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Abstract:

In 1997, the Department of Health has approved the use of varicella
vaccinein Taiwan. The cost of two thousands dollars each shot and
concerns of its adverse events have deferred its availability to all children.
Only two local health departments have provided free vaccine to children
of 15 monthsold. Because of the inconsistency in using the vaccine and
lack of evaluation program, the impact of introducing this vaccine,
including its efficacy, adverse effects, and post-vaccination infection, is
hard to assess. The evaluation of economic efficiency and vaccine
efficacy is particularly important when government is considering adding
the varicella vaccine to the current immunization program.

In this study, we used the inpatient and outpatient claim datain the
year of 2000 from the Southern, and Kaoping Branch of the Bureau of
National Health Insurance to describe the incidence trend, estimate the
total medical cost, conduct cost-benefit analysis, and assess vaccine
efficacy and survey the report of adverse events. We calculated the
direct medical cost of each uncomplicated as well as each complicated
case. We also estimated the indirect societal cost by work loss resulting
from personal illness or taking care of infected children. Finaly, we
performed cost-benefit analysis of two programs and recommended a
most suitable to government authority.

The result showed that the major group of varicellawas children
from age 1 to 9, with the peak occurred in age 3to 6.  Although the
preschool children were the main source of cases, varicellaoccurred in
adulthood has the highest rate of hospitalization, which signified the

severity of infection. Adulthood varicella should be carefully managed

7



since its complication rate was usually high.

Like in many other countries, 85% of the cost associated with
varicellacame from indirect societal cost. The symptoms of varicella
infection in young children were minor, however, the cost of taking care
of an infected child could be tremendous. To preserve a national labor
force, an efficacious vaccine that can significantly reduce varicella
incidence is helpful.

From the experiences of using varicella vaccine over the past 3 years,
the safety and efficacy were satisfied. The incidence of breakthrough
cases was only 1.37% and the majority of breakthrough cases showed
very mild symptoms. The incidence of adverse events was aso low.
Most of the reported adverse events were fever, rash, and pain in injection
site.

The result of cost-benefit analysis showed that the implementation of
universal immunization program to children 15 months old was efficient.
With 90% coverage rate and 85% average efficacy, if the price of vaccine
was discounted 4% annually, we can anticipate a saving of 4.6 billion
over the next 30 years, which was translated to an extra saving of 0.4
dollar per 1 dollar invested in the immunization program.  The estimated
was conservative since it did not take into consideration of the benefit of
herd immunity, the suffering of varicella cases, and the cost of death from

varicella.

Key Words: Varicella vaccine, Vaccine efficacy, Cost-benefit Analysis
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<30000 28 2.2
30001 — 50000 381 305
50001 — 80000 629 50.4
80001 — 120000 164 13.1
> =120000 31 25
15 1.2

5 0.4

51 4.1

530 425

590 47.3

59 4.7

13 1.0

294 23.6

188 15.1

57 4.6

16 13

28 2.2

48 3.8

310 14.8

25 2.0

195 15.6

4 0.3

1 0.1

73 5.8
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%

OoO~NOIDS~WNEO

3
55
724
442
14
10

122
95
83

w

89
40
220
536
42
12

730
176
342

327
921

17
309
773
125

12

10

663
585

0.2
4.4
58.0
354
1.1
0.9

9.8
7.6
6.7
0.3
1.2
0.2
7.1
3.2
17.6
42.9
3.3
1.0

58.5
14.1
274

26.2
73.8

1.4
14.8
61.9
10.0

1.0

0.8

0.1

0.1

53.1
46.9
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%

345 27.6

48 3.9

782 62.7

56 4.5

4 0.3

13 1.0

11

%

5 0.4

31 2.5

16 13

19 15

12 1.0

0 0

0 0

8 0.6

12

%
1221 97.8
27 2.2
2 7.4
3 111
17 63.0
4 14.8
1 3.7
--7-8 4 14.8
--20 14 51.9
7 25.9
2 7.4
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%

