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Close relationshigbetween immune status rejection and
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First insight : vwgfne analysis
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96 organ reC|p|ents 4\@ adult heart, 24 pediatric heart, 31 adult lung, 656 plasma samples
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Virome evolution inpresence or absence of prophylaxis
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i lution with antiviral treatment
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Anellovirus in,;éa“”%I load decreases with graft rejection
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How Qan we quantify TTVs,

éz““
Not one virus but a f@‘mlly of viruses TTV, TTMV et TTMDV
Quantify at least t@é’ 12 more frequent TTV in human being, not TTMV or TTMDV
Targeting UTR(dietter than ORF1)

(_\Q/

- Several mdfiouse PCRs
-1 stanq}alezed assay (TTV Rgene®)
(2-10lggcopies/mL)
TwgsBotential matrices :
g&sma/whole blood

\:Wmne
. Openln_g the way tq &
standardized evaluation &
e~ S
& o
& v’q,d»
<> ¥

Possible association with othe;ﬁs(/lral load

measurement & 3
Ny Spandole et al, 2015, Kulifaje et al., JCV 2018)
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Evaluation of Immugdsuppression post solid organ
allograft (ex CM\# few tests available in routine use

A
Oo(o
- Innate |mmun|ty,\ ég@-
- NK cells functlorl-s <& o
<
- y0 (gamma- dei*ta) T lymphocytes & N
- genetic pqlg?morphlsms IL28B, Kir genes, TLRs Qe et

- Non §,feieC|f|c adaptive immunity
. H)@;e@gammaglobullnemla (26-70% in some serleSQDQ ,\06"('
L‘ymphopenla a>°° @‘

© ImmuKnow (Cylex/Viracor-Eurofins, USA) a&ﬁbunt of ATP produced by CD4+ T cells in respg;nse to whole blood

stimulation by phytohemagglutinin (predictive vaLd% not known) 6@‘

- Specific adaptive immunity : on&il 3 tests linked to viremia or dlsbe?ase

- QuantiFERON —-CMV ®. 2 interventional sgp‘ﬂles (Kumar et al, 2017, kidney and Westall et al. ALOﬁng)
+ Elispot assay (CD4 + CD8) /\0% \q,d\’
- Intracellular cytokines f\‘,b \d?'

< consensus recommendations : noU}I’]éarIy recommended but need for interventional stu&’?es

oF Kotton et al. 2017, Transplantation



TTV skills as a'biomarker

<

&
&

- Worldwide digsiibution

- Early acquigition

- High preydlence of DNA detection

regardlgss of age, ethnicity, sex, and socio-
econgfhic status
A

.{@

3 &
- High frequence of TTV DNA detection in &
@,’\"plasma from immunocompromise&e
\QQ patients : &
©Q3(’ - 70% Heart-lung (De Viaminck et al, 2@*1’3),

- 84% lung (Gorzer et al, 2014) &a“’q
- 74% Liver (Simonetta et al, 2017y
- 83% Kidney (Kulifaje et al., 2048)

- Fluctuations associated Wigh“?‘(he immune
status ¥

09 Prevalence (%) 11.9
5 & :
\qS) P@e%alence of DNA detected in UTR region
Q§?‘ (spandole et al., 2015)
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TTV skills as a blgmarker for iImmunosuppression

- High rate of replteQatlon 101% genome units per day, and rapid turn over from
plasma &

- Plasma vg@‘i loads from 102 to 10° genome copies/mL
» Kinetigs’ *associated with CD8+57+ T Iymphocyt%s“ (CSH)
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'@ Count 13 39 35 ‘& 39

Outliers
fl’o Avg 28 7.9
N stev
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Viral load kinetics n-tﬁe solid organ transplantation model

(\,

e 4 phases (adapted fronanaggl et al. ESCV 2017)

