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Vaccination Programs for Foals and Weanlings

W. David Wilson, BVMS, MS

Absorption of maternal antibodies from colostrum is important for protection of foals against specific
infectious diseases but also substantially interferes with the response of foals to many vaccinal
antigens. It is now well documented that the response of foals from vaccinated mares to inactivated
influenza vaccines is blocked until at least 6 months of age, and administration of influenza vaccines at
an earlier age may induce tolerance, resulting in a negligible response to influenza vaccines
administered later in life.!® Most foals from vaccinated mares fail to respond serologically to
common vaccinal antigens when primary immunization is started at 3 months of age, even when three
doses of vaccine are administered in the primary series.2 In the case of EHV-1, EHV-4, WEE, EEE,
and tetanus, preliminary results suggest that administration of vaccines to 3-month-old foals with
detectable levels of maternal antibody does not negatively impact their response to subsequent doses
of vaccine administered after maternal antibody levels have declined.2’” However, more consistent
responses to these antigens are achieved if primary immunization is delayed until 6 months of age or
older. Since foals are frequently exposed to EHV-4, EHV-1 and, in the southeastern states, EEE
during the first 6 months of life, it is rational to commence vaccination against these diseases at less
than 6 months of age only if the risk of infection is high. Administration of inactivated influenza
vaccines should be delayed until foals from vaccinated mares are at least 6 months of age and,
preferably, 9 months of age or older. Regardless of the age at which foals are first vaccinated and the
inactivated vaccine to be used, at least three doses of vaccine, rather than the two recommended by
most vaccine manufacturers, appear to be necessary for primary immunization.2 Author’s address:
Dept. of Medicine and Epidemiology, School of Veterinary Medicine, University of California, Davis,
CA95616. © 1999 AAEP.

1. Introduction

Vaccination of horses is widely practiced and forms
an important part of infectious disease control pro-
grams. These programs necessarily start with rec-
ommendations for primary immunization of foals,
the major goals of which are either protection of foals
against diseases they are likely to encounter during
the first year of life or initiation of a program for
protection of the individual later in life. Foal vacci-
nation practices vary substantially between differ-
ent parts of the world reflecting tradition, the

likelihood of challenge with a particular infectious
agent, and limited research data. For instance, in
England vaccination of foals is generally not initi-
ated until 6 months of age or older, at which time
vaccination against tetanus and influenza usually
commences with bivalent inactivated vaccines con-
taining tetanus and influenza antigens. In the
United States, vaccines are available to immunize
horses against a large number of diseases, including
tetanus, eastern equine encephalomyelitis (EEE),
western equine encephalomyelitis (WEE), Venezu-
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Table 1. Sample Vaccination Schedule for Breeding Farms in the

Western United States. 2

1. Booster vaccinate mares in endemic areas against rabies
(and EVA if risk exists) before breeding.
2. Booster vaccinate mares against tetanus, WEE, EEE,
influenza, EHV-1/4, (strangles), (botulism), and (rotavirus)
4 to 6 weeks before foaling.
3. Vaccinate foals as follows:
4 months—EHV-1/4, (strangles)
5 months—EHV-1/4, (strangles)
6 months—Tetanus, WEE, EEE, (rabies)
7 months—Tetanus, WEE, EEE, EHV-1/4, (Strangles)
8 months—(rabies), (EVA)
9 months—Influenza, tetanus, WEE, EEE
10 months—Influenza, EHV-1/4
1 year—Influenza, (strangles)
4. Thereafter:
Tetanus, WEE, EEE, and (rabies) boosters annually
Influenza and EHV-1/4 boosters at 4-month intervals
(Strangles) boosters at 6-month intervals

aDiseases listed in parentheses are included in the program
only when conditions of significant risk prevail or when indicated
for other reasons. In Southeastern states where EEE is a risk
year-round, vaccination against EEE and WEE should commence
at 4 months of age. Additional vaccines such as botulism, rotavi-
rus, or PHF can be added to the program if endemic conditions
exist.

elan equine encephalomyelitis (VEE), influenza,
equine herpesvirus 1 (EHV-1), equine herpesvirus 4
(EHV-4), strangles, rabies, Potomac horse fever
(PHF), rotavirus, botulism, and anthrax. Because
of the paucity of published studies to evaluate foal
vaccination, recommendations for primary vaccina-
tion of foals using many of these antigens are largely
empirical or are based on unpublished data gener-
ated by vaccine manufacturers.

