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Objective Few prospective studies of inactivated split virion

influenza vaccine have been conducted in infants and children.

Our objective was to evaluate the safety, reactogenicity and

immunogenicity of a thimerosal-free inactivated influenza vaccine

(Fluvax�; CSL Limited, Parkville, Australia) in children aged

6 months to <9 years.

Methods A prospective, open-label, phase III clinical trial was

conducted in 298 healthy children previously unvaccinated with

influenza, commencing in the Southern Hemisphere 2005

autumn. Participants were divided into two groups (Group A:

‡6 months to <3 years; Group B: ‡3 years to <9 years), and

received two doses of the 2005 vaccine, and one dose of the 2006

vaccine one year later (Group A: 0Æ25 ml per dose; Group B:

0Æ5 ml per dose). Vaccine safety and reactogenicity was evaluated

for 30 days after each dose. Immunogenicity was assessed using

hemagglutination inhibition and single radial hemolysis assays.

Results There were no withdrawals due to adverse events (AEs).

The majority of solicited local and systemic AEs were of mild

severity. A maximum intensity of severe was reported for injection

site pain and fever by only 3Æ0% and 3Æ4% of participants,

respectively. The vaccine was immunogenic for all antigens, with

‡95% of both younger and older children achieving

seroprotection after dose 2.

Conclusions This thimerosal-free inactivated influenza vaccine

had a favorable safety profile and was immunogenic in children

aged ‡6 months and <9 years. Primary and booster vaccination

produced consistently immunogenic responses including in

children under 3 years of age receiving 0Æ25 ml doses of vaccine.

Keywords Immunogenicity, influenza vaccine, pediatrics, safety.

Please cite this paper as: Nolan et al. (2009) Safety and immunogenicity of an inactivated thimerosal-free influenza vaccine in infants and children. Influenza

and Other Respiratory Viruses 3(6), 315–325.

Introduction

Influenza is a significant public health problem,1–3 affecting

between 20% and 43% of the pediatric population during a

typical influenza season.4,5 The annual hospitalization rate

for laboratory-confirmed influenza is highest in children

younger than two years of age, and the mortality resulting

from influenza in infancy is second only to that in very

elderly patients.6 During influenza seasons, otherwise

healthy children are at increased risk for influenza-related

hospitalizations,4,7 influenza-related outpatient and emer-

gency department visits2,5,7 and an increased use of anti-

biotics and antipyretics.2,5 In addition, children are major

contributors to the spread of influenza infection in the

community because they shed influenza virus in greater

quantities and for longer durations than adults, and

because of contact patterns and behavior.3,8

The most effective strategy to prevent influenza and its

potentially serious complications is through annual vacci-

nation. The trivalent inactivated influenza vaccine, modi-

fied annually to reflect the predominant three strains of

circulating influenza virus, has been used for decades to

prevent influenza infection. The Advisory Committee on

the Immunization Practices (ACIP) of the Centers for Dis-

ease Control and Prevention recommends annual trivalent

inactivated influenza vaccination for all children aged

6 months to 18 years.6 Despite this recommendation, most

children do not receive an annual influenza vaccination;9,10

estimated vaccine coverage remains <50% among chil-

dren.11,12 Concerns about vaccine safety and effectiveness,
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particularly in the younger age groups, are critical barriers

to vaccine uptake.11,13

To effectively address these concerns, evidence from pro-

spective studies on the safety and effectiveness of the con-

temporary formulations of the trivalent inactivated

influenza vaccine is needed. Unfortunately, such prospec-

tive studies in healthy children under the age of 9 years are

limited. Therefore, the aims of our study were to evaluate

the safety and immunogenicity of a trivalent inactivated

influenza vaccine (Fluvax�; CSL Limited, Parkville, Victo-

ria, Australia) in healthy children aged 6 months to

<9 years.

Patients and methods

Study design
This was a prospective, multi-center, open-label, Phase III

clinical trial (NCT00700193) conducted within Australia in

a pediatric population. The study was conducted in two

time periods from March 2005 to June 2006 at two sites

(Murdoch Childrens Research Institute at the Royal Chil-

dren’s Hospital in Melbourne and the Princess Margaret

Hospital for Children in Perth). Administration of the pri-

mary vaccination was conducted in 2005 and booster vacci-

nation in 2006.

The primary objective of this study was to evaluate the

safety and reactogenicity of the trivalent inactivated influ-

enza vaccine (Fluvax�, CSL Limited, Parkville, Victoria,

Australia). The secondary objective was to evaluate the

immunologic response after each dose of the vaccine. The

study was conducted in accordance with the principles of

the Declaration of Helsinki and the Australian regulatory

requirements for Good Clinical Practice. The study proto-

col was approved by the Human Research Ethics Commit-

tee at each study center and written informed consent was

obtained from each participant’s parent ⁄ guardian before

any study-related procedures were performed.

