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Introduction

Cytomegalovirus (CMV) and Epstein-Barr virus (EBWfections following paediatric
liver transplantation have been associated witlar@ety of clinical syndromes (1). The
spectrum of EBV infection ranges from asymptomatienary infection, glandular fever,
hepatitis and post-transplant lymphoproliferativeedse which encompasses a range of
disorders from mononucleosis-like syndrome to lyompha (2). CMV infection may
manifest as fever, bone marrow suppression ancharyasive disease, which most often
involves the gastrointestinal tract such as CMMrijass oesophagitis, enteritis and colitis,
although the virus can disseminate widely (3). iICéflty important EBV and CMV
infections occur more frequently in patients whe ausceptible pre-transplantation,
especially babies or infants (1).

In the early post-transplant period, EBV and CMYeations are most likely transmitted
via the graft or blood products (4,5). In paed@atransplantation settings, the increased
use of living donors and split grafts has increasedage disparity between the donor and
recipient making the possibility of an EBV and CM¥tibody status mismatch between
recipient and donor more common. Eighty percenteBV and CMV IgG negative
children who undergo liver transplantation developlogical evidence of EBV and CMV
infection within three months post-transplant (§-Ihis is a period where high levels of
immunosuppressioare maintained and as symptoms of EBV infectionralated to the
immune response, many children infected with EBVCMV, especially those of young
age, may be asymptomatic (9,13). Symptoms, wherepte may be non-specific and
difficult to discriminate during the early post#isplant period. Infections can be
associated with an isolated flare in the aspartat@notransaminase (13,14) and

indistinguishable from acute allograft rejection3,ll4). In these patients specific
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virological surveillance for EBV and CMV infections mandatory in order to make the
diagnosis.

Few data are available on EBV and CMV infectiongha early post-transplant period.
The aims of the present study were to investigageptrevalence and timing of EBV and
CMV infections during the first 21 days after trptatation in relation to graft function
and acute cellular rejection in a large cohort aégiatric liver transplantation recipients

treated in a single centre.
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Materials and Methods

We reviewed retrospectively the clinical notes 8fd®nsecutive children who received 69
liver transplants at King's College Hospital, LomjdJK, a supraregional referral centre,
from April 2007 to February 2008. Gender, age, iclh history, liver function tests,
virological and liver histopathological data frohetfirst 21 days after liver transplantation
were recorded. Two children died in the immediatsstgransplant period: one was
excluded from the analysis, while the other, whal maceived four transplants, was
excluded from the analysis only in regard of hiafitransplant.

Pre-transplantation EBV viral capsid antigen (VCR)G (Liaison EBV VCA IgG,
Diasorin) and CMV IgG (ETI-CYTOK-G Plus, Diasorimesults for the recipients were
recorded. Donor EBV serology data were incomplete #herefore not recorded, while
donor CMV IgG data were available for all patienst-transplant quantitative EBV
DNA and CMV DNA using in-house real time-polymeras$ain reaction tests (RT-PCRS)
were carried out weekly on whole blood in EDTA s#spand whenever a graft
dysfunction episode occurred according to the laeaisplant protocol.

The primary immunosuppressive agent was tacroliatus dose aimed at maintaining a
trough level of 10 - 15 pg/litre. All patients régesd antibacterial and antifungal
prophylaxis for a minimum of 5 days post-transplavtiich was modified according to the
culture results. CMV IgG negative or indeterminageipients of a CMV IgG positive graft
were given 2 weeks of intravenous ganciclovir (1§/kg/day) (15), starting from theé"7
day post-transplant.

Recipients were considered CMV and/or EBV uninfdéteCMV IgG and CMV DNA and
VCA IgG and EBV DNA results were negative (Table Recipients were considered to
have had previous CMV and/or EBV exposure whereteas a positive CMV IgG result

and CMV DNA was negative and/or a positive VCA Ig&sult and EBV DNA was
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negative. Primary CMV or EBV infection was diagndsehen CMV DNA or EBV DNA
became positive in patients previously negativeGdtV IgG, or VCA 1IgG in peripheral
blood samples. CMV and/or EBV reactivation or rection was diagnosed when CMV
DNA or EBV DNA became positive in patients with pi@usly positive CMV IgG or
positive VCA IgG. VCA IgG positive and/or CMV IgGopitive results in recipients of less
than 18 months of age were considered of matenghand the EBV or CMV status was
defined as indeterminate.

A diagnosis of acute rejection was based on grgfiffushction [elevation or flare of
aspartate aminotransaminase (AST) andlutamyl transferasey{GT), or alkaline
phosphatase levels (ALP)] in association with ctisréstic histological features on liver
biopsy, or, when a liver biopsy was contraindicaadnormal coagulation parameters,
platelet count less than 50,000/uL, ascites, sepgih a rapid response to high dose
steroid therapy (pulsed methyl-prednisone 10 mg/kffer exclusion of other possible
causes of graft dysfunction, including vasculaliaby and infectious complications.

