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Determination of Torque Teno Virus’ Intestinal Loads in 

Immunosuppressed Patients 

Abstract 

Torque Teno Virus (TTV, Anelloviridae family) is a ubiquitous virus that can be found in most 

of the human population without a clear link to pathogenesis. Due to its characteristics, it has been 

studied as a possible biomarker in immune monitoring and its correlation with other viruses’ viral 

loads. One of these viruses is the human Cytomegalovirus (HCMV, Orthoherpesviridae family). 

For these studies, qPCR in blood samples is the preferred method for detection and quantification 

of TTV. However, in cases where blood is a scarce resource (such as in pediatric patients), an 

alternative sample such as rectal swabs could be useful. In this project, the ability to detect TTV 

by qPCR in rectal swabs as well as its relationship with HCMV are studied in a cohort of 143 

samples from different patients. 
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Resumen 

El Torque Teno Virus (TTV, familia Anelloviridae) es un virus ubicuo presente en la mayoría de 

la población humana, sin una clara asociación patogénica. Debido a sus características, se ha 

investigado como un posible biomarcador en la monitorización inmunológica y su correlación 

con las cargas virales de otros virus. Uno de estos virus es el Citomegalovirus humano (HCMV, 

familia Orthoherpesviridae). Para estos estudios, la qPCR en muestras de sangre es el método 

preferido para la detección y cuantificación del TTV. Sin embargo, en situaciones donde la sangre 

es un recurso limitado (como en pacientes pediátricos), una muestra alternativa como los 

hisopados rectales podría ser de utilidad. En este proyecto, se estudia la capacidad de detectar 

TTV mediante qPCR en hisopados rectales, así como su relación con el HCMV, en una cohorte 

de 143 muestras de diferentes pacientes. 
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Introduction  

Viruses present in human blood presence include a wide variety that cause different clinical 

presentations, including immune status and latent infections. Among them, Torque Teno Virus 

(TTV) is a virus that can exist in human blood cells in its latent or active phases, but one that is 

not directly related to infections. This non-enveloped virus belongs to the Alphatorquevirus genus 

from the Anelloviridae family(Biagini et al., n.d.). It has a circular, negative sense and single 

stranded DNA genome (Focosi et al., 2016). The Anelloviridae family englobes a high number 

of species with up to 30 genera to date (Biagini et al., n.d.; Varsani et al., 2021). Viruses belonging 

to the Alphatorquevirus genus have genomes that range between 3,6 kb to 3,9 kb. TTV was first 

discovered in 1997 in posttransfusion non A to E hepatitis patients with rising ALT levels (caused 

after blood transfusion but not by any of the known hepatitis viruses). It was isolated through 

cloning and sequencing the DNA obtained from patients’ sera (Nishizawa et al., 1997). TTV can 

be found in most of the healthy human population with different ages, sexes and immune statuses, 

with no sign of clinical disease (Haloschan et al., 2014). There are two main proteins conserved 

in the Alphatorquevirus and Betatorquevirus genera encoded by one large open reading frame 

(ORF1) and a smaller one (ORF2) (Figure 1), as well as other proteins from additional ORFs 

specific to the sequence (Biagini et al., n.d.; Varsani et al., 2021). Its pathogenicity was first 

theorized to be related to a viral etiological cause of hepatitis (Nishizawa et al., 1997). However, 

its ubiquitous prevalence among the general population does not endorse this initial theory. Some 

studies remark its possible importance in acting as a biological blood marker for the evaluation 

of the immune system’s status in immunocompromised patients. These patients include those that 

undergo allogenic hematopoietic stem cell transplantation (replacement of damaged bone marrow 

cells with healthy stem cells), solid organ transplantation (SOT) or patients with Human 

Immunodeficiency Virus (HIV) infection (Gilles et al., 2017; Mouton et al., 2020; Rezahosseini 

et al., 2019). In these cases, the patients receive immunomodulatory treatments that affect immune 

competence and can lead to complications such as opportunistic infections or graft rejection. 

Thus, a reliable biological marker could be helpful in controlling possible complications related 

to immune status.  
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Figure 1. Genome scheme of TTV. (From Biagini et al., n.d.).  

Along with TTV, human cytomegalovirus (HCMV) is one of the latent viruses present in most of 

the population, with up to 80% the whole world population being seropositive for 

immunoglobulin G as a result of a previous HCMV infection (Zuhair et al., 2019). This virus has 

an enveloped icosahedral structure containing a linear, dsDNA genome of about 200 kb. It 

belongs to the Orthoherpesviridae family, Betaherpesvirinae subfamily and, specifically, 

Cytomegalovirus genus (Hulo et al., 2011). The importance of HCMV in immunocompromised 

patients comes from the reactivation of a latent infection when the immune system is suppressed 

due to factors such as immunomodulators and HIV infections. Thus, HCMV viraemia is 

correlated with a worse clinical outcome as it affects the morbidity and mortality of both SOT 

and HIV patients (Atabani et al., 2012; Deayton et al., 2004). Its connection to 

immunosuppression established itself as a target to study its relationship with TTV replication in 

these patients.  

In terms of viral detection, one of the most common techniques used is the quantitative 

Polymerase Chain Reaction (qPCR), a molecular technique used in the quantification and 

determination of genetic material in a sample. This procedure is divided into three stages within 

a cyclical state repeating itself for a number of cycles established beforehand. The cycles consist 

of denaturalization of the double stranded DNA at a temperature of 95ºC to allow the primers 

involved to bind to the single stranded DNA molecule once the temperature lowers. This is 

followed by the annealing phase, when the temperature goes down to an adequate level as 

determined by the primers’ characteristics (usually between 50ºC to 60ºC). Lastly is the 

elongation phase or polymerization of the new chain using the deoxynucleotides triphosphates 

(dNTPs) provided for the reaction, with a temperature of 72ºC (optimal functional temperature 

for the Taq DNA polymerase). This process is illustrated in Figure 2 . At the end of each cycle, 
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the fluorescence emitted by a DNA intercalant, or other emission molecules, is measured. qPCRs 

result in a threshold (below which background fluorescence is detected) and the threshold cycle 

(Ct) where the first fluorescence value above the background fluorescence (Clewley JP, 1994; 

Qiagen, 2006; San Segundo-Val & Sanz-Lozano, 2016).  