Participants
Healthy children were eligible to enter the study if they

were aged ‡6 months and < 9 years at enrolment; they had

not previously received an influenza vaccine; and were born

between 36 and 42 weeks gestation.

The main exclusion criteria were as follows: an allergy to

active vaccine components; a confirmed or suspected

immunosuppressive condition; a known history of Guil-

lain-Barré Syndrome; a major congenital defect or serious

illness; a history of neurologic disorders or seizures; admin-

istration of immunoglobulins or any blood products; par-

ticipation in a clinical study or use of an investigational

compound; immunosuppressive or immunomodulatory

medication, including systemic corticosteroids; treatment

with cytotoxic drugs.

Because of different dosing requirements, participants

were divided into two groups according to their age at the

time of the first study vaccination. Group A consisted of

children who were aged at least 6 months and <3 years,

and Group B consisted of children who were aged at least

3 years and <9 years.

Vaccines
The commercially available study vaccines fulfilled all the

applicable regulatory requirements of the Australian Thera-

peutic Goods Administration. The vaccine was prepared

from influenza virus propagated in the allantoic fluid of

embryonated chicken eggs. Following harvest, the virus was

purified in a sucrose gradient and inactivated with betapro-

piolactone, disrupted with detergent, purified and sus-

pended in a phosphate-buffered isotonic solution to

produce a purified ‘‘split virion’’ vaccine. A 0Æ5 ml dose

contained 15 lg of each of the three influenza hemaggluti-

nin antigens as recommended by the WHO for the relevant

Southern Hemisphere influenza season. As the antigen

composition of the vaccine reflects the circulating strains of

type A and B influenza, which differ from one season to

another, the inactivated influenza vaccine used for the pri-

mary phase of the study (2005) was not antigenically equiv-

alent to that used in the booster phase of the study (2006)

(Table 1).

Study procedures
Participants received two doses of the 2005 vaccine (dose 1

and dose 2, primary vaccination) 30 days apart and a single

dose of the 2006 vaccine 12 months later. The study was

conducted in the autumn of 2005 and of 2006. The first

participant was vaccinated on 7 March 2005, and the last

recruited participant received dose 2 of the primary course

on 1 June 2005. Booster doses were administered between

27 February 2006 and 12 June 2006.

Participants in Group A received 0Æ25 ml of study vac-

cine and participants in Group B received 0Æ5 ml. Group A

participants turning 3 years of age after administration of

dose 2 were allocated to Group B and received 0Æ5 ml of

the booster vaccine. Each vaccine was administered by

intramuscular injection into the thigh (for participants

aged 12 months or younger) or into the deltoid region of

the arm (for participants older than 12 months).

Participant visits were conducted on Days 0, 30 ± 3,

60 ± 3 (primary exit evaluation), 365 ± 14 and 395 ± 3

(booster exit evaluation). During the visits, blood samples

were collected for the immunogenicity assessments, a medi-

cal examination was conducted, and adverse events (AEs)

and serious AEs were recorded. Participants were observed

for 30 minutes after administration of the vaccine.

An AE diary card was used to record solicited local and

systemic AEs during the 6 days following the day of vacci-
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nation. An AE diary card was also used to record unsolic-

ited AEs or any medications taken during the 29 days fol-

lowing the day of vaccination. Serious AEs were recorded

(1) from the first dose of the primary vaccine to 6 months

after the second primary vaccine dose and (2) for 6 months

after the administration of the booster dose.

The participant’s parent graded the AEs according to

severity. The first occurrence of a solicited local AE was con-

sidered related to the study vaccine. Subsequent occurrences

of the same solicited local AE were assessed for causality.

Participants were also monitored for intercurrent influ-

enza-like illness. The criteria included an axillary tempera-

ture ‡37Æ5�C or an oral temperature ‡38Æ0�C, and at least

one of the specified influenza-like symptoms (i.e., head-

ache, cough, sore throat, rhinitis, wheezing ⁄ shortness of

breath, myalgia, ear ache, vomiting ⁄ diarrhea, reduced appe-

tite, irritability). Participants experiencing these symptoms

at any time between the day of vaccination and either of

the exit evaluations were asked to attend an additional visit

for medical and virologic confirmation of the influenza-like

illness.

