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Abstract 

In the present study the reference seed strain Bacillus anthracis 34F2 Sterne’s strain was procured from Institute of 

veterinary preventive medicine (IVPM), Ranipet, Vellore district, South India was used for the elaboration of Protective antigen 

(PA) in chemically defined medium. Elaborated PA in the cell free culture supernatant was concentrated by NH4SO4. The crude 

anthrax toxin was purified in Sephadex G-50 size exclusion chromatography. About 9.842 mg of purified PA obtained from one liter 

of medium was used for development of PA based vaccine. The purity of PA was analyzed by SDS-PAGE and Western Blot. 

Efficacy of PA based and live spore vaccine was compared in this study. The conventional live spore vaccine was procured from 

IVPM. The PA-based vaccines were subjected to sterility test and safety test. The immune response were assessed in goats for PA 

based vaccine and conventional live spore vaccine. The immune responses were assessed by indirect ELISA, Dot-ELISA and 

Quantitative Agar gel immuno-diffusion test (QAGID). In QAGID, PA–based vaccine was superior over live spore vaccine 

adjuvanted with saponin and Montanide. In Dot-ELISA, montanide adjuvanted PA-based vaccine was found to be superior in 

comparison to the AlOH gel adsorbed  PA based  vaccine and conventional live spore vaccine. The anti-PA –antibody titer for 

montanide adjuvanted PA – based  vaccine was statistically significant over AlOH gel adsorbed PA-based vaccine and live spore 

vaccine. This study has inferred that Montanide vaccine has evoked higher response and long lasting immunity than other two 

vaccines. Based on the above results the study has explored the superiority of PA based Montanide adjuvanted vaccine in 

comparison with AlOH gel adjuvanted PA based vaccine and live spore vaccine. 
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Introduction 

Anthrax is primarily a disease of domesticated and 

wild animals, particularly herbivorous animals. The disease 

is known for centuries. Robert Koch first identified the 

etiological agent and in 1877, he grew it in pure culture, 

demonstrated its ability to form endospores and produced 

experimental anthrax by injecting it into animals. Human 

become infected incidentally when brought into contact with 

diseased animals, their hides or hair, or their excrement.  

Many species of animals and birds can acquire the disease 

naturally. The etiological agent is Bacillus anthracis, a 

spore-forming, gram-positive, rod-shaped bacterium. The 

organism is readily cultivated on ordinary nutrient medium  

and grows best aerobically, but will also multiply under 

anaerobic conditions (Turnbull,1999). The disease has 

world-wide distribution and the zoonotic incidents of nearly 

1,00,000 cases of anthrax in humans have been reported to 

occur world-wide annually (Cieslak and Eitzen.1999). 

Anthrax remains a problem in most of the developing 

countries, so the export of animal products to economically 

advanced countries was hindered where animal anthrax is 

eradicated and continues to be a problem for long period and 

it causes huge economical loss for livestock sector. 

B.anthracis possess three plasmid-encoded 

virulence factors: a poly-D-glutamic acid capsule that 

inhibits phagocytosis; edema toxin composed of protective 

antigen (PA) and edema factor (EF); and lethal toxin a 

combination of PA and lethal factor (LF).  Both toxins bind 
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to a common cell receptor through PA.  The complex is 

internalized and EF and LF are released in the cell 

cytoplasm, where EF converts ATP (Adenosinetriphosphate) 

to CAMP (cyclic Adenosinemonophosphate) and LF cleaves 

members of the mitogen activated protein kinase kinases 

(MAPKK).  These processes contribute to cell death and 

finally cause death of the host (Moayeri and Leppla, 

2004).Cell death can be prevented if sufficient neutralizing 

antibody directed against PA was present in the system 

during anthrax infection there by internalization of EF and 

LF can be prevented. In the present study PA was selected as 

vaccine antigen for prevention of anthrax disease in 

ruminants. Vaccination is acknowledged as the most cost-

effective form of preventive measures against infectious 

disease. The licensed anthrax vaccines for animal and 

humans are live attenuated spore vaccine (Sterne strain) and 

PA-based vaccine (Biothrax) respectively (Sterne, 1939 and 

Whitford, 1987) respectively.  The live attenuated Sterne 

strain spore vaccine dramatically reduced the incidence of 

anthrax in domestic animals. Due to fears concerning 

residual pathogenicity, live spore vaccines have not been 

adopted for human use (Baillie et al., 1999). Sometimes the 

live spore vaccine causes undesirable side-effects, such as 

fever and severe edema, observed in vaccinated animals and 

even death can occur in susceptible species, for instance 

goats (Pezard et al., 1991) 

