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Abstract Bordetella pertussis is the etiological agent of
whooping cough, a common cause of respiratory illness in
both children and adults. In the present study, we investi-
gated the bactericidal activity of four antiseptics—povi-
done-iodine (PVP-I), benzethonium chloride (BEC),
chlorhexidine gluconate (CHG) and benzalkonium chloride
(BAC)—against B. pertussis ATCC9797 and clinical iso-
lates. Among the topical antiseptics, PVP-I, BEC, and
BAC, PVP-I and BAC in particular, showed high bacteri-
cidal activity, whereas CHG had low activity. PVP-I gargle
also showed high bactericidal activity, similar to topical
PVP-1. However, BEC gargle had low bactericidal activity.
Our results indicate that topical PVP-I and BAC, and
PVP-1 gargle would be useful as effective antiseptics
against B. pertussis.

Keywords Bordetella pertussis - Antiseptics -
Bactericidal activity - Povidone-iodine -
Benzalkonium chloride

Pertussis is an acute respiratory infection caused by the
gram-negative coccobacillus Bordetella pertussis [1]. This

T. Suzuki - H. Kataoka - T. Ida - T. Mikuniya
Pharmaceutical Research Center, Meiji Seika Pharma Co., Ltd.,
Yokohama, Japan

T. Suzuki (<)

Lifecycle Management Research Laboratory, Pharmaceutical
Research Center, Meiji Seika Pharma Co., Ltd.,
Morooka-Cho 760, Kohoku-ku, Yokohama 222-8567, Japan
e-mail: takahisa.suzuki @meiji.com

K. Kamachi

Department of Bacteriology I, National Institute of Infectious
Diseases, Tokyo, Japan

@ Springer

disease is highly communicable, with a second attack rate
of up to 90% among unvaccinated household contacts.
B. pertussis is transmitted from an infected person to sus-
ceptible persons, primarily through aerosol droplets of
respiratory secretions and secondarily through direct con-
tact with the respiratory secretions. In Japan, the incidence
of pertussis has been successfully decreased through the
introduction of pertussis vaccines; however, there has been
an increase in adult patients with pertussis since 2002 [2].
To prevent healthcare-associated bacterial pneumonia
including pertussis, hand hygiene and disinfection of
medical apparatus are strongly recommended for preven-
tion of transmission of microorganisms [3]. In addition,
oropharyngeal cleaning and decontamination with anti-
septics are effective ways to prevent nosocomial respira-
tory infection [3, 4]. Although hand hygiene and oral rinse
are recommended, no reports on the bactericidal activity of
antiseptics against B. perfussis have been published. In the
present study, therefore, the bactericidal activity of com-
mercial topical antiseptics and their gargles against
B. pertussis ATCC and clinical strains was determined.
Ten B. pertussis clinical isolates, collected from 2004 to
2008 in Japan, were investigated. The isolates were
selected from the National Institute of Infectious Diseases
(NIID) strain collections, according to their genotype
(multilocus sequence type, MLST): five isolates, MLST-1;
three isolates, MLST-2; one isolate, MLST-3; one isolate,
MLST-4. The MLST-1 and MLST-2 strains were com-
monly isolated during the past two decades in Japan, but
MLST-3 and -4 strains were not [2]. B. pertussis
ATCC9797 was used as a laboratory strain. The B. per-
tussis clinical and ATCC9797 strains were cultured on
Bordet-Gengou agar containing 15% defibrinated sheep
blood for 48 h at 35°C, followed by subculture for 48 h.
The following topical antiseptics and gargles were tested in
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this study. The topical antiseptics were povidone—iodine
(PVP-I; Isodine solution 10%; Meiji Seika Kaisha), ben-
zethonium chloride (BEC; Hyamine solution 10%; Daiichi-
Sankyo), chlorhexidine gluconate (CHG; Hibitane 20%;
Dainippon Sumitomo Pharma), and benzalkonium chloride
(BAC; Osvan S; Takeda Pharmaceutical). The gargle
antiseptics were PVP-I (Isodine gargle solution 7%; Meiji
Seika Kaisha) and BEC (Neostelin green 0.2% mouthwash
solution; Nippon Shika Yakuhin).

