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In 2011, in ISMETT a protocol to promptly detect HHV-8 infections and treat related diseases has been developed.

Universal HHV-8 serology is performed on all donors and recipients to stratify the risk of post-Tx HHV-8-related disease

wrces [ i

UPMC ISMETT

Palermo




ORIGINAL ARTICLE - Articles in Press, November 15, 2024 - Open Access s o m e ‘ o n fext

Serologic screening and molecular surveillance of Kaposi sarcoma
herpesvirus/human herpesvirus-8 infections for early recognition and effective
treatment of Kaposi sarcoma herpesvirus-associated inflammatory cytokine
syndrome in solid organ transplant recipients

Alessandra Mularoni* - Andrea Cona & * B - Matteo Bulati ... - Pier Giulio Conaldi? - Paalo Antonio Grossi 2° - Mario Luppi ®

Serologic screening and molecular surveillance of Kaposi sarcoma herpesvirus/HHV-8 infections for early recognition

and effective treatment of Kaposi sarcoma herpesvirus-associated inflammatory cytokine syndrome in SOT recipients

Do routine screenings Cohort study Rate of HHV-8 seroprevalence:

enable early detection of (ISMETT, 2011-2023) -

human herpesvirus-8 (HHV-8)
infection and treatment of -
KS herpesvirus-associated Analyzed SOT donor and donors  recipienfs
inflammatory cytokine recipient HHV-8 serology for:
syndrome (KICS)?

Rate of HHV-8
transmission
in D+ / R-

Rate of HHV-8

* Prevalence
* Rates of transmission
or reactivation

* KICS risk and % reactivation

outcomes in D- / R+
KICS treatment: Systematic use of

mMTOR
inhibitor rituximab

i

was associated with improved
outcomes in SOT patients

+ antiviral with KICS A JT

ajt.2024.11.013

May 2025 AJT Editor's Choice Article

Mularoni et al
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Human Cytomegalovirus
Epstein—Barr Virus

Varicella Zoster Virus

Herpes Simplex Virus

Human Herpesvirus 6A and 6B and 7

Human Herpesvirus 8/Kaposi sarcoma-
associated Herpes Virus

Herpesviruses in SOT

Prevention:

* Determination the serostatus of
donor and recipient

e Antiviral prophylaxis

e Viral load monitoring

* Preemptive therapy

* Vaccination

* Education and hygiene

Therapeutic strategies:
 Antiviral treatment
* Immunosuppression adjustment
« Management of complications
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Herpesviruses in SOT

DIRECT EFFECTS
* Fever and neutropenia

* End-organ disease (pneumonia, gastritis, colitis, encephalitis)

INDIRECT or IMMUNOMODULATORY EFFECTS

e Systemic immunosuppression - Opportunistic infections:
Aspergillus after CMV, Pneumocystis after CMV, CMV/EBV coinfection >risk of PTLD

* Inflammation and Cytokine Syndrome - HHV-8 and KICS

* Rejection and chronic graft disfunction - release of proinflammatory cytokines

ONCOGENESIS
* EBV: PTLD
« HHV-8: Kaposi sarcoma (KS), Lymphoma
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Human Herpesvirus 8/
Kaposi sarcoma-associated Herpes Virus

Characteristics, Life cycle and Seroprevalence




Human herpesvirus 8 (HHV-8), also known as Kaposi's sarcoma-associated herpesvirus (KSHV), is a
double-stranded DNA oncogenic virus, belonging to the family of the y-herpesvirus

Moritz Kaposi (1872) Siegel et al (1969) Philadelphia (1553) Yuan Chang andg:;:rtrick Moore
Kaposi Sarcoma was The first case of post- AIDS epidemic caused a N g " ;
described for the first ; ; dramatic rise in the Chang and Moore discovere
transplant KS in a kidney . .
time by Moritz Kaposi transol - incidence of KS unique DNA sequences in KS
plant recipient lesions from AIDS patients

Kaposi M. 1982. doi:10.3322/canjclin.32.6.342
Siegel JH et al. 1969 .d0i:10.1001/jama.1969.03150210077009 .
Chang Y and Moore P et al. 1994. doi:10.1126/science.7997879 =) E
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HHV-8 characteristics and life cycle

HHV-8 infects B cells, endothelial cells, macrophages and monocytes
The life cycle alternates between latent and lytic phases

ROUTE OF TRANSMISSION:

e Saliva

* Sexual contact

* Intravenous or inhalation drug Vil -
use .:.,,.,,,.w,.,\.! 1 L o) :@5 Cytoplase

* Blood transfusions e S S s |

* Solid organ transplantation
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HHV-8 seroprevalence

Geographic and Population-Based Differences in HHV-8 Prevalence

b
- Sub-Saharan Africa: 50%
- Mediterranean Basin and Eastern
Europe: 5-30%
- Northern Europe and U.S.: 1-10%
- Some populations (HIV and MSM)
40-60%
KSHV seroprevalence
rates (%)
1 4
6-10
71120
B 2140 -
B 41-70 Kaposi sarcoma
. Il _95 i:::f;;:;;nm:;;;;«ﬂhssomDamania?, Susan E. Krown®, Jeffrey Martin®, Mark Bower®
NOt leponed Ih."lTURE REVIEWS | DISEASE PRIMERS | Artidle citationlD: {20149]) 5:9 i
Cesarman E et al Nat Rev Dis Primers. 2019 PMID: 30705286 1rces [ Liocoi
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HHV-8 seroprevalence in Solid Organ Transplantation

Multicenter Prospective Study for Laboratory
Diagnosis of HHVS8 Infection in Solid Organ Donors
and Transplant Recipients and Evaluation of

the Clinical Impact After Transplantation

Angela Chiereghin, BSCD, P, ! Patrizia Barozzi, BScD, PhD,? Evangelia Petrisk
e 2
Luciano Potena, MD, PhD, wla Tsdc&'\m MD, PHD Dma Glbcrlum F‘I D.'

ar
Gabriela Sangiorgl, MD,'" Gastano La Manna, MD, PhD,” Antonio Daniels Pinna, MD, PhD,
Mario Luppi, MD, PhD,” and Tiziana Lazzarotto, BScD, PhD'

ORIGINAL ARTICLE

HOPE in action: A prospective multicenter
pilot study of liver transplantation from
donors with HIV to recipients with HIV

‘umm Piockill, BScD,'

(Transplantation 2017;101: 1935-1944)

Donors 4%
Recipients 18%

Christine M. Durand! & &, sander Florman 2, Jennifer D. Motter ?, Diane Brown ?,

Darin Ostrander !, Sile Yu 3, Tao Liang 1 William A. Werbel }, Andrew Cameron 3, Shane Ottmann 3,
James P. Hamilton !, Andrew D. Redd ! ¢, Mary G. Bowring 3, Yolanda Eby °, Reinaldo E. Fernandez !

