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Influenza virus vaccination is recommended for children, but so far, active vaccination has not been achieved because most par-
ents lack knowledge of vaccine safety and many doctors are reluctant to administer vaccine due to concerns that steroids might
alter immunogenicity. The aim of this study was to compare the immunogenicity and safety of inactivated trivalent split influ-
enza virus vaccine between children with recurrent wheezing and healthy children of the same age group. Sixty-eight healthy
children and 62 children with recurrent wheezing took part in this study. Seroconversion rates, seroprotection rates, geometric
mean titers (GMTs), and geometric mean titer ratios (GMTRs) were measured by a hemagglutination inhibition assay for the
assessment of immunogenicity. Solicited and unsolicited local and systemic adverse events were measured for the assessment of
safety. Regarding immunogenicity, the seroconversion and seroprotection rates showed no difference overall between healthy
children and children with recurrent wheezing. Also, no difference was observed between steroid-treated and nontreated groups
with recurrent wheezing. Generally, the GMTs after vaccination were higher in the one-dose vaccination groups for healthy chil-
dren and children with recurrent wheezing, but the GMTRs revealed different results according to strain in the two groups. Re-
garding safety, solicited local and systemic adverse events showed no differences between healthy children and children with
recurrent wheezing. This study demonstrates that inactivated split influenza virus vaccine is able to induce protective immune
responses in healthy children, as observed in previous studies, as well as in children with recurrent wheezing who require fre-
quent steroid treatment.

Influenza activity peaks from early winter to the following spring
season, due to dry climates with wide temperature ranges.

Therefore, influenza virus vaccination in early autumn is recom-
mended for the development of protective immunity before the
start of the winter influenza season. Young children under 3 years
of age are at increased risk for acute viral respiratory infections and
high influenza morbidity levels during the influenza season. Espe-
cially in infancy, wheezing frequently is associated with respira-
tory viral infections and allergy; about 20% of these children have
recurrent wheezing episodes and might become asthmatic pa-
tients (1–3). Therefore, influenza virus vaccination is strongly rec-
ommended for children under 3 years of age during the peak in-
fluenza season (4–7). However, vaccination rates are low among
children with recurrent wheezing, due to frequent hospital visits
and hospitalizations. Some parents and physicians have the mis-
conception that vaccination might aggravate wheezing illnesses.
Also, doctors are reluctant to recommend influenza virus vacci-
nation for children taking steroids, due to the lack of knowledge
about influenza virus vaccine effectiveness and prescription infor-
mation for the influenza virus vaccine that states that immuno-
suppressive agents might decrease immune responses (8). Such
perceptions might cause incomplete or delayed vaccination
among children with recurrent wheezing.

Therefore, the aim of this study was to compare the immuno-
genicity and safety of inactivated trivalent split influenza virus
vaccine (TIV) between young children with recurrent wheezing
and healthy children of the same age group. This study was de-
signed to improve vaccination coverage and to recommend vac-
cination actively and at appropriate times for these infants.

MATERIALS AND METHODS
Study design and subjects. This study was a phase 4, multicenter, open-
label study to evaluate the immunogenicity and safety of inactivated tri-
valent split influenza virus vaccine in 62 children with recurrent wheezing
and in 68 healthy children from 6 months to 3 years of age. Children who
were born by normal delivery with a birth history of gestational age of
more than 37 weeks were eligible for enrollment. Recurrent wheezing was
defined as �2 reports in the first year of life. The duration of enrollment
was a total of 5 months between September 2011 and January 2012. Vac-
cine-naive children received two doses of TIV, and previously vaccinated
children received 1 dose. Children who received two doses had 2 visits for
influenza virus vaccination followed by 1 visit for blood sampling 28 days
after the second dose. To evaluate reactogenicity, parents were contacted
twice by telephone, between the first and second visits and between the
second and third visits. Children who received 1 dose had 1 visit for in-
fluenza virus vaccination followed by 1 visit for blood sampling 28 days
after vaccination. Parents also were contacted once by telephone between
the first and second visits. Before participation in the study, we obtained
written informed consent from parents or legally acceptable representa-
tives, after informing them of the aim and background of this study. The
study was conducted according to the Helsinki Declaration. This study
protocol was approved by the institutional review boards of the United
Catholic Medical Center, Seoul, South Korea, and each study center. Chil-
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dren who had received influenza virus vaccine within the preceding 6
months, who had acute, chronic, or congenital disease, or who had a
history of hypersensitivity to eggs or egg proteins were excluded. We also
excluded children who had received prednisolone at more than 20 mg per
day or more than 2 mg/kg for 2 weeks or more continually. However,
children who had received less than 20 mg prednisolone per day or 0.5 to
1.0 mg/kg for less than 2 weeks continually and those who were being
treated with topical or inhalation treatment were included.

Vaccine. The study vaccine was prepared in embryonated chicken
eggs with standard inactivated vaccine techniques that are used for the
production of seasonal trivalent inactivated vaccine. It was a purified split
vaccine (GC Flu; manufactured by Green Cross Company in South
Korea), including 7.5 �g each of hemagglutinin antigens against
A/California(H1N1), A/Perth(H3N2), and B/Brisbane influenza virus
strains, in a 0.25-ml prefilled syringe, as recommended for the northern
hemisphere by WHO in 2011 to 2012. It was administered by intramus-
cular injection on the anterolateral border of the thigh or deltoid site,
depending on the patient’s age.