 

Figure 2. Illustration of qPCR process. Created by BioRender. 

For quantification SYBR Green-based qPCR is commonly used, in contrast with the more 

sensitive TaqMan method, classified as the gold standard method in diagnosis in the detection of 

several viruses including SARS-Cov2 (WHO, 2020). However, SYBR Green’s lower price as 

well as its ability to dismiss possible unspecific replication via melting curve analysis makes it a 

suitable option for this study. Despite the greater sensitivity of the TaqMan qPCR, the false 

positives from the replication of the union of the primers to other than the target sequence of DNA 

can be left out via. Melting curve analysis measures the temperature at which the double stranded 

DNA separates and the fluorescent emission stops. This point of temperature is called melting 

point, and it depends on the longitude and composition of the double stranded DNA, so by 

comparing it with a positive control, false positive samples that have different melting 

temperatures can be determined (Gudnason et al., 2007; Hanna et al., 2006). 

Nowadays, evaluation of immune status depends on the patient treated. Targeting just the 

pathogenic agent of interest in cases like viral infections (viruses like SARS-CoV-2, HPV, 

HCMV) is related to via specific antigen tests (enzyme-linked immunosorbent assay, ELISA); or 

using other immunosorbent assays (Joshi et al., 2023; Nickel et al., 2022). Nevertheless, an 

accurate and common method between SOT, HIV or hematological transplant patients is not 

established, an essential tool in cases where a constant evaluation of immune competence is 

required.  
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There have been several techniques used for immune monitoring in SOT, mainly focusing on 

graft rejection measuring circulating donor-specific antibodies (DSA) or donor-derived cell-free 

DNA (Hachem et al., 2010; Oellerich et al., 2021; Roux et al., 2019). There are other specific 

methods used that depend on the case being treated, like kidney biopsies in kidney transplant 

patients, a common and gold-standard but invasive method used for identifying allograft 

rejection; or detecting a rise in serum creatinine or proteinuria as a less specific and less invasive 

method (Han & Lubetzky, 2023; Laroche & Engen, 2024). Those techniques are not adequate for 

predicting excess or lack of immunosuppression, useful in the regulation of immunosuppressors 

or in the development of latent viruses’ reactivations.  

Levels of CD4+ T-cells along with HIV viral load measurements through qPCR are the main 

techniques used for monitoring the immune status of HIV patients. Monitoring immune recovery 

during antiretroviral treatments facilitates the personalization of the treatment for each case 

treated, something that has been studied using TTV plasma level to predict the course of the 

recovery (Tarancon-Diez et al., 2024).  

An important aspect to consider when talking about immunocompromised patients is viral 

monitoring, since viral infections are a common complication in these individuals. HCMV 

monitoring is one of the most studied as its infection is one of the most common causes of viral 

clinical presentations in immunocompromised patients (Atabani et al., 2012; Deayton et al., 

2004). qPCR in blood has been commonly used as the best option for HCMV diagnostic and 

monitoring (Kotton et al., 2018). For measuring specific immunity against HCMV, an enzyme-

linked immunosorbent assay has been developed, QuantiFERON-CMV. It evaluates the 

capability of the patient to respond against HCMV infection via measuring interferon- γ (INF- γ) 

produced by T-cells in response to HCMV antigens in blood. However, it is not used in clinical 

routine diagnostic procedures due to its poorly defined thresholds for interpreting results (Kumar 

& Humar, 2020; Limaye et al., 2020; Walker et al., 2007).  

Therefore, when it comes to immunocompromised patients and their viral determination, the 

qPCR is the preferred method. As stated before, in HIV patients it can be seen an example of this, 

as its viral determination is commonly measured by the qPCR assay in blood samples, with 

several studies assessing the different quantification assays (Borrego et al., 2017; Damond et al., 

2008). Different viruses have been studied to monitor patients’ response to transplantation, since 

their reactivation can cause infections associated with immunosuppression. One example is the 

polyomavirus BK virus, responsible for nephropathy and common among renal transplant patients 

where a qPCR in plasma and urine samples is used to monitor its replication (Mischitelli et al., 

2007). Another example is monitoring a group of three viruses (BK virus, Epstein-Barr virus and 

HCMV) in candidates for transplant surgeries using a multiplex qPCR (Hwang et al., 2018). TTV 
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has been studied as a potential immunological state’s marker, as its detectable replication in blood 

does not imply pathological or clinical diseases, in contrast with the previous viruses. However, 

TTV viral load determination via qPCR for predicting immune recovery has been studied, finding 

concordance with CD4 T-cell levels and the patient’s disease state (Tarancon-Diez et al., 2024). 

Furthermore, in kidney transplantation, the importance of TTV as a possible guideline in the 

regulation of immunosuppressive medication was treated, finding a strong association between 

TTV load in blood (measured via qPCR) and graft rejection (van Rijn et al., 2021). Another study 

analyzes TTV loads in relation to immune recovery after hematopoietic stem cell transplantations 

and found it to be correlated to opportunistic infections (Gilles et al., 2017).  

The main kind of sample used in the prior studies is blood sample, because of its reproducibility 

and accessibility. However, blood is a scarce resource in pediatric or neonatal patients, to whom 

blood sampling could not exceed 3% of the total blood volume in a period of 4 weeks and never 

exceeding 1% on a single withdrawal  (EMA, 2009). Besides, in anemia patients the importance 

of blood conservation rises, and blood sampling could worsen the pathology (Salisbury & 

Kosiborod, 2012). In consequence, alternative samples were studied to replace whole blood or 

plasma sampling such as a new use of dried blood spots in drug studies (Patel et al., 2010) or the 

evaluation of microneedle arrays, 20 000 tiny projections capable of extracting blood without 

bleed nor pain, prioritizing children’s perspective on traditional needles (Bhargav et al., 2012; 

Kaushik et al., 2001; Mooney et al., 2014). Though scarce literature can be found, in one study 

the use of qPCR in fecal samples as diagnostic method for HCMV intestinal disease was 

performed in contrast with the more invasive actual method, via tissue biopsies. The study reports 

that finding HCMV DNA in feces is poorly correlated to HCMV detection in the tissue biopsy  

(Ganzenmueller et al., 2014a; Reddy & Wilcox, 2007). Nevertheless, more in-depth studies for 

viral detection through fecal or rectal samples are needed as a possible alternative to blood 

sampling. 

