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Influenza vaccine : lis features and effectiveness
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Survey of Japanese infants younger than 3 months who were treated
with oseltamivir for influenza: Safety of oseltamivir treatment
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Abstract

Background: Young infants with influenza virus infection are frequently hospitalized, and are ar risk of serious complications
including death. With the emergence of pandemic influenza A/HIN1 2009, oseltamivir was approved for use in Europe
and the USA, including use in infants aged <3 months. However, few data are available regarding the safety of oseltami-
vir treatment for influenza in infants aged <3 months. Methods: The clinical data from Japanese infants aged <3 months
with laboratory-confirmed influenza virus infections, who were treated with oseltamivir between October 2009 and April
2011, were collected and analyzed. Results: Forty-four infants were included in the study. The median age was 1 month
(range 4 days to 2 months) and median body weight was 4.5 kg (range 2.6-7.6 kg). Thirty-eight infants (86%) had no
underlying diseases. The most common presenting symptom was fever (42 infants, 95%). There were no cases of influenza-
associated encephalopathy or myocarditis. The median time between the onset of influenza symptoms and initiation of
oseltamivir treatment was 0 days (range 0-7 days), with treatment initiated within 1 day in 40 infants (91%). The osel-
tamivir dose was 1.5-2 mg/kg twice daily in 98% of infants. No serious adverse events were identified during treatment.

All infants recovered completely. Conclusions: Treatment of influenza with oseltamivir 1.5-2 mg/kg twice daily may be safe

_in infants aged <3 months.

Keywords: Infant, influenza, oseltamivir, outcome, safery

Introduction been observed in this age group [4]. It is therefore

essential to establish effective and safe treatment
strategies for infants with influenza, especially infants

In the USA, young children with pandemic influenza
A/HIN1 2009 virus infection are 2- to 3-times more

likely to be hospitalized than older children [1].
Infants aged <6 months are at risk of death from
both seasonal influenza virus and pandemic influenza
A/HINI1 2009 virus infection [2,3]. Although vacci-

. nation provides effective protection against influenza,

it is not recommended for infants aged <6 months
because a low rate of immunity after vaccination has

aged < 6 months.

~ Oseltamivir is widely used for the treatment of
influenza in children aged > 1 y. The recent influenza
A/HIN1 2009 pandemic led to emergency approval
of oseltamivir for the treatment of infants aged <1y
by the US Food and Drug Administration and the
European Medicines Agency. Some reports have
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shown that oseltamivir appears to be as safe in infants
aged <1 y as in older children [5-9]. The response
to influenza virus infection and to oseltamivir treat-
ment may be different in young infants, such as those
aged <3 months, than in older infants and children,
but few data are available for this vulnerable age
group. Furthermore, the outcome of Japanese infants
aged <3 months who have influenza and are treated
with oseltamivir is unknown. The Committee for the
Control and Prevention of Influenza of the Japan
Pediatric Society (JPS) therefore organized a survey
to investigate the symptoms and outcomes of Japa-
nesc infants aged <3 months with influenza virus
infection who were treated with oseltamivir. The
safety of oseltamivir treatment was evaluated.

Patients and methods

The survey targeted Japanese infants aged <3
months with influenza virus infection who were
treated with oseltamivir between October 2009
and April 2011, to evaluate clinical presentations,
short-term outcomes, and safety of treatment.
Infants with influenza were routinely diagnosed at
baseline using a rapid antigen detection kit (most
commonly: Quick Chaser Flu A, B: Mizuho Medy
Co., Ltd; Espline Influenza A & B-N: Fujirebio
Inc.; Quick Ex-Flu Seiken: Denka Seiken Co., Ltd;
BD Flu Examan: Nippon Becton Dickinson;
Poctem Influenza A/B: Otsuka Pharmaceutical
Co., Ltd and Sysmex Co., Ltd; Quick Vue Rapid
SP influ: DS Pharma Biomedical Co., Ltd; Capilia

Flu A + B: Alfresa Pharma Co., Ltd; or Rapid Testa

FLU stick: Daiichi Pure Chemicals Kagaku Co.,
Ltd, Japan). In some patients with negative rapid
antigen detection kit results, reverse transcription
polymerase chain reaction was used to detect pan-
demic influenza A/HIN1 2009 virus in clinical
specimens including nasal swabs, because detec-
tion kit test sensitivities are low to detect pandemic
influenza A/HIN1 2009 virus infection [10]. For
patients with an influenza virus infection, blood
tests including complete blood count and serum
aspartate aminotransferase, alanine aminotrans-
ferase, and C-reactive protein levels were per-
formed at the same time. In patients with an
abnormal white blood cell count and C-reactive
protein level, bacterial cultures of blood, urine,
bronchoalveolar lavage fluid, cerebrospinal fluid,
and/or nasopharyngeal swabs were performed to
determine if there was bacterial co-infection.

