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We need an ‘Immunometer’

Immunosuppression

SOT: graft rejection AE: Infection, cancer                  

AI: remission? Onco: response?

Vaccination: response? Infection: outcome?

© Heinz Regele, the noun project
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• Anellovirus (~20 TTV species in human)

• high prevalence: 90% healthy adults; ~99% (all?) patients on IS

• route of infection: (almost) any

• replication: everywhere (a lot in lymphozytes, hepatocytes)

• causes no disease

• viral control involves major (all?) immune compartments

• resistant to conventional antiviral therapy

• association w. immune-function (TX, AI, ID, Onco...)

Might Torque Teno virus (TTV) be such a tool ?

© lookfordiagnosis
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~TTV

De Vlaminck et al., Cell, 2013 (Steve Quake, Stanford)

What happens to TTV if we switch on IS?
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© University of Leiden

Hypothesis
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Maggi ‘in-house’ qPCR

CE-IVDR commercial qPCR
TTV R-GENE: EU 2022, US  2025?

© bioMerieux

Quantity: 200ul (also less) / swap

Type: plasma/ serum/ whole blood/ resp. material/ urine 

(EUROFINS: TTViWATCH: US 6/24)
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TTV evidence in SOT: narrative review
Cave: single center, non-interventional, study design limitations

Rejection (~15 paper): ABMR, TCMR, BL-TCMR; late/ early, subclinical/ overt,
de novo DSA; adult/ pediatric

Infection (~20 paper):  opportunistic/ all; severe/ non-severe 

Jaksch et al., Transplantation, 2022© pubmed; thenounproject



Cohort
386 KTX (Vienna)

consecutive 1/16 - 6/18

Design
prospective
single center

Outcome
primary: BPAR

secondary: treated infection

Method
TTV monitoring
‘in-house’ PCR

TTV POET trial – TTV predictive for infection/rejection in KTX

Doberer et al., American Journal of Transplantation, 2020 © the nounproject; Büro AGS
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Doberer et al., AJT, 2020

Infection

adjusted OR 1.09 (95%CI 1.04-1.14)

TTV preceded subsequent infection by 27 days

BKV pPVAN/ PVAN (consequence concerning IS) OR 1.21   (95% CI 1.06-1.39)
CMV viraemia/syndrome/organ (consequence concerning IS) OR 1.16   (95% CI 1.05-1.27)

Rejection

OR 0.78 (95% CI 0.62-0.97)

TTV preceded subsequent rejection by 14 days
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-1.38 log

Görzer et al., Journal of Clinical Virology, 2022

CUT- OFF? -> KNOW YOUR PCR!
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Görzer et al., Journal of Clinical Virology, 2022

REJECTION INFECTION

CUT-OFF?
TTV R-GENE (commercially available IVDR CE marked)



EU HORIZON 2020 TTVguideTX project (TTV R-GENE)

IQC results 08/02/24: 1125 tests/ 13 labs; not fully automated

Gore et al., Journal of Medical Virology, under review



TTV kinetic following IS start
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observation period

TTV stabilisation

Doberer et al., AJT, 2020



TTV kinetic following CNI dose changes

Regele et al., Journal of Medical Virology, 2024
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Case report #1; 23a, m, LD

TTV c/ml

108

107

106

105

104

103

102

101

0

16

14

12

10

8

6

4

2

0

TAC ng/ml

Time post TX

Serum creatinine (mg/dl):                                                   1.8      12.5 mg/dl

potentially one year time for intervention!
© Heinz Regele, the nounproject
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Case report #2; 67a, m, LD, ABOi
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 reduction of immunosuppression
no infectious event

impatient treatment due to pneumonia
1x/y for 4 years: potential intervention

© Wikipedia, the nounproject
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Haupenthal et al., under review

TTV for non-adherence monitoring in KTX: AdTorque trial



~300 KTX RECIPIENTS
13 CITES



Haupenthal et al., Trials, 2023

TTV R-GENE



The world according to Anelloviruses

Vaccination

Oncology

Autoimmunity

Obesity

Aging
SOT

Adherence

Infection (Covid/HIV)
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TTV load - response to SARS-CoV-2 vaccination in KTX

Granninger at al., Journal of Clinical Virology, 2023

100 NTX
German multi-center

Secondary analysis
RCT

primary outcome:
S1 IgG/IgA

secondary outcome:
IFGRA

mRNA vaccine
‘in house’ PCR

TTV levels > 6log c/ml = 4.6log (CE-IVDR PCR)

-> only 12% serological response (S1 IgG/IgA)
no cellular response (IFGRA)

NPV % (CI)PPV % (CI)Specificity % (CI)Sensitivity % (CI)TTV c/ml

69.8 (60.0-78.1)50.0 (8.9-91.1)97.1 (90.0-99.5)6.5 (1.2-20.7)103

69.3 (58.2-78.6)32.0 (17.2-51.6)75.4 (64.0-84.0)25.8 (13.7-43.3)104

78.6 (64.1-88.3)37.9 (26.6-50.8)47.8 (36.5-59.4)71.0 (53.4-83.9)105

88.2 (65.7-97.9)34.9 (25.6-45.7)21.7 (13.6-32.8)93.6 (79.3-98.9)106

91.7 (64.6-99.6)34.1 (25.0-44.5)15.9 (9.1-26.3)96.7 (83.8-99.8)107

© the nounproject; Büro AGS
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Studenic P. et al., Rheumatolgy, 2022

TTV load associates with treatment response in RA

 SQUEEZE
cordis.europa.eu/project/id/101095052
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Feghoul et al. (Paris), Journal of Medical Virolology, 2023

TTV load associates with ICU admission of SARS-CoV-2 infected patients



Role of TTV in ovarian cancer

Abteilung für Gynäkologie und gynäkologische Onkologie

Stephan POLTERAUER
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progression-free survival (PFS)

multivariable analysis

p-value          HR (95% CI)

univariate analysis

p-value           HR (95% CI)
2a. parameters

1.18 (1.03-1.35)0.0211.23 (1.08-1.40)0.002Ln TTV PCR

1.02 (0.99-1.05)0.1471.03 (1.00-1.05)0.054age at diagnosis (years)

2.71 (1.48-4.96)0.0012.58 (1.62-4.08)<0.001
FIGO stage (1 vs. 2 vs. 3 vs. 

4)

2.71 (1.38-5.31)0.0044.45 (2.39-8.27)<0.001complete resection (R0)

80 newly-diagnosed patients

T. Bartl (MUV), unpublished data, 2024
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