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Abstract: Vaccines protect cats from serious diseases by inducing antibodies and cellular immune
responses. Primary vaccinations and boosters are given according to vaccination guidelines pro-
vided by industry and veterinary organizations, based on minimal duration of immunity (DOI). For
certain diseases, particularly feline panleukopenia, antibody titres correlate with protection. For fe-
line calicivirus and feline herpesvirus, a similar correlation is absent, or less clear. In this review,
the European Advisory Board on Cat Diseases (ABCD) presents current knowledge and expert
opinion on the use of antibody testing in different situations. Antibody testing can be performed
either in diagnostic laboratories, or in veterinary practice using point of care (POC) tests, and can
be applied for several purposes, such as to provide evidence that a successful immune response was
induced following vaccination. In adult cats, antibody test results can inform the appropriate re-
vaccination interval. In shelters, antibody testing can support the control of FPV outbreaks by iden-
tifying potentially unprotected cats. Antibody testing has also been proposed to support decisions
on optimal vaccination schedules for the individual kitten. However, such testing is still expensive
and it is considered impractical to monitor the decline of maternally derived antibodies.
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1. Introduction

Vaccination guidelines, as published by the Advisory Board on Cat Diseases (ABCD),
aim to support the practitioner in making informed decisions regarding vaccination
schedules for an individual animal and/or a group of animals. After primary vaccination,
re-vaccinations with the core vaccines for feline calicivirus (FCV) and feline herpesvirus
(FHV) are recommended every 1-3 years, depending on the risk of infection and every 3
years with the core vaccine for feline panleukopenia virus (FPV) [1]. Vaccination intervals
are based on the minimal duration of immunity (DOI) as determined in experimental vac-
cination-challenge studies performed by the vaccine industry. However, individual dif-
ferences exist as to which age kittens can be vaccinated successfully (because maternally
derived antibodies to different viruses vary in duration) and how long vaccine-induced
DOI lasts. In addition, vaccine-induced immunity in adult cats can be much longer than
those DOI determined by industry challenge experiments. Moreover, cats might have un-
dergone subclinical infection and might be protected life-long even without having re-
ceived any vaccination. Additionally, individual immune reactions and subsequent DOI
might vary and depend on many different factors, such as age, nutritional status, concur-
rent subclinical infections, and breed [2]. To achieve an optimal vaccination schedule for
the individual animal and to avoid unnecessary vaccinations, antibody testing can be
helpful. However, it is important to differentiate between actively or passively acquired
antibodies during the interpretation of antibody testing, including titre testing. While ti-
tres of passively acquired antibodies, which generally only persist for weeks, allow a
quantitative interpretation about the level of protection (“protective titre”), this is not the
case for actively acquired antibodies. Following infection or vaccination antibodies and
cellular immune responses are induced through the activation of T and B-cells and the
formation of memory cells. The presence of antibodies indicates that an immune response
has been induced, irrespective of the antibody titre.

Live vaccines induce a humoral (antibodies) immune response as well as a cell-me-
diated immune response (CMI). The CMI plays an important role in the control of intra-
cellular pathogens, such as viruses. However, vaccination-challenge experiments have
provided excellent data to show that there is also a good correlation between the vaccine-
induced antibody titre and protection against certain diseases [3]. Antibody titre as a
measure of immunity has been shown to be useful for the core vaccines against canine
distemper virus (CDV), canine adenovirus (CAV)-1, canine parvovirus (CPV)-2, and ra-
bies [4,5] in dogs and against FPV and also rabies in cats. For rabies virus vaccination,
however, national and regional legislation will determine recommendations for primary
vaccinations and revaccinations, and thus, antibody testing is not performed routinely to
determine the need for vaccination. For some other vaccine-preventable diseases such as
those caused by FCV and FHYV, a correlation between antibody titres and protection does
not exist, and the role of antibodies is less clear. Protection against FCV has been shown
to correlate to humoral virus-neutralising antibodies (VNAs) and CMI [6]. The important
role of CMI in FCV is supported by cats being protected against infection despite an ab-
sence of detectable VNAs [7-9]. The level of mucosal IgA is a stronger correlate of protec-
tion than blood antibody levels, but levels of mucosal antibodies cannot be measured eas-
ily [10]. Also, because of FCV strain variation in the field, the value of antibody testing in
predicting protection is limited [11,12]. Neutralising antibody titres detected against la-
boratory strains of FCV might not correlate with neutralisation (protection) against field
strains due to the absence of, or insufficient, cross-neutralisation.

