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ABSTRACT

The association of TTV (transfusion transmitted virus) with both 

cryptogenic chronic liver diseases and post-transfusion hepatitis has been 

reported. Hemodialysis patients are at high risk for viral hepatitis due to 

blood born viral agents. The few data available concerning TTV infection 

among hemodialysis patients shows a high prevalence. This study was 

conducted on one hundred patients with end-stage renal disease (ESRD). 

They were attending the hemodialysis (HD) unit of Naser institute for 

performing hemodialysis for the first time (as a control group) and the 

same patients after recurrent HD for at least six months of regular HD (as 

a HD patient group). Patients and controls were subjected to the 

following laboratory investigations; 1) TTV DNA detection by PCR. 2) 

HBs Ag by ELISA technique. 3) HCV Ab by ELISA technique. 4) Liver 

enzymes include ALT, AST and γGT. The study was done to detect TTV 

DNA by PCR in hemodialysis patients and to evaluate its clinical 

impacts, taking into account co-infection with other hepatitis viruses. The

results of this work are:- 1- TTV is remarkably prevalent in HD patients.

The prevalence of TTV infection in HD Egyptian patients was 45% and 

9% in healthy volunteer from the same geographical area. 2- HCV was 

found to have highly significant association with HD patients while there 

was no association between HD patients and HBs Ag. 3- TTV infection 

was not found to be more prevalent in HD patients infected with HCV. 4-

Abnormal liver enzymes were uncommon in HD patients infected with 

TTV alone, in contrast to patients with known hepatotropic viruses such 

as HCV. 5- TTV did not play a role in liver injury, but it might aggravate 

liver diseases caused by HCV.   
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Introduction

It's well known that at least 5 types of hepatitis viruses 

can cause viral hepatitis (A, B, C, D and E). Other viruses as 

CMV, herpes simplex, EBV, yellow fever virus can also cause 

hepatitis (Rodriguez-Torres et al., 2009).

Transfusion-transmitted virus (TTV) is a single stranded 

DNA virus, which was first identified in the peripheral blood 

of individuals with post-transfusion hepatitis of unknown 

etiology (Hino and Miyata 2007).

TTV DNA is present at a higher titre in liver than in 

corresponding serum sample indicating a hepatic site for viral 

replication (Szenborn et al., 2003).

The exact role of hepatotropic TTV regarding the 

etiology of viral hepatitis as well as the progression towards 

chronic liver disease has not been defined. Moreover the 

contribution of TTV infection to the course of chronic hepatitis 

B or C virus infection also awaits clarification (Hino and 

Miyata 2007).

TTV infection has been found to be associated with 

posttransfusional hepatitis and a high prevalence of TTV 

infection in patients with acute and chronic liver disease of 

unknown etiology has been reported. A side from elevated 

liver enzymes, the symptoms associated with this novel 

hepatotropic virus has been reported to range from 

asymptomatic to hepatic failure (Vimoket et al., 2000).
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Reports of increased prevalence in persons treated with 

blood and blood products have suggested parenteral 

transmission as a frequent route of infection (Kristian et al.,

2006). However, other routes appear likely (Irshad. et al.,

2006).

Hemodialysis patients are at high risk for viral hepatitis 

due to blood born viral agents. The few data available 

concerning TTV infection among hemodialysis patients show 

a high prevalence (Rivanera et al., 2008).

TTV detection rates of between 10-90% in individuals 

with no evidence of hepatitis means that it is difficult to 

establish a causative role in disease (Jeon et al., 2003).



13

Aim of the Work

The aim of our study is to detect the presence of TTV-

DNA by PCR in a group of hemodialysis patients and to 

evaluate its clinical impact, taking into account co-infection 

with other hepatitis viruses.
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Viral Hepatitis

Hepatitis continues to be a major health threat in both 

developed and developing nations. Hepatitis means 

inflammation of the liver and as such is not a single disease

(Kasirga et al, 2005).  Because of the central role of the liver 

in metabolism Just about all viruses are capable to involve the 

liver in some instances (Dusheiko, 1990).

Despite the recognition over the past few decades of the 

viral agents responsible for this disease, and despite 

development of methods to detect these viruses and vaccines 

to prevent the spread of some of them; the number of viruses 

that are known to cause hepatitis continues to increase 

(Gandhe et al., 2003).

There are groups of viruses, which specifically seem to 

infect and damage hepatocytes (Sandra, 2002):-

 Hepatitis A virus (HAV).

 Hepatitis B virus (HBV).

 Hepatitis C virus (HCV).

 Hepatitis D virus (HDV).

 Hepatitis E virus (HEV).

 Hepatitis F virus (HFV).

 GBV-C/HGV.

 TTV.

 SENV.
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These viruses are grouped by the fact that primary 

disease that they cause is inflammation of the liver. These 

viruses cause diseases that range widely in severity. The 

ability to cause chronic infectious disease, epidemiology, 

diagnosis, prevention and treatment are related to the diverse 

biology of the etiologic agents (Maria et al., 2003).

In addition to hepatitis viruses, many other viruses 

include hepatitis in the symptoms that they may induce. This 

includes several human herpes viruses, rubella, yellow fever, 

dengue and other hemorrhagic fever viruses (Akahane et al.,

1999).

Hepatitis A virus:

Hepatitis A virus is the commonest cause of acute viral 

hepatitis (Cleavinger et al., 2000).

Hepatitis A virus is a naked; spherical particle that 

consists of a genome of linear, single-stranded RNA and a 

protein shell made up of three major proteins (Reiko et al.,

2002).

The virus is transmitted primarily by feco-oral route 

most frequently via person to person or via contamination of 

uncooked foods or water. Actually infected human beings are 

the only significant natural reservoir of HAV, although a 

number of other primate species may be infected (Glograveria 

et al., 2002).
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Hepatitis B virus:

Hepatitis B virus (HBV) is an enveloped DNA virus of 

approximately 42 nm in diameter, spherical in shape; the viral 

envelope consists of host-derived lipids and three forms of the 

viral surface proteins. The viral DNA is a double stranded 

circular molecule (Jia-Horng et al., 2002).

HBV may causes mild or even no disease 

symptomatology with acute infections, but a substantial 

proportion of infected people fail to clew the virus and 

becomes clinically infected. These individuals often termed 

chronic carriers of HBV; they are then at risk for the 

development of chronic hepatitis, cirrhosis, liver failure and 

even hepatocellular carcinoma (Kessler et al., 2000; Ordog et 

al., 2003).

Many hepatitis B virus markers are used for diagnosing 

and monitoring hepatitis B patients (Tatsuji et al., 2002). The 

branched-chain DNA (b-DNA) assay and PCR-based assays 

are used to diagnose and monitor the efficacy of treatment. 

Immunoassays are generally easy and inexpensive (Gandhe et 

al., 2003).

Hepatitis C virus:

Hepatitis C virus (HCV) is a positive stranded RNA 

molecule. By the use of molecular techniques, HCV was 

discovered as the main cause of transfusion-transmitted, non-

hepatitis A, non-hepatitis B (non-A, non-B) virus infections 

(Sandra et al., 2002).
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The genomic structure of HCV resembles, to some 

extent, that of flaviviruses. On the other hand, it was recently 

proposed that HCV should be classified into a new virus 

family, named Hepciviridae, because of its comparatively 

large sequence diversity from other members of the family 

Flaviviridae (Thomas et al., 2003).

A first diagnostic test was developed by Kuo et al., in 

1989. Reliable diagnostic tests only became generally 

available in 1991, and then became obligatory for screening of 

every blood donation. Therefore intravenous drug users was 

left as the main transmission route (Hibbs et al, 1993).

Transmission by sexual contact and vertical 

transmission are relatively rare events, compared to the 

frequency of use of these transmission pathways by other 

blood-borne viruses (HBV, HIV) (David et al, 2003).

Hepatitis C virus has been known to be a major 

causative agent of chronic liver disease such as chronic 

hepatitis and liver cirrhosis, which often leads to 

hepatocellular carcinoma. Chronic infection is very difficult to 

manage. HCV-infected individuals with chronic liver disease 

are the most frequent sub-population of patients becoming 

candidates for liver transplantation (Hayato et al., 2003).

The seroprevalence of HCV infection in blood donors 

worldwide is between 0.02 and 1.2%, with higher rates in 

Japan, Spain, Italy and Saudi Arabia. Exceptionally high donor
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infection rates of almost 20% have been recorded in Egypt 

(Hibbs et al., 1993).

Hepatitis C viruses are highly heterogeneous, and at 

least six different HCV types with 11 subtypes are recognized 

at present (Sandra et al., 2002).

Dialysis patients have an increased risk of exposure to 

parentrally transmitted hepatitis viruses (Karkar, 2005). The 

development of control measures, especially vaccination, has 

significantly reduced the spread of hepatitis B virus (HBV) 

among this population (Pujol et al., 1996). The introduction in 

1990 of routine screening of blood donors for HCV 

contributed significantly to the control of HCV transmission

(Tang and Lai, 2005).

The haemodialysis machine used might play a role in 

HCV dissemination because of accidental contamination of the 

membrane on the device and inadequate subsequent 

disinfection. On the other hand, even if no disposable 

equipment or syringes were shared in these units, the multiple 

parenteral exposures among different patients could be 

involved in HCV transmission (Stuyver et al., 1996).

At present, effective screening of blood and kidney 

donors for antibodies to HCV has considerably reduced the 

risk of transmission of HCV through blood and transplanted 

organs. Several studies, however, have shown that the 

prevalence and incidence of HCV infections remain high 
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among dialysis patients, which may be explained by 

transmission within dialysis centers, probably because of 

inadequate adherence to infection control measures (Gu et al.,

2003).

Hepatitis D virus:

Hepatitis D virus (HDV), a defective RNA virus that 

requires the provision of hepatitis B surface antigen (HBsAg) 

from HBV for packaging and transmission (Lai, 1995), plays 

an important role in fulminant hepatitis and the progression of 

chronic liver damage in patients with chronic hepatitis B virus 

infection (Lu et al., 2003).

HDV is currently classified into three genotypes (I to 

III) based on sequence comparison (Jia-Horng et al., 2002).

Hepatitis E virus:

Hepatitis E is an important public health problem in 

many developing countries. The disease generally affects 

young adults. Although the overall mortality rate associated 

with HEV infection is low, it is reportedly as high as 20% in 

infected pregnant women (Huang et al., 2002).

Hepatitis E virus (HEV) is a spherical, non-enveloped, 

single stranded RNA virus. Four genotypes (1-4) have so far 

been distinguished (Peron et al., 2006). HEV is generally 

transmitted by the fecal-oral route (Yin et al., 1994).

The genomic RNA of HEV is about 7.5 kb and contains 

three open reading frames (ORFs). HEV was originally 
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classified as a calicivirus, but recent data showed that HEV 

does not share some important features with caliciviruses. 

Therefore, HEV was recently declassified from the 

Caliciviridae family and remains unclassified (Yanlong et al.,

2002).

Hepatitis E virus infection was termed epidemic non-A, 

non-B or enterically transmitted non-A non-B (ENANB) 

hepatitis. It followed a transmission pathway and caused 

disease similar to hepatitis A, but was not reactive in HAV-

specific serological assays (Yin et al., 1994).

Although moderate genetic heterogeneity has been 

identified amongst HEV strains, evidence for serological 

heterogeneity is limited (Meng et al., 2002).

The course of infection in experimentally infected 

primates is similar to that in man. The incubation period is 3-8 

weeks, followed by an increase of liver enzymes in blood. 

Peak viremia and shedding of HEV in faeces occurs during the 

incubation period and the very early acute phase of disease 

(Huang et al., 2002).

In most cases, the infection resolves completely. The 

severity of HEV infections is on average somewhat greater 

than that of HAV infections. Mortality of hepatitis E has 

varied in different reports and has been as high as 1%, 

compared to 0.21% of hepatitis A. More important is the 

severity of hepatitis E in pregnant women (Huang et al.,

2002).
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The diagnosis based on HEV-specific IgM and IgG by 

ELISA, using recombinant expressed capsid antigen. There is 

at present no vaccine, but protection of monkeys against 

experimentally induced hepatitis E by vaccination with 

recombinant expressed HEV proteins has yielded encouraging 

results (Meng et al., 2002).

Hepatitis F virus:

After the discovery of hepatitis virus A, B, C, D, and E, 

a few viral hepatitis cases, both post-transfusion and sporadic, 

which are failed to be ascribed to A-E, were observed. Phillips 

et al., in 1991 in Japan reported the discovery of a new 

hepatitis virus and called it as hepatitis virus f. Then they 

reported by PCR study that the so-called hepatitis virus F 

might be a mutant of HBV. It could not be verified by 

commercially available reagents because of the defect pre-C 

gene, mutation of core gene and S gene, which come to be 

HBsAg negative and antiHBc Ab negative in serological tests 

(Phillips et al., 1991).

Deka et al., in 1994 reported an isolation of a virus 

named HFV (Hepatitis French [origin] virus) on intravenous 

inoculation of stool extract from sporadic non-a, non-B 

hepatitis. Stool extracts from 5 French sporadic icteric cases 

were inoculated into rhesus monkeys and viral particles were 

recovered from stools; Round 27-37 nm Virus-Like Particles 

(VLP) were seen. They contain a double stranded DNA. 

Similar agent was also detected from stools of human patients. 
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HFV antigen has been detected by ELISA. The virus was seen 

in the cytoplasm of hepatocytes only in one experimental 

monkey. However, no follow-up report was noted. In infected 

animals, viral antigens and elevation of transaminases appear 

in an average of 20 days. The liver morphology sows the 

picture of an acute hepatitis. The disease in humans may 

assume a fatality course in around 20% of the cases.

Hepatitis G virus (GBV-C/HGV):

Two flavi-like RNA viruses designated GB virus (GBV-

C) and hepatitis G virus (HGV) were independently identified 

from patients with chronic hepatitis. Both are distantly related 

to hepatitis C virus (HCV) by phylogenetic analysis, and 

comparison of full-length sequences indicated that GBV-C and 

HGV are different isolates of the same virus (Kleinman et al.,

2001).

This virus, is a member of the Flaviviridae family, it 

was discovered in 1993 in blood donors. Subsequently, 

sequences of this virus were found in 1-3% of all blood 

donations in different parts of the world, and it seemed to 

replicate in liver cells and was thought to be associated with 

hepatitis. However, a close association of infection by this 

virus with liver disease has so far not been secured, and 

replication in the liver has not been confirmed (Alter et al.,

1997).

HGV/GBV-C is primarily transmitted through blood 

transfusion, but it can also be spread by organ trans-
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implantation, haemodialysis, homosexual and bisexual 

activities, injection drug use, and can also be transmitted 

vertically from mother to fetus. Currently, no screening assays 

have been approved to test blood donors for serologic markers 

of HGV/GBV-C infection (Giulivi et al., 2000).

Persons on maintenance haemodialysis (HD) are at 

increased risk of infection with hepatitis viruses (Sulowicz et 

al., 2007). HD patient have an increased frequency of GBV-C 

infection compared with the general population (Stuyver et al.,

1996).

Mushahawar et al., in 1998 concluded that the role of 

GBV-C in causing hepatitis in HD patients is minimal and that 

GBV-C coinfection does not worsen the clinical course of 

chronic HBV and HCV infection. The nosocomial 

transmission of GBV-C has occurred in the HD units and 

universal precautions should be strictly followed to prevent 

transmission of viruses among HD patients. Although GBV-C 

seems to be nonpathogenic, it may serve as a marker of 

nosocomial viral transmission.

Transfusion transmitted virus:

Recently, a new single stranded DNA virus transfusion 

transmitted virus (TTV) has been isolated. The association of 

TT virus with both cryptogenic chronic liver diseases and post-

transfusion hepatitis has been reported (Nishizawa et al.,

1997).
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As for acute and chronic hepatitis of unknown etiology 

its prevalence was found to be higher than in healthy controls

suggesting an etiological role of this agent in the development 

of both acute and chronic hepatitis (Okamoto et al., 1998).

SEN virus:

A novel DNA virus named SEN virus (SEN-V) was 

recently cloned from the plasma of a patient with post 

transfusion hepatitis. This patient had elevated transaminase 

levels but did not have viral markers for hepatitis type A to E 

viruses or hepatitis G virus (Umemura et al., 2001; Tanaka et 

al., 2001).

SEN-V is a circular 3.900-nucleotide DNA virus. There 

are eight SEN-V genotypes, called A to H SEN-V were 

classified into the same group as TTV variants (including 

SANBAN and TUS01). Of the eight genotypes, genotypes D C 

and H have been reported to be related to liver dysfunction. 

Although SEN-V has been observed in patients with acute and 

chronic liver disease of unknown etiology, the role of SEN-V 

in the pathogenesis of liver disease is not yet known 

(Umemura et al., 2001).

Hideo et al., in 2002 found that SEN-V was detected at 

almost the same frequency in patients with and without liver 

disease. SEN-V does not seem to contribute either to the 

pathogenesis of liver disease or to the development of 

hepatocellular carcinoma from chronic liver disease.
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SEN-V is transmitted through blood transfusion and 

injection drug use. However, it is not known whether the virus 

can also be transmitted through sexual contact or nosocomial

exposure. The prevalence of SEN-V infection among blood 

donors is about 2%, and approximately 30% of recipients who 

received SEN-V seropositive blood through transfusion 

converted to seropositive. Currently, there are no specific 

measures to prevent SEN-V transmission through blood 

transfusion (Forrester et al., 2002; Hideo et al., 2002).

Transfusion Transmitted Virus (TTV)

Historical aspects: 

In December 1997, a novel DNA virus was found to be 

associated with elevated aminotransferase levels in the sera of 

3 to 5 patients with biopsy-proven post-transfusion hepatitis of 

unknown etiology (non-A-G hepatitis) and associated with 

elevated aminotransferase levels was reported by Nishizawa et 

al., (1997). It’s reported to be common in patients with a 

variety of liver disease and with history of transfusion. Its 

pathogenesis in chronic liver disease remains unclear (Ozener 

et al., 2002).

The virus was named TT virus (TTV) after the initials of 

the first patient from whom the virus isolated (Nishizawa et 

al., 1999). 
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Classification: 

Transfusion-transmitted virus (TTV) is a novel non-

enveloped, single-stranded DNA virus with unclear 

pathogenesis throughout the world (Emre et al., 2007). It's 

suggested its relation to family parvoviridae (Philippe et al.,

1999).

However, the buoyant density of TTV (1.31-1.34/g/cm3) 

and its particle size determined by filtration (30-50nm) are not 

like those of other parvoviruses (as for example the buoyant 

density of parvovirus B19 is 1.39-1.42g/cm3 and its particle 

size is 18-22nm). Also, the TTV genome was found to be 

circular, not linear as the parvoviride family. Therefore other 

than its single- stranded genome and lack of an envelope, TT 

virus doesn’t share any other characteristics of the 

parvoviridae (Okamoto et al., 1998).

Molecular and biophysical characterization study 

showed that TTV is a non-enveloped, negative single stranded 

DNA virus with a circular 3853 nucleotide-long genome 

(Pisani et al., 1999).

TTV share some attributes of the Cirovirdae Family, the 

members of which include Chicken anaemia virus (CAV), 

psittacine beak and feather disease virus, and porcine 

circovirus. Circoviruses are non-enveloped, 15-22nm in 

diameter, and buoyant density of 1.32-1.37g/ml. Their 

genomes make up a single molecule of circular, single 



 Review of Literature 

28

stranded DNA, 1.7-2.3 kilobase (Kb) long (Lukert et al.,

1995). 

It should be mentioned, however, that because the virion 

and genome sizes and other properties of TTV don’t conform 

to those of known circoviruses, Mushahwar et al., (1999)

have suggested that TTV might represent the founding number 

of a new family of viruses, for which they tentatively propose 

the name circinoviridae.

There is another recent virus (designated TTV-like 

minivirus) with intermediate genomic properties between TTV 

and CAV and proposed that the three viruses is classified 

together into a new family, for which they coined the name 

paracircoviridae (Takahashi et al., 2000).    

Viral structure:

TTV was found to be a non-enveloped virus and based 

upon its sensitivity to single-strand but not double strand-

specific endonucleases, the virus appeared to possess a single-

stranded DNA genome was assumed to be circular and this 

circular structure of the virus was reproducibly confirmed by 

nested genome-length  PCR. the particle size of the virus was 

estimated by passing virus containing serum successively 

through filters of decreasing pore size and then the virus was 

detected by PCR. the virus was found to exist in serum with a 

particle diameter between 30-50nm (Mushahwar et al., 1999).
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At the end of 1999 gene bank contained the entire 

nucleotide sequences of 10 TTV isolates, which varied in 

length between 3808 nucleotides (nt) (SANBAN isolate), 

3853nt (isolates TA 278 and JA 20). Judging from the 

presence of well conserved open reading frames (ORFs) 

among the sequenced isolates, the genome of TTV is divided 

into a potentially coding region of ~2.6kb and untranslted 

region (UTR) of ~1.2kb (Fig1). The former consists of two 

major potential protein genes (ORF1 and ORF2) which are 

present in the plus strand complementary to genomic DNA. 

(Bendinelli et al., 2001).
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Fig.(1): Genomic organization of TTV.

ORF1: open reading frame 1 UTR: untranslated region

ORF2: open reading frame 2 HVR: hypervariable region 

ORF3: open reading frame 3 CAV: chicken anemia virus  

Quoted  from (Bendinelli et al., 2001) 

In the prototype TA 278 sequence, ORF1 spans nt 589 to 

2898 and ORF2 spans nt 107 to 712, which correspond to a 

coding capacity of 770 and 150 amino acid (a.a) respectively. 

However, the lengths of the two ORFs may vary somewhat in 

individual isolates (Okamoto et al., 1999).

Analysis of the sequences of 11 isolates revealed the 

presence of an additional small ORF (designated ORF3) with a 
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coding capacity for 75aa, located immediately down-stream of 

ORF1 (nt 2904 to 3074 in the TA 278 isolate) and well 

conserved in most isolates (70-100% identity) (Erker et al.,

1999).

Other putative ORFs have been recognized in some 

isolates, but they might be non-functional, as suggested by 

their absence in most other isolates and additional molecular 

consideration (Takacs et al., 2003).

Only ORF1 possesses a conserved initiation methionine 

codon for the efficient initiation of eukaryotic protein 

synthesis. Additionally, there is a conserved eukaryotic 

polyadenylation signal (AAT AAA) located 177 nucleotides 

downstream from ORF1 termination codon. This is the only 

polyatenylation signal conserved in all TTV sequences 

(Tanaka et al., 1999).

The amino terminus of ORF1 possesses a high number 

of arginine residues, thus the TT virus ORF1 product may 

have DNA-binding activity and function in packaging of the 

viral genome. By analogy with chicken anemia virus (CAV), 

which also, has this sequence, the ORF1 in TTV may encode 

acapsid protein (Bassami et al., 1998; Takahashi et al., 1998).    

Polymerase chain reaction (PCR) method, which is used 

for amplifying 3.4kb, isolates of TTV of genotype 1a 

highlighted three hypervaribale regions (HVR) in the central 

portion of ORF1, that had a markedly divergent amino acid 
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sequence. They were designated HVR1, HVR2, and HVR3 

(Fig.1) and coded for 22, 47 and 31amino acids respectively 

(Mushahwar et al., 1999). 

Most amino acid substitutions in ORF1 clustered in 

hypervaribale regions that spanned 100 amino acids altogether.  

(Nishizawe et al., 1999).

Quasispecies of TTV due to variation in the HVRs were 

found restricted to hosts with chronic infection. In individuals 

with chronic infection TTV circulates as quasispecies, with 

sequence divergence in the HVRs. TTV evolves in hosts by 

changing its HVR sequences to escape immune surveillance. 

The adaptability of the HVRs for viral persistence has well 

established for hepatitis C virus (HCV) and human 

immunodeficiency virus type 1 (HIV1). Circulating TTV in 

hosts with acute resolving infection, rarely, if ever showed 

sequence divergence in the HVRs (Martell et al., 1992).

The N22 region (positioned in the large ORF1) 

corresponds to a structural (nucleocapsid) protein and might be 

capable of accommodating considerable sequence variability. 

The sequence of the N22 regions used for detecting TTV DNA 

and classifying various genotypes (Hohne et al., 1998; 

Prescott et al., 1999).

ORF2 is believed to code for a non-structural protein 

involved in viral replication. In spite of high heterogeneity 

among TTV isolates, the segment encompassed between a.a. 
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46 and 66 of ORF2 protein contains five positions conserved 

among all the isolates examined. (Hijikata et al., 1999).  

There is a sequence similarity between the TTV ORF3 

protein and HCV non-structural 5A (NS5A) protein which is a 

phosphoprotein and is thought to associate with various 

cellualr proteins (Asabe et al., 2001).

Regulatory elements such as TATA and CAAT boxes 

are not conserved in the predicted locations for any of the 

ORFs. Thus, at the time, the function of these ORFs as 

suggested by the previous data cannot be determined. 

(Mushahwar et al., 1999).

The noncoding UTR of TTV genome contains the G+C-

rich (≈90%) segment as well as various regulatory sequences. 

This segment also possesses multiple inverted repeats and 

hence has the potential to form several stem-loop structures. 

(Okamoto et al., 1999).   

Replication: 

It has been reported that the titre of TTV DNA in the 

liver was between 10-and 100-fold higher than that in the 

serum and that the circular, double-stranded form of TTV 

DNA, the intermediate of replication, was found in the liver, 

indicating that TTV replication occurs in the liver (Okamoto et 

al., 2000).

The mechanism of DNA replication is not known with 

certainty, but there are molecular indications that circoviruses 



 Review of Literature 

34

use a rolling-circle mechanism (Yzebe et al., 2002; Thom et 

al., 2003).

This mechanism is particularly well suited for 

replicating single stranded DNAs. It should be noted however, 

that the great genetic diversity of TTV has also led 

investigators to hypothesize that the viral DNA is replicated by 

a machinery with poor or no proofreading activity. That TTV 

might replicate through an RNA intermediate like the hepatitis 

B virus seems unlikely because no reverse tanscroptase motif 

has been identified in its genome (Bendinelli et al., 2001).

Genotypes:

Many reports have suggested the presence of multiple 

genotypes and subtypes of TT virus isolates. The rapid 

assignment of genotypic nomenclature has led to confusion 

within the literature and conflicting data as to the support for 

subtypes (Viazov et al., 1998).

Using a limited number of sequences and percentage 

identify, types 1a, 2a and 2b were designated. A support for 

these groupings was found and a third genotype was identified, 

following phylogenetic analysis (Simmonds et al,. 1998).

Phylogenic analysis was performed which suggested the 

presence of six genotypes, G1 through G6. Sequences 

designated G4 are 85 to 99% identical to genotype 3 

(Okamoto et al,. 1998).
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Recently, at least 16 genotypes that differ by > 30% 

from one another have been distinguished. In order to avoid 

confusion, one should refrain from assigning genotypic 

designations until adequate sequence information is available 

and sufficient support has been demonstrated (Okamoto et al.,

1999).   

Genetic heterogeneity: 

In contrast to most DNA virus, TTV isolates exhibit a 

high degree of genetic heterogeneity (Irshad et al., 2006).    

The divergence is unevenly distributed throughout the 

genome. The UTR is comparatively well conserved and 

contains several segments with greater than 90% identity, 

indicating that much variation is not tolerated in these regions 

(Erker et al., 1999). In contrast, the translated portion presents 

an extraordinarily high degree of diversity. The divergence is 

especially high in central tract of ORF1 which contain the 

three hypervariable regions. Variability is lower in arginine-

rich amino-terminal portion and few other short stretches 

(Nishizawa et al, 1999).

Phylogenetic trees constructed on the N22 region have 

led investigators to subdivide TTV into up to 16 genotypes and 

several subtypes or to refrain from designating new types. The 

reasons for the vast genetic diversity of TTV are puzzling 

(Okamoto et al., 1999). According to Hijikata et al., (1999), 

the only possible explanation is that TTV has existed for eons 
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and drifted with time. However, other factors may have 

facilitated the expansion of TTV genetic diversity: 

I. There was some evidence to suggest that the amount of 

genetic heterogeneity might be related to the viral DNA 

titer. It was found that samples from patients with low 

viral DNA titers exhibited no nucleotide variation, while 

sample from patients who were infected with multiple TT 

variants and had consistently higher viral DNA titer, 

exhibited nucleotide variations. Thus these facts indicate 

the relationship between high viral titer and the presence 

of genetically heterogeneous viral population (Ball et al.,

1999).

II. The great ability of TTV to produce chronic productive 

infection characterized by conspicuous plasma viremia 

lasting many years may offer the host immune system the 

opportunity to exert a continuous pressure for viral 

evolution (Prescott et al., 1999).

III. Several domestic animal species harbor TTV or TTV-like 

viruses most of which could not be distinguished form 

human TTV isolates in the genomic regions analyzed, 

making cross-species transmission a likely possibility; the 

need to adapt to new hosts would represent an important 

drive to genetic change (Verschoor et al., 1999).

IV. Mixed infections by multiple genotypes are frequent, and 

hence genetic recombination of human TTV between 
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themselves and with related viruses of animals might be an 

important multiplier of genetic diversity (Ball et al., 1999).

Epidemiology: 

a. Prevalence: 

1- Geographical distributions:  

Recently, PCR protocols ere developed using primers 

recognizing sequences include in the conserved untranslated 

region (UTR) of TTV genome (Takahashi et al., 1998, 

Okamoto et al., 1999). Studies using UTR primers showed a 

prevalence of TTV infection exceeding 90% in Japanese 

general population and rates ranging from 46-98% among 

blood donors from different areas of the world (Takahashi et 

al., 1998; Itoh et al., 1999; Simmonds et al., 1999).

Several studies have also investigated the geographical 

distribution of TTV genotypes. Types 1 and 2 are very 

common worldwide, even if their prevalence rates vary 

substantially in different areas, whereas other types seem to be 

less frequent or restricted to specific geographical regions. It is 

uncertain whether these data reflect real differences in 

genotype distribution or are instead biased by preferential 

amplification genotypes by the PCR assays used (Bendinelli et 

al., 2001).   

2- Age group: 

Hsieh et al., in 1999 have performed a study which has 

showed the prevalence of TTV in different age groups. To 
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assess this 148 subjects were categorized as follows: 30 

newborns (sera obtained from the umbilical cord at birth), 23 

infants age <1 years) 16 preschool children age (1 to 6 years). 

21 individuals without prior sexual experience (age 6 to 15 

years), 15 young adults (age 15-30 years), and 23 adults over 

30 years of age. The rates of TTV infection were 0, 

17,25,33,47 and 54%, respectively (Table 1). 

Table (1): Rates of TTV infection in different age groups 

of individuals with normal liver biochemical 

tests.

Age group (n) 
No (%) TTV 
DNA positive 

P 

0 days (newborn) (30)
under 1 yr (23) 
1 to 6 yr  (16)
6 to 15 yr (21) 
15 to 30 yr (15) 
over 30 yr (43) 

0 (0)
9 (17)
4(25)
7 (33)
7 (47)
23(54)

0.030*
0.694**
0.723**
6.644**
0.877**

* Significantly different from the preceding value. 
** Not significantly different from the preceding value 

Quoted from (Hsieh et al., 1999)

The only statistically important different concerning the 

prevalence of TT viraemia among different age groups, in the 

study conducted by Hsieh et al., in 1999, was the difference in 

the prevalence of TTV viremia between the groups of 

newborns and infant (P=0.030). It was attributed to close 

contact with a TTV infected mother (Hsieh et al., 1999). 
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The apparent age-dependent increase in TTV DNA 

prevalence among pediatric patient suggests perinatal or 

community acquired infection of infants within 3 months of 

birth (Yokozaki et al., 1999).

3- Sex:

Maggi et al., (1999) reported in their study that, no 

statistically significant difference was found when unselected 

patients were grouped by sex. 

4- Risk groups: 

Epidemiological studies have shown that TTV is widely 

distributed in different population with parenteral risk 

exposure: haemodialysis patients (46%), intravenous drug 

users (19 to 40%) and haemophilics (27.4 to 68%). TTV was 

also, detected at lower incidence in voluntary blood donors 

(1.9 to 12%) (Biagini et al., 1998).

