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Abstract 
 

Validation of a commercial ELISA kit for the detection of rabies 

antibodies in dogs and cats for border qurantine in South Korea  

 
Lim Jungeun 

 

Department of Veterinary Medicine 

Veterinary Microbiology  

The Graduate School  

Seoul National University 

 

Rabies is a zoonotic disease which is reported as sporadic outbreak in South Korea. 

Although nation-wide vaccination program have been applied, stronger control 

management is required because of serial outbreaks in the rural areas surrounding the 

Seoul metropolis. Recently, several countries are requiring rabies neutralizing antibody 

test reports in the quarantine of dog and cat. The requirement has been applied in South 

Korea since December 1, 2012. 

Korean Government has adopted an OIE acknowledged standardized evaluation 

method, the Fluorescent Antibody Virus Neutralization Test (FAVNT). Recently, the 

need for a new test is rising due to some problems of the test to be used. As one of the 

tests, a commercial Enzyme-linked immunosorbent assay test (Platelia Rabies II kit, 

Bio-Rad) was evaluated by comparing with the standard method using 1,163 quarantine 

and 20 experimental serum samples. The specificity and sensitivity of ELISA test 

compared to FAVNT was 90.2% and 95.0% for dogs, 100.0% and 95.8% for cats and 

the k-values were 0.58 and 0.46 respectively. A further designed 20 experimental 
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German Shepherds was evaluated for the FAVNT and ELISA tests on 0, 90 and 180 

days post vaccination. On the 90 and 180 days post vaccination, three and seven dogs 

vaccinated with the inactivated vaccine were over 0.5 International Units (IU)/㎖, which 

was considered as the threshold of seroconversion to a rabies antigen, in FAVNT. 

However none of dogs was seropositive in ELISA test. In the group vaccinated with the 

attenuated vaccine, all of dogs had a titer of over 0.5 IU/㎖ for both methods except 

one dog in FAVNT. In quarantine tests, an inactivated vaccine is required to vaccinate 

because of the possibility of rabies virus infection. These results suggested that a 

commercial ELISA test still has limitation to apply quarantine inspection as a FAVNT 

replacement method in Korea situation despite of OIE recommendation.  

 

Keywords : rabies, FAVN, ELISA, quarantine 

Student Number : 2008-21751 
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INTRODUCTION 
 

Rabies is a zoonotic disease that causes severe damage to the central nervous system 

and without treatment, it has a 100% mortality rate (OIE, 2008). In South Korea, the 

first rabies case was reported in a dog in 1907, and a number of rabies cases had been 

reported in several provinces of South Korea by 1945. As a result of the application of 

intensive vaccination programs that use inactivated or live attenuated rabies vaccines, 

rabies cases have steadily decreased and no reports were made for eight years from 

1985 to 1992(Lee et al., 2009; Yang et al., 2011). However, this disease recurred in the 

Gangwon Province in 1993, and a number of cases have been continuously reported 

since that time. The disease is not reported in South Korea except the several provinces 

near the DMZ anymore; however, cases were recently reported near Seoul (Yang et al., 

2011; Kim et al., 2006). This emphasizes the need to apply strictly controlled vaccine 

programs and regulations for international trade of susceptible domestic carnivores. On 

December 1 2012, South Korea acted its quarantine laws with new regulations for 

importing companion animals, specified that they must be tested for sufficient levels of 

rabies-neutralizing antibodies. An antibody titer of 0.5 IU/ml has been determined as 

the threshold of seroconversion to a rabies vaccination (Hooper et al., 1998; Oh. et al., 

2012). At present, the Rapid Fluorescent Focus Inhibition Test (RFFIT) and the 

Fluorescent Antibody Virus Neutralization Test (FAVNT) are the international 

prescription test methods (OIE, 2008), though those methods take several days and 

require highly trained technicians as well as special laboratory facilities. For these 

reasons, various tests have been developed to replace those methods (Sagne et al., 

2006; Welc et al., 2009; Knoop et al., 2010). The Enzyme-Linked Immunosorbent 

Assay (ELISA) test has several advantages: It takes less time and requires neither 
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highly trained technician nor specialized laboratory containment.  

