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Abbreviations
TTV Torque teno virus
TDM Therapeutic drug monitoring
AUC Area under curve
TAC Tacrolimus
CsA Cyclosporine A
MMF Mycophenolate mofetil
SIR Sirolimus
DSA Donor-specific antibodies
CMV Cytomegalovirus
EBV Epstein-Barr virus
mTORi Mammalian target of rapamycin kinase inhibitor
CNI Calcineurine inhibitor
MPA Mycophenolic acid

Introduction

There is an ongoing clinical conflict of interest between the
risk of rejection and over-immunosuppression in patients after
organ transplantation, therefore effective monitoring of the
strength of immunosuppressive therapy is crucial for optimal
care. Routinely, the monitoring is conducted in several forms,
including ongoing clinical alert of symptoms and causes of
graft dysfunction (rejection/nephrotoxicity/infection), aware-
ness of drug-specific or universal (infection/malignancies) ad-
verse events, therapeutic drug monitoring (TDM) for mainte-
nance immunosuppressives, and/or evaluating the count of
cells presenting specific surface receptors, targeted by biolog-
ic drugs. Optimal drug concentration is variable, depending on
timing after transplantation, drug combination (different for

TAC + MMF, CsA + MMF, CsA + SIR), and individual
(age-related and/or gene-dependent) pharmacodynamics/
pharmacokinetics. There are ongoing attempts to define other
specific biomarkers, feasible for monitoring the immunologi-
cal status of the recipient, mainly focused on early detection of
humoral rejection and monitoring of donor-specific antibodies
(DSA). Nevertheless, the progress in this term, looking for
other feasible and effective monitoring tests, is an ongoing
challenge [1–5].

Torque teno virus
and transplantation-related issues

Torque teno virus (TTV), discovered in 1977, has recently
gained a lot of interest as a potential biomarker of immune
status in humans. It is a member of the Anellovirus family,
with (so far) 29 genotypes, present in the majority of healthy
non-symptomatic individuals. TTV is present in several body
tissues and cells (except erythrocytes and platelets) and repli-
cates in the bone marrow, liver, and T-lymphocytes. Over
90% of the TTV pool is cleared by the immune system, and
the viral load reflects this process. Replication of TTV is cor-
related with the number and function of T cells, with genetic
variations of co-stimulatory molecule T-lymphocyte antigen 4
(CTLA-4) and with the administration of immunosuppression
[6–8]. In adult kidney recipients, baseline TTV viral load has
increased between first and fourth week post-transplant,
reached a peak between 3 and 12 months, and then gradually
decreased beyond 1 year [9]. The viral load of TTV was
higher in patients co-infected with EBV and CMV. TTV viral
load is increased in patients with primary CMV infection com-
pared with patients with latent CMV infection or reactivation.
Interestingly, anti-CMV prophylaxis has no effect on TTV
viral load, however high TTV load was predictive for subse-
quent CMV reactivation [10, 11]. Overall, with more potent
immunosuppressive drugs/drug combinations used after kid-
ney transplantation, the TTV viral load was higher, however
this association was related to dose (or fact of using), rather
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than to blood concentration. Exclusively, the use of mTORi
was associated with lower viral load. Higher viral load is
caused by (drug-mediated) reduced ability of T cells to control
the proliferation of TTV [6]. This mechanism may addition-
ally be modified by the use of biologic antibodies (mono- or
polyclonal) in induction. Biologics exert a distinct effect on T
cells (blocking or depleting), and the duration of this effect is
variable (approx. 2 months for 2 doses of basiliximab vs up to
12 months with full dose of thymoglobulin, and variably
shorter with different lower cumulative doses). Basiliximab,
as a non-depleting agent, causes lower reduction of TTV load
than polyclonal induction [12]. Therefore, probably immuno-
suppressive regimen–specific thresholds of TTV viral loads,
predictive for infection/SAE/rejection should be defined.

