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» the full co@e’pendium of viruses from a particular habitat, including not only
pathoge@fu‘,2 viruses but also viruses essentially devoid of pathogenic potential
')

Virome
t7 5 %] Endogenous
viral elements

Prokaryotic
virome
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Anelloviruses:

the‘most prevalent component-of blood virome
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96 heart and lung transplant recipients recruited

Lo L)

Immunosuppressant (Tacrolimus) ng/mi

656 blood samples

i o i

collected longitudinally

v
Antiviral drugs (Valganciclovir) (mg) e}b

0-300 300-600

De Vlaminck et al. Cell 2013
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TTV: the prototype of anelloviruses
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Human.TTV story

TTV clone
discovery ' TTV inhuman

x< :
(Nishizawa et al.1997) Virome
(Li etal. 2012)

Lack of

199/7° 1998, 1999 2001 2005 2007 .
interest

TTV image
TTV genome by EM
characterization (litoh et al. 2001)

(Okamoto et al. 1998;
Mushahwar et al. 1999)

Anelloviridae

Family transplantation
(ICTV) (Te Vlaminck et al. 2013)
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TTV properties

763 3852 OIORH 154 e’
N _
pppppppppp Voo v G%&?OME small circular ssDNA (2.2 to 3.7 kb)
sE e (thl%,@enetlcally simplest of all known replication-competent viruses

hitherto detected in humans)

v GENETIC VARIABILITY: extremely high
(at least 29 human TTV species, each con%{&tlng of numerous types)

\0
Q/‘o
$ih 4 v" PREVALENCE: very hkgz\h in the general population %
iﬁ‘ﬁi‘iii (~90%), acquired veryqéiarly in life through many routes of ,\006\
transmission & o
o O
\)&o @Q‘\
o oosope  V PERSIST&?\ICE chronic and productive infections (»@b% of
‘%’;%Q XS mfectggl‘ people) é\\ef’
‘9 &
ej?\e’ o"c’
@ v UBIQUITY: detected in all the tlssues\)cﬁnd organs,
X T lymphocytes probably the main S|tq,’\8f virus replication
S '1,
o)
6*3’/\ Q\g
----- \ Miyata et al. 1999; Takahashi et al. 2000; Okamoto et al. 2001, Bg'%dinelli et al. 2001;
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£ Pisa Virology DQ&"Q‘X Jones et al. 2005; Bendinelli and Maggi, 2005; Ninomiya et al. 2007; 2008; Maggi et al. 2006; 2010



Dynamics of chronic.FTV viremia, relative to
other viruses

&Q‘“Virus _Me_an virion half- ~ New virions entering Reference
033' life in plasma (hrs.) plasma per t():Q-Lay
A &
(gef" &
& HBYV : 28.8 > 1{2\& 1013 Whalley et al. 2001 |
G
>
HCV : 27 ésgf?) X 1012 Neumann et al. 1998 &0{\
& b\)
X O

XN

Maggi et al. 2010
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HIV < J@Q\‘ef’ S 9.8 X 109 Ramratnam (;@él. 1999
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TTV di‘agnosis

“Universag(c?eal—time UTR PCR

1. In hou;é)e TagMan rtPCR Genogroup-specific PCRs

2. Cor;ﬁmermal R-gene TTV assay

3. E}u%plet digital PCR o Genogroups 4 and 5

i .
\} !
<0 G4-1 CCATTTTGTGCAGCCCG
o G42 CGGCGGACTCCACGGCAT
Q G4-3 AGCCCGCCAATTTCTGTT
> G4-4 ACGGCATGAYTTTGTGTCCTG
%
A G5-1 CCAACTGCAAAGAAAAAACCACCT |
G52 CGCCTCCTTACTCTTCGTCGTC R
G5-3 CGAGCACCTCTGGTACGAGTC
G5-4 GTCTGCGAAGTCTGCCACGGG Q
Y
X0
\)(a
O
Genogroups 1, 2 and 3Q,Q
Gl1-1 AACG ARGACCFAGACCTITG&GATA
TTV2 CAGTTAGTGGTGAGCCG
G1-3 TTYAGACACCCARAIGTAGACTT
Gi4 GTGAGCCGAACGGAE G
G2-1 AATATGACMCC@'#GAG GIGG
G2-2 TGAGCAGAACGRRRAACCGCAAG
G2-3 CTGGAGIAGATACAACRTAGA
PMV4 CTGTAAAT, TGGGGGG
O
G3-1a AAYGACQNGCTAGACCTIGCCAGATA
G3-1b AAYACEGAGCTAGACCTIGCYAGAT
G3-2 Trct\gé@é%TGRGCIGAACGG
G3-4 T GTACCAITTRTCTWCAA
QY
\m
o8
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TTV pathogeneicity:
an-extracrdinary difficult issue to untangle

