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Studies with inactivated equine influenza vaccine
1. Serological responses of ponies to graded doses of vaccine
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SUMMARY

Serological responses to three bivalent aqueous equine influenza vaccines of
different potency and an adjuvanted bivalent vaccine containing inactivated
A/equine/Prague/56 (H7N7) and A/equine/Miami/63 (H3N8) viruses, were
examined in seronegative ponies. Potencies of the vaccines, measured by single-
radial-diffusion tests, ranged from 4 to 56 ug of haemagglutinin (HA) antigen
activity/virus strain per dose. Serological responses to vaccination were examined
by haemagglutination-inhibition (HI) and single-radial-haemolysis (SRH) tests.

Four weeks after a primary dose, HI responses to both vaccine viruses were
barely detectable; after a second dose the HI responses to A/Miami/63 virus were
low or undetectable but HI responses to A/Prague/56 virus were higher (17/20
ponies with titres > 1:16). In contrast SRH tests revealed dose-related antibody
responses to both virus strains after one and two vaccine doses; levels after the
second dose were 2- to 5-fold higher than after the primary dose. Highest
post-vaccination antibody titres were obtained with the adjuvanted vaccine which
contained 2- to 4-fold less antigen (13—23 ug HA) than the most potent aqueous
vaccine. Post-vaccination antibody reacted well in SRH tests with recent antigenic
variants of equine influenza virus. A remarkable finding was the high rate of
decline in antibody, detected by HI or SRH tests, following one or two doses of
vaccine. Even in animals with the highest post-vacecine antibody levels 24 weeks
after a booster dose, antibody levels had declined to low or undectable levels 14
weeks later. The low antibody titres detected at 14—32 weeks after vaccination
were nevertheless vaccine dose-related.

INTRODUCTION

The potency of equine influenza vaccines is conventionally judged by haemag-
glutination assays and by their ability to stimulate antibody to haemagglutinin
(HA) in experimental animals. However, both the haemagglutination test for
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standardizing vaccine and the haemagglutination inhibition (HI) test for
measuring serological responses, have serious drawbacks which limit their usefu-
Iness (Schild, Wood & Newman, 1975; Frerichs, Frerichs & Burrows, 1973;
Burrows, Spooner & Goodridge, 1973). Single-radial-immunodiffusion (SRD)
techniques have now been established internationally for the standardization of
human influenza vaccines (Wood et al. 1977), potency being described in terms of
micrograms of HA activity. An additional immunodiffusion technique, single-
radial-haemolysis (SRH) (Schild, Pereira & Chakraverty, 1975; Russel, McCahon
& Beare, 1975) has been used to detect antibodies to influenza HA in equine sera
(Bockmann, 1977; Fontaine et al. 1981; Yamagishi ef al. 1982). SRH was found
to be convenient for testing large numbers of sera, was particularly suitable for
measuring small amounts of anti-HA antibody and was specific for virus subtype.

In the studies presented here, ponies were vaccinated with graded doses of
three aqueous bivalent equine influenza vaccines and one adjuvanted vacecine and
the serological responses were measured by both SRH and HI techniques. Vaccine
HA antigen activity had been previously standardized by single-radial-diffusion
(SRD) techniques, as described by Wood et al. (1983), and in further studies
(Mumford et al. 1983), the protective efficacy of vaccines was examined in
experimental ponies.

MATERIALS AND METHODS
Viruses
Prototype A/equine/Prague/56 and A/equine/Miami/63 viruses were as des-
cribed in the accompanying paper (Mumford et al. 1983). A/equine/Newmarket/77
(H7N7) and A/equine/Newmarket/79 (H3N8) virus strains were from the Animal
Health Trust, Newmarket.

Vaccines

Beta-propiolactone-inactivated A/equine/Prague/56 (H7N7) and A/equine/
Miami/63 (H3N8) whole virus aqueous vaccine batches A, B and C and a newly
developed adjuvanted, bivalent vaccine batch D (adjuvant code name PD), were
standardized by SRD as described by Wood et al. (1983). The HA antigen
concentrations of the vaccines are shown in Table 1. The adjuvant present in
vaccine D did not interfere with diffusion of HA in the SRD test and the test was
virus subtype specific (data not shown).