For FHV infection, as in other alphaherpesvirus infections, CMI is more important
than humoral immunity for protection [13]; however, cellular immune responses can only



Viruses 2022, 14, 1602

3 of 9

be measured by sophisticated laboratory methods [13]. It has been shown that serum an-
tibody testing is not useful to predict protection against FHV infection [14]. The absence
of serum antibody in vaccinated cats does not mean that cats will develop disease. Also,
being a pathogen of the respiratory tract, mucosal cellular and humoral responses are im-
portant in protecting cats against FHV infection [13].

For FeLV infection, high levels of VNAs can be detected in most cats that had over-
come viraemia after field infection (but usually not after vaccination), indicating a role in
protection, although cytotoxic T-lymphocytes also are very important [15]. Results of a
recent study on the humoral immune response in cats with regressive or progressive FeLV
infection also support a role for VNAs in protection. VNAs were only detected in the cats
with regressive infections, and these cats also showed higher FeLV-antibody responses
against the surface protein (gp70) compared to cats with progressive infections [16].

Assays for VNAs are helpful as VNA positive cats are immune to FeLV and do not
require vaccination. However, tests to measure VNAs are not widely available. Recently,
a new FeLV antibody test became available in some European countries. It is a POC test
that measures antibodies to FeLV p15E (envelope transmembrane protein). This new test
is based on the results of a study that assessed the diagnostic utility of the detection of
antibodies against different FeLV antigens. The recombinant preparation of FeLV p15E
was identified as a potentially useful antigen for the detection of antibodies that could
correlate with protection [17]. The value of this new POC test to predict protection against
FeLV infection, however, has still to be evaluated, and it remains unknown how well the
presence of anti-p15E antibodies correlates with protection from FeLV infection in the
field.

Since good correlation between antibody titer and protection against disease has
been observed for FPV in particular, the focus of this review will be on testing for anti-
bodies against FPV in the context of vaccination. Measurement of the presence of, and/or
the levels of, antibodies in a serum sample can be performed by either sending a sample
to an external diagnostic laboratory, or by the use of a point-of-care (POC) test that can be
used in the veterinary practice (i.e., ‘patient-side’ or ‘in-clinic’ testing).

2. Antibodies and Protection against FPV

Results from experimental and field studies in FPV vaccination indicate that antibod-
ies persist for far longer than 3 years; in some animals, lifelong antibody persistence was
demonstrated [18,19]. Because of the long DOI raised by the FPV vaccines, cats with suf-
ficient antibodies will not respond to the 3-yearly booster vaccination and, therefore, these
animals will be vaccinated unnecessarily. Only cats with no or very low antibody titres
will benefit from vaccination. In this regard, the 3-yearly booster interval, as recom-
mended in current guidelines for FPV, is merely intended to sustain herd immunity by
ensuring that all unprotected cats are vaccinated. For an individual cat, the antibody level
can be determined using either gold standard tests or POC test kits to decide whether a
(re)-vaccination is needed. Gold standard tests provide precise antibody titres, whereas
POC test kits provide only qualitative (present or absent) or semi-quantitative results
(high, medium, low or no antibodies).

2.1. Gold Standard Tests

The antibodies that protect against infection are directed against the viral surface
proteins and thus prevent the infection of cells. These antibodies are particularly im-
portant for the prevention of systemic infections like FPV, their levels can be determined
in diagnostic laboratories with a virus neutralisation test (VN) or a haemagglutination
inhibition (HI) assay. These tests are considered gold standard methods of determining
the titre of protective antibodies in serum.

The antibody titre is determined by making serial dilutions of the serum sample,
which are then added to a standard amount of virus. After specific incubation times, the
virus-antibody mixture is inoculated onto cell cultures or added to red blood cells. The
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titre is defined as the reciprocal value of the highest dilution that prevents the infection of
cells (VN) or the agglutination of red blood cells (HI assay).