Topical PVP-I, BEC, CHG, and BAC were diluted with
sterile water at two or three concentrations according to the
package insert instructions: PVP-1, 0.05-0.5%; BEC,
0.005-0.2%; CHG, 0.05-0.5%; BAC, 0.05% and 0.2%.
The bacterial inoculum suspension and each antiseptic
solution were mixed at 1:25 and incubated. After 0.25, 0.5,
1 and 3 min, 0.1 ml of the mixture was inoculated into
0.9 ml of neutralizer containing Tween 80, soybean leci-
thin, and sodium thiosulfate. Tenfold serial dilutions of
each mixture were prepared, and 0.1 ml dilute solution was
plated on Bordet—Gengou agar and incubated for 72 h at
35°C. The number of colonies was counted, and the
number of colony-forming units (CFUs) in the mixture was
calculated from the dilution rate [5].

Table ! shows the bactericidal activity of the topical
antiseptics against B. pertussis ATCC9797. A 0.25-min
treatment with 0.05% PVP-I was found to successfully
reduce the viable cells by more than 1 x 10° CFU/ml. A
0.25-min treatment with 0.05% BEC reduced the viable
cells by more than 1 x 10° CFU/ml, whereas with 0.005%
BEC, a 3-min treatment was required to achieve the same
effect. A 0.25-min treatment with 0.05% BAC reduced the
viable cells by more than 1 x 10° CFU/ml. With 0.05% or
0.2% CHG, even a 3-min treatment could not reduce the

viable cells enough. To reduce the viable cells by more
than 1 x 10° CFU/ml, treatment with 0.5% CHG for
3 min was required. This finding indicates that topical
CHG has a lower bactericidal activity than topical PVP-I,
BEC, and BAC against B. pertussis ATCC9797.

The bactericidal activity of topical PVP-I, BEC, and
CHG against B. pertussis isolates was also investigated.
The level of bactericidal activity is shown in Fig. 1. All
isolates that received a 0.25-min treatment with 0.2% or
0.05% PVP-1 had viable cells reduced by more than
1 x 10° CFU/ml. In contrast, with 0.005% BEC, a 3-min
treatment was required to achieve the same effect. On the
other hand, a sufficient decrease could not be achieved
even when a 3-min treatment with 0.2% CHG was per-
formed. With all the antiseptics, no marked differences
were seen in terms of MLST and bactericidal effect.
Table 2 shows the bactericidal activity of PVP-I and BEC
gargles against B. pertussis ATCC9797. A 0.25-min
treatment with 0.05% PVP-I gargle was found to reduce the
viable cells by more than 1 x 10° CFU/ml, indicating that
the PVP-1 gargle had the same bactericidal activity as
topical PVP-I. In contrast, with 0.2% BEC gargle, no sig-
nificant decreases in viable cells were observed with 3-min
treatment, although topical BEC has high bactericidal
activity (Table 1).

To our knowledge, this is the first report on the bacte-
ricidal activity of antiseptics, especially PVP-I, against
B. pertussis. Here, we show that topical PVP-I and BAC,
and PVP-I gargle have high bactericidal activity compared
with BEC and CHG. CHG is classified as a low-level
antiseptic according to Spaulding’s classification and
shows variable bactericidal activity depending on the
bacterial species. Furthermore, it was reported that a

Table 1 Bactericidal activity of topical povidone—iodine (PVP-I), benzethonium chloride (BEC), chlorhexidine gluconate (CHG), and ben-

zalkonium chloride (BAC) against Bordetella pertussis ATCC9797

Antiseptic Concentration (%) Viable cells (CFU/ml)
0.25 min 0.5 min 1 min 3 min

PVP-1 0.5 - - - -

0.2 - - - -

0.05 - - - -
BEC 0.2 - - - -

0.05 - - - -

0.005 8.5 x 10° 13 x 10° 3.0 x 10° -
CHG 0.5 1.8 x 107 1.1 x 107 14 x 10° -

0.2 1.8 x 107 1.8 x 107 8.1 x 10° 6.0 x 10

0.05 3.0 x 107 2.5 x 107 1.9 x 107 1.9 x 10°
BAC 0.2 - - - -

0.05 - - - -
—, not detected (<1 x 10? CFU/ml)
Initial cell concentration was 2.9-5.5 x 107 CFU/ml

@ Springer

-512 -



274

J Infect Chemother (2012) 18:272-275

PVP-| BEC CHG
8 8 8
_ —&~—PVP-10.2% T\ =—¢=BEC 0.05% 7 Z&‘i\a\
E 5 =O=PVP-1 0.05% 5 & —G==BEG 0.005% 6
E 5 \ 5 \ 5 \\\\\Z
O g \ 4 \ 4 || =4—CHG 0.5% >
>, \ . | L \J 3 || —~—CHG0.2%
- -é)—o——c | — 3
5'2 O -<_2 & : & e ‘> 52 1 L i 1 i 4
0 05 1 15 2 25 3 0 05 1 15 2 25 3 0 05 1 15 2 25 3
min min min

