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Figure 1. Annual incidence of measles in South Korea between 1955 and

2017.5
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Figure 2. Age distribution of measles in South Korea before (A) and after (B) the 2000-2001 outbreak."
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Table 1. Seroprevalence of measles and measles vaccine coverage by

birth cohort in South Korea.

Birth Immunity Immunity MCV1 coverage MCV2 coverage

year (2002 (2014 %) (%)
measured) measured
2019 97.8 (2021 survey)
2018 97.3 (2021 survey)
2017
2016
2015 97.6 (2017 survey) 95 (2021 survey)
2014 19.8 97.7 (2017 survey)
2013 68 97.8 (2016 survey)
2012 98 97.7 (2015 survey)
2011 98
2010 98
2009 100 99.6 (2013 survey)
2008 100 95 95
2007 98 95 95
2006 100 95 95
5



2005 98 95 95
2004 96 95 95
2003 94 95 95
2002 45.4 96 95 95
2001 61 94 95 95
2000 89 70 95 95
1999 91.2 86 95 95
1998 87.6 b4 95 95
1997 87.2 b4 95 95
1996 87.4 70 95 95
1995 86.1 70 95 95
1994 84.5 86 95 95
1993 91.8 82 87.1 43.4
1992 91.7 90 88.2 36.8
1991 94.3 92 87 33
1990 91.7 94 85.2

1989 95.4 96 84.7

1988 93.6 100 84.7

1987 92.6 100 81.1

1986 99.4 94 80

1985 96.4 100 79.4

1984 94.8 100

1983 94.2 96

1982 89.5 100

1981 91.7 94

1980 93.8 90

1979 89.6 92

1978 94.6 96

1977 94 98

1976 93.6 94

1975 95.5 100

1974 90.7 96

1973 91.3 98

1972 96.2 100

1971 95.6 94

1970 96.4 92

1969 93.9 92

.-"{fE —.3' E”



1968 94.1 98

1967 100
1966 98
1965 100
1964 100

el FYo g WY=rt "ojx= 23 WAl AF(secondary vaccine
failure, SVB)ell o|& 7FaAol dou, ABHF Fo A9S J58HA
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Table 2. Previous reports regarding the secondary vaccine failure after measles vaccination.

Article Nation  Year Population Outbreak Study Measure  Vaccine failure type
N) N)
M Iwamoto et United  2018-2019 New York city 649 62 Avidity 53 (85%) High Avidity
al., 2021% States 9 (15%) Low Avidity
Breakwell et al., United 2014 Federated States 393 393 History 306 (78%) Vaccinated
2015% States of Micronesia 87 (22%) Unvaccinated
Pannuti et al, Brazil 1997 S50 Paulo 19,322 159 Avidity 27 (17%) High Avidity
2004** county 25 (16%) Low Avidity
107 (67%) Unvaccinated
M Paunio et al.,, Finland 1988-1989 Finland 1748 129 Avidity 28 (22%) High Avidity
2000% 101 (78%) Low Avidity
Mathias et al, Canada 1985-1986 British Columbia 7479 188 History Vaccine trial 1974-1976
1989% 9 Cases/175 Seroconverted

6 Cases/13 Primary failure
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Figure 3. Age-specific contact patterns in Japan and Taiwan.” %

Japan's Contact matrix
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Figures are reproduced with permission from Dr. Yoko Ibuka and Dr. Yang-chih Fu.
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Figure 4. Flow diagram of this study.

Anti-Measles 1gG
screening® for all HCWs

Excluded

+ Birth year before 1967

+ Pregnant women or immunocompromised
hosts not eligible for live vaccination

| |

| Measles IgG positive | Measles IgG negative
or equivocal

v

| No further intervention | Baseline sampling &
1st MMR Vaccination

A4
4-week Post-
Vaccination sampling

| Measles IgG positive | Ig(23 ?ﬁl\antgi/ or equivocal
o accination

v

4-week Post-
Vaccination sampling

v
| No further intervention |

*  Anti-measles 1gG  screening test was performed using
chemiluminescence immunoassay (LIAISON® Measles IgG, DiaSorin,
Saluggia, Italy).
IgG; Immunoglobulin G, HCWs; Healthcare workers
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8] 415 Washing Solution POD 200uLE Z wellS % 33 A& 3.

