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Background In Ireland, horses may be protected against equine
influenza virus (EIV) as a result of natural exposure or
vaccination. Current mandatory vaccination programmes are
targeted at highly mobile horses. A correlation between antibody
levels as measured by single radial haemolysis (SRH) and
protective immunity against EIV has been established.

Objectives The objective of this study was to determine the
susceptibility of selected populations of horses by quantifying their
antibodies to EIV.

Methods Blood samples were collected from Thoroughbred
weanlings, yearlings, racehorses and broodmares, teaser stallions
and non-Thoroughbred horses. Antibodies against EIV H3N8 and
H7N7 were measured by SRH.

Results The order of susceptibility to Equine Influenza (EI) in
the populations examined in Ireland was as follows:
Thoroughbred weanlings > teasers > non-Thoroughbred horses

and ponies > Thoroughbred yearlings > Thoroughbred horses in
training > Thoroughbred broodmares. The H3N8 antibody levels
of the weanlings, yearlings, broodmares and horses in training
were similar to their H7N7 antibody levels, suggesting that their
antibodies were primarily vaccinal in origin. The teasers and non-
Thoroughbreds had higher H3N8 antibody levels than H7N7
antibody levels, suggesting that the majority of seropositive horses
in these populations had been exposed to H3N8 by natural
infection.

Conclusions Weanlings, teasers and non-Thoroughbred horses
were identified as most susceptible to EIV. The results suggest that
it would be advisable that weanlings are vaccinated prior to
attendance at public sales, that teaser stallions are vaccinated prior
to each breeding season and that mandatory vaccination be
implemented for participation in non-Thoroughbred events.
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Introduction

Equine influenza virus (EIV) of the H3N8 subtype has long
been regarded as the most important respiratory pathogen
of horses because of its highly contagious nature and rapid
spread among susceptible animals.' The introduction of
EIV to immunologically naive populations has resulted in
substantial financial losses because of restriction of move-
ment and the cancellation of race meetings and other
equestrian events. In South Africa in 1986 and in Hong
Kong in 1992 racing was suspended for 5 and 1 month
respectively, following an incursion of EIV. The introduc-
tion of EIV into Australia for the first time in 2007 resulted
in the infection of over 76 000 horses on over 10 000 pre-
mises in New South Wales and Queensland, costing a

reported one billion Australian dollars.* At present, the
only countries that have never experienced an incursion of
EIV are New Zealand and Iceland. The virus is endemic in
Europe and America where outbreaks of disease result in
financial loss because of disruption of training schedules.
Large outbreaks of equine influenza (EI) are often associ-
ated with the congregation of horses at equestrian events
and their subsequent dispersal over a wide geographical
area.” In endemic countries, the economic losses owing to
EI can be minimised by targeted vaccination of highly
mobile horses. In Ireland, the Turf Club implements a
mandatory vaccination programme for racehorses and vac-
cination is required for yearlings and horses in training,
prior to entry to the major Thoroughbred sales. All horses
participating in Federation Equestre Internationale (FEI)
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competitions must be vaccinated, and several horse
and pony societies have a mandatory vaccination policy.
The overall aim of such vaccination policies is to ensure
sufficient herd immunity to protect equestrian events
rather than individual horses. Mandatory vaccination of
racehorses and competition horses was introduced in
Ireland in 1981. Despite sporadic outbreaks and one coun-
trywide epidemic in 1989, this policy has been successful as
no major equestrian event has been cancelled because of EI
for almost three decades. This is similar to the situation in
the United Kingdom.®

In Ireland, horses may be protected against EI as a result
of exposure to virus by natural infection or by vaccination.
A definite correlation between antibody levels against the
virus haemagglutinin protein as measured by the single
radial haemolysis (SRH) test and protective immunity
against EI has been established in both experimental chal-
lenge studies and in the field.”™"' Published data suggest
that horses with antibody levels of 85 mm?” or greater are
clinically protected against EIV and that those with anti-
body levels of 150 mm® or greater are virologically pro-
tected and do not shed virus after challenge.*'>!'" Horses
with antibody levels of less than 50 mm? are 15 times more
likely to be the index case within a yard and represent a
significant risk to other horses.'”

