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Figure 1. Reported cases and incidence rate of varicella in the Republic of Korea
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Figure 2. Digital data logger used for the temperature monitoring of

refrigerators

LogTag

TEMPERATURE RECORDER

1) Log Tag TRIX—8 (LogTag Recorders Ltd, Auckland, New

Zealand)

2) Set up of digital data logger in the plastic bin containing the

varicella vaccine in refrigerator
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A "g3o] Basl] ¥ MRC—5 (human diploid lung fibroblast cell,
American Type Culture Collection [ATCC], Manassas, VA, USA)
A wtold 1715 AW 37T x4 =%th Minimum Essential
Media Eagle (MEM, ATCC) | 10% fetal bovine serum (FBS), 25 mM
HEPES, 0.13% NaHCOs7} £¢Hsl w5 AlazufFel] ARg-shaitt. vz
g Wik Wi E 175 cm® 27]9) AZujdg Eekade] ¥ar, 59l
MRC=5 AEE wjAle] Yo E§s & 37T, 5% 5] oitgetart
A = = v E ol A w A

MRC-5 A¥x7} &@F& FAdstd #ixXE  AASkL pH 7.4
Phosphate—buffered saline (PBS)E Yo 7PHA 23] 3+ o],
EAl s Hrtste]l MEE dolmygla wiY WiAE ]
EfaS BEHFAAL AZAFE o]gste] AESFIF 0.8 X 10°
cells/mLo] HEE AMX wiAZ 3A3 & 6G-well plateo] A&
FHAs 3 mLA dro] @ttt ZHolE Jee EEEF AA 7
3|A Wi & 1R ERFiT & EFolE dolA 57 welldl&
siAE REF e AAE AT, U welldls A ARt Aok

w4 dx2 A3 AE Fiade]l @3 ZHUOIEE 37T, 5%

off
kit
1o
o
>
b
au’
k-
)
Jo

A E = wjF7lelA o]

il

& }F WA F T
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Ao kRt o A i AgupelH AMAL 32 FEF (= MFDS—
B—17-001, 4.67 log pfu/0.5 mL) & T8tk EEF whold 17 4
AA mpold 374l 22 FAMESFE 0.7 mL¥ Hrbste] &3,
galg AA wleld ME IAE AR F BEFHR A A5 S
At

AAE 3N (4% D-sorbitol, 10% FBS, 0.1% L-—glutamic acid
monosodium salt, 3.8 mM KH,PO4, 7.2 mM NasHPO,) & ©]-&3}%
gARo® AT BEEFS X400, x800°.F A Ete] AlFo|
AHERIAL, HAAlE x40, X50 EE X1608=%  3|Asto] ARSIt

(Table 1).
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Table 1. Dilution series of standard preparations and samples

No. of standard preparations

Dilution factor

Volume of standard preparations

Volume of diluent

1

2

3
4

X 10
X200
X400

X800

200 p¢L of undiluted preparation
200 pL of #1
2,000 pL of #2

1,000 ¢ L of #3

1,800 ©L
3,800 ¢L
2,000 ¢L
1,000 pL

No. of samples

Dilution factor

Volume of samples (vaccines)

Volume of diluent

A X10 200 L of undiluted sample 1,800 pL
B X 40 500 pL of #A 1,500 L
C X160 500 #«L of #B 1,500 pL
D x50 400 pL of #A 1,600 pL
21 ] ] &



3) HiolH
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PBS without Ca/Mg (pH 7.4)
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ke
T
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3F o

ZAAHA AA

W
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GRS

Fotet.

