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Evaluation Methods for the Immunogenicity of
Varicella and Zoster Vaccines

Hosun Park”

Department of Microbiology, College of Medicine, Yeungnam University, Daegu, Korea

Varicella vaccine has been included in the national immunization program for children since 2005 and zoster vaccine
has been released since 2012 in Korea. Even though both varicella and zoster are caused by varicella-zoster virus (VZV),
pathogeneses are different. In varicella, neutralizing antibody is very important to protect disease because VZV spreads
via blood or lymph. In contrast, cell-mediated immunity is more important in zoster because of the neuronal spread of
VZV. Therefore, the measurement methods of the immunogenicity against varicella and zoster vaccines are different.
Fluorescent antibody to membrane antigen (FAMA) assay is the gold standard method to detect the protective antibody
against VZV. It is still used as a reference test for the other methods. However, the fastidious nature required to perform
the FAMA assay limits its use as a routine assay for the evaluation of vaccine immunogenicity. Nowadays, glycoprotein
ELISA (gpEIA) is used as an alternative method for FAMA assay. However, there is no agreement over the protective
level of gpEIA antibody titer with WHO standard international unit. The immunogenicity of zoster vaccine has been
evaluated by responder cell frequency assay and IFN-y ELISpot assay. Nevertheless, skin test is considered to be a more
accurate biomarker for cell-mediated immunity against zoster. For the evaluation of varicella vaccine, it is necessary to
standardize the FAMA assay and to set the cut-off value for the gpEIA antibody titer through long-term follow-up study.
For zoster vaccine, the evaluation of cell-mediated immunity in Korean adults is urgently needed.
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=] vlo] 2] 2 (varicella-zoster virus: VZV)©&
&) 2 3| 2~Hfo] 2] 2~ I (Herpesviridae) 2] &3} & 25 2~0}3}
(o-herpesvirinae)oll 43l 120 nm Z7]19] £]F] K- Hlo]
#1222 double-strand DNA F-AAE 7FAaL Qi) vZvie

o=
OOH 7“’301 Elt% VZV°ﬂ x1° 7‘°ﬂ°l kil @‘2‘1% 5
3 2mos HA i Iy FEE F FHOE o}
= TR T ofelA] v B A e
7 dxlo] £ Se R T A AHe e &
Ak AgRlell A 7h sk AE S vl AR
& HERAE QA Al 2 kel Aol Abg, AR
TreF 5ol fele] HYE ) (5). dFelA 54
g VZV= ABAHEE BRaL o st 7t el A

uole 27t ATASA AHL met thAl o
3}01 FENS et (6~8). g ES
Ao} AFE BRG] A FEL FLaAD A
% (postherpetic neuralgia: PHN)©|
17 gt et A H]isks vzvel
Zv AEH o AdgAE A
= FAAIZIY vzvel gk
2 AEuj7fH o] oju gl A o]atE A
xR o] BAS= Hog deEA Tt (6~8).
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Table 1. Comparison of currently used varicella and zoster vaccines
in Korea

Vaccine Production . . Virus amount
Virus strain
name company (PFU)
Suduvax Green Cross MAV/06 >1,400
Varilrix GlaxoSmithKline Oka >2,000
Varivax Merck Oka >1,350
. Changchun

Vari-L Biological Institute Oka 21,400
Zostavax Merck Oka >19,400

FTHALE dEANA 5 FAfol| A F2] g OkaT v
oje]~E Abeo] olmfAIMEL} VIUIAE FollA] oF=
3}slo] 1974\ Takahashi 5ol 2J8) 7HEEE AT} (1). vZv
5 AlzoA wjshE g vZvE A9 AlE dle] &
st ZFAE o] Q= wiol 2 b= Ao

wWol WlEH x| =t} wepa] WAlAH 2 A] vlo]E 2ot

MR AEE 28t 1) T ANREE Sl A 3
A Hhole] 28 ALHEE ARG o[MAAE Aol
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B BikenAtoll A dE3tE o] AREQl oM, f-EuhEkel A
= 19891H-E] BikenAte] -Fulalo] ALE-E] 7] Al=E1S]
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Figure 1. Images of fluorescent antibody to membrane antigen test. (A) Conventional fluorescent microscope image (><400), (B)
single plan image of confocal microscope, (C) stacking image of confocal microscope of FAMA test using VZV- infected MRC-5 cell with