0 1 3.7
1 5 185
2 5 185
3 7 25.9
4 3 11.1
5 5 185
7 1 3.7
13
6 (5.5%) 103(94.5%) 109(100.0%)
17(1.8%) 933(98.2%) 950(100.0%)
4(2.1%) 185(97.9%) 189(100.0%)
1’2=6.39, p=0.041
20(7.8%) 236(92.2%) 256(100.0%)
2(0.3%) 714(99.7%) 716(100.0%)
5(1.8%) 271(98.2%) 276(100.0%)
Y’2=50.77, p=0.000
12(3.7%) 315(96.3%) 327(100.0%)
15(1.6%) 906(98.4%) 921(100.0%)
x’w=4.75, p=0.029
13(3.3%) 384(96.7%) 397(100.0%)
14(1.6%) 837(98.4%) 851(100.0%)
x’w=3.40, p=0.065
15(2.1%) 715(97.9%) 730(100.0%)
9(5.1%) 167(94.9%) 176(100.0%)
3(0.9%) 339(99.1%) 342(100.0%)

v’2=9.95, p=0.007
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14 OddsRatio (OR) 95%Cl p  (n=1248)
OR 95% Cl p
12/315 100
15/906  0.81  0.351.86 0.6204
14/837  1.00
13/384 117 047,295 0.7338
2/714  1.00
20/236 3048 6.75,137.52 0.0000
5271 727  1.36,38.92 0.0000
107 087,131 05468
121 067,216 05271
100 051,198 0.9988
1.00
108  0.34,3.44 0.89%43
17/933 100
6/103 07618  0.262.24 0.6208
4185 05404  0.17,1.73 0.2993
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15 0-4 Efficacy
(%) (%) Efficacy’
Break through
1% 3% 5% 10%

10 10 97.83(96.72,98.56) 93.44(91.68,94.83) 89.02(86.79,90.87) 77.77(74.65,80.51)
20 95.64(94.17,96.74) 86.79(84.36,88.84) 77.76(74.65,80.51) 54.41(49.92,58.51)
30 93.44(91.68,94.83) 80.04(77.08,82.62) 66.24(62.39,69.69) 29.84(24.17,35.10)
40 91.24(89.23,92.87) 73.19(69.77,76.23) 54.41(49.92,58.51) 3.96(0.00,10.30)
50 89.02(86.79,90.87) 66.24(62.39,69.69) 42.29(37.19,46.97)
60 86.79(84.36,88.84) 59.18(54.93,63.02) 29.84(24.17,35.10)
70 84.55(81.94,86.79) 52.01(47.39,56.23) 17.07(10.84,22.88)

20 10 98.06(97.41,98.55) 94.13(93.05,95.04) 90.12(88.73,91.34) 79.74(77.74,81.56)
20 96.11(95.21,96.83) 88.09(86.56,89.44) 79.74(77.74,81.56) 57.32(54.30,60.13)
30 94.13(93.05,95.04) 81.86(79.97,83.57) 68.82(66.30,71.15) 32.37(28.38,36.13)
40 92.13(90.89,93.21) 75.44(73.22,77.47) 57.32(54.30,60.13) 4.44(0.00,9.20)
50 90.12(88.73,91.34) 68.82(66.30,71.15) 45.18(41.68,48.47)
60 88.09(86.56,89.44) 61.99(59.17,64.62) 32.37(28.38,36.13)
70 86.03(84.38,87.51) 54.94(51.83,57.85) 18.81(14.32,23.06)

30 10 98.30(97.84,98.66) 94.83(94.06,95.49) 91.25(90.25,92.14) 81.81(80.34,83.17)
20 96.58(95.95,97.11) 89.42(88.32,90.41) 81.81(80.34,83.17) 60.55(58.22,62.74)
30 94.83(94.06,95.49) 83.76(82.37,85.03) 71.61(69.71,73.39) 35.36(62.12,38.44)
40 93.05(92.16,93.84) 77.83(76.18,79.36) 60.55(58.22,62.74) 5.04(0.72,9.17)
50 91.25(90.25,92.14) 71.61(69.71,73.39) 48.51(45.74,51.13)
60 89.42(88.32,90.41) 65.08(62.93,67.11) 35.36(32.12,38.44)
70 87.56(86.36,88.65) 58.22(55.81,60.50) 20.93(17.18,25.51)
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16 59 Efficacy -
(%) (%) Efficacy”
Break through
1% 3% 5% 10%