The purpose of this study was to determine the validation of a commercial ELISA kit 

that was adopted by the OIE Register, as replacement method (OIE, 2013). The 

performance of the ELISA kit was compared to that of the gold standard FAVNT in two 

different groups of serum samples: 1,163 serum samples for quarantine with a variant 

history and designed serum samples.   
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MATERIALS AND METHODS 

1. Test samples 

1.1 Quarantine samples  

A total of 1,163 (893 dogs and 270 cats) quarantine serum samples which were 

included in the study have various collection history. Each sample had a different 

background in terms of regional origin, vaccination, sex and age. These samples were 

submitted to the Seoul branch of the Animal, Plant and Fisheries Quarantine and 

Inspection Agency (QIA) for export quarantine tests from 2009 to 2012. The origin, 

vaccination, sex, age, breed and year of sample collection were recorded for each 

animal, when as available as possible. Samples with insufficient information for 

analysis were excluded. All tested sera were inactivated by heating to 56  for 30 ℃

minutes and stored at –70 . ℃  

Both dog and cat sera mainly came from either Seoul (54.2% of dog sera, and 31.5% 

of cat sera) or the Gyeonggi Province (25.7% of dogs and 15.2% of cats) (Fig.1). Each 

serum sample was generally collected two months after vaccination. One to three 

months after vaccination, 80% of the dog and 78% of the cat subjects were inquired 

(Table1).  

Vaccines used for this study were originated from several different foreign 

manufacturers. As shown in Table 2, most of them came from five particular 

manufacturers, all of which were inactivated vaccines. The first and second amongst 

these companies provided the majority of vaccine(60.0% of the dogs and 57.7% of the 

cats, respectively) and the rest of the companies provided the vaccines for the remainder.  
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Fig 1 Originated regions of the quarantine samples. A total of 1,163 serum samples 
were tested for rabies under quarantine. Both dog and cat sera mainly came from Seoul 
and Gyeonggi province. “Others.” refers to the remaining provinces and metropolitan 
cities not shown in this figure.  
.  
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Table 1 FAVNT results of sera of dogs and cats sera by vaccine injection interval. 

 
 
 
 

 
Dog 

 
Cat 

Month+ 
Number of  
seropositive 

Number of 
seronegative 

Total 
Number of 
seropositive 

Number of  
seronegative 

Total 

1 150 5 155 
 

43 0 43 

2 481 20 501 
 

150 2 152 

3 53 6 59 
 

15 0 15 

4 50 6 56 
 

11 0 11 

5 26 1 27 
 

14 2 16 

6 48 2 50 
 

9 0 9 

7 14 0 14 
 

7 0 7 

8 27 1 28 
 

5 0 5 

9 0 0 0 
 

6 0 6 

>9 3 0 3 
 

5 1 6 

Total 852 41 893 
 

265 5 270 

+ When submitted postvaccination  
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Table 2 Number of test samples according to manufacturer of injected vaccine and number of seronegative samples for FAVNT and 
ELISA. 

( ) the percentage of samples with <0.5 IU/㎖ among total sera tested. 

Manufacturer Brand Name No. of sera tested 
No. of <0.5 IU/㎖ 

(FAVNT) 
No. of <0.5 EU/㎖ 

(ELISA) 

Virbac Rabigen Mono 337 18(5.3) 35(10.4) 

Schering-Plough  
Animal Health 

Rabdomun 332 3(0.9) 6(1.8) 

Pfizer Defensor3 253 12((4.7) 25(9.9) 

Intervet Nobivac Rabies 121 9(7.4) 22(18.2) 

Merial Rabisin-R 112 4(3.6) 7(6.3) 

Ect.   8 - 1(0.13) 

Total   1163 46(3.9) 96(8.3) 
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1.2 Experimental samples  

To exclude environmental factors, 20 German Shepherd dogs, all of the same age, 

were arranged. None of the dogs in this experiment had ever been vaccinated against 

rabies until they were four years old and all were raised within the same environment as 

military dogs. All subjects were neutered and the range of their weights at the time of 

vaccination was 7-12kg. The subjects were divided into two groups of ten, then one 10-

12kg group had an attenuated vaccine(Rabigen Mono,Virbac, France), and the other 

6.6-7kg group had an inactivated vaccine(Dogibac, Daesung, Korea).  

