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Titer Testing and Vaccination: Key Points

1. Many practitioners are following decades-old guidelines and vaccinating pets annually, but duration
of immunity—especially for the most essential vaccines—often lasts much longer than one year
(pages 1-4).

2. Risks associated with overvaccination include fibrosarcomas in cats and immunologic disease in all
patients, but practitioners face many challenges in changing their recommendations (pages 4-7):

- They must be confident that their patients are protected from disease.

- They must convince clients that the changes will not jeopardize pets’ health.

- They must persuade clients to keep coming in for annual examinations.

3. In-office testing of antibody titers, if accompanied by clear guidelines for interpretation, will potential-
ly assist veterinarians in making sound medical decisions that are in their patients’ best interest
(pages 7-12).
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Titer Testing and Vaccination:
A New Look at Traditional Practices

While difficult to prove,
risks associated with
overvaccination are an
increasing concern among
veterinarians. These experts
say antibody titer testing
may prove to be a valuable
tool in determining your
patients’ vaccination needs.

An outdated approach?

DR. RONALD SCHULTZ: I would like our group
to discuss issues related to vaccines, vaccina-
tion programs, and how we can best use anti-
body titers to monitor vaccinal immunity in
cats and dogs. Let’s begin with this question:
How often should pets be vaccinated after the
initial puppy and kitten vaccines are given?

DR. RICHARD FORD: That’s a difficult ques-
tion, and the answer depends on the specific
vaccine under consideration. In the May 2001
issue of Veterinary Clinics of North America,
there was considerable discussion, vaccine by
vaccine, on recommended booster intervals
for adult dogs and cats. Perhaps it would be
helpful to look back in time and attempt to
understand how we arrived at the annual
booster recommendation in the first place.

SCHULTZ: Back in the 1950s when the first
vaccines for canine distemper were being
developed, Dr. James A. Baker and his col-
leagues at Cornell University conducted a dis-
temper vaccine trial in dogs. When they test-
ed the animals a year after vaccination, they
found that about one-third of them had anti-
body titers that were not considered protec-
tive. In order to ensure immunity for dogs
receiving one of the first experimental canine
vaccines, Dr. Baker recommended annual
revaccination for all the vaccinated dogs. In

1961, Dr. S.E. Piercy of the United Kingdom
wrote the following in Veterinary Record
about the canine distemper vaccine:

It is felt, therefore, that the usefulness of
booster injections in dogs already
immune is still open to question and can-
not be truly evaluated until considerably
more research has been done. The value
of revaccinating dogs whose antibodies
have declined to a low level, however, is
not in doubt. Although a serum analysis
(antibody titer) is the most scientific way
of judging the need for revaccination, in
practice, the owner would assumably be
obliged to pay a fee for the examination
and a further fee should revaccination be
advised. The alternative and less expen-
sive way for the owner is simply to have
the animal revaccinated if there is a rea-
son to doubt its immune status and it is
likely to be exposed to infection. The
practitioner is favorably placed to advise
what should be done in light of such local
circumstances as the incidence of canine
distemper in his district, the history of
the animal concerned, the risk involved in
going to shows and kennels, and other
similar hazards.

So it was individuals like Dr. Baker and Dr.
Piercy who believed revaccination should
occur annually for all dogs to ensure that
those with low or no titers in the vaccinated
population were protected.

FORD: And the fact is, we have not progressed
beyond that 1960s approach. Only in the last
few years have we questioned whether it’s
necessary to vaccinate dogs and cats annually.
I think we would all agree that vaccinating
adult cats for feline parvovirus (panleukope-
nia or feline distemper virus) annually is not
necessary. The current recommendations out-
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Annual vaccination
guidelines are the result
of studies performed in
the 1950s and further
publicized in the 1960s.
Researchers at the time
wanted to ensure immuni-
ty in the entire pet
population.

Determining vaccines’
duration of immunity

has become an important
issue as the veterinary
profession, especially in
regard to cats, examines
whether annual vaccina-
tions are necessary and
healthy for pets.

Even under the best
circumstances, some
vaccines never provide
complete protection from
infection and disease.

While many practitioners
recognize that it may be
necessary to reevaluate
vaccination standards,
they need solid informa-
tion to guide any changes
they make.

lined in the 2000 Report of the American
Association of Feline Practitioners (AAFP) and
Academy of Feline Medicine Advisory Panel on
Feline Vaccines are that adult cats be vaccinat-
ed every three years for parvovirus, herpesvirus,
and calicivirus only. While no single group
makes recommendations for dogs, people rep-
resenting multiple groups will present guide-
lines for canine vaccines. These issues are of
great concern to practitioners and pet owners
alike. Throughout this discussion, it will be
important to address the science behind dura-
tion of immunity as we know it today.

SCHULTZ: Fred, what do you think about this
issue as it applies to cats?

DR. FRED SCOTT: I agree with Rich that the
need for the initial series of feline parvovirus
vaccinations in kittens is essential.
Once cats are vaccinated and devel-
op a good response, protection will
last for many years. Annual revacci-
nation is definitely not necessary for
parvovirus. But the situation is dif-
ferent for herpesvirus and cali-
civirus. These vaccines do not pro-
vide 100% protection in cats even
two weeks after vaccination. Practi-
tioners need to realize that some
vaccines, especially the respiratory vaccines, do
not produce 100% protection even under the
best of circumstances. The protection decreases
over time, but it’s still significant for many years.

SCHULTZ: Jory, how do you view this particular
question in a practice situation?

DR. JORY OLSEN: I agree with your viewpoints
that annual revaccinations, at least for certain
vaccines, are not necessary. But it’s more diffi-
cult in a referral practice to make recommen-
dations about how often to give vaccines—first,
because the information is still being gathered,
and second, because we're trying not to contra-
dict referring veterinarians. We have to rely on
solid information regarding vaccine efficacy
and duration of immunity, which, at this point,
is not readily available. A titer can be mislead-
ing because it can be a false negative: The anti-

body titer may be low, but the animal is still
immune to that disease. And even if the titer
suggests the animal is immune, it may take
time for certain clients and veterinarians to be
comfortable with vaccinating their animals less
frequently because of the long history of the
one-year vaccination interval. We certainly
encounter clients and, in some cases, veteri-
narians who are unaware of recent information
on vaccine effectiveness. New information on
duration of immunity needs to reach veterinar-
ians and clients so they understand that less-
frequent vaccination does not put the animals
at risk. We still have some questions about the
efficacy and duration of immunity of certain
vaccines and how long the protection lasts. But
we are confident that at least canine and feline
core vaccines are effective far longer than one
year as we thought in the past.