Liver function tests were monitored daily until n@lisation according to the local post-
transplant protocol. ASTy-GT, ALP, and total bilirubin values were enterad the
database. For statistical purposes, four differpatterns were identified: “normal”,
“gradual reduction to normal value”, “flare epis¢g}e, and “always abnormal, no flare
episode(s)”.

Data were processed with the SPSSX (SPSS 11.83tisttpackage (SPSS Inc, Chicago,
IL). Two tailed p values were used amal values < 0.05 were considered statistically
significant. Differences in frequencies were eviadaby y* test or Fisher's exact
probabilities. Odds ratio (OR) and 95% confidemtdervals (95% CI) were calculated. For

continuous variables, the t-test, and the ANOVAstegere used with natural logarithmic
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transformation of non-normal distributed variablResults were expressed as mean levels

and standard deviations (SD) or median and intetidipiganges as appropriate.
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Results

Sixty-two patients (33 males, 53.2%, median ag& &%onths, interquartile range 211.5)
underwent 67 transplants. All transplants wereatapic, of which 2 (3%) were auxiliary
cadaveric and 14 (20.9%) from living donors. Theigations for liver transplantation were
biliary atresia [32 (51.6%)], acute liver failurdl] (17.7%)], progressive intrahepatic
cholestasis [6 (9.7%)], Crigler-Najjar syndromeayp, cystic fibrosis, hyperoxaluria [2
(3.2%) each], Alagille syndrome, type IV glycogeispshepatoblastoma, carbamyl
phosphate synthetase deficiency, sclerosing chiigngropionic acidemia, and Wilson
disease [1 (1.6%) each].

EBV infection

Data regarding pre- and post-transplant EBV infectare summarised in table 2 and
figures 1 and 2. As 18 months of age was the dutaen at which passively acquired
maternal antibody would not be detected, the mmesplantation VCA IgG status was
determinable in 48 transplant recipients.

Twenty-four (50%) patients VCA IgG negative preasplantation, and therefore
susceptible to EBV infection, were significantly waer than those with evidence of
previous infection (mean age at transplantatior2 48onths, SD 29.8 and 100.6 months,
SD 63.9, respectively; p = 0.01). Twenty of sixgven (29.9%) recipients developed an
EBV viraemia within 21 days from transplantatiomig was due to a primary infection in
3, reactivation or reinfection in 16, while one hadeterminate VCA IgG results pre-
transplantation. EBV viraemia was more common ioipients who were VCA IgG
positive (16/24, 66.7%) pre-transplant when comgppa@ those who were VCA I1gG
negative (3/24, 35.8%; p < 0.000; OR 14; 95%CI3/34) or indeterminate (1/19, 5.3%; p

< 0.000; OR 35; 95%CI 5-242).
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Transplantation recipients with a primary EBV irtfen were significantly younger than

recipients who developed a reinfection or readtwva{mean age 16.5 months, SD 8.3;
90.5 months, SD 64.3; 121.4 months, SD 62.1 resedgt p = 0.008). Recipients with

EBV viraemia were significantly younger than thosghout viraemia (mean age 50.8
months, SD 59.2 and 75.3 months, SD 65.1, resgdgtiyp = 0.04). No significant

difference was found in the interval between tréargjation and the first time EBV DNA

was detected between recipients with reinfectiomearctivation and those with primary
infection (mean 7.3 days, SD 3.8 and 7.7 days, SDedpectively). Recipients with

primary EBV infection tended to have higher EBV DNo&ads compared to recipients with
reinfection or reactivation (mean 560,886 copies/&l) 629,159 and 176,664 copies/ml,
SD 357,713, respectively; p = 0.15).

CMYV infection

Data regarding pre- and post-transplant CMV infettare summarised in table 2 and
figures 1 and 2. Having taken 18 months as theaagehich passively acquired maternal
antibody ceased to be detected, the pre-transgilamt@MV 1gG status was determinable
in 47 transplant recipients, of whom 31 (65.9%) eveCMV IgG negative pre-
transplantation.

After transplantation, 13/67 (19.4%) recipients @leped CMV viraemia. This was due to
primary CMV infection in 3 of 31 (9.7%) recipiemi¢ho were CMV IgG negative pre-
transplantation, and to reinfection or reactivatiord of 16 (31.3%) who were CMV IgG
positive pre-transplantation. The remaining 5 bgezhto a group of 20 (25%) children
who had indeterminate CMV IgG results before tréarsp There was no association
between CMV viraemia post-transplant and CMV IgGtist pre-transplant. Age at
transplantation was not correlated with pre-traamsplCMV IgG status and with post-

transplant CMV viraemia: the mean age of CMV Ig@ateve recipients was 75.6 months,
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SD 62.4, and for CMV IgG positive recipients was8@onths, SD 66.9. The mean age of
those with evidence of primary infection was 92.@nths, SD 46.5; of those with CMV
reinfection/reactivation 48 months, SD 27.3; andhaise with evidence of previous CMV
exposure, but negative for CMV DNA, 100.1 monthB, B1.2. No significant difference
in age was found between patients with or withoMI\C viraemia post-transplant
(viraemic: mean age 44 months, SD 40.6; non viraefii.6 months, SD 64.6). Timing of
appearance of CMV viraemia post-transplant was lammn recipients with primary
infection or reinfection/reactivation (mean 11.7yslaSD 8.1 and 13.8 days, SD 8.3,
respectively). Transplantation recipients with sryary CMV infection had a higher CMV
DNA load than those with reinfection or reactivatiobut this was not statistically
significant (mean 22,842 copies/ml, SD 38,572 and73 copies/ml, SD 9,562,
respectively; p = 0.5).