Poovorwan et al., (1998) showed that TTV DNA was 

found in 9 (18%) of the 50 chronic liver disease patients who had 

tested negative for all hepatitis virus markers A to G, and in 9 

(9.2%) of the 98 hepatocellular carcinoma patients, 64 of whom 

had also, shown positive for hepatitis B, 12 for hepatitis C and 6 

for hepatitis G markers (table 2). Hence, it can be assumed that at 

least in part of those nine patients TT virus exists as a coinfection 

with one of the hepatitis viruses B,C or G. 
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Table (2): Prevalence of TTV-DNA among high-risk and 
control groups

Group No.
TTV-DNA

Positive %
Non A-G chronic liver disease
Hepatocellular carcinoma
IVDU
Thalassemia
Prostitutes

Blood donors
Pregnant women

50
98
52
80
31
200
163

9
9
17
15
3
14
7

18.0
9.2
32.7
18.8
9.7
7.0
6.8

Quoted from (Poovorawan et al., 1998)

The genoprevalence of TTV in Japanese men with 

history of intravenous drug abuse and/or tattoo was studied.

TTV was identified in serum by PCR. TTV was detected in 

89.7% of men with history of intravenous drug abuse and/or 

tattoo (Niitsuma et al., 1999).

A difference in the prevalence of TTV DNA in blood 

derivatives was noticed; this depended on the type of product 

tested. The highest prevalence was found in factor VIII (80%) 

which is the first product to be obtained from plasma pools by 

cryoprecipitation and subsequent purification. The prevalence 

decreased to 50% in intramuscular immunoglobulin (IMIG) 

and reached zero in intravenous immunoglobulin (IVIG) and 

albumin (Pisani et al., 1999).
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b- Transmission: 

1. Parenteral transmission: 

As TTV was first isolated from a patient with post 

transfusion hepatitis, the major route of transmission was 

assumed to be parental (Nishizawa et al., 1997) (Irshad et al.,

2006).

Parentral transmission of TTV has been suggested by 

the frequent detection of viral DNA in the sera of subjects at 

risk for transmission of blood viruses such as intravenous drug 

users (IVDUs), hemophiliacs, patients on maintenance 

hemoduialysis and recipients of blood products (Prescott and 

Simmond, 1998). 

Additional observations corroborating this conclusion 

was noted by Pisani et al., (1999) who found that TTV was 

detected in commercial human plasma, clotting factor 

concentrates and intramusclar immuinoglobulin (Ig) 

preparations. In certain studies, hepatitis B and C patients were 

coinfected with TTV more frequently than control groups 

(Davidson et al., 1999). Individuals at risk for parenteral 

transmission often exhibited mixed infection by multiple TTV 

subtypes (Forns et al., 1999).

The prevalence of TTV, HCV and hepatitis G virus 

(HGV) infection in 173 multiple transfused patients according 

to the quantity of blood donor exposures of packed red cell 

(PRC) transfusion received during their life times were 

studied. This study indicated that TTV HCV, and HGV share a 
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parenteral transmission, but that TTV, by contrast to the other 

2 viruses, is also transmitted by at least another efficient way 

of transmission (Lefrere et al., 1999).

2. Feco-oral transmission:

The low titres of TTV DNA in the feces of some 

infected individuals, potentially provide a faecoral route of 

transmission comparable to that of enteroviruses such as 

hepatitis A virus (HAV), this route of transmission is 

consistent with the epidemiology of TT infection in adults and 

would resolve the contrasting features associated with infant 

infection by TTV (Okamato et al., 1999).

Patients with TTV viremia, who had bile drainage or 

cholecystectomy, were tested for TTV DNA in bile by PCR. 

TTV was detected in bile from all patients; titers were 10-100 

times higher than in serum. The higher the virus titers in bile 

suggest that TTV replicates most likely in the liver then is 

excreted into bile then into feces to be transmitted by fecal-

oral route (Ukita et al., 1999).

Attempts should be made to monitor the levels of TTV 

contamination in drinking water and in food under different 

sanitary conditions and to evaluate whether TTV might be 

useful as a marker of contamination with viruses of fecal 

origin, similar to the use of Escherichia Coli as a marker for 

enteric bacteria (Ross et al., 1999). Recent data suggest that 

TTV can also be transmitted by the fecal-oral route (Maryam

et al., 2007).
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3. Mother to fetus transmission: 

a. Transplacental transmission: 

Mother-to- fetus transmission should be considered, 

which is acquired early in life initial studies failed to detect 

TTV DNA in cord blood samples and in neonates born to 

infected mother (Hsieh et al., 1999). (Okamura et al., 1999)

favoring the idea that child infection was due to early postnatal 

exposure (Davidson et al., 1999; Yokozaki et al., 1999). The 

main source of TTV infection in children is presumed to be 

their mothers (Komatsu et al., 2004). Failure to find TTV in 

neonatal sample in previous studies may have  been due to 

pitfalls in the detection tests used, since it h as subsequently 

been reported repeatedly that prepartum transmission of TTV 

not only occurs but may actually be very common (Saback et 

al., 1999; Sugiyama et al., 1999; Maggi et al., 2003). 

In recent studies, TTV DNA was detected in over half 

of the cord samples examined. Furthermore, some cord blood 

samples has a TTV DNA content as high as that in the 

respective mother’s blood, leaning in favor to transplacental 

transmission before delivery (Morrica et al., 2000). 

b. Breast milk Transmission: 

TTV was found in nearly 73.9% of the barest milk 

sample derived from TTV viremic mother. The children of 

these women were TTV viremic. Only one of the children 

borne to a carrier mother was TTV negative, and remained 

negative during follow-up, although he was breast fed and 
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TTT DNA was detectable in mother’s breast milk. This 

indicates that breast feeding doses not significantly contribute 

to transmission of TTV and that transmission of TTV occurs in 

utero rather than via breast feeding. As a result of these data, 

mothers with TT viremia are not discouraged from breast 

feeding their children (Schroter et al., 1999). 

4- Sexual transmission:

Poovorawan et al., (1999) reported that, in contrast to 

hepatitis B and C viruses, the frequency of TTV infection in 

individuals at high risk for sexually transmitted disease was 

not particularly high.  This suggests that sexual transmission 

plays an unimportant role if any (Salakova et al., 2004).

However, a high rate of cervical carriage (66%) of TTV DNA 

was found by PCR suggesting that perinatal and sexual 

transmission may be possible (Chan et al., 2001). Inami et al.,

(2000) also found a high prevalence of TTV DNA in saliva 

and semen of patients infected with TTV by PCR.

5- Transmission through body fluids:-

In order to investigate whether or not non parenteral 

transmission routes can contribute to TTV spread, urine and 

saliva samples from eight TT viraemic individuals were tested 

for the presence of TTV DNA by polymerase chain reaction. 

TTV DNA was detected in saliva of five subjects and non of 

the urine samples contained TTV DNA. Viral titres of saliva 

were close to those found in serum (Ross et al., 1999).
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Attempts to obtain evidence for household contact 

transmission have been inconclusive, although the detection of 

TTV in saliva, nasopharyngeal secretions, skin and hair might 

imply that it is also possible. Evidence suggestive of non-

transfusion associated nosocomial TTV infections has been 

reported (Bendinelli et al., 2001).    

TTV Infection and Disease Association

1- TTV infection and liver disease:

TTV may cause occasional liver injury. In other words, 

TTV would be a candidate for cryptogenic hepatitis etiology 

similar to many other viruses, such as enteroviruses, 

adenoviruses, cytomegalovirus, Epstein-Barr virus, rubella 

virus, and influenza virus, which are known to cause usually 

transient liver dysfunction of varying severity in minor subsets 

of infected patients (Mauro et al., 2001).

In several series of HCV patients, coinfection with TTV 

appeared to be associated with increased severity of 

biochemical and histological parameters of liver damage

(Charlton et al., 1998; Cleavinger et al., 2000). TTV infection 

may contribute to the progression of liver damage (Kasirga et 

al., 2005).

TTV infection was more common among patients with 

either decompensated liver disease (DC) or hepatocellular 

carcinoma (HCC) (advanced HCV associated disease) (45%), 

as compared to those with either chronic hepatitis (CH) or 
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compensated cirrhosis (CC) (stable HCV-associated disease) 

(9%)(Zein et al., 1999).

In a series of 26 patients with fulminant liver failure, 

mortality was 100% in TTV-infected patients versus less than 

50% in uninfected ones (Tanaka et al., 1999).

A-TTV and hepatitis C virus infection:

          Investigations of the quantification of TTV among HCV 

infected patients might be relevant. Serum TTV DNA levels 

were similar, irrespective of the severity of liver injury, and 

were even similar in HCV-infected patients and blood donors. 

Comparison of HCV-infected patients with both high and low 

serum TTV DNA levels revealed no significant differences in 

serum ALT and HCV core protein levels or the 

histopathological score. These data imply that TTV infection 

and replication occur in many healthy people and do not affect 

the HCV infection or the liver damage due to HCV infection. 

This observation does not totally negate the association 

between TTV infection and hepatitis (Takanobu et al., 2000).

Zein et al., in 1999 reported an epidemiological 

association between TTV and HCV genotype 1b. Genotype 1b 

has been reported to be associated with a more severe liver 

disease and a more aggressive course. The association of TTV 

and genotype 1b is not easily explained and may with longer 

time of infection, contribute to the more advanced liver disease 

described in those infected with this genotype. However, the 
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association between TTV and HCV genotype 1b was present 

irrespective of the stage of liver disease.

B-TTV and acute viral hepatitis:

A study to determine the relation between TTV and the 

clinical courses of various types of acute viral hepatitis was 

performed; one hundred twenty five patients with acute viral 

hepatitis and 100 persons with normal liver function were 

tested for TTV DNA and genotyped by polymerase chain 

reaction (PCR). TTV DNA was detected in 15 of 35 patients 

(42%) with hepatitis C, 8 of 28 patients (29%) with hepatitis 

A, 7 of 29 patients (24%) with hepatitis B, and 37 of 100 

subjects with normal liver function tests (37%). The detection 

rate did not differ statistically between non-A-E hepatitis and 

hepatitis A, B, C, or controls (Kanda et al., 1999).

There were no clinical differences between the TTV-

positive and negative acute hepatitis A patient group. In acute 

hepatitis B group the TTV-positive group had a significantly 

higher frequency of blood transfusion than the TTV-negative 

group (57% vs 4.5%). Among the acute hepatitis C patients, no 

clinical differences, except history of blood transfusion were 

found between the TTV positive and negative groups. In the 

hepatitis group no of 35 patients with non-A-E-acute hepatitis, 

there were clinical differences between the TTV-positive and 

negative patients. Thus, the presence of TTV infection had no 

apparent effect on the clinical data or the clinical courses of 

the patients with either hepatitis A, B or C. Thus, it appears 
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that no correlation exists between TTV infection and the 

clinical features of acute hepatitis (Kanda et al., 1999). 

C- TTV infection and non A-G fulminant hepatitis:

The sera of 36 patients with fulminant hepatitis (FH) 

were examined and the differences in clinical features and 

prognosis between TTV-DNA positive and negative patients 

with non A-G FH were evaluated. TTV DNA in sera was 

measured by nested PCR. Twenty of 36 patients with FH were 

diagnosed non-A-G FH. The TTV DNA in sera was detected 

in 14 patients (38.9%) with FH. 9 (64%) showed non A-G FH 

and 3 had HBV FH and 2 had drug induced FH. There was no 

significant differences regarding clinical features, (age, 

distribution, history of blood transfusion, initial symptoms of 

hepatitis and liver function tests) and prognosis between TTV 

positive and negative patients with non A-G FH, these data 

suggest that although TTV may be an infectious agent related 

to non A-G FH, further study is needed to clarify the role of 

TTV in the pathogenesis of FH (Miyasaka et al., 1999).   

A study by Hsieh et al., in 1999 was conducted to 

evaluate the role of TTV in liver disease. PCR was used to 

detect TTV DNA in serum. The rates of TTV viraemia in 13 

patients with idiopathic acute hepatitis, 14 patients with 

idiopathic fulminant hepatitis, 22 patients with chronic 

hepatitis and 19 patients with cirrhosis of the liver. The rates 

of TTV detection in those patients were 46, 64 55 and 63% 

respectively, and these were not significantly different from 
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those in 50 healthy control subjects (53%) as shown in table(3)

(Hsieh et al., 1999).

Table (3): Prevalence of TTV infection in patients with 
liver disease and healthy controls

Diagnosis of group (n) No. (%)
TTV DNA Positive P

Acute hepatitis of unknown etiology (13) 6 (46) 0.903
Fulminant hepatitis of unknown etiology 
(14)

9 (64) 0.475

Chronic hepatitis (22) 12 (55) 0.858
Chronic hepatitis B (6) 2
Chronic hepatitis C (4) 2
Chronic hepatitis B+C+D (1) 1
Unknown etiology (11) 7
Cirrhosis (19) 12 (63) 0430
Chronic hepatitis B (9) 6
Chronic hepatitis C (4) 2
Chronic hepatitis B+C (1) 1
Unknown etiology (5) 3
Healthy control (50) 26 (53)

(Hsieh et al., 1999)

Subsequent findings have cast serious doubts on the 

correlation between TTV infection and liver disease:

i- As extensively discussed above, TTV viremia is widely 

prevalent not only among patients with cryptogenic 

hepatitis but also, and at similar rates, in control groups 

with other forms of liver disease or no liver injury at all 

(Maria et al., 2003; Jeon et al., 2003).

ii- When hemophiliacs and other persons with or without risk 

of blood-borne infections were classified into TTV DNA-
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positive and -negative groups, the two groups often 

showed similar ALT levels (Takahashi et al., 1998; 

Takayama et a1., 1999; Hsu et al., 2003).

iii- In several series of blood transfusion patients, there was no 

correlation between TTV infection and the development of 

hepatitis, and, in any case, the dynamics of ALT were 

unrelated to TTV viremia (Irving et al., 1999; Matsumoto 

et al., 1999; Oguchi et al., 1999; Szenborn et a., 2003)

iv- In several studies of patients with hepatitis B or C, no 

correlation was found between the severity of liver 

damage or responsiveness to alpha Interferon therapy and 

concomitant TTV infection (Matsumoto et al., 1999) 

(Oguchi et al., 1999) (Kristian et al., 2006).

v- Chimpanzees naturally or experimentally infected with 

TTV or TTV like viruses showed no biochemical and 

histological signs of liver damage (Verschoor et al., 1999; 

Thom et al., 2003; Moen et al., 2003).

vi- Retrospective analysis of patients treated with alpha 

interferon for underlying HCV infection have shown that 

therapy may result in a generally transient disappearance 

of detectable TTV from blood. Especially if baseline TTV 

viremia is low, but that this is not accompanied by 

modulation of ALT levels unless HCV is also cleaned 

(Akahane et al., 1999) (Berg et al., 1999).
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TTV might cause disease only when activated by 

superinfection with other viruses (Takahashi et al., 1998).

Alternatively, liver damage might become evident only when 

the extent of virus replication is above a certain threshold, due 

to large viral inoculate or other factors (Okamoto et al., 2000).

Patients with cryptogenetic chronic hepatitis had mean 

viremia loads significantly higher than did patients with other 

pathologies (Mauro et al., 2001; Maria et al., 2003).

As in the above infections, the viral and host 

determinants that might determine or enhance the hepato-

pathogenicity of TTV are not known. It has been suggested 

that certain (sub) types or variant of TTV might be especially 

hepatotropic similarly, to what was observed for certain 

enteroviruses and adenoviruses (Okamoto et al., 1999).

To examine whether a virulent TTV strain was 

responsible for liver diseases such as fulminant hepatitis or 

cirrhosis, DNA was cloned and sequenced. Amplified DNA 

from the sera of two patients with acute hepatitis, four patients 

with fulminant hepatitis, one patient with cirrhosis and three 

healthy individuals and phylogenetic analysis revealed that all 

of TTV isolates belonged either to genotype la or lb. No 

specific virulent strain of TTV related to severe liver disease 

as fulminant hepatitis or cirrhosis was round (Okamoto et al.,

1998).
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2- TTV infection and diabetes mellitus:-

The discovery of a high prevalence of TTV infection in 

patients with diabetes mellitus (DM) was unexpected. The 

prevalence of TTV among diabetic patients with end-stage 

renal disease (ESRD) was discovered through a study done in 

hemodialysis units to evaluate the prevalence of TTV infection 

among hemodialysis patients. Further investigations of 

diabetics without renal disease suggested that a high 

prevalence of TTV infection is not specific to diabetic ESRD, 

but that large proportion of diabetic patients are also, infected 

by the virus (Gallian et al., 1999).

The significance of the high rate of TTV infection in 

patients with DM remains to be evaluated. Several hypotheses 

can be proposed: (i) TTV sets off a train of events that 

eventually result in diabetes. However, because the prevalence 

of TTV infection was elevated in both type I (40.7%) and type 

II (52.6%) diabetes, diseases for which the underlying 

physiopathological mechanisms are markedly different, this 

hypothesis is unlikely; (ii) the correlation between TTV 

infection and DM is due to an unidentified common 

epidemiological risk factor. However, it could be argued again 

that the epidemiological distributions of type I and II diabetes 

are different; (iii) there is a nosocomial spread of TTV in 

diabetic patients due to the use of plastic lancet devices as 

suggested for HCV and HBV- (iv) as previously demonstrated 

for other pathogens, opportunistic infections by TTV in DM 

patients occur more frequently than in the general population, 
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since their underlying illness leads to partial 

immunodeficiency, this could be responsible for a higher 

incidence of TTV infection in diabetics (Gallian et al., 1999). 

TTV is more common in diabetic patients (Guney et al.,

2005).

3- TTV infection and miscellaneous diseases: -

Attempts to correlate TTV infection with the 

progression of HIV infection showed that, the current TTV 

infection is high among HIV-infected patients with parenteral 

risk of exposure, and that TTV is also, transmitted through 

sexual routes. However, TTV infection did not seem to alter 

the levels of CD4 cells or ALT levels and the detection of 

TTV does not seem to influence the clinical or immune status 

of HIV-infected patients (Puig-Basagoiti et al., 2000).

Maggi et al., in 1999 found that infection rates in 

patients with psoriasis, rheumatoid arthritis, or systemic lupus 

erythematosus were not higher than in patients with 

miscellaneous diseases. In another study, viremic patients with 

rheumatoid arthritis had a greatly enhanced frequency of 

rheumatoid factor positivity (Hirata et al., 1998; Christensen 

et al., 2000; Puig-Pasagoiti et al., 2000).

Further possible etiological associations should be 

sought possible guidance in choosing the directions for clinical 

investigation may come from an improved understanding of 

the natural history of infection and from the diseases produced 

in their host species by related viruses of animals. In regard to 
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the first criterion, the fact that TTV seems to circulate in blood 

complexes with IgG should encourage investigations on 

glomerulonephritis, vasculitis; and other illnesses in which 

chronic immune complexemia has long been suspected as an 

important etiopathogenic mechanism (Nishizawa et al., 1999).

In addition, if the observation that TTV replicates in 

lymphoid cells only when they are activated to proliferate is 

confirmed, TTV might represent an ideal candidate agent for 

unexplained immunosuppressive syndromes (Maggi et al.,

1999).

There are no clinical manifestations that have been 

unequivocally associate with TTV to date. Because of this and 

because active infection is highly prevalent among apparently 

healthy individuals; there have been repeated suggestions that 

TTV should be considered essentially devoid of pathogenic 

potential (Mauro et al., 2001). 

Griffiths in 1999 and Simmonds et al., in 1999 have 

actually put forward the idea that TTV might represent part of 

the normal human microflora.

while these are provocative speculations, it should be 

kept in mind that to date the only clinical entities that have 

been systematically investigated for a possibly etiological 

correlation are some forms of liver disease, Thus, at this point, 

it is probably more appropriate (and stimulating) to keep TTV 

in the category of 'orphan' viruses (Mauro et al., 2001).
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Virology textbooks are full of examples of viruses that 

had to wait for years after discovery before being linked to 

disease(s): echoviruses, reoviruses (which still carry the term 

"orphan" in their acronym), adenoviruses, parovirus B19, 

Epstein- Barr virus, and herpes viruses (Ellis et al., 1999). 

TTV might behave exactly as these viruses, in that only 

occasional infections might be sufficiently aggressive to 

become the cause of significant clinical disease (Maria et al.,

2003).

Hemodialysis Process

Hemodialysis machine

Fig.(2): Hemodialysis machine (Shaldon 2002).

In medicine, hemodialysis (also haemodialysis) is a 

method for removing waste products such as potassium and 

urea, as well as free water from the blood when the kidneys are 

in renal failure. Hemodialysis is one of three renal replacement 

therapies (the other two being renal transplant; peritoneal 
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dialysis). Hemodialysis can be an outpatient or inpatient

therapy. Routine hemodialysis is conducted in a dialysis 

outpatient facility, either a purpose built room in a hospital or 

a dedicated, stand alone clinic. Less frequently hemodialysis is 

done at home. Dialysis treatments in a clinic are initiated and 

managed by specialized staff made up of nurses and 

technicians; dialysis treatments at home can be self initiated 

and managed or done jointly with the assistance of a trained 

helper who is usually a family member (Shaldon 2002).

Principle

Fig.(3): Semipermeable membrane (KDOQI 2006).

The principle of hemodialysis is the same as other 

methods of dialysis; it involves diffusion of solutes across a 

semipermeable membrane. Hemodialysis utilizes counter 

current flow, where the dialysate is flowing in the opposite 

direction to blood flow in the extracorporeal circuit. Counter-

current flow maintains the concentration gradient across the 

membrane at a maximum and increases the efficiency of the 
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dialysis. Fluid removal (ultrafiltration) is achieved by altering 

the hydrostatic pressure of the dialysate compartment, causing 

free water and some dissolved solutes to move across the 

membrane along a created pressure gradient (KDOQI 2006).

The dialysis solution that is used is a sterilized solution 

of mineral ions. Urea and other waste products, and also, 

potassium and phosphate, diffuse into the dialysis solution. 

However, concentrations of sodium and chloride are similar to 

those of normal plasma to prevent loss. Bicarbonate is added 

in a higher concentration than plasma to correct blood acidity. 

A small amount of glucose is also commonly used (KDOQI 

2006).

Side-effects and complications

Hemodialysis often involves fluid removal (through 

ultrafiltration), because most patients with renal failure pass 

little or no urine. Side effects caused by removing too much 

fluid and/or removing fluid too rapidly include low blood 

pressure, fatigue, chest pains, leg-cramps, nausea and 

headaches. These symptoms can occur during the treatment 

and can persist post treatment; they are sometimes collectively 

referred to as the dialysis hangover or dialysis washout. The 

severity of these symptoms is usually proportionate to the 

amount and speed of fluid removal. However, the impact of a 

given amount or rate of fluid removal can vary greatly from 

person to person and day to day. These side effects can be 

avoided and/or their severity lessened by limiting fluid intake 
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between treatments or increasing the dose of dialysis e.g. 

dialyzing more often or longer per treatment than the standard 

three times a week, 3-4 hours per treatment schedule 

(Weinreich et al., 2006).

Since hemodialysis requires access to the circulatory 

system, patients undergoing hemodialysis may expose their 

circulatory system to microbes, which can lead to sepsis, an 

infection affecting the heart valves (endocarditis) or an 

infection affecting the bones (osteomyelitis). The risk of 

infection varies depending on the type of access used (see 

below). Bleeding may also occur, again the risk varies 

depending on the type of access used. Infections can be 

minimized by strictly adhering to infection control best 

practices (NIH 2008).

Heparin is the most commonly used anticoagulant in 

hemodialysis, as it is generally well tolerated and can be 

quickly reversed with protamine sulfate. Heparin allergy can 

infrequently be a problem and can cause a low platelet count. 

In such patients, alternative anticoagulants can be used. In 

patients at high risk of bleeding, dialysis can be done without 

anticoagulation (Kishimoto et al., 2008).

First Use Syndrome is a rare but severe anaphylactic 

reaction to the artificial kidney. Its symptoms include 

sneezing, wheezing, shortness of breath, back pain, chest pain, 

or sudden death. It can be caused by residual sterilant in the 

artificial kidney or the material of the membrane itself. In 
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recent years, the incidence of First Use Syndrome has 

decreased, due to an increased use of gamma irradiation, steam 

sterilization, or electron-beam radiation instead of chemical 

sterilants, and the development of new semipermeable 

membranes of higher biocompatibility. New methods of 

processing previously acceptable components of dialysis must 

always been considered (James 2007).

Longterm complications of hemodialysis include 

amyloidosis, neuropathy and various forms of heart disease. 

Increasing the frequency and length of treatments have been 

shown to improve fluid overload and enlargement of the heart 

that is commonly seen in such patients (Kuchle et al., 1996).

Access

In hemodialysis, three primary methods are used to gain 

access to the blood: an intravenous catheter, an arteriovenous 

(AV) fistula, or a synthetic graft. The type of access is 

influenced by factors such as the expected time course of a 

patient's renal failure and the condition of his or her 

vasculature. Patients may have multiple accesses, usually 

because an AV fistula or graft is maturing and a catheter is still 

being used (James I. 2007).

Catheter

Catheter access, sometimes called a CVC (Central 

Venous Catheter), consists of a plastic catheter with two 

lumens (or occasionally two separate catheters) which is 

inserted into a large vein (usually the vena cava, via the 
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internal jugular vein or the femoral vein) to allow large flows 

of blood to be withdrawn from one lumen, to enter the dialysis 

circuit, and to be returned via the other lumen. However, blood 

flow is almost always less than that of a well functioning 

fistula or graft (Shaldon, 2002).

Catheters are usually found in two general varieties, 

tunnelled and non-tunnelled: 

Non-tunnelled catheter access is for short-term access 

(up to about 10 days, but often for one dialysis session only), 

and the catheter emerges from the skin at the site of entry into 

the vein (Shaldon 2002).

Tunnelled catheter access involves a longer catheter, 

which is tunnelled under the skin from the point of insertion in 

the vein to an exit site some distance away. It is usually placed 

in the internal jugular vein in the neck and the exit site is 

usually on the chest wall. The tunnel acts as a barrier to 

invading microbes, and as such, tunnelled catheters are 

designed for short- to medium-term access (weeks to months 

only), because infection is still a frequent problem (Shaldon 

2002).

Aside from infection, venous stenosis is another serious 

problem with catheter access. The catheter is a foreign body in 

the vein and often provokes an inflammatory reaction in the 

vein wall. This results in scarring and narrowing of the vein, 

often to the point of occlusion. This can cause problems with 
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severe venous congestion in the area drained by the vein and 

may also render the vein, and the veins drained by it, useless 

for creating a fistula or graft at a later date. Patients on long-

term hemodialysis can literally 'run out' of access, so this can 

be a fatal problem (KDOQI 2006).

Catheter access is usually used for rapid access for 

immediate dialysis, for tunnelled access in patients who are 

deemed likely to recover from acute renal failure, and for 

patients with end-stage renal failure who are either waiting for 

alternative access to mature or who are unable to have 

alternative access (KDOQI 2006).

Catheter access is often popular with patients, because 

attachment to the dialysis machine doesn't require needles. 

However, the serious risks of catheter access noted above 

mean that such access should be contemplated only as a long-

term solution in the most desperate access situation (James 

2007).
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AV fistula

Fig.(4): A rediocephalic fistula (James 2007).

AV (arteriovenous) fistulas are recognized as the 

preferred access method. To create a fistula, a vascular 

surgeon joins an artery and a vein together through 

anastomosis. Since this bypasses the capillaries, blood flows 

rapidly through the fistula. One can feel this by placing one's 

finger over a mature fistula. This is called feeling for "thrill" 

and produces a distinct 'buzzing' feeling over the fistula. 

Fistulas are usually created in the nondominant arm and may 

be situated on the hand (the 'snuffbox' fistula'), the forearm 

(usually a radiocephalic fistula, or so-called Brescia-Cimino 

fistula, in which the radial artery is anastomosed to the 

cephalic vein), or the elbow (usually a brachiocephalic fistula, 
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where the brachial artery is anastomosed to the cephalic vein). 

A fistula will take a number of weeks to mature, on average 

perhaps 4-6 weeks. During treatment, two needles are inserted 

into the fistula, one to draw blood and one to return it (James 

2007).

The advantages of the AV fistula use are lower infection 

rates, because no foreign material is involved in their 

formation, higher blood flow rates (which translates to more 

effective dialysis), and a lower incidence of thrombosis. The 

complications are few, but if a fistula has a very high blood 

flow and the vasculature that supplies the rest of the limb is 

poor, a steal syndrome can occur, where blood entering the 

limb is drawn into the fistula and returned to the general 

circulation without entering the limb's capillaries. This results 

in cold extremities of that limb, cramping pains, and, if severe, 

tissue damage. One long-term complication of an AV fistula 

can be the development of an aneurysm, a bulging in the wall 

of the vein where it is weakened by the repeated insertion of 

needles over time. To a large extent the risk of developing an 

aneurysm can be reduced by careful needling technique. 

Aneurysms may necessitate corrective surgery and may 

shorten the useful life of a fistula. To prevent damage to the 

fistula and aneurysm or pseudoaneurysm formation, it is 

recommended that the needle be inserted at different points in 

a rotating fashion. Another approach is to cannulate the fistula 

with a blunted needle, in exactly the same place. This is called 

a 'buttonhole' approach. Often two or three buttonhole places 
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are available on a given fistula. This also can prolong fistula 

life and help prevent damage to the fistula (Renal Health 

News 2005).

AV graft

Fig.(5): An arteriovenous graft (Renal Health News 2005).

AV (arteriovenous) grafts are much like fistulas in most 

respects, except that an artificial vessel is used to join the 

artery and vein. The graft usually is made of a synthetic 

material, often PTFE, but sometimes chemically treated, 

sterilized veins from animals are used. Grafts are inserted 

when the patient's native vasculature does not permit a fistula. 

They mature faster than fistulas, and may be ready for use 

several weeks after formation (some newer grafts may be used 

even sooner). However, AV grafts are at high risk to develop 

narrowing, especially in the vein just downstream from where 

the graft has been sewn to the vein. Narrowing often leads to 

clotting or thrombosis. As foreign material, they are at greater 

risk for becoming infected. More options for sites to place a 
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graft are available, because the graft can be made quite long. 

Thus a graft can be placed in the thigh or even the neck (the 

'necklace graft') (Renal Health News 2005).

Fistula First project

AV fistulas have a much better access patency and 

survival than do venous catheters or grafts. They also produce 

better patient survival and have far fewer complications 

compared to grafts or venous catheters. For this reason, the 

Centers for Medicare & Medicaid (CMS) has set up a Fistula 

First Initiative, whose goal is to increase the use of AV fistulas 

in dialysis patients (James 2007).

Equipment

Fig.(6): Schematic of a hemodialysis circuit (James, 2007).
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The hemodialysis machine pumps the patient's blood 

and the dialysate through the dialyzer. The newest dialysis 

machines on the market are highly computerized and 

continuously monitor an array of safety-critical parameters, 

including blood and dialysate flow rates; dialysis solution 

conductivity, temperature, and pH; and analysis of the 

dialysate for evidence of blood leakage or presence of air. Any 

reading that is out of normal range triggers an audible alarm to 

alert the patient-care technician who is monitoring the patient 

(Marco 2005).

Water system

Fig.(7): A hemodialysis unit's dialysate solution tanks (Shaldon 2002).

An extensive water purification system is absolutely 

critical for hemodialysis. Since dialysis patients are exposed to 

vast quantities of water, which is mixed with dialysate 
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concentrate to form the dialysate, even trace mineral 

contaminants or bacterial endotoxins can filter into the 

patient's blood. Because the damaged kidneys cannot perform 

their intended function of removing impurities, ions introduced 

into the bloodstream via water can build up to hazardous 

levels, causing numerous symptoms or death. Aluminum, 

chloramine, fluoride, copper, and zinc, as well as bacterial 

fragments and endotoxins, have all caused problems in this 

regard (Shaldon 2002).

For this reason, water used in hemodialysis is carefully 

purified before use. Initially it is filtered and temperature-

adjusted and its pH is corrected by adding an acid or base. 

Then it is softened. Next the water is run through a tank 

containing activated charcoal to adsorb organic contaminants. 

Primary purification is then done by forcing water through a 

membrane with very tiny pores, a so-called reverse osmosis

membrane. This lets the water pass, but holds back even very 

small solutes such as electrolytes. Final removal of leftover 

electrolytes is done by passing the water through a tank with 

ion-exchange resins, which remove any leftover anions or 

cations and replace them with hydroxyl and hydrogen 

molecules, respectively, leaving ultrapure water (Shaldon 

2002).