10 10 97.86(96.78 98.58) 93.54(91.83 94.90) 89.19(87.02 91.00) 78.11(75.07 80.79)
20 95.71(94.27 96.78) 86.99(84.62 89.00) 78.11(75.07 80.79) 55.14(50.75 59.13)
30 93.54(91.83 94.90) 80.35(77.46 82.87) 66.77(63.01 70.14) 30.98(25.45 36.10)
40 91.37(89.41 92.97) 73.61(70.27 76.57) 55.14(50.75 59.13) 5.56(0.00 11.74)
50 89.19(87.02 91.00) 66.77(63.01 70.14) 43.21(38.24 47.78)
60 87.00(84.62 89.00) 59.82(55.68 63.57) 30.98(25.45 36.10)
70 84.80(82.24 86.98) 52.77(48.27 56.89) 18.44(12.36 24.09)

20 10 98.09(97.45 98.57) 94.22(93.17 95.11) 90.27(88.91 91.46) 80.06(78.11 81.84)
20 96.16(95.29 96.87) 88.27(86.78 89.59) 80.06(78.11 81.84) 58.02(55.09 60.77)
30 94.22(93.17 95.11) 82.14(80.30 83.81) 69.33(66.87 71.60) 33.56(29.68 37.22)
40 92.26(91.04 93.30) 75.83(73.67 77.81) 58.03(55.09 60.77) 6.22(1.35 10.84)
50 90.27(88.92 91.46) 69.33(66.87 71.60) 46.12(42.71 49.33)
60 88.27(86.78 89.59) 62.62(59.87 65.18) 33.56(29.68 37.22)
70 86.25(84.64 87.69) 55.70(52.67 58.53) 20.27(15.91 24.41)

30 10 08.33(97.88 98.68) 94.91(94.16 95.56) 91.38(90.41 92.26) 82.11(80.67 83.43)
20 96.63(96.01 97.15) 89.58(88.51 90.56) 82.11(80.67 83.43) 61.24(58.98 63.38)
30 94.91(94.16 95.56) 84.02(82.67 85.26) 72.09(70.24 73.83) 36.60(33.45 39.59)
40 93.16(92.29 93.93) 78.19(76.59 79.69) 61.24(58.98 63.38) 7.04(2.86 11.04)
50 91.38(90.41 92.26) 72.09(70.24 73.83) 49.45(46.76 52.01)
60 89.58(88.51 90.56) 65.69(63.59 67.66) 36.60(33.45 39.59)
70 87.76(86.59 88.82) 58.96(56.62 61.18) 22.52(18.88 25.99)




17 10-14 Efficacy -
(%) (%) Efficacy”
Break through
1% 3% 5% 10%

10 5 88.76(79.76 93.76) 65.42(51.22 75.49) 40.86(22.52 54.85)
10 77.24(6.54 85.02) 28.08(7.83 43.88)
20 53.30(36.97 65.40)
30 28.08(7.83 43.88)
40 1.49(0.00 20.76)
50
60
70

20 5 80.88(84.62 93.34) 68.04(59.04 75.06) 43.73(31.44 53.81)
10 79.24(71.99 84.62) 30.52(16.58 42.13)
20 56.22(45.56 64.78)
30 30.52(16.58 42.13)
40 1.67(0.00 16.47)
50
60
70

30 5 91.04(87.35 93.65) 70.87(64.18 76.31) 47.04(37.40 55.20)
10 81.35(76.11 85.45) 33.42(22.16 43.06)
20 59.47(51.34 66.24)
30 33.42(22.16 43.06)
40 1.90(0.00 14.91)
50
60

70
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18 0-4 Efficacy -
(%) (%) Efficacy”
Break through
1% 3% 5% 10%

10 10 97.66(96.49 98.44) 92.93(91.06 94.41) 88.15(85.79 90.12) 75.99(72.67 78.91)
20 95.30(93.74 96.47) 85.75(83.17 87.93) 78.99(72.67 78.91) 50.66(45.86 55.03)
30 92.93(91.06 94.41) 78.45(75.30 81.19) 63.50(59.40 67.18) 23.91(17.83 29.53)
40 90.55(88.42 92.28) 71.03(67.39 74.27) 50.66(45.86 55.03)
50 88.15(85.79 90.12) 63.50(59.39 67.18) 37.47(32.02 42.48)
60 85.75(83.17 87.93) 55.84(51.31 59.94) 23.91(17.83 29.53)
70 83.33(80.55 85.71) 48.05(43.12 52.56) 9.96(3.27 16.18)