The importance of TTV resides in its potential as an immunological marker in less invasive and 

poorly studied samples such as rectal swabs. Therefore, the capability to detect this virus in this 

type of specimen is one of the key points towards a deeper understanding of its clinical relevance.  

Objectives 

- To determine Torque Teno Virus’ presence in rectal swabs. 

- To correlate Torque Teno Virus’ presence with previous or current Cytomegalovirus’ 

infection.  

- To determine whether qPCR is adequate for the detection of TTV in rectal swabs.  
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Methodology  

To achieve the objectives of this study, we used two principal techniques, DNA extraction via 

magnetic beads and quantitative PCR in a series of rectal samples obtained from selected patients. 

Clinical samples 

One hundred and forty-three patients were included in the study. The selected samples were from 

rectal swabs used in epidemiological studies of the Hospital Universitario La Paz (HULP), as part 

of the routine surveillance procedures performed at the hospital. The selection criteria were based 

on whether a HCMV diagnostic technique (quantitative and qualitative) was performed for the 

respective patients during the past 2 years. Both PCR, targeting HCMV’s viral load in blood 

(quantitative), and ELISA, detecting HCMV’s specific IgG (qualitative), from blood samples 

were evaluated. This was done via an institutional platform (Microb®) where the medical data 

related to microorganisms’ diagnostic techniques performed by various sections of La Paz 

healthcare system is recorded. Any value corresponding to HCMV viral load recorded in 

Microb® was considered as positive, as well as for any value corresponding to HCMV’s specific 

IgG recorded from ELISA. Samples that were negative and samples that were positive were 

selected for the study.  

Moreover, patients’ age, sex, type of sample and ward were recorded. Rectal swabs from these 

patients were reused after the routine clinical epidemiology tests were performed by the hospital’s 

microbiology department. The collected swabs’ contents were dissolved in Tris-EDTA (1x) (TE) 

and conserved in a temperature of 0-4ºC until DNA extraction, which was performed less than 3 

days after the collection the samples. 

DNA extraction  

DNA extraction first required a dilution of 1:10 in distilled water of the rectal sample dissolved 

in TE in a final volume of 1ml. The reason for this dilution was to prevent PCR inactivation due 

to excess in genetic material. From this dilution, 100 µl were separated to follow the next 

processes, beginning with the lysis of the cellular membrane through a thermal shock at 95ºC for 

10 minutes. This was followed by a mechanical lysis using the Omni International™ Bead Ruptor 

Elite™ Bead Mill Homogenizer which uses 2 ml tubes containing ceramic beads (MagMAX™ 

Microbiome tubes). This lyses helps in breaking down cell walls through a specific protocol of 

two cycles of 4.2 m/s for one minute each and 15 seconds of rest between cycles.  

DNA extraction was performed using the MagCore® HF16 Automated Nucleic Acid Extractor 

with MagCore® Viral Nucleic Acid Extraction Kit using a predetermined program for whole 

blood DNA extraction, ending up with a 60 µl of purified DNA elution from a 500 µl sample 

volume. This program is designed to purify DNA through a first chemical lysis with chaotropic 

salt (lysis buffer, 500 µl), then the addition of magnetics beads and binding buffer. This leads the 
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negatively charged DNA to bind to the beads to get rid of the debris resulting from the lyses 

through two washes with 70% ethanol, and elimination of the supernatants. After this, DNA is 

eluted due to a low salt elution buffer (DNAase-free or ultrapure H2O) that breaks the electrostatic 

bonds between the purified DNA and the magnetic beads. This entire extraction takes 58 minutes. 

 

Figure 3. MagCore® Viral Nucleic Acid Extraction Kit. (From RBCBioscience, n.d.) 

All the purified nucleic acids were preserved at -20ºC until the procedure of qPCR.  

qPCR 

The samples conserved at -20ºC needed 30 minutes at a constant temperature of 4ºC in ice-

containing racks to defrost without damaging the nucleic acids. The primers used for the qPCR 

(Table 1), were dissolved in distilled water following manufacturer’s instructions in order to get 

a concentration of 100 µM. This was considered as the stock dilution, from which a 1:10 dilution 

in distilled water was performed and the reverse and forward primers were mixed. This serial 

dilution resulted in a final concentration of 1 µM for each reaction of qPCR according to the 

concentrations prepared in the master mix.  

Table 1. Primers’ sequence 

Primers GC% Sequence 5’ 3’ 

TTV-Forward 50 GTGCCGIAGGTGAGTTTA 

TTV-Reverse 78.5 AGCCCGGCCAGTCC 

PowerUp™ SYBR™ Green Master Mix from Sigma Aldrich was used, which is a mix containing 

dNTPs, MgCl2 as the polymerase cofactor, a Taq polymerase, SYBR Green I colorant and a 

stabilizing pH buffer.  

For each sample, the proportions were 10 µl of 2 X PowerUp™ SYBR™ Green Master Mix, 1 

µl of the mix of primers and 7 µl of distilled water to complete a final volume of 18 µl of this 

master mix for each reaction. At the moment of preparing this master mix, the pipetting error was 

always considered by adding at least two more units in the calculations over the real number of 

samples. Along with the 18 µl from the master mix, 2 µl of sample was disposed for each reaction, 

ending up with a final volume for reaction of 20 µl. 
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Table 2. Table of contents and their proportions in the protocol of qPCR 

 

 

 

 

Plasma samples positive for different viruses (Adenovirus, HCMV…) were tested for TTV using 

the same methodology described before. A positive control was selected from this group of 

samples with a Ct of 23.77, to ensure the reproducibility and efficacy between all qPCR reactions 

carried out during the study.  

The qPCR thermal cycler used was BIO-RAD CFX Connect™ Real Time System, with a protocol 

of 45 cycles with the following temperatures for the different stages in the polymerase chain 

reaction:  

- 95 ºC for denaturalization. 

- 58ºC for annealing the primers to the template chain. 

- 72ºC for the elongation of the new DNA chain.  

The reactions were prepared in 8-strip opaque tubes with translucent 8-strip lids to minimize 

interference with reading the fluorescence. 

Another parameter measured by the thermocycler was the melting curve, at the end of the qPCR. 

This was done by increasing the temperatures from 65ºC to 85ºC while reading the fluorescent 

signal after every increase of 0.5ºC. 

