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A multicenter, double-blind, randomized, active-control phase Ill clinical trial was performed to assess the
immunogenicity and safety of a trivalent, inactivated split influenza vaccine. Korean children between the ages of 6
months and 18 y were enrolled and randomized into a study (study vaccine) or a control vaccine group (commercially
available trivalent, inactivated split influenza vaccine) in a 5:1 ratio. Antibody responses were determined using
hemagglutination inhibition assay, and post-vaccination immunogenicity was assessed based on seroconversion and
seroprotection rates. For safety assessment, solicited local and systemic adverse events up to 28 d after vaccination
and unsolicited adverse events up to 6 months after vaccination were evaluated. Immunogenicity was assessed in 337
and 68 children of the study and control groups. In the study vaccine group, seroconversion rates against influenza A/
H1N1, A/H3N2, and B strains were 62.0% (95% Cl: 56.8-67.2), 53.4% (95% Cl: 48.1-58.7), and 54.9% (95% Cl: 48.1-60.2),
respectively. The corresponding seroprotection rates were 95.0% (95% Cl: 92.6-97.3), 93.8% (95% Cl: 91.2-96.4), and
95.3% (95% Cl: 93.0-97.5). The lower 95% Cl limits of the seroconversion and seroprotection rates were over 40% and
70%, respectively, against all strains. Seroconversion and seroprotection rates were not significantly different between
the study and control vaccine groups. Furthermore, the frequencies of adverse events were not significantly different
between the 2 vaccine groups, and no serious vaccination-related adverse events were noted. In conclusion, the study
vaccine exhibited substantial immunogenicity and safety in Korean children and is expected to be clinically effective.

Introduction

The Advisory Committee on Immunization Practices of the
United States of America (USA) recommends universal influenza
vaccination for all children aged 6 months or more who do not
have contraindications." The Korean Society of Pediatrics also
expanded the influenza vaccine coverage from children with
underlying diseases to all children aged between the ages of 6 and
59 months.” This expansion of influenza vaccine coverage was
based on the findings that the incidence, hospitalization rate, and

mortality due to influenza were higher in young children than in
adolescents and adults;*® young children contributed to the trans-
mission of influenza in the family;” and influenza vaccination in
children decreased the incidences of influenza across the commu-
nity including adults."'®"" Such an expansion of influenza vaccine
coverage and the increased concern about the dangers of influenza
after the pandemic in 2009, is expected to increase the demand
for influenza vaccines. Considering that an influenza pandemic
may recur, a stable supply of influenza vaccines at the national

and regional levels should be ensured. Therefore, the World
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Health Organization (WHO) recommended increasing the pro-
duction capacity for influenza vaccines, and in accordance with
those recommendations, ILYANG Pharmaceutical Co., Ltd., one
of Korean domestic pharmaceutical companies, developed a triva-
lent, inactivated split influenza vaccine. This egg-based vaccine
was manufactured using chicken eggs, which were collected and
transported to the manufacturing facility on the day they were
laid. The eggs were fumigated using a vaporized hydrogen perox-
ide system and incubated for 10 d in a separated and well-con-
trolled incubation area located in the manufacturing facility. This
process decreased contamination of the eggs and increased vac-
cine-producing efficiency. In addition, a sucrose gradient purifica-
tion system using a zonal centrifuge resulted in an increased
influenza antigen purification rate. This study was conducted to
evaluate the immunogenicity and safety of this egg-based, triva-
lent, inactivated split influenza vaccine in Korean children.

Results

During the study period, 418 children were enrolled, and 416
of them were immunized with influenza vaccines. The study and
control vaccine groups included 347 and 69 children, respec-
tively. The distribution of gender and age was not significantly
different between the 2 vaccine groups (Table 1). Among the
vaccinated children, 405 (337 in the study vaccine group, 68 in
the control vaccine group) completed the study according to the
scheduled protocol. Immunogenicity assessment was performed
for all of these 405 children. Safety assessment was performed for
416 vaccinated children.

Immunogenicity in the study vaccine group

Among the 405 children assessed for immunogenicity, 370
(91.4%, 308 in the study vaccine group, 62 in the control vaccine
group) with a history of influenza vaccination received a single
dose of influenza vaccine, whereas the other 35 children (8.6%,
29 in the study vaccine group, 6 in the control vaccine group)
with no history of influenza vaccination received 2 doses of

Table 1. Gender and age distribution of enrolled children

Study group Control group
Factor (n=347) (n=69) P value
Gender, n (%) 0.3799%
Male 156 (45.0) 35(50.7)
Female 191 (55.0) 34 (49.3)
Age, years, mean =+ SD 7.8 +£49 7.5 +5.0 0.5523°
Age group, n (%) 0.9363?
6 months-3y 68 (19.6) 14 (20.3)
3y-9y 130 (37.5 27 (39.1)
9y-18y 149 (42.9) 28 (40.6)
Dose of vaccination, n (%) 0.9494°
One dose 316 (91.1) 63 (91.3)
Two doses 31(8.9) 6(8.7)

SD, standard deviation.
“calculated using a chi-square test.
Pcalculated using a Student’s t-test.
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influenza vaccine. The proportion of children who received 2
doses of vaccine was not significantly different between the 2 vac-
cine groups tested (Table 1).