In tripartite toxin, PA is the principal protective 

immunogen, confirmed based on the numerous animal 

studies (Baillie, 2001). The protective antigen (PA) based 

cell-free subunit vaccine designated “anthrax vaccine 

adsorbed” (AVA) or Biothrax, was licensed and 

recommended for use by a small population of mill workers, 

veterinarians, laboratory scientists and others with risk of 

occupational exposure to anthrax (Turnbull, 1991). In this 

study we developed a PA based vaccine for ruminants and 

development of immunological techniques to evaluate the 

efficacy of anthrax vaccine, mainly by determination of sero-

conversion to anti-PA antiboby titer, for both conventional 

live attenuated spore vaccine and PA-based vaccine in goats. 

The immunological techniques used to identify anti-PA-

antibody titer are AGID, dot-ELISA and Plate ELISA (Ivins 

et al., 1986; Little and Knudson, 1986). In this context, the 

present study was undertaken to develop PA based anthrax 

vaccine against B. anthracis and immunity assessment 

following immunization with PA-based vaccine and live 

spore vaccine. The objectives of this study were as follows: 

Production, Purification and characterization of protective 

antigen from Sterne strain of B. anthracis, Study of 

immunity in goats following injection with PA-based 

vaccine and conventional live spore Sterne Strain vaccine 

and development of immunoassays to assess antibody titer. 

Materials and Methods 

Maintenance of vaccine strain 

Bacillus anthracis34F2 Sterne’s strain (seed stock) 

was obtained from Institute of Veterinary and Preventive 

Medicine (IVPM), Vellore,India. A vial of seed stock was 

reconstituted and inoculated into several slants 

(approximately 10 ml) of sporulation (casein digest) agar. 

Incubated at 37•C for 72 hours and stored in a refrigerator. 

Tested the slants for purity by culture on to nutrient agar 

plates and in nutrient broth incubation at 37•C.A sample of 

the broth culture was also checked for lack of motility. 

Laboratory animals 

Rabbit and guinea pigs were obtained from 

Department of Laboratory Animal Medicine, TANUVAS, 

Madhavaram,Chennai,India. Permission to Institutional 

Animal Ethics Committee, a committee for the purpose of 

control and supervision of experiments on animals 

(CPCSEA) was obtained for carrying out the animal 

experiments. 

Medium preparation and inoculation for production of 

protective antigen  

Casaminoacid media and chemically defined R medium 

were used for production of PA antigen. The components of 

the Casaminoacid media are as follows: Cacl2 .2H2O 

(7.36mg/L), MgSO4. 7H2O (9.96 mg/L), MnSO4. H2O(0.86 

mg/L),Adenine sulphate (2.10 mg/L), Uracil (1.4 mg/L), 

Thiamine hydrochlorigde(0.5mg/L), Tryptophan(52mg/L), 

Cystine(12mg/L), Glycine(15mg/L), KH2PO4 
 

 (680 mg/L) 

K2HPO4  (872 mg/L)and 3600 mg of casaminoacid were 

added.the volume was made up to1000ml with distilled 

water and pH of the medium was adjusted to 6.9 with 0.1N 

Hcl or 0.1N NaoH as needed. A 0.2ml of 2x106 CFU/ml of 

Sterne’s strain was inoculated. At the time of inoculation a 

24 ml amount of 20% glucose (Sterilized by filtration) was 

added to the Erlenmeyer flasks containing 1000 ml of 

sterilized basal medium. The inoculated flasks were 

incubated statically for 23 to 27 hrs at 37oC, and 4 hrs after 
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incubation 100 ml of 10% NaHCO3 (Sterilized by filtration) 

were added to  flasks. 

Another chemically defined media was used for 

elaboration of B.anthracis antigens in a chemically defined 

culture medium as per ( Ristroph and Ivins.,1983).The 

components of the medium are as follows (mg/l): L-

tryptophan,35; glycine, 65; L-cystine,25; L-isoleucine, 170; 

L-threonine, 120; L-methionine, 73; L-aspartic acid, 184; 

Sodium L-glutamate, 162; L-proline, 43; L-histidine 

hydrochloride, 55; L-arginine hydrochloride, 125; L-

phenylalanine, 125; L-serine, 235; thiamine hydrochloride, 

1.0;glucose, 2500; CaCl2. 2H2O, 7.4; MgSO4 H2O, 9.9; 

MnSO4.H2O, 0.9; K2HPO4, 3,000; NaHCO3, 800;uracil, 1.4; 

and adenine sulphate,  2.1.The pH was adjusted to 8.0 with 

5N NaOH before filter sterilization. The medium was 

filtered at 0.2 µ and stored at 4•C in a tightly capped 

Erlenmeyer flasks.A 0.2ml of 2x106
 CFU/ml of Sterne’s 

strain  was inoculated and incubated in orbital shaker for 16-

18 hrs at 37•C. 