“Some vaccines do not
produce 100% protection
even under the best of
circumstances, but the
protection is still significant
for many years.

Fred Scott, bvm, Php, DAcvM

Core vaccines

SCHULTZ: Your mentioning core vaccines
brings up our second question. Are there any
vaccines that every dog and cat should receive?
The AAFP has delineated its recommendations
clearly for feline core vaccines, and, as men-
tioned earlier, canine guidelines should be
available soon.

SCOTT: That’s true. Certainly feline parvovirus,
herpesvirus, and calicivirus are the big three. In
most areas, rabies would also be included. But I
think the AAFP has backed away from using the
term core. What is your take on that, Rich?

FORD: That’s correct; the AAFP Advisory Panel
has elected not to use that term. The American
Animal Hospital Association—in cooperation
with representatives from other associations
and groups—has formed a task force to develop



guidelines for canine vaccinations. And one of
its objectives is to define core and noncore,
terms we have been using to describe the
vaccines that every dog and cat should receive
vs. those that are optional. Arguably, this dis-
tinction does give the veterinarian an opportu-
nity to make sound medical decisions about
whether or not to administer a particular vac-
cine. The distinction between core and noncore
vaccines is important in light of the fact that we
have experienced a significant proliferation of
companion animal vaccines in the last 20 years.
You would have to agree that it is totally illogi-
cal to recommend inoculating every adult dog
and cat every year with every licensed vaccine,
yet it happens. In the absence of any kind of
national vaccination standard for companion
animals, I think that the concept of core and
noncore vaccines is still meaningful.

SCOTT: The AAFP’s last report used the termi-
nology highly recommended rather than core.
But I think the principle of core and noncore
vaccines is probably easier to understand.

SCHULTZ: The AAFP may have made that
change for two reasons. We’ve mentioned three
of the four core vaccines for cats—parvovirus,
herpesvirus, and calicivirus. Some disease
experts were concerned about using rabies virus
and others wondered about the herpes-calici
complex. The concern about rabies vaccines was
their association with vaccine-associated fibro-
sarcomas and whether they are necessary in
certain cat populations (e.g. those that never
leave the house). The concern about herpesvirus
involves efficacy; and for calicivirus vaccines,
concern surrounds the development of the car-
rier state being more common in vaccinated
cats and whether the strain (serotype) of virus in
the current vaccines is appropriate. There will
always be some people who question a commit-
tee’s definition of core. Yet I think the disease
experts should work together to identify the vac-
cines that they believe most, if not all, animals
should receive. Maybe that is the reason some
are using the terminology highly recommended
rather than calling them core—because there
are concerns that not all cats should receive
core vaccines. Jory, you're in a position to make

recommendations about this issue. What do you
think about core vs. noncore vaccines?

OLSEN: I think the word core, or some version
of it, is very important. It’s easier for clients to
understand—the experts have studied this issue
and believe that these vaccines are important
for all animals, no matter where they live or
what their risks are. The vaccines that are nec-
essary are clear: For cats, it’s parvovirus, her-
pesvirus, and calicivirus. Dogs need distemper,
adenovirus, and parvovirus vaccinations. Rabies
vaccine is necessary for both dogs and cats.

SCHULTZ: I agree. It is essential that at least
one dose of the core vaccines be given to pup-
pies and kittens that are 12 weeks of age or
older regardless of the number of vaccine doses
given before that age. Rabies should be given
one time between the ages of 12 and 16 weeks
and then again at 1 year of age or a year after
the first dose was given. Revaccination at one
year is also recommended with the other
canine and feline core vaccines.

Efficacy and duration of immunity
SCHULTZ: Fred, what do you think about the
efficacy of the feline core vaccines?

SCOTT: If we ranked these four core vaccines,
the parvovirus vaccines—both killed and modi-
fied-live types—would be the most efficacious.
They produce close to 100% protection in cats,
probably better than any other veterinary vac-
cine. Rabies vaccine would be the second-most
efficacious. Calicivirus and herpesvirus vaccines
would be least efficacious. But even these vac-
cines are 70% to 90% effective against virulent
challenge a few weeks after vaccination. Their
efficacy decreases slightly over many years. Our
studies showed a 50% efficacy for herpesvirus
vaccine after seven years, although the number
of cats in the study was small. Certainly the
antibodies decline over time, but for herpesvirus
they are never very high although significant
protection remains even after many years.

SCHULTZ: What do you think about the efficacy
of distemper, adenovirus-2, parvovirus, and
rabies vaccines in dogs?

Core vaccines are those
every dog and cat should
receive. Core vaccines for
dogs are:

- distemper

+ adenovirus

* parvovirus

+ rabies.

Core vaccines for cats are:
- feline parvovirus
* herpesvirus
+ calicivirus
+ rabies.

Although some groups,
notably the AAFP, have
questioned the terminolo-
gy of core vs. noncore
(which refers to vaccines
every animal should
receive vs. those that are
optional), the concept is
still useful.

With the proliferation

of vaccines on the market,
both veterinarians and pet
owners need a standard
that tells them which
vaccines are essential
regardless of where a
patient lives and what

its risks are.



While some vaccines
have a higher degree

of efficacy for a longer
period than others, all
core vaccines for dogs
and cats are efficacious
and provide significant
protection.

Most practitioners expect
that a licensed vaccine is
safe and effective if used
correctly, but the govern-
ment defines efficacy in a
more limited manner—
the term simply validates
controlled studies and
does not guarantee 100%
immunity in all animals
under all circumstances.

Studies have confirmed
that duration of immunity
for core vaccines is at
least three years, but it is
likely much longer.

If practitioners are going to
start vaccinating patients
less frequently, they need
a way to evaluate immuni-
ty on an individual basis
and to be confident in
their recommendations.
What used to be a simple
process—annual vaccina-
tion—has become much
more complicated.

FORD: All of the vaccines you've mentioned are
excellent. While we’re discussing efficacy, I
think it’s important to address what efficacy
means to practitioners. In reality, the term effi-
cacy means one thing to the USDA but some-
thing else to practitioners. Practitioners expect
that if a product is licensed, it’s efficacious. To
most practitioners, efficacy means the vaccine
works, it’s safe, and it will effectively immunize
animals if they follow the manufacturer’s rec-
ommendations for administration. It’s my
impression that the term efficacy is, in fact, a
somewhat unique term used by the manufac-
turer when applying to the USDA for vaccine
licensure. It’s a term used to validate results of
controlled studies, typically in a limited num-
ber of animals, when it has been possible to
demonstrate a vaccine’s ability to provide pro-
tection against a defined, standardized chal-
lenge. In no way does the term efficacy imply
the vaccine will protect all animals at all stages
of life following vaccination.

