72% to ORF1, partial 

[Torque teno virus] Sequence ID: 

AAL08949.1 Length: 84. 

The results of protein sequencing showed a 

several mutations along the protein when 

compared to sequence ID: BAA74998.1, 

including ten replacements at positions 2, 

7, 8,29,30,42,44,47,49 and 51, also eight 

insertions at positions 5, 18, 20, 

23,34,36,38 and 55. Furthermore, the 

protein sequence showed different 

mutations when compared to sequence ID: 

AAL08949.1, including twenty two 

replacements at positions 

2,3,5,6,8,11,12,15,16,20,26,27,34,38,42,43

,45,46,51,53,54 and 57, also six insertions 

at positions 7, 18,23,37,44 and 55.  

 

3.2. DISCUSSION 

The existence of TTV DNA in different 

organs indicates the presence of wide 

affinity to the host cell. The TTV history 

indicates as a potential hepatitis virus, so 

the main target organ (liver) has also been 

studied extensively. By in situ methods, 

TTV is found in the nucleus and/or the 

cytoplasm of hepatocytes in patients with 

liver damage [10, 11], but with no 

cytopathogenic effect (CPE) in liver cells 

[12, 13]. Several diseases are possible 

association with TTV infection such as 

aplastic anemia, thrombocytopenia, or 

idiopathic pulmonary fibrosis [14, 15].   In 

Iraq, The TTV prevalence has not been 

well documented. The results of semi-

nested PCR reaction showed positive result 

in 2% of haemoglobinopathies patients out 

of the 100 serum samples. However, no 

amplification was observed in 50 EDTA 

bloods of the patients with haematological 

malignancies submitted to the same 

reaction. The low prevalence of TTV 

infections may be due to PCR primers and 

conditions, low virus loads and sequence 

variation, also the presence of TTV-like 

particles. In addition, in the Patients with 

leukemia and lymphoma may be due to 

reactivation of viruses especially TT virus 

following chemotherapy, while our 

samples were diagnosed at the beginning 

of the disease without any chemotherapy 

for the purpose of knowing the role these 

viruses with haematological malignancies.  

  In humans, distribution of TTV infection 

is still a subject of discussion, may be 

because of genotypes variability of TTV, 

also to inability to design of PCR primers 

to detection majority of genotypes [16]. 

Furthermore, with reason little known 

about distribution of TTV in healthy adults 

[17, 18]. Prevalence of TTV infection is 

changing due to development of new 

variants or new detection methods [19, 20]. 

DNA amplification by PCR is often used 

to detect TTV genome using two regions 

either (N22) coding region of the ORF1 or 

(UTR) non-coding region [21]. 

Amplification of the N22 only detects 

number of TTV genotypes [22, 23].  

  Contradiction in results was produced 

when using differed PCR conditions and 

primers, leads to detecting fewer genotypes 

than others [24-26]. Also, the turn and low 

of TTV loading may be because using 

suboptimal conditions of PCR [27].  

   Chemotherapy and direct contact 

increase the viral infections risk especially 

TT virus in leukemia patients [28-31]. 

Detection of TTV DNA in peripheral 

blood can be used as a biomarker for 
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hematological cancers screening. 

However, the high of TTV DNA titer in 

leukemia patients may be caused the 

cellular immune responses impairment 

without having any relation to cancer [32]. 

Several studies showed there is no 

relationship of TTV infection with 

hematological cancers especially in 

leukemia and lymphoma patients [33, 34]. 

In addition, DNA of TTV was not detected 

in leukocytes of leukemia patients [35]. 

Therefore the spread of TTV infection in 

these patients is silent [36]. Several 

researchers detected TTV-like particles 

from cell lines of lymphoma and leukemia 

[37]. In addition, other researchers 

detected virus-like particles in the 

Hodking’s lymphoma [38]. Therefore, the 

huge of data of TTV sequencing allow us 

to design primers detect the most TTV 

genotypes.  

  The TTV sequence in the studied case 

showed a sequence similarity of 96.64% 

with KY750543.1, the result of the 

sequence analysis has shown mutations at 

TTV genome corresponding to ORF1. The 

phylogenetic tree analysis displayed five 

main clades. The amino acid sequence in 

this study was the first reported in Iraqi 

patients. The amino acid identity between 

H-C11_12_ Basrah-Iraq isolate and known 

sequences isolates noticed in the present 

study boosts the evidence that TTV has 

high heterogeneity. 

   Using capsid gene ORF1 as a marker, 

may be give a good idea for origin of 

evolutionary of the sequences. 