Statistical analysis 

A chi-square test of independence was performed to assess a potential association between the 

presence of presence and HCMV status in the selected samples. TTV’s qPCR results and 

recollected data related to HCMV status were used to create a contingency table to conduct the 

analysis. Chi-square was executed through Python programming language (3.13.2 version) within 

the development environment PyCharm Community Edition (JetBrains®). “spicy.stats”, a 

module for statistical analyses was used. Within this module, the “chi2_contingency()” function 

was employed for the Chi-squared test. A 95% confidence interval (p-value < 0.05) was used to 

ensure statistical and scientific robustness, along with 1 degree of freedom (= (number of 

columns-1) x (number of rows-1))  according to the contingency table (Table 4. Contingency table 

for TTV and HCMV’s observed frequencies). If the observed frequencies differ significantly from 

the expected values of the null hypothesis (no association between TTV and HCMV status) with 

p-values of < 0.05, the null hypothesis was rejected.  

Content Per sample Para 16 (18 para error) 

SYBR 

Green 

10 µl 180 µl 

Primers 1 µl 18 µl 

H20 7 µl 126 µl 

PCR (20 µl) 

Master Mix 18 µl  

Sample 2 µl  
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For visual purposes, data from the contingency table were displayed in a stacked bar chart 

designed with Python using the module pyplot from the package matplotlib to display images 

from plotting data.  

Chronology 

Table 3.  Chronology table 

Period Task developed 

Weeks 1-2 Familiarization to the laboratory 

environment 

Week 3 Selection of samples for the study using 

Microb 

Week 4 First trials with TTV primers to ensure 

their functionality 

Week 5 Optimization of qPCR and DNA 

extraction procedures  

Weeks 6-9 Production of qPCR results 

Week 10 Data curation and descriptive analyses  

Week 11-15 Development of the theoretical 

framework, discussion and statistical 

analyses of the data obtained. 

Results 

A total of 143 rectal samples (102 (71.32%) were positive and 41 (28.67%) were negative for 

HCMV) from patients receiving treatment at the Hospital Universitario La Paz were included in 

this study. Sixteen (11.18%) of the positive results were quantitative, and 127 (88.81%) were 

qualitative. 

The most common sections from which the swabs were received were the nursing unit (51, 

35.66%), neonatal and pediatric intensive care units (18, 12.58%), and intensive care unit (16, 

11.18%).  

Within the data recorded from the patients, sex in the sample was distributed as 93 males (65.03%) 

and 50 females (34.96%). Fifty-three were under the age of 18 (37.06%) while 90 were above the 

age of majority (62.93%), overall age had a very diverse distribution (mean = 40.44; standard 

deviation = 30.51; maximum = 87; minimum = 0; median = 46). Results recorded in the database 

for HCMV diagnostic tests carried out in patients from the sample (both quantitative and 

qualitative) were 102 (71.32%) for positive results and 43 for negative ones (28.67%). It is 

important to highlight the proportion between quantitative results, 16 (11.18%), and qualitative 

ones, 127 (88.81%).  

qPCR was performed with TTV’s primers on all these samples, resulting in 31 (27.67%) in which 

TTV was identified with Ct values between 24.81-40.78 (mean = 34.79; standard deviation = 
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4.42; maximum = 40.78; minimum = 24.81). TTV’s prevalence in these samples was 21.7%, 

discarding two false positive results that had a melting temperature differing in over two degrees 

Celsius compared to the positive control. Among the HCMV positive samples, 22 (21.15%) of 

them were conclusively positive for TTV, while among the HCMV negative ones there were 9 

(21.95%) TTV positive results. Figure 4 shows a representation of some samples where TTV was 

amplified. 

 

Figure 4. TTV targeted qPCR curves obtained from HCMV positive patients’ rectal swabs 

To determine a significative association between TTV’s presence and HCMV’s status a 

contingency table was constructed through the frequencies of the results obtained for both 

organisms (Table 4). 

Table 4. Contingency table for TTV and HCMV’s observed frequencies  

 CMV+ CMV- TOTAL 

TTV+ 22 9 31 

TTV- 80 32 112 

 TOTAL 102 41 143 

A chi-square test of independence was conducted and had a chi-square statistic of 0.0016 and a 

p-value of 0.967. Therefore, H0 (that the difference in results is due to chance) could not be 

rejected, leading to no significant association between TTV in rectal swabs and HCMV in blood 

samples in the set of swabs that were included in this study. 

These results are illustrated in a stacked bar chart confirming no visual differences of samples 

positive for HCMV and those negatives for this virus in samples that were positive for TTV and 

those that were negative. Although having more samples analyzed for HCMV positive samples, 

the same proportion of TTV positive results in HCMV’s positive samples can be seen in the chart, 

as well as in HCMV’s negative ones. Proportionally, TTV positive results in HCMV positive 

samples represent the same space in the chart, according to the results obtained (21.15% and 

21.95%, respectively). 
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Figure 5. TTV results’ proportion related to HCMV status from the same patients 

Discussion 

The development of a specimen alternative to whole blood or plasma samples in immune 

monitoring is of vital importance for the management of immunocompromised cases such as SOT 

or HIV patients. TTV as an important tool in immune monitoring has been studied in recent 

studies as well as its correlation with HCMV load in the same cases. In this study, TTV 

detectability through qPCR in rectal swabs and its correlation with HCMV presence in blood have 

been studied.  

TTV’s presence was determined in 31 out of the 143 samples (21.6%) selected from rectal swabs. 

In contrast, in other studies using blood samples a greater proportion of TTV detection in relation 

to HCMV was observed. For instance, TTV in blood samples in different cohorts of patients 

showed a range of prevalence between 60-80% (Focosi et al., 2020; Parreira et al., 2004; 

Wohlfarth et al., 2018) and up to 99.4% in patients undergoing hemodialysis (Rinonce et al., 

2017). A 91.1% prevalence of TTV in fecal samples was detected in gastroenteritis patients 

combining the results from distinct qPCR methodologies (Pinho‐Nascimento et al., 2011). In 

other study, a 52.7% detection in cervical smears along with 50% in serum samples from healthy 

women were detected, showing similar results in both types of samples (Saláková et al., 2009). 