20 10 97.91(97.22 98.43) 93.66(92.52 94.64) 89.33(87.85 90.62) 78.07(75.94 80.02)
20 95.80(94.85 96.57) 87.13(85.51 88.56) 78.07(75.94 80.02) 53.60(50.36 56.63)
30 93.66(92.52 94.64) 80.37(78.36 82.20) 66.18(63.48 68.68) 26.12(21.80 30.19)
40 91.51(90.19 92.65) 73.39(71.03 75.57) 53.60(50.36 56.63)
50 89.33(87.85 90.62) 66.18(63.48 68.68) 40.27(36.49 43.82)
60 87.13(85.51 88.56) 58.72(55.69 61.54) 26.12(21.80 30.19)
70 84.90(83.14 86.47) 51.00(47.65 54.13) 11.06(6.18 15.69)

30 10 98.17(97.68 98.55) 94.41(93.60 95.12) 90.54(89.47 91.49) 80.27(78.70 81.73)
20 96.30(95.64 96.87) 88.55(87.38 89.61) 80.27(78.70 81.73) 56.90(54.38 59.28)
30 94.41(93.60 95.12) 82.39(80.92 83.76) 69.10(67.06 71.02) 28.77(25.22 32.16)
40 92.49(91.54 93.33) 75.92(74.15 77.56) 56.90(54.38 59.28) 0.00(0.00 0.00)
50 90.54(89.47 91.49) 69.10(67.06 71.02) 43.52(40.50 46.38)
60 88.55(87.38 89.61) 61.91(59.59 64.10) 28.77(25.22 32.16)
70 86.53(85.25 87.70) 54.32(51.71 56.80) 12.45(8.30 16.40)
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19 59 Efficacy -
(%) (%) Efficacy
Break through
1% 3% 5% 10%

10 10 97.77(96.71 98.49) 93.29(91.58 94.65) 88.76(86.60 90.57) 77.23(74.20 79.91)
20 95.54(94.11 96.62) 86.48(84.12 88.48) 77.23(74.20 79.91) 53.28(48.90 57.28)
30 93.29(91.58 94.65) 79.56(76.69 82.08) 65.41(61.67 68.79) 28.05(22.52 33.19)
40 91.03(89.08 92.63) 72.54(69.20 75.51) 53.28(48.90 57.28) 1.45(0.00 7.65)
50 88.76(86.60 90.57) 65.41(61.67 68.79) 40.83(35.87 45.41)
60 86.48(84.12 88.48) 58.17(54.04 61.93) 28.05(22.52 33.19)
70 84.18(81.64 86.37) 50.82(46.32 54.94) 14.93(8.84 20.60)

20 10 98.02(97.38 98.50) 93.99(92.94 94.88) 89.88(88.53 91.07) 79.24(77.29 81.01)
20 96.01(95.15 96.72) 87.79(86.32 89.11) 79.24(77.29 81.01) 56.20(53.26 58.96)
30 93.99(92.94 94.88) 81.41(79.57 83.08) 68.02(65.57 70.31) 30.49(26.59 34.18)
40 91.95(90.74 92.99) 74.82(72.67 76.81) 56.20(53.26 58.96) 1.62(0.00 6.30)
50 89.88(88.53 91.07) 68.02(65.57 70.31) 43.71(40.29 46.93)
60 87.79(86.32 89.11) 61.01(58.25 63.57) 30.49(26.59 34.18)
70 85.69(84.08 87.13) 53.75(50.72 56.61) 16.49(12.09 20.66)

