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Quantification of Torque Teno Virus and Epstein-Barr
Virus Is of Limited Value for Predicting the Net State of
Immunosuppression After Lung Transplantation
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Background. Major hurdles for survival after lung transplantation are rejections and infectious complications. Adequate
methods for monitoring immune suppression status are lacking. Here, we evaluated quantification of torque teno virus (TTV) and
Epstein-Barr virus (EBV) as biomarkers for defining the net state of immunosuppression in lung-transplanted patients.

Methods. This prospective single-center study included 98 patients followed for 2 years after transplantation. Bacterial infec-
tions, fungal infections, viral respiratory infections (VRTI), cytomegalovirus (CMV) viremia, and acute rejections, as well as TTV
and EBV levels, were monitored.

Results.  The levels of torque teno virus DNA increased rapidly after transplantation, likely due to immunosuppressive treat-
ment. A modest increase in levels of Epstein-Barr virus DNA was also observed after transplantation. There were no associations
between either TTV or EBV and infectious events or acute rejection, respectively, during follow-up. When Tacrolimus was the main
immunosuppressive treatment, TTV DNA levels were significantly elevated 6-24 months after transplantation as compared with
Cyclosporine treatment.

Conclusions. Although replication of TTV, but not EBV, appears to reflect the functionality of the immune system, depending
on the type of immunosuppressive treatment, quantification of TTV or EBV as biomarkers has limited potential for defining the net

state of immune suppression.

Keywords. biomarker; Epstein-Barr virus; immunosuppression; infection; lung-transplantation; rejection; torque teno virus.

For patients with end-stage lung disease, limited life expectancy,
and otherwise acceptable physical condition, lung transplanta-
tion may be a life-saving therapeutic option. The 5-year survival
rate is only approximately 50% in most centers, and 2 major
limiting factors for the outcome of lung transplantation are the
frequent occurrence of infectious complications and rejection
of the transplanted organ [1]. Standard immunosuppression, to
prevent graft rejection, consists of a combination of 3 immuno-
suppressive drugs that subvert B and T cells [2-4]. Currently,
there is a lack of an easy-to-use marker that accurately predicts
the net effect of the combined immunosuppression. Such a
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biomarker would be an important tool in the management of
patients with compromised immune function to identify over-
or underimmunosuppression and evaluate the risk of infectious
complications and acute rejections.

Viruses are often only viewed as pathogenic entities, but
there are several examples of viruses that are frequently found
in healthy individuals without causing obvious disease [5, 6].
Torque teno virus (TTV) is a human DNA virus that causes
asymptomatic viremia with a high prevalence in the general
population [7-13]. Cell-mediated immunity is considered
important in controlling TTV infection [14-17]. Accordingly,
serum levels of TTV-DNA increase dramatically in patients
who have undergone solid organ transplantation, presumably
as a result of immunosuppression [16, 18, 19].

Epstein-Barr virus (EBV) is another DNA virus, commonly
acquired early in life, with a high prevalence in US adults [20],
that establishes latent infection in memory B cells [21, 22].
The levels of EBV often increase in blood after immunosup-
pressive treatment, and EBV can cause post-transplant lym-
phoproliferative disorder (PTLD) when the immune system
is repressed. Hence, both TTV and EBV have previously been
suggested as surrogate markers of the net state of immunosup-
pression [16, 23, 24].

TTV and EBV as Biomarkers for Inmunosuppression « OFID « 1

2202 1990100 Lz uo Jasn Aseiqi utely ay] / ABojouyoa] jo Alsianiun siawleyd Aq G89zz61/0S0AI0//G/a101E/plo/wod dno-olwapeoe//:sdyy wolj papeojumoq


mailto:rickard.norden@microbio.gu.se?subject=

The aim of the present study was to evaluate levels of TTV
and EBV in relation to the frequency of infectious events and
acute rejections over time in a prospective manner in a sin-
gle-center cohort of lung-transplanted patients.

METHODS

Study Design

All patients over the age of 18 years who received a single or
double lung transplant, who survived the initial postoperative
intensive care period and remained in Gothenburg during the
follow-up period, between January 1, 2009, and April 3, 2012,
at the Sahlgrenska University Hospital Transplant Centre,
Gothenburg, Sweden, were asked to participate in this prospec-
tive single-center cohort study.