Even this degree of water purification may be 

insufficient. The trend lately is to pass this final purified water 

(after mixing with dialysate concentrate) through a dialyzer 
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membrane. This provides another layer of protection by 

removing impurities, especially those of bacterial origin, that 

may have accumulated in the water after its passage through 

the original water purification system (James 2007).

Once purified water is mixed with dialysate concentrate, 

its conductivity increases, since water that contains charged 

ions conducts electricity. During dialysis, the conductivity of 

dialysis solution is continuously monitored to ensure that the 

water and dialysate concentrate are being mixed in the proper 

proportions. Both excessively concentrated dialysis solution 

and excessively dilute solution can cause severe clinical 

problems (James 2007).

Dialyzer

The dialyzer is the piece of equipment that actually 

filters the blood. Almost all dialyzers in use today are of the 

hollow-fiber variety. A cylindrical bundle of hollow fibers, 

whose walls are composed of semi-permeable membrane, is 

anchored at each end into potting compound (a sort of glue). 

This assembly is then put into a clear plastic cylindrical shell 

with four openings. One opening or blood port at each end of 

the cylinder communicates with each end of the bundle of 

hollow fibers. This forms the "blood compartment" of the 

dialyzer. Two other ports are cut into the side of the cylinder. 

These communicate with the space around the hollow fibers, 

the "dialysate compartment." Blood is pumped via the blood 

ports through this bundle of very thin capillary-like tubes, and 
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the dialysate is pumped through the space surrounding the 

fibers. Pressure gradients are applied when necessary to move 

fluid from the blood to the dialysate compartment (AAKP 

2009).

Membrane and flux

Dialyzer membranes come with different pore sizes. 

Those with smaller pore size are called "low-flux" and those 

with larger pore sizes are called "high-flux." Some larger 

molecules, such as beta-2-microglobulin, are not removed at 

all with low-flux dialyzers; lately, the trend has been to use 

high-flux dialyzers. However, such dialyzers require newer 

dialysis machines and high-quality dialysis solution to control 

the rate of fluid removal properly and to prevent backflow of 

dialysis solution impurities into the patient through the 

membrane (Eknoyan et al., 2002).

Dialyzer membranes used to be made primarily of 

cellulose (derived from cotton linter). The surface of such 

membranes was not very biocompatible, because exposed 

hydroxyl groups would activate complement in the blood 

passing by the membrane. Therefore, the basic, 

"unsubstituted" cellulose membrane was modified. One 

change was to cover these hydroxyl groups with acetate groups 

(cellulose acetate); another was to mix in some compounds 

that would inhibit complement activation at the membrane 

surface (modified cellulose). The original "unsubstituted 

cellulose" membranes are no longer in wide use, whereas 
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cellulose acetate and modified cellulose dialyzers are still 

used. Cellulosic membranes can be made in either low-flux or 

high-flux configuration, depending on their pore size 

(Macleod et al., 2005).

Another group of membranes is made from synthetic 

materials, using polymers such as polyarylethersulfone, 

polyamide, polyvinylpyrrolidone, polycarbonate, and 

polyacrylonitrile. These synthetic membranes activate 

complement to a lesser degree than unsubstituted cellulose 

membranes. Synthetic membranes can be made in either low-

or high-flux configuration, but most are high-flux (Eknoyan et 

al., 2002).

Nanotechnology is being used in some of the most 

recent high-flux membranes to create a uniform pore size. The 

goal of high-flux membranes is to pass relatively large 

molecules such as beta-2-microglobulin (MW 11,600 daltons), 

but not to pass albumin (MW~66,400 daltons). Every 

membrane has pores in a range of sizes. As pore size increases, 

some high-flux dialyzers begin to let albumin pass out of the 

blood into the dialysate. This is thought to be undesirable, 

although one school of thought holds that removing some 

albumin may be beneficial in terms of removing protein-bound 

uremic toxins (Cheung et al., 2003).

Reuse of dialyzers

The dialyzer may either be discarded after each 

treatment or be reused. Reuse requires an extensive procedure 
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of high-level disinfection. Reused dialyzers are not shared 

between patients. There was an initial controversy about 

whether reusing dialyzers worsened patient outcomes. The 

consensus today is that reuse of dialyzers, done carefully and 

properly, produces similar outcomes to single use of dialyzers 

(AAKP 2009).

Recommendations for preventing transmission of 

infections among chronic hemodialysis patients

Infection Control Precautions for All Patients

During the process of hemodialysis, exposure to blood 

and potentially contaminated items can be routinely 

anticipated; thus, gloves are required whenever caring for a 

patient or touching the patient's equipment. To facilitate glove 

use, a supply of clean nonsterile gloves and a glove discard 

container should be placed near each dialysis station. Hands 

always should be washed after gloves are removed and 

between patient contacts, as well as after touching blood, body 

fluids, secretions, excretions, and contaminated items. A 

sufficient number of sinks with warm water and soap should 

be available to facilitate hand washing. If hands are not visibly 

soiled, use of a waterless antiseptic hand rub can be substituted 

for hand washing (Siegel et al.,  2007).

Any item taken to a patient's dialysis station could 

become contaminated with blood and other body fluids and 

serve as a vehicle of transmission to other patients either 
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directly or by contamination of the hands of personnel. 

Therefore, items taken to a patient's dialysis station, including 

those placed on top of dialysis machines, should either be 

disposed of, dedicated for use only on a single patient, or 

cleaned and disinfected before being returned to a common 

clean area or used for other patients. Unused medications or 

supplies (e.g., syringes, alcohol swabs) taken to the patient's 

station should not be returned to a common clean area or used 

on other patients (Siegel et al.,   2007).

Additional measures to prevent contamination of clean 

or sterile items include a) preparing medications in a room or 

area separated from the patient treatment area and designated 

only for medications; b) not handling or storing contaminated 

(i.e., used) supplies, equipment, blood samples, or biohazard 

containers in areas where medications and clean (i.e., unused) 

equipment and supplies are handled; and c) delivering 

medications separately to each patient. Common carts should 

not be used within the patient treatment area to prepare or 

distribute medications. If trays are used to distribute 

medications, clean them before using for a different patient 

(Thompson, and Bialek 2008).

Intravenous medication vials labeled for single use, 

including erythropoetin, should not be punctured more than 

once. Once a needle has entered a vial labeled for single use, 

the sterility of the product can no longer be guaranteed. 
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Residual medication from two or more vials should not be 

pooled into a single vial (MMWR 2008).

If a common supply cart is used to store clean supplies 

in the patient treatment area, this cart should remain in a 

designated area at a sufficient distance from patient stations to 

avoid contamination with blood. Such carts should not be 

moved between stations to distribute supplies (MMWR 2008).

Staff members should wear gowns, face shields, eye 

wear, or masks to protect themselves and prevent soiling of 

clothing when performing procedures during which spurting or 

spattering of blood might occur (e.g., during initiation and 

termination of dialysis, cleaning of dialyzers, and 

centrifugation of blood). Such protective clothing or gear 

should be changed if it becomes soiled with blood, body 

fluids, secretions, or excretions. Staff members should not eat, 

drink, or smoke in the dialysis treatment area or in the 

laboratory. However, patients can be served meals or eat food 

brought from home at their dialysis station. The glasses, 

dishes, and other utensils should be cleaned in the usual 

manner; no special care of these items is needed (MMWR 

2008).

Cleaning and Disinfection:

Establish written protocols for cleaning and disinfecting 

surfaces and equipment in the dialysis unit, including careful 

mechanical cleaning before any disinfection process . If the 
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manufacturer has provided instructions on sterilization or 

disinfection of the item, these instructions should be followed. 

For each chemical sterilant and disinfectant, follow the 

manufacturer's instructions regarding use, including 

appropriate dilution and contact time (Williams  et al.,  2004).

After each patient treatment, clean environmental 

surfaces at the dialysis station, including the dialysis bed or 

chair, countertops, and external surfaces of the dialysis 

machine, including containers associated with the prime waste. 

Use any soap, detergent, or detergent germicide. Between uses 

of medical equipment (e.g., scissors, hemostats, clamps, 

stethoscopes, blood pressure cuffs), clean and apply a hospital 

disinfectant (i.e., low-level disinfection); if the item is visibly 

contaminated with blood, use a tuberculocidal disinfectant 

(i.e., intermediate-level disinfection) (Tokars et al., 2000).

For a blood spill, immediately clean the area with a 

cloth soaked with a tuberculocidal disinfectant or a 1:100 

dilution of household bleach (300--600 mg/L free chlorine) 

(i.e., intermediate-level disinfection). The staff member doing 

the cleaning should wear gloves, and the cloth should be 

placed in a bucket or other leakproof container. After all 

visible blood is cleaned, use a new cloth or towel to apply 

disinfectant a second time (Tokars et al., 2000).

Published methods should be used to clean and disinfect 

the water treatment and distribution system and the internal 
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circuits of the dialysis machine, as well as to reprocess 

dialyzers for reuse. These methods are designed to control 

bacterial contamination, but will also eliminate bloodborne 

viruses. For single-pass machines, perform rinsing and 

disinfection procedures at the beginning or end of the day. For 

batch recirculating machines, drain, rinse, and disinfect after 

each use. Follow the same methods for cleaning and 

disinfection if a blood leak has occurred, regardless of the type 

of dialysis machine used. Routine bacteriologic assays of 

water and dialysis fluids should be performed according to the 

recommendations of the Association for the Advancement of 

Medical Instrumentation (MMWR 2008).

Housekeeping staff members in the dialysis facility 

should promptly remove soil and potentially infectious waste 

and maintain an environment that enhances patient care. All 

disposable items should be placed in bags thick enough to 

prevent leakage. Wastes generated by the hemodialysis facility 

might be contaminated with blood and should be considered 

infectious and handled accordingly. These solid medical 

wastes should be disposed of properly in an incinerator or 

sanitary landfill, according to local and state regulations 

governing medical waste disposal (Siegel et al.,  2007).
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Routine Serologic Testing

Chronic Hemodialysis Patients:

Routinely test all chronic hemodialysis patients for 

HBV and HCV infection, promptly review results, and ensure 

that patients are managed appropriately based on their testing 

results. Communicate test results (positive and negative) to 

other units or hospitals when patients are transferred for care 

(Mariam 2004).

Hemodialysis Staff Members:

Previously, testing for HBV infection was 

recommended for all staff members at the time of employment 

and for susceptible staff members at routine intervals 

thereafter; however, such testing is no longer considered 

necessary. The risk for HBV infection among hemodialysis 

staff members is no greater than that for other health-care 

workers. Thus, routine testing of staff members is not 

recommended except when required to document response to 

hepatitis B vaccination. Routine testing of staff members for 

HCV, HDV, or HIV infection is not recommended (Mariam 

2004).

Hepatitis B Vaccination

Vaccine Schedule and Dose: Hepatitis B vaccination is 

recommended for all susceptible chronic hemodialysis patients 

and for all staff members. Vaccination is recommended for 
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pre--end-stage renal disease patients before they become 

dialysis dependent and for peritoneal and home dialysis 

patients because they might require in-center hemodialysis. 

Hepatitis B vaccine should be administered by the 

intramuscular route and only in the deltoid muscle for adults 

and children. Intradermal or subcutaneous administration of 

hepatitis B vaccine is not recommended (Investigative 

Guidelines 2008).

Prevention and Management of HBV Infection 

Preventing HBV transmission among chronic 

hemodialysis patients requires a) infection control precautions 

recommended for all hemodialysis patients; b) routine 

serologic testing for markers of HBV infection and prompt 

review of results; c) isolation of HBsAg-positive patients with

dedicated room, machine, other equipment, supplies, and staff 

members; and d) vaccination. Additional infection control 

practices are needed because of the potential for 

environmentally mediated transmission of HBV, rather than 

internal contamination of dialysis machines. The need for 

routine follow-up testing, vaccination, or isolation is based on 

patients' serologic status (Investigative Guidelines 2008).

HBV-Infected Patients:

To isolate HBsAg-positive patients, designate a separate 

room for their treatment and dedicate machines, equipment, 
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instruments, supplies, and medications that will not be used by 

HBV-susceptible patients. Most importantly, staff members 

who are caring for HBsAg-positive patients should not care for 

susceptible patients at the same time, including during the 

period when dialysis is terminated on one patient and initiated 

on another (Investigative Guidelines 2008).

Newly opened units should have isolation rooms for the 

dialysis of HBsAg-positive patients. For existing units in 

which a separate room is not possible, HBsAg-positive 

patients should be separated from HBV-susceptible patients in 

an area removed from the mainstream of activity and should 

undergo dialysis on dedicated machines. If a machine that has 

been used on an HBsAg-positive patient is needed for an 

HBV-susceptible patient, internal pathways of the machine can 

be disinfected using conventional protocols and external 

surfaces cleaned using soap and water or a detergent germicide 

(Investigative Guidelines 2008).

Dialyzers should not be reused on HBsAg-positive 

patients. Because HBV is efficiently transmitted through 

occupational exposure to blood, reprocessing dialyzers from 

HBsAg-positive patients might place HBV-susceptible staff 

members at increased risk for infection (MMWR 2008).

Chronically infected patients (i.e., those who are HBsAg 

positive, total anti-HBc positive, and IgM anti-HBc negative) 

are infectious to others and are at risk for chronic liver disease. 
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They should be counseled regarding preventing transmission 

to others, their household and sexual partners should receive 

hepatitis B vaccine, and they should be evaluated (by 

consultation or referral, if appropriate) for the presence or 

development of chronic liver disease according to current 

medical practice guidelines. Persons with chronic liver disease 

should be vaccinated against hepatitis A, if susceptible 

(MMWR 2008).

Prevention and Management of HCV Infection 

HCV transmission within the dialysis environment can 

be prevented by strict adherence to infection control 

precautions recommended for all hemodialysis patients. 

Although isolation of HCV-infected patients is not 

recommended, routine testing for ALT and anti-HCV is 

important for monitoring transmission within centers and 

ensuring that appropriate precautions are being properly and 

consistently used (Mariam 2004).

HCV-Positive Patients:

Patients who are anti-HCV positive (or HCV RNA 

positive) do not have to be isolated from other patients or 

dialyzed separately on dedicated machines. Furthermore, they 

can participate in dialyzer reuse programs. Unlike HBV, HCV 

is not transmitted efficiently through occupational exposures. 

Thus, reprocessing dialyzers from HCV-positive patients 
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should not place staff members at increased risk for infection 

(Mariam 2004).

HCV-positive persons should be evaluated (by 

consultation or referral, if appropriate) for the presence or 

development of chronic liver disease according to current 

medical practice guidelines. They also should receive 

information concerning how they can prevent further harm to 

their liver and prevent transmitting HCV to others. Persons 

with chronic liver disease should be vaccinated against 

hepatitis A, if susceptible (Mariam,  2004).

Prevention and Management of HDV Infection

If a patient is known to be infected with HDV, or if 

evidence exists of transmission of HDV in a dialysis center, 

screening for delta antibody is warranted. Because HDV 

depends on an HBV-infected host for replication, prevention 

of HBV infection will prevent HDV infection in a person 

susceptible to HBV. Patients who are known to be infected 

with HDV should be isolated from all other dialysis patients, 

especially those who are HBsAg-positive (MMWR 2008).

Prevention and Management of HIV Infection 

Patients with risk factors for HIV infection should be 

tested so that, if infected, they can receive proper medical care 

and counseling regarding preventing transmission of the virus 

(Siegel et al.,2007).
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Infection control precautions recommended for all 

hemodialysis patients are sufficient to prevent HIV 

transmission between patients. HIV-infected patients do not 

have to be isolated from other patients or dialyzed separately 

on dedicated machines. In addition, they can participate in 

dialyzer reuse programs. Because HIV is not transmitted 

efficiently through occupational exposures, reprocessing 

dialyzers from HIV-positive patients should not place staff 

members at increased risk for infection (Siegel  et al., 2007).

Prevention and Management of Bacterial Infections

Follow published guidelines for use of antimicrobials, 

particularly vancomycin, to reduce selection for antimicrobial-

resistant pathogens. Infection control precautions 

recommended for all hemodialysis patients are adequate to 

prevent transmission for most patients infected or colonized 

with pathogenic bacteria, including antimicrobial-resistant 

strains. However, additional infection control precautions 

should be considered for treatment of patients who might be at 

increased risk for transmitting pathogenic bacteria. Such 

patients include those with either a) an infected skin wound 

with drainage that is not contained by dressings (the drainage 

does not have to be culture positive for VRE, MRSA, or any 

specific pathogen) or b) fecal incontinence or diarrhea 

uncontrolled with personal hygiene measures. For these 

patients, consider using the following additional precautions: 
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a) staff members treating the patient should wear a separate 

gown over their usual clothing and remove the gown when 

finished caring for the patient and b) dialyze the patient at a 

station with as few adjacent stations as possible (e.g., at the 

end or corner of the unit) (Siegel  et al.,  2007).

Infection control training and education

Training and education is recommended for both staff 

members and patients (or their family care givers). Training 

should be appropriate to the cognitive level of the staff 

member, patient, or family member, and rationales should be 

provided for appropriate infection control behaviors and 

techniques to increase compliance (Siegel et al.,  2007).

 Training and education for all employees at risk for 

occupational exposure to blood should be provided at 

least annually, given to new employees before they 

begin working in the unit, and documented. At a 

minimum, they should include information on the 

following topics: 

o proper hand hygiene technique; 

o proper use of protective equipment; 

o modes of transmission for bloodborne viruses, 

pathogenic bacteria, and other microorganisms as 

appropriate; 

o infection control practices recommended for 

hemodialysis units and how they differ from 
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Standard Precautions recommended for other 

health-care settings; 

o proper handling and delivery of patient 

medications; 

o rationale for segregating HBsAg-positive patients 

with a separate room, machine, instruments, 

supplies, medications, and staff members; 

o proper infection control techniques for initiation, 

care, and maintenance of access sites; 

o housekeeping to minimize transmission of 

microorganisms, including proper methods to 

clean and disinfect equipment and environmental 

surfaces; and centralized record keeping to 

monitor and prevent complications, including 

routine serologic testing results for HBV and 

HCV, hepatitis B vaccine status, episodes of 

bacteremia and loss of access caused by infection, 

and other adverse events. Records of surveillance 

for water and dialysate quality should also be 

maintained 

(MMWR 2008).

 Training and education of patients (or family members 

for patients unable to be responsible for their own care) 

regarding infection control practices should be given on 

admission to dialysis and at least annually thereafter and 

should address the following topics: 
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o personal hygiene and hand washing technique; 

o patient responsibility for proper care of the access 

and recognition of signs of infection, which 

should be reviewed each time the patient has a 

change in access type; and recommended 

vaccinations (206) 

(MMWR 2008).

TTV in hemodialysis patients
TT virus is a novel hepatitis-associated DNA virus that 

has been provisionally designated as transfusion-transmitted 
virus (TTV). Infection by TTV has been frequently 
demonstrated in humans; however, few reports have been 
published on the epidemiology of TTV infection in patients 
with ESRD. The prevalence of TTV in patients undergoing 
maintenance dialysis varies widely and various virological or 
clinical features can explain these differences. In some reports, 
the prevalence of TTV in HD was significantly higher than in 
control groups. Blood transfusion requirement and nosocomial 
transmission of TTV within dialysis units seem to be important 
in the diffusion of TTV in the HD setting; however, other 
routes of TTV acquisition may play a role (Maryam et al., 
2007).

Numerous factors have been related to TTV infection in 
patients undergoing chronic dialysis. The nosocomial 
transmission of TTV between patients on chronic HD is 
supported by epidemiological and molecular evidence 
(Maryam et al., 2007).
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Gallian et al., in 1999 found a significant difference in 
the prevalence of TTV infection between two units in their 
survey: 37% and 18.8% respectively. In addition, they 
observed that sequences from viruses isolated in a HD unit 
were grouped in the same phylogenetic cluster. These findings 
suggested patient-to-patient transmission or contamination of 
several patients from a common source within the unit.

Forns et al., in 1999 also suggested nosocomial 
transmission of TTV DNA as they observed that patients with 
the highest degree of homology among the TTV isolates were 
dialyzed in the same unit of the hospital.

The clinical significance related to the presence of TTV 
in HD population remains unclear; it is possible that TTV may 
aggravate liver disease caused by hepatitis C virus infection. 
The possibility that TTV causes pathological changes outside 
the liver can not be ruled out (Maryam et al., 2007).

In patients on maintenance hemodialysis (HD), who are 
at an increased risk of parenteral transmitted hepatitis virus 
infection, a high prevalence of TTV infections has been 
reported. However, the transmission route of the virus is still 
unknown. There is also little information about the 
occupational risk of TTV infection in HD unit workers (Irshad 
et al., 2006).

Some studies have reported a significant relationship 
between TTV infection and blood transfusion; but in other 
reports, the prevalence of TTV was unrelated to the history of 
transfusion or to duration of HD (Dai et al., 2002).
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It was shown that a prior blood transfusion and time on 
HD were not predictors of the presence of TTV DNA, so that 
TTV may have a transmission route not shared by HBV, HCV 
or HGV. The possibility of TTV transmission, via a 
nosocomial route in HD units, must be considered. One of the 
possible routes of transmission in an HD unit is direct from 
person to person (Valtuille et al., 2002).

The detection of TTV DNA tested only for ongoing 
TTV infection. It would be necessary to asses transient and 
previous TTV infection by detecting a specific antibody 
associated with recovery from TTV infection; however, no 
such antibody assay system is yet available. A low immune 
response to TTV infection should considered which might be 
associated with a high rate of persistent of TTV infection 
undergoing HD (Dai et al., 2007).

Forns et al., in 1999 analyzed the virological 
characteristics of TTV infection among patients on HD. A 
significant number (27%) were apparently coinfected with 
different strains of TTV. Sequence analysis indicated that TTV 
strains belonging to two different major genotypes could exist 
in a single patient. Infection by a strain of a given genotype 
was not protective against superinfection by another type. The 
superinfection did not result in the disappearance of the first 
strain or in any alteration to its genomic sequence.
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Subjects and Methods

The study was a longitudinal study conducted on one 

hundred patients with end stage renal disease (ESRD) 

undergoing hemodialysis (HD) for the first time (as a control 

group) and after recurrent HD (for at least 6 months of regular 

HD) and we will classify them into 4 main groups (two groups 

of cases and two control groups).

 First group: includes patients after recurrent hemodialysis 

with HCV positive; and it is divided into two 

groups:

- Group (I): include patients with HCV Ab positive and 

TTV positive.

- Group (II): include patients with HCV Ab positive and 

TTV negative.

 Second group: includes patients after recurrent 

hemodialysis with HCV negative; and it is divided 

into two groups:

- Group (III): include patients with HCV Ab 

negative and TTV positive.

- Group (IV): include patients with HCV Ab 

negative and TTV negative.

Third group: includes patients undergoing 

hemodialysis for the first time (control group) with 

HCV positive; and it is divided into two groups:

- Group (V): include patients with HCV Ab positive 

and TTV positive.
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- Group (VI): include patients with HCV Ab positive 

and TTV negative.

Fourth group: includes patients undergoing 

hemodialysis for the first time (control group) with 

HCV negative; and it is divided into two groups:

- Group (VII): include patients with HCV Ab 

negative and TTV positive.

- Group (VIII): include patients with HCV Ab 

negative and TTV negative.

All patients of the 4 groups were subjected to the 

following laboratory investigations:

1- TTV-DNA detection by PCR.

2- HBs Ag by ELISA technique.

3- HCV antibody by ELISA technique.

4- Liver enzymes which include:

- ALT.

- AST.

- γGT.

These tests were repeated after recurrent hemodialysis to 

study the effect of TTV infection on liver state in association 

with hepatitis.

Sample collection and preparation:

Samples were collected from one hundred patients with 

end stage renal disease who undergo hemodialysis for the first

time, the collection were from hemodialysis unit, Naser 

institute.
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We took into account that a group of HD patients were 

infected with hepatitis and another group was not infected, to 

study the relationship between TTV infection and viral 

hepatitis.

We followed up all patients after recurrent HD to see the 

prevalence of TTV infection and the relation between viral 

hepatitis and TTV infection and their impaction on liver 

condition.

Precautions during sample collection:

1- Samples were taken under sterile condition (because 

contamination will affect our results).

2- Samples were withdrawn with a vacutainer set (a 

special sterile set with a needle connected to a closed 

sterile vacuum tube with no additives) to exclude air 

contamination.

3- Samples were stored at – 80°C.

Method of sample withdrawal:

 Six cm of whole blood was withdrawn.

 Sample was centrifuged and serum was separated from 

packed RBCs (using automatic pipette).

 Serum was divided into 3 parts in sterile tubes; one 

was used for detection of DNA of TT, the second for 

testing hepatitis B and C and third in analysis of liver 

enzymes.
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Methods  

Liver enzymes which included ALT, AST and γGT were 

measured by Cobas Integra autoanalyzer.

ALT (alanine aminotransferase)

By kits supplied by (Roche clinical lab systems, 

Germany).

Principle

* α-oxoglutarate + L alanine < ----- ALT ----- > L-glutamate 

+ pyruvate pyruvate + NADH + H < ----- LDH ----- > 

Lactate + NAD

(Lorentz et al., 1995)

AST (Aspartate aminotransferase)

By kits supplied by (Roche clinical lab systems, 

Germany).

Principle

α-oxoglutarate + L aspartate <--- AST ---> L-glutamate + 

oxaloacetate

oxaloacetate + NADH + H < ----- MDH ----- > L-malate + NAD

(Lorentz et al., 1995)

γGT (γ Glutamyl transferase)

By kits supplied by (Roche clinical lab systems, 

Germany).
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Principle

* L- γ glutamyl-3-carboxy-4-nitroanilide + glycylglycine 

<--- γGT ---> L- γ-glutamyl-glycylglycine + 5-amino-2-

nitrobenzoate

(Shaw et al., 1983)

Serological assays:

Developed by ELISA technique:

i- Detection of HCV antibodies by ELISA kit Murex 

anti-HCV (version 4):

Principle of the procedure:

Diluted samples were incubated in microwells coated 

with highly purified antigens which contain sequences from 

the core N53, N54 and N55 regions of HCV. During the 

course of the first incubation any anti-HCV antibodies in the 

sample were bind to the immobilized antigens. Followed by 

washing to remove unbound material, the captured anti-HCV 

antibodies were incubated with peroxide conjugated 

monoclonal anti-human IgG. During the course of the second 

incubation the conjugate were bind to antibody immobilized in 

the first step. After removal of excess conjugate, bound 

enzyme was detected by addition of a solution containing 3.5', 

5.5'-tetramethylbenzidine (TMB) and hydrogen peroxide. A 

purple color developed in the wells which contained anti-HCV 

positive samples.

The enzyme reaction is terminated with sulphuric acid to 

give an orange color which was read photometrically. The 
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amount of conjugate bound, and hence color, in the wells, is 

directly related to the concentration of antibody in the sample.

ii. Detection of HBs Ag by ELISA kit Murex HBs Ag 

(Version 3):

Principle of the procedure:

  The sample was pre-incubated in microwells coated 

with a mixture of mouse monoclonals specific for different 

epitopes on the determinate of HBs Ag. Affinity purified goat 

antibody to HBs Ag conjugated to horseradish peroxide was 

then added to the sample in the well. During the two 

incubation steps any HBsAg present in the sample was bound 

to the well in an antibody-antigen-were bound. After washing 

to remove sample and unbound conjugate a solution 

containing 3.5', 5.5'-tetramethylbenzidine (TMB) and 

hydrogen peroxide was added to the wells. Wells which 

contain HBs Ag and hence bound conjugate were developed a 

purple color which was converted to orange when the enzyme 

reaction is terminated with sulphoric acid. The amount of color 

was determined spectrophotometrically and was directly 

proportional to the amount of conjugate bound and hence the 

concentration of HBs Ag in the sample.

Determination of TTV by PCR: 

PCR was carried out for the detection of TTV DNA 

according to Maggi et al., (1999). This involved three main 

steps: DNA extraction, amplification and detection of specific 

DNA products. Precautions were taken to avoid cross-
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contamination by following strict technical regulations of PCR 

process, subsequent manipulations and analysis of the reaction 

mixture were carried out in separate rooms. Frequent change 

of gloves and working under laminar flow alleviate the 

possibilities of contamination (Forghani and Dean, 1995).

1- DNA extraction: using High Pure Viral Nucleic Acid kit 

supplied by Boehringer Mannheim, Germany.

Principle:

This kit is designated for extraction and purification of 

DNA. Virus lysis is accomplished by incubation of the sample 

in a special lysis/ binding buffer in the presence of proteinase 

k. Subsequently, nucleic acids bind specifically to the surface 

of the glass filters in the presence of a chaotropic salt. After 

lysis of the sample in binding buffer, the lysate is applied to 

the filter tube and passaged through the glass fleece by 

centrifugation. Residual impurities are removed by a wash step 

and subsequently DNA is eluted in elution buffer then the 

purified DNA is applied for nested-PCR.

Equipments:

 Laminar flow (Labcono, Purifier Class II biosafety 

cabinet).

 Microfuge (Bechman, Microfuge, E).

 Vortex (maximix II, Thermolyne).

 DUR 640 (Spectrophotometer, Bechman). 
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Reagents:

 Binding buffer: consisting of 6M guanidine-HC1, 

lOmM urea, IOmM Tris HCL, 20% Triton x-100 (v/v) 

pH 4.4 (25°C).

 Poly A, lyophilizate: 2mg poly (A) carrier RNA.

 Proteinase K, lyophilizate.

 Wash buffer: consisting of 20mM NaCl and 2mM Tris-

HCI, dissolved in 40ml ethanol pH 7.5 (25°C).

 Elution buffer: nuclease free redist. H2O.

 High pure filter polypropylene tubes having two layers 

of glass filter fleece and can hold up to 700l sample 

volume.

 Polypropylene collection tubes.

N.B.: Preparation of reagents:

 Proteinase K was dissolved in 4.5ml redist. H2O.

 40 ml ethanol was added to the wash buffer.

 Poly A carrier RNA was dissolved in 0.4ml elution 

buffer, 2.5ml binding buffer was added to them to 

prepare the working solution which should be prepared 

freshly before each use.

Procedure:

- 200µ1 of working solution [binding buffer supplemented 

with poly A carrier DNA] was added to 200µ1 serum and 

subsequently 40µ1 proteinase K was added, mixed 

immediately and incubated for 10 min at 72°C.

- After incubation, the samples were mixed with 100µ1 

isopropanol.
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- High pure filter tubes were combined with the collection 

tubes and the samples were pipetted in the upper reservoir.

- The combined tubes were centrifuged for lmin at 8000xg in 

a microfuge.

- The filter tubes were combined with new collection tubes 

after discarding the flow-through.

- 450µ1 wash buffer was added to the upper reservoir and 

centrifuged for lmin at 8000xg.

- Again, the flow-through was discarded and the filter tubes 

were combined with new collection tubes, then 450µl wash 

buffer was added to the upper reservoir and centrifuged as 

before.

- Finally, centrifugation was done for 10 sec. at maximum 

speed 13000xg to remove the residual wash buffer.

- The collection tubes were discarded and the filter tubes 

were inserted into clean nuclease-free 1.5ml reaction tubes.

- Subsequently, DNA was eluted using 50µ1 of prewarmed 

elution buffer followed by centrifugation for 1 min at 

8000xg.

- The extracted DNA was quantified spectrophotometrically 

at wave length of 260nm. DNA was employed in PCR 

reaction either directly or stored at -80°C for later analysis.

2- DNA amplification:

A domain of the ORFI spanning nucleotides (1915-

2185) of TTV was amplified by means of nested PCR using 

highly conserved primers (Maggi et al., 1999).
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Equipments:

 Laminar flow (Labcono, Purifier Class II biosafety 

cabinet).

 Microfuge (Beckman, Microfuge, E).

 Vortex (Maximix II, thermolyne).

 Thermocycler (biometra, Uno 11 Thermoblock). 

Reagents:

 Sterile nuclease-free water (Amresco).

 Primers: were chosen for nested PCR according to 

Maggi et al., (1999) and supplied by gulf Biotech, Saudi 

Arabia.

The outer set of primers were:

Sense (A5430): 5'-CAG ACA GAG GAG AAG GCA 

ACA

TG-3' position 1901-1923.

Antisense (A5432): 5'-CTA CCT CCT GGC ATT TTA 

CCA-3' position 2172-2192.

