®

Check for
updates

Chapter 3

Vaccination with Live
Vaccines

3.1 Introduction

When vaccinating immunocompromised individuals, the most
important safety issue concerns live-attenuated vaccines.
They consist of live pathogens that have been ‘weakened’ so
that they can still replicate but with difficulty and without
having the capacity to cause the disease in an immunocompe-
tent host. Given the fear of a theoretical uncontrolled replica-
tion that could lead to severe vaccine-induced disease,
live-attenuated vaccines are mostly contraindicated in
immune compromised children. In patients with severe pri-
mary immunodeficiency disease (e.g. severe combined immu-
nodeficiency), live-attenuated vaccines carry a significant risk
of vaccine-strain infections. These have been reported follow-
ing oral rotavirus or poliovirus vaccines, measles-mumps-
rubella (MMR) vaccine and bacille Calmette-Guérin (BCG)
vaccine [1, 2]. Given the severe outcome of wild-strain mea-
sles disease in immunocompromised patients and the ability
of the measles vaccine strain to bind to a receptor ubiquitely
expressed on nucleated cells (CD46; compared to the wild-
strain which binds mainly to CD150 expressed only on acti-
vated lymphocytes and antigen-presenting cells), safety is one
of the main concerns when giving measles-containing vaccine
to immunocompromised individuals. However, there is
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growing evidence documenting the safety of immunizing
immunocompromised hosts with different types of live-
attenuated vaccines in carefully selected settings.

Previous studies that have assessed the safety and immu-
nogenicity of live-attenuated vaccines in children on immu-
nosuppressive treatment are summarized in Table 3.1. There
are almost no data on primary vaccination with MMR in
children with dysimmune disorders as the first dose of this
vaccine is typically given before the onset of most of these
disorders. By contrast, primary vaccination with MMR or
varicella vaccine have been studied in solid organ recipients,
mostly after liver transplantation. Indeed, as liver transplan-
tation often occurs at an early age, live-attenuated vaccines
cannot always be given before transplantation and, in some
individuals, primary vaccination can only be considered after
transplantation.

3.2 Safety and Immunogenicity Data

3.2.1 Measles, Mumps, Rubella (MMR)

In a prospective, nested, case-control study, the immune
response following a booster dose of MMR was comparable
in both healthy controls and 15 children with JIA treated with
low-dose MTX, more or less anti-TNFa (etanercept) [4]. A
Dutch randomized, multicentre, open-label clinical equiva-
lence trial assessed the effect of a MMR booster dose in 137
JIA patients aged between 4 and 9 years (60, MTX; 15,
bDMARDEs) in which patients were randomly assigned to
receive MMR booster or placebo. Among patients taking
bDMARDs, treatments were interrupted at five times their
half-lives prior to vaccination. The authors observed a good
immunogenicity of the booster dose of MMR in JTA patients
and no increase in disease flares in the year following vacci-
nation [7]. A retrospective, single-centre Dutch study com-
pared the long-term persistence of antibody to MMR,
diphtheria and tetanus toxoids in 400 JIA patients compared



93

3.2 Safety and Immunogenicity Data

(ponunuod)

s[1e2 T, Suronpoxd
-ewwe3N AT oywads
-snuia 10ySiy 1nq
‘wI9)-3u0] oY) ur
uaIp[Iyd Ayjeay 03
poredwod X LN YIm
pojean syuoned-yi

ul sonn Apoqunue ydooroue)o

IOMO[ SpPIEMO) PUdIl,— + XTJA 10 ouofe yoom 1ad xg 3y/8ur () 1dedrouerg
sosuodsax X 1A Iopun Yoom/w/3w 0] X.LIN
[199-, pue Apoquue  pajeundea sjuared MINA
uo jdooroue)d o) Ul SUONIJUI -1s0d s189A 4 X N uo sjuaned ¢ —

UM PauIquUIOd HININ 1940 ON — ydoorouelo + XA S — [] Auewron

10 suofe X LA fanoe aseasip Quore XL S — VI 600C

)oq jo 1oedwI ON - UI 9SBAIOUI ON] — sjuoned V[ G Yim sjuaned G1 aA102dsold 1015009 YININ auog
uonodyuI oom/ /3wl [T 9SOp UBIPAW :X LA

SO[SBAU 1IOA0 ON — XLIA INoy)m §GT — syuaned [¢] spueproyioN

Ky1anoe aseasip XL UM pajean g — VIf Y)m 0] arreuuonsanb L00T

VN U 9SBAIOUL ON — syuaned VIf £0C sjuoned /07 oAnoadsonay MAIN PEINIE)S

S4apL0Ss1p aunuiisAq

AuIBA YN

Lyprudgounuuy £)ayeg 9esoppusunedrn) pue syudned Jo ‘ON aseasiq udisap Apmg QUIIBA Anunod
‘redf ‘royny

UIP[IYD pasioIdwosounuwl ul SQUIDdBA PAJENUIIB-IAI] UO SIIPNIS snoiaald Jo Arewwung 1°¢€ 414v],




Vaccination with Live Vaccines

Chapter 3.

94

uorndayuI
[BIIA UIBI)S OUIOORA
11940 padofoaap
sjuanjed oN —
‘UOTJRUIIBA
-1sod syjuowr 7]
UdA? ‘%001 pue
16 U99M19q Sajex
uonodjordorag —
pojeuIdORA
syuanyed ur sonm
Apoquiue 1oy3IH —

SO[SEAUI 10 [RWLIOU

Jnq ‘uonBUIIIRA
-3s0d s1e0k (T 03 dn
sdwnw pue e[oqni

pajeunoea jou syuaned g9 —

UONEUIIRA (uoryezrunurr
SuIMO[[0] syjuow Jo o oy je pajdnirojur
C1 9Y) ut sarefy Apeuiq ‘TII-nue 10 ANL

aseasIp 10 -nue uo syuaned ¢ X A 9SOp-mo|
K1anoe aseasip uo sjuaned g7) poIRUIdIBA dIOM €9 —
ur 9SeaIdUl ON syuoned VIf LET

(ANL-DUe 8 ‘QIVINA #Z DD

VI yam
sjuaned /¢

[£] spuepzayioN
[eL1) Pa[[OXU0d €10T
poziwopuey 191500q VNN yoIsltoy

[9] spuerayIoN

10§ IOMO] S[OAI] 810 §Z “X LA £6 ‘SSnIp Arojeuwrtefjur VI[ Pim 2102

Apoqniue wa)-3uo| -1ue [BPIOIAISUOU 947) VIf 00 syuoned 00 2Andsonoy 1015009 NN yoislloH
S9[seaUl 10 salpoqnue (TN T XL T

JO QourUIIUIBLL VSO z ‘osind DAD T DD SnoudAeIIUL [s] nizeag

PO03 ‘uoneZIUNUIWI 6VZV ¥1 sOD [e10 61 ‘'OOH q71S 110C

-3sod s1edk 91—/ 1V G7) siuowjean snolrea uo gIS 0 Yim syuoned o 2anpadsonoy AN O0JOWRATA

Kypruaounuruy £)ageg adesoppusunean pue syuaned Jo aseasiq udisop Apmg QUIIBA Anpunod

‘redaf ‘roypny

(ponunuod) 1°€a1av],



95

3.2 Safety and Immunogenicity Data

(ponunuod)
OV uo juaned |

so[seaut IR (o) (esop Arewnid)

jo uSis eorurp  pue auosrupaxd ‘yS) uo juoned T uonejue[dsuen) QumdeA
Ol ‘QUIdJBA I9)J® Quostupaid I0A1] 350d so[seaur 10 [z1] vsn
oje1 syoom ¢ oposido pue YZV ‘vVSD uo sjuoned ¢ syjuowt G9—¢'T Apmis AN Jo €661
UOISIOAUOI0IIS %, 6 uonodfor oug ouostupaid pue yS) uo syuoned ¢ syuoned g 2anpadsonoy 9s0p duQ puey
uoyvyuv]dsun.y un3.io piog

paure)al HNIN

st uonaojordoros
nq ‘pajeIa]aor

SI sso[ Apoquyue
B[[OQNI PUE SI[SBIIN

(swoydwAs

I[N ‘104 Pt

‘ured [eo0] ‘uON}ORAI
unys) sJuoAd

9SIOAPE pIWI ¢

oyes

VN SeM AZAJININ

ANL-DUE 1y

[9] 9-11-nue pue [o1] r1I-nUE
‘(6] BANI-nUE papnpour so13ojorg
AJuo so130101q 6
SOIB0[0Iq+X LIN TL

panigras

VI SHISaYIuD

I9)Je satpoqriue
Jo Qouoysisiod
wI3-3uo0] uo

NN

YNM T Apnys 0A109dsorg  JO S9SOp OM],

(vir

%06) Se3sIp
JNRWNAYI JIM
sjuaned €7

anuodn NI
‘oanpadsonoy

ANININ/ININ
JO 1938009

[t1] 6102
1SRN

SOLIJUNOD U],
[8] ozoT
Pz



Vaccination with Live Vaccines

Chapter 3.