The type of sample, different PCR procedures, study design or different primers’ targets in the 

genome can be the reasons for the variability in the results of detecting TTV. Results obtained in 

this current study suggest rectal swabs as a possible alternative to blood-based sampling for 

detecting TTV. However, to properly assess significant correlation in the capacity to detect TTV 

in rectal swabs, the same needs to be done for blood samples from the same patients, which is 

beyond the scope of this study. Nevertheless, the fact that this virus is detected in these samples 

shows a promising avenue of research for future studies. 
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Other studies comparing viral detection between fecal and blood samples for other viruses showed 

interesting results. For example, the monkeypox virus was determined in rectal swabs and whole 

blood samples using the same qPCR with 100% agreement (Mills et al., 2023). Additionally, a 

good correlation between HCMV viraemia or active infection and detection of HCMV in fecal 

samples through qPCR was found in a study (Ganzenmueller et al., 2014). Along with this study, 

other fecal-related samples have been studied as an alternative to blood-related samples, 

suggesting a possible future research line of TTV detection in rectal swabs as an alternative to 

any blood sampling for immune monitoring SOT, hematological transplant or HIV patients. 

However, as stated before, further studies need to be accomplished addressing this specific matter, 

considering viral load agreement as well.  

On the other hand, qPCR as the methodology of choice to determine TTV presence has been 

discussed in other studies. A study on 22 serum samples from children with leukemia aimed at 

comparing qPCR with shotgun metagenomic sequencing for detection of TTV was performed 

(Leijonhufvud et al., 2022). In that study, TTV reads (via Illumina in cDNA and DNA whole-

genome libraries) were found in serum samples having negative qPCR results. In addition, 

sequencing TTV resulted in the identification of various strains and mutations in the priming sites, 

possible reasons of the lower efficacy of the detection via qPCR. However, the complex procedure 

and laborious bioinformatic analysis of the shotgun metagenomic sequencing in contrast with the 

simple, fast and low-cost pipeline of qPCR make it difficult to replace it as the most promising 

detection method of TTV. A better correlation between TTV viral load calculations from 

metagenomic next generation sequencing (mNGS) and qPCR viral load obtained is suggested by 

another study, but with semiquantitative TTV results due to a lack of information from the 

database used for calibration curves (Carbo et al., 2022). Finally, 83% agreement between single-

target qPCR assays and a shotgun mNGS platform was found for TTV detection, but with 

discrepancies in TTV quantification (Shah et al., 2022). Although qPCR remains the most 

accessible option for TTV detection and possible immune monitoring through this procedure, 

mNGS and other sequencing tools give an interesting and, possibly, more accurate point of view 

for characterization and detection of TTV. Nevertheless, due to these techniques being expensive 

and laborious, they might not be easily implemented in all diagnostic laboratories.  

No significant correlation between the presence of TTV in rectal swabs and detection of HCMV 

in blood samples within the collection included in this study was found. Conversely, a strong 

correlation in plasma viral loads from both viruses in hematological (mainly allogenic) and solid 

transplant patients was demonstrated (Roberto et al., 2024). TTV loads were found to increase 

over time in patients to whom HCMV tested negative at first evaluation but had a later 

reactivation/infection of the virus. Moreover, a strong association between peak HCMV loads and 

TTV viral loads was found, but only in SOT patients. This was not observed among hematological 
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patients. No correlation between the detection of HCMV and TTV in plasma among HIV patients 

was detected, in line with previous research on hematological transplant patients (Schmidt et al., 

2021). In another study, similar high rates of HCMV and TTV detection in plasma were found in 

a large cohort of hematological patients, specifically in the post-transplant population, suggesting 

a similar role played by both in immunocompromised patients (Ma et al., 2024). Several 

contradictions between different studies about the correlation between the increase in HCMV 

viral load and the following increase in TTV levels have been identified. Generally speaking, in 

SOT patients, to whom continuous immunosuppressive treatment is administered for a long 

period of time results in high TTV and HCMV loads, whereas this relationship does not seem to 

exist among hematological transplant nor HIV patients. This might be due to the lower degree of 

immunosuppression among the latter type of patients as compared to SOT patients, but this 

requires further studies on large cohorts to be verified.  

This study is aligned with the 2030 Agenda for Sustainable Development adopted by the United 

Nations in 2015 and is part of some of their established goals (Sustainable Development Goals, 

SDGs). Namely, the third goal (Good Health and Well-Being) that aims at ensuring healthy lives 

and promoting well-being for people at all ages aligns with this study. This is because the study 

of a possible biological marker for immune monitoring (such as TTV) supports the idea of an 

improvement in healthcare as it encourages further investigations into this matter, raising 

awareness in the research of other, less invasive, alternatives to blood sampling. As this study was 

developed in collaboration with a public healthcare institution (IdiPaz-HULP), its results, as well 

as future applications, are in line with the idea of a cutting-edge public healthcare system as the 

goal 3 remarks. The promotion of industry, innovation and infrastructure (9th objective) is 

supported too as one of the SDGs. This is also in line with this study as it contributes to increasing 

and developing the scientific investigation via innovative plans with a future prospect. Finally, 

quality education (4th goal) was promoted via the development of competences needed in a 

scientific environment, with the purpose of encouraging an adequate growth of up-coming 

investigators (i.e. the student performing this study and the lab members who were informed of 

it).  
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Conclusions 

- TTV can be detected via qPCR in rectal swabs.  

- Correlation between TTV and HCMV was not detected in this study but might need 

further studies to determine a clearer perspective of the relationship between these 2 

viruses.  

- qPCR assessment in the detection of TTV in rectal swabs needs investigation by further 

studies that include comparisons with blood samples. 
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J., Garson, J., Ferns, B., Matheron, S., Chene, G., & Brun-Vezinet, F. (2008). Quality 

Control Assessment of Human Immunodeficiency Virus Type 2 (HIV-2) Viral Load 

Quantification Assays: Results from an International Collaboration on HIV-2 Infection in 

2006. Journal of Clinical Microbiology, 46(6), 2088–2091. 

https://doi.org/10.1128/JCM.00126-08 

Deayton, J. R., Sabin, C. A., Johnson, M. A., Emery, V. C., Wilson, P., & Griffiths, P. D. (2004). 