Immunogenicity assessment. Blood samples were obtained before
the first dose of vaccine and 28 days after the last dose. Approximately 3-
to 5-ml blood samples were collected aseptically. These samples were cen-
trifuged, and supernatant serum was apportioned into 0.5-ml aliquots for
storage. Antibody responses were measured by hemagglutination inhibi-
tion (HI) assays, according to established procedures (9, 10) and with the
use of guinea pig erythrocytes, at the Vaccine-Bio Institute of the Catholic
University of Korea in Seoul. Before the HI assay, we performed validated
screening HI assays of serum samples from 35 healthy children using fowl
(chicken and turkey) red blood cells (RBCs) and guinea pig RBCs. The HI
assay with guinea pig RBCs showed more-positive results for the H3N2
strain and similar results for the H1N1 and B strains. As the result, we
conducted the HI assay of our study with guinea pig RBCs (the percentage
of guinea pig RBCs was 0.75%). The primary immunogenicity endpoint
was the percentage of subjects with antibody titers of 1:40 or more in HI
assays (seroprotection rate). The secondary immunogenicity endpoints
were the percentage of subjects with seroconversion (a prevaccination
titer of less than 1:10 with a postvaccination antibody titer of 1:40 or more
or a prevaccination titer of 1:10 or more with a �4-fold increase in anti-
body titer), the geometric mean titer (GMT), and the geometric mean
titer ratio (GMTR) (i.e., the geometric mean of the postvaccination/pre-
vaccination titer ratio).

Safety assessment. Solicited local and systemic adverse events up to 6
days and unsolicited adverse events up to 28 days were reported using
diary cards recorded by legal representatives. The severity of adverse
events was measured on a scale of 0 to 4. Pain at the site of injection was
graded as follows: grade 0, no pain or tenderness; grade 1, no limitation of
activities; grade 2, limitation of activities or need for nonnarcotic analge-
sics; grade 3, limitation of daily life or need for narcotic analgesics; grade 4,
hospitalization required. The severity of erythema and swelling was
graded as follows: grade 0, no reaction; grade 1, �2.5 cm; grade 2, �5.0
cm; grade 3, �5.0 cm; grade 4, necrosis. The severity of fever was graded as
follows: grade 0, �38.0°C; grade 1, 38.0 to 38.4°C; grade 2, 38.5 to 38.9°C;
grade 3, 39.0 to 40°C; grade 4, �40°C. The severity of other adverse events
was graded as follows: grade 1, no limitation of activities; grade 2, limita-
tion of activities; grade 3, unable to carry out daily life; grade 4, hospital-
ization required. Unsolicited adverse events were graded into 3 groups,
i.e., mild, moderate, and severe.

Statistical analysis. The primary objective of this study was to dem-
onstrate that the lower boundary of the two-sided 95% confidence inter-
val (CI) for the percentage of subjects achieving seroconversion for HI
antibody met or exceeded 40% and the lower boundary of the two-sided
95% CI for the percentage of subjects achieving HI antibody titers of
�1:40 met or exceeded 70% in both groups. The immunogenicity and
safety endpoint analyses were descriptive, with calculation of two-sided
95% CIs. For dichotomous variables, 95% CIs were calculated with the
exact method for proportions. GMTs and 95% CIs were calculated using

the means and lower and upper limits of the 95% CIs of log-transformed
titers. Significant differences in the distribution of variables between
healthy children and children with recurrent wheezing were estimated
with the chi-square test or Fisher’s exact test for categorical variables and
Student’s t test for quantitative variables. A bilateral P value of �0.05 was
considered a significant result. Statistical analyses were performed using
SPSS version 15.0 (SPSS Inc., Chicago, IL).

RESULTS
Study subjects. Overall, 68 healthy children and 62 children with
recurrent wheezing were enrolled and included in the final analy-
sis. Of all healthy children, 33 (48.53%) were male and 35
(51.47%) were female. Of all children with recurrent wheezing, 39
(62.90%) were male and 23 (37.10%) were female. The mean age
of the healthy children was 0.91 � 0.71 years and that of the chil-
dren with recurrent wheezing was 1.21 � 0.79 years. Children
with recurrent wheezing had a greater proportion in the 2- to
3-year age group and greater mean age, height, and weight (Table
1). Influenza virus vaccination rates in the previous influenza sea-
son were similar for the two groups, as follows: healthy children,
28 children (41.2%); children with recurrent wheezing, 24 chil-
dren (38.7%). The number of children who had received steroid
treatment was 33 (53.2%) (Table 1).

Immunogenicity. The rates of seroconversion against the
A/California(H1N1) strain were 69.12% for healthy children and
66.13% for children with recurrent wheezing. Both groups met
the immunogenicity criterion of a seroconversion rate above 40%,
and there was no difference between the two groups. The overall
seroprotection rates were 75.53% for healthy children and 74.19%
for children with recurrent wheezing, which were sufficient. The
GMTs for preimmunization and postimmunization sera of chil-
dren with recurrent wheezing were higher than those for the sera
of healthy children, but the GMTR for healthy children was higher
than that for children with recurrent wheezing. The rates of sero-
conversion against the A/Perth(H3N2) strain were 80.88% for
healthy children and 74.19% for children with recurrent wheez-
ing. The seroprotection rates were 83.82% for healthy children
and 77.42% for children with recurrent wheezing. The GMTs be-

TABLE 1 Demographic and baseline characteristics of the healthy
children and the children with recurrent wheezing

Characteristic
Healthy children
(N � 68)

Children with recurrent
wheezing (N � 62)

Gender (n [%[)
Male 33 (48.53) 39 (62.90)
Female 35 (51.47) 23 (37.10)

Age (mean � SD) (yr) 0.91 � 0.71 1.21 � 0.79a

Age group (n [%])
6 mo to �1 yr 20 (29.41) 14 (22.58)
1 yr to �2 yr 34 (50.00) 21 (33.87)
2 yr to �3 yr 14 (20.51) 27 (43.55)b

Height (mean � SD) (cm) 81.50 � 7.42 84.59 � 7.38
Weight (mean � SD) (kg) 11.14 � 2.07 11.91 � 2.06
One-dose vaccination (n [%]) 28 (41.2) 24 (38.7)
Two-dose vaccination (n [%]) 40 (58.8) 38 (61.3)
Steroid-treated cases (n [%]) 0 (0.00) 33 (53.2)
a P � 0.0251.
b P � 0.0184 (calculated with the chi-square test).
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fore and after vaccination were higher for healthy children, but
overall the GMTR was higher for children with recurrent wheez-
ing than for healthy children. In addition, the rates of seroconver-
sion against the B/Brisbane strain were 61.76% for healthy chil-
dren and 61.29% for children with recurrent wheezing. The
seroprotection rates were 75.53% for healthy children and 70.97%
for children with recurrent wheezing. The GMTRs were 2.94 for
healthy children and 3.43 for children with recurrent wheezing
(Table 2).

