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Abstract 

Rabies is an acute zoonotic disease that has spread throughout the world including in Bali, 

Indonesia. The dog population dominated by free roaming dogs is one of the main problems in 

achieving 70% vaccination coverage. Oral rabies vaccination (orv) is considered to be a 

promising alternative to increase vaccination coverage in these dogs. This field study assessed 

immunogenicity in local dogs in Bali after oral administration of rabies virus vaccine strain 

SPBN GASGAS using Enzyme Linked Immunosorbent Assay (ELISA), Rapid Fluorescent 

Focus Inhibition Test (RFFIT), and Serum Neutralization Test. The total of 40 dogs were bled 

5 days prior to vaccination and the serum was tested using ELISA BioPro to ensure the dogs 

were seronegative. Then the dogs received the oral rabies vaccine either by being offered an 

egg-flavored bait that contained a vaccine-loaded sachet (n=10) or by direct oral 

administration (n=10). Another groups of dogs received a parenteral inactivated rabies 

vaccine (n=10) and the last group is unvaccinated control group (n=10). The dogs were bleed 

30 days after vaccination and the humoral immune response was tested using ELISA BioPro, 

RFFIT, and Serum Neutralization Test. The seroconversion of  group of dogs tested by ELISA 

were : bait: 90%; direct-oral: 90%; parenteral: 100%; control: 0%. The seroconversion of  

group of dogs tested by RFFIT were : bait: 90%; direct-oral: 100%; parenteral: 100%; 

control: 10%. The seroconversion of  group of dogs tested by serum neutralization were : bait: 

90%; direct-oral: 90%; parenteral: 100%; control: 0%.  Based on statistical analysis, the 

parenteral vaccine had a slightly higher humoral immune response than the oral vaccine, but 

the level of rabies Virus Neutralizing Antibodies (rVNA) and rabies Virus Binding Antibodies 

(rVBA) were still detectable in most animals for all treatment groups and resulted in no 

significant difference in seropositivity. This study confirms that SPBN GASGAS induces a 

sustained detectable immune response comparable to a parenteral vaccine under field 

conditions in Bali, Indonesia. 
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1. Introduction  

Rabies is one of the acute zoonotic diseases with 100% case fatality rate (CFR) and has 

spread throughout the world including Indonesia. Around 90% of human rabies cases are 

transmitted by dogs or cats, because these animals most often come into contact with humans. 

A mass vaccination program with a coverage of 70% has proven effective in eradicating rabies 

transmitted by dogs in Indonesia, but the current method is considered incapable of achieving 

this target due to the lack of awareness of dog owners, vaccination failure due to improper 

storage, the difficulty of maintaining the cold chain, especially in remote and out-of-reach 

areas, limited rabies vaccine stocks, and spesifically the difficulty of handling and vaccinating 

free-roaming dog which is the dominant dog population especially in Bali [1,2,3]. 

 

Oral rabies vaccines are considered successful in creating high vaccination coverage in 

free-roaming dog in several countries in Europe, Philippines, Thailand, India and Haiti in field 

studies. Oral rabies vaccines work by containing the rabies vaccine (usually a vaccine from a 

weakened or modified live virus) in a plastic sachet that is coated with an attractant. When an 

animal bites into the bait,  it punctures the blister pack and the vaccine fluid is released and 

contacts tissues in the oral cavity and tonsils, and triggering an immune response [4]. The live 

virus in the oral vaccine must replicate first before it can induce immunity in vaccinated dogs. 

This replication will induce humoral immunity that lasts longer and is also an advantage of the 

oral vaccine compared to the parenteral vaccine [5]. Oral rabies vaccines provide more options 

to reach inaccessible dogs that play a key role in disease transmission. Oral rabies vaccines in 

several countries have made a major contribution to achieving high vaccination coverage, 

especially in free-roaming dog populations, as well as maintaining vaccination coverage in the 

overall dog population [6]. The combination of the use of parenteral vaccine and oral rabies 

vaccines for free roaming dogs is proposed to be tested at the field level in Indonesia, especially 

in Bali Island which is an endemic area for rabies. Studies related to the efficacy of oral rabies 

vaccine are expected to provide benefits for the development of oral rabies vaccine in Indonesia 

[3].  

 

Oral rabies vaccine strain SPBN GASGAS is a highly attenuated third-generation oral 

vaccine which is genetically modified by site-directed mutagenesis and greatly weakened but 

remains a live virus that can replicate. The glycoprotein's amino acid sites 194 and 333 had all 

three nucleotides transformed. The glycoprotein's genetic change at amino acid position 333 

renders the construct no longer harmful in adult mice following intracerebral inoculation. 