The inner set of primers were:

Sense (A8761): 5'-GGM AAY ATG YTR TGG ATA GAC 

TGG-3' position 1915-1938.

(M=A or C; Y= C or T; and R=A or G)

Antisense (NG063): 5'-CTG GCA TTT TAC CAT TTC 

CAA AGTT-3' position 2161-2185.

Each primer was dissolved in 100µ1 sterile nuclease-free 

water. The concentration of the primers was measured 

spectro-photometrically at 260nm then diluted to a 

concentration of 50pmol/µl and stored in aliquots at -20°C. 
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In a total PCR reaction volume of 50µl, 1µl of prepared 

primer was added.

Deoxynucleotide triphosphate (dNTPs) (PCR-nucleotide 

mix): It was supplied by Boehringer Mannheim-PCR 

nucleotide mix is a clear, colorless solution of the sodium salts 

of deoxyadenosine triphosphate (dATP), deoxyguanosine 

triphosphate (dGTP), deoxycytidine triphosphate (dCTP) and 

deoxythymidine triphosphate (dTTP), each at a concentration 

of 10mM in water for a total volume of 200µ1 (pH 7.0). The 

ready made mixture was added directly to the amplification 

mixture.

Taq polymerase and Taq buffer: Taq volume activity 

was 5 units/µl. 10x concentration Taq buffer containing 15mM 

MgCl2 was supplied with the enzyme by Boehringer 

Mannheim.

Positive control: provided by BioMerieux- Meylan, 

France.

Procedure:

The nested PCR was performed with negative (sterile 

nuclease-free water) and positive controls.

- Before starting, all reagents in their aliquots were tapped, 

then centrifuged to spin down their contents and kept on ice 

during the experiment.

- The following reaction components were prepared as a 

premix according to the number of samples such that total 

reaction volume was 50µl.
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- Both negative and positive controls were processed in the 

same manner as any sample.

PCR amplifications mixture:
Reagent Volume 

in l
Final 

concentration
Sterile nuclease-free water 21.5
10x Taq buffer 5 1.0 x
40mM PCR nucleotide mix 1 0.2 mM
Sense primer 1 50 pmol
Antisense primer 1 50 pmol
5/l Taq DNA polymerase 0.5 2.5 
Template DNA 20 300-500 ng
Final volume 50

- The thermocycler was programmed for the first round PCR 

amplification using the outer set of primers as follows:

Denaturation At 94C for 30 sec.

Annealing At 60C for 30 sec.

Extension At 72C for 45 sec.

Number of cycles 35 cycles

- 5µl of the first round PCR was used for the second round 

PCR using the inner set of primers and further 

amplification for 25 cycles following the same protocols.

3- Detection of PCR products: 

Principle:

Using ethidium bromide agarose gel electrophoresis, the 

PCR products together with a molecular weight marker can be 

separated according to its size under the effect of a constant 

voltage, the smaller fragment runs faster followed by the larger 
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one. After the end of electrophoresis, the band is visualized 

under ultraviolet illumination (Forghani and Dean, 1995).

Equipments:

 Microwave (micro-quartz, Browner, National).

 Electrophoresis unit (EASY-CAST electrophoresis 

system, Model#B2).

 Power supply (TITAN Power supply).

 Ultraviolet transilluminator (Cole-Parmer).

 Polaroid camera and Polaroid films.

Reagents:

 50x Tris acetate EDTA buffer (TAE):

- 2M tris-base (Amresco, Ultrapure Grade, USA).

- 0.05 M EDTA (Molecular Sigma Biology).

- Glacial acetic acid (ALEC, Egypt).

- 50x TAE was diluted with distilled water to give 

1xTAE.

 Molecular biology grade agarose (Hispanagar, Burgos, 

Spain).

 Ethidium bromide with concentration 10mg/ml 

(Amresco, USA).

 6x Loading dye: 40% (w/v) sucrose in water, 0.25% 

bromophenol blue (Boehringer Mannheim).

 DNA molecular weight marker (100bp ladder raging 

from 2642 to 100bp) (Boehringer Mannheim).

 1 M MgSO4 (Amresco, USA).

Procedure:

This was done according to Sambrook et al., (1989).
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Gel preparation:

The agarose (1.5g) was allowed to dissolve in lx TAE 

buffer (100m1), then the mixture was heated in the flask for 2 

min in a microwave till it become transparent. The agarose 

was left to cool at 50oC. The gel was then casted in the 

electrophoretic chamber after applying the comb at one of its 

ends and separating it from the floor of the chamber by a 

suitable distance to allow the development of wells. After 

solidification, TAE buffer lx was poured covering the gel 

thickness to allow passage of electric current, the comb was 

removed carefully from the agarose gel leaving the wells in the 

solid gel.

Sample application:

In properly identified eppendorf tube, 3µl of 6x loading 

dye was added to 15µ1 of PCR product of each sample, 

positive, negative controls and DNA marker then, applied 

carefully in the wells (submarine application). Strict 

precautions were taken to prevent contamination caused by 

carry-over amplified DNA.

Electrophoretic run:

The agarose was located so that the wells were 

positioned at the negative pole, to allow the negatively charged 

DNA to migrate in gel towards the positive pole under fixed 

voltage (100 volt) for 30-45 min to allow separation of DNA

marker bands.

Gel staining and documentation:

The gel was immersed in 0.05% ethedium bromide for 

30 min followed by destaining by immersion in 1mM MgSO4
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for 15 min. The gel was then visualized on the transilluminator 

under long wavelength UV and photographed by Polaroid 

camera.

Interpretation of PCR Results:

The absence of any detectable amplified product(s) in 

the negative control signifies the absence of carry-over 

contamination. The detection of an amplicon of 271 bp in the 

positive control corresponding to the expected amplified TTV 

indicates the fidelity of the PCR components. The samples 

were considered positive if similar amplicon was detected at 

the same band of the positive control.

Photo (1): Agarose gel electrophoresis of the amplified product of TTV

Lane M : Molecular weight marker
Lane 1 : Positive control
Lane 2 : Negative control
Lane 3, 5 : : Positive cases
Lane 4, 6, 7 : Negative cases
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Results

The study was conducted on one hundred patients with 

end stage renal disease (ESRD) undergoing hemodialysis (HD) 

for the first time (as a control group) after recurrent HD for at 

least 6 months of regular hemodialysis (as a HD patient 

group). They were attending the hemodialysis unit of Naser 

inistitute for performing HD.

The range of age of the control group was 18 to 62 years 

with a mean of 43±10, 56 of them were males and 44 were 

females, the duration of HD ranged from 6 months to 1 year.

Table (4): prevalence of viral sero markers for hepatitis 
among HD patients versus control group.

characteristics No. (%) of 
HD patients

(n = 100)

No. (%) of 
control 
patients 
(n = 100) 

P - value

HBs-Ag 0 0

Anti-HCV Ab 59 14 < 0.01

TTV positivity 45 7 < 0.01
P>0.05 is insignificant.
P < 0.05 is significant.
P < 0.01 is highly significant.

Table (4) shows the prevalence of viral sero markers for 

hepatitis among HD patients versus control group. In HD 

patients 59% was HCV Ab positive versus to 14% in control 

group, which was statistically highly significant (P < 0.01).
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Both HD patients and control group in which our study 

was conducted to were negative for HBs Ag.

In HD patients 45% was TTV DNA positive versus to 7% 

in control group, which was statistically highly significant 

(P<0.01).

Table (5): liver enzymes values in HD patients versus 
control group.

Parameters HD patients
(n = 100)

Control
(n = 100)

P value

AST (Mean±SD) 

U/L

23±6.8 22.4±5.4 > 0.05

ALT (Mean±SD) 

U/L

24.7±7.2 23.8±5.9 > 0.05

γGT (Mean±SD) 

U/L

28.5±8.3 26.8±7 > 0.05

Table (5) shows liver enzymes values as a mean±standard 

deviation in HD patients versus control group. The mean AST 

level in HD patients was 23±6.8 compared to 22.4±5.4 in 

control group, which was statistically insignificant with 

(P>0.05).

The mean ALT level in HD patients was 24.7±7.2 

compared to 23.8±5.9 in control group, which was statistically 

insignificant with (P>0.05).

The mean γGT level in HD patients was 28.5±8.3 

compared to 26.8±7 in control group, which was statistically 

insignificant with (P>0.05).
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Patients and controls, each were divided into four 

subgroups according to HCV Ab positivity and TTV viremia 

table (6):-

Group I: included patients with HCV Ab positive & TTV 

positive.

Group II: included patients with HCV Ab positive & TTV 

negative.

Group III: included patients with HCV Ab negative & TTV 

positive.

Group IV: included patients with HCV Ab negative & TTV 

negative.

Group V: control individuals with HCV Ab positive & TTV 

positive.

Group VI: control individuals with HCV Ab positive & TTV 

negative.

Group VII: control individuals with HCV Ab negative & TTV 

positive.

Group VIII: control individuals with HCV Ab negative & 

TTV negative.
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Table (7): distribution of TTV and Anti HCV Ab among 
HD patients and controls.

HCV Ab
positive

HCV Ab
negative

Total for
TTV

HD 

patients

TTV 

negative

31 (II) 24 (IV) 55

TTV 

positive

28 (I) 17 (III) 45

Total for 

HCV

59 41 100

Control 

group

TTV 

negative

12 (VI) 81 (VIII) 93

TTV 

positive

2 (V) 5 (VII) 7

Total for 

HCV

14 86 100
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Table (8): characteristics features and lab findings of 
dialysis patients that classified into four 
subgroups according to HCV Ab and TTV 
viremia.

HD patients
HCV Ab HCV Ab 

positive
59 %

P-
value

HCV Ab 
negative

41 %

P-
value

TTV 
DNA

(I) TTV
positive
(28/59)
47.5 %

(II) 
TTV

negative
(31/59)
52.5 %

(III) 
TTV

positive
(17/41)
41.5 %

(IV) 
TTV

negative
(24/41)
58.5 %

AST U/L
Mean±SD

23.3 
± 

8.1

25
± 

7.8

>
0.05

22.2
± 

5.6

21
± 

2.8

>
0.05

ALT U/L
Mean±SD

26.5
± 

9.6

25.5
± 
8

>
0.05

22.6
± 

4.4

23
± 
3

>
0.05

γGT U/L
Mean±SD

32.1
± 

9.6

29.3
± 
10

>
0.05

26.5
± 

3.5

24.7
± 

3.5

>
0.05

AST > 37 
U/L No 

(%)

3/28
(11%)

3/31
(10%)

>
0.05

0/17
(0%)

0/24
(0%)

N.A

ALT > 41 
U/L No 

(%)

3/28
(11%)

2/31
(6%)

>
0.05

0/17
(0%)

0/24
(0%)

N.A

γGT > 49 
U/L No 

(%)

2/28
(7%)

3/28
(11%)

>
0.05

0/17
(0%)

0/24
(0%)

N.A

Table (8) shows that of 59 patients with HCV Ab 

positive; 28 patients were TTV positive (group I) and 31 

patients were TTV negative (group II). There was no statistical 
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significant difference between group I and group II in relation 

to AST, ALT and γGT (mean±SD) with (P>0.05). There was 

no statistically significant difference in relation to elevated 

AST, ALT and γGT above normal between the two groups 

(P>0.05).

Table (8) shows also that of 41 patients with HCV Ab 

negative, 17 patients were TTV positive (group III) and 24 

patients were TTV negative (group IV). There was no 

statistical significant difference between group III and group 

IV in relation to AST, ALT and γGT (mean±SD) with 

(P>0.05).

Our results show that there was no elevation of liver 

enzymes above normal in HD patients with isolated TTV 

infection (group III) and also in group IV.
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Table (9): Characteristics features and lab findings of 
control group that classified into four 
subgroups according to HCV Ab and TTV 
viremia.

Control group
HCV Ab HCV Ab positive

14 %
P-

value
HCV Ab negative

86 %
P-

value
TTV DNA (V) TTV

positive
(2/14)
14%

(VI) TTV
negative
(12/14)

86%

(VII) 
TTV

positive
(5/86)
6 %

(VIII) 
TTV

negative
(81/86)
94 %

AST U/L

Mean±SD

35.5

±

10.6

25.8

±

10

> 0.05

21

±

3.3

21.6

±

3.7

> 0.05

ALT U/L

Mean±SD

40

±

14

28.8

±

8.9

> 0.05

22.4

±

4.4

22.7

±

4

> 0.05

γGT U/L

Mean±SD

48.5

±

12

33.6

±

11.3

> 0.05

27

±

1.9

25.2

±

4.6

> 0.05

AST > 37 

U/L No (%)

1/2

(50%)

2/14

(14%)
 <0.01

0/5

(0%)

0/81

(0%)
N.A

ALT > 41 

U/L No (%)

1/2

(50%)

1/14

(7%)
 <0.01

0/5

(0%)

0/81

(0%)
N.A

γGT > 49 

U/L No (%)

1/2

(50%)

1/14

(7%)
 <0.01

0/5

(0%)

0/81

(0%)
N.A
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Table (9) shows that of 14 control individuals with HCV 

Ab positive 2 patients were TTV positive (group V) and 12 

control individuals were TTV negative (group VI). There was 

no statistical significant difference between group V and group 

VI in relation to AST, ALT and γGT (mean±SD) between the 

two groups with (P>0.05). There was a highly significant 

difference between two groups in relation to elevated AST, 

ALT and γGT above normal (P < 0.01).

Table (9) shows also that of 88 control individuals with 

HCV Ab negative, 5 individuals were TTV positive (group 

VII) and 81control individuals were TTV negative (group 

VIII). There was no statistical significant difference between 

group VIII and group VIII in relation to AST, ALT and γGT 

(mean±SD) with (P>0.05).
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Fig. (8): The prevalence of TTV among HD patients versus control 
group.
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Fig. (9): the prevalence of HCV Ab among HD patients versus 
control group.
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Fig. (10):Mean AST values in HD patients versus control group.
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Fig. (11):Mean ALT values in HD patients versus control group.
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Fig. (12): Mean γGT values in HD patients versus control group.
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Fig. (13): Distribution of TTV and Anti HCV Ab among HD 
patients.
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Fig. (14): Distribution of TTV and Anti HCV Ab among control 
group.

23
25

22 21

35.5

25.8

21 21.6

0

10

20

30

40

I II III IV V VI VII VIII

AST

Fig. (15): Mean values of AST in subgroups of HD patients and 
control.
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Fig. (16): Mean values of ALT in subgroups of HD patients and 
control.
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Fig. (17): Mean values of γGT in subgroups of HD patients and 
control.
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Fig. (18): Percent of elevation above 37 IU AST in all 
subgroups.
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Fig. (19): Percent of elevation above 41 IU ALT in all 
subgroups.
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Fig. (20):Percent of elevation above 49 IU γGT in all subgroups.
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Discussion

Hemodialysis patients are at risk of acquiring parenteral 

infections. Surveys have shown that hepatitis B (HBV) and C 

virus (HCV) infections are the most important infections 

transmitted by the parenteral route in this population, are still 

common in patients undergoing maintenance dialysis in 

developed countries. However, the frequency of HBV and 

HCV infections is much higher in developing countries 

(Zhihua and Jinlin H. 2006). Patients on maintenance dialysis 

also have a high prevalence of GBV-C/HGV and TT virus 

infections (Maryam et al.,  2007).

TTV is a noval parentally transmitted DNA virus, which 

was isolated by PCR from plasma collected from three of five 

patients with biopsy proven cryptogenic post-transfusion 

hepatitis of unknown etiology (non-A, non-B, non-C, non-D, 

non-E, and non-GBV-C hepatitis); viremia was coincided with 

moderate increase in concentration of transaminases. This 

agent was provisionally designated TT virus after the initials 

of the first patient from whom the virus was isolated. TTV also 

stands for a "transfusion-transmitted virus" (Ming-Che et al.,  

2006).

Reports of increased prevalence in persons treated by 

blood and blood products have suggested parenteral 

transmission as a frequent route of infection (Bang-Gee et al.,  

2004). Epidemiological studies have shown that the virus is 



 Discussion

119

widely distributed in different populations with parenteral risk 

exposure; HD patients, intravenous drug users and 

hemophilics (Zhihua and Jinlin 2006).

The association of TTV with both cryptogenic liver 

disease and post-transfusion hepatitis has been reported. As for 

acute and chronic hepatitis of unknown etiology, its prevalance 

was found to be higher than in healthy controls, suggesting an 

etiological role of this agent in development of both acute and 

chronic hepatitis. Moreover, TTV DNA titre were found to be 

10 – 100 fold greater in liver tissue than in serum and 

correlation between TTV-DNA titre and liver transaminases 

has been reported in TTV-DNA positive patients with post 

transfusion non A-G hepatitis. All these findings have been 

interpretated as demonstrating its hepatotropism (Gad et al.,  

2000).

However, TTV-DNA has also frequently been found in 

normal subjects and in blood donors with normal liver function 

tests, therefore its ability to determine acute and chronic liver 

diseases is still under discussion (Kristian et al.,  2006).

The PCR methodology permits the detection of only the 

active forms of infection and that some patients may have been 

infected by TTV and have recovered. Infection in such patients 

could only be confirmed by a serological method, but these 

have not been yet become available (Maryam et al.,  2007).
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    The study was conducted on one hundred patients 

with end-stage renal disease (ESRD). They were attending the 

hemodialysis (HD) unit of Naser inistitute, for performing 

hemodialysis for the first time (as a control group) and the 

same patients after recurrent HD for at least six months of 

regular HD (as a HD patient group).

Few papers have been published on the prevalence and 

risk factors for TTV infection in ESRD patients. Most have 

dealt with the epidemiology of TTV in patients on 

maintenance hemodialysis (HD) (Rivanera et al.,  2008); data 

about TTV infection in patients on peritoneal dialysis is very 

rare; these data were indicated that the prevalence of TTV in a 

continuous ambulatory peritoneal dialysis (CAPD) population 

is similar to healthy controls (Bang-Gee et al.,  2007).

In our study the prevalence of TTV infection in HD 

Egyptian patients was 45% (45/100) compared to control 

group which was 7% (7/100); which was statistically highly 

significant difference (P < 0.01).

Our results were in agreement with the results of  

Rivanera et al.,  2008 they detected TTV DNA in 41.7% of 

patients on HD (35/85), as compared with 10.7% of healthy 

blood donors (7/65) (P<0.01) which was statistically highly 

significant. They conclude that the prevalence of TTV in HD 

patients was significantly higher than in control groups 

(healthy blood donors from the same geographical area); also, 
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our results were in agreement with Boysen et al., in 2003 they 

concluded that: TTV is common in Danish patients on 

maintenance hemodialysis with 68% prevalence.

On the other hand our results were not in agreement 

with Tarrass et al., in 2006 who found TTV DNA in 5/22 

patients on HD (22.7%); this was similar to that found in 

healthy blood donors, 20% (4/20). Also our results was not in 

agreement with Kanamoto et al.,  in 2002 who found that TTV 

was less prevalent in hemodialysis patients than Japanese 

general population, and the virus was more often eliminated by 

hemodialysis patients than by Japanese general population 

during the three-year observation period, possibly because of 

the effect of the hemodialysis procedure.

The frequency of TTV infection in patients on 

maintenance dialysis varies widely; it was 46% (26/57) by 

Okamoto in 1998, 28% (45/150) by Chattopadhyay et al.,  in 

2005 48% (24/50) by Yuki in 1999, 53% (51/96) by Forns in 

1999, 13.8% (14/101) by Finazzi in 2000 and 42.7% (32/75) 

by Valtuille in 2002. The geographical distribution, the 

methods used for TTV DNA testing, the size of the studied 

group, and the presence of various virological or clinical 

features of the dialysis patients all help account for the 

differences (Chattopadhyay et al.,  2005).

Chattopadhyay et al.,  in 2005 high lighted the 

importance of the geographical origin of their patients on HD. 
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They observed that the prevalence of TTV was higher in HD 

patients originating from Africa, 42.8% as against 24.3% in 

European patients (P<0.01). These results were similar to the 

patterns in general populations. Maryam et al.,  in 2007 found 

a very high prevalence of TTV infection in African rural 

people (44.83%).

In our study the prevalence of HCV in HD patients was 

59% (59/100) versus 14% (14/100) in control group which was 

statistically highly significant (P<0.01). Our findings were in 

agreement with the previous findings of Campo et al.,  2000 

and Saxena et al.,  in 2003.

Pujol et al.,  in 1996 found that HCV AB positivity not 

always correlated with elevation of biological markers of 

cytolysis of liver cell (transaminases); they found that among 

20 patients with HCV Ab positive only 10 had elevated 

transaminases.

That data was in agreement with our resultsamong 59 

HD patients with HCV positive only 6 (10%) HD patients 

show elevated transaminases and 0 among 41 HCV Ab 

negative (0%). We were using the conventional upper limit of 

normal for ALT > 41 U/L and AST > 37 U/L. There was no 

significant difference in the frequency of elevated ALT levels 

between HCV Ab-positive and negative HD patients (P>0.05).
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Milotic et al.,  in 2002 found that the prevalence of 

HCV antibodies was 23% on maintenance HD patients. Using 

the conventionalupper limit of normal for ALT of 37 IU, there 

was no significant difference in the frequency of elevated ALT 

levels between HCV positive and negative patients. However, 

if the upper limit of normal for ALT was lowered to 27 IU, the 

difference was significant. Nevertheless, 60% of viremic 

patients still fell within the normal range. They concluded that 

although inexpensive and widely available, the monitoring of 

serum ALT levels is not useful as a screening method for HCV 

infection in HD patients.

In our study, parallel infection by HCV and TTV were 

found in 28 of 100 HD patients. Among 59 HD patients with 

HCV Ab positive 28 was TTV positive (47.5%); and among 

41 HD patients with HCV Ab negative 17 was TTV positive 

(41.5%); which was nearly the same incidence for both HCV 

positive and negative. Our data were in agreement with 

Chattopadhyay et al.,  in 2005 who found that TTV infection 

was not found to be more prevalent in patients infected with 

other parentrally-transmitted viruses such as HCV and HGV.

Between 3% and 6% of anti-HCV negative and HBs Ag 

negative patients with chronic renal failure on conservative 

treatment or undergoing HD have elevated serum 

transaminases activity. No apparent cause of the raised activity 
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has been observed in these cases, and the potential role of TTV 

infection is under investigation (Fabrizio et al.,  2002).

Our result were shown that liver enzymes values in HD 

patients were statistically insignificant when compared to 

control group with (P>0.05).

Our results were not in agreement with Jaroszynski et 

al.,  in 2002 they found that the hemodialyzed and 

transplanted patients have the highest transaminases activity,

independently of the presence of a liver infection. In uremic 

and chronic hemodialyzed patients, the enzyme combination 

of ALT and γGT has been recommended in the diagnosis and 

follow-up of liver cell damage.

These findings were not in agreement with Sezer et al.,  

in 2001 who concluded that raised serum γGT in uremic 

patients and after renal transplantation should suggest 

concurrent, added, pathology such as hepatobiliary disease or 

the administration of hepatic microsomal enzyme inducing 

drugs.

Our results show that no significant association could be 

identified between TTV infection and either biological 

markers of hepatic cytolysis (transaminases) mean value.

Our data were in agreement with results of  Boysen et 

al.,  in 2003 and Maryam k. et al.,  in 2007 they found no 

relations between TTV infection and elevated levels of alanine 
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aminotransferase (ALT); also it were in agreement with results 

of  Chattopadhyay et al.,  in 2005 who did not find any 

significant association between ALT activity and TTV 

infection.

Yuki et al.,  in 1999 evaluated liver disease activity 

during the four-year follow-up in 17 HD patients with 

persistent TTV infection and in 22 who remained free of 

infection. The mean ALT value was the same for both groups, 

who showed similar patterns of ALT fluctuations.

On the other hand our findings were not in agreement 

with Nishizawa et al., in 1997 and Okamoto et al., in 1998

they were found that TTV viremia was coincided with 

moderate increase in concentration of transaminases.

Our results shows that the prevalence of elevation of

liver enzymes above normal in HD patients with isolated TTV 

infection (group III) were (0/17) 0%, in contrast to HD patients 

with HCV Ab positive and TTV DNA positive group I (3/28) 

11%; which was statistically significant higher in group I 

(P<0.05).

Also our data were in agreement with results of Forns et 

al., in 1999 they found that persistently abnormal liver tests 

were uncommon in HD patients infected with TTV alone, in 

contrast to patients with unknown hepatotropic viruses such as 

HCV (7.7%, 2/26 versus 75%, 12/16, P<0.01). However, they 
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concluded that in a few patients on maintenance HD the 

possibility that mild and transient abnormalities in liver 

enzymes were caused by TTV infection could not be excluded.

In addition, our data were in agreement with results of 

Oguchi et al., in 1999 who found that serum alanine 

aminotransferase (ALT) levels were elevated in patients with 

HCV viremia but not in patients with HGV or TTV viremia. 

Campo et al., in 2000 also found that the patients infected with 

TTV alone had normal ALT levels; while the biochemical 

alterations in the TTV positive cases with moderate ALT 

increase may account for HCV co-infection.

In our study, we found that among 17 anti-HCV 

negative and TTV positive patients (group III) none had ALT 

value exceeded 41 IU/L. Of the 22 anti-HCV negative and 

TTV-negative patients (group IV), none had ALT value 

exceeded 41 IU/L. No association between TTV positive and 

negative patients was observed.

The survey by Ikeuchi et al., in 1999; among 35 anti-

HCV negative, TTV-positive patients 4 had active liver 

disease; in 2, ALT frequently exceeded 100 IU/L. Of the 42 

anti-HCV negative, TTV-negative patients none had active 

liver disease. The difference between TTV positive and 

negative patients was significant (P<0.05). This suggested that 

TTV has hepatotropism and causes mild liver damage in some 

patients under certain conditions. 
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However, Rivanera et al., in 2008 they found that; in 

HD patients negative for HCV viremia, ALT levels of TTV-

positive and TTV-negative individuals were similar; which 

was the same findings of Campo et al., in 2000.     

In our study, we found that among 28 anti- HCV 

positive and TTV-positive patients group I (3/28) 11% had 

ALT frequently exceeded 41 IU/L. Of the 31 anti-HCV 

positive and TTV-negative patients group II (2/31) 6% had 

ALT frequently exceeded 41 IU/L which was statistically 

insignificant (P>0.05).

These findings have been not in agreement with 

Utsunomiya and colleagues in 1999; they reported that ALT 

activity was more frequently > 40 IU in TTV-positive patients 

(14/18) than TTV-negative individuals (5/15) (P<0.05) on 

maintenance HD with current HCV infection. They suggested 

that TTV generally does not cause liver disease by itself, but 

there remains the possibility that it may aggravate liver disease 

caused by HCV.

Likewise, in several reports HCV patients co-infection 

with TTV appeared to be associated with increased severity of 

biochemical an histological parameters of liver damage 

(Charlton et al.,  1998) (Cleavinger et al.,  2000). In a series 

of 26 patients with fulminant liver failure studied by Tanaka 

et al., in 1999, mortality was 100% in TTV-infected patients 
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versus less than 50% in uninfected ones (Okamoto et al.,  

2000).

On the other hand our results were in agreement with 

the survey by Ikeuchi et al., in 1999 they were conclude that 

infection with both TTV and HCV did not cause more severe 

liver disease than HCV alone. 

Unlike previous findings, and the apparent ability of 

TTV to replicate in the liver, several investigators consider it 

likely that TTV may cause occasional liver injury. In other 

words, TTV would be a candidate for cryptogenic hepatitis 

etiology similar to many other viruses, such as enteroviruses, 

adenoviruses, cytomegaloviruses, Epstein-Barr virus, measles 

virus, rubella virus, and influenza virus, which are known to 

cause usually transient liver dysfunction of varying severity in 

minor subsets of infected patients (Mauro et al.,  2001).

Our results show that the prevalence of TTV DNA 

positivity in control group of healthy volunteers was 7%. 

Previous results show that TTV infection is common in 

humans; it was found in 12% of blood donors from Taiwan 

(Bang-Gee H. et al.,  2004). 1% (1/100) in North American 

(Charlton et al.,  1998) and 62% (45/72) in Brazil (Niel et al.,  

1999). In Taiwan, viral TTV DNA has been detected in 10% 

of healthy adults (Kao et al.,  1999). Volunteer blood donors in 

Egypt showed a TTV rate of 29% (32/109) (Gad et al.,  2000).
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Berg and coworkers in 1999 found 7% of TTV (21/284) in 

blood donors from Germany. The frequency of TTV was 

16.4% (23/140) in Colombian native Indians (Tanaka et al.,  

1999) and 83% (63/76) among rural people in the Gambia 

(Bang-Gee et al.,  2004).
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Conclusion

Transfusion transmitted virus (TTV) has been identified 

and has been reported to be common worldwide. 

TTV is remarkably prevalent in HD patients. The 

prevalence of TTV infection in HD Egyptian patients was 45% 

and 9% in healthy volunteer from the same geographical area.   

HCV was found to have highly significant association 

with HD patients while there was no association between HD 

patients and HBs Ag. 

TTV infection was not found to be more prevalent in 

HD patients infected with HCV. 

Abnormal levels of liver enzymes were uncommon in 

HD patients infected with TTV alone, in contrast to patients 

with known hepatotropic viruses such as HCV.

TTV did not play a role in liver injury, but it might 

aggravate liver diseases caused by HCV.   
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Recommendations

1. Rapid and easy laboratory tests should be discovered to 

diagnose TTV infection on a routine basis in order to 

reduce the incidence of its transmission by blood and 

blood products.

2. Establishment of PCR-based techniques that can detect 

all variants of TTV with efficiency.

3. Study of TTV on large scale of apparently healthy 

individuals to discover the reason of the high presence 

of TTV in their blood.

4. Long-term follow-up of the individuals with persistent 

TTV infection to confirm its pathogenic role in hepatitis 

patients.

5. Further studies are needed to elucidate the significance 

of this virus and to establish its in vivo cellular tropism, 

its possible disease association and the effect of cellular 

and humoral responses to acute and chronic infection.
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Summary

The association of TTV (transfusion transmitted virus) 

with both cryptogenic chronic liver diseases and post-

transfusion hepatitis has been reported.

Hemodialysis patients are at high risk for viral hepatitis 

due to blood born viral agents. The few data available 

concerning TTV infection among hemodialysis patients shows 

a high prevalence. 

    This study was conducted on one hundred patients 

with end-stage renal disease (ESRD). They were attending the 

hemodialysis (HD) unit of Naser institute for performing 

hemodialysis for the first time (as a control group) and the 

same patients after recurrent HD for at least six months of 

regular HD (as a HD patient group).

The aim of our study was to detect TTV DNA by PCR 

in hemodialysis patients and to evaluate its clinical impacts, 

taking into account co-infection with other hepatitis viruses. 

Patients and controls were subjected to the following 

laboratory investigations:-

1- TTV DNA detection by PCR.

2- HBs Ag by ELISA technique.

3- HCV Ab by ELISA technique.

4- Liver enzymes include ALT, AST and γGT.
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The results of this work are summarized below:

1. TTV is remarkably prevalent in HD patients. The 

prevalence of TTV infection in HD Egyptian patients 

was 45% and 9% in healthy volunteer from the same 

geographical area.

2. HCV was found to have highly significant association 

with HD patients while there was no association 

between HD patients and HBs Ag. 

3. TTV infection was not found to be more prevalent in 

HD patients infected with HCV. 

4. Abnormal levels of liver enzymes were uncommon in 

HD patients infected with TTV alone, in contrast to 

patients with known hepatotropic viruses such as HCV.