Immunogenicity
Hemagglutination inhibition (HI) antibody titers to the

A ⁄ H1N1, A ⁄ H3N2 and B antigens included in the vaccine

were measured at each time point by HI assay14; HI anti-

body titers to the B strains were also measured using the

single radial hemolysis (SRH) assay.15

Table 1. Antigen composition of the 2005 and 2006 vaccines

2005 Vaccine* 2006 Vaccine*

A ⁄ New Caledonia ⁄ 20 ⁄ 99 (H1N1) A ⁄ New Caledonia ⁄ 20 ⁄ 99 (H1N1)

A ⁄ Wellington ⁄ 1 ⁄ 2004 (H3N2) A ⁄ New York ⁄ 55 ⁄ 2004 (H3N2)

B ⁄ Jiangsu ⁄ 10 ⁄ 2003 B ⁄ Malaysia ⁄ 2506 ⁄ 2004

*Each vaccine contained 15 lg of each hemagglutinin antigen from

the respective influenza strains per 0Æ5 ml dose.

Enrolled participants (n = 298) 

Group A* (n = 151) 
Group B  (n = 147) 

Completed the primary phase of the
study (n = 293)

Group A  (n = 148)
Group B  (n = 145) 

Evaluable Participants† 

Group A  

Dose 1 (n = 143) 
Dose 2 (n = 139) 

Discontinued (n = 10) 

Group B  

Dose 1 (n = 144) 
Dose 2 (n = 132) 

Discontinued (n = 6) 

Completed the booster vaccination 
phase of the study (n = 266) 

Group A (n = 74) 
Group B (n = 192) 

Evaluable participants (n = 235) 

Group A (n = 61) 
Group B (n = 174) 
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Booster vaccination 
Group A 
(n = 76) 

Booster vaccination 
Group B‡ 

(n = 197§) 

(n = 61) 

Figure 1. Summary of study design and

participation. *Group A (infants aged

‡6 months to <3 years); Group B (children

aged ‡3 years and <9 years). �Evaluable

participants: Participants who received at least

one dose of the study vaccine, consistent

with the prescribed dose for their age group;

had complete serological data for blood

specimens obtained at protocol-defined time

points before and after the vaccine dose; and

had not experienced confirmed influenza-like

illness for the duration of the study. �Group B

(children aged ‡3 years and <10 years, due to

12 month interval between vaccinations).
§Includes children (n = 61) who had their

third birthday during the interval between the

primary and booster vaccination phases.

Influenza vaccination in children
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The proportion of participants with a protective anti-

body response (‡1:40) and the geometric mean titers

(GMTs) of HI antibodies were determined for each antigen

after each vaccine dose. Participants were grouped by base-

line antibody titer (<1:10, seronegative; ‡1:10, seropositive)

and by age. Immunogenicity was assessed according to the

Committee for Proprietary Medicinal Products (CPMP)

criteria for adults aged 18–60 years [CPMP ⁄ BWP ⁄ 214 ⁄ 96].

The inactivated influenza vaccine was deemed immuno-

genic for a given strain if at least one of the following crite-

ria were met: (1) more than 40% of the participants in

each age group seroconverted or demonstrated a significant

increase in HI antibody titer by HI or SRH assay; (2) a

mean geometric increase in HI antibody titer (for the HI

assay) or arithmetic mean zone annulus area (AMZAA; for

the SRH assay) >2Æ5-fold; or (3) more than 70% of the

participants in each age cohort had an HI antibody titer

‡40, or an AMZAA >25 mm2 after vaccination.

Statistical analyses
A target sample size of 300 was chosen in accordance with

the Swedish Medical Products Agency specifications

(related to European influenza vaccine licensure require-

ments, and based on sufficient power to estimate immuno-

genicity with reasonable precision).

Statistical analyses were performed using sas v8Æ2 (SAS

Institute Inc., Cary, NC, USA). Safety analyses included all

participants who received at least one dose of the study

vaccine, consistent with the prescribed dose for their age

group. Immunogenicity analyses included evaluable partici-

pants only. Participants were considered evaluable if they:

(1) received at least one dose of the study vaccine, consis-

tent with the prescribed dose for their age group; (2) had

serological data for blood specimens obtained at protocol-

defined time points; and (3) had not experienced virologi-

cally confirmed influenza-like illness for the duration of the

study. While 95% confidence intervals (CI) were calculated

for HI GMT values, no group comparison inferential statis-

tics were applied.

Results

Participants
A total of 298 participants were enrolled into the study

(Figure 1, Table 2). All but five participants completed the

primary vaccination phase. None of these participants dis-

continued because of AEs; the parents of four participants

withdrew consent and one was lost to follow-up. During

the interval between the primary and booster vaccinations,

10 participants in Group A and 6 in Group B discontinued.

Of these 16, none discontinued because of AEs; six with-

drew consent, four were lost to follow-up, one moved away

from the study area and the remaining five were cited

‘Other’ as their reason for discontinuation.