In the study vaccine group, the pre-vaccination geometric
mean titers (GMTs) of hemagglutination inhibition (HI) anti-
body against influenza A/HIN1, A/H3N2, and B strains were
24.4 (95% CI: 22.0-27.1), 31.9 (95% CI: 28.5-35.6), and 36.2
(95% CI: 32.6-40.2), respectively. The post-vaccination GMTs
against influenza A/HIN1, A/H3N2, and B strains increased to
111.4 (95% CI: 101.5-122.3), 110.6 (95% CI: 100.9-121.2),
and 130.5 (95% CI: 118.0-144.4), respectively (Table 2). As a
result, geometric mean titer ratios (GMRs) for influenza A/
HIN1, A/H3N2, and B strains were 4.6 (95% CI: 4.1-5.1), 3.5
(95% CI: 3.2-3.8), and 3.6 (3.3-4.0), respectively (Table 2). The
corresponding  seroconversion rates were 62.0% (209/337),
53.4% (180/337), 54.9% (185/337), respectively. The lower 95%
ClI limits of seroconversion rates against each influenza strain were
all higher than 40% (Table 2). The seroprotection rates against
influenza A/HIN1, A/H3N2, and B strains were 95.0% (320/
337), 93.8% (316/337), and 95.3% (321/337), respectively
(Table 2). The lower 95% CI limits of seroprotection rates against
each influenza strain were all higher than 70% (Table 2). In addi-
tion, all age groups of the study vaccine group achieved the immu-
nogenicity endpoints (Table 2). Children receiving either a single
dose or 2 doses of influenza vaccine achieved the immunogenicity
endpoints for seroconversion rates against all 3 influenza strains,
but, not for seroprotection rates (Table 3).

Comparison of immunogenicity between the study and
control groups

The seroconversion and seroprotection rates against all 3
influenza strains were not significantly different between the
study and control vaccine groups (Table 2). Within each age
group, the seroconversion and seroprotection rates were not
significantly different between the 2 vaccine groups (Table 2).
The upper 95% CI limits of HI antibody GMTs in the study
vaccine group were less than 1.5-fold of those in the control vac-
cine group for all 3 influenza strains. However, the differences
for the upper 95% CI limits of seroconversion rates between the
study and control vaccine groups were more than 10% for influ-
enza A/H3N2 and influenza B strains.

Subgroup analysis of the immunogenicity in children
without protective HI antibody titers prior to vaccination

For each influenza virus strain, the number of children with-
out prior protective immunity against influenza (HI antibody
titer <1:40) was between 16 (4.7%) and 21 (6.2%) in the study
group and between 3 (4.4%) and 7 (10.3%) in the control group
(Table 4). Of the 3 age groups, the proportion of children with-
out prior protective immunity was highest in the children aged 6
months to 3 y accounting for 18.5% of the study group and 14.3
to 35.7% of the control group for each influenza virus strain
(Table 4). Seroconversion rates for these children were between
0.0% and 61.9% without statistically significant difference
between the study and control vaccine groups (Table 4).
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Table 2. Immunogenicity of an influenza inactivated vaccine in children