=15 days post- tr@msplantatlon viral load diminution

« =15 days-3 ngﬁnths post- transplantation: viral load increase from 3 to 6-7 log,, copies / mL &
(kidney), 9‘@?) log,, copies / mL (lung). _&e«b‘
. =3 mon\th‘s 1 year post-transplantation: viral load stabllm"atlon e,é}\
\
. Aftep_‘c year post-transplantation: viral decrease and,;rgturn to basal level A °
iQ/ \\Q/ @Q%
0{@ 8.00 - ,b{.&e' ........... éz((\
\
Py i\\.\_"‘_______________ Functlon@ﬁmmune '
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/7
C7/ TTV load (log,o copies/mL)

Closely similar klnetIGS whatever the organ but viral load at
plateau differ in Iul@‘@ and kidney and early kinetics vary
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TTV and BKV replication
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Figur c,"i\. TTV load increase
@ at ¢wnonth 1 and BKV |
3 S replication. %
i,b‘ Rnincrease of TTV viremia by 1 2
<%z “ & logyy copies/mL between DO £
Q’»q’ E and M1 was associated with
\,\q’ - BKV viruria development
& (p=0.068;  sensitivity:  64%:
© & specificity: 75%).
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Kidney/Liver @MV

)

- 280 kidneybaﬁ\d liver recipients monitored prospectively for TTV

&
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& « . = o
< - 5 S ] &
8 - & MY positive o n 2% Liver (n. 90) (n. 35) Kidney (n. 145)
] c_)ﬂ (n. 99) c . @) ("‘6
= & \ 8 = <& ©
E B % O P <
- ® o & o
< 3’&0 6 - o ¥ ée (n. 26) | \}c’}‘
=z a _ O ob (n. 110)
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S 7] o &
=, e &
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& S
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» ©
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X

© Maggi et al., Sc Reports, 2018
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kidney /liver EMV (2)

TTV viremia abgy%

3.45 log DNA copies/ml within the first 10 days post-

transplant cor;@lates with higher propensity to CMV reactivation within the first

2
four months post transplantation &L
Q}é@- é}'&
& _\é\\@
S &
Z &
x'\’;'}\ ¢
e |
Variable & OR | OR(95%CI) palue &

> TTV load(a:%?‘day 0-10 post- &

- 1.5 1.0-2.3 0.03Y

>\q9 tranpg\o‘t‘ \oQ‘\
Q\S? Us&zt?f anti-CMV prophylaxis | 0.4 0.1-1.2 h\g@'NS

© % Q A

e z,@fle negative serostatus 0.8 0.2-3.1 < | NS

@ a\osg ; %Qf:\\

w & Mean Tacrolimus levels at 10 0.8-1.3 ‘,@ NS

QO month 1 post-transplant X
\ ‘:Q} )
AUC (0.715; 95% CI: 0.649-0.781; p < 0.0001) "\e \}C:\o
00 £ : . 1 : & <
0.0 0.2 0.4 0.6 08 & 10 o'\%
4l A 5 5 n 0(9 o ,.1’
& &
1 - Specificity Jv NS
» ©
@
"y .
N Maggi et al., Sc Reports, 2018
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Kidney : All type;»t)f viral infection (EBV, BKV or CMV, >
3log coples/rmf) by year 1

(\
0&0
& Sl
R %* &
RS X
Box Plot 4 Box Plot <2 Box Plot ‘\.\0
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No Viral Reactivation Viral Reactivation ‘:Q’é No Viral Reactivation Viral Reactivation esk{)‘hﬂ Viral Reactivation Viral Reactivation
Z
Viral load in & &
s 178 163 S 5.34 6.57 %« 7.56 8.08
cp/mL) ;,b N
< v\q’
At d35, TTV VL was &g\lﬁ’icantly different (p=0.0277) between reactlva@’g patient and not reactivating patient

@@0 kulifaje et al., unpublished
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All infections g telated to Immunosuppression »