Study design

The study was carried out in 40 Welsh mountain pony yearlings which were
seronegative for A/Prague/56 and A/Miami/63 as determined by SRH tests for
antibody to HA. Ponies were divided into two groups of 20, one receiving only
one dose of vaccine, and a second group receiving a primary dose followed by a
second dose of the same vaccine 4 weeks later. Within each group the ponies were
divided into four sub-groups of five, each group receiving a different vaccine (A,
B, C or D). Vaccination was by intramuscular injection. Pony sera were collected
for antibody studies before vaccination and 2, 3, 4, 5, 6, 8, 10, 12, 17 and 22 weeks
after the first vaccination. Sera were tested for antibody by means of HI on
potassium periodate-treated sera and SRH on heat-treated sera (56° for 30 min).
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Table 1. SRD-detectable HA antigen activity of inactivated
equine influenza vaccine

HA antigen activity (ug/dose)

Vaccine batch ~ Vaccine type A/Prague/56 A/Miami/63

A aqu. wv* 5 4
B aqu. wv 18 12
C aqu. wv 49 56
D adj. wv 23 13

* aqu. wv = aqueous whole virus vaccine; adj. wv = adjuvanted whole virus vaccine.

HI test

The HI test was performed using conventional techniques in microtitre plates
with Tween 80/ether-treated A/Miami/63 virus (Berlin et al. 1963; John &
Fulginiti, 1966) and untreated A/Prague/56 virus.

SRH test

The SRH technique was essentially as described by Oxford et al. (1979). Briefly,
influenza virus was coupled to sheep erythrocytes using chromium chloride (4 xg
yirus protein/ml of 109, erythrocytes) and agarose gels were prepared containing
sensitized erythrocytes and guinea-pig complement. Heat-treated (56 °C for
30 min) pony sera were introduced into wells in the gels and zones of haemolysis
were measured using a calibrating viewer (Transidyne General Corp. Ann Arbor,
USA) coupled to digital recording apparatus (Autodata Ltd, Hitchen, UK).

SRH antibody adsorption studies

Analysis of strain specific (SS) and cross reactive (CR) anti-HA antibodies to
the vaccine virus strains and to recently isolated antigenic variants,
A/equine/Newmarket/77 (H7N7) and A/equine/Newmarket/79 (H3N8) was
carried out by cross-adsorption experiments as described previously (Schild et al.
1977; Oxford et al. 1979).

Interpretation of results was performed according to the following schedule. SS
antibody to A/Prague/56 virus was detected by adsorbing with A/Newmarket/77
virus (to remove all CR antibodies) and testing on an SRH plate containing
A/Prague/56 virus. Similarly, SS antibody to A/Newmarket/77 virus was
detected by adsorbing with A/Prague/56 virus and testing on A/Newmarket/77
SRH plates. SS antibody to A/Miami/63 and A/Newmarket/79 viruses were
detected in a similar manner. CR antibody was detectable in unadsorbed sera when
SRD plates did not reveal any SS antibody (only CR antibody was available to
react). Sera adsorbed with a virus homologous to the SRH plate served as
adsorption controls. Complete removal of SRH activity indicated that the
experiment was valid.

RESULTS
SRH test

Both the A/Prague/56 and A/Miami/63 SRH tests gave very clearly defined
haemolysis zones with post-vaccination pony sera (Plate 1).
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Fig. 1. Post-vaccination SRH responses to A /equine/Prague/56 virus. Responses to one
and two doses of aqueous vaccine A (5 ug HA/ml, @ —@), B (15 pg HA/ml, O—OQ)
8ﬁld C (50 g HA/ml, #l—M) and adjuvanted vaccine D (15 ug HA/ml, (J—[1) are
illustrated.

0

Pre-existing antibody
Both SRH and HI tests indicated that all of the ponies used in this study were
seronegative to A/Prague/56 and A/Miami/63 HA’s (Table 2, Pl. 1, figs 14).