® 3]4% Anti-Human-IgG/POD Conjugate 100uLE 2+ wellol| 3ttt

@ ZYolES TU=E AAA 37T Aol 6025t HaF

g4 ¥ Washing Solution POD 200uLZ 2+ wellS 5 33] Al &3t

© Chromogen Working Solution 100uLE 2+ wellol]l 3ttt
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SAZ INA 2ol 3085 2RI

@ Stop Solution POD 100uLZ Z+ welloll Bt

@ 1A1ZF o]yell Photometer(450nm& A2 =4 ot

Figure 5. 96-well plate lay out of Enzygnost® anti-Measles IgG ELISA.

A PIN PIN s7 s7 15 §15 523 523 S31 S31 S39 S39

B Ref* Ref* S8 S8 S$16 S16 S24 S24 §32 S32 S40 S40

Cc S1 S$1 S9 S9 S$17 S$17 S25 $25 S33 S33 S41 S41

D S2 52 S$10 S$10 518 S18 526 526 S34 S34 542 542

E S3 S3 S11 S11 S$19 $19 §27 §27 S35 S35 543 543

F S4 S4 12 §12 S20 520 528 528 S36 S36 S44 S44

G S5 S5 S$13 S$13 S21 s21 S29 S29 §37 S37 S45 S45

H S6 S6 S14 S14 §22 §22 S30 S30 S38 S38 P/N P/N
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Blue: Measles virus Ag/ Yellow: Control Ag

Reference P/N: Human serum containing IgG antibodies to Measles virus
antigens

Ref*: NIBSC Reference Sera, S: Participants’ Sera

ok A4

AA = Measles virus Ag §3% - Control Ag §3%=

@ Reference PIN AA k2 A|F Lot numbere] 3l 93h= nominal value
2 upper/lower margin oJWje] Ftolojor B AFHS AT 4 . B
g AL LOT 4902604 nominal value 1.16, upper margin 1.97,

lower margin 0.59 o]t}

@ A As AAp/n @3 AL wpAE ol FHe) Fol A 20% o)
2ol 7k WA gkotof gt

@ Z+r M=o AA ZEE Correction factor® F3+ch.

Correction factor = AA nominal value/ mean AA Reference P/N

X Atgk
Negative AA <0.100 (cutoff)
Equivocal 0.100 < AA < 0.200

Positive AA > 0.200
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Z. 99==8dY G A% (alpha method)

ol
+

ST

&3 22 Agoe Ads @

l

@O AA corrected < cut-off (0.100)

@ AA uncorrected = 2.5 (o]¥l 739 dilution 3|4 ThA] Al4tefoF ko))

Calculation: Log10 mIU/mL = alpha x AAb

(alpha=3.4704, beta=0.2027)

4, SAUYSAHAE ANy - A9S2EI M

7t AP EN

Aol jF &< 4C WAL Bagn.

fllo

O Y¥sd A+ &4

@ A3y 308 Aol dAH3} Enzygnost® anti-Measles Virus/IgM(Siemens

Healthcare Diagnostics, GmbH Marburg, Germany) A ¢FSS 7AW A2

FA

@ Anti-Human IgM/POD conjugate®] Conjugate Buffer Microbiol=
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A7behed 150 M &2 8| Aalch

@ Sample Buffer POD (Diluent) 50mLe]l Colour Solution blue (dye)

2.5mLE 73l

® Washing Solution PODel distilled waterE #7}ste] 1:20 BHIE&E=Z

CREEICS

® Chromogen TMBol Buffer/Substrate TMBE X 7}sle] 1:10 B &=

CEL IS

@ RF Absorbent A& 1nfo]ol sterile, distilled water 5mLE

A7

U A9

O »E ¥A3 Reference PIN, Reference P/Pell Sample Buffer POD
(dyedE &F3sle] 1:20 Hl&=2 3143t}

@ Rheumatoid factorol] <3 IgM A-S =7] &), o= A A3}
At #AAE FUHET 120 HlE2 sdE 84 AE 200uLel RF
Absorbent 200uLE  H7bstar  A=olA  15EE<H EHFY. o,
Reference P/N, Reference P/Poll= F7FshA] ¢kgkth

