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The Third International Consensus Guidelines on
the Management of Cytomegalovirus in

Solid-organ Transplantation

Camille N. Kotton, MD," Deepali Kumar, MD,? Angela M. Caliendo, MD, PhD, Shirish Huprikar, MD,*
Sunwen Chou, MD,” Lara Danziger-Isakov, MD, MPH,® and Atul Humar, MD’
on behalf of the The Transplantation Society International CMV Consensus Group

updated recommendations.

(Transplantation 2018;102: 900-931)

Abstract: Despite recent advances, cytomegalovirus (CMV) infections remain one of the most common complications affecting
solid organ transplant recipients, conveying higher risks of complications, graft loss, morbidity, and mortality. Research in the field
and development of prior consensus guidelines supported by The Transplantation Society has allowed a more standardized ap-
proach to CMV management. An international multidisciplinary panel of experts was convened to expand and revise evidence and
expert opinion-based consensus guidelines on CMV management including prevention, treatment, diagnostics, immunology, drug
resistance, and pediatric issues. Highlights include advances in molecular and immunologic diagnostics, improved understanding
of diagnostic thresholds, optimized methods of prevention, advances in the use of novel antiviral therapies and certain immuno-
suppressive agents, and more sawy approaches to treatment resistant/refractory disease. The following report summarizes the
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he past § years has seen exciting advances related to the
understanding, diagnosis, and treatment of Cytomega-
lovirus (CMV). We currently stand on the cusp of moderniz-
ing the management of CMV infection posttransplant.
Despite these advances, CMV remains one of the most com-

aala o CEVANITa WAt FARNCINIAaNE o1 oN

(SOTR), still befitting the designation: “a transplantation
troll.”"! In addition to the direct effects of CMV infection

convened in 2008 and 2012 by The Infectious Diseases Sec-
tion of The Transplantation Society to develop consensus
guidelines on CMV management, subsequently published
in 2010* and 2013.” Topics included diagnostics, immunol-
ogy, prevention, treatment, resistance, and pediatrics. Given
numerous recent advances in the field, a third meeting of ex-
perts was convened in March 2017 to update these guidelines.

The expert panel rated the quality of evidence on which
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Toxo IgG
* 6 ay Once kadavradan renal nakil EBV IgG + +
* INDUKSIYON: ATG, prednol CMV IgG + +
* IDAME: takrolimus, MMF, prednol VZV IgG + +
HBsAg/AntiHBs -/- -/+
Anti HBclgG - -
Anti HCV - -
Anti HIV - -

VDRL - -



Sikayet: Halsizlik, yorgunluk, istahsizlik
Kullandigi ilaglar: TMP-SMX, takrolimus, MMF, prednizolon
| FM: Ozellik yok.
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llaclar? (TMP-
SMX, MMF??)

Rejeksiyon?

Oral alimi azdi,
dehidratasyon?

Baska bir
enfeksiyon?




Tetkik Adi Sonuc¢ Durum Birim Referans Arahg / Karar Siniri

Cytomegalovirus
CMV DNA PCR,  POZITIF : 22165 IU/mL
EDTAL Plazma

Artus QS-RG Q Real-Time PCR ile calisilmistir.

CMYV (copies/ml)

PLAZMA

1 copies/ml =1.64 TU/ml

Lineer aralik : 79.4-1 x 100000000 copies/ml

Analitik sentivite : 42.5 copies/ml

BK Virus PCR, Idrar POZITIF: 334551078 Kopya/mL
Artus QS-RG Q Real-Time PCR ile ¢alisilmistir.

PLAZMA ve IDRAR
Lineer aralik :50 - 9.26 x 10000000 copies/ml
Analitik sentivite : 26.7 copies/ml

BK Virus PCR, BK VIRUS DNA

EDTAlI Tam Kan SAPTANMADI

Artus QS-RG Q Real-Time PCR ile ¢alisilmistir.

