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ABSTRACT. To evaluate the accuracy of hemagglutination inhibition (HI) test as the index of 
feline panleukopenia virus (FPV)-protective ability, sera from 153 FPV-vaccinated cats aged 
≥7 months with HI titer of <1:10–1:40, were examined for serum neutralizing (SN) antibody. 
SN antibody was detected (≥1:10) in 33 (62.3%) of 53 HI antibody-negative cats, and ranged 
<1:10–1:160. This suggests that FPV-antibody detection sensitivity of HI test is lower than SN test, 
and SN test is more suitable for the assessment of FPV-vaccine effect than HI test especially in cats 
with negative or low HI titer. SN titer was 1:32, FPV-protective threshold, or higher in all cats with 
HI titers of ≥1:20, suggesting it may be appropriate to set protective HI threshold at 1:20.
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Feline panleukopenia virus (FPV) is a single-stranded DNA virus classified in Carnivore protoparvovirus 1 species of the 
genus Protoparvovirus, together with canine parvovirus (CPV) and mink enteritis virus [2], and causes acute lethal infection with 
symptoms of enteritis and bone marrow suppression in domestic cats and wild felids. This virus invades the body through oral and 
nasal routes, infects pharyngolaryngeal lymphoid tissue, and disseminates throughout the body via the plasma phase [5]. Therefore, 
the presence of anti-FPV antibodies in blood is closely involved in prevention of this disease [9]. Vaccination is an important 
means to prevent the disease, but the vaccine failure may be led due to host factors, such as stress and maternal antibody, vaccine 
factors, and human errors [3]. As the method to estimate the immune status of FPV infection, measurement of the blood anti-FPV 
antibody titer is recommended [22].

The specificity of the serum neutralizing (SN) test, the gold standard serological test, is the highest among viral serological 
reactions, and the measured SN antibody is closely related to the infection-protective ability compared with antibodies detected 
by other test methods. However, since the SN test is high-cost and time-consuming, the hemaggutination inhibition (HI) test is 
clinically used frequently as a simple substitute method of the SN test [12, 16, 17], but its anti-FPV antibody detection sensitivity 
is lower than that of the SN test [8, 21]. Moreover, it has been reported that the correlation between HI and SN antibody titers is 
not necessarily high in CPV [18], belonging to the same viral species as FPV. Unexpectedly, results of comparisons between the 
anti-FPV HI and SN antibody titers are insufficient.

In this study, to assess the accuracy of the HI test as the index of FPV-protective antibody titer, the SN antibody titer was 
measured in cat sera negative for anti-FPV HI antibody or with a low antibody titer to compare the antibody titers by the two tests.

Serum samples were collected from 718 previously FPV-vaccinated and clinically healthy domestic cats aged 7 months or older 
brought to a veterinary clinic in Tokyo, Japan from January in 2013 to December in 2017 for a health checkup, vaccination, or 
spay/castration operation.

Anti-FPV HI antibody titer was examined by a slight modification of the previously reported methods [8, 15]. Twenty-five 
microliter of the heat-inactivated serum sample, which was treated with porcine erythrocytes and kaolin, was subjected to 
2-fold serial dilutions started at 1:10 with phosphate buffered saline solution (PBSS) (pH 6.7) in a 96-well V-bottom microplate. 
Then, equal volume of the Som4 strain of FPV, which was isolated from a diarrheal domestic cat in Japan [6], containing four 
hemagglutination (HA) units was added into the serum dilution. Following one-hour incubation, 0.5% porcine erythrocytes were 
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added to each plate well. After overnight incubation at 4°C, the antibody titer was expressed as the highest serum dilution with 
complete inhibition of hemagglutination.