Among children with recurrent wheezing, 33 children had re-
ceived low-dose steroid treatment and 29 children had not been
exposed to steroids. In a comparison of the two groups, the rate of
seroconversion against the A/California(H1N1) strain for chil-
dren receiving steroids was 69.70% and that for children who had
not received steroids was 62.07%. The seroprotection rates were
75.76% and 72.41% and the GMTRs were 6.91 and 7.74, respec-
tively. The rates of seroconversion against the A/Perth(H3N2)
strain were 78.99% for the children receiving steroids and 68.97%
for the other children. The seroprotection rates were 78.79% and
75.86% and the GMTRs were 19.72 and 18.81, respectively. In
addition, the rates of seroconversion against the B/Brisbane strain
were 54.55% for children receiving steroids and 68.97% for the
remaining children. The seroprotection rates were 63.64% and
79.31%, respectively. Children who had not received steroids
seemed to show greater immune responses, but no significant dif-
ference was observed. The GMTRs were similar for the two groups
(Table 3).

Subgroup analysis according to previous influenza virus vacci-
nation history was performed. Twenty-eight healthy children and
24 children with recurrent wheezing received one dose, and 40
healthy children and 38 children with recurrent wheezing received
two doses. For healthy children, the rate of seroprotection against
the A/California(H1N1) strain was significantly higher for the
one-dose subgroup. In addition, preimmunization and postim-

munization GMTs were higher for the one-dose subgroup but the
GMTR was higher for the two-dose group. Similarly, for children
with recurrent wheezing, the GMT was higher but the GMTR was
lower for the one-dose subgroup. Preimmunization and postim-
munization GMTs against the A/Perth(H3N2) strain were signif-
icantly higher for the one-dose subgroup of healthy children.
However, preimmunization and postimmunization GMTs were
higher for the two-dose subgroup of children with recurrent
wheezing. The rates of seroprotection against the B/Brisbane
strain were higher for the one-dose subgroups of healthy children
and children with recurrent wheezing. In addition, preimmuniza-
tion and postimmunization GMTs were higher for the one-dose
subgroups of healthy children and children with recurrent wheez-
ing, but no difference in GMTRs was observed between the sub-
groups (Table 4).

A comparison of antibody responses between healthy children
and steroid-treated children with recurrent wheezing, according
to previous influenza virus vaccination history, showed the fol-
lowing: in the group with previous influenza virus vaccinations,
there were no differences in the rates of seroconversion and sero-
protection against all strains. The GMTR against the
A/California(H1N1) strain was higher in healthy children, but the
GMTR against the A/Perth(H3N2) strain was higher in steroid-
treated children. In the group without prior influenza virus vacci-
nations, there were no differences in the rates of seroconversion
and seroprotection against all strains but the rate of seroprotec-
tion against the B/Brisbane strain was below 70% in both sub-
groups (67.50% for healthy children and 54.55% for steroid-
treated children). The GMTR against the A/California(H1N1)
strain was higher in healthy children, but the GMTR against the
A/Perth(H3N2) strain was higher in steroid-treated children
(Table 5).

Safety. Of the healthy children, 29.41% were reported to have
solicited local adverse events, including tenderness, pain, redness,

TABLE 2 Immunogenicity in both groups

Influenza strain and immunogenicity
endpointa Healthy children (N � 68)

Children with recurrent
wheezing (N � 62) P

A/California(H1N1)
Seroconversion (n [% (95% CI)]) 47 (69.12 [58.14–80.10]) 41 (66.13 [54.35–77.91]) 0.7159
Seroprotection (n [% (95% CI)]), day 28 50 (75.53 [63.04–84.02]) 46 (74.19 [63.30–85.09]) 0.9314
GMT (95% CI), day 0 2.94 (1.80–4.54) 5.93 (3.56–9.53)
GMT (95% CI), day 28 52.91 (40.45–69.12) 56.37 (38.89–81.31)
GMTR 12.69 7.28 �0.0001

A/Perth(H3N2)
Seroconversion (n [% (95% CI)]) 55 (80.88 [71.54–90.23]) 46 (74.19 [63.30–85.09]) 0.3602
Seroprotection (n [% (95% CI)]), day 28 57 (83.82 [75.07–92.58]) 48 (77.42 [67.01–87.83]) 0.3548
GMT (95% CI), day 0 3.96 (2.43–6.15) 1.95 (1.01–3.32)
GMT (95% CI), day 28 62.29 (46.30–83.68) 58.84 (42.40–81.51)
GMTR 11.77 19.29 �0.0001

B/Brisbane
Seroconversion (n [% (95% CI)]) 42 (61.76 [50.21–73.32]) 38 (61.29 [49.17–73.41]) 0.7443
Seroprotection (n [% (95% CI)]), day 28 50 (75.53 [63.04–84.02]) 44 (70.97 [59.67–82.27]) 0.7444
GMT (95% CI), day 0 11.78 (9.38–14.73) 9.12 (6.66–12.38)
GMT (95% CI), day 28 49.35 (40.17–60.59) 43.88 (35.76–53.79)
GMTR 2.94 3.43 0.1777

a Seroconversion was defined as a prevaccination antibody titer of �1:10 and a postvaccination titer of �1:40. Seroprotection was defined as a postvaccination antibody titer of �1:
40. CI, confidence interval; GMTR, geometric mean of post- to prevaccination titer ratios; GMT, geometric mean titer.
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and swelling (in order of frequency). Solicited local adverse events
were reported by 20.97% of the children with recurrent wheezing
(in the same order as described above). The healthy children were
frequently reported to have local adverse events, but no difference
was observed between the two groups. There also was no differ-
ence in grade 2 adverse events between the two groups. Of the
healthy children, 26.47% were reported to have solicited systemic
adverse events, including fatigue, drowsiness, fever, myalgia,
headache, shivering, and arthralgia (in order of frequency). Of the
children with recurrent wheezing, 20.97% were also reported to
have solicited systemic adverse events, including fever, fatigue,
headache, drowsiness, sweating, shivering, and myalgia (in order
of frequency), while arthralgia was not reported. In healthy chil-

dren, fatigue and drowsiness were more common. The drowsiness
incidence was higher for healthy children. However, no differ-
ences were observed for drowsiness over grade 2 (Table 6). All
local or systemic adverse events spontaneously resolved within 3
days, and no cases of aggravation of wheezing or respiratory symp-
toms after influenza virus vaccination were confirmed in children
with recurrent wheezing.