, Brianna Doby ¢, Nazzarena Labo 7, Denise Whitby 7, Wendell Miley ?, Rachel Friedman-Moraco ®

..Dorry L. Segev *

ORIGINAL ARTICLE - Articles in Press, Novemnber 15, 2024 - Open Access

Serologic screening and molecular surveillance of Kaposi sarcoma
herpesvirus/human herpesvirus-8 infections for early recognition and effective
treatment of Kaposi sarcoma herpesvirus-associated inflammatory cytokine
syndrome in solid organ transplant recipients

Liver Tx recipients with HIV 21%

Alessandra Mularoni* - Andrea Cona 2 * B2 - Matteo Bulati * ... - Pier Giulio Conaldi ? - Paolo Antonio Grossi 2° - Mario Luppi @

Donors 3.3%
Recipients 8.4%

Clinical Infectious Diseases 6 '9 I D S ﬁ
MAJOR ARTICLE OXFORD

Kaposi Sarcoma-Associated Herpesvirus Risk and Disease
in Kidney Donors and Transplant Recipients With Human
Immunodeﬁc1ency Virus in the United States

Journal of Medical Virology

| LETTER TO THE EDITOR CIEEED 0 Liang*** Nazzarena Labo,” Jonathan Hand,** Emily A. Blumberg,** Meenakshi M. Rana.” Sander Florman,” Brandy Haydel.”
loanna " Moreno M. S ? William A. Werbel,”” Mary G. Bowring,” Rachel J. Friedman-Moracoe,' Peter Stock,'"
“ Shikha Mehta, “AloxnnderJ Gilbert,' llnlml Elias,'*“ Sapna A. Mehta,"* Catherine B. Small."” Ghady Haidar,"® Maricar Malinis,"*
Marcus R. Peraira,® Saima Aslam,”’ David W, i : Q. Santos, ™ Senu Apewokin,™ Jose A. Castilla- L..nn"
Karthik Ranganna,” Megan Morsheimer,2? Al orry L. Segev,'™" Wendell Miley,” Vickie Marshall,*® Denise Whitby,*

Aaron A. A. Tobian,** and Christine M. Durand®*“; on behalf of the HOPE in Action Investigators

Kidney Tx recipients with HIV 41%
Donors with HIV 25%
Donors without HIV 8%

Human Herpesvirus 8 in Solid Organ Transplant Donors
and Recipients: Need for Screening? A Dutch
Seroprevalence Pilot Study

Geesje Roo-Brand () | Xuewei Zhou {{) | Coretta Van Leer-Buter (£} | Marjolein Knoester (&)

Donors 2.8%
Recipients 10.3%

Chiereghin A, Barozzi P, Luppi M Transplantation. 2017 Aug;101(8):1935-1944. doi: 10.1097/TP.0000000000001740 rces [ (s
Mularoni A, Cona A, Am J Transplant. 2025;25(5):1070-1085. doi:10.1016/j.ajt.2024.11.013 [JPMC | ISM ETT
Roo-Brand G, Knoester M. et al. ) Med Virol. 2025 doi: 10.1002/jmv.70477 Palermo

Nambiar PH. Et al. Clin Infect Dis. May 2025. doi:10.1093/cid/ciaf229

Durand CM et al. Am J Transplant. 2022;22(3):853-864. d0i:10.1111/ajt.16886




Lack of Recommendation on screening and management

/ Clinical TRARSPLANTATON
SPECIAL ISSUE: TRANSPLANT INFECTIOUS DISEASES WILEY i .

Human herpesvirus 6, 7, and 8 in solid organ transplantation:
Guidelines from the American Society of Transplantation
Infectious Diseases Community of Practice

Rebecca Pellett Madan® | Jonathan Hand® | on behalf of the AST Infectious Diseases
Community of Practice

Guide to the quality
and safety of

ORGANS FOR
TRANSPLANTATION

European Committee EDQM

on Organ Transplantation | 9th Edition
(Partial Agreement) |
(CD-P-TO) | 2025

A

\ /l’f CENTRO NAZIONALE
2% TRAPIANTI
SR

October 2024

4 | HHV-8 RECOMMENDATIONS AND
LEVEL OF EVIDENCE

4.1 | Diagnosis

Serology is of limited utility in the diagnosis of acute HHVY-8 related
disease post-transplant (strong, low).
Im endemic regions, pretransplant donor and recipient HHV-8 se-

rologic screening may be helpful to stratify disease risk after trans-
plant (weak, low).

Targeted pretransplant HHV-8 serologic screening of at-risk do-
nors and recipients or those from endemic regions may be consid-
ered in low seroprevalence regions (weak, very low).

8.6.2.17. Kaposi sarcoma-associated herpes virus or
human herpes virus 8

Screening not recommended

In case of positive HHV-8 Ab in the donor, follow up of the recipient:
*  Monthly HHV-8 DNA for 6 months post-tx
* HHV-8 Ab at 3 and 6 months pos-tx

* If no seroconversion follow up with HHV-8 DNA every 3 months

Take note!

Universal screening of donors for KSHV is generally
not necessary. However, since donor-derived primary
KSHV infection may be associated with severe disease,
screening of donors for KSHV anti-lytic and anti-latent
antibodies is recommended for donors and recipients
coming from areas with high prevalence.

« In cases of D+/R— mismatch, close monitoring of the
recipient for KSHV-DMA in blood is recommended in

order to identify infection early.