6‘

Table 3. Predictive gerformance of plasma alphatorquevirus DNA loads measured at month 1 (with

optimally selec}gﬁ cut-off values) for predicting the occurrence of study outcomes in 1,000 bootstrap &
¥ <& S
samples. QJ‘O \g&b \\0@
281 Wney recipients, prospective, Plasma, T'W Rgene® at d7, M1, M3, M6, MlZsb
o Sensii@v?i‘,’; ifici ?EA—
Cu@bff value Predicted post- © CI)"‘y Spef'f'C't! PPV (%59/ GIy?
¥ transplant event & (95% CI) (95%Cl)* &7
@0’ Plasma load >3.15 log4, Infection beyond S 89.8% 30.9% 53.8% @"! 77.3%
copies/mL month 1 &(79.6-98.0) (18.2-43.6) (42.7- 64, 5} (59.1 - 95.5)
Plasma load >4.56 log, IRAE beyond ,g 76.0% 65.8% 41 33,6“‘ 89.7%
copies/mL month 1 & 60.0 - 92.0) (55.7-75.9) (28.35%4.3) (81.0-96.6

Cl: confidence interval; iRAE: mrnunosupp?essuon -related adverse event; NPV: negative pg;é ictive value; PPV:

positive predictive value.

* Mean and 95% bootstrap conildenc,e interval.

o‘ <o
N
Q'\,

AUC at M6 were also g{é’nlflcant such as increase betwee@(ﬁ7 and M1

©<2~

\(J?‘

Ruiz et al., AJT 2018



TTV viral loads Qe)rrelated with immune response but
correlation theIﬁ Immunosuppressive drugs is more
controvergjﬁf

<

<
< S
‘& R \\(\

& e’

- At M1 @cnd M3 In Ruiz Study s&‘ &
: mvef*se correlation of TTV viral load W|tI1\‘°’ <
@DB+ cell count, p 0,017 at M3 p<o0, Q@bl

o S

<5 CD4+ p0,015, at M3 p<0,001 ¢ &
‘2~
© . CD8+ p 0,016 (also in Solis 2038‘) 2

'\ e
s

& )

& &

- No specific association \Mﬁw IS drugs (Maggi, 2018, SO|I§5’et al 2018)
,\oso &@“’

NG o

©q§5” Ruiz et al., AJT 2018, Solis et al. RICAI 2018
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Relationship between TTV load and

mmunosuppgessmn

TABLE 4. OQ

TTV load é}qﬁ?élatlon to immunosuppression and kidney function

.{&'
TTV: T@Qﬁn (1QR), copies/mL ,@}b
Va\g‘@hles Yes & No P c}'\“\
'(hmal immunosuppression {a\\?}v %06
@ Induction therapy 31 x 10°2.6 x 10°1037 x 109 & 14 x 10° (9.8 x 10°t0 1.0 x 109 <0.001 &
{Q,s"' Tacrolimus 29 x 10° (2.2 x 10*t0 3.1 x 10‘1 & 1.4 x 10° (1.3 x 10%10 9.5 x 109) 0.002 @Q’b
& Cyclosporine 13 x 10°(7.7 x 10°106.2 x ﬁt 30 x 10° (2.2 x 1010 4.4 x 109 <0.001 o
° mTOR inhibitor 3.9 x 10* (3.6 x 10° 10 5.7 &10°) 24 x 10° (2.0 x 1010 1.9 x 109 0.03 &
& Belatacept 9.5 x 10° 2.1 x 10° to G 107 21 % 10° (1.8 x 10%t0 1.6 x 109 <0001 ;O
q,’\ Mycophenolic acid 26 x 10°(1.9 10415»?2 5 x 106) 16 % 10° 8.2 x 10%t0 8.7 x 109 0.39 bo"
'\9'» Immunosuppression at screening
(y\ Triple immunosuppression 28 x 10°@ zbg}ro“ 026 x 109 12 % 10° (1.2 x 1010 7.4 x 109 déﬁ
& Steroid 27 x 10° 0% 10° 10 2.4 x 109 13 % 10° (1.4 x 1010 6.0 x 109 Lot
© Tacrolimus 2.8 x 108823 x 1010 2.2 x 109 14 % 10° (1.0 x 10*t0 1.2 x 10°) ‘c,’\ 0.01
Tacrolimus through level > median® 28 y\;i% 2.2 x 10°t0 1.7 x 109 28 x 10° 2.2 x 1010 2.2 x 109 @?' 0.20
Cyclosporine 10° (7.0 x 10°t0 5.4 x 10°) 29 x 10° (2.2 x 10*10 2.6 x 10 <0.001
Cyclosporine through level > median® < % 10* (7.5 % 10710 8.3 x 10°) 13 x10°(6.7 x 10°105.2 x 4@ 0.46
mTOR inhibitor a2 64x104(64><103t028x105) 24 % 10° (2.1 x104t019g905) 0.24
Belatacept & 10X 10731 x 10°1026 x 109 21 % 10°(1.9 x 104to x 109 <0.001
Antimetabolite &0‘ 24 x10°@.1 x 1071022 x 109 1.0 x 10° (3.9 x 105 49 x 109) 0.03
Kidney function at screening Ry
Protein-creatinine ratio > me %réﬁ" 2.1 x 10° (1.8 x 10*t0 1.7 x 109 25 % 10° (2. 3@104 to 1.9 x 10°) 0.40
eGFR > median? 27 x 10°@3.7 x 10*t0 2.4 x 109 16 % 10° (/&3 10%t0 1.9 x 109 0.003