DISCUSSION

Nonatopic wheezing is a transient symptom that might be re-
lated to respiratory viral infections in young infants and might
spontaneously disappear after they grow up. Atopic wheezing
is a recurrent symptom with a greater risk of becoming asthma

TABLE 3 Comparison of immunogenicity between steroid-treated and nontreated groups of young children with recurrent wheezing

Influenza strain and immunogenicity
endpointa Steroid-treated group (N � 33)

Non-steroid-treated group
(N � 29) P

A/California(H1N1)
Seroconversion (n [% (95% CI)]) 23 (69.70 [54.02–85.38]) 18 (62.07 [44.31–79.73]) 0.5266
Seroprotection (n [% (95% CI)]), day 28 25 (75.76 [61.14–90.38]) 21 (72.41 [56.15–88.68]) 0.7640
GMT (95% CI), day 0 6.29 (3.02–12.24) 5.53 (2.50–11.18) 0.4870
GMT (95% CI), day 28 56.67 (33.05–96.67) 56.04 (32.88–95.05) 0.4430
GMTR 6.91 7.74 0.3901

A/Perth(H3N2)
Seroconversion (n [% (95% CI)]) 26 (78.99 [64.84–92.74]) 20 (68.97 [52.13–85.80]) 0.3378
Seroprotection (n [% (95% CI)]), day 28 26 (78.79 [64.84–92.74]) 22 (75.86 [60.29–91.44]) 0.7834
GMT (95% CI), day 0 1.70 (0.65–3.41) 2.27 (0.75–5.11) 0.5455
GMT (95% CI), day 28 54.87 (34.51–86.91) 63.71 (38.96–103.79) �0.0001
GMTR 19.72 18.81 0.4671

B/Brisbane
Seroconversion (n [% (95% CI)]) 18 (54.55 [37.56–71.53]) 20 (68.97 [52.13–85.80]) 0.2448
Seroprotection (n [% (95% CI)]), day 28 21 (63.64 [47.72–80.05]) 23 (79.31 [64.57–94.05]) 0.1749
GMT (95% CI), day 0 7.69 (4.75–12.12) 11.04 (7.19–16.70) �0.0001
GMT (95% CI), day 28 37.85 (28.88–49.50) 51.89 (37.77–71.15) �0.0001
GMTR 3.47 3.39 0.8766

a Seroconversion was defined as a prevaccination antibody titer of �1:10 and a postvaccination titer of �1:40. Seroprotection was defined as a postvaccination antibody titer of �1:
40. CI, confidence interval; GMTR, geometric mean of post- to prevaccination titer ratios; GMT, geometric mean titer.

TABLE 4 Comparison of antibody responses with one-dose vaccination and two-dose vaccination in both groups

Influenza strain and antibody responsea

Healthy children Children with recurrent wheezing

One-dose group
(N � 28)

Two-dose group
(N � 40) P

One-dose group
(N � 24)

Two-dose group
(N � 38) P

A/California(H1N1)
Seroconversion (n [% (95% CI)]) 22 (78.57 [63.37–93.77]) 25 (62.50 [47.50–77.50]) 0.1580 16 (66.67 [47.81–85.23]) 25 (65.79 [50.71–80.87]) 0.9433
Seroprotection (n [% (95% CI)]), day 28 25 (89.29 [77.83–100]) 25 (62.50 [47.50–77.50]) 0.0137 21 (87.50 [74.27–100]) 25 (65.79 [50.71–80.87]) 0.0570
GMT (95% CI), day 0 7.01 (3.71–11.63) 1.39 (0.62–2.55) �0.0001 13.31 (6.61–25.92) 3.38 (1.60–6.39) �0.0001
GMT (95% CI), day 28 78.50 (56.01–109.87) 40.07 (27.39–58.42) �0.0001 98.72 (64.12–151.71) 39.47 (23.39–66.15) �0.0001
GMTR (95% CI) 8.92 (4.35–17.4) 16.15 (9.51–27.00) �0.0001 5.97 (2.73–12.03) 8.24 (4.61–14.21) 0.0155

A/Perth(H3N2)
Seroconversion (n [% (95% CI)]) 23 (82.14 [67.96–96.33]) 32 (80.00 [67.60–92.40]) 0.8250 16 (66.67 [47.81–85.23]) 30 (78.95 [65.98–91.91]) 0.2817
Seroprotection (n [% (95% CI)]), day 28 24 (85.71 [72.75–98.68]) 33 (82.50 [70.72–94.28]) 1.0000 17 (70.83 [52.65–89.02]) 31 (81.58 [69.25–93.90]) 0.3243
GMT (95% CI), day 0 10.16 (5.92–17.02) 1.81 (0.77–3.46) �0.0001 3.64 (1.60–7.30) 1.22 (0.34–2.66) 0.0079
GMT (95% CI), day 28 75.17 (44.75–125.79) 54.60 (37.90–78.48) �0.0001 41.64 (27.64–62.47) 73.13 (45.77–116.51) �0.0001
GMTR (95% CI) 5.82 (3.90–8.51) 18.81 (12.00–29.17) �0.0001 8.18 (4.45–14.48) 32.47 (18.37–56.82) �0.0001