S

-3 AA

ZdolEe] well & 0.2 mLA

bl

J_,NO

571 well®l

Al Bl A (MEM with 2% heat—inactivated FBS,

3 mLA #F3haL

=
=

0.5% neomycin, 25 mM HEPES, 0.13% NaHCO3)

3%

37T,

4) E83 4

oko] oMol (Coomassie Brilliant

blue R—250 with methanol, acetic acid)

vacuum suction
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5) HlolH A ¢ AR
Z} 814 wjgEE 57 welldld SH% ZEta ¢ ToA P B2

A3 g AL s A KA ArtelM Alelskar, ym A 370

mLY% pfu (pfu/0.5 mL) & T3t}
FgF =M x 34 #5/0.2 x 0.5 (AA FolzF 0.5 mL = T

g )
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4. T 9 57]#S] WA 1A U FHFo| #I V€ FA AE Y
201596 201797kA v d HAL7F 7k dE getolgr|aS
oz Ags WE Hyg Ays Bt ISt E

dereles)e #E A7 Ant ARvRP duREvel iy

E AR o= IBM Statistical Package for the Social Sciences (SPSS)
version 25.0 (IBM Corp., Armonk, NY, USA)Z Alg3sl3ct A48
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Table 2. Private medical institutions included in the survey on vaccine

storage refrigerators (n=2,200)

Characteristics Number %
Location
Seoul 328 14.9
Busan 164 7.5
Daejeon 75 3.4
Daegu 118 5.4
Gwangju 65 3.0
Incheon 135 6.1
Ulsan 35 1.6
Sejong 15 0.7
Gyeonggi—do 621 28.2
Gyeongsangbuk—do 110 5.0
Gyeongsangnam—do 155 7.0
Jeollabuk—do 75 3.4
Jeollanam—do 50 2.3
Chungcheongbuk—do 69 3.1
Chungcheongnam—do 77 3.5
Gangwon—do 71 3.2
Jeju—do 37 1.7
Hospital type
General hospital 153 7.0
Hospital 219 10.0
Specialized hospital 27 1.2
Primary clinic 1,800 81.8
Long term care facility 1 0.0
Specialty
Pediatrics 1,173 53.3
Internal medicine 38 1.7
Obstetrics and gynecology 51 2.3
Otorhinolaryngology 56 2.5
Family medicine 54 2.5
Others 828 37.6
Total 2,200 100
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Table 3. Results of survey on vaccine storage

Characteristics Public health centers Private medical institutions Pvalue
Types of refrigerators n=54 n=2,416
Purpose—built (pharmaceutical) 46 (85.2) 570 (23.6) < 0.001
Household 6 (11.1) 921(38.1) < 0.001
Commercial 1 (1.9 869 (36.0) <0.001%
Dormitory—style (bar—style) 1 (1.9 56(2.3) 1.0°
Year of manufacture (median, IQR) 2014 (2010-2016) 2013 (2010—-2016) 0.538
Capacity of refrigerator (L) (median, IQR) 1,245 (605—1,350) 380 (254—-460) < 0.001
Temperature monitoring device type n=45 n=2,462 0.520
Electronic 38 (84.4) 1,985 (80.6)
Non—electronic 7 (15.6) 477 (19.4)
Duration of varicella vaccine storage, weeks 6 (4—10) 12 (6-24) < 0.001

(median, IQR)

Data are presented as n (%) unless specified otherwise

IQR, Interquartile range

aStatistical analysis was performed with Fisher’ s exact test
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Table 4. Results of temperature monitoring for vaccine storage

refrigerators at the public health centers (n = 39)

Temperature range n (%)
Always within optimal range (2 — 8TC) 15 (38.4)
At least once >8C 9 (23.1)
At least once <2T 9 (23.1)
At least once <2C and >8T 6 (15.4)
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Figure 3. Temperature ranges per refrigerator of public health center (n = 39)
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Figure 4. A typical example of temperature read—out of a refrigerator

with optimal temperature (2 — 8C)