96

ajer
UOISIOAUOJOIOS 9, ]9

Qe
UOISIOAUOD0IS 9% ()]

ajer
UOISIOAUOIOIAS % ¢/,

amnyrey

QUIDIBA ATRPUODIS
QUO ‘dIN[IBJ QUIOOBA
Arewtzd om) :soseISIP
ySnoiyysealq 221y,
UOIBUIDIBA

I9)je syjuow 9
payodjordoras 9,49
UOISIOAUOIOIAS 9, G

uonedrduwod oN VN uonesrpaw ‘syuoned ¢

UOT)RUIIBA

I9}JE SYOOM €7 VSO pue DV, uo sjuaned ¢
SNO0J INOYIIM (Tw
I0AQJ JO Sased 0M] /3 )0T> [9A9]) V'S uo sjuened oz
‘uonedrdwod oN (Twy/3u > [9A9]) DV uo sjuaned 9z

(131 oz1-0¢

[0A9]) VSO uo syuaned g

(Tu

uonedsr[dwod oN /83U 0]—¢ [2A9]) DV.L uo syuaned gz

(Tw/Sur 06> [9A9]) VSO 10
uonedrdwod oN (Tuwy/3u ¢> [9a9]) DV, uo sjuaned ¢

uonejuedsuer)
I0AT] 3s0d 1B9A
1< syuaned ¢

uonejuejdsuen
I0AT] 3s0d s1eak
7< syuaned g

uonjejuedsuen
10A1] 350d
sypuonr Og—
syuoned 1¢

uonejuedsuen
10A1] 3s0d 1894

1< syuoned ¢ Apnis 2andadsoig

(osop Arewrid)

[L1] Aueuron

Kypruaounuruy

£19yeg adesopppudunear) pue syudned jo

aseasi(q

TN JO sesop 600T
moj 0} auQ IoUID)
(uoneuroeAdI
pue Arewid)
QuIIRA
so[seouwt Jo [91 ‘g1] ueder
SISOp oM} S10T "800
01 2uQ yoluryg
(esop Arewrrid) (vl vsn
AN sesop 900T
2Anoadsonay 221y} 0) AU ueyy
(uonjeUIdOBAI)
QuIeA [e1] ueder
SO[SEAW JO 2002
asop auQ ouey]
QUIIBA Anpunod
‘redaf ‘roypny

(ponunuod) 1°€a1av],



97

3.2 Safety and Immunogenicity Data

(ponunuod)

sa[seaw 0) el
UOTSIOAUODOIS %, €E

arer
UOISIOAUOD0IS %86

ajer
UOISIOAUOIOIOS 9,0/,

uoneIpeL Apoq
[e10) pue ‘ wy/3w (g duostupaid
‘w/3u ()0SZ dPISOuIqeIe dUISOIAD
‘wysu )0z dprsodrua) ‘ wySw (g
upIqnIouNnEp ‘,W/3W §'T SUNSLIOUIA
3y/8w g oprureydsoydoroLo T1V 10J
popnpur uowrdar uruonpuod NG LING 1sod s1eok
woneordwos oN  guounear noyim syudned uoadg g1 syuoned £

SNWI0IdA9 uo juaned |
AN pue
VSO uo juaned T ‘yS) uo juoned |
AN pue uonejuedsuer)
OV.L uo syuaned ¢ Surpnpour ‘(ur  19A1 )sod 1eok
uonedrduwod oN /3u g> 10A2]) DV uo sjuoned 1y 1< syuened pi

uonejuedsuer)
(Tu 10417 350d 1RAA
uoneddwos oN  /3u ¢4 [9A9]) DV uo sjuaned 9z 1< syuaned 97

(zwg
19)e Arewtxd) [0z] uopomg
AN Jo 661
aandadsord asop auQ uosyneq

uonviuv)dsup. 1122 wa1s dua10dowud Fy

(uoneuroeaar

pue Arewnd)  [g]] puepoziimg

HININ JO sasop 810C

aAnoadsord 921y} 03 2UQ 1onid
QUIOORA

so[seout Jo [81] ueder

SOSOp OM) S10T

aandadsolg 01 9uQ ouemey|



Vaccination with Live Vaccines

Chapter 3.

98

(%5¢€)
LINg-1sod syjuowr
GT> PalRUIdIRA 9SOY) UOTJBUIIBA
yum paredwods (9,8/) I9)J€ Yoom |
LINg-1sod syjuour GT< I0AQJ puE [ser
pajeunddea syuaned jualsuen e pajrodar
U1 1220 0} A[oNI] LING drouagorre (VN uonipuod
QIOW UOISIOAUOIOINS I9)je syjuowt Suik[1opun) [12] eITEDSNY
SO[SBAW 0] 9JBI 7 POIRUIDIBA sypuowt ¢< NG 1sod 1ok NN 7002
UOISIOAUOIOIAS 9,0t juaned suQ 10 Jusunear aaissaxddnsounwwr oN (< syuened gL 2andadsonay  Jo 9sop 2uQ Meys
Kypruaounuruy £)ageg adesoppusunean pue syuaned Jo 0N aseasiq udisop Apmg QUIIBA Anpunod
‘redaf ‘roypny

(ponunuod) 1°€a1av],



99

3.2 Safety and Immunogenicity Data

(ponunuoo)

Ie0A T

19)Je uordjo1doros
paurejurett %8/,
PO1ISAU0D0I3S % ()0
{uoneuIRA AIRWLIJ

[e2] suonpuod
191130 10 ‘[¢]
ewoydwA|
uny3poH ‘]
ewoydwA|
un{SpoH-uou
(8] eruroesmoy

SNOUdZo[oAW

poiodar suoroear amnoe ‘(9] 7TV
OSIOAPE QIOAJS JNIA uo syuaned 7 — ‘[pg] erwoeynoj

10 9)BIOPOW ON quore ouostupaid uo syjuoned g —  snouoFo[oAwr
10403 ouostupaid pue y§) uo syuoned 17— oruoryd ‘[¢7]

opeI3-mo[ parrodorx VSO uo sjyuaned g1 —erwoeue onserde
juaned auQ {HAD I0J UONBUIOOBA JI9ADS 10] TINF
erd[eAw payrodorx je s3nip oarssarddnsounwwr  -jsod syjuowr
syuoned QALY uo arxom syuaned /g 81-¢ syuened 19

aanadsorg

(191500q

10 TING 101je
Arewnad)
HNIN Jo
asop dauQ

[cz] nzeag
S00T
OpeyIRIA



Vaccination with Live Vaccines

Chapter 3.