B/Brisbane
Seroconversion (n [% (95% CI)]) 19 (67.86 [50.56–85.16]) 23 (57.50 [42.18–77.82]) 0.3871 16 (66.67 [47.81–85.23]) 22 (57.89 [42.20–73.59]) 0.4898
Seroprotection (n [% (95% CI)]), day 28 23 (82.14 [67.96–96.33]) 27 (67.50 [59.28–82.02]) 0.1780 21 (87.50 [74.27–100]) 23 (60.53 [44.98–76.07]) 0.0227
GMT (95% CI), day 0 15.08 (11.20–20.18) 9.88 (7.09–13.63) �0.0001 14.87 (9.85–22.22) 6.62 (4.26–10.03) �0.0001
GMT (95% CI), day 28 59.73 (43.97–80.99) 43.16 (32.59–57.06) �0.0001 61.31 (43.48–86.28) 35.48 (27.86–45.10) �0.0001
GMTR (95% CI) 2.78 (1.85–4.01) 3.06 (1.97–4.54) 0.3992 2.93 (1.86–4.39) 3.79 (2.15–6.28) 0.0769

a CI, confidence interval; GMTR, geometric mean of post- to prevaccination titer ratios; GMT, geometric mean titer.
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(11) because of bronchial hyper-responsiveness. As children
with recurrent wheezing frequently receive steroid treatment and
therefore are at risk to acquire viral respiratory infections, it is
highly recommended that they be vaccinated with influenza virus
vaccine (12). In reality, however, these children frequently receive
delayed vaccination or even miss vaccination, and some studies

reported that these populations should be closely monitored for
timely vaccination (13).

The average age of children with recurrent wheezing was older
than that of healthy children, and the average age of vaccine-naive
children with recurrent wheezing was older than that of vaccine-
naive healthy children (Table 1). We can assume a tendency for
delayed influenza virus vaccination in children with recurrent
wheezing.

There is no absolute standardized criterion to evaluate the im-
munogenicity of influenza virus vaccines. However, the HI assay
commonly is used to assess vaccine immunogenicity by measuring
serum HI antibody titers against the three influenza virus vaccine
strains and to evaluate postvaccination seroconversion rates, se-
roprotection rates, and GMTs, including GMTRs (14–16). Spe-
cific antibodies against hemagglutinin of influenza virus offer pro-
tective immunity, and those antibodies produced by B cells are T
cell dependent (17). Therefore, antibody responses to influenza
virus vaccines decrease in cases of alterations in the interactions
between T cell and B cell immunity. Decreased helper T cell func-
tion alters overall immune responses (18, 19) and, as steroids are
considered to affect T cell immunity, some experts assume that
steroid treatment decreases vaccine immunogenicity (20). In that
context, this study was carried out. There are reports that tempo-
rary treatment with high-dose steroids for asthmatic patients does
not influence immunogenicity (21, 22), as reported for long-term
steroid therapy (23, 24). Moreover, another study demonstrated
that steroids did not influence the immunogenicity of influenza
virus vaccination, and aggravation of asthmatic symptoms was
not noted after vaccination among asthmatic children (8, 25, 26).
According to these study results, the Committee on Infectious
Diseases of the American Academy of Pediatrics strongly recom-
mends timely vaccination for these children before the winter in-
fluenza season, with the exception of allowing delayed vaccination
during the time of receipt of high-dose corticosteroids as long as

TABLE 5 Comparison of antibody responses according to previous influenza virus vaccination history for healthy children and steroid-treated
children with recurrent wheezing

Influenza strain and antibody
responsea

Group with previous vaccination (one-dose group) Group without previous vaccination (two-dose group)

Healthy children
(N � 28)

Steroid-treated
children (N � 11) P

Healthy children
(N � 40)

Steroid-treated children
(N � 22) P

A/California (H1N1)
Seroconversion (n [% (95% CI)]) 22 (78.57 [63.37–93.77]) 8 (72.73 [46.41–99.05]) 0.6927 25 (62.50 [47.50–77.50]) 15 (68.18 [48.72–87.65]) 0.6546
Seroprotection (n [% (95% CI)]),

day 28
25 (89.29 [77.83–100]) 10 (90.91 [73.92–100]) 1.0000 25 (62.50 [47.50–77.50]) 15 (68.18 [48.72–87.65]) 0.6546

GMT (95% CI), day 0 7.01 (3.71–12.63) 18.03 (7.07–45.18) �0.0001 1.39 (0.62–2.55) 3.48 (1.15–8.36) 0.0427
GMT (95% CI), day 28 78.50 (56.01–109.87) 110.49 (55.14–220.42) �0.0001 40.07 (27.39–58.42) 40.47 (19.50–82.92) 0.6599
GMTR (95% CI) 8.92 (4.35–17.40) 4.78 (2.27–9.20) �0.0001 16.15 (9.51–27.00) 8.25 (3.76–16.97) �0.0001

A/Perth (H3N2)
Seroconversion (n [% (95% CI)]) 23 (82.14 [67.96–96.33]) 8 (72.73 [46.41–99.05]) 0.6632 32 (80.00 [67.60–92.40]) 18 (81.82 [65.70–97.94]) 1.0000
Seroprotection (n [% (95% CI)]),

day 28
24 (85.71 [72.75–98.68]) 8 (72.73 [46.41–99.05]) 0.3791 33 (82.50 [70.72–94.28]) 18 (81.82 [65.70–97.94]) 1.0000

GMT (95% CI), day 0 10.16 (5.92–17.02) 3.88 (1.08–10.45) �0.0001 1.81 (0.77–3.46) 1.00 (0.09–2.69) 0.3368
GMT (95% CI), day 28 75.17 (44.75–125.79) 45.92 (23.14–90.20) �0.0001 54.56 (37.90–78.48) 59.96 (31.56–113.12) �0.0001
GMTR (95% CI) 5.82 (3.90–8.51) 8.62 (4.74–15.13) �0.0001 18.81 (12.00–29.17) 29.41 (15.82–53.95) �0.0001

