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"1 NSA—45—H
i [ om | 1w | em | 3m | 4m
BEE (0FABHD)
BAE 7.1 1.6 0.3 0.3 0.0
[Eliiitg 43.7 79.1 22.9 3.8 7.5
B 1,456.6 | 1,456.6 | 1,456.6 | 1,456.6 | 1,456.6
hEE (Y —FH)
simple 695,140 | 723,308 | 490,023 | 401,381 | 319,317
complex 394,421 | 519,489 | 259,248 | 203,109 | 150,959
BRBPEDOEZ 1L ADIVER (M)
B 48,330,257 | 48,330,257 | 48,330,257 | 30,761,130 | 30,761,130
HIME 9,435,806 | 2,435,806 | 2,435,806 | 1,581,195 | 1,581,195
fii 4 338,962 | 338,962 | 338,962 | 255,998 | 255,998
FHLE (1Y —VFE)
simple 42,549 42,471 37,347 35,976 35,122
complex 175,696 | 157,825 | 371,055 | 290,563 | 276,053
PCV 7218 (%)
fifi s BREERBRE A / B ILE 72 75 73 69 59
BRI S B % 6 6 6 6 6
rRE S
simple 3.5 8.0 3.2 3.2 3.2
complex 14.8 15.6 16.7 16.8 16.9

PCV 75 NIP (National Immunization Pro-
gram) 128 1T 2 KE O 2 E%127,000
MEEELE, oy F v bRt PCVTIZ
HRERPETIEEOERFRRER> LT
iz, KA TIE PCV 7 OBIFERIRERL
oz,

AoHIE, 5 EME VD HENERROHET
BT, TEEMIEERAAME I BE S 2 E5E
frbhroiz,

2. REXH

SENETIEZORREBIELENT WS DD,
bBRENCEBICEA S NEDO PCV 7 ORIRI
BT 27— BELEELZW, Z2T, PCV
7 OB EEREDTOR IR S BT 5E & BRE
SIHTIC & DRREEL T2,

PCV 7 O#ERIIERS T TIX100% LIREL
72, PCV 7 OBAFIOEERIZMEL, 2D
BBRIWE L koTw LBbhd, I THE
EKx50%, 70% & UIBE OEBEFERIR 2L
L7z,

PCVIovrzFviEEclbrEHAE, HE

B L EEERVPREDD, PCV 75 NIP
KEENTWAKRECBT 2V 7S VEREES
L, 274 bTRZNTWwS CDC Vac-
cine Price List (20084 4 H) z=ZM L 7,000
M UTEER2To0, ZOEPENTEEY
7 F v OEEZRHFETEEN 2EE 2R T 5, V
7 F ERANNE L BNIEY 7 F v OBREREN
BFEFLWbDORRE I EEEHTHE D, £
BEEEORRTCY 2 F Y BRPKEL B8
& & LTC10,000/9 %2 BE ST & U THREEL T2,
PCV 7 i2id, /INEH &AL ERE O
By o EEsE (herd effect) d#|EINT
w32, Ray 5%, PCV 7 BABICKEIEERL
72 herd effect 12 & 2 BQERBER OB 2 A
T, herd effect 12 & 2 BFEEREHE L T 59,
bWBETIE PCVIREAISRTWERW:ZD,
Ray & O#EW Kk AKE W BT % herd effect 7%
bHREIC BT ERICHIBEINS EF 256
D, S5ELLEAOIIST % PCV 7 ® herd effect
DOEE LI LTz, Ray 513, BEEE - WILE
Y OBEEREE MR (AR ey s
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&2 herd effect #ERA/NSXA—5

ERRX 5 | 5~15m% [ 15~458% | 45~658% | 65s2LE
7 7 FUIBEREONA (Ab) BEERIE (%)*
773 vEALEH 3 5 1 1
voFUEA2EH 4 7 3 4
voFrEAIER 7 10 5 8
v7FEA4LEH 9 10 6 8
v FEASER 10 12 5 9
FERI R FES (AR (A) 33,909 | 79,121 | 90,424 | 497,329
ERRZETE (N) 40 414 3,499 | 103,178
gl 1 ANbeh EEE (A (H) 284,370 | 284,370 | 284,370 | 284,370