100

BIWARY NI
onkooyduwAf
J1uoIyd
yewroydwA|
10 TTV 10)
uonejuedsuen (LING 1o33e
poojq p102 jsod UOT}RUIOIBAI) [sz] vsn
so[seaut 0} ajel ANIN Pue 10)IqIyur  s1edk 9°'¢—G'[ AN Jo 0102
UOISIOAUOJ0I3S % ¢, uonedrdwod oN  unmaumped yym sixejAydord qHAD sjuoned , aA1poadsorg 2sop duQ [rews
Kypruaounuruy £)ageg adesoppusunean pue syuaned Jo 0N aseasiq udisop Apmg QUIIBA Anpunod

‘redaf ‘roypny

(ponunuod) 1°€a1av],



101

3.2 Safety and Immunogenicity Data

(ponunuod)

DANL

-nue adsap ‘AZA

19)s00q/Arewrtxd

syuaned xis jo 10)J& SJUQAD

QAIJ UI UO1}99)0Id0I0S  9SIOAPE SNOLIAS ON

satpoqnue AZA
pourejurewr syuanjed

%08 ‘1824 11V —
DINI-Due uo

sem ouo ‘xoduayoryo ysex

podofoadp AZA 01 ONI-AZA panu|

posodxa sjuaned -J10S pIIw yim

Y319 JOo oM, —
S[O1U0D 0}
paredwoo sjuaned
ur osuodsoro1os

Ul 9seaI09p JYII[S —

uonooyur

K1ATIOR OSBISIP

sjuoned va1y], —

AZA RI2A3S ON —

Ul 3SeaIdUI ON —

ANL-TUE OM],
dIN-9 XIS

Kep/3y/Bw ¢T urwe[[oruag
Kep/3w ()] oprwounyjo|
Kep/3y/w ¢'¢-¢ VSO
oM/ /8w 67T X.LIN
Kep/Sy/8wr £:0-10 0D
SOD+XLIN €1 —
SAYVINA+XLIN S —
(soseasIp

O RWNIYI IOYJO § ‘SIHISOATWOIBULIOP
aqruaan( ¢ “vf L1) siuaned ¢z

adr
M sjuoenjed 9

AsBASIP
ONBWNAYI YIIM
sjuaned ¢z

[z2]
BOLIOWY YLION

SOLIOS 9SB)) AZA 010C T

[9z] 11zexg
AZAJO 010C
oAnoadsorg osop Arewrig 1339114

S4apL0S1p dunuiisAq

AUDIBA AZA



Vaccination with Live Vaccines

Chapter 3.

102

dnoi3 pajeuroea vSD Z-—

a1 Ul duou 0} VZV Il -
paredwos dnoi3 9SOp-MO[ DO §] —
PJRUIDIBA-UOU A1) OOH 7 —
ur ZH JO sased 1oy PAIRUIIBA-UOU TS 97
‘UOTIBUIIIBA I)JE XL T-
Sypuol 9°ge IAQ — VZV6-
wid)  sjuaned pojeurooeA ASOP-MO] SO QT —

j10ys Je osuodsar  Fuowre dIe[) 9SLOSIP ODH LT - 1S [BL) po[[onuod [8z] 1ze1g

Apoqnue refurg — up 9SBAIdUI ON pareundeA IS 87 YNm siuaned ¢ poziwopuey 191S00q AZA 710 esoqleq

Kypruaounuruy £)ageg adesoppusunean pue syuaned Jo 0N aseasiq udisop Apmg QUIIBA Anpunod

‘redaf ‘roypny

(ponunuod) 1°€a1av],



103

3.2 Safety and Immunogenicity Data

(ponunuod)

qeUINZI[Id0}
U0 UDIP[IYD Ul
pauIap saIpoqriue

‘w1o) Suof oY) uf —
1doorour)a uo asoy)
ur uey) qewnzIfioo)
O UDIPIYD Ul
10yS1y sarpoqriue

Jo uononpoid —
‘UOT)RUIDIBA PUOIDS
A1) I9)Je SYIUOW
UOT)OOJUT B[[OOLIBA
p[rur e pey pue

Jou pIp XIS JO dUQ —
9SOp Pu0ds
oY) I9)Je saIpoqnue
2A1199301d poonpoid

syuanied XIs Jo oAL] —

Kyanoe

IseasIp J[qeIS
UOI}OJJUI BI[OILIBA
ou pue SJUIAd
ASIQAPE 9I0ADS OU
19Jes SeM QUIDIBA

AZA

JO 9SOP ISITJ PIATdAI sjudnied mog
(qeunxrjyur uo

Quo ‘qewnzI[o) uo om} dooroue)o
uo 921y3}) sd130[01q uo sjuaried xIg

VI
yim syuened 9

AZAJO
oAnoadsorg osop Arewrig

[6¢] eruonols
S10z yerdor,



Vaccination with Live Vaccines

Chapter 3.

104

sarpoqrue

AZA paseanut (1g
= U) 9SOp Pu0ddS —

‘SjuaWIBAI} (1dooejeqe pue 1dosroue)o
aarssorddnsounuutur ‘qewnuwifepe) sd130[01q Uo ¢ pue Ho)
SNOLIBA JO J09JJ ON — uo 9] “X LA uo a1om syuaned [y SOSBISIP [og]
osuodsax QIRB[J OSBOSIP ON s[o11u0d Ay)[eay §J pue (SISOID[OS oneWNIYI SpuB[IOUJON/[1Ze1g
Ie[N[[9d pue asuodsax 9Jes OIISAs d[uaAn( ¢ ‘spIsoAwojeurIdp SNOLIBA )IM L1102
Apoqnue pooH) —  SEM UOIJBUIIIBA anuaAnf ¢ VI 6¢) stuoned syuaned gf oAnoadsord 1918009 AZA J0010)
Kypruaounuruy £)ageg adesoppusunean pue syuaned Jo aseasiq udisop Apmg QUIIBA Anpunod
‘redaf ‘roypny

(ponunuod) 1°€a1av],



105

3.2 Safety and Immunogenicity Data

(ponunuod)

puodsar 0} pojrej
syuoned ¢z jo 7 —
*280p IS11j 19}k
papuodsar ¢z jo 17—
sjuou)eaI)
darssorddnsounurur
Y31y pue moj oy}
10J uoA9 ‘asuodsorx
Apoquue poor) —

QIE[) OSBOSIP
OU‘AZA paonpur
-QUIOOBA IO [SBI
OU ‘SJUOAD ISIOAPE
QIOADS OU ‘SJUAD
ASIDAPR PIIA

ST Sty uo p1

jusu)eAI)

darssarddnsounwur mof uo g
(AZA Jo 2s0p

QUO PAATIOAI Apeal[e PRy €7 JO 6)
(1dasereqe [ ‘9-qr-nue g [-qr-nue
T ANLL-DUE §) $o150[01q Uo 6
2sBasIp dnewnayl yim syuaned ¢z

aseasIp
SIBWNAYI )M
syuoned ¢z

SO
uoneurodeAa-a1d (esop
euo poseg Arewnid pue
2A1)0adso1d 191500Q) AZA

[1€] Auewron

810C
yradg



Vaccination with Live Vaccines

Chapter 3.

106

QIe[J ASBISIP OU

pey syuaned jysig
QIe[J 9SBISIP pPlIwt

e pey syuoned uoadg
(XL

pue sHO 9SOp-MmO]
‘qewnuryeued

uo pJiyd e ur)
1915004 YININ 1o1je

qeUWNZI[Io0}

uo YA o1jod [eI0 POATEdAI |
QUIOOBA IOAJ] MO[[AK JSIIJ POATOIAI §7
qewnzZIno)

eruownaud & PUBUO J[IYM AZA JO 3SOP ISIIj PAAIIAI |

‘(SQUVINQ [B10A3S
pue sH0) ASOp-MmO|
‘BIUTYRUR UO PIIYd
B UI) 191500 AZA

uoneundeaA Jo own je paddols

SeM [OIYM ‘qQRWNUIEURD UO J[IYM
AZATIININ JO 9S0P JSI1J POAIRISI T
1500q YN PAAIRIDI /

19)J& UOT)IJUI 9-I[-JUE UO ¢ ‘T-[-IUE UO $] SIOPIOSIP
BJ[OOLIBA (SJUIAD AN TaN Arojewwepjur QuIIeA
OSIOAPE QIOADS $°SAVD S ‘VIf d1waIsAs 1opIosIp -oJne Yim pajenua)e [ze] 8102
VN  peysiuoned om],  Arojewrwrejur-ojne yim sjuoned /1 sjuoned /1 -OAI[ SNOLIBA weujeIeAdr
Kypruaounuruy £)ageg adesoppusunean pue syuaned Jo aseasiq QUIIBA Anpunod
‘redaf ‘roypny