@ 343" Reference P/N, Reference P/PEE] A|Zsle] A AMZ
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SHAYE 150l =

dolE(1Y 6)9] Z+ pair (Measles Ag/Control Ag)

welloll @9kt 74 mbx| 9t pairol = Reference P/PE @3ttt

@ EdolEE ¢
® 3

® 3

@ ZHUES 3Y=
® 3

A 37C Aol o 60&-5¢ HaFTh

215 Washing Solution POD 200pLE 7z} well& % 33 A&t}

3] 4 ¥ Anti-Human-IgM/POD Conjugate 100uLE 2} welldll &3kt

A 37C QA5FHo e ol 6085¢ BT

3] 241 ¥ Washing Solution POD 200uLZ 7z} well& % 33] A H g},

©@ Chromogen Working Solution 100uLE 2+ welloll &ttt

HolES TUR

m{m

e
i

@ Stop Solution POD

@ 1A1ZE o]l Phot

e

A ol 30859 RAFTh
100uLE Z+ welloll &3ttt

ometer(450nm)E 23S =AUt}
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Figure 6. 96-well plate lay out of Enzygnost® anti-Measles IgM ELISA.

A PIN PIN S7 s7 S$15 S$15 S$23 S$23 S31 S31 S39 S39

B PIP P/IP S8 S8 S16 516 S24 S24 §32 532 S40 S40

(o 51 S1 S9 S9 S$17 $17 S§25 525 S§33 §33 S41 S41

D s2 S2 $10 $10 S$18 $18 S26 S26 S34 $34 $42 S$42

E S3 S3 S11 S11 $19 $19 S27 S27 S35 $35 $43 $43

F S$4 S4 S$12 S$12 S$20 S$20 S28 S28 S36 S$36 S44 S44

G S$5 S5 $13 $13 S21 S$21 S$29 S$29 S37 $37 $45 $45

H S6 S6 S14 S14 §22 §22 S30 S30 S38 538 P/IP P/IP

Blue: Measles virus Ag/ Yellow: Control Ag

Reference P/N: Human serum containing IgG antibodies to Measles virus
antigens

Reference P/P: Human serum containing IgG antibodies to Measles virus
antigens together with rheumatoid factors (RF)

S: Participants’ Sera

o A

AA = Measles virus Ag &33% - Control Ag %%

D Reference P/IP AA Zk& A|E Lot numberodl] & %3+ nominal value
2 upper/lower margin oJuje] grojojol B ARG AFE S gy B

Ao ARR3F LOT 4874794 nominal value 0.53, upper margin 0.90,
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lower margin 0.27 ©|t}.

@ AL A AApD @ AY A grol FAAel HFIA 20% ol 4
apo] 1A polok gt

@ AAp/n #H& 0.099 o]sle]ok gt}
@ 7+ AWEZ9o] AA Z+S Correction factor® 33+t

Correction factor = AA nominal value/ mean AA Reference P/P

X Atgk
Negative AA <0.100 (cutoff)
Equivocal 0.100 < AA < 0.200

Positive AA > 0.200

2}, IgM A F3}

IgM2 F7Fsd = gloh

5. FATA A<ty 4IAWH

7t A&V
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O WsdE A7 HES Ao W T 4C dF ] Rk
@ A3 308 Ao dAHFH} Euroimmun® Avidity determination of

antibodies against measles viruses (IgG) (Lubeck, Germany) Al &2 7

@ Wash Bufferol distilled waterE &7}l 1:10 vl &2 343}
Y. A3

O =E ¥4 AZo Sample Buffers £33t 1:100 v1& =2 343}
%7

High avidity control, Low avidity control& 3] 43} ¢Fkth.

@ High avidity control, Low avidity controlf-E] A|Z}sle] dx AMZ
A ZE 100uLy ZdolE(1d 79 Z+ pair (with & without urea)

wellol] 2ttt
Q@ ZHOEE Ao 3085 R

@ 3149 Washing Buffer 200uLZ 2z} wellS A= gt}

® Zd#olE] AWA pairol= Urea solution 200uL

i
i
K
ol
R
)

pairell== PBS(phosphate buffer) 200uLE Y3 24 1085
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HaAo

®

341 ®l Washing Buffer 200uL® 2z} wellS % 33 A3 o}

@ Anti-Human-IgG (peroxidase-labelled conjugate) 100uLE 2+ welloll

AT

ZHUCEE STAE WA A2 30EFet EHaFT

© 3]4¥ Washing Buffer 200uL® 2z} wellS % 33] A3 o}
1® Chromogen/substrate solution 100uLE Z+ welloll 4Tt

O ZHUlEE Td= ZAAA Ao 15E5¢ Badoh

@ Stop solution 100uLE Z wellel &3ttt

308 o]uol Photometer(450nm)= A#E =4 3t}
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Figure 7. 96-well plate lay out of Euroimmun® anti-Measles IgG Avidity

assay.