5. TTV did not play a role in liver injury, but it might 

aggravate liver diseases caused by HCV.
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  الملخص العربي
وكل من ) المنتقل عن طریق الدم(یوجد ترابط بین فیروس تي تي 

. األمراض الكبدیة المزمنة مجھولة المنشأ وااللتھاب الكبدي الذي یلي نقل الدم
یتعرض مرضى الغسیل الكلوي عن طریق الدم بنسبة اكبر من غیرھم لإلصابة 

  .بااللتھاب الكبدي الوبائي الناتج عن نقل الدم
القلیل من المعلومات متوفر بشأن نسبة إصابة مرضى الفشل الكلوي 

وأظھرت ھذه المعلومات ارتفاع معدل اإلصابة بین ھذه ". تي تي"بفیروس 
  .المجموعة من المرضى

مریض فشل كلوي یخضعون لعمل غسیل  100تمت ھذه الدراسة على 
وعة ضابطة كلوي بوحدة الغسیل الكلوي بمستشفى معھد ناصر ألول مرة كمجم
أشھر على  6ونفس ھؤالء المرضى بعد تكرار عملیة الغسیل الكلوي لھم لمدة 

وقد تم عمل فحوصات معملیة لوظائف الكبد مع دالالت . األقل كمجوعة المرضى
واختبار تفاعل البلمرة المتسلسل للحمض النووي " سي"و " بي"فیروسات الكبد 

  ". تي تي"لفیروس 
عن " تي تي"لدراسة ھو تحري الحمض النووي لفیروس وقد كان الھدف من ھذه ا

طریق تفاعل البلمرة المتسلسل في مجموعة من مرضى الفشل الكلوي والذین 
یقومون بعمل غسیل كلوي دموي ودراسة تأثیر ھذا الفیروس على الحالة المرضیة 

  .لھم ومدى اقترانھ بالفیروسات الكبدیة األخرى

  :ائج التالیةوقد أسفرت ھذه الدراسة عن النت
بین مرضى الغسیل الكلوي %) 45(موجود بنسبة عالیة " تي تي"الفیروس -1

  .في المجموعة الضابطة%) 9(عن طریق الدم وموجود بنسبة 
یقترن بشكل ملحوظ بمجموعة " سي"فیروس االلتھاب الكبدي الوبائي -2

مرضى الغسیل الكلوي عن طریق الدم بینما لم یوجد ترابط بینھم وبین 
  ".بي"االلتھاب الكبدي الوبائي  فیروس

ال یوجد بنسبة أعلى بین مرضى الغسیل الكلوي عن " تي تي"إن فیروس -3
  ".سي"طریق الدم المصابین بفیروس 

ال یوجد ارتفاع ملحوظ في إنزیمات الكبد في مرضى الغسیل الكلوي عن -4
بالمقارنة بالمرضى المصابین , وحده" تي تي"طریق الدم المصابین بفیروس 

  ".سي"فیروسات كبدیة أخرى مثل فیروس ب
ولكن من الممكن أن یعظم من , دورا في تلف الكبد" تي تي"لم یلعب فیروس -5

  ".سي"تأثیر األمراض الكبدیة المسببة بفیروس 
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  المستخلص

وكل من األمراض الكبدیة ) المنتقل عن طریق الدم(یوجد ترابط بین فیروس تي تي 
یتعرض مرضى الغسیل الكلوي عن . تھاب الكبدي الذي یلي نقل الدمالمزمنة مجھولة المنشأ واالل

القلیل . طریق الدم بنسبة اكبر من غیرھم لالصابة بااللتھاب الكبدي الوبائي الناتج عن نقل الدم
وأظھرت ھذه ". تي تي"من المعلومات متوفر بشأن نسبة اصابة مرضى الفشل الكلوي بفیروس 

  .بة بین ھذه المجموعة من المرضىالمعلومات ارتفاع معدل االصا

عمل غسیل كلوي بوحدة مریض فشل كلوي یخضعون ل 100تمت ھذه الدراسة على 
الغسیل الكلوي بمستشفى معھد ناصر ألول مرة كمجموعة ضابطة ونفس ھؤالء المرضى بعد 

وقد تم عمل . أشھر على األقل كمجوعة المرضى 6تكرار عملیة الغسیل الكلوي لھم لمدة 
واختبار تفاعل " سي"و " بي"فحوصات معملیة لوظائف الكبد مع دالالت فیروسات الكبد 

وقد كان الھدف من ھذه الدراسة ھو تحري ". تي تي"مرة المتسلسل للحمض النووي لفیروس البل
عن طریق تفاعل البلمرة المتسلسل في مجموعة من مرضى " تي تي"الحمض النووي لفیروس 

الفشل الكلوي والذین یقومون بعمل غسیل كلوي دموي ودراسة تأثیر ھذا الفیروس على الحالة 
وقد اسفرت ھذه الدراسة عن النتائج . اقترانھ بالفیروسات الكبدیة األخرىالمرضیة لھم ومدى 

بین مرضى الغسیل الكلوي عن طریق %) 45(موجود بنسبة عالیة " تي تي"الفیروس  -:التالیة 
" سي"فیروس االلتھاب الكبدي الوبائي . في المجموعة الضابطة%) 9(الدم وموجود بنسبة 

ضى الغسیل الكلوي عن طریق الدم بینما لم یوجد ترابط بینھم یقترن بشكل ملحوظ بمجموعة مر
ال یوجد بنسبة أعلى بین " تي تي"إن فیروس ". بي"وبین فیروس االلتھاب الكبدي الوبائي 

ارتفاع إنزیمات الكبد نادر ". سي"مرضى الغسیل الكلوي عن طریق الدم المصابین بفیروس 
بالمقارنة , وحده" تي تي"دم المصابین بفیروس الحدوث في مرضى الغسیل الكلوي عن طریق ال

دور " تي تي"لم یلعب فیروس ". سي"بالمرضى المصابین بفیروسات كبدیة أخرى مثل فیروس 
  ".سي"ولكن من الممكن أن یعظم من تأثیر األمراض الكبدیة المسببة بفیروس , في تلف الكبد
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   الدموي كعامل خطورة في عملیة الغسیل الكلوي) TT(یروس تي تي 
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ABSTRACT


The association of TTV (transfusion transmitted virus) with both cryptogenic chronic liver diseases and post-transfusion hepatitis has been reported. Hemodialysis patients are at high risk for viral hepatitis due to blood born viral agents. The few data available concerning TTV infection among hemodialysis patients shows a high prevalence. This study was conducted on one hundred patients with end-stage renal disease (ESRD). They were attending the hemodialysis (HD) unit of Naser institute for performing hemodialysis for the first time (as a control group) and the same patients after recurrent HD for at least six months of regular HD (as a HD patient group). Patients and controls were subjected to the following laboratory investigations; 1) TTV DNA detection by PCR. 2) HBs Ag by ELISA technique. 3) HCV Ab by ELISA technique. 4) Liver enzymes include ALT, AST and γGT. The study was done to detect TTV DNA by PCR in hemodialysis patients and to evaluate its clinical impacts, taking into account co-infection with other hepatitis viruses. The results of this work are:- 1- TTV is remarkably prevalent in HD patients. The prevalence of TTV infection in HD Egyptian patients was 45% and 9% in healthy volunteer from the same geographical area. 2- HCV was found to have highly significant association with HD patients while there was no association between HD patients and HBs Ag. 3- TTV infection was not found to be more prevalent in HD patients infected with HCV. 4- Abnormal liver enzymes were uncommon in HD patients infected with TTV alone, in contrast to patients with known hepatotropic viruses such as HCV. 5- TTV did not play a role in liver injury, but it might aggravate liver diseases caused by HCV.   
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Introduction and Aim of the Work

Introduction

It's well known that at least 5 types of hepatitis viruses can cause viral hepatitis (A, B, C, D and E). Other viruses as CMV, herpes simplex, EBV, yellow fever virus can also cause hepatitis (Rodriguez-Torres et al., 2009).

Transfusion-transmitted virus (TTV) is a single stranded DNA virus, which was first identified in the peripheral blood of individuals with post-transfusion hepatitis of unknown etiology (Hino and Miyata 2007).

TTV DNA is present at a higher titre in liver than in corresponding serum sample indicating a hepatic site for viral replication (Szenborn et al., 2003).


The exact role of hepatotropic TTV regarding the etiology of viral hepatitis as well as the progression towards chronic liver disease has not been defined. Moreover the contribution of TTV infection to the course of chronic hepatitis B or C virus infection also awaits clarification (Hino and Miyata 2007).

TTV infection has been found to be associated with posttransfusional hepatitis and a high prevalence of TTV infection in patients with acute and chronic liver disease of unknown etiology has been reported. A side from elevated liver enzymes, the symptoms associated with this novel hepatotropic virus has been reported to range from asymptomatic to hepatic failure (Vimoket et al., 2000).

Reports of increased prevalence in persons treated with blood and blood products have suggested parenteral transmission as a frequent route of infection (Kristian  et al., 2006). However, other routes appear likely (Irshad. et al., 2006).

Hemodialysis patients are at high risk for viral hepatitis due to blood born viral agents. The few data available concerning TTV infection among hemodialysis patients show a high prevalence (Rivanera et al., 2008).


TTV detection rates of between 10-90% in individuals with no evidence of hepatitis means that it is difficult to establish a causative role in disease (Jeon et al., 2003).


Aim of the Work

The aim of our study is to detect the presence of TTV-DNA by PCR in a group of hemodialysis patients and to evaluate its clinical impact, taking into account co-infection with other hepatitis viruses.


(

Review of Literature

Viral Hepatitis


Hepatitis continues to be a major health threat in both developed and developing nations. Hepatitis means inflammation of the liver and as such is not a single disease (Kasirga et al, 2005).  Because of the central role of the liver in metabolism Just about all viruses are capable to involve the liver in some instances (Dusheiko, 1990).

Despite the recognition over the past few decades of the viral agents responsible for this disease, and despite development of methods to detect these viruses and vaccines to prevent the spread of some of them; the number of viruses that are known to cause hepatitis continues to increase (Gandhe et al., 2003).


There are groups of viruses, which specifically seem to infect and damage hepatocytes (Sandra, 2002):‑


· Hepatitis A virus (HAV).


· Hepatitis B virus (HBV).


· Hepatitis C virus (HCV).


· Hepatitis D virus (HDV).


· Hepatitis E virus (HEV).


· Hepatitis F virus (HFV).


· GBV-C/HGV.


· TTV.


· SENV.


These viruses are grouped by the fact that primary disease that they cause is inflammation of the liver. These viruses cause diseases that range widely in severity. The ability to cause chronic infectious disease, epidemiology, diagnosis, prevention and treatment are related to the diverse biology of the etiologic agents (Maria et al., 2003).


In addition to hepatitis viruses, many other viruses include hepatitis in the symptoms that they may induce. This includes several human herpes viruses, rubella, yellow fever, dengue and other hemorrhagic fever viruses (Akahane et al., 1999).

Hepatitis A virus:


Hepatitis A virus is the commonest cause of acute viral hepatitis (Cleavinger et al., 2000).

Hepatitis A virus is a naked; spherical particle that consists of a genome of linear, single-stranded RNA and a protein shell made up of three major proteins (Reiko et al., 2002).


The virus is transmitted primarily by feco-oral route most frequently via person to person or via contamination of uncooked foods or water. Actually infected human beings are the only significant natural reservoir of HAV, although a number of other primate species may be infected (Glograveria et al., 2002).

Hepatitis B virus:


Hepatitis B virus (HBV) is an enveloped DNA virus of approximately 42 nm in diameter, spherical in shape; the viral envelope consists of host-derived lipids and three forms of the viral surface proteins. The viral DNA is a double stranded circular molecule (Jia-Horng et al., 2002).


HBV may causes mild or even no disease symptomatology with acute infections, but a substantial proportion of infected people fail to clew the virus and becomes clinically infected. These individuals often termed chronic carriers of HBV; they are then at risk for the development of chronic hepatitis, cirrhosis, liver failure and even hepatocellular carcinoma (Kessler et al., 2000; Ordog et al., 2003).


Many hepatitis B virus markers are used for diagnosing and monitoring hepatitis B patients (Tatsuji et al., 2002). The branched-chain DNA (b-DNA) assay and PCR-based assays are used to diagnose and monitor the efficacy of treatment. Immunoassays are generally easy and inexpensive (Gandhe et al., 2003).


Hepatitis C virus:


Hepatitis C virus (HCV) is a positive stranded RNA molecule. By the use of molecular techniques, HCV was discovered as the main cause of transfusion-transmitted, non-hepatitis A, non-hepatitis B (non-A, non-B) virus infections (Sandra et al., 2002).


The genomic structure of HCV resembles, to some extent, that of flaviviruses. On the other hand, it was recently proposed that HCV should be classified into a new virus family, named Hepciviridae, because of its comparatively large sequence diversity from other members of the family Flaviviridae (Thomas et al., 2003).


A first diagnostic test was developed by Kuo et al., in 1989. Reliable diagnostic tests only became generally available in 1991, and then became obligatory for screening of every blood donation. Therefore intravenous drug users was left as the main transmission route (Hibbs et al, 1993).


Transmission by sexual contact and vertical transmission are relatively rare events, compared to the frequency of use of these transmission pathways by other blood-borne viruses (HBV, HIV) (David et al, 2003).


Hepatitis C virus has been known to be a major causative agent of chronic liver disease such as chronic hepatitis and liver cirrhosis, which often leads to hepatocellular carcinoma. Chronic infection is very difficult to manage. HCV-infected individuals with chronic liver disease are the most frequent sub-population of patients becoming candidates for liver transplantation (Hayato et al., 2003).


The seroprevalence of HCV infection in blood donors worldwide is between 0.02 and 1.2%, with higher rates in Japan, Spain, Italy and Saudi Arabia. Exceptionally high donor infection rates of almost 20% have been recorded in Egypt (Hibbs et al., 1993).


Hepatitis C viruses are highly heterogeneous, and at least six different HCV types with 11 subtypes are recognized at present (Sandra et al., 2002).

Dialysis patients have an increased risk of exposure to parentrally transmitted hepatitis viruses (Karkar, 2005). The development of control measures, especially vaccination, has significantly reduced the spread of hepatitis B virus (HBV) among this population (Pujol et al., 1996). The introduction in 1990 of routine screening of blood donors for HCV contributed significantly to the control of HCV transmission (Tang and Lai, 2005).

The haemodialysis machine used might play a role in HCV dissemination because of accidental contamination of the membrane on the device and inadequate subsequent disinfection. On the other hand, even if no disposable equipment or syringes were shared in these units, the multiple parenteral exposures among different patients could be involved in HCV transmission (Stuyver et al., 1996).


At present, effective screening of blood and kidney donors for antibodies to HCV has considerably reduced the risk of transmission of HCV through blood and transplanted organs. Several studies, however, have shown that the prevalence and incidence of HCV infections remain high among dialysis patients, which may be explained by transmission within dialysis centers, probably because of inadequate adherence to infection control measures (Gu et al., 2003).

Hepatitis D virus:


Hepatitis D virus (HDV), a defective RNA virus that requires the provision of hepatitis B surface antigen (HBsAg) from HBV for packaging and transmission (Lai, 1995), plays an important role in fulminant hepatitis and the progression of chronic liver damage in patients with chronic hepatitis B virus infection (Lu et al., 2003).


HDV is currently classified into three genotypes (I to III) based on sequence comparison (Jia-Horng et al., 2002).


Hepatitis E virus:


Hepatitis E is an important public health problem in many developing countries. The disease generally affects young adults. Although the overall mortality rate associated with HEV infection is low, it is reportedly as high as 20% in infected pregnant women (Huang et al., 2002).

Hepatitis E virus (HEV) is a spherical, non-enveloped, single stranded RNA virus. Four genotypes (1-4) have so far been distinguished (Peron et al., 2006). HEV is generally transmitted by the fecal-oral route (Yin et al., 1994).


The genomic RNA of HEV is about 7.5 kb and contains three open reading frames (ORFs). HEV was originally classified as a calicivirus, but recent data showed that HEV does not share some important features with caliciviruses. Therefore, HEV was recently declassified from the Caliciviridae family and remains unclassified (Yanlong et al., 2002).


Hepatitis E virus infection was termed epidemic non-A, non-B or enterically transmitted non-A non-B (ENANB) hepatitis. It followed a transmission pathway and caused disease similar to hepatitis A, but was not reactive in HAV-specific serological assays (Yin et al., 1994).


Although moderate genetic heterogeneity has been identified amongst HEV strains, evidence for serological heterogeneity is limited (Meng et al., 2002).

The course of infection in experimentally infected primates is similar to that in man. The incubation period is 3-8 weeks, followed by an increase of liver enzymes in blood. Peak viremia and shedding of HEV in faeces occurs during the incubation period and the very early acute phase of disease (Huang et al., 2002).

In most cases, the infection resolves completely. The severity of HEV infections is on average somewhat greater than that of HAV infections. Mortality of hepatitis E has varied in different reports and has been as high as 1%, compared to 0.21% of hepatitis A. More important is the severity of hepatitis E in pregnant women (Huang et al., 2002).

The diagnosis based on HEV-specific IgM and IgG by ELISA, using recombinant expressed capsid antigen. There is at present no vaccine, but protection of monkeys against experimentally induced hepatitis E by vaccination with recombinant expressed HEV proteins has yielded encouraging results (Meng et al., 2002).

Hepatitis F virus:


After the discovery of hepatitis virus A, B, C, D, and E, a few viral hepatitis cases, both post-transfusion and sporadic, which are failed to be ascribed to A-E, were observed. Phillips et al., in 1991 in Japan reported the discovery of a new hepatitis virus and called it as hepatitis virus f. Then they reported by PCR study that the so-called hepatitis virus F might be a mutant of HBV. It could not be verified by commercially available reagents because of the defect pre-C gene, mutation of core gene and S gene, which come to be HBsAg negative and antiHBc Ab negative in serological tests (Phillips et al., 1991).

Deka et al., in 1994 reported an isolation of a virus named HFV (Hepatitis French [origin] virus) on intravenous inoculation of stool extract from sporadic non-a, non-B hepatitis. Stool extracts from 5 French sporadic icteric cases were inoculated into rhesus monkeys and viral particles were recovered from stools; Round 27-37 nm Virus-Like Particles (VLP) were seen. They contain a double stranded DNA. Similar agent was also detected from stools of human patients. HFV antigen has been detected by ELISA. The virus was seen in the cytoplasm of hepatocytes only in one experimental monkey. However, no follow-up report was noted. In infected animals, viral antigens and elevation of transaminases appear in an average of 20 days. The liver morphology sows the picture of an acute hepatitis. The disease in humans may assume a fatality course in around 20% of the cases.


Hepatitis G virus (GBV-C/HGV):


Two flavi-like RNA viruses designated GB virus (GBVC) and hepatitis G virus (HGV) were independently identified from patients with chronic hepatitis. Both are distantly related to hepatitis C virus (HCV) by phylogenetic analysis, and comparison of full-length sequences indicated that GBV-C and HGV are different isolates of the same virus (Kleinman et al., 2001).


This virus, is a member of the Flaviviridae family, it was discovered in 1993 in blood donors. Subsequently, sequences of this virus were found in 1-3% of all blood donations in different parts of the world, and it seemed to replicate in liver cells and was thought to be associated with hepatitis. However, a close association of infection by this virus with liver disease has so far not been secured, and replication in the liver has not been confirmed (Alter et al., 1997).


HGV/GBV-C is primarily transmitted through blood transfusion, but it can also be spread by organ trans-implantation, haemodialysis, homosexual and bisexual activities, injection drug use, and can also be transmitted vertically from mother to fetus. Currently, no screening assays have been approved to test blood donors for serologic markers of HGV/GBV-C infection (Giulivi et al., 2000).


Persons on maintenance haemodialysis (HD) are at increased risk of infection with hepatitis viruses (Sulowicz et al., 2007). HD patient have an increased frequency of GBV-C infection compared with the general population (Stuyver et al., 1996).


Mushahawar et al., in 1998 concluded that the role of GBV-C in causing hepatitis in HD patients is minimal and that GBV-C coinfection does not worsen the clinical course of chronic HBV and HCV infection. The nosocomial transmission of GBV-C has occurred in the HD units and universal precautions should be strictly followed to prevent transmission of viruses among HD patients. Although GBV-C seems to be nonpathogenic, it may serve as a marker of nosocomial viral transmission.


Transfusion transmitted virus:


Recently, a new single stranded DNA virus transfusion transmitted virus (TTV) has been isolated. The association of TT virus with both cryptogenic chronic liver diseases and post-transfusion hepatitis has been reported (Nishizawa et al., 1997).


As for acute and chronic hepatitis of unknown etiology its prevalence was found to be higher than in healthy controls suggesting an etiological role of this agent in the development of both acute and chronic hepatitis (Okamoto et al., 1998). 


SEN virus:


A novel DNA virus named SEN virus (SEN-V) was recently cloned from the plasma of a patient with post transfusion hepatitis. This patient had elevated transaminase levels but did not have viral markers for hepatitis type A to E viruses or hepatitis G virus (Umemura et al., 2001; Tanaka et al., 2001).


SEN-V is a circular 3.900-nucleotide DNA virus. There are eight SEN-V genotypes, called A to H SEN-V were classified into the same group as TTV variants (including SANBAN and TUS01). Of the eight genotypes, genotypes D C and H have been reported to be related to liver dysfunction. Although SEN-V has been observed in patients with acute and chronic liver disease of unknown etiology, the role of SEN-V in the pathogenesis of liver disease is not yet known (Umemura et al., 2001).


Hideo et al., in 2002 found that SEN-V was detected at almost the same frequency in patients with and without liver disease. SEN-V does not seem to contribute either to the pathogenesis of liver disease or to the development of hepatocellular carcinoma from chronic liver disease.


SEN-V is transmitted through blood transfusion and injection drug use. However, it is not known whether the virus can also be transmitted through sexual contact or nosocomial exposure. The prevalence of SEN-V infection among blood donors is about 2%, and approximately 30% of recipients who received SEN-V seropositive blood through transfusion converted to seropositive. Currently, there are no specific measures to prevent SEN-V transmission through blood transfusion (Forrester et al., 2002; Hideo et al., 2002).

Transfusion Transmitted Virus (TTV)


Historical aspects: 


In December 1997, a novel DNA virus was found to be associated with elevated aminotransferase levels in the sera of 3 to 5 patients with biopsy-proven post-transfusion hepatitis of unknown etiology (non-A-G hepatitis) and associated with elevated aminotransferase levels was reported by Nishizawa et al., (1997).  It’s reported to be common in patients with a variety of liver disease and with history of transfusion. Its pathogenesis in chronic liver disease remains unclear (Ozener et al., 2002). 


The virus was named TT virus (TTV) after the initials of the first patient from whom the virus isolated (Nishizawa et al., 1999). 


Classification: 


Transfusion-transmitted virus (TTV) is a novel non-enveloped, single-stranded DNA virus with unclear pathogenesis throughout the world (Emre et al., 2007). It's suggested its relation to family parvoviridae (Philippe et al., 1999).


However, the buoyant density of TTV (1.31-1.34/g/cm3) and its particle size determined by filtration (30-50nm) are not like those of other parvoviruses (as for example the buoyant density of parvovirus B19 is 1.39-1.42g/cm3 and its particle size is 18-22nm). Also, the TTV genome was found to be circular, not linear as the parvoviride family. Therefore other than its single- stranded genome and lack of an envelope, TT virus doesn’t share any other characteristics of the parvoviridae (Okamoto et al., 1998).


Molecular and biophysical characterization study showed that TTV is a non-enveloped, negative single stranded DNA virus with a circular 3853 nucleotide-long genome (Pisani et al., 1999).


TTV share some attributes of the Cirovirdae Family, the members of which include Chicken anaemia virus (CAV), psittacine beak and feather disease virus, and porcine circovirus. Circoviruses are non-enveloped, 15-22nm in diameter, and buoyant density of 1.32-1.37g/ml. Their genomes make up a single molecule of circular, single stranded DNA, 1.7-2.3 kilobase (Kb) long (Lukert et al., 1995). 


It should be mentioned, however, that because the virion and genome sizes and other properties of TTV don’t conform to those of known circoviruses, Mushahwar et al., (1999) have suggested that TTV might represent the founding number of a new family of viruses, for which they tentatively propose the name circinoviridae.


 There is another recent virus (designated TTV-like minivirus) with intermediate genomic properties between TTV and CAV and proposed that the three viruses is classified together into a new family, for which they coined the name paracircoviridae (Takahashi et al., 2000).    


Viral structure:

TTV was found to be a non-enveloped virus and based upon its sensitivity to single-strand but not double strand-specific endonucleases, the virus appeared to possess a single-stranded DNA genome was assumed to be circular and this circular structure of the virus was reproducibly confirmed by nested genome-length  PCR. the particle size of the virus was estimated by passing virus containing serum successively through filters of decreasing pore size and then the virus was detected by PCR. the virus was found to exist in serum with a particle diameter between 30-50nm (Mushahwar et al., 1999).


At the end of 1999 gene bank contained the entire nucleotide sequences of 10 TTV isolates, which varied in length between 3808 nucleotides (nt) (SANBAN isolate), 3853nt (isolates TA 278 and JA 20). Judging from the presence of well conserved open reading frames (ORFs) among the sequenced isolates, the genome of TTV is divided into a potentially coding region of ~2.6kb and untranslted region (UTR) of ~1.2kb (Fig1). The former consists of two major potential protein genes (ORF1 and ORF2) which are present in the plus strand complementary to genomic DNA. (Bendinelli et al., 2001).




Fig.(1): Genomic organization of TTV.


		ORF1: open reading frame 1

		UTR: untranslated region



		ORF2: open reading frame 2

		HVR: hypervariable region 



		ORF3: open reading frame 3

		CAV: chicken anemia virus  





Quoted  from (Bendinelli et al., 2001) 


In the prototype TA 278 sequence, ORF1 spans nt 589 to 2898 and ORF2 spans nt 107 to 712, which correspond to a coding capacity of 770 and 150 amino acid (a.a) respectively. However, the lengths of the two ORFs may vary somewhat in individual isolates (Okamoto et al., 1999).


Analysis of the sequences of 11 isolates revealed the presence of an additional small ORF (designated ORF3) with a coding capacity for 75aa, located immediately down-stream of ORF1 (nt 2904 to 3074 in the TA 278 isolate) and well conserved in most isolates (70-100% identity) (Erker et al., 1999).


Other putative ORFs have been recognized in some isolates, but they might be non-functional, as suggested by their absence in most other isolates and additional molecular consideration (Takacs et al., 2003).


Only ORF1 possesses a conserved initiation methionine codon for the efficient initiation of eukaryotic protein synthesis. Additionally, there is a conserved eukaryotic polyadenylation signal (AAT AAA) located 177 nucleotides downstream from ORF1 termination codon. This is the only polyatenylation signal conserved in all TTV sequences (Tanaka et al., 1999).


The amino terminus of ORF1 possesses a high number of arginine residues, thus the TT virus ORF1 product may have DNA-binding activity and function in packaging of the viral genome. By analogy with chicken anemia virus (CAV), which also, has this sequence, the ORF1 in TTV may encode acapsid protein (Bassami et al., 1998; Takahashi et al., 1998).    


Polymerase chain reaction (PCR) method, which is used for amplifying 3.4kb, isolates of TTV of genotype 1a highlighted three hypervaribale regions (HVR) in the central portion of ORF1, that had a markedly divergent amino acid sequence. They were designated HVR1, HVR2, and HVR3 (Fig.1) and coded for 22, 47 and 31amino acids respectively (Mushahwar et al., 1999). 


Most amino acid substitutions in ORF1 clustered in hypervaribale regions that spanned 100 amino acids altogether.  (Nishizawe et al., 1999).


Quasispecies of TTV due to variation in the HVRs were found restricted to hosts with chronic infection. In individuals with chronic infection TTV circulates as quasispecies, with sequence divergence in the HVRs. TTV evolves in hosts by changing its HVR sequences to escape immune surveillance. The adaptability of the HVRs for viral persistence has well established for hepatitis C virus (HCV) and human immunodeficiency virus type 1 (HIV1). Circulating TTV in hosts with acute resolving infection, rarely, if ever showed sequence divergence in the HVRs (Martell et al., 1992).


The N22 region (positioned in the large ORF1) corresponds to a structural (nucleocapsid) protein and might be capable of accommodating considerable sequence variability. The sequence of the N22 regions used for detecting TTV DNA and classifying various genotypes (Hohne et al., 1998; Prescott et al., 1999).


ORF2 is believed to code for a non-structural protein involved in viral replication. In spite of high heterogeneity among TTV isolates, the segment encompassed between a.a. 46 and 66 of ORF2 protein contains five positions conserved among all the isolates examined. (Hijikata et al., 1999).  


There is a sequence similarity between the TTV ORF3 protein and HCV non-structural 5A (NS5A) protein which is a phosphoprotein and is thought to associate with various cellualr proteins (Asabe et al., 2001).


Regulatory elements such as TATA and CAAT boxes are not conserved in the predicted locations for any of the ORFs. Thus, at the time, the function of these ORFs as suggested by the previous data cannot be determined. (Mushahwar et al., 1999).


The noncoding UTR of TTV genome contains the G+C-rich (≈90%) segment as well as various regulatory sequences. This segment also possesses multiple inverted repeats and hence has the potential to form several stem-loop structures. (Okamoto et al., 1999).   


Replication: 


It has been reported that the titre of TTV DNA in the liver was between 10-and 100-fold higher than that in the serum and that the circular, double-stranded form of TTV DNA, the intermediate of replication, was found in the liver, indicating that TTV replication occurs in the liver (Okamoto et al., 2000).


The mechanism of DNA replication is not known with certainty, but there are molecular indications that circoviruses use a rolling-circle mechanism (Yzebe et al., 2002; Thom et al., 2003).


This mechanism is particularly well suited for replicating single stranded DNAs. It should be noted however, that the great genetic diversity of TTV has also led investigators to hypothesize that the viral DNA is replicated by a machinery with poor or no proofreading activity. That TTV might replicate through an RNA intermediate like the hepatitis B virus seems unlikely because no reverse tanscroptase motif has been identified in its genome (Bendinelli et al., 2001).


Genotypes:


Many reports have suggested the presence of multiple genotypes and subtypes of TT virus isolates. The rapid assignment of genotypic nomenclature has led to confusion within the literature and conflicting data as to the support for subtypes (Viazov et al., 1998).

Using a limited number of sequences and percentage identify, types 1a, 2a and 2b were designated. A support for these groupings was found and a third genotype was identified, following phylogenetic analysis (Simmonds et al,. 1998).


Phylogenic analysis was performed which suggested the presence of six genotypes, G1 through G6. Sequences designated G4 are 85 to 99% identical to genotype 3 (Okamoto et al,. 1998).


Recently, at least 16 genotypes that differ by > 30% from one another have been distinguished. In order to avoid confusion, one should refrain from assigning genotypic designations until adequate sequence information is available and sufficient support has been demonstrated (Okamoto et al., 1999).   


Genetic heterogeneity: 

In contrast to most DNA virus, TTV isolates exhibit a high degree of genetic heterogeneity (Irshad et al., 2006).    The divergence is unevenly distributed throughout the genome. The UTR is comparatively well conserved and contains several segments with greater than 90% identity, indicating that much variation is not tolerated in these regions (Erker et al., 1999). In contrast, the translated portion presents an extraordinarily high degree of diversity. The divergence is especially high in central tract of ORF1 which contain the three hypervariable regions. Variability is lower in arginine-rich amino-terminal portion and few other short stretches (Nishizawa et al, 1999).


Phylogenetic trees constructed on the N22 region have led investigators to subdivide TTV into up to 16 genotypes and several subtypes or to refrain from designating new types. The reasons for the vast genetic diversity of TTV are puzzling (Okamoto et al., 1999). According to Hijikata et al., (1999), the only possible explanation is that TTV has existed for eons and drifted with time. However, other factors may have facilitated the expansion of TTV genetic diversity: 


I. There was some evidence to suggest that the amount of genetic heterogeneity might be related to the viral DNA titer. It was found that samples from patients with low viral DNA titers exhibited no nucleotide variation, while sample from patients who were infected with multiple TT variants and had consistently higher viral DNA titer, exhibited nucleotide variations. Thus these facts indicate the relationship between high viral titer and the presence of genetically heterogeneous viral population (Ball et al., 1999).


II. The great ability of TTV to produce chronic productive infection characterized by conspicuous plasma viremia lasting many years may offer the host immune system the opportunity to exert a continuous pressure for viral evolution (Prescott et al., 1999).


III. Several domestic animal species harbor TTV or TTV-like viruses most of which could not be distinguished form human TTV isolates in the genomic regions analyzed, making cross-species transmission a likely possibility; the need to adapt to new hosts would represent an important drive to genetic change (Verschoor et al., 1999).


IV. Mixed infections by multiple genotypes are frequent, and hence genetic recombination of human TTV between themselves and with related viruses of animals might be an important multiplier of genetic diversity (Ball et al., 1999).