 

 1.3 Control sera 

Each test also included a reference serum: WHO, 30 IU in an ampoule, the dilution of 

serum contained 0.5 IU/㎖ antibodies used for the titration, and the control titration of 

the reference positive anti-rabies dog serum (OIE reference laboratory for Rabies, 

Nancy). Naïve dog serum as a negative control was provided from QIA .  

 

2. Fluorescent antibody virus neutralization test (FAVNT)  

The presence of rabies-neutralizing antibodies was determined by the FAVN test to be 

a standard reference serological method. A positive control was used for the OIE serum 

of dog origin adjusted to 0.5 IU/㎖ (WHO, 1992). Each serum sample was distributed 

in four consecutive wells, and then serially diluted to 1:3. The rabies challenge virus  

(CVS-11, ATCC VR 959) containing around TCID50 was then added to each well. After 

60 minutes of incubation at 37℃ in a humidified incubator with 5% CO2, BHK-21 cells  

50㎕of 4×105 cells/㎖ suspension were added to each well and the microplates were 
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incubated for 48 hours. They were stained by adding 100㎕ of fluorescein 

isothiocyanate (FITC) anti-rabies monoclonal globulin (Millipore, USA) to each well. 

The titres of serum samples were expressed in International Units per milliliter (IU/㎖) 

and compared to results of the positive standard. The threshold of positivity used was 

0.5 IU/㎖(Hooper et al., 1998). 

 

3. Enzyme-linked immunosorbent assay (ELISA)  

The Platelia Rabies II kit (Bio-Rad, France) is an indirect immune-enzymatic assay 

that detects rabies virus antiglycoprotein antibodies. For all procedures follow the 

manufacturer’s instructions were followed. Each serum sample was diluted to 1:100 and 

100㎕ of this dilution was distributed to the microplates along with the positive, 

negative and quantification standard controls. The microplates were incubated for 1 

hour at 37℃. After three washings were performed, 100㎕ of the conjugate (protein A 

labeled with peroxidase) was added to each well. The microplates were then incubated 

for 1 hour at 37℃. After the second washing, 100㎕ of TMB chromogen solution was 

added to each well. The microplates were incubated in the dark for 30 minutes at room 

temperature. The enzymatic reaction was then stopped by adding a solution of 1 N 

H2SO4. The microplates were measured bichromatically at 450 and 620 nm. An 

interpretation of the titer in ELISA was done, using the method provided by the 

manufacturer. The results were expressed in equivalent units (EU) /㎖, which correlate 

with IU/ ㎖ (Stantić et al., 2006; Welch et al., 2009). A value greater than or equal to 0.5 

EU/ ㎖ represented an antibody level from 0.125, 0.5 EU/㎖ and over 4 EU/㎖. The 

threshold of positivity was 0.5 EU/㎖, which was the same as for the FAVNT. 
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4. Statistical analysis 

The quarantine serum samples were grouped by region of origin, age, sex and vaccine 

type of manufacture. Statistical analyses were performed using the chi-square (χ2) test 

or Fisher’s exact test and variance analysis for one factor (Cliquet et al., 2003). 