Kopya/mL

PLAZMA ve IDRAR
Lineer aralik :50 - 9.26 x 10000000 copies/ml
Analitik sentivite : 26.7 copies/ml







Table 1. Charactristics of kidney transplant recipients and prevelence
of rejection in CMV infection and control group

Variable CMV infection Control P value
Sex 0.89
Female 37.9% 39.1%
Male 62.1% 60.9%
Age 0.752
Mean + SEM 36.91+1.67 36.16 £ 16.77
Duration of Dialysis 0.112
Mean + SEM 33.5912.72 32.09+£1.32
Rejection 0.000
No 63.6% 90.6%
Yes 36.4% 9.4%
Cause of ESRD 0.642
ADPKD 9.2% 7.8%
GN 10.8% 7.8%
HTN 26.2% 15.6%
Diabetes 21.5% 25%
Reflux 4.6% 10.9%
Unknown 21.5% 26.6%
Other 6.2% 6.2% Hasanzamani B et al. The effect of cytomegalovirus infection

on acute rejection in kidney transplanted patients. J Renal Inj Prev. 2016;5(2):85-88.



CMV KORUNMA

TABLE 2 Characteristics of antiviral prophylaxis and preemptive therapy
Antiviral prophylaxis Preemptive therapy
Clinical efficacy Yes (based on large randomized controlled clinical trials) Yes (based on fewer and smaller trials), including D+/

R- kidney and liver recipients

Ease of application Easier to coordinate More difficult to coordinate
Viral load thresholds not defined; each program should
develop viral load thresholds for various clinical

indications
Delayed-onset CMV Common in CMV D+/R- transplant recipients (post- Less common
disease prophylaxis delayed-onset CMV disease)
Cost Higher drug costs Higher laboratory costs
Toxicity Greater drug toxicity (myelosuppression) Lesser drug toxicity with shorter courses of antiviral
therapy
Indirect effects (graft Positive impact (meta-analyses and limited comparative Very limited data
loss, mortality, and trials)
opportunistic
infections)

Drug resistance

Razonable RR et al. Cytomegalovirus in solid organ transplant recipients-Guidelines of the American Society of
Transplantation Infectious Diseases Community of Practice. Clin Transplant. 2019 Sep;33(9):e13512



Preemptif tedavi yaklasimi

Cut off deger belirle J

l ( Eski dlizen J

12-16. haftaya kadar

haftalik CMV PCR

| Valgansiklovir/ iv 1 VB 2 MRS ’
Pozitiflik w 5 sonuc elde edene
/ |

gansiklovir

kadar tedavi )



CMV TANI

 Serolojinin yeri yok.

e Hastanin riskini belirlemede yardimci ||q En riskli grup: D+/R- /\
CAUTION
* Tani ve tedavi yanit takibinde ||q Viral yik ‘

e pp65 antijenemi testi Ilq e Standardizasyonu yok
e Subjektif

* Notrofil sayisi < 1000 oldugunda
* Qantiferon CMV (heniz net degil) duyarhligi dustk




(strong, high).
e For the prevention of postprophylaxis delayed-onset CMV

disease:

= CMV QNAT at least once weekly for 3 months may be consid-
ered for surveillance to detect CMV replication after comple-
tion of antivir ow). Detection of CMV

DNA above dlpredefined threshold ghould be preemptively

treated with valganciclovir or intravenous ganciclovir.

= Transplant recipients should be counseled of the risk of post-

prophylaxis delayed-onset CMV disease upon discontinuation

of antiviral prophylaxis (strong, low). Close clinical follow-up is
highly recommended (strong, low).
= Measures of lymphopenia (weak, low) and impairment in global

. - : \ s (nonspecific) and CMV-specific T-cell responses (strong, mod-

‘O ' \ erate) at the end of antiviral prophylaxis may be used to assess

the risk of postprophylaxis delayed-onset CMV disease.

y

/
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9 | FUTURE RESEARCH DIRECTIONS

There are a number of areas that are being actively explored in basic,

translational and clinical research fields related to CMV disease di-

agnosis, prevention, and treatment. DesHite widesgread adagtion

of the WHO International Reference Standard for calibrationi there

remains clinically significant variability in viral load values. Hence,

- - - - - - - - "
the search continues to define widely applicable viral load thresh-

olds that should guide risk stratification, preemptive therapy, and

therapeutic assessments. Clinical and commercial laboratories are
encouraged not only to calibrate CMV QNAT assays based on the
recently available WHO International Reference Standard, but also
to work further to standardize the other steps in CMV QNAT. In
the meantime, transplant providers should develop center-specific/
assay-specific and patient population-specific viral load thresholds
for different CMV QNAT clinical applications.