Fig. 1 Bactericidal activity of topical povidone—iodine (PVP-I),
benzethonium chloride (BEC), and chlorhexidine gluconate (CHG)
against Bordetella pertussis clinical isolates. Ten isolates [~5 X
107 colony-forming units (CFU)] were individually mixed with the
topical antiseptic solution at different concentrations: PVP-1, 0.05%

and 0.2%; BEC, 0.005% and 0.05%; CHG, 0.2% and 0.5%. After
0.25, 0.5, 1, and 3 min, the mixture was inoculated into a neutralizer.
The number of viable cells was determined using plate count
methods, and the number of CFUs in the mixture was calculated from
the dilution rate. Detection limit was 1 x 10° CFU/ml

Table 2 Bactericidal activity of PVP-1 and BEC gargles against Bordetella pertussis ATCC9797

Antiseptic - Concentration (%) Viable cells (CFU/ml)
0.25 min 0.5 min 1 min 3 min
PVP-I 0.5 - - -
0.2 - - - _
0.05 - - - -
BEC 0.2 6.8 x 10’ 6.2 x 107 8.2 x 107 6.6 x 107
0.05 8.5 x 107 8.9 x 107 7.5 x 107 44 x 10’
0.005 8.7 x 107 7.9 x 107 6.3 x 107 3.8 x 107

—, not detected (<1 x 10* CFU/ml)
Initial cell concentration was 2.8-5.5 x 107 CFU/ml

relatively longer drug contact period is necessary for some
bacterial species [6]. It is therefore not surprising that
similar results were seen in this study with B. pertussis. It is
not clear why the BEC gargle shows weak bactericidal
activity. Similar findings were obtained in methicillin-
resistant Staphylococcus aureus (MRSA) (data not shown);
thus, the difference in bactericidal effect between topical
BEC and BEC gargle is not considered to be an issue
specific to B. pertussis. The BEC gargle contains several
additive agents, e.g., polysorbate 80, mentha oil, spearmint
oil, saccharin sodium, thymol, and sodium copper chloro-
phyllin. The additive agent(s) might be the cause of the low
bactericidal activity against B. pertussis. Our findings
indicate that equal effects of an active ingredient should
not be expected when administered in different forms.
PVP-I is known to have potent broad-spectrum activity
against bacteria, mycobacteria, fungi, and viruses [7],
whereas BAC has no bactericidal activity against myco-
bacteria [8, 9]. Topical PVP-I and BAC have become
widely used as antiseptic and disinfectant in hospitals, and
PVP-1 gargle is generally used for oral disinfection in
Japan, especially at the time of year when the common cold
and influenza are prevalent. B. pertussis frequently causes
hospital and intrafamilial infections transmitted via aerosol

@ Springer

droplets as well as the common cold and influenza. In light
of this, gargling with PVP-I would be important among
household members and hospital patients.

Adolescents and adults are assumed to be the primary
reservoir of B. pertussis and play a crucial role in the
transmission of the microbe to infants and unvaccinated
children [10-12]. Macrolide antibiotics, such as erythro-
mycin, are widely used for treatment of patients with
pertussis and are currently recommended for prophylaxis in
the United States as well. However, erythromycin resis-
tance in B. pertussis has been reported in the United States,
with an occurrence rate of <1% [13]. Fluoroquinolones are
also widely used to treat respiratory tract infections in
adults. These antibiotics have excellent in vitro activity
against B. pertussis; however, several quinolone-resistant
strains of B. pertussis were recently found in Japan [14].
Considering the mechanism of antiseptics, disinfection and
gargling with PVP-I may be an effective way to eliminate
B. pertussis regardless of drug resistance.

In conclusion, topical PVP-I and BAC, and PVP-I gar-
gle, have high bactericidal activity against B. pertussis. To
prevent the spread of pertussis infections, PVP-I and BAC
would be useful as effective antiseptics against B.
pertussis.
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Alum-adjuvanted H5 whole virion inactivated vaccine (WIV) was licensed for adults 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 W1V, and H5 split vaccine. Alum adjuvant did not
induce cytokine production, but H5 split induced IFN-y and TNF-a. H5 W1V induced IL-6, IL-17, TNF-a,
MCP-1, IFN-v, and IFN-a.. An extremely low level of IL-1 was produced in response to H5 WIV, and
alum-adjuvanted H5 WIV enhanced IL-1B 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 HINT1 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 H1N1 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.
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0264-410X/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
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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 pandemicin 1968. Seasonal
influenza outbreaks or epidemics are caused by an antigenic drift of
A/H1INT or A/H3N2, 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
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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 pg
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 pg with a similar
immunogenicity to plain split, 90 g [16].

