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ABSTRACT. Japan established a vaccine selection system, in which a committee evaluates 
veterinary influenza vaccines to determine if the vaccine should be updated. In 2013, it was 
concluded that the present equine influenza vaccine strains did not have to be updated, but 
clade 2 (Fc2) viruses of the Florida sublineage should be included. We collected three Fc2 viruses 
as candidates and conducted comparative tests. Results indicated that A/equine/Carlow/2011 
(H3N8) is not suitable, because of its unstable antigenic characteristics. A comparison between 
A/equine/Richmond/1/2007 (H3N8) (Richmond/07) and A/equine/Yokohama/aq13/2010 (H3N8) 
(Yokohama/10) in eggs showed that they shared equal growth properties. Immunogenicity test in 
mice showed that Yokohama/10 induced higher HI antibody titers than Richmond/07. Therefore, 
we concluded that Yokohama/10 was the most suitable strain.
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Equine influenza (EI) is a highly contagious respiratory disease accompanied by fever, harsh coughing and depression [7]. EI 
outbreaks have been reported worldwide with the exception of a few island countries, including New Zealand and Iceland [13]. 
After a hiatus of 36 years in Japan, there was a devastating outbreak of EI in 2007 [6, 16], which resulted in the cancellation of 
horse racings and other events. Hence, outbreaks of EI negatively impact horse racings and other events, import/export of horses as 
well as other activities, resulting in severe economic losses to the horse industry.

Vaccination is effective in the prevention and control of EI. The primary aim of vaccination is to reduce clinical manifestations 
and virus shedding. However, antigenic differences between vaccine strains and field viruses affect the EI vaccine efficacy [3, 4, 
8]. Because the period from establishment of vaccine strains to registration with the regulatory authority requires several years and 
involves a significant cost, many vaccine manufacturers hesitate to update vaccine strains. As a result, the majority of current EI 
vaccines worldwide contain outdated strains [1, 2]. To rapidly update vaccine strains for veterinary influenza vaccine, the Ministry 
of Agriculture, Forestry and Fisheries, Japan (MAFF) established an influenza vaccine selection system [5]. In this system, MAFF 
establishes the vaccine strains and distributes them to market authorization holders (MAHs). Therefore, the MAHs are no longer 
required to develop new vaccine strains; prepare documents regarding the efficacy, safety and quality of the vaccine; or apply for 
registration. The MAHs only purchase the designated vaccine strains from MAFF. This system reduces the period of time required 
from development to marketing to approximately 1 year. To determine whether influenza vaccine strains should be updated and to 
select the most appropriate vaccine strains, the National Veterinary Assay Laboratory of the MAFF established a vaccine strains 
selection committee for veterinary influenza (selection committee), which consists of experts of influenza and biological products 
[5].

The World Organisation for Animal Health (OIE) Expert Surveillance Panel on Equine Influenza Vaccine Composition (OIE 
ESP) recommended that EI vaccines for the international market should contain both clade 1 (Fc1) and clade 2 (Fc2) viruses 
of the Florida sublineage [10–12]. The current Japanese inactivated EI vaccine, which does not include adjuvant, consists of A/
equine/Avesta/1993 (H3N8) (Avesta/93, Eurasian lineage), A/equine/La Plata/1993 (H3N8) (La Plata/93, American Lineage) and 
A/equine/Ibaraki/1/2007 (H3N8) (Ibaraki/07, Fc1) [16]. Although the EI vaccine does not include Fc2, one vaccine strain, La 
Plata/93, shares similar antigenic characteristics with A/equine/Richmond/1/2007 (H3N8) (Richmond/07, Fc2) [17]. Therefore, the 
selection committee meeting held in 2011 and 2012 concluded that the current vaccine strains need not be updated at those times 
[5]. However, in the selection committee meeting held in 2013, it was reported that the antigenic characteristics of the current 
major prevalent Fc2 viruses isolated in the U.K. and Ireland had recently changed [18]. These field viruses showed lower reactivity 
to antiserum against La Plata/93 compared with previous Fc2 viruses, as demonstrated with virus neutralization test. The selection 
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committee concluded that the current Japanese EI vaccine is still effective against Fc2 viruses and does not have to be updated 
rapidly [4]. However, the selection committee also suggested that considering the recent OIE ESP recommendation and that some 
countries, such as Australia, require that exporting countries should vaccinate horses with the most up-to-date EI vaccine prior to 
shipment (http://www.jlta.or.jp/requirements/horse/h_e_australia.pdf), Fc2 virus should be prepared for the next updated vaccine 
[5].