Statistical analyses were performed using the SAS (statistical analysis system) 

program(Landies et al., 1997). The animals’ ages were evaluated as a categorical 

variable with groups consisting of dogs and cats under 1 year, 1-5 years, 5-10 years, 

and over 10 years of age (Yang et al., 2010). To validate the Bio-Rad Platelia Rabies II 

ELISA, the obtained results were compared to those of the FAVNT as a gold standard 

and relative sensitivity, and specificity were also calculated. When the two methods 

(ELISA and FAVNT) were compared, the kappa value was also calculated to evaluate 

the agreement between them (Sagne et al., 2006). 
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RESULTS 

1. Quarantine samples 

1.1. Neutralizing antibody titer values 

 Large individual variations were observed in the measurement of rabies-neutralizing 

antibodies from 0.0 IU/㎖ to >377.9 IU/㎖, in both dogs and cats. Fig. 2 shows the 

results obtained, and the numbers of animals presenting antibody titers lower than the 

threshold value of 0.5 IU/㎖ (seronegative). Of the total 893 dog and 270 cat sera that 

were analyzed in FAVNT, 41(4.6%) and 5(1.9%) samples respectively showed an 

antibody titer lower than 0.5 IU/㎖. When using ELISA, 80(9.0%) dog and 16(5.9%) cat 

samples were seronegative.  

 

1.2. Relative sensitivity, specificity and accuracy 

A total of 893 dog sera and 270 cat sera were analyzed to validate Bio-Rad Platelia 

Rabies II ELISA compared to FAVNT (Table 3). When the dog sera were tested, the 

specificity, sensitivity and accuracy of ELISA when compared to FAVNT were 90.2%, 

95.0% and 94.7%, respectively. The kappa value was 0.58, which indicated a moderate 

agreement between the two methods. In the tested cat sera, the specificity, sensitivity 

and accuracy of ELISA when compared to FAVNT were 100%, 95.8% and 95.9%, 

respectively, with a 0.46 kappa value. This indicated poor consistency between FAVNT 

and ELISA  
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Fig 2 Numbers of animals presenting with an antibody titer of < 0.5 IU/㎖
(seronegative).  
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＊Seropositive value: ≥0.5 IU/㎖(FAVNT), ≥0.5 EU/㎖(ELISA)   

  Seronegative value: <0.5 IU/㎖(FAVNT), <0.5 EU/㎖(ELISA) 

Table 3 Specificity and sensitivity of commercial ELISA kit compared with FAVNT 

Dog 
 

Cat 

 

FAVNT 
 

 

FAVN 

 P＊  N total 
 

 P＊ N total 

ELISA  P＊  809 4 813 
 

ELISA  P＊  254 0 254 

N   43 37 80 
 

N   11 5 16 

total 852 41 893   total 265 5 270 



  13

1.3. Statistical analysis 

The age of the 893 tested dogs ranged from 3 months to 16 years. Table 4 shows the 

data in detail. The age of the 270 tested cats ranged between three months and 12 years. 

The “One-five years” groups for both dogs and cats included the most animals, 48.9% 

and 58.5% respectively, and the “over 10 years” groups included the least. The 

statistical analyses revealed that while dogs showed significant seronegative number 

according to age (χ2 = 23.92, p<0.0001), but cats had no correlation (χ2 = 1.5153, 

p=0.6787).   

In this study, 448 female and 445 male dogs and 135 female and 135 male cats were 

tested. According to the FAVNT, 41 dogs were below 0.5 IU/㎖, of which 20 were male 

(4.5%) and 21 were female (4.7%). For the cats, five were below 0.5 IU/㎖, of which 

two were male (1.5%) and three were female (2.2%). In the ELISA test 80 dogs were 

seronegative. Of those dogs, 41 were male (9.2%) and 39 were female (8.7%). For the 

cats, five of the males (3.7%) and 11 of the females (8.1%) were below the standard 

(Table 5). Neither dogs nor cats had a significant correlation of seronegativity to sex 

(dog: χ2 = 0.0190, p=0.8903; cat: χ2 = 0.2038, p=0.6517). 