There are five EI vaccines; two inactivated whole virus
vaccines, two subunit vaccines and a canary pox recombi-
nant vaccine available in Ireland. The kinetics of the anti-
body response to these vaccines is similar (Gildea et al., in
preparation). The cold-adapted, modified live EI vaccine
that is available in the United States and does not induce
antibodies correlating with protection'>'* is not available
in Ireland. All five vaccines contain H3N8 viruses from the
American and Eurasian lineages. The inactivated and sub-
unit vaccines that are administered to the majority of vac-
cinated horses in Ireland contain a representative H7N7
virus that is not included in the canary pox vaccine.'’
Although H7N7 viruses cocirculated with H3N8 viruses in
horses for many years, these viruses have not been isolated
for over two decades and are considered to be extinct.'®
The World Organisation for Animal Health or OIE (Office
International des Epizooties) stipulates that there is no
requirement for inclusion of an H7N7 virus in equine
influenza vaccines.'” However, antibodies against this virus
are a useful aid in the differentiation of vaccinated horses
from naturally infected horses.

The objective of this study was to determine the suscep-
tibility of selected populations of horses in Ireland by
quantifying their antibodies to EIV H3N8. It was not possi-
ble to differentiate between H3N8 antibodies because of
natural exposure and vaccination, but the measurement of
antibodies against H7N7 provided information on the pop-
ulations vaccinated with one of the four commercially

available vaccines containing a representative of that sub-
type.

Materials and methods

Samples and horse populations

Whole blood samples (5-10 ml) were collected for analysis
by SRH from the populations listed in the following para-
graphs. The vaccination history of the horses included in
this study was unknown. No diagnosis of EIV was made
on any of the selected premises where samples were
collected, and there was no overlap between premises or
animals in any of the groups listed.

Thoroughbred weanlings

Two hundred blood samples were collected from five wean-
lings on 40 premises located in over 10 of the 32 counties
in Ireland.

Thoroughbred yearlings
Two hundred and fifteen blood samples were collected
from five yearlings on 43 premises in 10 counties.

Thoroughbred broodmares

Two hundred and five blood samples were collected from
five broodmares on 41 premises in 10 counties. Analysis of
131 broodmares in this population revealed a minimum
and maximum age of 4 and 25 years respectively and a
mean age of 9-44 + 0-364 SE years.

Teaser stallions

Blood samples were collected from 70 teaser stallions in 10
counties. These horses were of varying age but all sexually
mature (greater than 2 years of age) as teaser stallions are
used to determine whether mares are in oestrus.

Thoroughbred racehorses

Blood samples were collected from 233 Flat and National
Hunt (Jump) horses in 16 counties. Analysis of 182 horses
in this population revealed a minimum and maximum age
of 2 and 9 years respectively and a mean age of 361 £
0-111 SE years.

Non-thoroughbred

Two hundred and thirty-six samples were collected from
non-Thoroughbred horses and ponies of varying age,
gender and discipline in 10 different counties in Ireland.

Serology

Antibodies against A/eq/Newmarket/2/93 (H3N8) a repre-
sentative of the Eurasian lineage, A/eq/Kildare/92 (H3N8)
a representative of the American lineage, A/eq/South

Africa/4/03 (H3N8) a representative of the Florida
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sublineage of the American lineage and A/eq/1/Prague/56,
the prototype H7N7 virus, were measured using the SRH
test according to standard procedures.'® In brief, optimised
viral antigens were coupled to sheep red blood cells (SRBC)
with chromium chloride. Agarose plates (1% wt/vol) were
prepared containing the sensitised SRBC’s and guinea pig
complement. The test sera were heat inactivated at
56 + 1°C for 30 minutes, 10 ul aliquoted into wells on the
plate and incubated at 34 + 1°C for 20-24 hours.

