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TABLE 3. EBV-Induced FHF Treated With LT

EBV Load

{Plasma:
Copies/g

EBER-in situ hybridization

Timing of

Transplant

Type of
Transplant

Reference
Present study
Feranchak et al.?

Qutcome After LT

{ISH) in Liver

of DNA)

5.1 x 10*
Positive for

EBV DNA by PCR

Age (Years})/Sex

1.6/female
1.8/female

vamg donor

Alive at 2 years

Alive at 2 years 4 months

1.2 % 10%
8.83 x 10*

Day 15

Day 15

Cadaveric

Present study
Tohyama et ai.}°
Park et aL.?®
Mellinger et al.®

Present study
Dumortier et al.*!

Alive at 3 vears 7 months

Died on day 93
Alive at 8 days
Alive at 26 days
Alive at 18 months

Alive at 1 year 0 months

+ okt

Positive by PCR
Positive by PCR

3.4 X 10°
2.6 x 10°
Not recorded
Not recorded

Day 38

Day 11.

Day 9

Day 10

Not recorded

Not recorded

Living donor
Living donor
Cadaveric
Cadaveric
Cadaveric
Not recorded

5/male
8/male
9/female
18/female
19/male
44 /female

venulitis was not identified. Lymphocytes were posi-
tive for cyloplasmic CD3, CD8, granzyme B, perforin,
and EBERs, but they were negative for CD4., CD20,
and CD56. EBER-positive lymphocytes were positive
for CD45RO but were negative for CD20 (Fig. 3B).
Immunestaining of cytoplasmic CD3, CD8, and EBV
by in situ hybridization revealed a sinusoidal distribu-
tion of the lymphocytes. In case 4, CD20 staining
highlighted several large B cells with scattered CD4-
positive T cells that were observed. T cell clonality
studies revealed monoclonal proliferation in cases 4
and B.

EBV DNA was detected with a real-thne quantitative
PCR assay in the CD8-positive T cell component in all
5 liver tssues. The pathological findings in all cases
are sunnnarized in Table 2.

DISCUSSION

EBV infection is an extremely rave cause of ALF and
accounted for only 0.21% of ALF cases in a cohort of
1887 adult patients.® To date, there have been 25
reported cases of EBV-induced FHF or severe ALR,
and they have presented with a mortality rate of 68%
(17 of 25).>*'%12 Among the 8 survivors, emergency
LT was performed in 551912 Characteristics of the
8 EBV-induced FHF patients who received LT, includ-
ing the 3 patients in the present study, are summar-
ized in Table 3. All examined cases were positive for
EBERs in liver tissues, which showed extremely high
levels of EBV DNA (10"-10% in plasma. Currently,
specific pathological findings for EBV-induced FHF
are not yet available in the literature.

Notably, all but 1 patient survived and remained
healthy after emergency LT. The patient who died at
98 days after LT {case 2) underwent surgery 33 days
after the initial presentation. The tiring of LT in this
case was clearly much later than that in the other
cases (9-15 days from the initial presentation).

We re-evalualed each of our patients with the KCC
and the ALFED model, According to the KCC and the
ALFED model, only 1 patient (case 2) was regarded as
a candidate for LT, Previously, the KCC were found to
be of limited usefulness for patients with FHF in
Japan. The prediclive accuracy of the criterla, as
adopted for the patients seen betweenn 1993 and
1995, was found to be only 55% for the assessment
conducted at the onset of hepatic encephalopathy and
53% for the assessment conducted on day 5 after the
onset of encephalopathy.*® Hence, a new set of crite-
ria for use in Japan was esiablished by the ALFSG in
1996 and updated in 2011.° When the prognosis of
patients with a total score of 5 or more was judged to
be death, the predictive accuracy was 0.80, with sen-
silivity, specificity, positive predictive, and negative
predictive values greater than 0.70 even in the valida-
tion cohort.

According to the ALFED model, case 3 was at low
risk on day 3 but was at high risk on day 5. The
ALFED assessment on day 3 seems to be in line with
the JALFSG criteria on day 5 in Japan where LDLT is
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predominant because the waiting time for a deceased
donor from listing to LT is 2 to 3 days in most coun-
tries. Hence, strategies for patients with a moderate
risk in the ALFED model should be determined on a
case-by-case basis. In case L, severe coagulopathy
and a low platelet count persisted on day 5, and LDLT
was performed without liver biopsy. On the other
hand, liver hiopsy was critical for the determination of
the treatment strategy for cases 4 and 3. Notably,
case 5 was diagnosed with EBV-T-LPD by liver
biopsy, which is a contraindication for L'T.