Sixty-one participants from Group A who turned 3 years

of age during the interval between the primary and booster

vaccinations were re-allocated to Group B for the booster

vaccination. Of the 277 participants remaining in the study

in 2006, 273 were eligible for booster vaccination. All but

seven completed the booster vaccination. None of these

children discontinued because of AEs; four withdrew con-

sent, two were lost to follow-up and one participant was not

able to attend study visits. One additional child in Group B

was given the 0Æ25 ml dose and was excluded from subse-

quent, per protocol safety and immunogenicity analyses.

Safety and reactogenicity

Solicited adverse events
Influenza vaccine was generally well-tolerated. In both age

groups, the most commonly reported local AEs were injec-

tion site erythema and pain; the most commonly reported

systemic AEs were rhinitis and irritability (Table 3). Fever,

irritability and loss of appetite were more commonly

Table 2. Demographic and clinical

characteristics of the study cohorts before

administration of the primary and booster

vaccinations

Characteristic

Before primary vaccina-

tion

Before booster vaccina-

tion

Group A*

(n = 151)

Group B**

(n = 147)

Group A

(n = 76)

Group B

(n = 197)

Mean age, years (SD) 1Æ7 (0Æ43) 5Æ0 (1Æ73) 1Æ8 (0Æ38) 5Æ1 (2Æ01)

Sex, % female (n) 51Æ0 (77) 55Æ1 (81) 57Æ9 (44) 50Æ3 (99)

History of influenza illness, % (n) 12Æ6 (19) 10Æ2 (15) NA NA

Influenza-like illness since primary

exit evaluation, % (n)

NA NA 2Æ6 (2) 2Æ5 (5)

Influenza illness confirmed NA NA 0Æ0 (0) 0Æ0 (0)

NA = not applicable.

*Group A (infants aged ‡6 months to <3 years).

**Group B (children aged ‡3 years and <9 years).
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reported in younger (Group A) participants while injection

site pain was more commonly reported in older (Group B)

children (Table 3). In both groups, pain and fever were

reported more frequently after the booster vaccination than

after each of the individual primary vaccinations (Table 3).

However, when compared with the primary vaccination

Table 3. Solicited local and systemic adverse events within 6 days after administration of the vaccine

Adverse event

Group A*, % (n) Group B**, % (n)

Dose 1

(n = 151)

Dose 2

(n = 151)

Booster

(n = 76)***

Dose 1

(n = 147)

Dose 2

(n = 147)

Booster

(n = 196)***

Local

Erythema 35Æ8 (54) 37Æ7 (57) 43Æ4 (33) 36Æ7 (54) 45Æ6 (67) 43Æ4 (85)

Swelling 15Æ9 (24) 20Æ5 (31) 25Æ0 (19) 24Æ5 (36) 27Æ2 (40) 26Æ0 (51)

Pain 36Æ4 (55) 37Æ1 (56) 51Æ3 (39) 59Æ2 (87) 61Æ9 (91) 71Æ4 (140)

Systemic

Cough 21Æ2 (32) 31Æ8 (48) 22Æ4 (17) 19Æ0 (28) 19Æ0 (28) 16Æ8 (33)

Earache 3Æ3 (5)� 3Æ4 (5)�� 1Æ3 (1) 4Æ1 (6) 1Æ4 (2) 1Æ5 (3)

Fever 22Æ5 (34) 22Æ5 (34) 39Æ5 (30) 15Æ6 (23) 8Æ2 (12) 27Æ0 (53)

Headache 2Æ0 (3)��� 3Æ3 (5)� 0Æ0 (0) 13Æ6 (20) 10Æ9 (16) 25Æ0 (49)

Irritability 47Æ7 (72) 41Æ1 (62) 38Æ2 (29) 20Æ4 (30) 17Æ0 (25) 32Æ1 (63)

Loss of appetite 19Æ2 (29) 23Æ8 (36) 21Æ1 (16) 7Æ5 (11) 5Æ4 (8) 16Æ8 (33)

Myalgia 0Æ7 (1)� 2Æ7 (4)� 6Æ6 (5) 13Æ6 (20) 8Æ2 (12) 11Æ7 (23)

Rhinitis 37Æ1 (56) 47Æ7 (72) 35Æ5 (27) 21Æ1 (31) 28Æ6 (42) 29Æ6 (58)

Sore throat 2Æ0 (3)�� 5Æ3 (8)� 6Æ6 (5) 8Æ2 (12) 10Æ9 (16) 10Æ2 (20)

Vomiting ⁄ diarrhea 14Æ6 (22) 13Æ9 (21) 17Æ1 (13) 7Æ5 (11) 6Æ8 (10) 13Æ8 (27)

Wheezing ⁄ shortness of breath 3Æ3 (5) 8Æ6 (13) 3Æ9 (3) 2Æ7 (4) 2Æ0 (3) 4Æ6 (9)

*Group A (infants aged ‡6 months to <3 years).