Labels on most commercially available vaccines
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begin vaccinating foals or state that healthy horses
more than 3 months of age or more than 9 months of
age can be vaccinated. In 1995 the AAEP Commit-
tee on Biologic and Therapeutic Agents published
guidelines for vaccination of horses that suggested
vaccination of foals for most antigens except for
influenza, at 3 to 4 months of age.® However, the
high incidence of pneumonia and other respiratory
diseases in foals has prompted practitioners to inten-
sively vaccinate foals against influenza, EHV-1, and
EHV-4 beginning as early as 1 month of age. The
literature contains very few published studies to
investigate serological responses in foals to com-
monly used vaccines, and even fewer studies in
which the serologic responses of foals to vaccines
have been validated by challenge studies to docu-
ment that suggested vaccination guidelines actually
induce protection. In recent years, several studies
have documented the failure of a high proportion of
foals from vaccinated mares to respond serologically
to inactivated influenza vaccines administered at
less than 6 months of age.l*% These findings have
called into question foal vaccination protocols di-
rected against antigens other than influenza and
have highlighted the lack of published reports. In
this presentation, I will attempt to clarify the issue
through review of available published information
and limited data from as yet unpublished studies
completed in our laboratory and elsewhere.

To maximize passive protection foals and maxi-
mize the uniformity of colostral antibody transfer
within the foal crop, it is important to maintain
broodmares on a regular vaccination program and
administer booster doses of appropriate vaccines 4 to
6 weeks before foaling. Under these circumstances,
most foals acquire serum titers of specific antibody

either give no indication as to the appropriate age to very similar to those present in the mare. For most
Table 2. Vaccination Recommendations for Foals, Weanlings, and Foaling Mares.
Mare Foal

4-6 Weeks

Prefoaling 4 mo 5 mo 6 mo 7 mo 8 mo 9 mo 10 mo 12 mo
Influenza X X X X
EEE2 X * X X* X
WEE?2 X * X X* X
Tetanus X X X X
EHV-4 X X X X X
EHV-1 X X X X X
Rotavirus X (8,9, 10)P
Botulism X (8,9, 10)b<
Rabiesd X X
Strangles® X X X X X
EVAd X

Vaccines in the shaded block are only indicated in endemic areas or farms on which the risk of infection is high.

aRecommendations for EEE/WEE vaccination in Southeastern states with year-round risk of EEE infection are indicated with an
asterix *, whereas recommendations for the remainder of the US are indicated with an X.

bNumbers indicate the month of pregnancy when vaccination is indicated.

‘For mares that have been vaccinated against botulism in previous pregnancies, administer a single booster dose 4—-6 weeks before

foaling.

dRabies and EVA boosters for mares should be administered pre-breeding.

eStrangles recommendations apply only to to injectable vaccines.
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of the diseases investigated to date, concentrations
of passively acquired antibodies in the circulation of
the foal decline with a half-life of 30 to 40 days.3479
Depending on the level of antibodies absorbed and
characteristics of the specific infectious agent, pas-
sively derived colostral antibodies may protect the
foal from specific infectious diseases for a period
ranging from a few weeks to several months. As
well as neutralizing infectious agents, passively
derived antibodies can also bind the modified anti-
gens present in vaccines, resulting in a reduction or
elimination of their ability to induce a protective
immune response, a phenomenon termed “maternal
antibody interference.” It appears that small
amounts of antibody, below levels thought to be
protective, can induce complete maternal antibody
block, resulting in a sometimes prolonged period of
susceptibility between the time colostral antibodies
decline to below a protective level and before the foal
is able to mount a response to vaccination.?

When deciding how to approach the use of vaccines
in foals it is important to decide which one of the
following is the most important goal or whether both
are equally important:

a. To protect the foal and weanling against spe-
cific high-risk infectious diseases that affect this age
group and have the potential to cause significant
disease, either directly or by predisposing to other
secondary infections, or

b. To initiate primary immunization to protect
against disease later in life.

Therefore, one of the first questions that should to be
answered is: “What risk does this disease pose to
the foal or weanling?” Assessing risk takes into
account both the incidence of disease (i.e., the likeli-
hood that the foal will become infected) as well as the
risk of serious sequelae or death if the horse does
become infected. Ifthe disease affects the foal early
in life, such as is the case with rotavirus infection,
there is usually insufficient time to induce a protec-
tive immune response by actively immunizing the
foal. Under these circumstances, the approach
should be to maximize the degree of protection
passively transferred from the dam via colostrum.
Other diseases, such as rabies, affect horses of all
ages, but the risk of acquiring infection is generally
low. On the other hand, horses of all ages are
susceptible to herpesvirus infection and the risk of
encountering infection is relatively high. Further-
more, the severity of disease and risk of death are
important considerations, even for rare diseases.
For example, tetanus and rabies are relatively un-
common diseases that are often fatal, whereas influ-
enza is a relatively common disease that is rarely
fatal.

Diseases of high risk to young foals but low risk to
adults include rotavirus infection (on certain breed-
ing farms in certain years) and, in geographic areas
such as Kentucky and some other Eastern states,
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botulism. For these diseases the best approach is
to:

a. Booster vaccinate the dam before foaling to
maximize uniformity of passive transfer.

b. Ensure good passive transfer of maternal anti-
bodies.

c. Introduce management practices to reduce ex-
posure to the infectious agent.

d. Vaccinate the foal if risk continues beyond first
few months of life.