2.2. Point-of-Care (POC) Test Kits

Different POC tests are available for use in veterinary clinics. The tests are ELISA- or
immuno-migration-based, and results of some of the tests have been validated against the
gold standard assays [20]. In one POC test, based on a solid phase dot ELISA, antibodies
against FPV, as well as FCV and FHYV, are detected, and a maximum of 12 feline samples
can be investigated at once. The result can be read by comparing the colour tone of the
test spots with the control spot, which gives a semi-quantitative result. Data on the sensi-
tivity and specificity of this test were provided by the commercial company that produced
the test and were published also in two independent studies [20,21]. The test kit showed
99% specificity and 49% sensitivity in a study in shelter cats [21]. Mende et al. [20] reported
the results of a study after the test had been modified to improve sensitivity. In this study,
the test showed 89% specificity and 79% sensitivity when compared with a HI titre at a
cut-off titre of 20; this cut-off titre was chosen, as a titre of >20 in adult cats that have been
vaccinated or have overcome active infection is considered protective [22]. In another
study, cats were considered to be protected against FPV if they had a HI titre of 240 [19].
At a titre cut-off point of 40, the specificity of the assay was determined as 86% and sensi-
tivity 83%. To identify cats that have insufficient antibody levels and therefore require
vaccination, specificity is the more important parameter since it determines the percent-
age of negative tests that are correctly identified. It is important to minimise the number
of false positive results that can be expected because cats with a false positive test result
will not receive a booster vaccination and will potentially remain unprotected. The speci-
ficity is considered acceptable, assuming a titre of 220 is protective. If the test is used in
cats belonging to a population with an expected high prevalence of antibody-positive an-
imals, the positive predictive value is high, and the test can be considered suitable for use
in veterinary practice, for example in adult cats with known vaccination or infection his-
tory [20].

New POC tests that have recently become available that detect antibodies against
only FPV (and not FCV or FHV) are based on an immunochromatographic principle and
generally deliver qualitative results (i.e., giving a result of protected or not protected ra-
ther than a specific antibody titre) in a shorter period of time. These tests have not been
evaluated in independent studies so far.

3. Applications of POC Antibody Testing against FPV
3.1. To Measure the FPV Antibody Response in Kittens Following Vaccination

After the initial series of vaccinations in the first few months of life of a kitten, vac-
cine-induced protection can be determined by POC tests. As the last vaccination is usually
given around the age of 12-16 weeks, a positive test result in an antibody test obtained at
the age of 20 weeks indicates that the animal has made an active immune response. At
this age, maternally derived antibodies (MDA) are expected to have waned to very low or
undetectable titres in the majority of animals [23]. If the last vaccine was given at an age
of 16 weeks and protection was shown at 20 weeks, the WSAVA vaccination guidelines
state that the 12-month booster might not be required and that animals could go straight
to a triennial FPV vaccination program [24]. There is not much data regarding the age at
which the immune system matures and if the quality of the induced immune response at
16 weeks is as good as in adult animals. Therefore, it seems valid to advise yearly antibody
testing in these animals rather than going straight to a triennial vaccination programme,
particularly if the last vaccine was given before the age of 16 weeks. A kitten that is nega-
tive for FPV antibodies at the age of 20 weeks should be revaccinated and tested again 3
4 weeks later to determine if antibodies have developed. If the animal is still negative, the
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kitten is most likely a non-responder to the particular FPV antigen and might be suscep-
tible to infection and disease for life [24].

3.2. To Test Whether (Re)Vaccination for FPV Is Necessary

Triennial vaccination for FPV is based on the minimal DOI. Since many vaccinated
animals will maintain protective antibody titres for longer than a 3-year period, some-
times even lifelong, triennial antibody testing can be performed as an alternative for rou-
tine booster vaccination. Re-vaccinations were shown not to be beneficial especially in cats
with high titres [2]. For adult cats with an unknown vaccination history, or elapsed vac-
cination, an antibody test could be offered to owners as an alternative to revaccination for
FPV. However, this requires that monovalent FPV vaccines are available to allow differ-
ential administration of specific vaccines, which is not the case in all countries.

In animals that have previously experienced a serious adverse vaccine reaction, the
need for revaccination should be carefully evaluated. This holds true for core and non-
core vaccines. For FPV vaccines, this decision can be made based on the results of a posi-
tive FPV POC antibody test. Another situation in which the requirement for vaccination
can be determined by antibody measurement is in immunocompromised cats (see ABCD
guidelines on Vaccination of immunocompromised cats [11,25]).

3.3. To Control FPV Infection and Disease Outbreak in Shelters

If possible, animals could also be tested for FPV antibodies before admission into a
shelter to determine if they are protected. If they are not protected, the animals should be
vaccinated and kept in strict isolation or preferably sent to foster homes to develop active
immunity before entering the shelter. However, it is recognised that in shelters, routine
antibody screening might not be appropriate because of the extra costs; therefore, often
the preference is to elect for vaccination as soon as possible after entry.