Injapan, alum-adjuvanted H5N1 whole inactivated virion (WIV)
{alum concentration: 300 pg/ml) was developed using a geneti-
cally engineered reassortant, the NIBRG-14 strain, originated from
H5/A/Vietnam/1194/2004. In a clinical phase II trial in healthy
adults, alum-adjuvanted 15 jug HA protein of WIV led to favorable
immunogenicity (>70% sero-conversion rate in NT test) without
demonstrating any serious systemic ilinesses [17]. Whereas, when
it was administered to young infants and children with a reduction
in antigen doses, 7.5 or 3 j.g, 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 108 cells in a 24-well plate in
1 ml of RPMI 1640 medium supplemented with 4% FBS and ade-
quate antibiotics. They were stimulated with 100 ul 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 wg/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/HIN1 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-a was measured using an
EIA kit (Verikine™ Human IFN-Alpha Serum Sample ELISA kit,
pbl interferon, USA) and IL-13 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 of 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%)inthe15 g 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 23-56=1.30 jn those with febrile ill-
ness, being significantly higher than those without febrile illness,
10 x 2276%126 (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 prepared at the same concentration
of 300 pg/ml. PBMCs were stimulated with 3 ng or 30ug of

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

<1 year 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 solution. PBMC were stimulated with 0.1 ml of Alum adjuvants of 300 pg/ml (similar concentration as

alum-adjuvanted H5 vaccine) and 30 j.g/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, I[FN-y, MCP-1, MIP-1f3, and TNF-a
were produced at the baseline without any stimuli, and no addi-
~ tionally enhanced cytokine production was noted when stimulated
with 30 g alum adjuvant.

3.3. Cytokine production in response to different formulations of
H5 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-vy (Fig. 2). There was no significant difference in the
other cytokine profiles among three split materials.

Alum-adjuvanted W1V, plain WIV, and the split formulation
of the H5 vaccine antigen were adjusted to 30 pg/ml HA protein
concentration. PBMC were stimulated with 3 g of HA antigen.
Through the analysis of 17 cytokines and chemokines, the pro-
ductions of IL-1f3, IL-6, IL-17, IFN-y, TNF-«, 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-vy and TNF-a were produced when stimulated with H5 split

Table 2
Relationship between acute febrile reactions and antibody response.
N Mean = SD¢ 95% C.L.
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 2.77-3.45
38.0-<39.0°C 79 3.53 +£1.32 3.24-3.82 b
>39.0°C 65 3.98 £ 1.17 3.70-4.27 ¢

a 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).

d Mean titer of NT antibody expressed as 10 x 2.
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material. H5 WIV induced the higher production of IL-6, IL-17,
TNF-o, and MCP-1 than control culture or those stimulated with
Alum or H5 split materials. There was no increase in IL-1(3 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-1( 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-13 was
noted but IFN-« is not assayed in 17-plex kits. [L-18, IL-6, and I[FN-
a were evaluated using EIA, and the results are shown in Fig. 3.
IFN-a was produced when stimulated with WIV, 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. Avery low level of IL-1{3 was produced in response
to WIV, and IL-1B production was enhanced when stimulated
with alum-adjuvanted WIV. IL-6 was also produced in response
to both WIV and alum-adjuvanted W1V, and alum-adjuvanted WIV
enhanced the production of IFN-«, IL-1[8, and IL-6. The production
pattern of IFN-« in different age groups was similar to that of [L-6.
IL-1P 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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Fig. 2. Cytokine profile of PBMC cultures stimulated with split influenza vaccines. Split vaccine materials were used: H5N1 pandemic NIBRG-14 strain, originated from
H5/A/Vietnam/1194/2004, A/H1N1/Brisbane/2007, and 2009 pandemic A/California/07/2009. Each antigen was prepared at the concentration of 30 pg/ml of HA antigen, and

PBMC were stimulated with 0.1 ml (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 AS03-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 g of alum-adjuvanted
H5 split vaccines were tolerated by children aged 3-11 years and
5-30 pg alum-adjuvanted split and 5 pg WIV vaccines were also
tolerated by those aged 12-17 years. 10-15 p.g of alum-adjuvanted
split vaccine induced a 55% seroconversion and seroprotection
rate in those aged 3-11 years, and 5 pg of alum-adjuvanted WIV
induced a higher immunogenicity than 10 pg 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

IFN-Y TNF-a MCP-1

224.1 (148.4-299.9)
151.4(114.4-188.4)