A primary EBV infection often causes infectious
monoituclessis, whereby B cells are infected with EBV
and polyclonal B cell expansion is accompanied by
oligoclonal or monoclonal proliferation of CD8-positive
cytotoxic T cells,'* EBV also triggers secondary HLH.
In EBV-induced HLH, the targets of EBV infection are
CD8-positive T cells and oligoclonally or mouoclonally
proliferated T cells, which induce hypercytokinemia
and, in turn, lead to hemophagocytosis and dyshine-
tion of various organs.'®'® EBV-T-LPD may develop
in association with acute or chronic EBV infections
and EBV-induced HLH., However, differentiating reac-
tive T cell lymphocytosis from EBV-T-LPD can be a
diagnostic challenge, especially in EBV-induced HLH,
because mwonoclonallty analysis alone is unable to
support the diagnosis. Upon the initiation of steroid
or immunosuppressive treatment for EBV-induced
HLH, it can also be difficult to predict if the patient
with EBV-induced FHF will require LT, conservative
treatment for HUH, or aggressive chemotherapy.
Hence, liver biopsy is important not only for the eval-

uation of EBV-T-LPD in EBV-induced HLH bhut also-

for the assessment of potential massive or submassive
hepatocellular necrosis, although there are lmitations
of biopsy in terms of the sampling artifact. In cases 4
and B, the liver blopsies showed CD8-positive T cell
proliferation without massive necrosis, which sug-
gested that LT was not necessary. In these 2 patients,
a high level of EBV DNA was detected in PBMNCs but
not in the plasma, possibly because of EBV-infected T
cells not vet lysed by cytotoxic T cells. On the other
hand, in the 3 patients who received LT. high levels of
EBV DNA were detected in hoth PBMNCs and the
plasma.

Patients with EBV-induced FHF usually have severe
coagulopathy, which makes biopsy difficult because
of bleeding. As such, many physictans tend to avoid
liver biopsy. To that end, we opted for open liver
biopsy rather than percutancous and transjugular
liver biopsy because of the limitation of the substan-
Lial sampling artifact regarding the extent of hepatic
necrosis. We agree that plural or serial transjugular
liver biopsy would be helpful as an alternative. M How-
ever, transjugular liver blopsy is not covered by the
national insurance system in Japan. Donaldson et al.
reported that the percentage of necrosis appeared to
have a significant discriminatory prognostic value,
and significantly greater hepatocelludar necrosis was
seen in nonsurvivors versus survivors regardless of
the etiology of FHF. Despite that, there were a few

survivors who had liver necrosis greater than 70% in
that study. Because acute hepatocellular injury and
early rapid regeneration are investigated in some
cases, massive necrosis does not necessarily mean a
poor prognosis. In such cases, a model such as the
ALFED model is necessary to decide the treatment
strategy.

In conelusion, an carly and precise assessment of
the pathogenesis of EBV-induced FHF is critical to
determine the next cowrse of treatnient. We found
that a serial assessment of the severity of FHF based
on the ALFED score during the first 5 days of com-
mencement of artificlal liver support helped to deter-
mine the necessity for LT, Liver biopsy should be
mandatory to assess the pathogenesis of EBV-
induced FHF.
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Evaluation of the immune function assay in
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Abstract: The immune function (ImmuKnow) assay is a measure of
cell-mediated immunity based on the peripheral CD4-+ T cell ATP
activity. The efficacy of ImmuKnow in pediatric LDLT is not well
documented, The aim of this study was to assess the correlations
between the ImmuKnow and the clinical status in pediatric LDLT
recipients. A total of 716 blood samples were obtained from 60
pediatric LDLT recipients (one month to 16 yr of age). The recipient's
status was classified as follows: stable, infection, or rejection. The
ImmuKnow values in the pediatric LDLT recipients with a clinically
stable status had a lower immune response (IQR 85-297 ATP ng/mlL)
than that previously reported in adults. Meanwhile, the ImmuKnow
values of the stable patients were not correlated with age. Furthermore,
a significant difference was found in the ImmuKnow values between the
bacterial or fungal infection and stable groups, but not between the
CMV or EBV inflection and stable groups, The ImmuKnow levels in
the pediatric LDLT were lower than those observed in the adult LDLT.
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bacterial or fungal infections.

The main goal of treatment of transplant recipi-
ents is to provide sufficient immunosuppression
to prevent rejection without causing over immu-~
nosuppression that may result in opportunistic
infections (I, 2). Monitoring the efficacy of
immunosuppressive treatment is based on the
analysis of liver enzyme measurements arnd liver
function tests along with assessments of the
blood drug levels (3-6). Not all immunosuppres-
sive drug levels are measurable in routine clinical
work-ups, and the development of a reliable and
comprehensive immune function test for immune
monitoring is essential, regardless of the regimen
of iImmunosuppression.