Pellett Madan R, Hand J; Clin Transplant. 2019 doi: 10.1111/ctr.13518
EDQM. Guide to the quality and safety of organs for transplantation. 9th Edition, 2025

CENTRO NAZIONALE TRAPIANTI 2024

https://www.gov.uk/government/publications

i GOV.UK

Independent report

SaBTO virology subcommittee

recommendations on KSHV: executive
summary

Main recommendation

We recommend the introduction of universal serological screening of deceased
donors for KSHV infection. To begin with, such testing should be centralised.

The programme should be monitored and reviewed to inform necessary
changes.
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The spectrum of HHV-8 associated diseases




The spectrum of HHV-8 associated diseases

HHV-8/KSHV RELATED DISEASES

]

ks J pe Qs J wmco J

|

CLINICAL MANIFESTATION
Vascular tumor with Lymphomatous Non-neoplastic Multifocal Nodal or
cutaneous or visceral effusions in body disease characterized lymphadenopathy extranodal mass
involvment eavities without by hyper inflammatory with constitutional lesions with
characterized by detactablasolid host responses, high symptoms and aggressive clinical
violaceous lesions I asars HHV-8 DNAemia, bone hyper inflammatory course
marrow failure and host responses
high mortality
PATHOGENIC MECHANISMS
Expression of HHV- HI-?V-S/KSHV Uncontrolled f.lHV» polyclonal B cell Large :
8/KSHV latency genes driven B-cell 8/KSHV lytic : E plasmablastic
7 A lymphoproliferative g
(LANA-1, v-FLIP, and v- transformation replication in discides withvile cells expressing
Cyclin) that inhibit with latency immunosuppressed and host IL-6/1L-10 LANA, vIL-6, IRF4,
apoptosis and promote genes host with cytokines . and cytoplasmic
¥ 5 z overproduction
\ vascular proliferation expression storm IgMA

FIGURE 1 | Clinical spectrum of HHV-8/KSHV-related diseases in the SOT setting.

| REVIEW ARTICLE @EZEED

HHV-8/KSHV in Solid Organ Transplantation: Current Gaps
of Knowledge and Future Directions

Alessandra Mularoni*2 @ | Andrea Cona'? @ | Malgorzata Mikulska™* | Francesca Pecoraro' | Carlotta Piazzal |
Elda De Vita+* | Giada Pietrosi> | Matteo Bulati' | Tiziana Lazzarotto™* | Mario Luppi’

KICS:

“a non-neoplastic HHVS8-related disease characterized by fever, hyper-inflammatory host responses,
rarely, bone marrow failure and organ damage but without the characteristic histopathology of MCD”

Mularoni A, Cona A, Mikulska M. Transpl Infect Dis. 2026 Jan 30:e70179. doi: 10.1111/tid.70179

irces 9 ¢

UPMC |ISMETT

Palermo




HHV-8 infection in Solid Organ Transplant recipients

HHV-8 related clinical manifestations in SOT

The severity, timing, and type of HHV-8-related disease may
differ by transplanted organ, donor and recipient serostatus
and the degree of immunosuppression

* KSis the most common manifestation

* Other neoplastic manifestations (PEL, LCL, MCD) very
rare in SOT

* KICS more common in SOTs following primary infection
rather than reactivation

Lung Transplantation

1O THE EDITOR: We would like to expand on the
review by Christie et al. (Nov. 14 issue)' by discuss-
ing the emerging pathogenic role of Kaposi's sar-
coma-associated herpesvirus (KSHV) infection,
also known as human herpesvirus 8 (HHV-8) in-
fection. Dollard et al. reported that lung-transplant
recipients in the United States appeared to be par-
ticularly susceptible to the transmission of HHV-8
from deceased organ donors; HHV-8 infection was
followed by fatal Kaposi’s sarcoma in most cases.’
Most of the donors had a history of high-risk
sexua! behavior, injection-drug use, or both.” In
southern Italy, the risk of Kaposi’s sarcoma
among lung-transplant recipients early in the post-
transplantation period is greater than the risk of
this cancer in the general population.’ In addition,
in a series of solid-organ transplant recipients
from Sicily (Italy), a geographic area where HHV-§
is endemic, seroprevalence was 6.9% among 145
lung-transplant recipients, and 1 of 2 HHV-§—
mismatch patients (seropositive donor and sero-
negative recipient) had a primary HHV-§ infection,
followed by fatal, disseminated Kaposi's sarcoma
and KSHV-associated inflammatory cytokine syn-
drome (KICS).” Recognition of post-transplantation
Kaposi's sarcoma and KICS in lung-transplant re-
cipients from donors at risk for HHV-8 infection
may allow better management of recipient care
and lifesaving interventions.>*

Mario Luppi, M.D., Ph.D.,' Andrea Cona, M.D,,
Ph.D.,” and Alessandra Mularoni, M.D.

*University of Modena and Reggio Emilia, Modena, Italy;
2|RCCS Istituto Mediterraneo per i Trapianti e Terapie ad Alta
Specializzazione, Palermo, italy,

Dr. Luppi can be contacred at mario. luppiunimore.it.

No potentia’ conflict of interest relevant to this lewer was
reported.

1. Christe JD, Van Raemdonck D, Fisher AJ. Lung transplanta-
tion. N Engl ] Med 2024;391:1822-36.

2. Dol'ard SC, Annambhot!a P, Wong P, et al. Donor-derived
human herpesvirus 8 and development of Kaposi sarcoma
among 6 recipients of organs from donors with high-risk sexual
and substance use behavior. Am J Transplant 2021;21:681-§.

3. Piselli P, Busnach G, Citterio F, ex 2!, Risk of Kaposi sarcoma
afeer solid-organ transplantation: multicenter study in 4767 re-
cipients in lnaly, 1970-2006. Transplant Proc 2009;41:1227-30.
4. Whithy D, Luppi M, Earozzi P, Boshoff C, Weiss RA, Torelli
G. Human herpesvirus & seroprevalence in blood donors and
lymphoma patients from different regions of Italy. ] Nat Cancer
Inst 1998,90:395-7.