6 months - 3 years 3 years - 9 years
Study group Control group Study group Control group
Factor (n = 65) (n=14) P value (n=127) (n=27) P value
A/HIN1
Seroconversion rate, % (95% Cl) | 69.2 (58.0-80.5) 57.1(31.2-83.1) 0.5314% | 64.6 (56.3-72.9) 55.6 (36.8-74.3) 0.3785°
Seroprotection rate, % (95% Cl) 81.5(72.1-91.0) 64.3 (39.2-89.4) 0.1669° 97.6 (95.0-100.0) 96.3 (89.2-100.0) 0.5414°
GMT
Pre-vaccination 14.3 (11.8-17.3) 13.7 (11.1-16.9) 0.3154¢ 26.4 (22.0-31.5) 30.3 (20.5-44.7) <0.0001°¢
Post-vaccination 76.1 (59.4-97.4) 45.3(28.3-72.5) <0.0001¢ | 125.0(107.5-1454) | 92.7 (66.6-129.1) <0.0001¢
GMR 53(4.2-6.7) 3.3(2.0-5.5) 0.0078¢ 4.7 (4.0-5.7) 3.1 (2.1-44) 0.0035°¢
A/H3N2
Seroconversion rate, % (95% Cl) 69.2 (58.0-80.5) 50.0 (23.8-76.2) 0.2171° 48.8 (40.1-57.5) 63.0 (44.8-81.2) 0.1818°
Seroprotection rate, % (95% Cl) 81.5(72.1-91.0) 64.3 (39.2-89.4) 0.1669° 96.1 (92.7-99.5) 96.3 (89.2-100.0) 1.0000%
GMT
Pre-vaccination 16.5 (12.3-22.3) 18.7 (8.7-39.9) 0.0373¢ 41.2 (35.1-48.3) 32.8(20.5-52.4) <0.0001°¢
Post-vaccination 94.2 (71.0-125.1) 69.5 (28.5-169.5) <0.0001°¢ 122.4 (106.5-140.7) 115.6 (81.4-164.2) <0.0001°¢
GMR 5.7 (4.6-7.1) 3.7 (26-54) 0.0045°¢ 3.0(26-34) 35(24-5.2) 0.2371°¢
B
Seroconversion rate, % (95% Cl) 58.5 (46.5-70.4) 64.3 (39.2-89.4) 0.6872° 59.1 (50.5-67.6) 74.1 (57.5-90.6) 0.1449°
Seroprotection rate, % (95% Cl) 81.5(72.1-91.0) 85.7 (67.4-100.0) 1.00007 | 96.9 (93.8-99.9) 96.3 (89.2-100.0) 1.0000°
GMT
Pre-vaccination 15.3(12.9-18.1) 20.8 (14.1-30.5) <0.0001¢ | 30.7 (26.3-35.8) 33.0 (23.6-46.2) <0.0001¢
Post-vaccination 71.3 (54.8-92.8) 87.3 (41.2-184.7) <0.0001°¢ 126.4 (107.3-148.8) 141.1 (98.8-201.4) <0.0001°¢
GMR 4.7 (3.6-6.0) 4.2(2.2-7.9) 0.5819° | 4.1(3.5-4.9) 4.3(2.9-6.3) 0.7819¢
9 years - 18 years Whole population
Study group Control group Study group Control group
Factor (n = 145) (n=27) P value (n=337) (n = 68) P value
A/HIN1
Seroconversion rate, % (95% Cl) 56.6 (48.5-64.6) 55.6 (36.8-74.3) 0.9236° 62.0 (56.8-67.2) 55.9 (44.1-67.7) 0.3441°
Seroprotection rate, % (95% Cl) 98.6 (96.7-100.0) 96.3 (89.2-100.0) 0.4028% | 95.0(92.6-97.3) 89.7 (82.5-96.9) 0.1528°
GMT
Pre-vaccination 29.0 (24.9-33.7) 27.6 (18.6-41.0) 0.0122° | 24.4(22.0-27.1) 24.8 (19.8-31.1) 0.2527¢
Post-vaccination 119.5 (105.4-135.5) 119.4 (81.2-175.4) 0.7651¢ 111.4 (101.5-122.3) 88.5(70.3-111.2) <0.0001°¢
GMR 4.1 (3.5-4.9) 4.3(2.7-6.9) 0.7372° | 4.6(4.1-5.1) 3.6 (2.8-4.6) 0.0058°
A/H3N2
Seroconversion rate, % (95% Cl) 50.3 (42.2-58.1) 55.6 (36.8-74.3) 0.6190° 53.4 (48.1-58.7) 55.6 (45.6-69.1) 0.5520°
Seroprotection rate, % (95% Cl) 97.2 (94.6-99.9) 100.0 (100.0-100.0) 1.0000° 93.8 (91.2-96.4) 91.2 (84.4-97.9) 0.4265°
GMT
Pre-vaccination 34.1 (29.1-40.0) 35.1(23.2-53.3) 0.0806° | 31.9(28.5-35.6) 30.0 (22.6-39.8) <0.0001¢
Post-vaccination 108.7 (96.3-122.8) 117.9 (88.8-156.5) <0.0001°¢ 110.6 (100.9-121.2) 104.9 (82.3-133.8) <0.0001°¢
GMR 3.2(2.7-3.7) 3.4 (2.2-5.2) 0.7628¢ 3.5(3.2-3.8) 3.5(2.8-4.4) 0.9273¢
B
Seroconversion rate, % (95% Cl) 46.7 (41.5-57.8) 59.3 (40.7-77.8) 0.3593° 54.9 (48.1-60.2) 66.2 (54.9-77.4) 0.0867°
Seroprotection rate, % (95% Cl) 100.0 (100.0-100.0) 100.0 (100.0-100.0) NA 95.3 (93.0-97.5) 95.6 (90.7-100.0) 1.0000°
GMT
Pre-vaccination 61.6 (53.8-70.6) 65.7 (50.0-86.3) <0.0001°¢ 36.2 (32.6-40.2) 39.4 (32.0-48.7) <0.0001°¢
Post-vaccination 176.1 (155.8-199.0) 217.3 (160.7-293.8) <0.0001°¢ 130.5 (118.0-144.4) 151.7 (119.3-192.9) <0.0001°¢
GMR 29(25-33) 33(2.2-5.0) 0.3709¢ 3.6 (3.3-4.0) 3.9(3.0-49) 0.4633¢