Purification of protective antigen  

After 24 hrs of incubation at 37•C, bacterial cells 

were removed by 0.22 µ membrane filter and the supernatant 

were collected.  Protease inhibitor, 1,10 -phenanthroline was 

added to a concentration of 0.2 mM to the culture 

supernatant. For PA stabilization formaldehyde 0.0037% was 

added to the supernatant. Molecular grade ammonium 

sulphate crystal 70% (w/v) was added to the culture 

supernatant slowly and after adding kept the supernatant at 

4•C overnight for settling down of crude anthrax toxin. The 

culture supernatant was centrifuged and the precipitated 

crude anthrax toxin was reconstituted with phosphate buffer 

saline  and dialyzed against phosphate buffer saline to 

remove ammonium sulphate for 24 hrs at 4•C. After dialysis, 

the crude toxin was further subjected to purification by size-

exclusion chromatography. Methods in Molecular Biology-

Protein Purification Protocols- edited by Shawan Doonan, 

1996, was followed for purification of crude antigen. 

Precipitated and dialyzed crude anthrax toxin was purified 

by chromatography method.The sie of the column (2x52cm) 

packed with Sephadex G-50, equilibrated and eluted with 

0.01M PO4 buffer. Initial bed volume of 100ml of 

equilibrium buffer should not be collected, elution was 

collected at a rate of 1 ml / 2 min. Based on the optical 

density (OD) value, peak fractions  are collected, pooled and 

dialyzed for further quantification. 

Characterization of pa by sds-page and western blotting 

 Purity of PA protein was analyzed by SDS-PAGE 

as described by Sambrook et.al.1989.10%separating gel was 

prepared for plate of 14x15cm dimensions. The solution was 

degassed, followed by addition of APS and TEMED poured 

in between the glass plates and allowed to polymerize. A thin 

layer of distilled water was layered on top of the gel to make 

the surface smooth. When polymerization was complete, the 

distilled water layer was removed and 5% stacking gel was 

prepared and poured in between the glass plates with the 

Teflon comb in position and kept for polymerization. The 

plates were fitted in the buffer reservoir.50 μl of each sample 

was mixed with 20 μl of sample buffer and kept in boiling 

water bath for 3 minutes and then loaded on to the gel. 

Broad-range protein marker (New England Biolabs, USA) 

was used as molecular weight marker. On completion of 

electrophoresis, the gel was removed from the glass plates. 

The stacking gel was discarded and the separating gel was 

stained with staining solution overnight and destained with 

destaining solution with several changes, until the gel 

background became clear. Broad range protein molecular 

weight markers (PMW-B) was used. This marker contains 

eight proteins ranging from molecular weight 6.5kilodaltons 

to 175 kDa. 

Relative migration of standard protein and protein 

of anthrax toxin were plotted and their molecular weight 

estimated. The proteins of the anthrax toxin separated by 

SDS-PAGE were transferred into nitrocellulose membrane. 

The SDS-PAGE gel was placed on Whatman no 1filter paper 

and wet sheet of nitrocellulose membrane was placed over 

the gel carefully avoiding air bubble. It was then sandwiched 

between additional cover of Whatman no.1 filter paper and a 

pair of sponge, supported by a pair of perforated Perspex 

sheets. The assembly was held together with the help of the 

attached clips and placed in an electrophoretic chamber with 

nitrocellulose sheet facing the anode. Electrophoresis was 

carried out at 50volts for 3 hrs in a trans- blot chamber 

(Genei, Bangalore). The nitrocellulose membrane was 

soaked in blocking buffer at 4oC overnight. After washing, 

the membrane was soaked in PBS buffer containing anti-PA 

monoclonal antibodies (IgG) raised in mice, which was 

diluted to 1 in 10,000 and incubated for 1 hr at room 

temperature and washed three times with wash buffer. 
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Peroxidase-conjugate and anti-mouse immunoglobulin (IgG) 

was added at 1:5000 dilution. The membranes were 

incubated for 1 hr and washed three times in wash buffer. 

The blots were developed by soaking the nitrocellulose 

membrane in substrate solution. The reaction was carried out 

at room temperature in dark, for 10 min after which, the 

blots were washed with distilled water, dried and 

photographed. 