In total, 1,163 dogs and cats were vaccinated with vaccines from several different 

foreign manufacturers. Five inactivated rabies vaccines manufactured by foreign 

companies are distributed in Korea (Yang et al., 2013). Considering that Fisher’s exact 

test showed a p-value of = 0.0042, which is lower than the significance probability, the 

seronegative number statistically is significantly related to vaccine type. 
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Table 4 Number of sera with rabies-neutralizing antibody titer <0.5 IU/㎖ by age of dog and cat under quarantine 

  
< 1 1-5 6-10 ≥11 Total 

Dog FAVNT 26(9.7) 13(3.0) 2(1.1) 0 41(4.6) 

 
ELISA 44(16.4) 26(5.9) 7(3.8) 3(75.0) 80(9.0) 

 
Total 268 437 184 4 893 

       
Cat FAVNT 1(1.9) 4(2.5) 0 0 5(1.9) 

 
ELISA 6(11.3) 8(5.1) 2(4.3) 0 16(5.9) 

 
Total 53 158 46 13 270 

( ) the percentage of samples < 0.5 IU/㎖ on total sera tested of each groups. 
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( ) Percentage of samples < 0.5 IU/㎖ of total sera tested. 

Table 5 Number of sera with rabies-neutralizing antibody titer <0.5 IU/㎖ by sex of dog and cat under quarantine 

 
FAVNT 

 
ELISA 

 
Male Female Total 

 
Male Female Total 

Dog 20(4.5) 21(4.7) 41(4.6) 
 

41(9.2) 39(8.7) 80(9.0) 

Cat 2(1.5) 3(2.2) 5(1.9) 
 

5(3.7) 11(8.1) 16(5.9) 
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2. Experimental samples 
 

To compare the effect of the two methods, FAVNT and ELISA test, on rabies antibody 

titration in military working dogs in similar conditions to one another. None of the dogs in 

this experiment had been vaccinated against rabies until they were four years old, and they 

were all neutered German Shepherds. The mean residual antibody titers were 0.0 IU/㎖ in 

FAVNT and <0.125 EU/㎖ in ELISA (Table 6) before vaccination, respectively. However, 

individual results varied significantly according to the types of vaccine: On day 90 and 180, 

three and seven dogs, respectively, that were vaccinated with the inactivated vaccine had a 

titer over 0.5 IU/㎖. However, none of the dogs was over 0.5 IU/㎖ according to ELISA. In 

the group of dogs inoculated with the attenuated vaccine, all of them had a titer over 0.5 

IU/㎖ regardless of methods, except one dog on day 90 tested by FAVNT. 
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Table 6 Comparison of FAVNT and ELISA test in German Shepherds  

    FAVNT  ELISA 

  sample  0 90 180 
 

0 90 180 

Inactivated 

vaccine 

1 0.10 0.07 0.17 
 

< 0.125 < 0.125 < 0.125 

2 < 0.07 0.22 0.5 
 

< 0.125 < 0.125 < 0.125 

3 < 0.07 0.5 0.5 
 

< 0.125 0.318 < 0.125 

4 < 0.07 0.17 2.62 
 

< 0.125 < 0.125 0.386 

5 < 0.07 0.5 0.5 
 

< 0.125 0.295 0.192 

6 0.07 0.13 0.66 
 

< 0.125 0.133 < 0.125 

7 0.10 0.5 1.51 
 

< 0.125 0.186 0.208 

8 0.10 0.29 0.87 
 

< 0.125 0.182 0.196 

9 < 0.07 0.10 0.17 
 

< 0.125 < 0.125 < 0.125 

10 < 0.07 < 0.07 < 0.07 
 

< 0.125 0.162 < 0.125 

         

Attenuated 

vaccine 

11 < 0.07 18.15 13.77 
 

< 0.125 > 4 2.681 

12 < 0.07 < 0.07 <0.07 
 

< 0.125 3.917 1.114 

13 < 0.07 2.62 10.45 
 

< 0.125 1.141 2.897 

14 < 0.07 6.01 10.45 
 

< 0.125 3.552 2.085 

15 < 0.07 3.46 10.45 
 

< 0.125 1.458 3.874 

16 < 0.07 7.92 10.45 
 

< 0.125 > 4 > 4 

17 < 0.07 1.51 1.51 
 

< 0.125 2.533 1.096 

18 < 0.07 10.45 2.62 
 

< 0.125 3.727 1.683 

19 < 0.07 4.56 10.45 
 

< 0.125 > 4 3.23 

20 < 0.07 7.92 13.77 
 

< 0.125 3.796 > 4 

  Ref. serum 0.5 0.5 0.5  0.510 0.510 0.448 

+Inactivated vaccine: Rabigen Mono(Virbac, France) 
Attenuated vaccine: Dogibac(Daesung, Korea) 
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DISCUSSION 

The rabies quarantine on exported and imported companion animals has been 

reinforced in accordance with the new Companion Animal Import Act since December 1. 