Since determination of the endpoint for judgement of the antibody titer on the SN test is difficult because of a weak cytopathic 
effect of FPV-infected cultured cells, the infection in each well was examined based on the HA reaction [15, 23]. In brief, the 
antibody titer was measured in a 96-well tissue culture microplate. Quadruplicate 50 µl volumes of serum were diluted 2-fold 
serially started at 1:10, and mixed with 100 TCID50 of the Som4 strain of FPV was added to each well. Following one-hour 
incubation, Crandell-Rees feline kidney cells were added to the serum-virus mixtures, and incubated overnight at 37°C. Then, the 
culture fluid was removed, and flesh culture fluid was added into each well. Following five-day incubation, the culture fluid was 
added into equal volume of 0.5% porcine erythrocytes in a 96-well V-bottom microplate. The antibody titer was calculated as the 
highest serum dilution at 50% inhibition of hemagglutination.

The antibody titer was analyzed statistically by the use of spreadsheet program (Microsoft Excel 2016).
Anti-FPV HI antibody was not detected (titer of <1:10) in 53 (7.4%) of a total of 718 cats, and the HI antibody titer was 1:10, 

1:20, and 1:40 in 15, 28, and 57 cats, respectively. These 153 cats were also examined for anti-FPV SN antibody. As shown in 
Fig. 1, the SN antibody was detected (≥1:10) in 33 (62.3%) of the 53 HI antibody-negative cats. The SN antibody titer in the HI 
antibody-negative cats ranged from <1:10 to 1:160, and the geometric mean (GM) was 1:20.4. As shown in Fig. 2, the SN antibody 
was detected (≥1:10) in all cats with the HI antibody titers of 1:10, 1:20, and 1:40, and the SN antibody titer was distributed within 
ranges of 1:14–1:190 (GM: 1:70.4), 1:80–1:640 (GM: 1:267.6), and 1:130–1:1,500 (GM: 1:548.8), respectively. In analysis, an 
antibody titer of <1:10 was arbitrarily regarded as 1:5. The SN antibody titer exceeded 1:32, which is the highest among previously 
reported protective threshold, in all cats with the HI antibody titers of 1:20 or higher, whereas it was lower than this threshold in 
56.6% (30/53) and 13.3% (2/15) of cats with the HI antibody titers of <1:10 and 1:10.

The averages and standard deviations of the logarithmic value of the reciprocal SN antibody titer in the groups with the HI 
antibody titers of <1:10, 1:10, 1:20, and 1:40 were 1.309 ± 0.548, 1.848 ± 0.296, 2.427 ± 0.237, and 2.739 ± 0.244, respectively, 
and the coefficients of variation (CV) were 41.9, 16.0, 9.8, and 8.9%, respectively (Fig. 3). The Pearson’s correlation coefficient 
(R) was 0.860, showing a slightly high correlation between the two antibody titers, but the CV value clarified the presence of 
variation (41.9%) in cats with the HI antibody titer of <1:10. The gender, age, breed, and days from the most recent vaccination of 
the test cats were also investigated, but no significant difference was noted in any item (T test P>0.05) (Data not shown).

In CPV, the neutralizing epitope and hemagglutinin are located at different positions in the VP2 antigen, clarifying that the 
HI ability does not necessarily reflect the neutralizing ability [10]. No such finding has been reported for FPV, but it may have 
similar morphological properties because it is classified as the same viral species as CPV. Although a specific correlation was noted 
between the anti-FPV SN and HI antibody titers (R=0.860), both were not necessarily consistent, and CV of SN antibody titers 
was 41.9% in the group with the HI antibody titer of <1:10, showing their variation. Furthermore, the SN antibody was detected in 
62.3% of HI antibody-negative cats, clarifying that the HI test is low-sensitive for anti-FPV antibody detection. This finding was 
consistent with those in previous reports [8, 21], and it may have been due to the virological properties described above.