Liver Function Tests

Aspartate aminotransferase (AST), gamma glutamghspeptidse y¢GT), alkaline
phosphatase (ALP) and bilirubin results from thestfi2l days after transplant are
summarised in table 3. Abnormal ASFGT, ALP, and bilirubin levels were significantly
more frequent in recipients who underwent liverpisies (31/67, 46.3%) than in those who
did not (table 4). Recipients with an EBV viraenmad abnormal bilirubin levels more
often than those who were EBV DNA negative [8/2@&)4nd 4/43 (9.3%), respectively; p
= 0.004; OR 7.2: 95%CI 1.9-26.4]. No difference iasnd in the ASTy-GT and ALP
levels in relation to EBV viraemia and bilirubinSA,y-GT, and ALP levels in relation to
CMV viraemia.

Rejection

In 22 of the 67 transplantation episodes (32.8%)rétipient experienced acute rejection,

diagnosed histologically in 17 (77.3%) and on thasi® of anti-rejection treatment
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response in the other 5 (22.7%), in whom liver bioould not be performedNo
significant relationship was found between rejaectamd gender [11/29 (37.9%) females
compared with 11/38 (28.9%) males], age at tramsaleon (rejection: median age 20,2
months, interquartile range 61.7; no rejection136onths, interquartile range 86.7), VCA
and CMV IgG before transplantation, and EBV and CMkaemia after transplantation
(table 5).

Patients with Combined EBV DNA and CMV DNA Detectio

Five of 62 first-time liver transplant recipient8.1%) developed both EBV and CMV
viraemia in the first 21 days post-transplant. Wmiicant difference was found between
age at transplantation (median 64.7 months, SD @ 24.3 months, SD 75,
respectively), or ASTy-GT, ALP, and bilirubin levels between recipientghaxcombined
EBV and CMV viraemia and the other recipients. E& CMV viraemic recipients did
not have a higher incidence of rejection when caegbavith the rest of the cohort [2/5
(40%) and 20/62 (32.3%), respectively].

Ganciclovir

Ganciclovir prophylaxis was given to all CMV IgGgaive and indeterminate recipients
whose donor was CMV IgG positive and ganciclowwatment was given to one patient
who developed CMV viraemia with abnormal liver ftino tests soon after transplant
[total number of patients treated with ganciclo28 (40%)]. There was no difference
between recipients who had (5/26) or had not (8/éd¢ived ganciclovir in respect to the
time and detection of CMV viraemia (given gancidgtomean 9.2 days, SD 6.7; not given:
mean 9.7 days, SD 8.4; p = 0.9). No significantedénce in viral load at the time of first
CMV DNA detection was observed between recipient® wvere, or were not given
ganciclovir (median 456 copies/mL, interquartilenga 33,989 and 1,545 copies/mL,

interquartile range 21,940, respectively; p = 0.5).



Tesi di Dottorato, Giuseppe Indolfi, copia elettronica inviata ai Componenti della Commissione Giudicatrice per I'esame finale

Six of 26 recipients who had received ganciclo@veloped EBV viraemia compared with
14 of 41 recipients who had not received ganciclobut the difference was not
statistically significant (p = 0.4). Among reciptsrwho were EBV VCA IgG positive pre-
transplantation, no significant difference in EBVWraemia was seen between those
receiving (5/7) and those not receiving (11/17) ayaovir (p = 1). The time interval
between first EBV DNA detection and transplantaticas similar between children treated
or not treated with ganciclovir (mean 7 days, S®iB.ganciclovir treated; mean 7.1 days,
SD 4.1 in untreated). However, the first EBV DNAlu&a was higher in recipients not
given ganciclovir when compared to those who wezateéd (median 42,041.5 copies/ml,
interquartile range 490,164 and 655.5 copies/mérgquartile range 256,656, respectively;
p = 0.2). No significant difference was found betwepatients given and not given
ganciclovir in regard to the time interval for CMMNA and EBV DNA values to become
undetectable (lower than 10 copies/mL) (p = 0.9 @Bdrespectively, table 6).

Follow up

The median follow up for all transplant recipientas 28.1 months (interquartile range 7).
Overall, 53 (79.1%) recipients developed EBV virggrf whom 20 (37.7%) developed it
during the first 21 days post surgery, and 28 @&).Becipients developed CMV viraemia,
of whom 13 (46.4%) within the first 21 days. EBV BNvas detected in the entire cohort
at a median of 1.3 months, interquartile range 2rid6 CMV DNA at a median of 1 month,
interquartile range 1.9. Among the 57 patients wieoe alive at the end of the follow up,
EBV DNA and CMV DNA were persistently detected ifi4 and 3/11 who developed
viraemia in the first 21 days after transplantateord in 20/31 and 5/14 who developed
viraemia later, respectively (EBV p = 0.6; CMV p0=7). Among patients with EBV

viraemia, EBV DNA was detected persistently during follow up in 14 of the 18 VCA

10
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lgG negative and in 5 of the 15 VCA IgG positiveigats (p < 10; OR 52.5; 95%Cl 6.2-
393.1).