The parents of patients with influenza were
offered off-label treatment with oseltamivir based on
the guidelines of the JPS, the American Academy of
Pediatrics, and the World Health Organization [11-14],

and patients were given oseltamivir if the parents
consented. Infants aged <3 months with an influ-
enza virus infection who- were treated with oseltami-
vir were generally hospitalized, and their clinical
symptoms and any adverse effects were carefully
scored by pediatricians and pediatric nurses. If infants
were not hospitalized, they were assessed daily by a
pediatrician at an outpatient office until their condi~
tion improved. Pediatricians considered those symp-
toms that occurred for the first time after the
initation of oseltamivir treatment to be the side
effects of oseltamivir.

Patient information including age and body
weight, underlying diseases, date of onset of symp-
toms, date of initiation of oseltamivir treatment, type
of influenza, clinical symptoms at presentation, clin-
ical course, dose and duration of oseltamivir treat-
ment, adverse clinical effects during or after treatment,
and outcome were e-mailed or faxed to the JPS. Data
were collected anonymously. This study was approved
by the board of directors of the JPS. :

Results
Parient characteristics

During the study period, a total of 44 patients were
included in the analysis (Table I), of whom 43 (98%).
were hospitalized. The median age at presentation
was 1 month and the median weight was 4.5 kg.
Most of the patients had no underlying diseases. All
patients were diagnosed with type A influenza, except
for 1 patient with type B.

Clinical symptoms

The clinical symptoms at presentation are shown
in Table II. The most common symptom was fever,
and other non-specific symptoms such as poor
feeding, listlessness, liver dysfunction, and apnea
were also observed. No gastrointestinal symptoms
were detected, and there were no cases with

Table 1. Patient characteristics (N =44).

Characteristic

Age, median (range) 1 month (4 days to 2 months)

Weight (kg), median (range) 4.5 (2.6-7.6)
Underlying disease, n (%)
None 38 (86%)
LBW 5 (11%)
1LBW with VSD 1 (2%)
Type of influenza, n (%)
A 43 (98%)
B 1 (2%)

LBW, low birth- weight; VSD, ventricular septal defect.
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Table IL Clinical symptoms énd signs at presentation (N = 44).

Number of infants (%)

Fever 42 (95%)
Rhinitis 10 (23%)
Poor feeding 6 (14%)
Cough 4 (9%)
Listlessness 4 (9%)
Liver dysfunction 3 (7%)
Apnea 1 (2%)

influenza-associated encephalopathy or myocardi-

tis. Two infants (5%) had bacterial co-infections
(Streptococcus pneumoniae or Escherichia coli).
The infant with Streptococcus pneumoniae co-
infection developed severe pneumonia and was
mechanically ventilated.

Oseltamivir treatment and outcome after treatment

The median time between the onset of influenza
symptoms and the initiation of oseltamivir treatment
was 0-days (range 0~7 days), with 40 infants (91%)
starting oseltamivir within 1 day. The oseltamivir
dose was 1.5 or 2 mg/kg twice daily for 3, 4, or 5
days in most of the infants. Forty-one infants (93%)
did not have any adverse side effects during treat-
ment, 1 infant developed mild diarrhea, and 1 infant
was irritable. Adverse effects resolved completely
with discontinuation of oseltamivir. Most impor-
tantly, all infants recovered completely without
sequelae (Table ITI). '

Table III. Osecltamivir treatment details and outcofnes (N=44).

Treatment and outcome variables Number of infants (%)

Time between the onset of symptoms
and oseltamivir treatment

0 days 26 (59%)
1 days 14 (32%)
2 days 2 5%)
6 days 12%)
7 days 1(2%)"
Dosage of oseltamivir
2 mg/kg twice daily 35 (80%)
1.5 mg/kg twice daily 8 (18%)
Other ’ . 1 (2%)
Duration of oseltamivir treatment
5 days ) 38 (86%)
4 days 2 (5%)
3 days 3 (7%)
Other 1 (2%)
Adverse effects
No 41 (93%)
Yes 2 (5%)
Unknown 1 (2%)

Treatment outcome - -
Complete recovery
Sequelae
Death

44 (100%)
0 (0%)
0 (0%)
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Discussion

During the influenza A/HIN1 2009 pandemic,
affected infants were observed to be more frequently
hospitalized than older children and adults [1], and
infants aged <6 months were found to be at risk of

death from both A/HIN1 2009 and seasonal influ~

enza virus infections [2,3]. With the emergence of the
pandemic influenza A/HIN1 2009 virus, oseltamivir
was approved for use in Europe and the USA, includ-
ing use in infants aged <<3 months. Based on these
approvals, the JPS proposed that oseltamivir could
be used to treat newborn patients with influenza or
with signs suspicious of influenza virus infection

[12]. Because there are no data regarding young

infants with influenza in Japan, the JPS organized a
survey of infants aged <3 months with influenza
who were treated with oseltamivir, to evaluate their
clinical presentations and the short-term outcomes
and safety of oseltamivir treatment.