Epidemiology: 


a. Prevalence: 


1- Geographical distributions:  


Recently, PCR protocols ere developed using primers recognizing sequences include in the conserved untranslated region (UTR) of TTV genome (Takahashi et al., 1998, Okamoto et al., 1999). Studies using UTR primers showed a prevalence of TTV infection exceeding 90% in Japanese general population and rates ranging from 46-98% among blood donors from different areas of the world (Takahashi et al., 1998; Itoh et al., 1999; Simmonds et al., 1999).


Several studies have also investigated the geographical distribution of TTV genotypes. Types 1 and 2 are very common worldwide, even if their prevalence rates vary substantially in different areas, whereas other types seem to be less frequent or restricted to specific geographical regions. It is uncertain whether these data reflect real differences in genotype distribution or are instead biased by preferential amplification genotypes by the PCR assays used (Bendinelli et al., 2001).   


2- Age group: 


Hsieh et al., in 1999 have performed a study which has showed the prevalence of TTV in different age groups. To assess this 148 subjects were categorized as follows: 30 newborns (sera obtained from the umbilical cord at birth), 23 infants age <1 years) 16 preschool children age (1 to 6 years). 21 individuals without prior sexual experience (age 6 to 15 years), 15 young adults (age 15-30 years), and 23 adults over 30 years of age. The rates of TTV infection were 0, 17,25,33,47 and 54%, respectively (Table 1). 


Table (1): 
Rates of TTV infection in different age groups of individuals with normal liver biochemical tests.


		Age group (n) 

		No (%) TTV 


DNA positive 

		P 



		0 days (newborn) (30)


under 1 yr (23) 


1 to 6 yr  (16)


6 to 15 yr (21) 


15 to 30 yr (15) 


over 30 yr (43) 

		0 (0)


9 (17)


4(25)


7 (33)


7 (47)


23(54)

		0.030*


0.694**


0.723**


6.644**


0.877**





*
Significantly different from the preceding value. 


**
Not significantly different from the preceding value 


Quoted from (Hsieh et al., 1999)


The only statistically important different concerning the prevalence of TT viraemia among different age groups, in the study conducted by Hsieh et al., in 1999, was the difference in the prevalence of TTV viremia between the groups of newborns and infant (P=0.030). It was attributed to close contact with a TTV infected mother (Hsieh et al., 1999). 


The apparent age-dependent increase in TTV DNA prevalence among pediatric patient suggests perinatal or community acquired infection of infants within 3 months of birth (Yokozaki et al., 1999).

3- Sex:


Maggi et al., (1999) reported in their study that, no statistically significant difference was found when unselected patients were grouped by sex. 


4- Risk groups: 


Epidemiological studies have shown that TTV is widely distributed in different population with parenteral risk exposure: haemodialysis patients (46%), intravenous drug users (19 to 40%) and haemophilics (27.4 to 68%). TTV was also, detected at lower incidence in voluntary blood donors (1.9 to 12%) (Biagini et al., 1998).

Poovorwan et al., (1998) showed that TTV DNA was found in 9 (18%) of the 50 chronic liver disease patients who had tested negative for all hepatitis virus markers A to G, and in 9 (9.2%) of the 98 hepatocellular carcinoma patients, 64 of whom had also, shown positive for hepatitis B, 12 for hepatitis C and 6 for hepatitis G markers (table 2). Hence, it can be assumed that at least in part of those nine patients TT virus exists as a coinfection with one of the hepatitis viruses B,C or G. 


Table (2): 
Prevalence of TTV-DNA among high-risk and control groups


		Group

		No.

		TTV-DNA



		

		

		Positive

		%



		Non A-G chronic liver disease


Hepatocellular carcinoma


IVDU


Thalassemia


 Prostitutes


Blood donors


Pregnant women

		50


98


52


80


31


200


163

		9


9


17


15


3


14


7

		18.0


9.2


32.7


18.8


9.7


7.0


6.8





Quoted from (Poovorawan et al., 1998)


The genoprevalence of TTV in Japanese men with history of intravenous drug abuse and/or tattoo was studied. TTV was identified in serum by PCR. TTV was detected in 89.7% of men with history of intravenous drug abuse and/or tattoo (Niitsuma et al., 1999).


A difference in the prevalence of TTV DNA in blood derivatives was noticed; this depended on the type of product tested. The highest prevalence was found in factor VIII (80%) which is the first product to be obtained from plasma pools by cryoprecipitation and subsequent purification. The prevalence decreased to 50% in intramuscular immunoglobulin (IMIG) and reached zero in intravenous immunoglobulin (IVIG) and albumin (Pisani et al., 1999). 


b- Transmission: 


1. Parenteral transmission: 


As TTV was first isolated from a patient with post transfusion hepatitis, the major route of transmission was assumed to be parental (Nishizawa et al., 1997) (Irshad et al., 2006).


Parentral transmission of TTV has been suggested by the frequent detection of viral DNA in the sera of subjects at risk for transmission of blood viruses such as intravenous drug users (IVDUs), hemophiliacs, patients on maintenance hemoduialysis and recipients of blood products (Prescott and Simmond, 1998). 


Additional observations corroborating this conclusion was noted by Pisani et al., (1999) who found that TTV was detected in commercial human plasma, clotting factor concentrates and intramusclar immuinoglobulin (Ig) preparations. In certain studies, hepatitis B and C patients were coinfected with TTV more frequently than control groups (Davidson et al., 1999). Individuals at risk for parenteral transmission often exhibited mixed infection by multiple TTV subtypes (Forns et al., 1999).


The prevalence of TTV, HCV and hepatitis G virus (HGV) infection in 173 multiple transfused patients according to the quantity of blood donor exposures of packed red cell (PRC) transfusion received during their life times were studied. This study indicated that TTV HCV, and HGV share a parenteral transmission, but that TTV, by contrast to the other 2 viruses, is also transmitted by at least another efficient way of transmission (Lefrere et al., 1999).


2. Feco-oral transmission:


The low titres of TTV DNA in the feces of some infected individuals, potentially provide a faecoral route of transmission comparable to that of enteroviruses such as hepatitis A virus (HAV), this route of transmission is consistent with the epidemiology of TT infection in adults and would resolve the contrasting features associated with infant infection by TTV (Okamato et al., 1999).


Patients with TTV viremia, who had bile drainage or cholecystectomy, were tested for TTV DNA in bile by PCR. TTV was detected in bile from all patients; titers were 10-100 times higher than in serum. The higher the virus titers in bile suggest that TTV replicates most likely in the liver then is excreted into bile then into feces to be transmitted by fecal-oral route (Ukita et al., 1999).


Attempts should be made to monitor the levels of TTV contamination in drinking water and in food under different sanitary conditions and to evaluate whether TTV might be useful as a marker of contamination with viruses of fecal origin, similar to the use of Escherichia Coli as a marker for enteric bacteria (Ross et al., 1999). Recent data suggest that TTV can also be transmitted by the fecal-oral route (Maryam et al., 2007).


3. Mother to fetus transmission: 


a. Transplacental transmission: 


Mother-to- fetus transmission should be considered, which is acquired early in life initial studies failed to detect TTV DNA in cord blood samples and in neonates born to infected mother (Hsieh et al., 1999). (Okamura et al., 1999) favoring the idea that child infection was due to early postnatal exposure (Davidson et al., 1999; Yokozaki et al., 1999). The main source of TTV infection in children is presumed to be their mothers (Komatsu et al., 2004). Failure to find TTV in neonatal sample in previous studies may have  been due to pitfalls in the detection tests used, since it h as subsequently been reported repeatedly that prepartum transmission of TTV not only occurs but may actually be very common (Saback et al., 1999; Sugiyama et al., 1999; Maggi et al., 2003). 


In recent studies, TTV DNA was detected in over half of the cord samples examined. Furthermore, some cord blood samples has a TTV DNA content as high as that in the respective mother’s blood, leaning in favor to transplacental transmission before delivery (Morrica et al., 2000). 


b. Breast milk Transmission: 


TTV was found in nearly 73.9% of the barest milk sample derived from TTV viremic mother. The children of these women were TTV viremic. Only one of the children borne to a carrier mother was TTV negative, and remained negative during follow-up, although he was breast fed and TTT DNA was detectable in mother’s breast milk. This indicates that breast feeding doses not significantly contribute to transmission of TTV and that transmission of TTV occurs in utero rather than via breast feeding. As a result of these data, mothers with TT viremia are not discouraged from breast feeding their children (Schroter et al., 1999). 


4- Sexual transmission:


Poovorawan et al., (1999) reported that, in contrast to hepatitis B and C viruses, the frequency of TTV infection in individuals at high risk for sexually transmitted disease was not particularly high.  This suggests that sexual transmission plays an unimportant role if any (Salakova et al., 2004). However, a high rate of cervical carriage (66%) of TTV DNA was found by PCR suggesting that perinatal and sexual transmission may be possible (Chan et al., 2001). Inami et al., (2000) also found a high prevalence of TTV DNA in saliva and semen of patients infected with TTV by PCR.


5- Transmission through body fluids:-


In order to investigate whether or not non parenteral transmission routes can contribute to TTV spread, urine and saliva samples from eight TT viraemic individuals were tested for the presence of TTV DNA by polymerase chain reaction. TTV DNA was detected in saliva of five subjects and non of the urine samples contained TTV DNA. Viral titres of saliva were close to those found in serum (Ross et al., 1999).


Attempts to obtain evidence for household contact transmission have been inconclusive, although the detection of TTV in saliva, nasopharyngeal secretions, skin and hair might imply that it is also possible. Evidence suggestive of non-transfusion associated nosocomial TTV infections has been reported (Bendinelli et al., 2001).    


TTV Infection and Disease Association


1- TTV infection and liver disease:


TTV may cause occasional liver injury. In other words, TTV would be a candidate for cryptogenic hepatitis etiology similar to many other viruses, such as enteroviruses, adenoviruses, cytomegalovirus, Epstein-Barr virus, rubella virus, and influenza virus, which are known to cause usually transient liver dysfunction of varying severity in minor subsets of infected patients (Mauro et al., 2001).


In several series of HCV patients, coinfection with TTV appeared to be associated with increased severity of biochemical and histological parameters of liver damage (Charlton et al., 1998; Cleavinger et al., 2000). TTV infection may contribute to the progression of liver damage (Kasirga et al., 2005).

TTV infection was more common among patients with either decompensated liver disease (DC) or hepatocellular carcinoma (HCC) (advanced HCV associated disease) (45%), as compared to those with either chronic hepatitis (CH) or compensated cirrhosis (CC) (stable HCV-associated disease) (9%)(Zein et al., 1999).


In a series of 26 patients with fulminant liver failure, mortality was 100% in TTV-infected patients versus less than 50% in uninfected ones (Tanaka et al., 1999).


A-TTV and hepatitis C virus infection: 

          Investigations of the quantification of TTV among HCV infected patients might be relevant. Serum TTV DNA levels were similar, irrespective of the severity of liver injury, and were even similar in HCV-infected patients and blood donors. Comparison of HCV-infected patients with both high and low serum TTV DNA levels revealed no significant differences in serum ALT and HCV core protein levels or the histopathological score. These data imply that TTV infection and replication occur in many healthy people and do not affect the HCV infection or the liver damage due to HCV infection. This observation does not totally negate the association between TTV infection and hepatitis (Takanobu et al., 2000).


Zein et al., in 1999 reported an epidemiological association between TTV and HCV genotype 1b. Genotype 1b has been reported to be associated with a more severe liver disease and a more aggressive course. The association of TTV and genotype 1b is not easily explained and may with longer time of infection, contribute to the more advanced liver disease described in those infected with this genotype. However, the association between TTV and HCV genotype 1b was present irrespective of the stage of liver disease.


B-TTV and acute viral hepatitis:

A study to determine the relation between TTV and the clinical courses of various types of acute viral hepatitis was performed; one hundred twenty five patients with acute viral hepatitis and 100 persons with normal liver function were tested for TTV DNA and genotyped by polymerase chain reaction (PCR). TTV DNA was detected in 15 of 35 patients (42%) with hepatitis C, 8 of 28 patients (29%) with hepatitis A, 7 of 29 patients (24%) with hepatitis B, and 37 of 100 subjects with normal liver function tests (37%). The detection rate did not differ statistically between non-A-E hepatitis and hepatitis A, B, C, or controls (Kanda et al., 1999).


There were no clinical differences between the TTV-positive and negative acute hepatitis A patient group. In acute hepatitis B group the TTV-positive group had a significantly higher frequency of blood transfusion than the TTV-negative group (57% vs 4.5%). Among the acute hepatitis C patients, no clinical differences, except history of blood transfusion were found between the TTV positive and negative groups. In the hepatitis group no of 35 patients with non-A-E-acute hepatitis, there were clinical differences between the TTV-positive and negative patients. Thus, the presence of TTV infection had no apparent effect on the clinical data or the clinical courses of the patients with either hepatitis A, B or C. Thus, it appears that no correlation exists between TTV infection and the clinical features of acute hepatitis (Kanda et al., 1999). 


C- TTV infection and non A-G fulminant hepatitis:

The sera of 36 patients with fulminant hepatitis (FH) were examined and the differences in clinical features and prognosis between TTV-DNA positive and negative patients with non A-G FH were evaluated. TTV DNA in sera was measured by nested PCR. Twenty of 36 patients with FH were diagnosed non-A-G FH. The TTV DNA in sera was detected in 14 patients (38.9%) with FH. 9 (64%) showed non A-G FH and 3 had HBV FH and 2 had drug induced FH. There was no significant differences regarding clinical features, (age, distribution, history of blood transfusion, initial symptoms of hepatitis and liver function tests) and prognosis between TTV positive and negative patients with non A-G FH, these data suggest that although TTV may be an infectious agent related to non A-G FH, further study is needed to clarify the role of TTV in the pathogenesis of FH (Miyasaka et al., 1999).   

A study by Hsieh et al., in 1999 was conducted to evaluate the role of TTV in liver disease. PCR was used to detect TTV DNA in serum. The rates of TTV viraemia in 13 patients with idiopathic acute hepatitis, 14 patients with idiopathic fulminant hepatitis, 22 patients with chronic hepatitis and 19 patients with cirrhosis of the liver. The rates of TTV detection in those patients were 46, 64 55 and 63% respectively, and these were not significantly different from those in 50 healthy control subjects (53%) as shown in table(3) (Hsieh et al., 1999).


Table (3): 
Prevalence of TTV infection in patients with liver disease and healthy controls


		Diagnosis of group (n)

		No. (%)


TTV DNA Positive

		P



		Acute hepatitis of unknown etiology (13)

		6 (46)

		0.903



		Fulminant hepatitis of unknown etiology (14)

		9 (64)

		0.475



		Chronic hepatitis (22)

		12 (55)

		0.858



		Chronic hepatitis B (6)

		2

		



		Chronic hepatitis C (4)

		2

		



		Chronic hepatitis B+C+D (1)

		1

		



		Unknown etiology (11)

		7

		



		Cirrhosis (19)

		12 (63)

		0430



		Chronic hepatitis B (9)

		6

		



		Chronic hepatitis C (4)

		2

		



		Chronic hepatitis B+C (1)

		1

		



		Unknown etiology (5)

		3

		



		Healthy control (50)

		26 (53)

		





(Hsieh et al., 1999)


Subsequent findings have cast serious doubts on the correlation between TTV infection and liver disease:


i- As extensively discussed above, TTV viremia is widely prevalent not only among patients with cryptogenic hepatitis but also, and at similar rates, in control groups with other forms of liver disease or no liver injury at all (Maria et al., 2003; Jeon et al., 2003).


ii- When hemophiliacs and other persons with or without risk of blood-borne infections were classified into TTV DNA-positive and -negative groups, the two groups often showed similar ALT levels (Takahashi et al., 1998; Takayama et a1., 1999; Hsu et al., 2003).


iii- In several series of blood transfusion patients, there was no correlation between TTV infection and the development of hepatitis, and, in any case, the dynamics of ALT were unrelated to TTV viremia (Irving et al., 1999; Matsumoto et al., 1999; Oguchi et al., 1999; Szenborn et a., 2003)


iv- In several studies of patients with hepatitis B or C, no correlation was found between the severity of liver damage or responsiveness to alpha Interferon therapy and concomitant TTV infection (Matsumoto et al., 1999) (Oguchi et al., 1999) (Kristian et al., 2006).


v- Chimpanzees naturally or experimentally infected with TTV or TTV like viruses showed no biochemical and histological signs of liver damage (Verschoor et al., 1999; Thom et al., 2003; Moen et al., 2003).


vi- Retrospective analysis of patients treated with alpha interferon for underlying HCV infection have shown that therapy may result in a generally transient disappearance of detectable TTV from blood. Especially if baseline TTV viremia is low, but that this is not accompanied by modulation of ALT levels unless HCV is also cleaned (Akahane et al., 1999) (Berg et al., 1999).


TTV might cause disease only when activated by superinfection with other viruses (Takahashi et al., 1998). Alternatively, liver damage might become evident only when the extent of virus replication is above a certain threshold, due to large viral inoculate or other factors (Okamoto et al., 2000).

Patients with cryptogenetic chronic hepatitis had mean viremia loads significantly higher than did patients with other pathologies (Mauro et al., 2001; Maria et al., 2003).

As in the above infections, the viral and host determinants that might determine or enhance the hepato-pathogenicity of TTV are not known. It has been suggested that certain (sub) types or variant of TTV might be especially hepatotropic similarly, to what was observed for certain enteroviruses and adenoviruses (Okamoto et al., 1999).


To examine whether a virulent TTV strain was responsible for liver diseases such as fulminant hepatitis or cirrhosis, DNA was cloned and sequenced. Amplified DNA from the sera of two patients with acute hepatitis, four patients with fulminant hepatitis, one patient with cirrhosis and three healthy individuals and phylogenetic analysis revealed that all of TTV isolates belonged either to genotype la or lb. No specific virulent strain of TTV related to severe liver disease as fulminant hepatitis or cirrhosis was round (Okamoto et al., 1998).


2- TTV infection and diabetes mellitus:-


The discovery of a high prevalence of TTV infection in patients with diabetes mellitus (DM) was unexpected. The prevalence of TTV among diabetic patients with end-stage renal disease (ESRD) was discovered through a study done in hemodialysis units to evaluate the prevalence of TTV infection among hemodialysis patients. Further investigations of diabetics without renal disease suggested that a high prevalence of TTV infection is not specific to diabetic ESRD, but that large proportion of diabetic patients are also, infected by the virus (Gallian et al., 1999).

The significance of the high rate of TTV infection in patients with DM remains to be evaluated. Several hypotheses can be proposed: (i) TTV sets off a train of events that eventually result in diabetes. However, because the prevalence of TTV infection was elevated in both type I (40.7%) and type II (52.6%) diabetes, diseases for which the underlying physiopathological mechanisms are markedly different, this hypothesis is unlikely; (ii) the correlation between TTV infection and DM is due to an unidentified common epidemiological risk factor. However, it could be argued again that the epidemiological distributions of type I and II diabetes are different; (iii) there is a nosocomial spread of TTV in diabetic patients due to the use of plastic lancet devices as suggested for HCV and HBV- (iv) as previously demonstrated for other pathogens, opportunistic infections by TTV in DM patients occur more frequently than in the general population, since their underlying illness leads to partial immunodeficiency, this could be responsible for a higher incidence of TTV infection in diabetics (Gallian et al., 1999). TTV is more common in diabetic patients (Guney et al., 2005).

3- TTV infection and miscellaneous diseases: ‑

Attempts to correlate TTV infection with the progression of HIV infection showed that, the current TTV infection is high among HIV-infected patients with parenteral risk of exposure, and that TTV is also, transmitted through sexual routes. However, TTV infection did not seem to alter the levels of CD4 cells or ALT levels and the detection of TTV does not seem to influence the clinical or immune status of HIV-infected patients (Puig-Basagoiti et al., 2000).

Maggi et al., in 1999 found that infection rates in patients with psoriasis, rheumatoid arthritis, or systemic lupus erythematosus were not higher than in patients with miscellaneous diseases. In another study, viremic patients with rheumatoid arthritis had a greatly enhanced frequency of rheumatoid factor positivity (Hirata et al., 1998; Christensen et al., 2000; Puig-Pasagoiti et al., 2000). 

Further possible etiological associations should be sought possible guidance in choosing the directions for clinical investigation may come from an improved understanding of the natural history of infection and from the diseases produced in their host species by related viruses of animals. In regard to the first criterion, the fact that TTV seems to circulate in blood complexes with IgG should encourage investigations on glomerulonephritis, vasculitis; and other illnesses in which chronic immune complexemia has long been suspected as an important etiopathogenic mechanism (Nishizawa et al., 1999).


In addition, if the observation that TTV replicates in lymphoid cells only when they are activated to proliferate is confirmed, TTV might represent an ideal candidate agent for unexplained immunosuppressive syndromes (Maggi et al., 1999).


There are no clinical manifestations that have been unequivocally associate with TTV to date. Because of this and because active infection is highly prevalent among apparently healthy individuals; there have been repeated suggestions that TTV should be considered essentially devoid of pathogenic potential (Mauro et al., 2001). 


Griffiths in 1999 and Simmonds et al., in 1999 have actually put forward the idea that TTV might represent part of the normal human microflora.


while these are provocative speculations, it should be kept in mind that to date the only clinical entities that have been systematically investigated for a possibly etiological correlation are some forms of liver disease, Thus, at this point, it is probably more appropriate (and stimulating) to keep TTV in the category of 'orphan' viruses (Mauro et al., 2001).


Virology textbooks are full of examples of viruses that had to wait for years after discovery before being linked to disease(s): echoviruses, reoviruses (which still carry the term "orphan" in their acronym), adenoviruses, parovirus B19, Epstein- Barr virus, and herpes viruses (Ellis et al., 1999). TTV might behave exactly as these viruses, in that only occasional infections might be sufficiently aggressive to become the cause of significant clinical disease (Maria et al., 2003).

Hemodialysis Process


Hemodialysis machine





Fig.(2): Hemodialysis machine (Shaldon  2002).


In medicine, hemodialysis (also haemodialysis) is a method for removing waste products such as potassium and urea, as well as free water from the blood when the kidneys are in renal failure. Hemodialysis is one of three renal replacement therapies (the other two being renal transplant; peritoneal dialysis). Hemodialysis can be an outpatient or inpatient therapy. Routine hemodialysis is conducted in a dialysis outpatient facility, either a purpose built room in a hospital or a dedicated, stand alone clinic. Less frequently hemodialysis is done at home. Dialysis treatments in a clinic are initiated and managed by specialized staff made up of nurses and technicians; dialysis treatments at home can be self initiated and managed or done jointly with the assistance of a trained helper who is usually a family member (Shaldon 2002).

Principle





 Fig.(3): Semipermeable membrane (KDOQI 2006).

The principle of hemodialysis is the same as other methods of dialysis; it involves diffusion of solutes across a semipermeable membrane. Hemodialysis utilizes counter current flow, where the dialysate is flowing in the opposite direction to blood flow in the extracorporeal circuit. Counter-current flow maintains the concentration gradient across the membrane at a maximum and increases the efficiency of the dialysis. Fluid removal (ultrafiltration) is achieved by altering the hydrostatic pressure of the dialysate compartment, causing free water and some dissolved solutes to move across the membrane along a created pressure gradient (KDOQI 2006).


The dialysis solution that is used is a sterilized solution of mineral ions. Urea and other waste products, and also, potassium and phosphate, diffuse into the dialysis solution. However, concentrations of sodium and chloride are similar to those of normal plasma to prevent loss. Bicarbonate is added in a higher concentration than plasma to correct blood acidity. A small amount of glucose is also commonly used (KDOQI 2006).

Side-effects and complications

Hemodialysis often involves fluid removal (through ultrafiltration), because most patients with renal failure pass little or no urine. Side effects caused by removing too much fluid and/or removing fluid too rapidly include low blood pressure, fatigue, chest pains, leg-cramps, nausea and headaches. These symptoms can occur during the treatment and can persist post treatment; they are sometimes collectively referred to as the dialysis hangover or dialysis washout. The severity of these symptoms is usually proportionate to the amount and speed of fluid removal. However, the impact of a given amount or rate of fluid removal can vary greatly from person to person and day to day. These side effects can be avoided and/or their severity lessened by limiting fluid intake between treatments or increasing the dose of dialysis e.g. dialyzing more often or longer per treatment than the standard three times a week, 3-4 hours per treatment schedule (Weinreich et al., 2006).


Since hemodialysis requires access to the circulatory system, patients undergoing hemodialysis may expose their circulatory system to microbes, which can lead to sepsis, an infection affecting the heart valves (endocarditis) or an infection affecting the bones (osteomyelitis). The risk of infection varies depending on the type of access used (see below). Bleeding may also occur, again the risk varies depending on the type of access used. Infections can be minimized by strictly adhering to infection control best practices (NIH 2008).


Heparin is the most commonly used anticoagulant in hemodialysis, as it is generally well tolerated and can be quickly reversed with protamine sulfate. Heparin allergy can infrequently be a problem and can cause a low platelet count. In such patients, alternative anticoagulants can be used. In patients at high risk of bleeding, dialysis can be done without anticoagulation (Kishimoto et al., 2008).


First Use Syndrome is a rare but severe anaphylactic reaction to the artificial kidney. Its symptoms include sneezing, wheezing, shortness of breath, back pain, chest pain, or sudden death. It can be caused by residual sterilant in the artificial kidney or the material of the membrane itself. In recent years, the incidence of First Use Syndrome has decreased, due to an increased use of gamma irradiation, steam sterilization, or electron-beam radiation instead of chemical sterilants, and the development of new semipermeable membranes of higher biocompatibility. New methods of processing previously acceptable components of dialysis must always been considered (James 2007).

Longterm complications of hemodialysis include amyloidosis, neuropathy and various forms of heart disease. Increasing the frequency and length of treatments have been shown to improve fluid overload and enlargement of the heart that is commonly seen in such patients (Kuchle et al., 1996).


Access

In hemodialysis, three primary methods are used to gain access to the blood: an intravenous catheter, an arteriovenous (AV) fistula, or a synthetic graft. The type of access is influenced by factors such as the expected time course of a patient's renal failure and the condition of his or her vasculature. Patients may have multiple accesses, usually because an AV fistula or graft is maturing and a catheter is still being used (James I. 2007).

Catheter

Catheter access, sometimes called a CVC (Central Venous Catheter), consists of a plastic catheter with two lumens (or occasionally two separate catheters) which is inserted into a large vein (usually the vena cava, via the internal jugular vein or the femoral vein) to allow large flows of blood to be withdrawn from one lumen, to enter the dialysis circuit, and to be returned via the other lumen. However, blood flow is almost always less than that of a well functioning fistula or graft (Shaldon, 2002).

Catheters are usually found in two general varieties, tunnelled and non-tunnelled: 


Non-tunnelled catheter access is for short-term access (up to about 10 days, but often for one dialysis session only), and the catheter emerges from the skin at the site of entry into the vein (Shaldon 2002).

Tunnelled catheter access involves a longer catheter, which is tunnelled under the skin from the point of insertion in the vein to an exit site some distance away. It is usually placed in the internal jugular vein in the neck and the exit site is usually on the chest wall. The tunnel acts as a barrier to invading microbes, and as such, tunnelled catheters are designed for short- to medium-term access (weeks to months only), because infection is still a frequent problem (Shaldon 2002).

Aside from infection, venous stenosis is another serious problem with catheter access. The catheter is a foreign body in the vein and often provokes an inflammatory reaction in the vein wall. This results in scarring and narrowing of the vein, often to the point of occlusion. This can cause problems with severe venous congestion in the area drained by the vein and may also render the vein, and the veins drained by it, useless for creating a fistula or graft at a later date. Patients on long-term hemodialysis can literally 'run out' of access, so this can be a fatal problem (KDOQI 2006).

Catheter access is usually used for rapid access for immediate dialysis, for tunnelled access in patients who are deemed likely to recover from acute renal failure, and for patients with end-stage renal failure who are either waiting for alternative access to mature or who are unable to have alternative access (KDOQI 2006).

Catheter access is often popular with patients, because attachment to the dialysis machine doesn't require needles. However, the serious risks of catheter access noted above mean that such access should be contemplated only as a long-term solution in the most desperate access situation (James 2007).

AV fistula




Fig.(4): A rediocephalic fistula (James 2007).

AV (arteriovenous) fistulas are recognized as the preferred access method. To create a fistula, a vascular surgeon joins an artery and a vein together through anastomosis. Since this bypasses the capillaries, blood flows rapidly through the fistula. One can feel this by placing one's finger over a mature fistula. This is called feeling for "thrill" and produces a distinct 'buzzing' feeling over the fistula. Fistulas are usually created in the nondominant arm and may be situated on the hand (the 'snuffbox' fistula'), the forearm (usually a radiocephalic fistula, or so-called Brescia-Cimino fistula, in which the radial artery is anastomosed to the cephalic vein), or the elbow (usually a brachiocephalic fistula, where the brachial artery is anastomosed to the cephalic vein). A fistula will take a number of weeks to mature, on average perhaps 4-6 weeks. During treatment, two needles are inserted into the fistula, one to draw blood and one to return it (James 2007).

The advantages of the AV fistula use are lower infection rates, because no foreign material is involved in their formation, higher blood flow rates (which translates to more effective dialysis), and a lower incidence of thrombosis. The complications are few, but if a fistula has a very high blood flow and the vasculature that supplies the rest of the limb is poor, a steal syndrome can occur, where blood entering the limb is drawn into the fistula and returned to the general circulation without entering the limb's capillaries. This results in cold extremities of that limb, cramping pains, and, if severe, tissue damage. One long-term complication of an AV fistula can be the development of an aneurysm, a bulging in the wall of the vein where it is weakened by the repeated insertion of needles over time. To a large extent the risk of developing an aneurysm can be reduced by careful needling technique. Aneurysms may necessitate corrective surgery and may shorten the useful life of a fistula. To prevent damage to the fistula and aneurysm or pseudoaneurysm formation, it is recommended that the needle be inserted at different points in a rotating fashion. Another approach is to cannulate the fistula with a blunted needle, in exactly the same place. This is called a 'buttonhole' approach. Often two or three buttonhole places are available on a given fistula. This also can prolong fistula life and help prevent damage to the fistula (Renal Health News 2005).


AV graft




Fig.(5): An arteriovenous graft (Renal Health News 2005).


AV (arteriovenous) grafts are much like fistulas in most respects, except that an artificial vessel is used to join the artery and vein. The graft usually is made of a synthetic material, often PTFE, but sometimes chemically treated, sterilized veins from animals are used. Grafts are inserted when the patient's native vasculature does not permit a fistula. They mature faster than fistulas, and may be ready for use several weeks after formation (some newer grafts may be used even sooner). However, AV grafts are at high risk to develop narrowing, especially in the vein just downstream from where the graft has been sewn to the vein. Narrowing often leads to clotting or thrombosis. As foreign material, they are at greater risk for becoming infected. More options for sites to place a graft are available, because the graft can be made quite long. Thus a graft can be placed in the thigh or even the neck (the 'necklace graft') (Renal Health News 2005).


Fistula First project


AV fistulas have a much better access patency and survival than do venous catheters or grafts. They also produce better patient survival and have far fewer complications compared to grafts or venous catheters. For this reason, the Centers for Medicare & Medicaid (CMS) has set up a Fistula First Initiative, whose goal is to increase the use of AV fistulas in dialysis patients (James 2007).

Equipment




Fig.(6): Schematic of a hemodialysis circuit (James, 2007).

The hemodialysis machine pumps the patient's blood and the dialysate through the dialyzer. The newest dialysis machines on the market are highly computerized and continuously monitor an array of safety-critical parameters, including blood and dialysate flow rates; dialysis solution conductivity, temperature, and pH; and analysis of the dialysate for evidence of blood leakage or presence of air. Any reading that is out of normal range triggers an audible alarm to alert the patient-care technician who is monitoring the patient (Marco 2005).

Water system




Fig.(7): A hemodialysis unit's dialysate solution tanks (Shaldon 2002).

An extensive water purification system is absolutely critical for hemodialysis. Since dialysis patients are exposed to vast quantities of water, which is mixed with dialysate concentrate to form the dialysate, even trace mineral contaminants or bacterial endotoxins can filter into the patient's blood. Because the damaged kidneys cannot perform their intended function of removing impurities, ions introduced into the bloodstream via water can build up to hazardous levels, causing numerous symptoms or death. Aluminum, chloramine, fluoride, copper, and zinc, as well as bacterial fragments and endotoxins, have all caused problems in this regard (Shaldon 2002).