Five patients died, One was a 17-year-old girl whd received a first transplant 12 years
previously for progressive intrahepatic cholestasisl required a second transplant for
graft failure due to chronic rejection associateth\ywoor adherence to immunosuppressive
treatment. She had severe renal impairment betsteansplant, was EBV viraemic and
died a few hours after surgery with multiorganuegl (patient excluded from the analysis,
Figure 1). A second death was that of a 2-yearbag who was first transplanted for
cryptogenic fulminant hepatic failure. Forty-ninayd after transplant he developed EBV
viraemia (maximum load 91,142 copies/mL, day ™58 and EBV-related
lymphoprolipherative disease associated with pixjve graft failure. Sixty-four days
after transplant, he was retransplanted. EBV DNakllrom explanted liver was 1,087,665
copies/ml. The patient, who was persistently EBkaemic, lost the second graft after 62
days for severe rejection, the third graft afterdégs for rejection associated with vascular
and biliary complications and died few hours after fourth transplant (data from this last
transplant were excluded from the analysis, FigyreéA 13-year-old boy with progressive
intrahepatic cholestasis died having been re-ttantgd 14 days after the first transplant
because of severe rejection. He developed EBV wilm& days after the first transplant
and CMV viraemia 8 days after the second. He erpeed severe Steven-Johnsons
syndrome and died in his local hospital with bdatesepsis 15 months after the second
transplant. The fourth death was a 15-year-oldtgasplanted for sclerosing cholangitis
who was not EBV or CMV viraemic and died 19 mon#fiter the transplant for sudden
unexplained cardiac death. Finally, a 14-year-ag-With human immunodeficiency virus
(HIV) infection who had received a first transpldot acute liver failure probably related

to HIV treatment, required a second transplantpfimary graft failure 19 days later and

11
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died 26 months after the second transplant for ¢icatpns related to his underlying
disease. He developed CMV viraemia 1 month and BEB%¥emia 2 months after the
second transplant. Overall, EBV viraemia was inf4he 5 children who died and CMV
viraemia in 2.

During the follow up, 1 patient who had a primar\Einfection 30 days after the
transplant, developed post-transplant lymphopreliptive disease 15 months after the
transplant (maximum load 2,595,750 copies/mL). ifm@unosuppression was completely
withdrawn till, 9 months later, signs of graft dysttion appeared and the liver biopsy
showed severe rejection. The immunosuppression tves restarted at low levels
(tacrolimus of 3-5 pg/L) and EBV DNA values weremtored closely (load persistently <
400 copies/mL).

Of the 4 patients who received more than one lirsrsplant, 3 received 2 and 1 received
4 transplants; 2 recipients developed EBV viraeamd 1 CMV viraemia, all after the first
graft. Overall, 6 recipients lost their graft, ohem 4 (66.7%) developed EBV viraemia.
EBV viraemia, however, was also detected in 16/83.2%) recipients with successful
engraftement (p = 0.06). CMV viraemia was deteatelf6 (16.7%) patients who lost their

graft and in 12/61 (19.6%) who had a successfukfant (p = 0.8).

12
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Discussion

This paper provides novel information on CMV and\EBfections within the first 21
days after paediatric liver transplantation andrtheationship to early graft function and
acute cellular rejection.

The clinical impact of EBV and CMV infections in tgnts receiving a transplant is
dependent on the serologicthtus of the recipient and on the level of immuippsession.
Since severe liver disease presents commonly anayf many children undergoing liver
transplantation are susceptible to primary EBV &MV infections (9,16-19). In the
present paediatric cohort, 50% and 65% of the rewip older than 18 months were VCA
IgG negative and CMV IgG negative at the time @ngplantation, respectively. The
number of children susceptible to EBV and CMYV inieas reported in previous studies is
highly variable ranging from 50 to 90% for EBV afndm 20 to 40% for CMV (9,16-19).
No comparison can be made between the presenthenprévious results as patients of
different ages were enrolled and different labasatoethods and samples used. However,
in the present as in previous studies, children whoe VCA IgG negative and CMV 1gG
negative before transplantation were younger thanrést of the cohort confirming that
younger patients are at higher risk of primary atifn (9,10,16-23).

One of the first aims of the present study wasdtemnine the prevalence and timing of
EBV and CMV infections in the first three weekseafliver transplantation. Overall, EBV
viraemia was detected in 30% and CMV viraemia i#o28f the cohort at a mean interval
from transplantation of seven days for EBV and nilags for CMV. It is difficult to
compare these findings with those of other studies were not designed to obtain
information on the early post-transplantation peridhad less intensive virological
monitoring and longer follow up and were focusedenon the relationship between EBV

infection and post-transplant lymphoproliferativisedse (6-12). The high prevalence and

13
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the early detection of EBV and CMV viraemia foumdthe present study suggest that the
intense virologic testing in the first 21 days afteansplantation is an effective and
advisable approach.