SRH antibody response to one dose of vaccine

Figs 1 and 2 illustrate the A/Prague/56 and A/Miami/63 SRH responses
obtained after one dose of vaccine. Two weeks after immunization, significant
antibody titres (SRH zone area > 4 mm?) were detectable to A/Prague/56 virus
in all ponies and antibody to A/Miami/63 virus was detectable in four out of five
ponies in vaccine A group and in all ponies in the remaining vaccine groups
(Table 2). There were clear dose-related responses in antibody production to both
virus strains used in the aqueous vaccines. The adjuvanted vaccine D which
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Fig. 2. Post-vaccination SRH responses to A/equine/Miami/63 virus. (Symbols are
shown in Fig. 1.)

contained approximately the same quantity of antigen as vaccine B and 2- to 4-fold
less antigen than vaccine C, produced the highest antibody responses to one dose
of vaccine. Four weeks after immunization, antibody levels in all ponies had begun
to fall and by 22 weeks there was no detectable antibody to either virus strain in
ponies receiving the least potent vaccine A (vaccine group A) and barely detectable
amounts in groups B and C (2/5 with significant antibody to A/Prague/56 or
A/Miami/63 in both groups B and C). Antibody levels at 22 weeks were highest
in the adjuvanted vaccine group D (3/5 with significant antibody to A/Miami/63;
5/5 with significant antibody to A/Prague/56).

HI antibody response to one dose of vaccine

After one dose of vaccine there were no ponies with significant levels (HI > 1:16)
to either virus strain (Table 2, figs 3 and 4).
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Table 2. Serum SRH and HI antibody responses of ponies following one and two doses
of bivalent A/equine/Prague/56 and A/equine/ Miami/63 influenza virus
Number of ponies showing significant antibody titres* by

(o Y
SRH HI
- A — A \
Vaccine Potency Post Post Post Post
batch  (ug HA/dose) Pre-vacc. 1 dose 2 doses Pre-vacc. 1 dose 2 doses
A/equine/Prague/56
A 5,%, 41 0 5 5 0 0 4
B 18, 12 0 5 5 0 0 5
C 49, 56 0 5 5 0 0 4
D 23, 13 0 5 5 0 0 4
A /equine/Miami/63
A 5,1 41 0 4 4 0 0 1
B 18, 12 0 5 5 0 0 1
C 49, 56 0 5 5 0 0 2
D 23, 13 0 5 5 0 0 2

* Antibody titres (one dose group at week 2; two dose group at week 8) were significant when
they could easily be distinguished from negative results (SRH zone areas > 4 mm?; HI > 16).

t A/equine/Prague/56.

1 A/equine/Miami/63.

SRH antibody response to two doses of vaccine

There were good SRH-detectable antibody responses to both virus strains after
the second vaccine dose. Antibody levels were approximately 2-fold higher than
those following one dose (Pl. 1, figs 1 and 2). At week 6, 39/40 horses showed
significant SRH antibody levels to both virus strains (Table 2). Antibody levels
after a second dose of aqueous vaccine were vaccine-dose-related. Four weeks
after the second immunization (week 8), antibody levels began to fall, until by 18
weeks after the second dose (week 22), antibody levels had fallen by 5- to 50-fold.
Atweek 22, 18/20 ponies possessed significant SRH antibody levels to A/Prague /56
(3/5 ponies for vaccine group A; 5/5 for groups B-D) and 12/20 ponies had
significant SRH antibody levels to A/Miami/63 (2/5 for groups A and B; 3/5 for
group C; 5/5 for group D).

HI antibody response to two doses of vaccine

There were sharp rises in HI antibody to A/Prague/56 virus after the second
vaccine dose (Figs 3 and 4). Maximum levels were achieved 1-2 weeks after
boosting (weeks 5 and 6). At week 6, 17/20 ponies showed significant HI titres to
A/Prague/56 virus (Table 2) (4/5 for groups A, C and D; 5/5 for group B). There
was no clear cut vaccine dose-related HI response; vaccine B (15 ug aqueous) gave
a greater antibody response than vaccine C (50 xg aqueous) and the adjuvanted
vaccine D (15 ug) gave responses similar to vaccine C. There were rapid decreases
in A/Prague/56 HI antibody levels by week 8 until by week 22 only 9/20 ponies
had significant HI antibody titres (1/4 for group A, 2/4 for groups B and C, 4/4
for group D). HI antibody responses to two doses of A/Miami/63 vaccine were very
poor. Only /20 ponies developed significant antibody levels at 6 weeks (1/5 for
groups A and B; 2/5 for groups C and D and all traces of A/Miami/63 HI antibody
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Fig. 3. Post-vaccination HI responses to A/equine/Prague/56 virus. (Symbols as
shown in Fig. 1.)

had disappeared by week 22. Only one pony demonstrated HI antibody titres > 40
at week 22 (two dose vaccine group C, antibody against A/Prague/56 virus).