Abbreviations: ALT, alanine transaminase; AST, aspartate
transaminase; ATP, adenosine triphospliate; AURQOC, arca
under the receiver operator characteristic curve; EBY,
Epstein-Barr virus; GCV, ganciclovir; 1QR, interquartile
range; LDLT, living donor liver transplantation; LT, liver
transplantation; PHA, phytohemagglutinin; ROC, receiver
operator characteristic; s.d., standard deviation.
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The proposed reference value is between 85 and 297 ATP ng/mL in
pediatric LDLT recipients. We conclude that the ImmuKnow assay

could be helpful for monitoring pediatric LDLT recipients with
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The ImmuKnow assay, which was approved
by the Food and Drug Administration in 2002,
belongs to the new generation of tests that
directly measure the immaune function of T
cells and has been shown 1o reliably be used to
distinguish between an immune profile of over
immunosuppression and that of under immuno-
suppression 1n adults (7). The ImmuKnow assay
has also been reported to be a user-friendly,
non-invasive, in vitre assay with demonstrated
effectiveness as an immune monitoring tool for
use in organ transplantation recipients (8).
Comprehensive reports have described the use of
this test in the immune monitoring of adult trans-
plant recipients (9), while smaller scale studies
have reported its efficacy in pediatric renal trans-
plant recipients (10). However, there have been
few reports regarding the application of the
ImmuKnow assay in pediatric LDLT patients,
most of which relied on a small sample size. The
aim of this study was therefore to clarify the
reference value of the ImmuKnow assay in
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pediatric LDLT recipients and to assess the use-
fulness of this test for distinguishing between
recipients with infection and those with rejection.

Patients and methods
Patients

This study reports the results of an analysis of 60 pediatric
LDLT recipients treated at the National Center for Child
Heulth and Development, Tokyo. Japan, between Decem-
Dber 2009 and February 2013, The characteristics of the liver
transplant patients arc presented in Table 1. The mean
patient age at LT was 3.1 £ 4.0 yr (range: one month-
16 yr). The median post-LDLT follow-up period was 2.8 yr
(range: 0.9-6.7 yr). The patients included 18 males and 42
- females. A total of 31 patients (51.7%) were < yr of age at
the time of transplantation, The indicutions for LT fncluded
cholestatic disease (n = 35: biliary atresia, congenital hepa-
tic fibrosis, Alagille syndrome, primary sclerosing cholangi-
{is, and progressive familial intrahepatic cholestasis type 2).
metabolic liver disease (n = 15: ornithine transcarbamylase
deficiency, carbamoylphosphate synthetase | deliciency, gly-
cogen storage disease type b, methylmalonic acidemia,
propiouic acidemia, and primary hyperoxaturia), acute liver
failure (n = 7), vascular disease (n = 2: congenital absence
of the portal vein), and cryptogenic liver cirrhosis (n = 1).

Indicetions for the immune function assay

There were two indications for performing an immune func-
tion assay in this study: programmed tests (pre-LDLT,
every week until one month after LDUT, then two, three,
six and nine moaths, and one yr after LDLT; n = 41) and
evenl-driven tests, The reasons for ordering an additional
immune function assay included the presence of infectious
symptoms (fever, diarrhea, and coughing), signs of rejec-

tion, or significant elevation of liver function parameters

(the levels of AST or ALT were elevated above 100 TU/L)
in the recipient. :

Immunosuppression

The immunosuppression protocol consisted of tacrolimus
and low-dose steroids. The target whole-blood trough level

Table 1. Characteristics of the 60 pediatric LDLT recipients

Characteristics Data at transplantation (n = 60)

Age lyr, mean + s.d, {range)] 3.1 4 4.0{0.1-18)

0-5 months 7{111.7%)}
611 months 24 (40.0%)
1--4 yr 14 123.3%)
5-8yr 8 (15.0%)
10-17 v 6(10.0%}
Male/lemale 18/42
Blood type combination 37/18/5

identical/compatible/incompatibie
Follow-up period [yr, mean 4: s.d, rangel]
Primary diagnosis of recipient

28 = 14{09-67)

Cholestatic disease 36 {58.3%)
Metabolic disease 15 {25.0%)
Acute liver Tailure 7{11.7%)
Vascular disease 2 {3.3%)
Cryptogenic liver cirthosis 1{1.7%)

Imnoune function assay in pediatric LDLT

of tacrolimus was 10-12 ng/mL during the first two wk,
then approximately 10 ng/ml. and 5-10 ng/mL starting the
second month after LDLT. Methylprednisolone (I mg/kg/
day administered intravenously) was given on postoperative
days 1-3, followed by 0.5 mp/kg/day on postoperative days
4-6. The steroid treatment was then switched to oral pred-
nisolone (0.3 mg/kg/day) on postoperative day 7, and the
dose was reduced to 0.1 mg/kg/day one month after LDLT,
If the liver (unction was stable, (he recipient was weaned off
steroids at 3-6 months atter LDLT. We did not use immu-
nosuppressive agents for induction based on our immuno-
suppression protocol.

Immune function assay

The sodium-heparinized peripheral blood samples obtained
from the transplant patients were submitted for an analysis
of the T cell immune function (Immuknow assay; Cylex,
Columbia, MD, USA). All blood samples were processed
on the day of sample collection. Briefly, 250 pL of anticoag-
ulated whole blood was dituted with the provided sample -

“diluent to a final volume of 1000 pl. The samples were

added to wells and incabated for 16 1 with PHA in an incu-
bator (37 °C, 5% CO,). Following enrichment in CD4+ T
cells with the addition of magnetic particles coated with
antihuman D4 monoclonal antibodies, the blood cells
were washed and lysed to release intracellutar ATP. The
released ATP was measured with o luciferin/luciferase assay
using a luminometer, The patient’s immune response was
expressed as the amount of ATP (ng/mL).