In the face of an outbreak of FPV disease, susceptible cats without FPV antibodies
can be identified using the POC antibody test and can then be immediately vaccinated or
receive hyperimmune serum (passive immunization). The advantage of such an approach
is that protected antibody-positive animals can then be separated from the cats without
antibodies. Antibody-positive animals do not need to be vaccinated. The antibody-nega-
tive animals, following vaccination, should be isolated at least until the incubation period
of the disease has passed (on average 2-7 days). These animals should be retested before
adopting out. Passive immunization of these unprotected cats also might be a short-term
option. In countries where they are available, commercial immunoglobulin preparations
containing antibodies against FPV can be used. Also, homologous immune serum from
blood of cats with high antibody levels can be prepared and administered. Blood donors
must be screened for insidious agents (e.g., FIV, FeLV, Bartonella infection) and attention
must be paid to sterility, storage, and administration. Also, the blood type of a donor and
recipient should match [26].

3.4. To Determine the Optimal Age of Primary Vaccination for FPV in Kittens
3.4.1. Acquisition of FPV MDAs

During the first period of their lives, kittens are protected by MDAs. Cats have an
endotheliochorial placenta that is a barrier to immunoglobulins, preventing their passage
from the maternal serum into the foetal circulation. It is generally believed that only up to
5-10% of the MDAs are transferred during pregnancy from an immune queen to the foe-
tuses [27-30]. Claus et al. (2006) found that none of 182 neonatal kittens had detectable
IgG or IgA serum levels at parturition [30]. This confirms that in cats the vast majority, if
not all, of MDA is transferred to the offspring via colostrum, which contains trypsin in-
hibitors that protect immunoglobulins from degradation in the gastrointestinal tract of the
newborn. The dominating immunoglobulin class in colostrum is IgG, which is concen-
trated 2-5 fold in the mammary glands from the serum of the queen [30,31].
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Mammalian neonates absorb intact colostral immunoglobulins from the intestinal lu-
men into circulation. However, this ability decreases rapidly and generally ceases by 24 h
after birth. A neonatal kitten is able to absorb immunoglobulins most efficiently within
the first 16 h of life [32]. The higher the levels of antibodies in the colostrum, the more
likely the kitten will receive adequate levels of antibodies from its mother. The transfer of
MDA is so efficient that some kittens achieve higher levels of circulating antibodies than
their mothers [30,33].

Several factors can impair the transfer of MDA to neonates, resulting in hypogam-
maglobulinemia in the kittens, such as delayed onset of nursing and poor colostrum in-
take within the first 16-24 h after birth. Therefore, orphaned neonates or those rejected
before nursing (as well as those removed before nursing to avoid neonatal isoerythrolysis)
are at risk, as well as kittens from very large litters, small or weak neonates, and offspring
from queens that fail to produce colostrum with adequate immunoglobulin content. Fail-
ure of MDA transfer leads to a very high risk of sepsis or other severe infection and death
within the first 2 weeks of life. Hypogammaglobulinaemia in a kitten older than 16-24 h
can be corrected by s.c. or i.p. administration of 3-5 mL of serum from a healthy, properly
vaccinated cat, preferably living in the same environment as the affected kittens [34]. At-
tempts to replace feline serum by equine IgG have been unsuccessful [35].

Immunoglobulins are present not only in colostrum, but also in feline milk. These
are, however, not derived from the mother’s serum, but produced in the milk gland. Such
lactogenic immunity provides local protection on the mucosal surfaces of the offspring,
especially in the gastrointestinal tract, and seems to play a protective role until weaning,.
These secretory immunoglobulins are also present in the colostrum and are absorbed into
the circulation of the newborn before being released back onto mucosal surfaces.

3.4.2. Duration of Protection by MDAs

Passively acquired, circulating immunoglobulins provide immediate systemic pro-
tection that is essential during the early life of the kittens. As in all mammals, passive
immunity in cats is very effective but only short lasting. Circulating MDA are catabolized
by the neonate, thus their concentration gradually decreases with age. In kittens, the se-
rum IgG levels decline continuously from a peak on day 2, reaching a nadir between the
ages of 4-5 and 16 or more weeks of age. The period of this elimination depends strongly
on the initial MDA level in the circulation of the neonate after colostrum uptake, environ-
mental factors, and the respective antigens. As a result, there are great differences between
kittens (and even between littermates) in the period of protection afforded by circulating
MDA.

The period of MDA elimination for FPV has been assessed as 8-14 weeks [27], alt-
hough more recent studies suggest that MDA can persist until the age of 16 or even 20
weeks [36]. For comparison, this period encompasses the first 4-6 weeks of life for feline
coronavirus (FCoV) [37], 6-8 weeks for FeLV [38] and FHV [39,40], 10-14 weeks for FCV
[41], and 12 weeks for feline immunodeficiency virus (FIV) [42].