30 10 98.26(97.82 98.61) 94.70(93.96 95.35) 91.03(90.06 91.91) 81.35(79.91 82.68)
20 96.49(95.88 97.01) 89.16(88.08 90.13) 81.35(79.91 82.68) 59.45(57.18 61.61)
30 94.70(93.96 95.35) 83.35(82.00 84.59) 70.86(69.00 72.60)  33.39(30.21 36.43)
40 92.88(92.01 93.65) 77.25(75.65 78.75) 59.45(57.18 61.61) 1.85(0.00 5.93)
50 91.03(90.06 91.91) 70.86(69.00 72.60) 47.01(44.30 49.60)
60 89.16(88.08 90.13) 64.13(62.02 66.12) 33.39(30.21 36.43)
70 87.25(86.08 88.32) 57.05(54.69 59.29) 18.41(14.72 21.94)
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20 10-14 Efficacy -
(%) (%) Efficacy”
Break through
1% 3% 5% 10%

10 5 90.39(83.27 94.48) 70.55(59.29 78.70) 49.82(35.34 61.06)
10 80.58(71.19 86.91) 39.11(23.15 51.76)
20 60.30(47.37 70.06)
30 39.11(23.15 51.76)
40 16.94(0.00 32.26)
50
60
70

20 5 91.37(87.19 94.18) 72.938(65.84 78.56) 52.77(43.19 60.73)
10 82.36(76.61 76.69) 41.95(31.16 51.05)
20 63.08(54.73 69.90)
30 41.95(31.16 51.05)
40 18.66(5.37 30.09)
50
60
70

30 5 92.37(89.45 94.48) 75.49(70.26  79.80) 56.08(48.70 62.40)
10 84.21(80.08 87.49) 45.23(36.71 52.60)
20 66.14(59.84 71.45)
30 45.23(36.71 52.60)
40 20.78(9.74 30.46)
50
60

70
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409
2205
2667
3986
5400
6017
4481
2163
1121

699

439

328

282

203

141

164

211

160

193

202

230

211

240

293

286

312

335

294

291

376

263.871

1422.58

1720.65

2571.61

3483.87
4065.541
3027.703
1461.486
757.4324
472.2973
286.9281
214.3791
184.3137
132.6797
92.15686
101.2346
130.2469
98.76543
119.1358
124.6914
141.9753
130.2469
148.1481
180.8642
176.5432

191.411
205.5215
180.3681
178.5276
230.6748

57.87050138
311.9913339
377.3609467
563.9897763
764.0604094
876.7307017
652.9217674
315.1684407
163.3397235
101.8505502

63.8472144
47.70361349
41.01347258
29.52388274
20.50673629
18.25539593
23.48712525
17.81014237
21.48348423
22.48530474
24.33684427
22.32640931
25.39496794
31.00302336
30.26233679
36.96378433
39.68867869
34.83125831
34.47583731
44.54609906
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3.5090182
7.4566636
3.9476454
4.6055864
5.4828409
6.0381785
3.2347385
2.3721416
0.8625969
0.6469477
0.8900796

0

0
0.2225199

0
0.1803277

0
0.9016385

0
1.2622938
0.3428321
1.0284962
1.0284962
0.6856641
1.0284962

0
0.5793362
0.7724483
0.9655604
1.3517845
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a

b.

C.

100%
Efficacy 95%

2%
4%

100%
Efficacy 90%

2%
4%

95%
Efficacy 95%

2%
4%

3,411,341

220,046

388,009

379,611

33,131

4,657

6,155

6,080

1,738,869,573 356,308,467

112,164,645 50,081,488

197,780,694 66,198,697

193,499,892 65,392,837

2,095,178,040 10,067,372 14,052,038,350

503,369

702,601,918

162,246,133

263,979,391 1,006,737 1,405,203,835

258,892,728 981,569 1,370,073,739

70

14,400,000,000
10,908,376,335
8,473,708,281

14,400,000,000
10,908,376,335
8,473,708,281

13,680,000,000
10,362,957,518
8,050,022,867

69,984,000

69,984,000

66,484,800

16,147,216,390

15,334,832,051

16,147,216,390

(812,384,340)

11,843,208,386 (4,304,008,004)
9,408,540,332 (6,738,676,058)

16,139,167,226
12,647,543,561
10,212,875,507

15,375,451,267
12,058,408,786
9,745,474,134

(8,049,164)
(3,499,672,829)
(5,934,340,883)

(771,765,123)
(4,088,807,604)
(6,401,742,256)



d. 95% 539,176 75,040 27,483,5138 80,704,186 355,539,324 1,459,769 2,037,545,561 13,680,000,000 66,484,800 16,139,569,684 (7,646,706)
Efficacy 90% 10,362,957,518 12,822,527,203 (3,324,689,187)
8,050,022,867 10,509,592,551 (5,637,623,839)

2%

4%
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e.

f.

g.