Production of hyperimmune serum in rabbit 

The hyper immune serum was prepared in rabbits 

by the subcutaneous injection of live spore Stern’s strain 

emulsified with freunds incomplete adjuvant(sigma) at 1:1 

ratio on day 1,14, 28 and 35.10 days after last injection 

rabbit was bleeded and serum was separated. The serum was 

heat inactivated and antibody titer was quantified. This 

hyper immune serum was used as positive control for 

immunoassay development and immunogenicity study of 

anthrax vaccine. 

Formulation and vaccination in goats  

PA-based vaccine was adjuvanted with two 

different types of adjuvant Aluminium hydroxide gel and 

MontanideTM  ISA 206. After removing the cells from the 

chemically defined medium following 24 hrs of incubation,  

1,10-Phenantholine (0.2 mM) and formaldehyde (0.0037%)  

was added to the cell free culture  supernatant. The O.D 

value of the culture supernatant was measured at 260nm and 

280nm.1% suspension of aluminium hydroxide gel was 

added to the cell free culture supernatant and subjected to 

constant stirring using a magnetic stirrer   for 3 days at 

4•C.Then the mix were kept for 24 hours at 4•C without 

disturbing for settling down of gel which was bounded with 

protective antigen. The O.D value of the supernatant was 

measured at 260nm and 280nm.The amount of PA binding 

along with other factors to the gel was quantified based on 

O.D value. The supernatant was discarded and the 

precipitate was allowed to centrifuge to get the pellet which 

was reconstituted with PBS to get the desired concentration 

of antigen (50 μg/ml).The AlOH gel adsorbed vaccine was 

used to immunize the goat and seroconversion was studied. 

Dialysed crude anthrax toxin adjuvanted with non 

mineral oil (Metabolizable oil) Montanide ISA 206 was used 

for vaccine formulation. It is water in oil in water (W/O/W) 

formulation (SEPPIC, FRANCE).Dialyzed crude anthrax 

toxin was quantified in spectrophotometry and reconstituted 

with PBS to the desired concentration of 50 μg/ml. Equal 

volume of Montanide ISA 206 (Water in oil in water 

formulation) was added to the reconstituted dialyzed crude 

anthrax toxin. A low stirring was enough to get a 

homogeneous emulsion (from 400 to 1000 rpm) by using 

mixer. The homogeneous emulsion was used to immunize 

the goat. The commercial live spore anthrax vaccine was 

procured from Institute of Veterinary and Preventive 

Medicine (IVPM) was used in this study for comparison. 

Sterility test for PA-based vaccine was done for 

both aluminium hydroxide gel adsorbed and Montanide 

adjuvanted vaccine into various aerobic, anaerobic and 

fungal media viz., Nutrient broth, Nutrient agar, Robertson’s 

cooked meat medium, Thioglycollate broth and Sabouraud’s 

dextrose agar and incubated at 37°C. The inoculated media 

were observed for 7 days for any contamination in the 

vaccine (OIE, 2004). Safety tests for PA-based vaccine done 

in five healthy 200-250 gms guinea pigs were inoculated 

subcutaneously with 0.5ml (25μg) and observed for 7 days 

for untoward reaction by the vaccine, if any. After sterility 

and safety study PA-based vaccine of 0.5 ml of AlOH gel 

adsorbed and montanide adjuvanted homogenized vaccine 

were given to eight goats intramuscularly and serum was 

collected on 21st day of post vaccination. For comparative 

study commercial anthrax vaccine of 5 million live spores / 

dose were given to eight goats to the caudal fold of tail and 

serum was collected on 21st day of post vaccination. 

Assessment of Anti PA-antibody titer by Quantitative AGID, 

Dot -ELISA and indirect-ELISA 

 AGID was carried out according to the methods of 

(Thorne and Belton, 1957). One percent agarose was 

prepared and poured on to a clean glass slide to make 

uniform gel. Wells were cut using a template with one 

central well and surrounding six wells.25µl of purified PA 

was loaded into the central well and 25µl of the vaccinated 

serum samples was loaded to the surrounding wells. The 

slides were incubated at a room temperature in moist 

chamber for 24 hrs and results were read based on 

precipitated line between antigen and serum wells. 

 Indirect ELISA was conducted to determine the 

anti PA-antibody titer to PA-based vaccine and live spore 

vaccine of B.anthracis. The method of Ivins et al. (1986) and 

little et al. (2004) were followed. The microtitre plates are 

coated with protective antigen at a concentration of 15ng/µl 
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and plates were incubated overnight at 4•C. At the end of 

incubation, the plates were washed thrice with wash buffer. 