Diseases of moderate to high risk for weanlings and
older horses but lower risk to young foals born to
vaccinated mares include EHV-4, EHV-1, strangles,
influenza, tetanus and, in the eastern United States,
EEE. For these diseases the best approach is to:

a. Vaccinate the dam before foaling to maximize
uniformity of passive transfer.

b. Ensure good passive transfer of maternal anti-
bodies.

c. Start foal vaccination after the risk of mater-
nal antibody interference is no longer present in
most foals, as long as it has been ascertained that
vaccination in the face of maternal antibodies does
not impair the ability of foals to respond when
vaccinated later in life (i.e., tolerance).

d. Introduce management practices to reduce
exposure to the infectious agent while primary vacci-
nation is being completed.

e. Use three or more doses of vaccine in the
primary series to improve the chances that foals that
did not respond to earlier doses will respond when
given additional doses later.

Diseases of low risk to foals in most circumstances
include rabies, PHF, WEE, equine viral arteritis
(EVA), and anthrax. For these diseases the best
approach is to:

a. Vaccinate the dam before foaling if the disease
is a significant risk to adult horses and a vaccine
approved for use in pregnant mares is available.
If a vaccine is not approved for use in pregnant
mares, administer boosters before breeding.

b. Ensure good passive transfer of maternal anti-
bodies.

c. Start foal vaccination after the risk of mater-
nal antibody interference is no longer present in any
foal.

A. Recommendations for Vaccination Against Specific
Diseases (Tables 1 and 2)

The recommendations below refer to vaccines cur-
rently available for use in horses in the United
States and are based on limited available research
data. In many instances results are based on
serologic responses to vaccination, not documented
protection in challenge studies. These recommenda-
tions will likely require adjustment as more informa-
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tion becomes available. It is possible that for some
diseases, lack of a serologic response may correlate
well with lack of protection, whereas for others, this
may not be the case. On the other hand, the
presence of a serologic response may not correlate
well with protection, as is frequently the case for
respiratory tract pathogens. With the exception of
the intranasally administered strangles vaccine (Pin-
nacle I.N., Fort Dodge), the modified live virus
EHV-1 vaccine (Rhinomune, Pfizer), and the modi-
fied live virus EVA vaccine (Arvac, Fort Dodge), most
commercially available vaccines are inactivated, ad-
juvanted, and administered by intramuscular injec-
tion. As such, they are much more likely to induce a
systemic serologic response than either a cell-mediated
immune response or local mucosal immunity.

2. Rotavirus Infection

Rotavirus infection causes diarrheal illness in foals
during the first few weeks of life. Older foals and
adult horses are more resistant to infection. The
major goal of a rotavirus vaccination program is
therefore to reduce the risk of serious rotaviral
diarrhea in foals during the first few weeks of life.
The major correlate for protection against rotaviral
diarrhea appears to be mucosal immunity in the
gastrointestinal tract, either induced by recovery
from infection or passively acquired from colostrum
and milk during nursing. Parenteral vaccination of
the dam before foaling does not guarantee protection
of the foal but has been shown to reduce the inci-
dence and severity of disease in foals born to vacci-
nated mares.1%12 A commercially available
inactivated vaccine (Rotavirus Vaccine, Fort Dodge)
is conditionally licensed for IM use in many states
and, while not completely effective in preventing
infection, appears to reduce the incidence and sever-
ity of disease in the field setting.'® The recom-
mended program for the use of rotavirus vaccine is
as follows:

a. Vaccinate the dam during 8th, 9th, and 10th
month of gestation.

b. Repeat the three-dose vaccination series dur-
ing each subsequent pregnancy

c. Foal vaccination is not indicated
3. Toxicoinfectious Botulism: “Shaker Foal
Syndrome”

Of the eight distinct toxins produced by subtypes of
Clostridium botulinum, types B and C are associated
with the majority of botulism outbreaks, and virtu-
ally all cases of toxicoinfectious botulism (shaker foal
syndrome) are caused by type B.!* Shaker foal
syndrome is an important problem affecting foals
between 2 weeks and 8 months of age in Kentucky
and the mid-Atlantic states and occurs sporadically
in other areas.!’®> A C. botulinum type B toxoid
vaccine (Bot-Tox-B, Neogen) is available with the
primary indication being the prevention of shaker
foal syndrome in endemic areas. Antibodies against
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toxin type B do not cross-protect against other toxin
types. Protection appears to be mediated primarily
by circulating antibodies since a program of mare
vaccination has been shown to offer protection to
foals that achieve good passive transfer of colostral
antibodies, which protect the foal for 8 to 12
weeks.!314  The recommended program for the use
of Bot-Tox-B is as follows:

a. Vaccinate the dam during the 8th, 9th, and
10th months of gestation.

b. Vaccinate the dam 4 to 6 weeks before foaling
in subsequent pregnancies.

d. Vaccinate the weanling at 3 months of age or
older if the risk of infection continues.