Control antisera against A/eq/Newmarket/77 (H7N7),
A/eq/Newmarket/2/93 (H3N8), A/eq/Newmarket/1/93
(H3N8) and A/eq/South Africa/4/03 (H3N8) from the
European Directorate for the Quality of Medicines and
Healthcare (EDQM) were included on each plate as appro-
priate. The haemolytic zones resulting from the lysis of the
antigen-coated SRBCs by the antibody in the test sera were
measured with a viewer and digital recording apparatus
(Mitutoya, Aurora, Illinois, USA). The area of haemolysis
was calculated and results were expressed in millimetre
square. The results were interpreted in accordance with
published data; horses with antibody levels of 150 mm?* or
greater were classified as virologically protected, horses with
antibody levels less than 150 mm? but greater than 85 mm?”
were classified as clinically protected, horses with antibody
levels less than 85 mm? but greater than 50 mm?* were clas-
sified as partially protected and horses with antibody levels
less than 50 mm” were classified as potential index

cases.l L12

Statistical analysis

spss version 16.0 for Windows (Chicago, Illinois, USA) was
used to analyse the data. Mean H3N8 antibody values were
calculated from SRH results obtained against the subtype 2
antigens A/eq/Kildare/92, A/eq/Newmarket/2/93 and
A/eq/South Africa/4/03. ANOVA, post hoc Bonferroni and
independent T tests were carried out where appropriate to
compare mean antibody levels in the equine populations
included in this study. The correlation between H7N7 and
H3N8 antibodies in horses that were seropositive to H7N7
was examined using Pearson’s correlation test. The H3N8
antibody levels of horses that were seropositive for both
H3N8 and H7N7 were compared with those of horses that
were seronegative for H7N7 by a one sample T test. A sig-
nificance level of P < 0-05 was used for all statistical tests.

Results

Descriptive statistics of equine influenza H3N8 and H7N7
antibody results obtained from the six populations exam-
ined are displayed in Table 1 and the significant difference
between the groups is illustrated in Figures 1 and 2. The
weanlings had similar mean H3N8 and H7N7 antibody lev-
els. This was also true for the yearlings, broodmares and

Susceptibility of Irish horses to influenza

Table 1. Descriptive statistics of H3N8 and H7N7 antibody results

H3N8 SRH H7N7 SRH
(mm?) (mm?)
Weanling Mean 14-3 + 261 SE 12-8 + 277 SE
Median 0-0 0-0
Std. Deviation 36:88 39-21
Minimum 0-0 0-0
Maximum 2184 182:2
Yearling Mean 94-4 + 5-34 SE 975 + 6:19 SE
Median 91-8 102-5
Std. Deviation  78:31 90-80
Minimum 0-0 0-0
Maximum 2787 305-2
Broodmare Mean 1432 + 364 SE 1763 + 4-27 SE
Median 1461 1785
Std. Deviation  52:13 61:14
Minimum 0-0 0-0
Maximum 2766 2853
Teaser Mean 657 + 680 SE 309 + 7-80 SE
Median 637 0-0
Std. Deviation  56:90 65-24
Minimum 0-0 0-0
Maximum 2402 2221
Horses in Mean 121-8 + 3:30 SE 1433 + 454 SE
training Median 1235 154-9
Std. Deviation  49:35 67-82
Minimum 0-0 00
Maximum 2833 2686
Non- Mean 84-3 + 4-38 SE 302 + 413 SE
thoroughbred  Median 877 0-0
Std. Deviation  67-:33 63-40
Minimum 0-0 0-0
Maximum 2499 2469

SRH, single radial haemolysis.

horses in training. The teasers and non-Thoroughbreds had
significantly higher H3N8 antibody levels than H7N7 anti-
body levels (P < 0-01).

There was a significant difference in mean H3N8 anti-
body levels between all of the populations except in the
case of yearlings, non-Thoroughbreds and teasers. There
was a significant difference in mean H7N7 antibody levels
between all of the populations except in the case of wean-
lings, non-Thoroughbreds and teasers. Tables 2 and 3 sum-
marise the number of horses in each population with
different levels of antibody (<50, 50-85, 85-150 and
>150 mm?) and Table 4 summarise the distribution (num-
ber of premises) of weanlings, yearlings and brood mares
with different levels of antibodies.