2012. Although previously dogs and cats with a rabies vaccination certificate did not 

need quarantine inspection, now all animals must have an inspection certificate 

acknowledging the presence of neutralizing antibodies after a rabies vaccine injection. 

In addition, the EU, Taiwan, and other countries free of rabies outbreaks require rabies- 

neutralizing antibody test certificates for all animals passing the national border. 

Currently Korea is favoring the FAVNT out of the standard methods verified by the OIE 

(FAVNT and RFFIT) (OIE, 2013). Since this method utilizes cells, it is time-consuming 

and expensive, and the test results vary according to the skill of the tester. Thus, this 

study has validated the commercial ELISA kit, which is deemed appropriate by the OIE 

(Wasniewski. et al., 2014) for quarantine inspection in Korea.  

It has been accepted that the detection of rabies neutralizing antibody is a key factor 

for evaluation the efficacy of vaccination in animal (Johnson et al., 2010; Moore et al., 

2005). The minimum measurable antibody titer considered to represent a level of 

immunity in humans is 0.5 IU/㎖ of rabies antibodies, which correlates with the ability 

to protect against rabies infection (WHO, 2005). The same measure is used in dogs and 

cats to confirm a satisfactory response to vaccination (Oh et al., 2012; OIE, 2008), as 

neutralizing antibodies are considered a key component of an adaptive immune 

response against the rabies virus (Hooper et al., 1998). Here, <0.5 IU/㎖ was recorded 

as seronegative, and ≥0.5 IU/㎖ as seropositive.  

When comparing the test results of FAVNT and ELISA with 1,163 samples, FANVT 
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showed 41 dogs (4.6%), and 5 cats (1.9%) as seronegative, while ELISA showed 

80(9.0%) and 16(5.9%) respectively (Fig. 2). When the sera were grouped by vaccine 

manufacturer, the percentage of seronegative samples was similar in each vaccine and 

ELISA’s seronegative ratio increased approximately two-fold when compared to 

FAVNT regardless of vaccine manufacturer (Table 2). There was the same result from 

grouping of age. This result represented that ELISA test had a higher sensitivity than 

FAVNT. Several studies on the FAVNT sensitivity have demonstrated that a threshold of 

0.24 IU/㎖ should be adopted instead of 0.5 IU/㎖ (Cliquet et al., 1998; Hammami et 

al., 1999).    

To be compared the test results of FAVNT and ELISA when targeting 1,163 samples 

(Table 3), for dogs, the sensitivity of ELISA compared to FAVNT was 95.0%, the 

specificity was 90.2%, and the accuracy was 94.7%. For cats, the sensitivity was 

95.85%, the specificity was 100% and the accuracy was 95.9%. The Cohen’s kappa 

values were 0.59 and 0.46. Other published reports suggest that ELISA method shows a 

lower sensitivity and a stronger correlation for specificity when compared to FAVNT 

(Cliquet et al.,2004), but in this test, the cats had a high sensitivity while that of 

specificity was low. Most discrepancies observed involved sera with a titer close to the 

threshold, 0.5 IU/㎖. When analyzing the raw data, the titers that had either an 

extremely high or low titer of antibodies were equal in both tests, but if it was around 

0.5 IU/㎖, the results became different. The FAVNT depended greatly on the techniques 

of the researchers, and sensitivity, specificity, and accuracy worsened in consideration 

of two wells of error range. The fact that antibodies detected by ELISA had a lower titre 

than those obtained by the neutralization test has been reported previously (Knoop et al., 
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2010; Stantic-Pavlinic et al., 2006). Furthermore, given the kappa values (dog: k=0.58, 

cat: k=0.46), ELISA methods cannot be recommend as an alternative to FAVNT as a 

quarantine inspection method for cats.  