(ponunuod) 1°€a1av],



107

3.2 Safety and Immunogenicity Data

(ponunuod)

VN

amyiej

QuUIIRA AIBPUODDS
INOjJ ‘aInjiej dUIOORA
Arewrtid ouo :s0SBISIP
ySnoIyiyeaiq AL
UOIBUIIBA

10)Je Syjuow 9
aanisodores 9, /¢
el

UOISIOAUOIOIIS 9 [/

%8 uonosojord
‘uoneunoea-jsod
SIBOA $—7 B[[OLIBA JO
WLIOJ PIjenudlIe ue
pey syuaned doIy],
)Rl

UOTSIOAUOJOIDS 9, C8

ANZA
JO urens-prim Y}
10 -OUIDRA JY) 0}

anp sem 31 IoYJaYM

IBO[OUN ‘TIAOIAOR
(1M pajeal) ‘1aje|
SYooMm ¢ ysey

uonedrduwod oN

UOTIBUIOIRA
-1s0d sAep ¢1
B[[OJLIBA JO WIOJ
prrw & padofaaap
juonjed ouQ

uonejuedsuery
IOAT] 19358
syjuowt |
juonyed ouQ

suostupaxd
pue snwijoirs )y ], uo juaned auQ

uonejuedsuen)
10A1] 3s0d 1894

VSD 10 Dy I uo sjuoned uoadg  [< syuoned ©

uonejuedsuen
Kaupry 3sod
sjuonjed /T

vVzZv
pue “ys) ‘Quostupaid uo syuoned /]

(esodxa 3sod
UOIBUIDIBA
Arewad) AZA

y10do1-ase)  Jo 9sop auQ

(uonRUIIORAII)
ANZAJO

[eUOTIBAIOSqO asop auQ

(asop
Arewad) AZA

aAndadsord  Jo asop auQ

[rel vsn
00T
Aysia0]

[¢1] ueder
2002
ouey|

[¢¢] uredg
661
BIOWRZ

uonvuvjdsuviy und.io pijog



Vaccination with Live Vaccines

Chapter 3.

108

uorjeZIuN I
30 U 7 UIIA 1oA3]

snurjorrs uo juaned |

pue uonodafur oy (1/31 0z1-0¢ uonejuerdsuen (sosop
JO 9IS oY} Je ysel 19A9]) VSO uo sjuened 1 I0AT] 3s0d Arewid) [¥1] vSn
el IR[NDISOA B PRY (qu  syjuow ¢/ 1 AZA JO S3s0p 900C
UOISIOAUOIOIIS % 9 syuoned oaryy, /U ()]—¢ [9A9]) DV.L uo sjuoned ¢ ‘sjuoned ¢ oandpadsoney  om) 1o duQ ueyy
OVL
(erpow symo  pue ‘ouostupaid ‘yZy uo juoned |
ue jo 3umnyes oy} OVL
ur) uoneziunwwi  pue suostupaid JA uo syuened ¢ uonejuerdsuen (uoneurooeAar) [sg] mzerg
el I10)Je sABp G 10A9) VSO Koupry 10)je AZA JO Sosop $00T
UOISIOAUOJ0IdS 9, /9  peyjuened oug pue suostupaid ‘JA uo sjusned ¢ sjuoned 9 [EUONRAIOSQO)  OM] IO dUQ) SaARYD)
Kypruaounuruy £)ageg adesoppusunean pue syuaned Jo aseasiq udisop Apmg QUIIBA Anpunod
‘redaf ‘roypny

(ponunuod) 1°€a1av],



109

3.2 Safety and Immunogenicity Data

(ponunuod)

IIAO[OAD®
SnoudARIUI PUE
IIAOIIWIE] [BIO
)M pajeaI) sem
pue squiy pue
Junuy ‘adej sIy uo
USEBI IB[NOISIA B
padoroaep juaned
A1) ‘UOTIBUIIIBA

VN 1o)e g Kep uQ

IIAO[0Ad®

[BI0 ()IM JUSWIRAI)
PoAII (%G/) INOY
JO 93IY]} ‘UOT)RUIOIRA
I10)Je skep -1 yser
Je[noISAA & payrodar
(%¢67) syuaned mog
"19A9J pajrodar
sjuonjed 1oy
{UONRUIDIRA 19)JR

1 ¢ o11s uonsafur

Je uonRINpUI puL
BUWIAYIAIO Jo/pUE
ured pojrodor

sosuodsox
Ie[n[[ed aanisod

Pey ($1 30 T1) %98
el

(Ajrep

uonejuejdsuen

201M) Sur )OT) VSO [eI0 pue (A[Tep1Ieay 19)Je sieok

201M) S (0S) AINIA UO J[Npe dUQ

skep ajeuro)e uo ouostupaid jo (3
/3w ¢°0) Sw ¢'z—T uo os[e sjuaned g
(Tw/Su ¢'¢6

[0A9] uBOW) S UO syuoned ¢
(Twy/3u /7 JO [9AJ]) SNWI[OLIS UO OS[E
juened 1 Surpnpout ‘(yjuowr 1< 10§

UOTSIOAUO0D0IS % /8 (% T¢) syuaned oAL] Tuwy/3u 0> [2A9]) DV, uo syuaned ]

z 9uaned suQ

uonejuedsuer
[omoq [ews
Io/pue
uonjejuedsuen)
10A1] 3s0d
sqjuowr /9-§
‘syuaned 91

y10dar ase)

[RUOTIBAIISq(O)

(esop

Arewtid) AZA
JO asop auQ

(esop

Arewtid) AZA
JO asop auQ

[2g] epruE)
900C
tm‘—vm

[9¢] vsn
900T
F1oquIop



Vaccination with Live Vaccines

Chapter 3.

110

UOTBUIOORA

I0)je SI1B9A G'TT 0}
syjuoul | BJ[OJLIBA
prrw padojoaop
syuoned 2a1y],
SASOp 7—T I9)je 9jel
UOISIOAUODOIAS %, [8

QS0P }S11J Y} Iojje djel e[[edLIeA padojoaap

UOISIOAUOIOIAS % ()/,

VSO pue Dy I uo sjuaned 7 uonejuerdsuern

/3U (01> [2A9]) YSD uo sjudned Oz squow ¢¢T—/g
juoned suQ (Twy/3u ¢> [9A9]) DV.L uo sjuaned 9z

(uoneuILAdI
pue Arewid)

AZA JO Sosop
aAmpadsory  om) 1o duQ

[o1 “s1] ueder
ST0T ‘800
yoluryg

Kypruaounuruy

£19yeg adesopppudunear) pue syudned jo

udisap Apmg AUDIBA

Anunod
‘redaf ‘roypny

(ponunuod) 1°€a1av],



111

3.2 Safety and Immunogenicity Data

(ponunuod)

pajrodor aseasip
ySnoxyyyeoiq ouQ

Y 8f uey) ssof

ur Ajsnosuejuods
poxeaddesip yorym
‘UOTJBUIIORA Id)JR
SOoM § UM
$o[o1saA pajrodar
syuoned QAL
UOTJBUIIRA

Jjo (yuened osuo)

aseaIour JuedIUSIS $Y0oM 7 10 (sjuoned

© pomoys Aoy} pue
uoneziunwuwrnsod
pue -o1d poredwoo
219Mm sasuodsal [[90
L++AD oywads
-AZA ‘stuaned oz ug
UOIBUIDORA I9)J
s1B9A G'G JO uBIpOW
© JB SUOIRIJUOUO0D
Apoqnue 2A1309301d
pautejuret %96
SUOTJBUIOORA

€ I0 7T 1930
uono9301doI13s %001

0M]) JOOM T UIYIIM
‘YSeI IR[NOISOAUOU
pozifeIoudd
juoIsuer) €
poouatrodxo
sjuonjed oa1y],
"UOTJRUIDIRA

I9)Je UONORaI
OIUIA)SAS B OUO ISBI[
e pajrodar 94,69
UOT)RUIIBA

I9)Je UONORaI
OSIOAPE [BO0] B
pariodar 9,66

(uoneuroeAdI

pue Arewid)

AZNJO S3s0p

aAnoadsord 921y} 03 2UQ

uonejuedsuen)
I0AT] 3s0d 1B9A

AN 10 VSO OV uo sjuaned 6y 1< sjuaned gp

l6€

‘8¢] pue[IOZIMG
610C

[EIJETN

(4114
aqreg-Aejsoq



Vaccination with Live Vaccines

Chapter 3.