3.4.3. Active Immunization in Early Life

As soon as maternal antibodies decrease to unprotective levels, kittens need to be
vaccinated to induce an active immune response. It is generally believed that, similar to
most mammals, kittens are able to generate an immune response to antigens from birth,
but, compared to adult animals, this response is impaired unless the immune system is
mature [43]. It has been demonstrated that IL-2 production after Concanavalin A stimula-
tion is much lower in kittens of less than 10 weeks of age compared to adult animals [44].
Another example of immune system maturation is the development of age-related re-
sistance to feline leukemia virus (FeLV) infection in kittens. An experimental infection
resulted in persistent viraemia and FeLV-related disease in 100% of newborns, in 85% of
kittens inoculated at 2 weeks to 2 months of age, but in only 15% of cats infected at 4
months or 1 year of age [45].
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MDAs protect animals from infection but also interfere with the development of post-
vaccinal immunity [23]. Very young kittens can generate an effective antibody response
to vaccination only when the levels of MDA against the respective antigen have decreased
below the inhibitory threshold. The level of MDAs will differ between litters and individ-
ual animals within litters, depending on the antibody levels in the colostrum of the queens
and the amount of colostrum ingested. Therefore, it is common practice to perform the
first core vaccination at 8-9 weeks of age (or earlier in kittens at special risk or in rescue
shelters), and to give additional doses at 2- to 4-week intervals until the age of 12-16 weeks
or older [46], with the expectation that one of these vaccinations will fall after the blocking
effect of the MDA and before exposure to virulent agents. With this strategy, some doses
might be given that are of no benefit if the kitten still has interfering levels of MDAs or if
the kitten has already responded to an earlier vaccine (or infection) and thus is already
immune.

To avoid this problem, in an ideal world, the optimal age for the first core vaccination
would be determined by establishing the antibody titre of each kitten to determine when
interfering MDAs have waned. However, the use of antibody testing in this situation has
not yet been critically evaluated. If using a POC test that provides no titres but only semi-
quantitative results, kittens would likely need to be re-tested every 2-3 weeks since the
optimal time point for vaccination might not be determined by a single blood sample at
an age of 6-8 weeks. It is recognized that repeated blood sampling of young kittens every
2-3 weeks is difficult and potentially stressful for the kittens, as well as costly, precluding
routine adoption of this procedure in practice.

Data defining the levels of MDAs at which vaccination will lead to active immuniza-
tion are lacking. Also, differences in the performance of available vaccines in the presence
of MDAs can be expected. Where antibody testing is being used to decide upon the opti-
mal age of first vaccination, a titre, as produced by diagnostic laboratories, is preferable
to the semi-quantitative result of a POC test given the increased precision of the result.
However, antibody testing is still expensive and often impractical in this situation.

An estimate of the optimal age for first vaccination of kittens can also be calculated
based on the antibody titre of the queen, and the average half-life of MDAs (9.5 days for
FPV MDA), bearing in mind that individual kittens in a litter will suckle different amounts
of colostrum [47].

4. Conclusions

Determining the optimal age of immunization of kittens by antibody testing with
POC tests can be problematic in the face of decreasing maternal antibody titres for reasons
described above. In contrast, antibody (titre) testing, especially against FPV, can be a use-
ful and reliable tool to determine whether a cat has developed antibodies after vaccina-
tion, and to determine whether the individual animal needs revaccination at the time pro-
posed in the general vaccination guidelines. In vaccinated adult cats, titre testing can be
conducted as part of the annual health check appointment, which could also include a
complete blood count, serum biochemistry, and urinalysis, at least in mature animals.
Since data on the role of ageing of the immune system on the persistence of levels of anti-
bodies are lacking, yearly testing in older cats (>15 years) is strongly advised. This guide-
line will continue to be updated regularly on the ABCD homepage
(www.abcdcatsvets.org, accessed on 15 March 2022) as new data become available.

Funding: ABCD Europe gratefully acknowledges the support of Boehringer Ingelheim (the found-
ing sponsor of the ABCD), Virbac, and IDEXX.

Conflicts of Interest: The authors are members of the European Advisory Board on Cat Diseases
(ABCD), a scientifically independent board of experts in feline medicine. ABCD is supported by
Boehringer Ingelheim, the founding sponsor; Virbac; and IDEXX. Individual ABCD members have
been consultants for, or have received research funding and honoraria from various commercial



Viruses 2022, 14, 1602 8 of 9

companies; full details are available on request. However, the authors declare no competing inter-
ests. There is no commercial conflict of interest as the information presented here is only for scien-
tific dissemination. Neither the sponsors nor any of the other companies related to individual ABCD
members had any role in either the writing of, or in the decision to publish this review.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

European Advisory Board on Cat Diseases (ABCD), . Vaccine Recommendations for Cats According to Their Lifestyle. Available
online: http://www.abcdcatsvets.org/wp-content/uploads/2020/03/Tool_Vaccine-recommendations_Feb2020.pdf (accessed on
11 March 2022).