LogTag

Alarm Status

Recorder Info

Recorder hes been Downloaded 81472018 17:42:23

Wote: AN Date-Time valugs ans In UTCS +08:00

MET{aH 83.144): 3.8°C

Low v’ OK || Serial # 1000852801  Modal: TRIX-B Battery: OK Trip #: 1
High ( Ok | | Dascription: 012_CC_cyclel
Recorder Configuration
Start type : Push buttan start Tamperaturs alarms
Start delay : Mane Lower : -20.0 "C (nona)
Interval © 10 Minutes Upper : 10.0 °C {nons)
Alart indicatar : Disabled
OK indicator : Enabled
Recorded Data
First reading : 7-25-2018 08:22:21 Temparaturs statistics
Last reading : 8-14-2018 0%:12:21 Lowest: 2.6 °C
Elapesd tima : 20 Days @ 7-25-2018 22-02:21
Total reedings - 2880 Highest : 5.8 °C
First gvslusted : 7-25-2018 09:32:21 @ 7-25-2018 0%:32:21
Last evaluated - 3-B-2018 0&22:21 Average reading: 3.8 °C
Evaluated Tima - 14 Days Standard Deviation: 0.6 "C(5)
Evaluated Readings : 2016

Low Alarm

High Alarm

Triggerad: [none)
Time below/agual: (none)
Oeccurrencas : 0
*C - Minutas balow : 0.00

Triggered: (nona)

Tima abovalagual: (nona)
Decurrances @ 0

*C - Minutes above : 0.00

Temp “C Temp *C
0.0 0.0
404 X
2.0 Hao
7.04 +7.0
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Figure 5. A typical example of temperature read—out of a refrigerator

with temperature above 8T

LogTag

Alarm Status

Recorder Infa

Recorder has been Downloaded 81473018 12:38:18

Wote: AN Date-Time velues ars in UTS +08:00

Lew v OK
High v Ok

Serial #: 1000852895
Dascription: 018_CC_gyelel

Modal: TRIX-B

Battary: OK Trip #:

1

Recorder Canfiguration

Evalustad Tims -
Evalust=d Readings :

14 Days 10 Minutes
2017

MKT{AH 83.144): 42°C

Start type : Push button start Tamperature alarms
Start dalay : Mane Lower : -20.0 "C [nona)
Interval : 10 Minutes Upper : 10.0 *C {nona)
Alart indicatar : Disabled
OK indicatar : Enabled
Recorded Data
First reading - 7-23-2018 08:55:25 Temparatura statistice
Last reading - 8-12-2018 08:458:25 Lowest - 36 °C
Elapeed time : 20 Days @ B-3-2018 05:56:25
Totel readings : 2880 Highest : 10.8 *C
First evaluated - 7-23-2018 09:08:25 @ 7-23-2018 08:08:25
Last evaluated - 8-5-2018 08:08:25 Averags reading: 4.2 °C

Standard Daviation: 0.6 “C{S)

Low Alarm

High Alarm

Triggerad: (none)
Time below/agual: (none)
Occurrancas : 0
*C - Minutas below : 0.00

*C - Minutes above :

Triggered: (nona)

Tima abovalagual: 40 Minutas

Owcurrances : 0
1B.00

Temp “C

15.0
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13.04
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Figure 6. A typical example of temperature read—out of a refrigerator

with temperature below 2T

Recorder has been Downloaded 81412018 17:55:15

LogTag

Note: AN Date-Time velues ars in UTS +08:00

Alarm Status Recorder Infa
Low v OK || Serial# 1000852875  Modal TRIX-E Battery: OK Trip #:1
High v’ OK || Description: 038_CC_cyclei
Recorder Configuration
Start type : Push buttan start Tamperature alarms
Start dalay : Mane Lower : -20.0 "C [nona)
Interval : 10 Minutes Upper : 70.0 *C {nona)