Comparison between SRH and HI titration

The correlation between SRH and HI post-vaccination antibody levels to
A/Prague/56 and A/Miami/63 HA’s are illustrated in Figs 5 and 6 respectively.
In general the degree of correlation was very low (correlation coefficient 0-2 for
A/Prague/56 and 01 for A/Miami/63). The lack of agreement was largely due to
the SRH test being much more sensitive than the HI test, which resulted in many
sera which were negative (titre < 8) by HI test having significant and in some cases
quite high levels of SRH antibody. For A/Prague/56 titration, 17 sera which were
negative by HI had significant SRH antibody (49 % of sera) whereas 91 sera which
were negative in A/Miami/63 HI tests possessed significant SRH antibody (359,
of sera).
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Fig. 4. Post-vaccination HI responses to A/equine/Miami/63 virus. (Symbols as
shown in Fig. 1.)

Antibody responses to recent equine virus strains

Sera were tested by SRH using erythrocytes sensitized with recent antigenic
variants of the prototype A/Prague/56 virus (A/equine/Newmarket/77) and
A/Miami/63 virus (A/equine/Newmarket/79). For these studies, sera were tested
from all one-dose ponies 4 weeks after immunization, and all two-dose ponies 1
week after the second dose. In order to standardize the SRH responses, similar
amounts of each virus within a subtype were used to treat the erythrocytes (3 ug
protein/ml erythrocytes for HIN7 virus; 5 ug protein/ml erythrocytes for H3N8
virus). With the exception of one serum with very low antibody levels to
A /Prague/56 virus and no detectable antibody to A/Newmarket/77 virus, all sera
reacting in A/Prague/56 and A/Miami/63 plates also reacted in A/Newmarket /77
and A/Newmarket/79 plates (Table 3). The magnitude of responses to the recent
virus strains was significantly inferior (P < 0-05) to the response to vaccine virus
strains. In order to investigate the antigenic specificity of the antibody responses,
virus adsorption studies were carried out with representative pony sera from each
vaccine group and each dose schedule (Table 4). All of the sera tested contained
CR antibody which produced SRH zones with both vaccine viruses and recent virus
strains. After adsorption of sera with A/Newmarket/77 virus, 10/12 sera possessed
SS Prague antibody; two ponies possessed only CR antibody to equine 1 virus.

SRH antibody to host antigen

Seventy-nine per cent of post-vaccination pony sera showed evidence of
antibody which reacted on SRH plates containing A/PR/8/34 (HIN1) and
B/Singapore/222/79 viruses. This heterotypic SRH activity was completely
eliminated by adsorption of sera with homogenized chorioallantoic membranes of
uninfected eggs. Similar adsorption experiments showed that on SRH plates
containing A /Prague/56 or A/Miami/63 viruses, zone sizes were unaffected by the
presence of anti-host antibody.
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Fig. 5. Correlation between HI and SRH post-vaccination antibody titres to
A/equine/Prague/56 virus (@, one vaccine dose; O, two vaccine doses).

Table 3. SRH antibody responses of ponies to recent equine 1 and 2 virus strains
Sollowing vaccination with A/equine/Prague/56 and A/equine/ Miami/63 viruses

Mean SRH zone areas (mm?2) to stated virus strain
Vaccine Vaccine - A

group dose Miami/63 Newmarket/79 Prague/56 Newmarket/77
A 1 dose 0 0 2-4 0
2 doses 719 59-3 99-1 86-7
B 1 dose 167 7-9 22-3 21-7
2 doses 804 757 979 1011
C 1 dose 20-0 148 160 12-2
2 doses 985 97-1 109-0 979
D 1 dose 207 200 20-5 253
2 doses 96-3 89-6 135-8 1458
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Fig. 6. Correlation between HI and SRH post-vaccination antibody titres of
A/equine/Miami/63 virus (@, one vaccine dose; O, two vaccine doses).

DISCUSSION

In this study, serological responses to comparable doses of A/Prague/56 and
A/Miami/63 whole virus vaccine over a wide range of vaccine potencies, have
been examined in seronegative ponies. The study has involved SRD techniques
to standardize vaccine doses and a comparison of HI and SRH techniques for
analysing serological responses.