Cl, confidence interval; GMT, geometric mean titer; GMR, geometric mean titer ratio; NA, not available.

“calculated using a Fisher's exact test.
Pcalculated using a chi-square test.
“calculated using a Student’s t-test.

Safety
Eight hundred forty-five adverse events (AEs) in 292
(70.2%) children were reported within 28 d after vaccination.

These consisted of 710 episodes in 239 (68.9%) children of
the study vaccine group and 135 episodes in 53 (76.8%) chil-
dren of the control vaccine group (P = 0.1881). Six months
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Table 3. Immunogenicity according to the dose of influenza vaccination

One dose Two doses
Study group Control group Study group Control group
Factor (n = 308) (n=62) P value (n=29) (n=6) P value
A/H1IN1
Seroconversion rate, % (95% Cl) 60.1 (54.6-65.5) 54.8 (42.5-67.2) 0.4449° 82.8 (69.0-96.5) 66.7 (29.0-100.0) 0.5762°
Seroprotection rate, % (95% Cl) 96.1 (93.9-98.3) 91.9 (85.2-98.7) 0.1781° 82.8 (69.0-96.5) 66.7 (29.0-100.0) 0.5762°
GMT
Pre-vaccination 26.7 (24.0-29.7) 26.7 (21.0-34.0) 0.9788°¢ 94 (7.5-11.7) 11.5(9.2-14.3) 0.0109°
Post-vaccination 115.1 (104.6-126.6) 94.1 (74.1-119.6) <0.0001°¢ 78.8 (54.2-114.4) 46.7 (20.3-107.4) <0.0001°¢
GMR 4.3 (3.9-4.8) 3.5(2.7-4.6) 0.0349° 8.4 (5.8-12.3) 4.1 (1.7-9.9) 0.0009°
A/H3N2
Seroconversion rate, % (95% Cl) 51.3 (45.7-56.9) 56.5 (44.1-68.8) 0.4587° 75.9 (60.3-91.4) 66.7 (29.0-100.0) 0.6353°
Seroprotection rate, % (95% Cl) 95.5(93.1-97.8) 93.6 (87.4-99.7) 0.5185° 75.9 (60.3-91.4) 66.7 (29.0-100.0) 0.6353°
GMT
Pre-vaccination 33.9(30.3-37.9) 31.2(23.2-42.1) <0.0001°¢ 16.4 (10.1-26.6) 20.0 (5.9-67.6) 0.0298°¢
Post-vaccination 111.2(101.8-121.4) 104.6 (82.4-132.9) <0.0001°¢ 104.7 (61.4-178.5) 107.8 (18.9-616.8) 0.1124°
GMR 3.3(3.0-3.6) 34(2.6-43) 0.8358° 6.4 (4.5-9.0) 5.4 (2.7-10.7) 0.3668°
B
Seroconversion rate, % (95% Cl) 54.2 (48.7-59.8) 66.1 (54.4-77.9) 0.0846° 62.1 (44.4-79.7) 66.7 (29.0-100.0) 1.0000°
Seroprotection rate, % (95% Cl) 96.8 (94.8-98.7) 96.8 (92.4-100.0) 1.0000° 79.3 (64.6-94.1) 96.8 (92.5-100.0) 1.0000°
GMT
Pre-vaccination 40.1 (36.1-44.5) 43,0 (34.6-53.4) <0.0001°¢ 124 (9.7-15.7) 16.2 (10.3-25.5) <0.0001°¢
Post-vaccination 137.2 (124.0-151.6) 166.6 (131.1-211.6) <0.0001°¢ 77.2 (48.0-124.2) 57.7 (18.8-176.7) <0.0001°¢
GMR 34 (3.1-3.8) 3.9 (3.0-5.0) 0.1847¢ 6.2 (4.0-9.8) 3.6 (1.4-94) 0.0665¢
Cl, confidence interval; GMT, geometric mean titer; GMR, geometric mean titer ratio.
“calculated using a chi-square test.
Pcalculated using a Fisher's exact test.
“calculated using a Student's t-test.
Table 4. Seroconversion rates in children without protective immunity against influenza prior to vaccination
6 months - 3 years 3 years - 9 years
Study group Control group Study group Control group
Factor (n = 65) (n=14) P value® (n=127) (n=27) P value®
A/HIN1
Number of subjects 12 5 3 1
Seroconversion rate, % (95% Cl) 25.0 (0.5-49.5) 0.0 (0.0-0.0) 0.5147 66.7 (13.3-100.0) 100.0 (100.0-100.0) 1.0000
A/H3N2
Number of subjects 12 5 5 1
Seroconversion rate, % (95% Cl) 75.0 (50.5-99.5) 60.0 (17.1-100.0) 0.6 80.0 (44.9-100.0) 0.0 (0.0-0.0) 0.3333
B
Number of subjects 12 2 4 1
Seroconversion rate, % (95% Cl) 16.7 (0.0-37.8) 0.0 (0.0-0.0) 1.0000 25.0 (0.0-67.4) 0.0 (0.0-0.0) 1.0000
9 years - 18 years Whole population
Study group Control group Study group Control group
Factor (n = 145) (n=27) P value® (n=337) (n =68) P value®
A/HIN1
Number of subjects 2 1 17 7
Seroconversion rate, % (95% Cl) 50.0 (0.0-100.0) 100.0 (100.0-100.0) 1.0000 35.3(12.6-58.0) 28.6 (0.0-62.0) 1.0000
A/H3N2
Number of subjects 4 0 21 6
Seroconversion rate, % (95% Cl) 0.0 (0.0-0.0) NA NA 61.9 (41.1-82.7) 50.0 (10.0-90.0) 0.6618
B
Number of subjects 0 0 16 3
Seroconversion rate, % (95% Cl) NA NA NA 18.8 (0.0-37.9) 0.0 (0.0-0.0) 1.0000
Cl, confidence interval; NA, not available.
“calculated using a Fisher's exact test.
www.tandfonline.com Human Vaccines & Immunotherapeutics 1097