Importance of cytomegalovirus viraemia in risk of disease progression and death in HIV-

infected patients receiving highly active antiretroviral therapy. The Lancet, 363(9427), 

2116–2121. https://doi.org/10.1016/S0140-6736(04)16500-8 

EMA. (2009, June 25). GUIDELINE ON THE INVESTIGATION OF MEDICINAL PRODUCTS 

IN THE TERM AND PRETERM NEONATE. EMA. 

Focosi, D., Antonelli, G., Pistello, M., & Maggi, F. (2016). Torquetenovirus: the human virome 

from bench to bedside. In Clinical Microbiology and Infection (Vol. 22, Issue 7, pp. 589–

593). Elsevier B.V. https://doi.org/10.1016/j.cmi.2016.04.007 

Focosi, D., Spezia, P. G., Macera, L., Salvadori, S., Navarro, D., Lanza, M., Antonelli, G., 

Pistello, M., & Maggi, F. (2020). Assessment of prevalence and load of torquetenovirus 

viraemia in a large cohort of healthy blood donors. Clinical Microbiology and Infection, 

26(10), 1406–1410. https://doi.org/10.1016/j.cmi.2020.01.011 

Ganzenmueller, T., Kluba, J., Becker, J. U., Bachmann, O., & Heim, A. (2014a). Detection of 

cytomegalovirus (CMV) by real-time PCR in fecal samples for the non-invasive diagnosis 



 

- 17 - 
 

of CMV intestinal disease. Journal of Clinical Virology, 61(4), 517–522. 

https://doi.org/10.1016/j.jcv.2014.10.009 

Ganzenmueller, T., Kluba, J., Becker, J. U., Bachmann, O., & Heim, A. (2014b). Detection of 

cytomegalovirus (CMV) by real-time PCR in fecal samples for the non-invasive diagnosis 

of CMV intestinal disease. Journal of Clinical Virology, 61(4), 517–522. 

https://doi.org/10.1016/j.jcv.2014.10.009 

Gilles, R., Herling, M., Holtick, U., Heger, E., Awerkiew, S., Fish, I., Höller, K., Sierra, S., Knops, 

E., Kaiser, R., Scheid, C., & Di Cristanziano, V. (2017). Dynamics of Torque Teno virus 

viremia could predict risk of complications after allogeneic hematopoietic stem cell 

transplantation. Medical Microbiology and Immunology, 206(5), 355–362. 

https://doi.org/10.1007/s00430-017-0511-4 

Gudnason, H., Dufva, M., Bang, D. D., & Wolff, A. (2007). Comparison of multiple DNA dyes 

for real-time PCR: effects of dye concentration and sequence composition on DNA 

amplification and melting temperature. Nucleic Acids Research, 35(19), e127. 

https://doi.org/10.1093/nar/gkm671 

Hachem, R. R., Yusen, R. D., Meyers, B. F., Aloush, A. A., Mohanakumar, T., Patterson, G. A., 

& Trulock, E. P. (2010). Anti-human leukocyte antigen antibodies and preemptive antibody-

directed therapy after lung transplantation. The Journal of Heart and Lung Transplantation, 

29(9), 973–980. https://doi.org/10.1016/j.healun.2010.05.006 

Haloschan, M., Bettesch, R., Görzer, I., Weseslindtner, L., Kundi, M., & Puchhammer-Stöckl, E. 

(2014). TTV DNA plasma load and its association with age, gender, and HCMV IgG 

serostatus in healthy adults. Age, 36(5). https://doi.org/10.1007/s11357-014-9716-2 

Han, H. S., & Lubetzky, M. L. (2023). Immune monitoring of allograft status in kidney transplant 

recipients. Frontiers in Nephrology, 3. https://doi.org/10.3389/fneph.2023.1293907 

Hanna, S. E., Connor, C. J., & Wang, H. H. (2006). Real-time Polymerase Chain Reaction for the 

Food Microbiologist: Technologies, Applications, and Limitations. Journal of Food 

Science, 70(3), R49–R53. https://doi.org/10.1111/j.1365-2621.2005.tb07149.x 

Hulo, C., de Castro, E., Masson, P., Bougueleret, L., Bairoch, A., Xenarios, I., & Le Mercier, P. 

(2011). ViralZone: a knowledge resource to understand virus diversity. Nucleic Acids 

Research, 39(suppl_1), D576–D582. https://doi.org/10.1093/nar/gkq901 

Hwang, K.-A., Ahn, J. H., & Nam, J.-H. (2018). Development and validation of multiplex real-

time PCR assays for rapid detection of cytomegalovirus, Epstein-Barr virus, and 

polyomavirus BK in whole blood from transplant candidates. Journal of Microbiology, 

56(8), 593–599. https://doi.org/10.1007/s12275-018-8273-2 

Joshi, S., Anantharaman, D., Muwonge, R., Bhatla, N., Panicker, G., Butt, J., Rani Reddy Poli, 

U., Malvi, S. G., Esmy, P. O., Lucas, E., Verma, Y., Shah, A., Zomawia, E., Pimple, S., 

Jayant, K., Hingmire, S., Chiwate, A., Divate, U., Vashist, S., … Basu, P. (2023). Evaluation 

of immune response to single dose of quadrivalent HPV vaccine at 10-year post-vaccination. 

Vaccine, 41(1), 236–245. https://doi.org/10.1016/j.vaccine.2022.11.044 

Kaushik, S., Hord, A. H., Denson, D. D., McAllister, D. V., Smitra, S., Allen, M. G., & Prausnitz, 

M. R. (2001). Lack of Pain Associated with Microfabricated Microneedles. Anesthesia and 

Analgesia, 502–504. https://doi.org/10.1097/00000539-200102000-00041 

Kotton, C. N., Kumar, D., Caliendo, A. M., Huprikar, S., Chou, S., Danziger-Isakov, L., & 

Humar, A. (2018). The Third International Consensus Guidelines on the Management of 



 

- 18 - 
 

Cytomegalovirus in Solid-organ Transplantation. Transplantation, 102(6), 900–931. 

https://doi.org/10.1097/TP.0000000000002191 

Kumar, D., & Humar, A. (2020). CMV immune monitoring—Where do we go from here? 