Vaccination of foals and weanlings is usually not
indicated and there are no published data to deter-
mine whether maternal antibodies interfere with
the response of 3-month-old foals to vaccination.

4. Equine Herpesvirus Type 1 (EHV-1) Infection

The major concern with EHV-1 infection, and the
only syndrome for which good efficacy has been
documented, is prevention of EHV-1 abortion in
mares. Both of the vaccines approved for this pur-
pose (Pneumabort K + 1b, Fort Dodge and Prodigy,
Bayer) are inactivated and administered by the IM
route. A modified live virus vaccine (Rhinomune,
Pfizer) has been used by some practitioners for many
years but does not carry an approved claim to
prevent EHV-1-associated abortion. The recom-
mended protocol for the use of approved inactivated
vaccines is to vaccinate mares during the 5th, 7th,
and 9th months of every pregnancy. Vaccination of
foals and weanlings against EHV-1 infection is ad-
dressed below.

5. Equine Herpesvirus Type 4 (EHV-4)
and EHV-1 Infection

Equine herpesvirus type 1 and EHV-4 infect the host
via the respiratory tract after inhalation or ingestion
of infective aerosols or direct contact with infected
horses or products of EHV-1 abortion. Whereas
viremia frequently occurs after infection with EHV-1,
leading to myeloencephalopathy, abortion, or birth of
infected nonviable foals, manifestations of infection
with EHV-4 (rhinopneumonitis) are generally con-
fined to the respiratory tract because EHV-4 does not
infect endothelial cells or produce a cell-associated
viremia.l® Horses frequently become infected with
EHV-4 and EHV-1 during the first year of life and
develop clinical signs of respiratory disease but fail
to clear the virus, resulting in a chronic carrier state
in the majority of the horse population. Infection
may recrudesce later in life as a clinically apparent
or inapparent infection resulting in an increase in
serum neutralizing antibody titers. Consequently,
many horses have detectable levels of SN antibody to
both EHV-1 and EHV-4 in their serum.

Correlates for protection against EHV-1 and EHV-4
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infection have been extensively investigated but are
not yet clearly defined.!’® Infection with EHV-1
induces a strong humoral response, but protection
from reinfection is short-lived and is not achieved
until the horse has experienced multiple infections
with homotypic virus.’> No clear relationship ex-
ists between protection from EHV-1 infection and
levels of circulating antibody induced by vaccination
or infection, but the duration and amount of virus
shedding from the nasopharynx is reduced in ani-
mals with high levels of circulating neutralizing
antibody.’> As with other herpesviruses, mucosal
immunity and cell-mediated responses likely play a
role at least as important as circulating neutralizing
antibodies in protection against EHV-1 infection.
Evidence for the role of CMI comes from studies
demonstrating that the presence of MHC class
1 restricted cytotoxic T-lymphocyte precursors in
peripheral blood are correlated with protection.!®
Because EHV-4 replication is largely confined to
epithelial cells of the upper respiratory tract, it is
likely that mucosal immunity is important in protec-
tion.'> Whereas circulating antibodies alone do not
prevent EHV-4 infection, high levels of vaccine-
induced circulating VN antibody markedly reduce
virus shedding and clinical signs after challenge
infection.!®

Specific antibodies to both EHV-1 and EHV-4 are
passed in colostrum.6-19 Field studies with modi-
fied live EHV-1 vaccines indicate that colostral anti-
bodies exert a profound inhibitory effect on serologic
responses to vaccination up to at least 5 months of
age.19-21  However, a cytotoxic cellular immune re-
sponse to both EHV-1 and EHV-4 was induced in a
substantial percentage of foals vaccinated with a
modified live EHV-1 vaccine in the presence of
maternal antibody, even though humoral responses
were often absent.?? Recent studies with two differ-
ent commercially available inactivated bivalent EHV-
1/4 vaccines, and one inactivated EHV-4/influenza
vaccine, have shown that the majority of foals from
EHV-vaccinated mares do not mount a detectable
neutralizing antibody response to vaccines adminis-
tered at 3 and 4 months of age, even when three
doses are administered in the primary series.>16.17
An increased proportion of foals responded when
vaccinated with a three-dose series starting at 5 or 6
months of age, but still a substantial number failed
to seroconvert.%®  Some foals with low or undetect-
able levels of SN antibody at the time of vaccination
failed to mount a serologic response.>1¢ It appears
that either levels of antibody below the limit of
quantitation of the serum neutralization test may
interfere, or that some foals do not respond to
inactivated EHV-1/4 vaccines, regardless of the pres-
ence or absence of neutralizing antibody. Data from
a small number of foals suggest that for EHV-1 and
EHV-4, vaccination in the presence of detectable
maternal antibodies does not render them tolerant
to subsequent doses of vaccine or to field challenge.?