Table 5. Frequencies of adverse events reported within 6 months after influenza vaccination

6 month - 3 years 3 years - 9 years
Study group Control group Study group Control group
Factor (n = 68) (n=14) P value (n = 130) (n=27) P value
Total adverse events 45 (66.2) 12 (85.7) 0.2080° 96 (73/8) 20 (74.1) 0.9804°
Solicited local adverse events 20 (29.4) 7 (50.0) 0.2100% 74 (56.9) 17 (63.0) 0.5629°
Solicited systemic adverse events 14 (20.6)° 7 (50.0) 0.0393? 38(29.2) 9(33.3) 0.6719°
Unsolicited adverse events 37 (54.4) 9 (64.3) 0.4978° 43 (33.1) 7(25.9) 0.4680°
Serious adverse events 5(7.4) 0(0.0) 0.5821° 3(23) 0(0.0) 1.0000°
9 years - 18 years Whole population
Study group Control group Study group Control group
Factor (n = 149) (n=28) P value (n = 347) (n = 69) P value
Total adverse events 100 (67.1) 21(75.0) 0.4104° 241 (69.5) 53 (76.8) 0.2201°
Solicited local adverse events 91 (61.1) 17 (60.7) 0.9714° 185 (53.3) 41 (59.4) 0.3524°
Solicited systemic adverse events 56 (37.6) 9(32.1) 0.5837° 108 (31.1) 25 (36.2) 0.4060°
Unsolicited adverse events 12 (8.1) 3(10.7) 0.7099% 92 (26.5) 19 (27.5) 0.8607°
Serious adverse events 0 (0.0) 0 (0.0) NA 8(2.3) 0(0.0) 0.3626%

Data are numbers (%) of subjects who experienced adverse events.
NA, not available.

“calculated using a Fisher's exact test.

Pcalculated using a chi-square test.

after vaccination, 851 AEs were reported in 294 (70.7%) chil-
dren. These consisted of 716 episodes in 241 (69.5%) children
of the study vaccine group and 135 episodes in 53 (76.8%)
children of the control vaccine group (Table 5). The inciden-
ces of total, solicited local and systemic, and unsolicited AEs
were not significantly different between the study and control
vaccine groups (Table 5). Local tenderness was the most fre-
quent form of solicited local AE while malaise was the most
frequent form of solicited systemic AE in both vaccine groups
(Table 6). One hundred fifty-six episodes of unsolicited AEs
in 92 (26.5%) children of the study vaccine group, and 29
episodes of unsolicited AEs in 19 (27.5%) children of the con-
trol vaccine group were reported 6 months after vaccination.
Upper respiratory infections (63.8%) were the most frequent
among these reports. Three episodes of serious AEs in 3
(0.9%) children of the study vaccine group were reported

within 28 d after vaccination: 2 cases of acute otitis media and
one case of febrile seizures. Between 28 d and 6 months after
vaccination, additional 6 episodes of serious AEs were reported
in 5 (1.4%) children of the study vaccine group: 2 cases of
bronchopneumonia and one case each of acute bronchiolitis,
acute gastroenteritis, gross hematuria, and Kawasaki disease.
There were no serious AEs in the control vaccine group. All of
the reported serious AEs were considered unrelated to influ-
enza vaccination.