112

IIAO[0A0®

[BIO Y}IM PIIBAI) SeM
pUE UOTJBUIIBA Id}JR
syjuowr ¢ oposido
103807 sod1oy priur e

s
uonoa(ur oy} Je yser
Ie[noIsaA e pajrodar

uonejuedsuen
[IESRUEIN
onerodojewoy
I9)e Syjuow

[1¢] uopamg
(101800Q) AZA £00C

payiodar juanied ouQ syuoned om], VN t—¢€ swuened g 2Anpadsord  Jo 9sop duQ uewsdun(T
(VN uonipuod
SuiA[ropun) (191500q 10
(sosop om) paxmbar LING 3sod UOT)RUIIIBADI) [op] Auewron
juaned ouo) ojex SYIuoOW €< SYIUOW €7—7| AZA JO Sosop 1661
UOISIOAUOD0IdS 9%,()0]  uonesrduwod oN 10y juaunear) aarssarddnsounur oN syuaned ¢ aAndadsorg  omy 03 duQ [EIGRENREEN
uonvuv)dsun.ay 1122 wajs d3a10dopa Iy
(30
T) 9SOp pIIy) 1015k
pajoajordoras 9,67
(o130
G) 9SOp pu0od3s I3}y
payoajordoras 9,06 ‘UOTJBUIOIRA uonejuerdsuen (uoneurdIRAdI
(61 J0 19138 skep ¢ 10A1] 3s0d pue Arewnd) [81] ueder
) 9sop 1s11j 10)Je E[[aoLIeA padojoadp syuowr 01— 1 AZA JO Sosop S102
Ppa192101doI1as 9,7¢ juaned auQ OV uo syuaned g1 syuaned g aAnoadsord  9o1y) 01 AUQ ouemey|
Kypruaounuruy £)ageg adesoppusunean pue syuaned Jo aseasiq udisop Apmg QUIIBA Anpunod
‘redaf ‘roypny

(ponunuod) 1°€a1av],



113

3.2 Safety and Immunogenicity Data

(ponunuod)
BIWARYNI|
ankooyduwAf
JruoIyd
yewroydwA|
10 TV 10)
uonejuedsuen)
poojq p102 3sod (uoneUIIOBADI) [sz] vsn
oyex ANIN pue Ioyqqut  s1eak 9°¢—¢'] AZAIO 010z
UOISIOAUOI0IIS % ¢ uonesr[dwod oN  unnauped Yy sixejAydord qHAD sjuonjed ¢ EINSRE NG # 3sop duQ [rews
UOT)RUIIIRA
UNIN PUe AZA
19)3e (oSnodur se
pasougeIp auo)
yser e pajrodar
sjuonjed om],
‘(1aopokoe
onoejdydoxd jo uonjejuedsuen
UOT)ENUTUOISIP 1100 wals
pueR) UOTIRUIIORA onarodojeway (uoneuroeaax
(sosop o1y} I9)Je sAep / {ser 19)Je syjuow 10 Arewid) [zv] vsn
0] QUO I9)Je) )Rl 19150z pajrodarx +H1-91 AZA JO Sosop 0102
UOISIOAUODO0IS %, 9 juoned oug  juourjean aarssarddnsounurr oN sjuoned g9 2andadsonay 221y 0} QUQ [newssny|



Chapter 3. Vaccination with Live Vaccines

114

QUIddEA

B[OILIBA 47 A ‘TOJOB] SISOIDOU JOWN) ,JN [ ‘SNUI0IoR) DY/ ‘Uonjejue[dsuen) uedio prjos 70§ ‘snojewoyiAo sndnj oruro)
-sAs 777§ ‘cdD-qruowoInu €7y ‘Q[qe[BAR JOU /N ‘9jexorjoylow x 7 ‘[uojouwr ajejoudydodiwr 7y Aouorojop
OSBUIY 9JRUO[BAIW (7Y /A ‘SHLIYIIER d1yjedorpr oiuaAn( /7, ‘UD[NO[IdIUL 77 ‘UOIOJINUL \LJ] ‘QUINDOIOTYIAXOIPAY O H
‘9SBASIP 1SOY-SNSIOA-1JRIS (74D ‘PIOJNI0000N[S H L) ‘TOAQJ UBSURLIONIPIIN [RI[TWE] J 4. ‘SnIp dnjewnoyInue SurAjipour
-oseasIp 7Y VWA eprueydsoydoroso H 1) ‘ouriodsophd 7§ ‘Quoipuds 10A9] orporrad pajerosse-ulikdoAnd §Jv)
‘uonejuerdsuer) morrew auoq g ‘ouudoryieze 7y ‘erwoeynol onkooydwA| oinoe 77y ‘ouundoidesiow-9 J7-9

[r1]
SOSBASIP 1910

10 [pp] Lousd

poaAjosaI -[jopounut
-J[9S ‘UONRUIDIBA ‘[81] AouruSiex

JO SYooM G'Z UIIIM o130[01RWoY (191500q 10
[SBI PIJBUTWASSIP 10} NG 150d UOTIRUIIIBAII) [ev] vsn
9SOp U0 0] dJel priw e pajrodar s1eaA $1-6°0 AZA JO Sos0p 110T
UOISIOAUODO0IS %, 9 syuoned a1y, VN sjuoned p;  oandadsonay  om) 0} uQ noyn
Kypruaounuruy £)ageg adesoppusunean pue syuaned Jo 0N aseasiq udisop Apmg QUIIBA Anpunod
‘redaf ‘roypny

(ponunuod) 1°€a1av],



3.2 Safety and Immunogenicity Data 115

to 2176 healthy controls. They reported lower levels of
antigen-specific antibodies in JIA patients for all antigens,
except measles, although seroprotection rates were similar in
JIA patients and controls. Furthermore, the use of MTX and
GCs had no effect on antibody persistence [6]. Other studies
have reported that revaccination with MMR in patients
treated with various immunosuppressive treatment was safe
and immunogenic, although the antibody response was lower
in the short- and longer-term (3, 5, 8, 11] (Table 3.1).

In SOT recipients, measles-containing vaccines have been
contraindicated after transplantation due to the lack of safety
data and the fear of instigating immune-mediated organ
rejection or complications following uncontrolled viral repli-
cation [44, 45]. Ideally, transplant candidates are encouraged
to be vaccinated before transplantation [44, 46] using an
accelerated schedule if feasible (starting at the age of 6
months) [47]. Nevertheless, in practice, pre-transplant vacci-
nation is not always performed because patients are either
too young or considered too ill, or because of insufficient
time before the planned transplantation [24]. In children vac-
cinated before transplantation, antibodies may wane over
time, in particular under the influence of immunosuppressive
drugs [23, 46]. In a Swiss cohort of liver transplant recipients,
70% of patients immunized before transplantation were sero-
protected post-transplantation and therefore did not require
further vaccination. Furthermore, most of these patients were
protected against measles during transplantation, as well as
during the first year after transplantation when immunosup-
pression is too high to allow the administration of any live-
attenuated vaccine. Unsurprisingly, in this same cohort,
patients immunized and transplanted at an older age had a
higher chance of being seroprotected against measles com-
pared with those transplanted at a younger age. However, the
authors reported that five patients who had been immunized
before 9 months of age remained seroprotected after liver
transplantation, highlighting the rationale behind the admin-
istration of MMR as early as possible before transplantation
by using an accelerated schedule if needed [47]. In this same
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study, the authors reported that one-third of patients immu-
nized before transplantation were not seroprotected after
transplantation, which is a much higher rate of seroprotection
loss than that observed in healthy subjects [48]. Similar obser-
vations have been made in HIV-infected patients [10, 49],
thus indicating the impact of immune deficiency/immunosup-
pression on the persistence of measles antibodies. Remarkably,
all of these patients responded to re-immunization in the
context of the study and maintained high seroprotection rates
during follow-up.