S
Regéons: C

3¢ ,@
/\/ extremely high prevalence of active TTV. m‘fectlons among apparently

healthy individuals \\eqfv

ol &
v' TTV presence in many different gi<s§ues

\)(a
'Q-(Q ;\06

v existence of numerous TTV ghemes &

v wide range of TTVchads in different individuals s~°‘
.\"9 &0
& P
<0 N
N &
\ Maggi and Bendinelli, Rev Med Virol 2010
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Investigations on the pathogenic
potential of TTV

Blood diseases
(2000-01) a il Kidney diseases

Periodontal diseases

(2004)
Respiratory diseases

(2001-05)

Autoimmune diseases
(2006-10) & (2005)

\)‘o
In spite of aIIﬁ?orts, to date 20 years after its discovery, n@%oncluswe
/\o° evidence has been reached (y{”
ol &
g Pisa Virology D&aﬁ‘ Bendinelli et al. 2001; Maggi and Bendinelli, 2010 ©
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TTV and respiratory diseases

,\‘\

Childreny With acute Asthmatic children
resplratonqulseases (ARD)
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{@@ \L,Q 1800 P ied \
35 AR r=-0.334; p =0.010
L2 S gb °
& B c L8200
& 8 = Y
‘:6‘9 §>3- g §® 120 ...
’ ~ OS> - 2
- Jg?é X i;(c)) v b 0@‘2
< — || (_J
N LT > ° =-0.312 °
S &S T o ,4.'0 r=-0.312; p = 0. 01g,
_o.q\ Y— LL ° ‘\0
BP MiderARD* & D S &
d‘ob 5 . 170 . &
B Nasalswabs  (No.: 54 BP, 46 mﬂderARlv — T 120] & %8° e, '\a
e .
[ Plasma (No.: 62 BP, 89 mll‘dgf\QRD) Lu'jN 70 m’ QeBZl p = 0.013
N L ° &
& 23456789 ¢
& 0@0
Includlng laryngitis, broncm@é and bronchiolitis Nasal TTV l.
~ (log,o DNA coqn@s/ml)
%" &
X &

Q
N ©
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TTV and human diseases
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,90‘9?’ A component of the normal human microflora, essentially
& devoid of pathogenic potential

D

QJ'

L] L] '\e'l n
> v’ An “orphan” virus waiting to p& linked to disease(s):
& oq,c’o“'@
= only occasional infections q@ressive to become the cause of %

significant clinical dlseisg@ 6;0(\
. . . . . =
= TTV cofactor in sonclg:?]uman diseases having a multifactorial orighn?
¥ &
O - : PR
= TTV species div\é?se in their ability to induce pathogenem@‘}p
x<

<
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TTV as a potential bio-marker

: Fa%gnd cheap quantification k@CR

sitivity to antiviral drugs

v““to detect arithropic pollution

v’ to folloew up kinetics of functionalimmune
competence
P
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TTV. as a marker of<anthropic pollution

6%

v Beca,,tsr“se of its extremely high resistance

g o

°
tejg [ )
|

» May be particularly usaﬁjl for evaluating the efficiency of @

Q

Q}"‘I'V Is frequently found in:

wastewater (38-100%) o
drinking water (5-12%) &
river water \\Q,‘?f"
surface samples (15%) co[,\toécted In hospital settings &
&
air samples (16%) coIIthed In hospital settings &
OQ- Q,Q(o

treatment or cleanlng‘ procedures In microbe removal ﬂ\\e?
(i.e. in wastewater o,r in blood products) &

g Pisa Virology D&&X‘ Carducci et al. J Hosp Infect 2011
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0’3’ Charest et al. J Water Health 2015; Vecchia et al. Food Environ | 2013; Diniz-
\ Mendes et al. J Appl Microbiol 2008; Verani et al. Water S@Technol 2006;