WHO international VZV standard IgG.
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1) HH
Mg HAH = vzvel
= WHoR = Complement—ﬁxation test
(CFT), Neutralization test (NT), Fluorescent antibody to mem-
brane antigen (FAMA), Immune adherence hemagglutination
(TAHA), Enzyme-linked immunosorbent assay (ELISA),
Indirect immunofluorescence assay (IFA), Radioimmunoassay
(RIA), glycoprotein ELISA (gpEIA), Latex agglutination (LA),
Time-resolved fluorescence immunoassay (TRFIA) -5 TFFsh
o] Jute] o] gt} (15~24). A4 AdR o= F72
ELISAS} IFA, =59 al 718 0 23= FAMAS} gpEIA,
IFA7} A&,

(1) Fluorescent antibody to membrane antigen
(FAMA)

FAMA assay (Fig. 1)= 19743 Williams 5-©
WHow AA7EA vzvel dial] ool o)
43} 'gold standard’ WO 2 T2 AV 54
reference= AHE-%31 T} (17). FAMA assay= VZV7
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Table 2. Interpretation guidelines of three VZV gpEIA test kits
Guidelines Merck Serion ELISA classic VZV 1gG VaccZyme™ VZV IgG
(EU/ml) (mIU/ml) (mIU/ml)
Negative or Susceptible to infection <1.25 <50 <100
Equivocal range 1.25~5 50~100 100~150
Immune or Protective level >5.0 >100 >150
A AR, FHUxE A, A57]F Tl g xFsh 7]ele WAIS|AFEA] A 7EEE Min-house” ELISAS:
2 a3} ol ARgstl ot 2k WAl 3AbE vt FAE S48
(2) 3t (Neutralization test: NT) = ©@%1 2 cut-off value?} TFET} (33). o] WHE F=
VZVE Aol A kS ahd wlolelas F2 AlE vzZv 39 HAAE ARSSlnE SRS giiekA] e

ol &A1t vt oz & WUExA] gt el
cell-free virusE 971 I3l vl 2~7) 7del Al
5 259 Ay o= FAE $ A el EAjskd
cell-associated virusS A ENA FEIAA DAY T A
S Aol EA8}= cell-free virusE T3t} o]# s vzv
o] 54 wiZel FIAATE 54 Al A¥HARI plaque
reduction neutralization test (PRNT)7} 2+ E] %] ¢Fo} H A=
Z 3ol =S F71A]7]+= enhanced neutralization
test (Enhanced NT)Z A}g-3171% 8kl ot} (31), o|#]3h
A Qe B A wwEs 8 due &
StEAE S el Wy Haleles 2 ARESt
A et

(3) Immunofluorescence assay (IFA)

GSK <] }%]ali 99’1 OJ*é H7poll = IFA%
PR ES
745 ﬂxﬂﬁﬂ(seroconversmn)°i 4 bi‘:} (32). 21
1} TFAS A= acetone©]} methanol 522 AXE 31
gotu R A|suto] mhi| o] A|Eute] A3

= u

g GAE Qs AET 4 glo) wolo] ol
B
%

Ahg3te]

rlr

A7He sk gk wheba il W
whol] AR8-H7]= 01337\ Wk Xctol= A5k A A
Jorn A 5 [FA kit7} AE3 Fo] Fls]
o} (32).
(4) Enzyme—linked immunosorbent assay (ELISA)
vzvell digh IAE SAsk=d oA 7P ga, &
AlZF Yol ti=ke] AAE AALSE 5 olou;] AE37) H
of Stk wetA i A AAR-E Adsid, ik
7] o2 Folxtel FE|A}b Soll A Al Bt - T
S7317] ste] Bol AREE= Wgolth WAl T %

N

wold de A9 A xE A=

(5) Glycoprotein ELISA (gpEIA)

vzv &3ol| EAehs daiAES o
o] qk501%] ELISA kit® S3HFAZFE e o o,
ARESE7] AL, o AlZel B HAE AR 7l
AR Lol HdgE 713"}3}"5‘3] 7H¢ A sttt
L oAAE o)t @ Merck gpEIA2]
A7} 5 EU/ml ©]73<] 7§T—e‘ protective level = 3}l
AT :’—Eib} Merckell 4] o] AlFE FF3}tsto] dvfjst
A gda, A7 AR FAEE TG990 WHO standard
International Unit (IU)7} o}yoiA t}& AFE9] Ao}
B 3}7]7F o] 7t} &<l Serion ELISA Classic VZV IgG
(Serion \Vm'on Germany)<} VaccZyme™ VZV IgG (Binding
Site, UK) 5+ 79| gpEIA kit7} WHO IUS A}&3fo] 4
F3}E] o /‘]’%o] 7Vs3sht (27, 34). Kim 5ol sk &
old7de] FAMA FAI7keb gpEIA7E Abele] 377}
E2 Ao HIuHAY (34). 2y Al 2] gpEIA
kitso] 7ol gk Woie A28 %
=TH(Table 2).