5. MularoniA, Cona A, Bulati M, et 2!, Serologic screening and
molecular surveillance of Kaposi sarcoma herpesvirus human
herpesvirus-8 infections for early recognition and effecdive
trearment of Kaposi sarcoma herpesvirus-associated inflamma-
tory cytokine syndrome in solid organ transplant recipients. Am
J Transplant 2024 November 16 (Epub ahead of print)

DOI: 10.1056/NEJMc2416119

THE AUTHORS REPLY: Luppi et al. call attention to
the emerging issue of donor-derived HHV-8 in-
fections. We agree with their statements and
the importance of the articles referenced in their
letter. To this, we would add that the United King-
dom recently instituted a national surveillance
program to address this issue.!

Jason D. Christie, M.D.," Dirk Van Raemdonck, M.D.,
Ph.D.,” and Andrew ). Fisher, Ph.D., B.M., B.S

N ENGL ) MED 3927 NEM.ORG FERRUARY 13, 2025

The New England Joumnal of Medicine is produced by NEJM Group, a division of the M

Medical Society.

Luppi M, Cona A, Mularoni A. Lung Transplantation. N Engl J Med. 2025. doi: 10.1056/NEJMc2416119
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HHV-8 related diseases

Kaposi Sarcoma




Kaposi sarcoma in solid organ
transplant recipients: updates
in epidemiology, diagnosis,
treatment and prevention

Kaposi Sarcoma

Alessandra Mularoni*?, Andrea Cona™, Carlotta Piazza®,

C LI N I CA L P R ES E NTATI O N Francesca Pecoraro®, Patrizia Barozzi® and Mario Luppi®

* most i TN = ~lish lesions
(mac ; 2 - /

* itma \er phenomenon”)

¢ PT-KS

aggre
recipl

4 lesions, and a more
donor and

e KSis
* |n the

e absol 000 person-years in

SOT recipients, and 1.5 per 100,000 person-years in the general population

* some authors reported higher incidence of KS among lung transplant recipients

1rces [N cisn
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Mularoni A, Cona A, Piazza C, Pecoraro F, Barozzi P and Luppi M (2026). Front. Immunol. 17:1698179. doi: 10.3389/fimmu.2026.1698179 Palermo




deOSi SGICOmG Kaposi sarcoma in solid organ

transplant recipients: updates
in epidemiology, diagnosis,
treatment and prevention

Alessandra Mularoni™?, Andrea Cona™™, Carlotta Piazza®,
Francesca Pecoraro®, Patrizia Barozzi* and Mario Luppi®

KAPOSI SARCOMA CHARACTERISTICS BY ORGAN TYPE

* SR including a total of 100 studies for a total of 663 KS cases in SOT:

* 452 (68%) cases in Kidney Tx recipients
e 103 (15%) in Liver Tx recipients

* 63 (9.5%) in heart Tx recipients

* 45 (6.8%) in lung Tx recipients

* Among studies that reported clinical outcome, overall survival was 66.5% (241/362)
* Highest survival among kidney and Liver recipients [70% (196/279) and 63% (27/43)]
* Lower survival among heart and lung [46% (6/13) and 44% (12/27)]

1rces [N cisn

Palermo

Mularoni A, Cona A, Piazza C, Pecoraro F, Barozzi P and Luppi M (2026). Front. Immunol. 17:1698179. doi: 10.3389/fimmu.2026.1698179




HHV-8 related diseases

Primary Effusion Lymphoma
AND
Multicentric Castleman Disease




Primary Effusion Lymphoma

CLINICAL PRESENTATION
* PELis an uncommon, aggressive subtype of non—Hodgkin lymphoma

* malignant effusions in body cavities without solid masses

CD45 within body-cavity effusions

EPIDEMIOLOGY

* Only a limited number of PEL cases have been documented in the SOT setting

bowel transplant recipient, and one in a HSCT recipient)

was concurrently present in 4 out of the 13 cases; all the reported cases died

anelli et al Cancer 12021) 21:4¢
5://doi.org/10.1186/512885-021-08215-7 BMC Cancer

RESEARCH ARTICLE Open Access

Primary effusion lymphoma occurring in m@
the setting of transplanted patients: a -
systematic review of a rare, life-threatening
post-transplantation occurrence

Magda Zanelli"'®, Francesca Sar-;ucdclcer, Maurizio Zizzo®", Andrea Palicelli', Maria Chiara Bassi®,
- o nc® .

Giacomno Santandre ovanni Martino®, Alessandra Soriana’, Cecilia C;pl:"n”, Mattea Corsi®, Stefano Ricci',
Linda Ricci® and St Ascani®

 the diagnosis is typically based on the identification of HHV-8/KSHV positive malignant lymphoid cells expressing

* Recent SR conducted by Zanelli et al. describing 13 PT-PEL cases (six in KTx, three in HTx, two in OLTx, one in

» All patients were male, with a mean age at disease onset of 54.9 years, while the average onset was 8 years PT; KS

Zanelli M, Sanguedolce F, Zizzo M, et al (2021) BMC Cancer. https://doi.org/10.1186/512885-021-08215-7
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Multicentric Castleman Disease

CLINICAL PRESENTATION

* polyclonal B cell lymphoproliferative disorder characterized by widespread lymphadenopathy and inflammatory
features, with episodic flares of systemic symptoms and aberrant host immune responses with elevated
inflammatory markers and high HHV-8/KSHV DNAemia that can lead to organ damage and, eventually, death

* Clinical manifestations: fever, fatigue, night sweats, weight loss, peripheral edema, cytopenia, skin rashes, and
involvement of respiratory and gastrointestinal systems, organomegaly, and lymphadenopathy

DIAGNOSIS
* Definitive diagnosis of MCD requires histopathological confirmation, via excisional lymph node biopsy

* HHV-8/KSHV infected IgMA restricted polyclonal plasmablasts within the mantle zone of B-cell follicles, with
immunohistochemical staining positive for LANA

Irces [ ca
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PEL and MCD treatment

Primary Effusion Multicentric Xanodl KSHV-associated
Lymphoma or Castleman sarcp:ma inflammatory
HHV8-DLBCL Disease cytokine syndrome

Essential to rule
out MCD or PEL
" = R K Y =y ~
EPOCH +/- Rituximab Liposomal No standard
Rituximab posoma S
Rituximab with doxorubicin guidance
AZT/VGC . Recommend
CHOP+/- llposon.\a‘l Paclitaxel treatment with
Rituximab || Tocilizumab| | dxerubicin rituximab with KS
Pomalidomide directed therapy
Rituximab for \ 2 | for certain patients |
concurrent MCD

rces [ sis
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HHV-8 related diseases