**Group B (children aged ‡3 years and <9 years).

***Sixty-one participants turned 3 years of age during the interval between the primary and booster vaccinations and were re-allocated from

Group A to Group B for the booster vaccination phase.
�Data obtained from only a total of 150 participants.
��Data obtained from only a total of 149 participants.
���Data obtained from only a total of 148 participants.

Table 4. Reported intercurrent influenza-like illnesses

Variable

Between dose 1 and

dose 2

Between dose 2 and

primary exit evalua-

tion

Between primary exit

evaluation and booster

dose

During booster vacci-

nation series

Group A*

(n = 151)

Group B**

(n = 147)

Group A*

(n = 151)

Group B**

(n = 147)

Group A*

(n = 76)

Group B**

(n = 196)

Group A*

(n = 76)

Group B**

(n = 196)

Reported influenza-like

signs ⁄ symptoms

24 14 20 5 2 5 4 10

Symptoms met criteria for

influenza-like illness

22 11 18 5 ND ND 4 9

Influenza A positive specimen 0 0 0 0 ND ND 0 0

Influenza B positive specimen 0 0 0 0 ND ND 0 11

Influenza A and B

positive specimen

0 0 0 0 ND ND 0 0

ND = not determined.

*Group A (infants aged ‡6 months to <3 years).

**Group B (children aged ‡3 years and <9 years).

The sample was not properly sealed and had leaked into the bag in which it was transported.
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phase as a whole, analysis did not indicate any notable dif-

ferences. The majority of solicited AEs were of a mild

severity. A maximum intensity of severe was reported for

injection site pain and fever by only 3Æ0% and 3Æ4% of par-

ticipants, respectively.

Unsolicited adverse events
At least one unsolicited AE was reported by 240 (80Æ5%)

participants in the primary vaccine phase and by 113

(41Æ5%) in the booster vaccination phase. Of the reported

events, most (88Æ0%) were mild to moderate in intensity

and 10Æ9% were considered related to the study vaccine.

The most commonly reported AEs were cough, influenza-

like illness, rhinitis and rhinorrhoea. No participants with-

drew due to an AE.

Serious AEs were uncommon, with 15 reports collected

in the study. Two reports were considered possibly related

to the study vaccine; both occurred in the evening follow-

ing the booster vaccination. In the first report, a 3-year-old

female experienced vomiting and pyrexia that led to hospi-

talization overnight for rehydration. In the second report, a

3-year-old female experienced vomiting and a febrile con-

vulsion, and was observed in the emergency department for

2 hours. Both participants fully recovered. No deaths were

reported.

Intercurrent influenza-like illness
A small number of participants in each group experienced

influenza-like illnesses (Table 4). Only one participant had

a confirmed case of influenza B after the booster vaccina-

tion. However, the specimen for this child was compro-

mised during transportation to the laboratory.

Immunogenicity
At baseline, a greater proportion of participants were sero-

positive (HI titer ‡10) for the A ⁄ H3N2 vaccine antigen

than for either the A ⁄ H1N1 or B antigens (Figure 2). In

addition, the proportion of participants at baseline with

seropositive titers for vaccine antigens increased as age

increased (Figure 2). Of the 34 children whose parents

reported a prior year influenza-like illness (19 in Group A,

15 in Group B), there was no difference in baseline sero-

positivity to any vaccine antigen compared with those who

did not report previous influenza (Table 2).

Participants seropositive at baseline for A ⁄ H1N1 and B

were more likely to have a protective antibody response to

that antigen after only one vaccine dose than those who

were seronegative at baseline. Of those seronegative at base-
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Figure 2. Proportion of participants with seropositive titers (‡1:10) for

each influenza antigen at baseline, stratified by age.

Table 5. Geometric mean hemagglutination inhibiting (HI) antibody response of children 6 months to 8 years receiving influenza vaccine, by

baseline serostatus

Antigen

Baseline

serostatus

No. of

subjects

Geometric mean HI antibody titers

Baseline After dose 1 After dose 2

Before booster

vaccine

After booster

vaccine

A ⁄ H1N1 <10 261 5 (5, 5)* 15 (13, 16) 131 (117, 146) 21 (18, 24) 251 (222, 284)

‡10 to <40 8 20 (14, 30) 141 (26, 777) 267 (93, 766) 119 (12, 1197) 357 (88, 1452)

‡40 18 95 (68, 131) 1054 (755, 1472) 1083 (836, 1404) 751 (424, 1330) 1188 (1074, 1313)

A ⁄ H3N2 <10 134 5 (5, 6)* 109 (96, 124) 575 (509, 650) 27 (22, 34) 689 (578, 820)

‡10 to <40 10 15 (11, 21) 121 (84, 173) 454 (279, 741) 23 (8, 71) 460 (178, 1191)

‡40 143 283 (246, 326) 1236 (1195, 1279) 1250 (1220, 1280) 870 (768, 985) 1240 (1198, 1283)

B <10 261 5 (5, 5)* 18 (15, 20) 123 (110, 138) 6 (6, 7) 28 (23, 34)

‡10 to <40 11 26 (22, 30) 499 (266, 936) 418 (246, 712) 8 (5, 11) 79 (25, 252)

‡40 15 65 (49, 87) 558 (398, 783) 534 (414, 689) 6 (4, 7)* 31 (10, 90)

HI, hemagglutination inhibition; CI, 95% confidence interval.