All included subjects underwent follow-up (FU) visits at 1,
2,3,4.5, 6,9, 12, 18, and 24 months after transplantation. At
every FU visit, whole blood, serum, and nasopharyngeal sam-
ples (NPH) were collected. Protocol bronchoscopies were per-
formed at 1, 3, and 12 months post-transplantation and when
indicated based on clinical presentation. Bronchoalveolar lav-
age (BAL) samples were collected at every bronchoscopy. All
BAL samples underwent direct microscopy for early detection
of Aspergillus hyphae and were cultured for bacteria and fungi
and tested for Legionella pneumophila, Pneumocystis jirovecii,
and human cytomegalovirus (CMV) using real-time polymer-
ase chain reaction (PCR). BAL samples from patients with cystic
fibrosis were routinely cultured for Mycobacterium tuberculosis
and atypical Mycobacteria. Bacterial and fungal culture testing
from blood, urine, and sputum was performed upon suspicion
of infection. NPH and BAL samples from every FU visit, as well
as additional NPH samples obtained upon suspicion of airway
infection between scheduled FU visits, were analyzed by mul-
tiplex real-time PCR for detection of airway pathogens. Serum
samples obtained at pretransplant evaluation were used for
TTV-DNA and EBV-DNA quantification. For quantification of
TTV and EBV during FU, serum and whole blood samples were
used, respectively.

Immunosuppression and Antimicrobial Prophylaxis

Induction therapy consisted of rabbit antithymocyte globulin,
which was given for 1-3 consecutive days together with methyl-
prednisolone intravenously. Post-transplantation immunosup-
pression included prednisone 0.3 mg/kg/d and mycophenolate
mofetil (MMF) 2 g/d. The patients then received either oral
Cyclosporine (CSA; 1-2 mg/kg), adjusted to maintain a serum
level of 300-350 ng/mL, or Tacrolimus (TAC; 0.075 mg/kg)
given orally divided in 2 doses daily, adjusted to maintain a
serum level of 14-16 ng/mL. The choice between CSA and
TAC was made based on clinical presentation. Patients previ-
ously treated with TAC and patients with cystic fibrosis were
given TAC. There was also a preference for TAC if the recipient
was younger. The dosage of immunosuppression was gradually

lowered during FU. Further changes in immunosuppressive
therapy were based on clinical presentation. Four patients, who
either underwent retransplantation or had previous immuno-
suppressive treatment due to autoimmune conditions, were
given nonstandard immunosuppression therapy based on pre-
vious exposure to immunosuppressive drugs.

All patients received a combination of 80 mg of sulfame-
toxazol and 400 mg of trimetoprim thrice weekly to prevent
Pneumocystis jirovecii infection. Patients seropositive for CMV
at the pretransplant evaluation were given valganciclovir at a
dose of 900 mg daily for 3 months. Patients seronegative for
CMV pretransplant while the organ donor tested positive (ie,
CMYV mismatches) were given the same treatment for 6 months.

Definition of Infectious Events and Acute Rejections

Bacterial infection was defined as a positive bacterial culture
in conjunction with symptoms of clinical infection or, in the
absence of positive culture, symptoms consistent with bacterial
infection that was treated with antibiotics. Fungal infection was
defined as significant presence of fungi in culture from a sterile
location in conjunction with symptoms of infection according
to the European Organization for Research and Treatment of
Cancer (EORTC) criteria [25]. VRTI or Mycoplasma pneumo-
niae infection was defined as detection of a pathogen by multi-
plex real-time PCR in NPH or BAL. CMV viremia was defined
as elevated levels of CMV-DNA that prompted antiviral therapy.
CMV-seronegative recipients were considered to have viremia
if CMV-DNA was detected, whereas recipients seropositive for
CMV prior to transplantation where considered to have CMV
viremia only if the level was above 3.0 log10 (1000) copies/mL.
To distinguish milder infections from more severe infectious
events, a subgroup of events requiring initial intravenous anti-
microbial (antibacterial, antiviral, or antifungal) therapy were
defined as severe. Acute rejection was defined as either a lung
biopsy showing rejection of ISHLT grade 1A or higher [26] or,
in the absence of a biopsy, physical (increased need for oxygen)
and radiological findings (progressive infiltrate without signs of
infection) consistent with acute rejection followed by a prompt
response to high-dose (1 g/d for 3 consecutive days) cortico-
steroid therapy (methylprednisolone).