A HA HA S6 S6 S14 514 §23 §23 S30 S30 S38 S38

B LA LA S7 S7 S$15 S$15 §23 §23 S31 §31 S39 839

(o Neg Neg S8 S8 $16 S$16 S24 S$24 $32 $§32 $40 S40

D $1 $1 S9 S9 $17 $17 $25 $25 S33 $33 S41 S41

E S2 S2 $10 $10 $18 $18 526 $26 S$34 $34 $42 S$42

F S3 S3 S11 S11 $19 $19 §27 827 S35 8§35 $43 S$43

G S4 S4 S$12 S$12 S20 S20 528 528 S36 S36 S44 S44

H S5 S5 S13 S$13 S$21 S21 529 529 S37 §37 S45 45

Blue: With Urea/ Yellow: Without Urea
HA: High avidity control/ LA: Low avidity control/ Neg: Negative control

S: Participants’ Sera

ok 2 3sf A

(Urea A3 FF /AR &2 T3 5)x100 = Relative avidity index

(RAD in %
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b =R ] S 3 =
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PART-I

I J5 a3

1. 9388 F3} 4949 =(Age-standardized population immunity)

Table 3. Proportion of the population

24 A= 2014d 7)o

deEdde SE W g

who is immune to measles by

different age groups and its population immunity level.

Age Seroprevalance (%) Population (N) Proportion of immune
(%)

0 19.82 436,868

1 68 463,546 62.97

2 98 471,711

3 98 480,054

4 98 442,837 98.65

5 100 448,579

6 100 480,719

7 98 451,790

8 100 431,564 97.63

9 98 439,850

10 96 472,339
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11 94 474,906
12 96 510,418
13 94 592,484 85.99
14 70 616,028
15 86 608,801
16 84 642,094
17 84 661,121 78.51
18 70 686,481
19 70 691,232
20 86 702,877
21 82 718,427
22 90 714,569
23 92 663,834
24 94 657,698
25 96 644,436 9319
26 100 635,626
27 100 646,570
28 94 666,307
29 100 666,191
30 100 721,616
31 96 789,123
32 100 845,878
33 94 848,036
34 90 840,801
35 92 770,900 9.95
36 96 758,430
37 98 749,854
38 94 768,768
39 100 806,434
40 96 872,327
41 98 890,778
42 100 894,974
43 94 927,849
44 92 893,700 %6.71
45 92 936,548
46 98 849,021
47 100 825,593
36



48 98 837,113
49 100 846,811
=50 100 16,852,148 100

2. 98 HEF EA <AdFHY=(Contact-adjusted population

immunity)

™
40-49, >50 o2 U3l

b4
=

227 217 041 002 0.03 1.00 219 055 1.19
046 1109 120 0.11 0.01 127 272 1.09 1.26
0.17 0.70 1514 063 0.15 053 195 180 1.21
0.03 0.04 124 1433 089 048 129 239 0.86
¢;j=1002 025 172 11.63 139 126 126 245 298
0.78 048 031 0.18 0.20 5.05 436 575 5.69
073 141 171 037 0.28 144 438 238 3.10
0.17 053 170 0.71 0.62 145 3.25 397 443
0.19 0.21 086 029 056 174 218 2.88 5.32
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PART-II

I J5 a3

L B3 &=
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Figure 8. Age distribution of healthcare workers in (A) hospital A and (B) hospital B.

A B
Hospital A Hospital B
800 600
700
5 600 2 o00
£ 500 £ 400
S 400 S 300
é 300 é 200
= 200 I Z 100
100
10-19 20-29 30-39 40-49 50-59 60-69 70-79 10-19 20-29 30-39 40-49 50-59 60-69 80-89
mN 0 91 25 31 6 1 0 mN 0 17 11 2 0 0 0
=E 0 41 19 22 6 0 0 =E 0 7 3 2 0 0 0
upP 2 470 691 435 221 71 6 up 0 453 413 353 124 11 1
Age group Age group

HCWs; healthcare workers, N; negative, E; equivocal, P; positive
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Figure 9. Age distribution of study participants in (A) hospital A and (B) hospital B.