SRENC BT 2T 7 F EEERIRT0%

®3 PCV 7 OEBREHENR

i o | 1m | 28k | 3 | 4m | A
PCV 7 eI 3 1 0 0 0 4
fERIE POV TR (f5FT) 22 | 14 [ 0 0 0 | 296
PCV 7 iz & 2 BBIHED BERSE (M)
R 53.9 | 128 | 25 | 23 [ 0.0 | 75
BT 333 | 627 | 177 | 28 | 47 |11
Wiz 924 | 924 | 924 | 924 | 924 | 4,618
simple 24,330 | 57,865 | 15,681 | 12,844 | 10,218 |120,938
complex 58,374 | 81,040 | 43,204 | 34,122 | 25,512 | 242,343
PCV 72 & D HlR S h 2 HREFPUEEM ((BF)
Bl 26 | 6 1 1 o | 3
B 8 | 15 | 4 0 1| 2
i 3 3 3 2 2 | u
HH % 13 | 152 | 167 | 104 | 74 | 610
& 150 | 177 | 175 | 107 | 77 | 687
REFHIR (PCV 7 &F —HIREHR)
[ 72 [ -103 ] —175 | 107 | 77 | 301

herd effect OFIRZI|ME L T35, bIEOD
BN 381 2 R B R YiE w3 2 AR R R
BEBIENTERholzlzd, KON TR
(AR %xdg e LT herd effect 12 X 2 B8
BB E RS U, PCVTEAKD 5KEL
FovrF U IEEEECBY D ARRELYET S
Tk BEROBEAEIE, Ray 510X V&S h
rkEI B 2 REROE(E, bySEO AR
BN BT DA EREOEE (26.3%)° = Hw
7o 5L EADO DR E# XSS 6~15,
15~45%, 45~655%, 6OomLAL) WwIsT 2 R
gBEK (ARAD &, WEF L ICX 3 02PE
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ERRISE A OB REHEET” & D K ® 72, Herd
effect BT 21D DIT A —F B2R2 IR
7,

i
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&4 PCV7DEEBEEBEADHR (herd effect)

FIRES | 5~15m | 15~d5@ | 45~65i | eomblE | At
ABehitige B HIEE (N)
14K 1,070 4,162 951 5,232 11,415
2 5 1,338 5,618 2,854 20,928 30,737
3 4EH 2,497 7,699 4,756 37,931 52,884
45EH 3,032 8,115 4,994 39,239 55,381
5 3,389 9,780 4,756 47,087 65,012
Bt 11,326 35,375 18,312 150,417 215,430
Atz EEFE R (EH)
14£H 3 12 15 32
248 4 16 60 87
3 FH 7 22 14 108 150
4 HEH 9 23 14 112 157
5 £ 10 28 14 134 185
it 32 101 52 428 613
iz SECRIE (A)
146 1 22 37 1,085 1,145
2 4£H 2 29 110 4,342 4,483
3 4 H 3 40 184 7,869 8,07
4 42 4 42 193 8,141 8,380
5 4EH 4 51 184 9,769 10,008
5t 13 185 709 31,206 32,113

1256, PCV 7T ORERIE, 296(8M L H#HEtah
720

PCV 7w X D HI¥k & 1 2 B REHE O I,
BElZS, WILE, FiR, PERTZhTh, 34E
M, 29f8M, 148M, 6108 E kY, BEET687
BHOBH MBI ONIBEREL ST, BT
FEROERHIEED% L RO RS REE L
HT iz,

PCV 7 Oi3ER» 5 PCV 12 X D HIIE S 112 %
IEE R DO EEH 25wz PCV 712 & 2432 Y|
JAEIE, 39UEM RS iz,

2. REIMN

BRAYE WX T 5 PCV 7 ORHR 2 HASHT
FWIAEDT0% A S B 156 2 BESHTIC &
DBEELTS, V2 F ik DBRBRAMIEIKE
5 EWHFEREIED ool (B I :
185(8M),

PCV 7 DEREERE50%, 0% & LIZHEDRKR
BB R T ZE 1958 M, 2748H & 7%

D, BEROBE Y, X DRE REE YR
RBBONIERE R 5T,

PCV T DY 27 F EE%10,000Mic LS,
V7 FrERZA2IEMCENT 2 00, BE
FAHIESR MR S N Tl Q64EM) ., BEA
HIEZHR PR T 2V 7 5 B H OREYE » 5
BlLckEZ2, 16,24THTH 572,

PCV 7 @ herd effect 122w T, KEERED
IRV TE LD L LS, 5FEET613
BHOMEABEEESHIR S o R LB o7
(FRd), /-5 FEMTI2, IBBADKEI X 2%
Tr#TonsERER T,