SCHULTZ: I agree. Practitioners expect that if a
vaccine is licensed, it should provide immunity;
however, that isn’t necessarily true, especially
among the noncore group of canine and feline
vaccines. But the canine and feline core vac-
cines are among the most efficacious products
on the market, and canine core vaccines com-
pare favorably to one another in terms of over-
all protection. I recently tested canine core
vaccines (distemper, parvovirus, and adeno-
virus) repeatedly and found very few differences
among the major manufacturers’ current
products. In our studies, we challenged animals
and also evaluated antibody titers to determine
duration of immunity for certain canine
vaccines. In the challenge studies, we found a
minimum of seven years’ duration of immunity
for distemper, parvovirus, and adenovirus vac-
cines. And based on antibody titers, immunity
lasts even longer. All three-year rabies vaccines
require protection from challenge at three years
and we find antibody remains at protective
levels even longer. We need to remember that
these studies determined the minimum dura-
tion of immunity; the animals weren’t chal-
lenged again so we don’t know the full extent of
immunity. Based on our studies in dogs and

Fred’s studies in cats, the minimum duration
of immunity for the canine and feline core vac-
cines is at least three years and more likely two
or three times that long.

OLSEN: I agree that we have a group of vac-
cines that are very effective and with which
we're comfortable. But we have to look at effi-
cacy and duration of immunity as a whole new
problem. The majority of veterinarians resist
changing their vaccination protocols because
they’re uncomfortable dealing with this issue.
If they have a product licensed for one year,
they believe it’s guaranteed to protect their
patients for one year. They vaccinate their
patients the next year and guarantee that same
protection for another year. Now we're asking
them to give the vaccine less frequently
because we know it provides protection for
longer than a year. Yet no one has really
demonstrated the vaccine’s efficacy for any

set interval, and certainly not for individual
animals. We see patients with certain diseases,
primarily immunologic deficiencies, that are
vaccinated annually but develop no titers.

This response may indicate that the vaccine
failed at some level. Because we didn’t run
titers in the past, we couldn’t identify this
problem; we didn’t look at animals immuno-
logically to see if they were responding to
vaccines. Now we have to evaluate efficacy and
duration of immunity for all these vaccines and
try to determine how often they should be
given. There are many considerations now for
what used to be a simple process.

What’s wrong with

vaccinating annually?

SCHULTZ: I hear this question often, and I'm
sure you do, too: Even if these vaccines provide
a long duration of immunity, what’s wrong with
vaccinating annually? What harm will it cause? I
also hear that annual revaccination is the best
way to get clients to bring in their pets for
examinations every year.

FORD: Let’s look at that question from a some-
what different perspective. The biggest threat

posed by not vaccinating every year is that the
client then sees no reason to bring the patient



to the practice on an annual basis. We have
taught our clients to come in every year for
vaccines. To tell them their pets don’t really
need annual vaccinations represents a big
change—one that has to be backed by solid sci-
entific fact. We will have to justify why it’s nec-
essary to change the recommendations we've
made for many years. I believe that repeated
injections of immunogenic proteins can poten-
tially be harmful. I work on the internal medi-
cine service in a busy referral teaching hospi-
tal. My colleagues and I are all concerned
about the inordinate number of cases we see of
autoimmune disease like immune-mediated
hemolytic anemia, thrombocytopenia, and
polyarthritis—more than ever before.

disease—more than
ever before.”

SCOTT: With any medical procedure, one has
to evaluate the risks and benefits. In feline
practice, the risks vs. benefits issue for revacci-
nation became extremely important when we
started to see fibrosarcomas develop after vac-
cination. Practitioners began to ask if yearly
vaccination was in their patients’ best interest,
and a number of them concluded that perhaps
it was not. That conclusion drove us to reeval-
uate our approach to vaccination in general.

OLSEN: I think we underestimate how many
problems overvaccination may be causing. But,
as Rich stated, it is very difficult to prove. At
our practice, we think overvaccination proba-
bly causes immunologic problems or at least
contributes to immunologic problems. I think
there are a vast number of other diseases—
immunologic or degenerative diseases such as
atopy, chronic allergies, asthma, and other air-
way diseases—that are exaggerated by, caused
by, or stimulated by overvaccination. But it is
impossible to prove. Those considerations will

“My colleagues and | are
all concerned about the
inordinate number of cases
we see of autoimmune

Richard B. Ford, bvm, DACVIM

be the driving force in changing our thinking
about vaccination intervals.

FORD: Jory, may I play “devil’s advocate” with
you on that point? Many veterinarians tell me
that if they vaccinate every three years, the risk-
to-benefit ratio is very high because they will
see animals less often. As a result, they’ll detect
disease later or not at all. By the time they see
the patient, it will be beyond help. Vaccinating
annually offers them the opportunity to exam-
ine and detect disease in an animal that only
has a life span of approximately 12 years.

OLSEN: But that approach is changing. Long
ago animals came in for vaccination and barely
got a physical exam. Then clients
were being charged for vaccina-
tions and received a complimen-
tary physical exam; thus the
importance of the exam was still
downplayed. Now practitioners
are figuring out what is important
and trying to retrain their clients.
They are starting to charge for
physical exams as the primary
reason for the visit, with vaccina-
tion as a sideline. They can then say to their
clients, “It isn’t necessary for your pet to be
vaccinated this year, but I do need to perform a
careful physical exam, and we'll discuss the
findings together.” If we educate clients, we will
continue to see their pets regularly and we
won'’t be causing the problems associated with
overvaccination. But the change is slow. Only
occasionally do I see reminder cards that say,
“It’s time for Fifi to come in for a physical exam
and be reevaluated for the need for vaccines.”