Add-on approach using torque teno viral load
as surveillance biomarker in renal
transplantation

There is ongoing interest in terms of the suitability of monitoring
TTV load as a biomarker of the strength of different immunosup-
pressive regimens in recipients of solid organs, including the liver,
lungs, and kidney; however, direct extrapolating of reported re-
sults from one type of organ transplantation to another must be
cautious. Studies in adult kidney recipients enrolled patients on
variable immunosuppression. Most cases received triple regimen
(CNI/MMF/Pred), however the use of both types of induction,
mTORi and belatacept, was also allowed. In one study, infected
patients showed significantly higher TTV levels compared with
patients without infection (4.2 × 108 copies/P = 0.006). Each log
level of TTV copies/mL increased the odds ratio for infection by
23% (P = 0.014). Viral load of TTV > 3.1 × 109 copies/mL
corresponded to 90% sensitivity to predict infections [11].
Another study compared 33 patients with biopsy-proven acute
rejection with 80 stable patients. The risk for alloreactivity de-
creased by 10% per log level of TTV copies/mL (P = 0.005)
[13]. Value of TTV load at 3-month post-transplant was analyzed
in the context of subsequent biopsy-proven rejection and infection
within the first year post-transplantation. Each log increase in
TTV load decreased the odds for rejection by 22% (P = 0.027)
and increased the odds for infection by 11% (P < 0.001). TTV
load between 1 × 106 and 1 × 108 copies/mLwas suggested to be
optimal to minimize the risk of rejection and infection [14]. Viral
load above 3.15 × 1010 copies was predictive for infection while
4.56 × 1010 for immunosuppression-related adverse events, in
another trial [9].

Study in pediatric kidney transplantation

The current study reported by Uhl et al. [15] is the first pub-
lished pediatric trial in a setting of kidney transplantation,

including (finally) 45 patients completing all criteria and
followed up to 1 year after transplantation. None received
induction, however they were on variable maintenance immu-
nosuppression (39 on triple, 6 on dual protocol, including 39
on TAC, 3 on CsA, 3 on SIR, 35 on MMF, and 4 on AZA; all
on steroids). Variable viral load (from 2.34 to 10 × 1010

copies/mL; median 5.8 log10) was detected, and younger chil-
dren (< 5 years of age) showed higher values. Overall, re-
vealed correlations and trends were similar to adult data: triple
regimen showed a trend to be more potent (in terms of higher
viral load) compared with dual; mTORi (SIR)-treated patients
had lower (about nearly 2 log10) viral load than those receiv-
ing CNIs; no correlation was found with drug concentration;
however, there was a significant correlation with dose of
MMF and steroids, and there was a trend (in correlation) with
doses of TAC and SIR. There was no correlation between
TTV loads with production of DSA. As no patients demon-
strated rejection, analysis of this correlation (with TTV load)
was not possible.

Unanswered questions in kidney
transplantation

– Is pre-transplant mismatch in terms of TTV transmission
(donor positive/recipient negative) important for further
monitoring of viral load?

– Are younger children at higher risk of such transmission
(as for EBV)?

– Which of the maintenance drugs used in combination
(triple) protocol (beyond mTORi) is more significant for
final (combined?) effect on TTV load?

– Is the dynamics of TTV load more important for optimal
tailoring of the treatment, than traditional TDM?

– Is TTV load reliable for decreasing the doses of mainte-
nance drugs in patients given long-acting depleting
induction?

– When the dynamics of TTV viral load “predicts” further
infection in a stable patient, should we pre-emptively de-
crease immunosuppression, introduce some anti-
infectious prophylaxis, or just wait and enhance routine
surveillance?

Conclusion

Monitoring of TTV load and dynamics has the potential to
improve the long-term care in pediatric renal transplantation,
however the variety of confounding factors currently make
final conclusions disputable. It is not clear whether the optimal
threshold of TTV load is individual for specific drug combi-
nations. Carefully designed controlled trials are required to
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find more evidence, however the enrolled patients should re-
ceive simplified immunosuppressive (triple) protocols to
avoid the ambiguity caused by conflicting effects of different
drugs on TTV proliferation and systemic clearance, and there-
fore on i ts predict ive value for under- or over-
immunosuppression.
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