*The limit of quantitation for this HI assay was 10 and values <10 were assigned 5. Thus, there was little or no variation in these results.
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line against A ⁄ H1N1 (92Æ8% of participants), A ⁄ H3N2

(45Æ2%) and B antigens (92Æ8%), 97% became sero-pro-

tected after dose 1 against A ⁄ H3N2 versus 15% for

A ⁄ H1N1 and 22% for B. Of those seropositive at baseline,

nearly all achieved a protective antibody titer against the

A ⁄ H1N1 (95%), A ⁄ H3N2 (100%) and B antigens (100%)

after dose 1. Correspondingly, when the protective anti-

body response was expressed as GMT and stratified by

baseline serostatus, seropositive participants at baseline had

high GMTs after dose 1, whereas those who were seronega-

tive at baseline had lower GMTs after dose 1 (Table 5; Fig-

ures 2 and 3).

The duration of protective antibody response to

A ⁄ H1N1 and A ⁄ H3N2 appeared to be longer in patients

with high baseline titers (HI titer ‡40) than in those partic-

ipants with lower baseline HI titers, as evidenced by the

preservation of HI titers after dose 2 and after 1 year

(Table 5). As the influenza B strain lineage differed between

2005 and 2006 seasons, the level of protective antibody

response to the B strain declined after dose 2 and before

the booster vaccination.

When stratified by age, younger children appeared to

achieve a similar HI response from influenza vaccination

compared with older children (Figures 2 and 3). As with

the duration of protective antibody response, the notable

exception to this finding was the seroprotection rate to the

B strain antigen (which differed between the 2005 and the

2006 season) after the booster vaccination.

The study vaccine met CPMP criteria in both age groups

following dose 1 and dose 2 (Tables 6 and 7). In both

groups, immunological responses following dose 2 were

consistently higher than those observed following dose 1.

In Group A, the A strains passed the CPMP criteria fol-

lowing the booster dose and the B strain passed the CPMP

criteria based on the SRH assay but not the HI assay

(Table 6). In Group B, all strains passed the CPMP criteria

following the booster dose (Table 7).

Discussion

This study is the first to our knowledge to examine the

safety and immunogenicity of the inactivated influenza vac-

cine, Fluvax� in children. The results demonstrate that it

has a favorable safety profile, and is well-tolerated and

immunogenic when administered to children aged between

6 months and <9 years. Further, the vaccine was consis-

tently immunogenic in children under 3 years of age, who

are at greatest risk of influenza-related complications.5

The ACIP and the American Academy of Pediatrics now

recommend immunization against influenza for healthy

children aged between 6 months and 18 years.6 Both in

Europe and Australia, influenza vaccination is not yet uni-

versally recommended and publically funded for children,

although it is under consideration. Our findings provide

further evidence of both safety and immunogenicity in the

pediatric population consistent with effectiveness of inacti-

vated influenza vaccine.16
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Figure 3. Proportion of participants with seroprotective titers (‡1:40)

after dose 1 (A), after dose 2 (B) and after the booster vaccination (C),

stratified by age. Note: Different B strains in the 2005 and 2006

vaccines.
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These findings are consistent with the few previous

reports in young children with other inactivated influenza

vaccines17–20, although differences in sample size, age groups

and the methods of reporting make direct comparisons with

those reports difficult. Nevertheless, minor degrees of pain

and erythema at the injection site,18,20 and fever,20 appear to

be relatively common following influenza vaccination.

At the time of study commencement, Australian national

dosing recommendations for influenza vaccination in chil-

dren under 2 years of age was 0Æ125 ml.21 Since 2007, the

Australian national dosing recommendation for influenza

vaccination in children aged 6 months to 3 years is

0Æ25 ml.22 Our study confirms that the higher dose was

well-tolerated and did not lead to an excess of AEs in the

younger age group of our study.