KOWTE, bPEICBWT/HER
PCV7 BEASRIBEIC -3 NE LE 3
515 ERERT S R R LT,

4[|l PCV 7 D= ®I2, 296(EMHOEAH
BB E R BR, PCV 7k 2BEME%, BEINE,
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#£5 DIFVICEDEIRShSERPEERONR (EM)
BRYSERER (B BB _
Emm | mmEe | e | o &
Bl 1 6 28 34
BAIMLE 5 24 - 29
i % 9 5 - 14
HE 4 249 361 —~ 610
: 263 396 28 687
* 1B L OB

fids, AMREA Lo T BYSE O FAESIRR
W E D, BREICE, 398N O RE IR
DB I ARRE R 572, PCV 71 &Y B
EANAEHONRERS &, EEBOHIBEDK
XXH BT EnMe, LERIOHIFEILS S
WRER DR ->TEY PCVTIE, EEEL
HERREEEOWE A CHENRE W LS
Mmoot (B5),

SR THEA LI FERZAT A —F DT
EaEERL, OESEMLIGEOTER
BREL L7, ODEBEENNT A -y ThHD PCV
7 ORI D WTIE, BBPEDFEMNFIE L,
BEASTHOREDT0R D S Ga PR
AEU 78, EASTREE & Rk, HBEREIER)
HERBONIRRER 5Tz, & HIW60% % T
JRLGEERE LY, BB RHIESIR MR
AT, HEE T PCVTEARITHY,
bHEIC B2 PCV 7 O RS FE ISR
I3 E7 AREELEWRED, EBO
PCV 7 O#EEH WIS SHBBETH S &
Bbhs,

EHN 2 EERFBEAFET 5561, REE
T 2B T B E I E T 2 E5 1M Th
NBH, KoM, 58/ LS BRI
BU 2EERFESIR T2 2B L
7oz, ZENITbkhol, RICEK3 %TE
Blni-BarsRE LI 25, PCVTICE2E
FA IS 360(B M & 72 - 72,

77 F EERICHT ARBESMICEY, V2
F RS LT IE & D RS B RE EEIEsh
ERHE TR SRR o, X5 EEERDON
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EREOEGEE L oTwa M, 21T, Ak
WEPBETIMADI b d % { 2O 5 D0
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OB RBIEDRBREHF OV 7 F iz
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WieF—F 2FERA LY, ZO7F—%iE North-
ern California Kaiser Permanente 12 8> TEHg
En: —EEREEAUERBEEBRORBRTDHY,
ITEFVAVRVEEWEEZ OND, DR
RETI, VT UEREE, FEREEEOTRE
BLTBY, Ray »lE, V7 F rEEZEOERE
FHE T 2V A7 BAELER L CERER S
WEEBL D, bPERBWT S FEROBR
BLTHESND EVIREEIR B VWY, BESC
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ATz, 4EBEDOY 7 F v ORI
W2WTiE, KETPCVIBEAIRTDIIX
2000ETHEDT, T—FREEShIbDER
59, EBUEIMZ W Hib V27 F > OB,
o, BERLFR OB RENSRRING L
EINTW5, iz, ¥k, BN IHURMES
W 22N bHo>TH, PCVT ZEEENT
RECThH B0, TR Y —BETHUT+SHE
fliefgs ZEBTES, LEDZ s, V7 F
YEIROTRHERMC & D RS ORERNZT 55
HIhswbprBEbhd,

3OBW, BERETAMETH L, ROGWHT
¥, BRERE OB 2 SCERY 55 L7z,
NSO THE SN TWaBHEE, HME N
TE57 v r— b ERHHLUTHEINETDH
%, RBCHERRG CRET 2 EREE L, A0
EPHEEROBRBECLLZDDLEENED, T
NoD7 v r— b TRZDEIBERIIERLT
WV, FDI®, TV — MERICED SR
SN EEER, EBRID NI bDWRsT
e D %, FhhERICOWTIE, 20084 4 H
L VIR OBHEPFEABELTNRELTH
SRR E R R EE R & U TI50M 35K
AlREL 2 728, FHAODERBIIIWCKRER
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TOEERBENRIZBEREZDIDER D
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ARTICLE INFO ABSTRACT