Discussion
The present study was performed to evaluate the immunoge-

nicity and safety of an influenza vaccine manufactured by a
Korean pharmaceutical company. This vaccine was produced in

Table 6. Episodes of solicited adverse events within 6 months after influenza vaccination

Study group (n = 347)

Control group (n = 69)

Factor Total >grade 2 Total >grade 2
Solicited local adverse events
Tenderness 169 44 (26.0) 36 7 (19.4)
Pain 120 4(3.3) 26 0(0.0)
Erythema 48 8(16.7) 5 0 (0.0)
Swelling 19 2(10.5) 2 0(0.0)
Solicited systemic adverse events
Myalgia 67 16 (23.9) 8 0 (0.0)
Malaise 57 13 (22.8) 12 7 (58.3)
Headache 34 9 (26.5) 7 1(14.3)
Fever 25 10 (40.0) 6 5(83.3)
Nausea/vomiting 13 2(15.4) 2 0(0.0)
Diarrhea 8 0(0.0) 2 0 (0.0)

Data are numbers (%) of adverse events.
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a well-controlled incubation facility using fumigation system for
the eggs and an antigen purification system, resulting in an
increased purification rate. This vaccine achieved the immunoge-
nicity endpoints recommended by the USA Food and Drug
Administration (FDA),'? and showed similar immunogenicity to
previously studied inactivated influenza vaccines in children.'>!

Studies on the clinical efficacy and effectiveness of inactivated
influenza vaccines in children are scarce, and several previous
studies reported relatively poorer immunogenicity of inactivated
influenza vaccines in young children than in older children and
adults.?%?? Therefore, some experts disagree with universal influ-
enza vaccination for infants and young children.** However,
recent studies reported sufficient effectiveness of influenza vac-
cines in children younger than 2 or 3 y of age,”>® and the pres-
ent study showed sufficient seroprotection rates after vaccination
even in children younger than 3 y. If we use sufficiently immuno-
genic influenza vaccines in young children such as this study vac-
cine and maintain appropriate methods for vaccine transport and
storage, sufficient clinical efficacy of influenza vaccines can be
achieved even in infants and young children.

Children without protective HI antibody titer prior to vacci-
nation in the present study showed lower seroconversion rates
than previously reported results.'”** Their seroconversion rates
in the control vaccine group were lower than those in the previ-
ous studies using the same influenza vaccines as in the control
vaccine group of the present study.''” These results were
assumed to be caused by the small number of enrolled children
who did not have prior protective immunity in the present study.
The proportion of children without prior protective immunity
was only 4.7 to 6.2% in the study vaccine group and 4.4 to
10.3% in the control vaccine group for each influenza virus
strain. For an accurate assessment of immunogenicity in children
without prior protective immunity, further studies including
more children should be performed. It may be useful to perform
HI antibody tests before enrollment to screen for children with-
out prior protective immunity. In addition, conducting vaccine
studies before influenza season, i.e. summer or early fall, may pre-
vent children from being exposed to influenza virus in the com-
munity during influenza season and naturally acquiring
protective immunity. These strategies may help include more
children without prior protective immunity against influenza.

The USA FDA proposed endpoints for determining the non-
inferiority immunogenicity of an influenza vaccine in comparison
with that of a licensed vaccine: the ratio of the upper limits of the
2-sided 95% ClIs of GMTs of the 2 vaccines (GMT of a licensed
vaccine/GMT of a new vaccine) should be <1.5 and the differ-
ence between the upper limits of the 2-sided 95% Cls of serocon-
version rates of the 2 vaccines (seroconversion rate of a licensed
vaccine — seroconversion rate of a new vaccine) should be
<10%."* Although the study vaccine in the present study
achieved the immunogenicity endpoints, it did not achieve the
non-inferiority endpoints. While the ratio of GMTs was less than
1.5, the difference for seroconversion rates was higher than 10%
for influenza A/H3N2 and B strains. These results were assumed
to be caused by the small number of enrolled subjects, especially
in the control vaccine group. A further study including an
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appropriate number of subjects in both the study and control vac-
cine groups should be performed to assess the non-inferiority of
the study vaccine in comparison with that of a licensed vaccine.
Immunogenicity against the influenza B strain was lower than
that against the influenza A strains in the present study. This dis-
crepancy was also reported stud-
- 14,17,19,27,28 . . .
ies. Accordingly, efficacy of the vaccine against the