Mutagenesis at amino acid position 194 inhibits a potential reversal to virulence [7]. 

Furthermore, the construct contains a second identical glycoprotein gene that has been 

modified as previously disclosed. It was hypothesized that overexpressing the rabies virus 

glycoprotein will improve both its efficacy and safety profile by decreasing the danger of 

virulence reversion and increasing apoptosis [8]. Efficacy studies have shown that SPBN 

GASGAS meets the requirements of the European Pharmacopoeia monograph No. 0746/2014 

and is able to induce a strong rabbies-specific immune response as measured by both ELISA 

and RFFIT at levels comparable to parenteral vaccination with Bayovac*R. 04/09/24 [9,10]. 
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The most efficient and most frequently used method to assess the success of the oral 

rabies vaccine is to measure the post-vaccination antibody response in target animals. 

According to WHO and OIE recommendations, immunogenicity should be assessed using at 

least one of the serological tests. Recommended methods include the Rapid Fluorescent Focus 

Inhibition Test (RFFIT) method or the Fluorescent Antibody Virus Neutralization Test (FAVN 

test) method [11]. In addition, the Enzyme-Linked Immunosorbent Assays (ELISA) method is 

also often used in immunogenicity studies to detect rabies antibody binding and  has been 

shown to provide reliable results and the obtained results from this study could be compared 

directly with previous studies using the same ELISA[12,13]. Based on this, the method for 

assessing the immunogenicity of oral rabies vaccine in this study will use the RFFIT, ELISA, 

and serum neutralization test.  

The goals of this study was to determine if oral rabies vaccine strain SPBN GASGAS 

is capable to induce an appropriate immune response in Bali’s local dogs as well as parenteral 

vaccine and also to assess the best method to measure the level of antibodies against rabies 

virus after vaccination. 

  

2. Materials and Methods  

Study Design 

 A total of 40 healthy owned male dogs (more than 3 months old) were selected  with the 

inclusion criteria for this study were that the dogs are in good health (by visual inspection) and 

has never received a rabies vaccination. The dogs were fed and managed by their owners as 

usual. A blood sample will be collected during pre-screening (B0) to confirm that all animals 

will be seronegative for rabies antibodies by enzyme-linked immunosorbent assay kit (BioPro 

Rabies ELISA, O.K. Servis BioPro, Prague -Czech Republic).  

First, 10 dogs were offered an egg-flavoured vaccine bait containing SPBN GASGAS 

(3.0 mL, 108.4 FFU/mL), another 10 dogs received the same dose of SPBN GASGAS by direct 

oral administration (d.o.a.), and 10 dogs were targeted for vaccination by the parenteral route 

with a commercially inactivated rabies vaccine (Rabisin, Merial, France). Ten dogs were 

included as a control group and did not receive any treatment. The health of the dogs was 

monitored once a week by visual examination during house visits. 

Blood sample (B1) was collected from the dogs 30 days post-vaccination (dpv) and 

tested for rabies antibodies by RFFIT, ELISA, and serum neutralization test.  

 

Diagnostic Assays  

Blood samples of at least 3 mL have been collected from the extremities' big superficial 

veins (e.g., V. cephalica antebrachii, V. saphena). The samples were delivered to the Disease 

Investigation Center (DIC) in Denpasar, Bali, at ambient temperature within 72 hours. Blood 

samples have been utilized to make serum, which was kept at ≤-15°C until analysis. All pre-

screening (B0) sera were tested for rabies binding antibodies (rVBA) in DIC Denpasar using 

ELISA (BioPro Rabies ELISA, Czech the nation) essentially as described [13], using positive 

(PC) and negative controls (NC) offered by the manufacturer and adhering to the validity 

parameters and characteristics stated in the kit insert. In brief, serum samples have been placed 

on microtiter plates coated with rabies antigen.  
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After removing the sera, all wells were incubated with a fixed amount of biotin-labelled 

rabies-specific antibody, followed by incubation of the bound antibody with peroxidase-

conjugated streptavidin and, then, chromophoric detection. A percentage of blocking (PB) 

lower than 40% was considered negative; a PB equal to or higher than 40% was considered 

positive. Sera were taken on  day 30 post-vaccination (B1) would also be analyzed by ELISA 

BioPro.  