Evaluation of the blood concentration and concentration/doss
{C/D) ratio of tacrolimus and the immuKnow ATP levels

The daily dose of tacrolimus was recorded, and its weight-
adjusted dose (mg/kgfday) was calculated. The blood
tacrolimus concentration was normalized according to the
corresponding dose per body weight blood sampling to
obtain the concentration/dose (C/D) ratio. The corretation
between the tacrolimus C/ID ratio and the ImmuXnow ATP
levels was evaluated.

Patient monitoring and clinical status

The patient’s clinical status was monitored, including
assessments of the complete blood cell count, liver function
tests, and trough levels of immunosuppressants. The
patients were divided retrospectively as having a status of
stable, bacterial, fungal, or viral {(cytomegalovirus and
EBV) infection or rejection based on clinical information in
their medical chart. Post-iransplant bacterial and fungal
infections were diagnosed based on clinical features, posi-
tive microbiologic tests, and imaging findings. The patients
were routinely sereened for antigenemia due to cytomegalo-
virus ({CMV) in addition to blood polymerase chain reaction
for EBV. CMV.pp65 antigenemia was measured weekly for
the first three months postoperatively, while the recipient
was hospitalized, and then monthly in the outpatient setting
until six months after LT, We have used the cutoff for a
positive CMV-pp65 antigenemia as 5/50 000 cells,. Mea-
surements of the EBV.DNA load were obtained every
two wk while the patient remained in the hospital, then
every 1--3 months thereafter until one yr alter transplanta-
tiou, followed by testing at the physician’s discretion. Quan-
tification of EBV-DNA was performed using a real-time
quantitative PCR assay. A peripheral blood EBV-DNA
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load of more than 2.4 x 10° copies/ug DNA
(1.6 x 10* copies/mL) was considered to indicate signifi-
cant elevation of the DNA load (11, 12). In cases of CMV-
PP63 antigenemia or a positive EBV-DNA load, the dose of
lacrolimus was reduced to 75% of the regular dose (13).
Treatment with GCV (5 mg/kg/dose, every 12 h) was initi-
ated in the CMV-positive patients for the first two wk, fol-
lowed by the administration of & maintenance dose of IV
GCVY (5 mg/kg/dose, every 24 h). The treatment was con-
tinued until CMV-pp65 antigenemia became negative.
Rejection was identified based on the results of liver func-
tion tests, a pathological biopsy analysis, or clinical suspi-
cion. A stable post-transplant condition was defined as »
normal liver function without any episodes of infection or
rejection. The ImmuKnow ATP values obtained within
three duys before and alter a clinical event were selected for
the analysis. Throughout the study period, no clinical inter-
vention protocol was implemented based upoa the Immuy-
Know ATP assay results, and the clinicians were
discouraged from intervening in the immunosuppression
regimen based on these results. This research was approved
by the Institutional Review Board of the National Cenler
for Child Health and Development (#410).

Statistical analysis -

The Mann-Whitney O-test and Kruskal-Wallis test were
used to compare continuous variables between two groups
and three groups or more, respectively. The Pearson corre-
lation coefficient was used (o determine the relationship
between the blood concentrations of tacrolimus and the Im-
muKnow ATP levels. Estimates of the thresholds of the Im-
mukKnow ATP values for rejection and infection were
determined using ROC curves. The AUROC was calcu-
lated. An AUROC of 1.0 is characteristic of an ideal test,
whereas 0.5 indicates a test of no diagnostic value. The
results were considered to be statisticnlly significant for
p-values of <0.05. All statistical analyses were performed
using the SPSS 19.0 statistical software program (SPSS,
Inc., Chicago, 11, USA).

Results

A total of 716 blood samples in .60 patients were
available for the analysis. The mean patient age
at the time of the ImmuKnow assay was
3.9 £ 3.8 yr. Among the samples, 157 were col-
lected at the time of infection, 91 at the time of
rejection, and 468 while in stable condition (with-
out infection or rejection). Among the patients
with infections, 52 examinations (in 22 recipi-
ents) were associated with bacterial infections,
nine examinations (in six recipients) were associ-
ated with fungal infections, 14 exaininations (in
11 recipients) were associated with cytomegalovi-
rus infections, and 107 examinations (in 28 recip-
ients) were performed in - patients with EBV
infection (including coinfections) (Table 2). All
cases of EBV infections were classified as asymp-
tomatic BBV viremia. There were 37 episodes of
biopsy-proven acute ceflular rejection in 14 recip-
ients (23.3%). The grade of rejection included
four episodes of severe rejection, 17 episodes of
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Tahle 2. The infections detected within three days hefore and after the sam-
pling points of the immune function assay were reported, There were several
patients with contained coinfections

