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Despite regular vaccinations, equine influenza virus (EIV) and Streptococcus equi subsp. equi (stran-
gles) are the cause of highly contagious respiratory infections in horses. Many recent studies have
reported that the concurrent administration of two vaccines could simplify horse management and
minimize veterinary expenses. However, there is little information available regarding the efficacy of
concurrent vaccinations against EIV and strangles. In this study, we evaluated EIV-specific antibody
responses following the single EIV vaccination with the recombinant viral-vectored EIV vaccine or
concurrent vaccination with the EIV and inactivated strangles vaccines. Blood samples were collected
at 1-, 2-, 4-, and 8 weeks post-immunization (wpi) from each group. EIV-specific antibodies were
evaluated by enzyme-linked immunosorbent assay (ELISA) and hemagglutination inhibition (HAI)
assay. Both single and concurrent vaccination showed similar levels of EIV-specific serum immuno-
globulin g (IgG) at 1 and 2 wpi. However, at 4 to 8 wpi, the EIV-only vaccination group showed sig-
nificantly higher serum IgG levels than those from the concurrently vaccinated group. The HAI titers
showed similar trends as the ELISA data, except at 8 wpi when both groups presented HAI titers with
no significant differences. These data demonstrate that the concurrent vaccination against EIV and
strangles could compromise the humoral immune response to equine influenza between vaccination
intervals, which suggests the use of the consecutive vaccination protocol for EIV and strangles rather
than concurrent vaccination.

Equine influenza virus, Strangles, Concurrent vaccination, Inmunoglobulin G, Hem-
agglutination inhibition titer

Equine influenza virus (EIV) and strangles are the most
common causes of contagious respiratory infections
in horses. EIV belongs to the family Orthomyxoviridae,
and the genus Influenza A (Lee et al, 2022). EIV infec-
tion can cause anorexia, cough, nasal discharge, pyrex-
ia, secondary bacterial infections (Pavulraj et al, 2021;
Lee et al, 2022). The EIV infection is mainly caused by
two subtypes of influenza A viruses, namely H7N7 and
H3N8. The H7N7 subtype has not been isolated since

the 1970s. In unvaccinated horses, clinical signs can be
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observed 48 h after EIV infections (Paillot 2014). Stran-
gles is a contagious upper respiratory tract infection of
equidae caused by Streptococcus equi subsp. equi (S.
equi) (Lee et al, 2020). It affects horses of all ages but
is more common in weanlings or yearlings (Lee et al,
2020). S. equi can spread quickly, especially in naive
populations, which necessitates the implementation of
movement restrictions and the cancellation of equestri-
an events (Allkofer et al, 2021). Additionally, because of
the high morbidity caused by strangles infections, strict
prevention protocols including disease surveillance,

quarantine of horses, and regular vaccination programs
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need to be implemented, which result in significant fi-
nancial losses to the equine industry (Paillot 2014).

Various EIV and strangles vaccines are available glob-
ally, including inactivated (killed), subunit, and recom-
binant virus-vectored vaccines. In South Korea, the
recombinant canarypox virus-vectored EIV (ProteqFlu®,
Boehringer Ingelheim, Ingelheim am Rhein, Germany)
and inactivated strangles vaccines (Equivac® S, Zoetis
Inc. Parsippany, NJ, USA) are currently used. The Pro-
teqFlu® vaccine contains two recombinant canarypox
viruses expressing the hemagglutinin (HA) gene from
the equine influenza virus strains A/eq/Ohio/03 (H3N8)
and A/eq/Richmond/1/07 (H3N8) (Lee et al, 2022). Ac-
cording to the manufacturer’s protocol, 6-month-old
horses should receive two initial primary vaccinations
at intervals of 4~6 weeks, followed by a second dose
5~6 months later. Booster shots are to be administered
to the horses every 6 months (Cho et al, 2020). The
Equivac® S vaccine is administered intramuscularly to
horses for protection against strangles. The foal receives
the first vaccination at 3 months, followed by a second
and third vaccination at 2-week intervals. Booster vac-
cinations are given annually. Presently, the vaccines are
administered concurrently. However, there is no infor-
mation regarding the immune responses induced by
concurrent vaccination with the ProteqFlu® against EIV
and Equivac® S vaccines against strangles in horses.

Concurrent vaccination of both vaccines has been
applied to decrease veterinary expenses and reduce re-
peated handling associated stress to the horses (Allkofer
et al, 2021). Nevertheless, according to previous stud-
ies, the efficacy of concurrent administration remains
controversial because of interference due to antigenic
competition and various other factors (Gildea et al,
2016, Ohta et al, 2020).