B/Brisbane
Seroconversion (n [% (95% CI)]) 19 (67.86 [50.56–85.16]) 7 (63.64 [35.21–92.06]) 1.0000 23 (57.50 [42.18–77.82]) 11 (50.00 [29.11–70.89]) 0.5702
Seroprotection (n [% (95% CI)]),

day 28
23 (82.14 [67.96–96.33]) 9 (81.82 [59.03–100]) 1.0000 27 (67.50 [59.28–82.02]) 12 (54.55 [33.74–75.35]) 0.3123

GMT (95% CI), day 0 15.08 (11.20–20.18) 11.68 (5.14–25.19) 0.0001 9.88 (7.09–13.63) 6.19 (3.26–11.13) �0.0001
GMT (95% CI), day 28 59.73 (43.99–80.99) 51.85 (29.62–90.23) �0.0001 43.16 (32.59–57.06) 32.30 (23.77–43.77) �0.0001
GMTR (95% CI) 2.78 (1.85–4.01) 3.17 (1.40–6.25) 0.4618 3.06 (1.97–4.54) 3.63 (1.62–7.19) 0.3605

a CI, confidence interval; GMTR, geometric mean of post- to prevaccination titer ratios; GMT, geometric mean titer.

TABLE 6 Solicited adverse events within 7 days after vaccination in
both groups

Solicited adverse
reaction

No. (%) experiencing an adverse event

Healthy children
(N � 68)

Children with recurrent
wheezing (N � 62)

Any event
Grade �2
event Any event

Grade �2
event

Local
Tenderness 16 (23.53) 0 10 (16.13) 0
Pain 15 (22.06) 0 10 (16.13) 1
Redness 4 (5.88) 0 3 (4.84) 1
Swelling 2 (2.94) 0 1 (1.61) 0

Subtotal 20 (29.41) 0 13 (20.97) 2

Systemic
Fever 9 (13.24) 9 (13.24) 8 (12.90) 8 (12.90)
Fatigue 11 (16.18) 1 (1.47) 5 (8.06) 0 (0.00)
Drowsiness 10 (14.71)a 1 (1.47) 2 (3.23) 0 (0.00)
Sweating 5 (7.35) 2 (2.94) 2 (3.23) 1 (1.61)
Headache 3 (4.41) 0 (0.00) 3 (4.84) 0 (0.00)
Myalgia 4 (5.88) 0 (0.00) 1 (1.61) 0 (0.00)
Shivering 1 (1.47) 1 (1.47) 2 (3.23) 1 (1.61)
Arthralgia 1 (1.47) 0 (0.00) 0 (0.00) 0 (0.00)

Subtotal 18 (26.47) 9 (13.24) 13 (20.97) 8 (12.90)
a P � 0.0239 (calculated with the chi-square test).
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the likelihood of immunization before the start of the influenza
season is not compromised (27).

Our study participants who were children with recurrent
wheezing had more than two wheezing episodes during their first
year of life. The average number was more than four. During this
period, the children received inhaled or systemic steroid treat-
ment more than 3 times. According to the study design, we ex-
cluded only children receiving long-term high-dose steroid treat-
ment and those with acute fever; other children receiving steroids
and those with wheezing symptoms were vaccinated. Generally
for the pediatric population, the requirements are that the lower
boundary of the two-sided 95% CI for the percentage of subjects
achieving seroconversion for the HI antibody should meet or ex-
ceed 40% and the lower boundary of the two-sided 95% CI for the
percentage of subjects achieving protective levels should meet or
exceed 70% (28, 29). Both healthy children and children with
recurrent wheezing sufficiently met these immunogenicity criteria
(Table 2). The results showed that there was no difference between
the two groups. Also, no difference in vaccine immunogenicity
against vaccine strains between the steroid-treated and nontreated
groups of children with recurrent wheezing was observed (Table
3). Previous studies have shown that young children tend to show
lower immunogenicity for B strains than for A strains after influ-
enza virus vaccination (30, 31). In our study, lower immunoge-
nicity for the B strain (lower GMTR) also was demonstrated, sim-
ilar to the aforementioned results (Tables 2 and 3). The rate of
seroprotection against the B strain in the steroid-treated group
was below 70%, but there was no statistically significant difference
(Table 3). This result is similar to reports that the antibody re-
sponse against the B strain in the steroid-treated group is lower
than that in the non-steroid-treated group (32–34) but is in con-
trast to the research of Park et al. indicating that the antibody
response against the B strain in asthmatic patients who receive
steroid treatment is higher (25).

The immunogenicity of one-dose versus two-dose vaccination
was evaluated in both groups. For healthy children, rates of sero-
protection against the H1N1 and B strains were higher in the
one-dose subgroup, and preimmunization and postimmuniza-
tion GMTs against all vaccine strains were higher in the one-dose
subgroup. The results were similar for children with recurrent
wheezing except that the two-dose subgroup showed higher
postimmunization GMTs against A/Perth(H3N2), like healthy
children (Table 4), a trend that was not observed in an overall
comparison of healthy children and children with recurrent
wheezing (Table 2). The aforementioned results suggest that im-
mune responses after influenza virus vaccination might be more
active in the one-dose subgroup, because of older age, previous
vaccination, and greater possibility of natural exposure. In a suba-
nalysis according to previous influenza virus vaccination history,
seroconversion and seroprotection rates and GMTRs showed no
difference between healthy children and steroid-treated children
with recurrent wheezing, except that rates of seroprotection
against the B strain were below 70% for the two-dose subgroups of
healthy and steroid-treated children (Table 5). These results sug-
gest that short-term low-dose steroid treatment might not influ-
ence influenza virus vaccine immunogenicity. We need to con-
sider that influenza virus vaccine immunogenicity might be
affected by exposure to natural infection sources. This study was
performed from autumn to the following early spring, during the
annual influenza season in the northern hemisphere. During the

study period, the first case of A(H3N2) influenza infection in
South Korea was reported in December 2011. Since then,
A(H1N1) influenza infection cases were continuously reported
but with a lower incidence than in the previous year. B strain
influenza spread widely across the nation in January and thereaf-
ter. Fortunately, the study closed before widespread infection
caused by B strains. Among the study participants, only 1 subject
fulfilled the clinical criteria of influenza-like illness. The patient
was confirmed to have B strain infection, received conservative
upper respiratory infection treatment in the outpatient clinic, and
recovered fully without complications. In conclusion, our study
demonstrates that inactivated TIV is able to induce protective im-
mune responses in healthy children, as observed in previous stud-
ies (35–37), as well as in children with recurrent wheezing.