Although there are 2 brief retrospective reports
describing the treatment of influenza with oseltami-
vir in Japanese infants with a median age of 7 months
[5,7], our study is the first to investigate Japanese

" infants aged < 3 months: Most of the surveyed infants

had no underlying diseases, indicating that influenza
can even develop in healthy infants aged <3 months.
Most of the surveyed infants had a type A influenza
virus infection, because influenza A/HIN1 2009 was
the prevalent subtype in Japan during the 2009-10
and 2010-11 influenza seasons [15].

It is generally difficult for parents of infants
with influenza to detect the clinical symptoms of
infection and the adverse effects of oseltamivir treat-
ment. In Japan, unwell infants aged <3 months with
fever >38°C are usually diagnosed and treated in
hospital, In this survey, all patients except for 1 were
hospitalized, and were assessed by pediatricidns and
pediatric nurses.

A previous study by Silvennoinen et al. [16]
showed no differences in signs and symptoms between
children with influenza A and B virus infections in
any age groups. We therefore evaluated the symptoms
of all patients in this survey, The most common symp-
tom at presentation in this study was fever, which is
similar to findings in older infants and children with
influenza [6,16,17]. However, we found that cough-
ing and rhinorrhea were less common in infants

aged <3 months than in older infants and children.

[6,16,17], and we did not detect any gastrointestinal
symptoms. Furthermore, none of the infants devel-
oped encephalopathy or myocarditis, which are seri-
ous complications of influenza and have a high
mortality rate [18,19]. This pattern of clinical presen-
tation may be a distinctive feature of infants aged <3
months. Further studies using a larger group of
infants with influenza aged <3 months are required
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to confirm these results, In this study, 5% of infants
had a bacterial co-infection. Pediatricians should be
aware that bacterial co-infections may occasionally
occur in these infants, because previous reports have
shown that secondary bacterial pneumonia can cause
severe illness or death in influenza patients [20,21].
In this study, 1.5-2 mg/kg oseltamivir was admin-
istered twice daily for 3, 4, or 5 days. This dose is
consistent with the JPS guidelines, which recom-
mend 2 mg/kg twice daily for 5 days in newborn
patients [12,13]. We did not detect any serious
adverse effects, consistent with the results of previous
studies of infants aged <1 vy, including newborn
patients [5-7,9]. There have been some reports of
gastrointestinal symptoms such as diarrhea and vom-
iting in infants aged <1 y who were treated with
oseltamivir, but the symptoms were mild and did not
require medical intervention [6,7,9]. In our study,
only 1 patient developed mild diarrhea, which

‘resolved after oseltamivir was discontinued.

It is very important to consider the possibility of
neurotoxicity associated with oseltamivir treatment
in infants. Administration of a high dose of oseltami-
vir to juvenile rats (approximately 250-times the dose
administered in the current survey) resulted in neu-
rotoxicity and death due to an immature blood-brain
barrier [22]. A recent study showed that neurological
events are not more common with oseltamivir than
with adamantanes in infants aged <1 y [8]. Other
studies did not find any signs of encephalopathy dur-
ing oseltamivir treatment in infants aged <1 vy,
including néwborns [5,6,9]. In our study only 1
patient was irritable, and this patient recovered after
oseltamivir was discontinued. Neurotoxicity may be
infrequent in infants aged <1 vy, including infants
aged <3 months, who are treated with 2 mg/kg osel-
tamivir twice daily. '

In the USA, mortality rates due to seasonal influ-
enza have been reported to be more than 8-times
higher in infants aged < 6 months than in older chil-
dren [2]. Furthermore, children aged <2 y were at
high risk of death during the influenza A/HIN1 2009
pandemic [23]. The Centers for Disease Control and
Prevention reported that approximately 80% of chil-
dren who died in the USA during the influenza A/
HIN1 2009 pandemic either did not receive antiviral
treatment or did not receive treatment until more
than 2 days after the onset of symptoms [23]. Most
of the infants in our study were treated with oselta-
mivir within 2 days after the onset of symptoms, and
all the infants recovered completely. These results are
consistent with those of a retrospective study of term
and preterm newborns with influenza A/HIN1 2009
virus infections or signs suspicious of infection, who
all recovered completely after early initiation of
oseltamivir treatment [9].

