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 ملخص البحث

اسييػػػ   اسبكتي يػػػ بػػػ اغ علػػػ  اأ اسبيطػػػ  اسطػػػ   فػػػ سػػػتم ال اسم سػػػح سلحػػػال اسيمػػػ  اس يميػػػ  إلايعتمػػػ  
 فػػ هػػذا اسلحػػال ال يسػػتم ل . يمػػ  اس يميػػ اس بكت يػػاذا  اسيافظػػ  س عصػػيا اساسم هنػػ   اسم سػػ س سلسػػل   سػػي  علػػ  

 (protectiveق  ااسػػػسحػػػال اسمستضػػػ  ل يسػػػتعم امػػػل اس.سػػػل.  لاسلحػػػامػػػ  اسضػػػ ا   اسمتبحيػػػ  سمطػػػ     اإلنسػػػا 

(antigen vaccine    اسممتص اس.م س اسمبيث بلحال  يع ؼ  اسذ(Anthrax vaccine absorb)    فػ  اسبرػ
ل.سػل. علػ  س يػ مناعسا سػت.اب إلايحلػل مػ    .ػ  ا  هػذا اسلحػال  .كث  نحاءا م  ن   اسن عأ ق  تل استب اس  بلحال 

قػػ   (DAAV) ق ااسػػمػػح اسمستضػػ   اسكبسػػ س اقتػػ ا   أ مػػ  ا تبػػاط   كػػ  اسم اسيػػ مػػو  ا اس عاسلحػػال  أ كػػل ن.ػػ  
       .  ي س   اقاسسحال اسمستض  مثاس  ط   ست.ن  

Summary 

The widely used anthrax veterinary vaccine is based on the live 

spore of attenuated, toxigenic but non-encapsulated Bacillus anthracis. 

The vaccine is proved to be remarkably effective for domestic animals. 

This vaccine is not for humans use due to hazards of residual virulence. 

The protective antigen (PA) vaccine which is known as anthrax vaccine 

adsorbs (AVA) is used in humans but has been replaced by a highly 

purified PA vaccine. The problem of PA-based vaccine is the low level 

and short duration of immunity. However, a dually active anthrax 

vaccine (DAAV) constructed of conjugated capsule and PA, has been 

developed to avoid the drawbacks of the PA -based vaccine. 

Introduction 

Anthrax is a highly lethal infectious disease of mammals, including 

humans (Terry et al., 1999; Fabien et al, 2002; Rhie et al, 2003). The disease 

is caused by Bacillus anthracis, a Gram positive spore-forming bacterium. It 

is often fatal when Bacillus anthracis spore enters the body through 

abrasions in the skin, by inhalation or by ingestion (Hana, 1998). 

  The disease that devastated cattle of ancient Egyptians is generally 

believed to have been anthrax (Dirckx, 1981). In the Sudan, the disease was 

first recognized in 1900-1901 (Smith, 1902); it is enzootic in the whole 

country (ELNasri, 1966). The organism was isolated in the Sudan from both 

domestic and wild animals (Ramachandran et al, 1988). 

Bacillus anthracis is an appealing biological weapon due to its high 

lethality, ease of production and dissemination (Guillemin, 1999; Inglesby et 

al, 2002). According to Binkley et al (2002), it is estimated that 100 kg of 

anthrax spores released upwind in Washington D.C. would result in 130.000 

to 3 million deaths and many of the patients would die undiagnosed and 

untreated (Julia and Michael, 2005).  
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Animal anthrax occurs in at least three different forms, peracute or 

apoplectic form, acute form and subacute to chronic form (OIE, 2004). After 

inhalation, the spores are deposited in the alveolar spaces and ingested by 

macrophages as inert particles (Dixon et al., 1999; Friedlander, 2000). The 

spores are then transported by macrophages to the mediastinal and 

peribronchial lymph nodes, where they germinate into vegetative bacilli. The 

vegetative cells undergo multiplication in the lymphatic system after release 

from macrophages. The bacilli then spread into the bloodstream and 

continue rapid multiplication reaching as many as 1x10
9
 organism /ml of 

blood (Smith, 2000). 