For this reason, water used in hemodialysis is carefully purified before use. Initially it is filtered and temperature-adjusted and its pH is corrected by adding an acid or base. Then it is softened. Next the water is run through a tank containing activated charcoal to adsorb organic contaminants. Primary purification is then done by forcing water through a membrane with very tiny pores, a so-called reverse osmosis membrane. This lets the water pass, but holds back even very small solutes such as electrolytes. Final removal of leftover electrolytes is done by passing the water through a tank with ion-exchange resins, which remove any leftover anions or cations and replace them with hydroxyl and hydrogen molecules, respectively, leaving ultrapure water (Shaldon 2002).

Even this degree of water purification may be insufficient. The trend lately is to pass this final purified water (after mixing with dialysate concentrate) through a dialyzer membrane. This provides another layer of protection by removing impurities, especially those of bacterial origin, that may have accumulated in the water after its passage through the original water purification system (James 2007).

Once purified water is mixed with dialysate concentrate, its conductivity increases, since water that contains charged ions conducts electricity. During dialysis, the conductivity of dialysis solution is continuously monitored to ensure that the water and dialysate concentrate are being mixed in the proper proportions. Both excessively concentrated dialysis solution and excessively dilute solution can cause severe clinical problems (James 2007).

Dialyzer

The dialyzer is the piece of equipment that actually filters the blood. Almost all dialyzers in use today are of the hollow-fiber variety. A cylindrical bundle of hollow fibers, whose walls are composed of semi-permeable membrane, is anchored at each end into potting compound (a sort of glue). This assembly is then put into a clear plastic cylindrical shell with four openings. One opening or blood port at each end of the cylinder communicates with each end of the bundle of hollow fibers. This forms the "blood compartment" of the dialyzer. Two other ports are cut into the side of the cylinder. These communicate with the space around the hollow fibers, the "dialysate compartment." Blood is pumped via the blood ports through this bundle of very thin capillary-like tubes, and the dialysate is pumped through the space surrounding the fibers. Pressure gradients are applied when necessary to move fluid from the blood to the dialysate compartment (AAKP 2009).

Membrane and flux

Dialyzer membranes come with different pore sizes. Those with smaller pore size are called "low-flux" and those with larger pore sizes are called "high-flux." Some larger molecules, such as beta-2-microglobulin, are not removed at all with low-flux dialyzers; lately, the trend has been to use high-flux dialyzers. However, such dialyzers require newer dialysis machines and high-quality dialysis solution to control the rate of fluid removal properly and to prevent backflow of dialysis solution impurities into the patient through the membrane (Eknoyan et al., 2002).

Dialyzer membranes used to be made primarily of cellulose (derived from cotton linter). The surface of such membranes was not very biocompatible, because exposed hydroxyl groups would activate complement in the blood passing by the membrane. Therefore, the basic, "unsubstituted" cellulose membrane was modified. One change was to cover these hydroxyl groups with acetate groups (cellulose acetate); another was to mix in some compounds that would inhibit complement activation at the membrane surface (modified cellulose). The original "unsubstituted cellulose" membranes are no longer in wide use, whereas cellulose acetate and modified cellulose dialyzers are still used. Cellulosic membranes can be made in either low-flux or high-flux configuration, depending on their pore size (Macleod et al., 2005).


Another group of membranes is made from synthetic materials, using polymers such as polyarylethersulfone, polyamide, polyvinylpyrrolidone, polycarbonate, and polyacrylonitrile. These synthetic membranes activate complement to a lesser degree than unsubstituted cellulose membranes. Synthetic membranes can be made in either low- or high-flux configuration, but most are high-flux (Eknoyan et al., 2002).

Nanotechnology is being used in some of the most recent high-flux membranes to create a uniform pore size. The goal of high-flux membranes is to pass relatively large molecules such as beta-2-microglobulin (MW 11,600 daltons), but not to pass albumin (MW~66,400 daltons). Every membrane has pores in a range of sizes. As pore size increases, some high-flux dialyzers begin to let albumin pass out of the blood into the dialysate. This is thought to be undesirable, although one school of thought holds that removing some albumin may be beneficial in terms of removing protein-bound uremic toxins (Cheung et al., 2003).


Reuse of dialyzers

The dialyzer may either be discarded after each treatment or be reused. Reuse requires an extensive procedure of high-level disinfection. Reused dialyzers are not shared between patients. There was an initial controversy about whether reusing dialyzers worsened patient outcomes. The consensus today is that reuse of dialyzers, done carefully and properly, produces similar outcomes to single use of dialyzers (AAKP 2009).

Recommendations for preventing transmission of infections among chronic hemodialysis patients


Infection Control Precautions for All Patients

During the process of hemodialysis, exposure to blood and potentially contaminated items can be routinely anticipated; thus, gloves are required whenever caring for a patient or touching the patient's equipment. To facilitate glove use, a supply of clean nonsterile gloves and a glove discard container should be placed near each dialysis station. Hands always should be washed after gloves are removed and between patient contacts, as well as after touching blood, body fluids, secretions, excretions, and contaminated items. A sufficient number of sinks with warm water and soap should be available to facilitate hand washing. If hands are not visibly soiled, use of a waterless antiseptic hand rub can be substituted for hand washing (Siegel et al.,  2007).

Any item taken to a patient's dialysis station could become contaminated with blood and other body fluids and serve as a vehicle of transmission to other patients either directly or by contamination of the hands of personnel. Therefore, items taken to a patient's dialysis station, including those placed on top of dialysis machines, should either be disposed of, dedicated for use only on a single patient, or cleaned and disinfected before being returned to a common clean area or used for other patients. Unused medications or supplies (e.g., syringes, alcohol swabs) taken to the patient's station should not be returned to a common clean area or used on other patients (Siegel et al.,   2007).

Additional measures to prevent contamination of clean or sterile items include a) preparing medications in a room or area separated from the patient treatment area and designated only for medications; b) not handling or storing contaminated (i.e., used) supplies, equipment, blood samples, or biohazard containers in areas where medications and clean (i.e., unused) equipment and supplies are handled; and c) delivering medications separately to each patient. Common carts should not be used within the patient treatment area to prepare or distribute medications. If trays are used to distribute medications, clean them before using for a different patient (Thompson, and Bialek 2008).

Intravenous medication vials labeled for single use, including erythropoetin, should not be punctured more than once. Once a needle has entered a vial labeled for single use, the sterility of the product can no longer be guaranteed. Residual medication from two or more vials should not be pooled into a single vial (MMWR 2008).

If a common supply cart is used to store clean supplies in the patient treatment area, this cart should remain in a designated area at a sufficient distance from patient stations to avoid contamination with blood. Such carts should not be moved between stations to distribute supplies (MMWR 2008).

Staff members should wear gowns, face shields, eye wear, or masks to protect themselves and prevent soiling of clothing when performing procedures during which spurting or spattering of blood might occur (e.g., during initiation and termination of dialysis, cleaning of dialyzers, and centrifugation of blood). Such protective clothing or gear should be changed if it becomes soiled with blood, body fluids, secretions, or excretions. Staff members should not eat, drink, or smoke in the dialysis treatment area or in the laboratory. However, patients can be served meals or eat food brought from home at their dialysis station. The glasses, dishes, and other utensils should be cleaned in the usual manner; no special care of these items is needed (MMWR 2008).

Cleaning and Disinfection:  


Establish written protocols for cleaning and disinfecting surfaces and equipment in the dialysis unit, including careful mechanical cleaning before any disinfection process . If the manufacturer has provided instructions on sterilization or disinfection of the item, these instructions should be followed. For each chemical sterilant and disinfectant, follow the manufacturer's instructions regarding use, including appropriate dilution and contact time (Williams  et al.,  2004).

After each patient treatment, clean environmental surfaces at the dialysis station, including the dialysis bed or chair, countertops, and external surfaces of the dialysis machine, including containers associated with the prime waste. Use any soap, detergent, or detergent germicide. Between uses of medical equipment (e.g., scissors, hemostats, clamps, stethoscopes, blood pressure cuffs), clean and apply a hospital disinfectant (i.e., low-level disinfection); if the item is visibly contaminated with blood, use a tuberculocidal disinfectant (i.e., intermediate-level disinfection) (Tokars et al., 2000).

For a blood spill, immediately clean the area with a cloth soaked with a tuberculocidal disinfectant or a 1:100 dilution of household bleach (300--600 mg/L free chlorine) (i.e., intermediate-level disinfection). The staff member doing the cleaning should wear gloves, and the cloth should be placed in a bucket or other leakproof container. After all visible blood is cleaned, use a new cloth or towel to apply disinfectant a second time (Tokars et al., 2000).

Published methods should be used to clean and disinfect the water treatment and distribution system and the internal circuits of the dialysis machine, as well as to reprocess dialyzers for reuse. These methods are designed to control bacterial contamination, but will also eliminate bloodborne viruses. For single-pass machines, perform rinsing and disinfection procedures at the beginning or end of the day. For batch recirculating machines, drain, rinse, and disinfect after each use. Follow the same methods for cleaning and disinfection if a blood leak has occurred, regardless of the type of dialysis machine used. Routine bacteriologic assays of water and dialysis fluids should be performed according to the recommendations of the Association for the Advancement of Medical Instrumentation (MMWR 2008).

Housekeeping staff members in the dialysis facility should promptly remove soil and potentially infectious waste and maintain an environment that enhances patient care. All disposable items should be placed in bags thick enough to prevent leakage. Wastes generated by the hemodialysis facility might be contaminated with blood and should be considered infectious and handled accordingly. These solid medical wastes should be disposed of properly in an incinerator or sanitary landfill, according to local and state regulations governing medical waste disposal (Siegel et al.,  2007).

Routine Serologic Testing

Chronic Hemodialysis Patients: 


Routinely test all chronic hemodialysis patients for HBV and HCV infection, promptly review results, and ensure that patients are managed appropriately based on their testing results. Communicate test results (positive and negative) to other units or hospitals when patients are transferred for care (Mariam 2004).

Hemodialysis Staff Members: 


Previously, testing for HBV infection was recommended for all staff members at the time of employment and for susceptible staff members at routine intervals thereafter; however, such testing is no longer considered necessary. The risk for HBV infection among hemodialysis staff members is no greater than that for other health-care workers. Thus, routine testing of staff members is not recommended except when required to document response to hepatitis B vaccination. Routine testing of staff members for HCV, HDV, or HIV infection is not recommended (Mariam 2004).

Hepatitis B Vaccination

Vaccine Schedule and Dose: Hepatitis B vaccination is recommended for all susceptible chronic hemodialysis patients and for all staff members. Vaccination is recommended for pre--end-stage renal disease patients before they become dialysis dependent and for peritoneal and home dialysis patients because they might require in-center hemodialysis. Hepatitis B vaccine should be administered by the intramuscular route and only in the deltoid muscle for adults and children. Intradermal or subcutaneous administration of hepatitis B vaccine is not recommended (Investigative Guidelines 2008).


Prevention and Management of HBV Infection 

Preventing HBV transmission among chronic hemodialysis patients requires a) infection control precautions recommended for all hemodialysis patients; b) routine serologic testing for markers of HBV infection and prompt review of results; c) isolation of HBsAg-positive patients with dedicated room, machine, other equipment, supplies, and staff members; and d) vaccination. Additional infection control practices are needed because of the potential for environmentally mediated transmission of HBV, rather than internal contamination of dialysis machines. The need for routine follow-up testing, vaccination, or isolation is based on patients' serologic status (Investigative Guidelines 2008).


HBV-Infected Patients:  


To isolate HBsAg-positive patients, designate a separate room for their treatment and dedicate machines, equipment, instruments, supplies, and medications that will not be used by HBV-susceptible patients. Most importantly, staff members who are caring for HBsAg-positive patients should not care for susceptible patients at the same time, including during the period when dialysis is terminated on one patient and initiated on another (Investigative Guidelines 2008).


Newly opened units should have isolation rooms for the dialysis of HBsAg-positive patients. For existing units in which a separate room is not possible, HBsAg-positive patients should be separated from HBV-susceptible patients in an area removed from the mainstream of activity and should undergo dialysis on dedicated machines. If a machine that has been used on an HBsAg-positive patient is needed for an HBV-susceptible patient, internal pathways of the machine can be disinfected using conventional protocols and external surfaces cleaned using soap and water or a detergent germicide (Investigative Guidelines 2008).


Dialyzers should not be reused on HBsAg-positive patients. Because HBV is efficiently transmitted through occupational exposure to blood, reprocessing dialyzers from HBsAg-positive patients might place HBV-susceptible staff members at increased risk for infection (MMWR 2008).

Chronically infected patients (i.e., those who are HBsAg positive, total anti-HBc positive, and IgM anti-HBc negative) are infectious to others and are at risk for chronic liver disease. They should be counseled regarding preventing transmission to others, their household and sexual partners should receive hepatitis B vaccine, and they should be evaluated (by consultation or referral, if appropriate) for the presence or development of chronic liver disease according to current medical practice guidelines. Persons with chronic liver disease should be vaccinated against hepatitis A, if susceptible (MMWR 2008).

Prevention and Management of HCV Infection 

HCV transmission within the dialysis environment can be prevented by strict adherence to infection control precautions recommended for all hemodialysis patients. Although isolation of HCV-infected patients is not recommended, routine testing for ALT and anti-HCV is important for monitoring transmission within centers and ensuring that appropriate precautions are being properly and consistently used (Mariam 2004).

HCV-Positive Patients: 


Patients who are anti-HCV positive (or HCV RNA positive) do not have to be isolated from other patients or dialyzed separately on dedicated machines. Furthermore, they can participate in dialyzer reuse programs. Unlike HBV, HCV is not transmitted efficiently through occupational exposures. Thus, reprocessing dialyzers from HCV-positive patients should not place staff members at increased risk for infection (Mariam 2004).

HCV-positive persons should be evaluated (by consultation or referral, if appropriate) for the presence or development of chronic liver disease according to current medical practice guidelines. They also should receive information concerning how they can prevent further harm to their liver and prevent transmitting HCV to others. Persons with chronic liver disease should be vaccinated against hepatitis A, if susceptible (Mariam,  2004).

Prevention and Management of HDV Infection


If a patient is known to be infected with HDV, or if evidence exists of transmission of HDV in a dialysis center, screening for delta antibody is warranted. Because HDV depends on an HBV-infected host for replication, prevention of HBV infection will prevent HDV infection in a person susceptible to HBV. Patients who are known to be infected with HDV should be isolated from all other dialysis patients, especially those who are HBsAg-positive (MMWR 2008).

Prevention and Management of HIV Infection 

Patients with risk factors for HIV infection should be tested so that, if infected, they can receive proper medical care and counseling regarding preventing transmission of the virus (Siegel et al.,2007).

Infection control precautions recommended for all hemodialysis patients are sufficient to prevent HIV transmission between patients. HIV-infected patients do not have to be isolated from other patients or dialyzed separately on dedicated machines. In addition, they can participate in dialyzer reuse programs. Because HIV is not transmitted efficiently through occupational exposures, reprocessing dialyzers from HIV-positive patients should not place staff members at increased risk for infection (Siegel  et al., 2007).

Prevention and Management of Bacterial Infections

Follow published guidelines for use of antimicrobials, particularly vancomycin, to reduce selection for antimicrobial-resistant pathogens. Infection control precautions recommended for all hemodialysis patients are adequate to prevent transmission for most patients infected or colonized with pathogenic bacteria, including antimicrobial-resistant strains. However, additional infection control precautions should be considered for treatment of patients who might be at increased risk for transmitting pathogenic bacteria. Such patients include those with either a) an infected skin wound with drainage that is not contained by dressings (the drainage does not have to be culture positive for VRE, MRSA, or any specific pathogen) or b) fecal incontinence or diarrhea uncontrolled with personal hygiene measures. For these patients, consider using the following additional precautions: a) staff members treating the patient should wear a separate gown over their usual clothing and remove the gown when finished caring for the patient and b) dialyze the patient at a station with as few adjacent stations as possible (e.g., at the end or corner of the unit) (Siegel  et al.,  2007).

 Infection control training and education


Training and education is recommended for both staff members and patients (or their family care givers). Training should be appropriate to the cognitive level of the staff member, patient, or family member, and rationales should be provided for appropriate infection control behaviors and techniques to increase compliance (Siegel et al.,  2007).

· Training and education for all employees at risk for occupational exposure to blood should be provided at least annually, given to new employees before they begin working in the unit, and documented. At a minimum, they should include information on the following topics: 


· proper hand hygiene technique; 


· proper use of protective equipment; 


· modes of transmission for bloodborne viruses, pathogenic bacteria, and other microorganisms as appropriate; 


· infection control practices recommended for hemodialysis units and how they differ from Standard Precautions recommended for other health-care settings; 


· proper handling and delivery of patient medications; 


· rationale for segregating HBsAg-positive patients with a separate room, machine, instruments, supplies, medications, and staff members; 


· proper infection control techniques for initiation, care, and maintenance of access sites; 


· housekeeping to minimize transmission of microorganisms, including proper methods to clean and disinfect equipment and environmental surfaces; and centralized record keeping to monitor and prevent complications, including routine serologic testing results for HBV and HCV, hepatitis B vaccine status, episodes of bacteremia and loss of access caused by infection, and other adverse events. Records of surveillance for water and dialysate quality should also be maintained 


(MMWR 2008).

· Training and education of patients (or family members for patients unable to be responsible for their own care) regarding infection control practices should be given on admission to dialysis and at least annually thereafter and should address the following topics: 


· personal hygiene and hand washing technique; 


· patient responsibility for proper care of the access and recognition of signs of infection, which should be reviewed each time the patient has a change in access type; and recommended vaccinations (206) 


(MMWR 2008).

TTV in hemodialysis patients

TT virus is a novel hepatitis-associated DNA virus that has been provisionally designated as transfusion-transmitted virus (TTV). Infection by TTV has been frequently demonstrated in humans; however, few reports have been published on the epidemiology of TTV infection in patients with ESRD. The prevalence of TTV in patients undergoing maintenance dialysis varies widely and various virological or clinical features can explain these differences. In some reports, the prevalence of TTV in HD was significantly higher than in control groups. Blood transfusion requirement and nosocomial transmission of TTV within dialysis units seem to be important in the diffusion of TTV in the HD setting; however, other routes of TTV acquisition may play a role (Maryam et al., 2007).


Numerous factors have been related to TTV infection in patients undergoing chronic dialysis. The nosocomial transmission of TTV between patients on chronic HD is supported by epidemiological and molecular evidence (Maryam et al., 2007). 

Gallian et al., in 1999 found a significant difference in the prevalence of TTV infection between two units in their survey: 37% and 18.8% respectively. In addition, they observed that sequences from viruses isolated in a HD unit were grouped in the same phylogenetic cluster. These findings suggested patient-to-patient transmission or contamination of several patients from a common source within the unit.


Forns et al., in 1999 also suggested nosocomial transmission of TTV DNA as they observed that patients with the highest degree of homology among the TTV isolates were dialyzed in the same unit of the hospital.


The clinical significance related to the presence of TTV in HD population remains unclear; it is possible that TTV may aggravate liver disease caused by hepatitis C virus infection. The possibility that TTV causes pathological changes outside the liver can not be ruled out (Maryam et al., 2007).


In patients on maintenance hemodialysis (HD), who are at an increased risk of parenteral transmitted hepatitis virus infection, a high prevalence of TTV infections has been reported. However, the transmission route of the virus is still unknown. There is also little information about the occupational risk of TTV infection in HD unit workers (Irshad  et al., 2006).


Some studies have reported a significant relationship between TTV infection and blood transfusion; but in other reports, the prevalence of TTV was unrelated to the history of transfusion or to duration of HD (Dai et al., 2002).


It was shown that a prior blood transfusion and time on HD were not predictors of the presence of TTV DNA, so that TTV may have a transmission route not shared by HBV, HCV or HGV. The possibility of TTV transmission, via a nosocomial route in HD units, must be considered. One of the possible routes of transmission in an HD unit is direct from person to person (Valtuille et al., 2002).


The detection of TTV DNA tested only for ongoing TTV infection. It would be necessary to asses transient and previous TTV infection by detecting a specific antibody associated with recovery from TTV infection; however, no such antibody assay system is yet available. A low immune response to TTV infection should considered which might be associated with a high rate of persistent of TTV infection undergoing HD (Dai et al., 2007).


 Forns et al., in 1999 analyzed the virological characteristics of TTV infection among patients on HD. A significant number (27%) were apparently coinfected with different strains of TTV. Sequence analysis indicated that TTV strains belonging to two different major genotypes could exist in a single patient. Infection by a strain of a given genotype was not protective against superinfection by another type. The superinfection did not result in the disappearance of the first strain or in any alteration to its genomic sequence.










(

Subjects and Methods 


Subjects and Methods

The study was a longitudinal study conducted on one hundred patients with end stage renal disease (ESRD) undergoing hemodialysis (HD) for the first time (as a control group) and after recurrent HD (for at least 6 months of regular HD) and we will classify them into 4 main groups (two groups of cases and two control groups).


· First group: includes patients after recurrent hemodialysis with HCV positive; and it is divided into two groups:


· Group (I): include patients with HCV Ab positive and TTV positive.


· Group (II): include patients with HCV Ab positive and TTV negative.


· Second group: includes patients after recurrent hemodialysis with HCV negative; and it is divided into two groups:


· Group (III): include patients with HCV Ab negative and TTV positive.


· Group (IV): include patients with HCV Ab negative and TTV negative.


· Third group: includes patients undergoing hemodialysis for the first time (control group) with HCV positive; and it is divided into two groups:


· Group (V): include patients with HCV Ab positive and TTV positive.


· Group (VI): include patients with HCV Ab positive and TTV negative.


· Fourth group: includes patients undergoing hemodialysis for the first time (control group) with HCV negative; and it is divided into two groups:


· Group (VII): include patients with HCV Ab negative and TTV positive.


· Group (VIII): include patients with HCV Ab negative and TTV negative.


All patients of the 4 groups were subjected to the following laboratory investigations:


1- TTV-DNA detection by PCR.


2- HBs Ag by ELISA technique.


3- HCV antibody by ELISA technique.


4- Liver enzymes which include:


· ALT.


· AST.


· γGT.


These tests were repeated after recurrent hemodialysis to study the effect of TTV infection on liver state in association with hepatitis.


Sample collection and preparation:


Samples were collected from one hundred patients with end stage renal disease who undergo hemodialysis for the first time, the collection were from hemodialysis unit, Naser institute.

We took into account that a group of HD patients were infected with hepatitis and another group was not infected, to study the relationship between TTV infection and viral hepatitis.


We followed up all patients after recurrent HD to see the prevalence of TTV infection and the relation between viral hepatitis and TTV infection and their impaction on liver condition.


Precautions during sample collection:


1- Samples were taken under sterile condition (because contamination will affect our results).


2- Samples were withdrawn with a vacutainer set (a special sterile set with a needle connected to a closed sterile vacuum tube with no additives) to exclude air contamination.


3- Samples were stored at – 80°C.

Method of sample withdrawal:


· Six cm of whole blood was withdrawn.

· Sample was centrifuged and serum was separated from packed RBCs (using automatic pipette).


· Serum was divided into 3 parts in sterile tubes; one was used for detection of DNA of TT, the second for testing hepatitis B and C and third in analysis of liver enzymes.


Methods  

Liver enzymes which included ALT, AST and γGT were measured by Cobas Integra autoanalyzer.


ALT (alanine aminotransferase)


By kits supplied by (Roche clinical lab systems, Germany).


Principle

*
α-oxoglutarate + L alanine < ----- ALT ----- > L-glutamate + pyruvate pyruvate + NADH + H < ----- LDH ----- > Lactate + NAD


 (Lorentz et al., 1995)


AST (Aspartate aminotransferase)


By kits supplied by (Roche clinical lab systems, Germany).


Principle


α-oxoglutarate + L aspartate <--- AST ---> L-glutamate + oxaloacetate

oxaloacetate + NADH + H < ----- MDH ----- > L-malate + NAD


 (Lorentz et al., 1995)


γGT (γ Glutamyl transferase)


By kits supplied by (Roche clinical lab systems, Germany).


Principle


*
L- γ glutamyl-3-carboxy-4-nitroanilide + glycylglycine <--- γGT ---> L- γ-glutamyl-glycylglycine + 5-amino-2-nitrobenzoate

 (Shaw et al., 1983)


Serological assays:


Developed by ELISA technique:


i- Detection of HCV antibodies by ELISA kit Murex anti-HCV (version 4):


Principle of the procedure:


Diluted samples were incubated in microwells coated with highly purified antigens which contain sequences from the core N53, N54 and N55 regions of HCV. During the course of the first incubation any anti-HCV antibodies in the sample were bind to the immobilized antigens. Followed by washing to remove unbound material, the captured anti-HCV antibodies were incubated with peroxide conjugated monoclonal anti-human IgG. During the course of the second incubation the conjugate were bind to antibody immobilized in the first step. After removal of excess conjugate, bound enzyme was detected by addition of a solution containing 3.5', 5.5'-tetramethylbenzidine (TMB) and hydrogen peroxide. A purple color developed in the wells which contained anti-HCV positive samples.


The enzyme reaction is terminated with sulphuric acid to give an orange color which was read photometrically. The amount of conjugate bound, and hence color, in the wells, is directly related to the concentration of antibody in the sample.


ii. Detection of HBs Ag by ELISA kit Murex HBs Ag (Version 3):


Principle of the procedure:


   The sample was pre-incubated in microwells coated with a mixture of mouse monoclonals specific for different epitopes on the determinate of HBs Ag. Affinity purified goat antibody to HBs Ag conjugated to horseradish peroxide was then added to the sample in the well. During the two incubation steps any HBsAg present in the sample was bound to the well in an antibody-antigen-were bound. After washing to remove sample and unbound conjugate a solution containing 3.5', 5.5'-tetramethylbenzidine (TMB) and hydrogen peroxide was added to the wells. Wells which contain HBs Ag and hence bound conjugate were developed a purple color which was converted to orange when the enzyme reaction is terminated with sulphoric acid. The amount of color was determined spectrophotometrically and was directly proportional to the amount of conjugate bound and hence the concentration of HBs Ag in the sample.


Determination of TTV by PCR:  

PCR was carried out for the detection of TTV DNA according to Maggi et al., (1999). This involved three main steps: DNA extraction, amplification and detection of specific DNA products. Precautions were taken to avoid cross-contamination by following strict technical regulations of PCR process, subsequent manipulations and analysis of the reaction mixture were carried out in separate rooms. Frequent change of gloves and working under laminar flow alleviate the possibilities of contamination (Forghani and Dean, 1995).


1- DNA extraction: using High Pure Viral Nucleic Acid kit supplied by Boehringer Mannheim, Germany.


Principle:


This kit is designated for extraction and purification of DNA. Virus lysis is accomplished by incubation of the sample in a special lysis/ binding buffer in the presence of proteinase k. Subsequently, nucleic acids bind specifically to the surface of the glass filters in the presence of a chaotropic salt. After lysis of the sample in binding buffer, the lysate is applied to the filter tube and passaged through the glass fleece by centrifugation. Residual impurities are removed by a wash step and subsequently DNA is eluted in elution buffer then the purified DNA is applied for nested-PCR.


Equipments:


· Laminar flow (Labcono, Purifier Class II biosafety cabinet).


· Microfuge (Bechman, Microfuge, E).


· Vortex (maximix II, Thermolyne).


· DUR 640 (Spectrophotometer, Bechman). 


Reagents:


· Binding buffer: consisting of 6M guanidine-HC1, lOmM urea, IOmM Tris HCL, 20% Triton x-100 (v/v) pH 4.4 (25°C).


· Poly A, lyophilizate: 2mg poly (A) carrier RNA.


· Proteinase K, lyophilizate.


· Wash buffer: consisting of 20mM NaCl and 2mM TrisHCI, dissolved in 40ml ethanol pH 7.5 (25°C).


· Elution buffer: nuclease free redist. H2O.


· High pure filter polypropylene tubes having two layers of glass filter fleece and can hold up to 700(l sample volume.


· Polypropylene collection tubes.


N.B.: Preparation of reagents:


· Proteinase K was dissolved in 4.5ml redist. H2O.


· 40 ml ethanol was added to the wash buffer.


· Poly A carrier RNA was dissolved in 0.4ml elution buffer, 2.5ml binding buffer was added to them to prepare the working solution which should be prepared freshly before each use.


Procedure:


· 200µ1 of working solution [binding buffer supplemented with poly A carrier DNA] was added to 200µ1 serum and subsequently 40µ1 proteinase K was added, mixed immediately and incubated for 10 min at 72°C.


· After incubation, the samples were mixed with 100µ1 isopropanol.


· High pure filter tubes were combined with the collection tubes and the samples were pipetted in the upper reservoir.


· The combined tubes were centrifuged for lmin at 8000xg in a microfuge.


· The filter tubes were combined with new collection tubes after discarding the flow-through.


· 450µ1 wash buffer was added to the upper reservoir and centrifuged for lmin at 8000xg.


· Again, the flow-through was discarded and the filter tubes were combined with new collection tubes, then 450µl wash buffer was added to the upper reservoir and centrifuged as before.


· Finally, centrifugation was done for 10 sec. at maximum speed 13000xg to remove the residual wash buffer.


· The collection tubes were discarded and the filter tubes were inserted into clean nuclease-free 1.5ml reaction tubes.


· Subsequently, DNA was eluted using 50µ1 of prewarmed elution buffer followed by centrifugation for 1 min at 8000xg.


· The extracted DNA was quantified spectrophotometrically at wave length of 260nm. DNA was employed in PCR reaction either directly or stored at -80°C for later analysis.


2- DNA amplification:


A domain of the ORFI spanning nucleotides (1915-2185) of TTV was amplified by means of nested PCR using highly conserved primers (Maggi et al., 1999).

Equipments:


· Laminar flow (Labcono, Purifier Class II biosafety cabinet).


· Microfuge (Beckman, Microfuge, E).


· Vortex (Maximix II, thermolyne).


· Thermocycler (biometra, Uno 11 Thermoblock). 


Reagents:


· Sterile nuclease-free water (Amresco).

· Primers: were chosen for nested PCR according to Maggi et al., (1999) and supplied by gulf Biotech, Saudi Arabia.


The outer set of primers were:


Sense (A5430): 5'-CAG ACA GAG GAG AAG GCA ACA


TG-3' position 1901-1923.


Antisense (A5432): 5'-CTA CCT CCT GGC ATT TTA CCA-3' position 2172-2192.


The inner set of primers were:


Sense (A8761): 5'-GGM AAY ATG YTR TGG ATA GAC TGG-3' position 1915-1938.


(M=A or C; Y= C or T; and R=A or G)


Antisense (NG063): 5'-CTG GCA TTT TAC CAT TTC CAA AGTT-3' position 2161-2185.


Each primer was dissolved in 100µ1 sterile nuclease-free water. The concentration of the primers was measured spectro-photometrically at 260nm then diluted to a concentration of 50pmol/µl and stored in aliquots at -20°C. In a total PCR reaction volume of 50µl, 1µl of prepared primer was added.


Deoxynucleotide triphosphate (dNTPs) (PCR-nucleotide mix): It was supplied by Boehringer Mannheim-PCR nucleotide mix is a clear, colorless solution of the sodium salts of deoxyadenosine triphosphate (dATP), deoxyguanosine triphosphate (dGTP), deoxycytidine triphosphate (dCTP) and deoxythymidine triphosphate (dTTP), each at a concentration of 10mM in water for a total volume of 200µ1 (pH 7.0). The ready made mixture was added directly to the amplification mixture.


Taq polymerase and Taq buffer: Taq volume activity was 5 units/µl. 10x concentration Taq buffer containing 15mM MgCl2 was supplied with the enzyme by Boehringer Mannheim.


Positive control: provided by BioMerieux- Meylan, France.


Procedure:


The nested PCR was performed with negative (sterile nuclease-free water) and positive controls.


· Before starting, all reagents in their aliquots were tapped, then centrifuged to spin down their contents and kept on ice during the experiment.


· The following reaction components were prepared as a premix according to the number of samples such that total reaction volume was 50µl.


· Both negative and positive controls were processed in the same manner as any sample.