This study has some limitations, as follows: (1)
this was a retrospective survey with a small number
of patients and no control group; (2) virological,
immunological, and pharmacokinetic studies were
not performed; (3) long-term adverse events, includ-
ing disorders of central nervous system function,
were not evaluated; (4) the vaccination history-of the
mothers of infants was not collected; and (5) the
prevalent subtype was pandemic influenza A/HIN1
2009 virus. Further prospective, randomized, con-
trolled studies and long-term follow-up with a larger
group of infants aged <3 months with influenza are
required to confirm the safety and outcome of osel-
tamivir treatment. _

In conclusion, this is the first report evaluating
the safety and outcome of treatment with oseltamivir
in Japanese infants aged <3 months with influenza.
We found that infants aged <3 months without
underlying diseases were susceptible to pandernic
influenza A/HINI1 2009 virus infection. Treatment
of influenza with oseltamivir-1.5-2 mg/kg twice daily
may be safe in infants aged <3 months.
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ABSTRACT

Alum-adjuvanted H5 whole virion inactivated vaccine (WIV) was licensed for aduits in Japan but induced
marked febrile reactions with significantly stronger antibody responses in children. In this study, the
mechanisms behind the different responses were investigated. Lymphocytes were obtained from 25
healthy subjects who were not immunized with H5 vaccine, to examine the innate immune impact
of the various vaccine formulations, analyzing the cytokine production profile stimulated with alum
adjuvant alone, alum-adjuvanted H5 WIIV, plain H5 WIV, and H5 split vaccine. Alum adjuvant did not
induce cytokine production, but H5 split induced IFN-y and TNF-a.. H5 WIV induced IL-6, IL-17, TNF-c,
MCP-1, IFN-v, and IFN-c.. An extremely low level of IL-1B was produced in response to H5 WIV, and
alum-adjuvanted H5 WIV enhanced IL-1f production, with similar levels of other cytokines stimulated
with H5 WIV. Enhanced production of cytokines induced by alum-adjuvanted H5 WIV may be related
to the higher incidence of febrile reactions with stronger immune responses in children but it should be
further investigated why efficient immune responses with febrile illness were observed only in young
children.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

In 2009, swine HIN1 influenza virus caused rapid global

human-to-human transmission and was initially suspected as a
new pandemic strain [1]. However, it actually emerged from
swine influenza virus, which was first isolated in North Amer-
ica, genetically combined with human, swine, and avian genome
compartments [2,3]. In this sense, pandemic A/HIN1 2009 was
not a new pandemic strain [4,5]. Pre-existing antibody levels were
reportedly low in young generations and most patients were young
adults and children, not elderly [6]. A 2009 pandemic HIN1 vac-
cine seed was obtained after adaptation to egg, but the virus yield
was poor in comparison with seasonal seeds. In Japan, egg-derived
pandemic split vaccine was produced and introduced just after the
peak of the outbreak. This pandemic raised several pressing issues:

* Corresponding author at: Kitasato Institute for Life Sciences, Laboratory of Viral
Infection, 5-9-1 Shirokane, Minato-ku, Tokyo 108-8641, Japan.
Tel.: +81 3 5791 6269; fax: +81 3 5791 6130.
E-mail address: tetsuo-n@lisci.kitasato-u.ac,jp (T. Nakayama).

0264-410X/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.vaccine.2012.04.004

vaccine development, prompt supply and distribution, antigen sav-
ing, and vaccine efficacy to prepare for the unknown forthcoming
pandemic. . )

In the 20th century, three pandemics of influenza occurred.
The most devastating pandemic dated back to 1918, known as
Spanish flu, caused by a highly pathogenic HIN1 influenza virus
transmitted through some animals from avian pathogenic virus,
estimated to have killed 40-50 million people [7]. In 1957, Asian
influenza A/H2N2 caused the second pandemic, and Hong Kong -
influenza A/H3N2 appeared as the third pandemic in 1968. Seasonal
influenza outbreaks or epidemics are caused by an antigenic drift of
A/H1N1 or A/JH3N2, whereas the pandemics appeared as antigenic
shift, leading to new strains which are thought to be recombi-
nation with non-preexisting features of hemagglutinin (HA) and
neuraminidase (NA) in human influenza viruses. After the 1968
pandemic of A/H3N2, several cases and small local outbreaks were
reported, caused by new strains, H5, H7, or H9, and they were con-
sidered to be from poultry, and H5 is very close to human as a
target for vaccine development [8-13]. There was a regional out-
break of H5 in Hong Kong in 1997, and six of 18 patients died,
causing an H5 pandemic threat [9]. Sporadic H5 transmission on



3886 T. Nakayama et al. / Vaccine 30 (2012) 3885-3890

poultry farms and in migratory birds has spread across Asia to the
EU and Africa, and approximately 550 cases of human H5 infec-
tion have been reported since 2004, showing a high mortality rate
of approximately 60%. Most cases have involved close and direct
contact with poultry, with no definite case of human-to-human
transmission [14]. There are several barriers to human-to-human
transmission: receptor usage of HA protein, cleavage efficiency by
cellular protease, and host factors. Now, H5 is very close to the
human, and the primary strategy to prevent and control influenza
pandemics is the development of an effective and safe vaccine to
mitigate the uneasiness, uncertainty, and pandemic threat.