Although measles-containing vaccines have been adminis-
tered to transplant recipients for decades, it has been mainly
limited to a few outbreak settings (mostly unpublished) [50].
So far, seven retrospective and prospective studies in Japan,
the USA, Germany and Switzerland have been performed for
a total of 214 transplant recipients (Table 3.1) [12-19].
Overall, the authors of these reports observed a good immu-
nogenicity of primary vaccination or revaccination with
measles-containing vaccines in liver transplant recipients,
with a 39-100% seroconversion rate, although many patients
required further doses to maintain seroprotection during
follow-up. The authors did not report any serious adverse
events, but the total number of vaccinees is too small to draw
any definite conclusion. In one study, a unique multimodal
approach was used to closely monitor MMR safety in liver
transplant recipients after each vaccination. This included the
completion of a vaccine diary for 8 weeks, active surveillance
through serial phone calls, and screening of prolonged
vaccine-strain replication through the monitoring of viral
shedding in urine by polymerase chain reaction [19].
Reassuringly, all studies conclude that measles vaccine
appears to be safe after liver transplantation, with no occur-
rence of serious adverse events attributable to the vaccine,
but the overall safety of MMR cannot yet be fully assessed
given the limited size of the study population and the low
frequency of severe adverse events.

In hematopoietic stem cell transplant recipients, both the
Children’s Cancer and Leukaemia Group (CCLG) [51] and



3.2 Safety and Immunogenicity Data 117

the Infectious Diseases Society of America (IDSA) [52] rec-
ommend the administration of MMR vaccination at 18
(CCLG) or 24 months (IDSA) after transplantation, if the
patient fulfils specific safety criteria. However, there are only
a few studies assessing the safety and immunogenicity of
MMR revaccination in this context (Table 3.1). Among the
four reports [20-22, 25], the seroconversion rate to measles
was between 33% and 100% after one to two doses. There
was no safety concern. In one study, the authors reported that
27 patients were receiving immunosuppressive treatment for
GvVHD at the time they received the vaccine [22].

Varicella (Chickenpox) Vaccine (VZV)

In a prospective controlled study, 25 children with various
rheumatic diseases (17 JIA, 4 juvenile dermatomyositis, 3
juvenile scleroderma, 1 vasculitis) treated with MTX alone or
with prednisone (maximum 10 mg/day) or other csDMARDs
received a single primary dose of VZV vaccine. Three patients
with JIA presented a mild, self-limited, varicella-like rash in
the first 2 weeks post-vaccination, without any other symp-
toms, and the rash spontaneously resolved after 5-7 days.
More importantly, the number of active joints in JIA patients
significantly decreased at month 3 after vaccination [26]. In
another prospective controlled study, 54 children with SLE
treated with various csDMARDs and immune for varicella
were randomly assigned to receive a single booster dose of
VZV vaccine or placebo. There was no difference in the rates
of adverse events or frequency of SLE flares between the
vaccinated and non-vaccinated children [28]. A case series
reported the administration of a first dose of VZV vaccine in
four of six children with JIA treated with bDMARDs. They
reported that the vaccine was safe, but not efficacious in all
children as one patient did not respond and presented a mild
varicella infection 4 months later. Although it is a very small
sample size, it appears that patients treated with anti-TNFa
(etanercept) responded less well [29]. Another case-control
study assessed the immune response to a booster dose of
VZV vaccine in 49 children with diverse rheumatic diseases
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(three of whom were treated with bDMARDs) compared to
18 healthy controls. They reported good safety data and simi-
lar humoral responses in patients compared to healthy con-
trols [30]. Similarly, another prospective study assessed the
immune response to primary and booster doses of VZV vac-
cine in children on immunosuppressive treatments, nine of
whom were on bDMARDs. They used a pre-vaccination
checklist with basic laboratory tests: white blood cell count
>3000/mm?; lymphocytes >1200/mm?; serum IgG >500 mg/
dL; IgM >20 mg/dL; and tetanus toxoid antibody >0.1 1U/
mL. In the case of high immunosuppression, additional speci-
fications included a CD4+ lymphocyte count >200/mm? and
a positive T cell function (via the analysable positive control
of a standard tuberculosis interferon-gamma-release-assay
indicating mitogen-induced T cell proliferation). Patients who
met the criteria of the pre-vaccination checklist received the
first and/or second VZV vaccination, with good safety and
immunogenicity results [31].

A retrospective multicentric survey in which physicians
treating children with auto-inflammatory diseases on anti-
IL-1 and anti-IL-6 were contacted and asked to report safety
data concerning the vaccination with live-attenuated vac-
cines. Good safety data were reported concerning 17 children
(7 with sJIA and 10 with periodic fever syndromes), apart
from two serious adverse effects: a VZV infection after a
VZV booster in a child on anti-IL-1 (anakinra),low GCs and
several csDMARDs and a pneumonia after a MMR booster
in a child on anti-IL-1 (canakinumab), low GCs and MTX
[32]. Finally, a retrospective study from the Paediatric
Rheumatology European Society (PRES) Vaccinations
Working Group reported good safety data of 234 patients
with various rheumatic diseases receiving booster doses of
MMR or MMR and varicella (MMRYV) combination vaccine
while treated with various immunosuppressive treatments [8].

In SOT recipients, there are a dozen publications consist-
ing of case reports, and observational and prospective studies
discussing varicella vaccination after transplantation
(Table 3.1). These include both primary vaccination and
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revaccination, following renal, liver, intestinal or heart
transplantation, with varicella vaccine. The MMRYV has not
yet been studied in solid organ recipients. The authors report
a 32-100% seroconversion rate following one to three doses
of varicella vaccine. Although many report a high degree of
waning immunity during follow up, in one of the largest stud-
ies, 96% of patients maintained protective antibody concen-
trations at a median of 5.5 years of follow up after vaccination
[38]. T cell responses were assessed in a total of 34 transplant
recipients across two studies and had significantly increased
following transplantation [36, 39].

In hematopoietic stem cell transplant recipients, the CCLG
does not recommend the administration of varicella vaccina-
tion after transplantation [51], whereas the IDSA recom-
mends varicella vaccine only in seronegative patients >24
months after hematopoietic stem cell transplantation, pro-
vided that there is no GvHD and that the patient is not
receiving any immunosuppressive medication [52]. There is
limited evidence in the literature suggesting the safety and
immunogenicity of varicella vaccine after hematopoietic stem
cell transplantation (Table 3.1). Among the five reports, there
was a 33-100% seroconversion rate following one to three
doses of varicella vaccine [25, 40-43].

In contrast to the measles vaccine studies, several break-
through diseases have been reported following vaccination
due to primary or secondary vaccine failure (Table 3.1). All
cases presented with an attenuated form of chickenpox dis-
ease and recovered well, with some requiring treatment.
There was also a higher rate of rashes reported after vaccina-
tion, likely induced by the vaccine given their vesicular
nature, although never confirmed by polymerase chain reac-
tion. However, all rashes were self-limited with uneventful
recoveries. Overall, the authors had no safety concern follow-
ing varicella vaccination after solid organ or hematopoietic
stem cell transplantation.
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3.2.2 Other Vaccines

There are no studies on vaccine responses to yellow fever
vaccine in immunocompromised children. However, a survey-
based study in Brazil reported that a total of 19 transplant
recipients aged 11-69 years old had inadvertently received
the yellow fever vaccine 3-340 months after kidney (14
patients), heart (3 patients) or liver (2 patients) transplanta-
tion while under various combination of immunosuppressive
treatment including prednisone (11 patients), mycophenolate
mofetil (10 patients), cyclosporine (8 patients), azathioprine
(7 patients), tacrolimus (4 patients), sirolimus (3 patients),
and deflazacort (1 patient); none had serious adverse event
[53]. Another case series assessing the immune response to a
booster dose of yellow fever vaccine in 15 adults with various
rheumatic diseases treated with MTX and anti-TNFa
reported a similar antibody response to healthy controls and
no adverse events, although there was a trend towards a
lower immune response in patients, but due to the small
sample size, no formal statistics could be performed [54].