Kaposi Sarcoma associated Inflammatory
Cytokine Syndrome
(KICS)




Lungs
+ Pneumonitis
« Pulmonary edema

« Dyspnea, hypoxemia

« ARDS

Liver

« Hepatomegaly

« Elevated liver enzymes
« Increased hepcidin

« Hypoalbuminemia

« Liver injury

« Cholestasis

« Liver failure

" Kidneys

« Acute renal dysfunction or injury
+ Renal failure

Vascular and lymphatic systems

« Cytopenia, anemia, leukacytosis

» Coagulopathy

« Hyperferritinemia, increase in other
acute-phase reactants (e.g., CRP,
o-dimer)

« Elevated cytokines (e.g., interleukin-1,
interleukin-6, interferon-y) and growth
factors (e.g., VEGF)

« Endothelial damage and vascular
permeability

« Capillary leak syndrome

« Vasodilatory shock

= Spontaneous hemorrhage
« Lymphadenopathy

Cytokine-induced

“collateral damage”

[HEEEE Polizzotto MN et al

KICS in Solid Organ Transplant recipients

Nervous system

« Confusion
« Delirium
« Aphasia
« Seizures

Constitutional symptoms

«» Hypotension
« Tachycardia

i Heart
« Cardiomyopathy

( Rheumatologic system |
= « Vasculitis

« Arthritis, arthralgia

Gastrointestinal system

« Nausea
« Vomiting
« Diarrhea
« Ascites

Skin

« Rash
« Edema

o Acute systemic inflammatory effects

o Secondary organ dysfunction (e.g., hepatic, renal, pulmonary)

@ Dysfunction due to inflammation beyond normal response to pathogen
(if pathogen present)

© Cytokine-driven dysfunction (if no pathogen present)

Multiorgan failure

. 2016. PMID: 26658701; Fajgenbaum DC., N Engl J Med

KICS:

“a non-neoplastic HHVS8-related clinical manifestation
characterized by fever, hyper inflammatory host
responses, bone marrow failure and organ damage but
without the characteristic histopathology of MCD”

. 2020

Viral Sepsis
life-threatening organ dysfunction due to a dysregulated
host response to viral infection

Cytokine Storm
several disorders of immune dysregulation,
characterized by constitutional symptomes,
systemic inflammation, and multiorgan
dysfunction

Irces [ ca
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KICS in Solid Organ Transplant recipients

American Journal of

TI'HDSPlﬂIltﬂ tion

Case Report | @ Full Access

Successful Treatment of Kaposi Sarcoma-Associated Herpesvirus
Inflammatory Cytokine Syndrome After Kidney-Liver Transplant:
Correlations With the Human Herpesvirus 8 miRNome and
Specific T Cell Response
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KICS in Solid Organ Transplant recipients

Contents lists available at ScienceDirect I
fedl g c . C
Clinical Microbiology and Infection @~ |wicrosiolosy

91 studies, 337 cases of HHV-8 diseases among 19,283 SOT O

Systematic Review

HHV8-related diseases in solid organ transplantation: a case series
and systematic literature review

Cecilia Bonazzetti - °, Matteo Rinaldi -, Federico Giovagnorio °, Pelin irkéren *,
Martina Casarini ', Alessandra Cascavilla °, Maria Cristina Morelli °, Luca Vizioli °,
Paolo Pianta °, Giorgia Comai “, Matteo Ravaioli ™ *, Luciano Potena ?, Liliana Gabrielli '°,
Tiziana Lazzarotto '”, Nicola Alvaro '', Pierluigi Viale ?, Maddalena Giannella -*

* rates of HHV-8 related disease: 18% in D+/R-, 8% in R+, 0.1% in D-/R-

* Reported diseases:
e cutaneous and visceral KS (246/296, 83%)
 KSHV-associated DLBCL (16/296, 5.4%), MCD (10/296, 3.4%) and PEL (5/296, 1.7%)
* KICS (14/296, 4.7%) = 10/14 (64%) treated with Rituximab/Tociluzumab

* Overall mortality in KICS 6/14 (43%):
* mortality in treated with Rituximab/tocilizumab: 1/9 (11%)
* mortality in untreated: 4/5 (80%)
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KICS - treatment

How I treat HHV8/KSH V-related diseases in posttransplant patients
*Giovanni Riva," *Mario Luppi,' *Patrizia Barozzi,' *Fabio Forghieri,' and *Leonardo Potenza’

'Dipartimento di Scienze Mediche e Chirurgiche Materno-Infantili e dell’Adulto, Universita di Modena e Reggio Emilia, UO-C Ematologia, AOU Policlinico,
Modena, ltaly

* mTORs have an anti-proliferative effect
e Switch from CNI to mTORs has also been associated with
simultaneous HHV-8-specific cytotoxic T cell recovery

* |S reduction ‘

e mMTOR inhibitors
e Antivirals
e Rituximab

American Journal of Transplantation
Wolume 17, Issue 11, November 2017, Pages 2963-2969
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s Case Report

‘. ; Successful Treatment of Kaposi Sarcoma-
R blOOd Associated Herpesvirus Inflammatory
CORRESPONDENCE | APRIL 1, 2006 Cytokine Syndrome After Kidl‘lEY—LiVEI’
Severe human herpesvirus-8 primary infection in a renal transplant patient Transplant: Correlations With the Human
successfully treated with anti-CD20 monoclonal antibody HGFPESVH'US 8 miRNome and SIJECifiC T Cell
Olivier Thaunat, Marie-France Mamzer-Bruneel, Felix Agbalika, Frangoise Valensi, Marcia Venditto, Céleste Lebbe, Camille Frances,
Romain Kania, Lucienne Chatenoud, Corinne Antoine, Srinivas Kaveri, Henn Kreis, Emmanuel Morelon R@S pOﬂSE

A Mularoni'T 0 &=, A. Gallo?T, G. Riva **7, P. Barozzi * T, M. Miele %, G. Cardinale °, G. Vizzini ,
R. Volpes ®, P. Grossi *7, D.DiCarlo % A, Luca & T.Trenti % M. Luppi * T, P.G. Conaldi 2% 7