Split vaccine has been used for more than 40 years and H5 is
known to be poorly immunogenic. A two-dose schedule of 90 pug
split vaccine of H5/Vietnam/1203/2004 induced 57% seropositivity
of HI >1:40, and 53% seropositivity of NT >1:40 without adjuvant
[15]. The addition of alum adjuvant improved the immunogenic-

" ity and could reduce the antigen usage to 30 ug with a similar
immunogenicity to plain split, 90 ug [16].

InJapan, alum-adjuvanted H5N1 whole inactivated virion (WIV)
(alum concentration: 300 pug/ml) was developed using a geneti-
cally engineered reassortant, the NIBRG-14 strain, originated from
H5/A/Vietnam/1194/2004. In a clinical phase 1I trial in healthy
adults, alum-adjuvanted 15 pg HA protein of WIV led to favorable
immunogenicity (>70% sero-conversion rate in NT test) without
demonstrating any serious systemic illnesses [17]. Whereas, when
it was administered to young infants and children with a reduction
in antigen doses, 7.5 or 3 pg, a high fever >37.5°C was observed in
over 60% of the recipients at less than six years of age, but, unex-
pectedly, NT antibody titers were higher than those observed in a
clinical trial in adults. Recent detailed insights into the mechanisms
of adjuvant effect on innate immunity and inflammasome have
led to the better understanding of immunogenicity and immuno-
toxicity [18-20]. In this study, cytokine and chemokine responses
were investigated to analyze the reason why a high incidence of
febrile reactions was observed after the administration of alum-
adjuvanted whole inactivated H5 vaccine to children.

2. Materials and methods
2.1. Study design and subjects

Twenty-five healthy subjects were enrolled in this study, aged
3 months to 59 years, who were not immunized with H5 vac-
cine. Among them, 20 subjects were under 20 years of age.
The study design and protocol were discussed and approved by
the ethical committee of Tokyo Medical University. Peripheral
blood mononuclear cells (PBMC) were obtained by centrifugation
through Ficoll-Paque™ Plus (GE Healthcare Bio-science, Uppssala,
Sweden). They were adjusted to 1 x 10° cells in a 24-well plate in
1ml of RPMI 1640 medium supplemented with 4% FBS and ade-
quate antibiotics. They were stimulated with 100 p.l of vaccine
preparations or alum adjuvant alone.

2.2. Vaccine antigens

The NIBRG-14 strain, a genetically reassortant vaccine seed
strain, originated from H5/A/Vietnam/1194/2004 and PR-8, was
grown in MDCK and purified through zonal ultracentrifugation.
Purified virus particles were inactivated by formalin treatment
and used as whole inactivated vaccine (WIV). Alum-adjuvanted
WIV was produced by adding alum adjuvant (1:1 mixture of
Al phosphate and hydroxide) at a final alum concentration of
300 pg/ml. Purified virus particles were split by treatment with
ether and Tween 80 and inactivated with formalin, and used as
split vaccine material. Other strains were employed to compare the

immunological responses: seasonal A/Brisbane/H1N1 and 2009
pandemic A/California/07/2009, produced by Kitasato Institute
for Biologicals, Saitama. All vaccine materials were adjusted to
30 wg/ml HA protein concentration.

H5 WIV pandemic vaccine for clinical trial was produced from
egg-derived WIV materials by Kitasato Institute for Biologicals,
Saitama and Biken Intitutes, Kannonji.

2.3. Cytokine assay

Culture supernatants were harvested at 24 hr after stimula-
tion with influenza vaccine materials and subjected to Bio-Plex
Pro™ Human Cytokine Assay 17-plex, using Bio-Plex 200 (Bio-
Rad, USA). The concentration of IFN-o. was measured using an
EIA kit (Verikine™ Human IFN-Alpha Serum Sample ELISA Kkit,
pbl interferon, USA) and IL-1 and IL-6 were also measured using
Quantikine Human IL-18 and Quantikine IL-6, respectively (R&D
Systems, USA), following the instruction manual.

3. Results
3.1. Summary df alum-adjuvanted vaccine trial in children

An alum-adjuvanted H5N1 WIV clinical study was conducting
involving 337 subjects aged 20-59 years. Two doses were given
at 21-28 day intervals, and HI and NT antibodies were examined
before immunization, just before the second dose, and one month
after the second dose. NT antibodies became sero-converted in.
260/337(77%)in the15 pg group. No serious systemic adverse reac-
tion was observed: febrile reaction >37.5°C was reported in 3%.
Alum-adjuvanted H5N1 WIV was licensed for stockpiling to pre-
pare for a pandemic.

Using the same vaccine, a clinical trial was performed involv-
ing 374 subjects aged 6 months to 19 years. 0.1 ml was given to
those less than one year, 0.25 ml for those 1-6 years, and 0.5 ml for
those over six years of age. Febrile illness >37.5 °C was observed in
203/374 (54%) after the first dose, but decreased to 33/367 (9.0%)
after the second dose. Unexpectedly, a high incidence of febrile
reaction >38.0°C was demonstrated in recipients aged less than 6
years and the incidence of febrile reaction (=38 °C) after vaccination
reduced by age: 5/5 (100%) in those less than one year, 52/92 (57%)
in those 1-3 years, 48/90 (53%) in those 4-6 years, 39/134 (29%) in
those 7-12 years, and 3/53 (6%) in those 13-19 years (Table 1).