Alart indicatar : Disabled
OK indicator : Enabled

Fecorded Data

First reading : 7-25-2018 09:13:05 Temperature statistics
Last reading - 8-14-2018 09:03:05 Lowest - -1.7 °C
Elapeed time - 20 Days @ 7-28-2018 14:23:05
Totel readings - 2880 Highest : 5.4 °C
First evaluated - 7-25-2018 09:23:08 @ 7-25-2018 08:23:05
Last svsluated - 8-B-2018 11:23:05 Averags reading: 1.0 °C
Evaluated Tima : 14 Days 2 Hours 10 Minutes Standard Deviation: 0.8 *C({5)
Evalustsd Readings - 2028 MKT{aH B83.144): 1.0 *C
Low Alarm High Alarm
Triggerad: (none) Triggared: (nona)
Time below/agual: (none) Tima abovalagual: [mone)
Occurrancas : 0 Decurrances @ 0
"G - Minutas below : 0.00 *C - Minutes above @ 0,00
lemp "L Temp *C
100 1.0
4.0+ a0
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Figure 7. A typical example of temperature read—out of a refrigerator

with temperature both exceeding above 8 C and falling below 2T

LogTag

Recorder has been Downloaded 81472018 16:01:41

Wote: AN Date-Time velues ars in UTS +08:00

Alarm Status Recorder Info
Lower \/ DK | Serial # 1000852881  Modal: TRIX-B Battery: OK Trip#:1
Upper \/ o | Description: 031_CC_cyclel
Recorder Canfiguration
Start type : Push button start Tamperature alarms
Start dalay : Mane Lower : -20.0 "C [nona)
Interval - 10 Minutes Upper : 10.0 *C {nona)
Alert indicator : Disabled
OK indicator : Enabled
Recorded Data
First reading - 7-25-2018 09:27:34 Temparatura statistice
Last reading - 8-14-2018 09:17:34 Lowest - 1.1 °C
Elapeed tima - 20 Days @ B-3-2018 15:57-34
Total readings - 2880 Highest : 12.7 *C
First evaluated - 7-25-2018 08:57:34 @ 7-31-2018 11:07:34
Last evaluated - 8-8-2018 08:57:34 Average reading: 4.7 °C

Evalusted Tima - 14 Days 23 Hours 10 Minutes

Standard Deviation: 1.6 "C{5)

Eveluatsd R=adings : 2155 MKT{aH 83.144): 4.8°C
Lower Alarm Upper Alarm
Triggerad: (none) Triggered: [nons)
Tima below/agual: (none) Tima abovaragual: 10 Minutas
Occurrencas : 0 Decurrances @ 0
*C - Minutas below : 0.00 *C - Minutes above : 27.00
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Table 5. Results of temperature monitoring for vaccine storage refrigerators at private medical institutions (n = 46)

Number of refrigerators (%)

Temperature range Institutions in A city Institutions in B city Total
Always within optimal range (2 — 8C) 4 (19.0) 7 (28.0) 11 (23.9)
At least once >8T 5 (23.8) 13 (52.0) 18 (39.1)
At least once <2T 9 (42.9) 4 (16.0) 13 (28.3)
At least once <2C and >8TC 3 (14.3) 1 (4.0) 4 (8.7)
Total 21 25 46
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Figure 8. Temperature ranges per refrigerator of private medical institution (n = 46)
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Table 6. Comparison of refrigerator type and temperature range between public health centers and private medical

institutions
Characteristics Public health center ‘ P‘rive'lte medical Pyalue
(n = 39) institutions (n = 46)
Types of refrigerators
Purpose—built (pharmaceutical) 34 (87.2) 13 (28.3) <0.001
Household 5(12.8) 15 (32.6) 0.28
Commercial 0 18 (39.1) N/A
Temperature range
Always within optimal range (2—87C) 15 (38.4) 11 (23.9) 0.147
At least once >8C 9 (23.1) 18 (39.1) 0.113
At least once <27TC 9 (23.1) 13 (28.3) 0.995
At least once <2C and >8TC 6 (15.4) 4 (8.7) 0.547¢
Mean temperature (mean = S.D) 428 £ 1.1 442 * 2.1 0.723
Temperature range (mean = S.D) 6.02 £ 2.4 5.6 £ 2.7 0.447
40 A =T} @



Total temperature recording time (in hours)