Number of

Type of infection examinations

Bacterial 52 {in 22 recipients)
Escherichia coli 10
Enterabacter cloacae 7
Klehsiell pneumoniae B
Pseudomonas aeruginosa 5
Enterococcus faecalis q
Kiebsiella oxytoca 3
Enterobacter aerogenes 2
Enterococeus fagcium 2
Haemophilus influenzae 2
Methicillin-resistant Staphylococous aureus 2
Staphyloroceus epidermidis MAS 2
Streptococcus pneumeniae p)
Group A Streptococcus 1
Motaxella catarrhalis 1
Mycoplasma 1
Pseudomanas putida 1
Staphylococeus spidermidis 1
Streptococtus oralis 1
Fungal 9{in 8 recipionts)
Candida athivans 6
Candida spp. 2
Pretimocystis pnaumonia 1
Viral 126 {in 33 recipients}
EBY (EBV-DNA [oads 22400 copies/ug DNA) 107
Cytomegalovirus {C7-HRP =5/50 000 WBC counts). 14
Adenavirus 2
Influenza virus 2
Herpes simplex virus . 1

moderate rejection, . and 16 episodes of mild
rejection, according to the Banff criteria (14).
There were no significant differences in the sever-
ity of rejection or'values of the ImmuKnow assay
(p = 0.663, Kruskal-Wallis test).

Evaluation of the blood concentration and cohcentration/dose
{C/D) ratio of tacrolimus and the ImmuKnow ATP leve!

The average tacrolunus trough level and C/D
ratio were 5.6 = 3.3 ng/mL and 63.5 + 47.5 ng/
mL per mg/day, respectively, in the stable group,
4.9 &£ 3.7 ng/mL and 107.7 &+ 170.7 ng/mL per
mg/day, respectively, in the infection group, and
7.8 & 3.7 ng/mL and 111.0 & 109.4 ng/mL per
mg/day, respectively, in the rejection group. A
scalterplot was drawn to evaluate the correlation
between the tacrolimus blood concentration or
C/D ratio and the ImmuKnow level at each
examination point (Fig. la,b). The tacrolimus
blood C/I) ratio ranged from 2.5 to 963.] ng/mL
per mg/day. There were no correlations between
the tacrolimus blood concentration or C/D
ratio and the ImmuKnow level (R = 0.051 or

= -(,092). There was no significant difference
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Fig. 1, The relationship between the tacrolimus blood concentration (a) or C/I) ratios (b) and the ImmuKnow ATP values.
The Pearson correlation coeflicients were 8 = 0.051 (p = 0.297) and R = —0.092 (p = 0.197). (¢) The correlation between the
absolute lymphocyte count (ALC) and the ImmuKnow results was analyzed, but there were no significant coreelations

(R = --0.028, p = 0.454).

in the TmmuKnow values during high-dosage
steroid bolus therapy compared to conventional
treatment (p = 0.281, Mann-Whitney U-test).

Correlations between the Immuknow measurements and a
stable immune function

A total of 468 of the 716 (65.4%) samples were
collected from recipients in a clinically stable
state. The median ImmuKnow level in the stable
state LDLT recipients was 162 ATP ng/mL.
Half of the measurements were between §5 and
297 ATP ng/ml., between the 25th and 75th per-
centiles (Fig. 2).

ImmuKnow values and age distribution in the pediatric LDLT

~ recipients

The ImmuKnow values according to the age of
the pediatric LDLT recipients at examination
were plotted using the locally weighted regression

N

smoother values of the stable state recipients
(Fig. 3a). There were no significant differences in
the distribution of the ImmuKnow values
between infants and children older than one yr
old at the time of the transplant (p = 0.109). The
ImmuKnow values of the stable pediatric LDLT
patients showed no evidence of age dependence.
The median ImmuKnow value was 162 ATP ng/
mL among the 468 stable state patients.

Impact of the liver transplant operation on the ImmuKnow
values in pediatric LDLT recipients

The ImmuKnow values at each time point after
LDLT for the pediatric LDLT recipients were
plotted using the locally weighted regression
smoother of the stable state recipients (Fig. 3b).
There was an inflection point three months
after LDLT. The median ImmuKnow level
within the first three months after LDLT was
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Fig. 2. ImmuKnow measurements grouped according to
clinical patient status on the day of sample collection, The
immune response measurements collected during events of
rejection or infection did not differ between the groups. The
[mmuknow levels were low in the rejection group com-
pared with that observed in the stable group (p = 0.029;
Kruskal-Wallis test), The horizontal line indicates the med-
{an ImmuKnow level in each group, the vertical lines indi-
cate the s.d., and the boxes describe the range of the central
50% ol the measurements in that group:

196 ATP ng/mL. The median levels decreased
significantly after three months to 139 ATP ng/
mL (p = 0.001).
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Comparison of the ImmuKnow values according to the type of
infection

The ImmuKnow values .in the patients with
bacterial or fungal infections were significantly
lower than those observed in the stable
patients (Fig. 4a,b). To determine a reference
value for the ImmuKnow level for diagnosing
infection, a ROC curve analysis was per-
formed. When the ImmuKnow value was set
at 102.5 ATP ng/mL and 91.5 on the ROC
curve for the patients diagnosed with bacterial
and fungal infections, the sensitivity was
68.2% and 72.7%, the specificity was 45.5%
and 66.7%, and the AUROC was 0.602 and
0.798, respectively (Fig. 5a,b).