The H3N8 antibody levels of horses that were seroposi-
tive to both subtypes correlated significantly with their
H7N7 antibody levels (P < 0-01). The H3N8 antibody lev-
els of horses that were seropositive for both H3N8 and
H7N7 were significantly higher than the H3N8 antibody
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Figure 1. Mean H3N8 antibody level of
weanlings, yearlings, broodmares, teasers,
horses in training and non-Thoroughbreds.
Comparison of mean antibody levels for
example, 2, 3, 4, 5, 6* = mean H3N8
antibody level of weanlings is significantly

0-00 -
1= Weanling 2=Yearlng 3=Broodmare 4=Teaser 5=Horses in 6=MNon different from that of the yearlings,
training; ™ theraugnkred broodmares, teasers, horses in training and
Category of horse non-Thoroughbreds (P < 0-01).
levels of horses that were seronegative for H7N7 TB weanlings
(P <001). One hundred and eighty-three of the 200 weanlings had an

Levels of H3N8 antibodies in the weanling, yearling,
broodmare, teaser, horses in training and non-Thorough-
bred populations at the time of sampling are summarised
in Tables 2 and 4.

H3N8 antibody level of <50 mm?. On 31 (77:5%) of the
40 premises, all five weanlings had an H3NS8 antibody
measurement of <50 mm?; thus, all of the horses tested on
these premises were potential index cases. On 15 of the 31
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T —I— Figure 2. Mean H7N7 antibody level of
. J_ weanlings, yearlings, broodmares, teasers,
_J_ horses in training and non-Thoroughbreds.
Comparison of mean antibody levels for
0-00 . : - . I - example, 2, 3, 5* = mean H7N7 antibody
1=Weaning  2=Yearing 3=Broodmare 4=Teaser  S=Horsesin 6="Mon level of weanlings is significantly different
frining: " orabgnbred from that of the yearlings, broodmares and
Category of horse horses in training (P < 0-01).
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Table 2. Equine influenza H3N8 single radial haemolysis (SRH) levels in selected populations

SRH Weanling Yearling Broodmare Teaser Horses in training Non-TB Total
<50 mm? 183 74 7 28 18 77 387
(91-5%) (34-4%) (3:4%) (40-0%) (81%) (32:6%) (33:7%)
>50 mm? 4 26 20 14 20 39 123
<85 mm? (2:0%) (12:1%) (9-8%) (20-0%) (9:0%) (16:5%) (10-7%)
>85 mm? 8 58 82 24 123 78 373
<150 mm? (4-0%) (27-0%) (40-0%) (34:3%) (552%) (331%) (32:5%)
>150 mm? 5 57 9 4 62 42 266
(2:5%) (26:5%) (46-8%) (5:7%) (27-8%) (17-8%) (23:2%)
Total 200 215 205 70 223 236 1149
Table 3. Equine influenza H7N7 single radial haemolysis (SRH) levels in selected populations
SRH Weanling Yearling Broodmare Teaser Horses in training Non-TB Total
177 86 8 56 30 186 543
<50 mm? (88:5%) (40-0%) (3:9%) (80:0%) (13:5%) (78:8%) (47-3%)
>50 mm? 11 13 5 1 3 10 43
<85 mm? (5:5%) (6:0%) (2-4%) (1-4%) (1-3%) (4-2%) (3:7%)
>85 mm? 4 45 55 5 70 18 197
<150 mm? (2:0%) (20:9%) (26:8%) (7-1%) (31-4%) (7-6%) (17-1%)
>150 mm? 8 71 137 8 120 22 366
(4-0%) (33:0%) (66:8%) (11-4%) (53:8%) (9:3%) (31-9%)
Total 200 215 205 70 223 236 1149

premises, all five weanlings were seronegative for H3NS8.
On 13 of these premises, the weanlings tested were also
seronegative for H7N7.

Only five (2:5%) of the 200 weanlings were virologi-
cally protected against H3NS8, and these five weanlings
were located on four different premises. Eight (4:0%)
weanlings were clinically protected and four (2:0%) were
partially protected against H3NS8. Antibodies to the
H7N7 virus were recorded in 23 (11-5%) weanlings on
14 premises. Ten of the 17 weanlings that had H3N8
antibody levels of >50 mm® also had H7N7 antibody lev-
els of >50 mm?®.