Fig. 1. Anti-FPV SN antibody titer in 53 HI antibody-negative cats (titer of <1:10). An arrow indicates the protective SN 
antibody titer threshold (1:32).
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Although few studies have been done to investigate the 
rate of response to FPV vaccine, recently, Jakel et al. [7] 
and Mende et al. [14] reported interesting test findings 
concerning the vaccine effect, whereby no anti-FPV 
HI antibody was detected in 36.7% of cats vaccinated 
three times by 16 weeks old and 23% of cats vaccinated 
following the vaccination guidelines, based on which the 
performance of the current vaccine is suspected to be 
inadequate. In this study, the frequency of the HI antibody-
negative cats was much lower (7.4%) than their finding, 
although simple comparison is not possible because the 
test was performed in randomly selected cats with previous 
vaccination. Furthermore, anti-FPV SN antibody was 
detected at a high rate (62.3%) of the HI antibody-negative 
cats. These results suggest that the performance of the FPV 
vaccine may have been underestimated in their findings, 
and combination with the SN test may be necessary to 
accurately investigate the immune response. However, 
the SN test is not clinically used widely and it is not 
appropriate as the routine laboratory test, since it is not 
simple. Thus, it may be necessary to typically use the HI 
test as a simple method, and the SN test may be used for 
cats without HI antibody response despite being vaccinated 
several times, e.g. low responder, and HI antibody-negative 
cats for which vaccination should be avoided due to 
immunosuppressive or cytotoxic therapy.

From above findings, we concluded that the SN test is 
more suitable for the assessment of FPV-vaccine effect 
than the HI test especially in the cats with the negative or low HI antibody titer.

FPV-protective HI antibody titer thresholds of 1:20–1:40 have been recommended [11, 13, 16], but to our knowledge, the basis 
for setting these values is unclear, whereas the SN antibody titer thresholds for estimating the FPV-protective ability have been 
set at 1:10–1:32 based on the results of some experimental infections [4, 9, 19, 20]. In this study, the SN antibody titer was 1:32, 

Fig. 2. Anti-FPV SN antibody titer in 15, 28, and 57 cats with the HI antibody titers of 1:10, 1:20 and 1:40, respectively. 
Gray, black, and white bars indicate the HI antibody titers of 1:10, 1:20 and 1:40, respectively. An arrow indicates the 
protective SN antibody titer threshold (1:32).

Fig. 3. Correlation between anti-FPV HI and SN antibody titers. Black 
squares and vertical lines indicate averages and standard variations of 
the logarithmic value of the reciprocal SN antibody titer, respectively.
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which was the highest among the previously reported SN antibody thresholds, or higher in all cats with the HI antibody titer of 
1:20 or higher. Therefore, it may be appropriate to set the threshold at 1:20 when FPV-protective ability is diagnosed using the HI 
antibody titer as an index.

In this study, cats aged 7 months or older were used in consideration of the influence of maternal antibody on the test results. 
So, all detected anti-FPV antibodies were products by active immunity. It was surprising that antibodies undetectable by the HI test 
were present at such high rate. The presence of CPV with no HA activity property has been reported [1], although it has not been 
reported in FPV. Antibodies produced in response to infection with such viruses may be undetectable by the HI test because of the 
principle of the test. The inclusion of these cases in the present test cats also cannot be ruled out, although inconsistency between 
the two tests is likely to be simply due to the low detection sensitivity of the HI test. The consideration of this phenomenon may be 
necessary when the HI test is used.

Since the objective of this study was comparison between the HI and SN tests, performance of FPV vaccine was not evaluated, 
for which a survey and vaccination test should be performed based on detailed individual data, and a similar study should also be 
performed in dogs with regard to the accuracy of the HI test of CPV.

REFERENCES

 1. Appel, M. and Parrish, C. R. 1987. Canine parvovirus type 2. pp. 69–92. In: Virus Infections of Carnivores (Appel, M., ed.), Elsevier Science 
Publishers, Amsterdam.