The primary EBV and CMV infections were demonsilaie 3 of the 67 recipients for
both EBV and CMV (4.5% each). The value raises%ofér EBV and to 12% for CMV if
the viraemic children younger than 18 months witsifive VCA IgG and CMV IgG are
considered of having acquired passively the antésoftom the mother and are included in
the group of EBV and CMV naive children. In theigats with early primary infection
transmission via the graft or blood products is test likely route of infection (4-12).
EBV reinfection or reactivation was seen in 66%h& VCA 1gG positive transplantation
recipients while CMV reinfection or reactivation B0% of the CMV IgG positive
transplantation recipients. Interestingly, the saté reinfection/reactivation were higher
than those reported in previous studies with lorfgibow up (9,16-19,24,25). It may be
speculated that during the early post-transplanibgethe risk of reactivation of latent
viruses is increased by the immunosuppressiventiezatas well as by stimuli activating
the infections, characteristic of the early poatplant period, such as inflammatory
cytokines released because of ischemia/reperfusjory (26).

Few data are available on EBV and CMV viraemia awer function tests (9,14). No
significant relationship was demonstrated in thespnt study between CMV viraemia and
abnormalities of liver function tests and betwedBVEviraemia andy-GT, ALP and,
according to previous data (9), transaminase flarsignificant association between EBV
viraemia and abnormal bilirubin was demonstrateiddoe to the small sample size of this
study this result needs to be confirmed in largédrocts.

CMV infection is known to increase the risk of aeuwgjection (27). On this basis it was of

interest to evaluate whether CMV and/or EBV weréepbally related to early rejection.

14
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Overall, rejection’s rate was similar in transpkidn recipients with and without EBV
and CMV viraemia suggesting the absence of anyioakhip between viraemia and acute
rejection in the first 21 days after transplantati&éight percent of the transplantation
recipients in the cohort developed a simultaneo®y EBnd CMV viraemia but no
association was found with either abnormalitiethefliver function tests or graft rejection.
Ganciclovir prophylaxis due to a CMV IgG mismatcetween donor and recipient has
been demonstrated to be highly effective in premgntCMV disease after liver
transplantation (4,20). In the present study,halrecipients with negative or indeterminate
CMV IgG who received a graft from CMV IgG positienors were given ganciclovir
prophylaxis. The prophylaxis had no effect on th@dence of EBV and CMV viraemia in
all settings (primary infection, reinfection/reaetiion). There was no difference in the
timing of the detection of CMV and EBV viraemiatmansplantation recipients who were
given, compared with those not given ganciclovineTCMV and EBV DNA load were
higher in transplantation recipients who did naieiee ganciclovir, suggesting the efficacy
of ganciclovir in controlling viral replication, Ibthis was not statistically significant.
Within the first 21 days post-transplant, 5 of #&CMV mismatched transplant recipients
given ganciclovir developed CMV viraemia 9 daystgosnsplantation while 6 of the 26
CMV mismatched transplant recipients given ganeicldeveloped EBV viraemia 7 days
post-transplant. Although, the ganciclovir propkysadid not have a significant effect on
the EBV DNA load at first detection, the median EBWA level in these recipients was
655 copies/ml whereas it was 42,041 copies/ml inofl4he 41 who did not receive
ganciclovir. The number of recipients who developadEBV viraemia was small and the
effect of antiviral therapy on EBV replication isaertain (28). It would therefore be

interesting to investigate this further in a largest-transplant cohort.
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The present study was not designed to collect imédion on the long term follow up of
liver transplantation in paediatric recipients bl data available demonstrate that more
around 40% of the EBV and 50% of the CMV viraematignts developed the viraemia in
the first three weeks post-transplant. The presehdetectable EBV or CMV DNA in the
first 21 days after transplantation was not pregecof a persistent viraemia. Confirming
the result of a previous study, EBV infection in @G negative patients was associated
with a sustained EBV DNA detection (17).

In conclusion, the present study reported resulisady surveillance for EBV and CMV
viraemia in paediatric liver transplantation reemis. Based on our findings, EBV and
CMV infection can be detected at very early stggest-transplantation but do not appear
to affect the early outcome of the transplant. Bignificance of early post-transplant
infection in terms of risk of complications of EB&d CMV infection with particular
regard to post-transplant lymphoproliferative dgsess still unknown. Further prospective
studies are needed to evaluate the long term ingfaetrly infection on graft function,

rejection and other complications associated itiqadar with EBV infection.
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Table 1. Epstein-Barr virus and Cytomegalovirus jred post-transplant status according

to IgG and DNA detection.

Recipient status CMVIgG CMVDNA VCAIgG EBVDNA
CMV and EBV uninfected Negative Negative Negative eghtive
CMV previous exposure Positive Negative NA NA
EBV previous exposure NA NA Positive Negative
Primary CMV infection Negative Positive NA NA
Primary EBV infection NA NA Negative  Positive
CMV reinfection or reactivation  Positive Positive AN NA

EBV reinfection or reactivation =~ NA NA Positive Ptge

Note: CMV, Cytomegalovirus; VCA, viral capsid argig EBV, Epstein-Barr virus; g, immunoglobulin; NAot applicable.