SCHULTZ: I tell practitioners that vaccines are
drugs, albeit biological drugs. I remind them
that they would not consider it good medicine
to give an unnecessary pharmaceutical drug on
a recurring basis. I think it is even worse to
give a vaccine, or biological drug, that isn’t nec-
essary. The possible adverse consequences of a
vaccine generally far outweigh the adverse con-
sequences of a pharmaceutical drug. A pharma-
ceutical drug is usually much more restricted
in its action. However, each time we stimulate

The risks associated with
overvaccination include:
- fibrosarcomas
* immune-mediated
hemolytic anemia
- thrombocytopenia
+ polyarthritis
- atopy
- chronic allergies
+ asthma and other
respiratory diseases.
However, the link between
most of these problems
and overvaccination is
very difficult to prove.

An important concern is
that if practitioners don't
vaccinate annually, they
may not see their patients
as often—clients might
not bring their pets in for
annual examinations.

By the time an animal
develops disease and

is brought to the clinic,

it may be beyond help.

Practitioners are starting
to educate their clients
about the necessity of
annual examinations, and
they must continue this
approach if they are going
to vaccinate less
frequently.

Administering drugs
unnecessarily is not good
medical practice, and a
vaccine is a drug—with

a wider spectrum of
activity than a pharma-
ceutical agent.



Interpreting titers correctly
depends on the disease
in question. Some titers
must reach a certain level
to indicate immunity, but
with others, the presence
of any antibodies at all
shows protection.

[t’s important to know
whether a kitten or puppy
has been effectively
immunized when it is
most vulnerable to dis-
ease. Antibody titers can
measure that response.

A positive test result is
fairly straightforward, but
a negative test result is
more problematic for
interpretation. It doesn’t
necessarily mean an
animal is unprotected.

an immune response, we have to look at the
effect on all body systems—not only on anti-
body responses or cell-mediated immunity, but
also on interactions with the endocrine system
and the nervous system. We all agree that vacci-
nation should be considered an important med-
ical practice—not just something done on an
annual basis because many years ago it was the
most convenient way to improve immunity in
dogs given canine distemper vaccines.

Interpreting antibody titers
SCHULTZ: Now let’s consider antibody titers.
How can they be used to help determine the
duration of immunity or efficacy for different
vaccines? The answer varies by vaccine. For
example, the feline herpesvirus antibody titer is
typically very low, and protective immunity is
not determined by the antibody titer. However,
the presence of antibody, regardless of amount,
would show a response to vaccine and immuno-
logic memory. Jory suggested earlier that even
animals without antibody (a negative or zero
titer) can still experience protection—that is
true for feline herpesvirus, but not for canine
distemper or canine parvovirus. If you have no
distemper titer after vaccination, that animal
may be protected, but you don’t know for
sure—Ilow or no titer for distemper
suggests that the vaccine didn’t
immunize. And no titer for parvo-
virus is problematic for both cats
and dogs. An animal may be able to
resist parvovirus disease depending
on its age, but the risk of disease is
greater if the animal is young and
didn’t produce antibodies after vac-
cination. Titer information would
be very helpful to determine if the
vaccination program in the puppy or kitten was
effective. That is, did that vaccine stimulate an
antibody response? If you vaccinate with the
conventional core vaccines, the modified-live
and killed vaccines (which could include whole-
killed or subunit-killed vaccines), and there is
no antibody response, the animal probably has
not been immunized and you should vaccinate
again. The problem may be the vaccine or it
may be the animal. It is important to know if
the animal has responded immunologically to

vaccination, and antibody is the most effective
measure of that response.

SCOTT: I agree that antibody titer interpreta-
tion varies depending on the disease in question
and the causative agent involved. For some dis-
eases, such as feline parvovirus infection, the
situation is fairly straightforward. A parvovirus
neutralizing antibody titer of 1:10 or greater is
consistent with solid protection against infec-
tion and clinical disease caused by the virus.
But as Ron mentioned, antibody titer interpre-
tation for feline herpesvirus and calicivirus is
quite different. After vaccination against feline
herpesvirus, antibody titers may or may not be
positive. If the titer is positive, it indicates a sig-
nificant degree of protection against severe
clinical disease, but the cat can still be reinfect-
ed and shed virus. If the herpesvirus antibody
titer is negative, you do not know the immune
status of that cat. For feline calicivirus, anti-
body titers are generally positive after vaccina-
tion and indicate significant protection against
clinical disease, but not protection against rein-
fection and shed of virus. To complicate the
issue with feline calicivirus, some nonvaccinat-
ed cats have low, nonspecific antibody titers
that do not provide any protection.

“Titer information would be
very helpful to determine if
a vaccination program
was effective. That is, did
that vaccine stimulate an
antibody response?”

Ronald Schultz, pvm, php, bacvm

SCHULTZ: We see sterile immunity with a vari-
ety of canine diseases, namely distemper, aden-
ovirus, and parvovirus. Sterile immunity is the
ultimate immunologic or vaccinal protection.
Sterile immunity is protection against reinfec-
tion or the establishment of reinfection—thus
there can be no disease. With nonsterile immu-
nity, infection occurs, though it is localized
with no or very mild clinical signs. We know
from many studies that the canine antibody
titers defined as protective do protect against



infection and provide sterile immunity (e.g.
>1:80 parvovirus-2, >1:20 distemper virus,
>1:50 adenovirus-1). However, that doesn’t
mean that an animal with a lower titer won’t
be protected from disease. That animal may
become infected, but the infection may be lim-
ited and not lead to clinical disease. If disease
does occur, it will be very mild. Thus, if a dog
with a 1:4 distemper virus titer is challenged
with virulent distemper virus, it will be infect-
ed but not diseased because it will have a sig-
nificant increase in antibody titer and cellular
immunity immediately after challenge.

FORD: The difference between sterile and non-
sterile immunity confuses many practitioners.
I think they equate the presence of antibody
with sterile immunity. They don’t understand
why a cat given a respiratory virus vaccine can
still experience mild upper respiratory signs
after exposure to virulent virus.

SCHULTZ: For certain vaccines, such as herpes-
virus and calicivirus, the best we can expect
from the vaccine is limited infection with mild
or moderate clinical signs of disease.

OLSEN: I have a different slant on that. I think
many veterinarians are confused about what to
make of antibody levels and immunity. This is
no surprise because the information varies
with the vaccine and the goal of vaccination for
each animal. They wonder if a patient has pro-
tection when it has antibodies or no protection
when it has no antibodies.