3.2.3 Conclusions

There is increasing evidence to suggest that MMR and vari-
cella vaccines are well tolerated in individuals with mild
immunosuppression, such as in children with DiGeorge syn-
drome (if lymphocyte count is >500 cells/pL) [1], HIV-
infected individuals (if CD4* count is >200 cells/pL) [55, 56],
liver or kidney transplant recipients (strict conditions [57]),
after hematopoietic stem cell transplantation [51, 58], or in
individuals with dysimmune disorders on low/no immune
suppression [59, 60], including children with nephrotic syn-
drome [61]. MMR and varicella vaccine have indeed the
potential to protect patients against threatening pathogen
that are endemic or linked to epidemics in many places
around the world.
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In children with dysimmune disorders, studies show that
those treated with low-dose csDMARDs and GCs who
received booster doses of MMR, VZV or primary vaccination
against VZV, had no severe adverse reactions and no cases of
vaccine-derived viral infections or worsening of disease activ-
ity [3,4, 26, 54]. Therefore, even if larger studies are necessary,
it appears that booster vaccinations with live vaccines can be
considered in patients with dysimmune disorders treated with
various csDMARDs at low dose or GCs, or even some
bDMARDs [62] (Table 3.2). However, more data are needed
for these new treatments as they are more specific and they
could affect a pathway required for vaccine responses. An
immunology work-up can also be done before vaccination
with live vaccines by looking at the total lymphocyte count,
IgG levels, vaccine antibody levels, and possibly CD4 and
CD8 counts and a T cell stimulation test.

Concerning immunogenicity, all these results show that
live vaccines induce a good immune response in the short
term in children with various dysimmune disorders on GCs,
csDMARDs or bDMARDs (anti-TNF, anti-IL-1, anti-IL-6)
[4, 6-8, 26, 28-31] as summarized in Table 3.1. However, a
rapid loss of antibodies can be expected in the longer-term
under immunosuppression, although persistence may be
maintained with some csDMARD:s. Results also suggest that
responses are lower in children on bDMARD:s. These find-
ings are very important in the context of measles outbreaks
occurring worldwide as immunosuppressed children not up
to date with their vaccines are particularly at risk of infection.
Booster doses may be needed, but it is difficult to establish
common guidelines as to when boosters should be given as
the long-term effect may depend on the complexity of
therapy.
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3.3 Recommendations

331 VZV and MMR

Child Immunization Schedules Worldwide

Vaccination schedules for MMR and VZV vaccines differ
among countries. While the first MMR vaccine dose is given
around 9-15 months of age in all countries, the timing of the
second dose varies greatly. It is recommended before the age
of 2 years in Switzerland and Australia, or between 4 and 6
years in countries such as France, Spain, the United Kingdom,
USA and Canada, or even as late as at 9 years old in Hungary,
The Netherlands, Estonia, Norway, Poland and the Slovak
Republic [69-72]. Most European countries do not vaccinate
against varicella, while VZV vaccine is part of the routine
vaccination schedule in Australia, Canada and the
USA. Hence, depending on the age at onset of the dysim-
mune disease or organ failure, the child might not be immune
against measles and varicella at the time of diagnosis.

Challenges

The risk of measles and varicella infections in immunocom-
promised children is even more important at the current time
of increasing vaccine hesitancy and measles outbreaks world-
wide. Therefore, assuring a protective immunity against
measles and varicella in immunocompromised children can
be very challenging. Once the immunosuppressive treatment
has been introduced, it is no longer possible to vaccinate
against these diseases as only live vaccines are available.
Furthermore, vaccinating children during the acute phase of
disease with a live vaccine is often difficult as a time interval
of minimum 4 weeks is necessary between vaccination and
the beginning of the immunosuppression or transplantation,
and even more if two doses are needed.

Current Recommendations
The recommendations of the PRES concerning live vaccines
in children with rheumatic disease were published in 2011



3.3 Recommendations 127

[63] and updated in 2015 [62]. According to PRES,
live-attenuated vaccines against MMR and VZV can be given
safely in children with rheumatic disease without immuno-
suppression according to national guidelines [62, 63]. As soon
as a dysimmune disorder is suspected, screening for VZV and
measles should be done systematically through infection and
vaccine history and, if possible, confirmation by vaccine serol-
ogy [68]. If the surrogate marker is below the threshold con-
sidered protective, seronegative patients for VZV and measles
should be vaccinated before the start of immunosuppressive/
immunomodulatory therapy. Two vaccine doses, at least 1
month apart, should be administered and the last dose should
be given >1 month before the start of immunosuppressive
therapy [63, 68, 73, 74].

In general, live viral vaccines are contraindicated under
immunosuppressive therapy. However, as the replication
potential of varicella vaccine is low and antivirals are avail-
able, varicella vaccine can be considered in any stable child
under low-dose therapy with MTX, AZA or 6-MP [60, 68],
while MMR and yellow fever vaccinations can be considered
in clinically stable patients during low-dosage GCs and MTX
therapy <15 mg/m?week [62, 63]. According to other recom-
mendations, booster vaccinations against VZV, MMR and
yellow fever, can also be considered in patients on low-dose
csDMARD:s [64, 68], as defined in Table 3.2.

Live vaccines should be avoided in children on high-dose
immunosuppression [62, 63] as summarized in Table 3.3.
Indeed, the replication of the live-attenuated vaccine may not
be sufficiently controlled under strong immunosuppression
and attenuated vaccines have the theoretical risk of a rever-
sion to the virulent form, thereby inducing overt disease [32,
76]. In the healthy population, this presentation is extremely
rare, generally mild and self-limited [77].

In general, it is recommended to wait for at least 4
weeks after discontinuation of high-dose GCs, at least 3
months after discontinuation of csDMARDs, and at least 3
months after discontinuation of a bDMARDs [74].
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Table 3.2 summarizes the list of low immunosuppressive
drugs, while Table 3.3 summarizes the list of high
immunosuppressive drugs with the delay necessary between
the interruption of the immunosuppressive treatment and
immunization with live vaccines. Table 2.2 in Chap. 2 summa-
rizes the effects of each immunosuppressive drug, the half-
life, the definition of low and high dose, and the ideal delay
between treatment and vaccination with a non-live and live
vaccine. Table 3.4 summarizes the recommendations for
administration of live-attenuated vaccines in children with
rheumatic disease, and Table 3.5 gives recommendations for
serological monitoring. These tables should be taken as
indicative and not as strict guidelines according to expert
consensus [64, 68, 74] based on [65, 66, 68, 75]. Delays were
calculated according to the half-lives of the drugs (usually
five half-lives) and the expected duration of the immunosup-
pressive effect after interruption. The various delays can be
followed before planning any live vaccines in children on
immunosuppressive treatments, while considering the risk
and benefit of vaccination in each situation.

In solid organ recipients, live-attenuated vaccines can
often not be given before transplantation due to their young
age or unstable medical condition [14, 24, 47]. While post-
exposure management with non-specific intravenous immu-
noglobulins may be effective to prevent death [78], it is a
costly intervention requiring hospitalization and is not read-
ily available in routine care. As measles is highly contagious,
contact is not always recognized and diagnosis can be further
complicated by atypical presentations in these immunocom-
promised patients.