Antigen coated wells were blocked with 100µl of blocking 

buffer per well and incubated at 37•C for 1 hour and washed 

thrice with wash buffer. The serum samples were diluted two 

fold serially and 100 µl of serially diluted serum was added 

to each well and incubated at 37•C for 45min and washed 

thrice with wash buffer. The extent of antibody binding to 

proteins was detected by using 100 µl of 1:5000 diluted 

rabbit anti- goat IgG HRP conjugate in each well and plate 

was incubated at 37•C for 30 min. Then the plates were 

washed with wash buffer and 100µl of freshly prepared 

substrate solution was added and kept at dark for 10-15 min. 

The test serum samples were run along with blank, negative 

control, conjugate control and substrate control. 

Fig. 1. Bacillus anthracis in (A)  nutrient agar supplemented 

with 0.7% bicarbonate and 5-10% CO2 showing rough 

colonies, (B) typical spores of Bacillus anthracis 

(Schaeffer’s-Fulton spore stain, x1000), (C) 

Electronmicrograph of  Bacillus anthracis 34F2 Sterne’s 

strain showing chain of bacilli with absence of capsule 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Dot ELISA nitrocellulose membranes side of 

immunocombs was dotted with protective antigen and was 

incubated at 37•C for one hour in a moist chamber. After 

incubation, the immunocombs were washed thrice in wash 

solution manually by dipping the combs in a microtitre 

plates .Then the immmunocombs were blocked with 

blocking solution and incubated at 37•C for one hr. After 

incubation, the combs were washed thrice with wash buffer. 

The immunocombs were dipped into microtitre plates 

containing two fold diluted serum samples and washed thrice 

with wash buffer. The extent of antibody binding to proteins 

were detected by dipping immunocombs in microtitre plates 

containing 250µl of 1:2500 diluted rabbit anti- goat IgG 

HRP conjugate and incubated at 37•C for 30 min. Then the 

combs were washed thrice with wash buffer and combs were 

dipped into microtitre plates containing 300 µl of freshly 

prepared substrate solution and kept in dark place for 7-10 

minutes. Development of brown colour in comb was taken 

as positive. Then immunocombs were washed in running tap 

water to stop the reaction.  

Results 

In nutrient agar the colony morphology of Bacillus 

anthracis 34F2 Sterne’s strain were opaque, white to gray in 

color, flat and irregular, 4 to 5mm in diameter, with a slightly 

undulate margin. The colonies were rough even though the 

agar was supplemented with 0.7% bicarbonate, following 

incubation in a 5-10% CO2 atmosphere because the vaccine 

strain does not have capsule (Fig. 1A).On spore staining, 

spores were seen in round shape and were stained mild green 

(Fig. 1B). In Electron microscopy a robust rod was observed 

with lack of capsule and characteristics of an avirulent 

B.anthracis (B.anthracis34F2Sterne’s strain) (Fig. 1C). In the 

chemically defined medium the elaboration of protective 

antigen was comparative higher in R-medium than 

casaminoacid medium. The yield of protective antigen in R-

medium and casaminoacid medium was 76 μg/ml and 

48μg/ml respectively. For the further elaboration of 

protective antigen R-medium was used. The net crude toxin 

precipitated by ammonium sulphate was calculated 

indirectly by UV-spectrophotometer. The protein 

concentration of crude anthrax toxin estimated using 

spectrophotometer is shown (Table 1). Approximately 81mg 

of crude anthrax toxin was obtained from one liter of defined 

medium. The crude anthrax toxin was dialyzed and purified 

by size-exclusion or gel filtration chromatography. The 

protein concentrations of purified PA fractions collected at 

the rate of 1ml per 2 minutes were estimated by using 

spectrophotometer and are shown in (Table 2). 

Approximately 9.842 mg of purified PA was obtained from 

one liter of defined medium. 

A B 

C 
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Table 1. Protein Concentration of ammonium sulphate 

precipitated crude anthrax toxin 

Protein 

concentration of 

cell-free culture 

supernatant (mg/ml) 

A 

Protein 

concentration of 

supernatant after 

precipitation 

(mg/ml) B 

Crude anthrax 

toxin 

precipitated 

(mg/ml) C=A-

B 

2.2935 2.21247 0.081 

Protective antigen analyzed by SDS-PAGE on 10 

percent polyacrylamide gel revealed one band of molecular 

weight 83 kDa (Fig. 2).The anti-PA monoclonal antibodies 

were found to be reacting immunologically with protein 

transferred electrophoretically in nitrocellulose membrane at 

molecular weight 83 KDa (Fig. 3).The sterility of PA -based 

vaccines were found to be sterile since no growth was 

observed in aerobic, anaerobic and fungal media viz., 

nutrient agar, nutrient broth, blood agar, Robertson’s cooked 

meat medium, thioglycollate broth and Sabouraud’s dextrose 

agar. The vaccines were found to be safe since none of the 

safety tested rabbits and guinea pig exhibited any abnormal 

local or systemic reactions. Hyper immune serum was raised 

against live spore vaccine in rabbits and quantified by 

QAGID test .The hyper immune serum showed QAGID titre 

of 24 and that was used as a positive control for 

immunological assays. 