NT titers after two-dose vaccination were compared in sub-
jects who had a febrile reaction and those without febrile illness.
The mean NT titer was 10 x 2356130 in those with febrile ill-
ness, being significantly higher than those without febrile illness,
10 x 2276126 (5 <0,01). Higher NT antibody titers seemed to be
induced in those with a higher body temperature after vaccination
(Table 2).

3.2. Cytokine induction by alum adjuvant

Alum adjuvant was prebared at the same concentration
of 300 pg/ml. PBMCs were stimulated with 3pg or 30pg of

Table 1
Incidence of febrile reactions in different age groups.
n Fever+ >38.0°C

<1year 5 5 (100%) 5(100%)
1-3 years 92 68 (74%) 52 (57%)
4-6 years 90 57 (63%) 48 (53%)
7-12 years 134 63 (47%) 39 (29%)
>13 years 53 10 (19%) 3(6%)
Total 374 203 (54%) 147 (39%)
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Fig. 1. Cytokine profile in PBMC cultures stimulated with aluminum selution. PBMC were stimulated with 0.1 ml of Alum adjuvants of 300 pg/ml (similar concentration as

alum-adjuvanted H5 vaccine) and 30 pg/ml (1:10 dilution).

aluminum, and the results of cytokine profiles are shown in Fig. 1.
Culture fluids were assayed using human 17plex. In control cultures
of 25 subjects, IL-6, IL-7, IL-8, IFN-y, MCP-1, MIP-1f, and TNF-a
were produced at the baseline without any stimuli, and no addi-
tionally enhanced cytokine production was noted when stimulated
with 30 p.g alum adjuvant.

3.3. Cytokine production in response to different formulations of
HS5 influenza vaccines ’

H5 split materials were prepared and cytokine production
profile was compared to those in response to the seasonal
A/H1N1/Brisbane and A/H1N1/California/04/2009. IFN-y was pro-
duced when stimulated with each split antigen, showing different
levels of IFN-y (Fig. 2). There was no significant difference in the
other cytokine profiles among three split materials.

Alum-adjuvanted WIV, plain WIV, and the split formulation
of the H5 vaccine antigen were adjusted to 30 wg/ml HA protein
concentration. PBMC were stimulated with 3 ug of HA antigen.
Through the analysis of 17 cytokines and chemokines, the pro-
ductions of IL-18, IL-6, IL-17, IFN-y, TNF-a, and MCP-1 showed
different profiles from control culture or when stimulated with alu-
minum alone. Results of cytokine profiles are shown in Table 3.
IFN-y and TNF-a were produced when stimulated with H5 split

Table 2 '
Relationship between acute febrile reactions and antibody response.
N Mean +SD¢ 95%ClL
Fever— 170 2,76 + 1.26 2.58-2.95 .
Fever+ 200 3.56 + 1.30 3.38-3.74 a
37.5-<38.0°C 56 311+ 1.27 2.77-345
38.0-<39.0°C 79 353 +1.32 3.24-3.82 b
>39.0°C 65 398 + 1.17 3.70-4.27 ¢

2 Mean NT titers were significantly different between subjects with febrile reac-
tions after immunization and those without febrile reactions (p <0.01).

b Significant difference was noted between NT titers in subjects with high body
temperature >37.5-38.0°C and in those with 38.0-39.0°C (p<0.05).

¢ Significant difference was noted between NT titers in subjects >37.5-38.0°C
and in those with >39°C (p<0.01).

4 Mean titer of NT antibody expressed as 10 x 2.

material. H5 WIV induced the higher production of IL-6, 1L-17,
TNF-a,, and MCP-1 than control culture or those stimulated with
Alum or H5 split materials. There was no increase in IL-1( produc-
tion when stimulated with aluminium alone and H5 split antigen,
but slightly higher levels of IL-1 production were observed in
response to plain WIV. When stimulated with alum-adjuvanted
WIV, the enhanced production of IL-13 was demonstrated and the
other cytokines were produced similar to the stimulation with H5
WIV,

The 17-plex human cytokine assay demonstrates the cytokine
profile and does not reflect the actual concentrations of the
cytokines. As shown in Table 3, enhanced production of IL-1B was
noted but IFN-a is not assayed in 17-plex kits. IL-1, IL-6, and IFN-
o were evaluated using EIA, and the results are shown in Fig. 3.
IFN-a. was produced when stimulated with W1V, and higher lev-
els of IFN-a were demonstrated in subject numbers 21-25. In
younger subjects less than one year of age (subject numbers 1-5),
the enhanced production of IFN-a was shown in response to alum-
adjuvanted WIV. A very low level of IL- 1 was produced inresponse
to WIV, and IL-18 production was enhanced when stimulated
with alum-adjuvanted WIV. IL-6 was also produced in response
to both WIV and alum-adjuvanted WIV, and alum-adjuvanted WIV
enhanced the production of IFN-c, IL-1f3, and IL-6. The production
pattern of IFN-« in different age groups was similar to that of IL-6.
IL-1PB production profile was different from the others. Production
of these cytokines seemed to be prominent in young infants at less
than one year of age (subject Numbers 1-5) and adults (subject
Numbers 21-25). Cytokine productions seemed to be different in
each individual.