Bergmann, M.; Schwertler, S.; Reese, S.; Speck, S.; Truyen, U.; Hartmann, K. Antibody response to feline panleukopenia virus
vaccination in healthy adult cats. ]. Feline Med. Surg. 2018, 20, 1087-1093. https://doi.org/10.1177/1098612X17747740.

Roth, J.A.; Spickler, A.R. Duration of immunity induced by companion animal vaccines. Anim. Health Res. Rev./Conf. Res. Work.
Anim. Dis. 2010, 11, 165-190.

Frymus, T.; Addie, D.; Beldk, S.; Boucraut-Baralon, C.; Egberink, H.; Gruffydd-Jones, T.; Hartmann, K.; Hosie, M.].; Lloret, A.;
Lutz, H.; et al. Feline rabies ABCD guidelines on prevention and management. J. Feline Med. Surg. 2009, 11, 585-593.

Killey, R.; Mynors, C.; Pearce, R.; Nell, A; Prentis, A.; Day, M.]. Long-lived immunity to canine core vaccine antigens in UK
dogs as assessed by an in-practice test kit. |. Small Anim. Pract. 2018, 59, 27-31. https://doi.org/10.1111/jsap.12775.

Tham, K.M.; Studdert, M.]. Antibody and cell-mediated immune responses to feline calicivirus following inactivated vaccine
and challenge. Zent. Vet. B 1987, 34, 640-654. https://doi.org/10.1111/j.1439-0450.1987.tb00445.x.

Knowles, J.O.; MacArdle, F.; Dawson, S.; Carter, S.D.; Gaskell, C.J.; Gaskell, R.M. Studies on the role of feline calicivirus in
chronic stomatitis in cats. Vet. Microbiol. 1991, 27, 205-219. https://doi.org/10.1016/0378-1135(91)90148-9.

Poulet, H.; Jas, D.; Lemeter, C.; Coupier, C.; Brunet, S. Efficacy of a bivalent inactivated non-adjuvanted feline calicivirus
vaccine: Relation between in vitro cross-neutralization and heterologous protection in vivo. Vaccine 2008, 26, 3647-3654.
Lesbros, C.; Martin, V.; Najbar, W.; Sanquer, A.; McGahie, D.; Eun, H.M.; Gueguen, S. Protective efficacy of the calicivirus
valency of the Leucofeligen vaccine against a virulent heterologous challenge in kittens. Vet. Med. Int. 2013, 2013, 232397.
https://doi.org/10.1155/2013/232397.

Sato, H.; Sehata, G.; Okada, N.; Iwamoto, K.; Masubuchi, K.; Kainuma, R.; Noda, T.; Igarashi, T.; Sawada, T.; Noro, T.; et al.
Intranasal immunization with inactivated feline calicivirus particles confers robust protection against homologous virus and
suppression against heterologous virus in cats. |. Gen. Virol. 2017, 98, 1730-1738. https://doi.org/10.1099/jgv.0.000827.
Hofmann-Lehmann, R.; Hosie, M.].; Hartmann, K.; Egberink, H.; Truyen, U.; Tasker, S.; Belak, S.; Boucraut-Baralon, C.; Frymus,
T.; Lloret, A.; et al. Calicivirus Infection in Cats. Viruses 2022, 14, 937.

Bergmann, M.; Speck, S.; Rieger, A.; Truyen, U.; Hartmann, K. Antibody response to feline calicivirus vaccination in healthy
adult cats. Viruses 2019, 11, 702. https://doi.org/10.3390/v11080702.

Thiry, E.; Addie, D.; Belak, S.; Boucraut-Baralon, C.; Egberink, H.; Frymus, T.; Gruffydd-Jones, T.; Hartmann, K.; Hosie, M.].;
Lloret, A.; et al. Feline herpesvirus infection. ABCD guidelines on prevention and management. J. Feline Med. Surg. 2009, 11,
547-555. https://doi.org/10.1016/j.jfms.2009.05.003.

Bergmann, M.; Speck, S.; Rieger, A.; Truyen, U.; Hartmann, K. Antibody response to feline herpesvirus-1 vaccination in healthy
adult cats. |. Feline Med. Surg. 2020, 22, 329-338. https://doi.org/10.1177/1098612X19845702.