SCHULTZ: I agree that there’s a lot of confusion
among veterinarians, and I think teachers, like
myself, have created some of that confusion.
We tend to make immunology black and white,
but there is almost nothing black or white
about it. Everything is gray. We teach veteri-
nary students that animals experience either
humoral immunity, in which antibody plays a
major role, or cell-mediated immunity, in
which T cells, macrophages, and similar cells
play a major role. Then students who later
become practitioners believe that an animal’s
immune response involves one or the other. In
reality, it is virtually impossible for a normal

animal’s immune system to develop one
response to the total exclusion of the other. Yet
when we teach immunology, we don’t get that
fact across to the student.

A vaccinated animal develops both cell-
mediated and humoral immunity in response
to all vaccines. With regard to how these two
parts of the immune system protect the ani-
mal, we teach that cell-mediated immunity tar-
gets intracellular pathogens and humoral
immunity targets extracellular pathogens. So
practitioners deduce that immunologic protec-
tion from a viral infection, an intracellular
pathogen, is mediated by cell-mediated immu-
nity, and antibodies are effective only against
extracellular bacteria. Well, that’s true in
immunologically naive animals (animals that
have never been vaccinated). Their recovery
from viral infection and disease is mediated
primarily by cellular immunity because they
are only starting to mount an effective
immune response when the virus becomes
intracellular. In contrast, vaccinated animals
with pre-existing antibodies are often protected
by humoral immunity. Viruses, especially those
spread by aerosol or orally, are initially extra-
cellular. So the moment they come in contact
with antibodies in a vaccinated animal, they
are neutralized and infection either doesn’t
occur, which is sterile immunity, or infection is
so limited that it doesn’t cause clinical disease.

Unfortunately, not enough folks teaching
immunology explain the process so students
understand the complexities of vaccine-
induced immunity, and there are significant
differences between the mechanism of protec-
tive immunity to the same pathogen in a naive
vs. a vaccinated animal. I, in academia, accept
some of the blame for the confusion, but I also
place some blame on my colleagues in indus-
try, especially those who market vaccines. They
have done a much better job of educating prac-
titioners to their way of selling vaccines than
immunologists have done in teaching the facts
about vaccine-induced immunity.

Uses for in-office titer testing
FORD: On another point, may I ask the panel to
discuss why veterinarians would use in-office
tests to determine vaccine titers? I can think of

Sterile immunity protects
an animal from infection.
Vaccines providing sterile
immunity are those for:

+ distemper

+ adenovirus

* parvovirus.

Nonsterile immunity may
not protect the animal
from infection but will
keep the infection from
progressing to severe
clinical disease. Vaccines
providing nonsterile
immunity are those for:

* herpesvirus

- calicivirus.

Vaccinated animals
experience both cell-
mediated and humoral
immunity when exposed
to pathogens such as
viruses. Miscommunica-
tion about the complex
nature of vaccine-induced
immunity may be why
many practitioners are
confused about these
issues.



There are four reasons for
in-office titer testing:

1. To determine
whether an animal
is protected
(suggested by a
positive test result)

2. To identify a
susceptible animal
(suggested by a
negative test result)

3. To determine
whether an
individual animal
has responded to
a vaccine

4. To determine
whether an
individual vaccine
is effectively immu-
nizing animals.

In-office titer testing may
help practitioners and
owners become comfort-
able with longer vaccina-
tion intervals. This may
be especially beneficial in
patients most at risk for
problems associated with
overvaccination, such as
immunologic diseases
and cancer.

A negative titer test result
is not the same thing as
a zero titer. A negative
result means the titer
does not reach the
threshold of providing
sterile immunity.

four reasons why one would consider deter-
mining antibody titers instead of vaccinating.
The first reason is to determine protection. The
test result is positive; therefore, the animal is
protected. The second reason is to identify sus-
ceptible animals—in other words, a negative
test result. Number three is to determine the
ability of an individual patient to respond to a
vaccine, such as a rottweiler or Doberman. And
the fourth reason is to define the ability of the
vaccine to immunize. How do the other partic-
ipants in this discussion feel about that?

OLSEN: We have used vaccine titers for about
six years in our practice. We started using
them primarily for patients with diseases that
would be worsened by overvaccination, such as
patients with immunologic disease and cancer
in remission. We try to establish the vaccines’
duration of immunity and to determine
whether a patient requires vaccination at that
time. I agree with Rich’s four reasons, but I
think the test would be used most often to
determine if an animal is protected.

SCHULTZ: Fred, what do you think about practi-
tioners using vaccine titers? How useful are they?

SCOTT: Evaluation of antibody titers prior to
revaccination may be beneficial in some situa-
tions. For patients in which the risks associat-
ed with vaccination are very high, titer testing
gives the veterinarian and the owner comfort
in knowing that the animal has antibodies and
is probably protected, so it’s acceptable not to
vaccinate. Evaluation of antibody titers also
reassures veterinarians as they move from
annual vaccinations to vaccinating every three
years. If they run titers and determine that
they are maintaining protection, they’ll be
more confident about making this change.

SCHULTZ: I talk to many practitioners who
have been using titers for several years, and
one reason they started using them was this
comfort factor. After changing their vaccina-
tion programs, they and the client need reas-
surance that the patient did have immunity.
Being able to measure antibody response is
important to both the practitioner and the

client. And that ability will be reassuring to
many owners—I think they often drive the
decision to vaccinate annually. I know a num-
ber of veterinarians who are adamant about
not wanting to vaccinate annually with core
vaccines, yet their clients aren’t comfortable
with that recommendation.

FORD: All of us have agreed that the first two
reasons are appropriate indications for an in-
office titer test. The first reason is to define
protection, which is suggested by a positive
test result. And the second reason is to identify
susceptibility, which is suggested by a negative
test result. I think it’s as important to define a
negative test as it is to define a positive test
result. Ron, earlier in the discussion you used
the term no ftiter. The term I would use for
that is zero fiter. To say that an animal has a
negative test is not the same as saying an ani-
mal has a zero titer. Would you agree?

SCHULTZ: Yes, but it would depend on the test
being used. Ideally, an in-office test would be
positive if an animal’s titer was equal to or
greater than the titer considered to provide ster-
ile immunity and negative if it was below that
level. But clearly we are talking about a different
situation if a laboratory performed the titer test;
the result would be a specific titer because the
serum is tested at many dilutions. In the case of
canine parvovirus, the titer that provides sterile
immunity is approximately 1:100. That titer is
determined by hemagglutination inhibition (HI)
or virus neutralization (VN).