Table 2. Protein concentration of purified protective antigen 

fractions in size-exclusion chromatography 

Assessment of immunity in goats following 

injection with PA-based vaccine and Sterne’s strain vaccine 

by PA-based immunoassays like Quantitative AGID, Dot-

ELISA and Indirect-ELISA. By Quantitative AGID 

Precipitation lines were observed between central well 

containing crude culture filtrate and surrounding wells 

containing antisera which were collected from goats after 21 

days of post vaccination.   

Table 3. QAGID titre of three different vaccines at 21 days 

of post- vaccination in goats 

 The results of quantitative AGID for three 

different vaccines are shown in (Table 3).Dot ELISA was 

conducted with the protective antigen as source of antigen 

and serum samples collected 21 days after vaccination from 

goats vaccinated with three different vaccines.  A bright 

brown spot on nitrocellulose membrane was developed at the 

site of antigen application, which was considered as positive 

for presence of specific antibodies. The results of dot ELISA 

for three different vaccines are shown (Table 4). Indirect-

ELISA was done using serum samples collected at 0 day and 

21 days post vaccination. The degree of color developed was 

directly related to the amount of antibody present in the 

serum sample at log2 dilution and is shown in plate 10. The 

antibody levels in different dilutions of serum differed 

significantly (p<0.05).  The observed titre against the anti-

PA-antibody of three different vaccine are shown in (Table 

5).   

Fig. 2.SDS-PAGE analysis of protective antigen 

 

 

 

 

 

 

 

 

 

 

 

Elution 

No. 

Absorbance 

at 

280 nm 

Absorbance 

at 

260 nm 

Protein 

concentration 

mg/ml 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

0.286 

0.356 

0.468 

0.783 

0.853 

1.269 

1.825 

1.530 

1.295 

0.929 

0.930 

0.561 

0.448 

0.307 

0.372 

0.434 

0.741 

0.789 

1.161 

1.661 

1.357 

1.128 

0.799 

0.796 

0.468 

0.418 

0.207 

0.265 

0.391 

0.643 

0.714 

1.073 

1.549 

1.326 

1.143 

0.824 

0.826 

0.509 

0.372 

Animal 

No 

PA-based 

Montanide 

adjuvanted 

vaccine 

PA-based 

AlOHgel 

adsorbed 

vaccine 

Live spore 

vaccine 

1 

2 

3 

4 

5 

6 

7 

8 

1:2 

1:2 

1:4 

1:2 

1:2 

Neat serum 

1:4 

1:4 

1:4 

1:4 

1:2 

1:4 

Neat serum 

1:2 

1:4 

1:4 

1:2 

1:2 

1:4 

1:4 

1:2 

Neat 

serum 

1:2 

1:2 
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Fig. 3. Detection of protective antigen of Bacillus anthracis 

by immuno-blotting 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Dot-ELISA of three different vaccines at 21 days of 

post- vaccination in goats 

Animal 

No 

PA-based 

Montanide 

adjuvanted 

vaccine 

PA-based 

AlOHgel 

adsorbed 

vaccine 

Live 

spore 

vaccine 

1 

2 

3 

4 

5 

6 

7 

8 

1:32 

1:32 

1:64 

1:64 

1:16 

1:64 

1:64 

1:64 

1:64 

1:32 

1:32 

1:32 

1:16 

1:16 

1:64 

1:64 

1:32 

1:16 

1:64 

1:32 

1:16 

1:16 

1:32 

1:32 

 

Table 5. Indirect-ELISA log2 titre of three different vaccines 

at 21 days of post-vaccination in goats 

Animal 

PA-based 

Montanide 

adjuvanted 

vaccine 

PA-based 

AlOHgel 

adsorbed 

vaccine 

Live 

spore 

vaccine 

1 

2 

3 

4 

5 

6 

7 

8 

1024 

1024 

2048 

1024 

1024 

1024 

2048 

2048 

1024 

512 

512 

512 

512 

512 

512 

1024 

512 

512 

512 

512 

512 

512 

512 

1024 

 

Prior to vaccination of PA-based Montanide 

adjuvanted vaccine, serum sample was collected from 8 

goats and OD value of pooled serum was 0.111 at 1 in 100 

dilution. Accordingly, 21 days of post vaccination serum 

antiboby titer was significant upto 1:1024 dilution.Prior to 

vaccination of PA-based AlOH gel vaccine, serum sample 

was collected from 8 goats and OD value of pooled serum 

was 0.128 at 1 in 100 dilution. Accordingly, 21 days of post 

vaccination serum antiboby titer was significant upto 

1:512dilution.Prior to vaccination of conventional live spore 

vaccine, serum sample was collected from 8 goats and OD 

value of pooled serum was 0.118 at 1 in 100 dilution shown 

in (Table 6). Accordingly, 21 days post vaccination serum 

antiboby titer was significant upto 1:512dilution. The end 

point of antiboby titer of three different vaccine was 

graphically represented in (Fig.4). 