Previous studies (36–38) reported that the split inactivated in-
fluenza virus vaccine appeared to be safe and well tolerated, and
adverse events generally were mild. There were no moderate-to-
severe adverse events in either group in the study. The incidences
of solicited local and systemic reactions and the incidences of ad-
verse events of grade �2 showed no differences between the two
groups.

This study has several limitations. First, the number of patients
who participated in each cohort was small. A key characteristic of
influenza virus vaccination is that it is mostly performed within a
short period preceding seasonal outbreaks, unlike other vaccina-
tions that are performed perennially, which limits the overall ac-
crual of patients. Another concern is the lack of a placebo-treated
patient group in our study design. However, the efficacy of influ-
enza virus vaccination in healthy children is well established, pre-
cluding the need for additional placebo trials in our study. Our
main objective in this study was to confirm comparable vaccine
efficacy and safety between children with recurrent wheezing and
healthy children. The two cohorts in our study were chosen with
this objective in mind.

This study demonstrated that the immunogenicity and safety
of inactivated trivalent split influenza virus vaccine are promising
even among young children (under 3 years of age) with recurrent
wheezing who have frequent wheezy respiratory symptoms or re-
ceive short-term low-dose steroid treatment, with immunogenic-
ity similar to that found in healthy children of the same age. We
hope that our study results are helpful for parents and physicians
with regard to influenza virus vaccination.

ACKNOWLEDGMENTS

We thank very much the family members of the patients, the research
workers, and all others involved for taking part in this study.

REFERENCES
1. Kuikka L, Reijonen T, Remes K, Korppi M. 1994. Bronchial asthma after

early childhood wheezing: a follow-up until 4.5– 6 years of age. Acta Pae-
diatr. 83:744 –748.

2. Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M, Mor-
gan WJ, Group Health Medical Associates. 1995. Asthma and wheezing
in the first six years of life. N. Engl. J. Med. 332:133–138.

3. Yuksel H, Sakar A, Dinc G, Yilmaz O, Gozmen S, Yorgancioglu A,
Ozcan C. 2007. The frequency of wheezing phenotypes and risk factors for
persistence in Aegean region of Turkey. J. Asthma 44:89 –93.

4. Forster J. 2003. Influenza in children: the German perspective. Pediatr.
Infect. Dis. J. 22:S215–S217.

5. Ploin D, Liberas S, Thouvenot D, Fouilhoux A, Gillet Y, Denis A,
Chapuis F, Lina B, Floret D. 2003. Influenza burden in children newborn
to eleven months of age in a pediatric emergency department during the
peak of an influenza epidemic. Pediatr. Infect. Dis. J. 22:S218 –S222.

Bae et al.

816 cvi.asm.org Clinical and Vaccine Immunology

http://cvi.asm.org


6. Weigl JA, Puppe W, Schmitt HJ. 2002. The incidence of influenza-
associated hospitalizations in children in Germany. Epidemiol. Infect.
129:525–533.

7. Neuzil KM, Mellen BG, Wright PF, Mitchel EF, Jr, Griffin MR. 2000.
The effect of influenza on hospitalizations, outpatient visits, and courses
of antibiotics in children. N. Engl. J. Med. 342:225–231.

8. Fairchok MP, Trementozzi DP, Carter PS, Regnery HL, Carter ER.
1998. Effect of prednisone on response to influenza virus vaccine in asth-
matic children. Arch. Pediatr. Adolesc. Med. 152:1191–1195.

9. Hannoun C, Megas F, Piercy J. 2004. Immunogenicity and protective
efficacy of influenza vaccination. Virus Res. 103:133–138.

10. Song JY, Cheong HJ, Hwang IS, Choi WS, Jo YM, Park DW, Cho GJ,
Hwang TG, Kim WJ. 2010. Long-term immunogenicity of influenza
vaccine among the elderly: risk factors for poor immune response and
persistence. Vaccine 28:3929 –3935.

11. Piippo-Savolainen E, Korppi M. 2009. Long-term outcomes of early
childhood wheezing. Curr. Opin. Allergy Clin. Immunol. 9:190 –196.

12. Crawford NW, Bines JE, Royle J, Buttery JP. 2011. Optimizing immu-
nization in pediatric special risk groups. Expert Rev. Vaccines 10:175–186.

13. Ozkaya E, Cambaz N, Kolsuz LD, Aycan N, Calis S, Samanci N. 2011.
Vaccination coverage and risk factors for incomplete vaccination in chil-
dren with recurrent wheeze. Allergol. Immunopathol. (Madr.) 39:222–
227.

14. Keitel WA, Couch RB. 2002. Inactivated influenza vaccines, p 145–177.
In Potter CW (ed), Influenza. Elsevier Science, London, United Kingdom.

15. Palache AM. 1997. Influenza vaccines: a reappraisal of their use. Drugs
54:841– 856.

16. Potter CW, Oxford JS. 1979. Determinants of immunity to influenza in
man. Br. Med. Bull. 35:69 –75.

17. Virelizier JL, Postlethwaite R, Schild GC, Allison AC. 1974. Antibody
responses to antigenic determinants of influenza virus hemagglutinin. I.
Thymus dependence of antibody formation and thymus independence of
immunological memory. J. Exp. Med. 140:1559 –1570.