As comparison to ELISA result, sera (B1) were also tested for the presence of rabies 

virus-neutralizing antibodies (rVNA) using Rapid Fluorescent Focus Inhibition Test (RFFIT) 

in DIC Bukittinggi. The RFFIT technique was performed by following the procedure described 

by the WOAH [2]. Briefy, the positive control (0.5 IU/ml) and various dilutions of serum 

known positive and negative were incubated for 24 h in the presence of the challenge virus 

standard (CVS) 11 strain suspension infecting baby hamster kidney (BHK)-21cells. Tey were 

grown in Dulbecco’s Modifed Eagle’s Medium (DMEM) (Termo Scientifc, USA) 

supplemented with 10% fetal bovine serum (FBS) (Termo Scientifc, USA), antibiotic and 

antifungal using Gibco Antibiotic-Antimycotic (Termo Scientifc, USA), and incubated in an 

incubator at 37°C with 50% CO2 atmosphere. After 24 hours of incubation, the cells were 

washed and fxed and then incubated with fuorescein isothiocyanate (FITC)-conjugated 

antirabies monoclonal antilblody (Fujilreblilo, Japan). The serum tilters were expressed iln ILU/ml 

(ilnternatilonal unilts per milllillilter) bly determilnilng the last dillutilon of serum whilch ilnhilblilted 

50% of the ilniltilal fuorescent focil. Sera were consildered seroposiltilve for rVNAs ilf tilters were 

>0.5 ILU/ml.   

Addiltilonally, sera (BL1) were also tested for the presence of rabliles vilrus-neutralilzilng 

antilblodiles (rVNAs) usilng Serum Neutralilzatilon Test iln Natilonal Veterilnary Drug Assay 

Labloratory (BLBLPMSOH), BLogor. Accordilng to the WOAH standard, 2023, serum willl ble 

tested usilng CVS-11 as a challenge vilrus wilth a vilrus tilter of 200 TCILD50, and neurobllastoma 

N2A cells. The tilter value >4 ils consildered posiltilve [14]. 

 

Statilstilcal Analysils  

Statilstilcal analysils was filrst carriled out bly testilng normalilty usilng the Kolmogorov-

Smilrnoff Test and Case Processilng Summary Test, then contilnued wilth Chil-Square Tests and 

Crosstabls for each antilblody measurement method (RFFILT, Serum Neutralilzatilon Test, and 

ELILSA). The ilndependent varilablle was the seroposiltilvilty value. Whille the dependent varilablle 

was the treatment gilven, namely oral vaccilne admilnilstratilon through blailt (ORV), dilrect oral 

vaccilne admilnilstratilon (d.o.a), and parenteral vaccilne admilnilstratilon. The effectilveness of each 

varilablle was then tested wilth MANOVA whilch was compared to the control to determilne the 

dilfference iln results bletween the three vaccilne admilnilstratilons. 

 

Ethical Approval  

 

Thils study used experilmental anilmals. All procedures performed have met anilmal 

ethilcs standards that have bleen approved bly the Ailrlangga Unilversilty Anilmal Care and Use 

Commilttee (ACUC) wilth certilfilcate numbler : 1.KEH.054.04.2024. 
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Study Period and Location  

All the dogs  were selected from local areas of the BLalil Provilnce, namely Nongan 

villlage, Karangasem Dilstrilct (20 dogs), representilng rural areas, and BLanyunilng villlage, 

BLuleleng Dilstrilct (20 dogs), representilng urblan areas. The study was conducted iln Aprill 2022 

– August 2024. 

 

3. Results  

Thils ilmmunogenilcilty study used 40 dogs from Karangasem and BLuleleng, BLalil. All 

anilmals were confilrmed to ble seronegatilve bly ELILSA BLiloPro examilnatilon on filve days blefore 

the study (BL0). The cut-off for the ELILSA BLiloPro used a percent bllockilng of 40%. All dogs 

were then bllooded agailn 30 days after treatment (BL1) to examilne post-vaccilnatilon antilblody 

tilters usilng three methods; ELILSA, RFFILT, and serum neutralilzatilon test. The results of the 

ELILSA, RFFILT, and serum neutralilzatilon tests can ble seen iln Tablle 1 where iln 10 dogs that 

were gilven rabliles vaccilne vila blailt (ORV) showed that 9 (90%) were seroposiltilve and 1 of the 

same dog showed seronegatilve results iln all examilnatilon methods. Slilghtly dilfferent results 

were seen iln samples of dogs that receilved dilrect oral admilnilstratilon (d.o.a) where ELILSA and 

neutralilzatilon serum tests showed that out of 10 samples, 9 (90%) were seroposiltilve and 1 

(10%) of the same dog showed seronegatilve results, whille iln the RFFILT test, all dogs (100%) 

showed seroposiltilve results. All dogs that receilved parenteral vaccilnes showed seroposiltilve 

results (100%) iln ELILSA, serum neutralilzatilon, and RFFILT tests. Thils ilmmunogenilcilty study 

showed silmillariltiles iln the results of the three antilblody tilter testilng methods. ILn control dogs, 

two dogs diled blefore bllood was taken after vaccilnatilon. One dog diled due to suspected parvo 

blased on clilnilcal symptoms, whille the other dog was suspected of dyilng from rabliles blased on 

clilnilcal symptoms and was confilrmed posiltilve for rabliles from blrailn sample tests. Accordilng 

to the owner's statement, the dog had bleen iln contact wilth another dog suspected rabliles. Untill 

the end of the study, all dogs iln the control group remailned seronegatilve bly ELILSA and serum 

neutralilzatilon tests. There was one control dog that was seroposiltilve on the RFFILT examilnatilon 

 

Table 1. ELILSA, Serum Neutralilzatilon Test, and RFFILT result. 