+ +
(mean £ S.D) 331.6 = 294 381.8 = 44.8 <0.001
Cumulative time of temperature breach _ _
(in hours) (median, IQR) 0.8 (0—28) 2.4 (0.2—79.0) 0.088
Cumulative tllme of temperature breach <2C (in 0 (0=7.7) 0 (0-19.8) 0.886
hours) (median, IQR)
Cumulative time of temperature breach >8C (in _ _
hours) (median, IQR) 0 (0-0.3) 0.1 (0—-1.4) 0.091
Propgrtlon of time of temperature breach(%) 0.2 (0=7.7) 0.6 (0—20.8) 0.116
(median, IQR)
Proportion of time of temperature breach _ _
<2 (%)" (median, IQR) 0 (0—2.6) 0 (0-5.7) 0.846
Proportion of time of temperature breach 0 (0-0.1) 0 (0-0.3) 0.114

>8TC (%) (median, IQR)

Data are presented as n (%) unless specified otherwise.

N/A, Not applicable; S.D, Standard deviation; IQR, Interquartile range

2 Statistical analysis was performed with Fisher’ s exact test

* Calculated as cumulative time of episodes/ total recorded time per each institution x 100 (%)
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Table 7. Comparison of refrigerator performance among the types of refrigerators (n = 85)

Type of refrigerators

Characteristics Purpose—built Household Commercial P
(n =47) (n = 20) (n = 18) value
Temperature range
Always within optimal range (2 — 8 C) 18 (38.3) 4 (20.0) 4 (22.2) 0.227
At least once >8C 13 (27.7) 3 (15.0) 11 (61.1) 0.006
At least once <2C 12 (25.5) 9 (45.0) 1 (5.6) 0.021
At least once <2TC and >8T 4 (8.5) 4 (20.0) 2 (11.1) 0.408
Mean temperature (mean * S.D) 4.2 £ 1.3 3.35 £ 2.0 5.8 £ 1.8 <0.001
Mean temperature range (mean £ S.D) 54 £ 2.4 7.0 £ 2.5 5.7 £ 2.8 0.064
Total temperature recording time (in hours) 346.8 + 44.4 3793 + 496 3671 + 36.1 0.004
(mean £ S.D)
Cumulative time of temperature breach 0.3 (0-7.7)  14.8 (0.7-266.2) 3.3 (0.2-54.0)  0.033
(in hours) (median, IQR)
Cumulative time of temperature breach <2T 0.1(0-2.6) 13.9 (0-266.2) 0 (0-0) 0.002

(in hours) (median, IQR)

42



Cumulative time of temperature breach >8T

(in hours) (median, IQR) 0 (0-0.3) 0 (0-0.7) 0.8 (0—28.1) 0.003
Proportion of time of temperature breach(%)™ 1 (n_96) 41 (0.2-67.7) 0.9 (0.0-15.2)  0.039
(median, IQR)

Proportion of time of temperature breach _ _ _

<2°C(%)* (median, IQR) 0 (0—-1.6) 3.9 (0—-67.7) 0 (0-0) 0.002
Proportion of time of temperature breach 0 (0=0.1) 0 (0=0.7) 0.2 (0-7.7) 0.004

>8T (%) (median, IQR)

Data are presented as n (%) unless specified otherwise

S.D, Standard deviation; IQR, Interquartile range

* Calculated as cumulative time of episodes/ total recorded time per each institution x 100 (%)
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Table 8. Medical institutions included in the varicella virus titration study

Classification No of Institution Type of refrigerator
A—-24 Purpose—built
A—-37 Purpose—built
Public health B-2 Purpose—built
Group I centers
(bad, n = 9) B—36 Household
: frequent B—-39 Purpose—built
temﬁerfiture (a)reach A—09 Household
with a large degree -
Private A-12 Commercial
medical
institutions A—26 Household
A—-29 Household
A-17 Purpose—built
A—18 Purpose—built
Public health
ublic fiea B-8 Purpose—built
centers
Group 11 B—-31 Household
(fair, n = 12) B-35 Purpose—built
. at least more than A—01 Purpose —built
one temperature )
breach, but with a A=07 Commercial
small degree Private A—-08 Commercial
medical A-11 Household
mstitutions A—-13 Household
A—25 Commercial
A—39 Household
A-9 Purpose—built
Group III Public health B-3 Purpose—built
- centers
(good, n = 6) B—-34 Purpose—built
: temperature always
within optimal range  Private A=06 Household
medical A—-14 Commercial
mstitutions A—44 Purpose—built
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Table 9. Results of virus titrations of varicella vaccines collected from the public health centers