TTV asca marker for evaluating the nanofiltration efficacy

X
e}%
N4 . :
Transfusion Jledic@‘. 2009, 19, 213-217 doi: 10.1111/5.1365-3148.2009.00931.x

Q"b

<
SHO@(@*(E:OMMUNICATION
S
kob“’(Effectiveness of nanofiltration in removing small non-enveloped

& viruses from three different plasma-derived products
5
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N
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'Qe’ Public Health, University of Florence, Florence, and §Genedia Sri, R&D, ;\’zzpol_i.@ v
> {\'\ '-Q
Received 03 December 2008; accepted for publication 06 February 2009 Q’b 6\
< . 0(\
e —— f S
< >
©
Basic material with virus particles _, KQ'Q
: . e N
SRR S
i | 1 .
> Fiters @ a @ ‘e @« o « = - . C\Fl
<
, a e
- r.' -’\-"k
\ = Filfar SoS S '-'.'.'-'-"'-'.'-'33‘0\"
=

L &

Nanofiltration removes viruses p@ze exclusion
N

N
©Q~

D
i‘g) Pisa Virology D&aw
©



Levels of<TTV viremia

\’2’%
L ON
écgz
R
S :
o{\@e 10 log copies/ml
&
{obo
&K
‘5@;
()
& oy
& oo
& c
© G
I o)
g &
3 log copies/ml 3 &
S &?’
)
Mean: Healthy &
2.3 log _, &
donurs ©.
s 1 log copies/ml
1 log copies/ml s RS
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Factors that may“impact on the size

of TTV viremia

A
,§ Pisa Virology DQ&'.Q‘X

No./spectrum/turnover of cells replicating TTV(s)

No. of virions produced per cell and daily

I‘ Rate of virions release/clearance into/from the circulation
| Proportion of immunocomplexed virions

No. of different TTVs harbored
Synergy or interference between the TTgsb(:arrled
Acute intercurrent superinfection bégsalfferent TTV

H*

I

EA
EA
EA

Depressed immune responses

Changes in the functional ia&rity and relative proportion of cells
| participating in such respPnses

Counts of C|rculat|n%{ymphocytes

Immune actlvathﬁ‘by superimposed exogenous immunogens

nﬂ

(o)

Concomltﬂ@mfectlons by other pathogens

Presen qf'of concomitant noninfectious pathologies (tumours, etc.)

Imraunosuppressive.therapies
.é&cal accumulation of proliferating lymphoid cells

* P: proved; EA: at least some direct evidence availaltlg‘,:h: hypothetical

N
©Q~

Maggi and Bendinelli, 2010

Regeneration rate of susceptible cells 0\56’
Age | r_N
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TTV viremia and age

— O A L
2 S ' —_
o & -1
S g
RO |
ﬁ 5,00 -’\&,e"
’\05 4 &9:\
* < .\(\
a £ &
< —1 Q7 5004
Z 24 —Tn \\Q;
(] &Qx
- -
[ 4,00
=
0 T T T w £
20a-30a 50a-60a >80a & S_’m
(n=73) (n=77) (n=67) Q\OQ 2
)
b\)
&
{e’Q 2,00
x<
)
<0
\{6‘9' 1,00
S
P
.@-
x5
0\
3
0‘9
<0
,@
O
N

43:“ Pisa Virology D&éﬂ?
©

Haloschan et al. 2014; Giacconi et al. Exp Gerontol 2018

"N. total subjects: 370




TTV and mortality’in elderly subjects

T11 7 ‘?fc}
@ & %, v 379 elderly subjects who were followed up for 3 yrs (age

o
&

range 60-105 yrs)

v The propog@%n of pts died after 3 yrs of follow-up:

&2% for pts with TTV copies 2 4.0
e’@Q 5% for pts with TTV copies < 4.0

v TTV load is a strong parameter for predicting

3 th%@rortallty (Cox regression analysis)
<0 0\
Qo 100 TTV < 10%* (‘\‘ve’
o S
& " 4 =\ Independent D
] A H
oo / ;‘L] variable
3 & | Age -0.095 0.004
s 102=TTV < 104 : N~ N\ N4
3 0s0- Triglycerides 0.001 0.789 &8
£ - a &
3 HDL -0.003 0483
! . 1@"-1'
055 Cu/Zn ratio -0.749 £ 0.058
T Gender 0.409 o{@ 0.466
. o R |
*copies / ug DNA & o0
0,60 _9&.’ TTV load 1.38Qo° 0.009
00 10,00 2009 30,00 40,00 Ny Q\%’
Difference date (mont@?tueen recruitment and end \"),
'3__? rd year Q’”
O o

A
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Giacconi et al. Exp Gerontol 2018




Biomarksr assaysiuseful in predicting
post-transplant complications

Test Specifications Availability
(/ =
\{f@pstein—Barr virus DNAemia Measures level of viral DNA in body fluid é&' Commercially available, multiple labs
O
, ,,;.& Cylex Immunoknow Nonspecific cell-mediated immunity a 5 Commercially available, ViracorIBT |
@e’ measuring adenosine triphosphatg} Laboratories
2 <
release from CD4* T cells W@
TSPOT.PRT Global cell-mediated immuni ‘eésay using Oxford Immunotec s
common donor antigen%Q &
QuantiFERON MONITOR Global cell-mediated i nity assay Qiagen 05"\
involving proprietaey antigens that stim- {ob
| ulate both inn%@‘and adaptive immunity @Q
i T-Track ImmunoScan Cell—mediated@%munity assay involving a Lophius o\ﬁ&
mixture ntigens derived from differ A‘
- - ‘QJG’
ent vigies and bacteria S
o ,
Immunobiogram Bi y of cellular immune response to Research setting only{élOHOPE
gnel of immunosuppressant drugs Scientific é'\@
'Q:’e 6‘ |
c)( \? J
& <0
S NP
S Q
N v
49 N
® e
Q> <
v ©

Cotton, J Infect Dis 2018
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RN )
3 )@0 Transplant patients
—_— b&-\' (n. 280)
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TTV viremia predicts CMV reactivation
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CMYV detection across 4 monthsOpost-tx

Maggi et al. Sci Rep 2018

O 5 1
© n. 69 Total
o
Ty
o
E | n. 136 * measured between 0 and
8 4 10 days post-transplant
= il
o <
o @.
) &
o n. 205; p =0.001
=4 3 P &é\o
>
+ Q,Q =
n. 39 (\?)@
LiyeY L Kidney
b\)
o
KL N2 n. 109 <9
< Vo
x& ©
<0 ,‘,?}
\e,‘-;' k@
QO &
L& 8‘0\
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TTV index in liver?/ kidney transplant

recipients

> 3.45 log,, copies/ml

higher probability of CMV

Q© .
< é&*’aS log,, copies/ml reactivations

)
y ~Sower probability of CMV

.ec,?zé reactivations
AN

]

. o'c-\ (0

XN
TAK@F‘IOME MESSAGE : @

)
& S

TTV viremia above 3.45&5’9 DNA copies/ml within the first 10 days gb%’t

transplant correlg‘t‘e‘s with higher propensity to CMV reactivg\a‘(e)’n
[,Qa'f’owing liver/kidney transplantation \)c,b“
S
N5 R
X o
) &&"9
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Maggi et al. Sci Rep 2018



Conclusions

&
Qz
XN
&e
o

Q(\‘

\\,é"TTV plays a substantial role in the human virome, and it has a
eQ considerable impact on the host immune system
\i@ N

_fi)é v Although TTV has not yet been éf’rmly associated with any

clinical manifestation, performj\g@ the quantification of TTV

viremia cab be useful &‘z'

Q}Q

o
v In addition to its use as,;ébotentlal viral indicator of anthroplc

pollution, TTV may %@rve as a cheap and easy-to- measq,}%
surrogate of functlgﬁ%ll iImmune competence, and could ve
especially useful &sf’the management of transplant patlengs.“
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