Therefore, in this study, we aimed to compare the
EIV-specific immune responses induced by the concur-
rent administration of a recombinant canarypox EIV
vaccine (ProteqFlu®) and an inactivated strangles vac-
cine (Equivac® S) with those induced by a single EIV

vaccine in horses.

Twelve Jeju ponies (2~10 years of age) were used in
this study and were randomly divided into two groups.
The horses were vaccinated against the EIV every six
months and against strangles annually. All horse experi-
ments were performed according to the guidelines of
the Korea Racing Authority (KRA) and approved by the
Institutional Animal Care and Use Committee (IACUC)
protocol (protocol number KRA IACUC-2316).

Bovine serum albumin (Thermo Fisher Scientific,
Waltham, Ma, USA) and Tween20 (Sigma-Aldrich, St.
Louis, MO, USA) were used in the enzyme-linked im-
munosorbent assay (ELISA). The receptor-destroying
enzyme (RDE) was purchased from Denka Seiken (Chuo,
Tokyo, Japan) and used in the hemagglutination inhibi-
tion (HAI) assay. All reagents were prepared according

to the manufacturer’s instructions.

The recombinant canarypox EIV vaccine ProteqFlu®
and inactivated strangles vaccine Equivac® S were used
in this study. The EIV vaccine contained two recom-
binant canarypox viruses expressing the hemaggluti-
nin (HA) genes of equine influenza virus strains A/eq/
Ohio/03 (H3N8) (American strain, Florida sublineage
clade 1) and A/eq/Richmond/1/07 (H3N8) (American
strain, Florida sublineage clade 2) adjuvanted with car-
bomer. The strangles vaccine contained S. equi inacti-
vated cell-free acid extract adjuvanted with aluminum
hydroxide. The total protein concentration of each
vaccine was measured using a DS-11 spectrophotom-
eter (DenoVix Inc., Wilmington, DE, USA) and they were

stored at ~80T until analysis.
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Six horses were immunized intramuscularly with only
the EIV vaccine, whereas six other horses were concur-
rently immunized with EIV and the strangles vaccines
through the same administration route. Blood samples
were collected 1-, 2-, 4-, and 8- weeks post-immuni-
zation (wpi) from each group (Fig. 1). During immuni-
zation, no horses presented adverse effects, including
swelling at the injection site. Sera were isolated from
the blood samples by centrifugation and stored at —20T

until analysis.

To measure the EIV-specific IgG levels in the sera,
serially diluted sera were added to A/eq/Miami/2/63
(H3N8)-coated ELISA plates (400 ng/well) after block-
ing. Horseradish peroxidase labeled anti-horse IgG was
used to detect EIV-specific IgG in the equine sera. After
the addition of 3,3’,5,5’-Tetramethylbenzidine (TMB)
substrate solution, the reaction was then stopped by a
0.16 M sulfuric acid stop solution. Optical density (OD)
was measured at 450 nm using a plate reader (Molecular
Devices, Sunnyvale, CA, USA).

The HAI assay was performed by a previously de-
scribed method (Lee et al, 2022). Briefly, 10 uL of sera
and 30 pL of RDE were mixed and incubated at 37C
for 18 h and then inactivated by heat treatment at 56T
for 30 min. The sera were serially diluted two-fold
(final volume of 25 mL) and incubated with 8 hemag-
glutination units of A/Equine/2/Miami/63 H3NS8 virus

Immunization Serum Serum Serum

(final volume of 25 mL) in U-bottom plates for 30 min.
Chicken red blood cells (50 mL, 0.5%) were added to the

plates and the HAI titers were determined after 40 min.

All results are presented as the mean+standard error
of the mean (SEM). Statistical significance was deter-
mined using the Student’s t-test. Statistical significance
was set at P<0.05. All data were analyzed using Prism
software 10.0.2. (GraphPad Software, San Diego, CA,
USA).

We immunized the horses with the EIV vaccine alone
or in combination with the strangles vaccine to evaluate
the effects of the concurrent EIV and strangles vaccina-
tion on the EIV-specific serum IgG levels. After immuni-
zation, sera were collected on days 1-, 2-, 4-, and at 8-
weeks, and the EIV-specific serum IgG antibodies were
quantified using ELISA (Fig. 2).

Both single and concurrent immunization showed
similar levels of EIV-specific serum IgG at 1- and
2-weeks post-immunization (wpi), respectively (Fig.
2A, 2B). However, at 4 to 8 wpi, the EIV vaccine-only
group showed higher serum IgG levels than the concur-
rently immunized group, (Fig. 2C, 2D) with a significant
difference between the groups. (P<0.001 and P<0.01,
respectively). These results suggest that concurrent EIV
and strangles vaccination could compromise the EIV-

specific serum IgG levels.