(6) Time—resolved fluorescence immunoassay
(TRFIA)

F % 9479 Health Protection Agency Center for Infections
oAM= vzvel digk &5 578517] 9lste] TRFIA %

ol gt

cut-off valuet=

S Akste] s VZV IgG ELISA kits 3] w17k
= 9 Eo|=E vt} (24, 35~37). TRFIAL v5-
W7k ol al B HAE e HALE e
FHo] 9o}, euphoriumS 54 E = U= fluorescence
reader “gH]7} Qlojopnt ALE-e = 9l ot
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2) MZOj7HHS = SFY

vzvell gk Axe/idges SAshs HeRs
Skin test, Lymphocyte proliferation assay (LPA), Cytotoxicity
assay, Responder cell frequency (RCF) assay, Intracelluar
cytokine (ICC) assay, ELISpot assay "' 5°] At} (7, 38~
42). = FHA 7 Z710) skin testtt LPA 5 O.& A 3wl

NaeE AARE AAsialod, dAAls F7uale] He
A Sl AEmpiE Y AR Seth 2eu
ARloll A= vzvel digh A7 el = Etekal o
Exlo] sk o]= ol tigh Al A S Whg-o]
wagh AvkE AT (6, 7). Wb iR EAM AL W
A HALNAME MEvi/iE S ghg-o] SAo] g 5
[3HA =AUk

(1) Skin test

FAlel] ot skin testt
Kamiya 5ol <]all 7H2= AT} (38). Skin test= VZV &
AL I FARSF 24~48A13F - HA JE A}
= Ho R AARTINEE] Alxuj/EYES
skin test A7} S8} 7E Alololl= AaTAITE =
Ao 2 et} (38, 43). ol Aol W@PQE o
ExIAo] EEA A E Al
o] FH AL 9lo] skin test Z7H50] HalEal vk
gpELISAZ 5.5 A<l 20~60tHe] A1 15178004 Al
Fr7H e ES ERl= skin test@} IFN-y ELISpot A}o]

A= GABATE ofF ERAL, Aol Tl wet
skin test®} IFN-y ELISpot ¥H5-0] 7438l Aoz yeh}
dAwo] T/ TS vzvel g AlEujyiE e o] 1ha

oA WA A %7

s o2 YElt) 12y gpELISAS} skin test A}O]
ol AT AT 44).

A7 Skin test-& VZV U AE-2] Bikenrtll A vzv
G QA Alo] At A WFEE o R Aghy]
o] 9lo} A<l thE-E2] skin test A= Lo A W]
AL ek FHZoll AT Aol osh WP §laEgs
vzv o =3 A9 vzvel tigh IFNyY IL-2
Al CD4 T Al ¥(CD4'TFN-y", CD4TL-29) 2] <=7} vZv
Ao w A=skA] 2 HIZ A Hlgte] 7o) FTsHA]
J—o

skin testoll A AY71 Aol A EelE HE o=
CD*IFN-y"¢} CD4'IL-2" 57} @AA8HA S713He wa
3k T} (45). =, skin test7} TR AX R vZVo|
gk AEeifHgEs SAshs AR vzvel tigh v

2y oHe ¥ 2 e ¢ e uldith el A

& Vehy,
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= AAAT o= ARkt d6). T
21 ZpA ] Abghe] o vl A AR el 7]EF QA Fo
o] EAtER g HALE fsiAe st
AAE vzv FES ARSI WAl o R AR
o A dix FAE VZVE gt o8 Akl o)
AAEZE WA Az Ao} sUgE PO R A|Zste] AL
-3fofof gt
(2) Lymphocyte proliferation assay (LPA)
LPAE 574 & whgste] S49 T Al2E 54
Ho 2 WAl gkl Algko] Wz o
of 11 HEAE wlolel s FdoR
FoujeFate] Ha7) &9l A=l €

& vl S E=7E SHsRs ARl S5 A
Ly iﬂ o

=1 mphocyte proliferation assay= AH&sto] Wl
0

AT 47~51). L

e 1% LeA7} b 4ol Fop, ABE} 2
Fsstel wEdo] ol aEw, B o) FAS @
Aol Held ¢ ¢, A0S Agstelof s, 4

7RI A iyl AT T3} A 5& fstel

AA AWM T AES] 753 ol gk F4do] E
ofXIth= o2 & ARESHA eFeth

(8) Responder cell frequency (RCF) assay

RCA+= lymphocyte proliferation assay2] & ¥ WHO
2 limiting dilutions F3l] AFAQL MEdS =Y
WRiolth (40). o] W JAl wmEdo] Wo] e HER
tao s =780l

o= k= wWiale] HAUA
© ARESE] ol el SE
2 7)o oIl EH%J AZej7iE S g Aol A
ELISpotZ} 37| AR8-8F Ha1Eo] 9Tt (50, 51).