17
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Table 2. Epstein-Barr virus and Cytomegalovirusustand infection in 67 paediatric transplant rexits.

Infection assessment before transplantation (basexh VCA IgG for EBV and on CMV IgG for CMV)
Negative
Positive
Indeterminate (less than 18-month-old, IgG posjtive
Infection assessment in the first 21 days after trssplantation (based on VCA / CMV IgG pre-transplangtion and
CMV/EBV DNA testing post-transplant)
Not infected (CMV/ EBV IgG and DNA negative)
Indeterminate (less than 18-month-old, CMV / EBV ®ANegative)
Infected (CMV/EBYV IgG and/or DNA positive)
Previous exposure (CMV/EBV IgG positive, DNA negaji
Primary infection (CMV/EBV IgG negative, DNA posit)
Reactivation, reinfection (CMV/EBV IgG positive, \positive)
Infected/indeterminate (less than 18-month-old, CEBV DNA positive)
Viraemic in the first 21 days after transplantation
Interval from transplantation to first CMV and EBV DNA detection, days mean (standard deviation) (n)
First CMV and EBV DNA value copies/mL, median (interquartile range) (n)

EBV CMV

(67 transplant recipients) (67 transplant recipients)
24 (36%) 31 (46%)

24 (36%) 16 (24%)

19 (28%) 20 (30%)

21 (31%) 28 (42%)

18 (27%) 15 (22%)

28 (42%) 24 (36%)

8/28 (29%)

3/28 (11%)

16/28 (57%)

1/28 (4%)
20/67 (30%)
7.05 (3.85) (20)
5,391.5 (440,878) (20)

11/24 (46%)
3/24 (13%)
5/24 (21%)
5/24 (21%)
13/67 (19%)
9.54 (7.58) (13)
483 (16,868.5) (13)

Note: EBV, Epstein-Barr virus; CMV, Cytomegalovird4CA, viral capsid antigen; g, immunoglobulin.
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Table 3. Patterns of aspartate aminotransaminagletamyl transferase, alkaline phosphatase, and

total bilirubin in 67 transplant recipients in thest 21 days after transplant.

AST y-GT ALP bilirubin
Always abnormal, no flare episode(s) 3 (5%) 10 (15%) 3 (5%) 4 (6%)
Flare episode(s) 23 (34%) 31 (46%) 10 (5%) 8 (12%)
Gradual reduction to normal value 41 (61%) 25 (37%) 6 (9%) 49 (73%)
Normal - 1 (2%) 48 (72%) 6 (9%)

Note: AST, aspartate aminotransaminas&T, y-glutamyl transferase; ALP, alkaline phosphatase.
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Table 4. Patterns of aspartate aminotransaminyagletamyl transferase, alkaline phosphatase, atadl bdirubin in transplantation recipients who

underwent liver biopsy in the first 21 days aftansplantation.

aspartate aminotransaminase y-glutamyl transferase alkaline phosphatase total bilirubin
abnormal normal/gradual abnormal normal/gradual abnormal normal/gradual abnormal normal/gradual
reduction reduction reduction reduction
Liver biopsy not performed n (%) 6/26 (23) 30/41 (73) 17/41 (42) 19/26 (73) 3/13)(23 33/54 (61) 1/12 (8) 35/55 (64)
Liver biopsy performed n (%) 20/26 (77) 11/41 (27) 24/41 (49) 7126 (27) 10/138)(7 21/54 (39) 11/12 (92) 20/55 (36)
p; OR; 95%CI <10% 9.09; 2.95-27.92 0.014; 3.83; 1.84-10.9 0.027951.37-19.66 <16 22.75; 3.46-143.48

Note: abnormal is “always abnormal, no flare epége}f plus “flare episode(s)”. See text for detadR, odds ratio; 95%Cl, 95% confidence intervals.
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Table 5. Pre-transplantation EBV VCA IgG and CM\Glgtatus, and post-transplant EBV and CMV infectiorelation to rejection episodes.

Epstein-Barr virus Cytomegalovirus

Infection assessment pre-transplantation (based oviCA 1gG for EBV and CMV IgG for CMV)

Rejection (n/ %)  No rejection(n/ %) Rejection(n/ %)  No rejection(n/ %)

Negative 5 (21%) 19 (79%) 11 (36%) 20 (65%)

Positive 10 (42%) 14 (58%) 4 (25%) 12 (75%)

Indeterminate (less than 18-month-old) 7 (37%) 12 (63%) 7 (35%) 13 (65%)

Infection assessment in the first 21 days post-traplantation (based on VCA/CMV IgG pre-transplantation and CMV and EBV

DNA post-transplant) n (%)

Not infected (CMV/EBV IgG and DNA negative) 4 (19%) 17 (81%) 10 (36%) 18 (64%)