In this study, we collected three Fc2 viruses as candidate vaccine strains, conducted comparative tests, such as growth 
properties in embryonated chicken eggs, stability of antigenic characteristics by serial passage in embryonated chicken eggs and 
immunogenicity in mice in two vaccine manufacturers, and selected the most appropriate Fc2 virus as the vaccine strain.

Growth properties in embryonated chicken eggs were evaluated as follows, each candidate vaccine strain was serially diluted 
10-fold, and 0.2 ml of each serial dilutions (101–1010) were inoculated into five allantoic cavities of 11-day-old, specific pathogen 
free (SPF), embryonated chicken eggs. After incubation at 34°C for 48 hr, the allantoic fluids were collected and examined for 
hemagglutination (HA) activity. The 50% egg infectious dose (EID50)/0.2 ml were calculated using the Reed and Muench method 
[15]. The allantoic fluids of the concentrations from 10-fold up to 1,000-fold of all eggs that tested HA -positive were mixed at 
equal volumes and passaged.

Stability of antigenic characteristics by serial passages in embryonated chicken eggs was evaluated as follows. Each candidate 
vaccine strain was inoculated into the allantoic cavities of 11-day-old SPF embryonated chicken eggs and incubated at 34°C for 
48 hr. The each obtained allantoic fluid was inactivated by treatment with 0.05% formalin at 4°C for 7 days and was immunized 
into 30 ddY mice of 4-week-old via the intraperitoneal route. Two weeks after immunization, all mice were bled, and obtained 
sera were pooled. Using the sera, hemagglutination inhibition (HI) test was conducted with the first, fifth and tenth egg-passaged 
each virus, which was obtained as described in section of growth properties in embryonated chicken eggs. HI test was performed 
as previously described with some modifications using 96-well V-bottomed microplates [14]. In brief, 0.2 ml of the test serum 
was mixed with 0.6 ml of receptor-destroying enzyme (Denka Seiken, Tokyo, Japan) and incubated overnight at 37°C to remove 
nonspecific inhibitors. This step was followed by heat inactivation in a water bath at 56°C for 1 hr and cooled in ice water. Then, 
0.05 ml of RBC suspension was added; the mixture was incubated at room temperature for 1 hr and centrifuged. The supernatants 
were used as 4-fold-diluted serum. A 25 µl aliquot of the serum was diluted 2-fold with phosphate-buffered saline and mixed 
with 25 µl of HA antigen adjusted to 8 HA units in 96-well V-bottomed plate, and the plate was incubated for 1 hr at 37°C. Then, 
50 µl of 0.5% of chicken RBC suspension was added to each well, and the plate was incubated for 1 hr. HI antibody titers were 
expressed as the highest dilution of the serum showing complete HI.

Immunogenicity of candidate vaccine strains in mice was conducted according to the potency test for inactivated EI vaccine, 
as described in the “Minimum Requirements for Veterinary Biological Products” (MAFF Notice No. 1567, Series of 2002) with 
some modifications. In brief, formalin-inactivated sixth egg-passaged virus culture was adjusted to 100 and 200 chicken cell 
agglutination (CCA)/ml. Four groups of five ddY mice were immunized with each CCA concentration via the intraperitoneal route. 
Two weeks after immunization, all mice were bled. The obtained sera were pooled for each group, and the HI titers were measured. 
The criteria demand that at least two of four groups must have an HI titer against homologous strain ≥1:8. Differences of HI titer 
of each CCA content among the strains were evaluated by Bonferroni’s method. The level of P values at <0.016 was considered 
significant in this study.

These animal experiments were conducted by Nisseiken Co., Ltd. (Nisseiken, Tokyo, Japan) and The Chemo-Sero-Therapeutic 
Research Institute (Kaketsuken, Kumamoto, Japan) and approved by the animal experimentation ethical committees (approved 
number: 13seizou-016 (Nisseiken), A13-150 (Kaketsuken)).