Thaunat O. et al. Blood 2006
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KICS - treatment

| rREVIEW ARTICLE

HHV-8/KSHYV in Solid Organ Transplantation: Current Gaps
of Knowledge and Future Directions
Trﬂatmﬁnt NIIMbQI’ A"VQ Dead Suwlval Alessandra Mularoni'? | Andrea Cona'? | Malgorzata Mikulska®* | Francesca Pecoraro' | Carlotta Piazza' |
Elda De Vita'? | Giada Pietrosi'? | Matteo Bulati' | Tiziana Lazzarotto™® | Mario Luppi’
KICS alone (n=18) + KICS/HLH (n=2)
steroids 1 1
Rituximab plus mTORI + cytokine adsorbing hemofilter 1 1 100%
mTORI + antivirals 3 3
(n=9)
mTORi + antivirals + steroids 4 4
Tocilizumab plus
mTORI 2 2
(n=2) 100%
No rituximab no treatment 2 2
-9 antivirals 5 5 0%
(n=9) mTORi + antivirals 2 2
KICS + other KADs (n=7)
tocilizumab + antivirals + doxorubicin (KS) 1 1
mTORi plus
(n=3) Lyposomal doxorubicin (KS) 1 1 67%
tocilizumab + lyposomal doxorubicin + rituximab (MCD) 1 1
Lyposomal doxorubicin + tocilizumab (KS) 2 1 1
:\lo n;TORl antivirals + lyposomal doxorubicin + rituximab (KS) 1 1 25%
n=4
antivirals + rituximab (KS+lymphoproliferative disorder) 1 1
Abbreviation: HLH, hemophagocytic lymphohistiocytosis; KADs, HHV-8/KSHV-associated diseases; KICS, Kaposi's Sarcoma-associated Herpesvirus
inflammatory Cytokine Syndrome; KS, Kaposi Sarcoma; MCD, Multicentric Castleman disease; mTORi, mammalian target of rapamycin inhibitors.
FIGURE 2 | Treatment of all reported cases of KICS and survival rate.
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KICS in SOT - ISMETT Protocol

Recipients

Y
» Since 2011, HHV8 serology (IFA lytic and latent) on all Donors and J

 In R+ and D+/R- SOTr, plasmatic HHV8 DNA periodical monitoring and
strict clinical follow-up

 Since 2017, protocol for early treatment of patient with detectable viremia
with early switch to mTOR inhibitors (with or without antivirals)

 Patients with KICS receive Anti-CD20 Mab (Rituximab)

1rces [N cisn
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KICS in SOT - ISMETT Protocol

ORIGINAL ARTICLE - Articles in Press, November 15, 2024 - Open Access

Serologic screening and molecular surveillance of Kaposi sarcoma Rlee Of HHV‘8 Sel’OpreVO|enceI

herpesvirus/human herpesvirus-8 infections for early recognition and effective

treatment of Kaposi sarcoma herpesvirus-associated inflammatory cytokine

e -- % il 8.4
syndrome in solid organ transplant recipients 3 R 3 /O 3 /o
Alessandra Mularoni* - Andrea Cona 2. * & - Matteo Bulati * ... - Pier Giulio Conaldi? - Paolo Antenio Grossi 2 - Mario Luppi ¢

donors  recipients

1349 Donors 1856 Recipients
Donors Recipients
45, 3% 155, 8%
49 Mismatch
Recipients
+/R-
- D+/R 92% Liver 10% (96/944)
Kidney 6% (39/616)
®m POS NEG m POS NEG Heart 6% (10/1 51)

Lung 7% (10/145)
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Rate of HHV-8 transmission and disease

First DNAemia: median 71 days
Time to KICS: 85 days after SOT

49 Mismatch . S
Recipients Mismatch 'Transmlssmn

HHV-8 Ab D+/R-
d [+
6 3 e
22 D+/R- Lung=1
0 o
45% Develtc;pDeI;II HHV I[xl o @m-
7_KICS
s s (-

« HHV-8 Ab Seroconversion |

HHV8 DDI monitoring by ‘
« HHV8 DNA
» HHV-8 serology

' ¥

5 inflammatory
disease (no KICS)

Liver=5
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Clinical outcomes and management of KICS

POST-Intervention
2017-2023:

- Detectable HHV8-DNA - early switch to m-TOR inhibitor and strict
clinical surveillance
- KICS -> rituximab + antivirals

PRE- Intervention

2011-2016:
Treatment of advanced symptomatic
disease with Antivirals
(Foscarnet/Cidofovir)

7 OLTx with
HHV8-DDI

4 KICS

11 OLTx with 3 OLTx with primary 1 Lung Tx
HHV8-DDI HHV-8 (D-/R-) with DDI

2 KICS
3 KICS 1 KICS+KS 1 KS+KICS

Mortality 75%
(3 of 4 patients died)
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cytokine expression patterns during KICS