Serum Timeline of immunization and
sample collection from horses. Arrows
denote immunization and blood sam-
pling time points. Horses were im-
munized with equine influenza virus
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Equine influenza virus (EIV)-specific IgG antibody levels in serum after immunization. Horses were immunized with EIV vaccine
alone or concurrently with EIV and strangles vaccine. The serum was taken 1, 2, 4, and 8 weeks post immunization and the EIV-specific
IgG antibody levels were measured by enzyme-linked immunoabsorbent assay (A ~D). The mean serum IgG level was 10° times serum
dilution (E) **P<0.01; and ****P<0.001 as indicated between the groups.

Both single and concurrent immunization elicited
HAI titers with no significant differences at 1 and 2 wpi,
respectively (Fig. 3A, 3B). At 4 wpi, the HAI titers in the
EIV vaccine-only group were sustained and showed sig-
nificantly higher levels than that of the concurrently im-
munized group (P<0.05) (Fig. 3C). The HAI titers showed
similar trends as the ELISA data, except for the 8 wpi
results in which both groups elicited similar HAI titers
(Fig. 3D). These results suggest that the concurrent im-
munization may not have a beneficial effect in increas-

ing HAI titers.

In this study, we evaluated the EIV-specific antibody
responses between a group of horses that was concur-
rently immunized with EIV and strangles vaccines and a
group that was immunized with the EIV vaccine alone.

Both single and concurrent vaccination showed similar

levels of EIV-specific serum IgG and HAI titers at 1 and
2 wpi, respectively. However, at 4 wpi, the EIV-only vac-
cination group showed higher serum IgG and HAI titer
levels than the concurrently vaccinated group, with a
significant difference between the groups (P<0.001 and
P<0.05, respectively). This result contradicts the results
of Lee et al., 2022 and Gildea et al., 2016, where horses
immunized with concurrent vaccination on the same
day had significantly higher antibody levels than those
immunized with only the EIV vaccine. These differences
could be attributable to the types of vaccines, adjuvants,
and variations in the horse species between the experi-
ments (Lee et al, 2022). Nevertheless, the results ob-
tained from our study indicated that the concurrent im-
munization of recombinant canarypox vectored EIV and
inactivated strangles vaccines negatively impacted the
humoral response against EIV. Therefore, concurrent
immunization with both vaccines is not recommended
in Jeju Ponies. However, further investigations involving
different species and larger populations are required to

verify our results.
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Serum hemagglutination inhibition titers (HAI) against equine influenza virus (EIV). HAI titers were determined from the
immune serum of EIV vaccine alone or concurrently with EIV and strangles vaccine. The serum was taken 1, 2, 4, and 8 weeks post
immunization (A~D). The mean HAI titers level was represented (E). All results were shown as mean+SEM. *P<(0.05 as indicated

between the groups.

In a comparative vaccine study carried out by Gildea
et al., 2013, the administration of the EIV vaccine com-
bined with a tetanus vaccine adjuvanted with carbomer
and aluminum hydroxide elicited a superior antibody
response in young Thoroughbred horses. The study sug-
gested that the administration of two adjuvants may be
of benefit in increasing the antibody response, but our
results contradicted this because the EIV and the stran-
gles vaccines used in our study also included carbomer
and aluminum hydroxide, respectively. Therefore, we
propose that the inclusion of two adjuvants does not
always induce enhanced antibody responses, and the
decreased antibody response induced in our study may
be related to the interference caused by antigenic com-
petition between EIV and S. equi. However, further in-
vestigation is needed to elicit more comprehensive data.

Most of the EIV vaccine efficacy studies conducted

www.kojvs.org

so far have evaluated humoral responses using a single
radial hemolysis assay or HAI titers. This is because the
evaluation of cell-mediated immune (CMI) responses
in horses is complex and difficult to measure (Pavulraj
et al, 2021; El-Hage et al, 2022). However, CMI plays an
important role in clearing the EIV from the respiratory
tract and protecting horses from EIV infection despite
low levels of antibodies (Bryant et al, 2010). Therefore,
an additional evaluation of whether concurrent im-
munization would negatively impact cellular responses
should be included before continuing the immunization.
This could be done by measuring EIV-specific interfer-
on-gamma after a viral challenge.

In conclusion, even though the concurrent immuniza-
tion with recombinant canarypox vectored EIV vaccine
and inactivated strangles vaccine can minimize veteri-

nary intervention and the cost associated with immuni-
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zation, our data demonstrated that such concurrent im-
munization reduced the humoral responses against EIV.
Therefore, consecutive immunization or an improved
immunization protocol may need to be considered for
reducing the burden of EIV infection outbreaks in hors-
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