American Journal of Transplantation, 20(8), 1961–1962. https://doi.org/10.1111/ajt.15875 

Laroche, C., & Engen, R. M. (2024). Immune monitoring in pediatric kidney transplant. Pediatric 

Transplantation, 28(4). https://doi.org/10.1111/petr.14785 

Leijonhufvud, G., Bajalan, A., Teixeira Soratto, T. A., Gustafsson, B., Bogdanovic, G., Bjerkner, 

A., Allander, T., Ljungman, G., & Andersson, B. (2022). Better detection of Torque teno 

virus in children with leukemia by metagenomic sequencing than by quantitative PCR. 

Journal of Medical Virology, 94(2), 634–641. https://doi.org/10.1002/jmv.27409 

Limaye, A. P., Babu, T. M., & Boeckh, M. (2020). Progress and Challenges in the Prevention, 

Diagnosis, and Management of Cytomegalovirus Infection in Transplantation. Clinical 

Microbiology Reviews, 34(1). https://doi.org/10.1128/CMR.00043-19 

Ma, S., Yin, Y., Guo, Y., Yao, C., Xu, S., Luo, Q., Yin, G., Wang, S., Wang, Q., Chen, H., Wang, 

R., Jin, L., Liang, G., & Wang, H. (2024). The plasma viral communities associate with 

clinical profiles in a large-scale haematological patients cohort. Microbiome, 12(1), 137. 

https://doi.org/10.1186/s40168-024-01855-4 

Mills, M. G., Juergens, K. B., Gov, J. P., McCormick, C. J., Sampoleo, R., Kachikis, A., Amory, 

J. K., Fang, F. C., Pérez-Osorio, A. C., Lieberman, N. A. P., & Greninger, A. L. (2023). 

Evaluation and clinical validation of monkeypox (mpox) virus real-time PCR assays. 

Journal of Clinical Virology, 159, 105373. https://doi.org/10.1016/j.jcv.2022.105373 

Mischitelli, M., Fioriti, D., Anzivino, E., Bellizzi, A., Ferretti, G., Gussman, N., Mitterhofer, A. 

P., Tinti, F., Barile, M., Dal Maso, M., Chiarini, F., & Pietropaolo, V. (2007). BKV QPCR 

detection and infection monitoring in renal transplant recipients. In NEW 

MICROBIOLOGICA (Vol. 30). 

Mooney, K., McElnay, J. C., & Donnelly, R. F. (2014). Children&amp;s views on microneedle 

use as an alternative to blood sampling for patient monitoring. International Journal of 

Pharmacy Practice, 22(5), 335–344. https://doi.org/10.1111/ijpp.12081 

Mouton, W., Conrad, A., Bal, A., Boccard, M., Malcus, C., Ducastelle-Lepretre, S., Balsat, M., 

Barraco, F., Larcher, M.-V., Fossard, G., Labussière-Wallet, H., Ader, F., Brengel-Pesce, 

K., & Trouillet-Assant, S. (2020). Torque Teno Virus Viral Load as a Marker of Immune 

Function in Allogeneic Haematopoietic Stem Cell Transplantation Recipients. Viruses, 

12(11), 1292. https://doi.org/10.3390/v12111292 

Nickel, O., Rockstroh, A., Wolf, J., Landgraf, S., Kalbitz, S., Kellner, N., Borte, M., Pietsch, C., 

Fertey, J., Lübbert, C., Ulbert, S., & Borte, S. (2022). Evaluation of the systemic and 

mucosal immune response induced by COVID-19 and the BNT162b2 mRNA vaccine for 

SARS-CoV-2. PLoS ONE, 17(10 October). https://doi.org/10.1371/journal.pone.0263861 

Nishizawa, T., Okamoto, H., Konishi, K., Yoshizawa, H., Miyakawa, Y., & Mayumi, M. (1997). 

A Novel DNA Virus (TTV) Associated with Elevated Transaminase Levels in 

Posttransfusion Hepatitis of Unknown Etiology. Biochemical and Biophysical Research 

Communications, 241(1), 92–97. https://doi.org/10.1006/bbrc.1997.7765 

Oellerich, M., Sherwood, K., Keown, P., Schütz, E., Beck, J., Stegbauer, J., Rump, L. C., & 

Walson, P. D. (2021). Liquid biopsies: donor-derived cell-free DNA for the detection of 



 

- 19 - 
 

kidney allograft injury. In Nature Reviews Nephrology (Vol. 17, Issue 9, pp. 591–603). 

Nature Research. https://doi.org/10.1038/s41581-021-00428-0 

Parreira, R., Venenno, T., Piedade, J., Prieto, E., Exposto, F., & Esteves, A. (2004). Prevalence 

and partial characterization of genotypes of the human TT virus infecting Portuguese 

individuals. Acta Tropica, 91(2), 197–203. 

https://doi.org/10.1016/j.actatropica.2004.05.009 

Patel, P., Mulla, H., Tanna, S., & Pandya, H. (2010). Facilitating pharmacokinetic studies in 

children: A new use of dried blood spots. In Archives of Disease in Childhood (Vol. 95, 

Issue 6, pp. 484–487). https://doi.org/10.1136/adc.2009.177592 

Pinho‐Nascimento, C. A., Leite, J. P. G., Niel, C., & Diniz‐Mendes, L. (2011). Torque teno virus 

in fecal samples of patients with gastroenteritis: Prevalence, genogroups distribution, and 

viral load. Journal of Medical Virology, 83(6), 1107–1111. 

https://doi.org/10.1002/jmv.22024 

Qiagen. (2006). Critical factors for successful real time PCR. Integrated solutions-real time PCR 

applications. 

RBCBioscience. (n.d.). For Automated Extraction of Viral DNA/RNA from Plasma, Serum and 

Body Fluids. Https://Www.Rbcbioscienceusa.Com/Product/Magcore-Viral-Nucleic-Acid-

Extraction-Kit/. 