Fourteen episodes of CMV infection and 107
episodes of EBYV infection were diagnosed. There
were no significant differences in the ImmuKnow
values in the patients with CMV infection
(Fig. 4c). There was a paradoxical significant dif-
ference in the ImmuKnow values in the patients
with EBV infection in that the ImmuKnow val-
ues in the patients with EBV viremia were higher
than those observed-in the non-infected patients
(Fig. 4d). '

Discussion

The T-cell immune function assay can be used
to categorize adult individuals as low, moder-
ate, and strong immune responders, and the
correlation with clinical quiescence in adults is
defined as an ATP measurement within the

o

Postoperative months

Fig. 3. A scatterplot comparing the immune responses according to the age in years (8) and the time after operation (b)
among the stable liver transplant recipients. The solid fine was calculated using the locally weighted regression of the Immu-
Know values. (0} There were no points of inflection in the solid line. (b) There was an inflection point three months after

LDLT.
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Fig. 4. ImmuKnow measurements grouped according to (a) bacterial infections, (b) fungal infections, (¢) CMV infections,

and (d) EBV infections, compared with the stable group.

established “moderate” range, between 225
and 525 ATP ng/mL (7). However, our study
showed that the ImmuKnow ATP levels are
lower in the pediatric LDLT population than
in the adult LDLT population. We propose
that the “moderate” range of the ImmuKnow
levels in the pediatric LDLT population is
between 85 and 297 ATP ng/mL based on the
resuits of our stable state pediatric LDLT
recipients analysis.

in the present study, low values on the T-cell
immune function assay were associated with sus-
ceptibility to infection, although this issue is

controversial (15-17). In addition, we found a
significant difference in the distribution of the
ImmuKnow values between the patients with a
stable status and those with infection, with the
exception of the patients with asymptomatic
EBV viremia. Furthermore, a low lmmuKnow
value was more helpful for identifying patients at
higher risk of bacterial and fungal infection, and
the ROC analysis showed that the sensitivity and
specificity for diagnosing fungal infection
episodes were 72.7% and 66.7%, respectively.
Therefore, the possibility of a fungal or bacterial
infection should be considered in patients in
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Fig. 5. Receiver operating characteristic (ROC) curve for predicting bacterial and fungal infections. (a) ROC curve: stable vs,

bacterial infection. When the cutoff ImmuKnow value was set at [02.5 ATP ng/ml., the sensitivity and specificity were 68.2%

and 45.5%, respectively (AUROC: 0.602). (b) ROC curve: stable vs. fungal infection. When the cutoff ImmuKnow value was

set at 91.5 ATP ng/ml., the sensitivity and specificity were 72.7% and 66.7%. respectively (AURQC: (.798). When the cutoff

ImmuKnow vatue was set at 76.0 ATP ng/mL, there were significant differences between fungal infections and a stable status
. (the sensitivity was 0.803 and specificity was 0.556, p = 0.008, Mann-Whitney U-test).

whom the ImmuKnow value is lower than
91.5 ATP ng/mL. When the ImmuKnow value is
<90 ATP ng/mL, it is better to increuse the moni-
toring or to introduce prophylactic treatments
for bacterial and/or fungal infections.

Regarding the lmmuKpnow values in the
patients with bacterial or fungal infection, there
were no significant differences in the ImmuKnow
values between the patients with CMV and EBV
infections. Pediatric transplant recipients are
generally dosed at higher concentrations of im-
munosuppressants per kilogram of body weight
than adults, We investigated the relationship
between the ATP levels and the pharmacokinet-
ics of tacrolimus and found no correlations
between the tacrolimus blood C/D ratios and the
ImmuKnow ATP levels. Typically, measuring
the peripheral blood trough levels of immuno-
suppressive drugs after transplantation is consid-
ered a critical step in therapeutic management to
prevent toxicity and to provide effective immu-
nosuppression. These data imply that measuring
the immunosuppressive drug levels remains an
imporiant aspect of therapeutic management;
however, such measurements have limited clini-
cad value in monitoring for over imprunosuppres-
sion and/or infection (18).

High values are associated with the risk of
rejection in kidney (9). heart (19), liver (20-23),
and pancreas (24) transplant patients, although
other stucdies have shown no significant
associations (16, 25-28). Kowalski et al. reported
the results of & meta-analysis of 504 adult
patients treated with a variety of transplant
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procedures, including LT, that recipients with an
immune response of 700 ATP ng/mL were
30-fold more likely 1o develop rejection than
those with a lower immune response value (8).
The present study results differ from those of a
prior study of adult solid organ transplant
patients in that our pediatric recipients in the
rejection group did not exhibit high I'mmuXnow
levels. [t is important to note that the adaptive
immune system is inmmature in children com-
pared to adults and that a lower response to
mitogen stimulation is observed in children (29).
The factors which were not related with ATP lev-
els of the T-cell immune function might be
mainly associated with acute cellular rejection in
pediatric liver (ransplant population, such as
antibody-mediated rejection (30).