Groups Assay 

ELILSA  Serum Neutralilzatilon RFFILT  

A (ORV wilth blailt) 9/10 9/10 9/10 

BL (ORV wilth d.o.a) 9/10 9/10 10/10 

C (Parentral vaccilne) 10/10 10/10 10/10 

D (Control) 0/10 0/10 1/10 

* Value of posiltilve sample on ELILSA was just ablove cut-off 40% ilnhilbliltilon; * Value of 

posiltilve sample on serum neutralilzatilon was  4; * Value of posiltilve sample on RFFILT was 

just ablove 0,5 ILU/ml; d.o.a = dilrect oral applilcatilon. 

 

All results obltailned from each method of testilng the ilmmunogenilcilty of oral rabliles 

vaccilne (ELILSA, RFFILT, and neutralilzatilon serum) were also analyzed usilng Chil-Square Tests 

to test whether there ils a statilstilcal relatilonshilp bletween the varilablles and CrossTabl to descrilble 

the dilstrilblutilon of these varilablles. 
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BLased on testilng the vaccilne admilnilstratilon method used agailnst the ELILSA, RFFILT, 

and serum neutralilzatilon results, ilt can ble seen that the Asymptotilc Silgnilfilcance value (2-silded) 

iln the Chil-Square column ils 0.00 <0.05. BLased on these data, ilt can ble seen that there are 

dilfferences iln results bletween the methods used agailnst the ELILSA, RFFILT, and serum 

neutralilzatilon results.  

BLased on the results of antilblody tilter measurements usilng the ELILSA, RFFILT, and serum 

neutralilzatilon method, all three vaccilne admilnilstratilon methods had posiltilve results, wilth the 

parenteral vaccilne methods havilng the hilghest success rates, whille the ORV and d.o.a method 

had a success rate of 90% blased on the samples tested. 

ILn addiltilon, a MANOVA test was also conducted to determilne whether one or more 

ilndependent varilablles have a silgnilfilcant ilnfluence on several dependent varilablles. The results 

of the MANOVA test are shown iln the tablles blelow. 

 

Table 2. Multilvarilate Testsa 

Effect Value F 

Hypothesils 

df Error df Silg. 

Noncent. 

Parameter 

Oblserved 

Powerd 

ILntercept Pilllail's Trace .980 843.889bl 2.000 35.000 .000 1687.778 1.000 

Willks' Lamblda .020 843.889bl 2.000 35.000 .000 1687.778 1.000 

Hotellilng's Trace 48.222 843.889bl 2.000 35.000 .000 1687.778 1.000 

Roy's Largest 

Root 

48.222 843.889bl 2.000 35.000 .000 1687.778 1.000 

METHO

D 

Pilllail's Trace .856 8.974 6.000 72.000 .000 53.843 1.000 

Willks' Lamblda .174 16.337bl 6.000 70.000 .000 98.019 1.000 

Hotellilng's Trace 4.593 26.025 6.000 68.000 .000 156.148 1.000 

Roy's Largest 

Root 

4.556 54.667c 3.000 36.000 .000 164.000 1.000 

a. Desilgn: ILntercept + METHOD 

bl. Exact statilstilc 

c. The statilstilc ils an upper blound on F that yilelds a lower blound on the silgnilfilcance level. 

d. Computed usilng alpha = ,05 

BLased on the results, ilt shows that the method of admilnilsterilng the vaccilne has a 

silgnilfilcant ilnfluence on the results of the tilter method as a whole. Thils can ble seen from the 

test silgnilfilcance value <0.05. 

Table 3. Levene's Test of Equalilty of Error Varilancesa 

 

Levene 

Statilstilc df1 df2 Silg. 