TB yearlings

Over one-third of the yearlings, i.e. 74 (34:4%), had index
case potential against H3N8. In five of the 43 premises, all
five yearlings had an antibody measurement of <50 mm?,
and in two of these premises, all five yearlings were sero-
negative. Over 50% of the 215 yearlings tested had either
virological or clinical protection against H3N8. Antibody
levels indicative of virological protection were detected in
57 (26'5%) of the 215 yearlings in 24 (55-8%) of the 43
premises. Fifty-eight (27:0%) of the yearlings on 29 of the
premises were clinically protected. Of these 29 premises, 17
had yearlings that were both virologically and clinically
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Table 4. Equine influenza H3N8 and H7N7 single radial haemolysis (SRH) levels on weanling, yearling and broodmare premises

Weanling premises

Yearling premises

Broodmare premises

n =40 n=43 n=41
SRH H3N8 H7N7 H3N8 H7N7 H3N8 H7N7
(@) 21 of 5 horses tested on each premises
<50 mm? 40 (100:0%) 39 (97-5%) 29 (67-4%) 29 (67-4%) 6 (14:6%) 7 (17-1%)
>50 mm? 8 (20:0%) 14 (35:0%) 38 (88:4%) 32 (74-4%) 41 (100-0%) 41 (100-0%)
>85 mm? 7 (17-5%) 7 (17-5%) 36 (83:7%) 31 (72:1%) 41 (100-0%) 41 (100:0%)
>150 mm? 3 (7:5%) 6 (15:0%) 24 (55-8%) 27 (62:8%) 38 (92:7%) 41 (100-0%)
(b) all horses (5) tested on each premises
<50 mm? 31 (77-5%) 26 (65:0%) 5(11-6%) 11 (25-6%) 0 (0-0%) 0 (0-0%)
>50 mm? 0 (0-0%) 0 (0-0%) 14 (32:6%) 14 (32:6%) 35 (85:4%) 34 (82:9%)
>85 mm? 0 (0-0%) 0 (0:0%) 10 (23-:3%) 10 (23-:3%) 23 (56:1%) 29 (70:7%)
>150 mm? 0 (0-0%) 0 (0-0%) 2 (47%) 3 (7:0%) 2 (4-9%) 8 (19-5%)

protected. Twenty-six (12:1%) of the 215 yearlings were
partially protected.

Antibodies against the H7N7 virus were recorded in 131
of the 215 yearlings (60-9%) at the time of sampling. In 14
(32:6%) of the 43 premises, all five yearlings had measur-
able antibody levels to H7N7. In 11 (25:6%) of the 43 pre-
mises, four of the five yearlings had measurable antibody
levels. In four (9-3%) premises, three of the five animals
had measurable antibodies to H7N7, while in two (4:7%)
premises two of the five animals sampled had measurable
antibodies. In one single (2:3%) premise, only one of the
five yearlings had detectable antibodies to H7N7. In 11
(25:6%) of the 43 premises, all five yearlings sampled were
seronegative for H7N7. On one of these premises, all five
yearlings were either virologically or clinically protected
against H3N8.

TB broodmares

Only seven (3:4%) of the 205 broodmares sampled had
index case potential, and five of these were seronegative for
H3N8. There was no premises sampled during the course
of this study where all five broodmares were potential
index cases (Table 4b). The majority of the broodmares
were either virologically or clinically protected. H3N8 anti-
body levels indicative of virological protection were
detected in 96 (46:8%) of the 205 broodmares in 38 of the
41 premises. Eighty-two (40-0%) of the 205 broodmares
were clinically protected, while 20 (9:8%) of the mares were
partially protected against the virus.

Antibodies to the H7N7 virus were recorded in 197
(96:1%) of the 205 broodmares at the time of sampling. Of
the eight broodmares that did not have measurable anti-
bodies to H7N7, two had clinical protection against H3NS,
while four of the eight were partially protected against the
H3N8 virus. The remaining two mares that were seronega-

tive to H7N7 did not have measurable antibodies to EIV
H3NS8.

Teaser stallion population

Twenty-eight (40%) of the 70 animals sampled in this cate-
gory had index case potential. Twenty-one (30%) of these
were seronegative. Only four (5:7%) animals in this group
were virologically protected, 24 (34:3%) were clinically pro-
tected and 14 (20%) had partial protection.