Unfortunately, the HI test is not practical to
run as an in-office test. Only a few diagnostic
laboratories run it—and this is a big problem
for practitioners who want a laboratory to per-
form a valid titer test for specific vaccine anti-
gens. There is a difference between titers run in
a laboratory where they can determine the spe-
cific dilutions and an in-office test that deter-
mines titer thresholds (7.e. when the titer is
equal to or greater than the titer for sterile
immunity, it will be positive, and when it is less
than that titer, it will be negative). Dogs with a
positive test need not be vaccinated. Dogs with
a negative test may be immune from disease,
but the antibody level is not high enough to



provide sterile immunity. If you were to revac-
cinate the dog with a negative test, the titers
should increase, whereas the dogs that are posi-
tive will have protection from disease and
should even be protected from infection.

Let’s consider an example: You've just given
three puppy vaccinations at 6, 9, and 12 weeks,
and you run the in-office test one to two weeks
after the last dose of vaccine to see if the puppy
is positive or negative. I would be concerned if
it is negative, since that would suggest the
puppy has not responded to the vaccine. In
that case, I believe another vaccine should be
given. When another dose is given, the test
should become positive unless the titer is still
below the threshold level. It is possible for the
test to remain negative when the animal is
either a genetically deficient nonresponder or a
low responder. It would be important to exam-
ine the animal and to do further testing when
continued revaccination fails to stimulate a
positive antibody response. There is a high
likelihood that this animal, if infected with par-
vovirus, would develop the disease and die.

at that time.”

Relating test results

to vaccination needs

FORD: Ron, my point in asking the test-inter-
pretation question is that if a practitioner uses
an in-office titer test to evaluate a patient for
immunity, the decision tree for a positive and a
negative test result must be clear. What can
practitioners say for sure about a particular
threshold titer and the need for vaccination?

SCHULTZ: That’s an important point; practi-

tioners need to know what to do with the test
results. In general, if the result is positive, the
animal is above the titer threshold and would
not be expected to benefit from revaccination.

“We use titers to try to
establish the vaccines’
duration of immunity and
to determine whether a
patient requires vaccination

If negative, the animal is below the threshold
and may benefit from vaccination. But to make
the appropriate decision, practitioners need to
consider the results along with the animal’s
medical history and risk factors.

For example, if a dog has a serious disease
and a parvovirus vaccination could jeopardize
its health, you might follow up that negative
test with a more complete titer analysis. The
dog could have a 1:20 parvovirus titer, which
does not provide sterile immunity, but if infect-
ed it could develop a protective immune
response and not show signs of disease. The
decision is clearer with a healthy dog. If the
test is positive, you don’t need to revaccinate;
if it’s negative, you should certainly consider
revaccination. Again, this test is a guide in
making the correct medical decision. You
should still evaluate the pet’s health and risk
factors. Thus, if you had an in-office test with
results available while the client was in the
office, would it be useful? How so?

OLSEN: The test would be useful when deciding
which vaccine, if any, a pet needs
at the time of revaccination. It
would be more convenient to get
the results while the client is at
the clinic than to call the next day
or week and say, “Your pet does
need to be vaccinated; please
come back tomorrow.”

Jory Olsen, bvm, pacvim

FORD: I have a question. Let’s say

I examine an adult dog two years
after its last vaccination. At that time I choose
to test this animal for canine parvovirus and
canine distemper virus, and the dog has a posi-
tive test result for both. My decision tree begins
at that point. Am I confident that this dog does
not need to be vaccinated for another year? Do I
replace annual boosters with this test? Could
the dog have a negative test result within the
next year or within the next week? How do I
decide whether to revaccinate or wait another
year and test again? Could the animal become
susceptible tomorrow?

OLSEN: That can be a difficult decision,
depending on the vaccine and the time frame.

An ideal in-office test
would produce a positive
result if an animal had
sterile immunity and a
negative result if it did
not. However, with a
negative result, revaccina-
tion won't necessarily
increase the titer to

the sterile level.

Any decision about
whether to revaccinate
an animal needs to be
considered along with
the medical history and
risk factors. The test is
a guide, not the decision
itself.

If an in-office titer test
result is negative, a com-
plete titer analysis by a
commercial laboratory
might provide more spe-
cific information about
that patient’s level of
disease protection. If
the result is positive,
that animal has immunity
and doesn'’t require
revaccination.

An in-office titer test
would be convenient for
practitioners and clients
by allowing them to get
information about a
patient’s immune status
during the office visit.



Protection as indicated by
a positive titer result is
not likely to suddenly drop
off unless an animal
develops a medical prob-
lem such as cancer and
receives immunosuppres-
sive drugs. Research
shows that once an
animal’s titer stabilizes,

it is likely to remain
constant for many years.

Most patients show
immunity for three years
after vaccination. After
that point, antibody titer
testing can help guide
vaccination decisions.

Viral vaccines prompt an
immune response that
lasts much longer than
that prompted by classic
antigen. Lack of distinc-
tion between the two
kinds of responses may
be why practitioners think
titers can suddenly
disappear.
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But if you are talking about one, two, or three
years after vaccinating with core vaccines, the
decision is easier because we are confident that
those vaccines are effective well beyond that
range. At four, five, or six years, though, it’s
more difficult. We don’t know if the vaccine-
induced immunity is going to last 5%, or 6,
years. We perform titer testing three years after
vaccination. We are very confident of this time
frame because so many patients vaccinated at
three-year intervals have demonstrated protec-
tion. At three years, we start testing yearly; we
have been doing this for six years.

SCHULTZ: We often talk about a titer as a snap-
shot in time. As it turns out, it’s more like a
motion picture that plays on and on. An ani-
mal’s titer is highest right after vaccination.
The titer then decreases but stabilizes within
six months to a year and often remains at that
level for many years. Both our research studies
with experimental dogs and our experience at
the University of Wisconsin Veterinary Medical
Teaching Hospital (VMTH) support the finding
that titers are very stable whether or not ani-
mals are revaccinated. We have been vaccinat-
ing animals once every three years for over five
years. We've checked distemper, parvovirus,
and adenovirus titers of virtually every dog that
has come into our clinic and then returned.
The titers are very consistent regardless of the
interval since vaccination. There were no dif-
ferences whether the dogs had been vaccinated
two, three, or four years prior to collecting the
sample for testing.