In the present study, we found that pediat-
ric liver transplant recipient immune responses
are age-independent. Within the . pediatric
patient population (age <12 yr), we found no
age-related effects on the immune function.
Similar findings have been reported in pediat-
ric renal and liver tramsplant recipients (29,
31). In addition, Hooper et al. assessed the
mean ImmuKnow values among 50 healthy
children (32 children <12 yr of age and 18
children >12 yr of age) and 155 healthy adults -
and found that the mean ImmuKnow value
remained constant around 327 ng/ml until
10 yr of age, after which it progressively
became elevated at 10-12 yr of age and
plateauved at the level observed in adults
(around 433 ng/mL) after 12 yr of age (29).
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We analyzed the relationship between the
height/weight and the ImmuXKnow valye pre-
transplant. There were no correlations between
the clinical status of recipients’ development
and the ImmuKnow values (the Pearson cor-
relation coefficients were R = 0.131 for height
and 0.231 for weight, data not shown). A
subgroup analysis based on the preoperative
ImmuKnow values was performed; however,
we did not find any significant differences in
the incidence of developing infections.

We did not observé an adequalte, absolute cut-
off value for the ImmuKnow level for predicting
EBV infection. A previous study reported that
infectious episodes are accompanied by low of
ImmuKnow values. In the present study, the Im-
muKnow values were significantly higher in the
patients with EBV infection than in those with a
stable status, a paradoxical change. PHA activa-
tion of CD4+ T cells usually necessilates co-
stimulation by other cells, such as B cells (32,
33). EBV-transformed B-cell lines are approxi-
mately 4-20 times as efficient on a per cell basis
as non-T cells in stimulating the amplitude of
the co-stimulation function (15, 32). Conse-
quently, in cases of EBV infection, transformed
B cells enhance the activation process, resulting
in the overproduction of ATP, thus inducing an
elevated ImmuKnow level (34). The unpredict-
ably high ImmuKnow results observed in our
EBV-infected recipients may be explained by this
phenomenon, in contrast to the expected low
values observed in the cases of viral infections
(9, 10, 35).

The independent risk factors associated with
the clinical status (stable vs. bacterial, fungal,
CMYV or EBV infection, and acute cellular rejec-
tion) were the recipients’ age, tune since LDLT,
and ImmuKnow values, as determined by a
logistic regression test. The ImmuKnow values
were associated with  bacterial  infections
(p = 0.031, OR =0.997), fungal infections
(p = 0.014, OR = 0.987), and acute celiular rejec-
tion (p = 0.005, OR = 0.998), 1t can be con-
cluded that the ImmuKnow values were a useful
tool for diagnosing fungal infections in our
study. When the cutoff ImmuKnow value was set
at 76.0 ATP ng/ml., there were significant differ-
ences between fungal infections and a stable sta-
tus (the sensitivity was 0.803 and specificity was
0.556, p = 0.008, Mann-Whitney U-test). Ling
et al. reported that the TmmuKnow value was
not able to determine individuals at risk for
infection or rejection in their relatively large
meta-analyses in cases ol adult solid organ trans-
plantation using a ROC curve analysis (35). They
concluded that it was not a useful test for

Immuone function assay in pediatric LDLT

diagnosing infections, because the AUROC for
infection was 0.77, We intended to validate the

- cutofl’ ImmuKnow value for diagnosis rejection

and infection using a ROC curve analysis in pedi-
atric LDLT recipients. However, we also could
not set an adequate cutofl value for the Immu-
Know assay for diagnosing a bacterial infection,
because the AUROC was 0,602,

There were a few possible limitations associ-
ated with this study. We have used CMV-pp65
in. the PCR era, because our previous study
revealed the effectiveness of a universal pre-
emptive therapy for CMV infection based on
the cutoff for a positive CMV-pp65 antigen-
emia of <5/50 000 cells (36). However, this is
not the standardized value. Further studies are
necessary to determine the optimal cutolf value -
for CMV-pp65 antigenemia and to compare it
with the results of CMV-DNA PCR. There
was another limitation, that this study was ret-
rospective study and we need to validate the
cutofl' values using an independent dataset in
another prospective study.

Conelusions

The TmmuKnow ATP levels are lower in the
pediatric LDLT population than in the adult LT
population. We herein proposed a reference
value between 85 and 297 ATP ng/mL in pediat-
ric LDLT recipients, although we did not iden-
tify any age-related effects on the immune
function in the pediatric LDLT recipients. The
ImmuKnow assay could be helpful for monitor-
ing pediatric LDLT recipients with infection,
particularly those with fungal infections. Mean-
while, the correlations between the ImmuKnow
values and the status of rejection or EBYV viremia
were limited.
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Abstract

BACKGROUND: Luminal preservation of the intestine is an attractive method to locally mitigate
preservation injury and ischemic-reperfusion injury in small bowel transplantation (SBT)
because this method has a potential fo maintain the intestinal graft integrity. Hydrogen is noted
as an antioxidant material by reducing hydroxyl radicals. We hypothesized that hydrogen-
containing solution can be an optimum material for luminal preservation method in SBT.