Three Fc2 viruses were selected as candidate vaccine strains; namely, Richmond/07, which is recommended by OIE ESP as a 
vaccine strain [10–12] and provided by the Animal Health Trust (Kentford, U.K.), A/equine/Carlow/2011 (H3N8) (Carlow/11) 
[18], which was selected because of showing different antigenic characteristics compared with previous isolated strains and was 
provided by the Irish Equine Center (Kildare, Ireland), and A/equine/Yokohama/aq13/2010 (H3N8)(Yokohama/10) [9], which was 
isolated in the Animal Quarantine Station, MAFF (Yokohama, Japan) and was selected, because it was the most recent Fc2 isolate 
available in Japan.

CCA test was performed according as described by Miller & Stanley [8] in the “Minimum Requirements for Veterinary 
Biological Products” (MAFF Notice No. 1567, Series of 2002). In brief, test samples were diluted 2-fold, added by the same 
volume of RBC suspension, mixed well and incubated at 25°C for 75 min. Optical density (OD) of the mixture was measured at 
540 nm. CCA value was calculated by plugging the OD value in Miller-Stanley’s monogram.

As shown in Table 1, results of the vaccine manufacturers demonstrated that all candidate vaccine strains had stable growth 
properties and seemed to adjust to embryonated chicken eggs by serial passage, as shown by higher titers with successive passages. 
All the strains showed similar growth properties.

Table 2 showed the results of stability of antigenic characteristics by passages in embryonated chicken eggs. Results obtained 
from vaccine manufacturer B showed that both Richmond/07 and Yokohama/10 had stable HI antibody titers without variation until 
10 passages (Table 2b). However, because HI antibody titer decreased by 4-fold, antigenic characteristics of Carlow/11 seemed to 
be unstable compared with the other strains (Table 2b). On the other hand, results obtained from vaccine manufacturer A showed 
that all the candidate vaccine strains had stable HI antibody titers with variation of less than 4-fold until 10 passages, indicating 
stable antigenic characteristics of all candidate viruses in embryonated chicken eggs (Table 2a). In this experiment, the candidate 
vaccine strains included in allantoic fluid were immunized into mice to obtain antiserum. Ingredients from embryonated chicken 
eggs might have played a role as adjuvant and might not have made clear the differences of antigenic characteristics.
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As shown in Table 3, HI antibody titers in mouse serum after immunization with the antigen contents (100 and 200 CCA/
ml) of each candidate vaccine strain showed dose-dependent increases and met the criterion of HI titer ≥1:8. There were not any 
significant differences among the strains with each vaccine manufacturer’s datum (Bonferroni’s method; P values <0.016). Results 
obtained from vaccine manufacturer A showed that Carlow/11 induced the highest HI antibody titer, followed by Yokohama/10 
and then Richmond/07 for 100 CCA/ml immunization and that Yokohama/10 induced the highest HI antibody titer, followed by 
Carlow/11 and then Richmond/07 for 200 CCA/ml immunization (Table 3a); whereas, results obtained from vaccine manufacturer 
B showed that Yokohama/10 induced the highest HI antibody titer, followed by Richmond/07 and then Carlow/11 (Table 3b).

From the results of comparative tests, it was demonstrated that there were not significant differences of antigenic properties 
among the candidate vaccine strains. Comparing differences among the strains, the stability of antigenic characteristics by serial 
passages in embryonated chicken eggs showed that Carlow/11 antigenically seemed to be less stable than the other strains, which 
might come from that Carlow/11 is a recently isolated variant and thus may not be suitable as a vaccine strain. The growth 
properties of Richmond/07 and Yokohama/10 in embryonated chicken eggs had almost equal EID50, CCA and HA titers in the 
fifth to eighth passage, which are commonly used as the vaccine seed. Immunogenicity analysis of candidate vaccine strains in 
mice showed a tendency that Yokohama/10 induces higher HI antibody titers than does Richmond/07. Overall, we concluded that 
Yokohama/10 was the most suitable Fc2 virus as the updated vaccine strain.

In this study, we assessed immunogenicity and stability of candidate vaccine strains in mice. Although we did not use horses to 
assess them, Yamanaka et al. reported immunogenicity of candidate vaccine strains in horses, cross virus neutralization test and 
cross HI test [18, 19]. It showed that Yokohama/10 and Carlow/11 had almost equal immunogenicity in horses and that candidate 
vaccine strains had similar antigenic reactivity, which agreed with our data in mice (some data not shown).