Fig. 4. Determination of end point titre for anti-PA antibody 

against three different vaccines   

 

 

 

 

 

 

 

 

 

 

Discussion 

Anthrax is known for centuries as primarily as a 

disease of domesticated and wild animals, particularly 

herbivores. The disease is characterized by septicaemia and 

sudden death with the exudates of tarry colored blood in 

natural orifices of dead animals. The etiological agent of the 

disease is Bacillus anthracis identified by Robert Koch in 

1877, and since then the disease is endemic in many 

countries including India. Herbivores are infected by 

ingestion of spores of B.anthracis from the soil.  Man is an 

accidental host and common manifestations of the disease 

are respiratory, gastro-intestinal or cutaneous anthrax, 

resulting from consumption of spore-infected meat or 

handling of spore-contaminated animal produce such as 

wool (Dixon et al., 1999).  The disease has world-wide 

distribution and the zoonotic incidence of nearly 1, 00,000 

cases of anthrax in humans have been reported to occur 

world-wide annually (Cieslak and Eitzen, 1999).Because of 

anthrax the export of animal products to economically 

advanced countries is prohibited where animal anthrax had 

been eradicated and continued to be a problem for long 

period  and  it caused  huge  economical loss  for  live stock  

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

64 128 256 512 1024 2048 4096
O

D
 v

al
u

es

Dilutions

OD-
MON
OD-
AlOH
OD-
Spore
Negat
ive

Cut off OD value - 0.238

 



Vijayanand et al., 2012 

Table 6. Mean ELISA absorbance value at day 0 and day 21 of vaccination in goats 

 

Kind of vaccine Day 0 

21st day 
Positive 

control 

Negative 

control 
Diluted sera samples(log2titre) 

1: 64 1: 128 1: 256 1: 512 1: 1024 1: 2048 1: 100 1: 100 

PA-based 

Montanide 

adjuvanted 

0.111 0.751a 0.629a 0.538a 0.406a 0.307a 0.188a 1.188 0.098 

PA-based AlOH 

gel 

Adsorbed vaccine 

0.128 

 
0.602b 0.494b 0.418b 0.325b 0.192b 0.147b 1.386 0.112 

Live spore vaccine 0.118 0.555b 0.472b 0.400b 0.338b 0.171b 0.114b 1.087 0.107 

 
Mean with different superscript differ significantly (p  0.05), Mean with same superscript do not differ significantly (p  0.05) 

sector. Vaccination is acknowledged as the most cost-

effective form of preventive measures against infectious 

disease.  The current licensed anthrax vaccines for animals 

and humans are live attenuated spore vaccine (Sterne strain) 

and PA-based vaccine (BioThrax) respectively (Sterne, 

1937; Whitford, 1987).  The spore vaccine cause some 

undesirable side-effects, such as fever and severe edema, 

which are observed in vaccinated animals and even death 

can occur in susceptible species, for instance goats (Pezard 

et.al., 1991).To control the disease in animals, a live spore 

vaccine is available but it’s efficacy in small ruminants is not 

fully known.In this study an attempt was made to assess the 

efficacy of live spore vaccine and PA-based vaccine in goats 

by different serological techniques.  The immunological 

techniques standardized and developed include AGID, Dot-

ELISA and plate ELISA for the detection of antibody. 