DNA Extraction and Quantification of CMV-, EBV-, and TTV-DNA

Nucleic acid isolation was performed with a MagNA Pure LC
total nucleic acid or DNA isolation kit for serum (TTV) or
whole blood (EBV and CMV) using a standardized protocol,
according to the instructions (Roche Diagnostics, Mannheim,
Germany). Input/output volume was set to 200/100 pL, and the
sample was eluted in extraction buffer. The TTV-DNA levels
were determined using a 7300 real-time PCR system (Applied
Biosystems, Foster City, CA). Each PCR reaction contained 2 puL
of extracted total nucleic acid, 10 pL of 2X Universal Master
Mix (Applied Biosystems, Foster City, CA), 0.5 pL and 20 uM
of forward and reverse primer, respectively, 0.3 puL and 20 pM
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of BHQ hydrolysis probe, and 2 uL of RNase-free H20. The
reaction conditions were 50°C for 2 minutes and 95°C for 10
minutes prior to 45 cycles at 95°C for 15 seconds and 60°C for
60 seconds. The assay range was determined by serial dilution
of plasmids with an insert of a synthesized sequence match-
ing the TTV PCR product, and quantification was obtained
from a plot of Ct values. CMV- and EBV-DNA levels were
determined using a method described previously with minor
modifications [27]. All primer and probe sequences are listed
in Supplementary Table 1. For EBV and CMV quantification,
a control sample consisting of unrelated Phocine herpesvirus 1
(PhHV-1) was included prior to nucleic acid extraction.

Digital Droplet PCR for Quantification of TTV-DNA

TTV load was quantified on the QX200 Droplet Digital PCR
system using the ddPCR supermix for probes (No dUTP; Bio-
Rad, Hercules, CA). Primer and probe concentrations in the
20-pL final reaction were 300 and 200 nM, respectively. The
PCR conditions were 50°C for 2 minutes followed by 95°C for
10 minutes, then 30 seconds at 95°C and 1 minute at 58°C for a
total of 40 cycles, and finally a step at 98°C for 10 minutes. After
overnight incubation at 4°C, the droplet fluorescence signal was
determined. Data analysis was done using Bio-Rad Quanta Soft
analysis software.

Multiplex Real-Time PCR for Detection of Respiratory Pathogens
Isolated DNA and RNA were analyzed using a multi-
plex real-time PCR system designed to detect adenovirus,
bocavirus, Chlamydophila pneumoniae, human corona-
virus (NL63, HKU1, OC43 and 229E), human enterovirus,
human metapneumovirus, human rhinovirus, influenza
A virus, influenza B virus, Mycoplasma pneumoniae, parain-
fluenzavirus (1, 2, and 3), and respiratory syncytial virus.
The PCR settings and a list of primers and probes have been
described previously [28].

Statistics

Comparisons on group level for numerical variables were per-
formed using the Mann-Whitney U test. Pearson’s correlation
and linear regression were used to evaluate the relationship
between the real-time PCR and ddPCR measurements. Cox
regression with TTV, EBV, and both as time-dependent covar-
iates was used to analyze the relationship between the 2 bio-
markers and the outcomes VRTI, fungal infection, bacterial
infection, CMV viremia, or any infectious event. Each patient
was treated as a cluster to handle multiple infections occurring
in a single individual. Univariable logistic regression was used
in each of 4 periods, q1 (1-3 months), q2 (3-6), q3 (6-12), and
q4 (12-24), with the outcomes VRTI, fungal infection, bacter-
ial infection, CMV viremia infection, or acute rejection and the
predictors age, treatment, CMV mismatch, log TTV (beginning
of period), or log EBV (beginning of the period). A P value <.05
was considered significant. R software, version 3.3.1 (R core
team, 2016, R Foundation for Statistical Computing, Vienna,

Austria; http://www.R-project.org/), was used for all statisti-
cal analyses except for Pearson’s correlation analysis, which
was performed using GraphPad Prism 6 software (GraphPad
Software Inc., San Diego, CA).