We have also examined titers of dogs in a
commercial colony that were not revaccinated
after the initial puppy vaccinations and found
that the titers to these three viruses remain
about the same year after year. That doesn’t
mean that the titer can’t change. For example,
if an animal develops cancer and is treated with
immunosuppressive drugs, its titers may
change significantly. But in most animals, the
titers to the core vaccines remain constant for a
long period. Also, frequent revaccination does
not change the titer. I have also checked the
distemper and parvovirus titers of research dogs
for over seven years. It's amazing how similar
the titers were among dogs that weren’t vacci-

nated during that time, compared to dogs that
were vaccinated every three years and dogs that
were vaccinated annually. T have not found
annual revaccination to make a significant dif-
ference with regard to titers or protection. Fred,
has your experience with cats been similar?

SCOTT: Yes; cats respond initially to parvovirus
vaccination, and then the titers plateau. We did
not detect any significant drop in postvaccina-
tion parvovirus antibody titers over a seven-
year period. Parvovirus immunity is solid and
long-term. Herpesvirus and calicivirus anti-
body titers gradually decrease over several
years after vaccination, but it’s not a precipi-
tous drop. Furthermore, the titer to herpes-
virus is never very high. Rich asked earlier
whether a titer would be lower three months
after testing. If the animal responds and the
titer is tested a year or more after vaccination,
it will be relatively consistent for many years.
Unlike antibody titers against bacteria that
tend to be relatively short in duration, antibody
titers against viruses do not dramatically
change unless something happens medically
with the animal, such as chemotherapy, which
interferes with the immune system.

SCHULTZ: This discussion points out the differ-
ence between vaccinology and immunology.
We’ve probably misled students and practition-
ers in discussing what happens with a classic
antigen like bovine serum albumin in a mouse;
in this situation, you give a dose of antigen and
get a primary response that then drops off. And
you give another dose and the antibody level
goes higher, then falls off again. That is far dif-
ferent from what happens with modified-live
vaccines or even killed adjuvanted vaccines:
There is very little correlation with the anti-
body response to classic antigen. The modified-
live vaccine induces a marked response after
the first dose and the response often persists at
a high level for years without revaccination.
This is one of the reasons that practitioners
believe titers can disappear overnight. The
other question I get when I talk about titers is
whether research dogs respond differently to
vaccination than pet dogs. With research dogs,
their environment is controlled, the animals



are well-fed, and they often don’t have
endoparasites. Most of the research dogs are
beagles, and the beagle may not be representa-
tive of other breeds. So what happens in the
real world to pets that aren’t cared for as well
as research animals? That’s one reason we are
doing the studies on the VMTH animals. These
animals are very diverse with regard to breed
and general care. Yet when we compare the
VMTH data with research colony data, there’s
little difference—both groups seem to provide
the same general results with regard to persis-
tence of immunity. However, there is evidence
for some breed or family differences, and indi-
vidual animal variations are expected.

OLSEN: We haven't discussed the challenges of
titer interpretation in cats. Dr. Mike Lappin of
Colorado State has measured clinic cats’ titers.
He showed that when they were due for par-
vovirus, herpesvirus, or calicivirus vaccines,
68% to 92% of the cats had titers. He was able
to determine that those cats did not require
vaccination, but he couldn’t make a decision on
the negative cats based on titer alone. Some
academics and practitioners would say that
since the titer test reveals nothing about what
negative cats need, it’s worthless. But my feel-
ing is that it may have saved 68% to 92% of the
cats from being vaccinated unnecessarily. So it’s
clearly beneficial. But we haven’t discussed how
to interpret a negative titer in a cat.

SCOTT: You're right. A positive herpesvirus

or calicivirus titer indicates a significant degree
of immunity, and the cat doesn’t need to be
revaccinated. As mentioned earlier, the one
caveat to a positive calicivirus titer being
protective is that a few nonvaccinated cats have
a nonspecific low calicivirus antibody titer but
aren’t protected. The problem is that you don’t
know a cat’s immune status with a negative
test. It doesn’t mean the animal is not protect-
ed, but you have no way of knowing, so you
have to revaccinate those cats with negative
herpesvirus or calicivirus antibody titers.

SCHULTZ: Jory, you’ve made a good point; we
should look at what we’re doing for the health
of the animal that has a positive antibody test.

We are deciding not to revaccinate. If this deci-
sion affects even 50% of animals (and I know it
affects considerably more with canine distem-
per and parvovirus), then those 50% will not
receive an unnecessary drug and are spared the
risk of developing an adverse reaction. The
other 50%, of course, may be revaccinated and
don’t need to be, but that’s better than 100%.

Titer testing and

noncore vaccines

SCHULTZ: Practitioners often ask if there will
be titer tests for diseases other than canine
distemper and parvovirus. Distemper and
parvovirus vaccines are only two of the many
vaccines available for dogs. Practitioners want
to know what they should do about determin-
ing a leptospirosis titer or Lyme disease titer.

OLSEN: There are different groups of noncore
vaccines: those recommended for animals at
risk and others that are noncore, nonrecom-
mended vaccines. For example, we recommend
leptospirosis vaccination at relatively short
intervals for patients exposed to bodies of water
or living in high incidence areas. Then we have
vaccines such as coronavirus, which most cli-
nicians would agree is a noncore, nonrecom-
mended vaccine. So you have to categorize
these vaccines and consider their duration of
immunity and the risk factors of each pet.

FORD: There are 18 different types of canine
vaccines on the market today. I'm not talking
about different products, but different vaccines.
There are 12 for the cat. And there are more in
development. Determining the most appropri-
ate protocol for the individual patient is quite
complex. In clinical practice, we don’t have
ready access to titer testing for most of these
vaccines. If your question involves how we
measure the immunity provided by noncore
vaccines, I assume the only way to do that is
with actual laboratory challenge studies. It
becomes extremely difficult to obtain serum
antibody titers for what we have referred to
here as noncore vaccines. Fred, what about
cats? You can'’t rely on serum antibody titers
to predict the level of immunity to feline
leukemia virus (FeLV) vaccines.

Studies show little
difference in vaccine-
induced immunity be-
tween dogs in research
studies and dogs in the
general population. Both
groups retain the same
persistence of immunity,
although there are differ-
ences among breeds and
individual animals.

A cat with a negative
herpesvirus or calicivirus
titer result may or may
not have immunity—
there’s no way to know
for sure. In this situation,
it's probably necessary to
revaccinate the cat.

Although negative test
results are less clear
about animals’ immune
status than positive
results, titer testing is
still beneficial if it pro-
tects a significant per-
centage of pets from
being overvaccinated
and placed at risk for
adverse reactions.
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The decision whether to
give noncore vaccines,
such as those for Lyme
disease and leptospiro-
sis, must be evaluated
in light of the patient’s
risk factors.