Indeterminate (less than 18 month-old, CMV / EBV ®hegative) 7 (39%) 11 (61%) 6 (40%) 9 (60%)

Infected (CMV/EBYV IgG and/or DNA positive) 11 (39%) 17 (61%) 6 (25%) 18 (75%)
Previous exposure (CMV/EBV IgG positive, DNA negaji 3 (38%) 5 (63%) 3 (27%) 8(73%)
Primary infection (CMV/EBV IgG negative, DNA posig) 1 (33%) 2 (67%) 1 (33%) 2 (67%)
Reactivation, reinfection (CMV/EBV IgG positive, \positive) 7 (44%) 9 (56%) 1 (20%) 4 (80%)
Infected/indeterminate (less than 18-month-old, CEBV DNA positive) 0 1 (100%) 1 (20%) 4 (80%)

Viraemic in the first 21 days after transplantation 8 (42%) 11 (58%) 3 (23%) 10 (77%)

Note: EBV, Epstein-Barr virus; CMV, Cytomegalovird&CA, viral capsid antigen; Ig, immunoglobulin.
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Table 6. Cytomegalovirus and Epstein-Barr virugelation to Ganciclovir prophylaxis.

Cytomegalovirus

Epstein-Barr Virus

Viraemic in the first 21 days post- transplantation

Time interval from transplantation to first DNA det ection, days
mean (standard deviation)

First DNA value copies/mL, median (interquartile range) (n)

Time interval from transplantation to first DNA value <10
copies/ml , days mean (standard deviation)

Given ganciclovir (primary  Not given ganciclovir (primary

infections) infections or reactivations)
5 (19.2%) 8 (19.5%)
9.2 (6.7) 9.7 (8.4)

456 (33,989)
30 (18)

1,545 (21,940)
31.3 (17.2)*

Given ganciclovir (primary  Not given ganciclovir (primary

infections) infections or reactivations)
6 (23.1%) 14 (34.1%)
7 (3.6) 7.1(4.2)
655.5 (256,656) 42(890.164)

38.8 (27.9) 95.9 (129.8)**

Note: * 2 and ** 6 patients with ongoing viraenaiathe end of the follow up.
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Figure 1. Flow chart describing the features of EB8M CMV infections before and after transplantatio
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Note: EBV, Epstein-Barr virus; CMV, Cytomegalovirdr definitions see text (Materials and Methddefinitions).
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Figure 2. Kaplan-Meier curves describing the petags of patients viraemic for Epstein-Barr virus

(A) and viraemic for Cytomegalovirus (B) during thest 21 days after transplantation.

100 =
‘5-‘. 'I‘
..--'."'Ill..
80 - .
2 -....‘III-III
= 600
40
20
A B
| | | | |
0 10 21 0 10 21
days

24



Tesi di Dottorato, Giuseppe Indolfi, copia elettronica inviata ai Componenti della Commissione Giudicatrice per I'esame finale

References

1- Funk GA, Gosert R, Hirsch HH. Viral dynamicstiansplant patients: implications for
disease. Lancet Infect Dis 2007;7:460-472

2- Smets F, Sokal EM. Epstein-Barr virus-relatechphoproliferation in children after

liver

transplant: role of immunity, diagnosis, and mamagmet. Pediatr Transpl 2002;6:280-287
3- Cytomegalovirus. Am J Transplant 2004;4:51-58

4- Strazzabosco M, Corneo B, lemmolo RM, Menin €rydda G, Bonaldi L, Merenda R,
Neri D, Poletti A, Montagna M, Del Mistro A, FactidAM, D'Andrea E. Epstein-Barr

virus-associated post-transplant lympho-proliferatidisease of donor origin in liver
transplant recipients. J Hepatol 1997;26:926-934

5- Sutherland S, Bracken P, Wreghitt TG, O'Gradgdlne RY, Williams R. Donated

organ as a source of cytomegalovirus in orthotdpier transplantation.J Med Virol

1992;37:170-173

6- Breinig MK, Zitelli B, Starzl TE, Ho M. EpsteiBarr virus, cytomegalovirus, and other
viral infections in children after liver transplation. J Infect Dis 1987;156:273-279

7- Bodéus M, Smets F, Reding R, Sokal E, Otte JBub@u P, Van Renterghem L.
Epstein-Barr virus infection in sixty pediatric éiv graft recipients: diagnosis of primary
infection and virologic follow-up. Pediatr Infecti€J 1999;18:698-702

8- Newell KA, Alonso EM, Whitington PF, Bruce DS, il JM, Piper JB, Woodle ES,

Kelly SM, Koeppen H, Hart J, Rubin CM, ThistlethteaiJR Jr. Posttransplant
lymphoproliferative disease in pediatric liver tsphantation. Interplay between primary

Epstein-Barr virus infection and immunosuppressioansplantation 1996;62:370-375

25



Tesi di Dottorato, Giuseppe Indolfi, copia elettronica inviata ai Componenti della Commissione Giudicatrice per I'esame finale

9- Smets F, Bodeus M, Goubau P, Reding R, OttBlB; JP, Sokal EM. Characteristics
of Epstein-Barr virus primary infection in pediatdiver transplant recipients. J Hepatol
2000;32:100-104