Ethical Consideration

The study was approved by the Regional Ethical Review Board
in Gothenburg (DNR: 791-08), and all subjects provided writ-
ten and oral consent to participate.

RESULTS

Study Design

In total, 98 lung transplant recipients were included in the
study, of which 79 (80%) were still alive 24 months after trans-
plantation. Detailed patient description is outlined in Table 1.
Blood-, BAL-, and nasopharyngeal samples (NPH) were col-
lected longitudinally at follow-up (FU) visits until 24 months
post-lung transplantation (LTx; n = 837), including pretrans-
plant samples. The total nucleic acid content was isolated from
serum or whole blood samples and analyzed for TTV-, EBV-,
and CMV-DNA load by real-time PCR. The total nucleic acid
content was isolated from the NPH and BAL samples and ana-
lyzed for respiratory pathogens using multiplex real-time PCR.

Table 1. Patient Characteristics at Baseline

General Description Median (range) n %
Age, y 56 (18-73)

No. of patients 98

Female sex 60 61
Double lung recipients® 67 68
CMV serology positive pre-LTx 84 86
CMV mismatch® 9 9
EBV serology positive pre-LTx €13 97
EBV mismatch 9 9
Dominant CNI

Cyclosporine 79 80
Tacrolimus 19 20
Underlying disease

Pulmonary fibrosis 30 31
COPD 32 33
Alfa-1 antitrypsin deficiency 10 10
Cystic fibrosis 6 6
Retransplantation 6 6
Pulmonary artery hypertension 4 4
RA bronchiolitis 2 2
Sarcoidosis 2 2
Sclerodermia 2 2
Bronchiectasies 2 2
Alveolitis 1 1
Lymphangioleiomyomatosis 1 1

Abbreviations: CMV, human cytomegalovirus; CNI, calcineurin inhibitor; COPD, chronic
obstructive pulmonary disease; EBV, Epstein-Barr virus; LTx, lung transplantation; RA bron-
chiolitis, rheumatoid arthritis bronchiolitis.

Al other received single lung transplantations.

“Donor being positive for antibodies against CMV/EBV and recipient being negative prior
to transplantation.
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Kinetics of TTV- and EBV-DNA Levels

A majority of the patients had detectable TTV-DNA levels
before transplantation (pre-LTx), and the levels subsequently
increased until a peak was reached at 3 months post-LTx, after
which the levels gradually decreased (Figure 1). The mean
TTV-DNA levels for the respective time periods were 6.7 log10
1-3 months post-LTx, 6.4 logl0 3-6 months post-LTx, 5.8
log10 6-12 months post-LTx, and 5.2 log10 12-24 months post-
LTx, respectively. Conversely, a majority of the patients had no
detectable EBV-DNA prior to transplantation as determined in
serum. At 1 month post-LTx, a peak in mean EBV-DNA levels
was observed, which decreased already 2 months post-LTx and
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Figure 1. Kinetics of torque teno virus (TTV)-and Epstein-Barr virus (EBV)-DNA
levels, in serum and whole blood respectively, before and during the follow-up
period after lung transplantation. TTV-DNA levels in serum starting pre—lung trans-
plantation (LTx) were determined by real-time polymerase chain reaction (PCR).
Individual TTV levels are indicated by dots. EBV-DNA levels in whole blood post-LTx
were determined by real-time PCR, and individual EBV levels are indicated by dots.
Patients receiving either Tacrolimus treatment (n = 19) or Cyclosporine treatment
(n =79) are indicated by red and blue dots, respectively. The mean levels of TTV
and EBV in Tacrolimus-treated patients are indicated by red lines in their respective
graphs. The mean levels of TTV and EBV in Cyclosporine-treated patients are indi-
cated by blue lines in their respective graphs. Infectious events and acute rejections
are indicated by black dots. Statistical calculations were done using Mann-Whitney
U (P values are indicated by "<.05, "<.01, and ~"<.001). *The levels of EBV-DNA
pre-LTx were determined in serum samples. Abbreviations: CMV, cytomegalovirus,
reject: acute rejection of which all but 3 were biopsy-verified; LOQ, level of quanti-
fication; viral RI, viral respiratory tract infection.