Numerous in-house (laboratory-developed) and commercial as-

says for the assessment of CMV-specific T-cell immunity are avail-
able to predict the risk of CMV disease in adults.??113141 However,

studies to assess the validity and utility of CMV immune assays in

Future Directions

Directly compare QNAT monitoring in plasma, whole blood,
and BAL specimens with respect to disease prediction and
monitoring response to therapy with an emphasis on using
commercially available testing systems.

Determine commutability and harmonization using the WHO
International Standard for whole blood and BAL.

To improve harmonization of QNAT, determine the viral
form (virions, fragmented, or genomic CMV) and viral kinet-
ics in whole blood.

Assess the role of digital QNAT to improve standardization of

Once viral load tests are harmonized, establish thresholds and
kinetics for DNAemia for initiating preemptive therapy.
OINIPAIC UC PCIIONTIAncc Al d ) O [1C C CICI CIrO-
logic tests and assess the utility of CMI assays and QNAT
using a variety of sample types for the interpretation of
passive immunity.
Standardized/optimize/harmonize tests measuring neutraliz-
ing antibody in epithelial cells and fibroblasts when used to




TANIMLAR

CMV

enfeksiyonu CMV hastalig

Semptom ve bulgular olmadan
izole CMV replikasyonu

+ Viral

replikasyon

Organ hasarma ait +

bulgular (kolit, hepatit,
invaziv CMV| pnomoni, nefrit, retinit)




CMV sendromu

Virus izolasyonu, hizli kiltur,
antijenemi ve NAT ile kanda CMV
saptanmasi

> 2 gindur olan > 38 ° C ates

Yeni/artmis halsizlik (toxG2) veya
Yeni/artmis yorgunluk (toxG3)

En az 24 saat araile alinmis 2
Olciimde l6kopeni/notropeni

> %5 atipik lenfosit

Trombositopeni

ALT ve AST’de 2 kat artis (KC disi
nakillerde)



TEDAVi Oral tolerasyon?

Emilim ile ilgili siphe?
Hastalik ciddiyeti

* jv gansiklovir (5 mg/kg 12 saatte bir)
* Valgansiklovir (900 mg tb 2x1)

* Immunsupresyonu azaltma (orta- agir hastalikta)

* Asiklovir veya oral gansiklovir dnerilmiyor.

* Foskarnet ikinci tercih (ciddi nefrotoksik)

e Cidofovir tcuncu tercih (ciddi nefrotoksik)

* Letermovir, maribavir, brincidovir icin daha fazla veriye
ihtiyac var,

Razonable RR et al. Cytomegalovirus in solid organ transplant recipients-Guidelines of the American Society of
Transplantation Infectious Diseases Community of Practice. Clin Transplant. 2019 Sep;33(9):e13512



Hastamiza ne oldu?

4 PEKi BKV??? (108 L iv gansiklovir bagladik
} kopya/ml idrarda) Bir y

~anlami var mi???

/ ‘ Kreatinin: 1,43
mg/dl buarada




7 IMMUNSUPRESYON o

Dusliooz YUKSEK DOZ
REJEKSIYON BK VIREMISI
BK NEFROPATISI

| GREFTKAYBI



( Bobrek nakil hastalarinda %1-10 oraninda polyoma

virus iliskili nefropati (PyVAN)

~ duzeyviriri 4 4

>
>
>
T ——

Hirsch HH et al.BK polyomavirus in solid organ transplantation-Guidelines from the American Society of
Transplantation Infectious Diseases Community of Practice. Clin Transplant. 2019 Sep;33(9):e13528..



Nasil izleyelim?