10- Kullberg-Lindh C, Ascher H, Krantz M, Lindh Muantitative analysis of CMV DNA
in children the first year after liver transplamtat Pediatr Transplantation 2003;7:296—
301

11- Dussaix E, Wood C. Cytomegalovirus infection padiatric liver recipients. A
virological survey and prophylaxis with CMV immugbulin and early DHPG treatment.
Transplantation 1989;48:272-274

12- Mellon A, Shepherd RW, Faoagali JL, Baldersor©o@g TH, Patrick M, Cleghorn GJ,
Lynch S, Strong R. Cytomegalovirus infection aflieer transplantation in children. J
Gastroenterol Hepatol 1993;8:540-544

13- Green M, Webber SA. Persistent increased EpBair virus loads after solid organ
transplantation: Truth and consequences? Liverspla2007;13:321-322

14- Paya CV, Hermans PE, Wiesner RH, Ludwig J, Bniif, Rakela J, Krom
RA.Cytomegalovirus hepatitis in liver transplamati prospective analysis of 93
consecutive orthotopic liver transplantations.féd¢hDis 1989;160:752-758

15- Green M, Kaufmann M, Wilson J, Reyes J. Congpariof intravenous ganciclovir
followed by oral acyclovir with intravenous ganacieir alone for prevention of
cytomegalovirus and Epstein-Barr virus disease éifter transplantation in children. Clin
Infect Dis 1997;25:1344-9

16- Kullberg-Lindh C, Ascher H, Saalman R, OlausbfriLindh M. Epstein-Barr viremia
levels after pediatric liver transplantation as suead by real-time polymerase chain

reaction. Pediatr Transp 2006;10:83-89

26



Tesi di Dottorato, Giuseppe Indolfi, copia elettronica inviata ai Componenti della Commissione Giudicatrice per I'esame finale

17- D'Antiga L, Del Rizzo M, Mengoli C, Cillo U, Guiso G, Zancan L. Sustained
Epstein-Barr virus detection in paediatric livaartsplantation. Insights into the occurrence
of late PTLD. Liver Transpl 2007;13:343-348

18- Scheenstra R, Verschuuren EA, de Haan A, SIbaff The TH, Bijleveld CM,
Verkade HJ. The value of prospective monitoringEpistein-Barr virus DNA in blood
samples of pediatric liver transplant recipientanspl Infect Dis 2004;6:15-22

19- Kogan-Liberman D, Burroughs M, Emre S, Mosc@naShneider BL.The role of
quantitative  Epstein-Barr virus polymerase chainactien and preemptive
immunosuppression reduction in pediatric liver galantation: a preliminary experience. J
Pediatr Gastroenterol Nutr 2001;33:445-449

20- Gerna G, Lilleri D, Callegaro A, Goglio A, Cese S, Stroppa P, Torre G. Prophylaxis
followed by preemptive therapy versus preemptiverapy for prevention of human
cytomegalovirus disease in pediatric patients wuamleg liver transplantation.
Transplantation 2008;86:163-166

21- Clark BS, Chang IF, Karpen SJ, Herrera L, S&btt Bristow LJ, Quirés-Tejeira RE,
Goss JA. Valganciclovir for the prophylaxis of aytegalovirus disease in pediatric liver
transplant recipients. Transplantation 2004;77:1480

22- Pediatr Transplant 2009, in press

23- Lones MA, Mishalani S, Shintaku IP, Weiss LMgclhbls WS, Said JW. Changes in
tonsils and adenoids in children with posttransphlamphoproliferative disorder: report of
three cases with early involvement of Waldeyerig.rHuman Path 1995;26:525-30

24- Gane E, Saliba F, Valdecasas GJ, O'Grady &pties MD, Lyman S, Robinson CA.
Randomised trial of efficacy and safety of oral gelovir in the prevention of
cytomegalovirus disease in liver-transplant recifsie The Oral Ganciclovir International

Transplantation Study Group. Lancet 1997;350:172331

27



Tesi di Dottorato, Giuseppe Indolfi, copia elettronica inviata ai Componenti della Commissione Giudicatrice per I'esame finale

25- Razonable RR, van Cruijsen H, Brown RA, Wilskn Harmsen WS, Wiesner RH,
Smith TF, Paya CV. Dynamics of cytomegalovirus icgtion during preemptive therapy
with oral ganciclovir. J Infect Dis 2003;187:18086B

26- Renal ischemia/reperfusion injury activates @éhancer domain of the human
cytomegalovirus major immediate early promoter. Kih Varghese TK, Zhang Z, Zhao
LC, Thomas G, Hummel M, Abecassis M.Am J Transfil®B:1606-13

27- Razonable RR, Paya CV. Infections and allogeétction - intertwined complications
of organ transplantation. Swiss Med Wkly 2005;133:573

28- Green M, Mazariegos GV. Persistent detectionEp$tein-Barr virus DNA after
pediatric liver transplantation: unclear risks auodcertain responses. Liver Transpl

2008;14:1077-1080

28