thereafter remained at a relatively constant level, determined
in whole blood (Figure 1). The mean EBV-DNA levels for
the respective time periods were 2.7 logl0 1-3 months post-
LTx, 2.6 logl0 3-6 months post-LTx, 2.6 logl0 6-12 months
post-LTx, and 2.7 log10 12-24 months post-LTx, respectively.
Overall, fewer patients had detectable levels of EBV-DNA com-
pared with TTV-DNA (Figure 1). Although the individual
TTV-DNA levels varied, a majority of the patients had detect-
able levels across the entire FU period. In comparison, only a
minority of the patients had detectable levels of EBV-DNA over
a longer consecutive period, and a large fraction had EBV-DNA
levels below the level of quantification (LOQ) at any given time
point during FU (Figure 1). Three patients developed suspected
PTLD. No case was biopsy-verified, and all were reversed upon
modification of immunosuppression. Detailed individual TTV-
and EBV-DNA level kinetics for each patient, including infor-
mation regarding all infectious events and acute rejections, are
displayed in Supplementary Figure 1.

Type of Inmunosuppressant Influences TTV- but not EBV-DNA Levels
Comparison of TTV- and EBV-DNA levels in lung transplant
recipients who received either Tacrolimus- or Cyclosporine-
based therapy revealed that Cyclosporine-treated patients
had significantly lower TTV-DNA levels in serum at month
6 post-LTx and onwards, compared with the Tacrolimus-
treated patients (Figure 1). There was no significant difference
in EBV-DNA levels in whole blood between Tacrolimus- and
Cyclosporine-treated patients at any time point during FU
(Figure 1).

Infectious Events and Acute Rejections

The FU was divided into 4 periods, denoted ql through q4,
defined as 1-3 (q1), 3-6 (q2), 6-12 (q3), and 12-24 (q4) months
after transplantation. The periodic intervals were chosen to dis-
tinguish the initial phase of intensive immunosuppression from
the later periods when immunosuppressive therapy was gradu-
ally lowered. Viral infections (VRTI) were more common dur-
ing the first 6 months, while bacterial and fungal infections were
evenly distributed throughout the period and CMV viremia
occurred at a higher frequency 3-12 months after LTx after dis-
continuation of prophylactic ganciclovir treatment (Table 2).
Events of acute rejections were most common during the first
postoperative months and then decreased over time (Figure 1).
All but 3 episodes of acute rejections were biopsy-verified.

The frequency of infectious events (Figure 1 and Table 2) was
compared with the mean TTV-DNA or EBV-DNA levels during
each period (q1-q4) and the during the total FU period, respec-
tively. No statistically significant association was found. With
logistic regression, log TTV-DNA or log EBV-DNA levels in the
beginning of the period did not predict any infectious event in
any of the periods (Supplementary Table 2).

Next, we performed a Cox regression analysis to establish
if TTV- or EBV-DNA levels were associated with either viral
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Table 2. Number of Infectious Events and Acute Rejections During Each
Period, q1 (1-3 Months Post-LTx), q2 (36 Months Post-LTx), q3 (6-12
Months Post-LTx), and q4 (12-24 Months Post-LTx)

Type of Event q1 a2 a3 g4
Fungal infections 7 (4) 8 (4) 7 (1) 2(1)
Bacterial infections 17 (13) 17 (9) 26 (16) 18 (8)
Viral RI 62 44 28 21
CMV viremia 0 30 (4) 26 (1) 5
Acute rejections 13 8 3

Deaths 2 4 5 8
Patients at risk 98 96 92 87

Number of severe infectious events that prompted intravenous treatment are denoted
within parentheses.

Abbreviations: CMV, human cytomegalovirus; LTx, lung transplantation; Rl, respiratory
infections.

respiratory tract infections, bacterial infections, fungal infections,
CMYV viremia, or any infectious event. TTV and EBV levels were
added as time-varying covariates to provide the most accurate sta-
tistical model possible. No significant associations were found in a
univariable analysis (Table 3) or when both were used as predictors
(data not shown). A separate Cox regression analysis, including
only patients with severe infectious events who required intrave-
nous treatment, was performed to establish the relation between
TTV- or EBV-DNA levels and bacterial infection, fungal infection,
CMYV viremia, or a combination of the 3 (Supplementary Table 3).
No significant associations were found using this criterion.