A ] B _
Hospital A Hospital B
60 55 30
50 25 24
40 20
2 f
% 30 215 12
(§] (§]
20 10
9
10 & . 5 3
0 ] — — 0 | 0
20-29 30-39 40-49 50-59 20-29 30-39 40-49 50-59
Age group Age group
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Figure 10. Age distribution of anti-measles IgG results using Enzyme-linked Immunosorbent Assay (ELISA) in (A) hospital A

and (B) hospital B.

A B
Hospital A Hospital B
60 30
50 25
@ 40 2 20
® 30 @15
© 20 © 10
° 5 -
0 — | 0 |
20-29 30-39 40-49 50-59 20-29 30-39 40-49 50-59
FN 27 6 3 1 FN 11 5 1 0
TN 28 3 1 0 = TN 13 7 2 0
Age group Age group

FN; false negative=seropositive, TN; true negative=seronegative
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Table 4. Humoral immune responses to MMR vaccination in hospital A.

Characteristics Baseline IgG

Seronegative” (N=32) Seropositive (N=37) P-value

IgG, Pre 2.06 (0.44) 2.74 (0.18) < 0.001
logiomlU/mL  Post-MMR1  3.26 (0.42) 3.17 (0.29) 0.319
(SD) Post-MMR2  3.16 (0.61)* 3.16 (0.21)° 0.917
IgG fold rise Post-MMR1  1.20 (0.61) 0.44 (0.3D < 0.001
(SD) Post-MMR2  0.46 (0.66) 0.20 (0.17) 0.917
IgM, pos (%) 0.00 (0.00) 0.00 (0.00) N/A

TEquivocal was regarded as seronegative

°5 cases tested in seronegative group 5 cases tested in seropositive group
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Table 5. Humoral immune responses to MMR vaccination in hospital B.

Characteristics Baseline IgG

Seronegative” (N=22) Seropositive (N=17) AP-value

IgG, Pre 2.27 (0.18) 2.67 (0.09) < 0.001
logimlU/mL, ~ Post-MMR1  2.99 (0.35) 3.06 (0.23) 0.459
(SD) Post-MMR2  3.02 (N/A)® 3.02 (N/A)Y N/A
IgG fold rise Post-MMR1  0.71 (0.38) 0.39 (0.22) 0.003
(SD) Post-MMR2  0.10 (N/A) 0.08 (N/A) N/A
IgM, pos (%) 0.00 (0.00) 0.00 (0.00) N/A

TEquivocal was regarded as seronegative
“] case tested in seronegative group °l case tested in seropositive group

Abbreviation; IgG, Immunoglobulin G; SD, standard deviation; pos, positive
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Figure 11. Kinetics of anti-measles IgG after MMR vaccination for seronegative and seropositive groups in hospital A.
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Figure 12. Kinetics of anti-measles IgG after MMR vaccination for seronegative
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Figure 13. Geometric mean fold rise in anti-measles IgG titers after MMR vaccination for seronegative and seropositive groups

in (A) hospital A and (B) hospital B.
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The horizontal lines are medians, and the vertical whiskers represent the 2.5th and 97.5th percentiles.
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Table 6. Anti-measles IgG avidity in seronegative and seropositive groups

in hospital A.
Characteristics Baseline IgG
Seronegative " Seropositive P-value
(N=32) (N=37)
IgG Pre N/A 80.53 (9.46) N/A
Avidity% Post-MMR1 83.51 (8.17) 85.10 (7.50) 0.401
(SD) Post-MMR2  83.74 (11.07)° 87.00 (8.49)° 0.347

*Equivocal was regarded as seronegative

°5 cases tested in seronegative group °5 cases tested in seropositive group
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Table 7. Anti-measles IgG avidity in seronegative and seropositive groups

in hospital B.
Characteristics Baseline IgG
Seronegative " Seropositive P-value
(N=22) (N=17)
IgG Pre N/A 83.62 (10.13) N/A
Avidity% Post-MMR1 87.80 (6.41) 88.81 (5.05) 0.596
(SD) Post-MMR2  96.72 (N/A)* 68.76 (N/A) N/A

*Equivocal was regarded as seronegative
“] case tested in seronegative group °1 case tested in seropositive group

Abbreviation; IgG, Immunoglobulin G; SD, standard deviation; pos, positive
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Table 8. Measles vaccination history among study participants in hospital