18. Halperin SA, Smith B, Mabrouk T, Germain M, Trépanier P, Hassell T,
Treanor J, Gauthier R, Mills EL. 2002. Safety and immunogenicity of
trivalent, inactivated, mammalian cell culture-derived influenza vaccine
in healthy adults, seniors, and children. Vaccine 20:1240 –1247.

19. Iorio AM, Altari A, Francisci D, Preziosi R, Neri M, Donatelli I,
Castrucci MR, Biasio LR, Tascini C, Iapoce R, Pierucci P, Baldelli F.
1997. Immunogenicity of influenza vaccine (1993-94 winter season) in
HIV-seropositive and -seronegative ex-intravenous drug users. Vaccine
15:97–102.

20. Ashwell JD, Lu FW, Vacchio MS. 2000. Glucocorticoids in T cell devel-
opment and function. Annu. Rev. Immunol. 18:309 –345.

21. Butler WT. 1975. Corticosteroids and immunoglobulin synthesis. Trans-
plant. Proc. 7:49 –53.

22. Claman HN. 1983. Glucocorticosteroids I: anti-inflammatory mecha-
nisms. Hosp. Pract. (Off. Ed.) 18:123–126, 131–134.

23. Longini IM, Jr, Halloran ME. 2005. Strategy for distribution of influenza
vaccine to high-risk groups and children. Am. J. Epidemiol. 161:303–306.

24. Bierman CW, Shapiro GC, Pierson WE, Taylor JW, Foy HM, Fox JP.
1977. Safety of influenza vaccination in allergic children. J. Infect. Dis.
136(Suppl):652– 655.

25. Park CL, Frank AL, Sullivan M, Jindal P, Baxter BD. 1996. Influenza
vaccination of children during acute asthma exacerbation and concurrent
prednisolone therapy. Pediatrics 98:196 –200.

26. Hanania NA, Sockrider M, Castro M, Holdbrook JT, Tonascia J, Wise
R, Atmar RL, American Lung Association Asthma Clinical Research
Centers. 2004. Immune response to influenza vaccination in children and
adults with asthma: effect of corticosteroid therapy. J. Allergy Clin. Immu-
nol. 113:717–724.

27. Committee on Infectious Diseases, American Academy of Pediatrics.
2009. Influenza, p 400 – 412. In Red Book. American Academy of Pediat-
rics, Elk Grove Village, IL.

28. Food and Drug Administration. 2007. Guidance for industry: clinical data
needed to support the licensure of pandemic influenza vaccines. Center for
Biologics Evaluation and Research, Food and Drug Administration, Rock-
ville, MD. http://www.fda.gov/downloads/BiologicsBloodVaccines/Guidanc
eComplianceRegulatoryInformation/Guidances/Vaccines/ucm091985.pdf.

29. European Agency for the Evaluation of Medicinal Products. 1997.
Note for guidance on harmonisation of requirements for influenza
vaccines. Publication CPMP/BWP/214/96. Committee for Proprietary
Medicinal Products, European Agency for the Evaluation of Medicinal
Products, London, United Kingdom. http://www.emea.europa
.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC
500003945.pdf.

30. Englund JA, Walter EB, Fairchok MP, Monto AS, Neuzil KM. 2005. A
comparison of 2 influenza vaccine schedules in 6- to 23-month-old chil-
dren. Pediatrics 115:1039 –1047.

31. Hoberman A, Greenberg DP, Paradise JL, Rockette HE, Lave JR,
Kearney DH, Colborn DK, Kurs-Lasky M, Haralam MA, Byers CJ,
Zoffel LM, Fabian IA, Bernard BS, Kerr JD. 2003. Effectiveness of
inactivated influenza vaccine in preventing acute otitis media in young
children: a randomized controlled trial. JAMA 290:1608 –1616.

32. Ochiai H, Shibata M, Kamimura K, Niwayama S. 1986. Evaluation of the
efficacy of split-product trivalent A (H1N1), A (H3N2) and B influenza
vaccines: protective efficacy. Microbiol. Immunol. 30:1151–1165.

33. Lambkin R, Oxford JS, Biao L, Al-Jabri A, Fleming D. 2000. Rapid
antibody response to influenza vaccination in an “at risk” group. Vaccine
18:2307–2311.

34. Kubiet MA, Gonzalez-Rothi RJ, Cottey R, Bender BS. 1996. Serum
antibody response to influenza vaccine in pulmonary patients receiving
corticosteroids. Chest 110:367–370.

35. Ruben FL. 2004. Inactivated influenza virus vaccines in children. Clin.
Infect. Dis. 38:678 – 688.

36. Kanra G, Marchisio P, Feiterna-Sperling C, Gaedicke G, Lazar H,
Durrer P, Kürsteiner O, Herzog C, Kara A, Principi N. 2004. Compar-
ison of immunogenicity and tolerability of a virosome-adjuvanted and a
split influenza vaccine in children. Pediatr. Infect. Dis. J. 23:300 –306.

37. Gonzalez M, Pirez MC, Ward E, Dibarboure H, García A, Picolet H.
2000. Safety and immunogenicity of a pediatric presentation of an influ-
enza vaccine. Arch. Dis. Child. 83:488 – 491.

38. Neuzil KM, Jackson LA, Nelson J, Klimov A, Cox N, Bridges CB, Dunn
J, DeStefano F, Shay D. 2006. Immunogenicity and reactogenicity of 1
versus 2 doses of trivalent inactivated influenza vaccine in vaccine-naive
5-8-year-old children. J. Infect. Dis. 194:1032–1039.

Influenza Vaccine in Recurrent Wheezing Children

June 2013 Volume 20 Number 6 cvi.asm.org 817

http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/ucm091985.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/ucm091985.pdf
http://cvi.asm.org

	Immunogenicity and Safety of an Inactivated Trivalent Split Influenza Virus Vaccine in Young Children with Recurrent Wheezing
	MATERIALS AND METHODS
	Study design and subjects.
	Vaccine.
	Immunogenicity assessment.
	Safety assessment.
	Statistical analysis.

	RESULTS
	Study subjects.
	Immunogenicity.
	Safety.

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