The obvious dilemma in designing a vaccination
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strategy to prevent EHV-1 and 4 infection in foals
and weanlings is that if primary immunization is
delayed until 6 months or more in age, when mater-
nal antibody titers have declined to low levels and
are less likely to interfere with vaccination, foals are
likely to encounter field infection before completion
of the three-dose primary series. Thus, it is unrea-
sonable to expect a high degree of efficacy in vaccina-
tion programs designed to protect foals and weanlings
against EHV infection using available vaccines.
Under circumstances where vaccination of foals
against EHV-1 and EHV-4 is elected, the following
compromise program may be used:

a. Vaccinate the dam 4 to 6 weeks before foaling
with an inactivated bivalent EHV-1/4 vaccine.

b. Start foal vaccination at 4 to 6 months of age
with two doses of an inactivated bivalent vaccine or
modified live EHV-1 vaccine administered 3 to 4
weeks apart with a third dose administered 6 to 8
weeks later.

c. Booster vaccinate at 3- to 4-month intervals

6. Tetanus

Regular vaccination against tetanus has been a
central component of recommended immunization
programs for horses for many years. As a result,
tetanus is now rarely encountered as a clinical entity
in horses. Protection against tetanus appears to be
mediated entirely by circulating antibodies and these
antibodies are transferred well via colostrum.??3
Thus, foals born to vaccinated mares appear to be at
low risk of developing tetanus. Limited and conflict-
ing information is available in the literature regard-
ing the potential for maternal antibody interference
with vaccination. Based on available published re-
sults, Liu (1986) recommended primary vaccination
of foals against tetanus starting at 4 to 6 months of
age.?* Tetanus toxoid is considered to be a potent
antigen, and it has been widely accepted that concur-
rent administration of tetanus toxoid and antitoxin
at different sites does not interfere with the response
to tetanus toxoid.®?5 Consequently, it has been
assumed that maternal antibodies were unlikely to
interfere with the response of foals to tetanus toxoid.
However, recent studies indicate that the response of
3-month-old foals from vaccinated mares is substan-
tially poorer than the response of 6-month-old foals
and yearlings.?2 In addition, these studies show
that levels of induced antitetanus antibodies were
substantially higher after administration of a third
dose of vaccine than after two doses of vaccine, even
in older foals. The following protocol appears to be
appropriate for tetanus vaccination:

a. Vaccinate the dam 4 to 6 weeks before foaling.

b. Begin foal vaccination at 6 months of age.

c¢. Administer three doses of tetanus toxoid in the
primary series.

d. Booster vaccinate at 12-month intervals there-
after.
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7. Strangles

Strangles vaccination is indicated for horses likely to
experience a substantial risk of exposure, such as
those being introduced to or born onto premises
where strangles is endemic. Protection against
Streptococcus equi infection appears to be mediated
by a combination of mucosal IgG and IgA antibodies
produced locally in the nasopharynx and opsonic IgG
antibodies in serum.26-26 Until recently, available
strangles vaccines were either inactivated whole cell
vaccines (Equibac II, Fort Dodge) or M-protein cell
wall extracts (Strepvax, Boehringer Ingelheim, Strep-
guard, Bayer). These vaccines induce a good opsono-
phagocytic antibody response in serum but minimal
mucosal response, which likely accounts for the
incomplete protection observed when these vaccines
are used in the field.2” However, data do exist to
document that vaccination using injectable M-
protein vaccines significantly reduces the attack rate
and severity of strangles in herds with endemic
infection.?*3! Recently, an attenuated live vaccine
(Pinnacle I.N., Fort Dodge) for intranasal administra-
tion was introduced onto the market and is now in
widespread use. Vaccines of this type have been
shown to induce a relevant mucosal immune re-
sponse and partial or complete protection.3?

Antibodies of the IgG and IgA class recognizing the
M-protein of S. equi are passively transferred to the
foal via colostrum and are also present in the milk of
immune mares.?® IgA class antibodies absorbed
from colostrum recirculate to the nasopharyngeal
mucosa and, along with milk antibodies that pas-
sively coat the pharyngeal mucosa, provide protec-
tion to most nursing foals up to the time of weaning.26
Serologic (ELISA) responses to M-protein vaccines
are poor in foals, most likely due to the inhibitory
effect of maternal antibodies, although no evidence
has been presented to suggest that vaccination
against strangles in the face of maternal antibodies
induces tolerance. The modified live intranasally
administered vaccine may be less subject to interfer-
ence from circulating maternal antibodies. How-
ever, this issue has not been investigated and the
manufacturers do not recommend administration of
this vaccine to horses less than 9 months of age.
The following vaccination protocol appears rational
on breeding farms on which the risk of strangles
infection is high and mares are on a regular vaccina-
tion program:

a. Booster vaccinate the dam 4 to 6 weeks before
foaling using an inactivated M-protein vaccine.