A.
I[D Birth year Age Sex Vaccination history Baseline

IeG
1 1986 33 F MR(2001-05-31) P
2 1993 26 F P
3 1993 26 F MMR(2000-01-12) N
4 1991 28 M MR(2001-05-23) N
5 1995 24 F MMR(2000-11-11), =

MMR(2016-01-06)
6 1985 34 M MR(2001-05-23) P
7 1996 23 F MMR(2001-06-16) P
8 1993 26 F MMR(2000-02-01) N
9 1974 45 F =
10 1993 26 F MMR(2000-04-28), E

MR(2001-05-22)
11 1985 34 M MR(2001-05-24) P
12 1996 23 F MMR(2003-02-18) P
13 1979 40 F E
14 1992 27 F MR(2001-07-14) P
15 1994 25 M MMR(2016-12-01), P

MMR(2017-07-25)
16 1993 26 M MMR(2000-04-18) N
17 1995 24 F MMR(1999-03-12) E
18 1994 25 F MMR(2001-02-03) P
19 1995 24 F MMR(2002-02-06) 2
20 1971 48 F MMR(2005) P
21 1995 24 F MMR(2000-11-15) N
22 1996 23 F MMR(2000-11-14) P
23 1993 26 F MMR(1997-06-11) N
24 1992 27 M E
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MMR(2000-11-14)
MMR(2012)

MMR(2000-11-06)
MMR(2003-02-12)

MR(2001-05-25),
MMR(2017-01-19)
MMR(2000-11-04)

MMR(2002-11-06)
MMR(2000-11-04)
MMR(2001-06-01)
MMR(2000-05-19)
MMR(2000-05-10)

MMR(2000-05-29),
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MMR(2001-01-30),

MMR(2017-04-18, 2017~

08-08)
MMR(1999-07-28)

MMR(2003-02-26)
MMR(2001-08-01)
MMR(2010)

MMR(2014-11-25)
MMR(2000-11-03)
MMR(2004-06-05)
MMR(2004-12-18)
MMR(2003-02-28)
MMR(2001-01-26)
MMR(2005-08-19)

MMR(2000-11-07),
MMR(2019-02-14)
MMR(1999-06-29)

MMR(2000-11-14)
MR(2001-06-05)

58

zZ zZ Y =z W 'Y~z W YW 'YW Z T

m Zz T



Table 9. Measles vaccination history among study participants in hospital

B.
ID Birth year Ag Sex Vaccination history Baseline
e IgG

1 1997 22 F MMR(2002-02) E

2 1996 23 F MMR(2000-05) E

3 1977 41 F MMR(2014-02) E

4 1990 29 M MMR(2001-01), p
MMR(2015-11, 2018-02,
2018-04)

5 1982 36 F MMR(2016-02) P

6 1996 23 F MMR(2002-02), P
MMR(2014-11)

7 1987 32 M MMR(2001-05) N

8 1988 31 F E

10 1992 27 M MMR(2016-12) N

11 1993 26 F MMR(2001-06) E

12 1994 25 F N

13 1990 29 F MR(2001-05) E

14 1989 29 F MMR(2000-11), P
MMR(2017-02, 2017-04)

15 1979 39 F MMR(2013-10) E

17 1996 23 F MMR(2000-08), P
MMR(2015-07, 2015-08)

18 1992 27 F P

19 1980 39 F MMR(2008-09) P

20 1980 39 M MMR(2013-10) P

21 1992 27 F MMR(2001-05), E
MMR(2015-01)

22 1995 24 F MMR(2002-02), E
MMR(2018-08)

23 1984 35 M

24 1991 28 F MR(2001-05), MMR(2012- P

02)
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Table 10. Participants characteristics in hospital A.

Characteristics Baseline IgG

Seronegative T Seropositive P-value

(N=32) (N=37)
Age, mean (SD) 26.19 (4.65) 28.22 (7.80) 0.743
Sex, female, N (%) 26 (81) 29 (78) 0.767
Vaccination history, 29 (91) 32 (87) 0.716
known (%)
Years since vaccination, 15.56 (6.45) 11.84 (7.96) 0.038
mean (SD)
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Table 11. Participants characteristics in hospital B.