4. Discussion

High-level immunogenicity is primarily required for a highly
pathogenic pandemic, such as H5N1. Current split H5 was
poor immunogenic and the WIV vaccine formulation has been
reconsidered to have renewed merits concerning immuno-
genicity and cross-reaction [21-25]. Besides alum adjuvant,
squalene oil-emulsion adjuvants (MF59 and AS03) were used
in H5 pandemic investigational split vaccines and induced
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PBMC were stimulated with 0.1ml (3 pg/test).

high-level immunogenicity with allowing for antigen sav-
ing, along with cross protective broad antibody responses
[26,27]. This type of adjuvant was also applied for the 2009
pandemic vaccines, and resulted in efficient immunogenicity
[23,24,28].

WIV was originally considered to induce high-level reacto-
genicity, and it was replaced by a split formulation in the 1960s
[29-31]. H5 split vaccine was poorly immunogenic, and most Euro-
pean companies used oil emulsion adjuvants such as MF59 or
AS03. Waddington et al. [25] reported. the immunogenicity and
reactogenicity of HIN1 pandemic vaccine comprising different for-
mulations of ASO3 oil-in-water emulsion adjuvanted and WIV in
children at 6 months to 12 years of age. Seroconversion rates were
nearly 98-99% in the ASO3-adjuvanted vaccine group, but 80.6%
at <5 years, and 95.9% at 5-12 years after immunization with WIV.
Animportant finding was that WIV showed a strong age-dependent
response in terms of immunogenicity, probably influenced by a past
history of influenza infection. As for systemic adverse illness, febrile
reaction was observed in approximately 10% of recipients aged <5
years, and in 3% of those aged 5-12 years after the administration
of WIV. Wu et al. [21] reported that 5~15 ug of alum-adjuvanted
H5 split vaccines were tolerated by children aged 3-11 years and
5-30 pg alum-adjuvanted split and 5 p.g WIV vaccines were also
tolerated by those aged 12-17 years. 10-15 g of alum-adjuvanted
split vaccine induced a 55% seroconversion and seroprotection
rate in those aged 3-11 years, and 5 p.g of alum-adjuvanted WIV
induced a higher immunogenicity than 10 p.g of adjuvanted split

vaccine. When alum-adjuvanted WIV was used in young infants, a
high incidence of febrile reactions (50-60%) was reported in a study
in China although the number of recipients was very small [21].

In Japan, alum-adjuvanted WIV was licensed for adults but not
for children. In a clinical trial of alum-adjuvanted WIV in a pediatric
group, the incidence of febrile reactions (>38 °C) after vaccination
reduced by age: 100% in those less than one year, 50-60% in those
1-6years, 29% in those 7-12 years, and 6% in those 13-19 years. The
cytokine response was investigated in.lymphocyte cultures stimu-
lated with different H5 vaccine formulations to identify the reason
for the immunogenicity and immunotoxicity of alum-adjuvanted
H5 WIV. Cytokine production by PBMC was higher in young infants,
but some teenagers and adults demonstrated a high-level cytokine
response.

Many kinds of adjuvant have been developed, and they cause
adverse reactions at the inoculation site or systemic reactions.
Alum-based adjuvant was first approved for human use and contin-
ues to be widely used in many vaccines as an immuno-potentiator
[29-31]. Two potential mechanisms are basically considered: (a)
the formation of a depot from which the antigen is gradually
released; (b) soluble antigen is converted to a particle form easily
phagocytosed by antigen presenting cells (APC) such as dendritic
cells or macrophages [31].