ELILSA_POST BLased on Mean 3.375 3 36 .029 

BLased on Medilan .667 3 36 .578 

BLased on Medilan and 

wilth adjusted df 

.667 3 18.000 .583 

BLased on trilmmed mean 1.760 3 36 .172 

SN BLased on Mean 3.375 3 36 .029 
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BLased on Medilan .667 3 36 .578 

BLased on Medilan and 

wilth adjusted df 

.667 3 18.000 .583 

BLased on trilmmed mean 1.760 3 36 .172 

RFFILT BLased on Mean 3.375 3 36 .029 

BLased on Medilan .667 3 36 .578 

BLased on Medilan and 

wilth adjusted df 

.667 3 18.000 .583 

BLased on trilmmed mean 1.760 3 36 .172 

Tests the null hypothesils that the error varilance of the dependent varilablle ils equal across 

groups. a. Desilgn: ILntercept + METHOD 

 

BLased on the overall results, the three tilter tests have a silgnilfilcance value of 0.029 < 

0.05, thils shows that the three tilter tests can ble effectilvely used to ildentilfy the results of vaccilne 

admilnilstratilon. 

 

 

Table 4. Multilple Comparilsons 

BLonferronil   

 

Depende

nt 

Varilablle (IL) METHOD (J) METHOD 

Mean 

Dilfference 

(IL-J) Std. Error Silg. 

95% Confildence 

ILnterval 

Lower 

BLound 

Upper 

BLound 

ELILSA 

_POST 

Oral Vaccilne wilth 

BLailt 

Dilrect Oral 

Admilnilstratilon 

.0000 .10000 1.000 -.2792 .2792 

Parenteral Vaccilne .1000 .10000 1.000 -.1792 .3792 

Control -.9000* .10000 .000 -1.1792 -.6208 

Dilrect Oral 

Admilnilstratilon 

Oral Vaccilne wilth BLailt .0000 .10000 1.000 -.2792 .2792 

Parenteral Vaccilne .1000 .10000 1.000 -.1792 .3792 

Control -.9000* .10000 .000 -1.1792 -.6208 

Parenteral Vaccilne Oral Vaccilne wilth BLailt -.1000 .10000 1.000 -.3792 .1792 

Dilrect Oral 

Admilnilstratilon 

-.1000 .10000 1.000 -.3792 .1792 

Control -1.0000* .10000 .000 -1.2792 -.7208 

Control Oral Vaccilne wilth BLailt .9000* .10000 .000 .6208 1.1792 
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Dilrect Oral 

Admilnilstratilon 

.9000* .10000 .000 .6208 1.1792 

Parenteral Vaccilne 1.0000* .10000 .000 .7208 1.2792 

SN Oral Vaccilne wilth 

BLailt 

Dilrect Oral 

Admilnilstratilon 

.0000 .10000 1.000 -.2792 .2792 

Parenteral Vaccilne .1000 .10000 1.000 -.1792 .3792 

Control -.9000* .10000 .000 -1.1792 -.6208 

Dilrect Oral 

Admilnilstratilon 

Oral Vaccilne wilth BLailt .0000 .10000 1.000 -.2792 .2792 

Parenteral Vaccilne .1000 .10000 1.000 -.1792 .3792 

Control -.9000* .10000 .000 -1.1792 -.6208 

Parenteral Vaccilne Oral Vaccilne wilth BLailt -.1000 .10000 1.000 -.3792 .1792 

Dilrect Oral 

Admilnilstratilon 

-.1000 .10000 1.000 -.3792 .1792 

Control -1.0000* .10000 .000 -1.2792 -.7208 

Control Oral Vaccilne wilth BLailt .9000* .10000 .000 .6208 1.1792 

Dilrect Oral 

Admilnilstratilon 

.9000* .10000 .000 .6208 1.1792 

Parenteral Vaccilne 1.0000* .10000 .000 .7208 1.2792 

RFFILT Oral Vaccilne wilth 

BLailt 

Dilrect Oral 

Admilnilstratilon 

.1000 .10000 1.000 -.1792 .3792 

Parenteral Vaccilne .1000 .10000 1.000 -.1792 .3792 

Control -.8000* .10000 .000 -1.0792 -.5208 

Dilrect Oral 

Admilnilstratilon 

Oral Vaccilne wilth BLailt -.1000 .10000 1.000 -.3792 .1792 

Parenteral Vaccilne .0000 .10000 1.000 -.2792 .2792 

Control -.9000* .10000 .000 -1.1792 -.6208 

Parenteral Vaccilne Oral Vaccilne wilth BLailt -.1000 .10000 1.000 -.3792 .1792 

Dilrect Oral 

Admilnilstratilon 

.0000 .10000 1.000 -.2792 .2792 

Control -.9000* .10000 .000 -1.1792 -.6208 

Control Oral Vaccilne wilth BLailt .8000* .10000 .000 .5208 1.0792 

Dilrect Oral 

Admilnilstratilon 

.9000* .10000 .000 .6208 1.1792 

Parenteral Vaccilne .9000* .10000 .000 .6208 1.1792 

BLased on oblserved means. 