in previous vaccine
influenza B strain was lower than that against influenza A
strains.”” These results were thought to be caused by the relatively
lower immunogenicity of influenza B antigens or the relatively
lower sensitivity of the HI assay for influenza B as compared to
influenza A.*® Efforts to improve vaccine immunogenicity
against influenza B should be made in order to improve vaccine
efficacy against this strain. If we consider that 2 lineages of the
influenza B strain have been co-circulating in the commu-
nity,**® vaccinations with quadrivalent influenza vaccines con-
taining both the lineages may be necessary to improve vaccine
efficacy against influenza B. Several studies have reported suffi-
cient immunogenicity and safety of quadrivalent inactivated and
quadrivalent live-attenuated influenza vaccines in children.”'

The USA FDA recommends assessing the safety of influenza
vaccines until 6 months after vaccination, although this practice
is not obligatory.'* However, only a few studies on influenza vac-
cines in children evaluated their safety for this length of time.'*
In the present study, we observed AEs until 6 months after influ-
enza vaccination, and there were no vaccine-related serious AEs
during the observation. In addition, there was no significant dif-
ference between the study vaccine and a commercially available
influenza vaccine in terms of the incidence of AEs. One child in
the study vaccine group experienced febrile seizures after vaccina-
tion. The fever developed 5 d after vaccination, and the seizures
developed one day after the fever. This child had a previous his-
tory of febrile seizures, and recovered without any sequelae.
More information on AEs will be collected through post market-
ing surveillance.

This study has several limitations. As mentioned above, the
number of children enrolled in the control vaccine group in this
study was too small to establish non-inferiority immunogenicity
of the study vaccine compared to a commercially available vac-
cine. In addition, the number of children without prior protec-
tive immunity on enrollment was too small to determine their
exact seroconversion and seroprotection rates. Future studies
should include more children, especially children who are youn-
ger than 3 y and have no prior history of influenza vaccination.
Clinical efficacy and effectiveness of vaccines may not be propor-
tional to the immunogenicity identified through serologic tests.
In particular, studies on the clinical efficacy and effectiveness of
influenza vaccines should not be limited to one year but should
be performed over several years because circulating influenza viral
strains can be different every year. A long-term study on the clini-
cal efficacy and AEs of the study vaccine should be performed to
support its clinical usefulness.

In conclusion, the study vaccine exhibited sufficient immuno-
genicity and was deemed safe to use in children. Future studies
will be performed to assess its clinical efficacy and effectiveness
against influenza and to survey the development of AEs.
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Materials and Methods

Study design and subjects

A double-blind randomized active-control multicenter phase
I clinical trial was performed to evaluate the immunogenicity
and safety of a trivalent, inactivated split influenza vaccine.
Healthy children between 6 months and 18 y of age were
enrolled between October 2013 and January 2014. They were
divided into three groups according to their age: 6 months to <3
y,3yto <9y,and 9y to <18 y. In each age group, the enrolled
children were randomized in a 5:1 ratio to receive either the study
influenza vaccine or the control influenza vaccine. The following
children were excluded from this study: children who were hyper-
sensitive to any vaccine components including egg proteins, had
Down syndrome, a cytogenetic disorder, a bleeding tendency, or
any other chronic underlying disorders, or had a previous history
of an immunodeficiency or Guillain-Barré syndrome. Children
who had received immune suppressants, blood products or intra-
venous immunoglobulins within the past 3 months, received glu-
cocorticoids (>2 mg/kg/day as prednisolone) for more than 2
weeks, had a febrile illness within the past 3 days, received an
influenza vaccine within the past 6 months, or received any other
vaccines within the past one month were also excluded. This
study was approved by the Institutional Review Board of each
participating hospital. Informed consent was obtained from
enrolled children (older than 7 or 10 y of age depending on the
institution) and their parents.