Recently, the stimulation on the innate immunity has been
found to modulate the development of an acquired immune
response through the production of cytokines [19,20]. The innate
immune system consists of Toll-like receptors (TLRs), retinoic

Table 3
Production of IL-18, IL-6, IL-17, IFN-y, TNF-a, and MCP-1 when stimulated with Alum, H5 split, HSWIV and Alum adjuvanted H5 WIV.
I-18 IL-6 1L-17 IFN-Y TNF-a MCP-1

Control 26.8(13.3-40.3) 86.9(46.4-1273) 26.4(13.3-39.5) 73.5(45.7-101.3) 224.1(148.4-299.9)  194.1(120.8-267.4)
Alum 36.3(21.6-51.0) 71.8(50.7-92.9).  40.3(26.1-54.5) 75.1(56.6-93.7) 151.4(114.4-188.4)  294.8 (154.5-435.0)
H5 split 21.6(12.3-30.8) 145.4(88.3-202.5) 69.3 (38.0-100.6) 182.3(118.8-245.7) 328.5(226.9-430.2) 544.3 (299.9-788.6)
H5WIV 50.1(38.1-62.2) 503.6 (370.8-636.3) 180.0(154.8-215.3) 354.4(226.2-482.5) 843.4(681.4-1005.4) 1452.5(927.2-1977.8)
H5WIV+Alum 142.7 (63.0-22.4) 467.6 (306.3-628.8) 159.2(133.5-185.0) 274.8(169.0-380.5) 624.0(424.3-823.7) 1023.2(576.5-1469.9)

Lymphocytes were obtained from 25 healthy individuals who were not immunized with H5 vaccine. Mean values (pg/ml)are shown and ranges of 95% Cl are in the parenthesis.
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Fig. 3. IFN-o, IL-1B, and IL-6 production. IFN-a, IL-18, and IL-6 were measured by EIA in PBMC cultures. PBMC were stimulated with H5 WIV and alum-adjuvanted WIV
vaccine materials. Samples 1-5 were obtained from healthy individuals less than one year, those 6-11 from 1 to 3 years-of age, those 12-16 from 4 to 6 years, those 17-20
from 7 to 16 years, and those 21-25 from adults. Black columns are cytokine productions stimulated with adjuvanted H5WIJ, and grey columns show those stimulated with

H5 WIV.

acid inducible gene-based (RIG)-like receptors, and nucleotide
oligomerization domain (NOD)-like receptors (NLRs), known as
inflammasome [20,32-34]. Inflammasome consists of NLRP3,
apoptosis-associated speck-like protein (ASC), which is thought to
be an adaptor molecule of NLRP-3, resulting in the recruitment of
caspase. It stimulates the production of inflammatory cytokines, IL-
18, IL-6, and IL-18 from proinflammatory molecules through the
enzymatic activity of caspase [34]. Alum adjuvant induced cellular
lysosomal damage or tissue damage and stimulated NLRP3 inflam-
masome through increased levels of uric acid caused by tissue dam-
age [35,36]. The mechanisms of immunogenicity induced by Alum
adjuvant have remained poorly understood regarding whether the
stimulation of NLRP3 inflammasome is dispensable or not [37-39].

The activation of innate immunity increased antigen-specific
adaptive immunity through TLRs induced by influenza vaccine
without influencing NLRP3 inflammasome [40]. WIV influenza
virus induced antigen-specific antibodies through the production
of type 1 IFN involving the activation of TLR7 in mice [32,41]. Kuroda
et al. [42] reported that alum induced LPS-primed macrophages
to produce prostaglandin E2 (PGE2) and IL-1B. PGE; production
was independent of NLRP3, ASC, and the caspase-1 inflammasome
complex, and PGE; expression depended on cyclooxygenese (COX)
and PGE synthase, regulated by spleen tryrosin kinase (Syk) and
p38 MAP kinase in macrophages. PGE; was found to suppress Th1
‘responses with a reduced production of IL-2 and IFN-y, but facili-
tated the differentiation of Th1 cells in the presence of IL-12 and,
thus, cytokine species and their balance regulated PGE2 function
on antibody production [18,42,43]. WIV and alum-adjuvanted WIV
induced the production of the endogenous cytokines IL-1f3, IFN-
a, IL-6, and TNF-q, and they induced PGE2 in circumventricular
organs through capillary fenestration, which is a well-known pyro-
gen [20,44].

WIV has genomic RNA that is recognized by TLR-7, induc-
ing IFN-a [40]. In the clinical trial of alum-adjuvanted WIV, the

incidence of febrile reactions (>38°C) after vaccination reduced
by age: 100% at less than one year, 50-60% at 1-6 years, 29% at
7-12 years, and 6% at 13-19 years. However, there was no com-
parative control group who received non-adjuvanted H5 plain WIV
to discuss the incidence of febrile reactions. Cytokine production
by PBMC was higher in young infants, some teenagers and adults
in response to WIV. Enhanced productions of IFN-a, IL-1B, and
IL-6 were demonstrated in very young subjects, and were sug-
gested to be associated with a higher incidence of febrile reactions
(immunotoxicity) and high immunogenicity (adjuvantogenicity).
Cytokine profiles should be checked in serum from those who had
high fever after immunization with alum-adjuvanted H5 WIV to
observe the direct relationship between the enhanced cytokine
level and febrile illness. Lymphocytes from adults also produced
high levels of cytokines in response to alum-adjuvanted H5 WIV.
Even though, sufficient immune responses were not observed in
adults with lower incidence of febrile iliness. It should be further
investigated to clarify the different responsiveness to cytokines by

aging.
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