Fifty-six (80%) teasers were seronegative for H7N7 of
which two horses had virological protection against H3N8.
Thirteen of these horses had clinical protection against
H3N8, while 13 were partially protected against the virus.
Of the remaining 28 horses that were seronegative to
H7N7, 21 were also seronegative for H3NS8, and the
remainder had index case potential.

Thoroughbred horses in training

Eighteen (8:1%) of the 223 horses in training had index
case potential, and six of these were seronegative. Sixty-two
horses (27:8%) were virologically protected, 123 (55-2%)
were clinically protected and 20 (9:0%) were partially pro-
tected.

Antibodies to the H7N7 virus were recorded in 196
(87°9%) of the 223 horses. Of the 27 horses that did not
have measurable antibodies to H7N7, one horse had
virological protection against H3N8, 11 horses had clinical
protection and five horses were partially protected. Of the
remaining 10 horses that were seronegative to H7N7, five
were also seronegative to H3N8, and the remainder had
index case potential.

Non-thoroughbred population
Seventy-seven (32:6%) of the 236 horses included in this
section had index case potential and 66 of these were sero-
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negative. Forty-two (17-:8%) had virological protection, 78
(33-1%) were clinically protected and 39 (16:5%) were par-
tially protected.

Antibodies to EIV H7N7 were detected in 51 (21:6%) of
the 236 horses. Of the 185 (78:4%) horses that did not
have measurable antibodies to H7N7, 15 horses had
virological protection against H3N8, 57 horses had clinical
protection and 37 horses were partially protected. Of the
remaining 76 horses that were seronegative to H7N7 67
were seronegative for H3N8 and the remainder had index
case potential.

Discussion

The horse industry in Ireland is broadly subdivided into the
Thoroughbred or racing, and the non-Thoroughbred sports
and pleasure horse sectors. The precise number of horses is
unknown; however in 2008, 12 419 Thoroughbred foals
were registered as born in Ireland, and at that time there
were approximately the same number of registered Thor-
oughbred yearlings.'” There were 20 038 registered Thor-
oughbred broodmares, and over 12 000 horses returned in
training.'” In addition, it was estimated that there were over
110 000 non-thoroughbred horses.”® Horses from each of
these categories were included in this study to determine the
sectors of the industry that are most at risk from influenza.
Ireland has an active EI surveillance programme (funded by
the Department of Agriculture) that serves as an early warn-
ing system for the entire industry. The highly contagious
nature of the virus and the level of susceptibility of the
horse population contribute to the dissemination of virus
and the spread of disease. It is estimated that one infected
horse is capable on average of infecting 10 susceptible,
in-contact horses.?! The identification of susceptible popula-
tions facilitates targeted vaccination to reduce the impact of
an influenza outbreak and disruption of equestrian events.
Results obtained in a study carried out by Davies and
Grilli** in the U.K., which examined the susceptibility of
humans to influenza virus, indicated that the infection rate
for those with no detectable antibodies against the virus
was 80%. In the equine population, horses with SRH anti-
body levels of <50 mm?® are at greatest risk from influenza
virus.'> Data from experimental challenge studies and
observations in the field suggest that horses with SRH anti-
body levels of >85 mm? are likely to be protected against
clinical disease and that those with levels of 150 mm?* or
greater are likely to be protected against infection and virus
shedding.g’w’11 Thus, in this study, SRH antibodies against
H3N8 were considered as a correlate of protection. Anti-
bodies against H7N7 were considered as indicative of vacci-
nation as this subtype is believed to be extinct'® but is
contained in four of the five vaccines on the Irish market.
To our knowledge, this is the first study to compare SRH

Susceptibility of Irish horses to influenza

antibody levels of these different equine populations within
a country although young Thoroughbred racehorses have
been investigated in Newmarket.”