   The bacilli secrete three proteins; protective antigen (PA), lethal 

factor (LF) and oedema factor (EF). Each of the LF and EF cannot induce its 

effect unless it binds to PA. PA is the common cell binding component and 

is required for toxin activity (Leppla, 1995). The two major components, the 

triplicate toxin and the antiphagocytic capsule are encoded by genes carried 

on two plasmids pX01 and pX02; the loss of either result in decreased 

virulence (Little and Iven, 1999). The intracellular hydrolysis is an important 

host protein substrate, is responsible for the cellular toxicity associated with 

the lethal toxin (Hana and Ireland, 1999). EF causes fluid loss through 

elevation of cellular cyclic adenosine monophosphate (AMP) concentration 

in the affected tissue. The EF seems to inhibit the chemotactic response of 

polymorphonuclear leucocytes and may inhibit subsequent phagocytosis 

(Hana and Ireland, 1999; Keim et al, 2000). 

   The disease can be diagnosed by isolating the agent from fresh 

specimens and demonstrating the capsule using polychrome methylene blue 

(MacFadyean
,
s reaction) or Giemsa’s stain (OIE, 2004). Onto Blood Agar 

culture, the organism is known to be non-haemolytic; the bacterium is 

sensitive to penicillin and undergoes lysis by gamma phage. Confirmation of 

virulence could be carried out using polymerase chain reaction (PCR) in 

which two primers targeting the PA and the capsule are used (OIE, 2004). 

Vaccination is the most appropriate approach to tackle anthrax 

especially in animals. Other means like the use of antimicrobial, spore 

elimination and conjunctive antitoxin treatments are not as effective as 

vaccination. However, antimicrobial treatments of human cutaneous anthrax 

is excellent (Baillie, 2001). 

Veterinary vaccines: 

(1) Bacillus anthracis attenuated strain vaccine: 

   In 1881, Pasteur generated a capsule-null, heat attenuated Bacillus 

anthracis strain that was used, for the first time, as a vaccine. Although 

effective, the vaccine suffered from declining potency and troublesome 

variations in virulence that had occasionally led to the death of animals 

(Sterne, 1937; Turnbull, 1991; Mock and Fouet, 2001; Baillie, 2001).  
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(2) Live spore vaccine: 

    In 1937, Sterne developed an attenuated, toxigenic, rough variant of 

a virulent Bacillus anthracis from culture onto Serum Agar in an elevated 

carbon dioxide atmosphere. The variant named 34F2 was incapable of 

forming a capsule and was consequently found to have lost the pX02 

plasmid which codes for capsule formation. In central and eastern Europe an 

equivilant pX02 derivative strain 55 is the active ingredient of the current 

live spore vaccine. The non-encapsulated strain proved to be remarkably 

effective as a vaccine for domestic animals and is now used worldwide 

(Sterne, 1937).  The vaccine has the drawbacks of declining potency and 

variations in virulence (Turnbull, 1991; Joellenbeck et al, 2002).  Due to 

residual virulence, the attenuated spore vaccine is not used in humans.  

In the Sudan, the regular vaccination practice with the live spore 

anthrax vaccine remarkably reduced the prevalence rate of anthrax in 

animals and till now no complaint about an adverse effect attributable to this 

vaccine has been reported. The vaccine strain used in the Sudan is 

B.anthracis Sterne strain 34 F2. Anthrax vaccine production in Sudan is 

based on a seed- lot system where a quantity of spores of a uniform 

composition processed at one time and maintained for the purpose of vaccine 

preparation (Ahmed, 2005). While the vaccine is effective, repeated 

vaccinations are required for long- term protection; a single dose will only 

provide immunity for about a year (Turnbull, 1991). Usually the vaccine is 

prepared onto solid media in Roux flasks or in liquid media in a bioreactor. 

The method of production of the vaccine is done by preparing the vaccine 

concentrate and by adding double its volume of sterile, pure neutral glycerol 

and 0.1% of the adjuvant saponin. The titre is determined by tube viable 

count or onto Nutrient Agar plate (OIE, 2004). In-process control is done to 

check purity by microscopic examination of stained smears and by motility 

test. 