In terms of immunogenicity, the seroconversion rates in

our study were generally similar to those observed in chil-

dren in other studies.17–19 The greater immune response

following dose 2 in the primary vaccination phase rein-

forces the importance of an initial two-dose schedule for

an optimal immune response in children previously unvac-

cinated.12,23

An unexpected finding in this study was the discrepancy

between the HI and SRH assay results for the influenza B

strain following the booster dose in Group A. CPMP

requirements were met according to the SRH assay result

Table 6. Summary of serological immunogenicity assay results for Group A (‡6 months to < 3 years)

Antigen criteria

CPMP

requirements

Participants

Dose 1

(n = 143)

Dose 2

(n = 139)

Booster

(n = 61)

Hemagglutination inhibition assay

H1N1: A ⁄ New Caledonia ⁄ 20 ⁄ 99 (IVR-116)

1. Seroconversion or significant increase (%) >40 16Æ1 95Æ0 93Æ4
2. Fold increase in mean GMT >2Æ5 3Æ1 25Æ6 15Æ5
3. Seroprotection (% with HI titers ‡ 40) >70 16Æ1 95Æ7 100Æ0

H3N2: A ⁄ Wellington ⁄ 1 ⁄ 2004 (IVR-139)

1. Seroconversion or significant increase (%) >40 86Æ0 90Æ6 na

2. Fold increase in mean GMT >2Æ5 13Æ7 49Æ6 na

3. Seroprotection (% with HI titer ‡40) >70 97Æ9 100Æ0 na

B Strain: B ⁄ Jiangsu ⁄ 10 ⁄ 2003

1. Seroconversion or significant increase (%) >40 20Æ3 94Æ2 na

2. Fold increase in mean GMT >2Æ5 3Æ5 22Æ3 na

3. Seroprotection (% with HI titer ‡40) >70 21Æ0 95Æ7 na

H3N2: A ⁄ New York ⁄ 55 ⁄ 2004 (NYMC X-157)

1. Seroconversion or significant increase (%) >40 na na 88Æ5
2. Fold increase in mean GMT >2Æ5 na na 20Æ2
3. Seroprotection (% with HI titer ‡40) >70 na na 100Æ0

B Strain: B ⁄ Malaysia ⁄ 2506 ⁄ 2004

1. Seroconversion or significant increase (%) >40 na na 9Æ8
2. Fold increase in mean GMT >2Æ5 na na 2Æ3
3. Seroprotection (% with HI titer ‡40) >70 na na 11Æ5

Single radial hemolysis assay

B Strain: B ⁄ Jiangsu ⁄ 10 ⁄ 2003

1. Seroconversion or significant increase (%) >40 44Æ8 97Æ1 na

2. Fold increase in AMZAA >2Æ5 5Æ4 16Æ8 na

3. Seroprotection (% with ZAA >25 mm2) >70 44Æ8 97Æ1 na

B Strain: B ⁄ Malaysia ⁄ 2506 ⁄ 2004

1. Seroconversion or significant increase (%) >40 na na 75Æ4
2. Fold increase in AMZAA >2Æ5 na na 18Æ5
3. Seroprotection (% with ZAA >25 mm2) >70 na na 80Æ3

AMZAA, arithmetic mean zone annulus area; CPMP, Committee for Proprietary Medicinal Products (CPMP ⁄ BWP ⁄ 214 ⁄ 96 Note for Guidance on

Harmonisation of Requirements for Influenza Vaccines). GMT, geometric mean titer; HI, hemagglutination inhibition; na, not applicable.

Hemagglutination inhibition assay: seroconversion: % of participants with an antibody titer increase from <10 pre-vaccination to ‡40 post-vacci-

nation. Significant increase: % of participants with antibody titer ‡10 pre-vaccination and at least a fourfold increase post-vaccination.

Single radial hemolysis assay: seroconversion: % of participants with zone annulus area increase from 4 mm2 pre-vaccination to >25 mm2 post-

vaccination. Significant increase: % of participants with zone annulus area >4 mm2 pre-vaccination and at least a 50% increase post-vaccination.
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but not according to the HI assay result. The SRH assay

has been reported to be more sensitive than the HI assay

for the detection of antibodies against influenza B

strain.24,25 Therefore, the booster vaccine is considered to

have demonstrated adequate immunogenicity for influenza

B strain when measured by SRH.

Two distinct lineages of influenza B virus, B ⁄ Victoria and

B ⁄ Yamagata, circulated during the 2005 and 2006 influenza

seasons with very little cross-reactivity between the B strains

(Dr. Robert Newman, National Institute of Biological Stan-

dards and Control, UK, personal communication). The

B ⁄ Jiangsu ⁄ 10 ⁄ 2003 strain (primary vaccine) is in the B ⁄ Ya-

magata lineage while B ⁄ Malaysia ⁄ 2506 ⁄ 2004 strain (booster

vaccine) is in the B ⁄ Victoria lineage. Therefore, given that

the strains were so different, few participants were in effect

primed for the booster dose leading to lower seroresponse

rates. Optimal protection against influenza B infection par-

ticularly in young children may require inclusion of influ-

enza B viruses of both the B ⁄ Victoria and B ⁄ Yamagata

lineages in future inactivated influenza vaccines.