For the statistical results, dogs showed a correlation between seronegative subject 

number and age. Moreover, the Chi-square test was not affected by gender for either 

cats or dogs; hormones had no influence. In a study which they mentioned the effects of 

neutralizing antibody titers in vaccinated dogs and cats, Mansfield et al. (2004) reported 

that sex had no effect on dogs (Mansfield et al., 2004).  

 Analysis of the 1,163 samples showed that the FAVNT and ELISA methods were not 

affected by sex, but were affected by products of vaccine and age. Thus, samples with 

the same in which such external factors could be eliminated were compared. Twenty 4-

year-old German Shepherds were vaccinated. Both the inactivated vaccine and 

attenuated vaccine that were used are mainly distributed in the domestic market. Before 

inoculation, the level of antibodies was checked, and collected the bloods drew the sera 

at both 90 days and 180 days after the vaccination to conduct FAVNT and ELISA. Both 

methods showed that all 20 samples were seronegative. After 90 days, FAVNT showed 

that three dogs that were inoculated with inactivated vaccines had a titer of ≥ 0.5 IU/㎖. 

However, no dogs were over 0.5 IU/㎖ according to ELISA. After 180 days, 7 out of 

the 10 dogs injected with the inactivated vaccine had exceeded the threshold but there 

was still no dog over 0.5 IU/㎖ according to ELISA. All subjects that were injected 

with attenuated vaccines surpassed 0.5 IU/㎖ after 90 days for both methods. For the 

FAVNT only one dog that had its titer of attenuated vaccine below the threshold.  

In general, the antibodies of the rabies vaccine are considered as properly formulated 



  21

four weeks after the injection regardless of vaccine type (Mansfield et al.,2004). 

Therefore, it was expected that all of a dog’s titer of neutralizing antibodies after 90 

days will exceed 0.5 IU/㎖ regardless of vaccine type. Even if it was to be considered 

that the inactivated vaccine antibody was formed slowly compared to the attenuated 

vaccine, its antibody development was not appropriately done (Berndtsson et al.,2011; 

WHO, 2011). In particular, all dogs that were four years old, the interruption of 

maternal antibodies can be excluded at that age (Bernardi et al., 2000).  

 For quarantine tests, the contagious risk of rabies virus requires the authorities to 

utilize inactivated vaccine. However, the inactivated vaccine used in quarantine tests 

showed a different result between FAVNT and ELISA. The low sensitivity of this 

ELISA kit compared to FAVNT has also been reported previously (Knoop et al., 2010), 

with sensitivities equal to 69.8% and 75.8% for dog and cat samples, respectively. The 

ELISA kit’s plate is coated with a purified glycoprotein G and high purification of the 

glycoprotein G can negatively affect sensitivity (Servat et al., 2007). Other possible 

thing was the underestimation of titres obtained from the ELISA kit was probably due to 

poor sample storage conditions involving possible degradation of samples. It was the 

only affected the Bio-Rad ELISA kit results reported by Wasniewski and Cliquet (2008). 

However, the experimental samples were tested only several months after sample 

collecting . Therefore, the results obtained in the current evaluation preclude any 

possible degradation of samples due to storage conditions. The last thing was an 

inactivated vaccine injection dose and an immne response. A single dose does not 

provided lifelong immunity and booster doses need to be administrated at specific 

intervals. Animals must be at least three months old when they are first vaccinated and 

it has been shown that animals less than one year old have a slightly incresed risk of 
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having a poor antibody titer (Mansfield et al., 2004).  The possible reasons in resulting 

a poor ELISA results appear the potency of inactivaed vaccine and dog’s age.  

Comparing FAVNT and ELISA for the 1,163 quarantine samples, the commercial 

ELISA kit inspection monitoring method would be suitable for usage considering the 

sensitivity, especially favorable for dogs.  