Results of this study indicate that the order of suscepti-
bility to EI in the populations examined in Ireland was
as follows: Thoroughbred weanlings > teasers > non-Thor-
oughbred horses and ponies > Thoroughbred yearlings >
Thoroughbred horses in training > Thoroughbred brood-
mares, with the Thoroughbred weanlings being the most
susceptible and the Thoroughbred broodmares being the
least susceptible to EIV infection. The fact that the H3N8
antibody levels of the weanlings, yearlings, broodmares and
horses in training were similar to their H7N7 antibody
levels suggests that their antibodies were primarily vaccinal
in origin. This is consistent with the mandatory vaccination
programme for racehorses implemented by the Turf Club
and the vaccination requirements for some Thoroughbred
sales. The teasers and non-Thoroughbreds had significantly
higher H3N8 antibody levels than H7N7 antibody levels,
suggesting that the majority of the horses that were sero-
positive in these populations had been exposed to H3N8 by
natural infection. The H3N8 antibody levels of horses in the
study that were seropositive to both subtypes correlated
significantly with their H7N7 antibody levels, i.e. there was
no evidence of increased antibody response to H3N8 as a
result of natural infection in vaccinated horses.

It is estimated that the weanlings included in this study
were 6—10 months of age. Maternal antibodies against EI
usually decline within six months.***® Vaccination of foals
before the maternal antibodies have waned may be of bene-
fit if using a canary pox recombinant vaccine’’ but is not
generally recommended if using conventional inactivated or
subunit vaccines.”>?®?® In Ireland, most breeders do not
commence vaccination until the foals are more than eight
months of age. Over 70% and 88% of weanlings in this
study were seronegative for H3N8 and H7N7, respectively,
and on 13 premises, all of the weanlings tested were sero-
negative for both subtypes. This suggests that the majority
of the weanlings had no detectable maternal antibodies
and had not commenced their vaccination programme. It
was not possible to determine whether some of the low
levels of antibody detected against H3N8 and H7N7
were residual maternal antibodies or a response to first
vaccination.

Over 65% of the yearlings in this study had SRH anti-
body levels against H3N8 of >50 mm? Their mean SRH
antibody level was 94 mm®, which was higher than that
recorded by Newton et al.>> in 222 yearlings entering train-
ing in Newmarket (64 mm?). It is recommended that EI
vaccination commences after maternal antibodies have
waned®® and the sales companies in Ireland require that
yearlings entering the autumn sales have up to date vacci-
nation records and have at least completed the primary
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course of two vaccinations. The SRH levels against H7N7
suggested that the majority (>60%) of the yearlings had
been vaccinated with one of the four vaccines containing
this subtype and on one of the 43 premises, the high H3N8
antibody levels and absence of H7N7 antibodies were con-
sistent with vaccination with the canary pox recombinant
vaccine or exposure by natural infection.

Although the yearlings in this study had a much lower
index case potential than the weanlings (34% compared to
92%), over a third of them had low SRH levels, suggesting
a high susceptibility to EI. Vaccination in accordance with
Turf Club Rules and the vaccine manufacturer’s recom-
mendations can frequently leave horses with low antibody
titres for several months between their second and third
vaccination.'” *° Therefore, the time of year that the
primary course is administered and the timing and fre-
quency of the subsequent booster vaccination might
explain why some vaccinated animals do not have protec-
tive antibody levels. The existence of poor responders to
vaccination is also well recognised, and these horses play
an important role in the amplification of virus and the
spread of infection.'" Vaccination records in the official
passports of yearlings included in a study carried out by
Newton et al.,” indicated that 23% of them were not pre-
viously vaccinated. In this study, 54 of the 215 yearlings
(25%) were seronegative to both H3N8 and H7N7, suggest-
ing that they were either poor responders or had not been
vaccinated. This included three premises where all the year-
lings tested were seronegative.

The Turf Club requires that racehorses receive two pri-
mary vaccinations administered 21-92 days apart, followed
by a third vaccination administered 150-215 days after the
second dose and annual vaccination thereafter. In this
study, the horses in training had higher antibody levels
than the weanlings or the yearlings. The mean SRH level of
121 mm? was similar to the level of 115 mm? reported for
2 year olds in training in Newmarket.”” Young horses are
particularly susceptible to EI because of mixing at training
facilities and racetracks and possibly the impact of training
regimes on the immune system.”” The 8% identified as
having index case potential in this study, particularly the
five seronegative horses represent a risk to their cohorts.
Possible explanations for their poor immune status include
that they responded poorly to vaccination or that they had
only recently entered the training yard and had not been
vaccinated.