Human anthrax vaccines: 

(1) Crude protective antigen vaccines (CPAV): 

Immunization of humans with live spore vaccine has been limited to 

the former USSR and China (Knop and Abalakin, 1986; Dong, 1990). In 

USA and UK the non-living subunit vaccine is used due to concerns over the 

possibility of residual virulence (Turnbull, 1991). The vaccine was 

designated as Anthrax vaccine adsorbs (AVA) or Biothrax. It was licensed 

and recommended for use in small population of mill workers, veterinarians, 

laboratory scientists and others at risk of occupational exposure to B. 

anthrax (Turnbull, 1991; Joellenbeck et al, 2002). AVA is prepared from 

microaerophilic cultures of the attenuated, nonencapsulated strain V770-

NPI-Rof Bacillus anthracis (Brachman and Friedlander, 1999; Joellenbeck 

et al, 2002). The US and UK vaccines are adsorbed onto aluminum 

hydroxide gel and alum precipitated, respectively (Ivins et al, 1998; 
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McBride et al., 1998). The USA vaccine is administered subcutaneously 

whereas the UK vaccine is given intramuscularly (Aloni-Grinstein et al., 

2005). Down streaming process begins with filtration which removes the 

bacterial cells along with some EF and LF factors. The sterile material- 

contains PA, the essential protective immunogen, small amount of EF, LF 

and others, as yet undefined bacterial and media derived proteins - is alum-

precipitated at pH 6.0. The presence of these additional proteins probably 

account for the transient reactogenicity seen in some individuals (Turnbull, 

2000). 

   The efficacy of this vaccine has been tested in various animal 

models, including mice, hamsters, guinea pigs, rabbits and monkeys 

(Turnbul, 2000; Fellows et al, 2001; Joellenbeck et al, 2002). It was 

observed that protection varies widely among the species. The vaccine was 

not effective in mice and guinea pigs but was effective in rabbits and 

macaque model (Ivins et al, 1998; Fellows et al, 2001; Pitt et al, 2001).  

(2) Purified protective antigen vaccine: 

   There are several concerns that AVA, protection does not cover all 

animal hosts, the administration of the vaccine is burdensome and the 

preparatory processing is crude and lacks consistency. Such constraints 

necessitate development of new vaccines. A highly purified recombinant 

vaccine generations consisting of well characterized components have been 

developed. The purified PA expression system is based on a variety of 

organisms, including attenuated strains of B. anthracis, Bacillus subtilis, 

Bacillus brevis, Salmonella typhimurium, Escherichia coli, viruses, insect 

cells and plant (Ramirez et al, 2002; Watson, et al, 2002). The defect of PA 

vaccine whether crude or purified, is the limitation of protection and lack of 

immune memory response, so new strategies are needed for further 

improvement (Julia and Michael, 2005). 

(3)  Dually active anthrax vaccine (DAAV): 

The dually active anthrax vaccine was developed by Rhie et al. 

(2003); it confers simultaneous protection against both bacilli and toxins. 

The DAAV was constructed by conjugating capsular poly- gamma-D 

glutamic acid (PGA) to PA, converting the weakly immunogenic PGA to a 

potent immunogen, and synergistically enhancing the humoural response to 

PA. PGA -specific antibodies bind to encapsulated bacilli and promote the 

killing by complement. PA-specific antibodies neutralized toxin activity and 

protected immunized mice against lethal challenge with anthrax toxin. The 

vaccine may be widely applicable against infectious diseases and provides 

additional tools in medicines and biodefence. 

Questions about a vaccine that works against spores: 

The critical steps in B. anthracis infection include spores entry and 

germination, bacillar multiplication, dissemination and toxin production. 

Spores destruction before or after entering the host cells is an attractive 
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strategy to prevent disease development (Julia and Michael, 2005). 

However, such an approach which aims either at control or treatment has 

thus far not been developed (Julia and Michael, 2005). It is not clear which 

type of immune response will be effective against spores. On the humoral 

immunity side, one could develop vaccines that elicit specific antibodies to 

opsonize spores. Several spore surface proteins have recently been identified 

(Daubenspeck et al, 2003; Steichen et al., 2003). To develop vaccine against 

the Bacillus anthracis spores some questions could be raised and should be 

answered, eg would opsonized spores be taken up by macrophages or other 

phagocytes be killed by these agents? (Welkos et al, 2001). Would 

complement be able to lyse the spores? On the cellular immunity side, could 

cytotoxic T-cells destroy the dormant or germinating spores inside the 

macrophages? When each of these questions finds an answer, a satisfactory 

vaccine for the spore could be developed. 

It is concluded that the live spore anthrax vaccine is a suitable 

vaccine for veterinary use since it gives a satisfactory immunity for an 

appropriate time and it is a stable vaccine. The human vaccine is still of a 

limited use and research is still on going to produce an acceptable human 

vaccine. 
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