The main scientific limitation of this study was the lack

of a placebo control group. Arbitrarily, all first occurrences

of solicited local AEs were deemed related to the study vac-

cine. In terms of immunogenicity, each participant in effect

Table 7. Summary of serological immunogenicity assay results for Group B (‡3 years to < 9 years)

Antigen criteria CPMP requirements

Participants

Dose 1

(n = 144)

Dose 2

(n = 132)

Booster

(n = 174)

Hemagglutination inhibition assay

H1N1: A ⁄ New Caledonia ⁄ 20 ⁄ 99 (IVR-116)

1. Seroconversion or significant increase (%) >40 24Æ3 93Æ9 72Æ4
2. Fold increase in mean GMT >2Æ5 3Æ4 22Æ3 9Æ0
3. Seroprotection (% with HI titer ‡40) >70 25Æ7 95Æ5 98Æ3

H3N2: A ⁄ Wellington ⁄ 1 ⁄ 2004 (IVR-139)

1. Seroconversion or significant increase (%) >40 68Æ1 70Æ5 na

2. Fold increase in mean GMT >2Æ5 6Æ1 8Æ8 na

3. Seroprotection (% with HI titer ‡40) >70 98Æ6 100 na

B Strain: B ⁄ Jiangsu ⁄ 10 ⁄ 2003

1. Seroconversion or significant increase (%) >40 32Æ6 93Æ2 na

2. Fold increase in mean GMT >2Æ5 4Æ3 22Æ2 na

3. Seroprotection (% with HI titer ‡40) >70 34Æ0 94Æ7 na

H3N2: A ⁄ New York ⁄ 55 ⁄ 2004 (NYMC X-157)

1. Seroconversion or significant increase (%) >40 na na 35Æ6
2. Fold increase in mean GMT >2Æ5 na na 3Æ7
3. Seroprotection (% with HI titer ‡40) >70 na na 99Æ4

B Strain: B ⁄ Malaysia ⁄ 2506 ⁄ 2004

1. Seroconversion or significant increase (%) >40 na na 43Æ1
2. Fold increase in mean GMT >2Æ5 na na 6Æ0
3. Seroprotection (% with HI titer ‡40) >70 na na 44Æ8

Single radial hemolysis assay

B Strain: B ⁄ Jiangsu ⁄ 10 ⁄ 2003

1. Seroconversion or significant increase (%) >40 47Æ2 96Æ2 na

2. Fold increase in AMZAA >2Æ5 6Æ4 15Æ4 na

3. Seroprotection (% with ZAA >25 mm2) >70 47Æ9 97Æ0 na

B Strain: B ⁄ Malaysia ⁄ 2506 ⁄ 2004

1. Seroconversion or significant increase (%) >40 na na 68Æ4
2. Fold increase in AMZAA >2Æ5 na na 16Æ0
3. Seroprotection (% with ZAA >25 mm2) >70 na na 89Æ7

AMZAA, arithmetic mean zone annulus area; CPMP, Committee for Proprietary Medicinal Products (CPMP ⁄ BWP ⁄ 214 ⁄ 96 Note for Guidance on

Harmonisation of Requirements for Influenza Vaccines); GMT, geometric mean titer; HI, hemagglutination inhibition; na, not applicable.

Hemagglutination inhibition assay: seroconversion: % of participants with an antibody titer increase from <10 pre-vaccination to ‡40 post-vacci-

nation. Significant increase: % of participants with antibody titer ‡10 pre-vaccination and at least a fourfold increase post-vaccination.

Single radial hemolysis assay: seroconversion: % of participants with zone annulus area increase from 4 mm2 pre-vaccination to >25 mm2 post-

vaccination. Significant increase: % of participants with zone annulus area >4 mm2 pre-vaccination and at least a 50% increase post-vaccination.
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acted as their own control as assessments were based on

blood specimens taken before and after vaccination. There

was no circulating influenza at the time of vaccination, as

indicated by the scarcity of virologically confirmed cases of

influenza-like illness in our study participants and in com-

munity-based surveillance systems. Therefore, we attribute

the observed immune responses in this study to vaccina-

tion.

In conclusion, this study has shown that the thimerosal-

free inactivated influenza vaccine Fluvax� has a favorable

safety profile and is immunogenic in children aged between

6 months and <9 years. The primary vaccine and the boos-

ter vaccine were consistently immunogenic, even in chil-

dren under 3 years of age suggesting that younger children

should also benefit from influenza vaccination as much as

older children.
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