Duration of Elapsed period

Public health from vaccine

Viral concentrations of

Viral

concentrations
Temperature of

centor Lot no. vaccine manufacture to vaccine samples* of stand.ard refrigerator
storage (months) test (months) pfu/0.5 mL (range) preparations
log (pfu/0.5 mL)
A-24 S50117102 5.4 14.6 5,778 (4,625 — 7,375) 4.53—-4.68 bad
A—-37 550117102 5.8 4.5 9,067 4.23 bad
B-2 550118003 3.5 11.1 3,200 (2,600 — 3,867) 4.59-4.68 bad
B-36 550118003 2 11.1 2,789 (2,167 — 3,433) 4.59-4.68 bad
B—-39 550117027 10.8 12.6 1,167 (867 — 1,700) 4.59-4.68 bad
A-17 S50117059 10.6 19.1 2,567 (2,133 - 2,800) 4.23-4.68 fair
A—-18 550118004 1 3.4 7,200 4.23 fair
B-8 S50117102 4.9 14 9,734 (9,600 — 9,867) 4.63-4.71 fair
B-31 550117102 5 13.8 8,733 4.63 fair
B-35 550117102 4.8 14.0 7,250 (6,433 - 8,067) 4.63-4.71 fair
A-9 S50117102 6.1 14.3 3,892 (3,042 - 4,667) 4.23-4.53 good
B-3 550118003 1.9 11.4 5,797 (3,600 — 8,667) 4.63-4.71 good
B-34 550117070 7.6 18.1 4,528 (2,792 - 7,625) 4.63—-4.71 good

* Mean viral concentration of 2—3 times repeated test results with its range
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Table 10. Results of virus titrations of varicella vaccines collected from private medical institutions

Elapsed period

Viral concentrations

Private Manufacturer Duration of . Viral concentrations of Temperature
medical (C,D,E), vaccine fromfvatccmio vaccine samples* ifeS;ir;?;rr?s of
institutions Lot no. storage (months) Tj:tu(ifoiiﬁs) pfu/0.5 mL (range) loz (p?u/O.S mL) refrigerator
A39 C,201711024 3.1 18 1,422 (867 — 2,300) 4.45-4.82 Fair
A26 C,201712026—-2 1.3 17.6 178 (67 — 200) 4.37-4.68 Bad
A08 C,201712026—-1 4.2 17.6 178 (100 — 233) 4.37-4.68 Fair
A25 C,201803008-2 0.3 15.2 911 (433 — 1,367) 4.37-4.68 Fair
Ad4 C,201712026—-2 1.4 17.4 280 (267 — 467) 4.37—482 Good
All D, S50118004 2.1 16.9 911 (667 — 1,133) 4.37 - 4.68 Fair
AQ7 D, S50118004 3.2 17.5 3,533 (1,333 -5,633) 4.68—4.76 Fair
A13 D, S50118004 1.5 17.5 3,356 (933 — 5,467) 4.68—4.76 Fair
Al2 D, S50118026 1.5 13.2 1,911 (1,267 — 2,300) 4.7-4.78 Bad
Al4 D, S50118016 2.8 15 2,267 (1,167 - 3,233) 4.7-4.78 Good
A29 D, S50118016 2.3 15 3,767 (2,133 — 6,800) 4.7-4.78 Bad
A06 D, S50118016 2.1 15 3,022 (2,967 - 3,167) 4.7-4.78 Good
AO01 D, S50118004 4.7 17.6 3,500 (1,933 — 4,500) 4.7-4.78 Fair
AQ09 D, S50118004 6 17.6 3,911 (3,467 - 4,800) 4.7-4.78 Bad
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AQ01 E, V041801 3.7 13.4 15,156 (14,267 — 16,133) 4.65-4.83 Fair
A09 E, V041801 1.7 13.4 13,600 (10,400 - 15,867) 4.65-4.86 Bad