Flynn, J.N.; Dunham, S.P.; Watson, V.; Jarrett, O. Longitudinal analysis of feline leukemia virus-specific cytotoxic T
lymphocytes: Correlation with recovery from infection. J. Virol. 2002, 76, 2306-2315. https://doi.org/10.1128/jvi.76.5.2306-
2315.2002.

Parr, Y.A; Beall, M.]; Levy, ].K,; McDonald, M.; Hamman, N.T.; Willett, B.].; Hosie, M.]. Measuring the Humoral Immune
Response in Cats Exposed to Feline Leukaemia Virus. Viruses 2021, 13, 428. https://doi.org/10.3390/v13030428.

Boenzli, E.; Hadorn, M.; Hartnack, S.; Huder, J.; Hofmann-Lehmann, R.; Lutz, H. Detection of antibodies to the feline leukemia
virus (FeLV) transmembrane protein p15E: An alternative approach for serological FeLV detection based on antibodies to p15E.
J. Clin. Microbiol. 2014, 52, 2046-2052.

Scott, F.W.; Geissinger, C.M. Long-term immunity in cats vaccinated with an inactivated trivalent vaccine. Am. J. Vet. Res. 1999,
60, 652—658.

Mouzin, D.E.; Lorenzen, M.].; Haworth, ].D.; King, V.L. Duration of serologic response to three viral antigens in cats. ]. Am. Vet.
Med. Assoc. 2004, 224, 61-66. https://doi.org/10.2460/javma.2004.224.61.

Mende, K.; Stuetzer, B.; Truyen, U.; Hartmann, K. Evaluation of an in-house dot enzyme-linked immunosorbent assay to detect
antibodies against feline panleukopenia virus. |. Feline Med. Surg. 2014, 16, 805-811.

DiGangi, B.A.; Gray, LK, Levy, J K., Dubovi, E.J.; Tucker, S.J. Detection of protective antibody titers against feline
panleukopenia virus, feline herpesvirus-1, and feline calicivirus in shelter cats using a point-of-care ELISA. ]. Feline Med. Surg.
2011, 13, 912-918. https://doi.org/10.1016/j.jfms.2011.07.009.

Lappin, M.R.; Andrews, J.; Simpson, D.; Jensen, W.A. Use of serologic tests to predict resistance to feline herpesvirus 1, feline
calicivirus, and feline parvovirus infection in «cats. | Am. Vet. Med. Assoc. 2002, 220, 38-42.
https://doi.org/10.2460/javma.2002.220.38.



Viruses 2022, 14, 1602 9 of 9

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Addie, D.D.; Toth, S.; Thompson, H.; Greenwood, N.; Jarrett, ].O. Detection of feline parvovirus in dying pedigree kittens. Vet.
Rec. 1998, 142, 353-356. https://doi.org/10.1136/vr.142.14.353.

Day, M.].; Horzinek, M.C.; Schultz, R.D.; Squires, R.A. WSAVA Guidelines for the vaccination of dogs and cats. J. Small Anim.
Pract. 2016, 57, E1-E45. https://doi.org/10.1111/jsap.2_12431.

Hartmann, K; Moéstl, K.; Lloret, A.; Thiry, E.; Addie, D.D.; Beldk, S.; Boucraut-Baralon, C.; Egberink, H.; Frymus, T.; Hofmann-
Lehmann, R.; et al. Vaccination of Immunocompromised Cats. Viruses 2022, 14, 923. https://doi.org/10.3390/v14050923.
European  Advisory Board on Cat Diseases (ABCD),. Feline Panleukopenia.  Available online:
http://www.abcdcatsvets.org/abed-guidelines-on-feline-panleukopenia-2012-edition/ (accessed on 15 March 2022).

Scott, F.W.; Csiza, C.K.; Gillespie, ].H. Maternally derived immunity to feline panleukopenia. J. Am. Vet. Med. Assoc. 1970, 156,
439-453.

Schultz, R.D.; Scott, F.W.; Duncan, J.R.; Gillespie, ].H. Feline immunoglobulins. Infect. Immun. 1974, 9, 391-393.

Tizard, 1. Veterinary Immunology an Introduction; Saunders Co.: Philadelphia, PA, USA, 1996.

Claus, M.A.; Levy, ].K.; MacDonald, K.; Tucker, S.J.; Crawford, P.C. Inmunoglobulin concentrations in feline colostrum and
milk, and the requirement of colostrum for passive transfer of immunity to neonatal kittens. J. Feline Med. Surg. 2006, 8, 184—
191. https://doi.org/10.1016/j.jfms.2006.01.001.