Immunizations using live-attenuated vaccines are not recommended for post-liver transplant children
due to its theoretical risks. However, they will encounter vaccine-preventable viral diseases upon return-
ing to real-life situations. We performed a total of 70 immunizations with four individual live-attenuated
vaccines to 18 pediatric post-living donor liver transplant (LDLT) recipients who fulfilled a clinical criteria
including humoral and cell-mediated immunity. The seroconversion rates at the first dose for measles
(strain AIK-C), rubella (strain TO-336), varicella (strain Oka), and mumps (strains Hoshino) were 100%
(15/15), 100% (15/15), 82% (9/11), and 82% (9/11), respectively. During observed period (-5 years 11
months), a few cases with waning immunity (antibodies were once produced but the levels fell over
time) were seen except after rubella immunization. Clinical diseases after seroconversion or definite seri-
ous adverse effects due to immunization were not observed. Immunizations using selected live-attenuated
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vaccines were safe and effective for post-LDLT children who were not severely immunosuppressed.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Immunizations using live-attenuated vaccines are often difficult
to perform in children undergoing orthotopic liver transplantation
(OLT). Before OLT, the opportunity for vaccination is usualily lim-
ited because children may have unstable courses of disease. Also,
the vaccine immunity does not always persist after OLT [1,2], partly
because of long-term immunosuppressant treatment. On the other
hand, when immunizations are performed after OLT, the serocon-
version rate can be lower, and theoretical risks of serious adverse
effects and rejection due to live vaccine viruses exist. In practi-
cal way, therefore, all family members especially children were
requested to be immunized to prevent transmission of vaccine-
preventable agents.

However, these children will be exposed to vaccine-preventable
diseases upon returning to real-life situations. For example, the
patients who do not have antibodies against these viruses may
be advised to refrain from attending schools or kindergartens
for several weeks during epidemics, especially highly contagious
measles and varicella because immunocompromised patients are
at high risk of these diseases [3]. Measles epidemics are not rare

* Corresponding author. Tel.: +81 3 3353 1211; fax: +81 3 5379 1978.
E-mail address: m-shinjo@z2 keio.jp (M. Shinjoh).

0264-410X/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2008.09.076

in Japan and reported to be an exporting country [4]. Also, vari-
cella epidemics are common due to the low vaccination rate of
35% 5], versus the 96.5% coverage among children enrolled in
kindergarten in U.S. [6]. Although post-OLT patients may not be
at high risk of rubella and mumps {3}, they should be protected
from these diseases similarly to normal children. Thus, it is reason-
able to consider immunization with these live-attenuated vaccines
for post-OLT patients who are at minimal risk of having adverse
effects.

A few studies examining the seroconversion rates for immu-
nization of measles, rubella, varicella and mumps after OLT have
been published [2,7-9]. We achieved safe and effective immuniza-
tions using live-attenuated vaccines on 18 patients with post-living
donor liver transplantation (LDLT) since 2002, using criteria which
include evaluation of their humoral and cell-mediated immunity.

2. Methods

Pediatric post-LDLT recipients who are followed-up in the Pedi-
atric Surgery Clinic are referred to the Pediatric Infectious Disease
Clinic at the discretion of the surgeon to be considered for vaccina-
tion. The pediatrician reviews the patient’s history and determines
whether the child meets the criteria shown below for immu-
nization by using a “candidate checklist”. An informed consent is
required. Generally, blood was collected immediately prior to tak-
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ing immunosuppressants in order to measure the serum trough
concentration of the drugs.

We investigated the response to each vaccine, duration of
seropositivity as well as the rates of primary vaccine failure and
waning immunity, clinical disease, booster responses and adverse
effects after each immunization.

2.1, Criteria for administering live-attenuated vaccine in patients
after LDLT

We established clinical criteria in order to maximize the safety
and efficacy of immunizations with live-attenuated vaccines such
as measles, rubella varicella and mumps after LDLT, as follows.

(1) Negative or borderline antibody titers to one or more of the
following viruses: measles, rubella, varicella or mumps.

(2) More than 2 years after LDLT.

(3) Liver enzyme levels, such as AST, ALT and total bilirubin, are
stable, and no signs of graft rejection within the last 6 months.

(4) No use of gamma-globulin or systemic steroids
(>0.2 mg/kg/day) within the last 6 months.

(5) Children who were not severely immunosuppressed consider-
ing the following clinical laboratory examinations;
¢ Lymphocyte counts: >1500/u! for children younger than 6

years old and >1000/p.l for children 6 years old and older,

e CD4 counts: >700/ ! for children younger than 6 years old and
>500/ul for children 6 years old and older, CD4/8: >approxi-
mately 1.0

* Normal lymphocyte function: lymphocyte proliferation in
response to phytohemagglutinin, PHA (Lymphocyte-blast
transformation test using PHA): normal or high (normal
range; 20,500-56,800 counts per minute)

¢ Immunoglobulin G: >500 mg/dl.