Furthermore, amplification of the complete 

genome may be useful for phylogenetic 

analysis [39, 40]. The phylogenetic 

analyses based on a small region on 

genome of TTV shows huge sequence 

heterogeneity [41]. The TTV heterogeneity 

may produce lower replication mutations, 

prolong of human infections, low in 

genetic matching, and absence of 

competition among isolates [42]. The TTV 

has a wide range of extreme in sequence 

divergence, so temporarily TTV genomes 

are classified into 23 genotypes with 

sequence divergence of 30% from one 

another [43], or into 4 major phylogenetic 

groups [44].  

In conclusion, the TTV sequence in the 

studied case showed a sequence similarity 

of 96.64% with KY750543.1. The result of 

the sequence analysis has shown mutations 

at TTV genome corresponding to ORF1. 

The phylogenetic tree analysis displayed 

five main clades. The amino acid sequence 

in this study was the first reported in Iraqi 

patients. The amino acid identity between 

H-C11_12_ Basrah-Iraq isolate and known 

sequences isolates noticed in the present 

study boosts the evidence that TTV is 

highly heterogenic. 
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Figure 2: Comparison of nucleotide sequence of TTV N22 with selected ORF1 sequences 

 

Figure 3: Phylogenetic tree of nucleotide sequence of TTV N22 with selected ORF1 sequences 
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Figure 4: Comparison between TTV N22 amino acid sequences with other amino acids  
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مرضى اعتلال خضاب الدم و الاورام  لدىTORQUE TENO VIRUS (TTV ) التشخيص الجزيئي لفيروس 
 الخبيثة الدموية

 
 حيدر عبد الحسين مكلف الحمودي

 جامعة البصرة / كلية العلوم
  hayderabdulhussein16@gmail.comالبريد الالكتروني:

 
 الخلاصة

الى الالفة العالية الىى خلااىا العا.ىته ف ىدد الدرالىة الحاليىة الىى في الاعضاء المختلفة  TTVيدل وجود دنا فيروس   
فىىي دم المرضىىى الىىاين اعىىانولا مىىن اعىىتلال خضىىاب الىىدم والاورام الخبيثىىة الدمويىىة  TTVالتشىىخيص الجزيئىىي لفيىىروس 

ه Sequencingوفحليىىت فعا ىىل فسلسىىت ال واعىىد التتروجيتيىىة  PCRبوالىى ة الىىتخدام ف تيىىة ففاعىىت للسىىلة البىىوليمريز 
مصىىت  100( عيتىىة مىىن عيتىىان %2) 2الىىى حصىىول فضىىخي  فىىي  Semi-nested PCRاظ ىىرن نتىىا.ا ففاعىىت 

عيتىة دم  لمرضىى الاورام الخبيثىة الدمويىة 50مرضى اعتلال خضاب الدمه على اي حال, لى  يلاحىا اي فضىخي  فىي 
لعيتىىىة واحىىىدة مىىىن العيتىىىان التىىي خضىىىع  الىىىى نفىىىج التفاعىىىته جىىرى بتجىىىا  فحليىىىت فعا ىىىل فسلسىىىت ال واعىىد التتروجيتيىىىة 

فشىىا ل لتسلسىىت  واعىىد العيتىىان فىىي  TTVالموجبىىةه اظ ىىر فعا ىىل فسلسىىت ال واعىىد التتروجيتيىىة للعيتىىة المدرولىىة لفيىىروس 
, حيث اظ رن نتا.ا فحليت فسلست ال واعد الى وجود طفىران فىي KY750543.1مع  %64ه96بتك الجيتان بتسبة 

الىىى وجىىود  Phylogenetic tree ىىر فحليىىت  ىىجرة التشىىوء والت ىىور   ه  كمىىا اظORF1جيتىىوم الفيىىروس فىىي مت  ىىة 
ر.يسىىيةه واظ ىىرن نتىىا.ا فحليىىت الاحمىىال الاميتىىة الىىى انتىىار فسلسىىت فعا ىىل لبىىروفين واحىىد  Cladesخمىىج مجىىاميع 

 unnamed proteinالىى  %97ه68مىن الاحمىال الاميتيىة, الىاي اظ ىر فشىا ل بتسىبة  58 صورة صحيحة طولل 
product, partial [Torque teno virus] Sequence ID: BAA74998.1 Length: 67 وفشىا ل بتسىبة ,

ه .ORF1, partial [Torque teno virus] Sequence ID: AAL08949.1 Length: 84الىى  %72ه51
مىىع وجىىود ف ىىاير جيتىىي مكثىىف فىىي فعا ىىل فسلسىىت جيتىىوم  TTVفسىىتتتا الدرالىىة الحاليىىة الىىى انتشىىار واطىىيء لفيىىروس 
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