A. Mularoni et al. ican Journal of Ti X000 (3000K) 00X A. Muizroni et al. American Jounal of Transplantation xo (xoo) X
Figure 4. Correlation analysis of DNAemia vs cyto-
1L-10 e kine levels in 16 cases (14 patients), including 6 10 L6 TNF L1
e Pearson: r = 0.89, p < 0.0001 ® Pearson: r = 0.62, p < 0.0001 y with HHV-8 DNAe- = B
800000] . 800000 | . mia patients, 6 with KICS, and 4 with KS. Pearson's . o
700000 % ® rank correlation (two-tailed) was obtained using BOOD &0 = - 30 - 40
£ 600000 £ 600000 cumulati for all time points -
8 00000 - § analyzed (TO, T1, and T2). The significance (Pand r 4000 )
2 = kel values) is indicated in each panel. HHV-8, human 40 20
gaummn S herpesvirus-8; KICS, Kaposi sarcoma herpesvirus e
300000 | inflammatory cytokine syndrome; KS, Kaposi sar- = 100 . 20
200000 coma; ICOS, inducble T cell costimulator; IL, inter- 20 10 ﬁ %
100000 ” ) leukin; IFNa, interferon alfa; MF], mean fluorescence 50 10 m $
o i - | i i . . intensity; TNFa tumor necrosis factor alpha. * $ g
0 1000 2000 3000 4000 5000 6000 7000 10 20 30 40 50 60 70
MFI MFI 0 T T T o T T T a T T T 1] T T T
D K Ks D K KS D K Ks D K KS
TNFa IL17A
e Pearson: r = 0.60, p < 0.0001 ® Pearson: r = 0.58, p < 0.0001
800000 . 800000 . IFNo IL17A [+]e] PD1
- . e .
S ‘e . * 60 s 40+ R 400 - 800 .
2
E 400000 5 400000 |
2 2 304 300 600
200000 | 200000 | [ 40
= 20 200 400
0 ol
o % @ 10 é @ 100 ﬁ @ 200 % ﬁ
IFNa Icos 0 T T T 0 T T T o T T T 0 T T T
o Pearson: r = 0.68, p < 0.0001 ® Pearson: r = -0.29, p = 0.045 &} K KS 5} K KS D K KS D K KS
800000 I . ] 8000001 ®
_ . = .
5 600000 %soooon- . Figure 5. Plasma levels of IL-10, IL-6, TNFx IL1p, IFNa, IL17A, IDO, and PD-1 during higher DNAemia (T1) in patients with DMAemia (D), Kaposi
] 3 — sarcoma herpesvirus inflammatory cytokine syndrome(K), and Kaposi sarcoma (KS). *P <.05, ** < .01, ***P < 001. IDO, indoleamine 2,3-dioxyge-
g G| § ¢ nase; IL, interleukin; IFNw, interferon alfa; MFI, mean flucrescence intensity; PD-1, programmed death-1; TNFo tumor necrosis factor alpha.
200000 s Ll
0 ewnelien e . .
0
o7 * increase of IL-10 and IL-6 in patients with KICS compared to both
patients with DNAemia and KS
* higher levels of TNFa, IL-1B, IFNa, IL-17A, and IDO in KICS than in
significant positive correlation of viremia with IL-10, IL-6, TNF-a, DNAemia patients
IL-17A, and IFN-a
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Global data and Risk Mitigation

Several cases of fatal primary HHV-8 infection in SOT
recipients in the UK

= s
—_ ,
8

e 2015-2021: clusters involving 27 recipients . GOV.UK
* transmission rate 52% (14 of 27) == :
- Independent report
* mortality 57% (8 of 14) SaBTO virology subcommittee

recommendations on KSHV: executive

' summary

Expert committee review and economic analysis for donor
screening implementation

L 4

We recommend the introduction of universal serological screening of deceased
donors for KSHV infection. To begin with, such testing should be centralised.
The programme should be monitored and reviewed to inform necessary
changes.

Main recommendation

Irces [ ca

https://www.gov.uk/government/publications/sabto-virology-subcommittee-recommendations-on-kshv-infection/sabto-virology- UPMC | |SMETT
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Global data and Risk Mitigation

Abstract# OA31.6 -,.,_‘ Tc 2025 ‘;L, GOV.UK
Lessons from a Newly Implemented Organ Donor Screening for | [:e«"  "ee.i ‘n'
e ", Independent report

Human Herpes Virus Type 8 in the UK .,
World Transplant Congress SaBTO virology subcommittee

L. Ushiro-Lumb', A. Dalla Pria’, C. Geoghegan', M. Bower?, R. Baker!, 3
J. Neuberger®, D. Manas', 'NHS Blood and Transplant, *Chelsea and San Francisco, USA | August 2-6 recommendations on KSHV: executive
summary

Westminster Hospital, *University Hospitals Birmingham
Updated 13 March 2025

Deceased organ donor screening for herpes virus type 8 and

. IUniversal, post-Tx testing with lytic and recipient outcome — May 2023 to December 2024, UK
atent IFA

* if positive, donor plasma is tested for viral

DNA NN,
- : PSS 2595 donors 182 sero- 9 antibody and
[ ) -
rec.|p|en'F follow up for early |'dent|f!cat|on DNA positive
of infection and disease manifestation, and . : s

"

L .
oY
e ®

Lo 8",
-+ PR
i el s

any necessary intervention

* Donors seroprevalence 7% 371 recipients 16 new e
« Transmission rate 4.3% (16/371) , followedup § infections g =
* Mortality 37.5% (6/16)

* Among 8 liver recipients, 5 died within six oo .
ver 5 liver deaths
months from Tx of HHV-8-related causes 5 kidneys

2 pancreas-kidney All other recipients
1 lung asymptomatic

T 1 cantensato con
IRCCS [ i feronesciara
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Global data and Risk Mitigation

202 1-202 5 74 transplant recipients with posttransplant KSHV infection:
« 24lung « 3single kidney + pancreas
+ 20 liver » 2 heart + single kidney
« 16 kidney « 1 heart + double lung
U.S. Centers for Disease Control and Prevention « 7 heart « 1 kndney + liver
MMWR Morbidity and Mortality Weekly Report

Weekly /Vol. 75 / No. 8 March 5, 2026
50 recipients with a KSHV related-complication:
Kaposi Sarcoma-Associated Herpesvirus Infection and « 45KS
Complications Among Solid Organ Transplant Recipients — United States, = 8 multicentric Castleman disease and KS
January 2021-September 2025 * 6KICS andKS
Tan Kracalik, PhD'; Pallavi Annambhotla, DrPH'; David W. McCormick, MD'; Andrew 1. Geller, MD'; Kelsey McDavid, MPH'; Isabel Griffin, PhD'; S pﬂmary effusion Iymphoma and KS
ymond Lynch, MD?; Brianna Doby, 2; Yoichiro Nator, 3; Sofya Tokman, ; Christine M. Duran % Camille N. Kotton, MD®; H s .
Rarmond Lmeb D ijfmf'!gﬁ}z'é-\}gﬁkoﬁhgﬁg ﬁ%srr’élu{:_ K}Siggué?-smphi”é.cnm.p;’u‘?h'.?w‘i‘? e Korion, MY = 1 posttransplant lymphoproliferative disorder and KS
ridhar V. Basavaraju, 1; Donor-Derive nvestigation Group . 3 tt nsp‘an(lym I prolife’am disorder
« 1 primary effusion lymphoma
« 1KICS
* transplanted organs from 46 deceased donors were

suspected of having transmitted HHV-8 to 153
recipients

HHYV-8 related diseases observed in 50 recipients:
* KSin 45 cases
* MCD in 8 cases
* KICSin 7 cases