(6) Low serum trough concentration of immunosuppressants;
Tacrolimus and Cyclosporine are <5 and <100 ng/ml, respec-
tively, (No criteria were established for other immunosup-
pressants such as mizoribine and mycophenolate mofetil and
enrollment was based on an individual basis).

(7) All participants (the parents, surgeon and pediatrician) approve
the immunization and have obtained a written informed con-
sent. The parents wish their child to be immunized.

2.2. Measurement of titers

The antibody titers against the four viruses were evaluated in
the post-LDLT children prior to immunization. Then titers were
measured 1-2 months after each immunization, and twice a year
thereafter. Standard laboratory cutoffs were used to determine
seropositivity.

The titers are measured using a hemagglutinin inhibition (HI)
test, IgG (Enzyme immunoassay, EIA) and/or neutralizing antibody
(NT) for measles, HI and/or 1gG (EIA) for rubella, and IgG (EIA) for
varicella and mumps.

HI test for measles and rubella was considered negative if titers
were less than 1:8. NT for measles was considered negative for a
titer of less than 1:4. Measles, rubella, varicella and mumps IgG
measured by EIA, were reported as positive (EIA index of 2.0 or
more), borderline (1.0 to less than 2.0), and negative (less than 1.0).

HI and NT only have “positive” or “negative” titers. However,
IgG (EIA) has “positive”, “borderline” and “negative” titers. Nega-
tive antibody titers for NT even with “positive” or “borderline” IgG
(EIA) titer are regarded as “negative” for measles. We used the kits
produced by Dade Behring Marburg GmbH for IgG (EIA).

2.3. Immunization and vaccine strains

Children were generally immunized at his or her second visit to
the Pediatric Infectious Disease Clinic. Each patient was immunized
with one vaccine strain at a time, in order to monitor the adverse
effect for each strain, and because MMR (Measles-Mumps-Rubella)
vaccine has not been approved in Japan. The vaccine strains that
have been used to date were AIK-C for measles, TO-336 for rubella,
Oka for varicella, and Torii or Hoshino for mumps. Since the Torii
strain for mumps was not able to raise the antibody titers suffi-
ciently, we later replaced the Torii strain with the Hoshino strain.
Patients with negative antibody titers and who fulfill the criteria
were then immunized with each vaccine subcutaneously (0.5 ml)
ataninterval greater than 4 weeks or more. Patients who have had a
history of severe allergy to food or medications were considered at
risk for allergic reactions from vaccine components. These patients
received an intradermal skin test using one hundredth of the vac-
cine dose (0.05ml of 1:10 diluted vaccine) and were observed for
15 min for skin reactions. Erythematous skin reactions greater than
10mm or control reactions to 0.05ml of saline were considered
positive and excluded from immunization. Adverse effects were
interviewed at the next visit.

2.4. Primary vaccine failure, waning immunity and
re-immunizations

Primary vaccine failure means that antibodies were not pro-
duced within 2 months (HI<1:8, NT<1:4 or IgG (EIA)<2.0) when
firstimmunized, and waning immunity means that antibodies were
initially produced but the levels fell over time (HI<1:8, NT<1:4 or
IgG (EIA) < 1.0). We simply judged waning immunity by loss of anti-
bodies, not by loss of cellular immunity (even for varicella) as shown
inWeinbergetal. |9}, Re-immunizations were performed when one
of the following criteria had been met (1) primary vaccine failure,
(2) waning immunity, (3) antibodies titers fell down to low pos-
itive (NT=4) or to “borderline” titers, and the family wishes the
child to be re-immunized. The maximum dose was 3 times for each
strain.

2.5. Booster responses

We defined booster responses as significant elevation of viral
titers after >3 months post immunization. Significant elevation for
measles and rubella is defined as greater than 4 fold elevation of
Hlor NT. For varicella and mumps, since the coefficient of variation
(CV, standard deviation/average of the data) of 1gG (EIA) for vari-
cella and mumps was calculated as 4.5-9.6% in our institute (data
not shown), we defined booster responses as elevation of IgG (EIA)
points of more than 40% (>4x maximum CV).