S
# For continuous data the medief}ﬁs selected as a cutoff value to define positivity (tacrolimus level >6 ng/mL, cyclosporine >67 ng/mL, protein—c\/reatlnme ratio >154 mg/g, eGFR >42 mL/minute/1.73 m3.

N
©<2~

Ruiz et al., 2018
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Lung/ All mfec;éflons

6‘
- 31 lung transplant recipients followed for 2 years retrospectively analyzed
: Prospectlvgqﬂgtudy &
- PCRin k&?)use & <&
e e"’\{\ é}e

¥ Q
° At@h\reshold level of 9.3 log copies of TW per ml at steady state was @

qﬁfEdICtlve for the development of varg@‘i.ls opportunistic infections in tpé
<following timepoint & &

b° <&
& - not specifically CMV or other.. 2
,\o‘> @ &

- the TTV DNA doubling tmies calculated for 30 or 60 dayg bﬁost -transplantation

significantly correlated W|th the pre-transplant TTV DN&’\TeveIs (r=0.61, 0.54,
respectively; both P 0. 001).

q@
\; ©
(@

0% Gorzer et al., Plos one 2015
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TTV and rejg@iion

rz@
&

- Schiemann gt al 2017: Cross sectional study AMR vs TTV load in
715 kldnay recipients " &

‘\.

- Risk ratha%O 94 per TTV log level; 95%conf|degn*ce interval 0.90-0.99; P=0. OZ)QQ'

N
.\f-) 2 N ((\
3 Q@é &

F{alz et al. 2018: Prospective foIIoW up. TTV viral load at baselme IS the
o’bnly marker after multivariate arm‘iy&s (adjusted HR per 1Iogﬁ) copies/mL
Increase 0,69 (0,49-0,97 950/96’él) p value 0,030)

©

<
& Q
&

@ b

- Solis et al. 2018: link b%tween TTV load at basellrle“’threshold
3,4 logs and at M1 tl@gﬁ’eshold 4,2 logscopies/mL g&éasma

©<2~
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QuantiFERON CMV and TTV viral load :
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Conclusion : TTV could be a useful early marker in SOT

6‘
- Highly reprodugﬂale kinetics in solid organ transplant recipients

- High presomﬁ’tlon for a link between TTV viral load in the early phase post graft &
and occurg«ence of opportunistic viral infections (g;sMV BKV...) &

- In Iun%ﬁ‘ansplant potential link between high w“al loads at the plateau with &
baci;e al or fungic infections N <

AWaltlng interventional studies ! &8 &
'\3) Q-.O(\é\ \060‘“
- Standardisation of viral load result,g;ﬁs required &
- recent development of the 1st stand@vdlzed assay &

- 1st QCMD quality control performed in 2018 &

- Plasma versus whole bIooglb “similar results &
9&0 ,19"'

- Role of genotypes 04;@? TV lineages in transmission aQ@d"expansmn ?
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