 The error term ils Mean Square(Error) = .050. 

*. The mean dilfference ils silgnilfilcant at the ,05 level. 
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BLased on the results of multilple correlatilon data, when compared wilth control 

samples, for all tilter test methods, ilt ils known wilth a silgnilfilcance of 1,000 > 0.05 for each 

varilablle of the vaccilne admilnilstratilon method to the control sample, ilt ils known that the 

three vaccilne admilnilstratilon methods are effectilve, wilth no silmillariltiles to the results of 

the control sample. ILn all tilter test methods, the three vaccilne admilnilstratilon methods are 

known to have good effectilveness iln ildentilfyilng antilblodiles iln the sample. 

BLased on silgnilfilcance, for the control sample ilt has a silgnilfilcance of 0.00 <0.05 

where ilt ils known that the three methods of vaccilne admilnilstratilon have dilfferences wilth 

the control, whille for the three methods of admilnilstratilon the most silgnilfilcant ils the 

parenteral vaccilne method wilth a silgnilfilcance of 0.750> 0.05. For the d.o.a and ORV 

methods wilth blailt, they have silmillar results wilth a silgnilfilcance of 1,000> 0.05 whilch 

shows great silgnilfilcance for bloth methods. ILn addiltilon, a Multilnomilnal logilstilc statilstilcal 

analysils was also carriled out to determilne the most effectilve method of vaccilne 

admilnilstratilon wilth the results shown iln the tablle blelow. 

 

Table 5. Multilnomilnal logilstilc Test 

Classification 

Oblserved 

Predilcted 

Oral Vaccilne 

wilth BLailt 

Dilrect Oral 

Admilnilstratilo

n 

Parenteral 

Vaccilne Control 

Percent 

Correct 

Oral Vaccilne wilth BLailt 0 0 9 1 0.0% 

Dilrect Oral 

Admilnilstratilon 

0 0 9 1 0.0% 

Parenteral Vaccilne 0 0 10 0 100.0% 

Control 0 0 0 10 100.0% 

Overall Percentage 0.0% 0.0% 70.0% 30.0% 50.0% 

 

 

BLased on the multilnomilnal logilstilc test, the largest percentage of vaccilne 

admilnilstratilon methods was obltailned usilng parenteral vaccilnes. However, the other two 

methods also showed a hilgh success rate although not as large as parenteral vaccilnes. 

BLased on all statilstilcal analyses carriled out, ilt can ble seen that the three antilblody tilter 

measurement methods can ble used to see the results of the vaccilne reactilons that have bleen 

gilven, thils ils known bly the dilfference iln results bletween samples gilven vaccilne treatment 

and control samples. To determilne the most optilmal vaccilne admilnilstratilon method, 

testilng was carriled out bly comparilng the results of the post-vaccilnatilon ELILSA test, 

Neutralilzatilon Serum, and RFFILT wilth the vaccilne admilnilstratilon method. From the 

results of the test, silmillar results were obltailned where the three methods had silgnilfilcantly 

dilfferent results wilth the control sample, where the most effectilve vaccilne admilnilstratilon 

method used was parenteral vaccilnatilon. The ORV and d.o.a methods can also ble used iln 

admilnilsterilng rabliles vaccilnes wilth an error rate of 10% for each sample used. 
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4. Dilscussilon  

 

Several experilmental studiles iln the fileld have bleen conducted on the 

ilmmunogenilcilty of varilous types of oral rabliles vaccilnes iln dogs [15, 16, 17, 18, 19, 20, 

21]. An experilmental study iln BLalil usilng the second generatilon oral rabliles vaccilne SAG2 

showed that local dogs blecame seroposiltilve after consumilng the blailt vaccilne [5]. Thils 

study ils the filrst study to test ilmmunogenilcilty iln dogs iln BLalil. ILmmunologilcal studiles iln 

local dogs (whilch roam freely) are consildered ilmportant blecause the qualilty and/or 

quantilty of theilr food ils low, whilch may have a negatilve ilmpact on the ilmmune response 

[22, 23]. ILn addiltilon, the presence of endoparasiltes and ectoparasiltes and other condiltilons 

that weaken ilmmunilty can cause ilmmunosuppressilon [24]. Stress factors can also affect 

seroconversilon, ilncludilng the duratilon and level of antilblodiles detected after rabliles 

vaccilnatilon [25]. 

As iln previlous studiles [10], dogs vaccilnated orally wilth the SPBLN GASGAS strailn 

iln thils study were shown to ble ablle to ilnduce a protectilve ilmmune response as seen from 

the hilgh numbler of seroposiltilve dogs after oral vaccilnatilon bloth through blailt and d.o.a. 