However, extra caution should be taken and close safety
monitoring is highly recommended following the administra-
tion of live-attenuated vaccines in any situation when the
immune system is affected [52, 57]. In the setting of solid
organ transplantation, a consensus of worldwide experts
meeting in 2018 considered both measles and varicella vac-
cines to be safe in patients who are clinically well, more than
1 year after liver or kidney transplantation and more than 2
months after an acute rejection episode, and who meet spe-


https://doi.org/10.1007/978-3-031-04844-9_2#Tab2
https://doi.org/10.1007/978-3-031-04844-9_2
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cific criteria of ‘low-level” immunosuppression. The latter is
defined as tacrolimus levels of <8 ng/mL or cyclosporine
levels of <100 ng/mL (each for two consecutive readings),
and a prednisone dose equivalent of <20 mg/day (or <2 mg/
kg/day for those <10 kg). Recommendations for use of both
vaccines are restricted to liver and kidney transplant recipi-
ents only, pending the availability of further evidence in other
graft types. Furthermore, in areas with a low incidence of
measles, MMR vaccination is only considered during an
outbreak or travel to endemic risk areas [57]. This same group
of experts has also recommended to perform an immunologi-
cal workup before administering measles or varicella vac-
cines after transplantation, including measurement of the
total IgG level, total lymphocytes and CD4 counts [57]. They
recommend further caution and in-depth immunologic evalu-
ation for patients with a ‘higher level’ of immunosuppression,
defined as those who have received MMEF, T cell-depleting
agents (e.g. anti-thymocyte globulin, rituximab, alemtu-
zumab), or have persistently elevated viral loads of Epstein-
Barr virus, which is suggestive of potential T cell dysfunction.
Also included in this group are patients with complete thy-
mectomy in the neonatal period, as well as liver transplant
recipients who are undergoing immune suppression with-
drawal with the goal of cessation (achievement of ‘functional
tolerance’) [57].

Despite the publication of the consensus, clinicians should
keep in mind that administration of live-attenuated vaccine
in transplant recipients is still ‘off-label’ in all countries, and it
is recommended to clearly document obtainment of informed
consent after evaluating the risk-benefit of the intervention
with the patient, their family and physicians. The consortium
of experts also recommends a combination of both passive
and active surveillance following vaccination [57]. It includes
education of patients and families to seek medical attention
promptly for any new onset of rash or fever within 4 weeks
following vaccination (passive surveillance), and at least one
telephone contact with the patient’s caregiver at 3—4 weeks
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after vaccination to identify any adverse event that might
have occurred (active surveillance) [57].

A recent survey has revealed that several paediatric cen-
tres around the world are already administering live-
attenuated vaccine after transplantation outside the context
of clinical trials, in off-label settings [79]. Most respondents
believed that these vaccines should be offered to solid organ
recipients, especially in selected patients and situations (e.g.
outbreak). However, this same survey showed a great vari-
ability in strategies for the prevention and management of
varicella and measles in solid organ recipients and has
revealed that the majority of the respondents did not perform
any immunological workup before vaccination, and that close
monitoring for adverse events was not done routinely in the
majority of centres [79]. The data provided in this survey,
coming from diverse caregivers worldwide, helped to identify
knowledge gaps and practitioners’ concerns, and could be
used as a starting point for the creation of educational mate-
rials that would inform intervention methods and promote
safe administration of live-attenuated vaccine in solid organ
recipients. There is an increasing number of practitioners will-
ing to administer live-attenuated vaccine in immunocompro-
mised individuals and safety reports on this practice should
be promoted in order to increase the available data and to
help with the elaboration of further detailed guidelines by the
various disease societies.

In hematopoietic stem cell recipients, the CCLG recom-
mends the administration of MMR vaccination as of 18
months after transplantation, provided that there is an
absence of active chronic GVHD, as well as being off immu-
nosuppressive treatment for at least 1 year and off IVIg for at
least 3 months [51]. A second dose of MMR is recommended
6 months after the first dose, but can be given as early as 1
month after in outbreak situations. Varicella vaccine is not
routinely recommended. IDSA guidelines differ slightly with
the recommendation of varicella vaccine (only if seronega-
tive) and MMR (regardless of serology) in patients >24
months after hematopoietic stem cell transplantation, pro-
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vided that there is no GvHD and that the patient is not
receiving any immunosuppressive medication [52].

For all immunocompromised conditions, it is also recom-
mended to verify the vaccination status of the household and
other close contacts and vaccinate them if indicated so as to
minimize the risk for immunocompromised children through
a ‘cocooning strategy’ [74]. In addition, if there is no time to
administer live vaccines before starting immunosuppression,
patients should be informed of their risk in the case of known
exposure and advised to consult rapidly to receive prophylac-
tic treatment antivirals/Igs [68].

Under immunosuppression, it is recommended to first give
a non-live vaccine (preferably following a novel antigen, such
as hepatitis A) and assess the antibody response 1 month
after vaccination, as well as to measure the number of CD4/
CD8 cells. If the antibody response is good, including the T
cell numbers, a live vaccine can be considered [68].

3.3.2 Other Live Vaccines

Other live vaccines are usually contraindicated in patients on
immunosuppression and the same recommendations should
be followed as for VZV and MMR vaccines (Tables 3.2, 3.3,
and 3.4). If travel is planned to an endemic country for yellow
fever soon after the diagnosis, this vaccine should be admin-
istered before starting immunosuppression. In general, fami-
lies should be discouraged from travelling to countries
endemic for yellow fever and other diseases for which only
live vaccines are available. Yellow fever vaccination can be
given in clinically stable patients during low dosage MTX
[68]. If yellow fever vaccine has been already administered
previously, an antibody measurement should be performed.
Seropositivity indicates past immunity and enables travel to
yellow fever endemic areas, regardless of the time elapsed
since immunization. As a precaution, oral typhoid vaccination
(Vivotif®) and BCG vaccine should generally be avoided in
all patients under immunosuppression [68].
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3.3.3  Treatment with Intravenous
Immunoglobulin (IVIg)

In the case of treatment with IVIg, the immune response to
live vaccines may be reduced if the vaccine is administered
immediately before or after the infusion. Live-vaccines
should be given either 2 weeks before or should be delayed
for 3-11 months after IVIg, depending on the dose. In the
case of treatment with IVIG within 14 days of a live vaccine,
the vaccine should be verified after 3-11 months of IVIg
treatment and the vaccine re-administered if necessary.

3.3.4 Infants Born to Mothers Who Received
Immunosuppressive Treatment During
Pregnancy

As some immunosuppressive drugs pass the placental barrier,
they can be found in newborns for 6-8 months, especially if
they were taken by mothers at the end of pregnancy. These
drugs can affect the development of the immune system of
the newborn and also affect the response to vaccination. For
example, a case of fatal ‘BCGitis’ has been reported in a
3-month-old infant whose mother had been treated with inf-
liximab during pregnancy [80]. Drugs such as MTX, MMEF,
leflunomide and cyclophosphamide are teratogenous and
contraindicated during pregnancy [9]. Other medications
such as antimalarials, sulfasalazine, AZA, cyclosporine, tacro-
limus and colchicine are not immunosuppressive and can be
administered during pregnancy [9]. COX2 selective non-
steroidal antiinflammatory drugs (NSAIDs) and corticoste-
roids can be given until 28 gestational weeks [9]. In severe
refractory maternal disease during pregnancy, pulses of meth-
ylprednisolone and IVIg can also be given until the end of
pregnancy if necessary. It should be noted that biological
monoclonal antibodies are transferred through the placenta,
like other Igs, from week 13 until the end of pregnancy, with
a peak during the last 4 weeks of pregnancy, resulting in a
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blood level 120-130% higher than the mother’s blood levels.
Then, it appears that the half-life of the biological molecules
is prolonged in newborns (infliximab can be measured for up
to 6-12 months in babies, adalimumab for 3-6 months).
Concerning anti-TNFa, they can be given during the two first
trimesters and it seems that etanercept and certolizumab can
also be given until the end of pregnancy due to a low rate of
transplacental passage. Other bDMARDs should not be used
during pregnancy [9].

EULAR recommends vaccinating infants according to the
normal schedule if biological agents have been discontinued
before week 22 of gestation. However, if immunosuppressive
treatment is continued past 22 weeks in the mother, live
vaccines (including BCG, rotavirus, oral polio, MMR and
VZV) should be given after the age of 6 months. It is also
possible to measure the metabolite levels in the blood of the
infant. By contrast, inactivated vaccines can be given accord-
ing to the normal schedule [9].

Most csDMARDs, bDMARDs and tsDMARDs are con-
traindicated during breastfeeding, except for antimalarials,
sulfasalazine, AZA, cyclosporine, tacrolimus, colchicine, pred-
nisone, Ig and also anti-TNF because of a low transfer to
breast milk. Therefore, children who are only exposed to
those immunosuppressive drugs during breastfeeding can be
vaccinated normally [9].
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