b. Begin foal vaccination at 4 to 6 months of age
with an intramuscularly administered M-protein
vaccine, using at least three doses in the primary
series, followed by boosters at 6-month intervals.

c. Alternatively, begin foal vaccination with the
intranasal live vaccine at 6 to 9 months of age using
the recommended two-dose primary series followed
by boosters at 6- to 12-month intervals.
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8. Influenza

Infection with influenza A-equine-2 virus is a com-
mon cause of rapidly spreading outbreaks of
respiratory disease in North America and Europe.
Although horses of all ages are susceptible, young
performance and show horses appear to be at the
greatest risk of acquiring infection because they
have a high likelihood of contact with horses and
they are likely to be encountering the virus for the
first time. Horse populations on breeding farms
would also be expected to be at high risk because of
the high “traffic” in horses from different sources and
the high proportion of young susceptible animals.
Despite these epidemiological considerations and
the commonly held belief that influenza is an impor-
tant predisposing factor to the high incidence of
pneumonia in foals, documented outbreaks of influ-
enza in foals residing on breeding farms on which
adults are regularly vaccinated against influenza
are rare. Therefore, the indication for vaccination
of young foals against influenza is likely much lower
than commonly believed.

Immunity following natural infection with influ-
enza persists for more than 1 year and is not
dependent on high levels of circulating antibody.15:34:35
In reinfection experiments, ponies in which titers of
circulating antibody had declined to low or undetect-
able levels postinfection resisted challenge more
than 1 year after initial infection.?> In addition to
invoking a strong serologic response, natural infec-
tion induces large amounts of virus-specific secre-
tory virus neutralizing IgA in nasal secretions and
genetically restricted cytotoxic T lymphocytes (CTL)
that kill infected cells.!>3* Memory CTL can be
detected in the peripheral blood for at least 6 months
after infection.'® In contrast, immunity following
vaccination with conventional parenterally adminis-
tered inactivated vaccines is short lived and is highly
correlated with levels of circulating antibody di-
rected against surface hemagglutinin antigens.3436
With the possible exception of ISCOM vaccines,
conventional vaccines have limited potential to in-
duce CTL responses or nasal secretory IgA
responses.3*

Conclusive evidence was presented almost 10 years
ago documenting that hemagglutination inhibition
(HI) antibodies against both influenza A-equine-1
and A-equine-2 were transferred to foals via colos-
trum and that these antibodies declined with a
half-life of approximately 30 to 38 days.>* These
workers also demonstrated that the majority of foals
from vaccinated mares did not respond to inacti-
vated adjuvanted influenza vaccines administered at
3 months of age, whereas a higher proportion of
6-month-old foals responded if given three doses of
influenza vaccine in the primary series.®> Similar
observations were made by Cullinane et al.! during
investigation of the finding that many yearling horses
had low or undetectable levels of HI antibody despite
having received multiple doses of influenza vaccine
during the first year of life. In addition, these
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workers found that a substantial number of foals
vaccinated at less than 6 months of age not only
failed to respond serologically to doses of vaccine
administered in the primary series but also failed to
respond to as many as six doses of vaccine adminis-
tered over the next year, suggesting that early
vaccination in the presence of maternal antibody
had induced immunotolerance to influenza vac-
cines.! From these observations it was concluded
that foals from vaccinated mares should not be
vaccinated against influenza at less than 6 months of
age and that three doses of vaccine were necessary in
the primary series.!® These results have recently
been confirmed using vaccines available in North
America during studies in Kentucky and in Califor-
nia.256 Results indicate that whereas the response
of 6-month-old foals is superior to that of 3-month-
old foals, both in terms of the percent seroconverting
and the magnitude of the resulting titers, the re-
sponse of yearlings is clearly superior to that of
6-month-old foals.? Whereas 60% of the yearlings
seroconverted to influenza A-equine-2 after two doses
of vaccine, all seroconverted after three doses and
more than 50% developed HI titers of more than
1:1000.2 Based on these findings, current recom-
mendations for vaccination against influenza using
inactivated vaccines administered by intramuscular
injection are as follows:

a. Maintain all horses on breeding farms on a
program of booster vaccination against influenza at
4- to 6-month intervals.

b. Booster vaccinate mares 4 to 6 weeks before
foaling.

c. Begin foal vaccination at 6 to 12 months of age
using three or more doses in the primary series.

d. Booster vaccinate young horses at 3- to
4-month intervals until they are 2 years of age if risk
of infection remains high.

e. Mature performance, show, and pleasure
horses constantly exposed to potential infection
should be booster vaccinated at 4- to 6-month
intervals.