PCR amplifications mixture:


		Reagent

		Volume in (l

		Final concentration



		Sterile nuclease-free water

		21.5

		



		10x Taq buffer

		5

		1.0 x



		40mM PCR nucleotide mix

		1

		0.2 mM



		Sense primer

		1

		50 pmol



		Antisense primer

		1

		50 pmol



		5(/(l Taq DNA polymerase

		0.5

		2.5 (



		Template DNA

		20

		300-500 ng



		Final volume

		50

		





· The thermocycler was programmed for the first round PCR amplification using the outer set of primers as follows:


		Denaturation

		At 94(C for 30 sec.



		Annealing

		At 60(C for 30 sec.



		Extension

		At 72(C for 45 sec.



		Number of cycles

		35 cycles





· 5µl of the first round PCR was used for the second round PCR using the inner set of primers and further amplification for 25 cycles following the same protocols.


3- Detection of PCR products: 


Principle:


Using ethidium bromide agarose gel electrophoresis, the PCR products together with a molecular weight marker can be separated according to its size under the effect of a constant voltage, the smaller fragment runs faster followed by the larger one. After the end of electrophoresis, the band is visualized under ultraviolet illumination (Forghani and Dean, 1995).


Equipments:


· Microwave (micro-quartz, Browner, National).


· Electrophoresis unit (EASY-CAST electrophoresis system, Model#B2).


· Power supply (TITAN Power supply).


· Ultraviolet transilluminator (Cole-Parmer).


· Polaroid camera and Polaroid films.


Reagents:


· 50x Tris acetate EDTA buffer (TAE):


· 2M tris-base (Amresco, Ultrapure Grade, USA).


· 0.05 M EDTA (Molecular Sigma Biology).


· Glacial acetic acid (ALEC, Egypt).


· 50x TAE was diluted with distilled water to give 1xTAE.


· Molecular biology grade agarose (Hispanagar, Burgos, Spain).


· Ethidium bromide with concentration 10mg/ml (Amresco, USA).


· 6x Loading dye: 40% (w/v) sucrose in water, 0.25% bromophenol blue (Boehringer Mannheim).


· DNA molecular weight marker (100bp ladder raging from 2642 to 100bp) (Boehringer Mannheim).


· 1 M MgSO4 (Amresco, USA).


Procedure:


This was done according to Sambrook et al., (1989).


Gel preparation:


The agarose (1.5g) was allowed to dissolve in lx TAE buffer (100m1), then the mixture was heated in the flask for 2 min in a microwave till it become transparent. The agarose was left to cool at 50oC. The gel was then casted in the electrophoretic chamber after applying the comb at one of its ends and separating it from the floor of the chamber by a suitable distance to allow the development of wells. After solidification, TAE buffer lx was poured covering the gel thickness to allow passage of electric current, the comb was removed carefully from the agarose gel leaving the wells in the solid gel.


Sample application:


In properly identified eppendorf tube, 3µl of 6x loading dye was added to 15µ1 of PCR product of each sample, positive, negative controls and DNA marker then, applied carefully in the wells (submarine application). Strict precautions were taken to prevent contamination caused by carry-over amplified DNA.


Electrophoretic run:


The agarose was located so that the wells were positioned at the negative pole, to allow the negatively charged DNA to migrate in gel towards the positive pole under fixed voltage (100 volt) for 30-45 min to allow separation of DNa marker bands.


Gel staining and documentation:


The gel was immersed in 0.05% ethedium bromide for 30 min followed by destaining by immersion in 1mM MgSO4 for 15 min. The gel was then visualized on the transilluminator under long wavelength UV and photographed by Polaroid camera.


Interpretation of PCR Results:


The absence of any detectable amplified product(s) in the negative control signifies the absence of carry-over contamination. The detection of an amplicon of 271 bp in the positive control corresponding to the expected amplified TTV indicates the fidelity of the PCR components. The samples were considered positive if similar amplicon was detected at the same band of the positive control.



Photo (1): Agarose gel electrophoresis of the amplified product of TTV
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Results


The study was conducted on one hundred patients with end stage renal disease (ESRD) undergoing hemodialysis (HD) for the first time (as a control group) after recurrent HD for at least 6 months of regular hemodialysis (as a HD patient group). They were attending the hemodialysis unit of Naser inistitute for performing HD.


The range of age of the control group was 18 to 62 years with a mean of 43±10, 56 of them were males and 44 were females, the duration of HD ranged from 6 months to 1 year.


Table (4): prevalence of viral sero markers for hepatitis among HD patients versus control group.


		characteristics

		No. (%) of HD patients


(n = 100)

		No. (%) of control patients 


(n = 100) 

		P - value



		HBs-Ag

		0

		0

		



		Anti-HCV Ab

		59

		14

		> 0.01



		TTV positivity

		45

		7

		> 0.01





P>0.05 is insignificant.


P < 0.05 is significant.


P < 0.01 is highly significant.


Table (4) shows the prevalence of viral sero markers for hepatitis among HD patients versus control group. In HD patients 59% was HCV Ab positive versus to 14% in control group, which was statistically highly significant (P < 0.01).


Both HD patients and control group in which our study was conducted to were negative for HBs Ag.


In HD patients 45% was TTV DNA positive versus to 7% in control group, which was statistically highly significant (P<0.01).


Table (5): liver enzymes values in HD patients versus control group.


		Parameters

		HD patients


(n = 100)

		Control


(n = 100)

		P value



		AST (Mean±SD) U/L

		23±6.8

		22.4±5.4

		< 0.05



		ALT (Mean±SD) U/L

		24.7±7.2

		23.8±5.9

		< 0.05



		γGT (Mean±SD) U/L

		28.5±8.3

		26.8±7

		< 0.05





Table (5) shows liver enzymes values as a mean±standard deviation in HD patients versus control group. The mean AST level in HD patients was 23±6.8 compared to 22.4±5.4 in control group, which was statistically insignificant with (P>0.05).


The mean ALT level in HD patients was 24.7±7.2 compared to 23.8±5.9 in control group, which was statistically insignificant with (P>0.05).


The mean γGT level in HD patients was 28.5±8.3 compared to 26.8±7 in control group, which was statistically insignificant with (P>0.05).


Patients and controls, each were divided into four subgroups according to HCV Ab positivity and TTV viremia table (6):-


Group I: included patients with HCV Ab positive & TTV positive.


Group II: included patients with HCV Ab positive & TTV negative.


Group III: included patients with HCV Ab negative & TTV positive.


Group IV: included patients with HCV Ab negative & TTV negative.


Group V: control individuals with HCV Ab positive & TTV positive.


Group VI: control individuals with HCV Ab positive & TTV negative.


Group VII: control individuals with HCV Ab negative & TTV positive.


Group VIII: control individuals with HCV Ab negative & TTV negative.


Table (7): distribution of TTV and Anti HCV Ab among HD patients and controls.


		

		

		HCV Ab


positive

		HCV Ab


negative

		Total for


TTV



		HD patients

		TTV negative

		31 (II)

		24 (IV)

		55



		

		TTV positive

		28 (I)

		17 (III)

		45



		

		Total for HCV

		59

		41

		100



		Control group

		TTV negative

		12 (VI)

		81 (VIII)

		93



		

		TTV positive

		2 (V)

		5 (VII)

		7



		

		Total for HCV

		14

		86

		100





Table (8): characteristics features and lab findings of dialysis patients that classified into four subgroups according to HCV Ab and TTV viremia.


		

		HD patients



		HCV Ab

		HCV Ab positive


59 %

		P-value

		HCV Ab negative


41 %

		P-value



		TTV DNA

		(I) TTV


positive


(28/59)


47.5 %

		(II) TTV


negative


(31/59)


52.5 %

		

		(III) TTV


positive


(17/41)


41.5 %

		(IV) TTV


negative


(24/41)


58.5 %

		



		AST U/L


Mean±SD

		23.3 


± 


8.1

		25


± 


7.8

		< 0.05

		22.2


± 


5.6

		21


± 


2.8

		< 0.05



		ALT U/L


Mean±SD

		26.5


± 


9.6

		25.5


± 


8

		< 0.05

		22.6


± 


4.4

		23


± 


3

		< 0.05



		γGT U/L


Mean±SD

		32.1


± 


9.6

		29.3


± 


10

		< 0.05

		26.5


± 


3.5

		24.7


± 


3.5

		< 0.05



		AST < 37 U/L No (%)

		3/28


(11%)

		3/31


(10%)

		< 0.05

		0/17


(0%)

		0/24


(0%)

		N.A



		ALT < 41 U/L No (%)

		3/28


(11%)

		2/31


(6%)

		< 0.05

		0/17


(0%)

		0/24


(0%)

		N.A



		γGT < 49 U/L No (%)

		2/28


(7%)

		3/28


(11%)

		< 0.05

		0/17


(0%)

		0/24


(0%)

		N.A





Table (8) shows that of 59 patients with HCV Ab positive; 28 patients were TTV positive (group I) and 31 patients were TTV negative (group II). There was no statistical significant difference between group I and group II in relation to AST, ALT and γGT (mean±SD) with (P>0.05). There was no statistically significant difference in relation to elevated AST, ALT and γGT above normal between the two groups (P>0.05).


Table (8) shows also that of 41 patients with HCV Ab negative, 17 patients were TTV positive (group III) and 24 patients were TTV negative (group IV). There was no statistical significant difference between group III and group IV in relation to AST, ALT and γGT (mean±SD) with (P>0.05).


Our results show that there was no elevation of liver enzymes above normal in HD patients with isolated TTV infection (group III) and also in group IV.


Table (9): Characteristics features and lab findings of control group that classified into four subgroups according to HCV Ab and TTV viremia.


		

		Control group



		HCV Ab

		HCV Ab positive


14 %

		P-value

		HCV Ab negative


86 %

		P-value



		TTV DNA

		(V) TTV


positive


(2/14)


14%

		(VI) TTV


negative


(12/14)


86%

		

		(VII) TTV


positive


(5/86)


6 %

		(VIII) TTV


negative


(81/86)


94 %

		



		AST U/L


Mean±SD

		35.5


±


10.6

		25.8


±


10

		< 0.05

		21


±


3.3

		21.6


±


3.7

		< 0.05



		ALT U/L


Mean±SD

		40


±


14

		28.8


±


8.9

		< 0.05

		22.4


±


4.4

		22.7


±


4

		< 0.05



		γGT U/L


Mean±SD

		48.5


±


12

		33.6


±


11.3

		< 0.05

		27


±


1.9

		25.2


±


4.6

		< 0.05



		AST < 37 U/L No (%)

		1/2


(50%)

		2/14


(14%)

		> 0.01

		0/5


(0%)

		0/81


(0%)

		N.A



		ALT < 41 U/L No (%)

		1/2


(50%)

		1/14


(7%)

		> 0.01

		0/5


(0%)

		0/81


(0%)

		N.A



		γGT < 49 U/L No (%)

		1/2


(50%)

		1/14


(7%)

		> 0.01

		0/5


(0%)

		0/81


(0%)

		N.A





Table (9) shows that of 14 control individuals with HCV Ab positive 2 patients were TTV positive (group V) and 12 control individuals were TTV negative (group VI). There was no statistical significant difference between group V and group VI in relation to AST, ALT and γGT (mean±SD) between the two groups with (P>0.05). There was a highly significant difference between two groups in relation to elevated AST, ALT and γGT above normal (P < 0.01).


Table (9) shows also that of 88 control individuals with HCV Ab negative, 5 individuals were TTV positive (group VII) and 81control individuals were TTV negative (group VIII). There was no statistical significant difference between group VIII and group VIII in relation to AST, ALT and γGT (mean±SD) with (P>0.05).
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Fig. (8): The prevalence of TTV among HD patients versus control group.
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Fig. (9): the prevalence of HCV Ab among HD patients versus control group.
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Fig. (10):Mean AST values in HD patients versus control group.
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Fig. (11):Mean ALT values in HD patients versus control group.
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Fig. (12): Mean γGT values in HD patients versus control group.
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Fig. (13): Distribution of TTV and Anti HCV Ab among HD patients.
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Fig. (14): Distribution of TTV and Anti HCV Ab among control group.
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Fig. (15): Mean values of AST in subgroups of HD patients and control.




26.5


25.5


22.6


23


40


28.8


22.4


22.7


0


10


20


30


40


IIIIIIIVVVIVIIVIII


ALT




Fig. (16): Mean values of ALT in subgroups of HD patients and control.
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Fig. (17): Mean values of γGT in subgroups of HD patients and control.
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Fig. (18): Percent of elevation above 37 IU AST in all subgroups.
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Fig. (19): Percent of elevation above 41 IU ALT in all subgroups.
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Fig. (20):Percent of elevation above 49 IU γGT in all subgroups.


Discussion


Hemodialysis patients are at risk of acquiring parenteral infections. Surveys have shown that hepatitis B (HBV) and C virus (HCV) infections are the most important infections transmitted by the parenteral route in this population, are still common in patients undergoing maintenance dialysis in developed countries. However, the frequency of HBV and HCV infections is much higher in developing countries (Zhihua and Jinlin H. 2006). Patients on maintenance dialysis also have a high prevalence of GBV-C/HGV and TT virus infections (Maryam et al.,  2007).


TTV is a noval parentally transmitted DNA virus, which was isolated by PCR from plasma collected from three of five patients with biopsy proven cryptogenic post-transfusion hepatitis of unknown etiology (non-A, non-B, non-C, non-D, non-E, and non-GBV-C hepatitis); viremia was coincided with moderate increase in concentration of transaminases. This agent was provisionally designated TT virus after the initials of the first patient from whom the virus was isolated. TTV also stands for a "transfusion-transmitted virus" (Ming-Che et al.,  2006).

Reports of increased prevalence in persons treated by blood and blood products have suggested parenteral transmission as a frequent route of infection (Bang-Gee et al.,  2004). Epidemiological studies have shown that the virus is widely distributed in different populations with parenteral risk exposure; HD patients, intravenous drug users and hemophilics (Zhihua and Jinlin 2006).

The association of TTV with both cryptogenic liver disease and post-transfusion hepatitis has been reported. As for acute and chronic hepatitis of unknown etiology, its prevalance was found to be higher than in healthy controls, suggesting an etiological role of this agent in development of both acute and chronic hepatitis. Moreover, TTV DNA titre were found to be 10 – 100 fold greater in liver tissue than in serum and correlation between TTV-DNA titre and liver transaminases has been reported in TTV-DNA positive patients with post transfusion non A-G hepatitis. All these findings have been interpretated as demonstrating its hepatotropism (Gad et al.,  2000).

However, TTV-DNA has also frequently been found in normal subjects and in blood donors with normal liver function tests, therefore its ability to determine acute and chronic liver diseases is still under discussion (Kristian  et al.,  2006).

The PCR methodology permits the detection of only the active forms of infection and that some patients may have been infected by TTV and have recovered. Infection in such patients could only be confirmed by a serological method, but these have not been yet become available (Maryam et al.,  2007).


    The study was conducted on one hundred patients with end-stage renal disease (ESRD). They were attending the hemodialysis (HD) unit of Naser inistitute, for performing hemodialysis for the first time (as a control group) and the same patients after recurrent HD for at least six months of regular HD (as a HD patient group).


Few papers have been published on the prevalence and risk factors for TTV infection in ESRD patients. Most have dealt with the epidemiology of TTV in patients on maintenance hemodialysis (HD) (Rivanera et al.,  2008); data about TTV infection in patients on peritoneal dialysis is very rare; these data were indicated that the prevalence of TTV in a continuous ambulatory peritoneal dialysis (CAPD) population is similar to healthy controls (Bang-Gee et al.,  2007).


In our study the prevalence of TTV infection in HD Egyptian patients was 45% (45/100) compared to control group which was 7% (7/100); which was statistically highly significant difference (P < 0.01).


Our results were in agreement with the results of  Rivanera  et al.,  2008 they detected TTV DNA in 41.7% of patients on HD (35/85), as compared with 10.7% of healthy blood donors (7/65) (P<0.01) which was statistically highly significant. They conclude that the prevalence of TTV in HD patients was significantly higher than in control groups (healthy blood donors from the same geographical area); also, our results were in agreement with Boysen et al., in 2003 they concluded that: TTV is common in Danish patients on maintenance hemodialysis with 68% prevalence.


On the other hand our results were not in agreement with Tarrass  et al., in 2006 who found TTV DNA in 5/22 patients on HD (22.7%); this was similar to that found in healthy blood donors, 20% (4/20). Also our results was not in agreement with Kanamoto et al.,  in 2002 who found that TTV was less prevalent in hemodialysis patients than Japanese general population, and the virus was more often eliminated by hemodialysis patients than by Japanese general population during the three-year observation period, possibly because of the effect of the hemodialysis procedure.


The frequency of TTV infection in patients on maintenance dialysis varies widely; it was 46% (26/57) by Okamoto in 1998, 28% (45/150) by Chattopadhyay  et al.,  in 2005 48% (24/50) by Yuki in 1999, 53% (51/96) by Forns in 1999, 13.8% (14/101) by Finazzi in 2000 and 42.7% (32/75) by Valtuille in 2002. The geographical distribution, the methods used for TTV DNA testing, the size of the studied group, and the presence of various virological or clinical features of the dialysis patients all help account for the differences (Chattopadhyay  et al.,  2005).

Chattopadhyay  et al.,  in 2005 high lighted the importance of the geographical origin of their patients on HD. They observed that the prevalence of TTV was higher in HD patients originating from Africa, 42.8% as against 24.3% in European patients (P<0.01). These results were similar to the patterns in general populations. Maryam et al.,  in 2007 found a very high prevalence of TTV infection in African rural people (44.83%).


In our study the prevalence of HCV in HD patients was 59% (59/100) versus 14% (14/100) in control group which was statistically highly significant (P<0.01). Our findings were in agreement with the previous findings of Campo et al.,  2000 and Saxena et al.,  in 2003.


Pujol et al.,  in 1996 found that HCV AB positivity not always correlated with elevation of biological markers of cytolysis of liver cell (transaminases); they found that among 20 patients with HCV Ab positive only 10 had elevated transaminases.


That data was in agreement with our resultsamong 59 HD patients with HCV positive only 6 (10%) HD patients show elevated transaminases and 0 among 41 HCV Ab negative (0%). We were using the conventional upper limit of normal for ALT > 41 U/L and AST > 37 U/L. There was no significant difference in the frequency of elevated ALT levels between HCV Ab-positive and negative HD patients (P>0.05).


Milotic et al.,  in 2002 found that the prevalence of HCV antibodies was 23% on maintenance HD patients. Using the conventionalupper limit of normal for ALT of 37 IU, there was no significant difference in the frequency of elevated ALT levels between HCV positive and negative patients. However, if the upper limit of normal for ALT was lowered to 27 IU, the difference was significant. Nevertheless, 60% of viremic patients still fell within the normal range. They concluded that although inexpensive and widely available, the monitoring of serum ALT levels is not useful as a screening method for HCV infection in HD patients.


In our study, parallel infection by HCV and TTV were found in 28 of 100 HD patients. Among 59 HD patients with HCV Ab positive 28 was TTV positive (47.5%); and among 41 HD patients with HCV Ab negative 17 was TTV positive (41.5%); which was nearly the same incidence for both HCV positive and negative. Our data were in agreement with Chattopadhyay  et al.,  in 2005 who found that TTV infection was not found to be more prevalent in patients infected with other parentrally-transmitted viruses such as HCV and HGV.


Between 3% and 6% of anti-HCV negative and HBs Ag negative patients with chronic renal failure on conservative treatment or undergoing HD have elevated serum transaminases activity. No apparent cause of the raised activity has been observed in these cases, and the potential role of TTV infection is under investigation (Fabrizio et al.,  2002).


Our result were shown that liver enzymes values in HD patients were statistically insignificant when compared to control group with (P>0.05).


Our results were not in agreement with Jaroszynski et al.,  in 2002 they found that the hemodialyzed and transplanted patients have the highest transaminases activity, independently of the presence of a liver infection. In uremic and chronic hemodialyzed patients, the enzyme combination of ALT and γGT has been recommended in the diagnosis and follow-up of liver cell damage.


These findings were not in agreement with Sezer et al.,  in 2001 who concluded that raised serum γGT in uremic patients and after renal transplantation should suggest concurrent, added, pathology such as hepatobiliary disease or the administration of hepatic microsomal enzyme inducing drugs.


Our results show that no significant association could be identified between TTV infection and either biological markers of hepatic cytolysis (transaminases) mean value.


Our data were in agreement with results of  Boysen et al.,  in 2003 and Maryam k. et al.,  in 2007 they found no relations between TTV infection and elevated levels of alanine aminotransferase (ALT); also it were in agreement with results of  Chattopadhyay et al.,  in 2005 who did not find any significant association between ALT activity and TTV infection.


Yuki et al.,  in 1999 evaluated liver disease activity during the four-year follow-up in 17 HD patients with persistent TTV infection and in 22 who remained free of infection. The mean ALT value was the same for both groups, who showed similar patterns of ALT fluctuations.


On the other hand our findings were not in agreement with Nishizawa et al., in 1997 and Okamoto et al., in 1998 they were found that TTV viremia was coincided with moderate increase in concentration of transaminases.


Our results shows that the prevalence of elevation of liver enzymes above normal in HD patients with isolated TTV infection (group III) were (0/17) 0%, in contrast to HD patients with HCV Ab positive and TTV DNA positive group I (3/28) 11%; which was statistically significant higher in group I (P<0.05).


Also our data were in agreement with results of Forns et al., in 1999 they found that persistently abnormal liver tests were uncommon in HD patients infected with TTV alone, in contrast to patients with unknown hepatotropic viruses such as HCV (7.7%, 2/26 versus 75%, 12/16, P<0.01). However, they concluded that in a few patients on maintenance HD the possibility that mild and transient abnormalities in liver enzymes were caused by TTV infection could not be excluded.


In addition, our data were in agreement with results of Oguchi et al., in 1999 who found that serum alanine aminotransferase (ALT) levels were elevated in patients with HCV viremia but not in patients with HGV or TTV viremia. Campo et al., in 2000 also found that the patients infected with TTV alone had normal ALT levels; while the biochemical alterations in the TTV positive cases with moderate ALT increase may account for HCV co-infection.


In our study, we found that among 17 anti-HCV negative and TTV positive patients (group III) none had ALT value exceeded 41 IU/L. Of the 22 anti-HCV negative and TTV-negative patients (group IV), none had ALT value exceeded 41 IU/L. No association between TTV positive and negative patients was observed.


The survey by Ikeuchi et al., in 1999; among 35 anti-HCV negative, TTV-positive patients 4 had active liver disease; in 2, ALT frequently exceeded 100 IU/L. Of the 42 anti-HCV negative, TTV-negative patients none had active liver disease. The difference between TTV positive and negative patients was significant (P<0.05). This suggested that TTV has hepatotropism and causes mild liver damage in some patients under certain conditions. 


However, Rivanera  et al., in 2008 they found that; in HD patients negative for HCV viremia, ALT levels of TTV-positive and TTV-negative individuals were similar; which was the same findings of Campo et al., in 2000.     


In our study, we found that among 28 anti- HCV positive and TTV-positive patients group I (3/28) 11% had ALT frequently exceeded 41 IU/L. Of the 31 anti-HCV positive and TTV-negative patients group II (2/31) 6% had ALT frequently exceeded 41 IU/L which was statistically insignificant (P>0.05).


These findings have been not in agreement with Utsunomiya and colleagues in 1999; they reported that ALT activity was more frequently > 40 IU in TTV-positive patients (14/18) than TTV-negative individuals (5/15) (P<0.05) on maintenance HD with current HCV infection. They suggested that TTV generally does not cause liver disease by itself, but there remains the possibility that it may aggravate liver disease caused by HCV.


Likewise, in several reports HCV patients co-infection with TTV appeared to be associated with increased severity of biochemical an histological parameters of liver damage (Charlton et al.,  1998) (Cleavinger et al.,  2000). In a series of 26 patients with fulminant liver failure studied by Tanaka et al., in 1999, mortality was 100% in TTV-infected patients versus less than 50% in uninfected ones (Okamoto et al.,  2000).


 On the other hand our results were in agreement with the survey by Ikeuchi et al., in 1999 they were conclude that infection with both TTV and HCV did not cause more severe liver disease than HCV alone. 


Unlike previous findings, and the apparent ability of TTV to replicate in the liver, several investigators consider it likely that TTV may cause occasional liver injury. In other words, TTV would be a candidate for cryptogenic hepatitis etiology similar to many other viruses, such as enteroviruses, adenoviruses, cytomegaloviruses, Epstein-Barr virus, measles virus, rubella virus, and influenza virus, which are known to cause usually transient liver dysfunction of varying severity in minor subsets of infected patients (Mauro et al.,  2001).

Our results show that the prevalence of TTV DNA positivity in control group of healthy volunteers was 7%. 


Previous results show that TTV infection is common in humans; it was found in 12% of blood donors from Taiwan (Bang-Gee H. et al.,  2004). 1% (1/100) in North American (Charlton et al.,  1998) and 62% (45/72) in Brazil (Niel et al.,  1999). In Taiwan, viral TTV DNA has been detected in 10% of healthy adults (Kao et al.,  1999). Volunteer blood donors in Egypt showed a TTV rate of 29% (32/109) (Gad et al.,  2000). Berg and coworkers in 1999 found 7% of TTV (21/284) in blood donors from Germany. The frequency of TTV was 16.4% (23/140) in Colombian native Indians (Tanaka et al.,  1999) and 83% (63/76) among rural people in the Gambia (Bang-Gee et al.,  2004).


Conclusion


Transfusion transmitted virus (TTV) has been identified and has been reported to be common worldwide. 


TTV is remarkably prevalent in HD patients. The prevalence of TTV infection in HD Egyptian patients was 45% and 9% in healthy volunteer from the same geographical area.   


HCV was found to have highly significant association with HD patients while there was no association between HD patients and HBs Ag. 


TTV infection was not found to be more prevalent in HD patients infected with HCV. 


Abnormal levels of liver enzymes were uncommon in HD patients infected with TTV alone, in contrast to patients with known hepatotropic viruses such as HCV.


TTV did not play a role in liver injury, but it might aggravate liver diseases caused by HCV.   


Recommendations

1. Rapid and easy laboratory tests should be discovered to diagnose TTV infection on a routine basis in order to reduce the incidence of its transmission by blood and blood products.

2. Establishment of PCR-based techniques that can detect all variants of TTV with efficiency.

3. Study of TTV on large scale of apparently healthy individuals to discover the reason of the high presence of TTV in their blood.

4. Long-term follow-up of the individuals with persistent TTV infection to confirm its pathogenic role in hepatitis patients.

5. Further studies are needed to elucidate the significance of this virus and to establish its in vivo cellular tropism, its possible disease association and the effect of cellular and humoral responses to acute and chronic infection.


Summary

The association of TTV (transfusion transmitted virus) with both cryptogenic chronic liver diseases and post-transfusion hepatitis has been reported.


Hemodialysis patients are at high risk for viral hepatitis due to blood born viral agents. The few data available concerning TTV infection among hemodialysis patients shows a high prevalence. 


    This study was conducted on one hundred patients with end-stage renal disease (ESRD). They were attending the hemodialysis (HD) unit of Naser institute for performing hemodialysis for the first time (as a control group) and the same patients after recurrent HD for at least six months of regular HD (as a HD patient group).


The aim of our study was to detect TTV DNA by PCR in hemodialysis patients and to evaluate its clinical impacts, taking into account co-infection with other hepatitis viruses. 


Patients and controls were subjected to the following laboratory investigations:- 


1- TTV DNA detection by PCR.


2- HBs Ag by ELISA technique.


3- HCV Ab by ELISA technique.


4- Liver enzymes include ALT, AST and γGT.


The results of this work are summarized below:


1. TTV is remarkably prevalent in HD patients. The prevalence of TTV infection in HD Egyptian patients was 45% and 9% in healthy volunteer from the same geographical area.


2. HCV was found to have highly significant association with HD patients while there was no association between HD patients and HBs Ag. 


3. TTV infection was not found to be more prevalent in HD patients infected with HCV. 


4. Abnormal levels of liver enzymes were uncommon in HD patients infected with TTV alone, in contrast to patients with known hepatotropic viruses such as HCV.

5. TTV did not play a role in liver injury, but it might aggravate liver diseases caused by HCV.
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الملخص العربي


يوجد ترابط بين فيروس تي تي (المنتقل عن طريق الدم) وكل من الأمراض الكبدية المزمنة مجهولة المنشأ والالتهاب الكبدي الذي يلي نقل الدم. يتعرض مرضى الغسيل الكلوي عن طريق الدم بنسبة اكبر من غيرهم للإصابة بالالتهاب الكبدي الوبائي الناتج عن نقل الدم.


القليل من المعلومات متوفر بشأن نسبة إصابة مرضى الفشل الكلوي بفيروس "تي تي". وأظهرت هذه المعلومات ارتفاع معدل الإصابة بين هذه المجموعة من المرضى.


تمت هذه الدراسة على 100 مريض فشل كلوي يخضعون لعمل غسيل كلوي بوحدة الغسيل الكلوي بمستشفى معهد ناصر لأول مرة كمجموعة ضابطة ونفس هؤلاء المرضى بعد تكرار عملية الغسيل الكلوي لهم لمدة 6 أشهر على الأقل كمجوعة المرضى. وقد تم عمل فحوصات معملية لوظائف الكبد مع دلالات فيروسات الكبد "بي" و "سي" واختبار تفاعل البلمرة المتسلسل للحمض النووي لفيروس "تي تي". 


وقد كان الهدف من هذه الدراسة هو تحري الحمض النووي لفيروس "تي تي" عن طريق تفاعل البلمرة المتسلسل في مجموعة من مرضى الفشل الكلوي والذين يقومون بعمل غسيل كلوي دموي ودراسة تأثير هذا الفيروس على الحالة المرضية لهم ومدى اقترانه بالفيروسات الكبدية الأخرى.


وقد أسفرت هذه الدراسة عن النتائج التالية:


1- الفيروس "تي تي" موجود بنسبة عالية (45%) بين مرضى الغسيل الكلوي عن طريق الدم وموجود بنسبة (9%) في المجموعة الضابطة.


2- فيروس الالتهاب الكبدي الوبائي "سي" يقترن بشكل ملحوظ بمجموعة مرضى الغسيل الكلوي عن طريق الدم بينما لم يوجد ترابط بينهم وبين فيروس الالتهاب الكبدي الوبائي "بي".


3- إن فيروس "تي تي" لا يوجد بنسبة أعلى بين مرضى الغسيل الكلوي عن طريق الدم المصابين بفيروس "سي".


4- لا يوجد ارتفاع ملحوظ في إنزيمات الكبد في مرضى الغسيل الكلوي عن طريق الدم المصابين بفيروس "تي تي" وحده, بالمقارنة بالمرضى المصابين بفيروسات كبدية أخرى مثل فيروس "سي".


5- لم يلعب فيروس "تي تي" دورا في تلف الكبد, ولكن من الممكن أن يعظم من تأثير الأمراض الكبدية المسببة بفيروس "سي".


المستخلص


يوجد ترابط بين فيروس تي تي (المنتقل عن طريق الدم) وكل من الأمراض الكبدية المزمنة مجهولة المنشأ والالتهاب الكبدي الذي يلي نقل الدم. يتعرض مرضى الغسيل الكلوي عن طريق الدم بنسبة اكبر من غيرهم للاصابة بالالتهاب الكبدي الوبائي الناتج عن نقل الدم. القليل من المعلومات متوفر بشأن نسبة اصابة مرضى الفشل الكلوي بفيروس "تي تي". وأظهرت هذه المعلومات ارتفاع معدل الاصابة بين هذه المجموعة من المرضى.
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إيمان محمد إبراهيم أحمد

بكالوريوس الطب والجراحة – كلية الطب – جامعة عين شمس 1993 

ماجستير الباثولوجيا الاكلينيكية – كلية الطب – جامعة عين شمس 1999

لاستكمال متطلبات الحصول على درجة دكتوراة فلسفة في

العلوم البيئية

قسم العلوم الطبية

تحت اشراف :



1- أ.د/ مصطفى محمد الرصد (متوفى)

 استاذ الكيمياء الحيوية الطبية

 كلية الطب جامعة عين شمس

2- أ.د/ رشوان محمد فرج

 استاذ الكيمياء الحيوية الطبية

 كلية الطب جامعة عين شمس

3- أ.د/ دلال سالم هنداوي

استاذ الهيماتولوجيا الاكلينيكية

المعهد القومي للاورام

4- د/ نيفين مصطفى نصير

مدرس الباثولوجيا الاكلينيكية

هيئة الطاقة الذرية

معهد الدراسات والبحوث البيئية

جامعة عين شمس
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