(4) ELISpot assay

ELISpot assayt™ YxdHS FPoz =3 +
IFN-y 53 72 cytokineS A|3E =520l A] enzyme-linked
immunoassay & ‘&3t BHA O E SA4s= wjg- Wita)
AL SolAl W o R H ofe] TR dete] tiE T
cell®] monitoring®]t} BjAle] Alsrvl7H e HAF Sl

wo] AL88kar T} (51~55). helper T cellZ} cytotoxic T
cell®] WHg-& 7 SAT 4 o= WHom Wil A
Eup/i g LS 57458 AT biomarker® ZHd-S

=
W3 QT (54). A AT Wy S F
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2 IFN-y ELISpot2 AM&-3}3L It} (42, 50, 51, 56). Smith
ol ot Fd o AP Hx Y F oW V)
7t liquid nitrogen®l] H.#A3IE HZF2 ELISpots 4
Algk A7E A 2pel 7k WA gfotl o A ellA
Jek e vE tow 7HaL 7 AAE 5 9
o2 ddste] wiale] 584 Hrlolu thaER
Frafol AHEE 4 s AoE KB (42). 12
Vukmanovic-Stejic®] .ol ospH 77Fsk Agole] wx
Yol Pz vzv Lo A3 Afat A58
& a3} zpel7h AL glo] 7t ofefge] Us
T ATs ARSI (45).

(5) Intracelluar cytokine (ICC) assay

oA o EAfshs wie] T AEE 543 nfolg]
272 A5ate] 1 Al A A E = TNy 322 Alol
E7RIE SAskE WHoR, HxHAS vlojy A &Y
O F AFAIF = M Qto R FA7F S EF A
TS FHAZIAL A el AE Al ETRIS AR
28310 fluorescence activated cell sorter (FACS)= -4 gF
ok ICCE 9 ME FEo R SHo| 7hsdtH, ojud
A& Abgsk=rkol] wEl D49} CD8 A3, memory/
effector A3 55 THEeNA S Alo]E7IQL 9]l
= perforin, granzyme, granulysin¥} 752 A|E5A]ol o3k
N5Ae FAREE =43 5= 9} [cC= o] 7F
wstar, A2 o] oo w s kol s =l
nom, Aebd SAo] 7hsetal, AEEWA v s AL
OBl 22 oY parameterE FTAll SFT - U
Ul T AES WY 755 SAsk=d Hat
3 9t} (57). ICCE ELISpot¥} T E-o] wAl
e SH4st=d AAY biomarker2 ZtES
HhH o 2 (54), AR} Aol 5 ax}oﬂ/q
ICCE IFNwyE H] o}ﬁ T AZEE =A% Buto] g

3oF st 7\4%
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rud‘

o
—_— O_>‘4_;
>
oo 9,

e o

iz o g4 rr
K rE

0 12

i (obJecnvny>o1 °‘°1°k L, @A Foll uh
| B &8} linearity7} 1o1oF 3}, 4 %
Es =

Aol Wl 4= 9= WI7FS (sensitivity) S} S
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&
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=
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@
g
=h
GH
<

2

7} Fotof ahal, FUgh Z7i5tel A
(precision)’} Folof gt} BEgk FAS AHHES 7HA
aL Ao AdApt ol SUsHA ves Ad
A(reproducibility)*] 1} 71 1K (ruggedness)©] A oo 3},
B HAE @7l Al = Q= 53 (throughput)©]
hofof gt} Bk A5 SKautomation)”t 7Fsdkar, A}
7F ] v em AEstE o] Sl kitth AleFEe] EAE)
oF ffh:} (59).
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104 XqE FAZPE A fFeHER v e By
o] Agstn, 53] WojdS SAHY F A= APl
of gt} eyt obAA] vZV FAIE ST A7
o] ZAEE o 2 AlFeIY ol vk A ol
Holl tfate] HAAIA R Felahs EHETA 7] §l

= Zlo] FEiale] HAdAds ddeted 7MY 2
A Eo] Ha v} wEhA gold standardQ! FAMA assay
& Resbstes Ad, A7)l 23 FAHANE st
Wojo] Q1= FAMA A7k} gpEIA #A17F 7] A
gk slo] Qs

gz L] M SR SR = skin test7}
7 Adsiotar AAAG obH A Abgrell Al AREEE

A= VZV skin test &Y &) AgHHolg} i [FN-y
ELISpot *™S ARE-akaL vk S-2ufetoll A uiisxle
7¥shs FAolaL ofn] th
=2 skin test® <] sy ¢

of e AEMNAGEE ZAFS
Mol Ao B7HE Sl Alae
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