9. Western, Eastern (and Venezuelan)
Equine Encephalomyelitis

Correlates for protection against WEE and EEE are
not well established, but because natural infection is
acquired by injection (mosquito bites) and current
inactivated vaccines appear to be protective, it is
assumed that circulating antibodies are important
for protection. Neutralizing antibodies to WEE and
EEE are passively transferred to foals via colostrum
and are detectable in the serum of many foals from
vaccinated mares for at least 3 months.”3” The
half-life of decline of colostrally derived antibodies
against EEE and WEE have been estimated to be 33
and 20 days, respectively.”?” It has been demon-
strated that foals vaccinated soon after birth with an
inactivated EEE vaccine fail to mount a serologic
response and are rendered tolerant to subsequent
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doses of vaccine administered later in life.?8¢ Similar
studies in older foals showed that, whereas the
serologic response to vaccination may be blocked by
maternal antibodies, these foals were not rendered
tolerant to doses of vaccine administered later in
life.” Recent studies comparing the response of
3-month-old foals and 6-month-old foals demon-
strated that 3-month-old foals consistently failed to
mount a serologic response to two doses of inacti-
vated bivalent WEE/EEE vaccine and the majority
had not responded even after three doses.? Whereas
most 6-month-old foals fail to respond to two doses of
vaccine, the majority seroconverted after administra-
tion of three doses.?

EEE is considered to be a significant risk during
the summer months in the Eastern United States
and a year-round risk in the Gulf States and Florida.3°
Since EEE is a highly fatal disease, foals in these
areas are considered to be at risk for infection and
death during their first year of life.”38 Therefore,
vaccination of foals against EEE is recommended in
these areas. The efficacy of vaccination programs
to prevent EEE have, however, been brought into
question by the finding of clinical EEE in vaccinated
horses, particularly those less than 2 years of age.??
This finding suggests that vaccine failure may result
from interference by colostrally derived antibodies.?-38:39

WEE has a lower mortality than EEE and occurs
in Midwestern and Western states, where the risk of
infection is highest during the summer and early
fall. In most areas, prevalence of WEE infection is
low, so the risk of foals acquiring infection during
their first year of life is generally low. For this
reason, vaccination against WEE can be delayed
until the spring of the yearling year in most areas of
the Western United States, except in regions where a
high prevalence exists. VEE has not been recorded
in the United States for many years, although out-
breaks have occurred in southern Mexico during the
last decade. Vaccination against VEE is not cur-
rently recommended except possibly in regions
adjacent to the Mexican border. Currently encepha-
lomyelitis vaccines are either bivalent, containing
WEE and EEE inactivated antigens (Encevac, Bayer;
Encephaloid, Fort Dodge; Cephalovac EW, Boeh-
ringer Ingelheim) or trivalent containing WEE, EEE,
and VEE (Cephalovac VEW, Boehringer Ingelheim).

Based on current knowledge, the following vaccina-
tion protocol for encephalomyelitis is an appropriate
compromise:

a. Booster vaccinate the dam 4 to 6 weeks before
foaling.

b. Begin foal vaccination at 6 months of age or
during the spring of the yearling year using three
doses in the primary series and booster vaccinate
annually thereafter.

¢. In the Southeastern United States, where the
risk of EEE infection is high year-round, start vacci-
nating foals at 4 months of age and use three or more
doses in the primary series.

Proceedings of the Annual Convention of the AAEP 1999



Reprinted in the IVIS website with the permission of AAEP

10. Rabies

Correlates for protection against infection with ra-
bies virus in horses are not well defined. Because
infection with rabies virus is usually acquired by
systemic injection via bites by rabid animals, it is
logical to assume that protection would correlate
with titers of circulating antibody. In humans post-
vaccination antibody titers are used to predict protec-
tion and to assess the need for postexposure
vaccination or administration of immune serum.
In dogs, however, postvaccination serologic test re-
sults were not found to be predictive of resistance to
challenge exposure during tests performed with cer-
tain inactivated vaccines.?? Published results of
challenge studies to assess efficacy of rabies vaccines
in horses are not available.

No published reports are available concerning
passive transfer of maternal antibodies against ra-
bies to foals and the effect of these antibodies on the
response of foals to vaccination. This issue is cur-
rently under investigation. Label directions on in-
activated rabies vaccines approved for use in horses
(Rabvac 3, Fort Dodge; RM Imrab3, Rhone Merieux;
and Rabguard TC, Pfizer) suggest that these can be
administered to foals aged 3 months or older using
one dose of vaccine in the primary series followed by
a second dose at 1 year of age. The efficacy of this
approach has not been evaluated in published chal-
lenge studies. Rabies has been documented in re-
portedly vaccinated horses, most of which were less
than 2 years of age.?® This finding suggests that
current rabies vaccination guidelines may not be
uniformly protective. In addition, rabies vaccine is
the only inactivated vaccine approved for use in
horses for which only one dose is recommended in
the primary series. None of the available rabies
vaccines carries a label approval for use in pregnant
mares. Pending results of research studies, the
following approach is recommended for the use of
inactivated rabies vaccines in horses in rabies-
endemic areas:

a. Vaccinate the dam before breeding.

b. Begin foal vaccination at 6 months of age or
older using two doses in the primary series.

c. Booster vaccinate as yearlings and then annu-
ally thereafter.