90%
Efficacy 95%

2%
4%

90%
Efficacy 90%

2%
4%

90%
Efficacy 85%

2%
4%

539,176 75,040

690,342 8,853

841,509 10,202

27,483,5138 80,704,186

351,889,582 95,209,674

428,944,026 109,715,163

355,539,324 1,459,769 2,037,545,561 12,960,000,000
9,817,538,701
7,626,337,453

447,099,256 1,912,801 2,669,887,287 12,960,000,000
9,817,538,701
7,626,337,453

538,659189 2,365,833 3,302,229,012 12,960,000,000
9,817,538,701
7,626,337,453

62,985,600

62,985,600

62,985,600

15,416,070,484
12,273,609186
10,082,407,937

16,139,972,143
12,997,510,844
10,806,309,596

16,863,873,801
13,721,412,502
11,530,211,254

(731,145,901)
(3,873,607,204)
(6,064,808,453)

(7,244,247)
(3,149,705,546)
(5,340,906,794)

716,657,411
(2,425,803,839)
(4,617,005,136)

1600

2%

4%
2% 4%
0
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2%

4%

a

b.

C.

d.

100%
Efficacy 95%

100%
Efficacy 90%

95%
Efficacy 95%

95%
Efficacy 90%

Benefit-cost ratio
Cost-Effectiveness analysis
a
b.
C.

Benefit-cost ratio
Cost-Effectiveness analysis
a
b.
C.

Benefit-cost ratio
Cost-Effectiveness analysis
a
b.
C.

Benefit-cost ratio
Cost-Effectiveness analysis
a
b.
C.

15,334,832,051
(0.05)

(90.3)
(254.6)
(28530.5)

16,139,167,226
(0.0005)

(0.9)
2.7)
(298.4)

15,375,451,267
(0.05)

(95.3)
(254.6)
(28530.5)

16,139,569,684
(0.0005)

(0.9)
2.7)
(298.4)

11,843,208,386
(0.36)

(478.2)
(1348.7)
(151154.1)

12,647,543,561
(0.28)

(388.9)
(1157.6)
(129734.7)

12,058,408, 786
(0.34)

(504.8)
(1348.7)
(151154.3)

12,822,527,203
(0.26)

(410.5)
(1157.6)
(129734.6)

9,408,540,332
(0.72)

(748.7)
(2111.6)
(236658.6)

10,212,875,507
(0.58)

(659.4)
(1962.8)
(219989.1)

9,745,474,134
(0.66)

(790.3)
(2111.6)
(236658.5)

10,509,592,551
(0.54)

(696.0)
(1962.8)
(219989.0)
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2%

4%

e.

f.

g.

90%
Efficacy 95%

90%
Efficacy 90%

90%
Efficacy 85%

Benefit-cost ratio
Cost-Effectiveness analysis
a
b.
C.

Benefit-cost ratio
Cost-Effectiveness analysis
a
b.
C.

Benefit-cost ratio
Cost-Effectiveness analysis
a
b.
C.

15,416,070,484
(0.05)

(90.3)
(254.6)
(28530.5)

16,139,972,143
(0.0004)

(0.89)
(2.66)
(298.4)

16,863,873,801
0.04

88.5
278.9
31255.1

12,273,609186
(0.32)

(478.2)
(1348.7)
(151154.3)

12,997,510,844
(0.24)

(388.9)
(1157.6)
(129734.6)

13,721,412,502
(0.18)

(299.5)
(944.0)
(105794.9)

10,082,407,937
(0.60)

(748.7)
(2111.6)
(236658.4)

10,806,309,596
(0.50)

(659.4)
(1962.8)
(219988.9)

11,530,211,254
(0.40)

(570.0)
(1796.6)
(201358.3)
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24 1998

1

2001

9

1998
1999
2000
2001

1-9

230656

74350
131971
111840
548817

0
14240
79112
10240

103592

230656

88590
211083
122080
652409
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