* Mean viral concentration of 2—3 times repeated test results with its range
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Table 11. Comparison of virus titer and refrigerator performance between public health centers and private medical

institutions which used same varicella vaccine

Public health centers Private medical institutions Pyal
(n=13) (n=9) vae
Viral concentration of vaccines (median, IQR) 5,778 (2,995 -7,992) 3,356 (2,089 — 3,650) 0.030
Use of purpose—built refrigerator 13 (84.6%) 1 (11.1%) 0.001
P ti fti ft t b h(%
ropc?r ion of time of temperature breach (%) 1.3 (0.5 — 12.8) 91 (0.4 — 62.4) 0.695
(median, IQR)
Proportion of time of temperature breach
0O —-57 0 (0—-395 0.695
<2C (%) (median, IQR) ( ) ( )
Proportion of time of temperature breach
0.4 (0O—-0.7 0.2 0—-14 0.896
>8C (%) (median, IQR) ( ) ( )
Durati f i t ithi dical
'ur‘a 1o'n of vaccine storage within medica 53 + 30 99 + 15 0.039
institutions (mean £ S.D)
El d ti f fact t 1 t
apsed time from manufacture to experiments 131 + 54 161 + 1.6 0.086

(mean = S.D)

S.D, standard deviation; IQR, interquartile range
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Table 12. Results of virus titration study of varicella vaccines collected from a vaccine wholesaler

. Viral
. Elapsed period . . .
. Duration of . Viral concentrations of concentrations of
Vaccine . from vaccine .
Lot no. vaccine vaccine samples* standard
manufacturer manufacture to .
storage (months) pfu/0.5 mL (range) preparations

test (months) log (pfu/ 0.5mL)

C 201720262 0.3 17.1 222 (67 — 467) 4.64—-4.68

D 550118026 1.4 12.5 711 (600 — 900) 4.37-4.68
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Table 13. Results of the inspection of medical institutions entrusted with national immunization program, 2015—2017

Assessment results (%)
Quality indicators

inspected for vaccine 2015 (n = 7,252) 2016 (n = 10,102) 2017 (n = 10,522)

storage and handling

Very Good Poor Very Very Good Poor very Very Good Poor Very
good poor good poor good poor
1. Designation of 60.3 39.2 05 0 57.9 415 06 0 57.3 42.0 0.7 0
vaccine coordinator
2. Storage of shipping
certificate of biologic 62.8 36.8 0.4 0 59.0 40.1 0.9 0.1 58.7 40.7 0.6 0.1

agents

3. Placing the record
for vaccine storage and  60.6 37.5 1.7 0.1 55.2 42.0 2.5 0.4 55.0 41.9 2.9 0.2
handling

4. Refrigerator used
only for vaccine 63.3 35.1 1.4 0.2 59.0 38.4 2.4 0.2 60.3 38.5 1.1 0.1
storage

5. Refrigerator with
separated storage unit
6. Clean maintenance
of storage units

7. Placement of
temperature monitoring
device within the
storage units

8. Temperature 63.3 35.1 1.6 0.1 60.2 38.1 1.5 0.3 60.1 37.4 2.1 0.3

64.7 34.7 0.6 0.1 61.0 38.1 0.8 0.1 60.5 39.0 0.5 0.1

63.6 34.0 2.3 0.1 58.4 37.8 3.5 0.2 56.7  38.8 4.2 0.3

64.1 34.8 1.0 0.2 60.1 38.6 1.1 0.3 61.7 374 0.8 0.2
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maintenance between
2—-8T
9. Monitoring of

temperature twice a 61.1 34.7 3.8 0.4 57.2 37.6 4.7 0.5 57.8 36.5 4.9 0.8
day
10. Vaccine
arrangement in order 62.8 36.6 0.6 0 60.0 39.8 0.2 0 59.4 40.3 0.3 0
of expiration date
L1 Storage ofexpired g0 7 a5y 0.1 | 603 390 06 01 | NJ/A N/A N/A N/A
vaccines
12. Compliance of
vaccine disposal 64.1 35.1 0.8 0.1 59.7 39.8 0.4 0.1 59.6 399 0.4 0.1
according to validity
N/A, Not applicable
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Abstract