Pu, R.Y.J.K. Passive transfer of maternal immunity. In Immunology of the Vertebrates; Al, P.E., Ed.; Academic Press: San Diego,
CA, USA, 1998.

Casal, M.L.; Jezyk, P.F.; Urs, G. Transfer of colostral antibodies from queens to their kittens. Am. |. Vet. Res. 1996, 57, 1653-1658.
Yamada, T.; Nagai, Y.; Matsuda, M. Changes in serum immunoglobulin values in kittens after ingestion of colostrum. Am. J.
Vet. Res. 1991, 52, 393-396.

Levy, ].K.; Crawford, P.C.; Collante, W.R.; Papich, M.G. Use of adult cat serum to correct failure of passive transfer in kittens. J.
Am. Vet. Med. Assoc. 2001, 219, 1401-1405. https://doi.org/10.2460/javma.2001.219.1401.

Crawford, P.C.; Hanel, RM.; Levy, ].K. Evaluation of treatment of colostrum-deprived kittens with equine IgG. Am. |. Vet. Res.
2003, 64, 969-975. https://doi.org/10.2460/ajvr.2003.64.969.

Jakel, V.; Cussler, K;; Hanschmann, K.M.; Truyen, U.; Kénig, M.; Kamphuis, E.; Duchow, K. Vaccination against Feline
Panleukopenia: Implications from a field study in kittens. Bmc Vet. Res. 2012, 8, 62. https://doi.org/10.1186/1746-6148-8-62.
Pedersen, N.C.; Boyle, J.F.; Floyd, K. Infection studies in kittens, using feline infectious peritonitis virus propagated in cell
culture. Am. |. Vet. Res. 1981, 42, 363-367.

Jarrett, O.; Russell, P.H.; Stewart, M.E. Protection of kittens from feline leukaemia virus infection by maternally-derived
antibody. Vet. Rec. 1977, 101, 304-305. https://doi.org/10.1136/vr.101.15.304.

Edwards, B.G.; Buell, D.].; Acree, W.M. Evaluation of a new feline rhinotracheitis virus vaccine. Vet. Med. Small Anim. Clin. VM
SAC 1977, 72, 205-209.

Povey, R.C. A review of feline viral rhinotracheitis (feline herpesvirus I infection). Comp. Immunol. Microbiol. Infect. Dis. 1979, 2,
373-387. https://doi.org/10.1016/0147-9571(79)90023-7.

Johnson, R.P.; Povey, R.C. Transfer and decline of maternal antibody to feline calicivirus. Can. Vet. J. Rev. Vet. Can. 1983, 24, 6—
9.

MacDonald, K.; Levy, ].K,; Tucker, S.J.; Crawford, P.C. Effects of passive transfer of immunity on results of diagnostic tests for
antibodies against feline immunodeficiency virus in kittens born to vaccinated queens. J. Am. Vet. Med. Assoc. 2004, 225, 1554—
1557. https://doi.org/10.2460/javma.2004.225.1554.

Day, M.J. Immune System Development in the Dog and Cat. ]. Comp. Pathol. 2007, 137, S10-S15.

Levy, ].K.T., Tompkins, M.B. Neonatal immune responses. In Immunology of the Vertebrates; Al, P.E., Ed.; Academic Press: San
Diego, CA, USA, 1998; pp. 305-308.

Hoover, E.A ; Olsen, R.G,; Schaller, J.P.; Mathes, L.E. Feline leukemia virus infection: Age-related variation in response of cats
to experimental infection. J. Natl. Cancer Inst. 1976, 57, 365-369. https://doi.org/10.1093/jnci/57.2.365.

Hosie, M.].; Addie, D.D.; Boucraut-Baralon, C.; Egberink, H.; Frymus, T.; Gruffydd-Jones, T.; Hartmann, K.; Horzinek, M.C;
Lloret, A.; Lutz, H.; et al. Matrix vaccination guidelines: 2015 ABCD recommendations for indoor/outdoor cats, rescue shelter
cats and breeding catteries. |. Feline Med. Surg. 2015, 17, 583-587. https://doi.org/10.1177/1098612X15590732.

Greene, C.E.L.,, Levy, ]. K. Inmunoprohylaxis. In Infectious Diseases of the Dog and Cat; Greene, C.E., Ed.; Elsevier/Saunders : St
Louis, MO, USA, 2012; pp. 1163-1205.



	Vaccination and Antibody Testing in Cats
	Abstract
	Introduction
	Antibodies and Protection against FPV
	Applications of POC Antibody Testing against FPV
	Conclusion
	Supporting Information
	References