3. Results

A total of 70 immunizations were performed on 18 post-LDLT
patients who fulfilied the criteria, regardless of their prior immu-
nization status. Clinical profiles of the immunized patients are
shown in Table 1. The median age at the time of LDLT and the
first vaccine after transplantation was 10-month-old (range 5-135)
and 55-month-old (range 34-225), respectively. The median time
between the LDIT and the first immunization was 43 months
(ranged 27-133). The ratio of females to males was 12 to 6. The
underlying liver diseases were biliary atresia in 17 cases and fulmi-
nant hepatitis in one case (Patient 3). All but one patient (Patient 2)
was immunized during the immunosuppressant treatment. Patient
5 did not receive the full measles vaccine dose at first time because
of a positive intradermal skin test to the vaccine.
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Table 1
Clinical proﬁ!es of the immunized patients after LDLT.

 Liver Ageat L,DVLT, i Age at first vaccine /;anary 1mmuno»suppres ' lmmunlzed live- attenuated
- post-LDLT

disejaSé ~

<| 2

Ly YoM post—LDLT
; 110 4 2,V
Female BA 1 1 4 v
Male  Hepatitis 1 5 3.9
_Female BA 2.7 5 2 7
Ml BA o 5 2 10 5
Female BA 0 8. 31 4
 Female . BA . 0 .10 4 5 6
_ Female BA 0. 7 4. 4 8
. Male  BA 0o 10 5 0 1 Tacrolimus
. Male  BA 11 3 1710 7 Tacrolimus
. Male  BA 0 6. s ) 7 Tacrolimus + Mizorib
_Female BA 0 11 4 3 4 Cyclosporine .
Male BA 0O 8 3 4 8 ~ Cyclosporine
_ Female BA 16 .5 5 1 Cyclosporine
_Female BA 0 8 11 10 1 Tacrohmus+Mlzor1bme
. Fermale BA. 8 3 18 9 Tacrolimus
~  Female  BA 2 4 -8 9 Cyclosporine+ MlZOHbme+PSL
. Female  BA 0 3 10 4 Tacrolimus

LDLT, living donor liver transplantation; BA, biliary atresia; Me, measles; R, rubella; V, varicella; Mu, mumps; ND, not done.
' No immunosuppressants were taken at the time of immunization.
** Received one hundredth of the measles vaccine dose (0.05 ml of 1:10 diluted vaccine) at first time.
** Immunosuppressants including low dose (2 mg/day) of PSL is used but repeated immunity tests revealed normal.

Table 2
Seroconversion rates for each vaccine.

Vaccine . Strain , . Nrotalvaccinees. %Seroconverted at first nmeltotal vaccinees % Serocorivertedtotal dose’
Measles ALCC 15 100 (15/15) -  100(19/19)
Rubella To3%66 0 _ 100(15/15) _100(15/15)
ok . 1 82(9/11)
1ps Torii ', : 3 . 003 :
Mumps Hoshmo ; 11 . 8209111 - ‘86(12[14)

' Some patients received two or more doses except for rubella as shown in Table 3 and Fig. 1.

The cell-mediated immunity was checked twice for some of the
patients when the serum concentration of the Cyclosporine-A was
low (trough) or high (several hours after intake). Patient 8 had test
results indicative of normal cell-mediated immunity regardless of
whether serum concentration of the Cyclosporine-A was as low as
38 ng/mil (trough) or as high as 241 ng/ml; lymphocyte counts were
2030 and 1880/p.l, CD4 positive cells were 669 and 658/, and
lymphocyte proliferation in response to PHA was 53,685 and 63,000
counts, respectively. Similarly, for Patient 17, lymphocyte counts
were 2425 and 1890/p.l, CD4 positive cells were 1091 and 832/ul,
and lymphocyte proliferation in response to PHA was 60,800 and
44,600 counts, when the serum concentration of Cyclosporine-A
was 93 and 149 ng/ml, respectively.

The overall seroconversion rates for each vaccine are shown in
Table 2. The rates for measles (strain AIK-C) and rubella (strain
TO-336) were 100%, varicella (strain Oka), and mumps (strains
Hoshino) were greater than 80%. Since the seroconversion rate for
mumps (strain Torii) was rather low, we then used the Hoshino
strain.

The occurrences of primary vaccine failure and waning immu-
nity are shown in Table 3, and the duration of seropositivity for
each patient is shown in Fig. 1. Primary failure did not occur for

Clinical diseases after seroconversion were not observed. One
patient (Patient 5) who did not seroconvert (0.0 to 0.0 for 1gG (EIA))
after varicella immunization, developed varicella 18 months later,
but only 10 vesicles were observed during 5 day course of oral
acyclovir treatment and he required no admission. The IgG titer
increased from 0.0 to 54.0 by I1gG (EIA).