A study on the vaccine cold chain
at healthcare centers and

vaccine clinics in Korea

Myung Jin Lee
Department of Medicine, Internal Medicine
The Graduate School

Seoul National University

Introduction: As a biologic agent, vaccine needs to be kept in a strictly
controlled environment. Varicella vaccine is one of the heat—
sensitive vaccines that the cold chain is essential to maintain its
potency. It has been over ten years since the varicella vaccine was
mandatory for universal immunization in Korea. Despite the high rate
of varicella immunization, the incidence of varicella in Korea has been

increasing annually and recent studies reported that the
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effectiveness of varicella vaccination in Korea was lower than
previously reported. There are concerns about the possibility of
reduced viral concentrations of varicella vaccines due to the cold
chain problem during the transportation and storage of vaccines.
However, studies on the vaccine cold chain in Korea is still limited.
We aimed to evaluate the vaccine cold chain at healthcare centers
and vaccine clinics in Korea and the viral concentrations of varicella

vaccines stored at medical institutions.

Methods: The current status of refrigerators for vaccine storage at
medical institutions entrusted for varicella immunization was
surveyed. The temperature of vaccine storage refrigerators at public
health centers and private medical institutions were monitored for
two weeks by using a digital data logger. After the analysis of
temperature records of the refrigerators, the medical institutions
were divided into three groups according to the refrigerators’

performance. The viral titers of varicella vaccines that had been
stored in the refrigerators at each group of medical institutions were
evaluated. A plaque forming assay was used for the assessment of

viral concentrations of varicella vaccines.

Results: We surveyed the vaccine refrigerators of 38 public health
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centers and 2,200 private medical institutions. The major refrigerator
types at public health centers were the purpose —built units (85.2%),
whereas household units (38.1%) and commercial
refrigerators (36.0%) were commonly used at private medical
institutions ( 2 < 0.001). Continuous temperature monitoring of the
refrigerators for two weeks showed that only 30.6% (26/85) of
refrigerators maintained optimal temperatures ranging 2 to 8 C. By
the type of refrigerators, purpose—built units showed a lower
proportion of temperature excursion than household and commercial
refrigerators (P = 0.039). Household refrigerators had higher rates
of temperature records below 2T(P = 0.002). Commercial
refrigerators had an average temperature of 7°C, which was higher
than other refrigerators, and showed higher rates of temperature
records above 8C (P = 0.004).

Varicella vaccines which had been stored for more than a month
were retrieved from 13 public health centers and 14 private medical
institutions, and viral titers were determined by plaque assay. The
viral titers of each varicella vaccines varied at 911 — 9,734 pfu/0.5
mL. Particularly, among the vaccines with the same lot number, there
were substantial differences in viral titers. The viral titers of the
varicella vaccine obtained from the public health centers were higher

than those from the private medical institutions(” = 0.030). The
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relation between viral titers and type of refrigerators or temperature

records was not elucidated in this study.

Conclusions: This study proved that the wvaccine cold chain at
healthcare centers and vaccine clinics in Korea was not properly
maintained. Majority of private medical institutions used household
or commercial refrigerators that were frequently out of optimal
temperature. We found that the viral titers of varicella vaccines
stored in medical institutions were very diverse and some vaccines
exhibited low titer than expected. Further research is necessary to
evaluate whether the lower titer of varicella vaccine is due to

suboptimal maintenance of the cold chain in Korea.

Keywords: Varicella, Vaccine, Immunization, Cold chain, Temperature
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