After one vaccine dose, only trace amounts of serum antibody to A/Prague/56
HA (maximum GMT 9-5) and no antibody to A/Miami/63 HA was detectable by
the HI test even though the more sensitive HI test using tween 80/ether-treated
antigens was used (John & Fulginitti, 1966). However, SRH tests indicated that,
by 2—4 weeks after a single dose of vaccine, significant amounts of antibody to both
virus strains were detectable and the antibody titres for the aqueous vaccines were
directly related to the amount of HA in the vaccines. The adjuvanted vaccine D
gave better serological responses than an aqueous vaccine containing 2- to 4-fold
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Table 4. Specificity of antibody produced in vaccinated ponies

SRH zone areas {(mm?) on plates containing stated virus
A

—\

Subtype HTN7 (equine 1) Subtype H3N8 (equine 2)

r N Al
A/Prague/56 A/Newmarket/77 A/Miami/63 A/Newmarket/79

~

Serum Vaccine Un- Adsorbed Un- Adsorbed Un- Adsorbed Un- Adsorbed
no. group* adsorbed New/77 adsorbed Prague adsorbed New/79 adsorbed Miami

131 2doses B 1117 27-1 746
139 2 doses C 915 29-3 551

138 2 dosesD 1098 22-2 66-8 684 348 653
145 2dosesD 1236 29-3 779 731 566 779

* No data available for one-dose group A due to small SRH zones.

565 524 549
74-6 484 779

169 1dose B 457 96 17-6 0 39-5 167 293 0
160 1dose B 524 142 29-3 0 484 23-1 24-1 0
153 1dose C 53-8 12-6 325 0 497 432 419 0
137 1doseC 371 0 88 0 445 24-1 383 0
155 1 dose D 595 325 348 0 510 303 26-1 0
166 1 dose D 484 0 271 0 484 24-1 303 0
167 2 doses A 89-7 11-8 484 0 457 271 66-3 0
116 2 doses B 1277 24-1 795 0 90-2 551 731 0
0 0
0 0
0 0
0 0

more antigen. In previous vaccine trials with unprimed horses, HI antibody titres
after one vaccine dose have also been very low for A/Prague/56 virus, and barely
detectable for A/Miami/63 virus (Bryans, 1973; Burrows, Spooner & Goodridge,
1977).

After two vaccine doses, HI antibody responses to A/Prague/56 virus were
much higher (maximum titre 304 at 1-2 weeks after second dose), however,
A/Miami/63 HI titres remained very low (maximum titre 19 at 1-2 weeks after
boost) with only 30% of ponies developing significant antibody levels to
A/Miami/63. HI antibody titres did not correlate with the amount of antigen
included in the vaccines. In previous trials with two doses of aqueous equine
influenza vaccine, HI titres have in general been lower than those reported here
(Burrows, Spooner & Goodridge, 1977; Powell & Burrows, 1973).

These studies have demonstrated that the serological responses of ponies to
equine influenza vaccines, correlate éxtremely well with the HA antigen concen-
tration of the vaccine when SRD techniques are used to quantify HA antigen
activity and SRH techniques are used to measure anti-HA antibody activity.

Although in HI tests, ponies appeared to respond better to A /Prague/56 vaccine
than to A/Miami/63 vaccine, SRH data indicated that in fact the responses were
similar for either virus strain. SRH responses after second doses were approxi-
mately 2- to 5-fold higher than primary responses and the vaccine dose-related
responses, which were established after one vaccine dose, were maintained after
the second dose. The adjuvanted vaccine D gave the highest SRH responses.

Our studies show a rapid rate of decline in post-vaccination antibody, detectable
by both HI and SRH tests. This is consistent with results from previous studies
in horses (Powell & Burrows, 1973; Pressler, 1973; Bryans, 1973; Burrows,
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Spooner & Goodridge, 1977). In man, post vaccination antibody declines at a
slower rate (Potter ef al. 1980; Noble et al. 1977). Only one of the ponies at the
end of this study possessed HI antibody titres > 40 (antibody to A/Prague/56
HA, double dose group C). These results imply that, in order to maintain
satisfactory antibody levels in horses, it may be necessary to vaccinate at frequent
(46 month) intervals. The poor persistence of antibody after vaccination may
offer some explanation of the low level of protection provided by vaccines in
certain equine influenza outbreaks (Van Oirschot et al. 1981 ; Hinshaw et al. 1983).