 2. Cotmore, S. F., Agbandje-McKenna, M., Chiorini, J. A., Mukha, D. V., Pintel, D. J., Qiu, J., Soderlund-Venermo, M., Tattersall, P., Tijssen, P., 
Gatherer, D. and Davison, A. J. 2014. The family Parvoviridae. Arch. Virol. 159: 1239–1247. [Medline]  [CrossRef]

 3. Dhein, C. R. and Gorham, J. R. 1986. Host response to vaccination. Vet. Clin. North Am. Small Anim. Pract. 16: 1227–1245. [Medline]  [CrossRef]
 4. Fastier, L. B. 1968. Feline panleucopenia—a serological study. Vet. Rec. 83: 653–654. [Medline]  [CrossRef]
 5. Greene, C. E. 2012. Feline enteric viral infections. pp. 80–91. In: Infectious Disease of the Dog and Cat (Greene, C. E., ed.), Saunders Elsevier, St. 

Louis.
 6. Horiuchi, M., Yuri, K., Soma, T., Katae, H., Nagasawa, H. and Shinagawa, M. 1996. Differentiation of vaccine virus from field isolates of feline 

panleukopenia virus by polymerase chain reaction and restriction fragment length polymorphism analysis. Vet. Microbiol. 53: 283–293. [Medline]  
[CrossRef]

 7. Jakel, V., Cussler, K., Hanschmann, K. M., Truyen, U., König, M., Kamphuis, E. and Duchow, K. 2012. Vaccination against Feline Panleukopenia: 
implications from a field study in kittens. BMC Vet. Res. 8: 62. [Medline]  [CrossRef]

 8. Johnson, R. H. 1971. Serologic procedures for the study of feline panleukopenia. J. Am. Vet. Med. Assoc. 158: 2, 876. [Medline]
 9. King, D. A. and Croghan, D. L. 1965. Immunofluorescence of feline panleucopenia virus in cell culture: determination of immunological status of 

felines by serum neutralization. Can. J. Comp. Med. Vet. Sci. 29: 85–89. [Medline]
 10. Langeveld, J. P., Casal, J. I., Cortés, E., van de Wetering, G., Boshuizen, R. S., Schaaper, W. M., Dalsgaard, K. and Meloen, R. H. 1994. Effective 

induction of neutralizing antibodies with the amino terminus of VP2 of canine parvovirus as a synthetic peptide. Vaccine 12: 1473–1480. [Medline]  
[CrossRef]

 11. Lappin, M. R. 2012. Feline panleukopenia virus, feline herpesvirus-1 and feline calicivirus antibody responses in seronegative specific pathogen-
free kittens after parenteral administration of an inactivated FVRCP vaccine or a modified live FVRCP vaccine. J. Feline Med. Surg. 14: 161–164. 
[Medline]  [CrossRef]

 12. Lappin, M. R., Andrews, J., Simpson, D. and Jensen, W. A. 2002. Use of serologic tests to predict resistance to feline herpesvirus 1, feline 
calicivirus, and feline parvovirus infection in cats. J. Am. Vet. Med. Assoc. 220: 38–42. [Medline]  [CrossRef]

 13. Lappin, M. R., Veir, J. and Hawley, J. 2009. Feline panleukopenia virus, feline herpesvirus-1, and feline calicivirus antibody responses in 
seronegative specific pathogen-free cats after a single administration of two different modified live FVRCP vaccines. J. Feline Med. Surg. 11: 
159–162. [Medline]  [CrossRef]

 14. Mende, K., Stuetzer, B., Sauter-Louis, C., Homeier, T., Truyen, U. and Hartmann, K. 2014. Prevalence of antibodies against feline panleukopenia 
virus in client-owned cats in Southern Germany. Vet. J. 199: 419–423. [Medline]  [CrossRef]

 15. Mochizuki, M., Konishi, S., Ajiki, M. and Akaboshi, T. 1989. Comparison of feline parvovirus subspecific strains using monoclonal antibodies 
against a feline panleukopenia virus. Nippon Juigaku Zasshi 51: 264–272. [Medline]  [CrossRef]

 16. Mouzin, D. E., Lorenzen, M. J., Haworth, J. D. and King, V. L. 2004. Duration of serologic response to three viral antigens in cats. J. Am. Vet. Med. 
Assoc. 224: 61–66. [Medline]  [CrossRef]