When comparing other factors relevant to infections and
acute rejection, using logistic regression, we found that age,
CMV mismatch, and dominant immunosuppressive treatment
did not predict outcome in any of the 4 periods denoted ql
through q4 (Supplementary Table 4).

Most acute rejection events (ARs) occurred within the first
6 months post-LTx (Figure 1). Logistic regression with initial
TTV-DNA or EBV-DNA for each period, respectively, did not
predict whether an acute rejection event would occur during
that period (data not shown).

Absolute Quantification of TTV-DNA in Serum
Previous studies [15, 24] have described higher mean TTV-
DNA levels in lung transplant patients than reported here.

In order to verify the real-time PCR results, TTV-DNA levels of
patients with mean TTV-DNA levels above 8 log10 in period q3
were assessed by digital droplet PCR (ddPCR). The TTV-DNA
level was underestimated by more than 1 logl0 by real-time
PCR in 2 samples, and overall the levels obtained by real-
time PCR correlated well with the results obtained by ddPCR
(Pearson r = 0.67, P = .009) (Supplementary Table 5).

DISCUSSION

TTV and EBV has been proposed as biomarkers reflecting the
functionality of the immune system after LTx. In this prospec-
tive study, evaluating serial samples for TTV and EBV and care-
fully recording infectious and rejection events during an FU
period of 24 months, we found no associations between the
biomarkers and the risk of complications.

We found that TTV-DNA levels increased rapidly; 1 month
after LTx, the levels were already markedly elevated, presuma-
bly due to ablation of the functional effector cells of the immune
system that normally control the TTV infection [14, 15]. At
3 months post-LTx, the mean TTV-DNA level peaked and then
gradually declined, reflecting the gradual moderation of immu-
nosuppressive therapy. Interestingly, the TTV-DNA level was
lower in patients who received Cyclosporine treatment, possi-
bly mirroring a different immune modulatory mechanism for
Cyclosporine compared with Tacrolimus. Gorzer et al. [16] pre-
viously suggested that this might be due to Cyclosporine being
less efficient as an immunosuppressant. However, we found no
association between type of immunosuppressive regimen and
acute rejection or other events that would indicate a difference
in net immunosuppressive effect. Recently, TTV-DNA has been
associated with chronic lung allograft dysfunction after lung
transplantation [29], but in our study this was not included as
an outcome.

It is possible that the observed higher mean TTV-DNA levels
in other studies could be explained by differences in induction
therapy and distribution of respective immunosuppressive regi-
men. For example, in the study by Gorzer et al. [16], the type of
induction therapy was not defined and only 26% of the patients
were treated with Cyclosporine. There is some evidence that

Table 3.
Respective Qutcome Variables

Cox Regression in the Time Frame 3-24 Months With TTV and EBV as Time-Dependent Covariates Was Used to Analyze the Relationship With

TV EBV
HR 95% Cl P HR 95% Cl P
VRTI 1.09 0.92 1.29 .32 1.20 0.82 1.75 .37
Bact 0.94 0.73 1.20 .62 1.62 0.99 2.66 .06
Fungi 0.97 0.48 1.92 .92 1.77 0.78 4.02 A7
CMV 0.91 0.76 1.10 .34 1.02 0.62 1.67 .95
IE 0.98 0.87 1.11 77 1.1 0.90 1.46 43

Abbreviations: Bact, bacterial infection; Cl, confidence interval; CMV, human cytomegalovirus viremia; EBV, Epstein-Barr virus; Fungi, fungal infection; HR, hazard ratio; |E, infectious event

of any type; TTV, torque teno virus; VRTI, viral respiratory tract infections.
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TTV replication is dependent on the type of induction therapy
that appears to reflect changes in lymphocyte concentration;
however, the duration is brief, after which the levels of TTV
recover [30]. In the present study, TTV viral load was deter-
mined in serum samples, whereas plasma was used in previ-
ous studies [16, 31]. However, to our knowledge, there are no
apparent reasons for variations in TTV-DNA load, depending
on whether plasma or serum is being used for analysis.