In 2014, the selection committee designated Yokohama/10 to be included in the updated Japanese inactivated EI vaccine. As a 
result, the selection committee added a vaccine composition that included Yokohama/10 and Ibaraki/07 (Fc1), in accordance with 
the 2014 OIE ESP recommendations [4, 12].
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Table 1. Growth properties of candidate vaccine strains in embryonated chicken eggs
a. Data from vaccine manufacturer A

Candidate vaccine strains
Number of passages after receiving viruses

1 2 3 4 5 6 7 8 9 10

Richmond/07a) EID50 7.50d) 7.30 7.30 7.90 8.10 8.10 8.10 8.70 8.30 9.10
CCA titer 12e) 18 24 30 35 65 69 93 85 137
HA titer 64f) 64 64 128 128 128 256 512 512 256

Yokohama/10b) EID50 5.90 7.90 8.30 8.30 7.70 8.50 8.30 9.10 8.50 8.30
CCA titer 45 48 79 60 76 65 81 95 117 105
HA titer 128 128 256 256 256 256 512 512 256 128

Carlow/11c) EID50 7.10 7.10 7.50 9.30 8.90 7.70 8.50 7.70 8.30 7.90
CCA titer 30 40 42 57 55 43 46 42 38 45
HA titer 128 64 64 128 128 128 128 128 128 128

b. Data from vaccine manufacturer B

Candidate vaccine strains
Number of passages after receiving virus viruses

1 2 3 4 5 6 7 8 9 10

Richmond/07a) EID50 6.67d) 6.83 8.50 7.83 8.17 7.83 8.17 8.38 8.68 8.63
CCA titer 15e) 20 36 49 59 65 68 72 87 118
HA titer 32f) 32 128 128 256 256 256 256 512 512

Yokohama/10b) EID50 7.50 7.83 7.83 7.83 8.00 8.38 8.50 8.32 8.32 8.38
CCA titer 22 33 40 41 48 68 65 78 74 76
HA titer 64 128 256 128 256 256 256 512 256 256

Carlow/11c) EID50 7.17 7.50 7.17 8.17 8.32 8.68 8.38 8.17 8.50 8.17
CCA titer 19 21 25 48 54 64 75 68 69 58
HA titer 64 128 128 128 256 256 256 256 256 256

a) A/equine/Richmond/1/2007 (H3N8); b) A/equine/Yokohama/aq13/2010 (H3N8); c) A/equine/Carlow/2011 (H3N8); d) logEID50/ml;  
e) CCA titer/ml; f) HA titer/ml.
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Table 3. Immunogenicity of candidate vaccine strains in mice
a. Data from vaccine manufacturer A

Antigen contents HI titer
GMe)

(CCA titer/ml) 1d) 2 3 4

Richmond/07a) 100 32 32 16 64 32
200 64 32 64 64 54

Yokohama/10b) 100 64 32 32 64 45
200 64 64 64 128 76

Carlow/11c) 100 64 64 128 64 76
200 32 128 64 64 64

b. Data from vaccine manufacturer B

Antigen contents HI titer
GMe)

(CCA titer/ml) 1d) 2 3 4

Richmond/07a) 100 64 32 32 32 38
200 32 64 64 32 45

Yokohama/10b) 100 64 64 32 32 40
200 64 64 128 64 76

Carlow/11c) 100 32 32 32 32 32
200 32 64 32 32 38

a) A/equine/Richmond/1/2007 (H3N8); b) A/equine/Yokohama/aq13/2010 (H3N8); c) A/equine/
Carlow/2011 (H3N8); d) geometric mean; e) group.

Table 2. Stability of antigenic characteristics by passages in embryonated chicken eggs

a. Data from vaccine manufacturer A

Number of passages
Antiserum to

Richmond/07 Yokohama/10 Carlow/11

Richmond/07a)   1 16d) —e) —
  5 32 — —
10 16 — —

Yokohama/10b)   1 — 32 —
  5 — 32 —
10 — 32 —

Carlow/11c)   1 — — 32
  5 — — 16
10 — — 16

b. Data from vaccine manufacturer B

Number of passages
Antiserum to

Richmond/07 Yokohama/10 Carlow/11
Richmond/07a)   1 64d) —e) —

  5 64 — —
10 64 — —

Yokohama/10b)   1 — 64 —
  5 — 64 —
10 — 64 —

Carlow/11c)   1 — — 128
  5 — — 64
10 — — 32

a) A/equine/Richmond/1/2007 (H3N8); b) A/equine/Yokohama/aq13/2010 (H3N8); c) A/equine/
Carlow/2011 (H3N8); d) HI titer; e) Not tested.
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