Most noncore vaccines
have a relatively short
duration of immunity and
must be given annually to
maximize protection. In
this situation, titer testing
would not be beneficial.

The development of
in-office titer testing might
aid in the development

of standardization and
quality assurance. Right
now, results vary widely
among laboratories and
practitioners aren't able
to rely on them with any
consistency.

There is less risk
associated with taking a
blood sample for a titer
test than giving an
unnecessary vaccination.
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SCOTT: No, FeLV antibody titer tests are not
available commercially. And feline infectious
peritonitis (FIP) antibody titers are a tremen-
dous can of worms. There is great variation
from lab to lab in the reliability of FIP antibody
titer tests. These tests generally only measure
feline coronavirus antibodies, and there are
many questions about any correlation between a
positive antibody titer and protection.

SCHULTZ: The noncore vaccines are for high-
risk animals. These particular vaccines are gen-
erally bacterial products: the Leptospira,
Bordetella, and Borrelia burgdorferi vaccines.
If we recommend them because the animal is
at risk, we would give them at least annually
because most of these products don’t have a
long duration of immunity. Doing an antibody
titer for those vaccines would be a moot point.
Now, for that category of noncore vaccines that
Jory nicely categorized as nonrecommended, I
have heard them referred to as “vaccines that
should never be given during the lifetime of
the dog,” such as coronavirus vaccine. Why
would you want a titer test for an infection that
rarely leads to clinical disease? If it does cause
disease, it’s usually in an animal that’s less
than 8 weeks old, so you don’t need to do

titer tests on those animals.

The only canine vaccines that we haven’t
discussed in relation to titers are two core
agents: rabies virus and adenovirus. I tell prac-
titioners that we don’t need to determine these
titers because canine adenovirus-1, the virus
that causes infectious canine hepatitis, is an
exotic disease and we’re not seeing it in North
America. And canine adenovirus-2 is ubiqui-
tous in the environment and doesn’t cause sig-
nificant clinical disease, though it can con-
tribute to canine respiratory disease complex.
We’re not in a position to decide about rabies
because the law has already established revac-
cination intervals. If you're using a three-year
rabies vaccine, the minimum duration of
immunity has already been established by the
USDA—that is the longest interval allowed by
law for revaccination, so why would you want
to do a titer? Thus, for dogs, titer tests should
be available and used for the two most impor-
tant infectious diseases, distemper and par-

vovirus infection. We could make a similar case
for feline parvovirus and calicivirus as the two
most valuable for titer determinations. But for
the noncore feline vaccines, such as
Chlamydia, Bordetella, and FeLV, testing
would not be useful.

Conclusion

SCHULTZ: The development and availability of
an in-office antibody test might also provide an
opportunity for standardization and quality
assurance. Once the product is available, com-
mercial laboratories can begin testing and com-
paring samples that have been tested with the
in-office product. Currently there is no stan-
dardization among labs. Practitioners are limit-
ed on where they can have a titer done. There
are few laboratories offering tests that correlate
with the titers I have established in my own
laboratory as providing sterile immunity. I've
gone through a fairly elaborate procedure of
standardizing and determining what I consider
titers for sterile immunity. Unfortunately, not
many laboratories have done a similar compari-
son. Also, I know of no commercial laboratories
that perform VN tests for distemper or par-
vovirus. In fact, there are only a few commer-
cial labs that do an HI test for parvovirus or a
VN test for distemper. It really restricts practi-
tioners’ ability to use the laboratory titer tests
to make medical decisions.

I'm excited about the possibility of an in-
office test providing immediate results to aid
decisions about revaccination. I'm often asked if
I recommend annual titers. My answer is no
because of the time and expense associated with
titer testing and the variability among laborato-
ries. I don’t think a titer needs to replace annual
vaccination—neither are necessary every year
because of the core vaccines’ duration of immu-
nity. However, I would rather see a blood sample
taken yearly from an animal for a titer check
than for that animal to receive an unnecessary
vaccination. I know that a vaccine may cause
harm. Medically, however, I don’t know of any
harm that might come from taking a blood sam-
ple and doing a titer check. Also, I know there
are many practitioners and owners who need
assurance that an animal does have immunity.
An antibody test could give them that assurance.



Interpreting Canine Distemper and Parvovirus Titer Results”

Healthy Patient

l

Distemper and Distemper and
parvovirus
results are
negative.

parvovirus
results are
positive.

!

Patient has
immunity—
vaccination

Patient may not

have immunity—
vaccination may
isn’t indicated. be indicated.

:

Distemper result
is positive and
parvovirus result
is negative

or

distemper result
is negative and
parvovirus result
is positive.

:

Vaccination is
indicated with
titer-negative
agent.

Patient in which Vaccination
May Be Contraindicated **

l

Distemper and
parvovirus
results are
positive.

l

Patient has
immunity—
vaccination

isn’t indicated.

Low risk of exposure
and high risk of
adverse reaction to
vaccination.

Consider not
vaccinating
the patient.

l

Distemper and
parvovirus
results are
negative.

l

Patient may not
have immunity—
perform a com-
plete titer analysis
(HI for parvovirus;
VN for distemper).

l

Distemper result
is positive and
parvovirus result
is negative

or

distemper result
is negative and
parvovirus result
is positive.

l

Perform a complete
titer analysis of titer-
negative agent (HI
for parvovirus; VN

for distemper).

l

Titer analysis
is positive.

l

Vaccination
isn’t indicated.

Titer analysis
is negative.

Evaluate risk
vs. benefit of
vaccination.

l

|
l

High risk of exposure
and low risk of
adverse reaction

to vaccination.

l

Consider vaccination
and closely observe the
patient after vaccination.

* When deciding whether or not to vaccinate, consider the patient’s medical history and risk factors in addition

to the test results.

** Examples include dogs with a history of adverse reactions to vaccination, immune-mediated diseases, allergies
exacerbated by immune stimulation, cancer in remission, and asthma and other respiratory diseases.




VACCINATION

The
double-edged
sword

Vaccination can help.

When the antibody level is not sufficient
to mount an adequate immune response,
vaccination can stimulate an increase in
antibody level. Benefits of vaccination
may outweigh the risk of adverse reaction.

Or, vaccination
may provide no help —
it can even harm!

When humoral immunity is within the
protective range, vaccination should not
be expected to enhance immunity. Risk
of adverse reaction may outweigh the
benefits of vaccination.

Why guess? Get the facts.
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