To compare results regarding TTV levels between different
transplantation centers, it is vital to reliably quantify the con-
centrations of TTV-DNA in a standardized manner. Here it was
shown that the real-time PCR method was adequate as compared
with the ddPCR method, which is considered a more reliable
method for accurate quantification [32]. Nonetheless, real-time
PCR is prone to interlaboratory differences, and utilization of
ddPCR for quantification has been suggested to circumvent
this problem, facilitating direct comparison of results between
centers [33, 34]. Digital droplet PCR depends on partitioning
of each master mix followed by end point PCR. Quantitation is
determined using Poisson statistics to generate a result that is not
dependent on a relation to a standard curve and should there-
fore exhibit lower variability between laboratories. However, the
ddPCR assays still depend on amplification of a specific target
sequence, and depending on the design of the primer and probe,
the targeted sequence can vary. Recent work has shown that
viral DNA in plasma samples is to a large extent free and not
associated with viral particles and is also subjected to various
degrees of degradation, influencing the results, depending on
the amplicon length determined by the PCR-assay design [35].
Thus, standardization of the entire assay including primer and
probe design, use of international standards, and assessment of
the commutability of reference material is needed before a direct
comparison of interlaboratory results can be made with absolute
confidence, even with the use of ddPCR [36, 37].

It remains to be clarified in which cell types TTV replication
occurs, but CD4+ T cells and CD8 + 57+ T cells appear to be
important for controlling the infection, whereas EBV resides
within the B-cell pool and is controlled by CD4+ and CD8+
T cells [14, 15, 17, 21, 22, 38-41]. In this work, we show that
the choice of calcineurin inhibitor affects the TTV- but not the
EBV-DNA levels, possibly reflecting separate mechanisms for
viral replication rather than merely ablation of the T-cell pool.
As the choice of immunosuppressive regimen was made at the
discretion of the treating physician, these findings should be
interpreted with caution but warrant further investigation.

In this study, infectious events were defined as symptoms
prompting antimicrobial therapy also in cases without a pos-
itive culture (bacterial and fungal infections) or simply detec-
tion of a potential pathogen by PCR (VRTI, CMV). Attempting
to focus on more severe infectious events, subgroup analysis
of events requiring intravenous therapy was made. Also, this
analysis failed to reveal any significant association between

TTV- or EBV-DNA levels and infectious events. However, no
proper validated scoring system for grading of the severity of
infectious complications was used in this study, and we cannot
exclude that our definitions cause underestimation of severe
complications. Further studies using proper grading of events
are needed.

EBV has previously been suggested as a surrogate marker
for immunosuppression as an association between elevated
EBV-DNA levels and reduced incidence of acute rejection of
lung transplants was observed [23]. In addition, EBV-DNA was
safely used as a trigger for reduction of immunosuppression late
after lung transplantation and was found to be associated with
a shorter time to development of infectious complications or
solid tumors, but not PTLD [24, 42]. We found no association
between EBV-DNA and acute rejection at any time during FU.
A direct comparison could, however, be hampered by the fact
that EBV-DNA was analyzed in this study, and EBV-encoded
RNA in an earlier study [23].

In the present study, mean EBV-DNA levels did not increase
as markedly as TTV-DNA levels after transplantation, even
though EBV-specific T cells most likely are subverted by immu-
nosuppressive therapy [43]. The seroprevalence pre-LTx and
number of patients positive for EBV-DNA at any time during
FU were comparable to previous studies [24, 42, 44]. One pos-
sible caveat when determining EBV DNA load is the use of val-
gangciclovir for preventing reactivation or primary infection of
CMV. All patients received 3 months of valgangciclovir treat-
ment initially after LTx; there are a few studies showing that
valgangciclovir treatment reduces EBV load, which may have
affected the results in this study [45, 46].

In conclusion, TTV- but not EBV-DNA load appears to
reflect the function of the immune system after lung transplan-
tation, depending on the type of immunosuppressive treatment.
However, we found no association between either TTV- or
EBV-DNA load and infectious events or acute rejections, which
suggests a limited clinical applicability as biomarkers predicting
short-term outcomes related to the net state of immunosup-
pression. Further studies are warranted to define the effect of
immunomodulation on TTV and EBV replication in relation to

various immunosuppressive regimens.
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