The international movement of pets increased a lot recently and a quarantine 

inspection is considered more important. Therefore rabies serological test methods 

should be able to discriminate protected from insufficient animals. Despite the need to 

replace the current prescribed methods with other methods as ELISA test, it should be 

carefully examined to adopt any new methods. Although the OIE has recommended the 

commercial ELISA kit as prescribed tests for evaluating vaccine responses in dogs and 

cats, it cannot sufficiently replace FAVNT.  
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문  

 

수  검역 시 개  고양   

견병항체검사  한 결합 역  합  

 

울 학  학원  

수 학과 수 미생물학 공 

   

(지도 수 :   균) 

 

내에  견병  산  생하는 수공통질병 다. 가 신프 그

램 책 후에도 근 울 근에  생보고가 연 어 루어지는 등, 보

다 강 한 리가 고 다. 근  가에  개  고양  검역과

에  견병 항체역가가 수치 상 었다는 검사결과 

 하고  2012  12월 1  후 우리나라에 도 개나 고양 가 

할 시 견병 항체역가 검사결과  해야 한다.  

재 내에  사 하는 견병 항체 검사  Fluorescent Antibody 

Virus Neutralization Test (FAVNT)  OIE에   진단  하

는 다. 그러나   여러 편한  해 다  안  

필  어 다. 에 시  Enzyme-linked immunosorbent assay 

kit(Platelia Rabies II kit)  검역검사에 사  할 수  지 그 합  
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1,163  수   수  검역 청 샘플과 20  실험  청샘플  사

하여 단하 다. FAVNT에 한 ELISA  특 도  민감도는 개에 는 

90.2%  95.0%, 고양 에 는 100.0%  95.8% 다. k 값  각각 0.58과 

0.46  나타났다. 실험  독  트 20마리에 생독 신과 사독 신  

각각 한 후 당 , 90, 180  청  FAVNT  ELISA  결과  

비 해 보았다. 그 결과 사독 신  한 그룹에 는 FAVNT  검사하

   후 90, 180  째 각각 3 , 7 가 0.5IU/㎖ 상 었다 그러나 

ELISA 에 는 0.5IU/㎖   개체가 없었다. 생독 신  한 그룹

에 는 FAVNT에  1  하고  실험 에  든 개체가 0.5IU/㎖  

었다. 검역검사에 는 견병 감염  우  문에 사독 신  사  

하고 다. 라  ELISA kit(Platelia Rabies II kit, Bio-Rad)는 OIE에  동물  

나라간 동 시 사  천하고 지만, 아직 우리나라에 는 FAVNT 

체  사 하  어 다고 단 었다. 

     

주 어 : 견병, 항체 시험 , 결합 역 , 검역 

학  : 2008-21751 


	INTRODUCTION
	MATERIALS AND METHODS
	1. Test samples
	1.1 Quarantine samples
	1.2 Experimental samples
	1.3 Control sera

	2. Fluorescent antibody virus neutralization test (FAVNT)
	3. Enzyme-linked immunosorbent assay (ELISA)
	4. Statistical analysis

	RESULTS
	1. Quarantine samples
	1.1. Neutralizing antibody titer values
	1.2. Relative sensitivity, specificity and accuracy
	1.3. Statistical analysis

	2. Experimental samples

	DISCUSSION
	REFERENCES
	국문초록


<startpage>9
INTRODUCTION 1
MATERIALS AND METHODS 3
 1. Test samples 3
  1.1 Quarantine samples 3
  1.2 Experimental samples 7
  1.3 Control sera 7
 2. Fluorescent antibody virus neutralization test (FAVNT) 7
 3. Enzyme-linked immunosorbent assay (ELISA) 8
 4. Statistical analysis 9
RESULTS 10
 1. Quarantine samples 10
  1.1. Neutralizing antibody titer values 10
  1.2. Relative sensitivity, specificity and accuracy 10
  1.3. Statistical analysis 13
 2. Experimental samples 16
DISCUSSION 18
REFERENCES 23
±¹¹®ÃÊ·Ï 28
</body>