It is recommended that to ensure a good supply of
colostral antibodies for the foal, brood mares be vaccinated
in the latter stages of pregnancy but not later than 2 weeks
prior to foaling.”® However, there are no mandatory
requirements for vaccination of this population in Ireland.
Broodmares were the best protected population investi-
gated in this study with a mean SRH level of 143 mm? and

an index case potential of only 3:4%. Only two mares that
were seronegative for H3N8 and H7N7 were identified in a
population of 205. The majority of Thoroughbred brood-
mares would have been vaccinated for several years while
in training and they may also have been exposed to virus
by natural infection at some time.

The majority of teasers are pony stallions. Because of the
nature of their work, they are exposed to a large number
of broodmares during the breeding season. Forty per cent
of the teasers included in this study had index case poten-
tial and 21 of 70 were seronegative for both H3N8 and
H7N7. Only 4 were virologically protected against H3N8.
The mean antibody level for H3N8 and H7N7 was 66 and
31 mm?, respectively. The results strongly suggest that the
teaser population is inadequately vaccinated and could play
a major role in transmission to susceptible broodmares
during an outbreak.

The level of susceptibility observed in the non-Thor-
oughbred population was similar to that observed in the
Thoroughbred yearling population in that approximately
half of the population was either virologically or clinically
protected, while the other half was only partially protected
or had index case potential. Horses competing under the
auspices of the FEI require EI vaccination within
6 months +21 days of the competition and many equine
associations and clubs require vaccination. Vaccination is
recommended for all horses in Ireland, but there is no
mandatory vaccination for the majority of pleasure horses.
The mean H3N8 and H7N7 antibody levels for the non-
Thoroughbreds tested in this study were 84 and 30 mm?,
respectively. Antibodies against H7N7, which are indicative
of vaccination, were observed in only 21:6% of this popula-
tion at the time of sampling. The results suggest many
non-Thoroughbreds have antibodies as a result of natural
infection but that the overall immunological status could
be significantly improved by regular vaccination.

The circumstances surrounding the induction of anti-
bodies may influence their correlation to protection against
EI and the only really satisfactory way to determine
whether horses are protected is to conduct virus challenge
experiments. Such experiments are not practical with
horses retained for competition, breeding and pleasure rid-
ing. The nature of the immune response to natural infec-
tion differs from that elicited by vaccination and in our
study the potential vulnerability of some of the horses in,
for example, the non-Thoroughbred sector may be over
estimated. Resistance to re-infection has been documented
to exist for 1 year and to persist even after levels of anti-
body become barely detectable.”® Similarly, the level of pro-
tective immunity of some of the vaccinated Thoroughbreds
in this study could well prove to be over estimated if they
were exposed to a virus strain that differed significantly
from the vaccine strains. Higher SRH antibody levels are
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required to protect against a heterologous virus.’* These
caveats aside, the results obtained from this study provide
useful information on the potential susceptibility of differ-
ent populations to EI.

This study identified weanlings, teasers and non-Thor-
oughbred horses as the populations most susceptible to EI
on the basis of their SRH antibody levels. There is currently
no mandatory EI vaccination for entry to weanling sales in
Ireland. Although to date there is little epidemiological evi-
dence to indicate that the weanling population is particu-
larly susceptible to influenza, our results suggest that it
would be advisable that weanlings have commenced their
vaccination programme prior to attendance at public sales.
Unvaccinated teaser stallions played a key role in the spread
of EI on a public stud in Ireland in 2008 (Gildea et al., in
preparation), and this study has identified the potential for
this to occur on other farms. As a minimum, teaser stal-
lions should be vaccinated against EI in accordance with
the manufacturers’ instructions and preferably receive a
booster before each breeding season. Outbreaks of EI in
Ireland are usually diagnosed in the non-Thoroughbred
population and in horses in training (Gildea et al., in
preparation). During the 1989 EI epidemic in Ireland, the
disease was first identified in the non-Thoroughbreds and
then spilled over into the racehorse population.” Currently,
vaccination against EI is not required for entry to many of
the non-Thoroughbred sales, fairs and local shows. The
introduction of mandatory vaccination for participation in
such events would reduce the risk of amplification of virus
in this population and dissemination to other populations.
Only through a combined approach of vaccination,
meticulous surveillance and the evaluation of levels of
immunological protection in our equine populations can
we minimise disruption to training schedules and eques-
trian events.
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