Ik 9 ay aylik, sonrasinda post-tx 2 yila kadar 3 ayda bir
BKPyV-DNAemi

Hastalarin%80-90"1 PyVAN greft fonksiyonlarinda
bozulmaya yol acmadan saptanabilir

Hirsch HH et al.BK polyomavirus in solid organ transplantation-Guidelines from the American Society of
Transplantation Infectious Diseases Community of Practice. Clin Transplant. 2019 Sep;33(9):e13528..



BK viriiri/ viremi

idrarda viral yiik > 10 7 kopya/ml
Kanda > 10 # kopya/ml

BKPyV-DNAemi 3 hafta araile 2 6lcimde
Probable PyVAN
/ >103 kopya/m|

Presumptive PyVAN BKPyV-DNAemi en az bir 6lgimde
/ >10% kopya/ml

Hirsch HH et al.BK polyomavirus in solid organ transplantation-Guidelines from the American Society of
Transplantation Infectious Diseases Community of Practice. Clin Transplant. 2019 Sep;33(9):e13528..




PyVAN TANI

 Kesin tani = Dokuda BK virlise bagli sitopatik degisikliklerin gdsterilmesi,
immunhistokimya veya in situ hibridizasyon ile dogrulanmasi

* Minimum 2 biyopsi parcasi alinmali ve tercihen medullar doku icermeli

* Patolojik tani semi-kantitatif olmali. Standart degerlendirme ve raporlama
icin kategorileri mevcut (PyVAN-A, PyVAN-B, PyVAN-C)



PyVAN-A

Viral cytopathic
changes

Interstitial
inflammation

Tubular atrophy
Interstitial fibrosis
PyVAN-B®

Viral cytopathic
changes

Interstitial
inflammation

Tubular atrophy
Interstitial fibrosis
PyVAN-B1

Interstitial
inflammation

PyVAN-B2

Interstitial
inflammation

PyVAN-B3

Interstitial
inflammation

PYVAN-C

Viral cytopathic
changes

Interstitial
inflammation

Tubular atrophy

Interstitial fibrosis

Desciiatic

Mild

Minimal

Minimal

Minimal

Variable

Significant

Moderate
Moderate

Moderate

Significant

Extensive

Variable

Variable

Extensive

Extensive

<25%

<10%

<10%
<10%

11%->50%

11%->50%

<50%
<50%

11%-25%

26%-50%

>50%

Variable

Variable

>50%
>50%

¥YY R AL

Risk of
Mostly baseline <10%
Mostly impaired 50%
Slightly above 25%
baseline
Significantly 50%
impaired
Significantly 75%
impaired
Significantly >80%
impaired

Progressive failure

- THT JUNUTIUL UE WIRTLUT 1 VIRV nuagun
PyVAN class-1 PyVAN class-2 PyVAN class-3
PyVL Banff ci score PyVL Banff ci score PyVL Banff ci score
1 0-1 2-3 . —
- - 2 0-3 - -
- - 0-1 3P 2-3



Hidrasyon sonrasi takipte kreatinin 1,65 mg/dl

Immiinsupresyonu

Tamam da
azaltalim mi?

- Reject riski yoks kanda BKPyV

bozulma yoksa im. negatif
Biyopsi
yapalim mi?




civarindadir (ct1/ci1). Tubul epitel hiicrelerinde yer yer belirginlese

ve nukleol belirginlikleri dikkati cekmistir.

Belirgin arter veya arteriol saptanmamustir.
UYGULANAN  910.260 - Bébrek, Biyopsi Igne / 911.180-11.1 - Immiinhistokimyasal Inceleme
OZEL 911.180-137.1 - immﬁnhistokimyasal inceleme - SV40 (MRQ-4)
YONTEMLER 911.160-5 - Histokimyasal Boyamalar - Massosn’s Trichome /

911.160-6 - Histokimyasal Boyamalar - Periodic Acid Schiff
911.160-3 - Histokimyasal Boyamalar - Congo Red for Amyloid ‘

911.160-4.1 - Histokimyasal Boyamalar - Kristal Violet (CV) ‘ Babrek nakil aIICIIarInda proven PyVAN’de

Histokimyasal olarak yapilan kristal viole veya kongo red ile belirg

Immunfloresan inceleme biyopsi materyalinin tanisal yeterliliginin | kandal Idra rda Veya greftte BKPyV-
Immunhistokimyasal olarak yapilan C4d ile, sinirli bir alanda periti DNAemi sa ptanmazsa jcpyv

undan azinda boyanma vardir (c4d1).