METHODS: Ischemic reperfusion was induced in Lewis rats by occlusion of the supramesenteric
artery and vein for 90 min. Experimental protocols were divided into four groups: sham operation
group, no luminal injection (control} group, luminal injection of 5% glucose saline (GS)
solution group, and luminal injection of hydrogen-rich GS (HRGS) group. Two milliliters of
experimental solution was locally injected into the lumen of the intestine before declamping of
vessels. Oxidative stress markers, proinflammatory cytokines, apoptosis in the crypt cells, and
morphologic changes of the intestine were assessed. '

RESULTS: The production of malondialdehyde and 8-hydroxydeoxyguanosine, as oxidative
stress markers, were markedly suppressed in HRGS group. The level of proinflammatory
cytokines, such as inducible nitric oxide synthase and interleukin-6, was significantly inhibited in
HRGS group. Crypt apoptosis was also significantly suppressed in HRGS group.
Histopathologically, integrity of villus in intestine was maintained in HRGS group in comparison to
the other groups.

CONCLUSION: Luminal injection of hydrogen-rich solution can reduce oxidative stress and
consequently ameliorate ischemic-reperfusion injury. Hydrogen-containing solution can be a
novel and promising luminal preservation material in SBT.
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[Summary]
[Objective] Different characteristics are found between adult and pediatric recipients of liver transplantation.
However, a detaifed nationwide database of pediatric liver transplantations has not been fully elucidated in Japan.
Therefore it is necessary to accunlate such a nationwide registry of data on pediatric liver transplants. The pri-
mary objective of the database is to characterize the trends in indications. outcomes, and developments in pediatric
liver transplantations in Japan.
[Methods] In 2013, the on-line registration system was opencd at several Japanese pediatric Yiver transplantation
centers in Japan, This registry is designed to collect data online, and the subjects will be donors and recipients aged
Jess than 1§ years at the time of transplantation. The coraposition of this registry is classified into 3. categories, and
436 items,
(Results] We added some evaluation items of growth and development to LETRE-J (Liver Transplantation R[,gls‘
try in Japan). We will collect prospective data on children receiving liver transplantations at the pediatric liver
transplant centers in Japan and accummlate comprebensive data on pre-and postn:mspkmt outcomes of pediatric liver
transplantations.
[Concluston] That the data accumulated by this registration system ae expected to serve as basic histories and
statistics data for the evafuation and development of pediatric liver transplantations in Japan, such as improvements
in results by-standardized medical treatment through decisions of the guidelines.

Keywords: liver transplantation, pediatric, registry
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Age of Recxp_ycnt Towl
<18 y.o. 218 yo.

Cholestatic Diseases 1,608 860 2,468
Biliary Atregia 1.471 145 1,616
Primary Bilisry Cirrhosis 0 535 535
Primary Sclerosing Cholangilis 20 141 161
Alagille Syndrome 70 2 72
Byler's Discuse 33 2 35
Congenital Bile Duct Dilatation 5 7 12
Caroli Disease 3 9 12
Others G 19 25

Hepatoceliufar Diséases ' 4 1,025 1066
HCV 1 461 462
HBY . 0 236 236
Alcoholic 0 134 134
Autoimmune Hepatitis 3 64 67
NASH 2 28 30
Cryptogenic Cirrhosis 27 98 125
Others 8 4 12

Vascular Diseases 32 30 62
Budd-Chiari Syndrome 7 26 33
Cougenital Absence of Portal Vein 21 2 23
Others 4 2 5

Neoplastic Disenses 66 1,253 1,319
Hepatocellular Carcinoma 6 1,219 1,225
HCV 0 739 739
HBY . 0 375 375
Aleoholic 0 44 44
Primary Biliary Cirhosis - 0 11 11
Others 6 50 56
Hepatoblastoma 52 . ! 33
Liver Metassatis | 17 18
Others 7 16 23

Acute Liver Failure 190 422 612
HBYV 7 134 141
Drug-induced 2 30 32
Autoimmiune Hepatitis 2 22 24
Viral (+HBV) 8 12 23
Unknown 163 222 385
Others 5 2 7

Metabolic Diseases 194 179 - 373
Wilson Disease 59 50 109
Familial Amyloid Polyneuropathy 0 72 ’ 72
Citrallinemia 6 39 45
OTC Deficiency 40 2 42
Glycogen Storage Disease 15 6 .21
Methylmalonic Acidemia ) 20 0 20
Primary Hyperoxaturia 9 S 14
Tyrosinemia ' 13 0 13
Others 32 N 37

Others 17 27 44

Tolal 2,148 3,796 5,944
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