* DPost-transplantation HHV-8 infection has been
identified in 74 (48%) of cases = lung (86%), liver
(57%), heart (30%), kidney (22%)

Mortality:
* 25 (16%) recipients have died

1rces [N sy
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U.S. Centers for Disease Control and Prevention

Morbidity and Mortality Weekly Report
March 5,2026

Weekly /Vol. 75 / No. 8

Kaposi Sarcoma-Associated Herpesvirus Infection and
Complications Among Solid Organ Transplant Recipients — United States,
January 2021-September 2025

2021-2025

Global data and Risk Mitigation

FIGURE 2. Number of reports* of suspected organ donor-derived Kaposi sarcoma-associated herpesvirus infections in transplant recipients

(N =57) — United States, January 2010-September 2025
20

TABLE. Characteristics of organ transplant recipients and deceased
solid organ donors whose organs are suspected of having
transmitted Kaposi sarcoma-associated herpesvirus — United
States, January 2021-September 2025
No. (column %)
Donor Recipient
Characteristic n=46 n=153
Median age, yrs (IQR) 38.5(31-51) [ 58.5 (49-65)
Male sex 31 (67) 76 (500
Men who have sex with men 15(33) 2{1)
HIV-negative 44 (96) 150 (98]
History of nonmedical inhalation or injection 31 (67) NA
drug use
History of incarceration &(17) MA
Testing completed after organ procurement 29 (64) &7 (57)*
Megative molecular or serologic 4014t 130157
KSHV test result
Positive molecular or serologic 25 (86)° 74 (85)t5
KSHV test result
Paositive recipient KSHV test result by
organ received, n/M (%)
Lung NA 24/28 (86)
Liver NA 20/35 (57)
Heart MA 7/23 (30}
Kidney NA 16/72 (22)
Recipient death MA  25/153(16)
Postinfection KSHV-related complication, n/N (%)
Kaposi sarcoma MA 45/153 (29)
Multicentric Castleman disease and MNA 8/45(18)
Kaposi sarcomat
KICS and Kaposi sarcoma't MA 6/45(13)
Pasttransplant lymphoproliferative disorder MA 2145 (4)
and Kaposi sarcoma
Pasttransplant lymphoproliferative disorder MA 41153 (3)
KICS NA 1153 (1)

Kracalik I, Annambhotla P, McCormick DW et al. MMWR Morb Mortal Wkly Rep. 2026 Mar 5;75(8):99-105. PMID: 41785153
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To screen or not to screen




Future directions, To screen or not to screen

Received: 5 March 2019 | Accepted: 15 March 2019

DOI: 10.1111/ctr13548

SPECIAL ISSUE: TRANSPLANT [l ol TSPTITON g7y gy
INFECTIOUS DISEASES

Goals of screening before transplant:

Screening of donor and candidate prior to solid organ
transplantation—Guidelines from the American Society of
Transplantation Infectious Diseases Community of Practice 1

Identify conditions which may disqualify either donor or

Maricar Malinis® | Helen W. Boucher® | on behalf of the AST Infectious Diseases

Community of Practice

Test Candidate Deceased donor Living donor re C i p i e n t
Viral
HIV
ortbocyranigen fourth Genration. : " 2. Identify and treat active infection, pre-transplant

HIV sereening test)

HIV nucleie acid amplification testing x" "
(NAT)
Cytomegalovius (CMV) G antibody . : 3. Recognize and define the risk of infection
Hepatitis B virus (HBW)
HBV surface antigen (HBsAg) * » ®
i ' ) 4. Develop and implement risk mitigation strategies
HEBV surface antibody (HBsAb) X
HBV NAT x® ¥

Hepatitis C virus (HCV)

HCV antibody X » x
HCW NAT ' x %
Epstein-Barr virus (EBV) antibody (EBV X ¥ ®
WCA g5, [gM)
West Nile virus serology or NAT ®

(seasonal)
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Future directions, To screen or not to screen

Interventions:

Utility of screening:

1.Identify recipients at risk Risk mitigation strategies:
(D+/R- and R+) 1.In I?JT/R- monitoring of clinical
condition and viremia

2.In R+, teaching for KS lesions

2.Early intervention in detection

patients with detectable

HHV-8 viremia 3. IS tapering, switch to mTOR
inhibitors

3°E?rly 'nte.rverftlon in 4.Liposomal Doxorubicin for KS,
patients with disease Rituximab therapy for KICS

1rces [N cisn
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Limits of HHV-8 screening:

1. Seroprevalence is low in most
countries

2. cost-effectiveness of serological
testing, given the relatively low
incidence of disease

3. HHV-8 antibody testing is
complex

4. Screening of Donors is not
feasible before transplantation

Future directions, To screen or not to screen

1. Characteristics of organ donors evolve

2. Timely recognition and treatment 2>
better outcomes

3. assay performance is sufficiently good
to identify SOT recipients at increased
risk

4. donor testing can be performed post-
transplant (First DNAemia 71 days; KICS
85 days after SOT)

rces [ sis
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Conclusions

* A high level of suspicion for KICS in SOT should be maintained
* While current guidelines do not recommend universal pre-transplant screening of donors and
recipients, growing data demonstrate that awareness, risk stratification, prompt recognition and

intervention are beneficial in ensuring better outcomes of recipients with HHV-8 infection and

disease

* Lack of standardized serology is the major limiting factor to support this recommendation

Further collaborative studies are needed to better characterize the spectrum of HHV8-related non-

neoplastic diseases and to define the optimal therapeutic approach to these syndromes
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Thank you!

acona@ismett.edu

\

A

Alessandra Mario Luppi
Mularoni

Tea

Istituto di Ricovero LIFE
e Cura a Carattere CHANGING
Scientifico MEDICINE



	Slide 1: HHV-8/KSHV in Solid Organ Transplantation: Screening, Risk stratification and Clinical Management
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50