SV40 antikoru ile tubul epitel hicrelerinde, biyopsi materyalinin nEfrOpatiSinden §lj pheleni|me|i

saptanmistir.

TANI POLYOMA ViRUS NEFROPATISI (CLASS 3)fTransplant bobrek

ICD-O KODU  0000/0 - Neoplazma rastlanmamustir.

YORUM / NOT Biyopsi materyalinin tanisal yeterliligi sinirli olup, interstisyel aland
kapillerler, vaskiler yapilar ve glomertler kompartmanlaria iligkisi ¢
rejeksiyon niteligi hakkinda ileri yorum yapilamamustir.



Tedavi ____ Immunsupresyonun

azaltnlrrl!'!'l-

1- Kalsinorin inhibitortnin %25-50 (]r roliferatif ilaclarin %50
azaltilmasi asl

2- Antiproliferatif ilagclarin 9 ahihitAriiniin %25-50
azaltilmasi

3- Antiproliferatif I8¢

Es z?manll r?jec.t varsa af ilaclarin kesilmesi
once anti-reject
tedavisi




Immiinsupresyonun azaltilmasi ragmen
devam eden viremi varliginda

Sidofovir??

Ustiinliikleri

Lefl id?? .. . .
SHENOm: gosterilmedi!

IVIG??

Helikaz Gzerinden antiBKV etkileri oldugu
Florokn. = .ar??? J belirtilse de 2 RCT faydasi olmadigini
gostermistir




" PyVAN nedeniyle greft kaybi gelisen hastaya

tekrar bobrek transplantasyonu yapilabilir mi?

BKV replikasyonu olmadigindan eminsen

v >



Hastanin immiunsupresif dozu azaltildi. CMV ne

durumda?

21980 p.  Refrakter CMV
zz?s? 22'450 enfeksiyonu mu?

Kesin: 2 hafta uygun dozda tedaviye

ragmen >1 log artis ‘

CMV DNA (IU/ml)

Olasi: 2 hafta uygun dozda tedaviye
ragmen <1 log artis veya ayni dlizey

TED. BASI 1. HAFTA 2. HAF



Hastanin klinigi daha iyi, CMV DNA neden diismedi?

Ayni tip ornek (tam kan/plazma)
* Ayni cihaz

* Ayni kit / Kitler arasinda 10 3 kopyaya
WHO onayli A\ kadar farkhlik bildirilmis.

Hem hicre ici hem de htcre disi

virtsler saptandigi icin tam kanda viral
yuk daha fazla (yaklasik 10 kat- 1 log-)

Pang XL et al. Interlaboratory comparison of cytomegalovirus viral load assays. Am J Transplant 2009; 9: 258—-268
Lisboa LF, al. The clinical utility of whole blood versus plasma cytomegalovirus viral load assays for monitoring
therapeutic response. Transplantation 2011; 91:231



Kantitatif PCR

e 2010°da WHO CMV icin International Reference Standard gelistirdi.
e IU/mL
* FDA tarafindan onayli 3 test

.....

wvere = S T o

COBAS' AmpliPrep/COBAS’ TaqMan* B o e
CMV Test > RGQ MDx kit g

I
e

REF 4503245
»lll}lllllll il |
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Hastanin kemik iligi supresyonu dizeldi, sikayetleri
geriledi. Tedaviye ayni sekilde devam

En az 14 gun
Klinik diizelme

|
|
|

21980

QNAT veya
antijenemi testi
negatiflesene kadar
1-2 negatif sonucg

CMV DNA (IU/ml)

Sekonder proflaksi?