Effilcacy studiles showed that SPBLN GASGAS ils ilmmunogenilc iln foxes and raccoons and 

ilnduces humoral responses and long-term protectilon after bleilng challenged wilth a hilghly 

vilrulent rabliles vilrus, thus meetilng the requilrements of the European Pharmacopoeila 

monograph No. 0746/2014 [9]. 

Although the seroposiltilve results iln parenteral vaccilnatilon showed the blest results 

(100%), the oral vaccilnatilon method (eilther through blailt/ORV or dilrect oral 

admilnilstratilon) also showed very good results iln thils study, reachilng 90%. Therefore, the 

use of oral rabliles vaccilne as a complement to parenteral vaccilnatilon iln mass vaccilnatilon 

campailgns can ble ilmplemented iln BLalil iln order to achileve herd ilmmunilty, especilally for 

stray dogs or dogs that are dilffilcult to control so that anilmal welfare ilssues can also ble 

milnilmilzed. Although there were varilatilons iln the numbler of antilblody tilters measured iln 

thils study, how hilgh the antilblody level iln each dog was not too crucilal, what was more 

ilmportant was the status of the dog bleilng protected from rabliles ilnfectilon (protectilve) [26]. 

BLased on the results of antilblody tilter examilnatilons usilng three methods, there were 

several anilmals that were seronegatilve after vaccilnatilon, although the numbler was not 

more than 10%. The lack of seroconversilon iln several anilmals vaccilnated orally does not 

always ilndilcate vaccilne faillure, blecause many factors can cause the ablsence of protectilve 

antilblodiles iln anilmals that do not respond to vaccilnatilon [27]. ILt has bleen shown that oral 

vaccilnatilon ilnduces slower antilblody development compared to parenteral vaccilnatilon, blut 

lasts longer. ILn a study of dogs iln Thailland, not all dogs vaccilnated orally developed 

antilblodiles detectablle usilng ELILSA untill 4 weeks after vaccilnatilon, whille all dogs 

vaccilnated parenterally had detectablle antilblodiles silnce 7 days after vaccilnatilon [5, 10]. 

The short tilme bletween vaccilnatilon and samplilng (17-20 days post-vaccilnatilon) milght ble 

responsilblle for the low seroconversilon rates obltailned iln the Hailtilan study [28]. The 

seroconversilon rates oblserved iln thils ilnvestilgatilon were hilgher than those oblserved iln 

dogs iln Hailtil and Namilblila who were silmillarly ilmmunilzed wilth SPBLN GASGAS and 

examilned usilng the same ELILSA BLiloPro assay [28, 29].  
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A recent ilmmunogenilcilty ilnvestilgatilon of local Thail dogs sheltered iln a dog shelter 

and vaccilnated wilth the same vaccilne and ELILSA test found that all dogs ilnfected orally 

showed protectilve antilblody levels 28 days after vaccilnatilon. The Thail dogs had bleen 

vaccilnated agailnst numerous common ilnfectilous dilseases, whilch dilffered from the 

filndilngs of thils research. They were also dewormed at 3 months of age. These anilmals 

were fed dailly wilth commercilally availlablle hilgh-qualilty anilmal food and thus the dogs 

were iln excellent condiltilon [10]. The dilfferences iln seroconversilon iln several studiles after 

oral vaccilnatilon wilth the same SPBLN GASGAS strailn vaccilne were not solely ilnfluenced 

bly the physilcal condiltilon of the dogs. There are many other factors that can ilnfluence the 

dilfferences iln study results, such as study desilgn, qualilty of bllood samples collected, 

vaccilnator skillls, dog characterilstilcs, and envilronmental condiltilons. Dogs that usually 

roam freely and are surrounded bly a vaccilnatilon team willl make the dogs anxilous, whilch 

may have a negatilve ilmpact on the handlilng and consumptilon of blailt bly the dogs, thus 

affectilng the sheddilng of the vilrus ilnto the oral cavilty, whilch as previlously mentiloned ils 

a prerequilsilte for successful vaccilnatilon [28]. 