73.5(45.7-101.3)
75.1 (56.6-93.7)

194.1 (120.8-267.4)
294.8 (154.5-435.0)
544.3 (299.9-788.6)
1452.5 (927.2-1977.8)
1023.2 (576.5-1469.9)

182.3 (118.8-245.7)
354.4 (226.2-482.5)

328.5 (226.9-430.2)
843.4 (681.4-1005.4)
624.0 (424.3-823.7)

Table 3
Production of IL-1, IL-6, IL-17, IFN--y, TNF-o, and MCP-1 when stimulated with Alum, H5 split, HSWIV and Alum adjuvanted H5 WIV.
IL-13 IL-6 IL-17
Control 26.8(13.3-40.3) 86.9(46.4-127.3)  26.4(13.3-39.5)
Alum 36.3(21.6-51.0) 71.8(50.7-92.9) 40.3 (26.1-54.5)
H5 split 21.6(12.3-30.8) 145.4(88.3-202.5) 69.3 (38.0-100.6)
H5WIV 50.1(38.1-62.2) 503.6 (370.8-636.3) 180.0(154.8-215.3)
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)

Lymphocytes were obtained from 25 healthy individuals who were not immunized with H5 vaccine. Mean values (pg/ml) are shown and ranges 0f 95% Cl are in the parenthesis.
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from 7 to 16 years, and those 21-25 from adults. Black columns are cytokine productions stimulated with adjuvanted H5WI, 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-
183, 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 typeIIFN 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-1. 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-v, 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-13, IFN-
a, IL-6, and TNF-a, 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-« [40]. In the clinical trial of alum-adjuvanted W1V, 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-e, IL-1f3, and
[L-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 illness. It should be further
investigated to clarify the different responsiveness to cytokines by
aging.
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IgG subclass antibody responses are not fully understood. Alum-adjuvanted H5N1whole virion
inactivated vaccine (WIV), a genetically reassortant vaccine seed strain originating from
H5N1/A/Vietnam/1194/2004 and PR-8, induced significantly stronger antibody responses in neu-
Keywords: tralizing antibodies in children. In this report, IgG subclass antibody responses were investigated, and
H5NT ) ] most serum samples were positive for IgG1 antibody before immunization. A significant response (more
;Ng"leb‘”lm’“ ‘”jg“gamd influenza vaccine than 4-fold increase) of IgG1 antibody was observed in 67/193 (34.7%) and that of gG4 antibodies in
Tgh 1-“;1;;‘;; i‘;l;n"cey 42/193(21.8%). Children <4 years of age showed a significant increase in IgG subclass antibodies but

those >4 years showed lower responses. Alum- adjuvanted H5N1TWIV induced an efficient immune

response in young children especially <4 years.

© 2012 Elsevier Ltd. All rights reserved.
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1. Introduction

The 20th century saw three pandemics of influenza. The most
devastating pandemic dated back to 1918, known as Spanish flu,
and killed an estimated 40-50 million people, caused by HIN1
influenzavirus transmitted through some animals not directly from
an avian influenza virus [1]. Asian influenza A/H2N2 caused the
second pandemic in 1957, and Hong Kong influenza A/H3N2 the
third in 1968. After the 1968 pandemic, small local outbreaks were
reported. Caused by H5N1, H7N7, or HON2, they were considered
to be from poultry. There was a regional outbreak of H5N1 in Hong
Kongin 1997, and six of 18 patients died, causing a pandemic threat
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Infection, 5-9-1 Shirokane, Minato-ku, Tokyo 108-8641, Japan.
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[2]. H5N1 is considered to be a target for pandemic vaccine, and
WHO addressed sharing viruses and sequence information for a
future pandemic vaccine development [3-5], and the development
of an effective and safe vaccine is expected to mitigate the threat
of a pandemic.

In Japan, alum-adjuvanted H5N1 whole virion inactivated vac-
cine (WIV) (alum concentration: 300 pwg/ml) was developed using
a genetically engineered reassortant, the NIBRG-14 strain, origi-
nating from H5N1/A/Vietnam/1194/2004. In a clinical phase II/IiI
trial in healthy adults, alum-adjuvanted WIV (HA protein: 15 pg)
led to favorable immunogenicity (>70% sero-conversion rate in
NT antibodies) without causing any serious systemic illnesses [6].
However, when it was administered to young infants and children
at a reduced dose, 7.5 or 3 ug, a high body temperature (>38.0°C)
was observed in >60% of recipients <7 years of age, but, unexpect-
edly, NT antibody titers were higher than those observed in the
clinical trial in adults.
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