)7
{ =
.
-

&,

% TED. BASI 1. HAFTA 2. HAFTA 3. HAFTA 4. HAFTA 5. HAFTA



Refrakter CMV enfeksiyonu

* Yogun immunsupresyon
* Subterapdtik antiviral konsantrasyonu ” Risk Faktorii
* Gansiklovir direnci

* Uzamis subterapotik antiviral maruziyeti

Gansiklovir
direnci  D+/ R- serostatus

Risk faktoru * Yogun immiinsupresyon




Alteration in substrate %‘\
binding or phosphate
transfer sites Y«%

Cellular
kinase

+” 7 7~ dNTP binding site

' ‘
/_,~“--"

o

CN uL54

v, ¢ (CMV DNA Polymerase)

ppi binding site ©
Alteration in catalyc g
Alternation in ppi O; g i’at’,‘ée ’”C; 9?,5 y,
binding site exonuciease ac
1
- i FOS Resistance ; | Inhibitionof | | GCV/CDV/VGCV |} /
53‘9,%% \ -------------------------------- s CMV Rep"catlon ReSIStance E ﬁ
e_%&s&k --------------------------- ’ _—

Visual Art: © 2016 The University of Texas MD Anderson Cancer Center

Genellikle D+/R-
Akciger tx

Bobrek tx CMV
enfeksiyonu veya
hastaliginda gansiklovir
direnci %1-2

Lurain NS, Chou S. Clin Microbiol Rev 2010; 23: 689.
Myhre HA et al.. Transplantation 2011; 92: 217
Fisher CE et al. Clin Infect Dis. 2017 Mar 29



UL54 mutasyonu nadir, genellikle UL97 (%90)
UJL97 + UL54 ‘ Yiuksek duzey gansiklovir direnci
Direnc analizi icin >1000 kopya/ml gerekli

UL97 mutasyonuna bagl gansiklovir direncli CMV izolatlari
genellikle foskarnet ve sidofovire duyarl

Gansiklovire yanitsiz CMV hastaligi mevcut

hastalarin cogunda mutasyon saptanmiyor




Suspect drug resistance if cumulative GCV exposure >6 weeks [1]
and treatment failure [2] after >2 weeks of ongoing full dose GCV or VGCV

|

Decrease immunosuppressive therapy if possible

GCV = ganciclovir; FOS = foscarnet; CDV = cidofovir
VGCV = valganciclovir
¢ [1] Resistance rare before 6 weeks, see text
[2] Symptomatic disease or viral load not improving
Severe CMV disease present (see text) [3] Full dose GCV = 5 mg/kg bid i.v.
High dose GCV = 10 mg/kg bid i.v.
¢yes i ne (adjust doses for renal function)

: [4] Includes sequence variants conferring <2-fold EC50 change
FOS (_add Full or high dose [3] [5] Case reports of GCV EC50 5x-10x successfully treated with
or switch) GCV high dose GCV
i g : ¢ [6] See text on limited data for CDV efficacy. High dose GCV /
and concurrently an option for some mutations. 0 . )
Obtain genotypic test data: UL97 and UL54 < D I re n cl I/ refra kte r C M V d e
Il ! I maribavir faz 3 ¢calismasi
No mutation UL97 mutation UL54 mutation
detected [4] only + UL97 mutation m EVC U t oe
Full dose GCV GCV EC50 >5x [5] FOS-R mutation
optimize dosing
and host factors no yes no yes
High dose Full dose FOS CDV-R mutation
GCV [3]

Test specimen
from diseased
site if applicable

|

¢no

J'yes

CDV [6]

FOS + high
dose GCV [3]

v

If not improved viral load/disease after 3 weeks, repeat genotypic testing
and consider nonstandard or experimental therapy (see text)




Alternatifler

Sirolimus ve diger mTOR inhibitorleri CMV hastaligl acisindan
daha dusuk riskli immunsupresif ajanlar

<

Tedavi modifikasyonu

CMV Ig
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100 -

80' L N— 1

60 - Gansiklovir BKV-specific T cell immunitesini
i p= 006 bylograk es inhibe ediyor olabilir??

- Valganciclovir prophylaxis
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