Reddy, N., & Wilcox, C. M. (2007). Diagnosis &amp; management of cytomegalovirus infections 

in the GI tract. Expert Review of Gastroenterology & Hepatology, 1(2), 287–294. 

https://doi.org/10.1586/17474124.1.2.287 

Rezahosseini, O., Drabe, C. H., Sørensen, S. S., Rasmussen, A., Perch, M., Ostrowski, S. R., & 

Nielsen, S. D. (2019). Torque-Teno virus viral load as a potential endogenous marker of 

immune function in solid organ transplantation. Transplantation Reviews, 33(3), 137–144. 

https://doi.org/10.1016/j.trre.2019.03.004 

Rinonce, H. T., Yano, Y., Utsumi, T., Heriyanto, D. S., Anggorowati, N., Widasari, D. I., Ghozali, 

A., Utoro, T., Lusida, M. I., Soetjipto, Prasanto, H., & Hayashi, Y. (2017). Prevalence and 

genotypic distribution of GB virus C and torque teno virus among patients undergoing 

hemodialysis. Molecular Medicine Reports, 15(5), 2843–2852. 

https://doi.org/10.3892/mmr.2017.6281 

Roberto, P., Cinti, L., Lucente, D., Russo, G., Lai, Q., Micozzi, A., Gentile, G., Turriziani, O., 

Pierangeli, A., & Antonelli, G. (2024). TTV and CMV viral load dynamics: Which emerges 

first during immunosuppression? Journal of Medical Virology, 96(7). 

https://doi.org/10.1002/jmv.29814 

Roux, A., Levine, D. J., Zeevi, A., Hachem, R., Halloran, K., Halloran, P. F., Gibault, L., Taupin, 

J. L., Neil, D. A. H., Loupy, A., Adam, B. A., Mengel, M., Hwang, D. M., Calabrese, F., 

Berry, G., & Pavlisko, E. N. (2019). Banff Lung Report: Current knowledge and future 

research perspectives for diagnosis and treatment of pulmonary antibody-mediated rejection 

(AMR). American Journal of Transplantation, 19(1), 21–31. 

https://doi.org/10.1111/ajt.14990 

Saláková, M., Němeček, V., & Tachezy, R. (2009). TTV and HPV co-infection in cervical smears 

of patients with cervical lesions. BMC Infectious Diseases, 9(1), 118. 

https://doi.org/10.1186/1471-2334-9-118 



 

- 20 - 
 

Salisbury, A. C., & Kosiborod, M. (2012). Diagnostic blood sampling: how much is too much? 

Expert Review of Hematology, 5(1), 5–7. https://doi.org/10.1586/ehm.11.84 

San Segundo-Val, I., & Sanz-Lozano, C. S. (2016). Introduction to the Gene Expression Analysis 

(pp. 29–43). https://doi.org/10.1007/978-1-4939-3652-6_3 

Schmidt, L., Jensen, B.-E. O., Walker, A., Keitel-Anselmino, V., di Cristanziano, V., Böhm, M., 

Knops, E., Heger, E., Kaiser, R., de Luca, A., Oette, M., Häussinger, D., Timm, J., Fuchs, 

A., & Lübke, N. (2021). Torque Teno Virus plasma level as novel biomarker of retained 

immunocompetence in HIV-infected patients. Infection, 49(3), 501–509. 

https://doi.org/10.1007/s15010-020-01573-7 

Shah, D., Brown, J. R., Lee, J. C. D., Carpenter, M. L., Wall, G., & Breuer, J. (2022). Use of a 

sample-to-result shotgun metagenomics platform for the detection and quantification of 

viral pathogens in paediatric immunocompromised patients. Journal of Clinical Virology 

Plus, 2(2), 100073. https://doi.org/10.1016/j.jcvp.2022.100073 

Tarancon-Diez, L., Carrasco, I., Montes, L., Falces-Romero, I., Vazquez-Alejo, E., Jiménez de 

Ory, S., Dapena, M., Iribarren, J. A., Díez, C., Ramos-Ruperto, L., Colino, E., Calvo, C., 

Muñoz-Fernandez, M. Á., Navarro, M. L., & Sainz, T. (2024). Torque teno virus: a potential 

marker of immune reconstitution in youths with vertically acquired HIV. Scientific Reports, 

14(1), 24691. https://doi.org/10.1038/s41598-024-73870-2 

van Rijn, A. L., Wunderink, H. F., Sidorov, I. A., de Brouwer, C. S., Kroes, A. C., Putter, H., de 

Vries, A. P., Rotmans, J. I., & Feltkamp, M. C. (2021). Torque teno virus loads after kidney 

transplantation predict allograft rejection but not viral infection. Journal of Clinical 

Virology, 140, 104871. https://doi.org/10.1016/j.jcv.2021.104871 

Varsani, A., Opriessnig, T., Celer, V., Maggi, F., Okamoto, H., Blomström, A. L., Cadar, D., 

Harrach, B., Biagini, P., & Kraberger, S. (2021). Taxonomic update for mammalian 

anelloviruses (family Anelloviridae). Archives of Virology, 166(10), 2943–2953. 

https://doi.org/10.1007/s00705-021-05192-x 

Walker, S., Fazou, C., Crough, T., Holdsworth, R., Kiely, P., Veale, M., Bell, S., Gailbraith, A., 

McNeil, K., Jones, S., & Khanna, R. (2007). Ex vivo monitoring of human cytomegalovirus-

specific CD8+ T-cell responses using QuantiFERON®-CMV. Transplant Infectious 

Disease, 9(2), 165–170. https://doi.org/10.1111/j.1399-3062.2006.00199.x 

Wohlfarth, P., Leiner, M., Schoergenhofer, C., Hopfinger, G., Goerzer, I., Puchhammer-Stoeckl, 

E., & Rabitsch, W. (2018). Torquetenovirus Dynamics and Immune Marker Properties in 

Patients Following Allogeneic Hematopoietic Stem Cell Transplantation: A Prospective 

Longitudinal Study. Biology of Blood and Marrow Transplantation, 24(1), 194–199. 

https://doi.org/10.1016/j.bbmt.2017.09.020 

Zuhair, M., Smit, G. S. A., Wallis, G., Jabbar, F., Smith, C., Devleesschauwer, B., & Griffiths, P. 

(2019). Estimation of the worldwide seroprevalence of cytomegalovirus: A systematic 

review and meta‐analysis. Reviews in Medical Virology, 29(3). 

https://doi.org/10.1002/rmv.2034 

  

 

 

 



 

- 21 - 
 

 

 

 

 

Title: DETERMINATION OF TORQUE TENO VIRUS’ INTESTINAL 

LOADS IN IMMUNOSUPPRESSED PATIENTS 

 

 

 

 

 

This project was developed in Instituto de Investigación Hospital 

Universitario La Paz, grupo de Microbiología. 

 

 

 

Tutors: Elías Dahdouh, Francisco Javier Walias. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 