Vaccines and vaccination

The study vaccine was an egg-based, trivalent, inactivated split
influenza vaccine, IL-YANG FLU Vaccine Prefilled Syringe INJ
(ILYANG Pharmaceutical Co., Ltd., Seoul, Korea). The control
vaccine was a commercially available trivalent inactivated split
influenza vaccine, VAXIGRIP® (Sanofi Pasteur SA, Lyon,
France). Each 0.5 mL of the study and control vaccines con-
tained 15 g of hemagglutinin antigen of each of the 3 influenza
strains recommended for the 2013-2014 northern hemisphere
influenza season by the WHO. Accordingly, the study vaccine
contained influenza A/California/7/2009 NYMC X-181
(HIN1), A/Texas/50/2012 NYMC X-223 (H3N2), and B/Mas-
sachusetts/2/2012 NYMC BX-51B, and the control vaccine con-
tained influenza A/California/7/2009 NYMC X-179A (HIN1),
A/Texas/50/2012 NYMC X-223A (H3N2), and B/Massachu-
setts/2/2012 NYMC BX-51B. Children younger than 3 y, and
those aged 3 y or more received 0.25 mL and 0.5 mL of influ-
enza vaccine, respectively. Children aged younger than 9 y of age
with no history of influenza vaccination received 2 doses at a 4-
week interval.

Assessment of immunogenicity

For assessing immunogenicity, 3—5 mL of blood was collected
from each child immediately before and 28 d after each vaccina-
tion. Antibody titers against hemagglutinins of each vaccine
strain were determined using a HI assay. HI assays were per-
formed according to the previously reported methods at the Vac-
cine Bio Research Institute, College of Medicine, the Catholic
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University of Korea, Seoul, Republic of Korea.>* Seroconversion
was defined as follows: when the HI antibody titer before vacci-
nation was <1:10 and the titer after vaccination was >1:40, or
when the HI antibody titer before vaccination was >1:10 and
the titer increased 4-fold or more after vaccination.'* Seroprotec-
tion was defined as when the post-vaccination HI antibody titer
was >1:40."> HI antibody titers lower than the threshold level
(1:10) were assigned to be 1:5, and GMTs of HI antibody titers
before and after vaccination in each vaccine group were calcu-
lated. The GMR was defined as the ratio of the post-vaccination
GMT of HI antibody titers to the pre-vaccination GMT of HI
antibody titers. Immunogenicity was evaluated in accordance
with the USA FDA guidance for clinical data needed to support
the licensure of seasonal inactivated influenza vaccines using sero-
conversion and seroprotection rates.'* The FDA guidance defines
the immunogenicity endpoints as the follows: the lower limit of
the 2-sided 95% CI for the seroconversion rates should be >40
% and the lower limit of the 2-sided 95% CI for the seroprotec-
tion rate should be >70 %.?

Assessment of safety

To assess the safety of the study vaccine, participants were
contacted by telephone within a week after vaccination, and vis-
ited the participated hospitals 28 d and 6 months after vaccina-
tion. Solicited local AEs included pain, tenderness, erythema,
and swelling. Solicited systemic AEs included fever, nausea/vom-
iting, diarrhea, headache, malaise, and myalgia. Serious AEs were
defined as any life-threatening or fatal events, and any events
causing hospitalization or permanent functional disabilities. Any
solicited and unsolicited AEs occurring up to 28 d after vaccina-
tion were to be recorded in a provided diary. Any unsolicited
AEs occurring up to 6 months after vaccination were to be
recorded in the same diary. Subjects were directed to report any
serious AEs occurring up to 6 months after vaccination immedi-
ately to the investigators. AEs were graded as follows: grade 0, no
symptoms, erythema and swelling <2.5 cm, or elevated body
temperature <37.5°C; grade 1, symptoms not-restricting activi-
ties, erythema and swelling of 2.5-5.0 cm, or elevated body tem-
perature of 37.5-37.9°C; grade 2, symptoms restricting
activities, erythema and swelling of 5.0-10.0 cm, or fever of
38.0-38.4°C; grade 3, symptoms restricting routine activities,
erythema and swelling >10.0 cm, or fever of 38.5-39.0°C; grade
4, symptoms causing medical examinations, or fever >39.0°C.

Statistical analysis

The sample size was calculated based on the statistical power
required to meet the immunogenicity endpoints. Two hundred
ninety-six subjects of the study vaccine group were required to
achieve a seroconversion rate over 40% with an assumption of
the seroconversion rate of the study vaccine to be 50% and an
overall power of 80%. With an attrition rate of 10%, 329 sub-
jects were required in the study vaccine group. The number of
subjects in the control vaccine group was decided to be 66
according to the 5:1 ratio. Safety was assessed in all children who
received at least one vaccination, and immunogenicity was
assessed in children who completed this study according to the
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scheduled study protocol. Numerical factors such as GMTs and
GMRs of the study and control vaccine groups were compared

value < 0.05.

using a Student’s #-test. Categorical factors such as seroconversion

rate, seroprotection rate, and incidences of AEs were compared

using a chi-square test or Fisher’s exact test. Statistical analyses
were performed with SPSS Statistics 17.0 (SPSS Inc., Chicago,
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