11. Potomac Horse Fever (PHF)

Recovery following natural infection with Ehrlichia
risticii induces a strong antibody response and du-
rable protection from reinfection lasting as long as
20 months.! However, presence of antibodies per
se does not necessarily correlate with protection and
it is likely that cell-mediated responses play a crucial
role.#2 Several inactivated PHF vaccines for IM
administration (Mystique, Bayer; RM Potomavac,
Rhone Merieux; PHF-Vax, Schering-Plough; Po-
tomacGuard, Fort Dodge) are available and carry
label claims that they aid in prevention on equine
monocytic ehrlichiosis. However, an epidemiologi-
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cal investigation involving a large number of horses
in New York state, failed to demonstrate any clinical
or economic benefit from annual vaccination with
currently available vaccines.*? Failure of a substan-
tial number of individual horses to mount an im-
mune response to inactivated PHF vaccines,
heterogeneity of Ehrlichia risticii isolates, and much
more rapid waning of protective immunity following
vaccination than after natural infection likely ac-
count for vaccine failure.*4* Despite the above
findings, many practitioners and horse owners be-
lieve that available vaccines do offer some protection
when administered at 4- to 6-month intervals, and
one study did demonstrate partial protection in-
duced by a commercially available vaccine.4246

A study of antibody-positive mares and their foals
on a farm in Maryland showed that antibodies to
Ehrlichia risticii were passed via the colostrum and
persisted in the serum of about 33% of foals for up to
20 weeks, whereas 67% of foals were antibody-
negative by 12 weeks of age.*” On the basis of these
findings, and the apparent susceptibility to infection
of two foals vaccinated earlier than 12 weeks of age,
the authors recommended that vaccination of foals
from antibody-positive dams should begin at 3 to 5
months of age, followed by administration of one
subsequent booster dose.*¢ However, the efficacy of
this recommendation requires further study. Vacci-
nation of foals in endemic areas is further compli-
cated by the distinct seasonal incidence of disease in
July, August, and September, a time when the major-
ity of foals are aged between 3 and 6 months.

Vaccination of foals against PHF is only indicated
in endemic areas, and the efficacy of vaccination
protocols for foals has not been proven. Pending
results of further studies, the following protocol is
generally followed:

a. Booster vaccinate the dam 4 to 6 weeks before
foaling.

b. Begin foal vaccination at 3 to 5 months of age
or older using a three-dose primary series.

c. Booster vaccinate at 4- to 6-month intervals
thereafter.

12. Equine Viral Arteritis (EVA)

Equine viral arteritis is endemic in Standardbred
horses, a high proportion of which are seropositive
for this disease. The seroprevalence of infection in
Thoroughbreds and Quarterhorses is low, although
outbreaks of both the respiratory and venereal forms
of infection have been documented in Thoroughbred
horses during the last 20 years.*®* Although horizon-
tal transmission of EAV virus during respiratory
disease outbreaks is known to be important in
propagation of outbreaks, venereal transmission via
infected semen during natural cover and artificial
insemination using fresh or chilled semen is the
most important means of transmission of the virus
that maintains it in certain populations of horses.4849
There is good evidence to suggest that a substantial
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number of Warmblood and Sporthorse stallions im-
ported from Europe are chronic inapparent shedders
of this virus in their semen. Establishment of the
carrier state appears to be dependent on the high
levels of androgens circulating in intact stallions and
can be prevented by vaccinating colts, preferably
prior to puberty, before they are used for breeding.8
Transmission to mares can be prevented by vaccina-
tion prior to breeding to a carrier stallion. The
modified live virus vaccine (Arvac, Fort Dodge) avail-
able for use in the United States has been shown to
induce good protection against infection and the
development of clinical signs.

Neutralizing antibodies to EVA are passively trans-
ferred via colostrum to foals and decline with a mean
half-life of 32 days.? In one study, all foals from
seropositive mares were found to be negative for
antibodies to EVA by 8 months of age, suggesting
that this would be an appropriate age to begin
primary immunization.? Vaccinated horses can be
expected to become seropositive for life, which may
complicate export to countries that require serologic
testing prior to importation. Maintenance of accu-
rate vaccination records is, therefore, essential.
The following protocol is recommended only for
horses on breeding farms with a high risk of infection
and for mares being bred naturally or by artificial
insemination to carrier stallions.

a. Vaccinate the dam before breeding using the
modified live vaccine.

b. Begin foal vaccination at 8 to 10 months of age
with one dose of vaccine, followed by annual boosters
thereafter.
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