Characteristics Baseline IgG

Seronegative T Seropositive P-value

(N=22) (N=17)
Age, mean (SD) 30.27 (6.24) 30.06 (6.5D 0.856
Sex, female, N (%) 17 (7D 14 (82) 1.000
Vaccination history, 16 (73) 15 (88) 0.426
known (%)
Years since vaccination, 11.75 (6.92) 7.93 (6.84) 0.110
mean (SD)
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Figure 14. Measles vaccination history of study participants.
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The horizontal lines are means, and the vertical whiskers represent the

standard deviations.
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Table 12. Measles vaccination history among confirmed patients in

hospital C.

ID No Birth year Age Sex Last Vaccination Year since
vaccination
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Abstract

Estimating contact-adjusted immunity levels against
measles in South Korea and the role of measles vaccine

failure

June Young Chun
Department of Medicine, Internal Medicine
The Graduate School

Seoul National University

Background: Measles, caused by measles virus, is a systemic illness
presenting with fever and skin rash. Measles is highly contagious, and its
basic reproduction number (R,) is often cited to be between 12 and 18.
In Korea, the annual measles incidence had gradually decreased after the
introduction of measles-containing vaccine. In 2001, the Korean
government announced a “Five Year Measles Elimination
Program,” which successfully eliminated measles in Korea by 2006.
Despite the high vaccine coverage, there has been an increase in cases

of measles among those aged 20 to 30, since December 2018. The
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seroprevalence data collected in 2014 indicated that there was an
immunity gap in those identical age groups. However, there have been
no reports confirming the reason of this phenomenon. In this study, we
attempted to reconsider the population immunity against measles, and
explore the immunologic responses after measles vaccination to

seronegative healthcare workers.

Methods: To evaluate the population immunity against measles, we
calculated both age-standardized population immunity level and contact-
adjusted immunity level in Korea, using national seroprevalence data and
an age-specific contact matrix. For age-specific seroprevalence data, we
used data from a nation-wide measles seroprevalence study that was
conducted by Korea Disease Control and Prevention Agency in 2014. We

adopted the Japanese contact matrix by Ibuka Y et al.

To evaluate the immune responses after measles vaccination, we enrolled
study participants both in National Cancer Center (NCC) and Sanggye
Paik (Paik) hospital from January to October 2019. We screened measles
serology using a chemiluminescence immunoassay for all healthcare

workers in two hospitals for the purpose of infection control. Seronegative
individuals received measles (MMR I1I®, Merck) vaccination. We collected

blood samples before and 4 weeks after vaccination from those who

made consent to participation in research. The primary endpoint was the
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humoral immunogenicity measured by Enzygnost® enzyme-linked

immunosorbent assay (ELISA). The secondary endpoint was measles

immunoglobulin G (IgG) avidity results.

Results: The age-standardized population immunity level ignoring social
mixing patterns was 92%. The contact-adjusted immunity level estimated
based on the 2014 seroprevalence data was 86%, corresponding to an
effective reproduction number (R) of 1.7-2.5 if the basic reproduction

number (R,) is assumed to be in the typical range of 12-18.

During the study period, we enrolled 69 and 39 participants in NCC and
Paik hospital, respectively. Those aged 20 to 30 were taking the biggest

composition of 92.7% (64/69 cases), and 92.3% (36/39 cases) in NCC and
Paik hospital, respectively. When measured by Enzygnost® ELISA, only

54 participants turned out to be seronegative (NCC 32 cases [46%], Paik
22 cases [56%]). For the rest 54 participants, we regarded them as
seropositive group. At 4 weeks post-vaccination, the IgG ELISA geometric
mean titers were comparable in seronegative and seropositive groups.
The geometric mean fold rises (GMFRs) were significantly higher in
seronegative group than those of seropositive group (seronegative versus
seropositive, GMFRs [standard deviation, SD]; NCC 1.20 [0.613] versus

0.44 [0.311], P < 0.001; Paik 0.713 [0.375] versus 0.392 [0.222], P = 0.003).
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None was positive for immunoglobulin M ELISA. After measles vaccination,
all IgG showed high avidity (avidity assay [SD]; NCC 83.51% [8.168], Paik

87.80% [6.408]).

Conclusion: Despite the high vaccine coverage over 95% for birth cohort
1994 and thereafter, the assessed contact-adjusted immunity level against
measles was 86%, which could not guarantee the herd immunity of 95%.
In this study, we found the secondary immune responses after measles
vaccination for those who were initially seronegative. Thus, the secondary
vaccine failure of measles could have taken a role in recent Korean

measles outbreak.

Keywords: measles, vaccination, herd immunity, population immunity,

immunogenicity, vaccine failure
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