Antigenic drift in equine influenza viruses also has implications with respect to
the efficacy of vaccines. Since the original isolates of A/Prague/56 (Sovinova
et al. 1958) and A/Miami/63 viruses (Waddell, Teigland & Sigel, 1963) antigenic
variants have periodically been isolated but the differences have been small
(Pereira et al. 1972; Powell et al. 1974; Burrows et al. 1981). However, recent
epizootics in Europe and the USA have been caused by H3N8 viruses, differing
significantly from the prototype A/Miami/63 virus (Van Oirschot et al. 1981;
Hinshaw et al. 1983).

Consequently, post vaccination pony sera in the present study were examined
for reactivity with recent equine influenza virus isolates, A /equine/Newmarket/79
(H3N8) and A/equine/Newmarket/77 (H7N7). A/equine/Newmarket/79 viruses
is antigenically similar (A. Douglas, personal communication) to the prototype
representative of recent H3N8 variants A/equine/Fontainbleu/1/79 (WHO,
1982). Vaccination studies in man have demonstrated that both strain specific
antibody and antibody cross-reacting with antigenically similar members of the
same HA subtype are produced (Schild et al. 1977). All pony sera responded to
vaccination by producing large amounts of antibody which cross-reacted with
A/Newmarket/77 and A/Newmarket/79 viruses. Similar results have also been
obtained in SRH studies in France with recent French virus variants (Fontaine
et al. 1981). However, most of the ponies in the present study also possessed
antibody which could not be removed by adsorption with recent variants, yet
would react on SRH plates containing A/Prague/56 and A/Miami/63 virus (SS
antibody to vaccine viruses). Therefore a component of the antibody response in
ponies consisted of immunoglobulins specific for vaccine virus which did not react
with recent antigenic variants.

Most of the ponies responded to vaccination by producing antibody which
cross-reacted with heterotypic influenza viruses. It is likely that this antibody was
directed against a host egg cell component as it could be completely removed by
adsorption with chick chorioallantoic membranes. Previous studies (Harboe, 1963)
have demonstrated that influenza virus reacts with antisera raised against host
antigen and that the cross-reacting antigen is carbohydrate in nature (Jackson,
Brown & White, 1981). The presence of anti-host antibody in pony sera in the
present study did not affect the evaluation of antibody to HA by SRH tests, but
these results should be considered in further serological studies with SRH.

These studies have demonstrated that SRH tests offer distinct advantages over
HI tests for antibody assays of equine sera. The main advantage is one of increased
sensitivity. Many sera (35%, of sera in A/Miami/63 assays; 4:9% of sera in
A /Prague/56 assays) which were negative by HI, had significant, and in some
cases extremely high SRH titres.
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In addition, SRH is simple, reproducible, allows tests of many sera on one
immunoplate and is antigenically subtype specific (Wood, unpublished obser-
vations; Fontaine et al. 1981).

Further studies on the protective efficacy of vaccines in animals challenged with
equine influenza virus demonstrating a relationship between SRH antibody and
immunity are described in an accompanying paper (Mumford et al. 1983).

We are extremely grateful for the assistance of Miss U. Dunleavy of NIBSC;
Mrs J. Crighton and Miss S. Gann of the Equine Virology Unit.
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EXPLANATION OF PLATE

SRH responses of ponies to A/equine/Prague/56 vaccination. 5 ul volumes of heat-treated (56°
for 30 min) sera were added to wells in SRH plates containing sheep erythrocytes treated with
A/equine/Prague/56 virus (4 ug virus protein/1 ml erythrocytes). Responses before vaccination,
after one dose of vaccine and three doses of vaccine are illustrated for representative sera from
each vaccine group. Arrows indicate the first and second vaccinations. Dose-related antibody
responses were established after one aqueous vaccine dose and maintained after the second dose.
Responses after two doses were much higher than those after one dose, they reached a peak at
week 6 and then began to fall. Responses to the adjuvanted vaccine (15 ug HA/ml) were as good
as the most potent aqueous vaccine (50 ug HA/ml).
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