A booster response to a particular virus was observed 16 times
(Table 4); once for measles in Patient 3, twice for rubella in Patients
3 and 10, 6 times for varicella in Patients 1, 3 and 6, 7 times for
mumps in Patients 4, 7,9, 10 and 13. For example, Patient 6 expe-
rienced 3 varicella epidemics at kindergarten after immunization
and had elevation of varicella IgG (EIA) titer each time without any
clinical symptoms.

No serious adverse effects or rejections were seen due to immu-
nization. In addition, none of the immunized patients experienced
re-transplantation. One patient (Patient 9) had transient parotid
swelling 3 weeks after mumps immunization. Patient 12 was
admitted for several days because of a fever without a focus 2 weeks

Table 3
Occurrence of primary vaccine failure and waning immunity.

mea;les and rubella. Waning immunity did not occur for rubella.  vaccine strain  Total vaccinees Primary vaccine failure Waning immunity
Waning immunity for. rne‘asles,‘varlcella and mumps occurred 9-38 Measles AC 15 e = =
months after immunization (Fig. 1). Rubella TO336 15 0 oA
Patient 5, who had received only one hundredth of the measles Varicella. Oka 11 2 2
vaccine dose had persistent titers for more than 2.5 years but was Mumps  Tomi = 3 4 2
Mumps = Hoshino 11 = 2 2

re-immunized since the level of the NT titer fell down to low posi-
tive and the family wished to be re-immunized (Fig. 1).

* Patient 3 experienced primary vaccine failure twice.
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Fig. 1. Duration of immunity after immunization for measles, rubella, varicella and mumps.
Table 4
Occurrence of booster responses.
Vacéine Strain Patiént number  Methods  Antibody titers (vears and/or months after immunization) ~ Comments
: , : ; . Before booster reésponse Aftér booster response . . “
Measles AIC 3 . N <A(4vyears3months) 8 (4years 9 months) . NTwas 8‘at{3iyeafé 1 month after imr’niinizat" n
Rubella = TO-336 3 - . HI 256 (3 years 6. months) 1024 (3 years 11 months) ...«
’ 10 HI ‘64 (5 months) 256(10 months) ~ Hlwas 256 at 1 month after immunization
Varicelfa Oka 1 18G(EIA} 1.2(6 months) ; . 52(7 month) k 1eG (ElA) was 200at1 }nontﬁéfter fmmunization
-3 IgG(EIA) 6.7 (1year8months)  11.0(2years 1 month) ~ . - ‘ ‘ -
-3  IsG(EIA)  3.0(3 years 3 months) 4.7 {3 years 9 months) . e - . - -
6 ;l‘gG (ETA) . 13(5 months) ‘ 10(7 months) IgG (EIA) was:3:6 at 2 months after immunization
6 _ IgG(EIA)  19(1year7months)  9.3(1year9months) . o .
- ; - 6 IgG(EIA) 162 vyears 7 months) 3.4 (2 years 11 months)
Mumps  Hoshino 4  IgG(EIA) 92 (5months) 69.0(8 months) e ~ ;
7 IgG (ElIA) . 17(4months) 2.9 (5 months) - 18G (EIA) was 4.6 at 1 month after immunization
7 IgG (EIA)  1.7(6 months) 3.5(9 months) ‘ o .
7 IgG (EIA)  24(1year9months) 42 (2yearsd months)
9  IgG(EIA)  27(1year2months)  5.0(1 year 10months) - - , .
10 IgG(EIA) 63 (6months) ~ 36.0(8 months) _ _1gG (E1A) was 9.4 at 2 months after immunization
13 LIgG(EIA). 28.0(4 months) 54,0 (7 months) o f . - ~ .

after measles immunization. The etiology of the fever was unclear
but the patient defervesed (diagnosis for the patient was not made
because no cultures were collected before antibiotic use by the
attending doctor). The patient could continue other immunizations
without any adverse effects thereafter.