 17. Povey, R. C., Koonse, H. and Hays, M. B. 1980. Immunogenicity and safety of an inactivated vaccine for the prevention of rhinotracheitis, 
caliciviral disease, and panleukopenia in cats. J. Am. Vet. Med. Assoc. 177: 347–350. [Medline]

 18. Pratelli, A., Cavalli, A., Martella, V., Tempesta, M., Decaro, N., Carmichael, L. E. and Buonavoglia, C. 2001. Canine parvovirus (CPV) vaccination: 
comparison of neutralizing antibody responses in pups after inoculation with CPV2 or CPV2b modified live virus vaccine. Clin. Diagn. Lab. 
Immunol. 8: 612–615. [Medline]

 19. Scott, F. W. 1971. Comments on feline panleukopenia biologics. J. Am. Vet. Med. Assoc. 158: 2, 910–915. [Medline]
 20. Scott, F. W., Csiza, C. K. and Gillespie, J. H. 1970. Maternally derived immunity to feline panleukopenia. J. Am. Vet. Med. Assoc. 156: 439–453. 

[Medline]
 21. Tham, K. M. and Studdert, M. J. 1987. Antibody and cell mediated immune responses to an inactivated feline panleukopenia virus vaccine. 

Zentralbl. Veterinarmed. B. 34: 701–712. [Medline]
 22. Tizard, I. and Ni, Y. 1998. Use of serologic testing to assess immune status of companion animals. J. Am. Vet. Med. Assoc. 213: 54–60. [Medline]
 23. Yagami, K., Furukawa, T., Fukui, M. and Hamada, H. 1985. Evaluation of tri-combinant vaccine for feline herpesvirus, calicivirus and 

panleukopenia virus infections in Japanese native cats. Jikken Dobutsu 34: 287–294. [Medline]

http://www.ncbi.nlm.nih.gov/pubmed/24212889?dopt=Abstract
http://dx.doi.org/10.1007/s00705-013-1914-1
http://www.ncbi.nlm.nih.gov/pubmed/3538635?dopt=Abstract
http://dx.doi.org/10.1016/S0195-5616(86)50139-X
http://www.ncbi.nlm.nih.gov/pubmed/4882406?dopt=Abstract
http://dx.doi.org/10.1136/vr.83.25.653
http://www.ncbi.nlm.nih.gov/pubmed/9008339?dopt=Abstract
http://dx.doi.org/10.1016/S0378-1135(96)01225-4
http://www.ncbi.nlm.nih.gov/pubmed/22613093?dopt=Abstract
http://dx.doi.org/10.1186/1746-6148-8-62
http://www.ncbi.nlm.nih.gov/pubmed/5575716?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14281074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7887026?dopt=Abstract
http://dx.doi.org/10.1016/0264-410X(94)90158-9
http://www.ncbi.nlm.nih.gov/pubmed/22314095?dopt=Abstract
http://dx.doi.org/10.1177/1098612X11432240
http://www.ncbi.nlm.nih.gov/pubmed/12680445?dopt=Abstract
http://dx.doi.org/10.2460/javma.2002.220.38
http://www.ncbi.nlm.nih.gov/pubmed/18782676?dopt=Abstract
http://dx.doi.org/10.1016/j.jfms.2008.05.004
http://www.ncbi.nlm.nih.gov/pubmed/24461646?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2013.12.023
http://www.ncbi.nlm.nih.gov/pubmed/2544758?dopt=Abstract
http://dx.doi.org/10.1292/jvms1939.51.264
http://www.ncbi.nlm.nih.gov/pubmed/14710877?dopt=Abstract
http://dx.doi.org/10.2460/javma.2004.224.61
http://www.ncbi.nlm.nih.gov/pubmed/6256329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11329467?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5103507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5414170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2830741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9656025?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2998830?dopt=Abstract