The effectilveness of oral vaccilnatilon attempts ils ilnfluenced not only bly the qualilty 

of the vaccilne and the appealilng factor of the blailt, blut also bly external factors such as how 

the blailt ils delilvered to the dog. A dilfferent siltuatilon occurred iln a study iln Namilblila, where 

bllood samples were collected several weeks blefore vaccilnatilon, and most anilmals were 

not offered the blailt on theilr own premilses due to logilstilcal reasons, blut generally free-

rangilng dogs were blrought to a collectilon poilnt for vaccilne admilnilstratilon. The Namilblilan 

study's blailt acceptance level (61%) was silgnilfilcantly lower than iln previlous experilments 

usilng the same blailt [29]. ILt ils problablle that dilfferilng envilronmental condiltilons and stress 

levels ilnfluenced ilndilvildual dogs' blailt acceptance. Many dogs were stressed blecause they 

were on a leash, whilch they were not accustomed to. They were iln an unusual envilronment, 

surrounded bly other dogs and humans [30]. Subloptilmal cilrcumstances are thought to 

ilmpede wilth blailt ablsorptilon. As a result, the vaccilne was not fully released ilnto the oral 

cavilty, and no ilmmune response occurred followilng blailt eatilng. ILn contrast, a recent fileld 

research iln Thailland found that when free-rangilng dogs were presented blailt dilrectly, the 

majorilty of them happilly took ilt and chewed ilt untill the packagilng was ruptured [31].ILt 

can ble assumed that wilth careful management under fileld scenarilo condiltilons, effectilve 

blailt uptake can ble optilmilzed, resultilng iln hilgh post-vaccilnatilon seroconversilon rates, as 

oblserved iln thils study iln BLalil. 

Assessment of the presence of antilblodiles to the rabliles vilrus ils necessary iln 

determilnilng the ilmmunilty status achileved after rabliles vaccilnatilon. Several serologilcal 

tests have bleen developed to detect rabliles vilrus neutralilzilng antilblody (rVNA). Vilrus 

detectilon bly RFFILT or FAVN ils the gold standard [32]. Although RFFILT ils known as the 

most relilablle test to evaluate vaccilnatilon success, unfortunately bloth the RFFILT and serum 

neutralilzatilon methods are tilme-consumilng, expensilve, and requilre lilve rabliles vilrus, 

sometilmes, the results cannot ble read due to cytotoxilc effects on cells. Vilrus neutralilzatilon 

technilcally requilres hilghly skillled labloratory personnel, ils dilffilcult to standardilze, there 

are some varilatilons bletween labloratoriles, ils dilffilcult to perform at weekly ilntervals, and 

requilres specilal facilliltiles that can only ble performed iln reference labloratoriles that meet 

hilgh safety standards [33].  
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To overcome thils, ELILSA ils worthy of bleilng developed as an alternatilve to RFFILT 

blecause ilt ils technilcally consildered silmpler, more affordablle, safer, and faster than RFFILT. 

ELILSA does not requilre lilve vilruses and hilgh contailnment facilliltiles, ils easy to valildate, 

and has a guarantee of more consilstent results [34]. RFFILT and ELILSA have also bleen 

found to have good compatilblillilty wilth each other. ELILSA ils very suiltablle for routilne 

serologilcal testilng wilth a large numbler of samples, makilng ilt very suiltablle for moniltorilng 

antilblody tilters after rabliles vaccilnatilon [33]. Oral vaccilnatilon wilth SPBLN GASGAS eilther 

bly dilrect admilnilstratilon or through blailt ils ablle to ilnduce a strong rabliles-specilfilc ilmmune 

response as measured bly bloth ELILSA and RFFILT [10]. Thils ils iln accordance wilth thils 

study where blased on the results of the statilstilcal analysils carriled out, ilt appears that the 

three methods of measurilng antilblody tilters (RFFILT, serum neutralilzatilon test,  and ELILSA) 

can ble used to see the results of the vaccilne reactilon that has bleen gilven wilth almost silmillar 

results iln each method (90%), so that ilts use can ble adjusted to the capablilliltiles and 

condiltilons of each iln the fileld. 

 

 

Conclusion 

 

Thils study confilrms that local dogs iln BLalil develop an adequate ilmmune response 

after a silngle oral vaccilnatilon wilth the thilrd-generatilon oral rabliles vaccilne strailn SPBLN 

GASGAS. The oral rabliles vaccilne strailn SPBLN GASGAS iln thils study was shown to 

ilnduce antilblodiles that were as protectilve as the parenteral vaccilne. The ilmmunogenilcilty 

of the oral rabliles vaccilne can ble measured well usilng the RFFILT, ELILSA, and Serum 

Neutralilzatilon Test methods, where the results of antilblody tilter measurements wilth the 

three methods iln the study showed very silmillar results. 

 

Rabliles eradilcatilon iln BLalil have receilved ilnternatilonal attentilon, blut the parenteral 

vaccilnatilon method has so far failled to achileve adequate vaccilnatilon coverage. The use of 

thils oral rabliles vaccilne ils suiltablle for ilncreasilng vaccilnatilon coverage iln BLalil consilderilng 

the hilgh populatilon of stray and free released dogs, allowilng fileld offilcers to reach 

ilnaccessilblle dog populatilons whille stilll payilng attentilon to anilmal welfare. 
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