4, Discussion

In our study, high seroconversion rates after immunizations in
selected post-LDLT patents were observed for the measles, rubella,
varicella and Hoshino strain of mumps. Previous reports have
demonstrated various rates of seroconversion [2,7-9]. First, Rand
et al. [7] immunized 18 children, aged 6-26-month-old at OLT and
15-73-month-old at immunization with measles vaccine between
1.5 and 65 months after OLT. The seroconversion rate was 41%
(7/17), but only 29% (4/14) remained seropositive 6 months after
immunization. Second, Kano et al. [2] immunized 13 children, aged
9 months to 17 years old at OLT, with four live-attenuated vac-

cines more than a year after OLT. The seroconversion rates were
85% (11/13) for measles, 100% (2/2) for rubella, 71% (5/7) for vari-
cella, and 100% (6/6) for mumps. Third, Khan et al. [8] immunized
42 children, aged 0-73-month-old at OLT and 12-218-month-old
at immunization with MMR or varicella vaccine 4-201 months
after OLT. The seroconversion rates were 73% (19/26) for measles,
64.5% (20/31) for varicella. Fourth, Weinberg et al. [9] immunized
15 children, aged 13-76 months old at immunization with varicella
vaccine more than 257-2045 days after OLT. The seroconversion
rate was 87% (13/15). In our study, a larger number of children
were analyzed for rubella and mumps vaccine thanin these reports.
The seroconversion rates, especially for measles, in our study were
also generally higher than previous reports. This may be because
of the more stringent criteria we established which included the
immunological studies of the recipient. However, waning immu-
nity was observed in all vaccine types except for rubella TO-336
strain during the observed period. Therefore, periodical measure-
ment of each antibody is required. The seroconversion rates were
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similar to those for healthy population except mumps Torii. It is
not clear why the seroconversion rate for the Torii strain of mumps
was particularly low, since the expected rate of seroconversion for
recipients of the Torii strain had been reported to be greater than
90% for the healthy population [10].

The 16 episodes of booster responses in the absence of any clin-
ical symptoms were likely due to subclinical infections. Subclinical
infections after seroconversion are expected to lead to sustained
protective immunity. Children who had seroconverted had no clin-
ical disease and often had booster responses demonstrating the
effectiveness of the vaccines. Although seroconversion had not
been seen after varicella immunization in Patient 5, it is likely that
he had partial immunity (including cellular immunity) given the
mild clinical presentation of varicella, which occurred 1.5 years
after immunization.

No definite adverse effects were seen in our study. The rela-
tionship between the measles immunization in Patient 12 and the
fever was unclear. It is common to experience transient fever 7-10
days post immunization in healthy children, although infection
secondary to transient immunosuppression by the measles vac-
cine might have occurred. Transient parotid swelling after mumps
immunization have been seen in general population at the rate
of 3.5% for this strain [11], thus this phenomena seen in one
patient (Patient 9) in our study may not be due to immunosuppres-
sion. Rand et al. [7] reported no serious adverse effects had been
seen except for one episode of acute rejection that had occurred
3 weeks after immunization in a patient who had OLT. How-
ever, the authors stated that the rejection and immunization were
not related because the patients did not show any symptoms of
measles. Weinberg et al. [9] reported that four children developed
fever and four developed rashes at non-injection site (three were
treated with oral acyclovir) as adverse events but all were transient,
Also, Kano et al. [2] and Khan et al. [8] reported that no serious
adverse effects or rejections had been seen. Therefore, immuniza-
tion with live-attenuated vaccine appears to be safe among the
selected post-OLT patients.

Although the trough serum concentrations of the immuno-
suppressants in our study were low, there may be concerns
that cell-mediated immunity may be suppressed at the time of
peak serum concentrations. However, we have confirmed that
cell-mediated immunity (lymphocyte counts, CD4 counts, and lym-
phocyte proliferation in response to PHA) was within the criteria
even at the high concentration of Cyclosporine in Patients 8 and 17.
Furthermore, these patients did not have clinical history suggestive
of immunodeficiency.

In our study, we included the humoral and cell-mediated
immune status in the criteria for post-transplant immunization.

Past studies do not necessarily support the need for immunological
studies from a safety standpoint [2,7~9]. However, our study sug-
gests that documenting immunological status within the criteria
may account for a better seroconversion rate. Children who do not
meet our criteria and have compromised immunity are at high risk
for viral infection where management strategies are limited. The
appropriateness of live vaccinations in this population needs to be
made on an individual basis by weighing the risk of each vaccine
with the risk of acquiring the infection in the community.

To sustain good antibody titers against these pathogens, special
attention must be paid to the selection of the strain, timing and
the number of immunizations. Also, more clinical data should be
collected to evaluate the effectiveness and safety of immunizations
with live vaccines for children after OLT.
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