Precipitate was subjected to size-Exclusion 

chromatography Sephadex G-50 and the PA fractions were 

collected at the rate of one ml per two minute between 26th 

fraction to 36th fraction (52 minute to 72 minute). The PA 

was confirmed by SDS-PAGE, followed by immunoblot 

assay. This procedure yielded 9.842 mg per litre of cell free 

culture supernatant. This method was effective purification 

method as described by Fish et al (1968). In QAGID test, 

crude anthrax toxin was used as antigen to study the 

antiboby titer. Serum was collected 21 days after vaccination 

from the goats vaccinated with three different vaccines. As 

per the QAGID titre PA-based AlOH gel adsorbed vaccine 

showed higher titre of 4, in five goats out of 8 goats tested,  

whereas PA- based Montanide vaccine yielded titre of 4, 

only in 3 goats out of 8 goats tested and live spore vaccine 

yielded titre of 4 only 2 goats out of 8 goats tested. The titre 

value of QAGID of three different vaccines were shown in 

table 4. So, PA- based AlOH gel adsorbed vaccine was 

superior over other two vaccines, although the three vaccines 

did not differ statistically significantly. In earlier study 

Turnbull et.al. (1986) observed a titre of 1:4 and in rare cases 

of 1:8 following vaccination with PA- based AlOH gel 

adsorbed vaccine in guinea pig models. Results of present 

study were in accordance with Turnbull et al. (1986). Earlier 

work was done in guinea pig but the present work was done 

in goats.  

As per the Dot- ELISA titre, PA- based Montanide 

adjuvanted vaccine showed higher titre of 64 in 5 goats out 

of 8 goats tested, whereas PA-based AlOH gel adsorbed 

vaccine showed higher titre of 64 in 3 goats out of 8 goats 

tested.In live spore vaccine,titre of 64 was observed only in 

one goat out of 8 goats tested.The titre values are shown in 

table 5. PA-based Montanide adjuvanted vaccine evoked 

high humoral immune response as observed by assessment 

of titre value in comparision with other two vaccines, 

although the three vaccines did not differ statistically 

significantly. The antibody levels differed significantly 

(p<0.05) in different dilutions of serum samples.  It was 

observed by indirect ELISA that the anti-PA-antiboby titer 

was higher (upto 2048) when goats were vaccinated with 

PA-based Montanide adjuvanted vaccine, compared to PA- 

based AlOH gel adsorbed vaccine or live spore vaccine. In 

PA-based Montanide adjuvanted vaccine evoked higher 
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immune response as three goats showed ELISA titre of 2048 

and rest 5 goats showed ELISA titre of 1024. But in goats 

vaccinated with PA- based AlOH gel adsorbed vaccine only 

2 goats showed titre of 1024, rest 6 goats showed ELISA 

titre of 512.Live spore was least effective as out of 8 goats 

vaccinated only one goat showed 1024,rest of the goats 

showed a titre of 512.When results were compared 

statistically, both PA-based vaccines differed significantly 

from live spore vaccine (p<0.001).When PA-based vaccines 

were compared, PA-based Montanide adjuvanted vaccine 

evoked higher immune response than PA-based AlOH gel 

adsorbed vaccine. The results were significantally different. 

Accroding to Marcus et al. (2004), a basic level of 

anti-PA-antiboby titer of >600 either passively transferred or 

generated by active primary immunization, is required to 

confer protection against a lethal challenge in guinea pigs.  

As per the above findings all the three vaccines are 

protective against lethal challenge. Adult Non-descriptive 

goats were divided into 3 vaccinated groups. The first group 

received PA-based Montanide adjuvanted vaccine, second 

group received PA-based AlOH gel adsorbed vaccine and 

third group conventional live spore vaccine manufactured by 

commercial manufacturer. Serum samples were collected 21 

days post-vaccination and were assessed by AGID test. PA-

based AlOH gel adsorbed vaccine showed higher immune 

response compared to other two vaccines, although the 

results were not statistically significant. In earlier study 

Turnbull et al. (1986) observed similar results. When the 

antiboby titer are assessed by ELISA and Dot-ELISA, in 

both the tests PA-based Montanide adjuvanted vaccine 

evoked higher immune response.Montanide is a vegetable 

oil, commercially available and has been reported in other 

vaccines like FMD and Hemorrhagic septicemia vaccines 

used in goats (Reddy et al., 1995; Patil et al. (2002a). Spore 

vaccine is conventionally used and commercially available 

but the vaccine is given to goats, it produces inflammatory 

reaction, swelling and occasionally gangrene at the site of 

vaccination (caudal fold of tail). It also has been reported 

that live spore vaccine might lead to lead to severe 

edematous swelling, gangerne and death in goats. So it is 

necessary to have alternative vaccine which will evoke 

higher immune response and provide immunity for long 

duration. In this study it was observed that PA-based 

Montanide adjuvanted vaccine evoke higher immune 

response compared to other vaccines, but duration of 

immunity need to be studied. Available literature showed 

that Montanide is a good adjuvant which provide high 

immunity for longer duration (Reddy and Srinivasan, 1997; 

Patil et al., 2002b). So it is concluded that PA-based 

Montanide adjuvanted vaccine is the choice for vaccination 

in goats. Further the efficacy of these vaccines conditions 

should be studied in large population of goats before 

adopting to field. 
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